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ABSTRACT

Introduction: Due to uncertainties regarding the risks of engineered nanomaterials for human health
and the environment, different organizations and researchers have developed various management
frameworks and assessment tools to mitigate hazards during the procedures and applications of engineered
nanomaterials. However, most of these techniques do not meet all the individual requirements. This study
provides a review and introduction to the techniques developed for the management of safety, health,
and environmental risks associated with engineered nanomaterials.

Material and Methods: In order to find pertinent documents on the safe handling of engineered
nanomaterials, a search was conducted using the following keywords: “Engineered nanomaterials”,
“Framework”, “Tool”, “Risk management”, “Occupational exposure”, “Environment”, “Risk assessment”,
and “Nanotechnology”. The search was conducted on various databases, including Scopus, Web of
Science, NIOSH, ECHA, and ISO. Among the search results, tools and frameworks that specifically focus
on the safety, health, and environmental risk management or assessment of engineered nanomaterials

were selected.
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Results: Among the search results, 17 frameworks and 11 developments in the field of managing
occupational, environmental, and toxicological risks associated with engineered nanomaterials were
discussed. Various frameworks and tools for identifying, evaluating, and managing the potential risks of
engineered nanomaterials vary in terms of their scope, goals, risk assessment approaches, and output,
offering diverse applications.

Conclusion: Various tools and frameworks, each with unique properties, applications, and limitations,
can assist organizations in achieving their goals related to safety, health, and environmental issues in the
field of nanotechnology. Currently, there is no consensus on the optimal approach for assessing the risks
of nanomaterials, underscoring the necessity for additional research, development, and collaboration in
this field.
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1. INTRODUCTION

The use of engineered nanomaterials is hindered
by limited knowledge about their potential hazards
to humans and the environment. This requires a
comprehensive approach to risk assessment and
management. Existing risk assessment methods
for these materials are not fully developed or easily
accessible. Regulatory agencies face challenges
in managing emerging risks due to the limited
information and public scrutiny. Despite the
successful implementation of safety procedures
for conventional materials, the distinctive
risks associated with nanomaterials necessitate
innovative risk management approaches. These
include public communication, integrating societal
considerations, and addressing uncertainties
related to material properties and impacts. Several
organizations have developed frameworks for
managing the risks associated with nanomaterials.
However, these frameworks often focus on specific
issues or types of nanomaterials and may not cover
all aspects of risk management. This study examines
different frameworks, identifies their limitations,
and suggests approaches for prioritizing these
limitations to help in choosing the right tool for
regulating risks linked to nanomaterials. Various
criteria, including production volume, industrial
applications, disposal routes, environmental
impact, emission rates, toxicological characteristics,
and life cycle assessment of materials, should be
taken into account. The distinctive properties of
nanoscale materials can enhance their reactivity
and toxicity, necessitating specialized tools and
methods for their exposure assessment. This study
explores the various risk management strategies
and assessment tools that have been developed to
address the potential health and environmental
risks associated with engineered nanomaterials.
Despite their diverse approaches, these techniques
often fail to address all concerns. The focus is on
methods specifically designed to ensure the safety
and minimize the environmental impact of these
nanomaterials.

2. MATERIAL AND METHODS

In this article, we reviewed papers and technical
reports published in the field of risk management
and assessment tools for engineered nanomaterials,
using various databases including Scopus, Web of
Science, NIOSH, ECHA, and ISO. Among the
search results, tools and frameworks that specifically
focused on the safety, health, and environmental
risk management or assessment of engineered
nanomaterials were selected. An extensive literature
review was conducted to present the current
knowledge, identify shortcomings, and propose the
potential areas for future research. This narrative
review covers various aspects of risk management
and assessment, including methodologies,
frameworks, and their practical applications related
to engineered nanomaterials. The potential impacts
of these tools on policy formulation, industrial
practices, and environmental health and safety
were also discussed. The insights gained from this
review are expected to benefit those engaged in the
field of nanotechnology risk management.

3. RESULTS AND DISCUSSION

The results revealed a total of 17 frameworks and
11 specific tools designed for the occupational,
environmental, and toxicological risk management
of engineered nanomaterials. These diverse
frameworks and tools, each is designed for a
unique purpose, and vary in scope, objectives,
methodologies for risk assessment, and outcomes.
They provide a variety of applications for
identifying, evaluating, and managing potential
risks associated with engineered nanomaterials.
Each tool or framework is designed to address a
specific aspect of risk management, thereby offering
a comprehensive approach to ensuring safety in the
use of these materials (Refer to Table 1 for more
details). This diversity in approach and application
underscores the complexity and multifaceted nature
of risk management in this field. It also emphasizes
the continuous efforts in the scientific community
to develop strong and effective strategies for

Table 1: Structural introduction of engineered nanomaterials risk management frameworks / tools

Principles
Global cooperation
Data gathering and distribution
Standardization
User-friendly tool integration
Scientific and financial support
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Category
Research and development
Regulatory authority
Business minded
Toxicology and ecotoxicology
Ontology

Objective ‘
Human health
Environmental fate
Exposure assessment
Decision making
Safe operation practices
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managing the potential risks associated with the
use of engineered nanomaterials.

These methods aim to identify, evaluate, and
control risks, as well as provide practical guidelines
for the production, use, and disposal of these
materials. Factors such as scientific uncertainty,
data availability, public understanding and
acceptance, and ethical and social consequences
of nanotechnology are crucial considerations in
selecting and reviewing these methods. However,
aligning risk management principles with the
development of innovation remains a common
challenge. The risk management of engineered
nanomaterials typically involves a range of risk
assessment approaches (quantitative, semi-
quantitative, and qualitative), life cycle assessment,
the creation of databases containing nanomaterial-
related information, and the development of tools
such as software or web applications to facilitate
risk assessment. Despite the differences in scope,
approach, and application of these frameworks,
no single framework can effectively address all the
challenges associated with the risks of engineered
nanomaterials.

Risk management frameworks for engineered
nanomaterials encompass various techniques
for risk analysis, including the identification,
characterization, and quantification of hazards
and exposure. These frameworks aim to establish
standardized procedures for regulators and
industries. Some focus on providing decision-
making support through life cycle assessment
and benefit-cost analysis; others propose various
approaches to nanomaterial classification,
taking into account factors such as size, shape,
surface chemistry, solubility, bio-resistance,
bioaccumulation, and  potential  biological
effects. However, these frameworks may not fully
consider the diversity and dynamics of engineered
nanomaterials in various exposure scenarios. The
absence of standardized methods for assessing
exposure, identifying risks, and evaluating dose-
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response is another challenge.

Risk assessment tools for engineered nanomaterials
typically utilize a decision tree or scoring matrix.
Users answer questions about nanomaterial
properties and processes to categorize hazards
and exposures. Various tools have been developed
to assess and mitigate these risks, with a focus on
implementing control measures. Control banding
is a semi-quantitative method that utilizes decision
trees or scoring matrices to classify nanomaterials
according to risk and exposure, and provides
corresponding control measures. These tools
vary in their scope, applicability, data, criteria,
and output. Some tools are designed for specific
scenarios, while others may require extensive data
for risk and exposure assessment.

4. CONCLUSIONS

This study aimed to explore and evaluate the
methods, applicability, and limitations of the risk
management frameworks and tools associated with
engineered nanomaterials. Each organization has
distinct goals and priorities, and they utilize diverse
approaches to tackle the complexity of engineered
nanomaterials, data scarcity, standardization, and
the incorporation of environmental and social
aspects. None of them can be considered the best
or most comprehensive. Recognizing limitations
and uncertainties is essential for improving
cooperation and data sharing among stakeholders.
These methods are constantly evolving to adapt
to new advancements in nanotechnology. As an
initial step in creating a national risk management
tool for engineered nanomaterials in Iran, we
investigated international approaches. Considering
Iran’s potential for innovation in nanotechnology,
establishing an integrated regulatory framework
with effective tools can be beneficial.
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