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Abstract: Global food security challenges have been burdened by a rapidly expanding population
and its attendant food demands. Safer and higher-quality agriculture is one of the most essential
solutions for addressing the growing problem. In agriculture that is safer, the quality of irrigation
from a safer water source will boost food security. Groundwater is one of the most widely utilized
water sources for agriculture. Safeguarding groundwater against contamination and preserving water
resources is a rising global concern. Herein, previous literature studies were analyzed to determine
the groundwater potential for food production of the various continents around the globe, as well as
the various types of groundwater contamination, the sources of groundwater contamination, and
the best methods for combating groundwater contamination in order to guarantee safe irrigation for
agriculture and thus achieve food security. Consequently, the natural and anthropogenic activities
that degrade the quality of the groundwater and transform it into contaminated water from harmful
organisms, residues of organic and inorganic soluble and non-soluble salts of the groundwater from
chemical, leachate from landfills, sewage systems, and biological contamination, are the major issues
in safer agriculture, causing a number of problems in the growth of agricultural crops and leading to
a negative impact on food production as well as on the health of the population. Proper identification
of different sources of contamination and proper methods to prevent contamination from reaching
groundwater, as well as governmental and institutional frameworks to combat contamination and
treatment methods to treat contaminated groundwater, will contribute to the future achievement of
food security by ensuring a safer irrigation method and agriculture.

Keywords: food production; groundwater treatment; increasing food demand; safer irrigation

1. Introduction

The global population is expanding at an unprecedented rate, forcing the implementa-
tion of sustainable and equitable food systems at the forefront of sustainable development.
The challenge of widespread food insecurity is a significant issue especially for emerging
and underdeveloped countries [1]. Globally, severe food insecurity affects around 1.7% of
the population [2] and recent findings indicate that the global community is failing to make
sufficient progress toward its goal of eliminating hunger, food insecurity, and all kinds of
malnutrition [3]. By 2021, the number of hungry people in the globe had risen to 10.5% of
the global population, a rise of 46 million people from the end of 2020 [4].

A state of food security defines that all individuals, at any time, have access to, and
are able to afford, enough nutritious and safe food to suit their dietary requirements and
food choices in order to lead physically and mentally active and healthy lives [5,6]. The
four primary aspects of food security are the availability of healthy food, the capacity to
get food both financially and physically, the efficiency with which food is used, and the
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sustainability of these factors [7–9]. In accordance with the widely recognized definition
of food security, in contrast to the ability of an individual to obtain food to satisfy his or
her hunger, the availability of safe food and its continued availability in the future are both
ascribed equal weight. Thus, safer foods are not given a high priority when comparing
food availability, and the notion of food security is flawed. In light of the escalating food
security challenges and their global ramifications, it is also necessary to address food safety
issues. Each phase of food production techniques, including pre and post-harvest, must be
safe in order to ensure food quality and food security, beginning with land preparation and
continuing until the food reaches consumers [10,11].

Despite the fact that an increasing number of various food production and farming
practices have been identified as a solution for managing the food security issues, unsustain-
able and unsafe farming practices play a significant part in food safety challenges, which
the agricultural sector has yet to address [12]. To conquer food insecurity and improve
the quality of life in the globe, constantly seeking and implementing effective strategies is
needed, with the majority of identified aspects including reducing the need to clear land
for safe and healthy agriculture by narrowing the gap between what is now produced and
what might be produced, using fertilizer more efficiently, enhancing irrigation and reducing
food waste. Irrigation and water availability are major obstacles to expanding agricultural
productivity and ensuring food security [13,14]. Irrigation for agriculture and efficient
irrigation systems have assumed greater importance in increasing food production due to
the fact that a large portion of the global fresh water resources is used in agriculture [3,15].

Thus, the majority of the influence on the quality of the food produced rests with
the agricultural techniques used on the farmland; farmers are primarily concerned with
the quality of the seeds or plant materials; they do not prioritize the safety of the food for
consumers. In spite of the fact that many policymakers and stakeholders have begun to
consider this issue, measures such as switching to evaluate the water quality characteristics
of the water used for field irrigation, which is one of the most important parameters
in food quality, need more attention [15]. The presence of both organic and inorganic
substances in polluted water poses serious health risks, with the resulting food becoming
more deadly as the contamination spreads. On both a quality and quantity basis, polluted
groundwater may have detrimental effects on humans. As regards the quality, it disrupts
the groundwater’s natural state and renders it unfit for irrigation; when used, such water
may have negative effects on agricultural cultivation and consumer health due to the spread
of disease and bioaccumulation [16]. On the other hand, as a consequence of pollution,
the quantity of safer groundwater sources will decrease, resulting in a water shortage for
irrigation, which would inevitably lead to a decline in food output and the emergence of
food insecurity. To ensure global food security, it is essential to comprehend groundwater
and determine whether or not it is acceptable for irrigation, improving the safety of food
production while simultaneously enhancing productivity.

Thus, the specific objectives of this study can be summarized as follows:

• Examining the various types and sources of groundwater potential of the globe for
food production;

• Different types of contaminations in groundwater and their impacts on crops;
• Analysis of how to measure the different types of contaminations in groundwater;
• Examining how to combat groundwater contamination.

Following is the outline for this study. The second part explains in depth how this
study examined and analyzed the various goals and data collected through literature.
Section 3 then provides an in-depth examining of global groundwater potential for food
production and a detailed description of the available different sources and types of
groundwater in Asia, Africa and the American continent. Contaminations, causes of
contaminations and their effects on crops, identification of various contaminations, and
strategies for treating contaminations are also covered in Sections 4 and 5. Identification
techniques of groundwater contamination are included in Section 6. Strategies to combat of
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groundwater from getting contaminated are discussed in Section 7 and the study’s findings
and way forward recommendations are summed up in Section 8.

2. Materials and Methods

In recent decades, natural and anthropogenic activities have significantly degraded
the quality and composition of groundwater sources globally. Possibly one of the most
important aspects of agriculture, the majority of global agricultural sectors rely directly or
indirectly on groundwater resources for irrigation reasons. Consequently, the pollution
and low quality of groundwater have an effect on agricultural output and are likely to
exacerbate global food security challenges. As a consequence, governments across the
globe are working on decreasing the pollution of groundwater sources and implementing
contamination prevention techniques. Through their research, examining, and implemen-
tation of strategies and policies to address these issues, they play a significant role in
addressing these issues through the conduct of critical research on combating this problem
through the identification of different methods for different groundwater contaminations
and prevention and treatment methods.

These studies were done in four distinct phases. The objective of Stage 1 of this
research was to conduct a comprehensive systematic online literature review to examine
the different sources and types of groundwater potential in the globe with three major
groundwater potentials such as Asia, Africa and America. The online literature included
articles from scientific databases (Science Direct, Scopus, and Google Scholar), as well as
books, university reports, and periodicals. We obtained university publications through
their books, university reports, and university publications regarding the groundwater
pollution in various ways and the associated problems with food insecurity issues. This
information needed to be as up-to-date as possible and include all relevant details. The
timeliness of some of the available data was inadequate. More than 200 of studies have
been included in the literature survey, but 77 of those were not relevant to the objectives of
the review and out of date; therefore, those have been excluded.

In Stage 2 of this paper, the initially identified sources of contaminations and various
contaminations types were taken into account, and the negative effects of these contamina-
tions on the growth, efficiency, and yield production of crops are evaluated using previous
studies. Additionally, the prevention of adding these contaminations to groundwater and
treatment methods of contaminated groundwater prior to use for irrigation purposes are
investigated. In stage 3 of this research, the obstacles of utilizing groundwater for irrigation,
as well as the preventive and treatment strategies for groundwater, were analyzed based
on the existing prior research. In the subsequent stage 4, the conclusion and future steps
were analyzed and described.

3. Groundwater Potential in the Globe

Despite the fact that water makes up around 71% of the Earth’s surface, 97% of all
water is actually located in the ocean, where it is much too salty for human consumption
and agricultural utilization [17]. Therefore, approximately 3% of the water on Earth
is freshwater, and of that, 2.5% is not usable since it exists in glaciers, polar ice caps,
atmosphere, and soil [18]; therefore, only around 0.5% of the water on Earth is usable fresh
water and 98% of the fresh water comes from groundwater [19]. Aquifers are underground
layers of water bearing rock or geological structures that produce sufficient groundwater
for wells and springs [20]. Constrained aquifers are also known as artesian aquifers, which
are often found at the foot of constrained rock strata. The water levels of fractured wells that
draw water from artesian aquifers change more due to pressure fluctuation than quantity
of stored water [21].

The availability of groundwater for agricultural use is highly variable around the globe,
depending on factors such as climate and hydrogeological conditions. However, it also
relies on the extraction tactics adopted, water quality, and the degree to which groundwater
and surface water are interconnected and interdependent [22,23]. Hence, local water quality
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issues such as hardness, heavy metals, fluoride content, and salinity, groundwater sources
are competitive with surface water for the irrigation. In addition to that, groundwater with
enough storage capacity is an excellent multi-annual buffer as a water source for agriculture
and can provide a considerable opportunity to ameliorate recurrent rainfall deficits in the
less rainfall-receiving areas [24]. In some parts of the globe, deep groundwater basins are
also utilized because of their high productivity, lack of sensitivity to pollution, and the
artesian conditions that financially and technically advantageous. In the dry and semi-arid
zone, renewable groundwater resources are less abundant and of varying but typically
restricted scales [25]. However, they are often the sole permanent local water supplies in
some regions, unless the water is driven from dams and waterways.

In the humid tropical and equatorial zone, groundwater resources are normally copi-
ous, but their distribution is more irregular due to the presence of old geological formations
that often compose aquifers with limited storage [26]. They can only compete with sur-
face water for satisfying geographically dispersed demand, due to their typically superior
qualities. Even if aquifers are available, permafrost conditions in the arctic and subarctic
zones of the Northern Hemisphere severely limit the availability of groundwater sup-
plies [26,27]. Permafrost conditions may extend to depths of several hundred meters,
obstructing recharge and restricting access to groundwater. The groundwater potential
of the Asian continent is the greatest in the world, followed by that of Africa and North
America, and then by that of South America, Europe, and Australia in that order. Figure 1
shows the illustrative view of the groundwater potential with different continents [28].
Herein, the detailed description of the different countries’ groundwater potential from
multiple continents are included.
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3.1. Groundwater Potential for Food Production in Asia

Despite the fact that Asian countries have made great strides in eliminating malnutri-
tion, the continent is still home to more than 550 million hungry people [27]. The area as a
whole must enhance food production systems and distribution or face serious food security
issues within the next century. Some emerging nations will need to boost their food output
by up to 77% by 2050 in order to feed their citizens [27]. Lack of access to clean water is
one of the identified causes in this region for the food security issues [29]. The combined
landmass and high population of Asia (59.5% of the global population) lead to serious
issues regarding the quality and quantity of assessed water source for food production and
simulate food security issues.

Potential of available water is majorly dependent on the geography, climatic conditions
and precipitations of the countries. Temperatures in Siberia’s Arctic region contrast sharply
with those of Southeast Asia and Southern India’s tropical lowlands [30]. Inland areas
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of East Asia, Central Asia, and Western Asia are in the dry zone, whereas the coasts and
islands of Southeast Asia and South Asia are dominated by the monsoon circulation [31].
Precipitation fluctuates geographically and climatically, while many regions of Southwest
and Central Asia receive less than 150 mm of precipitation annually, some near the equator
receive over 2000 mm [32]. Suitable water for the food production derives from surface
water bodies, groundwater and rainwater. Groundwater is prioritized in the majority
of Asian nations situated close to the equatorial zone since it may supplement water
demands during drought. Along the banks of major rivers like the Ganges, Yangtze, and
Mekong, sedimentary aquifers have formed, mostly made up of alluvial deposits from the
floodplain [33]. Most of these aquifers are rather deep and thick, making them ideal for
storing and distributing groundwater.

There are few areas in West Asia that can replenish groundwater in sedimentary
aquifers and hard rock formations in the mountainous areas of Central and Northern
Asia [34]. As glaciers and snow melt in the high mountains of Central Asia, they help
replenish groundwater despite the dry climate and significant rates of evaporation in the
inland [35]. Stratified limestone dating back to the Paleozoic and Mesozoic periods may
be found in southern China and the Indochina peninsula, where karst systems are well-
advanced [36]. The islands of the Pacific Ocean are underlain by a thick layer of Quaternary
volcanic rock. In many parts of Asia, freshwater comes mostly from groundwater. Seven
of the ten nations in the globe (India, China, Pakistan, Iran, Bangladesh, Saudi Arabia
and Indonesia) with the highest rates of groundwater extraction are in Asia [37]. This is
due largely to the fact that these countries are some of the most populated globally and
have a great deal of agricultural activity. Nearly 80% of the water used in agriculture and
industry in Bangladesh and Mongolia is pumped from the ground [38]. It is safe to say that
groundwater is the primary renewable water supply for many nations in Western Asia,
including Saudi Arabia, the United Arab Emirates, Oman, Kuwait, Bahrain, and Qatar, all
of which lack permanent rivers.

Geologically, Sri Lanka has a great potential in terms of groundwater availability. More
than 80% of the rural population depend on groundwater for their agricultural activities.
The impact of climatic fluctuation on groundwater is substantially greater in the dry zone
of Sri Lanka, which has a longer dry season and a shorter wet season. On the basis of their
geo-hydrological properties, Sri Lanka is home to six primary kinds of aquifer systems:
shallow karstic aquifers, coastal sand aquifers, deep restricted aquifers, lateritic (Cabook)
aquifers, alluvial aquifers, and shallow regolith aquifers in the hard rock area [39].

3.2. Groundwater Potential for Food Production in Saudi Arabia

Both the rapid increase in the global population and climate change depleted natural
resources and intensified water crises. Depletion of water resources directly affects agricul-
tural production and escalates food insecurity. Under these circumstances, governments
face pressure to establish a policy to lessen food insecurity by preserving water resources.
Although several countries are confronting water crises, Gulf countries are highly suscepti-
ble to water insecurity. From this perspective, Saudi Arabia is trying to meet water demand
by adapting various parameters such as the collection and recycling of wastewater, though
not to a high extent, as shown in Figure 2. According to the World Bank report, in 2017 [40],
Saudi Arabia produced 17% of water through the recycling of wastewater and 60% of water
by collecting wastewater, which is less than other Gulf countries, as mentioned in Figure 1.
Since 1980, water consumption in Saudi Arabia has increased by a factor of fifteen [41].

Saudi Arabia highly relied on groundwater and is considered an unsustainable water
hotspot. Currently, depletion in groundwater coupled with pollution risks arises from
agricultural activities, industrial and landfill wastes, and encroachment of the seawater
degrading the quality of groundwater [42]. Despite being limitless, groundwater extraction
for agriculture only contributed to 2% of the GCC country’s GDP. Free allocation, the
absence of water rights, and taxes provoked flood irrigation, which elevates evaporation.
Several farmers used to cultivate water-intensive crops that can be imported at reasonable
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prices. In Eastern Saudi Arabia, high water pumping has disorganized the equilibrium
between aquifers, which could adversely affect water quality through leakage of low-
quality water from one aquifer to another [43]. Domestic consumption also causes water
stress as the authors of [44] reported that almost 300 L of water per capita are consumed in
Saudi Arabia. Inappropriate practices depleted 88% of groundwater in Saudi Arabia, as
Figure 3 shows [40].
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Groundwater is an important input for agricultural production. Depletion of ground-
water directly affects food production and creates food insecurity. According to the Food
and Agricultural Organization, the import dependency ratio in Saudi Arabia exceeded
more than 95% [45]. From 1960–1990, KSA expanded irrigated lands from 0.37 million
hectares to 1.5 million. Economical energy, innovative technologies, and flexible subsidies
allowed growers to install deep wells and pump billions of cubic meters of water every
year; in return, Saudi Arabia produced little GDP and high food insecurity [4]. According to
FAO [46], the agricultural sector in Saudi Arabia is still consuming high amounts of ground-
water. The Saudi National Water Strategy 2030 has suggested substantial modifications
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in agricultural activities to minimize water allocation to the farming sector. Groundwater
depletion could increase food insecurity and decrease local production in Saudi Arabia,
as Dawoud [45,47] reported that the population of GCC is highly reliant on desalinated
plants and urban water supply, which is currently at risk of pollution and disaster. Such a
situation could escalate security risks. If the supply is broken up, Saudi Arabia could only
store clean water for three to five days. Additionally, there is not sufficient water supply to
fulfill population demand during disaster conditions.

3.3. Groundwater Potential for Food Production in Africa

Africa corresponds to the more than half of the food insecurity issues of the globe.
Across the continent, food production and food security are both threatened by a lack of
water. Groundwater irrigation is one intriguing option that deserves further investigation.
The industry is expanding, and as surface water becomes more unpredictable, farmers will
benefit from the added security it offers. Only 1% of Africa’s agricultural land is now fitted
for groundwater irrigation, but that number is 14% in Asia [48]. The potential to enhance
usage for irrigation is fairly considerable since there is a substantial groundwater storage
in many sections of the continent.

Many of Africa’s groundwater resources are located in the continent’s massive sed-
imentary aquifers found in the northern part of the continent. The largest quantities
of groundwater are found in Libya, Algeria, Sudan, Egypt, and Chad, respectively [49].
Important groundwater reservoirs can be found in the Taoudeni-Niger region [50], the
Libyan Desert, the Chad region, and the Kalahari, all of which are large inland depressions
in Africa’s basement rock filled with sedimentary layers of continental origin [51]. East
African plateaus typically have few groundwater reserves [52]. The Continental Intercalary
series, which includes the Nubian sandstones of southern Egypt, is the most significant
water-bearing layer in the Sahara [53]. The Precambrian bedrock may be seen right through
to the surface in certain parts of Sudan [54]. Aquifers are located in sandstone, limestone,
and sand and gravel deposits in the coastal regions of African countries including Senegal,
Ghana, Nigeria, Cameroon, Mozambique, the East African republics, and Madagascar [55].
Water is found in abundance in the Jurassic limestones of the Maghrib’s hilly region as
opposed to the dolomitic limestones found elsewhere [56]. Water yields from porous
aquifers may range from only a few cubic feet per hour in the fine-grained sands prevalent
over most of the continent to hundreds of cubic feet per hour in the course gravels of
the Nile delta [57]. Limestones in North Africa with plenty of fissures and fractures may
produce thousands of cubic feet of water every hour, whereas in the Democratic Republic
of the Congo, Zambia, and South Africa, dolomitic limestones produce high volumes of
water [58]. In places such as North Africa, Mozambique, Ethiopia, and South Africa, where
groundwater comes from deeper sea strata, there may be a lot of salts in it [59].

3.4. Groundwater Potential for Food Production in North America

An estimated 10.2% of the human population in North America are food insecure. In
the United States, almost 165 million of the population uses groundwater for irrigation.
Approximately 54% of the entire groundwater potential is used in agriculture [60]. Southern
Mexico and the coastal regions of the United States and Canada are characterized by copious
precipitation, in contrast to the dry desert landscapes of the Southwestern United States and
Northern Mexico [61]. Increasing population density across the continent has accelerated
the freshwater scarcity issues and creates a significant challenge to North American water
management for irrigation. Canadians are fortunate to have a higher amount of high-
quality groundwater through numerous aquifers in Canada being located in deposits of
sand and gravel generated by glacier-melting rivers or lakes [53]. The Carberry aquifer is a
major source of agricultural irrigation water in Manitoba [62].

A significant sand and gravel aquifer in the Fraser Valley of British Columbia is
frequently exploited for irrigation and other household needs [63]. Underneath the soil
of Prince Edward Island, a thick, broken sandstone structure contains the island’s entire
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water supply [64]. Aquifers are composed of thick alluvial deposits in the Central Valley
of California, the high plains, and the Mississippi River alluvium; glacial drift deposits
in the North Central and Northeastern United States [65]; unconsolidated sediments of
the Atlantic and Gulf Coastal Plains; consolidated limestones and dolomites in the Florida
peninsula and adjacent coastal regions, as well as Texas and New Mexico; and sandstones
in the Appalachian Mountains [65,66].

Fresh groundwater withdrawals are mostly utilized for agriculture and animals.
Groundwater quality in the United States varies greatly from location to location [67].
In contrast, groundwater from sandstone, shale, and limestone strata in the midcontinent
is very hard, rich in dissolved particles, and alkaline. Despite the fact that the United
States is endowed with relatively substantial quantities of groundwater, local and regional
overdrafts of groundwater reserves have already resulted in several negative consequences.
These include the lowering of water tables, the infiltration of saline water, land subsidence,
and the reduction of stream base flow. In Mexico, the National Water Commission has rec-
ognized 653 aquifers [68]. The first is the Trans Volcanic Belt of Mexico, which is comprised
of steep mountains and intermontane valleys with thick lacustrine deposits [69].

4. Different Contaminations of Groundwater Impact on Food Security

Food production relies heavily on irrigation; thus, it is crucial that the water being
used for that purpose be of high quality. There are several factors that influence the
groundwater quality to ensure the safer food production such as soluble salts, pH and
alkalinity, trace/heavy metals. Before acquiring groundwater for irrigation purposes, it
is necessary to comprehend its true quality and chemical compositions. The available
compositions may be compared to the needed water quality, and if anything deviates from
the standard, the appropriate treatment process can be made more suitable for agriculture.
Poor quality of water causes sluggish development, low aesthetic quality of the crop, and
in certain situations, the progressive demise of the crops [70].

High soluble salts will directly harm the roots of the vegetation by interfering with
their absorption of water and nutrients. Salts may build at the leaf margins, causing the
edges to burn [71]. High alkalinity will alter the pH of the water source and affect the
growth medium, interfering with nutrient absorption and creating of nutritional deficien-
cies that are detrimental to plant health [72]. There may be harmful organisms, residues of
organic and inorganic soluble and non-soluble salts present in groundwater, which need
reconditioning before irrigation [73]. The detailed study for each compositions and the
impacts on crops are described.

4.1. Soluble Salts of the Groundwater

A soluble salts concentration in groundwater will be determined by its electrical
conductivity (EC). Groundwater with a high EC may result from a number of sources such
as fertilizer-rich confinement, water polluted by road salt, and saltwater intrusion in coastal
wells [74]. To prevent plant damage, EC should be no greater than the permissible range
of 0–1.5 mS/cm [75]. Root function is impaired by an excess of soluble salts, which may
limit water intake and cause nutritional shortages [76]. Calcium concentrations between
40–100 ppm and magnesium concentrations between 30–50 ppm are deemed appropriate
for irrigation [77]. Irrigated groundwater with a high Ca and Mg concentration leaves
behind hard water deposits, reducing the efficiency of the water supply to plants over
time [66]. This has a significant impact on the agricultural field water distribution system,
especially in micro irrigation systems. They may lead to a buildup of salt in the soil, which
stops plants from absorbing water effectively. This leads to an inability to flourish and
the symptoms include sluggish new growth, yellow or brown-edged leaves, and even
withering [78].

Groundwater irrigation with excessive Na and Cl is directly hazardous to plants,
leads to an increase in the number of soluble salts in the growth media, and hinders
water absorption [79]. Excess soluble salts cause damage to plants, stunt growth, and



Sustainability 2023, 15, 4202 9 of 20

increase susceptibility to disease. Foliar chlorosis induced as a result of excessive Na
and Cl resembles that caused by N, Fe and Mg shortages [80]. High salt inhibits calcium
absorption by plants and may cause excessive calcium and magnesium leaching from
growth conditions [81]. In addition, sodium may be absorbed via the leaves, leading in
leaf burn [82]. Sodium-rich groundwater may also include high chloride concentrations
and causes excessive foliar absorption under overhead irrigation or leaf edge burn in
vulnerable plants [83]. Depending on crop sensitivity, acceptable amounts of Na and Cl
for ornamentals are fewer than 50 ppm and 140 ppm, respectively [84]. However, higher
concentrations may be tolerated. Concentrations of sodium below 50 ppm are appropriate
for overhead irrigation [85]. Potassium and phosphate are essential to plant nutrients that
are often present in extremely low concentrations in groundwater [86]. Groundwater used
for irrigation may be tainted with fertilizers or other pollutants if concentrations of more
than a few parts per million are found.

4.2. pH and Alkalinity

The alkalinity and acidity levels of groundwater are crucial in deciding whether or
not it may be used for irrigation. pH levels in irrigation water should be between 5.0
and 7.0 [87]. The aquifer’s geological components, such as limestone and dolomite, leach
these chemicals into the water. Irrigation water quality is optimal between 0 and 100 ppm
calcium carbonate. High alkalinity has the greatest impact on the fertility of the growth
medium and the nourishment of the plants [88]. As long as the alkalinity is minimal, water
with a high pH may be safely used for irrigation. Growing plants in tiny pots exacerbates
the pH and alkalinity management issues since the soil in such containers is less able to
resist a shift in pH [89]. Due to this, plug and seedling trays are especially vulnerable to the
effects a high pH and high alkalinity. Using water with a high alkalinity may cause deficits
in trace elements like iron and manganese, as well as Ca and Mg imbalances.

Carbonates and bicarbonates may build up in the nozzles of pesticide sprayers and
micro irrigation systems, which can have disastrous results. The high alkalinity of water
significantly reduces the efficacy of several insecticides, floral preservatives, and growth
regulators. If the chemical needs a pH below 7.0 and the pH of the groundwater is over 7.0,
a buffering agent must be added to the water before it can be used [89].

4.3. Trace or Heavy Metals

Due to the pervasive and chemically stable nature, toxicity and potential for bioac-
cumulation of the trace or heavy metals, their presence in groundwater has attracted
considerable interest for decades [90]. Main sources for heavy metals include local geology
from weathered rocks and minerals, municipal solid waste, and agricultural chemicals.
The most frequent metals in groundwater are manganese (Mn), copper (Cu), lead (Pb),
sodium (Na), nickel (Ni), aluminum (Al), and zinc (Zn). The buildup of trace elements or
heavy metal toxicity might deplete plant-harmful nutritional components. Ni, Cu, and Cd
may cause Fe chlorosis in a number of plant species. To confirm a case of metal/nutrient
poisoning, it must be determined that plants have been harmed, that an accumulation
of a potentially phytotoxic element has occurred in the tissue, and that the element is
responsible for the abnormalities [91].

4.4. Impact of Groundwater Contamination on Agri-Food Systems

Contaminations from the agro-farm industries are also significantly responsible for the
deterioration of the quality of groundwater; in some cases, such as the banana industry in
tropical countries (Panama and Venezuela), it can have significant impacts on soil properties
such as soil consistence, biological activity, and HCl [92], pathogen incidence such as the
soil fungus Fusarium wilt and fungus-bacteria complexes capable of proliferating under
poorly drained conditions [93], and banana productivity associated with the absence of soil
and water conservation practices in lacustrine and alluvial soils [94]. One major source
of water pollution in the banana industry is the use of pesticides and fertilizers. These
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chemicals can leach onto nearby water sources and negatively affect the health of the soil,
plants, and local aquatic ecosystems.

In terms of soil properties, water pollution from pesticides and fertilizers can lead
to a decline in soil fertility and microbial activity [95]. This can result in reduced banana
productivity, as the plants may not be able to access the necessary nutrients for growth.
Additionally, the chemicals can also lead to soil erosion, which can further degrade soil
quality. Pathogen incidence is another area that can be affected by water pollution from
the banana industry [92]. Pesticides and fertilizers can disrupt the balance of the local
ecosystem, allowing pathogens to thrive. This can lead to an increase in diseases and pests
that can harm banana plants, reducing productivity and yield.

In terms of banana productivity, water pollution can have a significant negative impact.
The chemicals can damage the health of the plants, leading to reduced growth and yield.
Additionally, the disruption of the soil ecosystem can also lead to reduced productivity [92].
Overall, to mitigate these impacts, it is important to implement sustainable farming prac-
tices that minimize the use of pesticides and fertilizers, and that promote soil health and
the local ecosystem.

5. Sources of Contamination in Groundwater

The addition of undesired elements to groundwater as a result of natural or human
activity is referred to as groundwater contamination including chemicals, road salt, bacteria,
viruses, drugs, fertilizers, and gasoline [96]. However, groundwater pollution varies
from surface water contamination in that it is undetectable and impossible to recover the
resource at the present technological level. Groundwater contaminants are often odorless
and colorless. An inefficient irrigation system with contaminated water can lead to it
being incapable of providing the optimal soil–water–nutrient environment for crop growth.
This will result in lower yields, lower quality, or higher expenses per unit of production
compared to good quality irrigation and will also create health issues for the consumers
after having the food cultivated by contaminated water.

Groundwater is found in underground geological layers and has extended residences’
durations, making cleanup difficult and expensive. Even if the source of pollution is
eliminated, it might take decades or even centuries for polluted groundwater to be purified
by natural means [97]. The number of pollutants identified in groundwater is categorized
as chemical contaminants, leachate from landfills and sewages and biological contaminants.
These pollutants may originate from natural or human-made sources if human activities
disturb the natural environmental equilibrium, such as the depletion of aquifers leading
to saltwater intrusion, acid mine drainage as a result of mineral resource extraction, and
leaching of hazardous chemicals as a result of excessive irrigation.

5.1. Chemical Contamination of Groundwater

Common inorganic pollutants include nitrate, nitrite, and ammonia nitrogen mostly
derived from anthropogenic sources, such as agricultural fertilizers, manure, and domestic
wastewater. Anions and oxyanions, such as F, SO4

2−, and Cl, as well as significant cations,
such as Ca2+ and Mg2+, are other prevalent inorganic pollutants found in groundwater [98].
Groundwater may also have an increase in total dissolved solids (TDS), which is the sum of
all the ligands present in water [99]. The majority of these pollutants have a natural origin,
but human activities may potentially increase their concentrations in groundwater.

Toxic metals and metalloids pose a threat to both human and environmental health.
Metals, including zinc (Zn), lead (Pb), mercury (Hg), chromium (Cr), and cadmium (Cd),
and metalloids, including selenium (Se) and arsenic (As), are often identified in groundwa-
ter [100]. At lower concentrations, several of these elements serve as necessary micronutri-
ents, but at higher concentrations, they are hazardous. Exposure to hexavalent chromium
(Cr6+) may raise the risk of cancer, whereas As3+ can react with the sulfhydryl (–SH) groups
of proteins and enzymes to disrupt cellular activities and ultimately induce cell death [101].
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Toxic metals in the environment are persistent and bio-accumulate modestly when they
enter the food chain.

Numerous organic pollutants have been found in groundwater. The majority of
biodegradable organic pollutants come from sewage and industrial effluent. Bacteria
have the potential to transform many of these unstable organic compounds into stable
inorganic substances such as carbohydrates, proteins and lipids. They may diminish the
concentrations of dissolved oxygen in groundwater and create biological oxygen demand
(BOD) [102]. Hydrocarbons, halogenated chemicals, plasticizers, pesticides, medicines, and
personal care products, are among the most prevalent organic pollutants [103]. Chlorinated,
brominated, and fluorinated substances, among others, are persistent in the environment
and may collect and enrich in organisms, leading to detrimental repercussions in species
from higher trophic levels, including humans [104].

5.2. Leachate from Landfills and Sewages

Leachate from landfills is one of the primary pollutants generated by landfills. The
leachate may include soluble and insoluble organic and inorganic substances that are the
outcome of physical, chemical, hydrolytic, and fermentation activities [105]. Contamination
of groundwater is inevitable when the landfill’s base is below the water table or when the
barrier between the trash and the aquifer is permeable. Waste composition, weather, site
hydrology, trash compaction, waste age, landfill technology, and monitoring methods all
play significant roles in determining the types and quantities of pollutants found in landfill
leachate [106]. Various pollutants, including organic debris, inorganic macro components,
heavy metals, and xenobiotic organic compounds, are leached from landfills [107]. The
stage of stability of a landfill, which shows the age of the landfill, regulates the quality of
leachate, which in turn influences the amount of groundwater pollution.

The disposal of wastewater in workplaces, houses, and the majority of other structures
requires the use of septic systems. There is always a potential that the septic system in the
house or workplace has been improperly planned, maintained, or installed, despite the
fact that these systems have been intended to allow for the gradual draining of human
waste at a safe pace. If so, the system might break and leak, allowing pathogens, chemicals,
and germs to enter the groundwater in the area. When this happens, the local ecology
will almost certainly deteriorate, which might lead to problems with irrigation and health
problems for the local population.

5.3. Biological Contamination of Groundwater

Algae and microorganisms, including bacteria, viruses, and protozoa, are examples
of biological pollutants [108]. Some of these microorganisms are derived from natural
sources, but others are microorganisms that coexist with native algal species and compete
for available nutrients. Many human illnesses, particularly severe diarrheal disorders such
as typhoid and cholera, may be caused by ingesting microbial contaminated groundwater
irrigated food products.

Solid waste contaminated with human and liquid excreta, which may include numer-
ous harmful microorganisms such as bacteria and viruses, is often disposed of in landfills,
open dumping sites, and areas with unlined drains. Harmful chemicals, nutrients, and
pathogenic bacteria contaminate the groundwater environment by seeping into the ground-
water aquifer. The most common ways in which animal feces contaminate groundwater are
through the leakage or overflow of manure storage piles or lagoons at animal feeding oper-
ations (feedlots) and concentrated animal feeding operations, the application of improperly
treated wastewaters associated with food processing or animal slaughter, and the wastes
of pets, livestock, and wild animals [109]. Surface and subsurface sources also contribute
to fecal pollution. Facial tissues, pet excrement that may carry human pathogenic viruses,
soiled disposable diapers, and spoiled foods are only a few examples of highly infectious
home wastes. It can be shown from the ratio of fecal coliform to fecal streptococci in landfill
rubbish that the bulk of pathogens in municipal waste is not from humans but rather from
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other warm-blooded animals [110]. Overflowing or seeping septic tanks are among the
most often documented forms of groundwater pollution associated with disease outbreaks.

6. Identifications of Contamination in Groundwater

The identification of contaminants in groundwater analysis is of growing relevance
in the monitoring of groundwater quality of irrigation for agriculture to achieve the food
security with quality of food products. Recently, there has been a rise in the production
of groundwater quality sensors and the development of consensus on where to place
sensors for optimal event detection. Groundwater quality may be monitored for things
such as temperature, pH, turbidity, conductivity, oxidation reduction potential (ORP),
UV-254, nitrate-nitrogen, and phosphate by installing sensors in distribution systems [111].
To determine the presence of pollutants in the groundwater, precise and rapid detection
methods are required. As several kinds of pollutants may be present, proper qualitative
and quantitative analysis requires the use of efficient methodologies.

Laboratory and field analytical procedures for biological and non-biological contami-
nants are distinct. Various potable detection technologies are being considered widely as
potential solutions [23]. It is currently possible to create labs on a chip that sample, filter,
pre-concentrate, separate, and detect biomolecules or analytes using negligible volumes
of liquid [112]. The infrared (IR) and Raman spectrometers are the most often utilized
vibrational spectroscopy equipment in groundwater monitoring technologies [113]. The
most prevalent techniques for identifying pollutants in groundwater include discontin-
uous approaches, in-line sensor-based monitoring, and algorithmic model-based event
detection [114]. Indicator organisms are used to identify the pathogenic microbiological
characteristics of the water. Despite the advancement of novel methods, traditional culture-
based approaches are still utilized for the identification of microbiological characteristics in
groundwater [115].

7. Methods of Combating the Groundwater Contamination
7.1. Prevention of Contaminating Mixing with Groundwater

Although groundwater is a priceless natural resource, it is becoming unsafe to consume
due to pollution and contamination. As it is important to know which kinds of contaminants
are in the groundwater, it must be equally important to take measures to avoid them from
mixing with the water supply. Contamination of various nitrogen sources is the given
priority in groundwater quality parameters [16]. Nitrate level of each groundwater source
points should be identified. Nitrate levels in the environment may be lowered by regulating
wastewater management, eliminating the discharge of municipal and industrial waste into
treatment systems and municipal sludge, and removing bio solids liquids [116].

There are a number of ways to counteract the impact of heavy metal deposition in
groundwater. Isolation methods attempt to isolate toxins inside a specified region to
avoid their spread [117]. When alternative remediation solutions are not physically or
financially possible for a location, these technologies may be used to avoid additional
groundwater pollution. During the assessment and remediation of contaminated sites,
they may also be isolated for a period of time to limit transport. By altering the physical
or leaching characteristics of the contaminated matrix, immobilization technologies aim
to reduce the mobility of contaminants. Physically limiting the contamination interaction
with the surrounding groundwater or chemically modifying the contaminant to make it
more stable in groundwater are the most prevalent methods for reducing mobility [118].
Enacting and enforcing the appropriate rules is necessary to manage the rising waste levels
in the country while avoiding environmental degradation. It is required to execute an
integrated waste management plan consisting of a hierarchical and coordinated set of
pollution-reduction measures [119]. To limit the effect of these dumps on groundwater
quality and the environment as a whole, these facilities must be designed and constructed to
avoid contamination. Long-term monitoring is essential to determine the effect of seasonal
fluctuations on pollutant concentrations throughout time [120].
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In addition, the need for sanitary landfills is necessary to prevent the pollution of
groundwater by waste leachate. Extending the lifespan of landfills and diverting as much
garbage as feasible via waste avoidance, reuse, recycling, and composting may be cost-
effective. In addition to providing employment, decreasing poverty, enhancing economic
competitiveness, lowering pollution, and preserving natural resources, diverting items from
landfills may contribute to reducing pollution and conserving natural resources. This may
be achieved by guaranteeing the correct maintenance of saltwater barrages by the relevant
authorities in order to limit the saltwater intrusion impact [121]. Continuing in this manner
may exacerbate the impacts of saltwater intrusion. A significant element is the infiltration
layer, which is the vertical distance between the latrine pit and the groundwater table.
When the infiltration layer is thicker, the transmission period of pathogens is elongated,
hence decreasing the danger of groundwater pollution [122]. Fecal contamination in
groundwater may be accelerated or slowed down by a variety of factors unique to a given
area, including the soil condition, the condition of the latrine pit, the condition of the
groundwater extraction point, the land uses adjacent to the extraction point, the surface
water flow pattern, and many others.

7.2. Advanced Technologies to Treat the Groundwater

The primary goals of the conventional contaminated water treatment process, such as
activated sludge, are the elimination of biological and non-biological contaminations. The
wide diversity, very low concentration, and distinctive properties of emerging contamina-
tions are critical aspects in treating of contaminated water despite the fact that numerous
treatment processes are followed in the water treatment plant, which may contribute to
the removal of these contaminants. Endocrine disrupting chemicals (EDCs) have been
linked to harmful effects on the human endocrine system, drawing focus to research into
the removal or treatment of these micropollutants from groundwater. The remediation
alternatives for contaminations in groundwater include adsorption technology, membrane
technology, biological treatment, and the advanced oxidation approach.

Adsorption technology involves the mass transfer of substances between liquid–liquid,
liquid–solid, gas–liquid, and gas–solid interfaces. With the aid of intermolecular interac-
tions, adsorbents are used to remove certain pollutants (adsorbates) from groundwater [100].
There are two interactions between the solid surface and adsorbates: physisorption and
chemisorption [100]. For the removal of contaminants from aqueous solutions, inexpensive
and widely accessible agricultural solid wastes such rice husk and straw, fruit peels and
stones have been used. Oxidation of the activated carbon significantly increased the hy-
drophilic nature of the material, which lowers the adsorption capacity and has a significant
impact on the breakthrough times and adsorption capacity values in the fixed-bed adsorp-
tion process [123]. The inexpensive and easily accessible adsorbent would make a feasible
option for treating polluted groundwater. Several environmental factors and variables,
such as initial adsorbate and adsorbent concentration, adsorbent particle size, temperature,
pH, selectivity, ionic strength, contact duration, and rotation rate, are employed to ensure
the efficacy of the adsorption process [124].

Another potential approach for the effective removal of micropollutants from ground-
water is membrane technology. This method employs both nonbiological and biological
processes such as reverse osmosis, ultrafiltration, and nanofiltration [125]. Membrane
bioreactors (MBRs) combine membrane-based filtration procedures, such as microfiltration
(MF) or ultrafiltration (UF) technology, with biological reactors for suspended growth [126].
MBRs are the most prevalent and well-established procedures for obtaining generally
clean groundwater by combining membrane and biological treatments. Non biological
techniques or pressure-driven membrane technologies, such as reverse osmosis (RO),
nanofiltration (NF), membrane filtration (MF), or ultrafiltration (UF), use high pressures
across the membranes to filter pollutants from generated water [127]. Membrane tech-
niques are thus suited for reducing turbidity and microbiological pollutants. However,
high running expenses continue to restrict its widespread use. Membranes are susceptible
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to fouling issues, which may lead to unanticipated disruptions during the treatment of
aqueous pollutants [128].

Biological treatment of the contaminated groundwater includes biodegradation and
the adsorption process is also widely followed globally [126]. Typically, the biological
treatment comprises an activated sludge process (ASP) and trickling filter (TF) [105]. After
TF or ASP, dense microbial biomass is removed from secondary sedimentation [129]. The
activated sludge system consists of a reactor, separator system and recycle system [130] and
it is carried out by introducing air into the reactor and through the continual recirculation
of biomass into the aeration tank [131]. Some forms of ASP have the advantages of reduced
ammonia levels, short space requirements, and no odor [132]. However, aeration tanks
demand a great deal of energy to operate, and the changes in effluent properties are
somewhat inflexible. ASP is affected by variables such as oxygen availability, temperature,
characteristics of treated water, detergents that generate foam, and return rate [108].

In ultrafiltration, however, microbial biomass develops on an inert or solid media in
film form while continuous effluent is sprinkled over them [133]. Numerous advantages
of this sort of biological treatment have been emphasized, including improved sludge
thickening, low maintenance costs, reduced energy usage, and simplicity of operation [109].
However, the effluent quality of the TF system is inferior to that of suspended growth
systems. The quality of TF effluent is determined by biochemical oxygen demand (BOD)
and suspended solids (SS) [134]. Temperature, retention duration, type of medium and
its depth, as well as hydraulic and organic matter are some elements that may influence
the performance of the TF, resulting in a variation in the relative removal effectiveness of
certain contaminants [135].

Pollutants may be degraded into safer and more biodegradable molecules via the use
of advanced oxidation processes (AOP), which include the production of free radicals, most
notably hydroxyl radicals [110]. Through the use of advanced oxidation processes (AOP),
contaminants may be degraded into safer, biodegradable chemicals. To treat groundwater,
AOPs are among the most efficient methods available. The chemical reaction known
as photocatalysis happens when a catalyst is activated by the presence of light, which
provides enough energy for the process to take place [136]. Semiconductor metal oxides
with a narrow energy band gap are the most effective photocatalysts. The technology for
oxidizing ozone oxidation is not very effective, and a large quantity of ozone is needed
to totally breakdown organic molecules. Due to this, ozone oxidation technology is often
used in tandem with other methods [137]. Ozone oxidation technique, when coupled with
ultraviolet light (O3/UV), is effective in degrading a wide range of organic molecules at a
rapid pace and removing complicated organic debris [138].

8. Conclusions and Way-Forward

Food security is a vital need for all nations; as a result, diverse management and
strategies are used by each country to ensure food security. Food insecurity will have a
myriad of negative repercussions on a population if governments fail to address it in an
acceptable way. Numerous countries have a long history of agriculture and food production.
As a result of a rapidly expanding population and the accompanying urbanization, there
are fewer resources available for safer, higher-quality agriculture, which has accelerated
food insecurity. Despite the importance of irrigation to agriculture, water scarcity is a
severe hurdle. Mismanagement of groundwater resources and groundwater contamination
compound the issue.

Despite the vast and varied uses of groundwater around the world, this resource is
poorly understood, often mismanaged, and subject to unclear ownership and management
requirements. Groundwater must be recognized as a critical resource for the sustained
development and agricultural sustainability of nations worldwide. Future management
will need the creation of a global monitoring program for the quantity and quality of
groundwater, as well as a comprehensive database. Additionally, a better and more
consistent understanding of groundwater–surface water interactions, increased conjunctive
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uses, and the link between groundwater and aquatic and terrestrial ecosystems is required.
The preservation of sensitive and important groundwater resources from overexploitation
and pollution, as well as the maintenance and improvement of drinking water supplies and
sewage and sanitation infrastructure, are all crucial. Public awareness, intellectual interest,
and institutional responses to groundwater management are on the rise.

In this article, the available global groundwater potential for food production in differ-
ent continents, such as Asia, Africa, and North America, as well as the different sources
of groundwater and their classification, different contaminations of the groundwater and
their impact on crops, sources of contamination of groundwater and how to treat con-
taminated groundwater, and preventative measures against groundwater contamination
were examined. Inadequate concern for a coordinated effort, such as laws and regulations,
the formation of a coherent water strategy, and the decentralization of authority remain
important obstacles to the management of aquifer resources. The sensitive groundwater-
irrigation based agriculture systems is of concern within the context of agricultural and
food policy of the global countries. The government of the countries, international funders,
and the scientific community should offer financial and institutional assistance for further
research and development studies related to safer groundwater for irrigation.
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