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Indoor air quality (IAQ) in Healthcare Units is a complex and dynamic issue of utmost importance for patient safety and

occupational health purposes, since healthcare providers, medical practitioners, staff and patients spend long hours in the

facilities subject to their inherent air quality. IAQ is affected by outdoor air quality, indoor activities, indoor occupant

density, ventilation practices, indoor intrinsic emissions (e.g., equipment/furniture/coatings).

The presence of vulnerable individuals and the characteristics of the ongoing activities highlight the importance of

adequately managing IAQ in healthcare facilities. Headaches, fatigue, dryness and irritation of the eyes and skin are

common complaints of healthcare professionals, which have often been associated with poor IAQ. In addition, hospitals

operate on a full-time basis (24 h per day, seven days a week), with no idle time to recover from activities’ emissions and

consequent impact on IAQ.
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1. Introduction

Air pollution is currently recognized as the single biggest environmental threat to human health . In 2019, it was

responsible for an estimated 6.7 million deaths globally, beside the cost in years of healthy life .

People spend 90% of their time in indoor environments , therefore maintaining adequate IAQ is essential to minimize

negative health impacts. 

In healthcare units, IAQ may be affected both by chemical and microbiological contaminants. Chemical contamination

may be originated by cleaning, disinfectant and sterilizing products containing ethylene oxide, glutaraldehyde,

formaldehyde and alcohols, as well as by the use of anesthetic gases and other chemical agents used in medical

procedures . Indoor biological contamination arises from the aerial dissemination of microbiological pathogens in the

clinical environment, with the potential to cause nosocomial infections and work-related respiratory diseases . Air

temperature and relative humidity are frequently monitored in healthcare facilities due to the direct association of these

parameters with microbial growth .

Studies focusing on IAQ in hospitals or other healthcare facilities are scarce when compared with IAQ studies in

residential buildings, schools, or commercial buildings. In healthcare environments, many scholars support the

assessment that less attention is given to the monitoring and analysis of chemical pollutants when compared with

biological contamination studies . There is also a recognized difficulty in conciliating strategies to address different

indoor air pollutants occurring simultaneously —recent concern has arisen regarding the formation of secondary indoor

pollutants from the reaction between primary pollutants and/or other compounds present indoors or introduced by

ventilation . There is an increasing research interest in the design and rehabilitation of healthcare infrastructures, given

the influence of construction and finishing materials in IAQ . 

The following sections describe results obtained through a systematic literature review focusing IAQ in healthcare units.

Following the preferred reporting items for systematic reviews and meta-analyses (PRISMA) methodology , a total of

171 articles published in the period 2015–2020 were selected and analyzed.

Hospitals were the healthcare unit of major interest for the IAQ studies, being studied in 91% of the sampled papers.

Other healthcare units, specifically focused in 17 papers, highlight the IAQ concern in primary care centers (53 %) and

dental clinics (29 %). The most frequently analyzed locations are operating rooms, wards and intensive care units.
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2. Textometric Analysis

Textual content analysis of the abstracts of the 171 sampled papers was performed using  the IRaMuTeQ software .

The dendrogram of the clusters obtained with the IRaMuTeQ (Figure 1) shows four clusters created from branch divisions

of studies from the sampled papers. One branch includes Clusters 1 to 3, whereas Cluster 4 belongs to a single branch.

The numbers in each bar correspond to the percentage of words in the abstracts associated with each cluster. 

Figure 1. Dendrogram of the clusters from the abstracts, with the corresponding percentage of the forms.

Factorial representation (Figure 2) allows us to show the interconnection of these four clusters in the form of a factorial

plan. Clusters 2 and 3 are clearly interconnected, while cluster 4 stands out for being less interconnected with the others

(Figure 1 and Figure 2). The size of the words in Figure 2 is related to the associated Chi-square value.

Figure 2. Representation of the factorial analysis.

The analysis of the semantic fields in each cluster identified in the dendrogram suggests the following categorization of

the studies developed in the sample papers:

- Cluster 1 is related to studies focusing on physicochemical parameters. The most impacted words (higher Chi-squared

values) are: concentration (120.2), CO  (89.6), PM2.5 (79.6), PM10 (64.7), temperature (53.2) and humidity (49.7). The

analysis of the studies categorized in this cluster highlights the following issues: outdoor pollution sources should be

addressed when evaluating indoor air quality , as should meteorological conditions ; isolated parameters—Radon

gas  and CO  —could be used to assess health risks in healthcare facilities; mercury vapors and VOCs in dental

clinics are important issues which are still underexplored ; particles and VOCs released through surgical smoke in

operating rooms are a concern for IAQ ; anatomopathological activities are associated with the significant release of

organic contaminants to indoor air .

- Cluster 2 is related to the design and management of infrastructures. The most impacted words (higher Chi-squared

values) are: design (153.9), IEQ (100.8), comfort (75.1) and build (73.2). The importance of design characteristics for
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adequate IAQ assurance is well established . Nevertheless, there are still improvement opportunities regarding the

choices of products and construction materials , as well as of daily activities’ products ; special attention needs to

be given to engineering procedures and maintenance activities .

- Cluster 3 is related to the environmental control of healthcare facilities. The most impacted words (higher Chi-squared

values) are: infection (130.6), control (73.7), patient (53.2), ventilation (51.5), system (42.3) and hospital (42.2). These

studies reveal great concern regarding air quality in operating rooms’ air flow environment . The importance of

adequate particle filtration systems is also highlighted in several studies . The influence of ventilation on the

prevalence of hospital infections has also been studied , including studies on SARS-CoV-2 infection . Cleaning

procedures also have an important role in the control of microbiological loads . Regular monitoring of indoor

environmental conditions is essential to assess the efficiency of environmental control practices .

- Cluster 4 is related to studies focusing on microbiological contamination. The most impacted words (higher Chi-squared

values) are: sample (151.8), CFU (146.1), isolate (131.2), aspergillus (126.3), penicillium (101.1) and staphylococcus

(87.2). Relevance is given to the identification of microorganisms with antibiotic resistance , and to the detected

presence of mycotoxins in HVAC filters . The importance of controlling airborne particles in intensive care units is

highlighted, due to the patient’s compromised immune system . The influence of the outdoor environment on indoor

microbiological contamination is established , as well as the importance of adequate indoor temperature and relative

humidity control to reduce microbiological loads .

Studies were found with no significant association with only one cluster. Articles frequently focus on environmental control

measures considering both physicochemical and microbiological contaminants . Ventilation management and control is

of the utmost importance to reduce microbiological and physicochemical contamination in healthcare facilities .

3. Contributions per Country

In the period under analysis (2015–2020), 37 different countries conducted studies focusing on IAQ in healthcare facilities.

The lead in these research studies was taken by Iran and China, with 35 (20%) and 27 (16%) of the 171 sampled papers,

respectively (Figure 3).

Figure 3. Number of selected papers per country and research effort in this field of studies.

The relative effort of each country in publishing scientific papers in this area of expertise was evaluated by calculating the

ratio between the number of sampled papers in this study and the total number of technical journal papers published by

each country, reported by the World Bank .

Surprisingly, a higher GDP does not mean research interest in the subject—the countries with higher GDP showed little

publication effort in this field during the period of study (Figure 3). On the other hand, countries like Bosnia and

Herzegovina, Ethiopia, and Nepal show the highest publication effort in the topic (number of published articles per 1000

publications).
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4. Parameters under Study

The parameters that were measured in the 145 papers with experimental data are shown in Figure 4. The most frequently

reported parameters are related to environmental quality—temperature (T) and relative humidity (RH)—and with

microbiologic contamination—bacteria and fungi load. Measurements of the concentration of carbon dioxide (CO ) and

particulate matter (PM) were also frequently reported. In what concerns chemical contaminations, the most frequently

monitored compounds were total volatile organic compounds (TVOCs), carbon monoxide (CO), benzene, toluene,

ethylbenzene and xylene (BTEX), and formaldehyde. Other parameters that were measured in at least one of the

sampled papers were ammonia and nitrogen oxide, anesthetic gases, limonene, mercury vapor, n-hexane and styrene,

polycyclic aromatic compounds (PAH), trichloroethylene and tetrachloroethylene, and phthalates. Ultrafine particles and

black carbon, which have recently been considered a priority research target by the World Health Organization (WHO) ,

were focused on in only three of the sampled articles.

Figure 12. Parameters with reported results in the sampled papers with experimental data.

Situations of non-compliance with the WHO guidelines for indoor air quality are frequently reported, evidencing the need

for further research investments leading to improvements in this area.

There are research opportunities for studies focusing on other important pollutants (e.g., ultrafine particles and PAH

compounds). Moreover, research gaps exist regarding the formation of secondary pollutants from interactions between

chemical contaminants, including those from outdoor air, and risk assessments on the synergistic interactions between

chemical contaminants and microbiological loads.

It is well established that the design of facilities, the choice of adequate materials for construction and renovation, and the

adequacy of management procedures towards IAQ improvement should be based on scientific research and data

analysis. Therefore, these topics are promising lines of research that may lead to improvements in the indoor air quality in

healthcare facilities, with potentially relevant impacts on patient safety and occupational health.
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