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A review on indoor environmental
quality in sports facilities: Indoor air
quality and ventilation during a
pandemic
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Abstract
Because of COVID-19, the indoor environmental quality (IEQ) in sports facilities has been a concern to
environmental health practitioners. To develop an overall understanding of the available guidelines and
standards and studies performed on IEQ in sports facilities, an extensive literature study was conducted,
with the aim of identifying: (1) indicators that are being used to assess IEQ in different sports facilities; (2)
indicators that are potentially interesting to be used to assess indoor air, in particular; (3) gaps in
knowledge to determine whether sports facilities are safe, healthy and comfortable for people to stay and
perform their activities. The outcome indicates that most current standards and previous investigations
on IEQ in sports facilities mainly focused on dose-related indicators (such as ventilation rate), while
building-related indicators (such as ventilation regime) and occupant-related indicators (such as IEQ
preferences) were rarely considered. Little attention is given to the fact that ventilation systems may play
an important role in the air quality of the location, and few investigations have been performed on the
transmission of SARS-CoV-2. This study recommends more research into both occupant and building-
related indicators as well as cross-modal effects between various IEQ factors for developing future
standards on sports facilities.

Keywords
sports facilities, indoor air quality, indoor environmental quality, ventilation, comfort, health

Introduction
Due to COVID-19 (Coronavirus disease 2019) in the past
two years, many public buildings, including most sports
facilities, were closed for a period of time due to being under
lockdown. While the initial response to the spread of the
coronavirus was slow, the number of deaths was increased,1

as well as the amount of suffering from long covid.2 Clearly,
the risk of becoming infected with COVID-19 is higher in
crowded and inadequately ventilated spaces.3 What was
already actively communicated by several researchers from
the start of the pandemic,4 namely that airborne transmis-
sion is a route of transmission requiring serious consider-
ation, was �nally acknowledged by the World Health
Organization (WHO) on 30 April 2021.5 COVID-19 has
raised the awareness of the complexity of the challenges
ahead in designing adequate ventilation to keep building
occupants safe, healthy and comfortable.6,7 Considering the

importance of sports activities for keeping a healthy life-
style, the awareness of the signi�cance of providing healthy
and comfortable environments for playing sports, has in-
creased. The question therefore arose, how can we ensure a
healthy and comfortable indoor environment? On which
basis can we determine whether these buildings are safe for
people to stay and undertake sports activities both during a
pandemic and during non-pandemic times? Speci�cally,
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what is needed to ensure a good indoor air quality (IAQ) in
these sports facilities?

The quality of an indoor environment is determined by
four indoor environmental quality (IEQ) factors: air
quality, lighting quality, acoustical quality and thermal
quality. These factors are interrelated: measures to improve
IAQ might in�uence other IEQ factors.8,9 Which measures
can be applied to assure a good IAQ without deteriorating
the other factors, is therefore an important question to
answer. The health and comfort indicators that are avail-
able to assess IEQ can be divided into three groups of
indicators:10 (1) the dose-related indicators, using the dose
or environmental parameters, such as concentrations of
certain pollutants, temperature level or ventilation rate; (2)
the occupant-related indicators, focussing on occupants
such as sick leave, productivity and the number of
symptoms or complaints; and (3) the building-related in-
dicators, which are concerned with buildings and its
components, such as certain measures or characteristics of
a building and its components, or even labelling of
buildings and its components. Of these groups of indi-
cators, the �rst one (dose or environmental parameter
related indicators) is used most frequently in standards and
guidelines. Whether these standards and guidelines for
IEQ in sport facilities can be used to assure health and
comfort during pandemic and non-pandemic times, is
questioned. Moreover, do current guidelines and standards
for IEQ take account of different interactions and different
requirements for different types of sports facilities (sports
halls, swimming pools, �tness centres), different occu-
pants (sporters, spectators and personnel), events (such as
sports, concerts and educational activities) and activities
(e.g. swimming, football, gymnastics, �tness, spinning,
dancing and yoga)? If not, what is needed to ful�l these
requirements?

To answer the questions above, an extensive literature
study was performed, focussing on different standards and
guidelines applied in different countries and worldwide
research performed on IEQ in sports facilities, with a focus
on IAQ. Because sports facilities comprise of a whole range
of typologies, the choice was made to consider the three

most common types in the Netherlands: Gymnasia and/or
sports halls, pools, and �tness centres and studios.

Methods
The literature study aimed at identifying:

1. Indicators used to assess IEQ in different sports
facilities;

2. Indicators that are potentially interesting for use to
assess IEQ, in particular IAQ, in different sports
facilities;

3. Gaps in knowledge to determine whether sports
facilities are safe, healthy and comfortable for people
to stay and undertake their activities.

Three different types of sports facilities (see Figure 1)
covered in this study are:

· Gymnasia and/or sports halls11:
· Small Gymnasia used mainly by schools, usually are

older buildings (before 1990)
· Sports halls, which usually include more buildings,

are infrastructures dedicated to indoor team sports
such as basketball, handball and volleyball, have
restaurants, etc.

· Pools can be used for several aquatic sports such as
swimming or water polo.11

· Fitness centres and smaller studios can offer a range
of group classes and individual workout programs.12

Related publications were collected by searching in
Google Scholar, ScienceDirect, PubMed and Wiley. Con-
ference proceedings of Indoor Air, Healthy Buildings,
CLIMA and ASHRAE Annual Conferences were also in-
cluded. Additionally, national and international standards,
guidelines and requirements on IEQ in sports facilities were
retrieved by browsing the of�cial websites such as WHO,
ISO, CEN and various national governments. The keywords
used for the literature search are shown in Figure 2.

Figure 1. Different types of sports facilities. (a) Gymnasia (b) Swimming pools (c) Fitness centres.
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