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Abstract: In the context of the architectures for health, it is an utmost priority to operate a regular
and continuous updating of quality, efficacy, and efficiency’s processes. In fact, health promotion and
prevention take place through a proper management and design of healing spaces, in particular with
regard to the most sensitive users. In recent decades, there has been increasing attention to indoor air
quality in healthcare facilities. Nowadays, this issue must involve the implementation of a series
of appropriate interventions, with a global approach of prevention and reduction of risk factors on
users’ health, which allows, in addition to a correct management of hospital settings, the realization
of concrete actions. To date, in Italy, despite the indoor air being taken in consideration in numerous
activities and studies aimed at understanding both building hygiene and environmental aspects, the
greatest difficulty is strongly related to the absence of an integrated national policy. The scope of the
paper is to underline the relevance of indoor air quality in hospital settings, highlighting the need of
procedures, protocols, and tools for strengthening and improving interventions for health prevention,
protection, and promotion of users.

Keywords: indoor air quality; healthcare settings; chemical and biological pollution; quality
improvement; Italian context

1. The Relevance of Built Environment: The Case of Healing Spaces

In a strategic field such as care and assistance, diagnostics, prevention, research, training, and
safeguarding of public health by architectures for health (hospitals, community health centers, clinics
and outpatient centers, etc.), both public and private ones, it is utmost a priority to operate a regular and
continuous updating of quality’s processes, efficacy, and efficiency of healthcare practices. The approach
should apply to its entirety with prevention techniques, training, health education, and promotion
activities, in relation to the needs for the health protection of users (both patients, visitors, and staff),
with particular attention to the most sensitive and vulnerable groups in hospital settings [1-4].

In this scenario the healthcare facilities, affected by the requirement of promoting greater innovation
and improving the quality of services and processes, have given rise to a considerable amount of
concrete actions and interventions, such as the improvement of staff’s training, exceeding and updating
the level of organizational, management, and structural standards of healthcare [1,5,6]. In several
ways they contribute not only to the efficiency of territorial assistance and care [2] but also to the
dissemination of the value of individual and public health prevention, with a broad perspective of
citizens’ health status, increasing as a consequence the years of life [5,7,8].

In particular, in an Italian context, in order to correctly respond to the healthcare needs of the
population, in the Health Pact for the years 2014-2016, signed by the Permanent Conference for the
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Relations between the State, the Regions, and the Autonomous Provinces, the state of health has been
defined no longer as a source of cost, but as an economic and social investment, identifying a series of
interventions to achieve and offer the best products for citizens’ health and to promote the development
of health and the competitiveness of the whole country [9]. This application has constituted a strategic
and important opportunity to tackle some of the crucial and highly relevant issues of recent years with
greater awareness, such as:

e improving the compulsory level of training and adequate preparation of healthcare and
non-healthcare staff in prevention issues [10];

e the improvement of the investments for the technological and qualitative modernization of the
healthcare infrastructures, so as to be able to operate effectively and efficiently (i.e., with a more
careful attention to the correct selection of finishing and building materials, products, flexibility in
use and ease use, and in the management of engineering plants, etc.);

e the enhancement of healthcare design and indoor air quality, which have a strong and direct
impact on the quality of care [11,12];

e the humanization and hospitality of healing spaces [13,14].

The methodologies for assessing the healthcare costs incurred by the various countries were
developed by the Organization for Economic Cooperation and Development (OECD), in which 20% of
the total health expenditure, quantified in the report “Tackling Wasteful Spending on Health”, does
not contribute to a real improvement in populations” health status [15]. For this reason, several authors
highlight the importance to promote health through design actions in the built environment (urban
health strategies, healthy indoor spaces, etc.) [16-19].

Moreover, in relation to the Italian case, with the Decree no. 50/2015—Regulation for hospital
assistance, structural, technological, qualitative, and quantitative standards relating to healthcare are
aimed at promoting the expansion of the areas, increasing hospitable features of the environments,
safety and security, and real and adequate quality of care, which must be adopted to create the conditions
to produce benefits and high quality of the entire National Health System (NHS) network [2,20].

2. Design and Management Aspects that Affect Indoor Air in Hospital Settings

In this evolutionary context, there has been growing attention to indoor air quality’s issue in
healthcare facilities, which, in order to satisfy primarily the requests of patients, healthcare users
and workers, administrative and non-administrative staff, etc., have been affected to a series of new
adjustments and design approaches (i.e., configuration and rationalization of spaces and flows, the use
of specific products and materials, etc.) [21,22], structural and functional actions (i.e., requalification,
restructuring, energy efficiency improvement, etc.) [23], engineering plants’ system (i.e., optimizing
the performance of the centralized heating and cooling systems, energy performances, etc.), [24] and
management strategies (i.e., the correct daily management of the ventilations systems, the reduction
of costs, accounting for consumption, etc.) [25], with the aim of expanding the services supplied, the
quality of healthcare services, obtaining greater organizational and working flexibility, and attempting
to reduce the economic costs of healthcare facilities [26]. Gola et al. have highlighted the factors that
mostly affect a healing space, as Figure 1 synthetizes [40].

In all these healthcare environments for different needs, the healthcare and technical and
administrative staffs, and the users (caregivers, elderly people, children, volunteers, students, visitors,
outsourcing services’ staffs, maintenance workers and suppliers, etc.)—some of them with reduced
mobility, too—interact, stay, live, and work [27,28]. For this reason, specific prevention measures
are necessary, considering the exposure of key actors (from the users to hospital staff), whose roles,
knowledge and background, motivations, and individual relationships have changed and evolved,
becoming increasingly an informed, active, and willing participation to collaborate for improving the
environments’ quality, services, and treatments. Their exposure takes on particular significance and
importance both for the vulnerabilities of the users (i.e., patients with various pathologies, with an



Atmosphere 2020, 11, 361 30f9

acute health status, with different immune responses, people with disabilities elderly, etc.), and for the
times of permanence in the hospital [29-33].
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Figure 1. Factors that affect hospital environments.

In the specific case of the activities carried out in the healthcare facilities, it is essential to consider
the close relationships between the behaviors and activities of medical e and technical-administrative
staffs, and the different ones of patients, visitors, volunteers, students, professionals of external
companies (i.e., cleaning, maintenance, suppliers, etc.), the quality of the spaces, and daily relationships
with the organizational and management procedures of functional processes, that define the complex
scenario of activities to be delivered [34,35]. The use of technological systems designed to perform and
satisfy the various tasks in the best economic conditions, the technical furnishings, the level of use, the
ordinary and extraordinary cleaning and sanitization activities (providing targeted actions according
to the health status and the type of risk of patients, with different levels of contamination, and with
microbiological monitoring), the maintenance, the procedures, and the organic management of the
multiple routine prevention activities implemented and shared within the spaces, are all factors that
contribute significantly to indoor air quality, and the health (this is even more concrete in view of the
emergency period for SARS-CoV-2 virus that currently the population is experiencing) and satisfaction
of all those users who attend the healing spaces [24,25,35].

In general, these interventions and initiatives have been adopted to address the significant change
in healthcare needs, which affects the growth of requests for services and diagnostic treatments, as well
as new fields of assistance and research, which require greater functionality of spaces, a reduction in
the average length of hospitalization, the occupancy rate of beds, and inter-regional flows of healthcare
mobility, overcoming social and territorial inequalities [36,37].
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Specifically, on the operational level as regards the interventions carried out, it is necessary to
highlight how often the choices of products and construction materials (i.e., paints, varnishes, etc.),
finishing, (i.e., adhesives, silicones, etc.), furniture components (i.e., decors, curtains, etc.), products for
cleaning and detergents for daily use, products for ordinary (methods and frequency that independently
must always be adapted to the use of the area, to the flows of inpatients or medical staff, visitors,
etc.) and extraordinary sanitization (i.e., use of more or less products concentrated, or not specific
for cleaning surfaces, etc.), as well as engineering plant’s management and maintenance activities
(i.e., various air conditioning systems and centralized controlled mechanical ventilation systems), etc.
were carried out in a disordered manner, without an adequate assessment of the emission behavior
of pollutants from the materials and products used (i.e., VOCs—volatile organic compounds—and
other substances emissions). In fact, the specificity and the protective value that the environments
must respond to specific environmental conditions of use (i.e., temperature, relative humidity, air
changes, etc.), the presence of patients, healthcare users, temporary visitors, volunteers, activities
carried out by healthcare staff and not, and hygienic conditions of the environments depending on the
health status, the type or risk of patients or, in general, of the daily flows (i.e., presence of microbial
and fungal communities with a capacity for persistence, variability of concentration, and diversity
in healthcare environments, which can generate an extension of the length of hospitalization stay;,
additional diagnostic and/or therapeutic interventions and additional costs, etc.) [38,39].

3. Chemical and Biological Concentrations in Indoor Air in Healthcare Environments

It should be underlined that, until a few years ago, in Italy, most of the activities and direct and
indirect interventions of prevention and training were limited exclusively to select and identified
healthcare environments with specific professional exposure to: chemical and biological agents (i.e.,
monitoring in the air of anesthetic gases in operating rooms, in laboratories dedicated to the preparation
and administration of antiblastic drugs, in premises or areas of chemical sterilization, in histology
and pathological anatomy departments for use of preservatives or disinfectants (i.e., formaldehyde,
waste storage, and transport activities, etc.); ergonomic and physical factors (i.e., patient movement,
sudden movements with efforts, critical or prolonged working posture, and in the administrative
offices related to the workplace, etc.); video terminals (i.e., in administrative offices, call centers, back
offices, departments, etc.); accidents (i.e., falls, etc.); psychosocial (i.e., excessive workload, stress and
satisfaction levels, etc.); microclimatic factors such as temperature, relative humidity, air changes (both
in health and administrative areas, etc.); implementation of programs of multidisciplinary hygiene
surveillance and control such as those developed by the hospital infection committees for the control
of infections, of the Supervisory Commissions, composed of a group of dedicated professional figures
and with guidelines and protocols for the control of pollutants of biological origin (provided in
compliance with ministerial acts), in order to prevent patient-related and non-healthcare staff and
non-healthcare-related infections, which have always been a major concern for all hospitals [40-45].

For this reason, these aspects are increasingly integral components of the quality of services,
therapies, healthcare services, activities and training, and information plans continuously provided,
contributing to obtaining an effective and adequate indoor air quality, which responds to the main
references elaborated for some time by the World Health Organization (WHO), and which currently
constitute a valuable contribution worldwide.

In general, although the biological pollutants are constantly under analysis, they have already been
studied and investigated by several research groups, and several countries have defined guidelines
and very detailed protocols (that need to be improved more and more), such as Legionella, etc. [32,46].

Unlike the activities on biological compounds, investigations or monitoring activities of indoor
air quality dedicated to the presence (or assessment) of the concentrations of chemical pollutants also
to other environments have been carried out only recently and marginally, in some functional areas
and environments of the hospital. Never before have such monitoring activities been brought to the
attention of management by users, healthcare staff, etc., who complain of uncomfortable circumstances
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while living and working in the hospital settings or in carrying out their work activities that do not
involve the use of chemical or biological agents [45,46]. Often at the operational level, these are
requested that usually occur for complaints to situations related to an inadequate air exchange, the
presence of new furnishings, the change of the room, during maintenance or renovation activities
in specific areas and/or in punctual rooms, when the intended uses vary, when using cleaning and
detergent products, or due to the inadequate or incorrect operation of the ventilation systems, etc. [45].

Therefore nowadays, this must entail the implementation of a series of appropriate and organized
interventions (not limited to single and specific actions), with a global approach of prevention and
reduction of risk factors on the health of all users, which allow, in addition to a correct management
of the various environments of healthcare facilities, the realization of concrete actions on indoor air
quality according to the priority principles and guidelines identified by WHO [47] and in part already
listed as goals in various European and international programs of the prevention measures [12].

With particular attention to chemical pollutants, an examination of the current situation in the
European Union (EU) shows that some Member States, such as France, Belgium, Finland, Portugal,
Poland, and Lithuania have fully entered the quality of the indoor air in their national legislations with
quantitative values (reference values, guidelines, etc.), and with practical guidelines which contain
indications for the control, self-assessment sheets for identifying potential indoor sources (or close to
the facilities), and the procedures for the development of indoor air monitoring, which are in many
cases in line with the current WHO values published in 2009 and 2010 on the basis of the main scientific
evidences [12].

In these countries, compliance with the legal requirements and the correct application of practical
protocols remain one of the fundamental points for achieving good indoor air quality in the various
healthcare environments [48]. In particular, France has foreseen a series of specific interventions
including mandatory monitoring of indoor air quality in healthcare facilities as early as 2023 [49].

Until today, in Italy, despite being the quality of indoor air subjected to numerous activities
and investigations aimed at understanding both the environmental and hygiene aspects, the greatest
difficulty remains the absence of an integrated national policy about indoor air quality, with specific
legislative references, which report the national references (i.e., guide values, references, etc.) and the
rules for the data analysis of the results, and with documents that list the recommendations for an
adequate management and evaluation of indoor air quality [50]. In the absence of national references,
it is possible to use those present in the WHO documents related to indoor air quality or those in the
legislation of other European countries or, by analogy, to other standards such as those relating to the
ambient air for which specific legislative references have been issued on a limited number of pollutants,
etc. [51].

There is no doubt that the current system of health prevention and protection laws has led to a
confusion of language and knowledge that indeed has often confused and disoriented the practitioners,
engaged in various capacities in the programs and evaluations in these environments and structures [37].
In this process of approach and strengthening of prevention actions, it is necessary to bring about
a concrete harmonization, revision, innovation, updating and expansion on specific aspects, also to
current standards [52]).

The aims and scope are to provide the procedures and tools necessary to strengthen, optimize,
and improve interventions for the prevention, protection, and promotion of the health of users in
healthcare environments that represent one of the priority objectives of the NHS’s strategy in the
prevention programs, with monitoring activities within the healing spaces [38,53].

Additionally, with regard to biological pollutants, although there are recommendations
from international agencies and institutions, there are no legislative values or standards for the
microbiological parameters of indoor air quality due to the difficulties encountered in correlating the
data of the microbiological tests with those of the epidemiological investigations [46].
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4. Future Perspectives

In conclusion, hospital facilities are complex constructions, with very different needs, users, and
requirements compared to other building facilities, and they work 24/7, all year long. For this reason,
every action should be assessed in relation to their performances and the aim to interrupt medical
activities as little as possible.

It is clever that indoor air quality is a very broad topic in which any variable can affect the
performances of air in indoor environments both in biological and chemical terms, as one of the goals
of UN 2030—United Nations Sustainable Development. As several authors states, adequate design
and management strategies, in relation to different procedures, can decrease or increase the quality
performances of the healthcare environments.

The Scientific Community should continue to investigate the issue, define smart and efficient
procedures, protocols for monitoring and tools, instrumentations for the investigations, etc. for
strengthening and improving interventions, and guaranteeing protection and promotion of users. The
new challenge should investigate the correlations between the chemical and biological pollutants and
their effects in indoor air and the quality of the healthcare facility.
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