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Abstract Nanotechnology has opened up new possibilities for detecting and moni-
toring environmental pollutants. Nanodevices, which are devices at the nanoscale
level, have emerged as a promising tool for pollution detection due to their unique
physical and chemical properties. Nanodevices can be designed to detect a wide
range of pollutants such as heavy metals, organic compounds, and gases. They offer
several advantages over conventional detection methods such as high sensitivity,
selectivity, and specificity. Additionally, they are small, portable, and cost-effective,
making them ideal for field-based monitoring of pollution. One of the most promising
applications of nanodevices for pollution detection is in water quality monitoring.
For example, researchers have developed nanodevices that can detect heavy metals
in water at very low concentrations. These nanodevices work by binding to the heavy
metal ions, producing a measurable electrical signal that indicates the presence and
concentration of the pollutant. Nanodevices are also being used to monitor air quality
by detecting harmful gases such as nitrogen oxides, carbon monoxide, and sulfur
dioxide. These nanodevices are designed to be small and lightweight, making them
ideal for integration into portable air monitoring devices. In conclusion, nanode-
vices are emerging as a powerful tool for pollution detection and monitoring. They
offer high sensitivity, selectivity, and specificity, and can be designed to detect a wide
range of pollutants. As the technology continues to advance, nanodevices are likely to
play an increasingly important role in protecting the environment and human health.
In this chapter, we discuss the emerging roles of gold, silver, copper, and titanium
nanoparticles-based nanodevices that are being used for pollutant detection.

D. Das (X))

Department of Microbiology, Raiganj University, Raiganj, Uttar Dinajpur, West Bengal 733134,
India

e-mail: deepyaman.das @gmail.com

D. Chakraborty - S. Barman
Department of Zoology, Raiganj University, Raiganj, Uttar Dinajpur, West Bengal 733134, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2024 199
A. K. Mandal et al. (eds.), Functionalized Smart Nanomaterials

for Point-of-Care Testing, Smart Nanomaterials Technology,
https://doi.org/10.1007/978-981-99-5787-3_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-99-5787-3_11&domain=pdf
mailto:deepyaman.das@gmail.com
https://doi.org/10.1007/978-981-99-5787-3_11

200 D. Das et al.

1 Introduction

Nanoparticles are tiny particles with sizes ranging from 1 to 100 nm. They can be
made from a variety of materials, including metals, semiconductors, and polymers,
and can have unique properties that differ from their bulk counterparts [12]. Due
to their small size, nanoparticles have a high surface area-to-volume ratio, which
makes them highly reactive and useful in a range of applications, from medicine to
electronics. Nanoparticles can be synthesized using a variety of methods, including
physical, chemical, and biological approaches. Physical methods include milling,
laser ablation, and lithography, while chemical methods include sol-gel synthesis,
precipitation, and hydrothermal synthesis [24]. Biological methods involve the use
of living organisms, such as bacteria or fungi, to produce nanoparticles.

Nanodevices are small devices that can detect and analyze environmental pollu-
tants at a very small scale. These devices can be used to monitor and analyze air,
water, and soil pollution, among other things [1]. Nanodevices use nanotechnology to
detect and analyze pollutants, and they can provide more accurate and precise results
than traditional detection methods. One example of a nanodevice for environmental
pollutant detection is a carbon nanotube-based sensor. These sensors can detect pollu-
tants such as carbon monoxide, nitrogen oxides, and volatile organic compounds in
the air [32]. Carbon nanotubes are extremely small and have a large surface area,
which allows them to interact with pollutants and detect them at very low concentra-
tions. Another example is a nanodevice based on gold nanoparticles. These sensors
can detect heavy metals such as lead, mercury, and cadmium in water [28]. The gold
nanoparticles are functionalized with specific molecules that can bind to the heavy
metals, allowing them to be detected at very low concentrations [35]. Nanodevices
have the potential to revolutionize environmental monitoring and pollution control.
They can provide more accurate and precise data, and can be used to detect pollutants
in real-time. They are also more cost-effective than traditional methods of pollutant
detection. However, there are still some challenges to be overcome, such as ensuring
the reliability and durability of the devices, and addressing potential environmental
and health risks associated with their use.

Also, nanodevices have shown great potential for detecting allergens in food
and other environments. One example of a nanodevice for allergen detection is
the immunosensor, which uses nanoscale materials to detect specific allergens.
Immunosensors work by using antibodies that are attached to a nanomaterial surface
[19]. When the allergen comes into contact with the antibody, it binds to the surface
and produces a measurable signal, such as a change in electrical conductivity. This
signal can be detected and used to identify the presence and concentration of the
allergen [19]. Other nanodevices for allergen detection include nanomaterial-based
optical sensors, which use changes in light absorption or reflection to detect aller-
gens, and nanomaterial-based electrochemical sensors, which measure changes in
electrical current to detect allergens.
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Fig. 1 Pollutant remediation capabilities of Gold, Silver, Copper, and Titanium based
nanoparticles. The green nodes represent the nanoparticle-based nanodevices and the pink nodes
represent pollutants that they are capable of remediating. Note that three nanoparticle-based nanode-
vices are capable of remediating lead (Pb%*), two nanoparticle-based nanodevices are capable of
remediating cadmium (Cd?*) and two nanoparticle-based nanodevices are capable of reducing CO
emissions

Overall, nanoparticles have unique physical and chemical properties that make
them attractive for the development of nanodevices for environmental pollutant detec-
tion and remediation. Nanoparticles can be designed to selectively bind to specific
pollutants and generate a detectable signal in response to their presence. Again,
nanodevices have the potential to provide rapid and accurate detection of aller-
gens, which is important for individuals with allergies and for ensuring the safety
of food and other products. This chapter discusses various nanodevices based on
gold, silver, copper, and titanium that are being used for environmental pollutant
detection (Fig. 1).

2 Gold Nanoparticle-Based Nanodevices in Environmental
Pollution

The nanoparticles based on gold also called Gold Nanoparticles or GNPs have been
heavily used to prepare nanodevices and engrossed in different fields of biology
including medical sciences [7]. It has been shown, that these gold-based nanodevices
are very useful in detecting environmental pollutants such as heavy metals as they
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show the typical surface plasmon resonance and absorption property depending on the
shape, dimensions, and intermolecular distance [45]. One such device was shown by
Wei Ha et al. who developed an eco-friendly heavy metal detection process that uses
GNPs orchestrated with Xanthocerus sorbifolia tannin as a color imparting probe.
Here the Cr** detection both in river water and tap water was done by colorimetric
method after Xanthocerus stabilized GNPs were successfully able to chelate with
Cr** Subsequently the aggregation of GNPs induced the change in color from red
to purple quickly [10]. Similar device was developed to detect Hg?* ions in aquatic
environment where citrus fruits such as Citrus limon and Citrus limmeta were used to
prepare gold-based nanoparticles and colorimetric detection technique was employed
to search Hg?* in micromolar concentration in water [29]. It has been found that
the Hg?* ions can also be detected by colorimetric method using gold nanoparticles
functionalized by poly gamma glutamic acid (PGA) [9]. Negatively charged PGA was
assembled using an electrostatic self-assembly process on top of positively charged
cetyltrimethylammonium bromide (CTAB)-capped GNPs. The color of the solution
would evolve from light red to purple blue as the quantity of Hg?* increased. With
correlation values of 0.998 and 0.991, respectively, the results demonstrated that the
absorbance ratio (A750/A580) was linear with the Hg?* concentration in the range
of 0.01-10 uM and from 50 to 300 WM. The determination of Hg>* in tap water
and mineral water using this method was effective, with recoveries ranging from 90
to 103% and from 103.53% to 113%, respectively. The suggested approach allows
for the quick, inexpensive, and equipment-free analysis of Hg>* in a variety of water
samples. The polluting agent Pb>* can also be detected by GNPs. In aqueous solution,
Au’* is stabilized and transformed into gold nanoparticles by glutathione (GSH)
[23]. These GNPs aggregate in the presence of Pb?* ions in NaCl containing aqueous
solution and can be monitored by both colorimetrically and UV-vis spectroscopy [23].
Another device for detecting Pb>* was developed by Karuvath et al., where gallic acid
was used to produce GNPs at room temperature [42]. To detect the presence of Pt>*,
Pd?*, and Co?* at micromolar concentration peptide-functionalized GNPs have been
demonstrated as useful nanodevices [33]. An important biomarker for tracking plant
damage caused by heavy metal stress is vitronectin-like proteins (VN), which are
found on the surface of plant cells. To track hidden damage to plant cells brought on by
cadmium (Cd) or lead (Pb), a live plant cell-based biosensor has been developed [39].
L-cysteine was first changed on a glassy carbon electrode, then anti-IgG-Au antibody,
in order to create this sensor. The live plant cells were then modified onto the electrode
and treated with the anti-VN. By detecting changes in electrochemical impedance,
the sensor operated. In the linear dynamic ranges of 45-210 and 120-360 pumol L™!,
respectively, Cd and Pb were identified. Additionally, this biosensor’s Cd and Pb
detection limits were 18.5 nmol L~! and 25.6 nmol L™, respectively [39]. Pb** can
also be detected rapidly in soil by producing GNPs strip biosensor functionalized
by GR-5 DNAzyme. Here the graphene oxide provides assistance to detect Pb**
ions specifically [37]. In the presence of additional divalent metal ions, the strip
biosensor displayed high selectivity toward Pb?>*. The obtained recoveries for actual
soil samples ranged from 91.5 to 113.1%. Thus, gold nanoparticle-based devices are
emerging as technological breakthrough in environmental pollution detection.
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3 Silver Nanoparticle-Based Nanodevices in Environmental
Pollution

Silver-based nanodevices can be an effective tool for detecting environmental pollu-
tion. Nanoparticles of silver have unique optical and electronic properties because
they are capable of absorbing and scattering light efficiently [6]. This property can be
utilized in a variety of sensing applications. Heavy metal ions are a major source of
environmental pollution [5]. Silver nanoparticles can be functionalized with ligands
that selectively bind to specific metal ions, allowing for their detection in environ-
mental samples. Based on a linear change in the strength of the surface plasmon reso-
nance absorption, it is shown that polyvinylpyrolidone-modified silver nanoparticles
(AgNPs) can detect the concentration of the heavy metal contamination Fe** ions in
water [27]. Another study reported that Hg?* and Cu?* detection in water is possible
using various concentrations of AgNPs [22]. In order to identify Hg?* present in
water using a colorimetric approach, AgNP was functionalized using 3-mercapto-1,
2-propanediol (MPD). When Hg?* solution was added to MPD-functionalized AgNP
(MPD-AgNP), new peak at about 606 nm appeared. The aggregations brought on by
MPD-AgNP’s detection of the heavy metal ion Hg?* through the dipropionate ion
may be the cause of the new peak. Also, neem extract-based AgNPs offer good solu-
tion for eradicating heavy metal toxicity. It was reported that at micromolar concentra-
tions, sun-dried neem leaf extract-based AgNPs (ND-AgNPs) selectively sense Hg>*
and Pb?* [15]. AgNPs made from neem bark extract demonstrated selective colori-
metric sensing of Zn?* and Hg?*. AgNPs made from green tea extract (GT-AgNPs)
and mango leaf extract (MF-AgNPs) also demonstrated selective colorimetric detec-
tion of Hg?* and Pb%* ions [15]. Hg?*, Pb%*, and Zn>* selective colorimetric sensor
characteristics were present in AgNPs made from pepper seed extracts. Importantly,
these environmentally friendly synthetic AgNPs were capable of detecting the pres-
ence of dangerous metal ions in aqueous solutions throughout a wide pH range
(2.0-11), which is a highly desirable property from the standpoint of various water
pollution sources.

Silver nanoparticles can be functionalized with biomolecules or polymers that
selectively bind to organic pollutants, such as pesticides or hydrocarbons. This can
allow for the detection of these pollutants in environmental samples. A sizable portion
of water contaminants are organic pollutants. They damage aquatic life and terres-
trial life through drinking water when present in water. Pesticides, organic dyes,
pharmaceuticals, nitro-aromatics, and mycotoxins are just a few of the several forms
of organic pollutants that can be found in the environment. In agricultural produc-
tion, pesticides are used to lessen crop damage from weeds and pests [44]. Organic
dyes, which are utilized in textiles, leather, paints, papers, and plastics, are made
up of a generous number of intricate aromatic compounds [43]. Due to their severe
toxicity, nonbiodegradability, and potential to change into agents that are carcino-
genic, teratogenic, and even mutagenic, pesticides and organic dyes have garnered a
lot of attention as environmental pollutants from a worldwide perspective [13]. For
the detection of pharmaceuticals, nitro-aromatics [30], pesticides [11], organic dyes
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[8], and mycotoxins [17], AgNP-based optical sensors have been described. When
compared to optical sensors, electrochemical sensors, such as those based on AgNP,
are thought to be more capable of detecting organic contaminants with enough sensi-
tivity and selectivity [40]. They also take less time to set up and take less effort. While
different targeted analytes need to be transformed into detectable species for optical
sensors, targeted analytes can be detected immediately by electrochemical sensors.
Electrochemical sensors can be used for in situ studies since they can directly detect
the desired analytes. Electrochemical sensors can also track the evolution of analyte
concentration over time.

Silver nanoparticles have been shown to have antimicrobial properties, which can
be utilized in the detection of bacteria and viruses in environmental samples. It has
been proposed that the lipid-enveloped virus’s exterior membrane can be bound by
silver nanoparticles (AgNPs) to stop infection [18]. Nevertheless, little is known
about how AgNPs interact with viruses. AgNPs have been examined specifically in
relation to HIV, where it was shown how the nanoparticles work against viruses as
well as how they prevent the spread of HIV-1 infection in human cervix organ culture
[18]. Silver nanoparticles can be incorporated into gas sensors to detect air pollutants,
such as carbon monoxide [16]. Overall, silver-based nanodevices have the potential
to be an effective tool for detecting environmental pollution. However, more research
is needed to optimize their performance and develop practical applications for their
use.

4 Copper Nanoparticle-Based Nanodevices
in Environmental Pollution Detection

Copper-based nanodevices can potentially be used for environmental pollutant reme-
diation. Copper nanoparticles have been shown to have antibacterial properties. The
chitosan-copper nanoparticles’ exceptional high surface-to-volume ratio allows them
to make contact with the P. aeruginosa cell membrane through its surface, ultimately
killing P. aeruginosa [36]. Thus, it can be used to remove pollutants from contam-
inated water. They can also be used to detect pesticides and dyes. Like, Thiram is
essential in preventing many crop diseases from harming fruits and vegetables, but
its leftovers have a negative impact on the environment and pose a substantial risk to
human health. According to a study, Tween 80-capped copper nanoparticles (Tween
80-CuNPs) are a practical and affordable colorimetric probe for the targeted detec-
tion of the pesticides thiram. The CuNPs-based colorimetric probe with a Tween 80
cap demonstrated good selectivity and high sensitivity (LOD around 0.17 M). The
maximum residue limit (MRL) set by the governments of the Europe and Vietnam
was found to be higher than the thiram limit of detection (LOD) of the proposed
sensor [3]. Copper nanoparticles can also be used to remove heavy metals from
water by adsorbing them onto their surfaces. The adsorption application of CuO NPs
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on the removal of Pb>*, Ni’>*, and Cd** is shown to be dependent on the nanosor-
bent dosage, the metal ions concentration, pH, and the contact duration, as demon-
strated by the green CuO NPs synthesized using mint leaf and orange peel extracts
as reducing agents. These metal ions had an affinity for CuO NPs in the order Pb** >
Ni?* > Cd?*. For demonstrating wastewater remediation under typical environmental
circumstances, the removal efficiency of Pb?*, Ni**, and Cd** was determined to be
84.000, 52.50%, and 18,000%, respectively, and attained at pH 6. With CuO NPs-
1, the highest adsorption uptakes for Pb**, Ni2*, and Cd** were 88.80, 54.90, and
15.60 mg g~! [20]. According to these results, CuO NPs can effectively remove
heavy metals from polluted water, and more research into their regeneration and
reuse is necessary.

Copper oxide nanowires can be used for the photocatalytic degradation of pollu-
tants. When exposed to light, copper oxide nanowires can break down pollutants,
such as organic dyes, into harmless substances. For example, The Allura Red AC
(AR) dye, an organic pollutant/food dye, was degraded effectively by porous CuO
nanosheets, as demonstrated by a color change from red to colorless and moni-
tored by UV-vis spectrophotometric analysis [25]. Copper-based sensors can also be
used to detect pollutants in the environment. For example, copper oxide nanowires
can be used to detect nitrogen dioxide, a common air pollutant [38]. Copper-based
electrochemical sensors can also be used to detect heavy metals like lead (Pb) in
surface water [14]. Lastly, copper-based catalytic converters can be used to reduce
the emissions of pollutants from cars and other vehicles. Copper-based catalysts can
convert harmful pollutants, such as carbon monoxide and nitrogen oxides, into harm-
less substances. It has been reported that a copper-based catalytic converter reduces
the hydrocarbon and CO emissions from a four-stroke single-cylinder Compression
Ignition (CI) engine by 38% and 33%, respectively, at full load [2]. Overall, copper-
based nanodevices hold great potential for environmental pollutant remediation, and
research in this field is ongoing.

5 Titanium Nanoparticle-Based Nanodevices
in Environmental Pollution Detection

Titanium nanodevices have the potential to be used in a variety of environmental
applications, including pollution control and remediation. The formation of titanium
metal and titanium oxide nanoparticles is just a couple of the many useful features
and uses of titanium oxide (TiO,). Rutile titanium dioxide and anatase titanium
dioxide are its two main forms. Their outward appearances are what distinguishes
them the most. Rutile titanium dioxide often has a dark red hue while anatase tita-
nium dioxide is colorless. Anatase titanium dioxide has an optically negative spec-
trum, whereas rutile titanium dioxide has a positive spectrum [41]. Titanium dioxide
(TiO,) is a common material used in water purification due to its ability to break
down organic pollutants and harmful microorganisms. When exposed to ultraviolet
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light, TiO, nanoparticles can produce reactive oxygen species that can oxidize and
destroy pollutants. This process is known as photocatalysis and has been shown to be
effective in removing a wide range of contaminants from water, including pesticides,
dyes, and pharmaceuticals. According to [26], Degussa P-25, a commercially avail-
able TiO, photocatalyst, contains roughly 25% rutile and 75% anatase form [26].
Numerous researches have applied it as a benchmark for photocatalytic degradation
[34]. Furthermore, TiO, anatase form, which is more effective than rutile form due
to its increased surface area and open structure, was the most extensively employed
photocatalyst [4].

Titanium nanodevices can also be used to purify the air. TiO, nanoparticles can be
coated onto air filters or used as a thin film on surfaces to break down pollutants when
exposed to light. This technology can be particularly useful in indoor environments
where air quality is a concern, such as hospitals or schools. Accordingly, it was found
that Saudi myrtle plants treated with TiO,, reduced the concentrations of formalde-
hyde, TVOCs, NO,, SO,, and carbon monoxide (CO) from 0.251, 401, 0.032, 0.009,
and 0.99 10 0.014, 54,0.0003, 0.003, and 0.01 in air in the fourth day after intervention
[31]. Titanium nanodevices can also be used to remediate contaminated soil. Cu and
Cd were observed to be eliminated by 88.01% and 70.67%, respectively from soil,
upon application of NTiO,-NCh [21]. Overall, the use of titanium nanodevices in
environmental pollution control and remediation shows promise and warrants further
investigation and development.

6 Conclusion

While nanodevices have shown great potential for detecting pollutants, there are
several limitations and shortcomings that need to be addressed before they can be
widely used for environmental monitoring. For example, nanodevices can detect very
low levels of pollutants, but their sensitivity can be affected by various environmental
factors, such as temperature, humidity, and interference from other chemicals. Also,
nanodevices can also be prone to false positives or false negatives, as they may not
be able to distinguish between similar chemicals or may react to other substances in
the environment. Some nanomaterials used in nanodevices might also be sensitive
to oxidation, moisture, or temperature, which can affect their stability and accu-
racy over time. Lastly, developing and producing nanodevices can be expensive,
which can limit their accessibility and affordability for widespread use. Overall,
while nanodevices hold great promise for detecting pollutants, their limitations and
challenges need to be carefully considered and addressed to ensure their successful
implementation for environmental monitoring.



Emerging Role of Nanotechnology-Based Devices for Detection ... 207

References

10.

12.

13.

14.

15.

16.

17.

. Aguilar-Pérez KM, Heya MS, Parra-Saldivar R, Igbal HM (2020) Nano-biomaterials in-focus

as sensing/detection cues for environmental pollutants. Case Stud Chem Environ Eng 2:100055.
https://doi.org/10.1016/j.cscee.2020.100055

Amin CM, Rathod PP, Goswami JJ (2012) Copper based catalytic converter. Int J Eng Res
Technol 1(3):1-6

Anh NT, Dinh NX, Van Tuan H, Thuan TH, Tung LM, Le VP, Tri DQ, Le AT (2021) Cost-
effective tween 80-capped copper nanoparticles for ultrasensitive colorimetric detection of
thiram pesticide in environmental water samples. In: Yi DK (ed) J Nanomater 2021:5513401.
https://doi.org/10.1155/2021/5513401

Bacsa RR, Kiwi J (1998) Effect of rutile phase on the photocatalytic properties of nanocrys-
talline titania during the degradation of P-coumaric acid. Appl Catal B: Environ 16(1):19-29.
https://doi.org/10.1016/S0926-3373(97)00058-1

Briffa J, Sinagra E, Blundell R (2020) Heavy metal pollution in the environment and their
toxicological effects on humans. Heliyon 6(9):e04691. https://doi.org/10.1016/j.heliyon.2020.
e04691

Chernousova S, Epple M (2013) Silver as antibacterial agent: ion, nanoparticle, and metal.
Angew Chem Int Edn 52(6):1636-1653. https://doi.org/10.1002/anie.201205923

De M, Ghosh PS, Rotello VM (2008) Applications of nanoparticles in biology. Adv Mater
20(22):4225-4241. https://doi.org/10.1002/adma.200703183

GuJ, Dichiara A (2020) Hybridization between cellulose nanofibrils and faceted silver nanopar-
ticles used with surface enhanced Raman scattering for trace dye detection. Int J Biol Macromol
143(January):85-92. https://doi.org/10.1016/j.ijbiomac.2019.12.018

Guan H, Liu X, Wang W, Liang J (2014) Direct colorimetric biosensing of mercury(II) ion based
on aggregation of poly-(c-Glutamic Acid)-functionalized gold nanoparticles. Spectrochim Acta
Part A: Mol Biomol Spectrosc 121:527-532. https://doi.org/10.1016/j.saa.2013.10.107

Ha W, Yu J, Wang R, Chen J, Shi YP (2014) ‘Green’ colorimetric assay for the selective
detection of trivalent chromium based on Xanthoceras sorbifolia tannin attached to gold
nanoparticles. Anal. Methods 6(15):5720-5726. https://doi.org/10.1039/C4AY00976B

. Hassan MM, Zareef M, Jiao T, Liu S, Xu Y, Viswadevarayalu A, Li H, Chen Q (2021) Signal

optimized rough silver nanoparticle for rapid SERS sensing of pesticide residues in tea. Food
Chem 338(February):127796. https://doi.org/10.1016/j.foodchem.2020.127796

Ibrahim Khan KS, Khan I (2019) Nanoparticles: properties, applications and toxicities. Arab
J Chem 12(7):908-931. https://doi.org/10.1016/j.arabjc.2017.05.011

Jiang X-H, Wang L-C, Yu F, Nie Y-C, Xing Q-J, Liu X, Pei Y, Zou J-P, Dai W-L (2018)
Photodegradation of organic pollutants coupled with simultaneous photocatalytic evolution of
hydrogen using quantum-dot-modified g-C3N4 catalysts under visible-light irradiation. ACS
Sustain Chem Eng 6(10):12695-12705. https://doi.org/10.1021/acssuschemeng.8b01695
Kang W, Pei X, Rusinek CA, Bange A, Haynes EN, Heineman WR, Papautsky I (2017)
Determination of lead with a copper-based electrochemical sensor. Anal Chem 89(6):3345—
3352. https://doi.org/10.1021/acs.analchem.6b03894

Karthiga D, Anthony SP (2013) Selective colorimetric sensing of toxic metal cations by green
synthesized silver nanoparticles over a wide PH range. RSC Adv 3(37):16765-16774. https://
doi.org/10.1039/C3RA42308E

Konopatsky AS, Leybo DV, Firestein KL, Popov ZI, Bondarev AV, Manakhov AM, Permyakova
ES, Shtansky DV, Golberg DV (2018) Synthetic routes, structure and catalytic activity of Ag/
BN nanoparticle hybrids toward CO oxidation reaction. J Catal 368:217-227. https://doi.org/
10.1016/j.jcat.2018.10.016

Kutsanedzie FYH, Agyekum AA, Annavaram V, Chen Q (2020) Signal-enhanced SERS-
sensors of CAR-PLS and GA-PLS coupled AgNPs for ochratoxin A and aflatoxin B1 detection.
Food Chem 315(June):126231. https://doi.org/10.1016/j.foodchem.2020.126231


https://doi.org/10.1016/j.cscee.2020.100055
https://doi.org/10.1155/2021/5513401
https://doi.org/10.1016/S0926-3373(97)00058-1
https://doi.org/10.1016/j.heliyon.2020.e04691
https://doi.org/10.1016/j.heliyon.2020.e04691
https://doi.org/10.1002/anie.201205923
https://doi.org/10.1002/adma.200703183
https://doi.org/10.1016/j.ijbiomac.2019.12.018
https://doi.org/10.1016/j.saa.2013.10.107
https://doi.org/10.1039/C4AY00976B
https://doi.org/10.1016/j.foodchem.2020.127796
https://doi.org/10.1016/j.arabjc.2017.05.011
https://doi.org/10.1021/acssuschemeng.8b01695
https://doi.org/10.1021/acs.analchem.6b03894
https://doi.org/10.1039/C3RA42308E
https://doi.org/10.1039/C3RA42308E
https://doi.org/10.1016/j.jcat.2018.10.016
https://doi.org/10.1016/j.jcat.2018.10.016
https://doi.org/10.1016/j.foodchem.2020.126231

208

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

D. Das et al.

Lara HH, Garza-Trevifio EN, Ixtepan-Turrent L, Singh DK (2011) Silver nanoparticles are
broad-spectrum bactericidal and virucidal compounds. J Nanobiotechnol 9(August):30. https://
doi.org/10.1186/1477-3155-9-30

Lara S, Perez-Potti A (2018) Applications of nanomaterials for immunosensing. Biosensors
8(4). https://doi.org/10.3390/bios8040104

Mahmoud AE, Al-Qahtani KM, Alflaij SO, Al-Qahtani SF, Alsamhan FA (2021) Green copper
oxide nanoparticles for lead, nickel, and cadmium removal from contaminated water. Sci Rep
11(1):12547. https://doi.org/10.1038/s41598-021-91093-7

Mahmoud ME, Abou Ali SA, Elweshahy SM (2018) Microwave functionalization of titanium
oxide nanoparticles with chitosan nanolayer for instantaneous microwave sorption of Cu(II)
and Cd(II) from water. Int J Biol Macromol 111(May):393-399. https://doi.org/10.1016/j.ijb
iomac.2018.01.014

Maiti S, Barman G, Laha JK (2016) Detection of heavy metals (Cu+2, Hg+2) by biosynthesized
silver nanoparticles. Appl Nanosci 6(4):529-538. https://doi.org/10.1007/s13204-015-0452-4
Mao X, Li ZP, Tang ZY (2011) One pot synthesis of monodispersed L-glutathione stabilized
gold nanoparticles for the detection of Pb>* jons. Front Mater Sci 5(3):322-328. https://doi.
org/10.1007/s11706-011-0118-4

Nam NH, Luong NH (2019) Nanoparticles: synthesis and applications. Mater Biomed Eng.
https://doi.org/10.1016/B978-0-08-102814-8.00008-1

Nazim M, Khan AAP, Asiri AM, Kim JH (2021) Exploring rapid photocatalytic degradation of
organic pollutants with porous CuO nanosheets: synthesis, dye removal, and kinetic studies at
room temperature. ACS Omega 6(4):2601-2612. https://doi.org/10.1021/acsomega.0c04747
Ohno T, Sarukawa K, Tokieda K, Matsumura M (2001) Morphology of a TiO2 photocatalyst
(Degussa, P-25) consisting of anatase and rutile crystalline phases. J Catal 203(1):82-86. https://
doi.org/10.1006/jcat.2001.3316

Princy SS, Sherin JJ, Vijayakumar C, Hentry C, Bindhu MR, Alarjani KM, Alghamidi NS,
Hussein DS (2022) Detection of heavy metals, SERS and antibacterial activity of polyvinylpy-
rolidone modified plasmonic nanoparticles. Environ Res 210:112883. https://doi.org/10.1016/
j-envres.2022.112883

Qian H, Pretzer LA, Velazquez JC, Zhao Z, Wong MS (2013) Gold nanoparticles for cleaning
contaminated water. ] Chem Technol Biotechnol 88(5):735-741. https://doi.org/10.1002/jctb.
4030

Ravi SS, Christena LR, SaiSubramanian N, Anthony SP (2013) Green synthesized silver
nanoparticles for selective colorimetric sensing of Hg?* in aqueous solution at wide PH range.
Analyst 138(15):4370—4377. https://doi.org/10.1039/C3ANO0320E

Raza A, Biswas A, Zehra A, Mengesha A (2020) Multiple tier detection of TNT using curcumin
functionalized silver nanoparticles. Forensic Sci Int Synergy 2:240-247. https://doi.org/10.
1016/j.£sisyn.2020.08.001

Salama KF, Zafar M (2022) Purification of ambient air by novel green plant with titanium
dioxide nanoparticles. Int J Prev Med 13:67. https://doi.org/10.4103/ijpvm.IJPVM_586_20
Saxena S, Srivastava AK (2020) Carbon nanotube-based sensors and their application. In:
Thomas S, Grohens Y, Vignaud G, Kalarikkal N, James J (eds) Nano-optics, Micro and nano
technologies, pp 265-291. Elsevier. https://doi.org/10.1016/B978-0-12-818392-2.00010-X
Slocik JM, Stone MO, Naik RR (2005) Synthesis of gold nanoparticles using multifunctional
peptides. Small 1(11):1048-1052. https://doi.org/10.1002/smll.200500172

Swetha S, Santhosh SM, Geetha Balakrishna R (2010) Synthesis and comparative study of
nano-TiO2 over degussa P-25 in disinfection of water. Photochem Photobiol 86

Tiwari PM, Vig K, Dennis VA, Singh SR (2011) Functionalized gold nanopatrticles and their
biomedical applications. Nanomaterials (Basel, Switzerland) 1(1):31-63. https://doi.org/10.
3390/nano1010031

Usman MS, Zowalaty MEE, Shameli K, Zainuddin N, Salama M, Ibrahim NA (2013) Synthesis,
characterization, and antimicrobial properties of copper nanoparticles. Int J Nanomed 8:4467—
4479. https://doi.org/10.2147/1JN.S50837


https://doi.org/10.1186/1477-3155-9-30
https://doi.org/10.1186/1477-3155-9-30
https://doi.org/10.3390/bios8040104
https://doi.org/10.1038/s41598-021-91093-7
https://doi.org/10.1016/j.ijbiomac.2018.01.014
https://doi.org/10.1016/j.ijbiomac.2018.01.014
https://doi.org/10.1007/s13204-015-0452-4
https://doi.org/10.1007/s11706-011-0118-4
https://doi.org/10.1007/s11706-011-0118-4
https://doi.org/10.1016/B978-0-08-102814-8.00008-1
https://doi.org/10.1021/acsomega.0c04747
https://doi.org/10.1006/jcat.2001.3316
https://doi.org/10.1006/jcat.2001.3316
https://doi.org/10.1016/j.envres.2022.112883
https://doi.org/10.1016/j.envres.2022.112883
https://doi.org/10.1002/jctb.4030
https://doi.org/10.1002/jctb.4030
https://doi.org/10.1039/C3AN00320E
https://doi.org/10.1016/j.fsisyn.2020.08.001
https://doi.org/10.1016/j.fsisyn.2020.08.001
https://doi.org/10.4103/ijpvm.IJPVM_586_20
https://doi.org/10.1016/B978-0-12-818392-2.00010-X
https://doi.org/10.1002/smll.200500172
https://doi.org/10.3390/nano1010031
https://doi.org/10.3390/nano1010031
https://doi.org/10.2147/IJN.S50837

Emerging Role of Nanotechnology-Based Devices for Detection ... 209

37.

38.

39.

40.

41.

42.

43.

44.

45.

Wang HB, Ma LH, Fang BY, Zhao YD, Hu XB (2018) Graphene oxide-assisted au nanopar-
ticle strip biosensor based on GR-5 DNAzyme for rapid lead ion detection. Colloids Surf B:
Biointerfaces 169(September 2017):305-312. https://doi.org/10.1016/j.colsurfb.2018.05.020

Wang L, Zhang R, Zhou T, Lou Z, Deng J, Zhang T (2016) Concave Cu20 octahedral nanoparti-
cles as an advanced sensing material for benzene (C6H6) and nitrogen dioxide (NO2) detection.
Sens Actuators B: Chem 223:311-317. https://doi.org/10.1016/j.snb.2015.09.114

Wang X, Cheng M, Yang Q, Wei H, Xia A, Wang L, Ben Y, Zhou Q, Yang Z, Huang X (2019)
A living plant cell-based biosensor for real-time monitoring invisible damage of plant cells
under heavy metal stress. Sci Total Environ 697:134097. https://doi.org/10.1016/].scitotenv.
2019.134097

Wei T, Dong T, Wang Z, Bao J, Tu W, Dai Z (2015) Aggregation of individual sensing units
for signal accumulation: conversion of liquid-phase colorimetric assay into enhanced surface-
tethered electrochemical analysis. J Am Chem Soc 137(28):8880-8883. https://doi.org/10.
1021/jacs.5b04348

Wu X (2021) Applications of titanium dioxide materials. In: Ali HM (ed) Titanium dioxide.
IntechOpen, Rijeka. https://doi.org/10.5772/intechopen.99255

Yoosaf K, Ipe BI, Suresh CH, George Thomas K (2007) In situ synthesis of metal nanopar-
ticles and selective naked-eye detection of lead ions from aqueous media. J Phys Chem C
111(34):12839-12847. https://doi.org/10.1021/jp073923q

Zahran M, KhalifaZ, Zahran MA, Azzem MA (2020) Natural latex-capped silver nanoparticles
for two-way electrochemical displacement sensing of eriochrome black T. Electrochim Acta
356:136825. https://doi.org/10.1016/j.electacta.2020.136825

Zhang B, Li B, Wang Z (2020) Creation of carbazole-based fluorescent porous polymers for
recognition and detection of various pesticides in water. ACS Sens 5(1):162-170. https://doi.
org/10.1021/acssensors.9b01954

Zhang J, Whitesell JK, Fox MA (2001) Photoreactivity of self-assembled monolayers of
azobenzene or stilbene derivatives capped on colloidal gold clusters. Chem Mater 13(7):2323—
2331. https://doi.org/10.1021/cm000752s


https://doi.org/10.1016/j.colsurfb.2018.05.020
https://doi.org/10.1016/j.snb.2015.09.114
https://doi.org/10.1016/j.scitotenv.2019.134097
https://doi.org/10.1016/j.scitotenv.2019.134097
https://doi.org/10.1021/jacs.5b04348
https://doi.org/10.1021/jacs.5b04348
https://doi.org/10.5772/intechopen.99255
https://doi.org/10.1021/jp073923q
https://doi.org/10.1016/j.electacta.2020.136825
https://doi.org/10.1021/acssensors.9b01954
https://doi.org/10.1021/acssensors.9b01954
https://doi.org/10.1021/cm000752s

	 Emerging Role of Nanotechnology-Based Devices for Detection of Environmental Contaminants
	1 Introduction
	2 Gold Nanoparticle-Based Nanodevices in Environmental Pollution
	3 Silver Nanoparticle-Based Nanodevices in Environmental Pollution
	4 Copper Nanoparticle-Based Nanodevices in Environmental Pollution Detection
	5 Titanium Nanoparticle-Based Nanodevices in Environmental Pollution Detection
	6 Conclusion
	References


