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Abstract

The stress on our water environment as a result of increased industrialization, which
aids urbanization, is becoming very high thus reducing the availability of clean water.
Polluted water is of great concern to the aquatic organism, plants, humans, and climate
and indeed alters the ecosystem. The preservation of our water environment, which is
embedded in sustainable development, must be well driven by all sectors. While effective
wastewater treatment has the tendency of salvaging the water environment, integration
of environmental policies into the actor firms core objectives coupled with continuous
periodical enlightenment on the present and future consequences of environmental/
water pollution will greatly assist in conserving the water environment.

Keywords: pollution, chemical pollutants, microbial pollutants, sustainable
development, climate change

1. Introduction

Industrialization, in any society, is a major initiator of development and urbanization.
Although the merits of industrialization are innumerable, it has been identified as a major
threat to the environment as it releases various toxic chemicals, gases, solid wastes as well as
microbes of various kinds into our immediate environment—land, air, and water. Of particu-
lar interest is water pollution, which has become a global challenge, developing nations being
highly affected due to their drive for development [1, 2].
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34 Water Challenges of an Urbanizing World

Pollution of our water bodies poses a great threat to humans and the aquatic ecosystem while
marked population increase catalyzes climatic changes [3]. For instance, various human activities
as well as the release of greenhouse gases by industries greatly contributes to global warming,
planet temperature enhancement, and lowering of atmospheric air quality.

The drive for sustainable development must bring along water pollution prevention tech-
niques. Effective wastewater treatment before their eventual discharge is one way to driv-
ing water pollution prevention. Some remediate climate change mitigation measures against
water pollution can also be explored.

This chapter is aimed at critically discussing water pollution effects viz-a-viz global challenges,
threat, and climatic impacts while also focusing on various possible preventive measures.

2. Water pollution

2.1. Promoting environmental sustainability

Sustainable development in any society is an access to initiate a good standard of living for
the populace. It aims at providing solutions to the economic, environmental, and societal
challenges without posing a threat to human and environmental future development, that is,
we must consider the future as we make present decisions. Also, these include social progress
and equality, environmental protection, conservation of natural resources, and stable eco-
nomic growth [4].

There are numerous instances where urbanization has destroyed the environment and threat-
ened its survival chances. Sustainable development put into consideration how we survive in
the natural world protecting it from destruction and damages. One of the major challenges of
urbanization is sustainability, as most developed or developing society now revitalizes a lot
of natural resources daily. Most of these resources meet the needs of man but they are also
limited. Sustainable development tends to balance the competing needs of the society.

In achieving this, many science bodies and institutions have seen the requisite of sustainable
development and have set goals and targets to meet it. This also has pushed such institutions
to have a role in measuring and monitoring the impact of these goals on the society. However,
the contribution of scientist in sustainable development should not only focus on the environ-
ment. It should also take into consideration the health of the populace in ensuring that no area
of life suffers [5].

While sustainable development may mean different things to different people, environmental
sustainability is all encompassing. It is directly concerned with the future of humanity, and it
defines how we should protect and handle the sustainability of resources, air quality, water
quality, and ecosystems. It also helps to prevent the environment from impending damage
from technological advancement. One way to achieving environmental sustainability is via
effective wastewater treatment.
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Various conventional wastewater treatment methods are available; their characteristics vary
from complexities of operations through sludge generations among other things to various
inadequacies. Their economic disadvantages are widely related to expensive equipment,
complexities of operations and skilful manpower requirement. Many industries avoid the
conventional wastewater treatment methods due to their economic disadvantages, hence dis-
charging untreated or fairly treated wastewater into the water bodies. A simple and cheap
wastewater treatment method will therefore facilitate effective wastewater treatment and pro-
tect the water environment from pollution.

2.2. Effects and challenges

Water is an essential and general need of life with an undeniable effect directly or indirectly.
All industrial, environmental, and metabolic processes are water dependent. In living organ-
isms, water plays a number of roles such as solvent, temperature buffer, metabolite, living
environment, and lubricants [6]. Water, however, is said to be polluted when some of the
water quality parameters have been hampered by unguided and irregularities from several
anthropogenic activities, thus rendering water unfit for intended use.

Water pollution may pose serious threat to the environment as well as lives. Pollutant effects
may vary depending on their types and source. For instance, while heavy metals, dyes, and
some other organic pollutants have been identified as carcinogens, hormones, pharmaceu-
ticals, and cosmetics and personal care product wastes are known as endocrine disruptive
chemicals [7]. These pollutants, which enter into the water body through various channel but
predominantly anthropogenic, have become a great concern to environmentalists due to vari-
ous hazard they pose on the environment.

2.2.1. Heavy metal pollution

Heavy metals top the list of inorganic pollutant with wide range of negative effects on aquatic
organisms, plants, and human. Heavy metals are released into the environment via differ-
ent routes such as industries, mining activities, agricultural activities etc. [8]. Bioavailable
metals present in the soil may be absorbed by plants resulting in serious plant metabolism
dysfunctioning [9]. High heavy metal ion concentrations are also known to damage the cell
membrane, affect enzyme involved in chlorophyll production, thus reducing photosynthetic
rate as well as affect plant reproduction via decrease in pollen and seed viability [10].

Humans and animals can be exposed to heavy metal toxicity through the food web, direct
consumption of water containing metal or via inhalation [11]. Heavy metals readily bioaccu-
mulates in vegetables and enters into man and animal through food chain. Effects of heavy
metal toxicity on human ranges from mild eye, nose and skin irritations through severe
headache, stomach ache, diarrhea, hematemesis, vomiting, dizziness to organ dysfunc-
tioning such as cirrhosis, necrosis, low blood pressure, hypertension, and gastrointestinal
distress [12]. While some heavy metals also called essential elements (cobalt, copper, iron,
manganese, vanadium, and zinc) are required in minute amount in the body for various bio-
chemical processes; others such as lead, cadmium, arsenic, and mercury are of serious threat
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and considered foreign in the body. Looking at specifics, human ingestion of water polluted
with arsenic can cause cancer of the lungs, liver, and bladder. Kidney and lungs damage
as well as bone fragility may result when cadmium containing water is ingested. Exposure
to lead can severely damage the brain and kidneys. In children, lead exposure even at very
low concentration may hamper learning, cause memory loss, affect attention and response
functions, and generally make children aggressive [13, 14]. In pregnant women, high lev-
els of exposure to lead may cause miscarriage, whereas in men, it can damage the organs
responsible for sperm production. Mercury is unique amidst other heavy metals; it has the
capacity to travel a wide range of distance, thus have been classified as a global pollutants.
The chemical form of mercury in the environment is also important in analyzing their toxic-
ity. The organic form of mercury, that is, methyl mercury (MeHg) and dimethyl mercury
(DMeHg), is known to be more toxic than inorganic mercury [15, 16]. While inhaled mercury
goes into the blood stream, their elimination from the body is either through the urine or
faeces. Mercury has the ability to exist in the urine for about 2 months, hence their renal
dysfunctioning characteristic [16].

Many physiological disorders may accompany crustaceans’ exposure to metals, and instant
metabolic activities” alterations. Exposure of crustaceans to heavy metals may also result
in loss of appetite for food and subsequently body weight loss. Continuous exposure may
reduce reproduction in adults as well as hamper the growth larvae [17].

2.2.2. Organic pollutants

Organic pollutants are very wide in variety with a huge range of toxicity. Among the list of
organic pollutants that has been of great threat to aquatic organisms, plants, and humans
are dyes, plant and animal pharmaceuticals, personal care products wastes as well as petro-
leum organic pollutants. A group of chemicals referred to as endocrine disruptive chemicals
(EDCs) also belongs to the organic pollutants group, which are classed as emerging contami-
nants. EDCs are described as external agents that interfere with hormonal activities, thus
affecting the normal homeostatic reproduction, development or behavior [18].

Dyes are water soluble giant chemical that is greatly used in many industries viz; textile,
leather and tanning, food, paper, etc. to impact color on products. Aquatic organisms, plants,
and humans are greatly affected by dyes” presence in water. They impede sunlight penetra-
tion into water bodies and reduce dissolved oxygen, thus leading to death of photosynthetic
organism and other lives within the aquatic environment [1]. Humans may be exposed to dye
toxicity via consumption of vegetables and fish which bioaccumulate dyes. The use of colored
paper towels used in drying hands and in food preparation is another route of exposure to
human [19]. Dyes are considered as carcinogenic and mutagenic, thus their removal from
wastewater before disposal is ultimately important.

Human and veterinary pharmaceuticals, which are members of EDCs, are chemicals used as
curative or preventive of various diseases. Veterinary pharmaceutical may also serve the pur-
pose of increasing efficiency of food production. Pharmaceuticals are used widely and unavoid-
ably, thus they enter into the environment through one of these routes indiscriminate disposal
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of hospital and household waste, landfill leaching, drainage water and sewage. Although phar-
maceuticals have been found to exist in various environmental samples at the ng/1 to pg/l levels,
it is considered a great threat to both aquatic lives and humans [20]. The presence of pharma-
ceuticals in water is known to pose both acute and chronic toxicity on aquatic organisms [21,
22]. EDCs as their name implies causes abnormal endocrine activities and increase cancer risk
in human. Their effects on aquatic lives may range from endocrine system disruption through
the reduction in eggs and sperm cells production to feminization of female aquatics [23-25].

2.3. Salvaging the aquatic environment: demands and expectations

Water is one important part of our day to day activities and their preservation can never be
overemphasized. Three quarter of the fluid in man is made of water and it forms the essen-
tial medium in which the biochemical reactions take place in human body. Water moves
blood from one place to the other in the body and helps in digestion; electrically charged
ions, which generate nerve signals that make the human brain possible, are also held and
transported by water. Water is a good solvent and it is usually referred to as universal
solvent; all the major components in cells, that is, protein, deoxyribonucleic acid (DNA)
and polysaccharides are all soluble in water. Pure water is tasteless, odorless, and trans-
parent and thus provides a habitat for aquatic plants and organisms because sunlight can
reach them within the water. Though clean water is a vital commodity for the well-being of
human but unfortunately, the availability of fresh water is unevenly distributed and greatly
threatened where available due to problems associated with climate change, inefficient
water management and pollution. Recent report says very high percentage of the world
population still lacks water for human well-being and ecosystem conservation [26]. The
world is faced with the dilemma of achieving balance between economic development and
sustainable natural environment.

Effective wastewater treatment has been earlier identified a way of protecting the water envi-
ronment with detailed discussion on effective, cheap, and accessible method of wastewater
treatment [27]. Various other methods of water purification such as forward and/or reverse
osmosis [28-31], precipitations [32, 33], coagulation [34-36], filtrations [37-39] modular anaer-
obic system [40], microbial fuel cell [41], and advanced oxidation process [42] with their atten-
dant challenges have been reported in literature.

Various environmental policies stipulating discharge protocols exists. These policies are how-
ever not effectively executed as the industries consider them as damaging to business. The
ability of industries to run with the various environmental discharge policies will sustain our
natural environment.

Policy integration, that is, factoring environmental issues of concern into the core of economic
development, is highly important to facilitate policy performance. The main actors in environ-
mental issues, that is, the industries, agro firms, and populace, show very little understanding of
the impact of their activities on the present and future environment. While organized periodical
training concerning environmental sustainability should form part of environmental policy objec-
tives, ensuring that these objectives are integrated into sectors plains and policies is important.
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3. Microbial perspective of water pollution and remediation

Drinking water supplied to our communities is usually sourced from rivers, springs, and
underground sources. Usually, some form of treatment is carried out to ensure the water is fit
for drinking although some sources are somewhat free from contaminating microorganism
and can be clean, for example deep well. In many developing countries, one source of water
can serve many uses such as drinking, washing, swimming, bathing, etc. In the same vein,
sewage can be channeled into water bodies. Sewage can be defined as used water draining out
of homes and industries that contain a wide range of debris, chemicals, and microorganisms.
Such water is regarded as potential health hazard to consumers or the users of other sort. A
major kind of hazard is the presence of pathogenic organisms in such water. This is why water
is usually treated in three phases [43, 44].

The first is to separate large matter in the water source and the second stage focuses on remov-
ing more toxic substances and other matter. The tertiary phase involves total purification of
water commonly by chemical disinfection. More recently, membrane bioreactors are being
used and have been found to be very efficient in removing contaminants. These are combina-
tions of communities and high-efficiency membranes that are much more effective at remov-
ing contaminants. The role of microbes is obvious in the second stage where microorganisms
actively carry out biodegradation of organic matter in the aqueous portion produced after the
tirst stage. Biodegradation of materials, such as paper and petroleum, are by bacteria, algae,
and protozoa. When water is exposed to air, soil as well as effluents, it gains saprobic micro-
organisms; it can also pick up pathogens such as Cryptosporidium, Campylobacter, Salmonella,
Shigella, etc.

To monitor water for each of these pathogens may not be possible but detection of fecal con-
tamination is an easier way of spotting contamination. In such case, when the fecal contami-
nation is high, pathogens are believed to be present and the water is unsafe for drinking.
Hence, indicator organisms are used as tools to detect fecal contamination of water. They usu-
ally inhabit the intestine of mammals and birds and can be easily identified using common
laboratory procedures. To achieve water protection, it will be almost impossible to search for
the pathogens themselves. Hence, certain organisms with specified criteria are used as ‘indi-
cators’ of the presence of enteric pathogens in a water sample. An indicator bacterium should
be applicable for analysis of all types of water; it should be found anytime enteric pathogens
are present and it should thrive in the wastewater longer than the toughest enteric pathogen.
In addition, such organism should not reproduce in the contaminated water because this will
give exaggerated values and it should not be harmful to human begins. Other criteria are that
the level of contamination should be directly proportional to the level of fecal contamination;
assay procedure for the indicator organism should be highly specific and the test procedure
should be easily performed.

The following are commonly used as indicators of fecal contamination in water: total coliforms,
Escherichia coli, fecal coliforms, fecal streptococci/enterococci, coliphage, and Clostridium per-
fringens. Coliforms are members of the family Enterobacteriaceae (they include E. coli). They
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are facultative anaerobic, Gram-negative, nonsporing, rod-shaped bacteria that ferment lac-
tose with gas formation within 48 hours at 35°C [45].

Microbial contamination of water can be detected by checking for certain organisms includ-
ing heterotrophic bacteria, coliforms, and Escherichia coli in such samples. The work by Kora
et al. [46] showed that heterotrophic bacteria were in abundance in the lake water sampled.
They also reported that contamination by E. coli and coliforms were beyond the allowable
limit; indiscriminate disposal of sewage into water as well as release of human excreta was
implicated in the high level of indicator organisms.

Control of pathogens in water is important to prevent waterborne diseases; this can be effec-
tively done using multiple barrier approach. Microbial treatment methods goes further than
traditional municipal wastewater treatment, because it takes into consideration the removal
of nutrients (e.g., nitrate and phosphate) and easily degradable organic compounds as well
as the possible presence of toxic compounds and variations in pH of the wastewater. A more
advanced design is required in the bioreactor to be used. Some parameters to be considered
in designing a treatment system are biomass yield, nutrient addition, the supply of oxygen or
other electron donor, pH control as well as kinetics, that is, biological reaction rates (biotrans-
formation). It is important to note at high concentration many compounds of interest are toxic
to bacteria being used for treatment. Also some dissolved organic and inorganic compounds
may constitute inhibitors to biodegradation by the organism. Biological treatment processes
may not consist of the following—lagoon treatment, activated sludge as well as fixed film
bioreactors.

The lagoon treatment is long-detention time basins; but unlike activated sludge processes,
they do not use solid recycle. Such treatment scheme may be in three categories: anaerobic
lagoon treatment, which makes use of highly loaded lakes creating anaerobic conditions. It
has been used successfully for the pretreatment of meat and poultry processing wastewater
reducing the biochemical oxygen demand considerably [47].

In the case of facultative ponds, there is an aerobic surface and an anaerobic bottom. The
top aerobic layer facilitates treatment of dissolved organic compounds as well as odourous
compounds. This has found application in pulp and paper industries. With regards to aer-
ated lagoons, oxygen is provided by mechanical means or diffused aeration and the solids
are continuously mixed and in suspension. Biological oxygen demand (BOD,) removal may
range up to 95% [48].

Another biological treatment process of interest is the activated sludge. It is made up of an aer-
ation basin where aeration equipment provides both oxygen and adequate mixing of waste-
water to maintain a uniformly mixed liquor suspended solids (MLSS). The aeration basin is
followed by a liquid—-solid separation usually in a clarifier by gravity and finally the settled
biomass is returned again to the activated sludge basin. Examples of aeration basin configu-
rations are — plug-flow systems, single completely mixed basins, and basins in series. The
solid retention time (SRT) is important in this treatment process. The solid retention time is
the average time biomass is maintained in a biological treatment process reaction. Generally,
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SRT control is temperature dependent and for a warmer climate (15-25°C), SRT should be
between 4 and 9 days [49]. The clarifier is very important in the performance of activated
sludge processes. It ensures that efficient clarification and thickening of mixed liquor occurs.
When the readily degradable soluble biochemical oxygen demand is high in wastewaters,
growth of filamentous bacteria is encouraged leading to poor sludge settlement. The use of
powdered activated carbon (PAC) has been discovered to enhance the efficiency of activated
sludge processes. The PAC functions by adsorbing inhibitory chemicals or adsorbing chemi-
cals that buffer variable loads. The application between 10 and 50 mg/liter of wastewater has
been proven to remove organic inhibitors of the process as well as improve nitrification since
it absorbs organic compounds that can prevent this process (ammonia-nitrite/nitrate conver-
sion) in autotrophic bacteria [50].

Apart from the aforementioned, anaerobic bioreactors are also beneficial for the industrial
wastewater treatment. This is because it is cost effective and can be used for industrial waste-
water with high strength. The processes in the anaerobic bioreactor lead to the production of
mainly methane as well as other gases. However, there is a need to strike a balance between
fermentation bacterial activity and methanogenic bacteria activity as the latter is slow grow-
ing. Advantages of anaerobic treatment include low sludge formation, production of useful
product, low nutrient requirement, and more importantly less energy requirements since aer-
ation is not necessary. In addition to the energy production, advantages of anaerobic waste-
water treatment, high organic matter removal efficiency, low excess sludge production, and
stable operation are characteristics of this wastewater treatment technique [51].

A most recent advancement in the biological treatment of wastewater is the use of membranes
in bioreactors. In such cases, the membrane can serve three major purposes. Firstly, mem-
branes can be used as a surface for the attachment for growth of organisms and to permit
oxygen to permeate into the biofilm. An example of this is the hollow-fiber gas-permeable
membranes in wastewater treatment. Such membrane is produced from microporous, hydro-
phobic polypropylene and allows almost 100% oxygen transfer while ensuring high biomass
density within the space. The second way membranes can be used as selective barriers. Such
membranes permit organic compounds in wastewater to permeate but do not transport ions
into the bioreactor. Thus, it allows for the selection of biodegradable organic compounds. An
example of a material used for such membrane is silicone rubber. Finally, membranes can
be for biomass separation. This third category requires that the membrane be used instead
of a clarifier after activated sludge treatment. When such membranes are used, the effluent
produced is of high quality and less sludge. In addition, automated processing can be easily
employed. The disadvantage however is the financial enormity of the investment for initial
start-up as well as maintenance [50, 52, 53].

3.1. Monitoring water distribution systems

Since coliform bacteria are often detected in drinking water and often, the source of contami-
nation is not known, it is important to put in place control measures. The water distribution
systems must be considered because water quality deterioration (i.e., negative quality changes
that occur from the point of distribution to the point of detection) may occur. This can be as
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a result of reduced maintenance of the distribution system or from insufficient treatment and
may lead to undue microbial growth, which the consumer may not notice. Water distribution
systems should be periodically flushed to remove sediments, deposits as well as the growth
of microorganisms within the pipe. For areas where the flow rate is low and possibly of the
water becoming stale is high, a secondary disinfection using monochloramine and proper
maintenance should be carried out in such as to prevent nitrification. Another point is to avoid
a break in the distribution system especially during construction, repairs or installations, and
cross connections. The officers should also ensure that the level of treatment a water sample
is given is in conformity with the quality of the source of water. Also, the sampling for labora-
tory analysis must also be taken into consideration and monitored thoroughly when aseptic
techniques are compromised, detection of coliforms may occur.

Even though reports of water diseases have been low and less serious in most developed
countries, it is still a major concern in some underdeveloped countries especially war-ravaged
countries. It is however important to operate a multibarrier approach, which will ensure pro-
tection of the water source, and also certify adequate treatment and distribution of water. It is
however important that every occurrence of coliforms in drinking water be properly investi-
gated so that if the contamination is as a result of operational deficiency, this can be addressed
and future occurrence is prevented, thus safe guarding the health of the public [54].

3.2. Herbal disinfection of water

Several modern methods of water purification have been well embraced in our society
today. However, some rural dwellers who may not be able to afford these modern treatment
methods still have water pollution as a major challenge [55]. Furthermore, the disinfection
by-products which remain after treatment is another reason why herbal attempts in water
treatment should be encouraged.

It is important to note that not many researchers apply their antimicrobial extract or fractions
directly in water treatment. Many groups stop at establishing the antimicrobial potential of
their study plant, whereas others go further to apply the extracts in water treatment. For
instance, a reported work used alcoholic, aqueous, and fresh juice extracts of Ocimum sanctum
(tulsi) and Azadirachta indica (neem) and applied them in vitro against salmonella, which was
chosen as an indicator organism. The alcoholic extract gave the best result for well water,
whereas the aqueous extract was best for lake water [56]. Similarly, inspired by the fact that
tulsi, neem, and amla are used to treat microbial infection without any side effect, another
researcher compared the effectiveness of these three herbs in water purification, using per-
centage of E. coli removal to measure the effectiveness of each herb. A notable observation is
the fact that a mixture of 1% concentration of each herb is not as efficient as the synergistic
combination of the three [57].

An indirect application of herbs in water purification is their use in the synthesis of nanopar-
ticles, which are afterwards applied to remove contaminants from water [58]. These extracts
influence the surface properties of the nanoparticles, thus dictating their unique properties
Owing to the obvious advantages of natural disinfection, there is a need for more research
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into natural products for water purification. This will in no small way help rural dwellers to
cheaply assess cheap clean water and so live a healthier lifestyle.

4. Water pollution and impact on climate

All organisms, including man need water for their survival. Water resource managers had
strongly depended on wastewater treatment in ensuring that the quality of water is sus-
tained, preserved, and maintained for optimal use. By 2025, an estimated around 5 billion
people out of a total population of around 8 billion will be living in areas of water stress
[59]. One of the major environmental issues affecting humanity is the increasing worldwide
contamination of freshwater systems as a consequence of industrial and chemical compound
materials being emptied into their pathways/runways, majorly in form of micro-pollutants.
According to Schwarzenbach et al. [60], most of these pollutants are present at low concen-
trations, many of them however can raise significant toxicological concerns, more impor-
tantly when such compounds are present as constituents of composite blends. Numerous
micro-pollutants had been identified in literatures [61-64], which are not vulnerable to
current treatment and are subsequently transported to the aquatic environment. Some of
these include steroid hormones, pesticides, industrial chemicals, pharmaceuticals, and many
other emerging materials. This consequently endangers both the aquatic and human life. It is
therefore not surprising that freshwater pollution is a strong public menace, which requires
global concern. The next quotation properly situates the environmental risk humans are
exposed to:

“It is in the interest of all the world that climatic changes are understood and that the risks of irrevers-
ible damage to natural systems, and the threats to the very survival of man, be evaluated and allayed
with the greatest urgency”[65]

The above quotation were the statements of the President of the Republic of the Maldives, His
Excellency Maumoon Abdul, Gayoom, during the United Nations General Assembly held
in 1987 in the United States of America, as adapted from the (World Health Organization
Geneva Report) [66]. The meeting was centered on Issues of Environment and Development.
Due to climate change effect, both the thermal and hydrological phases of rivers are expected
to vary. Owning to these, it is necessary to briefly discuss what climate change is as climate
change has the potential of imposing additional pressures in some regions of the world.

4.1. What climate change is

In other to get a good grasp of what climate change is, it may be better to first define cli-
mate. Climate is usually narrowly defined as the average weather, or broadly, as the statisti-
cal description in terms of the average and variability of relevant parameters or quantities of
interest over a period of time, ranging from days to millions of years. Most often, the param-
eters often used are temperature, precipitation, wind, etc. Climate can therefore be generally
described as a state, including statistical description, of the climate system.
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Climate change, on the other hand, often referred to as global warming, is the rise in the
average temperature on the Earth’s surface. It is well believed that the climate change event
is as a consequence of human use of fossil fuels, which consequently releases carbon diox-
ide (CO,) and other greenhouse gases into the air. These gases trap heat within the earth’s
atmosphere and can have a variety of effects ranging from rising sea levels to severe weather
events. Green et al. [67] had submitted that global climate change can include natural and
anthropogenic influences on terrestrial climate and the hydrologic cycle. Most notable inter-
national scientific community had actualized the reality of climate change. Some of these
include the National Aeronautics and Space Administration (NASA), the National Oceanic
and Atmospheric Administration (NOAA), and the Environmental Protection Agency (EPA)
of the United States, to mention a few. These agencies further reiterated that climate change
is a menace created from human activity to affect human. Figure 1 adapted from World
Health Organization Geneva Report [66] revealed that all the major activities of global cli-
matic changes eventually bore its consequence on human in general and on human health in
particular.

However, pressures and anxiety on the Earth’s climatic system are having impacts on the
surface of the Earth. Apart from the rising surface temperatures, the activities of increasing
and frequent flooding and droughts and the changes in our natural water ecosystem are
other areas of great concern in the continuous existence of man on Earth. According to WHO
Geneva Report [66], climatic situation and activities affect human well-being both directly
and indirectly. The direct influence is through the physical effects of climatic extremes,
whereas the indirect means include the influence on the intensities or level of pollution
in the air, on the marine and freshwater systems that provide food and water, as well as
the pathogens that cause infectious diseases. For the purpose of this section, we concen-
trate on the climatic activities with respect to water pollution. This will lead us to the next
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4.2. Probable link between water pollution and climatic impact

“Observational records and climate projections provide abundant evidence that freshwater resources
are vulnerable and have the potential to be strongly impacted by climate change, with wide-ranging
consequences for human societies and ecosystems”

- Excerpt from the executive summary of the technical paper of the IPCC edited by Bates
et al. [68]

Human activity affects weather, climate, and the environment. While some of human activities
are harmless, others damage the environment. While the environment can absorb some abuse
without long-term effects, much harmful human activity exceeds the environment’s capacity
to recover. Water pollution is one of the inevitable human-induced climate change issues that
called for urgent remedial measures. Water pollution will in no small measure affect or alter
the basic water quality parameters comprising the micro-pollutants, physiochemical, and bio-
logical parameters [69]. Probable and incessant changes in both rainfall and air temperature
has the capacity to affect river flow thereby inducing chemical reaction kinetics as well as drop
in the freshwater ecological quality. Associated with such process are dilution of contaminants
and water sediment loads, which when ran into lakes will alter its natural features and affect
its inhabitants. This form of water pollution or through man-made toxic chemical or/and by-
products addition may therefore generate some toxic and greenhouse gases, which may subse-
quently contribute to global warming activities or more severe environmental threats.

The greenhouse gases are the gaseous constituents of the atmosphere (both natural and
anthropogenic), which can absorb and emit radiation at certain wavelengths within the spec-
trum of thermal infrared radiation emitted by the earth’s surface, the atmosphere itself, and
the clouds. The primary greenhouse gases in the Earth’s atmosphere include carbon dioxide
(CO,), nitrous oxide (N,0), water vapor (H,0), methane (CH,), and ozone (O,). The other ones
identified from the Kyoto Protocol include hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (SF,). Some of these environmental threats include earth’s
temperature enhancement (as earlier stated), lowering of atmospheric air quality, and killing
of aquatic animals. Consequently, given the legacy of historic greenhouse gas emissions and
the prospect of inevitable climate change, one cannot but commit significant financial and
technical resources to remediating the effect through rigorous research efforts and sensitiza-
tion activities [70], more importantly to water pollution and water-related issues. Thus, water
resources managers are continuously and increasingly looking for information on the pos-
sible changes in hydrological regimes, which may arise in the next few decades for likeable
adaptation measure plan [68].

An interesting challenge is that while incessant water pollution may bring about a change in
climatic conditions through greenhouse effect and activities, the climate too will in turn take
its toll effect on the water system and environment (hydrological cycles). This is because the
higher temperature generated from the greenhouse effect will eventually turn some part of
the snowfall into rainfall, causing an earlier snowmelt season [71]. These effects will conse-
quently alter the timing and volume of spring flood appreciably. The rise in sea level during
this time will then cause saline water intrusion into groundwater aquifers close to the coast
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thereby reducing the available groundwater resources. This process will in no small measure
affect humans as almost about 50% of the world population depends on groundwater for their
various activities [72]. Mitchelle et al. [73] using physically hydrological and water tempera-
ture modeling framework had reported an increase in the seasonality of river discharge for
about 35% of the global (consisting of all continents) land coverage for the projected and mod-
eled data for years 2071-2100 when compared with the years spanning 1971-2000. They also
projected a rise in temperature—revealing a projected global change into the future. Other
effects of climate change on the hydrological cycle include increasing atmospheric water
vapor content, changes in soil moisture and runoff, and changing precipitation patterns [74].
Furthermore, higher temperatures of freshwater and changes in extremes, including floods
and droughts can also intensify many forms of water pollution. The authors also showed that
water fluctuation in quantity and quality has the potential of affecting food stability and avail-
ability —leading to a reduction in food security to vulnerable poor farmers.

4.3. Water pollution remediates measures against climate change

Almost 20% of the entire population of the Earth do not have adequate access to safe water,
while about 40% suffer the effects of deplorable sanitary situations [75]. Schwarzenbach et al.
[60] had submitted that the increase in surface/groundwater pollution will go a long way in
affecting both the human and aquatic life systems. According to Schwarzenbach et al. [60],
about 35% of the Earth’s available and renewable freshwater are used for industrial, domes-
tic, and agricultural purposes. However, if this activities are not well managed, water pol-
lution may be inevitable with different kinds of pollutants. Some of the water pollutants
according to the authors include industrial chemicals (e.g., solvents and petrochemicals),
biocides (e.g., pesticides and nonagricultural biocides), natural chemicals (e.g., heavy metals
and cyanotoxins), industrial products (e.g., additives and lubricants), as well as consumer
products (e.g., detergents and personal care products). Industrial manufactured nanomate-
rials had also been found to be a major water pollutant whose effects is on the increase in
affecting aquatic ecosystem [76]. According to Lapworth et al. [77], groundwater pollution
mainly results from landfill leachate, infiltration of contaminated water from agricultural
land, groundwater-surface water reaction, as well as seepage of sewer systems. While some
of these pollutants, like heavy metals, are not degraded at all, some others disintegrated very
slowly and can be transported to hundreds of kilometers away from the source. The effects
of their waterborne pollution however ranges from contamination of drinking water caus-
ing drinking water quality problems to emission of greenhouse gases, resulting in climatic
change challenges.

Some remediate climate change mitigation measures against water pollution can however
be taken. Some of these include carbon dioxide capture and storage, planting of bio-energy
crops, proper solid waste disposition, afforestation or reforestation, cropland management-
both for water and reduced tillage [74] among other measures. Scientific researches involv-
ing water pollution should be geared more toward ascertaining the physical underlying
molecular mechanisms and factors rather than just the usual empirical comparison approach
that is commonly used. The mechanisms involved if well understood will go a long way in
properly situating ways of combating the water pollution challenges. This according to Metz
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and Ingold [62] may be achieved by developing a structure that addresses both the problem
dimension (causes and effects) and sustainability dimension (long term and cross-sectoral)
of assessing best instruments that regulate water pollution. A sustainable working policy on
water pollution should not only be designed and enacted but also rigorously followed, more
importantly in the developing and underdeveloped countries where the menace of water
pollution has not been effectively managed. Bemelmans-Videc [78] had presented a classifi-
cation for effectively managing water pollution. These are (i) regulation (i.e., substance ban
and authorization restriction) (ii) economic instruments (i.e., product or substance charge —in
which case a charge is levied on substances that contains hazardous compounds with the
aim of reducing its use), and (iii) information (e.g., disposal requirements and information
campaign). These Bemelmans-Videc [78] classifications according to Metz [63] would help in
differentiating source-directed measures from end-of-pipe measures in water quality regula-
tion. While the source-directed measures help in avoiding pollution before toxic and injurious
chemical materials enter into waters, the end-of-pipe measures concentrate on filtering pollu-
tion after its input into wastewater.

Furthermore, usage and disposal approaches should be in place with the aim of minimizing
the addition of critical pollutants into aquatic environment. In addition, such system-specific
properties and reactivities (like adsorption to solid phases and abiotic/biological transfor-
mations) should be well understood and quantified. This kind of processes will yield a sig-
nificant framework for reliable coverage and evaluation of chemical compounds in complex
macroscopic ecosystems [66]. Other alternative methods for removing pollutants from waters
include ozonation and advanced oxidation process (AOPs), coagulation-flocculation, mem-
brane bioreactor, PAC, and attached growth treatment processes. Refer to the work of [61] for
comprehensive reading on the methodology and activity of each process. It can therefore be
concluded that whatever form of measure taken in inhibiting both surface and groundwater
will not only advance our aquatic ecosystem, but will also help man from further endangering
his environment from the menace of climate change.

5. Conclusion

Since water forms a core of the existence of human and other living things, its preservation and
sustainable availability cannot be overemphasized. The availability of clean water is greatly
threatened by various human activities and of interest is pollution which in turn affects the
ecosystem and causes various climatic changes. While various wastewater treatment methods
are being explored by industries and various treatment plants, untreated wastewater is still
being discharged into the water bodies by some industries. Thus, effective environmental pro-
tection policies compliance drive will be of immense benefit to the environment and by exten-
sion to human. Factoring these environmental protection policies into the goals and objectives
of various actors involved in environmental deterioration will help policies performance. This
will serve as a step forward in the direction of ameliorating water pollution.



Water Pollution: Effects, Prevention, and Climatic Impact
http://dx.doi.org/10.5772/intechopen.72018

Author details

Inyinbor Adejumoke A.", Adebesin Babatunde O.', Oluyori Abimbola P.},
Adelani-Akande Tabitha A.?2, Dada Adewumi O.! and Oreofe Toyin A.?

*Address all correspondence to: inyinbor.adejumoke@landmarkuniversity.edu.ng

1 Department of Physical Sciences, Landmark University, Omu Aran, Nigeria

2 Department of Biological Sciences, Landmark University, Omu Aran, Nigeria

3 Department of Chemical Engineering, Landmark University, Omu Aran, Nigeria

References

[1]

(2]

[5]

[7]

[8]

Inyinbor AA, Adekola FA, Olatunji GA. Liquid phase adsorption of Rhodamine B onto
acid treated Raphia hookerie epicarp: Kinetics, isotherm and thermodynamics studies.
South African Journal of Chemistry. 2016;69:218-226

Rana RS, Singh P, Kandari V, Singh R, Dobhal R, Gupta S. A review on characterization
and bioremediation of pharmaceutical industries” wastewater: An Indian perspective.
Applied Water Science. 2017;7:1-12

Palmate SS, Pandey A, Kumar D, Pandey RP, Mishra SK. Climate change impact on for-
est cover and vegetation in Betwa Basin, India. Applied Water Science. 2017;7:1-12

Ilin I, Kalinina O, Iliashenko O, Levina A. Sustainable urban development as a driver of
safety system development of the urban underground. Procedia Engineering. 2016;165:
1673-1682

Frone D-F, Frone S. The importance of water security for sustainable development in
the Romanian agri-food sector. Agriculture and Agricultural Science Procedia. 2015;6:
674-681

Hanslmeier A. Water in the universe. Astrophysics and Space Science Library. 2011;368.
DOI: 10.1007/978-90-481-9984-6_2 © Springer Science+Business Media B.V. 2011

Adeogun AQO, Ibor OR, Adeduntan SD, Arukwe A. Intersex and alterations in the
reproductive development of cichlid, Tilapia Guineensis, from a municipal domestic
water supply lake (Eleyele) in south western Nigeria. Science of the Total Environment.
2016;541:372-382

Cao Y, Zhang S, Wang G, Li T, Xu X, Deng O, Zhang Y, Pu Y. Enhancing the soil heavy
metals removal efficiency by adding HPMA and PBTCA along with plant washing
agents. Journal of Hazardous Materials. 2017;339:33-42

47



48 Water Challenges of an Urbanizing World

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Lajayer BA, Ghorbanpour M, Nikabadi S. Heavy metals in contaminated environment:
Destiny of secondary metabolite biosynthesis, oxidative status and phytoextraction in
medicinal plants. Ecotoxicology and Environmental Safety. 2017;145:377-390

Xun E, Zhang Y, Zhao ], Guo J. Translocation of heavy metals from soils into floral organs
and rewards of Cucurbita pepo: Implications for plant reproductive fitness. Ecotoxicology
and Environmental Safety. 2017;145:235-243

Popa C, Petrus M. Heavy metals impact at plants using photoacoustic spectroscopy tech-
nology with tunable CO, laser in the quantification of gaseous molecules. Microchemical
Journal. 2017;134:390-399

Dada AO, Adekola FA, Odebunmi EO. Kinetics and equilibrium models for sorption
of cu (II) onto a novel manganese nano-adsorbent. Journal of Dispersion Science and
Technology. 2015;37(1):119-133

Verma M, Schneider JS. Strain specific effects of low level lead exposure on associative
learning and memory in rats. Neurotoxicology. 2017;62:186-191

Sun B, Zhang X, Yin Y, Sun H, Ge H, Li W. Effects of sulforaphane and vitamin E on cog-
nitive disorder and oxidative damage in lead-exposed mice hippocampus at lactation.
Journal of Trace Elements in Medicine and Biology. 2017;44:88-92

Liu Z, Wang L, Xu ], Ding S, Feng X, Xiao H. Effects of different concentrations of
mercury on accumulation of mercury by five plant species. Ecological Engineering.
2017;106:273-278

Li P, Du B, Chan MC, Feng X. Human inorganic mercury exposure, renal effects and
possible pathways in Wanshan mercury mining area, China. Environmental Research.
2015;140:198-204

Zhang C, Yua K, Li F, Xiang J. Acute toxic effects of zinc and mercury on survival,
standard metabolism, and metal accumulation in juvenile ridgetail white prawn,
Exopalaemon Carinicauda. Ecotoxicology and Environmental Safety. 2017;145:549-556

Jung C, Son A, Her N, Zoh K, Cho ], Yoon Y. Removal of endocrine disrupting com-
pounds, pharmaceuticals, and personal care products in water using carbon nanotubes:
A review. Journal of Industrial and Engineering Chemistry. 2015;27:1-11

Oplatowska M, Donnelly RF, Majithiya R], Kennedy DG, Elliott CT. The potential for
human exposure, direct and indirect, to the suspected carcinogenic triphenylmethane
dye brilliant green from green paper towels. Food and Chemical Toxicology. 2011;49:
1870-1876

Archer E, Petrie B, Kasprzyk-Hordern B, Wolfaardt GM. The fate of pharmaceuticals and
personal care products (PPCPs), endocrine disrupting contaminants (EDCs), metabolites
and illicit drugs in a WWTW and environmental waters. Chemosphere. 2017;174:437-446



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Water Pollution: Effects, Prevention, and Climatic Impact
http://dx.doi.org/10.5772/intechopen.72018

Kar S, Roy K. First report on interspecies quantitative correlation of ecotoxicity of phar-
maceuticals. Chemosphere. 2010;81:738-747

Aguirre-Martinez GV, Okello C, Salamanca M], Garrido C, Del Valls TA, Martin-Diaz ML.
Is the step-wise tiered approach for ERA of pharmaceuticals useful for the assessment
of cancer therapeutic drugs present in marine environment? Environmental Research.
2016;144:43-59

Akanyeti I, Kraft A, Ferrari M. Hybrid polystyrene nanoparticle-ultrafiltration system
for hormone removal from water. Journal of Water Process Engineering. 2017;17:102-109

Ng CK, Bope CD, Nalaparaju A, Cheng Y, Lu L, Bin Cao WR. Concentrating synthetic
estrogen 17a-ethinylestradiol using microporous polyethersulfone hollow fiber mem-

branes: Experimental exploration and molecular simulation. Chemical Engineering
Journal. 2017;314:80-87

Saha B, Karounou E, Streat M. Removal of 17b-oestradiol and 17a-ethinyl oestradiol
from water by activated carbons and hypercrosslinked polymeric phases. Reactive &
Functional Polymers. 2010;70:531-544

Costa D, Burlandoc P, Priadi C. The importance of integrated solutions to flooding
and water quality problems in the tropical megacity of Jakarta. Sustainable Cities and
Society. 2016;20:199-209

Inyinbor AA, Oluyori AP, Adelani-Akande TA. Biomass valorization: Agricultural
waste in environmental protection, phytomedicine and biofuel production. In: Biomass
Volume Estimation and Valorization for Energy; http://dx.doi.org/10.5772/66102. 2017

Zhang B, Song X, Nghiem LD, Li G, Luo W. Osmotic membrane bioreactors for waste-
water reuse: Performance comparison between cellulose triacetate and polyamide thin
film composite membranes. Journal of Membrane Science. 2017;539:383-391

Bunani S, Yériikoglu E, Yiiksel U, Kabay N, Yiiksel M, Sert G. Application of reverse
osmosis for the reuse of secondary treated urban wastewater in agricultural irrigation.
Desalination. 2015;364:68-74

Zou S, He Z. Enhancing wastewater reuse by forward osmosis with self-diluted com-
mercial fertilizer as draw solutes. Water Research. 2016;99:235-243

Roy D, Rahni M, Pierre P, Yargeau V. Forward osmosis for the concentration and reuse
of process saline wastewater. Chemical Engineering Journal. 2016;287:277-284

Mella B, Glanert AC, Gutterres M. Removal of chromium from tanning wastewater and
its reuse. Process Safety and Environmental Protection. 2015;95:195-201

Prazeres AR, Rivas ], Almeida MA, Patainta M, Dores ], Carvalho F. Agricultural reuse
of cheese whey wastewater treated by NaOH precipitation for tomato production under

49



50 Water Challenges of an Urbanizing World

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

several saline conditions and sludge management. Agricultural Water Management.
2016;167:62-74

Nair AT, Ahammed MM. The reuse of water treatment sludge as a coagulant for post
treatment of UASB reactor treating urban water. Journal of Cleaner Production. 2015;96:
272-281

Da Silva LF, Barbos AD, de Paula HM, Ramuldo LL, Andrade LS. Treatment of paint
manufacturing wastewater by coagulation/electrochemical methods: Proposal for dis-
posal and/or reuse of treated water. Water Research. 2016;101:467-475

Kausley SB, Malhotra CP, Pandit AB. Treatment and reuse of shale gas wastewater:
Electrocoagulation system for enhanced removal of organic contamination and scale
causing divalent cations. Journal of Water Process Engineering. 2017;16:149-162

Rizzo L, Fiorentino A, Grassi M, Attanasio D, Guida M. Advanced treatment of urban
wastewater by sand filtration and graphene adsorption for wastewater reuse: Effect
on a mixture of pharmaceuticals and toxicity. Journal of Environmental Chemical
Engineering. 2015;3:122-128

Buscio V, Marin MJ, Crespi M, Gutiérrez-Bouzan C. Reuse of textile wastewater after
homogenization-decantation coupled to PVDF ultrafiltration membranes. Chemical
Engineering Journal. 2015;265:122-128

Benito A, Garcia G, Gonzalez-Olmos F. Fouling reduction by UV-based pretreatment in
hollow fiber ultrafiltration membranes for urban wastewater reuse. Journal of Membrane
Science. 2017;536:141-147

Pang H, Wu P, Li L, Yu Z, Zhang Z. Effective biodegradation of organic matter and
biogas reuse in a novel integrated modular anaerobic system for rural wastewater treat-
ment: A pilot case study. Chemical Engineering & Processing: Process Intensification.
2017;119:131-139

Abourached C, English M], Liu H. Wastewater treatment by microbial fuel cell (MFC)
prior irrigation water reuse. Journal of Cleaner Production. 2016;137:144-149

Bilinska L, Gmurek M, Ledakowicz S. Textile wastewater treatment by AOPs for brine
reuse. Process Safety and Environmental Protection. 2017;109:420-428

Cowan MK. Microbiology: A Systems Approach. New York: McGraw-Hill Education;
2015

Lévesque D, Cattaneoa A, Deschamps G, Hudonc C. In the eye of the beholder: Assessing
the water quality of shoreline parks around the island of Montreal through citizen sci-
ence. Science of the Total Environment. 2017;579:978-988

Gonzales-Gustavson E, Cardenas-Youngs Y, Calvo M, Marques da Silva MF, Hundesa A,
Amords I, Moreno Y, Moreno-Mesonero L, Rosell R, Ganges L, Araujo R, Girones R.
Characterization of the efficiency and uncertainty of skimmed milk flocculation for the



[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Water Pollution: Effects, Prevention, and Climatic Impact
http://dx.doi.org/10.5772/intechopen.72018

simultaneous concentration and quantification of water-borne viruses, bacteria and pro-
tozoa. Journal of Microbiological Methods. 2017;134:46-53

Kora A]J, Rastogi L, Kumar SJ, Jagatap BN. Physico-chemical and bacteriological screen-
ing of Hussain Sagar lake: An urban wetland. Water Science. 2017;31:24-33

Liu YY, Haynes R]. Origin, nature, and treatment of effluents from dairy and meat pro-
cessing factories and the effects of their irrigation on the quality of agricultural soils.
Critical Reviews in Environmental Science and Technology. 2011;41:1531-1599

United State Environmental Protection Agency. Wastewater technology fact sheet,
Facultative lagoon. Available from: https://www?3.epa.gov/npdes/pubs/faclagon.pdf

Shahzad M, Khan SJ, Paul P. Influence of temperature on the performance of a full-
scale activated sludge process operated at varying solids retention times whilst treating
municipal sewage. Water. 2015;7:855-867

Encyclopedia of Microbiology. 2nd ed. 4; 2000, Editor — In Chief, Joshua Lederberg,
Elsevier, India

Dvorak L, Gémez M, Dolina J, Cernin A. Anaerobic membrane bioreactors-a mini
review with emphasis on industrial wastewater treatment: Applications, limitations and
perspectives. Desalination and Water Treatment. 2016;57:19062-19076

NSA NSAM, Zainura Zainon Noor ZZ, MAA MAAH, Gustaf Olsson G. Application
of membrane bioreactor technology in treating high strength industrial wastewater: A
performance review. Desalination. 2012;305:1-11

Sharrer MJ, Rishel K, Summerfelt ST. Evaluation of a membrane biological reactor for
reclaiming water, alkalinity, salts, phosphorus, and protein contained in a high-strength
aquacultural wastewater. Bioresource Technology. 2010;101:4322-4330

Bitton G, editor. Encyclopedia of Environmental Microbiology, Vol. 5. New York: John
Wiley and Sons Inc.; 2002. pp. 2967-2975

Shannon MA, Bohn PW, Elimelech M, Georgiadis JG, Marinas BJ, Mayes AM. Science
and technology for water purification in the coming decades. Nature. 2007;452:301-310

Tanushree B, Milind RG, Bipinraj NK. Disinfection of drinking water in rural area
using natural herbs. International Journal of Engineering Research and Development.
2013;5(10):7-10

Rajesh R, Wankhade RR. Role of some natural herbs in water purification. IOSR Journal
of Applied Chemistry (IOSR-JAC). 2016;9(3):38-39

Das SK, Mandal AB. Green synthesis of nanomaterials with special reference to environ-
mental and biomedical applications. Current Science. 2015;108(11):1999-2002

Arnell NW. Climate change and global water resources. Global Environmental Change.
1999;9:531-549

51



52  Water Challenges of an Urbanizing World

[60] Schwarzenbach Rene” P, Beate 1 Escher, Kathrin Fenner, Thomas B. Hofstetter, C

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Annette Johnson, Urs von Gunten, Bernhard Wehrli. The Challenge of Micro-pollutants
in Aquatic Systems. Science. 25-08-2006;313:1072-1077. DOI: 10.1126/science.1127291

Luo Y, Guo W, Ngo HH, Nghiem LD, Hai FI, Zhang J, Liang S. A review on the occur-
rence of micro-pollutants in the aquatic environment and their fate and removal during
wastewater treatment. Science of the Total Environment. 2014;473-474(March):619-641

Metz F, Ingold K. Sustainable wastewater management: Is it possible to regulate micro-
pollution in the future by learning from the past? A policy analysis. Sustainability. 2014,
1992-2012;6. DOI: 10.3390/s5u6041992

Metz F. Addressing Micropollution by Linking Problem Characteristics to Policy
Instruments; Eawag ESS Working Paper Series. Diibendorf, Switzerland: Eawag; 2013,
2013 Volume 4

Hering JG, Ingold KM. Water resources management: What should be integrated?
Science. 2012;336:1234-1235

His Excellency Maumoon Abdul, Gayoom, President of the Republic of the Maldives
(1987): Address to the United Nations General Assembly on the issues of environment
and development. New York, USA, 19-10-1987

World Health Organization, Geneva (2003): Climate change and human health: Risks
and responses/editors: McMichael AJ, Campbell-Lendrum DH, Corvalan CF, Ebi KL,
Githeko AK, Scheraga JD, Woodward A, ISBN 92 4 156248 X

Green TR, Taniguchi M, Kooi H, Gurdak JJ, Allen DM, Hiscock KM, Treidel H, Aureli
A. Beneath the surface of global change: Impacts of climate change on groundwater.
Journal of Hydrology. 2011;405:532-560. DOI: 10.1016/j.jhydrol.2011.05.002

Bates BC, Kundzewicz ZW, Wu S, Palutikof JP, editors. Climate Change and Water.
Technical Paper of the Intergovernmental Panel on Climate Change, IPCC Secretariat,
Geneva, 210 pp. © 2008, Intergovernmental Panel on Climate Change, ISBN: 978-92-
9169-123-4; 2008

Delpla I, Jung A-V, Baures E, Clement M, Thomas O. Impacts of climate change on sur-
face water quality in relation to drinking water production. Environment International.
2009;35:1225-1233

Prudhomme C, Wilby RL, Crooks S, Kay AL, Reynard NS. Scenario-neutral approach
to climate change impact studies: Application to flood risk. Journal of Hydrology.
2010;390:198-209

Arnell NW, Charlton MB, Lowe JA. The effect of climate policy on the impacts of climate
change on river flows in the UK. Journal of Hydrology. 2014;510:424-435 http://dx.doi.
org/10.1016/j.jhydrol.2013.12.046



[73]

[76]

[77]

[78]

Water Pollution: Effects, Prevention, and Climatic Impact
http://dx.doi.org/10.5772/intechopen.72018

Taikan O, Shinjiro K. Global hydrological cycles and world water resources. Science. 25
August 2006;313:1068-1072. DOI: 10.1126/science.1128845

World Water Day, www.worldwaterday.org/wwday/1998/

MTH van Vliet, WHP Franssen, JR Yearsley, F Ludwig, I Haddeland, DP Lettenmaier,
P Kabat. Global river discharge and water temperature under climate change. Global
Environmental Change. 2013;23:450-464

United Nations Educational, Scientific, and Cultural Organization (2003): World Water
Assessment Programme, Water for People, Water for Life -the United Nations World
Water Development Report. Barcelona: Berghahn Books; 2003

Wiesner MR, Lowry GV, Alvarez P, Dionysiou D, Biswas P. Environmental Science &
Technology. 2006;40:4336

Lapworth D, Baran N, Stuart M, Ward R. Emerging organic contaminants in groundwa-
ter: A review of sources, fate and occurrence. Environmental Pollution. 2012;163:287-303

Bemelmans-Videc M-L, Rist RC, Vedung E. Carrots, Sticks & Sermons: Policy Instruments
and their Evaluation. Piscataway, NJ, USA: Transaction Publishers; 1998

53



ntechOpen

ntechOpen



