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ABSTRACT

Introduction: Workplaces often contain potential risks, such as exposure to toxic chemicals. Conducting
a thorough health risk assessment helps employers recognize these dangers and implement necessary
controls. In the 20th century, modern risk assessment frameworks began to be established with the rise
of public health agencies.

Material and Methods: The present study is a narrative review. In order to obtain necessary information,
Persian and English texts were searched in Web of Science, PubMed, Scopus, SID and Magiran databases.
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Keywords such as “health risk assessment”, “chemicals” and “nanomaterials” were used in this study.

Results: Both quantitative and qualitative health risk assessments play critical roles in occupational health,
with each method providing different levels of depth and accuracy depending on the situation. EPA Model,
Monte-Carlo Simulation, Physiologically Based Pharmacokinetic (PBPK) Modeling, Quantitative Structure-
Activity Relationship (QSAR) Models, Probabilistic Risk Assessment (PRA), Life Cycle Impact Assessment
(LCIA), and Biologically Based Dose-Response (BBDR) Models, are among the most important quantitative
methods for assessing the health risk of chemicals. COSHH Model, ICCT Model, ICMM Model, Australian
Model, and Romanian Model, are the most important qualitative methods for health risk assessment
of chemicals. In addition to the quantitative and qualitative methods, semi-quantitative methods like
Singapore Model, LEC Method, and SEP Model, have also been proposed for assessing the health risk of
chemicals. The preference for qualitative over quantitative methods in the risk assessment of activities
involving nanomaterials stems from substantial uncertainties, limited data availability, and the unique and
complex behaviors of nanomaterials in the workplaces.

Conclusion: Overall, the evolution of health risk assessment methods reflects a continuous drive towards
greater accuracy, reliability, and relevance. As we continue to innovate and expand our knowledge, the
field is well-positioned to address the complex and evolving landscape of chemical and material risks,
ensuring the protection of human health and the environment.
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1. INTRODUCTION

Health risk assessment (HRA) is a systematic
process used to evaluate the potential health risks
posed by exposure to hazardous substances or
conditions in various environments, including
workplaces. In general, it involves identifying
hazards, estimating the likelihood and severity
of health effects, and determining appropriate
measures to mitigate or eliminate risks. The
ultimate goal of HRA is to protect individuals’
health by providing a basis for decision-making
regarding safety policies and interventions.

In occupational health, HRA plays a critical
role in safeguarding workers from exposures to
physical, chemical, biological, and ergonomic
hazards that can lead to diseases, injuries, or long-
term health issues. The workplace often contains
potential risks, such as exposure to toxic chemicals,
harmful radiation, extreme noise, or unsafe
machinery. Conducting a thorough HRA helps
employers recognize these dangers and implement
necessary controls, such as personal protective
equipment (PPE), engineering controls, or changes
in work practices, to minimize health risks.

The necessity of health risk assessment in
occupational settings is underscored by regulatory
requirements, ethical obligations to ensure worker
safety, and the financial implications of workplace
accidents or illnesses. Proactively managing risks
helps reduce absenteeism, increase productivity,
and enhance overall workers” well-being. Through
regular assessments, employers can not only comply
with safety standards but also create a healthier and
more sustainable work environment.

2. MATERIAL AND METHODS

Thepresentstudyisanarrative review. Inorder to
obtain necessary information, Persian and English
texts were searched in Web of Science, PubMed,
Scopus, SID and Magiran databases. Keywords
such as “health risk assessment”, “chemicals” and
“nanomaterials” were used in this study. A literature
review was conducted for documents published
until 2023. Information was extracted from various
sources, including scientific articles, reports, guides
and the mentioned databases. Among the search
results, the documents that had titles and content
unrelated to the subject under investigation were
removed after being read in full. The remaining
documents were thoroughly reviewed.
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3. RESULTS AND DISCUSSION

The roots of HRA can be traced back to the 16th
and 17th centuries when scientists like Paracelsus
and Bernardino Ramazzini laid early foundations
by examining occupational health hazards in
miners and workers. Bernardino Ramazzini,
an Italian physician often called the “father of
occupational medicine”, published “De Morbis
Artificum Diatriba” (Diseases of Workers), In
1700, which is one of the first treatises identifying
occupational health risks across various trades.

Occupational health risk assessment has evolved
alongside industrial and scientific advancements. It
began with recognizing the harmful effects of work-
related hazards as early as the Industrial Revolution
in the 18th and 19th centuries. The large-scale shift
to factory-based labor led to severe occupational
diseases, with early examples including miners
exposed to lung diseases like silicosis and workers
in textile industries affected by brown lung disease
(byssinosis).

However, In the 20th century, modern risk
assessment frameworks began to take shape with the
establishment of occupational health standards in
response to growing concerns about environmental
pollution and chemical exposure, such as with the
discovery of DDT’s environmental impacts. The rise
of public health agencies, like the U.S. Occupational
Safety and Health Administration (OSHA) in 1971,
and the publication of threshold limit values (TLV's)
by the American Conference of Governmental
Industrial Hygienists (ACGIH), helped formalize
occupational risk assessment. These frameworks
consider the probability of exposure to chemical,
physical, or biological hazards and evaluate the
potential adverse effects on workers” health. Over
time, occupational health risk assessment has
expanded to incorporate toxicology, epidemiology,
and industrial hygiene.

While occupational health risk assessments
encompass a broad spectrum of hazards, including
physical, chemical, and ergonomic factors, the
assessment of chemical hazards has garnered
significant attention. This heightened focus stems
from the inherent nature of chemicals, their
potential in acute and chronic health effects, and the
widespread use of chemicals in various industries.
Chemicals can directly interact with biological
systems, causing immediate or delayed damage
to organs and tissues. Moreover, their long-term
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exposure can lead to chronic diseases like cancer,
respiratory problems, and neurological disorders.
The potential for significant health impacts, coupled
with the complexity of chemical interactions and
the difficulty in predicting their long-term effects,
makes chemical hazard assessment a critical area of
concern for occupational health professionals.

Quantitative or Qualitative; that is the question
Health risk assessment of chemicals in
occupational settings is crucial for identifying,
evaluating, and mitigating risks endangering
workers exposed to potentially harmful substances.
These assessments can be broadly divided into
two types: Quantitative Health Risk Assessment
(QHRA) and Qualitative Health Risk Assessment
(QLHRA); both play distinct roles, utilizing
different methodologies to understand the potential
risks from chemical exposures in the workplace.

QHRA is a systematic approach that uses
numerical data and mathematical modeling to
estimate the risk associated with a particular
chemical exposure. The main steps include hazard
identification, dose-response assessment, exposure
assessment, and risk characterization. The result of
QHRA is usually expressed as a numerical value
indicating the probability of an adverse health
effect occurring in each population.

QLHRA involves a more descriptive evaluation
of chemical risks. It often relies on expert judgment,
past experiences, and available descriptive data
rather than numerical modeling. Qualitative
assessments often classify risks into categories
such as low, medium, or high, based on factors
like toxicity, level of exposure, and workplace
conditions. This approach is used when sufficient
quantitative data is unavailable or when a quick,
general evaluation is needed.

Historically,  qualitative =~ methods  were
developed before quantitative methods. In the
early 20th century, before the availability of
comprehensive toxicological data and advanced
analytical techniques, risk assessments relied on
subjective and qualitative judgments. Occupational
health practitioners would use their experience,
historical data, and case studies to evaluate the
hazards posed by chemicals.

In the latter half of the 20th century, with
advances in toxicology, epidemiology, and statistical
modeling, quantitative health risk assessments
gained prominence. Regulatory bodies, such as
the Environmental Protection Agency (EPA) in
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the U.S., started using more refined quantitative
methods to derive permissible exposure limits
(PELs) and to model dose-response relationships,
especially from the 1970s onwards.

Health risk assessment of nanomaterials

Risk assessment of activities involving
nanomaterials presents unique challenges due to the
novel properties of these materials at the nanoscale.
While quantitative methods aim to provide
numerical estimates of risk based on measurable
data, qualitative methods rely on descriptive
analysis and expert judgment. In the context of
nanomaterials, it is often considered better to use
qualitative rather than quantitative methods for
several reasons; nanomaterials are diverse, and
many have not been extensively studied. There
is a lack of comprehensive toxicological data on
their health and environmental effects. Measuring
exposure levels to nanomaterials is challenging
due to their small size and the lack of standardized
detection methods. This leads to insufficient
quantitative exposure data.

Nanomaterials exhibit properties different from
their bulk counterparts, affecting their reactivity,
bioavailability, and toxicity. These properties can
change depending on factors like size, shape, surface
area, and coating. Nanomaterials can undergo
transformations (e.g., aggregation, dissolution)
that alter their behavior, complicating quantitative
assessments.

Interactions between nanomaterials and
biological systems are not fully understood, leading
to uncertainties in dose-response relationships.
There is no consensus on standardized methods
for measuring and characterizing nanomaterial
hazards quantitatively.

Traditional models may not accurately
capture the nonlinear and complex dose-response
relationships of nanomaterials. Without reliable
quantitative data, setting scientifically sound
exposure limits or thresholds is problematic.

Qualitative methods support a precautionary
approach by acknowledging uncertainties and
focusing on preventing harm despite data gaps.
They allow for the integration of expert judgment,
stakeholder input, and contextual factors that
quantitative methods might overlook. They also
emphasize identifying potential hazards and
implementing control measures without requiring
precise quantification.

In summary, the preference for qualitative
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over quantitative methods in the risk assessment
of activities involving nanomaterials stems from
substantial uncertainties, limited data availability,
and the unique and complex behaviors of
nanomaterials. Qualitative methods provide
a pragmatic and precautionary framework
to evaluate risks, prioritize safety measures,
and guide decision-making processes when
quantitative analysis is not feasible or reliable. By
adopting qualitative methods, organizations can
responsibly manage the uncertainties associated
with nanomaterials, ensuring that safety remains a
priority while quantitative methodologies continue
to evolve.

4. CONCLUSIONS

The evolution of health risk assessment
methods has been a journey marked by significant
advancements, shifting from largely qualitative
approaches to more sophisticated quantitative
methodologies, and expanding the scope from bulk
chemicals to encompass nanomaterials. Initially,
health risk assessments were primarily qualitative,
relying on expert judgment, historical data, and
observational studies. These early methods, while
valuable, often lacked the precision and predictive
power needed for comprehensive risk management.
As scientific understanding and technological
capabilities advanced, there was a gradual transition
towards quantitative methods, which incorporate
statistical analysis, dose-response modeling, and
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exposure assessment. This shift allowed for more
accurate predictions of potential health impacts,
enabling Dbetter-informed decision-making in
regulatory and public health contexts.

In parallel with this methodological evolution,
the focus of health risk assessments has broadened
to include emerging materials, particularly
nanomaterials. The unique properties of
nanomaterials, such as their high surface area-to-
volume ratio and novel reactivity, have introduced
new challenges and complexities in risk assessment.
Traditional methods, designed for bulk chemicals,
often fall short in capturing the full spectrum of
risks associated with nanomaterials. Consequently,
there has been a concerted effort to develop and
refine specialized techniques that account for the
specific characteristics and behaviors of these
materials. This includes the integration of advanced
analytical tools, such as high-throughput screening,
in vitro and in vivo toxicology, and computational
modeling, to provide a more comprehensive and
nuanced understanding of the potential health
impacts of nanomaterials.

Opverall, the evolution of health risk assessment
methods reflects a continuous drive towards
greater accuracy, reliability, and relevance. As we
continue to innovate and expand our knowledge,
the field is well-positioned to address the complex
and evolving landscape of chemical and material
risks, ensuring the protection of human health and
the environment.
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