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/Abstract

~

Plastics have become ubiquitous ever since their introduction into our environment in the 1950s. it is currently
extensively used in our day-to-day life. Various properties of plastic, its functionality, and relatively low cost
make them a preferred choice for the creation of a wide range of products. Today it is very difficult to imagine
life without the use of plastic products in one or the other form. Even agriculture cannot be excluded from the
use of plastic products. Various modern agricultural practices employ a wide range of plastic products like
mulches, irrigation pipes, etc., to help improve productivity. Although initially the use of plastic was intended
to make life easy for humans but gradually due to its extensive use it has started becoming a problem for the
environment. The properties that make plastics so useful, concomitantly create problems for the environment
when they reach the end of their intended lives. Due to the use of diverse polymers and additives blended into
plastic sorting and recycling becomes more difficult also being a man-made polymer, it can only be degraded by
very few microorganisms. This results in plastic remaining persistent in the environment for many decades once
they enter it. As the world’s demand for plastics increases, leakage into the environment also increases thereby
hindering efforts to mitigate environmental contamination. Once they enter the environment plastic can cause
harm in several different ways. The adverse effect of large plastic polymers is very well documented in various
studies conducted on the marine environment but when these large polymers degrade their impact becomes
more adverse as it starts not only individuals at the cellular level but also potentially the entire ecosystem. Thus
the current review is intended to stimulate a discussion on making use of plastic products in agriculture only
where they are very essentially required keeping in mind their hazardous effect on human health as well as the
environment. It also aims at transforming the agricultural production system and achieving sustainable food

security without compromising the health of the ecosystem.
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Introduction

Plastics are synthetic organic polymers that are
widely used in human lives having different
applications ranging from water bottles, clothing,
food packaging, medical supplies, electronic goods,
construction materials, etc. ever since their invention
plastics have progressively been incorporated into the
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living environment. The first synthetic material was
invented in the year 1855 and by 1963 we were already
living in the “Age of Plastics”Initially, although plastic
was assumed to be harmless and inert, over the year’
the accumulation of plastic and its dumping into the
environment has led to several problems associated
with it. From 1950 to 2018, about 6.3 billion tonnes
of plastics have been produced worldwide of which
9% and 12% have been recycled and incinerated,
respectively [41]. The constant increase in human
population and consistent demand for plastics and
plastic products are the major reasons responsible
for the continuous increase in the production of
plastics, the generation of plastic waste, and its
accompanying environmental pollution. In the
past few decades, plastics with their wide range of
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Table 1: Different types of plastic polymers being used currently in agriculture

S.No. | Main Plastic Polymers

Less Frequently used Plastic

Polymers Biodegradable Polymers

Polyethylene (PE)
1. Low-density PE (LDPE)
High-density PE (HDPE)

Polycarbonate (PC)

Polylactic acid (PLA)

2. Polypropylene (PP)

Polymethylmethacrylate

(PMMA) Polyhydroxyalkanoates (PHA)

Thermoplastic polyurethane

3. Expanded polystyrene (EPS) (TPU) Polybutylene succinate (PBS)
4. Ethylene-vinyl acetate copolymer (EVA) Polyamide (Nylon) Starch blends

. . Acrylonitrile butadiene styrene Polybutylene adipate terephthalate
5. Polyvinylchloride (PVC) (ABS) (PBAT)
6. Polyethylene terephthalate (PET) Polycaprolactone (PCL)

properties, chemical composition, and applications
have become an indispensable and versatile product
in our environment. Polythene or polyethylene,
the most important form of plastic, is a polymer of
ethylene gas (CH,=CH,) which is commonly used
in our day-to-day life like grocery bags, shampoo
bottles, bulletproof vests, etc. Several kinds of
polythenes are known with most having the general
chemical formula (CH,)nH,. There are various
categories of polyethylene low-density polyethylene
(LDPE), medium-density polythene (MDPE), high-
density polyethylene (HDPE), and very low-density
polyethylene (VLDPE)[32]. Among these LDPE
is commonly used for making grocery bags, food
wrapping material, power cable sheathing, and
laboratory containers as it is excellently resistant to
dilute and concentrated acids, ketones, and vegetable
oils. The versatile nature of LPDE makes it a major
cause of pollution to our environment [39].

Environmental pollution by plastic wastes is now
recognized widely as a major environmental burden,
especially in the aquatic environment where the
biophysical breakdown of plastics is a very slow and
time taking process that has very high detrimental
effects on marine life, and very limited options for the
removal of plastic waste. The various types of plastic
polymers that are currently being used in various
agricultural products are represented in table 1.

The major use of plastic in agriculture includes
surface mulching films, containers, polymer-coated
controlled-release fertilizers, and nets/ lines used
in fisheries and aquacultural operations. In general,
based on their physical properties, agricultural
plastics can be grouped into three main categories:

« Flexible Products — such as mulch films, tunnel and
greenhouse films/nets, bags/sacks, silage films, non-

woven textile protective “fleeces” and fishing netting
and lines;

o Semi-Flexible Products - such as tubes and
driplines, tree guards/shelters; ropes; and

« Rigid Products - such as bottles, baskets, cages,
and fishing floats.

Irrespective of their intended use, plastics cause harm
when they leak into the environment[9]. This arises
during their manufacture, use, and at the end of their

intended life. Ecosystem harm caused by plastic may
be:

Indirect: through diffuse emissions of GHGs during
manufacture and transportation, or

Direct: such as localized impacts on soil function and
the health of grazing animals.

Since plastics are mostly made from petroleum-
derived precursors, they often contribute to significant
greenhouse gas emissions. Recent estimates suggest
that global GHG emissions in 2019 attributed to
plastics were approximately around 86 gigatonnes of
carbon dioxide equivalents (CO,-eq) and it is expected
to rise to 1.34 Gt CO, eq by 2030 and 2.8 Gt CO, eq
by 2050 if plastics consumption and use continue to
increase at current rates [14]. Since plastics used in
agricultural production is approximately 3.5 percent
of global plastic production, it has been estimated
that annual GHG generation will be 47 Mt CO, eq by
2030 and 98 Mt CO, eq by 2050.

The effect of agricultural plastic waste on the
environment is that agricultural lands are highly
affected by them. Since approximately around 93
percent of all global agricultural activities take place
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on land, agricultural soils are likely to be the principal
receptors for damaged, degraded, or discarded
agricultural plastics. Scientific knowledge about
the dispersal and ultimate fate of plastic in these
terrestrial environments and ecosystems is, however,
limited compared with other pollutants and oceanic
environments [16]. Moreover, it has been estimated
thatagricultural soils tend to receive greater quantities
of microplastics than oceans [25]. The open burning
of plastics releases a range of contaminants into the
atmosphere that shas potential harm to human health
and the environment. These contaminants include
polychlorinated dibenzodioxins and dibenzofurans
(PCDD/Fs), both of which are considered persistent
organic pollutants in the environment [37]. Fires
on dumpsites are also a source of atmospheric
contaminants including PCDD/Fs [40]. Where
agricultural plastics are disposed of at dumpsites,
they provide a ready energy source to exacerbate fires.
The dispersal of plastics in aquatic environments
is complex due to the connectivity of fresh and
saltwater courses, the flow of ocean currents, and
their interface with land-based sources. Microplastics
have been detected in all aquatic environments, from
surface waters to oceanic sediments at depths of up to
3 km [4]. The primary source of agricultural plastics
in these environments are discarded nets, floats, and
lines from aquaculture structures and fishing vessels;
however, significant input from land-based sources is
known to occur, primarily as a result of inadequate
waste containment and disposal [22]. Notably,
ingestion of microplastics by zooplankton is thought
to affect the density of excreted faeces, which reduces
its rate of sedimentation, hence affecting the cycling
of nutrients and carbon in deep oceans [35]. There are
between 640 000 and 1.5 million tonnes of ALDFG
abandoned lost or otherwise discarded fishing gear
[10], accounting for up to 50 percent of the total
plastic load from fisheries. Figure 1 represents how
plastic waste generated in the terrestrial ecosystem
not only pollutes the terrestrial ecosystem but it also
enters the aquatic ecosystem thereby polluting it as
well and posing a severe threat to marine life.

Product-wise share of plastics exports in India
(2021-22)

The Indian plastic industry market is one of the
leading sectors in the country. The history of the
plastic industry in India dates back to 1957 with
the production of polystyrene. India manufactures
various products such as plastic and linoleum,
houseware products, cordage, fishnets, floorcoverings,

medical items, packing items, plastic films, pipes,
raw materials etc. The majority of plastic products
exported by India is plastic raw materials, films,
sheets, woven sacks, fabrics, and tarpaulin.

B Raw Matarial

BFilms and sheets

N FIBC, woven sacks, fabric, tarpulin
Consumer and housware products

B Human hzirand related products

W Packgin tems

Others

Source: The Plastics Export Promotion Council of
India (PLEXCONCIL)

Impact of plastic waste on the environment

Plastic waste generated in agriculture has an impact
on the environment in the following three ways:

1. Physical impact

2. Chemical impact

3. Biological impact

Physical impacts

Plastic waste is considered to harm animals, plants,
and soil in the following ways:

Entrapment of animals is the major harm caused to
the environment as a result of the presence of plastic
waste. Plastic nets, ropes, bags, and cages impede
the movement of animals in aquatic and terrestrial
environments by entangling them [20]. In the aquatic
system, the drifting of discarded nets, pots, and traps
has been termed ‘ghost fishing’ due to the ability of
these items to continue to trap animals, leading to
their unintended death [24].

Consumption of plastic waste by animals is another
major issue attributed to plastic waste. Most animals
ingest plastic, either directly (e.g. through grazing
or filter feeding), or indirectly by consuming
contaminated animals; thus transferring and
accumulating ingested plastics up the food chain [17].

The harm caused by ingested plastics is generally a
function of their size which means they exert their
effects in different ways i.e. different plastic sizes
ingested have a different impact on the animal body.
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The effect caused by various-sized plastic on the
animal body is described as under:

Macro and meso plastics: These get potentially
co-ingested along with an animals food, ingested
by mistake when the plastic resembles a predator’s
prey or through scavenging [2]. Ingested meso
and macroplastics may accumulate in an animal’s
gastrointestinal tract, where they can result in
blockage or perforation leading to starvation and
death; or cause sublethal effects, such as altered
growth or reduced body condition [28].

Microplastics: Plastics less than 5 mm in size are
generally referred to as microplastics. Their small size
makes them highly mobile within the environment in
general, and aquatic environments in particular. The
uptake of microplastic particles has been observed in
a wide range of aquatic and terrestrial animals [38],
in plants, including vegetables [26], and drinking
water [19]. Ingestion of microplastics by earthworms
has been shown to increase the movement of these
fragments within soil [31]. Although the physical
harm microplastics may cause individual organisms
is currently uncertain, it has been suggested that they
can elicit inflammatory responses, and damage cells
and tissues [21].

Mega and macroplastics, and films, in particular,
can block out sunlight thereby impeding the flow of
fluids. Liu et al., 2014 [23] suggested that in terrestrial
environments, plastics may impede the movement
of essential elements in soil such as air, moisture,
and nutrients, and the mobility of soil organisms
including earthworms. Additionally, microplastics
have been shown to affect soil properties, including
density, aggregation, and water availability [8]. In
aquatic environments, it has been found that plastic
waste prevents the transmission of light into the
water column thereby affecting photosynthesis by
tree-floating phytoplankton and those in corals [21].

Chemical impacts

Chemicals associated with plastic waste stem from
two main sources:

Those adsorbed from the environment (in particular,
aquatic environments): include POPs and some
metals

Those introduced into plastic products during their
manufacture: include a range of compounds, such as

phthalates and brominated flame retardants [12, 15,
16].

Due to their high surface area to volume ratios and
hydrophobic nature, plastics can absorb harmful
chemicals and concentrate them [3], especially if
they have become enveloped in a biofilm. When
these biofilms are ingested, there is a high risk for
biomagnification up trophic levels; although the
extent to which these substances become bioavailable
and are released systemically within individual
organisms, and the harm they may cause, is likely
to depend upon a range of factors. The sorption of
chemicals onto plastic debris potentially affects their
transport to other environments and may reduce
chemical degradation [5].

Biological impacts

Plastics, particularly micro- and nano plastics,
can harm a wide range of organisms including
animal, plant, and microbial kingdoms, through
a combination of chemical and physical effects;
both of which have the potential to elicit biological
responses in organisms. As higher plants include
almost all of the commercially important crops used
as food by humans, this has potentially significant
implications for agricultural productivity and global
food security. There is evidence indicating that
agricultural mulch films can reduce seed germination
and impair root growth. High levels of plastics (>240
kg ha') were shown to impair yields of a range of
crops between 11 percent to 25 percent [11]. Unlike
mega and macroplastics, which are likely to kill
animals relatively quickly through entanglement and
engulfment, microplastics are more likely to exert
chronic, sublethal effects on animals. This affects not
only individual organisms, but may also affect shoals
in aquatic environments, and groups/flocks on land.
Both higher and lower plants may be adversely affected
by plastics. Several types of research carried out on
phytoplankton in seas and oceans suggested that
phytoplankton may be susceptible to the toxic effects
of microplastics, with toxicity increasing as particle
size decreases. Several types of research also suggest
that photosynthetic activity could be impaired by
microplastics (either by reducing sunlight penetration
in the water column or by affecting phytoplankton
metabolism). This has the potential to not only affect
carbon cycling in the oceans but also the basis of
almost all oceanic food chains [35]. Microplastics also
affect both the composition, biomass, and metabolism
of soil microbes and potentially affect the evolution
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of soil microbes by placing new selective pressures
on communities [30]. This leads to hindrance in the
ability of microorganisms to recycle nutrients and
thus affects soil productivity.

Degradation of plastic in the environment

The degradation of plastic in the environment is
a very slow process and it remains as such in its
dumped form in the ecosystem. However, over
the years various environmental factors lead to the
degradation of plastic. The process through which
the degradation of plastic occurs in the environment
is classified into two broad categories:

Physical process: this involves a change in the bulk
structure of the plastic material.

Chemical process: this involves changes at the
molecular level i.e. breaking of various bonds and
oxidation of long-chain polymers into smaller
compounds. The chemical degradation of plastic may
be due to microbial action, the presence of heat, light,
or a combination of the three factors leading to the
breakdown of the plastic. This degradation breaks the
large plastic molecules into smaller the accumulation
of these smaller fragments and their leeching into the
soil and water pose a serious to the environment.

Degradation process of polyethylene: Polythene is
the most inert polyolefins in the natural environment
and its degradation is very slow because its backbone
is constituted by C-C single bonds which do not
readily undergo hydrolysis and which resist photo-
oxidative degradation due to the lack of UV-
visible chromophores. However, impurities during
manufacturing and the presence of some unsaturated
(C=C) bonds in the main chain or at the chain ends
(typically, vinyl groups in HDPE and vinylidenes
in LDPE) act as a site of oxidation and help in the
degradation of polythene. These sites are readily
oxidized by O,, NO, or other tropospheric radicals,
often to highly unstable hydroperoxides, which are
then converted to more stable UV-absorbing carbonyl
groups(42). In the absence of sunlight, thermal-
oxidative degradation of PE does not occur at
appreciable rates at temperatures below 100 °C. (43).
Figure 1 represents the degradation of polyethylene
representing similar product formation during both
photo and thermal oxidation since the function of
photooxidative degradation is to only initiate the
chain reaction.

Polyethylene
Hz
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Figure 1: Products formed as a result of thermal-
and photo-oxidative degradation pathways for
polyethylene (R, R’, and R"” are polymer chains of
variable length).

Degradation of Polyethylene Terephthalate (PET):
The chemical structure of polyethylene terephthalate
(PET) consists of alternating ethylene glycolate
and terephthalate subunits, linked via ester bonds
therefore under ambient conditions photooxidation
is a common process(45). When PET is landfilled
or sinks below the regions that are penetrated by
sunlight photodegradation cannot occur, there
slow thermal oxidative degradation and hydrolysis
may occur together, or sequentially. The chemical
products resulting from the degradation of PET are
represented in figure 2.
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Figure 2: Products of the three common degradation
routes in the environmental degradation of
polyethylene terephthalate (R and R’ are polymer
chains of variable length).

Plastic waste management and recycling

Since it is clear that plastic waste is a very serious
threat to our ecosystem thus waste management
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plays a very crucial role in reducing the toxic effects
of plastic waste on the environment. There is a need
for systematic plastic waste collection, treatment,
and disposal for the global reduction of plastic litters
and ocean pollution[18]. Inadequate management of
landfills makes way for harmful chemicals in plastic
wastes to leach into the environment, polluting the
soil, air, and underground water. Proper wastewater
management will prevent microplastics from
entering the environment from landfills. Most treated
wastewater are discharged into rivers or oceans,
thereby adding another pollutant and causing water
pollution. Therefore, there is a need to ban such
practices.

The use of bioplastic must be promoted. Bioplastics are
a plastic produced from cellulose that is made of wood
pulp by a British chemist in the 1850s. Now, bioplastics
can be produced from different biodegradable and
non-biodegradable materials including weeds, hemp,
plant oil, potato starch, cellulose, corn starch, etc
[29]. Bioplastics are environmentally friendly since
they require fewer fossil fuels during production
in comparison to other types of plastic. In the
production of bioplastics, substitutes for fossil fuel
resources like wood, cellulose, sugar, and starch
are used. This has made bioplastic production
more sustainable and environmentally friendly in
comparison to conventional plastic production. The
production of bioplastics decreases the consumption
of non-renewable energy and reduces the emission of
greenhouse gases [13].

Previously efforts were being made to protect the
environment from plastic litter, but now the focus has
shifted to biodegrading the plastic with the help of
various microorganisms and recovering value from
polythene [7,34,36]. In biodegradation, strong carbon
bonds are broken down through microbial actions
that reduce the strength of polythene (as molecular
weight decreases) and hence polythene gets degraded
[27]. This is achieved in two ways: aerobic as well as
anaerobic.

In aerobic degradation oxygen acts as an electron
acceptor and the final products are carbon dioxide
and water [33].

Anaerobic biodegradation occurs in absence of
oxygen and therefore microorganisms use nitrate,

sulphate and iron as electron acceptor [6].

Several reported examples of plastic-degrading

bacteria and fungi are Bacillus cereus, Pseudomonas
aeruginosa, Phanerochaetechrysosporium, Aspergillus
versicolor, Streptococcus aureus, and many more.

Table 2: List of various microorganisms responsible
for the biodegradation of various plastic compounds

S. | Polymer Species Degradation Refer-
No | degraded P efficiency ences
N .
Pseudomonas sp. >10% weight [46]
loss
Microscopic
examina-
. tion showed
1 Polystyrene Curvularia sp. adherence and [47]
penetrance to the
polymer
Enterobacter sp.
Citrobacter 0.8% weight loss | [48]
sedlakii
Vibrio o .
) Polypropyl- Aspergillus niger 60% Welght loss [49]
ene
Bacillus cereus | 12% weight loss [50]
deonella- Almost complete
S degradation [51]
sakaiensis .
achieved
13.5% weight
3 Polyethylene | Saccharomono- | loss for PET-GF [52]
terephthalate sporaviridis and 27.0% for
PET-S
Thermomono- At 5.0 C, hydro-
) lysis rate 3.3 x [53]
sporacurvata 10 min.!
Polvvinyl Pseudomonas 19% after 30
4 yviny citronellolis days of incuba- [54]
chloride . .
Bacillus flexus tion

Efforts must be made to educate people on the
potential environmental and public health effect
of pollution by plastic waste. There is a need for
people to be aware of the chemical constituents of
plastic products and their health effects. Educational
curriculums at different levels must include ways of
plastic pollution reduction and waste management
systems as information resources.
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