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ABSTRACT: Changing environmental and climatic conditions, along with land use and land cover patterns, 
have been immensely affecting freshwater bodies. Significant sources of water pollution are point and non-
point sources. While point sources are manageable, non-point sources prove to be challenging to control or 
even monitor. In the present scenario where scarcity of water resources is haunting nations, the availability 
of potable water has become nearly impossible due to pollution. On the other hand, intensive agricultural 
patterns towards providing food to the ever-increasing population have been inevitably using more 
quantities of fertilizers and pesticides in the process of cropping. One of the chief non-point sources leading 
to eutrophication of freshwater bodies is runoff from such agricultural activities. This review is an attempt to 
focus on this diffuse pollution source precisely from agricultural activities and its impact on water bodies, 
environment, and human beings. The effect of cropping practices on the nearby rivers and lakes is 
deliberated about understanding complex, interacting factors linked to land use and water quality. The 
significant challenges of the present study are to consolidate methods available to identify, monitor, and 
quantify these sources in order to overcome Agricultural pollution and to enhance the quality of water 
resources are discussed. 
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I. INTRODUCTION 

Among the most significant drivers of changes in the 
environment around the world is agriculture, yet it is also 
the most vulnerable to changes in climate [1]. Despite 
adverse environmental effects, practices of agricultural 
production are primary channels towards achieving food 
security, providing food and fiber to about 7.7 billion 
population [2]. Nearly 37% of the land area around the 
world is used for agricultural purposes. Countries with 
less arable land are forced to intensify agricultural 
practices (use of fertilizers and pesticides) [3]. 
Augmented agrarian systems tend to use more 
significant quantities of fertilizers and pesticides, which, 
unfortunately, are not entirely utilized. The residues of 
these fertilizers and pesticides possess the potential to 
be transported as NPS (Non-Point Source) in either 
particulate or dissolved form during the events of storm 
and runoff. This type of pollution has received much 
attention during recent years owing to the expansion of 
hypoxic zones. For example, the hypoxic zone of 2019 
was recorded as the eighth largest at 18,005 Km2. 
Further, the largest hypoxic zone was reported by Van 
Meter et al. 2018 in the Gulf of Mexico during August 
2017 with an extent of 22, 720 km2. The resulting water 
pollution persists to be a chief global problem leading to 
problems related to human health, fresh and marine 
waters eutrophication thus enhancing treatment cost for 
water supply [4]. 
Nearly 70% of water resources worldwide are used for 
agriculture practices which is occupying an essential 
part of the pollution of water. Pollution from agricultural 
sources is usually understood to be diffused in nature or 
as non-point source (NPS) contaminating freshwater 
bodies all over the world. Prime pollutants from these 

sources comprise excessive nutrients due to the use of 
fertilizers and manures from commercial sources. 
Extreme nutrient inputs containing nitrogen and 
phosphorus lead to eutrophication of surface waters, 
increase toxicity, and also exert adverse influences on 
flora and fauna communities. 
The most common chemical contaminants from 
agriculture NPS pollution is Nitrogen and phosphorus, 
which has been reported to be found in most of the 
world’s aquifers [5]. Statistics around the globe suggest 
that 38% of water bodies in the European Union be 
under pressure from agricultural NPS, while in USA 
agricultural NPS stands as a significant source polluting 
rivers and streams, second in pollution wetlands and 
third in polluting lakes [6]. On the other hand, in China 
agricultural NPS pollution accounts for the lion’s share 
in polluting surface water and groundwater precisely by 
nitrogen [7] and in developing countries agricultural NPS 
pollution is being aggravated by enhanced sediment 
runoff becoming a significant concern [8]. 
Substances like nitrate, phosphate, potassium, dieldrin, 
Aldrin, endrin, chlordane, arsenic, cadmium, chromium, 
and similar toxins derived from various agrochemicals 
eventually find their way to water bodies [9-10]. Several 
studies have stated that the loss of N and P (nitrogen 
and phosphorus) from croplands to nearby rivers and 
streams has dynamically enhanced in comparison to 
other sources like residential and industrial during the 
recent years in many regions of the world [11-12]. 
Since then, several researchers have been trying to 
analyze these substances in the receiving waters to 
appraise their concentrations, related effects of taking 
appropriate management steps. For example, algal 
blooms in Lake Taihu of China have been reported quite 
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earlier as 1987, but the condition of the lake has not 
improved but has been seen worsening since then [13]. 
This condition has led to the shutting down of drinking 
water from the lake, upsetting people who are 
dependent on it [14]. Concentrations of nitrate and 
phosphate higher than permissible limits given by WHO. 
Divya and Belagali, 2012 [15] reported standards in 
groundwaters near agricultural lands in Mysore. 
Khanna and Gupta, 2018 reviewed the cycle of water 
pollution from agricultural NPS and the same water 
used for irrigation and its ill effects on the ecosystem 
[16]. Mohapatra et al., (1995) reported residues of 
persistent organochlorines in waters of many Indian 
rivers [17]. Further, they also stated that the 
concentrations of DDT, aldrin, and heptachlor were 
found to be present in excess over their guideline limits. 
In these lines, the current review alleviates the 
contemporary scenario of global agricultural pollution, 
major elements from agrarian practices contributing to 
water pollution, effects or implications of this pollution, 
and available alternatives or control methods, thus it 
helps in sustainable agricultural practices. 

II. AGRICULTURAL NPS – CONTRIBUTING 
SUBSTANCES 

Identifying and understanding the impact of cropping 
practices on the environment has become mandatory, 
owing to the adverse effects of nutrient run-offs [18]. 
One of the common causes of water pollution from 
agricultural NPS is due to oversupply of inorganic 
fertilizers precisely in countries where fertilizers are 
available with high subsidy [19]. The two substances 
that are significant contributors include nitrogen and 
phosphorus. Pollution due to nitrogen and phosphorus 
is through the application of excessive synthetic 
fertilizers leading to enhanced and unwanted loading of 
water bodies.  

III. POLLUTION FROM NITROGEN 

The development of an automated method for fixing 
nitrogen from its elements are boosted, as the nitrogen 
to plant availability is low due to continuous agricultural 
practices. It was thus led to a worldwide intensification 
of agriculture. Although regarded as a development 
decisive towards feeding the growing population, 
nitrogen used in excess contributed to a wide range of 
adverse impacts on environment comprising of nitrate 
leaching to water bodies, acidification of soils, 
eutrophication, emissions to air and also greenhouse 
gases, making agricultural sector to be the primary 
source of water pollution by nitrate [20]. It is reported 
that nearly 50% of nitrogen from fertilizers and manures 
which are spread on to agricultural lands is lost to the 
surrounding environment [21]. Furthermore, 
anthropogenic nitrogen input to the biosphere can 
substantially alter the earth's system leading to 
exceeding more than planetary boundaries [22]. It has 
been seen that water contaminated by nitrate can cause 
long-term environmental damage threatening both 
ecosystem and economic health [23]. 
Nitrogen, upon entering into the soil in reactive form as 
fertilizer or through microbial fixation, it serves as the 
substrate for numerous microbial processes becoming 
available for uptake by the plant. Successful uptake of 
nitrogen by plants is governed by factors like moisture, 

temperature, aeration, and availability of other 
substrates like carbon. As a result, these environmental 
conditions play a significant role in determining the fate 
of nitrogen other than the targeted plant growth [24]. 
Denitrification and denitrification are understood to be 
dominant processes in the conversion of nitrogen 
species in soils to harmful substances [25]. When 
applied in excess quantities, unused nitrogen results in 
enhanced volatilization of ammonia and nitrous oxide 
emissions into air and run-off to surface and 
groundwater as nitrate and ammonium. Precisely 
nitrous oxide from agriculture accounts for around 56 – 
81% of gross anthropogenic emissions, which is 
projected to double by 2050. 
Several studies have been addressing this problem 
towards altering the respective authorities for coming up 
with appropriate measures for control. For example, 
Rabalais et al., (2002) [26] and Turner et al., (2006) [27] 
reported nitrogen load from the Mississippi River, which 
has significantly enhanced over the past 100 years, is 
one of the significant causes for summer hypoxia in the 
Gulf of Mexico. The dominant form of nitrogen, Nitrate, 
has been increasing in surface water since (1970)[28]. 

IV. POLLUTION FROM PHOSPHORUS 

Phosphorus is added to croplands through inorganic 
fertilizers, imported manures, concentrates, and slurries, 
etc. Maintaining optimum phosphorus or balancing 
phosphorus in farming is essential in identifying 
potential prospects for arable spread lands [29]. Runoff 
from catchment zones ruled by agricultural land is 
understood to be an essential source for phosphorus 
into surface water bodies leading to eutrophication. 
Phosphorus being a limiting nutrient reducing its 
transport from agriculture is mandatory towards avoiding 
ill effects. Kleinman et al., (2015) [30], terms legacy soil 
phosphorus, which is defined as a residual store of 
accumulated phosphorus in the soil beyond the 
agronomic requirements [31-32]. Some soils possess 
the high adsorptive capacity to retain phosphorus, which 
in small amounts is released slowly to natural runoff 
[33], resulting in overwhelming impacts on receiving 
waters. Managing such phosphorus, hence persists to 
be a challenge both to catchment mitigation measures 
and water quality, which are expensive to implement 
and, therefore, possess economic burden [34].  
Transfer of phosphorus to surface water can be briefed 
as a dynamic interlacing stage from the source through 
mobilization and discharge to receiving waters, polluting 
those [35]. The step of mobilization comprises of 
departing of phosphorus molecules from the source 
through processes like biological solubilization, 
geochemical desorption. The rate and magnitude of 
these processes tend to increase with some soil 
conditions like high organic matter, moisture, and 
management regimes [36]. The mobilized phosphorus is 
carried both through surface and subsurface pathways 
and discharged to surface waters where it becomes a 
pollutant [37].  
Several researchers around the world focussed on 
studying phosphorus loads in receiving waters, the 
latest studies to be quoted are by Gurung et al., 2013 
[38] have studies nitrogen and phosphorus loading in 
two watersheds of Mulberry and Catoma using pollutant 
loading model and presented that the values of total 
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nitrogen and total phosphorus were in the range of 
hypertrophic for lakes and eutrophic for rivers. Further, 
Darch et al., (2014) [39], from their study concluded 
higher mobility of bioavailable organic phosphorus over 
its recalcitrant forms, and organic phosphorus 
represents a significant risk for eutrophication. Bacelo et 
al., (2020) [40] reviewed methods for removal of 
phosphorus from water using adsorption and its 
subsequent recovery via desorption.  
The precise consequence of agricultural NPS 
pollution: Pollution from nitrogen and phosphorus, as 
discussed previously, occurs from numerous sources of 
which agriculture contributes a significant proportion 
[41]. Leaching of nitrogen and phosphorus in excess 
results in pollution of air, water, and soil. Especially 
eutrophication of water bodies resulting in impacts on 
the diversity of aquatic life. After entering into the 
environment, nitrogen gets converted to numerous 
forms leading to the process called nitrogen cascade 
resulting in a wide range of environmental impacts. 
Mitigation impacts caused by these two substances are 
associated with high costs; for example, mitigation of 
eutrophication caused by phosphorus loads. 
Feasible available solutions: Usually, all types of land 
use and agricultural practices are treated as agrarian 
NPS pollution, which depends on hydrological 
conditions causing difficulty in measurement and control 
directly. However, owing to the features of NPS pollution 
management, which are dependent on spatial-temporal 
simulation modeling, this is a primary method to 
estimate NPS pollution linked to spatial uncertainty. 
Techniques like watershed-scale modeling and small 
spatial-scale experiments can accurately calculation 
pollution loads from different land uses [42]. 
Studies by Saunders and Kalff (2001) [43]; Schulz and 
Kǒhler (2006) [44] proposed riverine retention 
processes for reducing transportation of nitrogen and 
phosphorus. Riverine retention occurs as a result of the 
burial of organic matter in sediments, sorption of 
sediment, denitrification, and uptake by plants and 
microorganisms. Methods like mass balance modeling 
[45], mechanism models [46], experimental 
measurements [47] and statistical regressions has been 
used for estimating total nitrogen and phosphorus 
retention in rivers [48]. 
Natural zeolite, aluminum modified clay, and lanthanum 
modified bentonite were used towards amending natural 
soil that has been collected from the lakeside of the 
Kelan reservoir in China for examining the removal of 
dissolved inorganic phosphorus and ammonia nitrogen 
using three amended grounds under simulated 
conditions. This study provided a significant basis for 
the construction of a lakeside buffer zone in the 
eutrophic watershed. Moore and Locke (2020) 
established 12 experimental mesocosms using silt loam 
atop a base of sand to examine the ability of 3 emergent 
aquatic plants for remediation of nutrients and 
pesticides from agricultural runoff. It indicated that this 
kind of vegetated ditches might help in reducing the 
transport of agrarian contaminants to aquatic 
ecosystems. Another most suitable method is integrated 
buffer zones, which is a novel form of edge-of-field 
technology for the retention of different species of 
nitrogen and phosphorus [49]. 
 
 

V. CONCLUSION 

Water quality monitoring persists to be a priority in most 
of the ecological studies, restoration projects, and water 
quality control. The current review presents water 
quality deterioration due to agricultural NPS, identifying 
nitrogen and phosphorus as significant contributors. 
Further, it also focused on pathways of their entry into 
the water bodies and their impacts on the receiving 
environment. We also presented some of the current 
technologies available for reducing the transport of 
these substances to water bodies. Monitoring and 
measuring techniques help in continuous recording of 
concentrations of nitrogen and phosphorus levels, which 
can be managed through process control technologies 
like integrated buffer zones, which seem to offer 
excellent retention capabilities. Further, using integrated 
techniques is always considered to be effective.  
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