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Abstract The rapid upsurge of industrialization and increasing global population
has led to the tremendous generation and indiscriminate disposal of waste without
corresponding treatment and management plans. Moreover, the rise in global eco-
nomic development and living standards of people especially in developed nations
has greatly increased the quantity and complexity of generated waste and conse-
quentially, promoting environmental pollution. This chapter outlined some funda-
mental and theoretical aspects of environmental management and sanitation. The
earlier sections considered briefly the concept of waste, its generation, classification
and types, and the available treatment and management technologies. Later in this
chapter, some challenges facing these management technologies alongside some
sustainable measures in ensuring adequate environmental sanitation were high-
lighted. Finally, possible ways of achieving sustainable development goals (SDGs)
via proper environmental management and sustainable practices were put forward.
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1 Background

The continuous migration of people from rural areas to urban cities among other
factors such as industrialization, abrupt climatic change, and fossil fuel overcon-
sumption has resulted in a huge quantity of wastes which in turn had caused serious
environmental pollution (Das et al., 2019; Ajibade et al., 2021b). For the well-being
of man and the environment (which encapsulate proper sanitation), engagement of
techniques leading to environmental management and sanitation is of paramount
importance (Abdel-Shafy & Mansour, 2018). Managing waste efficiently could be
a herculean task if proper guidelines are overruled, but it could also be a smooth and
continuous process without a hitch if established guidelines are adequately followed
(Ferronato and Torretta 2019). Furthermore, the efficiency and sustainability of this
process will only be guaranteed if the concept of environmental management and
sanitation is properly defined and engaged.

Environmental management is a concept which involves the allocation of both
natural and artificial resources with the aim of making optimum use of the environ-
ment to satisfy human needs at the minimum and if possible, for an indefinite future
(UNEP, 2004-5). Environmental management can also be regarded as the definite
decisions and actions taken concerning policy and practices with regards to how
environmental resources are protected, allocated, developed, used, rehabilitated,
remediated, monitored, and evaluated (Mitchell, 2002; Scarlat, 2015). For efficient
environmental management, environmental managers must have a good system and
plan that provides a framework for managing environmental responsibilities in a
way that is integrated into the overall operations. In the same manner, environmen-
tal sanitation refers to activities aimed at controlling man’s environmental factors
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that may cause disease and improving the standard of basic environmental condi-
tions that affect the well-being of man (Alabi, 2010). Some of these environmental
conditions include clean and safe water supply, adequate and safe housing, clean
and safe ambient air, proper waste management and disposal, and protection of food
from biological and chemical contaminants (Ekong, 2015).

Having considered the concept of environmental management and sanitation, it
is of utmost importance to operate whatever waste management schemes or activi-
ties are employed in a way that reduces environmental health hazards and risks and
also ensures economic growth and social progress (Chang & Pires, 2015). The pur-
pose of this chapter is to highlight some components of waste alongside their com-
mon treatment methods and to also emphasize the need for environmental
management and sanitation of waste generated. Furthermore, possible challenges
facing waste treatment and management were discussed. All these thus provide a
solid framework on environmental sanitation and sustainability on waste, which can
be adopted for more sustainable development goals attainment.

2 The Concept of Waste

Waste has been a great matter of public concern since the existence and habitation
of humans in conglomerate forms such as cities and towns. The mass of waste that
had since then been produced in the world has grown considerably, and this growth
has been witnessed more in high-income countries revealed by the link between
national gross domestic product (GDP) and waste generation per capita for each
country. The voluminous state of waste generation has caused data on waste to often
be incomplete and quite unreliable. Recent estimates suggest that globally, the
municipal solid waste (MSW) alone generated more than 2 billion tonnes per year
at the turn of the millennium (Hoornweg & Bhada-Tata, 2012). Defining “waste”
could be controversial because of its perception which differs from individual to
individual and one region to the other. What tends to be termed a waste by an indi-
vidual may be a useful resource by another. This ambiguity has resulted in an ava-
lanche of definitions given by different organizations and experts. Outlined as
follows are some definitions of wastes given by world-recognized agencies, which
is believed to largely represent the perception of every individual irrespective of
their age, race, and gender and are generally acceptable.

As formulated by the European Union, “Waste shall mean any substance or
object which the holder discards or intends or is required to discard” (European
Commission, 2006).

The Basel Convention on the international movement of hazardous waste gave a
similar definition on waste, but it was related to national legislation as “substances
or objects which are disposed of or are intended to be disposed of or are required to
be disposed of by the provisions of national law” (Bassel Convention, 1992). The
use of the words discard and dispose of makes it another difference between these
definitions which meaning has been disputed. Subsequently, European Commission
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added definitions of by-products and criteria for when waste ceased to be waste as
end of waste. (European Commission, 2008).

The US Environmental Protection Agency (EPA) defines waste as “any unneces-
sary resource use or release of substances into the water, land or air that could harm
human health or the environment” (USEPA, 2021).

Vividly, the stated definitions of waste try to capture the various perspective of
every individual or organization as initially iterated. However, it seems impossible
to distinctly define any material properties as waste, except for states and situations
where it appears or declares as such.

3 Waste Generation and Influencing Factors

An unavoidable consequence of all processes where any class of object identified as
“materials” is used is the constant generation of waste. Processes ranging from
industries such as manufacturing of goods and extraction of raw materials, domes-
tic/municipal, commercial, and so on all generate wastes (Karak et al., 2012). There
is an increase in the volume of waste generated nowadays compared to previous
decades or even centuries ago when the fraction of human and activities were small
(Iraia et al., 2015; Liu & Wu, 2010). In addition, waste generation varies by quantity
and complexity from region to region and season to season, and it is directly propor-
tional to economic activities. The quantity of waste generated per capita in devel-
oped countries is higher when compared to that of developing countries (Lagerkvist
& Dahlén, 2012). The present world population of 7.7 billion could reach around
9.7 billion by 2050 (UN 2018). The world generates about 1.3 billion tons of waste
per year (1.2 kg/capita/day), and the data is set to increase to 2.2 billion tons in 2025
(Hoornweg & Bhada-Tata, 2012). Therefore, the situation is expected to worsen as
the amount of waste generation continues to rise across the globe outstripping the
rate of urbanization. By 2050, the world is expected to generate 3.40 billion tons of
waste annually, increasing drastically from the recent 2.01 billion tons (Kaza et al.,
2018). One-third of this waste will come from Asia, with major contributions from
China and India. Waste generation in urban areas of India will be 0.7 kg per person
per day in 2025, approximately four to six times higher than in 1999 (Kumar &
Smith, 2017). This increase in the long term might lead to serious pollution with
their impact on human health and wellness of the environment highly consequential
unless an effective management system is put in place. Waste generation in most
parts of the world is dependent on the type of activities and processes dominant in
that region (Olabode, 2018; Chu et al., 2016; Iraia et al., 2015; Liu & Wu, 2010;
Rafiaetal., 2011). Some of these factors include but are not limited to the following:

(i) Population: This factor seems to have the most dominant impact on waste gen-
eration especially solid waste generation in most parts of the world.
(i1) Lack of advanced technology and facilities for separation at the source.
(iii) Strength of solid waste management policy and enforcement.
(iv) Income status of the individual.
(v) Environmental education and awareness.
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4 Waste Classification and Types of Wastes

Waste classification is a vital exercise of grouping produced wastes into different
categories to avoid/prevent pollution problems that can endanger public health or by
complying with legislation to avoid potential fines. Waste can be characterized
based on its different features such as its source (i.e., their places of origin) and their
nature (whether they are dangerous or not). These wastes also exhibit different
properties such as biological/biodegradable properties, mechanical and physical
properties, chemical and elemental properties, and combustible properties (Chang
& Pires, 2015).

4.1 Classification of Waste Based on Source

Wastes classified based on their sources include a municipal waste (such as com-
mercial and services waste), industrial waste (such as manufacturing, chemical,
construction, energy, refineries, mining, and agricultural), medical waste, and other
waste not considered as municipal, industrial, or medical waste. When the source of
waste is properly identified (particularly municipal waste streams), it aids the under-
standing of the classifier in the proper classification process. A schematic represen-
tation of waste classification by origin with some main activities generating different
types of waste is shown in Fig. 20.1.

4.1.1 Municipal Waste

As the name suggests, these are wastes from household, commercial, and institu-
tional outlets and this also includes collections from public and private service
areas such as market, street cleaning, sewage cleaning, garden, park and so on.
They belong more to the category of waste discarded by the end consumers.
Common components of wastes found in municipal wastes streams are paper (soft
and hard), glass, plastics, aluminum, textiles, wood, organic waste, aluminum,
and ferrous materials (Chang & Pires, 2015). This waste when generated is dealt
with locally and almost immediately by landfilling, incinerating, or other suitable
local treatment (Baccini & Brunner, 1991). Similar to our discussion in Sect. 3,
the generation of the waste components is influenced by education level (in terms
of recycling knowledge), economic level (in terms of income and standard of liv-
ing), climatic conditions, and festive or special seasons like carnival, Christmas,
New Year, and other celebrations (G’omez et al., 2009). As a subheading consid-
eration, municipal waste can also be further characterized by its nature which may
either be hazardous or nonhazardous or even possesses inert properties (Ludwig
et al., 2003; Chang & Pires, 2015).
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Fig. 20.1 Waste classification by origin with different activities generating the waste

4.1.2 Agricultural Waste

Agricultural wastes are wastes generated from various agricultural practices
ranging from crop planting to animal farming, and this could be at either subsis-
tence or commercial level. According to the OECD, agricultural waste is waste
produced as a result of various agricultural operations. It includes manure, slur-
ries, crop residues, and other wastes from farms, poultry houses, and slaughter-
houses; harvest waste; fertilizer run-off from fields; pesticides that enter into the
water, air, or soils; and salt and silt drained from fields (OECD, 1997). The grow-
ing capacity of agriculture in most countries has led to an increase in agricultural
wastes which in most cases is more than four times municipal solid waste pro-
duced in such countries.
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4.1.3 Industrial Waste

Industrial wastes are waste generated from activities emanating from different
industrial sectors such as manufacturing, mining, construction/building and demoli-
tion, metallurgy, non-metallurgy, and food processing industries (EIONET, 2009).
Although, the waste components generated from industries may differ from one
industry to another, depending on the used raw materials, the manufacturing pro-
cesses, and the product outlets. However, the common end products are sludges,
product residues, kiln dust, slags, and ashes (JeyaSundar et al., 2020). These waste
components can be subclassified into solids, liquids, and gases in which the efficient
management of the liquid waste produced posed the main treatment concerns for
industrial waste. In another sense, industrial waste components can be further sub-
classified as hazardous (such as flammable waste, corrosive waste, and toxic materi-
als) and nonhazardous (such as carton, glass, rock, metals, plastic, and organic
waste) (Millati et al., 2019). Their classification may sometimes involve using spe-
cific methodologies such as material flow analysis and also depend on the waste
destination and processing method (Chang & Pires, 2015).

4.1.4 Medical Waste

Medical wastes (also known as hospital or health-care wastes) are wastes mostly in
the class of solid or liquid which are generated from human or animal health-care
facilities and/or related research. The common components of waste found include
cotton swabs, needles, syringes, razors, scalpels, chemical solutions, blood contain-
ers and samples, tissues parts, body parts, fecal samples, other surgical devices, and
radioactive materials. Some of these wastes are produced when patients (human and
animal) are immunized, examined, or treated, while others are produced through
laboratories, research and development outlets, and other related centers. Similar to
municipal and industrial wastes, medical wastes can also be subclassified into haz-
ardous (such as infectious, toxic, and radioactive materials) and nonhazardous
waste which is not dangerous neither do they pose serious risks of infection to any-
one in case of improper handling (Mbongwe et al., 2008; Jeyasundar et al., 2020).
However, the World Health Organization (WHO) made some distinct classification
of these medical wastes (WHO, 2012) as given in Table 20.1.

4.2  Classification of Waste Based on Nature

Wastes classified based on their nature include hazardous waste and nonhazardous
waste. Each of them is elaborated in subsequent sections.
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Table 20.1 WHO classification of medical wastes

Medical waste type | Waste component

Infectious waste These are wastes from patients in isolation wards (containing blood and its
by-products), discarded diagnostic samples, infected animals from
laboratories, contaminated materials (swabs, bandages), and equipment
(such as disposable medical devices)

Pathological waste | These are body parts (either recognizable or non-recognizable) and
contaminated animal carcasses

Sharps These include syringes, needles, disposable scalpels, blades, and other
sharp instruments

Chemicals and These include broken mercury thermometers, mercury, solvents,

heavy metals disinfectants, and chemical derivatives

Pharmaceuticals These include drugs that are expired, unused, and contaminated; vaccines
and sera

Genotoxic waste | These are highly hazardous, mutagenic, teratogenic, or carcinogenic
materials, such as cytotoxic drugs and their metabolites resulting from their
use

Radioactive waste | These contain glassware that are contaminated with radioactive diagnostic
or radiotherapeutic materials

4.2.1 Hazardous Waste

Waste is classified as hazardous when it has a greater risk of posing a severe
threat to human beings and the environment. The components of these wastes
include corrosive products, infectious products, explosives, radioactive/nuclear
substances, flammable materials, oxidizers, and so on. Almost all categories of
waste type (be it municipal, industrial, or medical) contain some number of haz-
ardous substances or materials having the capacity to adversely impact human’s
life whether in the short or long term. The distinction between a waste being
classified as hazardous or nonhazardous can sometimes be debatable depending
on whether it is viewed scientifically or in legal terms. Generally, in the environ-
mental context, a material is deemed to be hazardous when it contains properties
such as toxicity, reactivity, corrosivity, and ignitability, and this is mostly in line
with a legal standpoint (Jeyasundar et al., 2020), while from a scientific perspec-
tive, the basis of research being carried out determines the actual definition of
hazardous waste. For example, a waste generated during scientific research may
contain hazardous substances, but the waste itself may not be classified as haz-
ardous, depending on whether the concentrations of the hazardous compound in
it are sufficiently low (Vallero, 2019). This is where the legal perspective seems
different, as their definition is based on the expectations of the harm the waste
may like cause, especially in the long term. Because of this, various countries
(specially developed ones) have various rules and regulations with codes to iden-
tify if wastes are hazardous or nonhazardous.
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4.2.2 Nonhazardous Waste

Waste is classified as nonhazardous when no characteristics of hazardous can be
traced from it prior to any physical, chemical, or biological transformations (Chang
& Pires, 2015). A larger portion of the wastes generated from municipal, agricul-
tural, and even industrial or medical are nonhazardous. Some examples of nonhaz-
ardous wastes have been highlighted in the discussion on municipal, industrial, and
medical wastes in Sects. 4.1.1, 4.1.2, and 4.1.3, respectively.

5 Waste Treatment and Management Technologies

When waste is processed in such a manner that it has little or no effect on the envi-
ronment, it is termed waste treatment or waste management (Tchobanoglous et al.,
2014). There are various forms of technologies that can be employed in treating
waste of any kind. These can be broadly categorized into physical, chemical, bio-
logical, thermal, and sustainable treatment methods. Under each of these methods
are different techniques used which are peculiar to the waste type. A detailed expla-
nation of these treatment techniques is not covered in this chapter. Meanwhile, a
brief description of the physical, chemical, biological, thermal, and sustainable
treatment methods is discussed in the following sections.

5.1 Physical Treatment

The physical treatment method is achieved by using techniques that are void of
chemicals or microbes for waste treatment. Some of the major processes include
sorting/screening, flotation, sedimentation, filtration, evaporation, sir stripping,
and membrane-based filtration processes. The dominant use of the physical
method is in treating liquid waste (especially hazardous wastewater), and before
the operation commences, the solid wastes are firstly separated from the liquid
waste to reduce the cost of treatment. Generally, it is relatively cheaper to treat a
low volume with high concentration waste than complex unsegregated waste
(Christensen, 2011). Part of the most important aspect of the physical treatment
processes is to segregate or classify the waste into categories of solid, liquid, or
gas. By so doing, the volume of waste will be reduced, and this will facilitate the
treatment process (Jeyasundar et al., 2020). In a broader perspective and for the
optimum waste treatment process, the physical method can be combined along-
side other methods.
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5.2 Chemical Treatment

The chemical treatment method is used for treating waste by applying chemical
reactions techniques to reduce harmful waste into less harmful ones in the environ-
ment. Some of the major processes include oxidation, reduction, neutralization, pre-
cipitation, coagulation, and flocculation. They are closely related to physical
treatment methods except that chemicals are adopted for its implementation. They
are advantageous in volume reduction and resource recovery from wastes, which
makes them a fit for off-site landfilling before disposal. Liquid waste, which is pro-
hibited from being disposed for landfilling without any form of pretreatment, is also
treated chemically to make them less toxic or nonhazardous before disposal.

5.3 Biological Treatment

The biological treatment method can be adopted for both organic solid waste and
organic liquid waste. This can be achieved either by engaging (i) microbial medi-
ated methods such as anaerobic digestion and composting via aerobic process and
(i1) plant-mediated methods such as phytoremediation (El-Haggar, 2007). During
implementation, either method can be used individually or both can be combined
for more effective output. For anaerobic processes, anaerobic bacteria degrade
waste without oxygen, and they are mostly adopted for treating concentrated organic
waste or organic sludges, while for the aerobic process, oxygen is needed to degrade
waste, and they are mostly used for the treatment of industrial and municipal waste-
water (McDougall et al., 2001; Chang & Pires, 2015). In recent years, advanced
techniques had been developed to treat petroleum-contaminated soils using aerobic
bacteria (Jeyasundar et al., 2020).

5.4 Thermal Treatment

The thermal treatment method is used mostly for treating solid wastes, especially
municipal solid wastes. It is the process of using heat to treat and reduce waste
materials. Most commonly used techniques in this category include open burning,
incineration, gasification, and pyrolysis. Amongst them, open burning is the most
popular with long-standing history, but it is environmentally harmful because it is a
form of incinerator with no pollution control mechanism (Oluwatuyi et al., 2020;
Ajibade et al., 2021a). Meanwhile, there are controlled incinerators in which the
temperature can be adjusted to control the burning of waste and liberation of gases
and heat energy (Zaman, 2009; Havukainen et al. 2017). Basic incinerator types are
fixed-bed or fluidized-bed plants. They are more advantageous than open burning in
that they do not only reduce waste volume and transportation costs; they help in
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drastically reducing harmful greenhouse gas emissions (Sharma, 2015; JeyaSundar
et al., 2020). Pyrolysis and gasification are closely related techniques that decom-
pose organic waste using either no or low quantity of oxygen and high temperature.
The former requires no oxygen while the latter requires little oxygen for the treat-
ment process. In practice, gasification allows the burning process to recapture
energy without leading to air pollution which makes it more advantageous than

pyrolysis.

5.5 Sustainable Treatment

The sustainable treatment method is not a popular concept when it comes to dis-
cussing the available waste treatment techniques. However, it has recently been
established and defined as the type of treatment which combines various two or
more types of treatment, and process can recover raw material from waste with a
prospect of conserving them for full reutilization (El-Haggar, 2007). A perfect
example of this treatment method is waste recycling which entails converting waste
into raw material and then producing other products from it (Adama, 2012; Hotta &
Chika 2014). Composting is also a form of sustainable treatment which through a
biological treatment means converts organic waste into a safe by-product.

6 Challenges Facing Waste Treatment
and Management Technologies

Globally, many countries face critical problems concerning waste management. The
development level of a country greatly determines how their waste will be managed
and the impact those treatment and management measures will reflect (Zhao & Duo,
2015). Choice of waste management depends on the decisions taken by city leaders
as well as the structures related to the nature, quantity, and quality of local waste
produced (Baldwin & Dripps, 2012). Some of the challenges that can be encoun-
tered in waste management include insufficient government priority and political
support for action; poor finance; inadequate long-term planning, indiscriminate dis-
posal of waste; poor handling and disposal of hazardous wastes; insufficient recy-
cling and reuse; ineffective legislation and institutions; lack of skilled personnel;
and poor monitoring and enforcement (Adewumi et al., 2020). Summarily, these
challenges are discussed under five source areas.

(i) Lack of environmental awareness in society
Environmental awareness plays a major role in sustainable waste manage-
ment and sanitation in society. The involvement of people in waste manage-
ment has a major effect on the overall operational efficiencies of any waste
management system or approach adopted. For instance, the inefficient recy-
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(ii)

(iii)
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cling activity can be directly traced to poor waste-sorting behavior among
people. When materials that are recyclable are mixed with other wastes, they
result in environmentally and economically inefficient recycling operations
(Jagdeep et al., Singh et al., 2014). As noted by Mbeng et al. (2009), strong
concern among people for a clean environment and the belief that learning,
information, and awareness campaigns are important drivers to behavior
change. However, this does not necessarily translate into increased participa-
tion in recycling or reuse initiatives. In developed countries, although disposal
and management of waste are of great environmental concern, they are not
fully aware of its consequences at the global level. There is still a need to have
proper understanding about how resource issues are linked to global environ-
mental issues such as climate change, which is an issue that is of a particular
concern to people. Thereby, resulting in poor public participation in waste
management. Hence, there is a need to successfully educate the public to be
aware of the association between people’s waste disposal behavior and global
concerns in the same way as they are aware of how climate change is linked to
car use and local flooding. Consequently, the public would be conscious of
their actions and will improve participation in waste management.

Increasing global quantities of waste

The increase in the amounts of waste generated globally has shown the
effect of economic growth on waste amounts. The waste generation rates per
capita in developing countries are relatively low as compared with developed
countries. However, waste generation rates in developing countries are increas-
ing rapidly. The increase in waste generation rates even at already high waste
generation rates, especially in developed countries, can be linked to the rate of
consumption of resources in the world (Jagdeep et al., 2014).

Innovation in production has led to the generation of new and increased
amounts of wastes that are entering into the waste streams. Consequently, the
world is still faced with challenges to manage wastes sustainably due to inad-
equate waste sorting, products that are not suitable for recycling. Even devel-
oped countries with relatively developed waste management facilities are not
left out. This understanding, therefore, underscores that despite the develop-
ment and improvement in the waste management system, the overall waste
management is still not sustainable (Jagdeep et al., 2014).

The increasing complexity of product composition and variety in the produc-
tion and consumption systems

During extraction processes, high-quality material resources produced are
used to make various products in the manufacturing industries by combining
various raw materials. Therefore, the manufacturing systems combine materi-
als to production. These products enter the consumption system and leave the
system in various form of wastes, further resulting in the dilution of resources
in space and time. Also, as reported by GoBling-Reisemann (2011), these
transformations lead to changes in physical, chemical, and biological proper-
ties of the material resources.
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(iv)

Waste management processes either “concentrate’ these resources through,
for example, recycling, or further “dilute” them in one of their residues, such
as through incineration or composting. From a resource scarcity perspective,
the dilution of the many scarce material resources is not sustainable, and these
resources should be reintroduced into the socio-technical systems. The manu-
facturing and consumption systems dilute the resources to a critically low level
owing to the increasing product composition complexity. This leads to energy-
intensive and hence costly recycling operations. This is the case for many
materials where recycling is not economical or not possible technologically.
When limited energy is available, the cost of production of pure substances
will prevent the recycling of materials beyond certain limits. Therefore, as
reported by Vesilind et al. (2007), using nonrenewable resources is not sustain-
able, and attempts to close their loops will lead to greater damage than good.
Furthermore, the recycling of complex waste streams poses great technologi-
cal challenges, thereby reducing their potential utility (G68ling-Reisemann,
2011). Product diversity has considerably increased over the last few decades
which consequently, there is an increase in waste materials discarded in the
waste management systems with the potential to further increase. However,
waste is classified and sorted in limited numbers of fractions. At the end of
their use, products with complex material compositions are often difficult to
treat when disposed of. This is a challenge for the current waste management
system to handle the wastes more sustainably due to complicated waste treat-
ment processes (United Nations Environment Program, 2011). Hence, to
enhance efficient cycles of reuse such as remanufacturing and reassembly, it is
essential to maintain resource quality throughout the production chain in the
industrial sector. Consequently, it is very necessary to properly consider the
possibility of a system to concentrate or dilute the resources.

Barriers to practical implementation and performance of various approaches to
waste management

Apart from the lack of facilities for proper waste management, there exist
many factors which are inhibiting execution and performance of various inno-
vations in resource management, and this is yet to be properly addressed.
Consequently, policies, during implementation stages, fail owing to reasons
such as an economic situation or competition existing approaches. Therefore,
there is failure of the policy decisions to achieve the intended goals. For exam-
ple, Walls in 2006 noted that the concept of extended producers responsibility
(EPR) has been introduced to enhance product development processes, par-
ticularly design for environment, in companies and to achieve greatly needed
resource recovery. However, the external costs of waste management are not
well captured in EPR which results to reduction in incentives for waste preven-
tion and green products design (Dubois, 2012). Jagdeep et al., (2014) noted
that findings have revealed that the EPR lacks needed potential to drive eco-
design at least in the short run where (1) prices of product are inelastic and the
effects of the EPR equal for all producers (Gottberg et al., 2006) and (2) in



408 I. A. Adeoye et al.

cases where such innovations become economically harmful to “green tech-
nology loses and profitability wins” (Vesilind et al., 2007).
(v) Private sector

Generally, there is a lack of funding that may be used to establish or equip
a waste management system operated by private contractors. This is caused by
little or no incentives or initiatives for the private sector in waste management
and the unwillingness of authorities to give waste management services to pri-
vate operators. Another factor affecting the involvement of private individuals
is poor public awareness. However, if the people are willing to participate and
the private sectors are motivated to contribute to waste management, there is a
need for support and provision of funding from the government for effective
and sustainable participation.

7 Ensuring Environmental Sanitation and Sustainability
on Waste: Achieving SDG

7.1 Environmental Sanitation and Sustainability on Waste

The need to ensure proper environmental sanitation and sustainable practices espe-
cially on proper waste management and treatment is not far-fetched. Poor sanitation
leads to the spread of infections and diseases which are detrimental to human health.
Schistosomiasis (sometimes referred to as bilharziasis), one of the human parasitic
diseases, is ranked second after malaria in terms of public health and social-
economic importance in tropical and subtropical areas as the disease is prevalent in
more than 70 developing countries, infecting over 200 million people in which
20 million suffer severe consequences from the disease (UNICEF & WHO 2019).
Comprehensive environmental sanitation management will ensure that proper inter-
vention is introduced and implemented to encourage behavior change.

Also, improper environmental sanitation or hygiene has great financial and eco-
nomic implications, both directly and indirectly. The impact of inadequate environ-
mental sanitation on health results to direct medical costs associated with treating
and controlling sanitation-related illnesses. Certainly, this will lead to reduced or
lost human productivity and increased government expenditures on the provision of
health services. Furthermore, poor sanitation can discourage tourism thereby lead-
ing to reduction in revenue generated from tourism due to the high risk of disease
contamination. If the economy of such a city depends largely on tourism, that will
lead to a recession. According to an analysis conducted in Ghana, the health cost
resulting from poor water, sanitation, and hygiene is equivalent to 2.1% of the
annual gross domestic product (GDP). Poor environmental sanitation practices,
especially in the context of indiscriminate littering and improper discharge of sew-
age and solid waste into water bodies, render the habitat unsafe for aquatic animals,
thereby leading to their death and consequently can lead to loss of biodiversity.
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In the light of the above discussion, improved environmental sanitation manage-
ment will not only enhance the sustainability of environmental resources but also
present a more secure and healthier future for people. On the one hand, as healthy
people make a healthy community, a healthy community is a more lucrative place
for goods, services, and investment which in the long term will ensure economic
sustainability.

7.2 Achieving Sustainable Development Goals

Sustainability has a major focus of environmental studies and human development
and resource use. While the idea of sustainability has many aspects, as touching
environmental management, its central idea is to use resources in ways that do not
diminish them. Natural resources such as wildlife, land, and water should be pro-
tected so that coming generations can enjoy healthy living. However, one of the
most important questions in environmental studies is how to improve the well-being
of man within the limits of the earth’s natural resources. A viable way out of this
condition is sustainable development. Sustainable development can be explained as
the development that meets the present needs without compromising the ability to
come generations to meet their own needs (Mitchell, 2002).

To achieve the sustainable development goals relating to environmental sanita-
tion and waste management, the adoption and effective implementation of the fol-
lowing actions are recommended.

(i) Establishment of efficient solid waste regulations

A very vital aspect of sustainable waste management is proper planning.
Although waste management services and operations are typically handled at
the local level, both local and federal governments significantly contribute to
defining the regulatory framework within which the development of solid
waste management services can be placed. It is the responsibility of national
governments to establish environmental regulations. National laws encourage
local governments to adhere to common social and environmental standards.
Local governments also establish rules and regulations that guide households
and institutions on the proper management and disposal of waste. Typically,
the section that regulates waste management is separate from the section that
operates services to promote accountability.

(i1) Adopting a circular model of consumption

A major structure of resource consumption at the global level is the linear
system of resource consumption. Various resources are transformed into
diverse products in a predominantly global production system. These products
are distributed to consumers on the global market and wastes disposed into the
water management system. Despite the increase in the rate of recycling of
materials, such as paper and metals, the linear production-consumption chain
is still predominantly in use (Jagdeep et al., 2014).
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To make resource management sustainable, it requires “decoupling”
resource consumption with the economic growth and a transition towards a
circular model of resource consumption, where reuse and recycling of resources
are introduced through strategic planning from the production to the consump-
tion chain (Jagdeep et al., 2014). This calls for a definite approach to a waste
management system that must go beyond the mere safe disposal, or recovery,
of generated waste and seeks to address the fundamental causes of the problem
by attempting to change unsustainable patterns of production and consumption
(UN, 2018).

Citizen engagement

The role of a strong relationship with the public in successful and sustain-
able waste management cannot be overemphasized. To achieve sustained waste
management, public engagement is very essential. Citizens are relied on to
consciously reduce the quantity of waste they generate, manage specific waste
types at home, dispose of waste properly, abide by waste management rules
and regulations, pay for waste management services, etc. To motivate this sup-
port, it is necessary that governments gain public trust. Cities and countries are
encouraged to engage the public by providing high-quality services that earn
approval and trust that will motivate citizens to pay for services, be environ-
mentally conscious, and abide by guiding rules and regulations.

Education

Educational programs are a key aspect of raising awareness on waste and
ensuring proper waste management. Contrary to popular belief, many people
do not know enough that at the local level, inadequate collection of waste,
uncontrolled disposal, and inappropriate siting of waste facilities can nega-
tively affect both environmental and public health. Many are not aware that at
a global level, waste contributes to climate change and is one of the major
sources of pollution in oceans. A number of countries reach citizens using
media. Effective programs can be organized, and interesting environmental
content can be organized in diverse languages through media and advanced
technology, such as television, radio, and on social network platforms.
Educating young by adopting an environmental-related subject in the school
curriculum can be very vital to public education. This will not only educate
young citizens, but they will also become more environmentally conscious.
Integration of waste pickers and strengthening of the recycling value chain

Recognizing and formalizing informal waste pickers can lead to improved
waste collection and recycling. The collection and sale of recyclable materials
to middlemen who then clean and aggregate materials to distribute to the
industry are vital roles played by waste pickers in the recycling value chain.
Through proper integration and formalization, governments and associated
corporations can improve the prospects of waste pickers by ensuring an inno-
vative partnership model between the private sector and waste pickers. Also,
governments should oversee the transaction and ensure that fair prices and
bargaining material from the middlemen. Formal recognition of waste pickers
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will also allow them to boost of job security and acknowledgement of their
work and therefore improve their productivity and commitment.

8 Conclusion

Undoubtedly, the economic performance coupled with the habitual living standards
of people living in a country or region will continuously affect their waste genera-
tion rate, which in the long run may become either a blessing or menace, depending
on the management and sustainability strategies put in place. Ensuring effective
environmental sanitation and sustainability, especially in the area of waste, is one of
the main objectives that SDGs seeks to address. Therefore, this chapter has provided
information on how this can be effectively achieved by considering the concept of
environmental management and sanitation and how they relate to waste generation,
waste classification and waste treatment, and management technologies. Moreover,
possible ways to ensure proper environmental management and sustainable prac-
tices with adequate perspective on waste to meet the SDGs were put forward. These
actions and measures, if painstakingly given due diligence, will result in a truly
sustainable environment that continually promotes the well-being of the individuals
living in them.
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