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Abstract 

The area of risk assessment continues to be challenged by foundational issues that limit its 
potential to inform public health decisions. This doctoral work improves our understanding 
of the interaction between science and public and environmental health policy by 
addressing specific challenges in risk assessment within and for decision-making. The focus 
is on analyzing current health risk assessment practices and understanding health risk 
assessment (HRA) and health impact assessment (HIA) in a decision-making context to 
identify specific opportunities for clarifying and improving the value and impact of HRA 
on public health decisions. 

The research followed two general approaches: policy to science (P2S) and science to 
policy (S2P). The P2S approach was based on the principle of auditing, which was adapted 
for the public health domain. In contrast, the S2P approach included decision analysis 
methods, case studies focusing on risk-informed decision-making processes, reviewing the 
use of human biomonitoring (HBM) data for HRA and related policy decisions, and a 
survey focusing on understanding HRA in the context of decision-making. 

An audit of the selected Slovenian public health strategy on the health of children and 
adolescents regarding the environment highlighted the issue of inconsistent or indirect 
associations between available environmental quality information and assumed exposures 
contributing to specific health outcomes, which impedes the evaluation of public health 
policy’s success. In addition, a review of HBM for HRA and within the environmental 
health paradigm supported the need for consolidating the understanding of the usefulness 
and limitations of HBM, which is crucial for targeted risk management interventions. From 
this analysis, several ways of improving the risk-informing potential of HRAs that use 
HBM data are suggested, including specific and related epidemiological evidence, 
stakeholder involvement, clarification of the assessment context, and transparent reporting 
of underlying assumptions and limitations. 

A survey of the understanding of HRA revealed widespread inconsistencies in how the 
issues relating to the evaluation process and the core terms and principles of risk analysis 
are understood. It was found that opportunities for improving HRA’s impact on decisions 
occur at the beginning of the HRA process, where the assessment and decision contexts 
should be clarified for all relevant and participating stakeholders. Such clarifications can 
be facilitated by using decision analysis tools or methods. The thesis also highlights the 
necessity of having a decision follow-up step at the end of the process for evaluating decision 
implementation and identifying the real success and benefits of HRA. As a decision follow-
up step, this thesis shows how auditing can help evaluate the implementation, compliance, 
and adherence to selected public health policy and the accountability and honesty of those 
involved in policy development and implementation. It can also provide evidence of 
stakeholder satisfaction in terms of their effective participation and contribution to 
decisions, which can, in turn, add to the overall credibility of the assessment process, 
decision making and policy implementation. 
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Povzetek 

Področje ocenjevanja tveganj se sooča s ponavljajočimi temeljnimi izzivi, ki omejujejo 
potencial ocen tveganja za informiranje javnozdravstvenih odločitev. Doktorat prispeva k 
izboljšanju interakcije znanosti in politike na področjih javnega zdravja in okolja, tako da 
obravnava različne izzive ocenjevanja tveganja v kontekstu odločanja. Delo se osredotoča 
na analizo trenutne prakse ocenjevanja zdravstvenih tveganj in na razumevanje ter uporabo 
rezultatov ocene zdravstvenih tveganj (HRA) in ocene zdravstvenih vplivov (HIA) pri 
javnozdravstvenih odločitvah. 

Raziskovanje je sledilo dvema splošnima pristopoma: od politik do znanosti in od 
znanosti do politike. Pristop od politik do znanosti je temeljil na načelih pregledovanja, 
presojanja in revidiranja (angleško auditing), prilagojenih za področje javnega zdravja. 
Pristop od znanosti do politike je vključeval metode odločitvene analize, študije primerov, 
ki se osredotočajo na različne postopke odločanja na podlagi informacij o tveganju, pregled 
uporabe rezultatov človeškega biomonitoringa (HBM) za HRA ter raziskavo, ki se 
osredotoča na razumevanje HRA v kontekstu odločanja in sprejemanja odločitev. 

Pregled javnozdravstvene politike Strategije Republike Slovenije za zdravje otrok in 
mladostnikov v povezavi z okoljem 2012–2020 je izpostavil problematiko nedoslednih in/ali 
posrednih povezav med razpoložljivimi podatki o kakovosti okolja in domnevnimi 
izpostavljenostmi, ki naj bi prispevale k specifičnim zdravstvenim posledicam, kar slabi, 
ovira in celo onemogoča pregledno in učinkovito ocenjevanje uspeha izbrane 
javnozdravstvene politike. Pregled HBM za HRA v okviru paradigme zdravja in okolja je 
podprl potrebo po utrditvi razumevanja uporabnosti in omejitev HBM za ta namen. 
Predlagani načini izboljšanja HRA, ki uporabljajo HBM podatke, vključujejo uporabo 
specifičnih in povezanih epidemioloških dokazov, vključevanja deležnikov, razjasnitev 
konteksta ocenjevanja in pregledno poročanje o osnovnih predpostavkah in omejitvah. 

Raziskava o razumevanju HRA je pokazala veliko razpršenost nedoslednosti pri 
razumevanju procesa ocenjevanja ter temeljev na področju analize tveganja. Nejasnosti in 
nerazumevanje so bili potrjeni tudi pri povezavah med HRA in odločanjem. Doktorat je 
pokazal na možnosti za utrditev razumevanja HRA ter povečano preglednost vpliva HRA 
na odločitve. Slednje so na začetku HRA procesa, kjer je potrebna razjasnitev konteksta 
odločitve in ocenjevanja med vsemi pomembnimi in sodelujočimi deležniki. V pomoč 
takšnim razjasnitvam so lahko orodja in metode odločitvene analize. Na koncu procesa 
ocenjevanja je ključen korak, ki je namenjen nadaljnjemu spremljanju in vrednotenju 
izvajanja odločitev ter ugotavljanju dejanskega uspeha odločitve ter koristi HRA. To je 
lahko narejeno kot organiziran proces pregleda (audita), ki omogoča oceniti izvajanje 
javnozdravstvene politike, kot tudi ravnanje tistih, ki so vključeni v razvoj in izvajanje 
politike. Zagotovi lahko tudi povratne informacije o zadovoljstvu vključenih deležnikov z 
vidika uspešnosti njihovega sodelovanja in prispevka k odločitvam, kar lahko posledično 
prispeva k splošni verodostojnosti postopka ocenjevanja, sprejemanja odločitev in izvajanja 
politike. 
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Chapter 1 

1 Introduction 

Having a sufficient amount of knowledge is a prerequisite for meaningful decision-making 
in public health, where poor, non-transparent, unjustified and not followed-up decisions 
can have devastating impacts on the health of a population. However, the sheer amount of 
available knowledge does not yet guarantee its effective consideration in public health 
decision-making. Moreover, the increasing amount of knowledge that can be used when 
assessing health risks or impacts makes it increasingly challenging to integrate as much 
relevant information as possible in the assessments such as health risk assessment (HRA) 
or health impact assessment (HIA), which can inform the development of science-based 
risk-informed policies. 

The Coronavirus disease 2019 (COVID-19) pandemic revealed the relevance and 
challenges of effectively assessing health risks for informing decisions about policies or 
measures meant to reduce disease transmission or limit other COVID-19 related impacts. 
The pandemic also highlighted the importance of risk analysis in general, from a basic 
understanding of its core principles to risk assessment, risk management and risk 
communication relating to public health protection (Aven & Bouder, 2020). However, the 
pandemic also exposed a lack of a broader recognition of the risk analysis discipline, which 
continues to be riddled with recurring foundational challenges, such as an inconsistent or 
diverse understanding of its core terms and principles (Aven & Flage, 2020; Aven & Zio, 
2014). Risk assessment and risk management frameworks, developed and improved over 
forty years of use, are drifting towards less complicated scientific assessments, leading to 
misunderstandings and obstructions in risk-informed decision-making (Anderson et al., 
2020). 

1.1 Scientific Knowledge and Public Health Decision-Making 

and Decisions 

Addressing the possible health impacts related to development planning and decision-
making processes is an effective way to prevent adverse health effects and improve the 
health status of affected populations. The World Health Organization (WHO) has long 
emphasized creating and promoting policies supporting health through various strategic 
documents (WHO, 1978, 1981; WHO Regional Office for Europe, 1984, 2013; WHO 
Regional Office for Europe & European Centre for Health Policy, 1999). Understanding of 
health and the determinants of health (Dahlgren & Whitehead, 1991, 2021; den Broeder et 
al., 2003; WHO, 2011) can have significant implications for health promotion, practice, 
policies and services (Leonardi, 2018; Sartorius, 2006). One of the most common definitions 
of health is from the constitution of the WHO, where health is defined in broad terms as 



2  Chapter 1. Introduction 

“a state of complete physical, mental and social well-being and not merely the absence of 
disease or infirmity”(WHO, 1946, p. 1315). However, regardless of how broadly or narrowly 
health is understood in a specific context, it only makes sense to consider and include 
health aspects in policy development if the possible health effects of a policy can be 
predicted (Kemm, 2013; Vohra et al., 2010). 

Tools like HIA aim to facilitate the transfer of knowledge into decision-making and may 
contribute to bridging the policy-knowledge gap (Douglas & Wildavsky, 1982; O’Mullane, 
2013). There is a need for clear differentiation between the scientific and other bases (e.g., 
differentiation between facts and values; scientific and other factors, such as economic, 
societal, etc.) in HIA and HRA and their integration within the policy-making process, i.e. 
HIA is yet to be implemented widely and effectively (Vohra et al., 2016; WHO, 2019). 
Assessment of health impacts or health risks can be pointless when reasonably assuming 
that the findings of an assessment will not impact decision-making (O’Mullane, 2013). 
Since the development, implementation and evaluation of public policies should be a shared 
responsibility, it is essential to enhance collaboration between researchers in relevant fields, 
policymakers and other stakeholders to improve population health. Despite many 
differences among those involved in the assessment process, stakeholders must find common 
ground (i.e., reach consent about what and why is the assessment performed) and scientists 
creating new knowledge should ensure that the most recent and most relevant scientific 
knowledge is applied (Brownson et al., 2006). Clarification of the current state of the 
available scientific and other types of knowledge, generally and in specific areas, and the 
clarification of the effectiveness of knowledge transfer in public health policy and practice, 
e.g., policy impact of research (Alla et al., 2017) can form a solid foundation for further 
efforts aiming at health improvements. 

1.2 Health Risk Assessment and Health Impact Assessment 

1.2.1 Health Risk Assessment 

The HRA process evolved in the 1960s by applying approaches and methods to 
quantitatively estimate risks associated with low-level exposure to carcinogens (National 
Research Council (NRC), 1994). Their focus is on estimating “the nature and probability 
of adverse health effects in humans who may be exposed to chemicals in contaminated 
environmental media, now or in the future” (United States Environmental Protection 
Agency (US EPA), 2021, first paragraph). However, there should be a clear differentiation 
between the process and purpose of an HRA on one side and specific scientific and 
analytical methods applied in assessing the probability and magnitude of health outcomes 
due to exposure on the other. Only if both are sufficiently adequately integrated and 
interpreted in a participatory decision context will HRA provide the desired results. The 
most common understanding of HRA focuses primarily on the four steps defined in the risk 
assessment Red book (NRC, 1983) (Figure 1). The knowledge gathered through the first 
three steps (hazard identification, dose-response evaluation, and exposure assessment) 
should be critically integrated and summarized in the risk characterization step, which 
should aim at providing synthesized conclusions about the risks to inform the risk managers 
and should follow four general principles: transparency, clarity, consistency and 
reasonableness (US EPA, 2014). Ideally, the description of the risk management or other 
decisions taken should include information on how and where were HRA or other factors 
considered in decision-making (US EPA, 2014). However, such transparency regarding the 
impacts of HRA on decisions is not commonly observed (United States Food and Drug 
Administration (US FDA), 2016; Wu et al., 2016). 



1.2 Health Risk Assessment and Health Impact Assessment 3 

 

Figure 1: Typical four steps of HRA. 

The risk management purpose of HRA has been recognized repeatedly since its 
development (Aven, 2003; Aven & Renn, 2010; NRC, 1983, 1996, 2009; US EPA, 2014). 
HRA can be used as a public-policy tool and can support decisions, prioritize research 
needs, and help develop approaches to evaluating the costs and benefits of regulatory 
policies (NRC, 1996, 2009). If the risk management purpose of HRA is acknowledged, then 
HRA needs to be understood within a broader risk analysis context, including also risk 
communication, risk management, and policies relating to risk (Society for Risk Analysis 
(SRA), 2018c). Furthermore, establishing risk analysis as a separate field or discipline 
(Aven, 2020a, 2020b) requires a solid conceptual foundation and firm risk science 
knowledge base, which would ensure that the risk assessors, decision-makers, and other 
stakeholders, including those affected by such risks, understand the basic principles and 
terminology of risk analysis consistently, regardless of the various areas of application. All 
the same, the discipline of risk analysis and its practice continues to be challenged by 
recurring issues, especially during times when useful information about health risks is most 
needed, such as during the COVID-19 pandemic (Aven & Bouder, 2020; Derbyshire, 2022; 
Iavicoli et al., 2021; Pluchino et al., 2021). There is also a persistent lack of clarity 
concerning the key scientific pillars of risk analysis, no consensus on basic terminology and 
principles of risk analysis, insufficient targeted scientific support, and little justification for 
many recent definitions that are supported by simple methods and tools, such as checklists, 
maps, and matrices provided by various consultants.  

HRAs are also too often reduced to simple “box-checking” exercises designed to fulfil 
regulatory requirements or simplistic rating or scoring analyses that do not consider actual 
physical, biological or chemical processes of exposure pathways in exposed individuals or 
populations (Greenberg et al., 2015). The lack of understanding of the HRA process and 
its application inevitably causes HRA and risk management frameworks to oversimplify 
complex scientific assessments, resulting in misunderstandings that hinder decision-making 
and reduce confidence in their conclusions (Anderson et al., 2020; Greenberg et al., 2015). 
Another problem is that HRA and risk-informed decision-making often become bogged 
down. For example, major risk assessments for trichloroethylene, formaldehyde, and dioxin 
can take more than 10 years (NRC, 2009). At the same time, according to the NRC (2009, 
p. 4), “uncertainty, an inherent property of scientific data, continues to lead to multiple 
interpretations and contributes to decision-making gridlock”. 

A search of the current literature reveals a lack of studies addressing the impacts of 
HRA in informing decisions. Factors that contribute to the effective integration of HRA 
results in public health decision-making are either understudied or insufficiently understood 
(US FDA, 2016; Wu et al., 2016). In addition, advances in specific disciplines useful for 
HRA, e.g., human biomonitoring, modeling, and in vitro studies (Krewski et al., 2014) 
alone cannot ensure any improvement of HRA’s effectiveness in informing public health 
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decisions without a broader recognition and consolidation of core HRA principles and 
concepts (Asante-Duah, 2017); additional efforts are needed to address this issue (Aven, 
2012; Aven & Flage, 2020; Aven & Zio, 2014; Hansson & Aven, 2014). 

1.2.2 Health Impact Assessment 

As a formal procedure, the concept of an HIA began to develop in the 1990s with the 
acknowledgement that a proposal's health consequences could be predicted to protect 
human health, similar to how an Environmental Impact Assessment (EIA) predicts 
environmental impacts of a proposal to protect the environment. In this way, an HIA aims 
to improve public health by providing information for decision-makers about the 
anticipated health effects related to their decision (Kemm, 2013). The WHO’s Gothenburg 
Consensus paper defines HIA as “a combination of procedures, methods and tools by which 
a policy, program or project may be judged as to its potential effects on the health of a 
population, and the distribution of those effects within the population” (WHO Regional 
Office for Europe & European Centre for Health Policy, 1999, p. 4). The four guiding 
principles of HIA are democracy, equity, sustainability and ethical use of evidence (World 
Health Organization Regional Office for Europe & European Centre for Health Policy, 
1999), while additional values, such as impartiality, openness, a broad view of health, 
utilitarianism and value for money, are also deserving of attention (Kemm, 2013). 

Comprehensive HIA should consider the full range of potential impacts of a 
development proposal and related decisions on health, along with all other factors affecting 
human health directly or indirectly. There is no single right way to perform an HIA (Kemm, 
2013), but only general guidance on the basic steps to follow when undertaking an HIA 
(NRC, 2011) (Figure 2). During the screening step, a plan, project, or policy reasons and 
background for which an HIA would be useful is identified, while the scoping step serves 
to appropriately plan the analytical part of the HIA and identify the health measures 
requiring consideration. The assessment step identifies analytical methods, tools, and 
potentially affected populations and presents the potential health impacts of a proposed 
development. The recommendation step is there to suggest reasonable changes and 
practical actions to promote positive health impacts and minimize adverse health impacts. 
The reporting step informs the decision-makers, affected communities and other 
stakeholders. Finally, monitoring and post-evaluation are performed to determine HIA's 
impact on the decision and the health status of the population affected by the implemented 
plan, project or policy (Centers for Disease Control and Prevention (CDC), 2016; NRC, 
2011). 
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Figure 2: Basic steps of HIA. 

HIAs, in general, have not yet been implemented widely nor effectively (Vohra et al., 
2016) and most HIAs performed have been related to projects. Development planners and 
competent authorities as policy makers have only recently started to explore its use for 
policy making (Kemm, 2013). Nevertheless, HIA has established itself as one of the primary 
means of facilitating the challenging intersectoral action to improve health (Gulis et al., 
2012). Many experts also believe that HIA should be integrated into the policy planning 
process and should aim at the best possible way of informing it about the relevant health 
impacts. Integration of HIA with EIA, which already has a legal basis in the EU (Directive 
2014/52/EU), can encourage assessing the impacts of policies and simplify the decision-
making process while ensuring consistent assumptions and methods for all types of 
assessments used. Such integrated impact assessments can also help to avoid competition 
between separate assessments and facilitate a fast decision-making process and decisions 
without major health concerns. However, health is typically not covered adequately in 
integrated assessments, if at all, although it is an endpoint within an EIA. Two possible 
responses to generally poor consideration of health in EIA are (1) the development of 
separate HIA for complementing EIA or (2) reforming the practice of EIA to improve 
health coverage (Kemm, 2013). The latter is currently being pursued by the WHO 
(Nowacki, 2018; Vohra et al., 2016; WHO, 2019). 

From the literature, it is clear that health systems focus too much on providing medical 
services and core public health functions, while the lack of intersectoral collaboration means 
that health systems are not routinely and actively involved in the planning and activities 
of other sectors that can have health implications, e.g. economic, education and 
infrastructure development (Harris-Roxas et al., 2012). The usefulness of HIA in informing 
proposals determines the success and the acceptance of HIAs (O’Mullane, 2013). If an HIA 
(or HRA) is misunderstood, it can only serve as an administrative burden, which means 
that it will likely be abandoned by decision-makers (Krieger et al., 2003; Parry & Stevens, 
2001). However, suppose an HIA is really to become a valuable tool in policy making, it 
follows that health needs to be valued higher on policy makers' agendas across all sectors 
(WHO Regional Office for Europe, 1999), while health impact assessors need to improve 
their understanding of policy-making (Kemm, 2013). In addition, proactive research on the 
understanding of the policy process is urgently needed to improve the integration of HIA 
practice in decision-making (O’Mullane, 2013).  
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2 Aims and Hypotheses 

In my dissertation, I focus on the science to policy (S2P) interaction in public and 
environmental health and address the recurring challenges of risk assessment within and 
for decision-making. I also attempt to clarify the many foundational challenges in risk 
analysis and identify practical ways to improve the impact of HRA in policy development 
and decision-making for the benefit of individual and population health. Specifically, I 
examine factors influencing knowledge transfer into policy development and decision-
making in the environmental and public health domain to help bridge the ‘‘know-do’’ gap 
(van den Driessen Mareeuw et al., 2015) and improve evidence-based health policy 
development and implementation. I also perform an analysis of the current practice of HRA 
and investigate the role of HRA and HIA in the decision-making context in order to identify 
specific opportunities for clarifying and improving the impact of HRA. My dissertation 
aims to answer the following questions: 

- How can the translation of scientific knowledge into decision-making and decisions 
be improved – more specifically, how to improve the usefulness of HRA (or HIA) in 
informing decision-making? 

- What elements of HRA are perceived as important for effective consideration of 
HRA in informing risk management decisions, e.g., type of HRA results, stakeholder 
inclusion, clear purpose, and identification of alternatives? 

 
The main goals of this dissertation were:  

1. To improve S2P interaction: generally, in the development policy areas, specifically, 
in the environmental health and public health area; 

2. To contribute to the clarifications of the scientific foundations of risk analysis, 
namely risk assessment and risk management; 

3. To improve the understanding of HIA, HRA and their key concepts, focusing on 
their differentiation and application in policy development and decision-making context;  

4. To assess the current risk assessment practice when applying human biomonitoring 
data through the context of core risk analysis principles; 

5. To improve the understanding and contribution of the assessment context and 
stakeholder participation in informing decision-making to improve public health policies. 
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The doctoral research, which provides the basis for this dissertation, was guided by the 
following five research hypotheses:  

1. Potential health effects of development proposals are not adequately considered in 
management/policy decisions. 

2. Inconsistencies exist between available and related environmental and health data 
applied for policy development and decision-making purposes. 

3. There is a lack of experience with currently available tools such as HIA and HRA 
to inform public health or other developmental decisions. 

4. There are inconsistencies in the understanding and differentiation of HRA and HIA, 
especially regarding their potential use in informing decision-making. 

5. Understanding key risk analysis concepts, e.g. hazard, risk, exposure, dose, and 
uncertainty, is not coherent among the broader scientific community. 
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Chapter 3 

 

3 Methodology 

The doctoral research follows two general approaches: policy to science (P2S) and science 
S2P. The P2S approach is based on the principles of auditing, while the S2P approach 
includes decision analysis methods, reviewing existing scientific literature, and performing 
a targeted survey. 

3.1 Auditing 

The P2S approach was used to assess the extent and clarity of the consideration of scientific 
knowledge in policy decision-making and to assess the implementation of policy decisions 
after the selected policy entered into force and began to be implemented. This approach 
follows the key principles of auditing (Cahill et al., 1987; Center for Chemical Process 
Safety, 2011; European Court of Auditors, 2017; International Organization of Supreme 
Audit Institutions, 2004) adapted for public health policy making (Bizjak et al., 2020). The 
idea is to determine how decision-making can be improved by assessing the status of the 
audited subject (i.e., public health policy) and the actions and measures aimed at achieving 
or increasing its quality (Bizjak & Kontić, 2019). The critical elements of an audit process 
are shown in Figure 3. To demonstrate the benefits of auditing in the public health domain, 
I focused on the evaluation of the performance of the Slovenian National Strategy on 
Children and Adolescents related to environmental quality for the period 2012-2020 
(referred to as the Strategy; Government of the Republic of Slovenia, 2011, 2015). I also 
compared the health status of children and adolescents and other environmental and health 
indicators before and after implementing the strategy. The evaluation aimed to assign 
(positive) changes to the strategy or related activities as specified in the Strategy’s action 
plan. It was based on predetermined evaluation categories, which were assigned to the 
specific health and environmental endpoints based on the indicators that were determined 
for monitoring purposes by the Strategy and the Strategy’s action plan (Bizjak et al., 2020). 

 

Figure 3: Key elements of an audit process. 
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3.2 Decision Analysis 

The decision analysis approach adopted in a case study concerning the management of the 
former uranium mine at Žirovski Vrh (RŽV) is generally known as Bayesian (French et 
al., 2009; Goodwin & Wright, 2014; Gregory et al., 2012; Howard & Abbas, 2015). The 
Bayesian approach builds on the deterministic cost-benefit analysis through multi-attribute 
utility functions. These functions facilitate the valuation of non-tangibles, e.g., preferences 
for different possible outcomes of a decision and enable the formal consideration of attitudes 
towards uncertain risks, and support focused discussions among decision-makers and 
stakeholders (Dyer, 2005; French & Argyris, 2018; Hsu & Sandford, 2007; Ishizaka & 
Nemery, 2013; Slovic, 2000). The RŽV case study includes the application of two decision 
analysis tools: decision expert—DEXi, which is a hierarchical and qualitative multi-criteria 
decision-making method that applies DEX methodology (Bohanec et al., 2013; Dyer, 2005), 
and Guided Interactive Statistical Decision Tools, GiSdT (Neptune and Company Inc, 
2017), which applies structured decision-making (SDM) evaluation (Kontić et al., 2022). 

3.3 Review 

The review of scientific publications dealing with the application of HBM in the assessment 
of health risk (Bizjak, Capodiferro, et al., 2022) followed PRISMA guidelines for systematic 
reviews (Page et al., 2021) that ensure good quality of reviews. The review included 36 
scientific publications that had both ”human biomonitoring” and “risk assessment” in their 
titles, keywords, or abstracts and were published in the last five years (2016-2021). The 
review of the presence and clarity of selected fundamental HRA elements in these 
publications was performed with the help of an appraisal tool (Table 1) and ten of the 14 
NEUROSOME early stage researchers (ESRs). The appraisal tool included ten questions 
about selected HRA elements that are important for judging the overall quality of HRAs 
(Fenner-Crisp & Dellarco, 2016; SRA, 2021). The appraisal questions facilitated a “Yes”, 
i.e., if a specific HRA element was clear or “No” if it was unclear. 

Table 1: Appraisal tool. 
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3.4 Survey 

In order to test my research hypotheses, a targeted survey was performed to analyze the 
understanding of selected risk assessment and decision analysis topics (Bizjak, Kontić, et 
al., 2022). The survey was guided by the three assumptions outlined in Table 2, which 
influenced the development of two questionnaires administered to four distinct groups of 
professionals. The first group was made up of participants from a workshop: “Attempt at 
an interpretation of biomonitoring results in connection with environmental pollution 
monitoring data, with the emphasis on air pollution and assessment of potential impacts 
of these pollutants on the health of inhabitants”, funded by the Slovenian Research Agency 
(ARRS). The workshop participants consisted of professionals from various backgrounds 
and expertise from the Slovenian National Institute of Public Health Institute (NIJZ), Jožef 
Stefan Institute (JSI), Faculty of Health Sciences of the University of Ljubljana, Chemicals 
Office of Republic of Slovenia (URSK) and representatives from industry. The second group 
comprised ESRs and other researchers within the NEUROSOME project. The third target 
group comprised participants of “Environmental Health Risk: Analysis and Applications 
educational activities” organized by the Harvard T.H. Chan School of Public Health on 9-
12 March 2020. The fourth group comprised established researchers in the risk analysis and 
decision-analysis domain. 

Table 2: The three assumptions guiding the survey. 

1. The informing potential of HRA results is limited because some of the various types of 

results may not conform to or properly fit the area/policy of their application. 

2. HRA is not applied in a consistent and integrated manner; rather, only some elements 

of HRA are practiced because of a limited understanding of the overall process of HRA, 

particularly its purpose. 

3. There are diverse understandings of the importance of different elements of HRA for 

public health decision-making. This is evident from the interpretation of HRA results, 

especially in cases when consultation with the users of HRA results is poor or is 

missing, so the interpretation is biased by, for example, assessors, or in the opposite 

case, when the users of the results are consulted; however, a deeper exploration of their 

different understandings is missing. 

 
Since the survey sample was non-probabilistic (i.e., judgmental type), I restricted the 

statistical analysis of responses to qualitative relative comparisons of responses between 
groups or regarding the respondents' background. 
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Chapter 4 

4 Publications 

The results of this work are published in five internationally recognized journals. 

4.1 Auditing in Addition to Compliance Monitoring: A Way 

to Improve Public Health 

 

The commentary “Auditing in addition to compliance monitoring: a way to improve public 

health”, published in the International Journal of Public Health in August 2019 

(doi: 10.1007/s00038-019-01291-4), was written by T. Bizjak and B. Kontić. I contributed 

to the conceptualization, writing of the original draft, reviewing and editing. 

The commentary, which discusses specific issues behind the first two hypotheses guiding 
my doctoral research, was in response to an editorial in the International Journal of Public 
Health (Gulis, 2019) that emphasized the non-compliance to national public health policies 
and international agreements and called for contributions that reveal the reasons for this 
non-compliance. The commentary highlighted that the implementation and compliance 
with public health policies could not be improved with targeted interventions without 
follow-up evaluations that would provide useful information concerning the policies’ 
effectiveness. In this context, my commentary aimed to stimulate responsible institutions 
and authorities to consider regular and systematic auditing of public health policies. 
Auditing, as a form of a follow-up, has proved effective in protecting the environment and 
economic or occupational health interests and could prove to be a success story in 
contributing to improved public health status in Europe by evaluating the implementation 
status of policy, checking policy compliance and adherence, and the accountability and 
honesty of those involved in the policy development and implementation.  
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4.2 Evaluating the Success of Slovenia’s Policy on the Health 

of Children and Adolescents: Results of an Audit 

 
The original article “Evaluating the success of Slovenia’s policy on the health of children 
and adolescents: results of an audit”, published in the International Journal of Public 
Health in July 2020 (doi: 10.1007/s00038-020-01432-0), was written by T. Bizjak, R. 
Novak, M. Vudrag, A. Kukec, and B. Kontić. As the first author, I contributed to the 
conceptualization, methodology, investigation, data curation, analysis, writing of the 
original draft, reviewing, editing and visualization. 

The article expands on my original commentary (Bizjak & Kontić, 2019). It addresses 
my first two research hypotheses. The article demonstrates the contribution of an auditing 
process for evaluating the success of the Slovenian national strategy on children and 
adolescent health concerning environmental quality for the period 2012–2020 and the 
benefits of auditing in improving public health policy by improving S2P interactions. 

The auditing followed key aspects and principles according to the guidance offered by 
Cahill & Kane (2011), the Center for Chemical Process Safety (2011), the European Court 
of Auditors (2017), the International Organization of Supreme Audit Institutions (2004), 
and the acknowledged experiences of Bernet et al. (2018), Brownson et al. (2010), and 
Shankar et al. (2011) from the public health policy domain. The audit is based on publicly 
available information and focuses on the Action plan for implementing the Strategy and, 
annual environmental quality reports, and related health status from 2012 to 2019 provided 
by the NIJZ. In addition, several interviews were performed with the representatives from 
the Slovenian Ministry of Health, the NIJZ and the Slovenian Ministry of the Environment 
and Spatial Planning to verify the specific policy information in the reviewed documents 
in the context of intersectoral coordination. I performed the evaluation either 
quantitatively or quantitatively/qualitatively (depending on the indicators and metrics). 
It compares the available information about the health status of children and adolescents 
before and after the Strategy’s implementation and attempts to assign positive changes to 
the Strategy and related activities.  

There was no clear evidence that the Strategy contributed to positive changes in child 
and adolescent health, although specific activities to improve environmental quality can 
have positive long term health impacts. Only a few indicators demonstrate a correlation 
between the specific activities of the action plan with well-documented results, while most 
indicators show either weak correlation or could not be evaluated due to poor or absent 
data. The findings highlighted the issue of inconsistent or indirect associations between 
available environmental quality information and assumed exposures contributing to specific 
health outcomes, which impedes the process of evaluating the Strategy's success. 
Recommendations for the future include appropriately planned and systematically 
performed auditing and re-auditing as an integral part of the monitoring of policy 
implementation. Another recommendation is that monitoring should be based on metrics 
that have to be defined sufficiently by the policy (e.g., environmental health indicators 
should fit for purpose). Finally, effective intersectoral work as emphasized by the Ostrava 
declaration (WHO, 2017) is needed, and although it is not fully realized in practice (Kontić 
et al., 2019b, 2019a), it is critical for the success of public health interventions (Bjegovic-
Mikanovic et al., 2018). 
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4.3 Demonstrating the Use of a Framework for Risk-

Informed Decisions with Stakeholder Engagement 

Through Case Studies for NORM and Nuclear Legacy 

Sites 

The paper “Demonstrating the use of a framework for risk-informed decisions with 
stakeholder engagement through case studies for NORM and nuclear legacy sites”, 
published in the Journal of Radiological Protection in March 2022 (doi: 10.1088/1361-
6498/ac581), was written by B. Kontić, P. Black, S. French, A. Paulley, M. Zhu, T. 
Yankovich, M. Webster, S. Pepin, T. Bizjak, and M. Bohanec. My main contribution was 
to the second case study. I also contributed to writing the original draft, reviewing, editing, 
and visualization. 

The paper addressed the first and the third hypothesis of this work. It was based on 
the work of Working Group 1, i.e., assessment and decision-making of existing exposure 
situations for naturally occurring radioactive material and nuclear legacy sites outlined in 
the second Modelling and Data for Radiological Impact Assessments (MODARIA II) 
programme established by the International Atomic Energy Agency (IAEA; IAEA, 2019; 
Zhu & Yankovich, 2018). Working Group 1’s objective was to demonstrate and provide 
guidance for supporting decision-making through the example of case studies involving 
remediation of sites; it emphasizes an ongoing and iterative deliberation process between 
regulators, stakeholders, and experts. 

 The paper presents a framework for risk-informed decision analysis with the 
engagement of stakeholders. The three case studies include (1) remediation of uranium 
mining activities at Beaverlodge Lake in Northern Saskatchewan, Canada, (2) decision 
analysis support for waste disposal ore processing material site Boršt at RŽV, Slovenia, 
and (3) a radiological safety assessment of the Kepkensberg sludge basin in Tessenderlo 
area, Belgium. The Beaverlodge case study adopted Bayesian decision analysis methods, 
which combined scientific data with preferences for ranking possible actions according to 
expected utilities. The RŽV case study used two decision analysis tools: decision expert 
(DEXi) and Guided Interactive Statistical Decision Tools (GiSdT). The Kepkensberg case 
study followed IAEA’s Improvement of Safety Assessment Methodologies (ISAM) (IAEA, 
2004) and several risk assessment tools and models (AMBER, GoldSim, NORM And 
LegacY Site Assessment, Preliminary Remediation Goals (PRG)-dose compliance 
concentration calculator, and RESRAD-OFFSITE; Pepin et al., 2022). 

The Beaverlodge and RŽV case studies demonstrated the main lessons in risk-informed 
decision-making, while Kepkensberg encompasses the overarching goal of ecological 
restoration, where radiological protection represents only a minor part. Beaverlodge also 
demonstrates the involvement of stakeholders, as discussed in the IAEA’s MODARIA I 
and II programmes, while RŽV discusses the selection of decision analysis tools (DEXi and 
GiSdT) for supporting pending final decisions. Both case studies highlight the importance 
of stakeholder involvement and input, which requires a commitment to engagement and 
collaboration, transparency, and trust-building.  
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4.4 Human Biomonitoring Data in Health Risk Assessments 

Published in Peer-Reviewed Journals Between 2016 and 

2021: Confronting Reality After a Preliminary Review 

The review “Human Biomonitoring Data in Health Risk Assessments Published in Peer-
Reviewed Journals between 2016 and 2021: Confronting Reality after a Preliminary 
Review”, written by T. Bizjak, M. Capodiferro, D. Deepika, Ö. Dinçkol, V. Dzhedzheia, 
L. Lopez-Suarez, I. Petridis, A. A. Runkel, D. R. Schultz, and B. Kontić, was published in 
the International Journal of Environmental Research and Public Health in March 2022 
(doi: 10.3390/ijerph19063362). As the first author, I contributed to the conceptualization, 
methodology, investigation, data analysis, data curation and visualization, writing the 
original draft, and reviewing and editing.  

The review includes papers identified through systematic searches in April 2021 using 
PubMed and Scopus search engines using pre-defined criteria. The acceptance criteria 
included papers published in the last 5 years, including HBM and HRA in the title, 
keywords, abstract, and focus on a specific population. Reviews or method development 
publications were excluded. In total, 36 publications were selected for the review. The 
review was performed with the help of the appraisal tool, which helps assess the clarity of 
the HRA elements and if HBM has been used in them. Appraised HRA elements are crucial 
for judging the overall quality of HRA (Fenner-Crisp & Dellarco, 2016). 

Human biomonitoring (HBM) has the potential to improve the estimates of exposure 
and dose (Sexton et al., 1995) and has been emphasized by many as a way of improving 
HRA (Albertini et al., 2006; Louro et al., 2019; WHO & International Programme on 
Chemical Safety, 2001). However, the actual value of HBM in HRA practice remains to be 
clarified, despite a continuously increasing number of scientific publications per year about 
HBM and HRA since 2006. As a first of its kind, the review focuses on two questions: First, 
are fundamental elements of HRA considered in the publications about the practical 
integration of HBM data and HRA? Second, in which HRA elements is the use of HBM 
data clearly demonstrated and reported? The paper addressed the second, third, and fifth 
hypotheses guiding my doctoral research. 

The paper’s findings support the need for more significant work to improve the use of 
HBM in HRA and risk-informed decision-making. It also highlights the need to consolidate 
the understanding of the usefulness and limitations of HBM for HRA and within the 
environmental health paradigm, which is crucial for targeted risk management 
interventions. While the reviewed publications report some type of an assessment of risk, 
none evaluated or reported all the appraised HRA elements. In fact, most of them do not 
demonstrate the use of HBM in any of the appraised HRA elements, which limits any clear 
conclusions regarding the actual usefulness of HBM data within HRA or a broader risk 
analysis context. The suggested ways of improving the risk-informing potential of HRAs 
that use HBM data include the involvement of stakeholders, clarification of assessment and 
decision contexts in the early HRA stages, and transparent reporting of underlying 
assumptions of the HRA process.
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4.5 Practical Opportunities to Improve the Impact of Health 

Risk Assessment on Environmental and Public Health 

Decisions 

The article “Practical opportunities to improve the impact of health risk assessment on 
environmental and public health decisions”, written by T. Bizjak, D. Kontić and B. Kontić, 
was published in the International Journal of Environmental Research and Public Health 
in April 2022 (doi: 10.3390/ijerph19074200). As the first author, I contributed to its 
conceptualization, methodology, investigation, data analysis, curation and visualization, 
writing of the original draft, and reviewing and editing. 

HRAs are meant to support public policy decisions or identify research priorities (NRC, 
1983, 2009; US EPA, 2014). Fundamental challenges in the risk analysis area (Anderson 
et al., 2020; Aven & Flage, 2020) limit HRA’s potential for improving risk management 
decision-making, while a multitude of HRA approaches makes it difficult to understand 
the relation of HRA to environmental protection, environmental health policies, 
occupational health, and regulation (Shaffer, 2021). The article specifically discusses the 
fundamental challenges of HRA practice, focusing on the pressing erosion of confidence in 
the risk informing value of HRA in public health decision-making. It specifically addresses 
the third, fourth, and fifth hypotheses guiding my doctoral research. 

I performed a survey on understanding selected fundamental HRA concepts and 
principles in the decision-making context. Two questionnaires were administered to four 
carefully selected groups of professionals from various backgrounds involved in risk analysis 
between November 2019 and December 2020. The responses show inconsistencies regarding 
the influence of HRA and its results on risk management and decision-making and a lack, 
or at least inconsistent understanding, of core risk analysis principles (SRA, 2018a). 
However, the survey did not identify any apparent patterns or causes for the inconsistent, 
dispersed, and diverse understanding of HRA. The observed confusion between HIA and 
HRA further indicates a lack of understanding of why and when to conduct an assessment 
of health risks or impacts and its contribution to solving specific public health issues. 

To address the observed inconsistencies and foundational challenges, I highlighted 
specific procedural improvements of the HRA praxis in order to improve and clarify the 
risk-informing potential of HRA. These include taking advantage of the opportunities for 
procedural improvements found at the beginning of the HRA process, where the initiation 
phase deserves more attention and needs to effectively involve all stakeholders to clarify 
the context of the decision problem and the context of the assessment, which should be 
considered in all subsequent steps of the HRA process to ensure the entire process is fit for 
purpose. Continuous stakeholder participation can be facilitated by using decision analysis 
tools and methods. Finally, there is a need for a decision follow-up step to evaluate the 
implementation of any risk management decisions and clarify the true success and benefits 
of the HRA in contributing to better public health. 
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Chapter 5 

5 Discussion 

The five publications provide an extensive discussion of the doctoral research results, 
including but not limited to the discussion of my results in the context of other research 
in the field and the discussion on future research needs. Additionally, this discussion 
chapter addresses the main goals and hypotheses of the dissertation (Chapter 2). 

Potential health effects of development proposals are not adequately considered 
in management/policy decisions 

The first hypothesis guiding my doctoral research that the potential health effects of 
development proposals are not adequately considered in management/policy decisions was 
addressed in Bizjak et al. (2020), Bizjak & Kontić (2019) and Kontić et al. (2022). The key 
finding in the Bizjak et al. (2020) research and related paper was that environmental health 
indicators are not fit for purpose – e.g., evaluating the effectiveness or success of 
implemented actions. Inadequacy of environmental health indicators defined in the policy 
implies that actual health effects related to policy actions, which could identify appropriate 
indicators, were not considered adequately. This first hypothesis is also supported by the 
RŽV case study (Kontić et al., 2022), where risk assessment results are expected to 
influence management decisions concerning the mill tailings at Boršt, but it is not yet clear 
how would such results be used in the decision-making and which stakeholders will the 
decision-making process involve. 

Inconsistencies exist between available and related environmental and health 
data applied for policy development and decision-making purposes 

The research and findings on second hypothesis, i.e., that there are inconsistencies between 
available environmental and health data used for policy development and decision-making 
purposes, is summarized in my article that demonstrates the benefits of auditing in the 
public health domain (Bizjak et al., 2020). The findings suggest that the environmental 
health indicators, as defined by the actual policy for monitoring purposes, cannot 
adequately evaluate the policy’s success since their goals and intended uses are unclear, 
supporting the second hypothesis's validity. Despite being developed for supporting public 
health and environmental policies, the internationally comparable Environmental and 
Health Information System (ENHIS) indicators (WHO Regional Office for Europe, 2010) 
seem of limited value when evaluating success of a specific public health policy. The 
auditing also highlighted the issue of inconsistent and indirect associations between 
environmental quality data and assumed exposures leading to specific health outcomes. In 
addition, the paper by Bizjak, Capodiferro, et al. (2022) assesses the current risk assessment 
practice applying HBM data through core risk analysis principles, i.e., the fourth main goal 
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of the doctoral dissertation. Its finding supports my second hypothesis, confirming that 
HRA concepts lack clarity and consistency in emerging scientific fields like HBM and 
exposome studies. 

There is a lack of experience with currently available tools such as HIA and 
HRA to inform public health or other developmental decisions 

The validity of the third hypothesis (that there is a lack of experience with currently 
available tools such as HIA and HRA for to inform public health or other developmental 
decisions) is supported by the observations of Kontić et al. (2022), Bizjak, Capodiferro, et 
al. (2022), and Bizjak, Kontić, et al., (2022). The case studies on NORM and nuclear legacy 
sites illustrate a framework for risk-informed decision-making that integrates risk 
assessment with decision-making (Kontić et al., 2022). Notably, the RŽV case illustrates a 
lack of transparent involvement of relevant stakeholders and unclear articulation of how 
the risk assessment findings could be used in decision-making, despite being designed for 
decision-making purposes. As demonstrated, decision analysis tools such as DEXi and 
GiSdT facilitate future discussions regarding using risk assessment findings and managing 
the mill tailings site at Boršt.  

HBM can provide undeniable proof of exposure but usually only has a minimal value 
in providing different types of important exposure assessment information when conducting 
HRA to inform targeted risk management interventions, i.e., exposure sources, exposure 
pathways, and why are individuals/populations exposed (Stackelberg & Williams, 2020). 
Several studies included in the review (Bizjak, Capodiferro, et al., 2022) did not specify 
the underlying uses and usefulness of HBM data for HRA purposes before collecting HBM 
samples. Such practice can lead to an increasing amount of HBM information that will 
remain archived but unexploited in terms of their expected, even promised, yet unrealized 
usefulness for HRA and related risk-informed decision making. It also supports the 
conclusions of the NRC (2006, p. 2) that “the ability to generate new biomonitoring data 
often exceeds the ability to evaluate whether and how a chemical measured in an individual 
or population may cause a health risk or to evaluate its sources and pathways for exposure”. 

The survey results also confirm a lack of understanding and experience of HRA and 
HIA (Bizjak, Kontić, et al., 2022). The terms HIA and HRA have often been used 
interchangeably. The inconsistent and improper use of HIA and HRA terminology creates 
confusion among the scientific community and the lay public, including potential users of 
an HRA or HIA results. Despite some similarities, HIA and HRA are not the same (CDC, 
2016). Compared to the HIA, HRA describes a narrower approach used to estimate risks 
related to the exposure situations. The broader HIA process can include the HRA or the 
findings of the already completed HRA during its analytical risk appraisal stage.  

There are inconsistencies in the understanding and differentiation of HRA and 
HIA, especially regarding their potential use in informing decision-making 

The fourth hypothesis that there are inconsistencies in the understanding and 
differentiation of HRA and HIA, especially regarding their potential use in informing 
decision-making, is supported by the survey's findings targeting four distinct groups of 
professionals involved in the HRA and decision-making areas (Bizjak, Kontić, et al., 2022). 
The survey addresses the various understandings of differences and similarities between 
HRA and HIA observed among selected professionals through comments on similarities 
and differences between HIA and HRA. These comments aimed to improve the general 
understanding of HIA, HRA and their key concepts, focusing on their differentiation and 
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application in policy development and the decision-making context; i.e., the third goal of 
the dissertation. 

HRA may also be initiated by scientific interest or the need for new knowledge about 
how specific exposure to a particular hazardous substance influences health. In contrast, 
HIA initiation always needs to be triggered by a new policy or a project proposal, such as 
an investment that requires a permit that is granted in a formal, legally defined process 
and related requirements of the decision-makers (planners and authorities) about the 
potential health impacts of their decisions (Gulis, 2017). If there is no need for such 
decisions, there can be no HIA. In this context, HIA can be a part of a formal procedure, 
either an EIA or a strategic environmental assessment (SEA), which are required and 
determined by the two directives: the EIA Directive (Directive 2014/52/EU) and the SEA 
Directive (Directive 2001/42/EC). In this process, HIA contributes to whether an 
investment, i.e., development proposal, could be improved to protect public health.  

Methods and tools often used in HIA include expert opinion, historical data application, 
previous experience, common sense, specific and limited modeling, interaction matrices, 
scenarios analyses, and other desk studies. Evaluation in HIA focuses on activities 
introduced by new investments in a specific environment and the changes they may cause, 
such as land use, population habits, and exposures. Specific measurements and 
epidemiological studies are usually not performed in the framework of HIA due to various 
limiting factors such as legal restrictions, time constraints, and limited financing. For 
example, it is not reasonable to expect an investor to finance a long-lasting epidemiological 
study as a potential investment before a permit is obtained for the investment (i.e., a 
“chicken and egg” scenario).  

Additionally, according to EIA, or SEA, and related legislation no initial environmental 
survey or measurements could be performed by an investor on the other people's 
land/property before the investor acquires that land for the investment. This survey 
consequently, cannot happen before a permit for the investment is obtained; it is important 
to note that in such cases an HIA together with EIA or SEA is already concluded when 
the permit is granted. Therefore, the HIA needs to be finished rapidly based on the existing 
data and applying the appropriate methods and tools. HRA can also be initiated in response 
to a specific health concern. However, without an association with a development proposal, 
the HRA has no legal background (similar to HIA within EIA). The initiators of HRA can 
include concerned citizens, researchers, public health professionals, NGOs, and 
administrators.  

Finally, there is a substantial difference between the results of HIA and HRA. HRA 
results should estimate the probability and severity of possible adverse health effects. In 
contrast, HIA’s ultimate results are recommendations for changing/improving a 
development proposal to cause minimal health issues during its implementation and 
subsequent utilization. Such recommendations may be related to changing a site where a 
development is proposed or the materials used in the proposed production process; 
establishing recreational, and sports areas when a development proposal deals with land-
use planning, or in the case of a more strategic development may relate to resolving issues 
regarding energy supply strategy at the national level. Without exception, all such 
recommendations are aimed at health prevention and health improvement of the 
population that is somehow associated with the development proposal. The basis for HIA 
recommendations is a comprehensive analysis of activities related to the development 
proposal and population characteristics/habits which may suffer health issues and not, for 
example, expected or predicted incidence rate of specific health damage to the population 
as a result of some rapid, specific, unclear HRA. 

Unclear, inconsistent, and improper uses or understanding of core risk analysis 
terminology, its definitions, and principles can inevitably lead to ineffective use, confusion 
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and misunderstanding of different types of assessments, such as HRA and HIA. Also, the 
use of established terminology and concepts, as accepted by the risk analysis community 
(SRA, 2018a, 2018c), in new and inappropriate contexts causes HRAs to lose their principal 
meaning and identity, which reduces their potential for supporting decision-making that 
otherwise effectively contributes to positive changes in various areas of application. 

The understanding of key risk analysis concepts (e.g., hazard, risk, exposure, 
dose, and uncertainty) is not coherent among the broader scientific community 

The validity of my fifth hypothesis that the understanding of key risk analysis concepts 
(e.g. hazard, risk, exposure, dose, uncertainty) is not coherent among the broader scientific 
community was supported by the findings of my review (Bizjak, Capodiferro, et al., 2022). 
Here I assessed the current risk assessment practice based on the HBM data through the 
context of core risk analysis principles, i.e., the fourth main goal of the doctoral 
dissertation. Additionally, the fifth hypothesis was also supported by the findings of Bizjak, 
Kontić et al. (2022) that focus on the understanding of HRA in the decision-making 
context. Both papers contributed specific clarifications of the scientific foundations of risk 
analysis, i.e., the second goal of the dissertation. The review concluded that there are 
apparent inconsistencies in understanding fundamental risk analysis principles in the 
publications about HBM in HRA. Despite stating otherwise, most of the reviewed 
publications were not actual examples of HRAs but HBM based exposure assessments and 
only included a limited assessment based on various threshold value approaches. The 
confusion in terminology, persisting in the HRA area (Serraino, 2014), was also observed 
in HBM. 

The survey results also support the recurring foundational challenges in the risk analysis 
area (Aven & Flage, 2020), which include the lack of acknowledgment of the main purpose 
of HRA to inform risk management decisions. While still requiring future attention 
(Hansson & Aven, 2014), consensus about the core risk analysis subjects can be reached 
among the professionals involved in the risk analysis area (SRA, 2018b, 2018a). During the 
COVID-19 pandemic, the public widely used risk analysis terms without adequately 
considering their meaning. For example, the term risk is often used interchangeably with 
probability or hazard (Bizjak, Kontić, et al., 2022). This finding supports perhaps an even 
more pressing need for consolidating core subjects of risk analysis among the broader 
scientific (and non-scientific) community, which would help improve the recognition of risk 
analysis as a separate discipline. 

Understanding the importance of different HRA elements in informing risk management 
decisions seems to be inconsistent and dispersed (Bizjak, Kontić, et al., 2022). Most of the 
HRA elements were perceived as important or very important; however, the uncertainty, 
coordination of HRA procedure, and the type of HRA results were perceived as relatively 
less important, regardless of the background of the responders from the first three groups 
targeted by the survey. This indicates a slight difference compared to previous research 
revealing that the biased perception of the importance of certain HRA elements is usually 
focused on the area of the professional’s expertise (Slovic, 1999). The established risk and 
decision analysis professionals (the fourth group in the survey) perceived the decision 
alternatives for mitigating exposure, uncertainty of HRA results, and transparency and 
clarity of the assessment process as relatively more useful for informing decision-making. 
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6 Conclusions 

As observed over the past two decades and more recently during the COVID-19 pandemic, 
the role of HRA or HIA in informing public health decisions continues to be unclear or is 
diminishing. My findings confirm the confusion between HRA and HIA, highlight a limited 
utility of HBM in general, unsuitable and misleading HRA praxis based on HBM data 
(e.g., when there is a lack of relevant epidemiological evidence), and show that 
inconsistencies in the understanding of the risk-informing purpose of HRA, and the core 
risk analysis terms and principles are widespread and unclear. It is crucial to improve the 
science to public health policy interaction to ensure that the most relevant scientific 
knowledge improves population health. The extent of observed issues is a clear warning 
that more has to be done to address the swamp of inconsistencies and inadequacies in HRA 
area resulting in misunderstandings and hindering risk-informed decision-making and 
confidence in it. The main contributions of my doctoral research to the improvements of 
the HRA praxis are: 

(1) The clarification of the assessment and decision contexts among all relevant and 
involved stakeholders at the beginning of the HRA process (Figure 4), which the 
decision analysis tools or methods can facilitate, can improve the overall 
understanding of the interaction between HRA and environmental and public health 
decision-making. 

(2) The improved understanding and contribution of the assessment context and 
stakeholders’ participation in informing decision-making to improve public health 
policies (i.e., the fifth goal of the doctoral dissertation) should improve S2P 
interaction in HRA (i.e., the first goal of the dissertation).  

(3) A decision follow-up step at the end of the process is crucial for evaluating the 
implementation of decisions and identifying the success and benefits of the HRA. 
As a type of follow-up evaluation, auditing can help evaluate the implementation, 
compliance, and adherence to selected public health policy on one side and the 
accountability and honesty of those involved in policy development and 
implementation on the other. Increasing the overall transparency of the auditing 
and regular re-auditing is imperative if auditing is to contribute to improved S2P 
interaction.  

(4) Auditing can also provide evidence about the satisfaction of the stakeholders 
involved in terms of their effective participation and contribution to the decisions, 
which can, in turn, contribute to the overall credibility of the assessment process, 
decision making and policy implementation. 
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Figure 4: Opportunities for improving the utility of HRA. 

(5) Besides general efforts such as study programs offering courses on risk analysis, 
HRA would benefit from targeted interventions. The advances in specific disciplines, 
including HBM, modeling and in vitro studies that can potentially be used for HRA 
purposes, cannot improve the HRA’s science, process, and impact on public health 
decisions without wider recognition and consolidation of core HRA principles and 
concepts. More targeted research on various foundational and procedural risk 
analysis issues should also be performed to show potential ways of dealing with 
them. Such targeted research efforts should deal with a thorough reconsideration 
and reevaluation of the applicability of different HRA approaches (e.g., using 
toxicological or epidemiological approaches) in specific situations. There is a need 
to build on the findings of review that assessed the clarity of HBM in HRA with a 
more comprehensive investigation, which would have to include more professionals. 
There is also a need for more (continuous) evaluations of the success of national or 
international public health policies and for (re)evaluations of applicability of 
environmental and health indicators in terms of their actual informing value in 
policy development. Additionally, there is a lack of evidence about the actual 
benefits of stakeholder involvement in the decision-making processes. However, 
despite further research needed in many areas, the clarification of the assessment 
context among all stakeholders and its effective consideration in all steps of HRA 
can immediately improve risk-informed decision-making in environmental health, 
public health, and beyond. 
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