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Abstract

The relation between building physical characteristics and indoor environment in
children day care centres (CDCCs) has received increased attention in the past
decades as statistics on respiratory illness in children continue to cause concern.
Although it is well known that ventilation plays a key role in maintaining acceptable
indoor quality, there is a lack of studies exploring the relationship between
ventilation rates, pollutant sources and health in day care centers in Portugal. The
present study is part of the research project “Environment and Health in Children
Day Care Centres”, and aimed at surveying the ventilation characteristics of a
number of 16 CDCC's located in the cities of Lisbon and Oporto using a passive
tracer gas technique which uses perfluorocarbon tracer gases. The measurements of
the tracers over a period of two weeks in January 2012, pointed out low specific air
flow rates (or air change rate per hour, ACH), varying between 0.04 and 1.18 in
Oporto and between 0.01 and 0.41 in Lisbon. The purpose of this paper is to present
and discuss these results.
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1. Introduction

The negative impact of a poor indoor air quality in children’s health is
well recognized and the development of a relation between air quality,
ventilation and children’s health is considered crucial from this point of
view. Children attending CDCCs have been reported to be more prone to
infectious diseases when compared with those cared for at home, and are
exposed to conditions that may increase the risk of allergies and asthma [1,
2]. Recent studies indicate poor ventilation conditions associated with high
levels of carbon dioxide to be common in CDCCs [3, 4] a fact which can
affect the health of children [2, 3, 5]. Child day care centres in Portugal
provide care during a period of time ranging from six to ten hours daily, a
sufficient amount of time for the children to be exposed to existent indoor
pollutants. Although this is well known, there is need of studies exploring the
relationship between ventilation rates, pollutant sources and health in day
care centres as little data exists [5]. In order to fill this apparent gap in
literature, an interdisciplinary team of researchers have developed the project
Environment and Health in Children Day Care Centres — ENVIRH, which is
co-financed by Portuguese Foundation for Science and Technology (FCT).
After an initial survey on the IAQ and building physical characteristics of 45
CDCC's located in Lisbon and in Oporto [6], which provided evidence that
IAQ is inadequate [7], the aim of this research is to determine the ventilation
characteristics of a number of a reduced number of CDCCs. In order to better
understand the cause of the found poor air quality, the effective total air
change rate was estimated using a passive tracer gas technique which uses
perfluorocarbon tracer gases (PFT-method).

2. Experimental Survey
2.1 Methods

The effective total air changes per hour (ACH) was determined using
passive samplers and homogeneous emission of PFTs, as described in
standard Nordtest Method VVS 118 [8] and in ISO Standard 16000-8 [9].
The use of PFT technique for determining air infiltration rates into homes
and buildings has been reported by numerous studies [10, 11] while the
applicability and the effectiveness of the method have been discussed
elsewhere [12, 13].

The PFT technique has several advantages over other methods given
that any building can be tested, regardless of the ventilation principle
(mechanically ventilated, naturally ventilated or a mixture of both). Also, the
test can be performed during use and occupancy of the building and is
applicable regardless of the use of the building (dwelling, office building,
school, industrial building etc.) [8]. In addition to this, given that PFTs exist
only at very low concentrations in the ambient environment and that are
easily detected (to a few parts per billion or less), the amount of tracer gas
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required to carry out airflow measurements is reduced to the size of very
small injection units. This allows measurements of ventilation rate in
buildings to be performed without the need for analytical equipment on site.
Also, the samplers and sources are free-standing units that can be used for
long-term monitoring of airflows in occupied buildings without interfering
with the activities of the occupants. However, the main disadvantages of the
PFT technique are related to the complex configuration of buildings
(multiple rooms connected with each other through multiple corridors) in
which case the emission of tracer gas might not result homogeneous in the
whole building. Given that in the PFT technique the value of the air change
rate of the building as a whole is estimated from a volume weighted average
of the measured local mean ages of air, if the emission rates of tracer gas is
not homogeneous in the building, the ACH values might be overestimated.
The other disadvantage could be that the results in terms of ACH obtained
following measurement conducted over a period of time are average values,
and therefore do not allow to draw any conclusions regarding characteristics
of specific periods of time during the measurement period (such as night
periods or when the building is not occupied).

2.2 Study Design

The observational survey was carried out during January 2012, during
which time ventilation measurements were performed in 16 CDCCs, nine of
which are located in Oporto and seven in Lisbon. In average, six activity
rooms were monitored during a period of two consecutive weeks in each
CDCC, according to children age group category and feasibility from the
point of view of application of the PFT technique.

Before performing the measurements, information on parameters that
can impact the comfort and ventilation characteristics was collected,
including type and year of construction of buildings, structural characteristics
of the walls, state of maintenance (pathologies related with the presence of
fungi and/or mould), type of windows and shading characteristics, type of
ventilation system, heating and air conditioning devices and user habits
regarding ventilation strategies.

In order to perform the measurements, PFT sources (miniature container
with liquid tracer compound - type A in Fig. 1) were positioned in each
room, with tracer gas emission rates adjusted to the room volumes. The
tracer gas diffused out of the sources with a known constant rate and was
mixed into the room air. To measure the time averaged concentration of the
tracer gas in rooms an integrating sampling was performed, using diffusive
samplers (miniature tubes packed with activated carbon as adsorption
material). Given that rooms under investigation were not isolated but
connected to the rest of the building by corridors or connecting rooms, in
order to distinguish between inflow of outside “fresh air” and inflow of “old”
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air from the rest of the building, a second tracer gas (type B in Fig. 1) was
spread in the spaces outside the measured rooms.

% tracer gas Type A
tracer gas Type B
& sampler

Fig. 1 Illustration of the location of tracer gas sources and samplers in the case of one of the 16
day care centres under investigation — view of the floor plan

Indoor air temperature and relative air humidity has been measured in
each CDCC using between one and three dataloggers, according to the
number of rooms. The outdoor temperature, relative humidity and wind
velocity was obtained from the meteorological stations of Oporto and
Lisbon.

Concerning user behavior, the occupants (CDCC qualified personnel)
were asked to behave as they normally would with respect to ventilation.

The PFT sources and samplers were supplied by PENTIAQ A.B.
Sweden, which was also responsible for performing the analysis of the
passive samplers at the end of the measurement period. They estimate that
the precision including the repeatability and reproducibility is within 10%
and that systematic errors will probably yield less than 5% deviation from
the true value.

3. Results

A total number of 91 activity rooms (52 in Oporto and 48 in Lisbon)
corresponding to the 16 CDCCs were studied over the measurement period.
The characteristics of the buildings with respect to type of ventilation,
heating system, type of windows and type of gaskets are presented in Table
1, whereas buildings age, number of children per CDCC and play area per
child characteristics are presented in Table 2. Relative humidity, air
temperature and wind velocity measurements are reported in Table 3.

As it can be seen from Table 1, one of the buildings is equipped with
mechanical ventilation (Oporto) whereas several others have mechanical
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extraction in the kitchen and/or bathrooms (identified as mixed ventilation).
Only two CDCCs are fully naturally ventilated (Lisbon).

Most of the CDCCs use an electric heating system in both cities. With
regard to the type of windows, most of the CDCCs in Oporto are equipped
with sliding windows whereas in Lisbon the most common type is casement.
Concerning the type of gaskets, 50% of CDCCs in Oporto are equipped with
windows with no gaskets compared with 25% in Lisbon. Also, rubber
gaskets are more common in CDCCs in Lisbon whereas in Oporto the most
common type is plush gasket, which is associated with the use of sliding
windows.

Table 1. Main characteristics of the 16 CDCCs under investigation

Building characteristics Oporto Lisbon
n | % n | %

Type of ventilation (per CDCC)

Mechanical ventilation 1 11.1 0 0

Natural ventilation 0 0 2 28.6

Mixed ventilation 8 88.9 5 71.4
Heating system (per CDCC)

Electric 8 88.9 6 85.7

Gas 1 11.1 1 14.3
Type of windows (per room)

Tilting 12 23.1 12 25.0

Sliding 22 42.3 16 33.3

Casement 18 34.6 20 41.7
Type of gaskets (per room)

No gaskets 26 50.0 12 25.0

Rubber gaskets 10 19.2 21 43.8

Plush gasket 16 30.8 15 31.2

As it can be seen from table 2, there are significant differences in terms
of building age between CDCCs of both cities. The median building age of
CDCCs of Oporto is 22 years old whereas in Lisbon is 61 years old (the
oldest CDCC building in Lisbon is approximately 230 years old whereas the
second oldest is approximately 150 years old). Differences are also noticed
with regard to the number of children per CDCC, the median in Oporto is 74
versus the 99.8 of Lisbon, though the floor space per child is more or less
equal. This fact is due both to the higher number of activity rooms per
CDCC in Lisbon (an average of 5.6 rooms/CDCC in Oporto and 6.9
rooms/CDCC in Lisbon) and to the higher number of children per activity
room in Lisbon (an average of 10.1 children/room in Oporto and 14.2
children/room in Lisbon). However, all CDCCs have a median value of floor



Paper ID 876

space higher than the minimum required by the recent Directive of the
MSSS, which requires, with some exceptions, at least 2m?/child [14].

Table 2. Descriptive statistics of selected parameters of the 16 CDCCs under investigation
using 25" percentile (Q1), median (Q2) and 75" percentile (Q3)

Parameters Oporto Lisbon
Ql | Q2 | Q3 | Q1 | Q2 | Q3
Building age (years) 18 22 32 50 61 146
N.° of children per CDCC 59 74 92 92 98 122
Play area (m°)/per child 1.8 | 23 |29 ] 19| 25| 29

As it can be seen from Table 3, there are no significant differences
between indoor environments of Oporto and Lisbon CDCCs. Regarding data
reported in Table 3, one should note that the distribution of measurements
was performed using daily average values.

Table 3. Distribution of measurements of temperature and relative humidity in the 16 CDCCs
under investigation using 25" percentile (Q1), median (Q2) and 75" percentile (Q3)

Parameters Oporto Lisbon
Ql | Q2 | Q3 | Q1 | Q2 | Q3
Indoor temperature (°C) 16 1 16.7 | 18.1 | 163 | 16.7 | 17.1

Indoor relative humidity (%) 58 | 61 66 53 56 63
Outdoor temperature (°C) 8 10 10 9 10 10
Outdoor relative humidity (%) | 66 | 75 84 72 80 83
Wind velocity (km/h) 7 8 10 7 8 10

The application of the PFT technique over the two weeks measurement
period in January 2012 resulted in air change rates that varied between
0.04h" and 1.18 h™" in Oporto and between 0.01 h”' and 0.41 h™' in Lisbon
(Fig. 2). As it can be seen from Figure 2, the differences in ACH between
Oporto and Lisbon CDCCs are significant given the median values are
0.2 h" and 0.13 h™', respectively.

For reasons which are unclear to authors, the ACH values found in the
CDCC with mechanical ventilation (a specific flow rate of 0.06 h™' was
estimated for all building) are the lowest among Oporto CDCCs. This is
contrary to what expected as mechanical ventilation is typically associated to
more efficient ventilation [3].

In the present study, it should be noted that no associations have yet
been made between the ACH values and the building characteristics or
indoor air quality parameter. As referred above, this study is part of a major
research project undertaken to analyze the association between ventilation
rates, pollutant sources and health in CDCCs in Portugal by means of field
measurements, building physical characteristics and children health
evaluation. In spite of the availability of field measurements of chemical
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(carbon dioxide, carbon monoxide, formaldehyde, total volatile organic
compounds and PM;;) and microbiological (bacteria and fungi) indoor
contaminants, no statistical analyses have yet been performed due to the fact
that the corresponding data is currently under review.

154

1,04

J |
1= ==

Oporto Lisbon

air changes per hour

Fig. 2 Box plot of data corresponding to air changes per hour measured in CDCCs in Oporto
(n =52 activity rooms) and Lisbon (n = 48 activity rooms). The squares represent the
arithmetic mean

4. Discussion

This experimental study provides evidence that air change rates in
CDCCs of Oporto and Lisbon are very low. Although air change rates during
occupation periods is not known (as the results of ACH are average values),
it is believed that such conditions are likely to increase children exposure
when sources of contaminants are present. As already referred, as the data
collected regarding the presence of chemical and indoor contaminants was
under review at the time when this article was written, it was not possible to
compare ventilation measurements with indoor air pollutants. However, the
initial survey developed earlier on the basis of the CO, concentrations
collected randomly in the same buildings, provided evidence that IAQ is
inadequate [6]. It was also found that windows that have rubber gaskets have
higher concentrations of CO, than rooms with windows with no gaskets [15],
and that rooms with casement windows have higher concentrations of CO,
than rooms with sliding or tilting windows. If one admits low ventilation
rates as the cause for high CO, concentrations, given the higher percentage
of windows with no gaskets in Oporto (50% versus 25%) and given higher
percentage of casement type windows in Lisbon (41.7% versus 34.6%), then
these findings are also supported by the present study.
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Among the most recent studies on indoor environments of CDCCs [1, 3,
4, 16], only one assessed the buildings ventilation rates. In this study,
Ramalho et al. have estimated air exchange rates from the decay of CO,
concentration in 101 CDCCs in different regions of France (including
overseas territories) and observed values with a median level around 0.2 h™'
[16]. However, and as discussed by St-Jean et al. [3], studies based on decay
of CO, concentration are subject to limitations as currently there is no
specific guideline available for estimating air change rates using the levels of
CO, in CDCCs. When performing measurements of ventilation on the basis
of CO, concentration one should be aware of the fact that the decay may be
also due to air exchange with adjacent compartments, a fact which does not
guarantee the removal of the indoor air pollutants.

In spite of the fact that it was not possible to achieve a true
homogeneous distribution of tracer emission in all the buildings in the
present study (due to complex configuration of CDCCs physical structures
and the high cost associated), it is believed that room to room transfer of air
was rather limited in average. Indeed, this hypothesis is supported by the
results obtained in a recent study where ventilation simulations were
performed together with decay of CO, concentration in one of the CDCCs
under analysis in the present work [15].

5. Conclusions

This study aimed at surveying the ventilation characteristics of a number
of 16 CDCC'’s located in the cities of Lisbon and Oporto using a passive
tracer gas technique which uses perfluorocarbon tracer (PFT) gases. The
measurements of the tracers over a period of two weeks in January 2012
resulted in air change rates (ACH) that varied between 0.04 h™' and 1.18 h’!
in Oporto and between 0.01 h™ and 0.41 h™ in Lisbon. Based on these results
one can conclude that during the measurement periods, all CDCCs had
ventilation rates below the minimum design value of 0.6 ACH (outdoor air
intake) indicated by TPBR as default to avoid poor TAQ [17]. Although the
role played by low air change rates on IAQ and health remains to be
demonstrated, it is believed that this paper presents useful insights regarding
the quality of ventilation and it may help identifying the ventilation strategies
which are likely to improve the IAQ of CDCCs.
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