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ABSTRACT

Eutrophication is the term used to describe the presence of natural and artificial nutrients like phosphorus and
nitrogen in aquatic ecosystems. The water quality in various bodies of water such as ponds, lakes, rivers, etc. is
deteriorating as a result of an abundance of plant nutrients in these water sources. Over-enrichment of aquatic
ecosystems with nutrients is a major hazard to the well-being of aquatic ecosystems worldwide. In addition, the
circulations have lowered the requirements for home and agricultural consumption of water. The main origins of these
plant nutrients within aquatic ecosystems stem from the discharges of industries engaged in activities like livestock
farming, agriculture, fertilizer production, manufacturing of textiles, and clothing production. Therefore, a variety
of methods and approaches have already been developed as safety measures to avoid the negative consequences
of water tainted with those undesired minerals. Eutrophication presents many obstacles, but with the right public
awareness campaign and global scientific efforts, its negative impacts may be lessened. This research seeks to pinpoint
the primary origins of plant nutrients within the aquatic ecosystem and explore potential triggers for eutrophication.
Additionally, it proposes innovative regulatory methods and offers suggestions for sustainable wastewater management
practices.
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1. Introduction

Eutrophication is a biological phenomenon that
happens when water contains a high concentration
of nutrients, causing algae and other aquatic plants
to develop rapidly . As a result, there is a growing
need to explore the main causes of eutrophication
and understanding, its effects on aquatic ecosystems,
which has garnered the attention of contemporary
researchers. The significance of these studies extends
beyond mere factual discoveries, as they also pave
the way for potential constructive interactions. For
several decades now, the term “eutrophication” has
predominantly referred to the unchecked growth of
algae in aquatic environments when nutrient com-
pounds based on nitrogen (N) and phosphorus (P)
are present . Eutrophication, as a term and phe-
nomenon, is not only restricted to a small number of
water sources, such as ponds, lakes, and rivers but
also has detrimental effects on the marine environ-
ment. The ecological damage caused by sediment
hypoxia on aquatic ecosystems is accelerating. Hy-
poxia disrupts phosphorus (P) and nitrogen (N) bio-
geochemical cycles in water columns and sediments,
affecting biodiversity. Anthropogenic eutrophication
and lakebed nutrient discharge accelerate lake dead
zone formation . Additionally, it amplifies the
foreseeable trajectories of maritime vessels and in-
tricately convolutes the governance of the nutritional
distribution network for microorganisms, aquatic
flora, fauna, and diverse ensembles. Moreover, it
obstructs the potential for regular biodiversity shifts,
hampers the respiratory capacities of aquatic species,
and spreads toxins. Besides, an outdoor mesocosm
experiment study shows how global warming, heat
waves, nutrient enrichments, and herbicides affect
aquatic food webs . It has also led to a decline in
the feasibility of utilizing fresh water for domestic,
agricultural, industrial, and irrigation purposes. This
process results in a reduction in the measurable lev-
els of dissolved oxygen (DO), making it challenging
for bacteria to respire . Yet uncontrolled growth of
algae hinders the ability of fish and zooplankton to
breathe. The diminished availability of sunlight for
aquatic flora constitutes a facet of eutrophication that
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perturbs the photosynthesis mechanism . Further-
more, eutrophication fosters the escalation of water
turbidity, inducing an opaqueness and cloudiness
within the aquatic milieu. Consequently, denizens of
coastal and marine ecosystems, including fish and
other species, encounter impediments in prospering
amidst disagreeable and redolent aqueous circum-
stances. Meanwhile, anthropogenic origins of ni-
trogen and phosphorus-based organic and inorganic
nourishing agents are being acknowledged, encom-
passing a spectrum of activities such as agriculture,
forestry, livestock husbandry, industrial procedures,
and facilities for wastewater treatment . Interest-
ingly, Both the primary production of aquatic pho-
tosynthetic organisms and the creation of autochtho-
nous organic carbon (AOC) are strongly influenced
by the hydro-chemical properties altered by different
land uses, which in turn affects eutrophication and
the global carbon cycle. Little is known about the
C-N-P constraints on primary production and the
methods by which phytoplankton and submerged
plants stimulate the creation of AOC in shallow wa-
ter environments . Several nations have previously
concentrated on alternate techniques for detergents,
fertilizers, and industrial chemicals . Efforts to
mitigate aquatic eutrophication typically involve
reducing nutrient inputs into affected water bodies.
This may include improved wastewater treatment,
better agricultural practices to minimize runoff, and
the establishment of buffer zones along waterways to
filter out excess nutrients. Hence, one of the primary
concerns of environmental experts worldwide has
been finding lasting solutions to address eutrophi-
cation. This research tells a dual narrative. It begins
by discussing the main causes of eutrophication and
each of their negative effects on the environment.
Later on, it makes a transformational suggestion that
would provide the perfect counterbalance to those
eutrophication-related consequences on aquatic spe-
cies.

2. Background study

Both sources of eutrophication, including point
and non-point causes, have been introduced. Indus-
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trial waste, sewage treatment plants, nuclear power
plant discharges, and household waste constitute the
primary point sources of eutrophication "”. On the
other side, non-point sources like forest management,
animal farming runoff, and agricultural runoff (Fig-
ure 1) are what cause eutrophication """, A source
that has been identified as releasing undesirable plant
nutrients directly into the coastal and marine ecosys-
tem is termed a point source of eutrophication .
Especially in the Agricultural sector, ecosystem
damage was shown to be reduced by 46%, 40%, and
68%, respectively when a nitrification inhibitor (Di-
cyandiamide) was applied alongside fertilizers when
4R nutrient management practices (right source,
right rate, right time, and right place) were imple-
mented and when both scenarios were combined ',

Principal Catalysts of Eutrophication

“ Fertilizer
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Figure 1. Major sources of eutrophication.

Other than those, there are a few other eutrophica-
tion-causing factors that are worth mentioning, such
as rural homes, the carcasses of deceased biological
species, intense rainfall, and rock-weathering-related
sediments.

3. Water and the nutrient-induced
phenomenon of eutrophication

Phosphorus and nitrogen represent two pivotal
botanical nutrients that substantiate the unrestrained
proliferation of organisms (Figure 2) such as fish
and zooplankton, within the aquatic milieu """, Fur-
thermore, there is an abundance of plant growth in-
hibitors present in nutrients originating from indus-
trial effluents containing both organic and inorganic
chemicals '*. Excessive algal growth can arise when
the aquatic habitats of coastal and marine ecosystems
collide. Soil erosion has recently emerged as a sig-
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nificant contributor to eutrophication. Large amounts
of untreated sewage, fertilizers, and industrial waste
mingle with aqueous reservoirs such as rivers,
streams, ponds, seas, and similar bodies of water
during natural disasters '*'”. likewise, excessive en-
richment of one or more plant nutrients within aquat-
ic ecosystems results in the deposition of hazardous
mineral ions at the bottoms of rivers, wetlands, and
lakes. As a consequence, the quality of water used at
home and in agriculture deteriorates. The presence
of harmful compounds in eutrophication leads to
deoxygenation and shrinks the capacity for biodi-
versity. During this process, toxins are discharged
into the aquatic environment '*. For instance, a few
biological species may experience various respirato-
ry problems. Specifically, eutrophication facilitated
the spread of amphibian diseases in two ways: first,
by increasing the number of diseased snail hosts and
second, by increasing the number of infectious para-
sites produced per snail ', In addition, eutrophica-
tion limits phytoplankton’s ability to photosynthesize
by reducing the amount of sunlight that reaches the
aqueous medium.

EUTROPHICATION
PROCESS

be

Figure 2. Eutrophication in the ecosystem.

3.1 Impacts of P-cycle on eutrophication

Modern geochemistry uses phosphorus (P) be-
cause phosphate (Pi) inhibits growth in many situa-
tions. The reduced P redox cycle’s role in the wider
P cycling system was not realized until recently due
to the high thermodynamic barriers of P redox reac-
tions. The worldwide P redox cycle includes phos-
phate (Phi), which is found in many habitats. This ar-
ticle discusses Phi’s early origins and quantitatively
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covers its historical context and current biotic/abiotic
sources. Mechanisms for the global multi-environ-
mental Phi redox cycle and Phi-based P reduction
pathway are also examined. Phi may help plants and
prevent algae in eutrophic waterways. Thus, Phi’s
crucial involvement in the P redox cycle and global
P cycle has been thoroughly shown. This work will
help us understand Phi and the environmental phos-
phorus cycle *”. One of the primary sources (Figure
3) of phosphorus in the lithosphere, biosphere, and
hydrosphere is the phosphorus cycle *'!. Weathering
and significant precipitation both cause the release
of phosphate ions into the environment **). The
lithosphere absorbs a significant amount of phos-
phate ions in the form of sediments **. Flora feeds
on these sedimentary stores, resulting in increased
proliferation. Inorganic phosphate accumulations
are delivered into watery environments as a result
of vegetative degradation via abundant precipitation
and agricultural drainage. The occurrence of geo-
graphical upthrusts causes the formation of new rock

rich in inorganic phosphorus **.
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Figure 3. Phosphorus cycle.

Consumption of phosphorus into the water ecosys-
tem releases a large proliferation of algae and other
aquatic vegetation within the water bodies. Further, it
might cause a deficiency in dissolved oxygen.

3.2 Influence of the nitrogen cycle on eutroph-
ication

A significant role is played by nitrogen (Figure
4) in the growth of plants within both the lithosphere
and hydrosphere, an excessive abundance of this el-
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ement can give rise to adverse repercussions . The
surplus runoff of nitrogen has been accountable for
instigating eutrophication within coastal and marine
ecosystems. Among the four pivotal phases of the
nitrogen cycle, nitrogen fixation plays a direct role
in fueling eutrophication within significant aquatic
habitats *'. Nitrite ions (NO") are obtained by plants
by nitrifying ammonia and nitrate ions (NO;’). The
combustion of fossil fuels, lightning fixation, agri-
cultural fertilizers, and some organic substances (R-
NH,) are assumed to be the primary sources of nitrite
ions, which contribute to eutrophication in aquatic
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Figure 4. The nitrogen cycle’s role in eutrophication.
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As an illustration, when an undue quantity of
nitrate ions infiltrates the coastal and marine ecosys-
tem, it can lead to an overabundance in the prolifera-
tion of algae and other aquatic vegetation.

4. Consequences of eutrophication in
ecosystem

The process of eutrophication is a biological pro-
cess in coastal and marine ecosystems that encour-
ages the growth of phytoplankton with unpleasant
odours and smells **). One of the main nutrients
responsible for eutrophication in lakes is phospho-
rus. As eutrophication worsened, soluble reactive
phosphorus (SRP) concentrations in the water col-
umn and EPC, in sediments both fell. Eutrophication
indices like chlorophyll a (Chl-a), total phosphorus
(TP), and algal biomass were negatively correlated
with SRP concentrations (P < 0.001) *”\. However, as

phytoplankton populations expand, the environment
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gradually loses adequate amounts of zooplankton.
The constant growth of algae also causes a signifi-
cant interruption in aquatic plant photosynthesis ",
Following the demise of those plants, bacteria uti-
lize the oxygen (Figure 5) that has been dissolved
in water bodies, leading to hypoxia. Because there
isn’t enough oxygen in the environment, organic
sediments undergo anaerobic oxidation, which pro-
duces carbon dioxide, ammonia, and methane. This
eliminates the possibility of biodiversity and results
in some unpleasant flavors.
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Figure 5. Process of eutrophication.

5. Eutrophication control methods

Over-enrichment of water with nutrients, espe-
cially nitrogen and phosphorus, is known as eu-
trophication. Algae and aquatic plants can proliferate
in response to this enrichment, threatening aquatic
ecosystems and potentially human health. Many
strategies for change are available for managing eu-
trophication in aquatic ecosystems:

5.1 Chemical methods

The goal of chemical approaches to eutrophica-
tion control is to enhance water quality in polluted
aquatic habitats by minimizing nutrient levels. These
techniques are rarely employed alone and are instead
utilized in connection with other forms of control.
Several chemical methods have been developed for
dealing with eutrophication, such as:

* Phosphorus Adsorption: Constructed wet-
lands and filter beds can be used to remove
phosphorus from water by utilizing specialist
materials (such as lanthanum-modified clay or
iron-based materials).

15

Ultraviolet (UV) Disinfection: It involves ex-
posing water to high levels of ultraviolet (UV)
light to kill or damage phytoplankton cells and
make them more easily removed from the wa-
ter by settling or filtration.

Chitosan Application: To facilitate the floc-
culation of algae and other suspended particles
for removal, chitosan, a biodegradable biopol-
ymer, can be applied.

Buffer Addition: Adding calcium carbonate
to water increases its alkalinity, which neutral-
izes the acidity caused by chemical pollution.
Flocculants and Coagulants: Flocculants can
be used to clump together tiny particles and
algae in water which makes them more man-
ageable for settling or filtration.
Biomanipulation: Use chemicals that pro-
mote denitrification to cut down on nitrate lev-
els and aid in eutrophication control.

5.2 Physical methods

The removal of excess nutrients and the improve-
ment of water quality in eutrophic ecosystems are
the primary goals of the physical approaches used to
reduce eutrophication. Some physical methods for
combating eutrophication are as follows:

* Aeration: Putting in some mechanical aera-
tors or fountains to boost the oxygen content
of the water. Sufficient oxygen levels can pre-
vent oxygen-sapping algae from proliferating
and let beneficial species thrive. Introducing
diffusers at the bottom of a lake or pond can
assist the release of oxygen and disrupt nu-
trient-rich sediment, lessening the amount of
phosphorus that is released into the water.
Dredging: Dredging equipment should be
used periodically to remove nutrient-rich sed-
iments from the bottom of water bodies. Be-
cause of this, the sediment is unable to return
nutrients to the water supply.

Ice Encapsulation: Ice encapsulation tech-
niques are commonly employed in cold
climates throughout the winter season to ef-
fectively hinder the release of nutrients from
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sediments and impede the growth of algae in
the subsequent spring period.

Dilution and Flushing: Reduce nutrient
concentrations in eutrophic zones by moving
water away from them by diversion or pump-
ing. Increasing the speed at which rivers and
streams run can help with flushing and prevent
nutrient buildup in water bodies.

Sediment Ponds and Basins: To prevent
sediments and the nutrients they carry from
entering water bodies, it is recommended to
construct sediment retention ponds or basins
at their inflow locations.

5.3 Biological methods

Biological techniques of eutrophication control
rely on the use of organisms to reduce nutrient loads
and restore aquatic ecosystems to their natural state
of equilibrium. Some biological methods for com-
bating eutrophication are as follows:

* Phytoremediation: To remove excess nutri-
ents from water, specific plants (such as water
hyacinth and duckweed) are used. These plants
can be harvested and taken out of the system,
which serves as a means of eliminating nutri-
ents.

Algae-eating Organisms: Algae-eating fish
like grass carp and tilapia can be encouraged,
but only in small numbers to avoid overgraz-
ing. Through ecological management, we can
encourage the growth of zooplankton, which
serve as natural grazers of algae.

Bacterial Bioremediation: The conversion of
excess nutrients (especially phosphorus) into
less soluble forms can be aided by creating an
environment favorable to the growth of help-
ful microorganisms.

Biological Monitoring: Assess the efficacy of
biological management strategies by routinely
monitoring the health of the aquatic ecosystem
through the presence of biological indicators
such as the diversity and abundance of key
species.
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6. Recommendations

The objective of the investigation was to high-
light the fundamental causes of eutrophication to
curb algae and other aquatic vegetation overgrowth
in bodies of water. The study also examined the seri-
ous environmental consequences of eutrophication,
as well as the steps taken to mitigate their effects.
There are still several chances to research eutrophi-
cation. Research possibilities of the future may influx
the effects of excessive nutrient contamination in the
aquatic ecosystem and potential repair approaches.
In addition to coastal and marine ecosystems, sev-
eral adverse effects of eutrophication on biological
species are under investigation by researchers world-
wide. Some scholars are also striving to predict the
potential challenges that eutrophication could pose in
the coming times. In addition to them, this research
paper included a few excellent suggestions for reduc-
ing the amount of surplus plant nutrients in the en-
vironment. The construction of an effluent treatment
facility is intended to reduce direct sewage waste
discharge and animal fertilizers. To reduce eutrophi-
cation-causing non-pollutant sources in aquaculture,
including agricultural fertilizer runoff, promote the
application of important crop restriction restrictions.
Advanced wastewater treatment technologies are be-
ing developed. Watch out for a variety of significant
eutrophication-causing elements, such as sources of
organic and inorganic phosphate and nitrogen.

7. Conclusions

The worldwide economy, ecology, and health
are among the domains profoundly affected by eu-
trophication, which has emerged as a major threat to
sustainability. Eutrophication is observed in coastal
and marine zones across the globe, stemming from
a limited set of origins. The overabundance of cer-
tain plant nutrients (phosphorus and nitrogen) from
both specific and diffuse sources leads to substantial
obstacles to biodiversity and hampers the viability
of aquatic ecosystems, causing a hindrance to life’s
presence. Identifying those sources is essential so
that safeguards can be taken. Due to the presence of
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a scientific framework and logical reasoning, this
study project explores several ideal techniques for
controlling the key sources in addition to discussing
the sources themselves. Nonetheless, the resolution
to the previously stated issue will remain elusive un-
til there is a fundamental shift in the collective per-
spective of the wider populace concerning the appli-
cation of deleterious substances, such as pesticides,
dyes, pigments, and nourishing fertilizers.
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