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Chapter 2
Pollution in Aquatic Environs: Sources
and Consequences

Saima Hamid, Aadil Yaseen, Azra N. Kamili, and Ali Mohd Yatoo

2.1 Introduction

For the sustenance of life, water is essential either directly or indirectly as it plays
an immense important role in all living and biogeochemical processes including
solvents, temperature buffers, metabolites, and lubricants (Hanslmeier 2011). Water
is however said to be contaminated if unguided, and anomalies of several anthropo-
genic practices have hindered some of the water quality criteria, making the water
unsafe to use. All health and life risks can be caused by water pollution. Depending
on your type and source of pollutants, the effects may vary. Some of the pollutants
like heavy metals, dyes, and some other organic contaminants act as endocrine-
disrupting substances and are carcinogenic having their source of origin from phar-
maceuticals, cosmetics, and personal care product wastes. For ecologists and
environmentalists, anthropogenic sources are the main cause for invasion of pollut-
ants in water body via various means (Adeogun et al. 2016). Due to rapid population
growth and increased speed of industrialization, there has in the last decades been a
huge rise in freshwater demand (Ramakrishnaya et al. 2009). The excessive use of
fertilizers and toxic practices in particular is endangering human health by most of
agricultural growing behaviors (Okeke and Igboanua 2003; Bhat et al. 2017). A
decline of water quality has arisen from anthropogenic development in various parts
of the world due to widespread urbanization, agricultural operations,
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industrialization, and population expansion (Baig et al. 2009; Wang and Yang 2016).
Therefore, poor water supplies have significantly limited water pollution regulation
and increased water quality (Bu et al. 2010); hence to the experts, government, and
other agencies, water pollution is a subject of concern. Protecting the integrity of the
river water is therefore highly important owing to severe water pollution and global
water shortages. Industrialization is a big catalyst for growth and urbanization in
every community. Although industrialization has countless benefits, it has been
described as a major environmental hazard, as it releases to our immediate environ-
ment, soil, air, and water numerous toxic chemicals, pollutants, solid waste, and
different kinds of microbes. Water pollution is particularly interesting and has now
become a global problem and is highly influenced by developing countries as a
consequence of their promotion of growth (Inyinbor et al. 2016 and Rana et al.
2017). This occupies 98% of our drinking and is pointless to be consumed because
of the high level of salt. Approximately 2% of the planet’s water is fresh, while 1.6%
is locked up in glaciers and polar ice caps. For aquifers and wells, an estimated
0.36% is contained deep. Therefore, in lakes and rivers, only about 0.036% of total
water sources on the earth are available. Across 45 developing countries, the WHO/
UNICEEF reported that the bulk (76%) of households are primarily responsible for
water collection (Harikishore and Lee 2012).

2.2 Global Scenario of Water Pollution

Waterborne diseases are the major cause of death around the world which are due to
unclean drinking water (Clasen et al. 2007; WHO 2010). For the safety and longev-
ity of infants and children, clean drinking water is essential (Anderson et al. 2002;
Vidyasagar 2007). According to the estimates, the death rate is 1.8 million world-
wide due to diarrhoea. As people with medical conditions like AIDS, diabetic are
more prone to get severe infections imposed by waterborne pathogens (Kgalushi
et al. 2004; Laurent 2005).The percentage of households using an unclean source of
drinking water has decreased throughout the less developed world, but it is extremely
unlikely that all households will have a safe source of drinking water in the nearby
future (Mintz et al. 2001). It has been estimated that nearly 884 million people in
2010 worldwide used an enhanced drinking water supply and forecasted that 672
million people will continue to use the improved drinking water system in 2015
(UNICEF 2010). So it is important to understand what drives a household to treat
its drinking water with an unclean source of water. Nearly about five million deaths
are occurring per year due to illnesses caused by waterborne diseases because of
lack accessibility to safe drinking water. Oceans are covering nearly about 70% of
planet earth, as these vast water bodies are not even now considered to be safe
because of oil spillage, dumping of pollutants, and so on and even though the
beaches around the world often used to close for solid waste collection along the
shoreline.
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2.3 Sources of Water Pollution

There are two major sources of water pollution, i.e. point sources and nonpoint
sources. Point effluents have a clear detectable source which includes pipe con-
nected to a warehouse, truck oil spill, and chemical effluents. Point contamination
causes include liquid effluent (both urban and industrial) and storm sewer runoff
and mostly impact the area near it, whereas nonpoint sources of pollution are those
that come from different points of origin and number of ways by which chemicals
penetrate the soil or surface water and arrive from numerous non-identifiable
sources into the ecosystem. Also the water pollutants are further categorized into
organic and inorganic pollutants. Inorganic water pollutants have their source of
origin from acid mine runoff; heavy metals from metallurgical operations; surface
runoff; mining, cutting, and burning activities; ground filling; runoff from the agri-
cultural fields of the fertilizers that include nitrates, phosphates, etc.; and industrial
chemical wastes, while the organic pollutants include the food waste, pathogens,
biological volatile compounds, and organohalides. Some of the major sources of
water pollution are discussed in details.

2.3.1 Load of Heavy Metals

Heavy metals have the capability to accumulate in the body of an organism without
undergoing any degradation in any metabolic process. The source of heavy metals
in waters includes industrial wastes, municipal wastes, rocks, and soils (Brady et al.
1994). An exposure of the living organisms to the heavy metals alters the physiolog-
ical reactions inside the body and overall leads to cognitive behavioural changes.
The effect of toxicity depends on the various factors like sensitivity of an organism,
accumulation rate, etc. (Das et al. 1997). Various metals are essential like zinc (Zn),
copper (Cu), manganese (Mn), iron (Fe), and nickel (Ni) as they act as micronutri-
ents in order to carry on the biochemical and physiological functions of the various
organisms like microbes and plants. Among various inorganic pollutants, heavy
metals are not used to go under degradation process in natural waters like rivers and
lakes so easily, thus leading to the process of bioaccumulation in the food web and
food chains of various ecosystems (Jain 1978). However, so far as the sources are
concerned, it has been estimated that wild animals and plants do contain heavy
metal concentrations due to pesticides, fertilizers, mining activities, coal-based
power plants, tanneries, steel industries, cement industries, metal chelates, and
waste effluents. Excessive use of heavy metal-based pesticides is causing serious
threats to various fragile ecosystems, thus affecting the biodiversity (Ghosh and
Vass 1997) and human life sustenance. Some of the heavy metals do not have a
documented physiological function but have been proven to be lethal if they are
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found to be more than the allowed consumable limits which mainly include the
chromium, cadmium, lead, etc. (Bruins et al. 2000). As the allowed consumable
limits for the Cd is 0.01 mg/L, Pb is 0.10 mg/L, and for Cu, it is 0.050 mg/L (ISI
1982). According to Tsuji and Karagatzides (2001), heavy metals lead to various
deadlier health ailments like congestion of nasal mucous membranes and pharynx;
tumour and cancer; gastrointestinal, muscular, reproductive, neurological, and
genetic malfunctions; and oedema of eyelids.

2.3.2 Urbanization

Paul and Meyer (2001) reported that the leading cause for the increased amounts of
phosphorus in the urban catchments is urbanization. After every pollutant washout
from industries, urban runoff, domestic discharges find their way to reach nearby
waterbodies where the problem, of euthrophication and algal blooms arises.

2.3.3 Oxygen-Demanding Wastes and Nutrient Enrichment

Due to lack of efficient waste management handling, both the organic and inorganic
wastes get piled up which ultimately are accumulated in nearby water bodies includ-
ing surface waters and groundwaters and become a source of pathogens (Bhat et al.
2018a, b). As in developing nation, sewage is not being treated from primary to
advanced tertiary treatment in order to remove Nitrogen and Phosphorus which both
are the leading causes of nutrient enrichment in lakes, rivers and seas which ulti-
mately results in algal blooms and death of fishes by oxygen depletion. Moreover
both natural and anthropogenic sources add nutrients especially nitrogen and phos-
phorus to the surface waters, as natural sources add minimum concentration, while
human activities are resulting in the addition of large quantities of nutrients espe-
cially N and P where the natural balance entirely got disrupted. Howarth et al.
(1996) reported that the North Atlantic ocean which is surrounded by temperate-
zone rivers where net anthropogenic N input is highly correlated with total N fluxes.
Howarth et al. (1996) reported that net anthropogenic input of N in the oceans and
with their watersheds are highly correlated as well as the nitrate fluxes and total
nitrogen are directly associated with human population density (Howarth et al.
1996; Goolsby and Battaglin 2001). It is easy to track the point sources, while dif-
fuse sources show more spatial and temporal variation which includes agricultural
surface runoff from fields. Despite strong regulation of the point source supplies in
reaction to the Clean Water Act, the major source of water pollution in the United
States is now contaminants from nonpoint sources (Carpenter et al. 1998).
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2.3.4 Industrial Wastes

As in the manufacturing process of various industries like paper and steel industries,
huge quantity of water is used and carries various organic and inorganic chemicals
like acids, alkanes, and dyes to the nearby waters in the effluents. Huge quantity of
flouride is added to rivers and lakes from the discharge points of aluminium indus-
tries while steel industries release huge amounts of cyanide and Ammonia by fertil-
izer plants, thus all these chemical pollutants affect the physiological as well as
biological properties of nearby waterbodies. Fertilizers and pesticides are used to
increase the productivity of the fields, but these chemicals like DDT, aldrin, diel-
drin, malathion, parathion, etc. are involved in the production of toxins in the envi-
ronment. These chemicals do not undergo breakdown to simple compounds but
remain for longer period of time among the living organisms and in the environment
via the process of bioaccumulation and biodegradation.

2.3.4.1 OQil Spillage

Oil discharges from carriers carrying petrol, diesel, and their derivatives to the sur-
face of the sea, by means of accident or leakage, pollute the seawater to a large
extent. Offshore oil drilling frequently contributes to marine resource contamina-
tion. The waste oil extends across the surface of the water and creates a thin layer of
water emulsion into the liquid.

2.3.4.2 Acid Rain Pollution

Various anthropogenic activities like thermal power plants emit lots of sulphur diox-
ide and nitrogen dioxide into the atmosphere which react with rain and lower the pH
of the normal rain water below 5 that results in fallout of acidic rain which damages
building structures and carbonate and bicarbonate balance of soil and hence ulti-
mately affects the plants and other life forms of inland waters and marine ecosystems.

2.3.4.3 Radioactive Waste

The radioactive materials come from the nuclear power plants, nuclear atomic
plants, radioactive sediment, and radioactive minerals’ exploitation in the environ-
ment. These wastes pose serious threat to soil, water, and living organisms even if
they are present in very small concentrations. The half-life of some hazardous radio-
active elements like cesium-137 and strontium-90 is about 30 years while for pluto-
nium-239 is about 24,000 years. Hence these radioactive elements will remain
active for many generations to cause deadlier diseases like bone cancer, premature
delivery, and other serious ailments to human beings.
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2.4 Micro- and Macropollutants of Water

There are two types of chemical water pollutants which include macro- and micro-
pollutants, a relatively small number of macro-polishing agents usually occurring to
milligrams per liter that are nutrients such as nitrogen (Gruber and Galloway 2008)
and phosphorus (Filippelli 2008) and other natural organic agents which are listed
under macropollutant category (Jorgenson 2009), while micropollutants are another
listed category including organic and inorganic trace compounds in the quantity of
mg per liter. As per Larsen et al. (2007), the challenging task for the scientists and
other experts is to classify and to detect the effects of those micropollutants which
are being added except the classical common pollutants whose sources are known,
although the design of sustainable thermotechnology continues to classify newer
compounds which are being added to waters and other ecosystems. The primary
biomass production goes on increasing due to high nutrient pollution load to inland
and ultimately to marine ecosystems like seas and oceans which results in depletion
of oxygen levels in the upper layers of lakes, rivers, and seas, and hence anoxic
conditions result in release of toxic gases and other toxins which are harmful for
beneficial microbes and native vegetation of waters (Lohse et al. 2009; Heisler et al.
2008), and also due to disproportionate irrigation, heavy load of salts are being
added to inland waters, thus leading to enduring problems (Kaushal et al. 2005). As
due to climate change, sea level rise and extreme use of chemical pollutants are the
leading cause for deterioration of groundwater qualtity as reported by Post (2005)
in the coastal waters of China and India. Micropollutants can be harmful even at
minimal concentrations, and their structural diversity is difficult to assess which
leads to short-term and long-term effects (Schwarzenbach et al. 2006). Cosgrove
and Rijsberman (2000) have reported that the identified sources are very scanty for
micropollutants as various kinds of industrial estates use huge quantity of good
quality of water for the manufacturing processes and lead to flow out pollutant efflu-
ents into the nearby water bodies containing both known and unidentified micropol-
Iutants. Nearly about all the developing nations lack the treatment facilities at the
end of industrial effluents to remove or achieve goal of allowed limits of EPA and in
countries like India and China where outlets are being directly discharged without
any secondary or tertiary treatment, thus micropollutants in the milligram per litre
for urban wastewater, though remain as such and affects the whole equilibrium bal-
ance of all the aquatic and terrestrial habitats (Shao et al. 2006).

Agricultural sector is among the major source of trace pollutants in the form of
residues which varies from the various concentrations of nanogram to microgram
per litre but although allowed limit varies as per rules of different countries
(Bockstaller et al. 2009, Eliopoulou and Papanikolaou 2007). According to Watson
(2004), the naturally occurring micropollutants bear odour, taste and undergoes
series of reaction and may form various toxicants while the dumping municipal
waste sites, military operation sites, and estates contaminate quality of groundwater
via the process of leaching are being added to waterbodies. As more than 100,000
chemicals are registered which are being released into the nearby water bodies
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without complying with standard and norms, thus urgent need to provide a repre-
sentational image of the size and nature of different types of micropollutants from
different sources in order to address this global problem of water pollution
(Schwarzman and Wilson 2009). Without promises of completeness, we seek to
provide a representational image of the size and nature of this global problem of
water pollution by discussing a set of very different types of micropollutants from
different sources. Schwarzenbach et al. (2003) reported that it is quite challenging
task to determine the detrimental effects of heavy metals including mercury, lead,
chromium, cadmium, etc. which needs broad interdisciplinary approach to assess
the quantity of micropollutants in aquatic ecosystems. After introduction of these
invasive chemicals to the environment undergoes series of reactions like adsorption,
absorption, oxidation/reduction, complexation and precipitation/dissolution and
ultimately determines fate of these inorganic or organic micropollutants. The solu-
bility of metallic minerals and metals depends upon the oxygen concentration and
pressure. Manganese and iron are abundant and fragile to the varying oxygen levels
as they easily get adsorbed under low oxygen availability and become more toxic
under reductive conditions (Roberts et al. 2010). These reactive and toxic com-
pounds can be dissolved and finally precipitated by microbes, by use of stable iso-
topes along with the mass spectroscopic techniques new analytical window through
which microbial processes can be tracked by signatures of metallic elements, such
as iron and manganese concentrations can be traced inn (Teutsch et al. 2009). As per
Plumlee et al. (2006), X-ray diffraction techniques can be employed for the molecu-
lar characterization and to determine concentrations of metal ions as adsorbed on
surfaces of the minerals and finally the mobility of toxic ions in the ecosystems can
be tracked (Manceau et al. 2002). Hence the mobility of toxicants can be directly
linked to the ability of that toxin to pass through the cell membranes of the organ-
isms, and specific methods have been developed for metal pollutants according to
their reacting sites with abiotic environments (van Leeuwen et al. 2005). Finally
on-site observation along with molecular characterization with the integration of
biological and physicochemical processes can be used to access the ultimate fate of
micropollutants in aquatic ecosystems.

2.4.1 Persistent Organic Pollutants

Long back to the dates, persistent organic pollutants are the chemicals of serious
concern as they contain intermediate products of various reactions which are unin-
tentional in the origin as from heavy mechanical works and other combustion pro-
cesses (Bhat et al. 2018a, b). Some criterion has been kept to include chemicals in
the persistent organic pollutant category as some of the conditions are dis-
cussed below:

1. The POPs will remain in the environment for longer period of time because any
chemical or biological reaction will not affect their concentrations.
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2. Due to their persistence, the disposal rate of such chemicals is almost negligible.
3. Biomagnification.
4. With high rate of toxicity toward the flora and fauna including humans as well.

In the international convections, namely, Stockholm Convention and Aarhus
Protocol, numerous persistent organic pollutants have been included in order to cut
the emission rates on the global level (Lohmann et al. 2007). Highly chlorinated
compounds like polychlorinated biphenyls, dichlorodiphenyltrichloroethane, and
polycyclic aromatic hydrocarbons are the top priority persistent organic pollutants
(Muir and Howard 2006). Moreover there are other diffuse sources of persistent
organic pollutants which are not even included in the list as due to the recent occur-
rence of polybrominated diphenyl ethers and perfluoroalkyl-associated chemicals
as alarming persistent organic pollutants (Vonderheide et al. 2008; Yoga and
Sericano 2009) which have wide industrial application due to their properties of use
(Goss and Bronner 2006). Many persistent organic pollutants have shown that they
remain active in the atmosphere for hundreds of years, but due to lack of knowledge,
they cannot be eliminated from the source in use (Richardson 2009; Giger 2009).
Various health ailments like obesity, diabetes, or thyroid, fertility, and immune
problems are associated with exposure to the persistent organic pollutants. The
marine biota have been found to act as storing bodies where concentration goes on
increasing with the rate of consumption (Kelly et al. 2007, 2009). After conducting
various histopathological studies, huge concentrations of persistent organic pollut-
ants have been found in marine biota and ultimately find its way to the humans
especially in the human milk (Hites 2004 and Porta et al. 2008). In the Arctic region,
persistent organic pollutants have shown the marked presence due to huge travel
range (Brown and Wania 2008). DDT and PCB are being most traditionally used
chemicals as an insecticides which have long persistence but are still in use when
banned dates back. In many regions of the world including North America, Europe,
and Japan where hundreds of persistent organic pollutants has shown detrimental
effects within the human body along with the exposure in 5 years of period and
PBDESs have shown their more effects on terrestrial organisms as well as same case
has been observed among the mammals of marine ecosystems in the Northern
Europe and America (Hites 2004). Hence in order to achieve the goal of complete
elimination of persistent organic pollutants, there is a need for the remediation of
previous contaminated sites then the newly added chemicals to the environment can
be achieved by remediation strategies.

2.4.1.1 Occurrence of Toxic Algae

Due to the availablity of suitable Conditions as algae can flourish and leads to pro-
duction of various toxins which are hazardous chemicals posing threats to aquatic
and terrestrial animals as these algae produces both the toxins, i.e. intracellular and
extracellular. These extracellular toxins are being released into the surrounding
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waters while other organisms become fragile to these contaminants by either feed-
ing on these algal cells or by water absorption cause death to those organsims. All
the organisms in any ecosystems whether terrestrial and aquatic organisms are
directly or indirectly interlinked via the food chains and food webs as though these
toxins can be transferred and accumulated from one organism to another one, for
example, from zooplanktons to large fishes and lastly get bioaccumulated into the
humans body; hence, affects every single organism. The production of microscopic
algae like dinoflagellates, diatoms, and cyanobacteria can be stimulated by inor-
ganic nitrogen contamination which triggers their metabolism to generate more tox-
ins (Anderson et al. 2002).

2.5 Consequences of Water Pollutants

2.5.1 Chemicals in Water that Affect Human Health

Exposure of human beings to the toxicants in their day-to-day life results in acute
and chronic diseases as the allowed limit for the fluoride in water should be less than
0.5 mg/litre of water which is essential against the tooth decay and weakening of
bones, but exposure to higher levels especially in the age group of 5-6 years causes
disease called fluorosis. Tanneries, insecticide for plants, ceramics, coal-fired power
plants, and other industries release arsenic into the water bodies, and it also has
some natural source of origin like the rocks rich in such metals. It has been already
reported in various districts of West Bengal where allowed limits for arsenic have
found to be more thus many cases has been registered for complaint of various can-
cers like prostate and lung cancers and other heart ailments. The plumbing pipes and
other sanitary domestic fittings add arsenic to the drinking waters which causes
kidney diseases and affects central nervous systems as children and pregnant women
are more prone to the lead contaminations. Another toxic metal is the mercury
which comes from the smelters, battery production, pesticides, and fungicides; as in
1938, significant amounts of mercury have been dumped from the factory into the
Minamata Bay which resulted in the mercury pollution, and fishes accumulated the
dumped mercury which found its way to human body after the consumption of these
contaminated fishes, and the affected humans has been diagnosed with varying lev-
els of mercury in their blood and tissues; hence the disease is named as Minamata
disease due to presence of methyl mercury, as around two thousand were poisoned
and hundreds of people were left dead, disabled and ultimately resulted in the chro-
mosomal aberrations and human neurological disorders (Akio 1992). Another
breakout was the long-term consumption of rice contaminated with cadmium in
regions of Japan which resulted into the disease known as “itai-itai”” or “ouch-ouch”
as people complained of nephritis and nephrosis (Friberg et al. 1974).
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2.5.2 Waterborne Disease

Presence of microorganisms indicates the quality of water as some of the microbes,
namely, Vibrio cholera, Salmonella sp., Shigella sp., and E. coli, if present in the
water will cause diseases like typhoid, diarrhoea, and dysentery after consumption
because they are pathogenic microbes in nature (Adetunde and Glover 2010). The
main source for these pathogenic microbes is the faeces and untreated sewage
which, after direct oral transmission through water or food induce above-mentioned
diseases (Adetunde and Glover 2010). It has been reported worldwide that more
than 14,000 deaths occurs in a day mostly children of age 5 due to contamination of
groundwater (Larry 2006) and also more than 1.1 million children are estimated to
die each year because of their low immunity (Steiner et al. 2006).

2.5.3 Acidification of Freshwater Ecosystems

Baker et al. (1991) reported that the cause of acidification in inland waters is due to
presence of nitrogen dioxide and sulphur dioxide as they react with water to form
nitric acid (HNO;) and sulphuric acid (H,SO,), respectively, after following the
various reactions (Mason 1989). Due to fallout from the atmosphere consisting
mainly of SO,>~and NO*-, where the concentration of H* in freshwater environ-
ments with no high acid neutralizing potential (i.e. with moderate or low alkalinity)
(Baker et al. 1991). The pH of water decreases on addition of these acids, and acidic
pH will lead to accumulation and/or reduced sedimentation of metals like alumin-
ium (A1**) and other trace metals like zinc, copper, lead, and cadmium. In the acidi-
fied lakes, aluminium gets deposited on sediments (Borg et al. 1989; Nelson and
Campbell 1991). According to the Skjelkvale et al. (2001), the emission rates for the
sulphur dioxide and nitrogen oxides from the Europe and North America in the
1980s and 1990s have been eliminated but their levels remain unregulated and
caused acidification of freshwaters (Skjelkvale et al. 2001). Ammonium ions (NH,")
lead to release of H* ions under the acidic conditions (Wetzel 2001). Hence the
inland water bodies around the world has been classified on the basis of their pH
values between 4.5 and 5.8, and these lakes and streams are found in the various
regions of Northern and Central Europe and North America (Skjelkvale et al. 2001;
Doka et al. 2003). The productivity of primary and secondary vegetation of lakes
and streams got declined due to acceleration of acidification because of human
interventions and in turn affected the invertebrate and important fishes of the lakes
and streams (Allan 1995). As per the reports of Doka et al. (2003), when the pH
levels of water drops to 6.0 to 5.5, all the biota gets affected because of their fragile
enzymatic reactions inside the body. Ultimately the equilibrium of the ecosystem of
lakes and streams gets disturbed, hence regulating the concentrations of chlorides,
sodium, potassium, and calcium (Allan 1995). As it has been found in various
experimental studies conducted over some lakes of Canada with pH below 5.6, the
nitrification process of NH,+ gets hampered (Rudd et al. 1998, 1990).
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2.5.4 Ocean Garbage Patches

The flow rate of plastics in the North Pacific Ocean has been estimated around
5-10 million tons that too around the Japan and California as estimated by the UN
(Livingeco 2011). The North Pacific Subtropical Gyre is often recognized as “the
Great Pacific Ocean Garbage Patch” which is measured to be twofold the size of
Texas. Kostigen and Magazine (2008) reported that at the depth of 100 feet large,
small plastics in clusters have been found in the Pacific Ocean Gyre and in other
associated gyres like of the Southern Atlantic subtropical gyre (SG), North Pacific
subtropical Gyre (NPG), and Indian Ocean subtropical gyre. As in Caribbean Seas
and parts of the North Atlantic Ocean, two lack tons of plastic per km? has been
found after surveillance of 20 years (Gill 2010) The major sources for the plastics
into the oceans comes from the beaches which accounts for eighty percent 10%
from fishing gear and other percent from vessels and ship as well as the cargo ships
add containers (McLendon 2010). Nearly about thousands of plastic ducks were
lost in the Pacific Ocean between Hong Kong and America, and these are reported
to be circulated in oceanic waters as Great Pacific Garbage Patch around the waters
of Alaska, South America, Hawaii, Australia, and Pacific Northwest (Nelson 2011).

2.5.5 Marine Biodiversity and Plastic Pollution

Over the last several decades, addition of plastic waste in to the water bodies has
significantly increased as the wildlife is often injured due to plastics found in the
environment whether intertwined or ingested (Hameed et al. 2020). As per reports
of Blight and Burger (1997), a marine class, namely, Procellariiformes, such as the
petrels, albatrosses, and shearwaters used to feed on food as the broken plastics
seems similar to their food particles i.e. phytoplankton’s as after engulfment of
these plastic materials moreover these organisms are in turn eaten by small and
finally large fishes as per trophic levels. The assimilation of these plastic wastes into
the body decreases ability to digest and inhibit progress, causes internal damage,
and creates intestinal blockage (Plot and Georges 2010). Fishing nets, or other ring-
shaped materials, can contribute to strangulation, feeding efficiency loss, often
drowning as of natural curiosity of the pinnipeds which are interwoven into aquatic
waste at a young age, thus hinders their body size decreases due to accumulation of
marine debris (Allen et al. 2012). All around the world, it has been estimated that
23% of marine mammals especially sea turtles and large population of seabirds
ingest plastic debris and tar from oil spills which leads to death of marine mammals
as many plastic scraps has been removed after autopsies (Stamper et al. 2009).
Ingested plastic debris and tar from oil spills is the leading cause for the death of sea
turtles as many plastic scraps has been removed after the autopsies including
Styrofoam, fishing lines, plastic bags, etc. as the floating plastic bags seem to be
jelly fishes for these turtles (Stamper et al. 2009; Mascarenhas et al. 2004).
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Henceforth the population of the Dermochelys coriacea (leatherback sea turtles)
has declined as now listed as the critically endangered species of IUCN (Shillinger
et al. 2012).

2.5.6 Coral Reefs and Water Pollution

The most diverse ecosystem on the planet earth is the coral reefs with the presence
of species from algae to the higher mammals with high levels of interaction at
diverse levels of hierarchy. Although diverse coral reefs are very fragile for the very
small change in their abiotic factors or the available basic necessities like tempera-
ture, nutrients etc. which varies from the organism to organism and also with the
different age groups. The coral reefs are the organisms which lives in symbiotic
association between the hosts coral which is polyps (Symbiodine sp.) belonging to
the class of Cnidaria and with the algae (Hoegh-Guldberg 1999 and Fabricius et al.
2005). From the past decade, due to high levels of water pollution and global cli-
mate change, the temperature and the sea level rise have threatened these coral reef
ecosystems all around the world especially of the reefs of Pacific oceans. According
to the reports of Stebbing and Brown (1984), the branching coral species appears
more susceptible than massive corals to a certain amount of chemical contaminants,
and also the small polp species seems more susceptible to pollution stress than large
polyp corals on comparison of stage of life, reproductive strategy, mucus and lipid
content are used to access the sensitivity of coral groups due to pollutant stress
(Scott 1990; Peters et al. 1997). The optimum temperature for the corals should be
between 20 and 40 °C on an average, but from the past few years, the temperature
of the shallow seas has found to be more by 2 degrees which results in the loss of
symbiotic association of coral polyps and algal species and finally the bleaching of
corals. Also the washout from the farm fields finds its way to the oceans which con-
sists of fertilizers and pesticides of the chlorinated compounds like DDT, HCB,
dieldrin, and chlordane, as the residues remain in the sediments of water and soil for
longer periods of time thus affecting the natural balance of coastal waters around
the world especially in the developing nations (Mitchell et al. 2005; Packett et al.
2009). The distribution and fate of pesticides and their toxicity to non-targeting
populations is therefore critical to the secure evaluation of application-related
threats in specific tropical areas with trends of use of pesticides typically well
exceeding temperate areas (Ecobichon 2001).

2.6 Climate Change and Water Pollution

According to the Intergovernmental Panel on Climate Change (IPCC), global sur-
face temperature rose by 0.74 °C in the last 100 years (1906-2005). Global warm-
ing is thus actually an incontrovertible fact, and the annual warming trend for the
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last 50 years is almost double that recorded over the previous 100 years (Trenberth
et al. 2007). All the biological and even physic-chemical processes of water ecosys-
tems on the globe may get directly or indirectly affected by climate change (Dalla
et al. 2007; Delpla et al. 2009; Whitehead et al. 2009). Understanding the different
hydrodynamics and biochemistries taking place in numerous waters is the key to
understanding the interaction between climate change and water quality in various
bodies in water (Delpla et al. 2009; Mooij et al. 2009). Till date so many studies has
been conducted to identify and classify the source, origin, and effects of various
types of pollutants like eutrophication, salinization, nutrient release, aquatic plant
growth, and long-term climate change effects on the inland waters, surface waters,
seas, and oceans. As due to temperature rise or the global climate change, the hydro-
dynamics of the water system including thermoprofile and chemoprofile of entire
water column gets totally disturbed in the deep lakes and reservoirs (Brooks
et al. 2011).

It has been observed that for some North American and European Lakes since
the 1960s, the stratification process has been extended from 20 days to 40 days
(Rosenzweig et al. 2007; Delpla et al. 2009). The exchange of surface and ground-
water has hampered for the process of thermal stratification due to reduction of
dissolved oxygen levels and excessive accumulation of carbon dioxide which leads
to easy formation of a reductive environment (Rasmussen et al. 2009). However,
several scientific reports have shown that the loss of nutrients and other toxins from
the soil due to low water hypoxia (Gantzer et al. 2009). In recent times, the tempera-
ture rose by 3.8 °C in 2019 to 2100 under the A2 scenario in contrast to the refer-
ence duration from 1991 to 2001after conducting experiments over Shimajigawa’s
reservoir of Western Japan. According to Komatsu et al. (2007) by deepening of an
anaerobic layers in the waters by 6.6 meters will ultimately advance the PO* con-
centration from 1.7 to 5.6 pg/L in the surface water due to more fluxes of phospho-
rus and an increase in the chlorophyll a concentration from 7.8 to 16.5 pg/L. Though
mineralization and salinization for the long run will eventually affect equilibrium
conditions of lakes and streams due to climate change which will lead the waters
unfit for drinking purposes. According to the results obtained by Liu et al. (2004),
on the Hei River Basin, an increase in the temperature and a decrease in the runoff
have been the major reasons for the mineralization of lakes since the early 1960s.
Liu et al. (2004) deduced that the mineralization of Chaiwobao Lake and
Hongjianzhuo Lake in Xinjiang Province was also associated with climate change.

2.7 Conclusions

Pollution of water is an alarming problem in the world and must be dealt with sus-
tainably. The framework of research and development should be strengthened in
order to develop and develop new innovative technologies with financial feasibility.
In river basins and catering areas of bodies of water, the construction practices of
factories, industrial projects, irrigation, and other infrastructures should not be
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allowed to limit the contamination of rivers, lakes, and others. In addition, the com-
prehensive environmental preparation should be applied with legal support through
well-defined simulation models with the main aim of preserving or restoring water
quality.
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