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Introduction
Nanotechnology involves the manipulation of materials at 

the nanoscale, typically ranging from 1 to 100 nanometers in size. 
Nanomaterials exhibit unique physical, chemical, and biological 
properties compared to their bulk counterparts, making them 
attractive for various applications. However, concerns have been 
raised about the potential adverse effects of nanomaterials on human 
health and the environment. Nano toxicology seeks to address these 
concerns by investigating the toxicity mechanisms, exposure routes, 
and risk factors associated with nanomaterials. Nanotechnology, the 
manipulation of materials at the nanoscale, has revolutionized various 
industries, from electronics to healthcare, offering unprecedented 
opportunities for innovation and advancement. However, the rapid 
proliferation of nanomaterials raises concerns about their potential 
impact on human health and the environment. Nano toxicology, 
the interdisciplinary field dedicated to studying the adverse effects 
of nanomaterials, plays a pivotal role in understanding the risks and 
implications of nanomaterial exposure. Nanomaterials, characterized 
by their unique properties such as small size, high surface area to 
volume ratio, and enhanced reactivity, exhibit distinct behaviors 
compared to their bulk counterparts. These properties confer novel 
functionalities that are desirable for numerous applications, yet they 
also pose challenges regarding their safety. The intricate interactions 
between nanomaterials and biological systems raise questions about 
their potential toxicity mechanisms, exposure routes, and long-term 
effects. In recent years, the scientific community has intensified efforts 
to unravel the complexities of nano toxicology and address emerging 
concerns. Studies have highlighted the diverse toxicological profiles 
of nanomaterials, ranging from respiratory and cardiovascular effects 
to genotoxicity and carcinogenicity. Moreover, the widespread use 
of nanomaterials in consumer products, industrial processes, and 
medical applications underscores the urgency of assessing their risks 
and implementing effective regulatory measures. This review aims to 
provide a comprehensive overview of nano toxicology, focusing on 
the risks and implications of nanomaterial exposure. By examining the 
current state of knowledge regarding nano toxicity, we seek to enhance 
understanding of the potential hazards associated with nanomaterials 
and facilitate informed decision-making in research, industry, and 
policy. Ultimately, a thorough grasp of nano toxicology is essential 
for ensuring the safe and responsible development of nanotechnology, 
maximizing its benefits while minimizing its risks to society and the 
environment [1-4].

Methodology

Characteristics of nanomaterials

Nanomaterials possess distinct properties such as high surface 
area to volume ratio, quantum effects, and enhanced reactivity. These 
properties can influence their behavior in biological systems and 
interactions with living organisms. Common types of nanomaterials 
include nanoparticles, nanotubes, nanofibers, and quantum dots, 
each with unique physicochemical properties that affect their toxicity 
profiles.

Potential hazards of nanomaterials

Several factors contribute to the potential hazards of 
nanomaterials, including their size, shape, surface chemistry, and 
surface charge. Nanoparticles can penetrate biological barriers such 
as the skin, respiratory tract, and gastrointestinal tract, leading to 
systemic distribution and accumulation in various organs. Moreover, 
nanomaterials may induce oxidative stress, inflammation, genotoxicity, 
and immunotoxicity, potentially resulting in adverse health effects 
such as respiratory disorders, cardiovascular diseases, and cancer [5-7].

Mechanisms of nano toxicity

The mechanisms underlying nano toxicity are complex and may 
involve multiple pathways. Key mechanisms include oxidative stress, 
inflammation, apoptosis, autophagy, and genotoxicity. Nanomaterials 
can generate reactive oxygen species (ROS) and disrupt cellular 
homeostasis, leading to cellular damage and dysfunction. Additionally, 
nanomaterials may interact with biomolecules such as proteins, lipids, 
and DNA, altering their structure and function.

Approaches for risk assessment and management

Effective risk assessment and management strategies are 
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Abstract
Nanotechnology has emerged as a promising field with diverse applications across industries such as medicine, 

electronics, and energy. However, the unique properties of nanomaterials also raise concerns regarding their potential 
toxicity and environmental impact. Nano toxicology, the study of the adverse effects of nanomaterials on living 
organisms, is essential for assessing and mitigating these risks. This review provides an overview of nano toxicology, 
discussing the characteristics of nanomaterials, their potential hazards, mechanisms of toxicity, and approaches for risk 
assessment and management. Understanding nano toxicology is crucial for the safe and responsible development of 
nanotechnology.
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essential for ensuring the safe use of nanomaterials. These include 
physicochemical characterization, exposure assessment, hazard 
identification, dose-response analysis, and risk characterization. 
Furthermore, the implementation of engineering controls, personal 
protective equipment, and regulatory measures can minimize exposure 
to nanomaterials and mitigate associated risks [8-10].

Conclusion
Nano toxicology plays a crucial role in evaluating the safety and 

environmental impact of nanomaterials. By elucidating the mechanisms 
of nano toxicity and assessing associated risks, researchers can develop 
strategies to minimize potential harm while maximizing the benefits 
of nanotechnology. Continued research efforts are needed to advance 
our understanding of nano toxicology and ensure the responsible 
development and application of nanomaterials.
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