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 Abstract. This review article synthesises diverse research works 
addressing the critical issues surrounding water and wastewater 
management. We analysed the challenges, innovations, and valuable 
lessons learned from these studies, providing a holistic view of 
sustainable water and wastewater management practices. The paper 
begins by examining the challenges of population growth, climate 
change, pollution, and emerging contaminants. It discusses the 
importance of public awareness, waste disposal management, and 
water conservation in mitigating these challenges. Furthermore, the 
review explores the concept of green infrastructure in wastewater 
treatment, highlighting various technologies such as anaerobic 
digestion, membrane filtration, and nutrient recovery. It presents case 
studies of successful implementations of green infrastructure in water 
and wastewater treatment facilities, showcasing environmental, 
social, and economic benefits. In contrast, the paper delves into case 
studies of unsuccessful projects, offering insights into their failures, 
including improper planning, inadequate funding, weak regulatory 
frameworks, and insufficient governance structures. 

Keywords: sustainable water management; wastewater treatment; water 
pollution; green infrastructure; emerging contaminants; water 
conservation. 

 

INTRODUCTION 

A 2021 research article reported that as the pop-
ulation increases (at a rate of 2.6% per annum), 
there will be even more demand for sufficient 
quality and quantity of water resources for dif-
ferent uses nationwide. Meanwhile, the help is 
readily depleting due to agents like climate 

change, pollution from waste and excessive ab-
straction. Wastewater expert and International 
Water Association Global Water Award winner in 
2021 Marcos von Sperling shared insights on 
challenges for implementing and maintaining 
wastewater treatment in low- and middle-
income countries captured in an article by IWA. 
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The report stated some notable challenges, such 
as management and maintenance, financing and 
lack of adequately trained professionals, leading 
to poor planning, execution and monitoring. As 
mentioned by [25], collecting, treating and reus-
ing wastewater for different purposes can help 
reduce damage to lives and the environment, and 
its domestic use (except for cooking and drink-
ing) can equally support disaster risk reduction 
strategies. There is a need for improved rules and 
regulations governing water and wastewater in 
Nigeria.  

Given the critical need to address the challenges 
confronting Nigeria's water and wastewater 
treatment infrastructure, the purpose of this pa-
per is to make provisions for an overview of the 
current situation of the country's water and 
wastewater treatment, the challenges faced, pos-
sible solutions and advancements; policies; cli-
mate change and socioeconomic impacts. The 
researchers drew from relevant research papers 
and policy documents to recommend sustainable 
futures for the country's water and wastewater 
treatment infrastructure. 

 

RESULTS AND DISCUSSION 

Public awareness and education 

Municipal education and wastewater treatment 
awareness are crucial to protecting our envi-
ronment and the health of humans and animals. 
When wastewater is not treated correctly, it can 
pollute our water sources, damage natural habi-
tats, and cause severe illnesses to its users; there-
fore, proper campaigns should be done to edu-
cate the masses on the need for appropriate dis-
posal of waste, water conservation, and the 
health implication of poor water quality on both 
humans and animals. 

Waste Disposal Management. Sighting heaps of 
waste dumps in Nigeria nowadays is common in 
urban and commercial cities. This site is very dis-
gusting, and it's an indication of a significant 
problem. Waste is any substances or materials 
that are scrap or super, refuse or reject, disposed 
of, or required to be disposed of as unwanted. 
"Environmental law" assumes its ordinary literal 
meaning, unlike fundamental property law, when 
waste is used as a term of art, having a sense ut-
terly different from its ordinary meaning. In Ni-
geria, managing waste disposal has become a 
primary concern. Several attempts by the gov-
ernment have not yielded meaningful results 

[46]. Waste management is one of the striking 
environmental challenges in Nigeria, especially in 
rural areas. With its population exceeding 170 
million [53], there are more plastics, papers, 
abandoned projects, and poorly executed road 
networks (without drainage). In Nigeria, en-
closed drains for the disposal of domestic 
wastewater and rain storms are limited. In areas 
without drains, domestic wastewater stinks in 
gutters around dwelling places. Public awareness 
of waste disposal is essential to promote respon-
sible waste practices and reduce the negative 
impact of waste on the environment and public 
health. 

Waste management aims to minimise the unfa-
vourable effects of rubbish on the environment 
and humanity and find ways to recycle the mate-
rials that are potentially harmful to the planet. 
However, there are limited efforts to manage 
waste in Nigeria, such as that from WeCyclers, 
which Wale Adebiyi is leading. It is founded on a 
bottom-up approach, pyramid scheme-based, for 
helping low-income communities get value for 
their waste. Households are approached and 
then told the deal of their trash. They are subse-
quently given incentives for availing their faeces, 
which are then given to mega recycling compa-
nies, and they are taught the laws of the 6R. 

The rules of 6R. Specific rules have been suggest-
ed as part of efforts for effective waste manage-
ment.  

The Rule of Rethinking. Individuals must recon-
sider their habits into needs or necessi-
ties/requirements. For instance, one would ask: 
"Is this needed now? 

The Rule of Refusing. Reject anything that would 
harm the environment. Countries like China, 
Bangladesh, and even Somalia have refused the 
use of plastic bag carriers by imposing a ban on 
them. 

The Rule of Regulating. Nigerians are in the habit 
of throwing away waste anywhere. Many indus-
tries release or dump their waste into water bod-
ies or open spaces. A ban law should be imposed 
for citizens to face a penalty when caught. 

The Rule of reuse means utilising something more 
than once, reducing waste creation. Here, we 
ought to consider ways to use a product to its 
fullest. However, to promote waste reuse, there is 
a need for a clear definition of waste and, per-
haps more importantly, clarity on when some-
thing ceases to be waste. 
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The Rule of recycling is reprocessing unwanted 
materials into new, valuable products or forms. 
Please think of how we can make new products 
from the old ones. 

The Rule of Research. As intelligent beings, we 
ought to explore and develop innovative ways to 
reuse unwanted materials and reduce the gener-
ation of the same [33]. Notwithstanding, Ni-
geria's longing to achieve the sustainable devel-
opment goals (SDGs) by 2030 would be an exer-
cise in futility if the country refuses to implement 
strategies, practices, and processes to manage its 
rising waste level. Waste management is the um-
brella term for the actions necessary to handle 
rubbish from its first collection to its disposal. It 
also includes the legal and regulatory frame-
works for waste management issues. 

Water conservation. Water conservation includes 
all the activities, methods, and policies to sus-
tainably manage the natural resources of fresh 
water, protect the hydrosphere, and meet the 
current and future human demand (thus avoid-
ing water scarcity). Population size and affluence 
all affect how much water is used. Climate change 
has increased pressures on natural water re-
sources, especially in manufacturing and agricul-
tural irrigation. The key activities to conserve 
water are as follows: a reduction in water loss, 
use, and waste of resources [18], avoiding any 
damage to water quality, and improving water 
management practices that reduce the usage or 
enhance the beneficial use of water sustainabil-
ity [29].  

Rainwater harvesting: Digging ponds, lakes, and 
canals, expanding the water reservoir, and in-
stalling rainwater catching ducts and filtration 
systems on homes are different rainwater meth-
ods [19]. Many people in many countries keep 
clean containers to boil and drink, which helps 
supply water to the needy. 

Groundwater resource protection: Some soil goes 
underground whenever it rains [44]. Water in 
this saturation zone is called groundwater. Con-
tamination of groundwater causes the ground-
water supply to be unable to be used as a re-
source of fresh drinking water, and the natural 
regeneration of contaminated groundwater can 
take years to replenish [52]. Some examples of 
possible sources of groundwater contamination 
include storage tanks, septic systems, uncon-
trolled hazardous waste, landfills, atmospheric 
contaminants, chemicals, and road salts [37]. 
Contamination of groundwater decreases the re-

plenishment of available freshwater, so taking 
preventative measures to protect groundwater 
resources from contamination is essential to wa-
ter conservation [29]. 

Education outreach: Developing a science strate-
gy for land managers, policymakers, farmers, and 
the general public is another crucial strategy uti-
lised in water conservation [15]. Communication 
of the science of how water systems work is an 
important aspect when creating a management 
plan to conserve that system and is often used to 
ensure the proper management plan is imple-
mented [15]. 

Reduction in water usage: Contrary to the popular 
view that the most effective way to save water is 
to curtail water-using behaviour (e.g., by taking 
shorter showers) [2], experts suggest the most 
efficient method is replacing toilets and retrofit-
ting washers, as demonstrated by two household 
end use logging studies in the US [17, 39]. 

 

Emerging contaminants  

Emerging contaminants (ECs) are chemicals that 
are not currently (or have been only recently) 
regulated and whose existence impacts human or 
ecological health. In Nigeria, emerging contami-
nants can be divided into nine major groups, 
which are personal care products, pharmaceuti-
cals, industrial chemicals, polycyclic aromatic 
hydrocarbons, volatile organic compounds, pes-
ticides, mycotoxins, radionuclides and electro-
magnetic radiations (Gamma radiation) and oth-
er pollutants of emerging concerns such as mi-
crobes, microplastics, and particulate matters. 
These substances can enter the environment 
through wastewater discharge, negatively im-
pacting aquatic life and human health. Its detect-
ing method is a significant problem as data and 
instrumentation are scarce or at the early devel-
opment stage. 

Familiar sources of emerging contaminants. Sig-
nificant sources of ECs s are found in water bod-
ies and underground waters, soils and sediments, 
biological systems, and ambient air at different 
concentrations with seasonal variations. Exam-
ples of emerging contaminants in the aquatic en-
vironment include small- and large-scale sewage 
treatment plants (STPs) from public and indus-
trial sources and hospitals [5]. Wastewater 
treatment processes do not remove some of 
these compounds; once they enter the receiving 
environment, they degrade slowly in water, sed-
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iment, and biofilms [23]. Some act as endocrine 
disruptors, β-adrenergic receptors agonist block-
ers, and oxidative stress inducers and can cause 
genetic alterations in DNA and epigenetic repro-
gramming through global DNA methylation, 
gene-specific CpG methylation and microRNA 
expression. Emerging contaminants also enter 
aquatic environments from landfill leachates, 
surface runoff, atmospheric deposition, and ap-
plication of biosolids and manure to agricultural 
land [49]. 

Pharmaceutical And Personal Care Products. 
These are natural or artificial chemicals used in 
medicines and veterinary drugs. To understand 
the potential environmental level, we should 
consider the annual global mean consumption of 
pharmaceuticals of 15 g per capita, which rises to 
50150 g in developed countries [59]. Nowadays, 
more than 3,000 known pharmaceutical com-
pounds are produced. Of course, consumption 
rates vary from country to country according to 
national legislation and prescription lists. Phar-
maceuticals and PCPs are the more frequently 
detected groups of ECs in surface and groundwa-
ter [31]. Among them, common substances in 
groundwater are anti-inflammatory drugs (ibu-
profen, dexamethasone, ketoprofen, diclofenac), 
three antibiotics (triclosan, sulfamethoxazole, 
lincomycin, and partially erythromycin), five an-
algesics (paracetamol, ibuprofen, phenazone, 
propyphenazone, and salicylic acid), one anti-
epileptic (carbamazepine), one barbiturate 
(primidone), a commonly used insecticide 
(DEET), an X-ray contrast agent (iopamidol) and 
clofibric acid (a metabolite of the lipid regulator 
clofibrate). Caffeine and nicotine are probably 
the two most commonly detected lifestyle com-
pounds in water produced by human activities 
[36]. Sulfamethoxazole, ibuprofen, carbamaze-
pine, and caffeine are more frequently seen in 
Europe than in the USA [31]. Other common 
compounds are fragrances (e.g., galactoside and 
tonalite) and non-steroidal pharmaceuticals such 
as ibuprofen, paracetamol, naproxen, diclofenac, 
clofibric acid, and fluoxetine [5]. It should be 
mentioned that this group of pharmaceuticals 
also contains drugs used for non-medical applica-
tions, i.e., cocaine, heroin, cannabinoids (mariju-
ana, hashish), and amphetamine-like stimulants 
[7]. The veterinary drugs group includes medi-
cines used exclusively for veterinary purposes. 
Examples of these drugs are sulfamethazine, 
which is often detected in groundwaters in Eu-

rope and the USA, as well as monensin and tylo-
sin [31]. 

Pesticides. Pesticides have often been detected in 
groundwater at trace concentrations for many 
years. They can be synthetic chemicals or natural 
compounds. They are used in agriculture to con-
trol crops' weeds, pests, and diseases. Over the 
last few years, compounds such as atrazine, con-
sidered to pose a high environmental risk, have 
no longer been used. However, the compounds 
used to replace them (e.g., diuron) could also 
negatively impact them. Currently, a pesticide of 
particular interest is metaldehyde, which, in 
some cases, has been detected above the EU 
drinking water limit for pesticides [20]. 

Microplastics. Microplastics are universal in the 
environment and have been detected in a broad 
range of concentrations in marine water, 
wastewater, fresh water, food, air, and drinking 
water, both bottled and tap water. Potential haz-
ards associated with microplastics come in three 
forms: physical particles, chemicals, and microbi-
al pathogens as part of biofilms. Limited evidence 
suggests that critical sources of microplastic pol-
lution in freshwater sources are terrestrial runoff 
and wastewater effluent. However, optimised 
wastewater (and drinking water) treatment can 
effectively remove most microplastics from the 
effluent. For the significant proportion of the 
population that is not covered by adequate sew-
age treatment, microbial pathogens and other 
chemicals will be a more meaningful human 
health concern than  

 

Challenges associated with identifying and treating 
emerging contaminants  

Limitation in knowledge. Limited knowledge is 
available on the effects of CECs at broader ecolog-
ical scales [57]. Technical expertise for identify-
ing and quantifying emerging contaminants of 
water and wastewater is limited. Indeed, the ac-
tual environmental levels of many CECs are lack-
ing; for some pollutants, measurement technolo-
gies are still not adequate and analytical proce-
dures are not standardised. Moreover, the pro-
cesses and interactions with biological systems 
that drive toxic effects are poorly understood, 
and available data are sometimes contradictory. 

Complexity of mixtures of ECs in the aquatic envi-
ronment. High concentrations and low removal of 
some ECs in STPs are of concern and lead to their 
widespread distribution in the aqueous envi-
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ronment [6] as persistent or "pseudo-persistent" 
contaminants [14], forming complex mixtures. 
Contaminants of emerging concern are widely 
used and continuously introduced into the envi-
ronment. In addition, some CECs are designed to 
exert biological effects; thus, they are expected to 
induce unwanted impacts on nontarget organ-
isms. Complex mixtures of ECs are distributed in 
surface waters worldwide in heavily impacted 
and pristine environments, and nontarget organ-
isms are exposed to these mixtures throughout 
their lives [49]. 

Sublethal/residual effects of ECs on aquatic organ-
isms. The literature on the acute toxic effects of 
ECs on aquatic organisms contains available in-
formation [21]; however, a broader understand-
ing of sublethal effects on a wide range of marine 
organisms is necessary. For most ECs, acute toxic 
effects occur at concentrations in the mg L–1 
range [21], whereas concentrations detected in 
the environment typically range from the ng L–1 
to μg L–1 level [28]. Furthermore, environmental 
exposure to ECs occurs at relatively low concen-
trations chronically over long periods [22]. Expo-
sure to low concentrations of ECs may not cause 
overt toxicity but rather subtle changes in the 
organisms' health and physiology (e.g., behav-
iour). These subtle changes can potentially cause 
adverse ecological outcomes regarding popula-
tion levels and biodiversity, altering the normal 
function of hormones and resulting in various 
health effects, including behavioural effects. 

Integration of multiple stressors with ECs exposure 
in aquatic systems. Aquatic organisms in waters 
both point (e.g., STP effluent) and nonpoint (e.g., 
agricultural and stormwater runoff) sources of 
ECs, thereby encountering multiple stressors 
[19]. These stressors include exposure to com-
plex contaminants and changing environmental 
conditions such as rising temperatures, altered 
stream flows, increased radiation, varying pH, 
low oxygen concentrations, turbidity, salinity, 
diseases, and parasites. Consideration of the 
combined effects of multiple stressors is needed 
to understand the full extent of ECs' impacts on 
aquatic food webs. 

 

Green infrastructure 

Recovering resources from wastewater and safe 
reuse involves extracting valuable resources 
from wastewater, such as energy, nutrients, and 
water. These resources can be retrieved through 

various processes, such as anaerobic digestion, 
membrane filtration, and nutrient recovery. The 
green infrastructure of wastewater involves the 
treatment of sewage to a level where it is cost-
effective in terms of operational/energy demand 
and has high effluent quality for safe re-usage in 
areas such as agriculture, even as drinking water. 

Examples of Green Infrastructure. The attempts to 
improve sustainability by securing societal de-
mands without causing further damage to or de-
pletion of natural resources led to the investiga-
tion of green infrastructure. The most popular 
green solution for sustainable water manage-
ment is a technology collectively referred to as 
bio-augmentation, which involves using bacteria 
to remove nutrients from wastewater, coagula-
tion, and stabilised bio-solids to destroy patho-
gens. This technology includes some of the estab-
lished biological processes: 

Anaerobic Processes provide wastewater treat-
ment by injecting air into a tank, allowing aerobic 
bacteria to treat the wastewater. 

Anaerobic Processes refer to life or a process that 
occurs without free oxygen. 

Membrane Biofilm Processes: to further stabilise 
oxygen-demanding substances in the wastewater 
for advanced filtration, ion exchange, and reverse 
osmosis. These systems combine biological, sec-
ondary, and tertiary wastewater treatment into a 
single process. Its goal is to lower the carbon 
footprint associated with sludge sewage treat-
ment. It employs a high amount of organic mi-
crobial removal and nutrient removal. 

Electrodialysis Reversal - here, desalination is 
employed in which electricity is applied to elec-
trodes to separate salt and other particles. It is 
self-cleaning and, therefore, ideal for murky 
wastewater. Electrodialysis reversal records one 
of the best recovery rates in water treatment. 

Denitrification is the reduction of nitrite to nitro-
gen gas, and bacteria carry it out under anoxic 
conditions in wastewater treatment tanks. The 
bacteria use the nitrate for energy, releasing ni-
trogen gas. Nitrogen gas, a principal constituent 
of air, is released into the atmosphere. 

Ultrafiltration: This is a widely employed solution 
when water is treated for drinking purposes. It 
employs membrane filtration to separate parti-
cles from liquid or gas mixtures by using pres-
sure. Water viruses, bacteria, protozoa, and other 
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pathogens are effectively removed because it is 
used for human consumption. 

These technologies aim to increase treatment 
capacity using non-toxic processes, clean energy 
sources, and environmental monitoring to re-
duce or eliminate the adverse effects of human 
activities on water and wastewater treatment. 
Hence, it lowers the carbon footprint of the envi-
ronment. Consequently, bio-augmentation stabi-
lises biological processes that would otherwise 
be unsustainable at the solid retention time 
(SRT) allowed by the available reactor volume. 

Conventional wastewater treatment processes 
are expensive, complex, energy-consuming, and 
costly. The green solutions for sustainable water 
management are new wastewater treatment 
technologies, such as bioreactors, biological or-
ganisms, and bio-filtration by sewage treatment 
technology, which is more energy efficient and 
less polluting than the former. Green energy solu-
tions may purify water without generating dan-
gerous compounds or poisonous by-products. 
Furthermore, these green methods can assist 
sewage treatment, water management technolo-
gy, and waste management. One notable benefit 
of using these biological methods is the re-
usability of the end products. They serve as ferti-
lisers in agricultural operations. 

Although the aerobic technique has shown a high 
success rate in terms of industrial application, 
there are some drawbacks, such as high capital 
costs and operational costs (especially for energy 
for pumps or aerators), cite considerations gov-
erned by the availability of metabolically compe-
tent microbial communities, proper environmen-
tal growth factors, and optimum quantities of nu-
trients and pollutants (Green Municipal Fund 
(GMF), 2011). Meanwhile, for anaerobic treat-
ment, wastes generated from the treated water 
go in for post-treatment, which sometimes does 
not meet standards, causing odour generation 
and clogging of the membrane. Not all substances 
can be completely degraded within a short time, 
and there are concerns that the by-products of 
bio-degradation will be more dangerous than the 
primary contaminant. Finally, Up-scaling some 
biological technologies from pilot-scale to com-
mercial operations is still challenging because 
physical Techniques are subject to specialisation. 

Case studies of successfully implementing green 
infrastructure in water and wastewater treatment 

Case 1. Water Treatment Facility Upgrade in 
Cranbrook. In 2013, the city of Cranbrook, British 
Columbia, Canada, upgraded its wastewater 
treatment system with a new storage pond, two 
new disinfection facilities including a UV disinfec-
tion system (– <1 CFU/100 ml), an aerated la-
goon with an increased on-site storage and per-
manent outfall structure on the Kootenay River 
[10]. The $29 million project included retrofits to 
modernise agricultural irrigation system that re-
uses wastewater, Fine bubble aeration, and UV 
disinfection to reduce the amount of total sus-
pended solids (TSS), biochemical oxygen demand 
(BOD), and phosphorus levels and improve the 
quality of wastewater. The upgraded system 
provides tertiary treatment to a population of 
about 19,319 and can serve 40,000 for not less 
than 20 years. The system uses a low-tech ap-
proach appropriate for a municipality bordering 
on agricultural lands. It uses reclaimed water to 
enhance agrarian production [31]. 

Case 2. Energy-efficient upgrades reduce operat-
ing costs at the Wetaskiwin wastewater treat-
ment plant. The City of Wetaskiwin, Alberta, Can-
ada, modified its aerated lagoon system to im-
prove the facility's reliability, performance, and 
capacity and ensure that it meets provincial envi-
ronmental standards for water treatment. The 
city replaced the facility's coarse bubble aeration 
equipment with fine bubble aeration technology. 
This created a more effective and efficient treat-
ment method and reduced energy costs. Excess 
sludge from the lagoon is now used as a source of 
nutrients for surrounding agricultural activities. 
More efficient blowers and an improved operat-
ing system have lowered operating costs. Elimi-
nating the desludging process in the lagoon re-
sulted in lower maintenance costs [50]. General-
ly, the energy-efficient upgrades were done to 
reduce operating costs at the Wetaskiwin 
wastewater treatment plant. After project com-
pletion, the city embarked on a public education 
campaign to inform residents of water conserva-
tion and energy efficiency benefits [50]. 

Some of the benefits enjoyed by these cities in-
clude: 

Environmental benefits: 1) Lower energy usage; 
2) Reduced greenhouse gas (GHG) emissions; 
3) Reduced energy consumptions; 4) Improved 
wastewater and groundwater quality; 5) Re-
duced water consumption; 6) Elimination of 
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chemical residuals; 7) Ecosystem protection; 8) 
Reduced odour levels [36]; 9) Decreased soil ero-
sion. 

Social benefits: 1) Improved public health; 2) In-
creased opportunities for recreational and physi-
cal activity; 3) Increased level of service to the 
community; 4) Increased civic pride; 5) Public 
education and awareness; 6) Municipality recog-
nised for leadership in sustainability [36]. 

Economic benefits: 1) Reduced operation and 
maintenance costs; 2) Support for new economic 
development; 3) Support for residential growth; 
4) Support for local business; 5) Local job crea-
tion; 6) Improved operational efficiency; 7) In-
creased potential to attract new companies and 
investors [36]. 

Case studies of unsuccessful projects. For a 
wastewater treatment plant to be effective, sus-
tainable, and continuously operating suitable 
technology must have sufficient financial sup-
port, effective maintenance, and good regula-
tion/governance. Some unsuccessful water and 
wastewater treatment projects in some devel-
oped countries are here. 

Case 1. Flint, Michigan, USA. In 2014, Flint 
switched its water supply source from the De-
troit water system to the Flint River. However, 
the water treatment plant in Flint was not 
equipped to handle the new water source, lead-
ing to significant examples of lead and other con-
taminants in the water supply. The situation was 
not fully addressed until 2016 and has had long-
lasting health impacts on the community [16, 38]. 

Case 2. Chennai, India. 2019 Chennai experienced 
a severe water crisis due to various factors, in-
cluding drought and poor water management 
practices. The city's water treatment facilities 
could not meet the demand for clean water, lead-
ing to widespread water shortages and public 
health concerns [51]. 

Case 3. Harare, Zimbabwe. In 2008, a cholera 
outbreak in Harare was linked to the city's water 
and sanitation infrastructure failure. The city's 
ageing water treatment plants could not ade-
quately treat the water supply, leading to wide-
spread contamination and illness [9, 11]. 

Case 4. Sao Paulo, Brazil. In 2014, the city of Sao 
Paulo experienced a severe drought, leading to 
water shortages and the implementation of wa-
ter rationing measures. The city's ageing water 
treatment infrastructure could not keep up with 

the demand for clean water, leading to public 
health concerns and environmental impacts. Al-
so, Guanabara Bay in Rio de Janeiro, Brazil, is 
heavily polluted due to untreated sewage being 
dumped into the bay. The Brazilian government 
has invested heavily in wastewater treatment 
plants, but the infrastructure is insufficient to 
meet the demands of the growing population. As 
a result, the water quality in the bay remains 
poor, posing a significant health risk to residents 
and visitors [41]. 

Case 5. China's Huai River. In the 1980s, China 
implemented a massive water treatment project 
for the heavily polluted Huai River. However, the 
project failed to meet its targets due to a lack of 
proper planning and management. The water 
quality in the Huai River continued to deterio-
rate, and the pollution problems became more 
severe [58]. 

Among many factors that could lead to the failure 
of water treatment plants, improper planning, 
Insufficient finance on operation and mainte-
nance (O&M) and ineffective governance struc-
ture top the list of factors that could impede the 
continued process of treatment plants [47]. For 
instance, the Ganges River is considered sacred 
in India and is also one of the most polluted riv-
ers in the world. Despite several government ini-
tiatives and investments in water treatment 
technologies, the pollution levels in the Ganges 
River have not improved significantly. The main 
reasons for this failure include a lack of proper 
implementation, a weak regulatory framework, 
and insufficient funding [13]. Here are some crit-
ical lessons that can be learned from the short-
comings of water and wastewater treatment 
technologies in various countries. 

1. Proper planning is crucial for the success of 
water and wastewater treatment projects. This 
includes conducting thorough assessments of lo-
cal conditions, identifying potential challenges, 
and developing comprehensive plans to address 
them [10]. 

2. Adequate funding is essential for successfully 
implementing and maintaining water and 
wastewater treatment projects. Governments 
and other stakeholders must ensure sufficient 
funding is allocated to these projects to ensure 
their success [48]. 

3. Solid regulations and enforcement mecha-
nisms ensure that industries and individuals 
comply with environmental laws and standards. 
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This includes penalties for non-compliance, in-
spections, and monitoring [32]. 

4. Implementing adequate water and wastewater 
treatment projects requires skilled personnel, 
proper management, and effective governance 
structures. Governments and other stakeholders 
must ensure the necessary resources and sys-
tems are in place to support successful imple-
mentation [45]. 

5. Public awareness and education are critical for 
the success of water and wastewater treatment 
projects. Governments and other stakeholders 
must engage with communities to raise aware-
ness of the importance of clean water and proper 
wastewater management and to encourage re-
sponsible practices [49]. 

6. Collaboration between governments, industry, 
civil society organisations, and other stakehold-
ers is crucial to addressing the complex challeng-
es of water and wastewater treatment. Effective 
teamwork can help ensure that resources are 
used efficiently and that projects are implement-
ed successfully. By learning from the failures of 
water and wastewater treatment technologies in 
various countries and applying these lessons, 
governments and other stakeholders can work 
towards more effective and sustainable water 
and wastewater management systems that bene-
fit both people and the environment [26, 42]. 

By learning from the failures of water and 
wastewater treatment technologies in various 
countries and applying these lessons, govern-
ments and other stakeholders can work towards 
more effective and sustainable water and 
wastewater management systems that benefit 
both people and the environment. 

 

CONCLUSIONS 

In conclusion, this comprehensive research re-
view article has thoroughly examined the multi-
faceted challenges, innovative solutions, and val-
uable lessons in sustainable water and 
wastewater management. Drawing insights from 
various research works, we have navigated the 
intricate landscape of global water resource is-
sues. We began by acknowledging the pressing 
challenges of population growth, climate change, 
pollution, and emerging contaminants. These 
challenges demand proactive measures, includ-
ing robust public awareness campaigns, effective 

waste disposal management, and prudent water 
conservation practices. A holistic approach is es-
sential in safeguarding the quality and quantity 
of this precious resource. 

Our exploration of green infrastructure in 
wastewater treatment has showcased various 
innovative technologies, such as anaerobic diges-
tion, membrane filtration, and nutrient recovery. 
The success stories from case studies attest to 
the potential benefits, ranging from environmen-
tal preservation to economic growth. These 
green solutions exemplify the paradigm shift to-
wards sustainable and efficient wastewater 
treatment. In parallel, we have dissected instanc-
es of unsuccessful water and wastewater treat-
ment projects, unravelling the complex interplay 
of factors leading to their failures. These case 
studies serve as cautionary tales, highlighting the 
significance of proper planning, adequate fund-
ing, strong regulations, effective governance, and 
public engagement in water resource manage-
ment. 

The path to sustainable water and wastewater 
management is site-specific, adaptive, and deeply 
intertwined with local socio-cultural and envi-
ronmental conditions. Collaboration, education, 
and training are the cornerstones of success in 
this endeavour. Given the challenges ahead, our 
collective responsibility is to implement tailored 
strategies, reinforce governance structures, and 
empower communities to protect and preserve 
this invaluable resource. Through such concerted 
efforts, we can navigate the complex waters of 
sustainable water and wastewater management, 
ensuring a brighter, cleaner future for future 
generations. 

Replicating successful projects holds significant 
benefits, yet it is paramount to tailor these initia-
tives to suit the specific conditions of the local 
context. A holistic, long-term strategy is impera-
tive for achieving sustainable wastewater man-
agement, especially in the rural regions of devel-
oping countries. It is crucial to stress the need for 
wastewater management strategies to be inher-
ently site-specific. These strategies should metic-
ulously consider the target area's unique social, 
cultural, environmental, and economic condi-
tions. The technology employed should be cost-
effective, environmentally sustainable, and cul-
turally accepted. The community must possess 
the means to fund the initial implementation and 
the ongoing operation, maintenance, and future 
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repairs of these wastewater treatment systems. 
One vital facet that should not be overlooked is 
the necessity of conducting comprehensive site 
evaluations when selecting appropriate 
wastewater treatment technologies. Establishing 
clear-cut guidelines for selecting small communi-
ty wastewater treatment systems can considera-
bly streamline the decision-making process. This 
paves the way for efficient and informed choices. 
However, the success of wastewater manage-
ment extends beyond mere technology. It neces-
sitates centralised management of decentralised 
wastewater treatment systems, ensuring seam-
less integration into the broader community in-
frastructure. 

Moreover, providing the local populace with ac-
cess to essential resources, education, and perti-
nent information is pivotal in empowering them 
to address environmental concerns related to 
wastewater actively. Another indispensable as-
pect is investing in training programs for munici-
pal employees. These programs equip them with 
the skills to effectively operate and maintain 
wastewater treatment equipment and facilities. 

To further enhance the efficacy of wastewater 
management strategies, it is advisable to include 
a recommendation for fostering inter-sectoral 
collaboration. Collaboration between various 
government departments, non-governmental or-
ganisations, and community-based entities can 
harness synergies that lead to more sustainable 
outcomes. In addition to the recommendations 
above, it is imperative to highlight the signifi-
cance of regular monitoring and evaluation. Im-
plementing robust mechanisms for tracking the 
performance of wastewater treatment systems 
over time is essential. This data-driven approach 
identifies issues early and informs necessary ad-
justments to ensure the system's long-term sus-
tainability. A new recommendation surfaces: 
Promote inter-sectoral collaboration among gov-
ernmental bodies, non-governmental organisa-
tions, and community-based entities involved in 
wastewater management. By coordinating efforts 
across sectors, a comprehensive and unified ap-
proach can be realised, furthering the cause of 
sustainable wastewater management. 

This comprehensive exploration of green infra-
structure in wastewater treatment emphasises 

the essential shift towards sustainable and effi-
cient wastewater treatment in this epoch. It un-
derscores the potential benefits, including envi-
ronmental preservation and economic growth. 
Furthermore, carefully examining successful and 
unsuccessful case studies provides valuable in-
sights into the factors that can lead to triumph or 
failure in water and wastewater management 
projects. 

The article underscores the importance of site-
specific, adaptive strategies in sustainable water 
and wastewater management. The site-specific 
approach is recommended to cater to different 
regions' unique socio-cultural and environmental 
conditions. The acknowledgement of technology 
as a critical component is paired with the crucial 
aspect of community ownership, ensuring that 
the local populace can initiate and sustain these 
vital systems over time. 

The call for comprehensive site evaluations when 
selecting wastewater treatment technologies is a 
particularly pragmatic recommendation, which 
can significantly simplify decision-making pro-
cesses. Furthermore, the need for centralised 
management of decentralised systems and com-
munity empowerment through access to re-
sources and education is aptly highlighted. The 
emphasis on training programs for municipal 
employees exemplifies a holistic approach to 
successful wastewater management. 

The suggestion of fostering inter-sectoral collab-
oration is a forward-thinking recommendation 
that recognises the potential for synergy when 
government departments, NGOs, and communi-
ty-based organisations work together. Robust 
monitoring and evaluation mechanisms 
acknowledge wastewater treatment systems' 
dynamic nature and the need for data-driven de-
cision-making for long-term sustainability. 

This paper guides policymakers, researchers, and 
stakeholders in water resource management, of-
fering practical recommendations rooted in real-
world case studies and an understanding of the 
complexities involved. It reinforces the collective 
responsibility to protect and preserve our inval-
uable water resources for future generations, 
making it a significant addition to sustainable 
water and wastewater management. 
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