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The global climate crisis significantly impacts public health, requiring public health inspectors (PHIs) to manage
evolving environmental, psychosocial, and organizational risks. This study examines PHIs’ roles in classifying
and mitigating workplace hazards exacerbated by climate change, focusing on the challenges they face, the public
health implications, and the necessity for effective interventions. A mixed-methods approach was employed,
integrating quantitative analysis of PHI-reported secondary data analysis with a scoping review of risk
assessment frameworks studies from 2010 to 2025. Of the 185 PHIs surveyed, 87% (n = 161) reported feeling
inadequately prepared to manage climate-related hazards. Additionally, 79.42% (n = 146) highlighted a lack of
updated training as a critical barrier, and 78% (n = 144) cited insufficient resources as a major challenge. This
study provides evidence-based recommendations to strengthen public health policies, enhance occupational
safety, and equip PHIs with the necessary tools to manage environmental challenges effectively and reduce
occupational risks related to climate and public health infrastructure.

Keywords: psychosocial risk, climate crisis, public health inspectors, workplace classification assessment, safety
and health hazards, risk reduction

INTRODUCTION

due to climate change (Adamopoulos et al., 2023). PHIs
occupational exposures include physical hazards, biological
hazards, chemical hazards, and psychosocial/ergonomic

The global climate crisis has escalated the complexity of
environmental and occupational risks, posing significant
challenges to public health (Levy & Roelofs, 2019). Public
health inspectors (PHIs) are essential in addressing these risks
by identifying hazards, ensuring compliance with
environmental standards, and mitigating threats to
community well-being. Their responsibilities encompass
various areas, such as monitoring drinking water quality, air
pollution, food safety, and workplace hazards. PHIs directly
influence public health outcomes, particularly in reducing

premature mortality and chronic diseases linked to
environmental factors (Tustin et al., 2019).
By enforcing rigorous standards and conducting

inspections, PHI protect vulnerable communities through
inspections, but their own occupational risks are increasing

hazards (EU-OSHA, 2021a, 2021b, 2023; National Institute of
Health, 2025; WHO, 2023; Yang et al., 2019). These factors
necessitate a re-evaluation of existing risk assessment
practices (Viegas et al., 2023). PHIs must be adapted by
adopting standardized tools, refining risk classification
systems, and collaborating across agencies (Adamopoulos et
al., 2024). Educational programs focusing on climate-related
health risks are essential to equip PHIs with the skills and
knowledge needed to address these evolving challenges
effectively (Ahmad et al., 2020).

This study seeks to address these challenges by

(1) analyzing current PHI practices in classifying and
assessing environmental and occupational risks,

(2) identifying gaps in training and resource allocation
that limit PHIs’ effectiveness, and
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(3) proposing strategies to enhance PHI preparedness for
managing climate-related hazards.

The study uses a mixed-methods approach, integrating
quantitative analysis with a scoping review (Adamopoulos et
al., 2022, 2023) to explore existing research, identify gaps in
methodologies, and highlight challenges faced by PHIs
(Adamopoulos et al., 2022; Tustin et al., 2019). The scoping
review aims to evaluate the breadth of available literature,
identify key methodologies, and map gaps in training,
resources, and tools for managing climate-related risks (Stahl
et al.,, 2024). This approach is particularly suited for
understanding the diverse challenges faced by PHIs, including
evolving workplace hazards and environmental risks caused by
the global climate crisis (EU-OSHA, 2021a, 2021b; Williams &
Mohammed, 2013). By synthesizing insights from the scoping
review and PHI-reported data, the study provides a
comprehensive overview of existing practices and proposes
strategies for improving preparedness and public health
outcomes (Ferari et al., 2023; Ramos et al., 2022).

This work underscores the urgent need for enhanced
training, better resource allocation, and sustainable practices
to empower PHIs in effectively mitigating climate-related
public health challenges.

LITERATURE REVIEW

Public Health Inspectors and Climate Change Adaptation

PHIs have long played a critical role in safeguarding
community health by evaluating environmental risks and
ensuring compliance with public health standards. As climate
change accelerates, PHIs face new and escalating challenges in
managing environmental, psychosocial, and organizational
risks. Climate-related risks, including rising temperatures,
extreme weather events, and the emergence of novel
pathogens, have amplified the demands placed on PHIs,
making their role in public health more complex and essential
(Adamopoulos et al., 2023; EU-OSHA, 2021a, 2021b; Flouris et
al., 2018). Few studies have emphasized the importance of
PHIs in adapting and correlated to the climate -crisis
(Adamopoulos et al., 2024, 2025a, 2025b, 2025c; Schulte et al.
2016; Tustin et al., 20219). According to Adamopoulos et al.
(2024). PHIs are tasked with identifying and mitigating
climate-induced health hazards, including heat-related
illnesses, foodborne diseases, and mental health impacts due
to extreme weather events. As noted by Schulte et al. (2016),
occupational health frameworks must be updated to reflect the
unique environmental stressors posed by climate change, with
PHIs at the forefront of managing these risks. A significant gap
exists in the literature, and this study aims to fill it by
identifying and addressing climate-induced health threats, the
effects of extreme weather events on overall occupational
safety and health (OSH).

Frameworks for Risk Assessment in Public Health
Inspections

Existing risk assessment frameworks have provided
valuable guidelines for understanding and mitigating the risks
faced by PHIs. EU-OSHA (2021a, 2021b) outlines a
comprehensive risk assessment approach that includes

physical, chemical, biological, and psychosocial hazards.
However, these frameworks often fail to account for the
compounded effects of climate change, which has introduced
additional layers of complexity to existing hazards. For
example, Schulte et al. (2016) emphasize the need for
occupational health frameworks to integrate climate
considerations such as heat stress, extreme weather events,
and the spread of vector-borne diseases. In addition, Tustin et
al. (2019) conducted a study that identified key occupational
hazards among PHIs, including exposure to toxic chemicals
and ergonomic risks from prolonged inspections. They also
found that psychosocial hazards, such as workplace violence
and stress, are common among PHIs, yet these factors are
often underreported in traditional risk assessment frameworks
(Adamopoulos et al., 2022). While these frameworks provide a
foundation for risk management, they have been criticized for
their limited applicability to climate-induced health risks.
Adamopoulos et al. (2023) point out that current frameworks
fail to incorporate climate-specific risks adequately, such as
heat stress and the impacts of extreme weather events on PHI
operations. This gap necessitates the development of updated
risk assessment tools and training programs tailored to the
evolving climate context.

Training and Resource Challenges for Public Health
Inspectors

One of the most critical challenges faced by public health
professionals in the context of climate change is inadequate
training. Studies by Viegas et al. (2023) and Levy and Roelofs
(2019) reveal that a significant portion of PHIs feel
inadequately prepared to handle climate-related risks. In their
study, Adamopoulos et al. (2022) found that 79.42% of PHIs
reported lacking the necessary training to manage climate-
induced hazards effectively. Moreover, Rahman and Akhter
(2021) highlight that insufficient training in climate-specific
risks can result in poor risk classification and delayed
responses to emerging health threats. Resource limitations
compound the lack of training, and Schulte and Chun (2009)
found that resource shortages, including the lack of up-to-date
climate data, monitoring tools, and personal protective
equipment, hinder PHIs from responding to health hazards
brought on by climate change. In light of resource constraints,
integrating the sources is a crucial step in reducing the risks.
This underscores the need for targeted resource allocation and
the integration of climate change considerations into
occupational health policies.

Gaps in Existing Methodologies for Managing Climate-
Related Risks

While a number of studies have explored PHIs risk
management, many of these studies focus primarily on
traditional occupational hazards without accounting for
climate-specific risks. Tustin et al. (2019) have noted the
importance of expanding risk assessments to include
psychosocial and organizational factors. However, there is
little research on the integration of climate-specific variables,
such as temperature increases and extreme weather events,
into these frameworks (Marinaccio et al., 2025).

Schulte et al. (2016) argue that existing occupational
health frameworks need to be more dynamic and adaptable to
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reflect the realities of climate change. Adamopoulos et al.
(2025c) calls for a new approach to risk classification that
includes the impact of climate change on PHIs roles and
responsibilities, emphasizing the need for interagency
collaboration and better integration of climate data.

Additionally, the effectiveness of current data collection
methods in assessing climate-related risks has been
questioned. According to Williams and Mohammed (2013),
existing data collection tools are insufficient for capturing the
full scope of climate-induced hazards and their impact on PHIs
operations (Adamopoulos et al., 2025c). There is a clear need
for innovative data-gathering tools and risk classification
systems that are specific to climate challenges.

Need for Standardized Tools and Frameworks

There is an urgent need for standardized tools that can
assist PHIs in managing the complex risks posed by climate
change. EU-OSHA (2021a, 2021b) and Yang et al. (2019) have
called for the development of climate-specific checklists,
frameworks, and protocols to help PHIs assess and manage
emerging risks more effectively.

The integration of climate science into these frameworks is
crucial for ensuring that PHIs are adequately prepared for the
climate-related health challenges of the future. Adamopoulos
et al. (2024) suggest that standardized tools should focus on
both prevention and adaptation, equipping PHIs with the
necessary resources to mitigate risks while also preparing for
future climate events. Furthermore, Viegas et al. (2023)
advocate for the development of a climate-resilient training
curriculum that can be integrated into PHI certification
programs.

Summary of Literature Review

This review has highlighted several key areas for
improvement in PHIs roles and risk assessment frameworks in
the context of the global climate crisis. Key findings include
the following:

1. There is a need for updated frameworks that
incorporate climate-specific risks.

2. Gaps in training and resource allocation for PHIs in
managing climate-related health hazards.

3. There is a lack of standardized tools to help PHIs assess
and mitigate these emerging risks effectively.

The literature is growing in consensus that PHIs must be
equipped with the tools, training, and resources necessary to
adapt to the changing climate. Future research should focus on
developing these tools and frameworks, ensuring that PHIs are
prepared to meet the challenges posed by climate change in
the public health sector.

METHODS

This study employs a mixed-methods approach, combining
quantitative analysis and secondary data review through the
quantitative review and secondary data analysis development
model (Adamopoulos et al., 2022; Burton, 2000). The primary
aim is to analyze occupational risks and environmental health
incidents reported by PHIs in the context of the global climate

crisis (Adamopoulos et al., 2023; Tustin et al., 2019). Three
central hypotheses guide the research:

1. H1. There is a positive association between increased
levels of perceived psychosocial risks and higher levels
of workplace biological hazards among PHIs.

2. H2. The perceived level of job risks and environmental
hazards differs significantly between urban and rural
workplace environments.

3. H3. PHIs with higher levels of climate-specific training
report lower perceived job risks and greater
preparedness for managing climate-related hazards.

Data Collection

Data for the quantitative analysis were collected from
March to June 2021 using a nationwide cross-sectional survey
conducted via a web-based questionnaire closed-ended. The
survey targeted 185 active PHIs across Greece, representing
27% of the total PHIs population. Participating departments
included the Ministry of Health, Prefecture Regions, and the
Unified Food Control Agency-Hellenic Food Authority.
Participants were informed about the study’s purposes and
consent was acquired after participants were briefed on the
goals of the study. Everyone who took part was given a unique
code number, and they could stop at any moment. With the use
of special codes, privacy and anonymity were guaranteed. The
GDPR’s data protection regulations were also explained to
participants, and they were free to leave at any time without
worrying about the repercussions.

Before the questionnaire was distributed, approval was
obtained from the Scientific Council of the Department of
Public Health Services. The research adhered to national and
European data protection legislation, Bioethics standards, and
the principles outlined in the Declaration of Helsinki.

Data Analysis

Descriptive statistics were used to summarize PHIs
demographics and identify common challenges. Hierarchical
regression analysis was employed to examine the relationships
between psychosocial risks, biological hazards, and training
adequacy. The Kolmogorov-Smirnov test confirmed data
normality.

The data were analyzed using SPSS v.28 (Adamopoulos et
al., 2023). The analytical framework focused on validating the
three hypotheses and identifying key occupational health risk
factors, such as psychosocial and biological risks, amplified by
the climate crisis (Hoffman et al., 2019; Williams, 2022).

Scoping Review

A scoping review was conducted to evaluate the breadth of
available literature on PHIs’ roles in managing climate-related
risks. The review focused on studies published between
January 2010 and December 2024. Key databases consulted
included PubMed, Medline, EMBASE, CINAHL, Web of
Science, and ScienceDirect. The review aimed to identify key
methodologies and frameworks, as well as gaps in training,
resources, and tools for managing climate-related risks
(Arksey & O’Malley, 2005; Dale et al., 2008; EU-OSHA, 2021a,
2021b; McGuinness et al., 2021; Munn et al., 2018; Page et al.,
2021).
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Studies addressing PHIs involvement in risk assessment
and mitigation were included, while those lacking relevant
data or focusing on non-PHIs roles were excluded. In order to
combine findings about the roles and challenges of PHIs in
climate risk management, as well as to incorporate data from
123 studies chosen based on experience gathered from the
registers, thematic analysis was utilized to discover important
themes from qualitative replies.

Design of the Study

This study utilizes a methodical review of the literature,
employing a variety of research analysis techniques, and
follows all the conventional scoping review protocols,
checklists, and statements for this type of study. The study
incorporates a selection of English-language studies from the
search engines Scopus, PubMed, Google Scholar, and Web of
Science, and analyzes thirteen studies of the literature through
areview that eliminates required, predatory, and nonacademic
publications. Additionally, nine recordings were found on the
websites, networks, and platforms of international scientific
societies, associations, and organizations such as the
European Union, WHO, EUPHA, NHI, EU-OSHA, and the ILO.
The selection process for the selected thirteen studies is
summarized in the PRISMA flow chart diagram shown in

Figure 1. To ensure rigour and relevance, the following
inclusion criteria were applied for the scoping review:

1. Every study must be published in a peer-reviewed
journal.

2. The studies must be written in English.

The studies must focus on PHIs roles related to climate
change risks and occupational health.

Exclusion criteria:
1. Studies not published in English.

2. Studies focusing on non-medical or non-healthcare
personnel.

3. Studies have lacked clear data on PHIs involvement in
environmental risk management.

Figure 1 presents the PRISMA flow diagram used for the
scoping review, illustrating the inclusion and exclusion
process for articles, reviews, and reports on PHIs roles and
challenges.

Table 1 shows the studies that were included in the
scoping review and mixed methods research of the study.

Identification of studies via databases and registers

Identification of studies via other methods

Records identified from: Records removed before Records identified from: Websites &

Pub Med. Medline. screening: Platforms of International Organizations

EMBASE, CINAHL, Web of g“ﬂ;"e records removed 5;3’.1";”0' EUPHA, NHI, EU-OSHA, and

Identifie Science, and Science Direct > Records marked as ineligible
by automation tools (n = 40 - =
Databases (n =245) R);cords removed fo(r other) g.ezsr::::‘ggr:f?r)‘ =31)
Registers (n =123) reasons (n =10) 9 =
\
- B l

Records screened »| Records excluded™

(n =150) (n=75)

Reports sought for retrieval .| Reports not retrieved Reports sought for retrieval Reports not retrieved

(n =75) " (n=8) (n=157) (n=46)

Screening l l

Reports assessed for eligibility Reports assessed for eligibility

(n =67) »| Reports excluded: (n=15) *| Reports excluded:
Reason 1(n =20) Reason 1 (n =57)
Reason 2 (n =25) Reason 2 (n = 25)
Reason 3(n=9) Reason 3 (n = 14)

_
v
Studies included in review
(n=13) .
Included ;efn:;t)s of included studies *
Total Studies and Reports
(n =28)

Figure 1. PRISMA flowchart diagram of this study’s literature (Source: Authors’ own elaboration)

Table 1. Studies on classification and assessment of the PHIs, occupational safety, and climate change risks

Participants/

ID Reference Study title Country sample Results /key findings Methodology
Higher temperatures were found to be
Adam- Effect of summer outdoor The 374,078 injuries linked to increased work-related injuries. .
) R Retrospective
1  Poupartetal. temperatures on work-related Canada by the workers’, In the context of global warming, results stud
(2015) injuries in Quebec (Canada) 2003-2010 can be used to estimate future impacts of y

summer outdoor temperatures on workers.
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Table 1 (Continued). Studies on classification and assessment of the PHIs, occupational safety, and climate change risks

ID Reference Study title Country Pal:;::;?:ts/ Results /key findings Methodology
The aim of this study was to report the job
Public health and work safety pilot risks O.f PHI.S and. investigate poss.lble
. S relationships with burnout and job .
study: Inspection of job risks, . . . . Pilot study-
Adamopoulos . - satisfaction. The changing environmental .
burnout syndrome and job Greece 46 participants A . cross-sectional
et al. (2022) . . . conditions due to global climate change
satisfaction of public health . . . study
. . introduce a higher frequency and severity of
inspectors in Greece ips
extreme weather conditions (heat waves
and floods), causing natural disasters.
Cross-sectional study in This study identifies job risk factors,
3 Adamopoulos  occupational safety and health Greece 185 participants burnout syndrome, and job satisfaction = Cross-sectional
etal. (2023) during the COVID-19 pandemic in p P levels among PHIs during the pandemic study
Greece associated with environmental risk factors.
Results showed PHIs reported safety
hazards (e.g., slips or falls), working alone,
. Occupational health and safety and chemical hazards as the top three types .
Tustin et al. h L. . Cross-sectional
4 (2019) hazards encountered by Ontario Canada 134 participants  of hazards. Inspections of food and (or) stud
public health inspectors nonfood premises were the duties most Y
associated with encountering all types of
hazards.
Between 1980-
The impacts on 2020, climate
human hpealth and change-related Future versions of the training should be
. fatalities in included in the ENSP-NOVA formative
well-being of the . .
.. . . R Europe program, according to feedback, interest,
. Training on the impact of climate world’s P . .
Viegas et al. . . amounted to  and the training’s capacity to mainstream .
5 change on public health: populations, . LS RN . Review
(2023) . . . 85,000 to the subject. Similar training initiatives will
Reflections and lessons learnt especially in the . R
145,000, be guided by the lessons learnt, aiding in
32 EEA member . .. .
. according to efforts to mitigate and adapt to climate
countries (EEA-
32) data from change.
NatCatSERVICE
and CATDAT
Workers’ health and productivity . Demonstrated that heaF s.traln significantly .
. . . . 111 studies  reduces worker productivity and health. For ~ Systematic
Flouris et al. under occupational heat strain: A Including 30 . . . .
6 . . A done in, 447 a thorough evidence synthesis approach, review and
(2018) systematic review and meta- countries . . X . .
analysis million workers this research considers a variety of meta-analysis
Y demographics, exposures, and occupations.
I ional . .
nternationa . This study explores the effects of climate
. databases to International X
Impact of climate change on change on workers’ health, safety, and
. . conduct the databases 7, . o . .
Ferarietal. occupational health and safety: A S performance, identifying risks, workplaces,  Systematic
7 . . searches, each of scientific, . R
(2023) review of methodological L S and methodological approaches used to Review
them limited to a resulting in 170 . -3
approaches . . assess this issue, providing a knowledge
10-year time cut articles base for understanding its effects
(2010-2020) g :
Between 2014 emTltz) ¢ :t;?isrlne—
. . and 2019, an This study estimates work-related injury p Y
Climate change and occupational - series approach
. . . P average of 4,272  risk in Italy due to extreme temperature
Marinaccio et health and safety. Risk of injuries, . to analyse data
8 .. Italy cases of outdoor exposure, evaluates productivity .
al. (2025) productivity loss and the co- . . and generalised
. . occupational loss, and assesses insurance costs for .
benefits perspective N . . . linear
injuries were  adaptation measures, co-benefit analysis. .
regression
due to heat
model.
The sFudy The study examines international literature
examines : .
. . . review metrics and global worker
Advancing the framework for international . .
Schulte et al. L . . . Literature from  populations. Developed a framework to Framework
considering the effects of climate literature review - - . . . .
(2016) . 2008-2014 identify climate change impacts on analysis-Review
change on worker safety and health metrics and global L
workplace safety, emphasizing OSH
worker ;
. adaptation needs.
populations
Increased risks of work-related illnesses and
Levy and Impacts of climate change on Global literature  World workers 0o ¢3 due t(? climate change, measures Literature
s . . . are required to improve the recognition and .
Roelofs (2019) workers” health and safety review metrics populations . . . review
prevention of occupational illnesses and
injuries.
The examination Proposed a framework for understanding
. . of international climate change impacts on OSH and
Climate change and occupational e . .
1 Schulte and safety and health: Establishine a scientific Included studies  stressed the need for further research, Literature
ty . g literature from 1988-2008 which could affect the workplace, workers, review

Chun (2009) preliminary framework

1988-2008

published between

and occupational morbidity, mortality, and
injury.
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Table 1 (Continued). Studies on classification and assessment of the PHIs, occupational safety, and climate change risks

Partici
ID Reference Study title Country arst;:g?:ts/ Results /key findings Methodology
The integration of global climate change
and chemical impacts on the environment. A scopin
. . The samples of the The workshop highlighted the lack of coping
Incorporating climate change . . d review and
Lo . ' workshop were integration of global climate change and .
model projections into ecological o o . . climate
. . . distributed to chemical impacts on the environment, with
Stahl et al. risk assessments to help inform risk Outcomes of 14 . . . . . change
12 . . national authorities few national or international reports and .
(2024) management and adaptation countries . . . .. . accounting
. . in Australia, peer-reviewed publications on this
strategies: Synthesis of a SETAC . . . report for
Norway, the UK, and interaction. It emphasized the need for a .
Pellston Workshop® X . chemicals
the USA. problem-scoping approach and climate
. . management
change accounting for chemical
management.
The global
effort is to This study The study examines health professionals’
identify comprises literature efforts to prepare for climate change health
Health professionals in a changing knowledge gaps on health impacts, highlighting current global .
Yanget al. . . . . R . . . Scoping
13 climate: Protocol for a scoping to guide the  professionals’ work —situations and gaps in preparedness, and .
(2019) . K . . . . . . review
review future on climate change  aims to identify achievements, identify

development of
research, policy,
and practices

and health since

gaps, and develop effective engagement

2002 practices.

Quality Assessment of the Reviews

This scoping review analyzed thirteen studies with
appropriate inclusion criteria and risk of bias, influencing the
conclusions. The strength of the conclusions depends on the
inclusion of reviews that meet a minimum standard of quality
using the Robvis 2 risk-of-bias assessment figures tools
(McGuinness et al., 2020). The PRISMA guidelines for scoping
reviews assessment are in line with the methodological quality
checklist, and the Cochrane risk of bias. The Cochrane risk of
bias tool categorizes bias risk for different study domains as
“low,” “high,” or “some conferences”, etc.” without a

»

Risk of bias domains

universally accepted coefficient. Quantification can be
achieved by calculating “low” risk items or collapsing
categories. The quality of the reviews should be assessed to
avoid being influenced by extraneous variables and focus on
the quality of the review’s conduct. Robvis 2, associated with
PRISMA, is the selected tool validated for assessing the
methodological quality of scoping and systematic reviews
PRISMA (McGuinness et al., 2020; Page et al., 2021) as shown
in Figure 1 and Figure 2. The review identified research
questions and inclusion criteria, performed data extraction,
conducted a comprehensive literature review, identified key
words, and assessed the included studies.

o
A

D3 | D4

D5 | Overal |

1. Adam-Poupart et al., 2015

2. Adamopoulos et al., 2022

3. Adamopoulos et al., 2023

4. Tustin et al., 2019

5. Viegas et al., 2023

6. Flouris et al., 2018

7. Ferari et al., 2023

Study

8. Marinaccio et al., 2025

9. Schulte et al., 2016

10. Levy & Roelofs, 2019

11. Schulte & Chun, 2009

12. Stahl et al., 2024

000000000 OO O
O) JOl JOJolof Jor I X I
OIOIO(O) JOI JOJ J L L 1
OO0 OOOOOOO
00900006060 C0CO0OO®
00} o] JOI IOl I [ ]O

13. Yang et al., 2019

Domains:

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.

D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Judgement

® Hion

- Some concerns

. Low

Figure 2. The review quality of the studies results on risk of bias assessment tools (Source: Authors’ own elaboration)
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Extreme Weather Events

Climate Crisis and Environmental Risks

Chemical Risk Factors Psychosocial Risk Factors & Violence Biological Factors and Hygiene

Public Health Inspectors

Extreme Heat

Impact on Global Economy & Infrastructure

1

Work Safety and Health

Organizational Hazards & Work Performance

\

Global Population and Public Health

Figure 3. Public health inspectors’ risk assessment framework (Source: Authors’ own elaboration)

The findings of the scoping review were influenced by 13
studies that met the proper inclusion criteria and had a low risk
of bias. The Robvis 2 risk-of-bias assessment figures tools
ensured that the findings were considered strong. Evaluating
review quality is crucial to prevent it from being impacted by
unrelated factors and to concentrate on the caliber of the
review’s execution.

RESULTS

The role of PHIs has significantly evolved as environmental
and occupational risks have become more complex. Today,
PHIs are responsible not only for inspecting food safety and
sanitation but also for evaluating a broader range of risks,
including environmental, psychosocial, and organizational
hazards. These responsibilities have become more critical in
the context of the global climate crisis, which exacerbates
existing workplace hazards and introduces new challenges. A
substantial proportion of PHIs (87%) reported feeling
inadequately prepared to manage the increasing complexity of
these climate-related risks, particularly those related to food
safety, air quality, and psychosocial hazards. PHIs play a
crucial role in safeguarding public health by assessing and
mitigating various risks. Their duties span a wide range of
activities, including monitoring food safety, ensuring
sanitation standards, addressing psychosocial and violent
risks, evaluating organizational risks, inspecting workplaces,
investigating complaints, teaching public health practices,
monitoring air quality, evaluating water safety and wastewater
surveillance, and conducting epidemiological investigations
and research (Ramos et al., 2020). However, 79.42% of PHIs
highlighted a lack of updated training as a critical barrier to
fulfilling these duties, while 58% cited resource shortages.

Figure 3 presents the study’s flow chart on PHIs
classification and assessment of environmental, psychosocial,
organizational risks, and workplace hazards in the context of
the global climate crisis. This framework illustrates how

external drivers, such as extreme weather and heat, contribute
to risks like chemical, psychosocial, and biological hazards,
with X% of PHIs reporting heat stress and Y% citing extreme
weather as significant challenges. As shown in Figure 3, PHIs
serve as critical intermediaries in addressing risks generated
by these external factors, with X% indicating that climate
change is intensifying workplace hazards.

These risks—chemical, psychosocial, and biological-pose
significant challenges to workplace safety, organizational
performance, and public health. Survey responses from N = 185
participants revealed the following key findings:

1. 87% (n = 161) of PHIs reported feeling inadequately
trained to address climate-related hazards.

2. 58% (n = 107) highlighted resource shortages as major
barriers to effectively managing these emerging risks.

3. 65% (n=120) emphasized the urgent need for updated
training programs and tools tailored to the specific
risks posed by climate change.

These findings underscore the necessity for strengthening
interventions as outlined in the proposed framework. This
includes developing enhanced training programs that
incorporate climate science, improving resource allocation to
manage climate-related challenges, and fostering interagency
collaboration between public health and environmental
agencies (Adamopoulos et al., 2022, 2023; EU-OSHA, 2021a,
2021b; ILO, 2024; Tustin et al., 2019). Such efforts are critical
to enhancing the ability of PHIs to assess and mitigate
environmental risks effectively.

Statistical Analysis and Quantitative Findings

The analysis revealed a significant increase in reported
environmental health incidents over the past decade,
particularly with respect to heat stress and air quality-related
issues. These findings highlight the growing challenges PHIs
face in managing climate-induced health risks.

Three keys from the analysis:
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Figure 4. High and low-risk ratios of participants reporting above-average frequency/severity of occupational risk, training

factors, and workplace area (Source: Authors’ own elaboration)

Table 2. Lillie for the significance correction test of normality

Risk factors Kolmogorov-Smirnov Shapiro-Wilk
Statistics df Significance Statistics df Significance

EPF (ergonomic & physical) 0.120 185 0.000 0.975 185 0.002
CF (chemical) 0.080 185 0.005 0.973 185 0.001
BF (biological) 0.144 185 0.000 0.916 185 0.001
CCF (climate crisis) 0.081 185 0.005 0.965 185 0.001
PVF (psychosocial & violence) 0.092 185 0.001 0.951 185 0.001
OF (organizational) 0.071 185 0.024 0.952 185 0.001

1. There is a need for enhanced training on climate-
related risks.

2. The importance of interagency collaboration
managing emerging risks effectively.

in

3. The challenges are associated with resource allocation,
particularly in addressing climate-related hazards.

A substantial proportion of PHIs (87%) reported feeling
inadequately prepared to manage climate-related hazards.
Additionally, 79.42% cited the lack of updated training as a
significant barrier to effective risk management, while 78%
pointed to insufficient resources as a major challenge.
Moreover, PHIs emphasized the need for more comprehensive
and real-time data on environmental changes to improve their
assessments and actions better. Figure 4 illustrates the high
and low-risk ratios of occupational hazards reported by PHIs,
segmented by frequency, severity, and the quality of training
received.

Figure 4 also highlights disparities across different
workplace environments, with urban settings showing notably
higher risk ratios compared to rural and semi-rural
environments. These variations are consistent with survey
findings, where a significant number of PHIs reported
challenges stemming from inadequate training and resource
gaps. Addressing these gaps will be crucial for improving PHIs
effectiveness in managing the unique challenges posed by
diverse workplace environments.

Table 2 presents the results of the normality test for the
survey data, including the significance correction.

Hierarchical Linear Regression Analysis for Climate
Crisis and Heat Stress

Table 3 presents the results of the hierarchical linear
regression analysis examining the impact of various job risk
variables on climate crisis and heat stress (CCF). The analysis
explores the influence of chemical, biological, ergonomic,
psychosocial, and organizational risks, while also accounting
for demographic factors such as marital status and workplace
location (urban vs. rural).

In the unadjusted model, psychosocial risk emerged as the
strongest predictor of CCF among PHIs. After adjusting for
demographic factors, psychosocial risk remained a significant
predictor (B = 0.484, p < 0.001, confidence interval [CI] [0.276,
0.627]), emphasizing its critical role in climate-related stress.
Furthermore, marital status and working in urban
environments were negatively associated with CCF ( =-0.263,
p = 0.017, CI [-0.479, -0.047]), while working in rural
environments was positively associated with CCF (B = 0.0294,
p=0.031, CI[0.027, 0.561)).

This suggests that PHIs in rural areas face distinct
challenges related to the climate crisis and heat stress,
validating H3: Workplace environment influences perceived
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Table 3. Hierarchical regression analysis for climate crisis and heat stress
Unstandardized Standardized regression 95.0% CI
regression coefficient B coefficient B P Lower Upper
(Risks factors-constant) 1.3021 - 0.001 0.915 1.6891
Model A: CF (chemical) -0.064 -0.077 0.354 -0.200 0.072
R= ) BF (biological) 0.131 0.166 0.080 -0.016 0.278
0.2841 EPF (ergonomic & physical) 0.096 0.100 0.261 -0.072 0.263
PVF (psychosocial & violence) 0.451 0.484 0.001 0.276 0.627
OF (organizational) -0.128 -0.149 0.088 -0.275 0.019
(constant) 1.413 - 0.001 0.656 2.171
CF (chemical) -0.037 -0.044 0.570 -0.163 0.090
BF (biological) 0.004 0.005 0.960 -0.143 0.151
EPF (ergonomic & physical) 0.122 0.128 0.125 -0.034 0.279
Model B: PVF (psychosocial & violence) 0.424 0.455 0.001 0.262 0.586
Ri= : OF (organizational) -0.056 -0.065 0.447 -0.202 0.089
0.4491 Occupational experience (years) 0.003 0.038 0.611 -0.009 0.015
Training quality 0.151 0.185 0.440 -0.214 0.269
Training needs 0.124 -0.065 0.380 0.932 0.130
Educational level -0.060 -0.048 0.440 -0.214 0.094
Urban workplace -0.263 -0.184 0.017 -0.479 -0.047
Rural workplace 0.0294 0.167 0.031 0.027 0.561
Table 4. Univariate analyses of job risks by workplace environment using Kruskal-Wallis test
. EPF (ergonomic . BF CCF (climate PVF (psychosocial OF
Workplace environment & (phgg/sical) CF (chemical) (biological) ciisis) &(I\Jlizlence) (organizational)
Urban environment
Mean 2.2670 2.0088 2.5605 2.9189 2.7588 2.6781
Standard deviation 0.73717 0.82409 0.90195 0.73196 0.75563 0.83395
Median 2.3333 2.1429 2.7500 3.0000 2.8333 2.8125
Range 3.33 3.57 4.00 3.33 3.33 3.88
Provincial city (semi-urban)
Mean 1.8889 1.7222 2.4514 2.7361 2.8264 2.4427
Standard deviation 0.77049 0.97097 0.89606 0.74149 0.65203 0.85113
Median 1.8333 2.0714 2.5833 2.8333 2.8750 2.5000
Range 3.33 3.43 3.33 3.17 3.25 3.06
Village-town (rural)
Mean 1.7639 2.1706 3.1389 2.9815 2.8333 2.5590
Standard deviation 0.86316 0.70199 0.63870 0.71022 0.83023 0.68936
Median 2.0833 2.3571 3.2917 3.2500 3.0417 2.5625
Range 3.00 2.79 2.50 2.67 3.33 2.75
Kruskal-Wallis (x?) 11.925 4.480 14.826 2.466 0.415 3.134
p-value 0.003 0.106 0.001 0.291 0.813 0.209

job risks and biological hazards, with distinct patterns
observed in urban and rural settings.

These findings support the hypotheses:

1. HI. Psychosocial risks significantly predict workplace
biological hazards.

2. H3. Workplace environment influences perceived job
risks and biological hazards, with distinct patterns
observed in urban and rural settings.

The results of the Kruskal-Wallis test for workplace
environment risks, presented in Table 4, reveal significant
differences across urban, semi-urban, and rural settings.
Urban environments recorded the highest climate crisis (CCF)
risk scores, while rural environments showed significantly
higher biological risk (BF) scores X? = 14.826 (p = 0.001, test
statistics).

These findings highlight the variability of job risks based
on workplace location. The results emphasize the unique
challenges faced by PHIs in different environments, validating

H3.1 and H3.2, which hypothesize that rural environments are
associated with higher biological hazards and distinct
workplace risks compared to urban environments.

These survey results support the hypotheses tested in this
study, which aimed to examine the relationship between
psychosocial risks, biological hazards, and workplace
environment (urban vs. rural) for PHIs. The following results
directly relate to the hypotheses outlined in the study:

HI1. Increased levels of perceived psychosocial risk are
associated with higher levels of biological hazards in the
workplace environment.

The regression analysis results confirmed that
psychosocial risk was a significant predictor of climate crisis-
related heat stress (B = 0.484, p < 0.001, CI[0.276, 0.627]). This
supports H1, indicating that as psychosocial risks increase,
biological hazards in the workplace are perceived to be more
severe, particularly in response to climate-related stressors.
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H2. Increased levels of perceived overall job risk and
environmental hazards are associated with greater biological
hazards in the workplace.

The analysis showed that overall job risk and
environmental hazards had a moderate positive relationship
with biological hazards in the workplace (8 = 0.294, p = 0.042,
CI[0.046, 0.552]). This result supports H2, showing that higher
levels of perceived job risk are associated with an increased
perception of biological hazards related to climate change.

H2.1. The level of perceived job risk has a negative effect on
psychosocial violence and organizational risk factors (factor 1).

The regression model for factor 1, which includes
psychosocial violence and organizational risks, showed a
negative association with overall job risk (3 =-0.312, p =0.021,
CI[-0.556, -0.068]). This result supports H2.1, confirming that
higher perceived job risks are associated with lower levels of
psychosocial violence and organizational risk factors in the
workplace.

H2.2. The level of the workplace environment associated with
biological hazards has a negative effect on psychosocial violence
and organizational risk factors (factor 1).

Further analysis showed that workplace environment
(urban vs. rural) was significantly linked to psychosocial
violence and organizational risks (B = -0.283, p = 0.038, CI [-
0.527, -0.039]). The results support H2.2, demonstrating that
the rural workplace environment, which is linked to higher
biological hazards, is negatively associated with psychosocial
violence and organizational risk factors.

H3. The workplace environment (rural or urban) affects
perceived levels of job risk, biological hazards in the workplace,
psychosocial violence, and organizational risk factors (factor 1).

As hypothesized, rural environments were associated with
higher perceived levels of biological hazards (B = 0.325, p =
0.013, CI [0.089, 0.561]), while urban environments showed
higher levels of psychosocial violence (8 = -0.176, p = 0.045, CI
[-0.348, -0.004]). This supports H3, confirming that the
workplace environment significantly influences both
biological hazards and psychosocial risks in urban vs. rural
settings.

H3.1. Employees in rural environments perceive higher levels
of biological risk compared to those in urban environments, due
to the climate crisis and extreme weather events (factor 2).

Rural PHIs reported significantly higher biological risk
scores related to climate-induced health hazards such as heat
stress and flooding (p = 0.002). This result supports H3.1,
confirming that rural workers are more vulnerable to biological
risks arising from climate change.

H3.2. Employees in rural environments report higher levels of
workplace biological hazards compared to those in urban
environments, arising from the climate crisis and extreme weather
events (factor 2).

Similarly, PHIs in rural environments reported higher
levels of biological hazards linked to extreme weather events
(B=0.452,p=0.017, CI [0.093, 0.811]), which supports H3.2.

H3.3. Employees in rural environments report lower levels of
psychosocial violence and organizational risk factors than those
in urban environments, linked to the climate crisis and extreme
weather events (factor 1 and factor 2).

Interestingly, rural workers reported lower levels of
psychosocial violence and organizational risk factors, despite
the higher levels of biological hazards ( = -0.218, p = 0.039, CI
[-0.410, -0.026)).

This result partially supports H3.3, suggesting that rural
workers experience different psychosocial challenges
compared to their urban counterparts, possibly due to
different coping mechanisms or support structures in rural
areas.

The Classification of Job Risk for Public Health
Inspectors

The taxonomy of public health workforce roles has evolved
globally, with supervision officers, PHIs, and environmental
health inspectors united in their shared mission to safeguard
public health through effective inspections (Adamopoulos et
al., 2022; Ferrari et al., 2023; Tustin et al., 2019). Research
highlights the diverse occupational hazards encountered by
PHIs, stemming from the complex and multifaceted demands
of their roles.

Studies by Adamopoulos et al. (2022, 2023) and Tustin et
al. (2019) emphasize persistent safety challenges faced by
PHIs, including exposure to toxic chemicals and the risks
associated with working alone in the field.

PHIs also face biological, ergonomic, physical, and
psychosocial hazards, often manifesting as incidents of
aggression, harassment, and inadequate resources (Schulte et
al., 2016; Tustin et al., 2019; Yang et al., 2019).

Chemical and biological hazards-such as inadequate
ventilation, exposure to toxic agents, and poor workplace
hygiene-remain significant threats to PHI occupational health
(Elayan et al., 2021; EU-OSHA, 2021a, 2021b; Levy & Roelofs,
2019; Wirsching et al., 2021). Moreover, psychosocial risks,
including excessive workloads, stress, workplace harassment,
and corruption, further compound the challenges faced by
PHIs (Adamopoulos et al., 2025c). Insufficient training and
resource shortages often exacerbate these risks.

The European Agency for Safety and Health at Work
categorizes occupational hazards into biological, chemical,
ergonomic, psychosocial, and organizational risks, providing
valuable frameworks for assessing and mitigating these risks
(EU-OSHA, 2021a, 2021b, 2023; National Institute of Health,
2025; WHO, 2023).

Similarly, guidance from the National Institute of Health
(2021) aids in managing chemical and biological risks, while
Tuckey et al. (2012) emphasize the importance of addressing
workplace violence and harassment (Fisher et al., 2021;
Rahman et al., 2021; Tuckey et al., 2012; WHO, 2021a, 2021b).

This study proposes an integrated classification framework
for these risks, as outlined in Figure 5. The framework aims to
assist PHIs in identifying, assessing, and mitigating
occupational hazards effectively, particularly in the context of
climate-induced challenges.

The global climate crisis has introduced a critical
exacerbating factor that complicates the assessment of
environmental, psychosocial, and workplace hazards. Extreme
weather events, heat stress, and natural disasters add
additional burdens on PHIs, necessitating the development of
innovative tools and strategies for effective risk mitigation.
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Figure 5. Schematic representation of the flow chart of the study: PHIs classification and assessment of environmental,
psychosocial, and organizational risks and workplace hazards in the context of the global climate crisis (Source: Authors’ own

elaboration)

As illustrated in Figure 6, the job-related risks faced by
PHIs are categorized into two primary factors: psychosocial
violence and organizational risks (factor 1), and climate crisis
and extreme weather-related risks (factor 2).

Notably, factor 1, which includes psychosocial violence
and organizational risks, was excluded from the exploratory
factor analysis (EFA) due to its focus on workplace dynamics
and mental health challenges, which are distinct from the
climate-related factors being analyzed.

Figure 6 presents the results of the EFA, highlighting these
two major risk categories. In the study, Factor 1 represents
psychosocial violence and organizational risks, such as
excessive workload, workplace harassment, and inadequate
conflict management systems.

These factors directly relate to the well-being challenges
faced by PHIs. Factor 2, on the other hand, encompasses risks
arising from the climate crisis, including heat stress, flooding,
and other environmental hazards that are becoming
increasingly prominent in the workplace due to changing
climate conditions.

The analysis reveals a moderate correlation between these
two factors, with a correlation coefficient of r = 0.63,

suggesting an interaction between
psychosocial/organizational risks and the environmental risks
linked to climate change. The factor loadings for individual
items in factor 1 range from 0.32 to 0.76, while for factor 2,
they range from 0.42 to 0.74, indicating moderate to strong
internal consistency within each category.

Figure 6 visually represents how job-related risks,
including psychosocial violence (factor 1) and environmental
risks (factor 2) arising from the climate crisis, are assessed and
classified within the study framework.

This provides a clear illustration of the interplay between
organizational and climate-related risks faced by PHIs in their
work environment, as presented in the EFA model of the study.

Risk Factors Linked to Occupational Safety, Health, and
Hygiene for PHIs

Risk factors related to enhancing occupational safety,
health, and hygiene for PHIs involve classifying and evaluating
environmental, psychosocial, and organizational risks, as well
as workplace hazards in the context of the global climate crisis.
Figure 7 illustrates the research process, including how these
risks are categorized and assessed. The study’s research model
and hypotheses are as follows:
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Figure 6. Job-related risks faced by PHIs, including psychosocial violence (factor 1), organizational risk factors (factor 1), and
risks stemming from the climate crisis and extreme weather events (factor 2), as presented in the EFA model of the study (Source:
Authors’ own elaboration)
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Figure 7. Research model and hypotheses of this study (Source: Authors’ own elaboration)

H1.Increased levels of perceived psychosocial risk are

H2.

associated with higher levels of biological hazards in
the workplace environment.

Increased levels of perceived overall job risk and
environmental hazards are associated with greater
biological hazards in the workplace.

H2.1: The level of perceived job risk negatively affects
psychosocial violence and organizational risk
factors (factor 1).

H2.2: The level of the workplace environment
associated with biological hazards negatively
affects psychosocial violence and
organizational risk factors (factor 1).

H3. The workplace environment (rural or urban) affects

perceived levels of job risk, biological hazards in the
workplace, psychosocial violence, and organizational
risk factors (factor 1).

H3.1: Employees in rural environments perceive
higher levels of biological risk compared to
those in urban environments, due to the climate
crisis and extreme weather events (factor 2).

H3.2: Employees in rural environments report higher
levels of workplace biological hazards compared
to those in urban environments, arising from
the climate crisis and extreme weather events
(factor 2).
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H3.3: Employees in rural environments report lower
levels of psychosocial violence and
organizational risk factors than those in urban
environments, linked to the climate crisis and
extreme weather events (factor 1 and factor 2).

DISCUSSION

The intersection of climate change and public health has
garnered increasing attention in recent years, particularly
regarding the role of PHIs in managing climate-induced risks
and workplace hazards (Adamopoulos et al., 2022; EU-OSHA,
2021a, 2021b; Tustin et al., 2019; WHO, 2021a, 2021b). PHIs
are tasked not only with managing illnesses caused by
environmental risks but also with evaluating operational
practices and ensuring environmental compliance in various
settings, such as water wells, plants, and care facilities
(Adamopoulos et al., 2023; Schulte & Chun, 2009; Tustin et al.,
2019).

Existing literature emphasizes the growing need to
understand how climate change influences OSH, as well as the
broader public health implications (Flouris et al., 2018; Schulte
et al., 2016; Stahl et al., 2024). Schulte et al. (2016) underscore
the necessity for enhanced surveillance and risk assessment
frameworks to manage climate-related occupational health
hazards. Integrating climate change into occupational health
frameworks is essential for improving health outcomes and
implementing prevention measures (EU-OSHA, 2021a, 2021b;
Watts et al, 2021). Therefore, integrating climate
considerations into OSH frameworks is critical for protecting
worker health (Ahmad et al., 2020; Ahmad et al., 2024; EU-
OSHA, 2021a, 2021b). This study proposes practical tools and
strategies to facilitate this integration, such as using climate-
specific checklists to assess OSH hazards. These tools can
improve PHIs’ ability to classify and address risks posed by the
climate crisis (EU-OSHA, 2023; Taylor & Henderson, 2022;
WHO, 2023). The inclusion of climate crisis considerations in
OSH frameworks also provides actionable recommendations to
enhance public health and occupational safety (Adamopoulos
et al., 2023; Marselle et al., 2022; Mora et al., 2022).

Workforce shortages and limited support exacerbate
critical gaps in climate-related public health preparedness. A
substantial proportion of PHIs (87%) reported feeling
inadequately trained to address climate-related hazards,
emphasizing the urgent need for updated training and
resource allocation (Adamopoulos et al., 2023). Local
governments must prioritize environmental health strategies
by training PHIs to manage emerging risks and ensuring
effective resource allocation (Jepson et al., 2022; Lemke &
Kjellstrom, 2024; Tustin et al., 2019). This study contributes to
the growing body of research by proposing practical tools and
strategies to facilitate the integration of climate
considerations into OSH frameworks. These tools can improve
PHIs’ ability to classify and address risks posed by the climate
crisis, such as heat stress, extreme weather events, and
emerging pathogens (EU-OSHA, 2023; Taylor & Henderson,
2022; WHO, 2023). In line with objective 1, our study
highlights the urgent need for climate-specific guidelines and

updated training programs to better prepare PHIs for climate-
induced health risks.

Theoretical Implications

This study expands the understanding of public health and
occupational health frameworks by integrating climate change
as a central factor in the risk assessment process. Our findings
propose an expanded role for PHIs in climate adaptation and
mitigation strategies, with significant implications for public
health policy. By incorporating climate-induced risks into
occupational health models, the study offers new pathways for
developing policy frameworks that are more resilient to
climate change.

Practical Implications

The findings emphasize the need for practical tools, such
as climate-specific checklists, to assess hazards and risks faced
by PHIs. Moreover, interagency collaboration is critical for
ensuring that PHIs are equipped with adequate resources to
address these challenges. Policymakers must prioritize the
development of targeted training programs, ensuring that
resource allocation is streamlined to meet the emerging risks
posed by climate change. This study highlights the importance
of integrating climate change adaptation into public health
infrastructure to safeguard worker health and public health
systems.

Future Research

Future research should focus on the long-term impacts of
climate-related hazards on PHIs and other frontline workers.
Exploring predictive indicators and early warning systems
could help guide preventive measures and improve workplace
safety in response to climate-induced risks. Additionally,
interdisciplinary studies on the integration of climate change
into public health education and training frameworks would
provide valuable insights for policymakers and practitioners.
Future studies should also explore data-driven approaches to
enhance the effectiveness of climate-specific risk assessments.
Emphasis should also be placed on developing predictive
indicators, early warning systems, and further integration of
climate change into public health education and training
frameworks to better prepare for future climate-related
challenges.

CONCLUSION

The global climate crisis has significantly impacted both
public and occupational health, exacerbating existing risks
and introducing new challenges. This study investigates the
growing complexities faced by PHIs in managing climate-
related hazards, such as heat stress, extreme weather events,
and emerging pathogens. The findings reveal that 87% of PHIs
feel inadequately trained to address these climate-induced
risks, and 79.42% report a lack of updated training programs as
a critical barrier to effectively managing these emerging
hazards. The lack of adequate resources further complicates
PHIs’ ability to respond to these challenges, emphasizing the
urgent need for climate-specific guidelines and enhanced
resource allocation. In response to the study’s objectives, we
identified several key contributions. The Theoretical
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contribution of this study extends existing theories on public
and occupational health by integrating climate change as a
central factor in risk assessment frameworks. It highlights the
need for a more dynamic approach to risk classification,
particularly in light of the climate crisis. The Practical
contribution of the study provides actionable
recommendations to strengthen the effectiveness of PHIs,
including updated training programs, resource allocation, and
climate-specific hazard assessment frameworks. These
measures are vital for equipping PHIs with the tools necessary
to manage emerging climate-related risks effectively. The
study’s findings underscore the need for policymakers to
prioritize both public health and occupational health, ensuring
that the systems in place are adaptable to the evolving risks
posed by climate change. Integrating predictive indicators,
early warning systems, and interagency collaboration will be
crucial to safeguard public health in the face of these
challenges.
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