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Nanomaterial sensors drive biomedical and environmental advances.
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Introduction

Graphene continues to make significant strides in wearable and flex-
ible sensor development for biomedical applications. Its outstand-
ing electrical conductivity, mechanical flexibility, and high sur-
face area make it ideal for detecting a wide range of biomolecules
and physiological signals, truly changing how we approach non-
invasive diagnostics and paving the way for advanced healthcare
monitoring and smart medical devices [1].

Looking at metal oxide nanomaterial-based gas sensors, there’s
been remarkable progress. Researchers are really focusing on how
synthesis methods and structural design impact sensing mecha-
nisms, pushing for better sensitivity and selectivity. What this really
means is we’re getting closer to highly efficient and practical sen-
sors essential for effective environmental monitoring and industrial
safety [2].

Quantum dot-based sensors are making a significant impact, espe-
cially for environmental monitoring and health diagnosis. Their
exceptional optical properties, like tunable fluorescence and high
photostability, are being leveraged to develop highly sensitive and
multiplexed detection platforms. It’s exciting to see how these tiny
materials offer big potential for addressing critical detection chal-
lenges in various fields [3].

Nanomaterial-based biosensors are truly transforming disease di-
agnosis. They act as fantastic transducers and signal amplifiers,
leading to more sensitive and rapid detection of biomarkers for
various diseases. While there are still challenges to overcome for
widespread clinical adoption, their ability to enable early detection
and personalized medicine is undeniable, offering great promise [4].

Here’s the thing about carbon nanotube-based sensors: they’re in-
credibly versatile for biomedical applications. Their unique electri-
cal and mechanical properties allow for highly sensitive detection
in areas like glucose monitoring, cancer detection, and even neu-
ral interfaces. This level of sensitivity and adaptability opens up
exciting possibilities for advanced diagnostics and therapies across
many medical disciplines [5].

When it comes to physiological monitoring, flexible nanomaterial-

based sensors are a game-changer. These devices can conform di-
rectly to the body, enabling real-time, non-invasive tracking of vital
signs and various biomarkers. What this really means is a signifi-
cant step forward for personalized healthcare, offering continuous
data for better health management and improved patient outcomes

[6].

Plasmonic nanomaterial-based sensors are incredibly powerful for
both environmental and biomedical applications. Their unique abil-
ity to interact with light at the nanoscale allows for incredibly sen-
sitive detection of various analytes. This phenomenon creates op-
portunities for advanced chemical and biological sensing platforms,
pushing the boundaries of detection limits in diverse analytical con-
texts [7].

Wearable electrochemical sensors, built with nanomaterials, are
fundamentally changing how we monitor health. They enable con-
tinuous, non-invasive tracking of biomarkers from sweat, tears, or
saliva, providing real-time data for personalized health manage-
ment. This technology promises to enhance early disease detec-
tion and offer unprecedented insights into individual well-being and
health trends [8].

Two-dimensional nanomaterials are carving out a significant niche
in biomedical sensing. Their high surface-to-volume ratios and
unique electronic properties, seen in materials like MXenes and
transition metal dichalcogenides, are leading to remarkably sensi-
tive and efficient diagnostic tools. They’re definitely expanding our
capabilities for disease diagnosis and therapeutic monitoring, offer-
ing new avenues [9].

Nanofiber-based sensors are proving essential for effective environ-
mental pollution monitoring. Their inherent advantages, like very
high surface area and tunable porosity, translate directly into im-
proved sensitivity and selectivity for detecting various pollutants in
air, water, and soil. This development is crucial for advancing en-
vironmental protection and public health, addressing critical global
challenges [10].
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Conclusion

Nanomaterial-based sensors are driving significant advancements
across biomedical and environmental applications. Graphene and
carbon nanotubes excel in wearable and flexible biomedical sen-
sors, offering high sensitivity for detecting biomolecules, physi-
ological signals, and even for cancer detection and neural inter-
faces [1, 5]. Flexible and wearable nanomaterial-based devices
enable real-time, non-invasive physiological monitoring and track-
ing of biomarkers from bodily fluids, which significantly advances
personalized healthcare and early disease detection [6, 8]. Two-
dimensional nanomaterials, with their high surface-to-volume ra-
tios, are also proving effective for sensitive diagnostic tools [9].
Beyond health, metal oxide nanomaterial gas sensors show promise
for environmental and industrial safety, emphasizing improved syn-
thesis and structural design for better sensitivity and selectivity [2].
Nanofiber-based sensors are crucial for detecting pollutants in air,
water, and soil, leveraging their high surface area for enhanced per-
formance in environmental monitoring [10]. Plasmonic nanomate-
rials also contribute to both environmental and biomedical sensing
with their light-interaction properties, pushing detection limits [7].
Quantum dot-based sensors, with their exceptional optical proper-
ties, offer highly sensitive and multiplexed platforms for environ-
mental monitoring and health diagnosis [3]. Overall, these diverse
nanomaterial platforms offer critical solutions for monitoring, diag-
nosis, and environmental protection, expanding capabilities across
various sectors [4].

References

. Gang L, Guang H, Ruibo H. Wearable and Flexible Graphene-Based Sensors

for Biomedical Applications. Biosens Bioelectron. 2023;220:114845.

. Hyeon SL, Young JH, Seong JH. Recent advances in metal oxide

nanomaterial-based gas sensors: Sensing mechanisms, synthesis strategies,
and performance optimization. Sens Actuators B Chem. 2024;401:134954.

. Ru JW, Xiao HM, Wei PG. Recent advances in quantum dot-based sensors

for environmental monitoring and health diagnosis. 7rAC Trends Anal Chem.
2023;161:116982.

. Shao HW, Jun KF, Yuan DZ. Nanomaterial-based biosensors for dis-

ease diagnosis: Recent advances and challenges. Biosens Bioelectron.

2023;239:115560.

. M. Rakesh KK, S. Manjunath KK, S. Manoj S. Carbon nanotube-based

sensors for biomedical applications: A review. Mater Today Commun.
2023;35:106093.

. Yan X, Bing BL, Yu Z. Flexible nanomaterial-based sensors for physiologi-

cal monitoring. Sens Actuators B Chem. 2022;358:131499.

. Se HK, Jae HP, Young JL. Recent advances in plasmonic nanomaterial-based

sensors for environmental and biomedical applications. Biosens Bioelectron.
2022;204:114092.

. Hong MY, Jia MC, Yan MC. Wearable electrochemical sensors based on

nanomaterials for non-invasive monitoring of biomarkers. Biosens Bioelec-
tron. 2023;236:115454.

. Sha SH, Xue RZ, Hong C. Two-dimensional nanomaterial-based sensors for

biomedical applications. Biosens Bioelectron. 2023;237:115501.

. Md RMKK, Md FA, Md SU. Nanofiber-based sensors for environmental

pollution monitoring: Recent advances and future perspectives. J Hazard
Mater. 2023;443:130232.

Citation: Collins E. Nanomaterial sensors drive biomedical and environmental advances. aacbc. 2025;09(03):223.

aachbe, Volume 9:3, 2025


https://pubmed.ncbi.nlm.nih.gov/36375323/
https://pubmed.ncbi.nlm.nih.gov/36375323/
https://pubmed.ncbi.nlm.nih.gov/37664687/
https://pubmed.ncbi.nlm.nih.gov/37664687/
https://pubmed.ncbi.nlm.nih.gov/37664687/
https://pubmed.ncbi.nlm.nih.gov/37025178/
https://pubmed.ncbi.nlm.nih.gov/37025178/
https://pubmed.ncbi.nlm.nih.gov/37025178/
https://pubmed.ncbi.nlm.nih.gov/37625345/
https://pubmed.ncbi.nlm.nih.gov/37625345/
https://pubmed.ncbi.nlm.nih.gov/37625345/
https://pubmed.ncbi.nlm.nih.gov/37807758/
https://pubmed.ncbi.nlm.nih.gov/37807758/
https://pubmed.ncbi.nlm.nih.gov/37807758/
https://pubmed.ncbi.nlm.nih.gov/35222212/
https://pubmed.ncbi.nlm.nih.gov/35222212/
https://pubmed.ncbi.nlm.nih.gov/35168051/
https://pubmed.ncbi.nlm.nih.gov/35168051/
https://pubmed.ncbi.nlm.nih.gov/35168051/
https://pubmed.ncbi.nlm.nih.gov/37482087/
https://pubmed.ncbi.nlm.nih.gov/37482087/
https://pubmed.ncbi.nlm.nih.gov/37482087/
https://pubmed.ncbi.nlm.nih.gov/37527632/
https://pubmed.ncbi.nlm.nih.gov/37527632/
https://pubmed.ncbi.nlm.nih.gov/36315893/
https://pubmed.ncbi.nlm.nih.gov/36315893/
https://pubmed.ncbi.nlm.nih.gov/36315893/

