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Introduction

Millions of people worldwide depend on groundwater as a source of
drinking water (Senanu et al.,, 2023). On the other hand, freshwater
resources have been gradually polluted by climate changes, the increasing
development of modern industry, economic developments, population
growth, and the abundance of human activities, (Sholl and Lively, 2016;
Amen et al., 2020). Meanwhile, groundwater pollution has become a serious
environmental problem and can prevent achieving sustainable development
goals (Kurniawan et al., 2023). In recent decades, heavy metal pollution has
caused many concerns worldwide due to its impact on water systems and
human health (Frisbie and Mitchell et al., 2023). Arsenic (Farsad et al.,
2023), mercury (Sun et al., 2023), chromium (Shamshirgaran et al., 2023),
etc. in groundwater have affected the quality of water resources. In addition,
the emergence of fluoride (Tang et al., 2023) and nitrate (Richa et al., 2022)
have also become problematic in groundwater. There are different methods
to reduce and remove pollutants from the aquifer. Traditional techniques
such as using available materials and low-cost treatment technologies were
used to reduce water pollutants. Agricultural waste, natural clays, mineral
deposits, on-site treatment technologies, etc., were also effective for access
to safe and sanitary water (Ahmad et al., 2017).
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Usually, physical-chemical methods such as chemical precipitation methods were
applied to treat polluted groundwater, due to the simplicity of the process and
required equipment (Kurniawan et al., 2022). The addition of coagulants also
destabilizes colloids and facilitates the pollutant removal process (Kurniawan et al.,
2023). Membrane technologies were also widely recognized as a robust separation
process for water treatment with high pollutant removal efficiency (Adam et al.,
2022). Today, nanotechnology using advanced materials and technologies ensures
water purification, protection, and reuse as well as long-term access to healthy
drinking water (Dhass et al., 2023; Bhardwaj et al., 2022). Moreover,
nanomaterials have excellent catalytic activity, reactivity, and high absorption
properties (Saravanan et al., 2022)). In a study, Chandrakant Bhardwaj et al. found
that nano remediation has a high potential to remove large amounts of in situ
pollutants, reducing the cleaning time and the concentration of pollution (close to
zero) (Bhardwaj et al., 2022). In 2021, Abhijit Saha et al. investigated the rapid and
selective magnetic separation of hexavalent uranium in groundwater using citrate-
ferrite nanoparticles supported on silver. They functionalized the nanoparticles
with phosphoramidite and found that these functionalized nanoparticles have high
flexibility against a large number of metal ions (Saha et al., 2021). In a review
study, Adriana Robledo-Peralta and her colleagues showed that cobalt and
manganese metal oxide magnetic nanoparticles effectively removed arsenic, with
more than 95% efficiency. (Robledo-Peralta et al., 2021). In 2022, Ravindran and
his coworkers investigated silica nanoparticles to reduce bacterial contamination of
groundwater. Their studies showed that silica nanoparticles were cost-effective and
had high antibacterial efficiency (Ravindran et al., 2022). Also, in 2022, Shuang
Tao and his colleagues determined that bismuth (lI1) sulfide nanoparticles
effectively remove chromium (V1) from aqueous solutions in the simultaneous
presence of different ions, for the first time (Tao et al., 2022). In the present study,
we have been concerned about some factors causing polluted aquifers and, also
various methods of purifying them, including low-cost and traditional, physio-
chemical and biological methods, relying on using metal nanoparticles. The
innovation of this review study is to survey the advantages and disadvantages of
different treatment techniques to remove pollution from underground water.

Results and Discussion

The investigation results of some common and dangerous pollutants in aquifers
confirm that, according to the WHO standard, the presence of these metals in
drinking water is necessary in a balanced amount. However, the excessive increase
of these elements causes pollution, toxicity, and danger to human health.
Consequently, it is essential to implement techniques to mitigate the pollution of
underground water. There are different methods for cleaning underground water.
Groundwater treatment is usually based on a separate location and includes on-site
treatment and ex-situ pollution reduction. Ex-situ treatment involves reducing
pollution by moving groundwater to another location for treatment. In contrast, in
situ treatment techniques directly clean soil from contaminated aquifers, in-situ
treatment is often superior to ex-situ treatment due to low cost and reduced
monitoring time (Decesaro et al., 2017; Tabatabai and Akbarpour, 2018). Some
studies have shown that nanomaterials are successful in decontamination of
groundwater. However, the rapid development of nanotechnology reminds us of a
few challenges, such as danger to human health, environmental hazards, high costs,
etc., that modern society may face in the future. However, the use of green, water-
friendly, and cheap nanoparticles to reduce groundwater pollutants in the form of
ex-situ treatment methods, meets organizations and institutions' needs in charge of
the decontamination of aquifers in the future. There are also several suggestions for
the decontamination of underground water tables with metal nanoparticles in the
future, including the development of new and efficient synthesis methods of metal
nanoparticles by optimizing the properties, investigating how nanoparticles behave
in the environment of aquifers (such as transport, sedimentation, and their toxicity
potential) and, investigating the incorporation of these particles with other cleaning
technologies. These items can be evaluated in future studies.
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