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Indoor Air Quality and Thermal Comfort in
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Abstract: This study investigates the indoor air quality and
thermal comfort within six Latvian daycare centres (old,
renovated and new-built). Measurements of carbon dioxide, air
temperature and relative humidity have been carried out and the
daycare centre characteristics data have been collected. Carbon
dioxide concentrations exceeded 1000 ppm in 75% of the daycare
centres studied, with the highest concentration (1356 ppm)
measured in a renovated facility. In all facilities the temperature
is kept above 20°C and the average relative humidity is 40 + 5%,
thus creating a comfortable thermal environment for children.
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|. INTRODUCTION

About 75% of all children under the age of seven living in
the Latvian capital — Riga spend about 30-60 hours a week in
daycare centres. However, research studies indicate that
daycare facilities, due to the improper indoor air quality
(IAQ), may actually be hazardous to children’s health. [1; 2]
report on the increased risks of asthma and allergies for the
children who spend their time in the daycare centre
environments, compared to the care obtained at home.
Therefore, during the last few decades an increased attention
has been directed towards creation of the appropriate indoor
environments at daycare centres.

Carbon dioxide (CO,) is one of the most commonly used
indicators of 1AQ in areas, where people are the main source
of pollution and it also serves as the determiner for adequate
ventilation. CO, itself is not harmful normally, however its
excessive exposure is found to cause headaches, fatigue, the
increased risk of sick leave [3; 4] and even risks of sudden
infant death [5]. According to European standard [6] the
maximum CO, concentration in a space should not exceed 800
ppm (parts per million). The upper limit for the CO,
concentration according to the ASHRAE standard [7] should
not exceed 2500 ppm, while 1000 ppm is the recommended
value.

Most of the indoor climate studies in daycare environments
have been conducted in Nordic countries. Mean CO, levels
reported in Scandinavian countries are as follows: 810 ppm in
Finnish daycare centres [8], about 1400 ppm in Denmark [9],
and as low as 640 ppm in Sweden [10]. [11] has investigated
IAQ in two Latvian daycare centres and reports the maximum
CO, concentration as high as 1700 and 1450 ppm in rooms
with PVVC and wooden frame windows respectively.

While CO, describes 1AQ, the temperature and relative
humidity are usually used to determine the thermal comfort

level in indoor environments. According to the Latvian
building norms [12], the minimum acceptable air temperature
in daycare centres must be 20.0°C or 18.0°C for children
below and above the age of three respectively. The ASHRAE
standard [7] recommends keeping the temperature within the
range of 23-26°C and the relative humidity between 30 and
60%.

The majority of Latvian daycare centres were built in
accordance with the old Soviet building codes which stated
that ventilation should be achieved by natural means, i.e. fresh
air supplied through window structures and exhausted through
the vents (the stack effect). It was presumed that such solution
would result in the sufficient air exchange. Lately the majority
of daycare centres in Riga have been reconstructed: external
walls have been insulated and wooden frame windows have
been replaced by the PVC ones. However, these actions alone
possess a big risk of IAQ problems, since buildings became
more airtight which leads to insufficient air exchange indoors.

Since very limited data regarding the indoor air quality in
Latvian daycare centres are available, the author of this study,
being concerned about IAQ children are exposed to in the
present construction buildings, has evaluated the current I1AQ
and the thermal comfort status in six daycare centres in the
Riga Region.

Il. MATERIALS AND METHODS

A. Daycare Centre Selection

Six daycare centres (4%) from the total of 153 have been
randomly selected from the Education, Youth and Sports
Department database of the Riga City Council. Facilities differ
in the type of construction, i.e. whether the building is old,
renovated or newly-built (two buildings per each category).
All daycare centres have been inspected and details of their
characteristics have been noted, including the type of heating
and ventilation system, the occupant density, building
materials, etc. In addition, the daycare centre personnel have
been inquired about the frequency of opening windows, the
cleaning routines and the day regime at their facilities.

B. Field Measurements

CO, concentration, temperature and relative humidity are
convenient and reliable indicators of the indoor air quality and
comfort level. Measurements of these parameters were carried
out simultaneously during the period of one week in October
2010 at all daycare facilities, with the exception of the CO,
concentration that was measured only in renovated and newly-
built daycare centres. Indoor sampling locations were
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determined prior to the measurements through the
walkthrough assessment. Since placement of measuring
devices close to the breathing zone of children, i.e. at the
height of 0.5-0.7 m, is restricted, indoor samplings have been
taken at the height of 1.5-1.8 m close to the internal perimeter
wall. All measurements were conducted continuously from 7
am on Monday to 5 pm on Friday at 5 min intervals.

The indoor air temperature and the humidity data have been
collected by HOBO U12 Family data loggers with the
following parameters: temperature -20°C to 70°C (+0.35°C)
and relative humidity 10% to 90% with the accuracy +2.5%.
The HOBO loggers are interfaced with CO, monitors Telaire
7001 measuring in the range of 0 to 10000 ppm (£50 ppm). In
addition to HOBO loggers, Testo 175-H2 measuring devices
with the following parameters have been wused: the
measurement range -20°C to 70°C with the resolution 0.1°C,
and the relative humidity 0 to 100% with the resolution of
0.1%.

CO, concentration was measured only in renovated and
newly-built daycare centers.

Daycare centres in this paper are designated by their type,
i.e. newly-built, renovated or old, and the corresponding
number. Three daycare centres (New 2, Renovated 1, Old 2)
have a single room for nap and playing; in other daycare
centres nap activity and playing are carried out in separate
areas. In the latter case, sampling was performed in the
playing room, where children, consequently, were spending
more time.

C. Data Analysis

The measured IAQ and thermal environment parameters
among three categories of daycare centres have been
compared. The means and + standard deviation (SD) of CO,,
the room temperature and the relative humidity levels have
been calculated.

I1l. RESULTS AND DISCUSSION

A. Daycare Centre Characteristics

The basic data about the daycare centres and the selected
investigated areas are given in Table 1.

The number of children in one group ranges from 15 to 22.
The age of children in the investigated rooms varies within 3-6
years. The typical daytime regime in the daycare centres is as
follows: from 7 am to 10:30 am — indoor activities in a playing
room, 10:30 to 12 am — promenade, 12:30 to 15:00 — nap-
time, and the rest of the time is spent indoors.

Daycare Age of children Windows Ventilation Heating
centre [years] [] system [-] system [-]
Old 1 6 PVC Natural Radiators
Old 2 3-5 PVC Natural Radiators
Ren. 1 4 PVC Mechanical Radiators
Ren. 2 4-5 PVC Natural Radiators
New 1 3 PVC Mechanical Underfloor
New 2 4-5 PVC Mechanical Underfloor
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TABLE 1
DAYCARE CENTRE DETAILS

The maintenance personnel in all daycare centres still relies
on natural ventilation for achieving the acceptable indoor air
quality and opens windows every time the children are
outside.

B. Carbon Dioxide

In this study, the average indoor CO, concentration during
daytime for all daycare facilities is 730 = 170 ppm (Table 2).

TABLE 2

SUMMARY STATISTICS OF MEASURED CARBON DIOXIDE CONCENTRATION
EXPRESSED IN PARTS PER MILLION (PPM)

Daycare c. Mean (95% ClI) Median Min Max
New 1 707 (603-811) 732 450 1123
New 2 609 (470-748) 601 421 945

Ren. 1 743 (604-882) 775 462 1140
Ren. 2 864 (651-1077) 843 500 1356
Overall 731 (561-901) 734 421 1356

In most of the daycare centres (75%), CO, levels exceeded
the ASHRAE recommended value of 1000 ppm. It has also
been observed that in multipurpose rooms (for general
activities and nap), the nap-time average CO, level is about 60
ppm higher, compared to the non-nap time average CO, level.
This can be explained by the fact that children are placed in a
closed area without the adequate air exchange. Even though in
the present study CO, concentration was not measured in
sleeping-only rooms, the study conducted in US daycare
centres [13] showed 24.3% CO, increment from non-nap time
to nap-time in this type of rooms. Thus, it can be expected that
Latvian daycare centres might follow a similar tendency, but
this should be confirmed by further experiments in sleeping-
only rooms.

The highest CO, concentration was obtained in Renovated 2
daycare centre, which has a natural ventilation system, as
opposed to the other three daycare centres with the mechanical
ventilation system installed. Even though opening of windows
does lower the CO, concentration, still it is not enough to
achieve the optimum level, since low outdoor air temperature
limits the airing period. Thus, better indoor air quality is
achieved in mechanically ventilated spaces with a constant
supply of fresh air.

C. Temperature

The outdoor air parameters for 26 October, which was a
typical mid-week, cold day, are presented in Fig. 1.

The outdoor air temperature varied from 2.0°C to 8.8°C and
relative humidity was within the range of 44% to 100%.
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Fig. 1. Atmospheric conditions on 26 October

The variation of daytime room temperature across the
daycare centres on 26 October is shown in Fig. 2.

The average room temperature in all six daycare centres
during the daytime was 22.5 + 1.1°C. In all facilities, the
temperature was kept above 20°C, which is the minimum
acceptable level stipulated by Latvian building norms [12] for
children under the age of three. 67% of the daycare facilities
were outside the ASHRAE recommended comfort range of
23-26°C, having the temperatures below 23°C.

Temperature [°C]

Temperatures are the highest in the new-built daycare
centres which both have an underfloor heating system and a
mechanical ventilation system — this also explains the not very
large temperature fluctuations, i.e. 24.1 + 0.3°C and 23.5 %
0.1°C for New 1 and New 2 daycare centres respectively. The
largest temperature fluctuations occurred in the renovated
facilities, especially in Renovated 1 (c = 0.8°C), where the
temperature ranged from 20.7°C to 23.7°C. The temperature
drops are the result of extensive airing by opening windows
and, consequenty, creation of draft. However, the indoor
temperature does not drop rapidly due to the relatively short
time of windows being opened.

In the entire facilities, there is a potential for saving energy
by using the night-time temperature setback of up to 3°C.

D. Relative Humidity

The variation in relative humidity across six daycare centres
is shown in Fig. 3.

The average relative humidity of six daycare centres was 40
+ 5% and did not vary to a great extent during the day. All of
the facilities had relative humidity within the range of 30 to
60%, as recommended by ASHRAE standard [7]. The relative
humidity slightly decreased every time windows were opened.
The largest decrement was observed in the first half of the
working day. This also corresponds to the rapid outdoor
humidity decrease by almost 50% after 12 pm (Fig. 1).
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Fig. 2. Temperature variation in six daycare centers on 26 October
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Fig. 3. Relative humidity variation on 26 October

IVV. CONCLUSIONS

This study provides assessment of the indoor air quality and
the thermal comfort in Latvian daycare centres with carbon
dioxide, temperature and relative humidity as indicators.

The CO, concentrations exceeded 1000 ppm in 75% of the
studied daycare centres, with the highest level (1356 ppm)
measured in Renovated 2 daycare facility with the natural
ventilation system. Thus, installation of a more efficient
ventilation system (mechanical) is recommended for
improving the indoor air quality, since opening of windows
cannot provide the optimal conditions indoors. In all facilities,
the temperature was kept above 20°C and the average relative
humidity was 40 + 5%, thus creating a comfortable thermal
environment for children. The largest temperature fluctuations
were observed in renovated daycare centres and this is another
indicator that daycare centre personnel still rely entirely on
natural ventilation for the proper indoor air quality. Therefore,
the Riga municipality must take actions to educate the
personnel and carry out regular inspections and maintenance
of the ventilation system to ensure its proper operation.

In all of the facilities, there is a potential for saving energy
by using the night-time temperature setback of up to 3°C.
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Galina Stankevica, Arturs LeSinskis. IekStelpu gaisa kvalitate un termalais komforta Latvijas bérnudarzos

P&dgjo piecu gadu laika lielakaja dala Latvijas bérnudarzu tika veikti energoefektivitati uzlabojosi pasakumi, kuru starpa bija arT &kas fasazu siltinasana un veco
koka karkasa logu nomaina pret PVC tipa logiem. Tomeér $o pasakumu ievieSana var negativi ietekmét telpas mikroklimatu, jo €kas lidz ar to klust gaisa
necaurlaidigakas, un tas savukart var novest pie nepietieckamas iekstelpu gaisa apmainas, ja neveic ventilacijas sistémas uzlabo$anu. Ta ka Latvijas bérnudarzos
bérni pavada lidz pat 60 stundam ned€la, ir oti svarigi radit veseligu un komfortablu iekstelpu vidi, kura bérniem butu patikami uzturéties. Pétfjums tika versts uz
iekstelpu gaisa kvalitates un termala komforta analizi Latvijai raksturiga mérena klimata zonas bérnudarzos (vecos, renovétos un jaunbiivés). Darba ietvaros tika
veikti oglekla dioksida, gaisa temperatiiras un relativa mitruma mérijumi, ka ari ievakta informacija par izvéléto bérnudarzu konstrukcijam, siltuma energijas
patérinu, uzstaditajam inZeniersistémam un apkopes pasakumiem. P&tfjuma rezultata konstatéts, ka oglekla dioksida koncentracija parsniedza rekomend&jamo
1000 ppm vertibu 75% bérnudarzu, no kuriem augstaka koncentracija (1356 ppm) tika izmérita renovétaja bérnudarza ar dabisko ventilacijas sistému. Lidz ar to
logu atvérSana nespgj radit un uzturét optimalu gaisa mikroklimatu telpas, un tapéc ir ieteicams uzstadit efektivaku ventilacijas sisttmu (mehanisko), lai
nodrosinatu piepemamu iekstelpu gaisa kvalitati. Gaisa temperatiira visos bérnudarzos parsniedza 20°C un relativais mitrums bija vidgji 40 + 5%, tadgjadi
uzturot komfortablu termalo vidi. Visos bérnudarzos ir iesp&jams ietaupit elektroenergiju, samazinot telpu temperattru par 3°C nakts laika.

I'anuna CrankeBnya, Aprype Jlemunckuc. KayecTBo Bo31yxa u TepMajbHbIi KOMGOPT B JJaTBUHCKHUX JeTCKUX caJax

B TedeHue nmocieHUX MATH JIET B OOJbIICH 4acTH IETCKUX canoB JIaTBHHM ObUIM MPOBEACHBI MEPHI IO MOBBILICHHIO UX 3HeproadexTuBHOCTH. B TOM uncie
JIONOJTHUTENbHAS TEIUIOU30JLMs (hacasia 31aHuil, a TAKXKE 3aMEHA CTaphbIX, JePEBSHHBIX OKOHHBIX paM Ha ctekionakers! n3 [IBX- npoduis. Beiueynomsayrsie
Mepbl MOTYT HETaTHBHO ITOBJIMATH HA MHKPOKJIMMAT IIOMEIIEHNUS, TaK KaK 3[aHHs CTAJIH OoJiee FepMETHYHBIMH, YTO B CBOIO O4epelb BeleT K HeJOCTATOUHOMY
oOMeHy BO3dyXa B IoMmenieHuH. B nmerckux cagax JlaTBuu et MOryT HaxoaumThes 10 60 4acoB B HEAEINIO, MOTOMY OYEHb BAXKHO CO3/ATh 3/I0POBBIE U
KOM(OpTHBIE YCIOBHS Uil JeTeil. DTO HCCleOBaHME HANpaBICHO Ha aHAINM3 KaueCcTBA BO3JAyXa M TEIUIOBOrO KoM(OpTa B AETCKUX cajaxX (CTapsbix,
PEKOHCTPYHPOBAHHEIX U HOBOCTpOHKax) JIaTBHY, HAXOMSIIHUICS B IIOJIOCE YMEPEHHOTO KJIMMaTta. B pamkax paboThl ObLIH NPON3BEIEHEl N3MEPEHHS BHYTPEHHEH
TEMIIepaTyphl BO3IyXa M €ro OTHOCHTENBHOI BIAKHOCTH, a TaK)Ke KOHIIEHTPALMH YITIEKHUCIIOro rasa B Bo3ayxe. Kpome Toro Obuta cobpaHa mH(opMmanus B
0TOOpaHHBIX JETCKHX CajiaX, 00 MX KOHCTPYKIHSX, YCTAHOBJICHHBIX HH)KCHEPHBIX CHCTEMaxX, H X TEXHHYECKOM OOCIy)XHBaHHHU. Pe3ynbraThl HcCIeI0BaHUS
MIOKa3aJd, YTO KOHIIEHTpAlUs YIJIEKHCJIoro rasa mpessimaer 1000 ppm B 75% nerckux canoB. HamGonpmas xormeHTpammst (1356 ppm), HaOmomanack B
PEKOHCTPYHPOBAHHOM OOBEKTE C ECTECTBEHHOW CHCTEMOW BEHTHWIALHMH. TakuM 00pa3oMm, ycTaHOBKa Oonee 3(P(HEKTHBHONH CHCTEMBI BEHTHISILIMH
(MexaHM4eCKOI) KeaTenbHa TSl MOepKaH|s IPHEMIEMOro KauyecTBa BHYTPEHHErO BO3/yXa, TaK KaK OTKPHITHE OKOH CaMo M0 ce0e He MOXKET 00eCre T
OINTHMAJIbHBIE YCIOBHS B IOMEIIEHHX. Bo Bcex o0bekTax TemIeparypa noanepxusanach Boie 20°C, cpeaHsist OTHOCHTENbHAS BIa)KHOCTh BO3/TyXa COCTaBILsIIA
40 + 5%, co3maBasi KOMGbOPTHBIE TEILIOBBIE YCIOBUS Wit AeTeil. CymecTByeT BOZMOKHOCTh SKOHOMUH HEPTHU BO BCEX ACTCKHX Calax 3a CUET MOHMKEHHUS
TemmepaTypsl Ha 3°C B HOYHOE BPEMSI.
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