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ABSTRACT 

Children spend a minimum of six hours per day in 
Norwegian schools. Their exposure to different indoor 

air quality it is known to affect their performance. It is 

very common to use demand-controlled ventilation 

(DCV) in schools as is estimated to save about SO% of

the conventionally used energy for ventilation. CO2 and

temperature are the preferred control parameters.
Usually, it was expected that these human-centric

controls resulted in high indoor air quality as

occupants are the largest source of contaminants. This

study presents measurements for two months to up to
one year in the supply and room air in the four

classrooms whose ventilation is CO2-based DCV. Using

low-cost sensors formaldehyde, PM1, PM2.s, relative

humidity CO2 and temperature were monitored.

Even when the CO2 concentration lied below 1000 ppm

1) the concentration of formaldehyde surpassed the

recommended WHO thresholds in 30 % of the time and

2) RH is below 20 % during 56 % of the time.

INTRODUCTION 

Children spend one quarter of their day in schools. 

Over the past decades, most research in indoor air 

quality (IAQ) in schools has emphasized the need of 

measuring CO2 and temperature and use these 

parameters for control of ventilation (Clausen et al., 

2016; Heebfllll et al., 2018). Historically, research 

investigating the factors associated with IAQ and 

performance has focused on CO2 (Coley et al., 2007; 

Wargocki et al., 2020). CO2 is a good proxy for 

occupancy as about SO % of the pollutants emitted in 
offices are emitted by humans (Fanger, 1988). 

However, there is a growing body of literature proving 

that there are other pollutants that should be 

controlled and ventilated away. Erdmann and Apte et 

al. (Apte, 2006; Erdmann et al., 2002) concluded from 

the data analysis of 100 office buildings that there is 

prevalence of mucous membrane and lower 

respiratory sick building syndrome symptoms already 

at CO2 concentrations below the customary 1000 ppm 

threshold. 

Particulate Matter 

PM affects more people's health than any other source 

of pollution (Kim et a!., 2015). The data demonstrate a 

dose-dependent relationship between PM and human 
disease, and that removal from a PM-rich environment 

decreases the prevalence of these diseases (Anderson 

et al.2012). Chronic PM2.s exposure affects the 

respiratory and cardiovascular systems (Martinelli et 

al. 2013). Chronic bronchitis, stroke, heart disease, and 

thickening of arterial walls, diabetes, and reduced lung 

function are also connected to PM2.s exposures 
(Burnett et al. 1999; Kunzli et al. 2005; Pope et al. 

2002). The low end at which health effects have been 

demonstrated is not much above the background 

concentration and has been estimated to be 3-Sµg/m3 

(WHO 2005) 

Formaldehyde 

Formaldehyde is widely used in the manufacture of 

building materials and numerous household products, 

it is also a by-product of combustion and other natural 

processes (LBNL 2019) and a preservative in some 

food packing (NH! 2019). Wood-based products, 

cleaning products produced in ozone-initiated alkene 

reactions, and combustion emit formaldehyde 

(Wolkoff, 2013). Formaldehyde has been classified as a 

potential human carcinogen by the US EPA and 

International Agency for Research on Cancer as a Class 

2A carcinogen. It irritates humans mostly in the upper 

airways, mucosae, and eyes (Norliana et al. 2009). 

Abdollahi et a!. (2014) claim that it is a powerful cross

linking agent, even at low concentrations. 
Formaldehyde is a sensitizing agent that can cause an 

immune system response and sensory irritation 

(Wolkoff 2013). Moreover, formaldehyde is supposed 

responsible agent in the development of 

neurobehavioral disorders such as, but not limited to, 

insomnia, memory loss, lack of concentration, and 
mood and balance alterations, as well as a loss of 

appetite (Abdollahi et al.2014) 

Relative Humidity (RH) 

A common complaint in perceived IAQ questionnaires 

in office environments is perceived dry air. Some 

questionnaires have shown relations between low RH 
(5-30%), typical in cold climate offices during winter, 

and increased prevalence of complaints about 

perceived dry and stuffy air and sensory irritation of 

the eyes and upper airways (Wolkoff, 2018). Fewer 

tears are produced, and precorneal and epithelial 

damage has been observed at low RH (Wolkoff, 2018). 

Thus, the studies show that low RH aggravates the 
stability of the eye tear film, which initiates a cascade 

of adverse inflammatory reactions (Wolkoff & 

Kjrergaard, 2007) Interventional studies have shown 

that increasing RH may reduce the perception of dry 

Healthy Buildings 2021 – Europe

- 532 -



Healthy Buildings 2021 – Europe

- 533 -



Healthy Buildings 2021 – Europe

- 534 -



Healthy Buildings 2021 – Europe

- 535 -



Healthy Buildings 2021 – Europe

- 536 -



Healthy Buildings 2021 – Europe

- 537 -




