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Abstract

:

The World Health Organization (WHO) has always stressed the importance of indoor air quality (IAQ) and the potential danger of pollutants emitted from indoor sources; thus, it has become one of the main determinants for health. In recent years, reference documents and guidelines have been produced on many pollutants in order to: i) decrease their impact on human health (as well as the number of pollutants present in indoor environments), and ii) regulate the relevant levels of chemicals that can be emitted from the various materials. The aim of this paper is to discuss and compare the different legislations present in the European Union (EU). Furthermore, a focus of this paper will be dedicated at Italian legislation, where there is currently no specific reference to IAQ. Although initiatives in the pre-regulatory sector have multiplied, a comprehensive and integrated policy on the issue is lacking. Pending framework law for indoor air quality, which takes into account WHO indications, the National Study Group (GdS) on Indoor Air Pollution by the Italian Institute of Health (IIS) is committed to providing shared technical-scientific documents in order to allow actions harmonized at a national level. An outlook of the main Italian papers published during these last five years will be reported and discussed.
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1. Introduction


Indoor air quality (IAQ) has been a well-known problem since the late 1970s. Its significant impact on human health has been addressed several times by the World Health Organization (WHO) in various documents and meetings, and has been carried out at various levels [1,2,3]. Further, economic studies and researches have highlighted the great importance that IAQ now has in all environments, e.g., houses, schools, banks, post offices, offices, hospitals, and public transport, just to name a few [4]. IAQ also has strong repercussions in the competitiveness of an organization, considering the increase in difficulty in carrying out its job in the best way, its performance, and the social and economic competitiveness between countries, due to the influence on the attention, degree, and number of days lost [5].



Scientific literature contains large documentation in terms of articles, conference papers, reviews, books, editorials, letters, and public articles on chemical contaminants in indoor environments. A search on the Scopus literature database, using the keyword “indoor air quality”, led to a total of 7287 publications between 2000 and 2020 in the European Union (EU) (search executed on 19 January 2020), including Norway, Switzerland, and Turkey. According to this search, Italy and the United Kingdom (UK) are major contributors to this total amount of European publications, 12.3% and 10.4% of the total, respectively, followed by France and Germany with 9.5% and 9.1%. Figure 1 shows the relative percentage contribution of each Member State of the European Union (EU) including Norway, Switzerland, Turkey, as well as United Kingdom, which is expected to leave the EU on 31 January 2021. The United Kingdom, Italy, France, and Germany contribute more than 41% of the total amount of publications in the European IAQ field.



This continuous and growing attention on IAQ has evidenced, over time, the need for a profound cultural change, according to WHO indications, in order to develop organic health prevention and promotion actions, and cope with the complexity of such an issue.



Noteworthy, at the European Community level, the resolution of 13 March 2019, defends clean air for everyone and highlights that people spend almost 90% of their time in indoors [6]. In these environments, the air can be significantly more polluted compared to outside [7] and, therefore, considered mandatory to issue indoor air quality certificates for both new and old buildings. From this perspective, it urges member states to adopt and implement measures to combat air pollution at the source.



There are specific cases, such as schools, healthcare, or office environments, where the permanence of workers (e.g., medical, administrative, teaching, and non-teaching staff) is supposed to last for a relatively long period, and where “users”, as well, are present (e.g., patients, students, vulnerable and/or fragile subpopulation, some of which with physical and psychological disabilities, etc.). In these situations, it is essential to consider the very close relationships between the various work activities and the quality of the building structure, finish, furnishings, and the degree of crowding of such environments. This includes the presence of technological systems or interventions for energy purposes only, without forgetting the ventilation needs of the environment for aspects related to health, performance, and staff and student performance [8].



The combination of these actions is fundamental for developing and implementing plans for the protection and promotion of health safety for citizens and workers [9]. This represents the priority and the common objectives of both national and European prevention plans (National Prevention Plans (NPPs) and programs from the United Nations (UN) Sustainability Development Agenda).



Nonetheless, several European countries have had to overcome the absence of specific legislation, or legislative acts already developed, due to generic definitions of the characteristics of air quality. For instance, in closed workplaces, such as closed offices where employees have individual working areas that are distinctly divided—either by walls, cubicles, or panels—it is necessary to ensure that workers have healthy air in sufficient quantity, which is also obtained with ventilation systems [10]. It is necessary for updated laws and regulations to be adopted to improve the indoor air quality.



Another fundamental requirement for correct understanding of the air quality pollution phenomena indoors is the availability of reliable (and systematically collected) information, according to well-established protocols, on the quality, quantity, and origin of the pollutants. In this regard, particular attention should be addressed to the activities of the European Committee for Standardization (CEN) and the International Organization for Standardization (ISO), which provide a series of specific indications on the operating procedures with which to carry out the checks.



In recent years, several international organizations, e.g., the European Collaborative Action (ECA), the World Health Organization (WHO), and the International Agency for Research on Cancer (IARC) have produced reference documents, guidelines, agreements, and protocols. For example, the Parma declaration, the Children’s Environment and Health Action Plan for Europe CEHAPE), European Union (EU) regulations (e.g., regulation 305/2011, which lays down harmonized conditions for the marketing of construction products); documents, and rules for characterization and determination on many pollutants (e.g., European Standards (EN) ISO 16000―Indoor air quality, European technical specification (CEN/TS) 16516: construction products—determination of emission into indoor air). The purpose of this documentation is to tend to the decrease in the number of pollutants present in indoor environments and to regulate the levels of chemicals that can be emitted from different materials, in order to contain the negative impacts on IAQ. In particular, the activities carried out by the European Committee for Standardization (CEN) and the International Organization for Standardization (ISO) represent important references, because harmonized methods of detection allow for better comparison between the different indoor air quality data produced at the European level. Such methods should be implemented by laboratories that carry out environmental surveys.



Within this context, the aim of this paper is to summarize the entire legislation on IAQ present in the EU (the UK included), in February 2020, along with reference values, guide values, and unitary risks for many kinds of indoor air pollutants present. Particularly, the foundations of the different legislations will be compared for evidencing the main characteristics of each one, and the levels of the main pollutants will be presented and discussed. The focus is to highlight the strengths and weaknesses to deal with this important topic. According to the authors’ knowledge, this is the first critical revision of the European legislation. Further, a section will be dedicated to the state-of-the-art research in Italy, from a legislative and scientific point of view. Although there have been many scientific papers and studies performed on IAQ, and a methodic and analytical review of the papers published in the last five years concerning the indoor field will be documented, it will be highlighted that, in Italy, the main problem is the lack of reference standards for residential indoor air quality.




2. The Main European Legislation on Indoor Air Quality


The WHO has developed guidelines for IAQ, relating to a certain number of pollutants, present indoor, for which scientific knowledge relating to human health effects were considered robust enough. The substances considered are benzene (C6H6, CAS number 71-43-2), nitrogen dioxide (NO2, 10102-44-0), polycyclic aromatic hydrocarbons (especially benzo[a]pyrene BaP, C20H12, 50-32-8) (PAHs), naphthalene (C10H8, 91-20-3), carbon monoxide (CO, 630-08-0), radon, trichlorethylene (C2HCl3, 79-01-6), and tetrachloroethylene (C2Cl4, 127-18-4). For carcinogenic pollutants (such as benzene, BaP, trichloroethylene), a unitary risk (UR) is defined for the general population associated with their presence in the air. Alongside these guidelines, mention should be made of those relating to the risks associated with the presence of humidity and biological agents. Furthermore, for the purpose of risk assessment, it is of particular importance to consider not only the guide value or reference parameter, but also other fundamental elements, such as the vulnerability of the population and the exposure conditions.



There is no specific reference directive on IAQ in European legislation, although pre-legislative initiatives have multiplied over the years. For example, indoor air quality and its impact on human activities within the European Collaborative Action (ECA), e.g., Urban Air, Indoor Environment, and Human Exposure, as well as funded studies, EN standards, etc.); however, to date, there is still no integrated policy on indoor air quality in all of those indoor places.



Some EU Member States, such as France, Portugal, Finland, Austria, Belgium, Germany, the Netherlands, and Lithuania, have started, through a series of actions, to adopt specific guide values, reference values, and action values for IAQ—in some cases enforced in the legislative acts of these countries. These actions can be summarized as follows:




	
definition and imposition of reference concentration values on selected pollutants, in line with those developed by the WHO for some time;



	
national plans on IAQ;



	
drafting of legislative acts for indoor environments;



	
setting up and planning mandatory indoor air monitoring activities;



	
training and information programs dedicated to technical offices, managers, and staff on IAQ issues;



	
protocols and guides for self-diagnostic activities based on scientific knowledge and practical experience on indoor air quality.








One particular aspect is to give indications for the IAQ evaluation at workplaces other than industrial ones. Currently, in order to evaluate the IAQ in environments where work is carried out (e.g., in offices, schools, hospitals, banks, post offices, etc.), the occupational exposure limit values (OELs) present in the regulations, or the threshold limit values (TLVs) of the American Conference of Governmental Industrial Hygienists (ACGIH), or the Scientific Committee For Occupational Exposure Limits (SCOEL-RAC) are used—albeit reduced by 1/10 or 1/100. This approach is overcome, as indicated, by specific documents elaborated by different national and European working groups on the indoor topic [11,12,13,14]. Such recommendations, as given by the WHO in the early 1980s in the document “Indoor air pollutants exposure and health effects” [15], reported that it was incorrect to use the industrial occupational exposure limit values for non-industrial indoor environments, and that for such environments, it was necessary to develop specific references. It should be remembered that these values represent the parameters to which references must be made for an assessment of the inhalation risk of workers and the population. They are not the only ones, because specific exposure and vulnerability conditions are fundamental elements to be considered for a correct risk assessment. In the document “Opinion on risk assessment on indoor air quality” [16], the Scientific Committee on Health and Environmental Risks (SCHER) of the European Commission recommends that risk assessment should always be focused on the most vulnerable groups, represented by children, pregnant women, elderly people (over 65), people suffering from asthma, and other respiratory and cardiovascular diseases, following a case-by-case approach. In fact, for groups of particularly sensitive and vulnerable individuals, who are potentially being exposed to the risk factors under consideration, the problem of the simultaneous presence of multiple risk factors may require the need to carry out specific in-depth assessments, which must be based on adequate knowledge of the context. In fact, it should be remembered that the reference values for confined spaces are more severe than the corresponding values in industrial environments (TLVs) whose hygienic-sanitary references are based on a working life of 8 h a day, 5 days a week, for a maximum period of 40 years, and are aimed at protecting workers against occupational diseases.



In this context, the efforts carried out by bodies such as ISO and CEN, which have long been involved in the development of the specific standard “EN ISO 16000: Indoor air” [17], which describes the procedures for performing sampling activities and analyzes the main pollutants indoors, should not be forgotten. The adoption of these rules constitutes a significant improvement compared to what has been achieved so far in the study and control activities. The standardization of the methods also increases the possibility of a correct comparison between the different indoor air quality data produced at the European level [11]. The advantage is, also, in terms of the possibility of the correct comparison between the various IAQ data produced at the European level, underlining the need for timely application of the rules. This is particular so for the sampling phase (e.g., choice of the sampling point and height, distance from walls, preliminary activities, etc.), which represents the beginning of the control procedure and, therefore, conditions the final result. Table 1 shows the 40 parts of the ISO 16000 standard [17].



In some EU countries such as France, Belgium, Portugal, etc., there are specific legislations for each pollutant and the relative reference ISO standards to be used. The great confusion of these years has been precisely the absence of sampling and analysis standards dedicated to IAQ. Standards for industrial environments were often used, i.e., National Institute for Occupational Safety and Health (NIOSH), Occupational Safety and Health Administration (OSHA), etc.), which have mg m−3 sensitivities (and have nothing to do with indoor µg m−3 concentrations). Against this background, the adoption of the ISO 16000 standard represented a significant improvement as to the study and control activities.



Now, following behavior consolidated in several countries, it is, therefore, appropriate to develop indoor specific harmonized reference values in order to better manage particularly problematic situations in such environments. In the absence of specific national references to be used for a comparison, those reported by ad hoc working groups, or in the legislation of other European countries, are currently used.



Several EU countries, in recent years, have set up working groups with a specific mandate to develop guide values for air quality in confined spaces. Table 2 shows a series of guide values, present in the official documents, for selected pollutants, including those considered in the WHO guidelines.



For instance, Germany, by the German Working Group on Indoor Guideline Values of the Federal Environmental Agency and the States’ Health Authorities (AG IRK/AOLG) [18], used a methodology starting from Lowest Observed Adverse Effect Level (LOAEL), or lower level of exposure to a toxic pollutant, for which negative health effects have been observed, introducing safety factors, such as inter- and intra-species. On the other hand, the UK adopted a different approach. In particular, the commission on the effects of air pollution on human health, i.e., the Committee on the Medical Effects of Air Pollutants (COMEAP) (updated in 2020) [19] and the Royal College of Pediatrics and Child Health (RCPCH) [20], developed guide values on the basis of WHO studies. France did the same, thanks to the collaboration between the French Scientific and Technical Center for Construction (CSTB) and the French Agency for Environmental and Occupational Health Safety (AFSSET) [21,22,23]. The working group developed a long series of studies to arrive at the elaboration of guide values for eight pollutants, such as hydrogen cyanide, carbon monoxide, benzene, formaldehyde, trichlorethylene, tetrachlorethylene, naphthalene, PM10 and PM2.5. This activity was part of the National Health and Environment Plan PNSE 2004–2008 [24], followed by the second National Plan for Health and Environment (PNSE 2) that was published for the period 2009–2013. Alongside the AFSSET indications, the authors would like to mention those identified by the High Council of Public Health-Haut Conseil de la Santé Publique (HCSP), which elaborated a series of documents on the values of action, and long-term for the evaluation of IAQ [25].



France implemented a plan of targeted interventions with the enactment of law no. 2010-788 of 12 July 2010, which is continuously updated (the last one in 2016), and establishes the obligation of periodic monitoring of the air quality in confined spaces, as well as the responsibility of the owners or occupants, gradually in force:




	-

	
from 1 January 2018 for confined spaces, such as leisure centers, swimming pools, health facilities, social services, and nurseries with children under 6 years of age;




	-

	
from 1 January 2018 for elementary education institutions;




	-

	
before 1 January 2020 for juvenile detention facilities and first- and second-degree education or vocational training institutions;




	-

	
from 1 January 2023 for all other indoor spaces.









For structures open to the public after these dates, the first periodic monitoring must be carried out no later than 31 December of the year, following the opening of the structure. Failure to comply with the terms of implementation of this obligation is punished with a fine. The control of the indoor environment through the monitoring of pollutants must be repeated every seven years, except in the case in which at least one of the pollutants measured during the monitoring shows levels higher than that foreseen in the aforementioned decrees. In this case, monitoring of the confined environment must be carried out within two years.



In addition, the Netherlands, using the studies performed by the National Institute for Public Health and the Environment (RIVM) [26], achieved guiding values starting from the Maximum Permissible Risk (MPR), which represents the level of exposure to a toxic substance for which there are no negative health effects.



Among the Nordic countries, in Finland, for example, the working group (coordinated by the Ministry of Social Affairs and Health (MSAH)), developed guide values for five pollutants: ammonia, carbon monoxide, carbon dioxide, hydrogen sulfide, and PM10. They were proposed in the decrees of the Ministry of the Environment Housing and Building Department D2 National Building Code of Finland—Indoor Climate and Ventilation of Buildings Regulations and Guidelines [27], which entered into force 1 October 2003. For the other pollutants, it is possible to derive guide values using 1/10 of the limits for industrial work environments (Occupational Exposure Limit, OEL). If more pollutants are present, the formula is to be applied: Σ (Ci/(HTP)i) > 0.1, where Ci is the measured concentration of a single pollutant and (HTP) is the occupational exposure limit of the pollutant in question. The guide values for confined spaces apply to buildings that are occupied for at least six months and where the ventilation system is kept constantly on. Alongside these references are those developed by the Finnish Society of Indoor Air Quality and Climate Classification [27]. It is an initiative desired and financed by the Ministry of the Environment, in collaboration with the experts of the manufacturers and stakeholders of the materials sector, which led to the identification of the target values defined as S1 (individual indoor environment), S2 (good indoor environment), and S3 (satisfactory indoor environment) categories [27].



Belgium, on the other hand, in the Flanders region, established by decree that entered into force on 1 October 2004, reference values for 15 pollutants: acetaldehyde, formaldehyde, total aldehydes, benzene, asbestos, carbon dioxide, nitrogen dioxide, toluene, ozone, carbon monoxide, volatile organic compounds, trichlorethylene, tetrachloroethylene, PM10 and PM2.5. For five of these pollutants, a category of concentration levels was also identified, defined as intervention values or concentrations of the pollutants corresponding to a level of maximum permissible risk that cannot be exceeded. Another interesting aspect present in the decree is that, in the event that an intervention on the field is requested by experts from the health inspectorate, and that the analytical results of this investigation highlights critical conditions linked to the negligence of the owner or occupant, the inspectorate charges the intervention costs to the applicant [28]. In 2019, further legislative acts were issued for office workplaces intended to welcome the public (decrees 31 January 2019, 2019/201064, and 21 May 2019, 2019/201857).



In the late 1990s, in Austria, the Ministry of the Environment in collaboration with the Academy of Sciences established an interdisciplinary working group for the drafting of guiding values for indoor environments, using a methodology starting from No-Observed-Adverse-Effect-Level (NOAEL) [29]. Using this approach, guide values of six substances were developed: formaldehyde, styrene, toluene, carbon dioxide, volatile organic compounds (VOCs), and trichlorethylene.



Portugal, in April 2006, by decree no. 79 of the Ministry of Public Works, Transport, and Communications [30], and in 2013 by decree no. 60 [31], set maximum reference concentrations for six pollutants: PM10, carbon dioxide, carbon monoxide, ozone, formaldehyde, total VOCs. The decree, in force since June 2006, also establishes the mandatory monitoring of the type and size of the building, and provides corrective actions within 30 days, if after the monitoring, the concentrations of pollutants present levels higher than reported in article 29 paragraph 8 of the decree. Further, the owner or tenant must also provide, within the following 30 days, the results obtained from the new measurements made. In case one of the above conditions is not met, the owner or tenant is subject to the penalties provided for in the decree, such as, for example, the immediate closure of the apartment or the payment of a fine.



In all countries, the proposed guide values are correlated by the relative sampling and analysis methods developed or implemented by the various national training bodies for correct evaluation (e.g., sampling and analysis strategies). These training bodies include the German Institute for Standardization (Deutsches Institut für Normung, DIN), Association Française de Normalization (AFNOR), Bureau de Normalization (NBN), Finnish Standards Association (SFS), Austrian Standards Institute (ASI), Nederlands Normalisatie Instituut (NEN), and the British Standards Institution (BSI). It should be noted that the guide or reference value must always be related to the sampling and analysis method to be adopted for its verification.



For all these countries, except Belgium, Finland, Lithuanian, Portugal, and France (for benzene, formaldehyde, carbon dioxide, and tetrachloroethylene), the recommended guide values have no legal value, even though, in practice they have reached considerable importance. These values, if properly used, can allow for better assessment of the IAQ.



Finally, IAQ is also important for protecting vulnerable materials, including cultural heritage in museums. Inside museums, libraries, and cultural environments—or storage of materials of historical and artistic interest—the quality of indoor air, together with the microclimate (temperature and relative humidity, which must mainly take into account the nature of the materials and goods), and the lighting (another important parameter that can enhance the phenomena of degradation of materials and goods), is fundamental for the management, conservation, and enhancement of goods and finds, and for the choice of measures to contain energy consumption and improve the quality of museum environments, for the health of workers and visitors. There are several reference sources for museum environments, such as the United Nations Educational, Scientific, and Cultural Organization (UNESCO), International Council of Museums (ICOM), International Center for the study of the preservation and restoration of cultural property (ICCROM), National Information Standards Organization (NISO), Getty Conservation Institute, Environmental Conditions for Exhibiting Library and Archival Materials, WHO, and the Ministry of Cultural Heritage and Activities (MIBACT, Italy), just to cite a few. Among the different documents, the authors would like to highlight the following:




	○

	
WHO guidelines for some chemical and biological pollutants and the risks associated with the presence of humidity;




	○

	
EN 15758:2010 Conservation of Cultural Heritage—procedures and instruments for measuring the temperature of the air and that of the surface of objects;




	○

	
EN 15759:2011 Conservation of cultural heritage—indoor climate—part 2: management of ventilation for the protection of buildings belonging to the cultural heritage and collections;




	○

	
EN 15759-2:2018 Conservation of cultural heritage—indoor climate—part 2: ventilation management for the protection of cultural heritage buildings and collections;




	○

	
EN 15898:2019 Conservation of cultural heritage—general terms and definitions;




	○

	
EN 16141:2012 Conservation of cultural heritage―guidelines for the management of environmental conditions in the storage areas of museum collections and plant engineering: definition and characteristics of collection centers for the preservation and management of cultural heritage;




	○

	
EN 16242:2012 Conservation of cultural heritage―procedures and instruments for measuring the humidity of the air and the exchange of steam between the air and the assets cultural heritage;




	○

	
EN 16682:2017 Conservation of cultural heritage―methods of measurement of moisture content, or water content, in materials constituting immovable cultural heritage;




	○

	
EN 16853:2017 Conservation of cultural heritage―conservation process—decision making, planning, and implementation;




	○

	
EN 16883:2017 Conservation of cultural heritage―guidelines for improving the energy performance of historic buildings;




	○

	
EN 16893:2018 Conservation of Cultural Heritage―specifications for location, construction, and modification of buildings or rooms intended for the storage or use of heritage collections.









The adoption of these rules constitutes a significant improvement compared to what has been achieved so far in the study and control activities; the standardization of the methods also increases the possibility of a correct comparison between the different data produced at the European level.




3. The Italian Situation


Among the Member States of the EU, Italy plays an important role, as evidenced by the 10.4% of publications in the IAQ field during the last two decades (Figure 1). The Italian situation is particularly interesting because, unlike the other countries, in the Italian legislation, there is no specific reference relating to residential IAQ, even if pre-regulatory initiatives have multiplied.



In relation to IAQ, in almost all European countries, a legislative delay has been compulsorily and quickly filled. This delay has to be covered, with the issue of specific acts containing suitable references for chemical and biological pollutants, in line with those developed by the WHO, with the most recent and user-friendly specific protocols and procedures provided by the ISO 16000 indoor air standard in its various parts. For these reasons, in 2010, the National Study Group (GdS) on Indoor Air Pollution was established at the Italian Institute of Health (IIS), in which the various ministerial components are represented (Ministry of Health, Ministry of the Environment and Protection of the Territory and the Sea, Ministry of Labor and Social Policies), regions, local authorities and research institutes (IIS, National Research Council (CNR), Italian National Agency for New Technologies, Energy, and the Sustainable Economic Development (ENEA), Italian Institute for Environmental Protection and Research (ISPRA), National System for Environmental Protection (SNPA), and the National Institute for Insurance against Accidents at Work (INAIL). The GdS-ISS is working to provide shared technical–scientific documents in order to allow harmonized actions at national level in order to improve the correct assessment of indoor air pollution. The documents of the GdS-ISS, published as Rapporti ISTISAN, or dissemination documents, include recommendations to prevent indoor air pollution, to improve behavior, cultural awareness, training, to reduce exposure and effects on health, and to increase economic competitiveness.



The GdS-ISS has developed eight reference documents for the monitoring strategies of the main indoor chemical and biological pollutants, the role of the different sources, the energy efficiency activities, and the different indoor combustion [38,39,40,41,42,43,44,45,46,47,48]. Table 3 shows the list of ISTISAN reports already published by the GdS-ISS. Some of the technical indications can already be used for the definition of a national plan on indoor air quality and constitute an important reference for the country.



The results of this activity have been included in the Directive of the President of the Council of Ministers 1 June 2017 published in the Official Journal on 17 July 2017, among the mandatory training activities that the employer must provide to workers. Such activities of the GdS-ISS have also been taken up in the Air Pollution Strategy of the WHO Country Profile for Italy. In this way, an informative booklet entitled “Air in our home: how to improve it” was prepared, which illustrates the origin of indoor air pollution, the role of sources (household cleaning products, construction products, furniture, fabrics, incense sticks, scented candles, stoves, etc.), and the contribution of individual behaviors, providing specific recommendations to reduce indoor pollution levels.



Work is currently in progress for the preparation of two new documents on indoor air quality in office environments and on contaminated sites. On the other hand, ISTISAN reports are being published that address the problems of indoor air quality in school and health facilities, with the identification of specific environmental detection methodologies and possible sanitary implications.



In 2018, Pierpaoli and Ruello published a paper on the bibliometric study on the IAQ [49]: the authors asked the question “What are the actual trends in Indoor Air Quality (IAQ), and in which direction is academic interest moving?” Starting from that, the authors analyzed the worldwide literature from 1990 to 2018, using the Web of Science as a database. They identified past trends and current advances in IAQ, as well as the issues that were expected to be pertinent in the future. In this section, we would like to show state-of-the-art research in the IAQ sector in Italy from previous years, considering what is shown in Figure 1: 243 scientific papers in specialized journals have been published in Italy since 2015. The topics cover different subjects, i.e. environmental science, engineering, medicine, social sciences, energy, physics and astronomy, biochemistry, genetics and molecular biology, materials science, chemistry, chemical engineering, earth and planetary sciences, agricultural and biological sciences, immunology and microbiology, pharmacology, toxicology and pharmaceutics, computer science, mathematics, business, management and accounting, economics, econometrics and finance, arts and humanities, decision sciences, multidisciplinary, and nursing. This means there is a large interest by the scientific community in this field.



Most papers are addressed to investigate the IAQ in schools. Such topics are important because, based on the subpopulation interested, such as suggested by Manigrasso et al. [50], which estimated the particle regional respiratory doses for both combustion and non-combustion aerosol sources currently encountered in microenvironments, with special regards to the age of subjects. Recent papers on school environments are related to monitoring PM, NOx, VOCs, and CO2, with regard to the ventilation efficiency and the energy consumption [51,52,53,54,55,56]. As to the radon exposure, according to two papers, the schools are vulnerable targets due to the long daily childhood presence, and the radon risk could be reduced by low-cost interventions (e.g., implementation of natural air ventilation and school maintenance) [57,58]. Over the last five years, several papers were published on residential IAQ: the authors would like to highlight the main papers of interest. Different research groups dealt the problems related to wood or biomass burning, evidencing the emissions and the related risk assessment [59,60,61]. Particular attention has been addressed to hospitals and healing places for defining protocol for inpatient rooms, to understand the state-of-the-art research and for suggesting design and management strategies for improving process quality [62,63]. Indoors, there are different combustion and non-combustion sources. Manigrasso et al. revised all of the possible sources and investigated the ultrafine particle emissions and relative doses deposited in the human respiratory tract [64,65,66]. The importance of the micro-climatic parameters was discussed by Zanni et al., which monitored the IAQ in the airport of Bologna (Italy) as a prototypal example of a large regional airport [67]. Siani et al. applied the cluster analysis on a long time series of temperature and relative humidity measurements for identifying the thermo-hygrometric features in a museum [68]. Cincinelli et al. characterized the IAQ in libraries and archives in Florence (Italy), evidencing that benzene, toluene, ethylbenzene, and xylenes (BTEXs) are the most abundant VOCs, along with cyclic volatile methylsiloxanes, aldehydes, terpenes, and organic acids. In particular, the authors detected presence of acetic acid, which is a chemical that can oxidize books and other exposed objects, and furfural, which is a known marker of paper degradation [69]. Tirler and Settimo discussed the increasing use of incense, magic candles, and other flameless products that may represent a health risk for humans. Pollutants, such as benzene and PM10 are mainly affected when these products are used indoors (for instance, the benzene concentration ranged from background levels to over 200 µg m−3 after the incense sticks had been tested) [70].



As can be seen, one of the main focal points of the authors is the relationship between IAQ and energy consumption, which is very important. However, it should be considered that the plans and/or interventions of restructuring or renovation cannot be only oriented to the theme of insulation, containment, and energy efficiency, which can alter or worsen air quality, microclimatic conditions, and natural ventilation. They should follow approaches allowing an overall improvement in air quality, with criteria to promote and guarantee health, primarily, to offer all of the maximum benefits of the most current quality educational and training models, and to obtain savings in management costs. Similarly, the same approach should be followed in cases of complete plant adaptations or restructuring (water, electricity, heat, fire, etc.).




4. Conclusions


The IAQ determinants on human health and the potential presence of harmful contaminants released from indoor sources have always been stressed by WHO in its technical documents and position papers. In Europe, specific directive legislative framework on the quality of indoor air is not yet available. Despite an increasing number of pre-legislative initiatives, guidelines, and documents, a harmonized and global approach is still missing. Pending a European directive on indoor air quality, as already done with outdoor air (e.g., 2008/50), which takes into account the WHO indications, this paper aims to provide an overview of the main technical–scientific references in order to allow harmonized actions and to cope with the main issues in such environments. In fact, often in the absence of specific national references to be used for comparison, surveillance actions in indoor environments are limited. The paper, gathering the main references to be used (reported by ad hoc working groups, or in legislation of other European countries, or, by analogy, with other standards, such as those relating to ambient air), means to assist operators engaged in prevention actions to implement interventions in different indoor environments. It should be remembered that these values represent the parameters to which reference must be made for an assessment of the inhalation risk of workers and the population. They are not the only ones, because specific exposure and vulnerability conditions are fundamental elements to consider for a correct risk assessment.



There is an urgent need for a change that is innovative, with a systemic, multidisciplinary approach based on skills. Nowadays, in the various member states, apart from the strong national differences, this situation entails a hygiene–health and environmental protection gap among the various countries (e.g., absence of standards and controls). To fill this gap, harmonization initiatives must be carried out, simultaneously establishing the elements (e.g., strategies, sampling, and analytical methods) and the parameters that must be considered for the control of pollutants indoors. There is no doubt that the heterogeneity of this current regulation system has led to a lack of comparability among the EU member states, both in terms of technical procedures and of health evaluation. Nonetheless, in some EU countries, regulations have been drawn up or recommendations have been developed on IAQ that can allow proper exposure assessment of the general population and the related health risks. Recently, the EU has also taken on a series of new commitments on the energy efficiency and the construction quality. In this regard, in the “Report from the Commission to the European Parliament and the Council: financial support for energy efficiency in buildings” [71] it is emphasized that improving the energy efficiency of buildings also entails important collateral benefits, including greater health.



In Italian territory, there is no reference legislation, but several commissions and working groups are at work. Among these, there is the National Study Group (activated by the ISS), which is working to provide concrete technical contribution for operators in the public and private sectors engaged in the indoor theme, in order to allow a homogeneous action at a national level. The results may lead to appropriate public health strategies aimed at reducing exposure in indoor environments.
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Figure 1. Percentage of country contributions to the total amount of publications on indoor air quality (IAQ) in Europe from 2000 to 2020. (Source: Scopus, search: 19 January 2020); includes Norway, Switzerland, Turkey, and the UK, which is to be expected to leave UE on 31 January 2021. 
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Table 1. List of International Organization for Standardization (ISO) 16000 series for IAQ. EN = European Standard.






Table 1. List of International Organization for Standardization (ISO) 16000 series for IAQ. EN = European Standard.









	
	EN ISO 16000 « Indoor Air »





	Part 1
	General aspects of sampling strategy



	Part 2
	Sampling strategy for formaldehyde



	Part 3
	Determination of formaldehyde and other carbonyl compounds―active sampling method



	Part 4
	Determination of formaldehyde―diffusive sampling method



	Part 5
	Sampling strategy for volatile organic compounds (VOCs)



	Part 6
	Indoor air Determination of volatile organic compounds in indoor and test chamber air by active sampling on Tenax TA sorbent, thermal desorption, and gas chromatography using MS or MS-flame ionization detector (FID)



	Part 7
	Sampling strategy for determination of airborne asbestos fiber concentrations



	Part 8
	Determination of local mean ages of air in buildings for characterizing ventilation conditions



	Part 9
	Determination of the emission of volatile organic compounds from building products and furnishing―emission test chamber method



	Part 10
	Determination of the emission of volatile organic compounds from building products and furnishing―emission test cell method



	Part 11
	Determination of the emission of volatile organic compounds from building products and furnishing―sampling, storage of samples, and preparation of test specimens



	Part 12
	Sampling strategy for polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and polycyclic aromatic hydrocarbons (PAHs)



	Part 13
	Determination of total (gas and particle-phase) polychlorinated dioxin-like biphenyls and polychlorinated dibenzo-p-dioxins/dibenzofurans―collection on sorbent-backed filters with high resolution gas chromatographic/mass spectrometric analysis



	Part 14
	Determination of total (gas and particle-phase) polychlorinated dioxin-like biphenyls (PCBs) and polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDDs/PCDFs)―extraction, clean up, and analysis by high-resolutions gas chromatographic and mass spectrometric analysis)



	Part 15
	Sampling strategy for nitrogen dioxide (NO2)



	Part 16
	Detection and enumeration of molds―sampling of molds by filtration



	Part 17
	Detection and enumeration of molds―culture-based method



	Part 18
	Detection and enumeration of molds―sampling by impaction



	Part 19
	Sampling strategy for molds



	Part 20
	Detection and enumeration of molds―determination of total spore count



	Part 21
	Detection and enumeration of molds―sampling from materials



	Part 22
	Detection and enumeration of molds―molecular methods



	Part 23
	Performance test for evaluating the reduction of formaldehyde concentrations by sorptive building materials



	Part 24
	Performance test for evaluating the reduction of volatile organic compound (except formaldehyde) concentrations by sorptive building material



	Part 25
	Determination of the emission of semi-volatile organic compounds by building products―micro-chamber method



	Part 26
	Sampling strategy for carbon dioxide (CO2)



	Part 27
	Determination of settled fibrous dust on surfaces by SEM (scanning electron microscopy) (direct method)



	Part 28
	Determination of odor emissions from building products using test chambers



	Part 29
	Test methods for VOC detectors



	Part 30
	Sensory testing of indoor air



	Part 31
	Measurement of flame retardants and plasticizers based on organophosphorus compounds―phosphoric acid ester



	Part 32
	Investigation of buildings for pollutants and other injurious factors―inspections



	Part 33
	Determination of phthalates with gas chromatography/mass spectrometry (GC/MS)



	Part 34
	General strategies for the measurement of airborne particle



	Part 35
	Measurement of polybrominated diphenylether, hexabromocyclododecane, and hexabromobenzene



	Part 36
	Test method for the reduction rate of airborne bacteria by air purifiers using a test chamber ISO 16000



	Part 37
	Strategies for the measurement of PM2.5



	Part 38
	Determination of amines in indoor and test chamber air―active sampling on samplers containing phosphoric acid impregnated filters



	Part 39
	Determination of amines―analysis of amines by (ultra-)high-performance liquid chromatography coupled to high resolution or tandem mass spectrometry



	Part 40
	Indoor air quality management system
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Table 2. Indoor air contaminants: reference values used in some European countries, guide values, and unitary risk of the World Health Organization (WHO).
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	Contaminant

(Unit of Measurement)
	WHO

Guidelines

(Outdoor a)
	WHO

Guidelines

(Indoor a)
	France
	Germany
	Netherlands
	United Kingdom
	Belgium

(Flanders)
	Finland c
	Austria
	Portugal
	Norway
	Lithuania
	Poland

(Residential)
	Poland

(Public Offices)





	Reference
	[32,33]
	[34]
	[21,22,23,24,25]
	[18]
	[26]
	[20]
	[28]
	[27]
	[29]
	[30]
	[35]
	[36]
	[37]
	[37]



	Benzene b

(µg m−3)
	0.17 (UR/lt) 10−6

1.7 (UR/lt) 10−5
	0.17 (UR/lt) 10−6

1.7 (UR/lt) 10−5
	30 ( 24 h)

10 (1 y)

RA: 10

LP: 2

0.2 (UR/lt) 10−6

2 (UR/lt) 10−5
	-
	20
	5 (1 y)
	GV ≤ 2

IV 10
	-
	-
	5 (8 h)
	-
	-
	10 (24 h)
	20 (8 h)



	Formaldehyde

(µg m−3)
	100 (30 m)
	100 (30 m)
	50 (2 h)

10 (1 y)

30 (10 from 2023)

RA: 100

LP: 10
	120
	120 (30 m)

10 (1 y)

1.2 (LP)
	100 (30 m)
	GV10 (30 m)

IV100 (30 m)
	50
	100 (30 m)

60 (24 h)
	100 (8 h)
	100 (30 m)
	100
	50 (24 h)
	100 (8 h)



	CO

(mg m−3)
	100 (15 m)

60 (30 m)

30 (1 h)

10 (8 h)
	100 (15 m)

35 (1 h)

10 (8 h)

7 (24 h)
	100 (15 m)

60 (30 m)

30 (1 h)

10 (8 h)
	1.5 (8 h) RWI

6 (30 m) RWI

60 (30 m) RWII

15 (8 h) RWII
	100 (15 m)

60 (30 m)

30 (1 h)

10 (8 h)
	100 (15 m)

60 (30 m)

30 (1 h)

10 (8 h)
	GV 5.7 (24 h)

IV 30 (1 h)
	8
	--
	10 (8 h)
	25 (1 h)

10 (8 h)
	10
	25 (1 h)
	10 (8 h)



	NO2

(µg m−3)
	200 (1 h)

40 (1 y)
	200 (1 h)

40 (1 y)
	200 (1 h)

40 (1 y)
	350 (30 m) RWII

60 (7 d) RWII
	200 (1 h)

40 (1 y)
	300 (1 h)

40 (1 y)
	GV 135 (1 h)

IV 200 (1 h)
	-
	-
	-
	200 (1 h)

100 (24 h)
	-
	-
	-



	Naphthalene

(µg m−3)
	-
	10 (1 y)
	10 (1 y)
	20 (7 d) RWI

200 (7 d) RWII
	25
	-
	-
	-
	-
	-
	-
	-
	100 (24 h)
	150 (8 h)



	Styrene

(µg m−3)
	260 (7 d)70 (30 m)
	-
	-
	30 (7 d) RWI

300 (7 d) RWII
	900
	-
	-
	1
	40 (7 d)

10 (1 h)
	-
	-
	-
	20 (24 h)
	30 (8 h)



	PAHs (as BaP) b

(ng m−3)
	0.012 ng m−3 (UR/lt) 10−6

0.12 ng m−3 (UR/lt) 10−5
	0.012 ng m−3 (UR/lt) 10−6

0.12 ng m−3 (UR/lt) 10−5
	-
	-
	1.2
	0.25 (1 y)
	-
	-
	-
	-
	-
	-
	-
	-



	Tetrachloroethylene

(µg m−3)
	250 (1 y)

8000 (30 m)
	250 (1 y)
	1380 (1–14 d)

250 (1 y)

RV: 250

LP: 250
	1 (7 d)
	250
	-
	100
	-
	250 (7 d)
	250 (8 h)
	-
	-
	-
	-



	Trichloroethylene b

(µg m−3)
	2.3 µg m−3 (UR/lf) 10−6

23 µg m-3 (UR/lf) 10-5
	2.3 µg m−3 (UR/lf) 10−6

23 µg m−3 (UR/lf) 10−5
	800 (14 d−1 y)

RA: 10

RV: 2

LP: 2.0 (UR/lt) 10−6

20 (UR/lt) 10−5
	1 (7 d)
	-
	-
	200
	-
	--
	25 (8 h)
	-
	-
	150 (24 h)
	200 (8 h)



	Dichloromethane

(µg m−3)
	3000 (24 h)

450 (7 d)
	-
	-
	200 (24 h) RWI

2000 (24 h) RWII
	200 (1 y)
	-
	-
	-
	-
	-
	-
	-
	-
	-



	Toluene

(µg m-3)
	260 (7 d)

1000 (30 m)
	-
	-
	300 (1–14 d) RWI

3000 (1–14 d) RWII
	200 (1 y)
	-
	260
	-
	75 (1 h)
	250 (8 h)
	-
	-
	200 (24 h)
	250 (8 h)



	Total VOCs

(µg m−3)
	-
	-
	-
	-
	200 (1 y)
	-
	200
	-
	-
	600 (8 h)
	400
	600
	400
	-



	PM10

(µg m−3)
	50 (24 h)

20 (1 y)
	-
	50 (24 h)

20 (1 y)

RA: 75

LP: 15
	-
	50 (24 h)

20 (1 y)
	-
	40 (24 h)
	50
	-
	50 (8 h)
	90 (8 h)
	100
	90 (8 h)
	-



	PM2.5

(µg m−3)
	25 (24 h)

10 (1 y)
	-
	25 (24 h)

10 (1 y)

RA: 50

LP: 10
	25 (24 h)
	25 (24 h)

10 (1 y)
	-
	15 (1 y)
	-
	-
	25 (8 h)
	40 (8 h)
	-
	40 (8 h)
	-







a the indoor air quality guide values indicate the concentration levels in the air of the pollutants, associated with the exposure times, to which adverse health effects are not expected, in regards to non-carcinogenic pollutants; b the upper-bound excess lifetime cancer risk estimated to result from continuous exposure to an agent at a concentration of 1 µg m−3 in air (or 1 µg L−1 in water); c the guide values for indoor environments apply to buildings that are occupied for at least six months and where the ventilation system is kept constantly on. Abbreviations: UR unit risk; lt lifetime; RA rapid action; LP long period; RW I (all-day use) and RW II (danger threshold) German guide values (Richtwert); GV guideline value; IV intervention value; RV reference value; PAHs Polycyclic Aromatic Hydrocarbons; BaP Benzo[a]pyrene; VOCs Volatile Organic Compounds; y year; d day; h hour; m minute.
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Table 3. Rapporti ISTISAN just published by the National Study Group (GdS) on Indoor Pollution.
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	Title
	Ref.





	Rapp. ISTISAN
	Monitoring strategies for volatile organic compounds (VOCs) in indoor environments
	[38]



	Rapp. ISTISAN
	Monitoring strategies of biological air pollution in indoor environment
	[39]



	Rapp. ISTISAN
	Proceedings of the Workshop “Indoor air pollution: current situation in Italy”. Rome, 25 June 2012
	[40]



	Rapp. ISTISAN
	Proceedings of the Workshop “Indoor air quality: current national and European situation. The expertise of the National Working Group on indoor air”. Rome, 28 May 2014
	[41]



	Rapp. ISTISAN
	Monitoring strategies to assess the concentration of airborne asbestos and man-made vitreous fibers in the indoor environment
	[42]



	Rapp. ISTISAN
	Microclimate parameters and indoor air pollution
	[43]



	Rapp. ISTISAN
	Presence of CO2 and H2S in indoor environments: current knowledge and scientific field literature
	[44]



	Rapp. ISTISAN
	Monitoring strategies to PM10 and PM2.5 in indoor environments: characterization of inorganic and organic micro-pollutants
	[45]



	Rapp. ISTISAN
	Natural radioactivity in building materials in the European Union: a database of activity concentrations, radon emanations and radon exhalation rates 1
	[46]



	Rapp. ISTISAN
	Indoor air quality in healthcare environments: strategies for monitoring chemical and biological pollutants
	[47]



	
	
	[48]







1 This publication is not authored by the GdS, but it contains issues related to the IAQ.
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