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Abstract

Wastewater is one of the serious environmental concerns because water quality criterion of surface water and groundwater
set by WHO are frequently violated. Approximately, 380 billion m® of municipal wastewater is generated globally and is estimated
to increase 24% by 2030 and 51% by 2050. On the average, most of the cities of the developing countries discharge 30-70 mm? of
wastewater per capita per day. The availability of fresh water is declining day by day. This situation is getting worse with time and
the major contributing factors are rapid urbanization, industrialization, population growth, increase in use of insecticides and
pesticides in agricultural activities, lack of proper wastes treatment systems and lack of implementation of water management
policies. Many contaminants like organic matter, inorganic pollutants, nitrates and phosphate, fluoride, oil spillage, heavy metals
and water-soluble radioactive substances are polluting the world’s water when they are disposed of in water bodies without any
treatment. The sad reality around the globe is that, minor portion of wastes generated are treated, the rest are disposed of without
adequate treatment. But in some developing countries this situation is worse than others. The disposal of untreated wastes and
uncontrolled water pollution poses economic and ecological effects. The main goal of this review is to discuss main causes,

significant sources and impacts of untreated wastewater by giving an overview of most affected areas of world.
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1. Introduction

Man’s existence on Earth is supported by three basic
resources — air, water and soil, the precious blessings of
nature. Among these, water is the basic medium for the origin
of life [1].The World Health Organization (WHO) has
designated water as a “major tool for improving public
health” because its availability prevents many diseases and
greatly improves sanitation [2]. Human societies depend on
water for survival and development, and global demand is
increasing over time due to population growth, expansion of
irrigated arable land, economic development, and changing
diets [3-5].

The oceans contain 97% of the world's water, but its high
salinity makes it unsuitable for consumption. About 2% of
total water is available as polar ice caps and glaciers.
Freshwater in all forms i.e., surface water; rivers, streams,
lakes and groundwater constitutes only 1% of the entire
world’s water and this freshwater is being used by agriculture
(69%), industry (23%), and domestic purposes (8%). Global
fresh water usage for domestic, agricultural, and industrial
purposes in past years (1950-2014) is shown in Fig. 1.
Unfortunately, this small amount of freshwater is facing
stress due to immense increase in population, increase in
urban areas and unchecked use of water in industrial and
agriculture activities i.e., the biggest polluters [6-7].

Tarig and Mushtag, 2023

The United Nations reports that with the increase in
population, the availability of safe water is decreasing.
Unfortunately, water pollution pollutes the remaining small
fraction of freshwater [8-9]. Many countries of world will be
severely threatened by freshwater scarcity in the next two
decades [10]. The problem is exacerbated in low- and middle-
income countries by severe contamination of water sources
with pollutants, which is expected to be caused due to poor
management, shortage of skilled workers and financial issues
[11-12]. Water pollution is a problem that plagues people all
over the world [13-14]. Major sources of this contamination
are planned and accidental dumping of poisonous chemicals,
pollutants, and dangerous compounds into diverse bodies of
water [15-16]. According to European Investment Bank (May
2022), each year about380 bhillion m2of municipal
wastewater is generated globally and it is estimated to
increase 24% by 2030 and 51% by 2050. Fig. 2 shows the
global wastewater production estimation by 2050. This is the
worldwide reality that, only minor fraction of total
wastewater produced is collected to be treat properly. These
estimates suggest that approximately 48% (half) of all the
wastewater generated worldwide is liquidated into the
environment lacking proper treatment, although, the
magnitude of wastewater generation varies from region to
region. Of course, due to overpopulation, rampant industrial
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activity and questionable sanitary infrastructure, some
countries are more responsible than others for the pollution of
their water supply and are therefore considered the main
violators of their water bodies. On average, in high-income
countries 70 percent of generated water is treated.
Approximately, 38% of wastewater generated in the upper
middle-income countries and 28% in the lower middle-
income countries is treated. Low-income countries treat only
8% of the wastewater they generate [17].
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Fig. 1. Global fresh water usage for domestic, agricultural, and
industrial purposes in past years (1950-2014) [18].
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Fig. 2. Global wastewater production estimation by 2050 [19].

According to UN-Water, increased use of fertilizers and
pesticides, and use of wastewater for irrigation pollute water
reservoirs. Industrial areas are continuously discharging
wastes into waterways. In poor urban areas, sewage systems
are the dumping places of much of water pollutants. Domestic
sewage, humans waste, noxious chemicals, and medicinal
waste are airborne and polluting the environment and water
in residential areas with dense population. Globally, 44% of
domestic wastewater is not safely handled, and water quality
data is not collected in most of the countries on regular basis.
This means that more than 3 billion people are at risk because
the health of freshwater ecosystems is unknown [20].
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Water is a major contributing source of infection because
of its solvent properties [21]. Approximately, 80% of
transmission of diseases occur through water contamination.
Drinking water in various countries does not meet WHO
standards [22]. About 3.1% of deaths are caused by
unsanitary conditions and poor water quality. This untreated
wastewater directly contributes to an increase in infectious
diseases such as cholera, typhoid fever, and other diseases
such as gastrointestinal disease, diarrhea, vomiting, skin and
kidney problems [23]. These diseases kill 2,97,000 children
below the age of five each year, or 800 children per day. Child
mortality from diarrhea is highest in the poorest regions of
countries such as Afghanistan, India and the Democratic
Republic of the Congo [24]. In severe cases, excessive
nutrients are present in receiving water causing rapid growth
of algal blooms and thus deplete the water dissolved oxygen.
Aquatic bodies stink and die from lack of oxygen [25-26].

2. Composition of wastewater

Wastewater is generally defined as “used” water that has
been contaminated by human activity [27-28]. Wastewater is
a complex matrix, and the composition of wastewater differs
greatly dependent on the major contributing foundation of
wastewater, and level of treatment [29]. Wastewater is
reported to contain over 90% water on a dry weight basis, but
less than 10% are solids i.e., 40 to 50% organics substances,
30 to 40% inert materials, 10 to 15% non-degradable
substances and 5 to 8% other materials [30]. Among other
substances, wastewater also contains various concentrations
of micronutrients such as Mn (1.6-15) ppm, Cu (0.6-1.9)
ppm, Zn (2.8-11) ppm, Pb (1.5-40) ppm, Cd (0.15-5.80 ppm)
and Ni (1-6.4) ppm and Fe (5.6-205) ppm. Industrial wastes
also contain toxic levels of heavy metals like Ni, Hg, Pb, Cd
and Cr etc. [31]. On the other hand, sewage effluents are
characterized by toxic concentrations of EC, COD, BOD,
TDS, SAR, and RSC [32].

3. Major sources contribute in wastewater generation

Wastewater generally consists of municipal
wastewater, agricultural wastewater, institutional and
industrial wastewater, storm water and groundwater seepage,
depending upon the source of the wastewater generation [5].
The main sources of sewage are household sewage, rapid
industrialization, population increase, pesticides and
fertilizers, plastics, rapid increase in urban areas, and poor
management systems [31].

Domestic wastewater is a primary source that accounts
for 75-80% of water pollution [33]. A large amount of
municipal wastewater is discharged into rivers, most of which
remains untreated. Domestic wastewater is used water that
contains toxins, solid waste, plastic debris, and bacterial
contaminants. 25% of surface and groundwater pollution is
caused by industrial sectors as industrial wastewater is
discharged untreated into water bodies with more harmful
effects. Population growth also plays a major role in
wastewater

122



1JCBS, 23(1) (2023): 121-143

[

S 400

3%

2 2 30
5

=S 200

22 10

s 3

g E 0

=

Production

Collection

Treatment

Fig. 3. Global wastewater production and its treatment (10°m?3yt) [34].

Production [9]. A growing population means an increased
need for fresh water, which means a large amount of
wastewater is generated, especially in densely populated
areas [23]. According to the United Nations, the population is
growing at a rate of 83 million people or 1% per year, and this
population growth is having a negative impact
[35]. Secondary sources of wastewater generation are the
disposal of toxic chemicals from industrial wastewater and
the leaching of pesticides and fertilizers from agricultural
activities into water bodies, which act as non-point water
sources [21]. In addition to all these causes, air pollution,
global warming and other climate changes also affect water
quality. Air pollution indirectly affects water bodies. Sulfur
dioxide, nitrogen oxides, and carbon monoxide gases react
with oxygen and water vapor in the air to produce acid rain.
Acid rainwater can leach aluminum out of clay particles in
the soil and run into streams and lakes, contaminating water
sources. Poorly managed wastewater treatment also releases
large amounts of wastewater. This poor management is due
to lack of reliable energy supply, inadequate budgetary
allocation, lack of funding, inadequate wastewater treatment
plant infrastructure, lack of technology, and mismatch of
urbanization and wastewater treatment resources [23].

4. Global statistics of wastewater production and its
treatment

The primary causes of wastewater production throughout
the world include rapid expansion in the population and
accelerated industrial extension etc [36-37]. These factors are
suppressing the freshwater quality [38-39]. According to a
recent study, 4200 km?® of total available freshwater is
withdrawn globally as a result of human activities, and about
60% of this amount is released as wastewater [40]. Another
study reported that, worldwide the production of wastewater
is about 360-billion-meter cube per year. Out of this
approximately, 226-billion-meter cube per year is collected
which accounts for 63% and only there is a treatment of 52%
(188.1-billion-meter cube per year). Global wastewater
production, collection and treatment is shown in Fig. 3.
Approximately, 171.3-billion-meter cube (48%) per year of
wastewater produced globally is discharged into environment
in untreated form and therefore affecting the ecosystem [34].
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Worldwide wastewater production is expected to increase to
470-billion-meter cube per year by the year 2030 and will
reach 574-billion-meter cube per year by the end of 2050
[19]. A recent study gives detailed report on wastewater
production and treatment in different geographical regions as
wastewater production and treatment varies across different
regions [41-42]. Wastewater production, collection and
treatment (10°m?3yY) in different regions is shown in Fig. 4.
The rate of collection of wastewaters produced and its
treatment is highest in Western Europe and lowest in
Southern Asia and sub-Saharan Africa. Approximately 86 %
of total wastewater produced annually is treated in Western
Europe, 48% in East Asia, 16% in Southern Asia and sub-
Saharan Africa and 36% in Latin America and Caribbean.
Considering the numbers, it is estimated that the wastewater
treatment is notably low in Asia particularly southern part of
Asia, Africa particularly sub-Saharan areas and Latin
America, potential indicators of high untreated wastewater
producers [15]. Due to a lack of institutional arrangements,
financing, technical expertise, and infrastructure, the
dumping of untreated wastewater has continued to be a
regular phenomenon in developing countries [40-43]. Due to
overpopulation, rampant industrial activity and questionable
sanitary infrastructure, some developing countries are more
responsible than others for the pollution of their water supply
and are therefore considered the main violators of their water
bodies. On average, in high-income countries, approximately
70 percent of generated water is treated, according to UN
Water. About 38% of wastewater generated in upper middle-
income countries and 28% in lower middle-income countries
is treated. Low-income countries treat only 8% of the
wastewater they generated [17]. Wastewater production,
collection and its treatment (10°m?® per year) in accordance
with economic development of countries is shown in Fig. 5.

5. Potential causes of wastewater generation in most
affected areas of world

Although, the untreated wastewater production (Fig. 4)
and its negative impacts is the global concern. But, in this
study we will take into account the potential causes of
untreated wastewater production and their adverse effects in
most affected parts of world such as Southern Asia, East Asia,
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Fig. 4. Wastewater production, collection and treatment (10°m?3y-1) in different regions [34].

sub-Saharan Africa and Latin America and Caribbean
according to different studies [15-44]. Based on most polluted
rivers, water pollution disasters, reasons and causes of annual
wastewater production and its treatment, and discharge of
untreated wastewater in most affected areas of these regions
are described below.

5.1. Most affected areas of South and East Asia

Asia is indeed the world's largest continent, in terms of
both geographical area and people. It is divided into five
regions: South Asia, Central Asia, East Asia, South-east
Asia and West Asia. It encompasses an area of much more
than 44 million km?, accounting for approximately 30 percent
of the overall land area and 8 percent of the entire surface area
of the planet with a network of rivers and streams. But water
supplies of these networks of rivers and streams are under
significant strain across Asia as a result of population
development and the requirement for higher agricultural
productivity. Yearly water withdrawals and back flows are
greater in this region compared to all other regions. The
yearly amount of waste water created, omitting agricultural
discharge, is  around 142 km3. Insufficient
sanitation, and treatment  systems  for sewage and
wastewater result in considerable amounts of wastewater
entering aquatic bodies that can be adapted for human
consumption. Non-point sources of pollution, mostly
agricultural, continues to be a cause of concern, particularly
considering the increase in pesticide consumption. As Asia's
economies expand and adapt, industrial waste also plays a
role. Nature and humans are feeling the effects: about 42% of
fatalities are connected with unhealthy or insufficient water,
sanitation, and hygiene supply in Asia. Asian nations are
working together to solve these issues, but the speed and
scope of policy action is slow and must accelerate urgently.
In many areas, quality is continuously declining, and limited
efforts are being attempted to evaluate and correct the issue
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[45]. Wastewater production and its treatment is a challenge
all across the Asia but study estimated that treatment is
particularly low in southern part of Asia [15]. A review of
most affected areas in South Asia and East Asia with
untreated wastewater contamination and main reasons and
causes behind this contamination in these areas are mentioned
here.

5.1.1. India

With a population of roughly 1.38 billion, India is the 2"
utmost populous nation in world and is member of South
Asia. India suffers greatly from water pollution, with an
estimation of about 70% of its surface water is not suitable
for use [46]. In actual fact, nearly 80% of India’s water bodies
are said to be highly polluted [47]. The major sources of water
pollution are industrial, agricultural and domestic wastes. In
India, nearly 91 million habitants lack access to sufficient
clean water and about 229 million lack better sanitation [46].
About 50 billion liters of industrial and domestic wastewater
is discharged from India's cities each year, and approximately
80% of this municipal waste ends up in the country's rivers
[48]. Cities having populations greater than 1 lakh inhabitants
are anticipated to generate approximately 16.662 billion liters
of wastewater every day [47]. With 21 large cities nearing
water scarcity and several cities suffering from cutbacks
in water supply, India shared the list of water-stressed
nations [49].

As India grows and becomes more urban, its waters are
becoming more and more toxic. Only about 10% of the
wastewater produced is treated. The rest is discharged
directly into the water. About 70% of the wastewater
generated in India remains untreated. The Sri Lanka-based
International Water Management Institute also notes that
India is a water stressed country, with nearly 33% of rivers
which are being polluted moderately or heavily. India's
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Fig. 5. Wastewater production, collection and its treatment(10°m3y1) in accordance with economic development of countries [17-34].

groundwater resources are heavily polluted by leaching of
fluoride, arsenic, nitrates, iron, heavy metals, and pesticide
and fertilizer remains [50].

The fluoride contamination has been observed in
aquifers of northwestern India, particularly in Rajasthan and
Gujarat, where alluvium aquifers predominate. Fluoride
contamination is also reported in major districts of Indian
state of Assam in eastern India such as Kamrup, Golaghat,
Karimganj etc., in major cities in Indian state of Bihar in
northern India such as Gaya, Kaimur, Jamui etc., in western
India such as Ajmer, Bundi, Mehasana etc., and in southern
India such as Salem, and Nalgonda etc. Fluorosis, caused by
fluoride contamination, is a chief hassle in India, and over 62
million people in 20 states are affected by fluoride
contamination [51]. Another research suggested that many
places in West Bengal are contaminated with arsenic,
although Bihar is a growing state with high arsenic
contamination [52]. The study of different reviews showed
that freshwater systems of Delhi, Bhopal etc. and some rural
areas are also affected with significant levels of pesticides
[53].

Toxins from untreated industrial waste and disposal
areas, and bacterial contaminants from surface soils and water
sources can also contaminate groundwater reserves. Open
stools are also a major cause of water pollution. According to
the WASH Report of 2021, about 15% of India's total
population defecate in the open because they do not have
water connections or toilets in their homes [50]. It is also
reported that more than 4,000 septic tank trucks full of
sewage sludge are dumped into India's longest river, the
Ganges, and its tributaries every day, with each truck
containing an average of 5,000 liters of human waste. A 2021
study conducted by ASAR Social Impact Advisors, a
consultancy based in Bangalore, and its two local research
centers in Nagpur's Center for Sustainable Development and
Manthan Adhyayan Kendra in Pune, found that toxic metals
such as mercury and arsenic, as well as fluoride, were found
in groundwater. In fast-growing Nagpur, roughly 93% of
residents depend on these water sources for their water
Tarig and Mushtag, 2023

consumption. It appears to be due to the burning of coal that
produces around 70% of the country's electricity [50].

One of important river in India, the Ganges is primarily
a dumping place for toxic waste from highly polluted
industries and communal enterprises throughout the Ganges
Basin [54] and is considered among the most polluted rivers
of India. Cities and towns along the Ganga generate
approximately 33% of country’s wastewater [47]. The most
pollution causing cities on Ganges are Kanpur, Bhagalpur,
Patna and Kolkata. In these cities, domestic as well as,
industrial wastewater is untreated and discharged into rivers.
The industrial city Kanpur is home to 45 tanneries and other
polluting factories, responsible for approximately 18% of the
total water pollution of the Ganges [54]. It is also noticed that
nearly 6.614 billion liters /day of untreated wastewater is
released into the Ganga River, with organic pollutants stuff is
about 426 tons/day [49].

In Delhi, the Yamuna River, a tributary of the Ganges,
runs along most polluted rivers in India. It is clogged with
water hyacinths weeds as a result of eutrophication. When the
monsoon sets in, dead fish in the river are found. This is
because the concentrations of pesticides and other pollutants
have risen sharply. About 19 drainage channels in Delhi drain
into the Yamuna River due to a poor sewage treatment
system. Wet sewage is discharged into these channels, from
where it flows into rivers. Industrial waste also enters the
river from industrial sectors (approximately 22 in Haryana,
42 in Delhi and 17 in Uttar Pradesh) and many smaller ones.
Delhi's factories alone are responsible for approximately 80%
of the river's pollution [55-56].

The Bharalu River, a branch of the Brahmaputra River in
Assam, India, is one of the most polluted tributaries of the
Brahmaputra River. Most of municipal solid waste and other
wastes from the city affect the overall water health of the
Brahmaputra River. BOD, fluoride, pH and dissolved oxygen
are estimated to be the major causes of pollution in the
Bharalu River. The main sources of these pollutants are dead
plants and animals, animal manure, pulp and paper mill
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effluents, sewage treatment plant effluents, sewage treatment
plant malfunctions, stormwater runoff, steel and fiberglass
industries. Fluctuations in river water pH are caused by
emissions from agricultural runoff, acidic mine runoff, and
fossil fuels such as carbon dioxide. Carbon dioxide becomes
weakly acidic when dissolved in river water [57].

The disposal of residential as well as commercial
wastewater into watercourses poses health, ecological and
economic losses. In around 118 Indian cities, there is an
indirect while in about 41 cities, there is direct discharge
of wastewater in water bodies. Due to a shortage of waste
treatment capacity, approximately 38791 million liters/
day of untreated sewage which accounts for roughly 62% of
overall sewage produced is now dumped into aquatic bodies
[49]. The Indian administration has set sewage discharge
limitations, which are being amended in conjunction with the
implementation of new laws and regulations to manage rising
water pollution. The Central Pollution Control Board
rules define emission parameters for different pollutants such
as pH, color, BOD, TOC etc. from different sources. Despite
these developments towards tackling water pollution, river
and stream pollution is continuously increasing [49].

This polluted water in India causes infectious diseases
like cholera, typhoid fever and other illnesses like stomach
flu, diarrhea, vomiting, skin and kidney problem. Water
pollutants are Killing sea weeds, mollusks, marine birds,
fishes, crustaceans and other sea organisms that serve as food
for human. Every year approximately 38 million Indians
suffer from water-borne diseases and the mortality rate from
these water-borne diseases is high [58].

5.1.2. China

China is the East Asian country and is the world’s most
populus country having population size is about 1.4 billion.
For the last decades, tremendous economic development,
urbanization and industrialization in China brought about
severe environmental contamination, out of which water
pollution mainly is of deep concern [59-60]. In China, it is
projected that there are 40 billion tons of water shortages
every year on average. China's freshwater resources account
for about 2.8 trillion cubic meters of water, accounts for
approximately 6% of total world's water resources. Over 80%
of China’s lakes are considered to be eutrophic, more than 40
percent of rivers are extremely polluted, and groundwater is
ubiquitously contaminated in both shallow and deep aquifers
[61].

According to various reports, surface and groundwater
of China has been deteriorating day by day. Water pollution
is resulting from disposal of large volume of untreated
wastewater which has adverse effects such as ecological
degradation, declining the water sources efficiencies and
decreasing water amount for consumption purposes. The
waste water percentile in urban areas is above than 90% with
no qualified water source in cities. There were two main
causes of water contamination in China i.e., Industrial
effluents & domestic waste. The Ministry of Water Resources
reported that wastewater discharge across the country was
supposed to be about 73.1 billion tons in 2006 year. The 2/3rd
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part of this discharge was from industrial sectors and 1/3rd
was from domestic sewage [59].

According to China's Water Resource Bulletin 2018
(Ministry of Water Resources 2018), just 81.6% of the total
of rivers, about 25 % of total lakes, approximately 87.3% of
reservoirs and 23.9% of shallow groundwater satisfied the
standards for sources of drinkable water [62]. Studies showed
that nowadays, eutrophication remains the China's most
important lake problem, with Taihu, Dianchihu and Chaohu
lakes being the most severe instances. Heavily loaded point
and non-point pollution from sewage streams, industrial
effluents, and agricultural runoff are prevalent stressors of
these lakes. As a result, the water quality of Taihu Lake has
fallen 1 grade every ten years during the last 30 years. The
water quality of the Huaihe river (between the Yellow River
and Yangtze), the Liache river (principal river in southern
Northeast China), and the Haihe river in northern China is
relatively poor, with the Haihe River seems to be the most
polluted. Municipal sewage and industrial effluents discharge
was the primary cause of pollution in these rivers [61].

In 2008, quality of the water in 20.8 percent of 409
surveyed parts of China's 200 main rivers fell below class V,
the worst class of China's National Water Quality Standard.
Water of this quality has virtually no functional use, even
for irrigation purposes [63]. The Ministry of Water Resources
of the People’s Republic of China in 2005 investigated the
main water resources of China for major pollutants and
reported that the major pollutants of Songhua River Basin and
Liaohe River Basin are COD, BOD, ammonia nitrogen and
permanganate index [59].

Chlorophenol pollutants (CPs) have also been found in
rather high amounts in several Chinese waterways. An
analysis discovered that 2,4-dichlorophenol and 2,4,6-
trichlorophenol were more commonly observed in greater
amounts in north Chinese waterways than in south Chinese
rivers. The Yellow, Huaihe, and Haihe rivers had the highest
concentrations  of  2,4-dichlorophenol and  2,4,6-
trichlorophenol, whereas the Yangtze River had the highest
concentrations of pentachlorophenol. Many pollution
incidents have occurred in China's rivers, including cadmium
pollution in Beijiang River (Guangdong Province), phenolic
pollution of Liaoning Province's Hunhe River, occurrence of
cadmium pollution in Xiangjiang River (largest river of
Hunan Province), and leakage of diesel oil in Gongyi river in
the middle of Henan Province. This surface water will
inevitably become polluted unless contaminants are
efficiently removed [61-64].

Studies also showed that the Tonghui River and
Guanting Reservoir of Beijing, Minjiang River Estuary and
Wuchuan River in China had relatively higher concentrations
of dichlorodiphenyltrichloroethanes (DDTs) and
hexachlorocyclohexanes (HCHSs) in water [65]. In last
decades, river pollution in China was mainly due to disposal
of effluents as result of industrial activities. However,
according to the China Pollution Source Census (2010),
agricultural sector is now a major contributing source of
water pollution in China than industrial wastes. Considering
pesticide pollution, large number of studies documented that
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organochlorine and organophosphorus pesticides are detected
in water bodies of China [66-67].

In Northwest of China and North China Plain, nitrate
contamination occurs due to excess fertilizer use as they are
most cultivated areas of China. Therefore, fertilizer’s use is
considering as most dominant source of water contamination
in these areas. Return flow of irrigation water having high
concentrations of nitrates, salts and agrochemicals resulting
in diffuse pollution of ground water [68]. Diffuse pollution of
ground water is global concern but it is particularly high in
China [69]. It also appears that septic wastes and animal dung
are important sources of nitrate in the groundwater in many
regions. Overall, the most serious water contamination occurs
in northern China. Based on 2019 Blue City Water Quality
Index, released by the Institute of Public and Environmental
Affairs, many areas of Northern China (for example, Hebei
and Shanxi provinces) have relatively low water quality [70].
The North China Plain, with accelerated agricultural and
industrial activities, is the area of China's major water and
other environmental threats. The North China Plain is also
famous for ‘cancer villages’ in China. Cancer villages are
areas where cancer mortality rate is high [71-72].

China's National Health Commission shows that
approximately 7.8 million cases of infectious diseases were
reported in 2018, including waterborne diseases (18.9%)
[62]. About 190 million people get sick and 60,000 die each
year from various diseases and injuries related to water
pollution [73]. Fluorosis and arsenic poisoning are still
threatening the health of Chinese people. Villages with high
cancer rates in the Huai River Basin face serious medical
problems. For an instance, over the last 30 years, cancer
mortality has increased significantly in Yingdong District of
Fuyang city located in Anhui Province, in Shengiu state in
the east of Henan Province, and in cities of central China in
Hubei Province [62].

5.1.3. Pakistan

Pakistan is a South Asian country with the population
size of about 243 million people. It is ranking 5 in most
populated countries of world. Alike other world’s developing
countries, Pakistan is also suffering from water
contamination. It is also among the water stressed area as it is
depleting fresh water resources caused by increased pressure
for different water usages [74-75]. The main sources of
contamination of water bodies are household sewage, rapid
industrialization, rapid urbanization, poor management
systems and population increase [31]. Pakistan’s population
and urbanization has been increasing tremendously, resulting
in an increase in domestic water demand. It is estimated that
population of Pakistan will reach to almost 275 million in
2050 and urbanization from approximately 24% in 1980 to
50% in 2025 of total population. Population Growth of
Pakistan in millions from 1980 to 2050 is shown in Fig. 6
[74]. Domestic water demand increase with population
growth of Pakistan is shown in Fig. 7.

In Pakistan, microbes, inorganic substances (toxic
metals, salts and acids), cations and anions (nitrates,
sulphates, phosphates, fluoride, magnesium and calcium
ions), water-soluble radioactive substances, oil, insecticides
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and pesticides are considered as effective water
contaminants. These water contaminants are mainly due to
human activities i.e., disposal of industrial and municipal and
agricultural effluents in water bodies [11]. Piped water is also
polluted since it is installed so near to sewage pipelines or
drainage channels, resulting in a slew of deadly water-borne
infections. In Pakistan, diarrhea was shown to be responsible
for around 45% of newborn fatalities and contribute about 60
% among all severe water-borne infections. As stated
by WHO, gastro-intestinal ailments account for 25 percent to
30 percent on average of all diseases [74].
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Fig. 6. Population Growth of Pakistan (1980-2050) [74].

According to estimation of The Government of Pakistan,
the urban areas are generators of approximately 87,000 tons
of solid waste per day [76-77]. Karachi, the biggest city of
Pakistan, generates over 13,500 tons of domestic waste per
day [78]. Lahore, the 2nd biggest city of Pakistan also has
severe water contaminated problems. The Ravi River is the
biggest water supply source in Lahore. Approximately, 11
million people depends on this river. But the river acts as
spillway for industries [79]. It is estimated that in every
second approximately 3304 cubic feet of wastewater is
discharged without treatment in the Ravi River from different
drains in Lahore [80].

Due to improper disposal of untreated pollutants, thickly
populated cities of Pakistan like Karachi, Lahore, Faisalabad,
Islamabad, Rawalpindi, Peshawar, Gujrat and Sialkot have
no safe water for consumption [81]. In Pakistan around 1228,
out of 6634 registered industries are considered to be high
polluters [82]. High concentrations of organic and toxic
substances in the waste effluents of industries, making them
one of the major water polluters in Pakistan [83]. Textile,
pharma, ceramics, petrochemicals, food, oil mills, steel,
fertilizer factories, leather tanning and sugar factories are the
main sectors which are causing water pollution. River Kabul
in  Khyber Pakhtunkhwa, collects nearly about
80,000 m® (8 x 107 L) of industrial wastewater daily. The
capital of Pakistan, Islamabad’s two industrial estates are
draining there effluents in the Sawan River as these estates
lack wastewater disposal systems [11]. These industries
produce large volumes of wastewater containing high
concentrations of pollutants like toxic metals, nitrates, cations
and anions [82-84].
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Fig. 7. Domestic water demand with population growth of Pakistan (1990-2025) [74].

Different cities in our country release an estimated
40 G L of wastes into water bodies every day. Industrial
wastewater is mostly produced by the nation's largest cities,
including Karachi, Lahore, Faisalabad, Sialkot, Peshawar,
Quetta and Hyderabad. Domestic and municipal trash, in
addition to industrial wastes, seriously contaminate water
supplies. The massive use of agrochemicals in agriculture is
another significant source of water contamination. When
applied to cropland, agricultural chemicals such as fertilizers
and pesticides with higher amounts of chemicals such as
nitrates, ammonia, phosphates and sulphates mix with
irrigation water and eventually leak into the soil to reach
natural water supplies. In addition, some fertilizers contain
heavy metals as by-product, and the extensive use of such
fertilizers results in the accumulation of these toxic metals in
soil and water [11].

The primary causes of Pakistan's numerous public health
issues related to water pollution are microbial and chemical
pollutants. Studies conducted in major cities like Karachi,
Islamabad, Lahore, Rawalpindi etc. reported that major
contamination in these areas is bacteriological contamination.
A recent study reported that water samples from Islamabad's
Rawal Lake (which supplies drinking water to more than 1.5
million people in Rawalpindi) and its tributaries may be
contaminated  with  bacteria  [85].  Bacteriological
contamination is mainly due to leaching of municipal
wastewater. The surface run-off, increased concentration of
nutrients and municipal waste are the major contributing
sources of bacteriological contamination. Microbial
contamination of drinking water is a major cause of
waterborne diseases such as diarrhea, nausea and typhoid
fever, especially in children and people with weakened
immune systems [11].

These major cities are also attributed with toxic heavy
metals contamination. These metals are released into surface
and groundwater through a variety of man-made activities,
including the extensive use of pesticides in agriculture and
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dispose-off of industrial and metropolitan waste
inappropriately. Most of the metals are considered to be
indispensable to our health, but they cause water pollution
when overloaded [86] . Studies shows that ground and surface
water of Karachi mainly consist of high concentrations of Zn,
Cd, Hg and Ni. According to the statistics of numerous
studies, Sindh and Khyber Pakhtunkhwa have relatively high
Cd contamination in their ground water than Punjab does
[87]. The highest Mn (2.56 mg/L) contamination was
reported in Khyber Pakhtunkhwa [86] followed by Faisalabad
[88]. Higher Zn contamination was reported in Karachi [11].

Higher chromium contamination was found in sources
of drinking water of Lahore, Gujrat and Sialkot due to
presence of leather industries and tanneries there [84].
Reports showed that, the groundwater samples from Khyber
Pakhtunkhwa and Karachi have the highest concentration of
nickel [86]. About 75 percent of surface water samples from
Karachi, the largest metropolis in the nation, are above the
USEPA's standards for nickel in drinking water. Heavy
metals contamination causes serious health problems like
neurological disorders, cancer, liver and heart diseases etc.
Agricultural practices require high pesticidal use in the entire
world. Worldwide estimation of annual pesticidal use is about
2.5 million tons with continuous increases of which Pakistan
alone is responsible for use of approximately 70 thousand
tons of pesticides annually with increasing annual rate of
about 6%. It is estimated that only about 0.1% of applied
pesticides reach the targeted organisms and the remaining
portion is lost thus causing environmental pollution. In
Pakistan, this problem is further increased due to improper
storage, usage of outdated pesticides and lack of awareness
of its harmful effects [11].

5.1.4. Bangladesh
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Bangladesh, formally the People's Republic of
Bangladesh, and is ranking 8th in the world's most populated
nations. Bangladesh, a riverain state, blessed with about 230
large and minor rivers [89], located to the east of India on the
Gulf of Bengal, is a South Asian nation with an
estimated population of over 180 million inhabitants spread
across 144,000 km?, and acknowledged with lush flora and
numerous rivers [90-91]. It has witnessed fast
industrialization, vast urbanization, and substantial
digitization in recent decades in Bangladesh, all of which
have had major environmental repercussions. Because of the
fast development in terms of industrialization and
urbanization in Bangladesh, fresh water sources are being
poisoned, particularly arsenic poisoning is threatening the
potability of these natural resources [90], as arsenic is a fatal
and WHO-classified carcinogenic element [92].

Regarding both quality and quantity of available water in
Bangladesh, the supply of water has surfaced as a key worry
for the future. About 97% of rural dwellers of Bangladesh
have access to tube-well water for drinking purposes but
regrettably arsenic pollution of groundwater has turned tube-
well water unsuitable for drinking across several regions of
the country particularly urban areas [93]. Throughout the first
ten years period of kilo-annum, round about 35 to 77 million
individuals were chronically exposed to arsenic (Flanagan et
al., 2012). The acceptable limit of arsenic contamination of
drinking water in Bangladesh is 0.05 milligrams per liter,
however in certain areas, its concentration is found 70 times
higher than acceptable limit. Therefore, nearly 80 million
people are suffering from arsenic exposure in Bangladesh
[94]. Fazal et al. (2001) reported that arsenopyrite (FeAsS)
mineral is a primary cause of arsenic contamination of water
bodies of Bangladesh. The two ideas established to explain
arsenic mobilization are oxidation of pyrite and oxy-
hydroxides reduction [95-96].

The studies on water sources in Barapukuria near coal
mine area, in Dinajpur (district in the Rangpur Division of
northern Bangladesh) [97], in Dhaka Narayanganj Demra
Embankment [98] and in Singair (upazila of Manikganj
District) [99] etc. also revealed the prominent levels of other
trace elements like chromium, manganese, lead, and
cadmium etc. Moreover, microbial pollution particularly
bacteriological is also reported to be a serious contaminant in
Bangladesh, especially in rural areas such as Gakulnagar
village in Dhaka district, where 60 percent of tube-well water
is polluted by total coliform bacteria [100]. Furthermore,
another research found three tube-wells in Sardarkandi
village in Dhaka district, are substantially polluted with total
coliforms [101]. Likewise, approximately 207 water samples
collected from areas of Cumilla District of Chittagong
Division, from Brahmanbaria District and from Sirajganj
District in the Rajshahi Division, were analyzed and about 41
percent of them were affected by total coliform, additionally
29 percent samples with thermos-tolerant coliform and about
13 percent with E. coli [102].

In Bangladesh, the major reason behind this chronic
contamination is sanitation problems. Around 60% of rural
dwellers lack access to sanitation infrastructure. The Dhaka
Water and Sewerage Authority (DWASA) can provide
service toonly 15 to 20% of the total city's population.
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Approximately, 30% of Dhaka’s residents, 50% of
Chittagong’s inhabitants and 35% of other district’s
population do not have access to hygienic latrines or defecate
open into environment. Solid waste handling systems have
continually been unable to keep up with the massive volume
of solid garbage generated in cities. The Dhaka City
Corporation collects only approximately 40% to 50% of all
produced garbage in Dhaka, while waste collection units’
coverage in other major cities ranges from 60% to 70%. Due
to lack of solid waste management services, particularly
among the urban areas, there is a
frequent disposal of garbage into water bodies. Except for a
few established residential neighborhoods (such as
Dhanmondi, Gulshan, Banani, Baridhara, and others), urban
centers in Bangladesh, including Dhaka and other major
cities, are expanding without adequate sewage and drainage
facilities.

Surface water contamination in Bangladesh's urban areas
is mostly caused by industrial pollutants. Bangladesh’s main
mechanical production areas are Dhaka, Chittagong, Khulna
and Bogra [94]. Just approximately 40% of sectors have
effluent treatment plants, according to 2009 industrial
research, performed by the Bangladesh Center for Advanced
Studies (BCAS). ETPs were under development in 10% of
industrial sectors at that time, while around 50% of industries
had no effluents treatment setup at all (Amin, 2015). The
Department of Environment (DoE) has recognized 1,176
polluting industrial sites around the country [94]. In terms of
total discharge in water (as measured by biological oxygen
demand and total suspended solids), the pulp and paper
industrial sector is the largest contributor which accounts for
47%, accompanied by pharmaceutical industries (16%),
metal processing (14%), food manufacturers (12%),
fertilizer's and pesticidal use (7%), industrial chemicals use
(1%), and certain other industries (3%) [103]. Dhaka as well
as adjacent districts, such as Gazipur and Narayanganj, have
been the biggest victims of unregulated industrialization,
resulting in serious water quality problems. Although, Dhaka
is amid by rivers, but water of these river systems is too filthy
to be drinkable. Throughout the city, 19 principal and as well
as 41 subsidiary river discharge locations are present. Illegal
discharge of unprocessed effluents from several industrial
sectors around those rivers contaminates the water [95-104-
105].

According to a World Bank research, Dhaka's periphery
rivers receive 1.5 million m3of effluents/day from
approximately 7,000 manufacturing units in the surrounding
districts with an additional 0.5 million m® coming from some
other sources [106]. Tanneries at Dhaka’s Hazaribagh and
Rayer Bazar discharged 15,000 m? of liquid waste, 19,000
kilos of solid garbage, and 17,600 kilos of BOD in the
Buriganga river [107]. Kaliakoir, subdistrict of the Gazipur
district, part of Dhaka division, where an uncontrolled
industrial complex has emerged during the last 20 years. This
industrial complex has been using Mokosh Beel (Gazipur’s
perennial beel), Turang River, a tributary of Buriganga River
and Ratanpur Khal water bodies as disposal sites for the
disposal of 30 billion liters of effluent’s containing water per
year [108].
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Many textile manufacturing and dyeing sectors, as well
as other enterprises located around the Dhaka-Narayangonj-
Demra embankment, dump huge amounts of industrial
effluents into several waterways, which finally reach
the Shitalakshya River, a distributary of the Brahmaputra.
Nearly 80% of overall industries lack treatment plants and
hence dump untreated harmful effluents into water ways [95-
98]. Discharge of significant amount of industrial effluents
in Karnaphuli River, major watercourse of Chittagong region
in Bangladesh, is also reported from spinning and steel plants,
oil refineries and fabric industries [109].The shipbreaking
business is among the Bangladesh's fastest expanding
businesses, and it contributes significantly to trace metals
contamination of groundwater in Bangladesh's coastal
regions [110].

Human waste pollution of confined water bodies is
also a big issue in Bangladesh [111]. According to prior
estimates, Bangladesh generates around 16,380 tons of
garbage daily [95-112]. The worst victims of this type of
water contamination are urban areas. Wastewater output
alone from Dhaka capital is around 1.22 million m? per day,
however treatment ability of Dhaka's only sludge treatment
facility, "Pagla Sewage Treatment Plant,"isonly 0.12
millionm® of effluents per day [95-113]. Agricultural
sector, Bangladesh's economic backbone, accounting for
15.33% of country's GDP and half of total economic output
[114] is also a major cause of pollution. Local farmers utilize
a variety of organophosphorus and carbamate insecticides,
however owing to a lack of sufficient education, they abuse
these chemicals [115-116]. Pesticides and insecticides misuse
is continuously polluting fresh water, primarily caused by
rain or agricultural runoff [95-117].

Some smaller causes can also result in water body
pollution. According to Bhuiyan et al. (2010), the
Barapukuria coal mining is blaming for heavy metal
discharge and thermal contamination of local water sources
[97]. An unintentional oil spill can potentially have serious
consequences for the water quality and marine life species in
vast waterways. A recent 'oil spillage event led to
approximately 350 thousand liters of oil spilling across 60-
kilometer-long region of Shela and Passur rivers within
Sundarbans, country's the biggest mangrove forest [95]. The
discharge of all these types of contaminants is seriously
affecting the human life in Bangladesh. Due to water
contamination, the most common diseases found in the
people of Bangladesh are melanosis, hyperkeratosis,
gangrene, skin cancer, diarrhea, hepatitis A and hepatitis B,
vomiting, blurred vision, nausea, typhoid, difficulty in
breathing, and deficit hyperactivity disorder. In Bangladesh,
annually over 1 lac children below five years die as a result
of diarrheal epidemics. According to the 2004 Bangladesh
Demographic and Health Survey (BDHS), diarrhea alone was
responsible for 5.1 percent of all infant fatalities. An
estimation shows that, annually approximately 43,000 people
of Bangladesh die as a result of arsenic poisoning [95].

5.2. Review of most affected areas of sub-Saharan Africa

Africa is the second largest continent on earth. After
Asia, it is most populated continent of world. The continent
consists of five regions i.e., South Africa, Central Africa,
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North Africa, East Africa and West Africa and is endowed
with natural and mineral resources i.e., coal, metal ores, gold
and oil etc. [118]. But the development in the mining of these
resources has resulted in severe environmental contamination
particularly ~ water  pollution.  Development related
urbanization and population increase of the African continent
is not without its negative consequences on the environment
and ecology. This development has also made a significant
contribution to the existing pollution of water resources and
created a large strain on water resources. African cities are
facing tremendous population growth, with 54% of the
continent's population predicted to live in urban areas by 2030
[119].

Water contamination in Africa is mostly caused by
untreated domestic wastes, agricultural effluents, industrial
discharges and storm water runoff [120]. A major cause of
surface water pollution is untreated sewage discharged into
the water from urban areas and factories. A few African
nations have regulations regarding the discharge of
wastewater into surface waterways, however it is uncertain if
these regulations are actually being followed or not
[121].Biological and chemical water quality of major sources
of water supply is often poor because to the continent's near
proximity to poor sanitary facilities [122-123]. According to
predictions, the state of Africa's different water resources will
continue to worsen, adding to the burden of disease and the
risks to the environment and public health. Wastewater (WW)
discharge into the environment is still a common practice in
developing nations despite advancements in WW collection
and treatment [124].

But untreated wastewater problems are particularly high
in sub-Saharan Africa which is the area in the south of Sahara
Desert in African continent. Ongoing population and
industrial expansion have been negatively impacted the water
quality of sub-Saharan Africa as vast amount of untreated
waste water is produced by these activities. Only around 10%
of produced WW is treated before being released into the
environment, thus reduces the water’s quality of this region.
It is estimated that only 25% residents have access to quality
drinking water and approximately less than 30% have access
to essential sanitation facilities. The population of nations of
sub-Saharan Africa is predicted to exceed 1 billion, and it is
growing faster than most other parts of earth. SSA is
undergoing a historically rapid urban drift. Between 2010 and
2035, the number of urban residents is projected to more than
quadruple, to be between 300 and 700 million [125].

Due to insufficient water supplies allocation, inefficient
wastewater remediation, weak government policies, and
deficient political determination to deal with the wastewater
generation issue, Sub-Saharan Africa is far from achieving
the sustainable development goals (SDGs) [126-127]. The
water crisis has been particularly severe in countries like
Uganda, South Africa, Nigeria, Ethiopia, Democratic
Republic of Congo, Ghana and Somalia etc. [126-128].
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5.2.1. Nigeria

Nigeria, Africa’s most populus nation, with population
of more than 199 million residents [129], is blessed with large
number of water bodies. These water supplies fulfill the
household, agricultural, recreation, transportation, and
industrial requirements. But there is an uncontrolled dumping
of untreated effluents into these water bodies of Nigeria as
different rules and regulations for the protection of water
bodies are not effective. In Nigeria, over 66.3 million people
lack access to clean water for drinking purposes [130].

The untreated effluents discharge contains a variety of
contaminants, including heavy metals, phosphates, oil and
grease, nitrates, and chlorides etc. [131]. This poor water
quality has affected several areas around the nation, seriously
jeopardizing the general public's health [132]. In Nigeria, the
majority of wastewater is sent to water management facilities,
but only a small portion of the populace has access to
adequate sewage system that is connected to the facilities for
treatment [133]. In general, metropolitan cities' water quality
has improved, while rural communities water quality is still
subpar [130-134].

Oil drilling activities [135-136], domestic activities,
agricultural activities [137], mining activities [138],
commercial slaughterhouses/abattoirs [139-140], and some
other industrial activities have all contributed to water
pollution in Nigeria [141].The primary causes of natural
water contamination are effluents from home and industrial
operations. This imposes a heavy financial and wastewater
management can therefore result in a point-source pollution
issue, which not only significantly raises treatment costs but
also exposes water sources to a variety of chemical pollutants
and microbiological contaminants. Larger Nigerian cities like
Lagos, Port Harcourt, Ibadan, Kano and others are suffering
from effects of pollution from industrial effluents that are
dumped carelessly into the lagoon, rivers, streams and fields
[39].

Surface water pollution in Nigeria is mainly caused by
direct and indirect discharge of industrial effluents
(approximately 18%) from tanneries, textile industries,
breweries etc. and effluents from oil refineries and gas
industries (which alone accounts for 9% of surface water
contamination) [133]. According to research by Veil et al.
(2004), the petrochemical and crude oil processing industries
release over 14 billion barrels of water worth of effluents into
the environment every year [142]. Studies reported that The
Nun River in Bayelsa state was found to contain significant
levels of lead(ll) and cadmium (Il) owing to petroleum
development activities between Gbarantoru and Tombia
towns [143]. Toxic heavy metals discharge from oil
exploration activities have been found in llaje gulfs [144].
Because of petroleum exploration, total hydrocarbon
concentration of the Qua-Iboe River in Akwa-lbom state was
found to be greater than guiding norms [145].

Spillage has been recorded in downstream industry,
which supplies petroleum and petrochemicals. Fluvial system
of Oghara town in Delta state was found acidic and nickel-
contaminated, rendering it polluted and unfit for drinking
[146]. Petrochemical effluents leakage results in toxic level
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of heavy metals and their severe effect in Ubeji creek, Warri,
Delta state [147]. As Nigeria is rich in minerals deposits like
coal, gypsum, iron ore, rock salt, tac clay,
gemstones, limestone, tin ore, gold etc. The exploitation of
these minerals has polluted Nigeria's waterways [141]. Gold
mining  activitiesin  Igun-ljesha has resulted in
excessive heavy metals concentrations in Osun state's Oika,
Eriper, and Justice Ibidapo rivers [148]. Effluents discharge
from some other industries has also been noticed in water
bodies of Nnewi (industrial city in Anambra state) [149], Ota,
town in Ogun state [150], Kano, capital of Kano state [151]
and other urban areas in the country [152].

Slaughter house or Abattoir effluents are also affecting
the Nigeria’s water quality as Nigeria’s most localities have
an abattoir. Due to presence of large number of
microorganisms, these effluents are the sources of
bacteriological contamination of Nigeria’s most of the rivers
[153]. Different studies have reported the release of effluents
having microbial load from slaughter houses in Ogun River
(water way in Ogun state), Usuma River in Gwagwalada
[154], and Ikoli Creek in Bayelsa state [155] etc. Water of
boreholes in Akure, Ondo state, showed significant amounts
of Cr owing to slaughterhouse waste [156-157].

Domestic sewage and effluents are another major
contributing cause of water quality deterioration. Municipal
trash with high microbial load is occasionally dumped into
water bodies in metropolitan areas (PN, 2013). Additionally,
due to inadequate drainage systems, municipal run-off from
contaminated metropolitan areas discharges into aquatic
bodies after a significant rainstorm [158]. Different studies
have reported pollution of water bodies by domestic effluents
in different states of Nigeria such as Epie creek (a tributary in
Bayelsa state in Nigeria) [159], Nun river in Bayelsa state
[160], Ado-EKiti (capital city of EKkiti state of Nigeria) [161]
and Siluko river, Benin city etc. [162].

Open defecation of municipal garbage is still common in
Nigeria, particularly in metropolitan areas [163]. Due to
relative vicinity between the dumpsites and water sources, the
leachate from these landfills becomes a source of worry for
Nigeria’s water quality [164]. Comprehensive waste
management approaches have been reported in places such as
Ibadan (populus city of Oyo state), Akure (capital city of
Ondo state), Lagos, and Abuja etc. [141]. The extensive use
of this contaminated-water full of hazardous pollutants, due
to shortage of suitable treatment funds, is expected to rise the
frequency of water-borne illnesses and ecosystem
degradation rate in Nigeria [165].

5.2.2. Uganda

Uganda, formally the Republic of Uganda, is an East
African landlocked country. Uganda has an abundance of
water resources, including vast wetlands, the White Nile
River, and huge lakes like Lake Victoria. Around 35% of its
water supplies originate in neighboring nations, posing water
supply or water quality concerns due to severe contamination
or even over in upstream regions [166]. Uganda now has a
population of about 34.76 million inhabitants [167], with
approximately 20 percent living in metropolitan regions [168]
and the remaining 80 percent living in rural and suburban
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regions. Uganda uses surface water and groundwater as fresh
water sources. Surface water accounts for 15.4 percent of
country's land area and is utilized by both urban and rural
inhabitants [169].

Lake Victoria accounts for approximately 85 percent of
all fresh surface water. Uganda's total groundwater sources
are estimated to be around 29-million-m® per
year, feeding more than 80% of rural and slum settlements.
Despite country's vast surface and groundwater sources, poor
communities in rural and urban areas face intermittent
shortages in drinking water supplies. This water pollution is
mainly caused by human sources such as sewage and
industrial wastes discharge, agricultural wastes, and runoff
during heavy rains [170-171].

Fresh water delivery is frequently insufficient due to low
funds, insufficient capacity, flaws in rules and regulations,
and a lack of viable options for service delivery all
government agencies [172]. Even Lake Victoria, which is
primarily located in Tanzania and Uganda and borders
Kenya, is the world's second largest and the largest fresh
water lake of Africa. It accounts for around 85% of Uganda's
total fresh surface water and supply water for domestic and
industrial purposes in the East African region and supporting
the livelihood of millions of people [169-173].

Due to excessive nutrient’s input (particularly
phosphorous and nitrogen), this lake has become eutrophic,
promoting the growth of the common water hyacinth and
algae [169-174], intensive color, turbidity levels of up to 84.0
nephelometric turbidity units (NTUs), and pathogenic
microorganisms occurring in the Lake [174]. Algal
growth has increased manifold since the 1960 [175-176],
making water green due to poor microbial quality [177]. The
main causes of lake’s contamination are partially treated
domestic and industrial discharge, and agricultural runoff.
There are large number of small and large scale industries in
the catchment area of Lake and results in high organic and
nutrient-rich effluents loaded with metal discharge in lake
without pre-treatment [170]. Native fish and slum
communities also dump their excreta directly in Lake. In
Kampala City, the capital of Uganda, located within Lake
basin, most of the wetlands around the lake have been cleared
for farming and human settlement, which results in effluents
discharge in L. Victoria’s Inner Murchison Bay [178].

In rural and slum communities, the major contamination
is bacteriological contamination. This contamination is
attributed to unsanitary activities such as wide-spread usage
of poorly constructed pit latrines and dilapidated drainage
systems, as well as utter absence of basic sanitation where
open defecation is practiced [170]. Study estimated that
approximately 90 percent of households in Kampala,
Uganda’s capital city, utilize on-site sanitation facilities,
predominantly pit latrines [179-180]. Such self-employed
sanitation facilities are difficult to maintain, particularly in
heavily populated places [166]. The majority of Ugandan’s
live in poverty with approximate earning less than $1 per day,
which greatly impedes the implementation of efforts for
enhancing potable water owing to sustainability concerns
[170].
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This contamination results in transmission of waterborne
diseases such as cholera, typhoid, dysentery, guinea worm
among others. Each year, cholera kills number of people
throughout Africa [181] and is also a major cause of
morbidity and mortality in Uganda [182]. Majority (58%) of
the reported cholera cases during the period 2011-2015, are
reported in the fishing communities in the catchment area of
major lakes and rivers which constitutes 5% of the Uganda’s
population [183] and these cholera outbreaks mainly occur
due to usage contaminated surface water and the springs
[184-185].

5.2.3. Ghana

Ghana is West African nation and is famous for gold
mining activities. It covers an area of approximately 240,000
km? andis home to an estimated population of
approximately 22.5 million people, with 42% urban
and remaining 58% rural. The country is blessed with
abundant water resources. It has three major river systems:
the Volta River, the Coastal River system, and the
Southwestern river system [186-188]. Approximately 60
percent of Ghana's water sources are polluted, with the
majority of them being in critical situation (such as those
located in the southwest or coastal areas), owing to surging
levels of contamination from industrial effluents, illegal
mining activities, agricultural production, domestic disposals,
fertilizers and pesticides leaching, as well as the most current
and worrisome canker being illegal artisanal mining named
as Galamsey [189-191].

Illegal mining remains a persistent threat, as practically
all fresh water sources near mining locations, notably
Ghana’s southwestern river systems, are severely
contaminated [191]. According to different studies, arsenic,
lead and iron were the most prevalent mining-related metallic
contaminants discovered in surface water bodies of Ghana
[192]. Itis estimated that fresh water bodies of Ghana such as
River Pra and River Ankobra in southern Ghana, River Birim
(a tributary of Pra River) in the Eastern Region of Ghana and
the Enu River in Ashanti Region have been polluted as a
result of illicit mining activities. Several water bodies in the
central region, notably around Cape Coast have also been
contaminated due to illicit mining activities [55-189].

Moreover, the wuse of chemicals such as
dichlorodiphenyltrichloroethane DDT in fisheries combined
with accelerated population increase has rendered water
supplies completely unmanageable [193-194]. This issue
goes to the new Juaben communities and Koforidua town
where fishing activities have been polluting fresh water
sources around these communities [191]. Insufficient
domestic and industrial wastewater treatment has been
polluting water resources in and around metropolitan centers
of country. Waterways near industrial regions (for example
Korle Lagoon in Accra) are slowly dying as a result of
untreated domestic and industrial wastewater discharge,
causing foul odors and nutrient build-up leading to algal
blooms [191].

Wastewater generated through domestic and industrial
uses including storm water in urban Ghana is estimated at
about 760 million m3/y [186]. It is also alleged that The Densu
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River in the Greater Accra, which depends upon Western
Accra around Weija dam for water supply and the Black
Volta in the upper west region, have been contaminated due
to industrial effluents and farming operations. Sand wining is
the primary activity responsible for water pollution in the
Northern areas. For example, The Nawuni River in the
northern area has seen significant sand mining operations and
therefore altering the river color. All these sources combined
with significant population expansion, prompted Ghana
Water Company to build new water treatment facilities to
supplement the provision of clean drinking water [55-191].

5.3. Areas affected in Latin America and Caribbean

Latin America and the Caribbean (LAC) is made up of
33 independent nations that are members of the Community
of Latin American and Caribbean States, as well as a series
of tiny dependent states on islands. The independent states
span an area of about 20.5 million km?, and the region's total
available freshwater resources are around 18.5 billion m3 per
year, accounting for 34 percent of the global supply of water.
Therefore, LAC has comparatively abundant water resources
[195]. This region's population was 609 million in 2012
which accounted 8.6 percent of world's population, quickly
rising at a pace of 1.25% per year, and is expected to
cross 700 million by 2025 [196].

Rapid increase in population and urbanization are
putting significant strain on fresh water resources [195]. In
1995, around 78% of South America's population lived in
urban areas, but by 2025, it is expected that 88 % of the
population would be clustered in urban regions. The
proportion of the Central American population living in cities
is predicted to rise to 60 to 80 %, based on the area. Just 41%
of the urban residents have accessibility to sewerage systems,
and as a result 90% of the untreated urban wastewater is
dumped into the environment. Water contamination from
inadequately treated or untreated home and industrial
effluents, agrochemical's runoff, and wastes from mining
activities is becoming growing concern in LAC. Detergents,
fertilizers, petroleum and its derivatives, toxic metals,
and oxygen-depleting substances from different processing
plants such as canneries, slaughterhouses, meat processing
plants and paper and pulp industries are among the most
common contaminants found in water [196].

Agriculture is the primary consumer of freshwater in the
LAC. Agricultural sector contributed to 68 percent of total
freshwater extraction in LAC in 2011, while the industrial
and household sectors contributed to 11 percentand 21
percent, respectively [195]. Different challenges such as
significant climatic differences, varying levels of economic
growth rates of different countries, huge social injustices,
lack of adequate financial accounting and clarity, and
administrative and institutional deficiencies are complicating
the implementation of water management policies. Nutrient
pollution has been highlighted among the major stressors on
biodiversity of Latin America, with a typically growing
tendency. The pollution absorption capacity of rivers has
been totally utilized in areas of Mexico, parts of Central
America, and many coastal regions of South America [197].
Particularly high levels of water pollution are found in
Mexico and the southern region of Latin America [198].
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Water contamination is partially triggered due to shortage of
water treatment facilities and water sector governance.
Despite having treatment facilities to treat approximately 35
percent of the wastewater, only 20 percent of the wastewater
in LAC is efficiently treated [197]. Over 70 percent of sewage
is dumped untreated into nearby aquatic bodies, and
therefore generating  significant water  contamination
concerns [199].

Untreated wastewater from the residential and
commercial sectors makes up the majority of total nitrogen-
related wastewater in most of the rivers because aquatic
habitats are utilized as sinks for effluents from different
sources across the region. For instance, in Jamaica, an island
in Caribbean Sea, effluents from the rum and bauxite
industries, have damaged both ground as well as surface
water resources. The biggest polluter in the region is Brazil —
the country with the largest water resources [200]. [201]
discuss the "huge usage of pesticides™” in Brazil's agriculture
sector.  Substantial  investments planned for  waste
management of larger LAC cities including Buenos Aires
(capital of Argentina), Mexico City (capital of Mexico),
Bogota (capital of Colombia), and Lima (capital of
Peru) etc., have been postponed due to a lack of robust
institutions and legislative frameworks that impede efficient
implementation [195].

Tourism, the second-largest currency earner in much of
the Caribbean, puts further strain on water resources. Tourism
uses a lot of freshwater (especially for hotel premises
and swimming pools etc.) and creates a lot of effluent,
especially in coastal locations like Montevideo, Lima, Rio de
Janeiro, and other coastal areas [196]. Due to significant
number of industries and population, the metropolitan areas
encounter the greatest challenges in terms of water quality.
Almost all the rivers that drain urban effluents from
larger cities including Argentina's Riachuelo river, the Tieté
river in Sao Paulo state (Brazil), the Mapocho River in Chile,
and the Bogotd River in Colombia etc.,are heavily
polluted. Storm-water runoff is another cause of pollution in
the region’s main metropolitan centers [196].

In Argentina, salty water invasion threatens coastal
regions around Mar del Plata and is reported to have caused
salinity of certain aquifers in the Buenos Aires area.
According to case studies in Argentina, approximately four
million residents of center-northern provinces are exposed to
arsenic contamination of water bodies [202] and are thus
continuously exposed to arsenic-related diseases such as skin
lesions and cancer [203]. In Ecuador, about 3,300 tons of
solid waste is dumped annually, which is said to have affected
the water quality of the Tomebamba and Machanagara rivers.
Direct solid wastes dumping in water bodies has also been
reported from Haiti and the Netherlands Antilles. In Brazil's
Guanabara Bay, most solid waste is dumped at the bay's edge,
and in the city of Rio de Janeiro alone he dumps more than
3,000 tons a day. In Caracas, the capital of Venezuela,
household solid waste is also reported to be contributing to
water pollution problems. Medellin, Colombia and Santiago,
Chile are characterized by bacteriological contamination of
adjacent water bodies due to lack of wastewater treatment.
Mexico reports salmonella poisoning as well as other
stomach problems higher than the national average among
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1,500,000 individuals who live near extremely polluted
Coatzacoalcos River that feeds mainly the south part of the
state of the Veracruz. Low-income populations are typically
the most affected, as they lack safe water and proper
sanitation services. In Mendoza, Argentina water pollution
from agricultural effluents drainage into irrigation canals is
severe [196].

The situation has the potential to be disastrous. In
addition to the detrimental consequences of these
anthropogenic activities on the ecosystem, this scenario poses
a significant risk to the health of the region’s inhabitants and
may increase mortality rates. In the early 1990s, an outbreak
of cholera disease in Peru expanded across a large portion of
the continent, leading to more than 1.3 million illnesses and
far more than 11,000 fatalities. Polluted water is also widely
used for irrigation purposes, facilitating the spread of
waterborne diseases such as diarrhea, hepatitis, intestinal
infections, Cholera and others. For example, around 90,000
hectares of agricultural areain Mexico's Tula Valley is
irrigated with wastewater from Mexico City, and
about 62,000 hectares of vegetables are irrigated with
wastewater from sewage flow of Santiago, a capital city.
[196].

6. Consequences of untreated wastewater discharge

The discharge of wastewater effluents is responsible for
the deterioration of water bodies that receive it, such
asrivers, lakesand streams which negatively influences
health of the public, biodiversity, and the ecological
environment [204-205]. Polluted wastewater discharged can
have a variety of negative consequences on the health of
receiving water bodies, depending on discharge volume and
chemical as well as microbiological composition of effluents.
It also relies on the kind of discharge, such as the
concentration of suspended particles or organic matter or
dangerous pollutants such as heavy metals and as well as the
characteristics of water bodies that receive these effluents
[206].

6.1. Health Impacts

Water is a major contributing source of infection because
of its solvent properties. 80% of transmission of diseases
occur through water. Drinking water in various countries does
not meet WHO standards [22]. About 3.1% of deaths are
caused by unsanitary conditions and poor water quality [23].
Due to the scarcity of water treatment facilities across many
nations, wastewater is frequently released from domestic,
agricultural, and industrial sources into waterways without
adequate treatment [207].The wide use of this untreated
wastewater for agricultural purposes directly contributes to
an increase in infectious diseases [208]. Excreta-related
infections, skin irritations, and toxic compounds released
from these sources affectthe health of farmers and
agricultural employees, populations living near wastewater
irrigated areas, and consumers of crops irrigated with
wastewater [209]. About 3.4 million people/ year die globally
from  water-related  diseases [95].  Salmonellosis,
typhoid, cholera, hepatitis A, polio, gastroenteritis, as well as
other diarrheal disorders have been associated to wastewater
exposure [210].
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Helminth infections, particularly ascariasis, are
frequently connected to wastewater exposure and have been
related to anemia and poor mental and physical development
[211]. Agricultural laborer’s develop skin disorders such as
dermatitis and rashes as a result of their regular exposure with
untreated wastewater. Heavy metals exposure via
contaminated foods, occupational intake or inhalation of
irrigated soil has been related to a variety of chronic health
problems. For example, cadmium buildup, especially
in kidneys, causes renal damage and osteoporosis [212].
Because of these broad health dangers, organizations such as
the WHO have set recommendations to guarantee that
pollutant's level in wastewater are kept below the hazardous
level for human health [210].

6.2. Ecological Impacts

The widespread usage of wastewater is expected to
accelerate environmental degradation. The consequences of
such deterioration may include release of harmful substances,
decreased dissolved oxygen levels, physiological changes of
receiving waterways, bioaccumulation or biomagnification in
marine life, and increased nutrient loads [165]. The loss of
dissolved oxygen is exacerbated by eutrophication caused by
an overabundance of nutrients. Low dissolved oxygen levels
have an influence on fish survival by raising their
vulnerability to diseases, retarding development, hindered
swimming ability, altering diet and locomotion, and, in severe
cases, leading to quick death [213].

Poorly handled wastewater discharges can also cause
physiological changes of waterbodies. All aquatic organisms
can tolerate a specific temperature range. If the average
temperature of water rises it can affect ecosystem. Urban
water effluents are warmer than receiving water and therefore
contribute in thermal augmentation. Furthermore, suspended
solids discharge can also result in reduced photosynthesis due
to low penetration of sunlight [165]. Another ecological
consequence of untreated wastewater, sometimes potentially
health-related, is the process of biological accumulation and
biomagnification of pollutants. These pollutants can be
immeasurable or present at low concentrations in water,
and sometimes be detected in high quantities in animals and
plants tissues. Moreover, harmful chemicals released from
wastewater into waterways have direct deleterious effects on
land plants and animals [213].

7. Health, ecological and economic benefits of effective
wastewater treatment

Large capital investments for infrastructure of
wastewater and sanitation would provide enormous
advantages to public health, protect the natural world from
pollution and deterioration, and considerably improve
people's quality of life. Effective wastewater management
will dramatically reduce infectious diseases in surroundings
and protect public health from terminal illness. Besides
the environmental and health advantages of effective sewage
treatment plants, there are economic benefits such as cost
savings that result from reusing wastewater for various
purposes such as irrigation [125]. Successful WWM would
also result in the supply of safe and excellent drinking water,
motivation to pay for high-quality water for drinking, water
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conservation, and sewage reduction. Additional economic
advantages of successful wastewater management are the use
of sewage sludge to generate renewable energy or indeed the
improvement of water bodies [214].

8. Solutions and Recommendations

There are a number of factors that contribute to the
contamination of freshwater bodies. Therefore, in order to
reduce the global freshwater quality crises, particularly in
developing countries, it is recommended to develop water
quality standards and enhance water quality monitoring. It is
the basic requirement to develop effective water quality laws
and policies or to reform existing ones. Strict legislative
infrastructures supported by effective governance should be
required for continuous monitoring of the implementation of
these policies. Public awareness institutes should be
established to educate people about the importance of safe
water.

9. Conclusions

Environmental pollution especially water pollution due
to uncontrolled release of untreated wastewater has become a
major issue as it is impacting aquatic life, human health and
development of many nations. This is the global reality, that
petite portion of wastes generated are treated, the rest are
disposed of without adequate treatment. Both surface and
ground water sources of developed and developing nations
are extremely polluted and are becoming extremely harmful
for human consumption, since the great majority of toxins
(organic matter, inorganic pollutants, nitrates and phosphate,
fluoride, oil spillage, heavy metals and water-soluble
radioactive substances) exceed the quality criteria for water.
Although, this is a worldwide problem, but in some
developing countries this situation is worse than others
especially in Southern Asia, Africa and Latin America.
Pathogen and chemical pollution levels have increased in
more than half of river lengths across all three continents,
while salt pollution has increased in about a third. Significant
pathogen contamination is projected to afflict one-quarter of
Latin American, 10% to 25% of African, and one-third to
half of Asian river spans. This situation is getting worse with
time and the major contributing factors are rapid
urbanization, industrialization, population growth, increase in
use of insecticides and pesticides in agricultural activities,
lack of proper wastes treatment systems and poor sanitation
system. This poor management is due to lack of reliable
energy supply, inadequate budgetary allocation, lack of
funding, inadequate  wastewater treatment plants
infrastructure, lack of technology, and mismatch of
urbanization and wastewater treatment resources. There is
also a lack of effective water quality monitoring, particularly
in rural areas. Water sanitization education is also not
available, though some organizations provide instructions,
the majority of the population is uninterested. This review of
most affected areas and cities shows that in urban areas the
major contributing factor for contamination of water
resources is disproportionation of unlimited industrialization
and urbanization with wastewater treatment means but in
rural areas, poor water quality is mainly linked to
bacteriological contamination due to poor sanitary
Tarig and Mushtag, 2023

conditions. It is assed that about 8 to 25 million individuals in
Latin America, 32 to 164 million in Africa, and 31 to 134
million in Asia are at danger. This untreated wastewater
dumping significantly contributes to death of marine life, a
rise in diarrheal illnesses such as epidemic cholera, typhoid
fever, and rotavirus etc. and additional infections like skin
irritation and kidney problems etc. The poorest populations
in countries have the greatest incidence of diarrhea-related
child fatalities. Water-borne diseases have been linked to
bacterial and chemical pollution of public drinking water in
various sections of the countries.
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