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Indoor air quality (IAQ) can be characterised by physical parameters (e.g., temperature,
relative humidity, air exchange rate), chemical air pollutants (e.g., carbon dioxide,
nitrogen dioxide, particulate matter, ozone, benzene, etc.) and biological agents (e.g.,
pollen, fungi). During the monitoring campaign 64 primary school buildings were
investigated in Central Europe (Czech Republic, Hungary, Italy, Poland and Slovenia)
where the concentration of the most important air pollutants as well as the physical
parameters were monitored. Due to the complexity of this issue, a simple Indoor Health
Index has been developed (i) to disseminate the results of the project among the public

and stakeholders and (ii) to provide health relevant information about the 1AQ.

The indoor health index applies benzene, formaldehyde and fine particulate matter (PM)
as indoor pollutants; because for other pollutants there is not enough scientific based
evidence available on how to develop categorization. In case the three main compounds

the comfort and optimum (“healthy” and “moderate” category in IAQ) thresholds are set

as follows:

benzene: 0-4.99 pg/m?
formaldehyde: 0-19.9 pg/m’®
PM,s: 0-24.9 pg/m?

An online platform called Virtual Health Repository is used for these purposes and it is
available at https://www.oki.hu/virtual-health-repository-vhr-general-overview.
Methodological related studies and the recent factsheet are available at

https://www.interreg-central.eu/Content.Node/InAirQ/InAirQ.html. For more technical

and methodological information please contact dr Tamas Szigeti at the National Public

Health Center, Budapest.


https://www.interreg-central.eu/Content.Node/InAirQ/InAirQ.html
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Indoor Health Index

Indoor air quality, which is a function of outdoor and indoor air pollutants, thermal
comfort, and sensory loads (odors, “freshness”), can affect the health of children and

adults and may affect student learning and teacher productivity.

Pollutants are generated from many sources. Outdoor pollutants include ozone, which
has been associated with absenteeism among students. Pollutants and allergens in
indoor air—mold, dust, pet dander, bacterial and fungal products, volatile organic
compounds, and particulate matter—are associated with asthma and other respiratory
symptoms and with a set of building-related symptoms (eye, nose, and throat irritations;
headaches; fatigue; difficulty breathing; itching; and dry, irritated skin). In some cases,

outdoor pollutants react with indoor chemicals to create new irritants.

As shown in Figure 1 the complex interactions between indoor and outdoor pollutants,
moisture/humidity, HVAC systems, operations and maintenance practices can affect
occupants’ health, comfort, and productivity.

Figure 1: Relationships between pollutants, moisture, and ventilation and human comfort, health, and

development
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The review of the methodologies to determine indoor air quality indices has been
completed within the InAirQ project. In order to elaborate a simple, easily applicable

method, we developed an Indoor Health Index.

The calculation of the Indoor Health Index is based different threshold values
determined by the health effects of the air pollutants/physical parameters

(recommendations of the WHO and/or EC and/or scientific papers).

We applied a five scale categorization of the most important and frequent chemical air
pollutants using for the cut off points. Based on the guidelines provided by the World
Health Organization for indoor air pollutants, only benzene, formaldehyde and fine
particulate matter were used. In other cases, there is not enough scientific based
evidence available on how to develop categorization. The five-scale categorization is
very common in the case of air quality indices developed for the communication of both

indoor and outdoor air quality.

Table 1. The calculation of Indoor Health Index.

benzene formaldehyde 3
categor PM /m
gory (ng/m’) (he/m’) 2 (ug/m’)
Moderate 1.7-4.99 10-19.9 10-24.9
Unhealthy 5-7.5 20-50 25-49.9

When applying the index in practice we characterize the actual air quality according
to the worst category, indicating the pollutant.

The database in which the Indoor Health Index has been calculated is available upon
request.

To characterize the thermal comfort, different cut-off points for two physical
parameters, temperature and relative humidity, as well as for the concentration of

carbon dioxide have been set (Table 2).
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Table 2: Categories based on the measured temperature, relative humidity and carbon dioxide

concentration values

Category RH (%) T(°C) CO, (ppm)

37<RH<43;

Moderate 67<RH<73

17.5<T<18.5 1200-1800

Virtual Health Repository

The Virtual Health Repository is an online platform which consists of two items: (i) the

description of the method for the calculation of the Indoor Health Index based on the
IAQ data as well as (ii) the description of the IAQ results for all primary school buildings
participated in the monitoring campaign. Only the building IDs are listed in the VHR,
thus it is not possible to identify the schools by the readers. Besides the Index calculated
for the school, some IAQ-relevant properties of the school environment (e.g., location,
traffic density, renovation works) are listed. Furthermore, it is noted that the
inappropriate indoor air quality is caused by either the outdoor air pollution or the
indoor sources of air pollutants are responsible for the problem. The measured values
are also listed in summary tables for all schools.

The National Public Health Center (NPHC) calculated the Indoor Health Index values and
prepared the online platform. All project partners provided input to the description of
the school environment. Examples are provided in Figure 2. The VHR can be updated by
the NPHC once new IAQ data are collected.
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VHR - Czech Republic

HNumber of school bulldings investigated: 12

czo

is [ocated in the residential area of the northwest quadrant of the city center of Prague The road is
characterized by moderate traffic density close 1o the school. The sehool building type is panel and it was
built in the middle of the 20th century. The building's electrical wirings, kightings and windows have been
reconstructed in the past fve years. The capacity of the school i3 660 pupils, The indoar sir quality was in
the unhealihy category based on the indoor heafth index. The main air pollutant was the particulate
matter (PM2.5) It should be noted that the outdoos vaiue for the PMZ.5 mass concentration was also
high, thus the inappropriate indoor air quality was mainly caused by the outdoor air pollution
Furthermore. one of the comfort parameters was in the moderate range, the carbon dioxide
concentration was relatively high in the classroom

cZo2

ig located in the residential area of the northwest quadrent of the city center of Prague, close o a
relatively high traffic road. The school bullding was built from brick a1 the beginning of the 20th century
The whoile bullding was reconstructed in 2000. The building's insulations. windows and water mains have
Been reconstructed in the past five years: The capacity of the school is 450 pupils. The indoor air quality
was in the moderate category based on the indoor health index. The main air poliutant was the
particulate matter (PM2.5), Furthermore, one of the comfort parameters was in the unhealihy renge; ihe
refative humidity was low in the classroom.

cZo3

is located in the residential area of the northwest quadrant of the city center of Prague. close 10 a

VHR - Hungary

Humber of school buildings investigated: 16

Huo1

is located in the city centre of Varpalota, close 10 a relatwvely high traffic road. The school building was
built fram brick at the beginning of the 18th century. The indoor air quality was in The unhealthy category
based on the indoor heaith index. The main air pallutants were benzene and particufate matter (PM2 5). it
should be noted that the outdoor value for the PM2.5 and benzene mass concentrations were also high,
thus the inappropriate indoor air quakity was mainly caused by the outdoor air poslution. Furthermaore, one
of the comfort parameters was 3lso in the unhealthy range: the relative humidity was low in the
classroom and the carbon digxide concentration was i the moderate range

HUo4

is a provincizl school in Peterni; close to 3 relatively high traffic road, The schoo! buikding was built from
brick at the end of the 20th century. The indoor alr quality was i the unhealthy category based on the
indaor health mdex The main air pallutant was particulate matter (FMZ 5) 1t should be nated that the
gutdoor value for the PMZ 3 mass congentration was also high, thus the mappropriate indgor air quality
was mainky caused by the outdoor air pollution. Furthermore, one of the comfort parameters was in the
moderate range; the relative humidity was low in the classroom

HUos

& located in the residential atea of Varpalota, far away from high traffic mads. The school buikding was
bt from brick in the middle of the 20th century. The indocs air quality was in the moderate categoty
based on the indoar health index. The main air pollutants were benzene and particulate matter (FM2.5) it
should be noted tha the outdoor value for the PM2.5 and benzene mass concentrations were also high,
thus the inappropriate indoor air quality was mainly caused by the outdoor air pofiution. Furthermore. one
nf the ramfnt nammeters was Alen in the madarate ranna and the rarhon dinvide concentratinn was

VHR - Italy

Number of school bulldings investigated: 12

ITo1

1% located in the southenn suburbs of Tunn cty. The bullding. consisting of 3 floors above ground, was
built in 1966 and is made of concrete. It also has lead pipes, very harmful 1o heaith, but ne component in
asbestos. The school is located along a street with moderate wratfic, and with moderate wraffic and urban-
type driving speed (speed kimit 50 km / h or less). It is, however, close 1o high traffic and high traffic
arterial roads: the south ring read of Tusin and the Drbassano course. A5 a resul, the school budding,
despite being immersed in a relatively green neighbourhood, thanks to its proximity 10 an urban park, is
exposed 10 the air poliution generated by heavy traffic that develops nearby. Consequently, the main
indoar air polluiant was benzene criginated by vehicular waffic, and the 1AQ is in the very unheaithy
calegory based on the indoor health index

IT02

Is focated in the southemn suburbs of Turin city. The building, consisting of 3 floars, is made of concrete,
with no ashestos or lead components. It is heated by central heating (district heating with cast iron
radiators). The school is located in @ mainly residential area, with a moderate raffic and urban-type
driving speed (speed imit 50 km / hoor less), It s however, not far from high-speed and high-tratfic
arterial roads: Corso Traiano and Corso Unione Sovietica. ie. the main routes 10 take the southem ring
road of Turin, AS a result, the schodl building is exposed 1o the air pofiution generated by heavy traffic
flawing nearby and the 14D is strongly mfluenced by outdoor pollution, particularly for what concerns the
benzens levels. 59 high that they put the sehood 140 in the dangerous category based on the indoor health
Index.

IT03
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paramsters, should be noted thar the relative humidity in the classroom was law and was classified in the
unhealthy range

PLO6
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i3 located In the city centre of Lodz, in the area with 2 moderate traffic road. The school bullding was bullt
from brck, econd half of the 20th century The indoor air quality was in the unhealthy category
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VHR - Poland

Number of school buddings investigated: 12
PLO3
i lpcated in the residential area of Lodz, close to the high waffic road. The schoo! building was built from
Brick. concrete and wood, in the énd of the fifties of the 20th century. The indoar air quality was in the
T : 1 air poliutant was the PAMZ. 5 mass concentration, the benzene concentration was on similar

maoderate category based on the indocr health index. The main air pollutant was benzene. The outdoor
valye for benzene concentration was slightly lower but on el Consgidering the comfon

sghtly lewer that in the indoor 2ir Consldering the comfort parameters. should be noted that the
©02 conceniration was in the unhs

range, the CO2 concentration in the classroom was high

PL13

= located In the residental ares of Lodz, with & moderate waffic road nearby. The school buiding was
built from brick, in the mid-fifties of the 20th century. The Indoor air quality was in the moderate category
based on the indoar health index. The m ne ould be noted that the outdoor
valu the benzene conceniration was also nlgr‘ feven si g , thus the inappropriate indoor air
quality was caused mainiy by the outdoor air poliution. Considering the comion parameters, showld be
noted that the relative humidit

n the ciassroom was law and was classified in the unhealthy range

InAirQ - Virtual Health
Repository (VHR) VHR - Slovenia

MNumber of sehoo! buddings investigated 12
sio1

5 Iocated near city center of Ljublana, close 1o a busy road, The main industrial pomt source is heating
plant The schoot building was built from brick and concrete at the end of the 181h century (1976). L vas
renavated in 20 ndows) and 2008 (roof renavation). Air conditioning and mechanical ventilation is
only in some parts of the bullding: kitchen. The indoos air quakity was in the moderate category based on
b indoor health index. The mam air polfutanis were benzens, formaldelyde, COZ and particuiate matter
(PM2.5). It should be noted thal outdoar va u' for the PMZ 5 and benzens mass concentralions were
also high (benzene indoor 3.1 pgim3; sutdoor 3; PM2.5 indoor 27 pgi outdoor 63 pgima3),
thus the inappropriate mdoor air quality was mainly sed by the cutdoar air poliution, Furthermore, all
the comfort parameters were in the healthy range

si02

Is '(.\calrd near the ity center of Ljubi

in residential area, close 10 busy road. parking kat and
roe i5 heating plant. The school building was buit from
cemury (1981} It has nol been renovated yel Air conditioning and
i is only in-some parts of the building: kitchen The indoor air qu. 1
W category baged on the indoor heatth index. The main & pollutant is CO2 (indoor 1826 ppm)
efmore, ane of the comfor paramaters was in the unhealthy range: the relatve humidity was lnully
lew i the classroom (33%)

Si03

ated in the cf
end of the 19th ce

center of Ljubljana, close 1o busy road. The schogl building was bullt from brick at the
ury (1884) and eéxtended in 20th century (1950) It was renovated in 1963 (roof

Figure 2: Examples for the description of the results of the InAirQ monitoring campaign

The Virtual Health Repository provide useful information to different target groups
including the decision makers and also the people who are responsible for operating the

schools daily.
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