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Abstract

:

The impact of climate change on the physical environment, ecosystems, and human societies is increasingly recognized as the most important global challenge. Climate change may alter, among others, the thermal environment, the occurrence of extreme weather events, and the human exposure to physical, chemical, and biological pollutants, thus affecting human health with several potential outcomes. The impact of climate change on occupational health and safety has been receiving increasing attention in last years. In the European Union, the health and safety of workers is under the rule of Directive 89/391 and its daughters. In a changing climate, compliance with all requirements of the existing EU regulation entails an additional effort to implement preventive and protective measures. A central role in workers’ health protection is played by proper workers’ information and training, which is partly in charge of the occupational physicians. This paper provides a basic proposal on topics related to climate change to update workers’ information and training and to integrate the curricula of occupational physicians. Importantly, suitable information and training may contribute to promoting workers’ health and to implement adaptation measures, which are part of the individual, societal, and global responses to climate change.
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1. Introduction


Climate Change (CC) is likely to be the current most important global challenge, not only for human safety, health, and wellbeing but also for the future of human civilization. There is now very little doubt on the anthropogenic causes of CC. The International Panel on Climate Change (IPCC) [1] periodically assesses the scientific evidence on CC, developing and updating models of climate evolution up to 2100, evaluating the impact on the physical environment, ecosystems, and human societies as well as discussing mitigation and adaptation measures. In its 6th assessment report [2], IPCC stresses the need to take actions globally in order to avoid global warming to exceed 1.5 °C with respect to the pre-industrial age. This goal has already been highlighted in a IPCC 2018 report [3] and is in line (being even more stringent) with the indications provided by the Paris agreement in 2015 [4].



For many years, the impact of CC on human health has been the subject of scientific papers and national and international reports [5,6,7,8,9,10,11,12,13,14,15,16]. A relevant example was given by the Lancet countdown, an international collaboration aimed at monitoring the health consequences of CC (see for instance Romanello et al. [17]), which periodically publishes ad hoc reports.



Heat strokes, accidents, renal failure, and cardiovascular and respiratory diseases induced or aggravated by heatwaves and/or severe/extreme meteorological events (like floods, storms, heavy rainfalls, droughts) (Section 3.3) are generally recognized in terms of increased rates of general and cause-specific mortalities, hospital admissions, and drug consumptions.



Mental health is stressed in Section 3.4 and displays an increasing link with CC. Reproductive health is increasingly recognized to be affected by CC with a multilevel action during pre-conception period, prenatal development, pregnancy outcome, and long-term consequences for the offspring (see for instance Yuzen et al., 2023 [18]).



Regarding a multifactorial, multi-stage, and long-term long latency disease like cancer, CC is projected to worsen the cancer burden, negatively acting along the entire pathway of cancer control (from etiology to treatment) [19].



In general, both well-recognized, short-term direct effects of CC on health and, even more, indirect effects, the last ones often characterized by a marked multifactorial etiology, long latencies and a more complex and partly unknown link with climate variables, are increasingly stressing the health systems worldwide. Health impact of CC may be worsened by a more difficult access to healthcare. The necessity to improve health systems, the question of economic costs, and the need of adequate risk management are recognized in the literature [20].



Issues regarding the necessity to extend and improve research, management, and communication on CC and human-health-related topics are repeatedly stressed in the literature (see for instance Ebi; Agache et al.; Campbell et al. [21,22,23]).



With respect to public health, the impact of CC on occupational health is an issue not so extensively investigated until now. Nonetheless, this issue is receiving increasing attention since 2009 [24], being explored in more detail at national and international levels in the subsequent years (see for instance D’Ovidio et al.; Schulte et al.; Schulte et al., 2023; Moda et al.; Ferrari et al. [25,26,27,28,29]).



EU regulation on occupational health and safety (Directive 89/391/EC, the so-called framework directive, and its daughters [30]) provides a coherent framework in order to protect workers’ health and safety through a proper risk assessment and management carried out by the employer. Measures to be implemented include the reduction or the elimination of exposure to risk factors existing in the workplace, the use of personal protective equipment (if requested), and workers’ health surveillance (if the worker is exposed to risks for which health surveillance is mandatory or on worker’s own request). Workers’ information and training on occupational risk factors of concern, as well as on related preventive and protective measures, is another pillar of occupational health and safety extensively recognized by EU regulation. This duty is in charge to the employer, but, some topics, especially those related to workers’ health protection and promotion, fall into the responsibility of the occupational physician.



This paper is neither a systematic or narrative review nor a study reporting original epidemiological or experimental results, but its objective is to stress the role of workers’ information and training in order to ensure a better management of the occupational risk factors potentially modulated by CC and, more generally, to support a more active role of occupational health practices in designing, implementing, and supporting strategies of adaptation to CC. As a preliminary input, a framework of basic concept and information on CC-related topics aimed at workers’ information and training is provided, which may be modulated and extended including additional and targeted information based on the activity sector, workplace involved, and specific job duties. In parallel, a proposal to integrate the degree and post-degree curricula of occupational physicians with CC-related topics is provided.




2. Methods


Recognition of occupational settings where workers were (or were to a greater extent) exposed to both direct and indirect effects of CC, reporting risk factors, the exposure to which may be (or is projected to be) modulated by CC. Moreover, EU regulation with regard to workers’ information and training will be stressed. Finally, a minimum set of information and advices on CC and occupational health and safety to be provided to the worker will be proposed, having in mind the need for both health promotion and adaptation to CC in working and living environments. Complementary to this is a proposal concerning the study curricula of occupational physicians, which should hopefully be integrated with CC-related topics.




3. Results


Issues related to CC are of concern for both indoor and outdoor workers.



3.1. Indoor Workers


CC affects indoor/outdoor exchanges, which, in turn, may potentially exacerbate heat stress of indoor workers or increase the exposure of the last ones to variable patterns of chemical pollutants, airborne infectious agents, or aeroallergens. However, the influence of CC on indoor air quality remains largely unknown [31], due to the number of factors involved, including those connected to building characteristics and socio-economic, cultural, and geographical features.




3.2. Outdoor Workers


Outdoor workers are more extensively involved in terms of CC impacts [28,32], as a number of occupational risk factors influenced by CC have a great relevance in outdoor settings. Therefore, considerations reported below refer primarily to outdoor workers.



There is not a shared definition of “outdoor worker” [33]. However, for the purposes of this paper, a worker is regarded as outdoor if the activity performed takes place outdoors, fully or for a significant fraction of the daily working time, having in mind that some working activities are mixed, conducted partly indoors and partly outdoors. The time spent outdoors may, therefore, be highly variable, as well as the exposure to typical outdoor occupational risk factors.



Despite the limitations, it is possible to indicate working sectors or jobs characterized by activities conducted outdoors or mostly outdoors (a non-exhaustive list is given in Table 1).



In addition to the “conventional” jobs/activities reported in Table 1, the ongoing energetic transition and the increasing need to protect, maintain, restore, or expand natural ecosystems will likely result in an growing number of workers employed in the so-called “green jobs”, largely conducted outdoors, as well as in a further diversification of these jobs. It must be emphasized that an increasing need of “green” activities is due to the current and future impacts of CC. Therefore, CC may potentially increase the exposure of “conventional” outdoor workers to outdoor occupational risk factors on one side and, on the other end, may indirectly expand and diversify the total number of workers that will operate outdoors or mostly outdoors due to the rising importance of green jobs [34,35,36].



Occupational exposures of outdoor workers are not fully overlapping. Apart from the time spent outdoors, each activity sector and/or job displays complex and variable patterns of multiple exposures. Moreover, rural outdoor settings differ from urban outdoor ones. For instance, in extra urban areas, air pollution is generally lower, and the contribution made by the urban heat island is absent. However, the vast majority of outdoor workers share exposure to a severe thermal environment, solar radiation (SR), air pollution (with highly variable patterns), vector-borne diseases, and aeroallergens.




3.3. Thermal Environment, Meteorological Conditions, and Productivity


An increase in the mean global surface temperature due to the ongoing CC, now about 1.1 °C above that of the preindustrial age, has multiple consequences, among which the intensifications of the extreme meteorological events are of paramount importance. This means, for instance, the occurrence of more frequent, intense, and long-lasting heat waves. In parallel, events like storms, floods, tornados, and, to some extent, hurricanes or, on the opposite, droughts increase in both frequency and intensity [20,37]. Heat waves contribute to the progressive desertification of drylands worldwide, but a typical, short-term, and alarming by-product of heat waves is an intensification of wildfires [38,39]. The effects of wildfires are generally severe by themselves but may be amplified in urban areas, where an additional temperature increase (even several degrees) may occur due to the so-called “heat island effect” [40], a widespread phenomenon involving a growing number of urban settings across different latitudes and altitudes over time [41]. Outdoor workers are then exposed to a potentially higher thermal stress. To stay and work in a severe hot thermal environment, especially when relative humidity is high, leads to a higher risk of accidents at work, dehydration (with an increased risk for renal failure), heat stroke, exacerbation of clinical features of pre-existing diseases (like cardiovascular, lung and renal diseases), higher hospitalization, and mortality rates [42,43,44]. Moreover, a significant loss of productivity and a large economic burden is expected [45], especially in sectors like agriculture and construction [43].



An early onset of the summer season and/or an early occurrence of heat waves in temperate zones is another reason for concern. In fact, the body experiences an abrupt transition to a hot and wet weather, with no time to adapt to the new microclimatic conditions and a consequent higher risk of thermal stress or thermal exhaustion, especially when an individual is employed in an outdoor activity. The exposure to wind, rain, and to sudden changes in weather conditions may increase the risk of accidents at work, worsen pre-existing respiratory and cardiovascular diseases, and increase the individual susceptibility to respiratory infections.




3.4. Mental Health


A prolonged thermal stress or too-frequent weather changes may also lead to disclosing latent psychiatric disorders or exacerbating existing ones [12,14,46], especially if social and economic disadvantages, marginalization, substance abuse, and CC-induced alterations of the living environment occur. The impact of CC on mental health is likely to be relevant in occupational health, given the potential safety and health consequences of psychiatric disorders in occupational settings. Emotional responses to CC concerns may induce climate anxiety [7], a feature that needs to be further explored due to its potential consequences on health and well-being as well as to individual and collective choices.



A growing number of papers deal with CC and farmers’ mental health (see for instance Polain et al., 2011; Ellis and Albrecht, 2017; Talukder et al., 2021; Nagai, 2023 [47,48,49,50]), especially in countries like Australia and in Asia, and with particular reference to smallholder farmers. Rural workers, especially the aged ones, are at higher risk for anxiety, depression, post-traumatic stress disorders and other forms of mental disorders in relation to rapid environmental changes (including CC) involving their living and working environments, given the uncertainties due to the impact of extreme events like droughts and floods on food production, dwellings, conventional lifestyles, etc.




3.5. Solar Radiation


SR is crucial for human health, having direct effects on the body (especially on skin and eye) and indirectly affecting both thermal environment and human exposure to some chemical pollutants, disease vectors, and biological agents. Accordingly, SR will be stressed in more detail in the following.



SR on earth surface contains approximately 50% of Infrared Radiation (IR), 45% of visible radiation, and about 5–6% of Ultra Violet Radiation (UVR) (the 95% of which is UVA, and 5% is UVB at noon—the ozone layer completely blocks UVC in the stratosphere).



Exposure to SR may vary as a function of daytime, latitude, altitude, season, air pollution, total time spent outdoors, and implementation of preventive and protective collective and individual measures [51,52,53]. Prolonged heat waves or changes in cloudiness due to CC are additional factors affecting the exposure to SR [54]. The interplay between CC and stratospheric ozone cycles of depletion and recovery may increase the net solar UVR even at mid latitudes, although to a substantially lesser extent, with respect to Polar Regions. CC is projected to delay the stratospheric ozone recovery. The beneficial trend in ozone recovery was due to the ban of ozone-depleting substances following the implementation of the Montreal protocol [55,56].



This does not necessarily lead to a net increase in SR exposure, especially if general population and sun-exposed workers adopt or largely adopt the appropriate protective measures: avoiding sun exposure in the central hours of the day; shadow seeking; sun shielding by using gazebos, curtains, etc.; appropriate clothing; and use of large-brimmed hats, sunglasses, and sunscreens, etc. However, outdoor workers are at higher risk of a prolonged exposure, with respect to the general public, if the duly preventive and protective measures are not fully implemented. It must be emphasized that SR tends to be an underestimated risk for outdoor workers [57]. Moreover, the implementation of progressively lower exposure limits for classes of air pollutants like particulate matter may contribute to a further increase in SR exposure due to the lack of the shielding power exerted by airborne particulates with regard to SR.



Exposure to SR may induce both acute and long-lasting effects on the skin and eyes [54,58]. Among acute effects on the skin’s photoerythema, tanning and thickness of the corneous layer are to be included. Moreover, SR may induce or exacerbate the clinical features of the so-called photodermatosis (some of them arising from genetic defects or being linked to immune system alterations) and is responsible for phototoxic and photoallergic reactions. UVB and, to a lesser extent, UVA are involved in exacerbation of photodermatosis. However, some photodermatosis (e.g., the solar urticaria) and a subset of phototoxic and photoallergic reactions may be triggered even by visible radiation.



SR as a whole and the separate spectral bands UVA, UVB, and UVC were assessed to be carcinogenic to humans by the International Agency for Research on Cancer (IARC) [40]. Exposure to SR is associated with an increased risk of Basal Cell Carcinoma (BCC) of the skin, Squamous Cell Carcinoma (SSC) of the skin, and Cutaneous Malignant Melanoma (CMM). The association with ocular melanoma is still an object of debate. Outdoor workers are at a higher risk of BCC and SCC [59], as well as of the precancerous lesions of SSC, i.e., actinic keratosis.



The eye is affected by SR both acutely (induction of photokeratitis, photokeratoconjunctivitis, and photoretinitis) and chronically (induction of pinguecola, pterygium, cataracts, and macular degeneration). Again, UVB and UVA are largely involved, but macular degeneration is generally associated with long-term (even lifetime) exposure to shortwave, visible radiation, i.e., blue and violet light. Outdoor workers are shown to be at higher risk for both cataracts, especially the cortical type, and macular degeneration, although studies are not fully concordant, and the dose–response relationship as well as the magnitude of the additional risk with respect to the general population are difficult to assess [60,61].



Solar UVR may exert modulatory effects on the immune system. The complete picture of UV-induced immune effects and related action mechanisms are complex and not yet fully elucidated [62]. Summarizing the current knowledge, it may be stated that UVR stimulates innate immune responses while tending to inhibit acquired immunity. UVR modulates the immune system at both the local and systemic levels, but the potential consequences are not yet clear and are object of research activity. Among the topics under study, increased susceptibility to infections, decreased efficacy of vaccines, increased risk of skin- and non-skin cancers, or, as a positive outcome, the attenuation of clinical features of autoimmune and allergic diseases have to be mentioned. Similarly, the health outcomes due to interplay between SR, CC, and exposure to occupational pollutants with immunotoxic properties have not yet been adequately addressed [63].



The individual susceptibility to the adverse effects of SR varies greatly, depending on the phototype (phototypes I and II are the most sensible), conditions like albinism, pre-existing skin and eye diseases, co-exposure to photoactive substances, etc.



Exposure to SR, on the opposite, may exert beneficial effects to health, the best-known being the vitamin D3 synthesis, a substance having a pleiotropic activity on human physiology, well beyond the regulation of calcium metabolism [58,64,65]. There is an ongoing debate on how much vitamin D is necessary to restore, maintain, or improve a good health status in relation to individual features, but emerging evidence indicates that SR may have health benefits regardless of vitamin D3. These ones include a potential protective effects on some internal cancers, lowering of blood pressure, regulation of circadian rhythms, and, in general, improvement of wellness sensation.



A growing body of data indicate that other bands of SR, especially visible radiation and, even more, near-infrared radiation (or IRA), may be important in modulating the biological effects of solar UVB and UVA at the skin and even the eye level [64]. Moreover, apart the evident and well-known role of light in vision physiology, visible radiation may promote the formation of Reactive Oxygen Species (ROS) in the skin tissue [33,64], as the IRA does. The biological significance of ROS production by visible and IR radiation may be potentially beneficial or adverse, depending on cells/tissues involved, radiation doses and dose rates, time course of ROS synthesis ad removal, and other not-well-established parameters. Finally, there is evidence that ambient temperature may enhance the carcinogenic potential of UV radiation on keratinocytes [33,66,67,68].



The ongoing CC is projected to increase the incidence of skin cancer in the following years and decades [55]. This is likely to be due to the combined effects of an increased exposure to SR, changes in ambient temperature, and altered patterns of exposure to air pollutants, some of which have carcinogenic properties. Although the evidence is still lacking, it is reasonable to forecast that the combined effect of CC and SR will lead to an increased incidence of eye diseases.



It is difficult to assess the balance between adverse and beneficial effects of SR on individual level as a function of a certain amount of exposure to SR, being crucial in this regard both the individual susceptibility and many co-exposures (or, more extensively, the individual “exposome”). However, it is conceivable that outdoor workers, given the generally strong amount of exposure to SR, a potential severe thermal environment and multiple co-exposures to physical, chemical, and biological agents, are likely to have a net balance shift towards adverse effects. Uncertainties persist regarding the impact on different health outcomes due to future exposure to SR interacting with CC and ozone depletion/recovery [56].




3.6. Air Pollution


Qualitative and quantitative patterns of air pollutants depend on the type, number, and localization of the sources of pollution and may vary greatly [69]. Some factors affecting airborne concentration of chemical pollutants display oscillatory patterns (for instance, following the daily and seasonal solar cycle and the day–night variations in vehicular traffic). The superimposition of CC makes this framework more complex, depending on both CC scenario and projections of future emissions of air pollutants [70]. However, it is likely that CC contributes (and will contribute) to increase human exposure to pollutants like ozone and fine particulate matter (PM), both directly and indirectly.



A sustained increase in ambient temperature can result in a higher airborne concentration of Volatile Organic Compounds (VOCs) and Polycyclic Aromatic Hydrocarbons (PAHs), the last ones known to be carcinogenic for the lungs, skin, and bladder [71]. It must be emphasized that both outdoor atmospheric pollution and outdoor PM were evaluated by IARC as carcinogenic to humans (group 1 of the IARC classification of the carcinogenic evidence) in relation to lung cancer [72].



Ozone is a secondary air pollutant formed by photochemical reactions involving primary pollutants. Its concentration depends on both the amount(s) of primary air pollutants (e.g., NO2) and the intensity of SR. A prolonged and more-intense solar irradiation of the troposphere due to CC is likely to result in higher and more persistent tropospheric ozone concentrations. Ozone is responsible for airways irritation, exacerbation of pre-existing respiratory diseases, as well as hospitalizations, and deaths [73,74,75,76,77,78].



Exposure to PM is associated with an increased risk of respiratory, cardiovascular, and neoplastic diseases, but there are concerns for other health outcomes [79,80]. Fine (<10 µm—PM10) and ultrafine (<2.5 µm—PM2.5) PM once inhaled may reach pulmonary alveoli. A significant fraction of alveolar PM (especially PM2.5) translocases into the blood stream and, through this route, is able to reach a number of tissues and organs. Nanoparticulate (<0.1 µm—NP or PM0.1) matter displays an even higher capability to penetrate lower respiratory airways and blood streams; an intense research activity on the health effects due to NP exposure is ongoing, especially for potential long-term effects and including non-neoplastic ones.



Exposure of outdoor workers to PM depends on the type, localization, and intensity of anthropogenic sources as well as the job(s) performed and the time spent outdoors. Weather conditions modulate human exposure to airborne PM in outdoor settings. For instance, wind and rain may remove or dilute the suspended PM. As a consequence, if CC determines a higher frequency, intensity, and duration of heatwaves, this is likely to translate into an increased exposure to PM. On the opposite, if the local consequences of CC are in terms of increased rain, storms, or floods, then the exposure to PM is projected to decrease. As in other cases (see for instance the exposure to SR), the net effect of CC is difficult to predict, being largely affected by local conditions.



Other concerns linked to workers’ exposure to airborne chemical pollutants are related to the impact of CC on occupational exposure to pesticides [81].



For completeness and relevance, there are at least two situations involving outdoor workers where CC may lead to a net increase in the exposure to air pollutants within large areas of terrestrial surface.



The former refers to wildfires [38,39], whose frequencies, extensions, and durations are shown to be dramatically increased in both temperate and non-temperate zones in recent years. Wildfires produce a number of pollutants (among others, CO, VOCs, PM10, PM2.5, and NP), which may be transported by atmospheric circulation over great distances and can add to the anthropogenic ones, especially in urban and industrial areas.



The latter situation is linked to the combined effects of changed patterns of atmospheric circulation and the progressive extension of arid or desert areas. This may lead to a higher spread of dust and sand particulate over the inhabited areas during desert storms, with a consequent higher exposure of residents and a potential impact on health, especially in terms of respiratory and cardiovascular diseases [82,83].




3.7. Communicable Diseases


CC may increase the exposure to vector-borne diseases [84,85,86] due to the modifications in vector habitats. The last ones may expand to higher latitudes, given the increased mean temperatures, the changing patterns of humidity, and the anticipation of the spring and summer seasons. Concerns are predominantly related to arboviruses infections. CC may indirectly affect the occurrence of gastro-enteric infectious diseases altering the quality of water and food supplies or may promote respiratory and non-respiratory infections if exposure to increased humidity, rainfalls, floods, storms, and droughts occurs [87]. Altogether, over half of human infectious diseases can be aggravated by CC [88].



Moreover, the destruction of forest habitats is a direct consequence of anthropic activities but is exacerbated by CC. It promotes the contact between humans and disease-vectors on one side and the proximity of humans to wild mammalian or avian species on the other side. The last scenario may increase the likelihood of spill-overs [89]. Although not proven, it is not unlikely that a similar mechanism was implied in the origin of the SARS-CoV-2 pandemics [90].



The increased or decreased exposure to risk factors modulated by CC may affect the risk of airborne, foodborne, or waterborne infections through other mechanisms. For instance, increased killing activities of pathogens due to UVR and other spectral bands of SR if the exposure to SR effectively increases are conceivable. On the other hand, SR may exert local and systemic immunosuppressive effects, as previously stated, and it is problematic to predict how this modulates the real risk of infections.




3.8. Allergic Diseases


CC is a factor exacerbating the occurrence and/or severity of allergic diseases [91,92,93], with an emphasis on respiratory allergic diseases (asthma in particular). For instance, an early spring and a more prolonged flowering season increase the exposure to allergens like pollens, both quantitatively and qualitatively. The episodes of the so-called “thunderstorm asthma”, due to a higher exposure to allergenic proteins of pollens caused by the osmotic rupture of pollen grains during rainfalls or thunderstorms, have been shown to increase during extreme meteorological events, the frequency and intensity of which is, as previously mentioned, affected by CC. Airborne pollutants like O3, NO2, and others may interact with molecular components of pollen grains (especially proteins), producing chemical conjugates that enhance the allergenic potential of the original pollen biomolecules in many cases. Molds are a well-known source of respiratory allergies. Moist environments due to frequent and prolonged rainfalls (or flood in some cases) promote the growth of molds and, especially in previously degraded or not adequately protected living and working settings, may increase the risk of allergy occurrence or exacerbation. It occurs primarily or exclusively in indoor settings.





4. Discussion


CC is a meta-risk factor superimposing on and interacting with several physical, chemical, and biological agents found in both outdoor and indoor settings. Figure 1 is an oversimplified picture of the mutual interactions among CC, stratospheric ozone, urban environment, pollution, and other determinants of health status, ultimately affecting, in a poorly predictable manner, outdoor and indoor workers’ health statuses.



CC is challenging occupational health and safety, requiring, in many cases, an adjustment of both risk assessment in the workplaces and implementation of preventive/protective measure to reduce or eliminate occupational risk factors.



The Total Worker Health (TWH), a program launched by NIOSH in 2011 and defined “as policies, programs, and practices that integrate protection from work-related safety and health hazards with promotion of injury and illness-prevention efforts to advance worker well-being” [94,95] may be regarded as a starting point to implement issues on occupational health and safety in a changing climate.



In fact, today and increasingly in the future worker’s health and well-being promotion has to include CC instances. Moreover, it must be kept in mind that CC does not only affect workers in working hours but also during the leisure time (at home, on holidays, etc.). Consequently, non-occupational exposure to physical, chemical, and biological agents (which is generally lower but sometimes may be higher than in the workplace) may add to and interact with the occupational one.



Migration due to CC is a crucial issue for developed countries and future geopolitical scenarios. Migrants’ health is a central topic in this regard (see for instance Bellizzi et al., 2023; McMichael, 2023 [96,97]), and, in addition to concerns due to inherently more susceptible populations to a series of new and consolidated health risks, new opportunities emerge in terms of a further support to adaptation measures and of a better resilience to climate and environmental challenges. Occupational health and safety of migrant workers in a changing climate poses additional challenges, starting from those connected to heat stress [98], requiring to build or improve an interface between native and migrant workers in a more general framework aimed at promoting decent work [99].



Ageing workers are of particular concern with regard to CC. In developed countries, demographic trends and the tendency to delay workers’ retirement contribute to a progressive ageing of the workforce. Elderly workers tend to be less productive, more prone to work accidents, and to develop multifactorial diseases but may be important sources of opportunities [100]. However, they tend to be less resilient to environmental and climate changes, especially if they are sudden.



The above considerations strengthen the need to address and re-address proper risk assessments and management strategies in the workplaces, especially if CC concerns are to be taken into account, and makes the framework depicted until now even more complex.



The impact of CC on occupational health and safety emphasizes the role of occupational health professionals (see for instance Patil and Jeffery [101]). The role of workers’ information and training is of increasing importance, and topics related to CC cannot longer be ignored. The occupational physician plays an important role in workers’ information and training, as recognized by EU Regulation (directive 89/391 and the so-called “daughters directives”). The occupational physician is responsible of the health surveillance of the worker(s) at risk and informs the worker(s) surveyed about contents, results, and meanings of health surveillance practices, also dealing with the matter of workers’ health protection and promotion. In order to fully achieve the goal of proper, complete, updated, and useful information and training of a heterogeneous and changing workforce in workplaces characterized by occupational risk profiles increasingly affected by CC, the curricula of occupational physicians should include, during the degree or post-degree studies, concepts, notions, and operative approaches on the ongoing CC and its impact on the environment as well as on public and occupational health.



This is in line with a growing need to outline the role of health professionals in relation to CC, with particular reference to medical education and medical practice, as reported in the recent literature [102,103,104,105,106,107,108]. The impact of CC on medical ethics is also increasingly recognized. The aim is to obtain a suitable emergency management, a more effective treatment of both acute and chronic diseases impacted by CC, and the enforcement of the framework to educate people to healthy lifestyles and adaptive behaviors.



Occupational medicine pertains to the wider area of public health, which is primarily involved, together with environmental health, in the assessment and management of CC health impact. Moreover, in the EU Regulation the occupational physician plays many roles. A central duty of the occupational physician, in addition to health surveillance and workers’ information/training, is to contribute to the risk assessment in the workplace, acting as an employer’s advisor in practice. However, the authors argue that all medical specialties play an important, although complementary, role in the assessment and management of the health impact of CC. For instance, clinicians are requested to have a growing competence and practice in recognizing and treating clinical features induced or aggravated by CC-related effects, especially the indirect ones. In fact, while it is relatively easy to recognize and treat, for instance, heat stroke, it could be more difficult to address climate-induced or aggravated health effects whose causal agent is chemical or biological. Such difficulties may also arise in the case of the effects potentially linked to exposures erroneously regarded as low (for instance, on the basis of extrapolations from similar situations assessed in the past with no or less CC impact), as well as if long-term effects are involved.



An indicative proposal to include CC into the curricula of occupational physicians is reported in Table 2, whereas a parallel proposal on the CC-related content of workers’ information and training is given in Table 3. Periodic assessment of the effectiveness of workers’ information and training including CC topics has to be envisaged.




5. Conclusions


Considerations expressed in this paper depict a growing complexity in risk assessment procedures for a lot of workplaces and working activities, primarily outdoors. This complexity is increasingly drawn by CC and adds to the need to assess the impact of multiple exposure and to the expanding necessity to predict health outcomes at an individual level. This scenario makes the management of occupational health and safety increasingly dependent on the implementation of emerging methods and approaches, namely, the concept of “exposome”, big data analysis, and “omics” techniques (see for instance Dini et al.; Abdelzaher et al. [109,110]). This should allow, among others, to develop suitable biomarkers of exposure, effect, and susceptibility.



CC is, undoubtedly, a strong additional reason to explore the implementation of these tools in occupational health and safety, in an effort to reduce the time elapsing between the availability of a particular tool or a combination of tools and its/their successful application(s) in real occupational settings. Moreover, it must be kept in mind that catastrophic scenarios linked to CC [111], e.g., the increase of three or more degrees in mean global surface temperature in relatively closed time horizons, although not so likely, may not be excluded and have to be taken into account to forecast appropriate responses at individual, societal, national, and international levels. Evidently, catastrophic scenarios would represent unprecedented challenges for the management of occupational health and safety.



Workers’ information and training are likely to become even more crucial in this regard. The same may be assumed in relation to targeted competence acquired by occupational physicians. As workers’ information and training must emphasize, among other factors, the importance of healthy lifestyles, their purposes go beyond the awareness of occupational hazards and the correct implementation of both collective and individual preventive and protective measures. In more general terms, they concur to improve individual and collective adaptation to CC.
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Figure 1. An essential scheme showing the very complex and only partially known interactions between climate change, stratospheric ozone, and urban heat islands, with regard to occupational exposure to physical, chemical, and biological agents in both outdoor and indoor settings. The figure’s content is qualitative. A quick view highlights that most of the reported risk factors acts (directly or indirectly) in both outdoor and indoor environment(s), with the exception of pollutants typical of the indoor environment(s) (e.g., radon and molds). Different types of risk factors may interact and modulate each other (for instance increasing or decreasing their concentration into the environment or their action on biological targets), and this is represented by a blue line, with some dashes connecting the different classes of physical, chemical, and biological agents. In this context, the so-called “Urban heat island” may act on both outdoor and indoor settings, with the exception of those located in extra urban areas, potentially amplifying the effects due to a severe thermal environment and, indirectly, to other risk factors. Urban heat island may also modify, among others, individual lifestyles. In summary, workers’ health is affected by multiple exposures. The final health outcome(s) is (are) qualitatively and quantitatively dependent on activity sector, job performed, time spent indoors/outdoors, agents to which workers are exposed, their relative and changing concentrations, and their interactions. Health effects on the single worker are modulated by individual susceptibility, lifestyles, and socio-economic determinants (reported in the figure). The continuous blue circle represents the generality of the outdoor setting (with the outdoor workers), whereas the dotted blue circle indicates the generality of indoor settings (with the indoor workers). Importantly, exchanges between outdoors and indoors do exist and are represented in the figure by two blue arrows in opposite directions. Exchanges are principally due to air flowing and to people movement inward or outward (not represented in the figure). People act as carriers of, for instance, biological agents and/or allergens like pollen. The figure indicates that the general gradient of exchange is usually inward (thicker arrow), i.e., toward indoor settings, due to the higher outdoor concentration of several chemical and biological pollutants. Continuous red arrows mark what refers to the outdoors (with the exception of the red arrow indicating health effects, which is cumulative), whereas, for the indoors, dotted red arrows were chosen. 
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Table 1. A non-exhaustive list of outdoor workers or jobs/activities conducted (or mostly conducted) outdoors *.
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	Outdoor Workers or Jobs/Activities





	Asphalt workers



	Beach workers



	Construction workers



	Drivers (trucks, public transports, etc.)



	Farmers and forestry workers



	Fishing activities



	Fuel station workers



	Green areas maintenance workers



	Offshore workers



	Open sky miners



	Outdoor loading and unloading workers



	Outdoor security activities



	Outdoor sport instructors



	Mail carriers



	Power lines and water pipes workers



	Ski instructors and other outdoor winter workers



	Emergency workers



	Street vendors







* (partially inspired by Table 1 in: Grandi and D’Ovidio, 2020 [33]. No indication of the prevalence of males/females in each activity/category).
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Table 2. Proposal for integrating the curricula of occupational physicians with climate change (CC) related skills.
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	CC: Definition and General Features





	CC awareness over time: the role of IPCC and other national and international bodies



	The main impacts of CC on the environment (e.g., oceans, lands, and ecosystems)



	CC and human health: direct, indirect, and diffusive impacts. Diseases induced or aggravated by CC



	Mitigation of CC and adaptation to CC: concepts and challenges



	CC impacts on occupational health: changes in occupational exposure to physical, chemical, and biological agents in both outdoor and indoor occupational settings due to CC. Climate-amplified profiles of individual susceptibility



	Tailoring preventive and protective measures to reduce the exposure to occupational risk factors modified by a changing climate



	Environmental monitoring: choice of available approaches and methods taking into account CC impact on workers’ health. Toward the development of real time, highly sensitive, highly specific, and integrated multidetection devices



	Personal protective equipment (PPE): CC as an additional reason for a careful choice of PPE and a driver to the development of new, more effective, and smart multiprotective devices



	CC challenges for workers’ health surveillance: appropriate use of existing biomarkers of exposure, effect, and susceptibility and development of new biomarkers; early detection of both direct and indirect effects due to an altered thermal environment as well as to exposure to other climate-sensitive risk factors; worker’s fitness to a job in climate-altered settings. The concept of total workers’ health: implications for health surveillance practice



	Health education: risk perception of CC-related concerns, teaching strategies and approaches of CC-related topics, the importance of healthy lifestyles and behaviors not only in terms of health promotion and worker’s well-being but for improving individual worker responses to climate challenges and the resilience of the workforce *.







* This item is fully in line with the Total Worker Health (TWH) approach.
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Table 3. Concepts and notions on climate change (CC) suggested to be included into workers’ mandatory information and training within occupational safety and health management.
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	The Ongoing CC, Its Drivers, and Environmental and Health Impacts





	National and international bodies dealing with CC: IPCC scenarios



	Mitigation and adaptation measures



	Impact of CC on occupational health and safety: outdoor and indoor working settings at higher risk



	Preventive and protective measures: availability, choice, and behaviors



	Health surveillance and health education: a proper health surveillance and an effective education to healthy lifestyles and behaviors reinforce individual and community resilience, supporting the worker to adapt to a changing climate



	Focus on single risk factors (or specific combination of risk factors) modulated by CC in relation to the specific job/activity/working setting
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