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. pesticides, and volatile organic compounds (VOCs). Graphene oxide, with its
Introductlon high surface area and functional groups, can adsorb pollutants efficiently, while

the electrical conductivity of carbon nanotubes can be altered upon exposure
The rapid industrialization and urbanization of the past century have 4 specific chemicals, enabling sensitive detection [1,2].

led to significant environmental pollution, presenting challenges to human
health and the ecosystems that sustain life. Traditional methods for detecting "
environmental pollutants, such as gas chromatography, high-performance CO"C'USIO“

liquid chromatography, and mass spectrometry, often require complex sample

preparation, expensive instrumentation, and significant time to obtain results. In conclusion, nanomaterial-based sensors hold great promise for the
This has underscored the need for more efficient, cost-effective, and rapid detection of emerging environmental pollutants, offering enhanced sensitivity,
detection methods. In this context, nanomaterials have emerged as a promising selectivity, and versatility compared to traditional detection methods. The ability
solution, offering advanced capabilities for sensing and detecting emerging  to detect pollutants such as pharmaceuticals, endocrine-disrupting chemicals,
environmental pollutants. Nanomaterials, due to their unique properties at microplastics, and other emerging contaminants at trace levels is critical for
the nanoscale, enable the creation of highly sensitive and selective sensors ~ understanding their distribution, potential health impacts, and environmental
capable of identifying low concentrations of pollutants that would otherwise be  consequences. While challenges remain in terms of scalability, reproducibility,
difficult to detect. The application of nanomaterials in sensor technology holds ~ and environmental impact, ongoing research and technological advancements
great potential for revolutionizing the detection and monitoring of environmental ~ are likely to lead to the widespread adoption of nanomaterial-based sensors
pollutants, especially in the face of emerging contaminants. in environmental monitoring. These sensors have the potential to revolutionize
the way we detect, monitor, and manage environmental pollution, contributing
to better public health and environmental sustainability.

Description

Nanomaterial-based sensors operate based on different detection References
principles, such as optical, electrochemical, and mass-sensitive techniques.
Opt|ca| Sensors, for examp|e’ use the interaction of nanomaterials with 1. Storck, Veronika, Dimitrios G. Karpouzas and Fabrice Martin-Laurent. "Towards a
light to detect pollutants. Quantum dots, carbon nanotubes, and plasmonic better pesticide policy for the European Union." Sci Total Environ 575 (2017): 1027-
nanoparticles are examples of nanomaterials that exhibit changes in optical 1033.
properties, such as fluorescence or absorbance, when they come into contact 2. Banaee, Mahdi, Mostafa Akhlaghi, Siyavash Soltanian and Antoni Sureda, et
with pollutants. These sensors can detect pollutants at very low concentrations, al. "Combined effects of exposure to sub-lethal concentration of the insecticide
offering high sensitivity and real-time monitoring capabilities. Electrochemical chlorpyrifos and the herbicide glyphosate on the biochemical changes in the
sensors, on the other hand, detect changes in current or potential when freshwater crayfish Pontastacus leptodactylus." Ecotoxicology 29 (2020): 1500-
nanomaterials interact with pollutants. For example, gold nanoparticles and 1615,
carbon nanotubes have been used in electrochemical sensors to detect heavy
metals, pesticides, and other environmental toxins. These sensors are highly
sensitive and can provide rapid, on-site detection. Mass-sensitive sensors,
such as surface acoustic wave (SAW) and quartz crystal microbalance (QCM)
sensors, measure changes in mass upon the hinding of pollutants to a sensor
surface. Nanomaterials can enhance the sensitivity of these sensors, making
them capable of detecting minute quantities of pollutants.

Nanomaterials, due to their versatility and tunable properties, can be
engineered to selectively interact with specific pollutants, making them ideal
candidates for detecting emerging environmental contaminants. For instance,
gold nanoparticles functionalized with specific ligands have been developed
for the detection of pharmaceutical residues in water. These sensors rely
on the specific binding of the ligand to the target molecule, which leads to a
detectable change in the optical or electrochemical signal. Similarly, carbon-
based nanomaterials such as graphene oxide and carbon nanotubes have
been used to detect a wide range of pollutants, including heavy metals,
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