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Plastics are ubiquitous polymers and champions of today's environment because they are numerously useful.
This paper's objective is to review different methods of plastic disposal and their impacts on health and the
environment using the conceptual review method. Nowadays, anthropogenic developments and growth have
increased and are resulting in progress that has led to the application of plastic in almost every aspect of human
endeavors. However, today, there is an apparent mismanagement of plastic wastes ubiquitous in our
environment (in land, water, and air). The methods used to handle plastic solid waste include landfilling,
pulverization, open dumping, and burning or incineration. This paper basically elucidates some of the
techniques used for solid waste plastic handling, merits, and demerits. Therein, headings such as plastics,
microplastics in the soil, effects of incineration, effects on climate change, plastic in water, policies for
correction, types of waste, and relations were elucidated. It is important to stress that plastic waste destroys the
routine nature of the environment (beautiful view), alters the physical nature of the environment, causes
pollution, and affects macro and microorganisms. Better methods/strategies are needed to address plastic solid
waste.

ABSTRAK

Plastik adalah polimer yang ada di mana-mana dan merupakan pelindung lingkungan saat ini karena banyak
manfaatnya. Tujuan makalah ini adalah untuk meninjau berbagai metode pembuangan plastik dan dampaknya
terhadap kesehatan dan lingkungan menggunakan metode tinjauan konseptual. Saat ini, perkembangan dan
pertumbuhan antropogenik telah meningkat dan menghasilkan kemajuan yang mengarah pada penerapan plastik
di hampir setiap aspek kehidupan manusia. Namun, saat ini, terdapat kesalahan pengelolaan sampah plastik
yang tersebar luas di lingkungan kita (di darat, air, dan udara). Metode yang digunakan untuk menangani
sampah plastik antara lain penimbunan, penghancuran, pembuangan terbuka, dan pembakaran atau insinerasi.
Makalah ini pada dasarnya menjelaskan beberapa teknik yang digunakan dalam penanganan sampah plastik,
kelebihan dan kekurangannya. Selain itu, dijelaskan juga mengenai plastik, mikroplastik dalam tanah, dampak
pembakaran, dampak terhadap perubahan iklim, plastik dalam air, kebijakan koreksi, jenis sampah, dan
hubungannya. Penting untuk dipahami bahwa sampah plastik merusak sifat rutin lingkungan (pemandangan
indah), mengubah sifat fisik lingkungan, menyebabkan polusi, dan mempengaruhi makro dan mikroorganisme.
Diperlukan metode/strategi yang lebih baik untuk mengatasi sampah plastik.

Auvailable online at http://dx.doi.org/10.36055/jocse.v3i1.24700.

1. Introduction

Plastics are large molecules containing repeating units of monomers and are made into various shapes to benefit human endeavors. Plastics are either
macroplastics, the large ones that the eyes can see, or microplastics. Microplastics are plastics of particle size from nanometers to 5 millimeters (the
smaller versions of microplastics could be nanoplastics). Some microplastics are made at smaller sizes by the industries, such as fibers, pellets, foams,
films, etc; they are termed primary microplastics. Microplastics made through the actions of environmental pressures (such as mechanical force and UV
light) from macroplastics are called secondary microplastics [1].
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The demand for plastics has been on the rise, and managing plastic waste is daunting and challenging in all facets of the environment and life. For
example, in 2014, 311 million metric tons of plastics were made globally, with about 12.7 million ending up in water (ocean environment) due to poor
waste management practices [2]. Plastic waste is ubiquitous in land, lakes, seas, oceans, and other water bodies (and affects water organisms and is
incorporated into chains or webs) [3]. Consequently, the management or handling of plastic waste is becoming a nightmare; therewith, the
mismanagement harms the environment and health. This paper's objective is to review different methods of plastic disposal and their impacts on health
and the environment using the conceptual review method.

Table 1. Some types of plastic polymers, source: [4].

Polymer types Examples of applications Symbols

Polyethylene terephthalate (PET) Fizzy drink and water bottles, salad trays l 1 >

PETE

High Density Polyethylene (HDPE) lg/cl)ltltlrel;mtles, bleach, cleaners, and most shampoo E 2 }

HDPE

Polyvinyl Chloride (PVC) PVC). Thermal insulation (PVC foam) and
automotive parts

Pipes, fittings, window, and door frames (rigid L@
\'

Low Density Polyethylene (LDPE)  Carrier bags, bin liners, and packagings films L4| )

LDPE

Polypropylene (PP) produced as fibres, and filaments for carpets,
wall coverings, and vehicle upholstery.

Margarine tubs, microwaveable meal trays, also E@
PP

Yoghurt pots, foam hamburger boxes, plastic

Polystyrene (PS) cutlery, protective packaging for electronic :@
ysty goods, and toys. Insulating material in the A
PS

building, and construction industry.

Any other plastics that do not fall into any of the

above categories — for example polycarbonate Z: 7
which is often used in glazing for the aircraft
industry. OTHER

Unallocated references

Recycled Incinerated
99, 170,

Accumulated

in landfill and
dumps or littered

—— |

INCINErated  e———  DUmMped @ in the environment
@ w ¢ 79%
e

Recycled Landfilled Littered in the
environment

Figure 1. Fates of plastics after uses, source: [4]. Figure 2. Plastics management, source: [4].
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2. Methods

Some of the available methods that can be used to dispose of waste are sanitary landfills, incineration, compacting, hog feeding, dumping into the sea, and
open dumping [5, 21, 43-44].

2.1. Sanitary Landfill

Sanitary landfills involve disposing of waste on the land by spreading waste materials in layers and compacting them into smaller volumes covered by soil
or some inert materials. Their practice can be done daily or frequently to alleviate environmental consequences. Places such as valleys, poor drainages,
trenches, quarries, etc., can be filled through landfilling methods of waste disposal [8, 35, 45]. Advantages of landfills include they improve the quality of
wastelands such as quarries, are easier to conduct, require little money or cost to be carried out, reduce hazards such as rodents and insects, and are
suitable for different waste types [39, 46-47]. Disadvantages of landfills include that they can transform into open dumping sites, sometimes leak and
contaminate underground and surface waters, and result in land consumption [19, 48].

2.2. Open Dumping of Waste

Open dumping is an interventional method that involves dumping waste over open land and allowing it to be exposed all along. This type of intervention
continuously collects and receives waste over time [9]. The advantages of this method are that it requires minimal planning, maintenance, and skills, is
more straightforward, and is not expensive [49-50]. Disadvantages of this method are that it can yield an offensive odor, it can exaggerate or generate air
pollution, and it provides room for a chain of disease transmission [51-54].

2.3. Incineration as A Waste Disposal Method

Incineration is the process of disposing of waste materials by burning them. There are some equipment used for incineration purposes either at small scale
or large scale, such as bar incinerators, barless incinerators, and behave incinerators [20, 52, 55-56].

2.4. Composting of Method of Waste Disposal

Composting is a method of waste disposal that involves dumping waste materials (excluding the glasses and relations) in a ditch or related gully and
allowing for decompression. It takes about three to four months for the waste to degenerate into manure [15, 47, 57]. The advantages of this method are
that many types of waste can be treated in this fashion, that it aids in the disposal of sewage and refuse, and that it provides manure for farms [58]. The
disadvantages of this method are that it requires skilled manpower, consumes time during the decomposition process, and involves capital [57].

2.5. Dumping into Sea Method of Waste Disposal

This method is standard in places with waterbodies. It involves dumping waste materials in waters such as rivers, seas, etc. The advantages of this method
are that large waste amounts can be disposed of at a time, provide nutrients and food for some aquatic animals, and have less cost intervention [42, 59].
The disadvantages of this method are that it reduces the beauty and lovely nature of waterbodies and is a form of pollution affecting plants, animals, and
humans [48, 60].

2.6. Pulverization

This method is done through pulverizing or converting the waste materials into powder applied in depressions or lowland areas [58]. The advantages of
this method are that the hugeness of waste is decimated into tiny particles, and the nuisance is reduced due to this treatment. The disadvantages of this
method are that it is expensive, done only by skilled labor, and is not a final treatment of waste [11, 61].

2.7. Factors that Should Be Taken into Cognizance while Selecting a Waste Disposal Method

Factors that should be taken into cognizance while selecting a waste disposal method, namely land availability, availability of equipment, availability of
funds, availability of trained labor, types of waste to be treated, and the amount of waste to be treated [49, 62].

3. Results and Discussion
3.1. Microplastics Relates in The Soil or Land in The Environment

Plastics, especially the tiny ones (micro and nano forms of plastics), are divulged and dispersed in the environment; in addition to that, the dispersal is
aggravated by extreme weather events like flooding, hurricanes, and winds, among others [2]. In farmlands, millions of plastic materials are added
deliberately through farming activities such as mulchings, films, manures, fertilizers, packaging, etc. The plastics undergo fragmentation due to actions
(such as effects of sunlight photodegradation, manual pressure, etc.) to form harmful tinier forms and accumulate toxic chemicals in the environment [5].
An exploration of the soil environment and plastics interaction revealed that plastics alter the physical parameters of the environment, change plant roots
behaviors, alter leaf traits, alter biomass, and alter microbial interactions; for instance, plastic changes soil composition, structure, water holding capacity,
permeability, temperature, and increase evaporation rate [6]. Plastic waste in soils is a worldwide concern that has stringent consequences on the
environment; about 12,000 million tons of plastic waste are placed in the soil due to improper management. It is a source of contamination to soils and the
water environment. Some sources of plastics in the soil/ land are:
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a. Improper disposal of waste.
b. Landfilling.

c. Incineration.

d.

Sludge and manure- Waste materials from sludge or accumulated plastics in home-made manure taken to lands for landfilling or fertilizer application
is a way that threatens the environment and health because it alters the soil nature and can be absorbed by plants, soil microbes, and feed the water or
air with pollutants.

e. Mulching: This is applying plastic films on plants to act as insulation for better crop yield, erosion control, pest control, etc. However, the mulching is
not biodegradable unless made from biodegradable polymers. Innovated polymers contribute to pollution due to the degradation of products [2].

Figure 4. Plastic in the land, source: [7].

3.2. Implications of Plastics Incineration or burning on the Environment and Health

Burning plastics is a common practice at home, in industries, hospitals, etc., because there are no efficient ways to deal with the waste problems
affecting many parts of the world. However, the method of getting rid of plastics through burning always involves water, land, and air; on the other hand,
it harms humans and other biological systems. Some of the chemicals released during the burning of harmful plastics include the following:

a. Dioxins. These are emission chemicals that affect biological beings even when the concentration is small because they are linked to cancer, motor
disabilities, ischemic heart disease, and cognition problems.

b. Particulates. Particulates are products emitted during plastic burning and affect humans due to their ability to cause stroke, reduce visibility, and
escalate respiratory problems such as asthma.

c. Toluene. Toluene is a distinctively smelling, clear, and colorless liquid that affects the liver, nervous system, kidney, etc.

Sulfur dioxide. This chemical elicits eye irritation, upper respiratory tract problems, and shortness of breath in humans.

e. Ethylbenzene. Ethylbenzene is a colorless product utilized as a solvent (e.g., in styrene plastics) and causes dizziness, eye irritation, throat irritation,
and damage to the ear.

f. Carbon monoxide. CO is an odorless, poisonous, colorless, and gaseous chemical that, at low exposure, causes headache, nausea, fatigue,
disorientation, and dizziness. However, under high exposure, it quickly Kills through its ability to starve hemoglobin from oxygen.

g. Styrene. A standard monomer of polystyrene and health concerns are prostate cancer, breast cancer, congenital disabilities, premature puberty,

aggressiveness, low sperm count, and hyperactivity [8].

h.  Vinyl chloride. A standard part of polyvinyl chloride and its adverse effects are cancer, reproductive defects, development problems, liver problems,

and low sperm count [9-10].

i. Bisphenol A. A common additive in plastics and adverse effects are prostate cancer, miscarriages, aggressiveness, breast cancer, congenital

disabilities, hyperactivity, and low sperm count [11].

j.  Dioxins and Furans. Dioxins and Furans cause cancer, growth defects, immune problems, DNA defects, reproductive defects, and hormone disruption

[12].

k. Volatile Organic Compounds. Cancer-causing respiratory illnesses causer, and lung disease [13-14].
I. Polynuclear Aromatic Hydrocarbons (PAHSs). PAHs cause cancer.
m. Heavy metals. Parable, Pb, Cd, Ar, Hg, etc., cause effects in nearly all body organs. Their effects constitute cancer, reproductive effects, nervous

effects, kidney effects, liver effects, and many others [8, 15].

Formaldehyde. Formaldehyde can lead to irritation in the eyes and throat and other effects like nausea and skin rashes.

HCL. HCL causes bronchitis, nausea, edema, visual damage, convulsions, shock, lethargy, dehydration, diarrhea, burns, dermatitis, chills, stupor, etc.

[16-17].

3.3. Plastics Affect Climate

Plastic pollution produces enormous harm to climate because greenhouse gases emitted by plastic dealings in its lifecycle is a bump towards achieving a
global temperature increase below 1.5 degree Celsius; in addition to that, plastics emit about 56 gigatons (amounting to 10 to 13 % of green global carbon
budget). Nevertheless, plastics follow lifecycle trends from the extraction of fuels to shelf life and management. During extraction and transportation of
fossil fuels for producing plastics, emissions (such as methane), land disturbance, drilling emissions, etc., are significant concerns. The second step in the
plastic lifecycle is the refining and manufacturing, cracking of alkenes to make olefins, polymerization, and plasticization occur; carbon dioxide, methane,
hydrogen sulfide, and other detriments are divulged into the environment.

The third step of plastic life is its stay, during management, where it is discarded, recycled, landfilled, and incinerated; in addition, a lot of emissions
of poisonous chemicals are made through all the various methods of plastic management. Improperly managed plastics get into the environment, which
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causes environmental degradation, interference with climate, and impact on climate change. Parable, the plastic in water affects the ocean's role in carbon
sequestration, such as by affecting phytoplankton [18-20].

3.4. Unique Harmful Nature of Plastic Waste

Plastic waste is widespread in our environment due to poor management, and some plastic features are dangerous. Some of the features of plastics are as

follows;

a. Persistence: Plastic waste is generally persistent and non-biodegradable; therefore, it stays in the environment for years while causing harm. A plastic
beverage container stays for 400 years, and a bag stays for about 1000 years, the plastic bottle stays for 100 to 1000 years, synthetic fabric dwells for
500 years, foam cup lives for 50 years, fishing line lives for 600 years, plastic case dwells for about 100- 1000 years [21-22].

b. Accumulation and Leaching of Chemicals: Plastic waste is a polymer containing diverse chemicals that can migrate easily into the environment;
additionally, many chemicals adhere to plastic to be detached at some other points. Microbes also comply with the plasticsphere [22-24].

PAH

Phthalates

Figure 5. Some harmful chemicals of plastics, source: [25]. Figure 6. Plastics affecting water organisms, source: [22].

3.5. Plastic Waste in the Water Environment

Plastics in the water are stored by mismanaged wastes from the land; however, there are fewer ways of plastic waste in the water environment [26]. Plastic
waste in the waterbodies travels far and near across various regions and continents. However, along the course of plastic water in water conveyance of
toxic chemicals, detachment of harmful compounds that affect the diversity of biologicals occurs. Ultimately, the food chain and aquatic organisms are
affected due to the presence of plastic waste in the water [22].

3.6. Policies for Regulation of Plastics

a. Innovated designs. This involved making plastics that are environment-friendly, are able to exert less harm to the environment. It implies changing
the trend of the way conventional plastics are manufactured. For example, bioplastics are new trends proposed to be biodegradable and biobased.
Oxoplastics contain a component that aid in triggering degradation by sunlight or heat or relations [27].

b. Individualized approaches. At individual level every person should rationally do some tips as follows: Avoiding plastics as ably as possible, separate
waste for easy recycling, avoiding single-use plastics, use other alternative containers to substitute plastics, educate other on harms of plastic waste,
etc.

c. Banning. It is better to ban some plastics that are more harmful to save the environment and health, for example banning of bags, and other single-use
plastics aid in reducing plastic pollution and it's consequences as well [28].

d. Taxation. Increasing taxes or other charges is a method that was believed to reduce demands of certain plastics according to the demands and supply
laws that show the higher the price, the lower the demand.

e. Water regulations. Some of the waste management policies in place contain loopholes, there should be effective laws that are properly applied to
boost waste management efficiently to avoid reckless handling of water by public, government, and business moguls or industries.

f.  Recycling. Recycling involves using old plastics to make new plastic materials by the manufacturers. This process requires careful handling of waste
by the public or managers, and requires energy, as well as cost [21].

g. Upcyling. This is an approach that constitutes the utilization of plastic water for other uses after lifecycle exhaustion, for example use of plastic waste
in building, teaching aids, furniture making, shoe making etc.

Figure 7. Use of plastics in building, source: [29].
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3.7. Biotechnological Approaches Needed

Indeed, every environmental effort or activity has consequences in bulk or minute quantities; therefore, it is impressive to use less disadvantageous
methods and activities to reduce impacts on the environment and, ultimately, the biological systems living on earth, of which humans are most precious.
Biotechnological approaches use bioresources to convert toxic substances into less-toxic or non-toxic forms [4].

3.8. Biomass

Because many plant materials are able to make hydrocarbons or related organic compounds, they can be used to make ideally safer plastic materials.
Biomass is a result of plants' photosynthesis. Therefore, plastics made from biomass materials could be used to produce fuel in the environment so that the
non-degradable nature of conventional plastic solid waste can be ideally diminished [5]. However, the disadvantages of this idea are as follows:

a. Biomass utilized usually possesses lower thermal energy than fuels.

b. It sometimes contains significant moisture that prevents proper combustion, consequently causing energy wastage.

¢. The technique could be costly, requiring many laboratory facilities and management [4].

3.9. Bioremediation
Bioremediation involves organisms (such as microorganisms) to degrade or transform harmful chemicals into less toxic or completely safe forms [4].
3.10. Types of Plastic Waste

a. Industrial solid waste. This type of waste emanates from industries through production processes or relations, including rubbish, packaging materials,
etc.

Agricultural waste. This waste is generated through farming activities from planting, harvesting, and animals.

Medical waste. This type of waste comes from hospitals and related health posts, including syringes, placenta, used gloves, laboratory specimens, etc.
Commercial waste. This waste is from commercial areas like markets, hotels, parks, shops, and relations.

Municipal waste. This type of waste is produced from the towns and related areas due to home activities and relations [30-32].

® o0 o

3.10.1. Solid Waste Management and Goals

Solid Waste Management is the "systematic administration of human and material resources in the course of generation, collection, storage, transfer and
transportation, treatment, and final disposal of waste to render it less harmful to humans, animals, and the entire environment" [17].

3.10.2. Goals of Solid Waste Management

The main goal is to ensure the effective elimination of hazards that may harm the community

a. Italso aimed to preserve and protect the environment against pollution and degradation.

b. Facilitates the continuous supply of materials needed by the industries for recycling and related processes.
c. To help provide employment opportunities to society members [33].

3.11. Processes of Solid Waste Management

The processes of Solid Waste Management are run basically through the following activities:

a. Waste generation. Involves the amount of waste made by a given source that is channeled to the management stream [19].

b. Storage of waste. During waste storage, types of containers, locations, and methods for collection are essential and should be selected appropriately.
Containers should be significant depending on the nature of the waste. For example, drums, bins, bags, and buckets store waste in homes, offices, and
public places [7, 34-35].

c. Collection of waste. Collection involves the removal of waste from the stored container and alighting it on the disposal site. It also includes
transporting the waste from storage to the disposal site [36]. Collection can be done in the following formats:

1) Collection from one-unit household and taking it to where it will be gathered.

2) Collection can be done from high-density living areas or community waste areas.

3) Collection from the upstairs building to the downstairs.

4) Collection can be done from medical posts such as hospitals, and this needs adequate care to avoid public health catastrophes.
5) Collection from schools, markets, and other related public gatherings [37-38].

d. Transportation of Solid Waste. This waste involves the collection and transport of waste materials from smaller collection sites to huge collection
sites. It usually/mainly occurs by ferrying the waste over a longer distance to the extensive disposal sites [39]. Some vehicles used to collect the waste
could include tippers, compactors, bulldozers, etc. Things such as cost, the layout of the community, distance, climate, equipment, vehicle
availability, and population of the areas generating the waste are supposed to be considered during the transition of waste [40-42].

4. Conclusion

Plastics are very useful in numerous aspects of human life. However, plastics are very damaging to our environment, aggravated by poor management.
This paper has explored the consequences of plastic solid waste on the environment and health and stressed the types of strategies for handling plastic
solid waste materials in terms of merits and demerits. It also suggested strategies to help prevent pollution and its effects at minimal cost.
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