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ABSTRACT

Introduction: Nanomaterials are widely applied across diverse scientific and industrial sectors; however,
their emergence has introduced a new generation of occupational hazards for workers. Concurrent with
discussions on the adverse effects of nanomaterials on human health, researchers have sought to develop
methods for assessing occupational risks associated with these materials. Accordingly, this study aims to
propose a general framework for the development of such methods.

Material and Methods: This is a critical analysis study designed to evaluate existing methods for assessing
occupational risks related to nanomaterials and ultimately propose a modified framework for refining
these methods. By examining current approaches and identifying their strengths and weaknesses, the
authors have proposed an improved framework for occupational risk assessment of nanomaterials.

Results: The proposed framework is based on two key dimensions: “Severity/Hazard” and “Probability/
Exposure.” The first dimension determines the potential risk level arising from exposure to nanomaterials,
with the most critical factors being the intrinsic properties and toxicology of the nanomaterial itself,
parent materials, and similar substances. The second dimension describes the likelihood and nature of
exposure to nanomaterials during work activities, with the most influential factors being worker, job tasks,
and workplace environment characteristics.

Conclusion: The lack of sufficient data and numerous uncertainties regarding bio-nano interactions make
quantitative risk assessment (the traditional occupational health approach) difficult, less reliable, and in
some cases unfeasible for nanomaterials—given current knowledge. Qualitative and semi-quantitative
approaches, such as Control Banding, despite demonstrating positive aspects, have faced significant
criticism. The framework-based method proposed herein appears capable of partially overcoming these
challenges.
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1. INTRODUCTION

Over recent decades, the advancement of
nanotechnology has led to the development of
materials with unique physical and chemical
properties.  These  materials have found
widespread applications across various scientific
and industrial domains, including structural
engineering, electronics, optics, consumer goods,
energy production and storage, soil and water
conservation, as well as medicine for therapeutic
and diagnostic purposes. However, the rise of
nanotechnology has also led to increased exposure
of workers, consumers, and the environment
to new airborne hazards from nanomaterials in
industries and laboratories. Studies indicate that
engineered nanomaterials are being introduced
into workspaces, research facilities, and natural
surroundings through various means. Exposure
to nanomaterials in work settings can result from
nanomaterials being released from powders,
liquids, or a solid matrix during their production,
use, or recycling. Limited awareness among
nanotechnology workers regarding the potential
harmful effects of these materials has led to
widespread perception that these materials are
safe. Ventilation systems that transport air from
laboratories and workplaces where nanomaterials
arehandled, along with residues from nanomaterial-
related activities and nanotechnology-based
products are primary pathways for the release
of these materials into the environment. This
underscores the importance of risk management in
nanotechnology, starting with risk assessment and
necessitating the availability of appropriate tools.

2. MATERIAL AND METHODS

This study provides a critical analysis that
examines and evaluates current risk assessment
methodologies applied to activities involving
nanomaterials, with the ultimate goal of proposing
a revised framework to guide the development of
these methodologies. To achieve this, the authors
performed a non-systematic search in databases
and scientific search engines, including PubMed,
Scopus, and Google Scholar, using keywords
such as “risk assessment,” “nanomaterials,”
“nanotechnology,” and “risk management” to
identify the most significant approaches in the
risk assessment of these activities. In the next step,
the authors reviewed these approaches, reporting
their characteristics and their suitability or lack
thereof for risk assessment in nanomaterial-related
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activities. Finally, by synthesizing these discussions,
the authors proposed a modified framework that
can be utilized for developing new risk assessment
methodologies.

3. RESULTS AND DISCUSSION
Quantitative Approach

The traditional approach of occupational health
to evaluating exposure to harmful substances at
work involves measuring their concentration in
the worker’s breathing zone and comparing these
levels with the threshold limit values (TLVs) set
by reputable organizations. Implementing this
method requires that 1) there are standard and
agreed upon sampling methods for the substances,
2) the concentrations sampled accurately reflect the
working environment’s atmosphere, 3) appropriate
TLVs are available, 4) suitable analytical techniques
are available for determining exposure levels, 5)
appropriate equipment for sampling and analysis
exists and are available, and 6) exposure levels
that have the potential to cause adverse effects are
also known. The lack of any of these conditions
reduces the value of exposure assessment and the
subsequent risk assessment, raising uncertainties
about the suggested control measures that result
from this risk assessment.

Qualitative and  semi-quantitative  Approaches
(Control Banding (CB))

Methods based on Control Banding (CB)
provide a wuseful semi-quantitative/qualitative
framework for assessing the potential health risks
associated with the handling and manipulation
of nanomaterials. To determine the ideal control
levels, CB combines exposure scenarios or possible
exposures with groupings or “bands” of health
hazards. While these methods demonstrate good
validity and, in some cases, efficiency in assessing
the risk associated with nanomaterial applications,
they are not without their limitations. A primary
limitation of the aforementioned methods
is their imbalanced focus on ‘exposure’ and
‘hazard. Current methodologies often overlook
the biological impacts of nanoparticles and the
associated toxicological data. Some risk assessment
methods now consider the properties of the parent
materials (Nanotool) or characteristics of similar
materials (ANSES) when evaluating nanomaterials.
This appears to be a serious flaw in the definition,
as studies have shown that nanomaterials differ
from bulk materials in at least 28 features, despite
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Fig. 1: Proposed risk assessment framework for activities involving nanomaterials (Dashed line means that these groups/factors can
exist or not exist.)

having the same chemical composition. Another
limitation of these methods is their reliance on
subjective judgment. Another issue with some of
these methods (CB Nanotool and IN Nanotool)
is that, because they have a “unknown” option,
high scoring and, ultimately, a high risk level
are determined based on a lack of knowledge
about the nanomaterials under investigation,
which might not be entirely accurate. Therefore,
a more thorough framework for risk assessment
of activities involving nanomaterials needs to be
proposed, based on what was stated.

The proposed framework has two main axes
(figure 1):

The first axis, the Severity/Hazard: This
axis specifies the potential danger (hazard)
that exposure to nanomaterials may cause. The
determination/estimation of the hazard caused by
exposure to nanomaterials will be based mostly
on the properties of the nanomaterial itself, as well
as the proven effects and existing toxicological
information about the nanomaterial. To identify
these characteristics, according to CB-based
methods, it is recommended to consult safety data
sheets (SDSs) and other relevant sources. In the
absence of such data, the characteristics of parent
materials and similar substances can be used as a
reference. Alternatively, expert judgment may be

[DO!

applied when other sources of information are not
available. It is also advised to use appropriate tools
for characterization of nanomaterials to ascertain
these properties (the semi-quantitative methods).
The main challenge of this axis is to determine the
appropriate method (and/or device) to determine
these characteristics.

This section also addresses the interaction
between nanomaterials and living tissues,
known as bio-nano interaction. To investigate
these interactions, a range of laboratory assays
is employed, including viability essays to assess
cellular health, oxidative stress tests to measure
reactive oxygen species production, and disease-
specific assays to evaluate potential pathological
effects, among others. These methodologies provide
critical insights into the biological impacts of
nanomaterials, facilitating a deeper understanding
of their safety and functionality in biomedical
applications.

The second axis, Probability/Exposure: This
axis seeks to describe the possibility and how
to encounter nanomaterials during activity.
Determining this axis will be possible by describing
the work environment and task under review and
other factors. Characteristics of the task (activity),
such as the repetition of the task, the duration of
each task, the amount of nanomaterial used are
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examined as follows.

Characteristics and features of the work
environment—including existing control measures,
management plans, and the availability and use of
personal protective equipment (PPE)— will also
be examined. This involves a detailed assessment
of the workplace controls, focusing particularly
on engineering controls such as general and local
exhaust ventilation systems, glove boxes, safety
cabinets, and other containment devices, alongside
administrative controls and PPE usage.

By finding out the effective factors and groups
in each of the axes, the output resulting from
the combination of the “Severity/Hazard” and
“Probability/Exposure” will be the Risk Level of the
activity (Figure 1).

4. CONCLUSIONS

Considering the existing quantitative and
qualitative methods for assessing the risks
associated with activities involving nanomaterials,
a comprehensive approach to risk assessment
necessitates identifying all relevant parameters and
concepts. Equally important is understanding their
interrelationships and organizing these parameters
into a structured framework. Developing such
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a framework represents a crucial step toward
achieving more complete and robust methodologies
for evaluating the risks linked to nanomaterials.
This approach not only enhances the accuracy of
risk assessments but also supports the development
of standardized practices in managing the potential
hazards of nanomaterial-related activities. A
significant limitation in developing such methods
is the challenge of accessing all factors involved in
risk assessment and understanding the complex
relationships between them. However, this obstacle
can be substantially mitigated by employing
approaches such as developing ontologies and
creating minimum data sets, which provide
structured frameworks and essential baseline
information for more comprehensive analysis.
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6. Active surface area
7. Lung-deposited surface area (LDSA) concentration
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1. Mass Concentration

2. Number Concentration

3. Straightforward

4. Surface area concentration
5. Geometric surface area
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4. Tiered Approach

11€6 1€ Bl /P s)laid /10 s)b )5 (iaol § Cublagy aslilins

ohBan g BSa3ASH (s)ac blydw

Jld ST gl ewiled e oYL g4
iz S ojlail g TOI Ltis g S ol
@ S alied Sl cpl o yiege 3 TOLS m
W s 53 Jlg s Sl it gle JSA
Ol Como g odg Caid (1,5 s 55 Dl (nl 4]
Sl (68 03lail 5550 3550 o5lusl alS L s o

()l o0 6065 o2

S el -
Es b Bl slo ol 5 iz (556
e s’ bl S8 Sleladl 1 oo
agzlge B3>/ alS sl NIOSH (solpiing "o J 8
Slpris wlae I b 1550 slo cudled o wlgegil b
ey o e S cale alldl” (YY) wiles,S
(sl (Bl Sl ol woglyl 5 il Gials
Sl g Shnde sl S (owiiges sla J S
30 a5 A oo Hlis b pwyp Lol aiiis (608 cbla>
Yool (o35l 5 Bd>) Slpe aledos cnl Jol ool
@2l Sl wlgegll b 2550 6, slo bazs 5o
Jyore wiige sl 35 5 goleme (TF) W)l
(o3gn pgd 5 (ondge dgls (soges dgrd wilo)
5 O e ool Slyesli blis o |, U5 cllis
(VD) asS SeS apzlge apais a4 cwl (Sow £
Grnse G S5 4 arg (e 0N g
@l oss g ayg Lo (hjsel caglse oy LalS)
250 ARaslesl 5 )5 slo b ;0 (6,5 cenlio
L agalge JpuS 0 g Cans (SIS ojlasl a olgegili b
Sl de) 5o (V7)) Wiyls gzl il wlge oy
318 3529 )l E985 5 ooleiin 08 Sbla>
b 45,5 YFFP 5 YFFP 0N o+ N lo Suls |
sloyls b HEPA sloyild @ jeme sloygil )
(Jeng) ptales] Jgano gl (iSws 511 Jolas
Wy o 1S G a8 5 (o8 5 SSY (i

1. Condensation Particle Counters (CPCs)
2. Scanning Mobility Particle Sizer (SMPS)
3. Fast-Mobility Particle Sizer (FMPS)
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