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ABSTRACT
Eutrophication has become a global aquatic environmental problem because
of its ecological consequences, such as frequent outbreaks of algal blooms threatening the reliable supply of drinking water. Eutrophication increases biological
oxygen demand (BOD) of water, release toxic gases, encourage profuse growth of
aquatic weeds and all these have adverse effects on fish growth, fish spawning,
domestic use and even navigation. Eutrophic water favours the growth of disease
causing agents of health hazards. The enhancing rate of deposition of silt and
organic debris in the eutrophic water body makes the water body slowly becomes
shallower and shallower and as a result the water body slowly transforms into a
wetland and finally converts into a dry land which ultimately leads to water crisis of
the environment. As eutrophication is a global aquatic environmental problem, so
currently our attention at the global level is how to minimize eutrophication through
sustainable management of conservation of water resource. Minimization of eutrophication requires holistic efforts of some parameters such as physico-chemical
factors of water should be analysed regularly, developing phosphate-free detergents for domestic use, removal of algal bloom by dredging, reducing the excessive
use of fertilizers in the agricultural practices, mechanical aeration, effective waste
water treatment etc. Recent research shows that climatic factors have profound
impact on eutrophication. When the nutrient load is reaching a constant level in
water bodies, increasing temperature, precipitation, wind speed and solar radiation from sunlight are generally expected to increase the risk of water eutrophication. Therefore, it infers that even if the external sources of nutrients are controlled
by implementing governance measures, such as the control of waste discharges
and non-point pollution, under climate change water could still become eutrophic
due to the release of nutrient loading from internal sources.

INTRODUCTION
Water, one of the important natural resource of environment is essential for sustaining the life of all living organisms including man. We need pure water (potable water) which should contain sufficient dissolved oxygen, free from harmful chemicals,
disease causing microbes (pathogens) and suspended impurities. Unfortunately, indiscriminate and unmanageable application
of excessive amount of fertilizers in agricultural practices, dumping of enormous amount of domestic and industrial waste materials into the water bodies leads to a severe ecological problem in environment viz., Eutrophication. From ecological point of view
eutrophication can be defined as the excessive nutrient load in a water body or enrichment of water body by nutrients [1]. From
physico-chemical point of view eutrophication denotes the lowering or deterioration of water quality for domestic, recreational and
other uses [2]. Eutrophication has become a global aquatic environmental problem because of its ecological consequences, such
as frequent outbreaks of algal blooms threatening the reliable supply of drinking water. It may result in oxygen depletion of the
water body. A number of noteworthy researchers worked on the eutrophic water body [3-9]. Recent research has indicated climate
change as a major natural factor that will lead to the acceleration of eutrophication in rivers and lakes [10-17]. This review collects
the existing international and national literature to gain a comprehensive understanding about eutrophication and how climate
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change factors could affect the occurrence of eutrophication in freshwater ecosystem.
Ecological Problem
When the water body becomes eutrophic, dense population of planktonic algae develops which commonly known as algal
bloom or plankton bloom (Figure 1). Development of algal bloom by Anabaena, Fragilaria, Melosira, Microcystis and Oscillatoria
were observed in such eutrophic water during study period [1,5]. Plankton bloom when exist under abundant sunlight, they contribute oxygen to the water through photosynthesis, but under prolonged cloudy weather, they begin to decay and consume more
oxygen than they produce leading to oxygen depletion of water.

Figure 1. Photograph of a eutrophic water body in Sonamua, Tripura.
Moreover, decomposition of organic wastes by bacteria also required oxygen and with heavy loads the oxygen value of water
may diminish below the point where most aquatic organisms and particularly fish the man’s most edible thing cannot survive.
Several noteworthy researchers opined that plankton bloom in eutrophic water may often increase the biological oxygen demand
(BOD) of water which reduces the amount of dissolved oxygen available for fish and other aquatic organisms which in turn disturbances the aquatic food-chain [18,19]. In eutrophic water, BOD value often rise to more than 50 ppm while water for drinking should
have BOD less than 1. Researcher opined that under eutrophic condition toxic gas (H2S) that emanates from the rotting algae
creates unpleasant smell in the water thereby reducing its acceptability as a domestic use [20]. Researchers are of the opinion that
in eutrophic water, excessive growth of aquatic weeds (Eicchornia crassipes, Lemna, Myriophyllum, Trapa bispinosa) takes place
which in-turn impair fishing, bathing, fish spawning and even navigation [21,22].
Eutrophic water is rich in nitrate-nitrogen and phosphate-phosphorus
Several researchers are of the opinion that chemically, eutrophic water is rich in nitrate-nitrogen and phosphate-phosphorus
. Nitrates (NO3-) released from nitrogenous fertilizers get converted into nitrites in this eutrophic water. When we take nitrite
contaminated water, it then reacts with haemoglobin of blood forming methaemoglobin which hampers oxygen transporting
ability of blood which in turn leads to laboured breathing and occasional suffocation in human beings. Nitrites (NO2−) causing a
bluish discoloration of skin of infant and is commonly referred to as “blue baby” syndrome. Nitrites may also react with creatinine
present in vertebrate muscle to form nitrosarcosine which can be carcinogenic. Phosphorus released from phosphate fertilizers
as well as detergents helps algal growth, resulting in enormous blooms. In super phosphate, the phosphorus are in the form of
tripolyphosphate (P3O105-). This tripolyphosphate through surface run off from agricultural fields when get entry into the aquatic
body, it then slowly reacts with water forming orthophosphate (PO43- ) which results algal bloom.

[3,4,8]

P3O105-¯ + 2H2O →
Tripolyphosphate

3PO43-¯+ 4H+
Orthophosphate

It is observed that phosphate phosphorus in the range of 0.7 – 0.8 ppm and nitrate nitrogen in the range of 0.6 – 0.9 ppm
are sufficient to cause algal bloom.
Eutrophication alters chemical characteristics of water
Experimental studies of the researchers reveals that water polluted through various agent becomes eutrophic in nature
where marked changes occur in the chemical parameters of water [3,7-9] (Table 1). Aquaculturist reported that oxygen value of
water range from 2-3 ppm in eutrophic water body while normal environmental condition, the oxygen value of water ranges from
6-10 ppm [23].
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Table 1. Chemical characteristics of water under eutrophic condition.
Chemical Parameters
Dissolved Oxygen (ppm)
Free Carbon dioxide (ppm)
Dissolved organic matter (ppm)
Phosphate phosphorus (ppm)
Nitrate nitrogen (ppm)
pH

Range
1.6 - 3.4
3.8 - 7.2
9.0 - 19.6
0.7 - 0.8
0.6 - 0.9
6.5 - 8.0

Researcher opined that fishes are generally attacked by fungal pathogens in water bodies with abundant decaying organic
matter which can be seen as tufts of whitish thread outgrowths [24]. Several noteworthy researchers are of the opinion that the
particulate organic matter causes clogging of gills of fishes [19,25]. As a result, mortality of fishes takes place due to suffocation
(Figure 2).

Figure 2. Flow chart of eutrophication.

RESULTS AND DISCUSSION
Health Hazards
Eutrophic water is the habitat of various disease causing agents (Pathogens) like bacteria, protozoa and virus. While using
this Eutrophic water, human beings get attacked by a number of water borne diseases like typhoid, cholera, dysentery, diarrhea
etc. Malaria, Dengue etc., are caused by the mosquitoes that breed in stagnant and polluted water. Researcher has estimated that
10 million deaths resulted from 25 million new cases of water-related diseases reported annually and that half the world population suffered from infection caused by polluted water [26].
Eutrophication leads to water crisis of the environment
The enhancing rate of deposition of silt and organic debris in the water body, makes the water body slowly becomes shallower and shallower [1,2]. As a result the water body slowly transforms into a wetland and finally converts into a dry land. Thus a
water body which is so useful for us becomes totally useless within a short span of time due to anthropogenic activities increasing
water requirements, its limited supply and eutrophic condition of water leads to water crisis of the environment.
Minimizing parameters
As eutrophication is a global aquatic environmental problem, so currently our attention at the global level is how to minimize
eutrophication through sustainable management of conservation of water resource. Minimization of eutrophication requires holistic efforts of some parameters such as:
1. Water quality parameters should be analysed regularly.
2. Developing phosphate –free detergents for domestic use.
3. Removal of algal bloom frequently by dredging.
4. Reducing that excessive use of fertilizers in the agricultural fields.
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5. Where oxygen depletion is a serious concern, mechanical aeration may help.
6. Effective waste water treatment is necessary.
7.

Application of appropriate doses of copper sulphate and sodium arsenite which can minimize the growth and multiplication of algae and macrophytes.

Potential impacts of climate change factors on eutrophication
The sensitive climate change factors which have profound impact on eutrophication are identified and analyzed in order to
find out the interaction between climate change and eutrophication in terms of the water temperature, precipitation, wind and
solar radiation (Figure 3).

Figure 3. Eutrophication and global climate change (Schematic illustration showing the key factors such as anthropogenic
eutrophication, global climate change such as increased temperature and light or global warming due to an increase in ozone depleting substances e.g., CO2, N2O etc., and other biotic and abiotic factors responsible for the worldwide algal bloom incidence) [27].
Impact of temperature on eutrophication
Under the framework of climate change, increasing air temperature will influence the water temperature as well as the
physical and chemical properties of water including water pH, salinity, solubility and diffusion rates. Research shows that the
growth rates of freshwater eukaryotic phytoplankton generally stabilize or decrease while the growth rates of many cyanobacteria
increase providing a competitive advantage when the temperature is around 20°C [17,28]. Once the temperature rises above 25°C,
it can directly promote an increasing growth of cyanobacteria compared to other phytoplankton groups, such as green algae and
diatoms in the water body [16,29]. A recent study shows that higher temperature will increase microbial activity in the sediments
and soil at the bottom of lakes and rivers, thereby accelerating the release rate of internal Phosphorus (P) loading, which may
contribute to a significant portion of the total nutrient load in the water [18].
Impact of precipitation on eutrophication
The change in rainfall intensity will release higher concentrations of sediment through erosion and re-suspension. Intense
precipitation events more mobilize nutrients on land by gathering more non-point pollutions and increasing the nutrient enrichment of receiving waters. Less precipitation could result in lower minimum flows, implying less volume for dilution in water. A
reduced dilution effect and degradation coefficient will impact the organic pollutant concentrations with lower concentration of
dissolved oxygen (DO) and increased biochemical oxygen demand (BOD) in water systems potentially increasing the risk of eutrophication [15].
Impact of wind on eutrophication
Wind will have direct and indirect impacts on water Eutrophication. The direct effects of wind refer to algae blown in from the
lake to the lakeshore forming algal blooms [30]. The indirect effect caused by wind-wave disturbance accelerating the release of
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nutrients from sediments in water [14]. The wind-induced and sediment distribution could also play an important role in the spatial
distribution of the algal blooms but wind intensity will probably restrains the formation of algal blooms [10,31].
Impact of solar radiation on eutrophication
Under normal circumstances, sunlight provides optimal conditions for the growth of algae leading to an increase in water
temperature, thus further influencing the growth of phytoplankton and increasing the risk of water Eutrophication. Recent reports
have also indicated that there was a direct correlation between the distribution of algae and the intensity of illumination at different depths [12].

CONCLUSION
Large anthropogenic inputs of phosphorus and nitrogen from a range of societal sectors and agricultural land have been
recognised as the prime cause of eutrophication in water. However, when the nutrient load is reaching a constant level in water
bodies, increasing temperature, precipitation, wind speed and solar radiation from sunlight are generally expected to increase
the risk of water eutrophication. Therefore, it infers that even if the external sources of nutrients are controlled by implementing
governance measures, such as the control of waste discharges and non-point pollution, under climate change water could still
become eutrophic due to the release of nutrient loading from internal sources. It is obviously true to the fact that water is the
central of existence of all forms of life on the earth and we also cannot imagine a world without water for there is no substitute for
water. Hence, there is urgent need for conservation of this valuable natural resource of our environment. Such a target has been
achieved only by the practice of sustainable use of water that satisfy the changing human needs without eroding the ecological
status of the said natural resource of the environment.
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