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MemkaHui KBapTUpPU 3HAYHO BILUIMBAKOTh HA fIKicTH MOBiTpst B mpumimenHi. IloBiTps
BCepeJUHi MpPUMillleHb 3a0pYAHIOETHCS BOASHOI0 NMApOI0, BYIJIEKHMCIUM ra3oM Ta iHIIMMH
ra3aMM Ta TijiecHUM 3anaxamMu. HeraTuBHO BIJIMBAIOTH HA AKICTH MOBITPS MpUHeceHUH oaAr i
B3YTTsl 200 BHALJIEHHS 3 MiAJor, KWJiuMiB Tomo. HaBeaeHo pe3yibTaTu eKcriepuMeHTAIBHUX
BUMIpPIOBaHb SIKOCTi MOBITPS1 B NPUMillleHHSIX, MEePeBAKHO KOHIeHTPALii BYIJIeKUCJI0ro rasy,
TeMIepaTypH NOBITps i BifHocHOI Bosorocti. BHyTpiliHi mapamMeTpu noBiTps peecTpyrOThCH
NpoTAroM 24 roauH 3a KO:KeH JieHb Bechb THKIeHb. BumipioBanusi Bin0yBajmcsi B TaKHX
KiMHaTax. BiTajgbHi, auTA4id kiMHaTi, KyxHi, BaHHiid kimHaTi Ta kopuaopi. B mnpoueci
BUMIpIOBaHb JOCHIZKYBaHi NpuMilleHHs1 OyaM 3aiHATI ocodamu pi3HOI cTaTi, BiKy i Baru.
Bumipn npoBoamM, BHKOPMCTOBYIOYM KOMI IOTep, MiA Yac cHAAYOI podoTH Ta iHIIMX
AoMamHIX po0it. OCHOBHMM pPe3yJIbTATOM JOCJTi’KeHHSI € MOHITOPUHT MOBITPS y KBapTHUPI,
PO3paxyHOK NPUPOAHOI BEHTWIsAUil MpuMillleHb BHACTIIOK iH@IbTpauii yepe3 OyaiBeabHi
KOHCTPYKHii. OTpuMaHi 3HaYyeHHS] MPOAYKTHBHOCTI NMPHPOAHOI BEHTWJIANIl MoxkHa Oyne
BUKOPHCTOBYBATH /Il BU3HAYEHHS HeOOXiAHOI iHTEHCHMBHOCTI BEHTHJSANIl 151 JOCATHEHHS
noTpioHoi sakocti noBiTpsi. Ha migcrasi rpagiuaux imocrpaniii koHueHTpauii Byrjiekuciaoro
ra3y MoKHa CrocTepiraTu peajbHy 3MiHY KOHIEHTpalil ByIJ1eKHCJI0ro rasy B Kpaprupax. 3a
pe3yJabTaTUMH BHUMIPIOBAaHb MOKHA 3POOMTH BHCHOBOK IIPO NepeBHINEHHS JOMyCTHMOL
KOHIeHTpalii 3a0pyiHeHb Y KBapTHUPpi.

KarouoBi cjoBa: sKicTh BHYTPIIHLOIO MOBITPS, JABOOKHC BYIJIeNI0, TeMIepaTypa,
BilHOCHA BOJIOTiCTH, KBapTHpAa.

Apartment occupants have a major impact on indoor air quality. Indoor air pollution
includes water vapour, carbon dioxide and other gases due to respiration and bodily odours.
Negative impact they have from brought in by clothing and footwear or becomes whirled up
from floors, carpets etc. In this article presents the experimental measurement of indoor air
quality, mainly concentration of carbon dioxide, air temperature and relative humidity.
Indoor air parametersarerecorded during 24 hour per every day the all week. M easur ements
take place was exercised in these rooms: living room, children rooms, kitchen, bathroom and
corridor. During the measurements the investigated room was occupied by different persons
regarding the sex, age and weight. Measurements were carried out during a sedentary work
using computer and other home works. The main result of this research is the monitoring of
indoor air in the apartment for, calculation of uncontrolled ventilation of rooms, which is
caused leaks through building structures. The resulting values, calculated of uncontrolled
ventilation rate, it will be possible to use for in deter mining the needed ventilation rate for the
achieving needed air quality. From The graphic illustr ations concentration of carbon dioxide,
is possible observe real course the concentration of carbon dioxide in the apartments during
their use. From measurements is possible conclude, whether in the apartment, during its use,
occur theretheover limit values of pollutants.

Key words: indoor air quality, carbon dioxide, temper ature, relative humidity, apartment.

Introduction. Because of environment protection reasons, the nowadays trend is to decrease as
much as possible the energy consumption of buildings and thereby the reduction of air pollutants releases
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into the atmosphere. One of the most important action is to reduce the fuel consumption during building
operation, especially by decreasing its heat loss. For this purpose, the building envelope has better
insulations and higher degrees of air tightness. The proper sealing of the building will reduce the
uncontrolled natural ventilation by leakage, mainly through doors and windows. All these efforts will
reduce the energy consumption of the building, but it will create an uncomfortable environment inside
buildings, by the meaning that the living space will be not adequately ventilated. One of the negative
consequences is the occurrence of fungi in apartments. The high energy costs, force the residents of
apartments to enwrap the thermal insulation of building and also to seal the building. On the other side, it
occurs a deterioration of indoor environment in buildings. In the article is presented the variation for some
of the indoor air parameters such as: temperature, relative humidity and carbon dioxide concentration. The
article is mainly aimed on monitoring the concentration of carbon dioxide, because is the main pollutant
produced by the humans.

Material and methods. Assessed is three-room apartment, which is located in the eight storey block
of flatsin a housing estate, with afloor area of about 72 m? Thebuilding was build 35 years ago. In recent
years, it have been replaced the old wooden windows with new plastic double glazing windows. The
apartment is lived by two adults and two teenagers. Measurement were carried out in winter, in
February. During measurements the family activities were carried out normally: the parents went to work
during the day and children went to schoal.
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Fig. 1. The apartment plan

For each individua room of the apartment were recorded the main indoor air parameters:
temperature, relative humidity and carbon dioxide concentration. For monitoring the indoor air
parameters there were used a CO, sensor and a thermo-hygrometer. The principle of the
measurement of CO, sensor C-AQ-0001R is based on the variation of infrared radiation depending on the
carbon dioxide concentration. The carbon dioxide concentration measurement range is from 0 to 5000 ppm
and the measurement accuracy is £ 75 ppm. The thermo-hygrometer S3541 is designed for recording air
temperature and relative humidity. The measurement range of temperature is from-30 to + 70 ° C and the
accuracy is 0.4 °C. The measurement range of relative humidity is from 5 % to 95 % and the accuracy
is+2.5 % RH at 25 °C. The recorded values are stored to a non volatile electronic memory. During the
measurements, the thermo-hygrometer was used concomitantly and interconnected with the sensor of
carbon dioxide concentration. Both devices have a calibration certificate with declared metrological
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requirements of standard STN EN ISO / IEC 17025. For downloading data into a computer, it was used the
software Datalogger 2.240.0 developed by Comet System.

M easurement of indoor air parameters. The measurements were carried out separately for each
apartment room. In each of them the measurements were carried out during a whole week, from Monday to
Sunday. The aims of measurements was to find out the variation of indoor air parameters during each day,
while the apartment was occupied by a standard family. In the following figures are presented the
measured parameters of indoor air in each apartment room.
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Fig. 2. Variation of indoor air parametersin kitchen
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Fig. 3. Variation of indoor air parametersin living room

Similarly, there are recorded the indoor air parameters from other rooms in the apartment. From the
fluctuation of measured values we can observe that the range of carbon dioxide concentration, air
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temperature and relative humidity are approximately in the same intervals for any of surveyed room, but
each individual room of the apartment has its own typical course.

In the next step, the investigation was focused only the carbon dioxide concentration. In order to
obtain as accurately results as possible, the course of carbon dioxide concentration was drawn for each
room. In this article is presented only the course of carbon dioxide concentration in the most representative
chamber, namely the living room. It can be observed that, during the whole week the carbon dioxide
concentration course is approximately the same except Sunday because in that day the living room was
used as a bedroom for two adult guests. Sunday's course of carbon dioxide concentration is similar in
living room with the one from bedroom.
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Fig. 4. Daily measurement of carbon dioxide concentration in the living room
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Fig. 5. Tuesday measurement of carbon dioxide concentration in all the rooms
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Calculation of the uncontrolled ventilation rate. From measured values of carbon dioxide
concentration, it can be calculated the ventilation rate caused by infiltration. For determining the air
exchange rate by infiltration in apartment rooms it is used the indirect chemical mixing method, which is
based on monitoring the decreases of air pollutants concentration in time, in our case the carbon dioxide
concentration, assuming that is no occupant in the room. The measurement will end when carbon dioxide
concentration in the room is approximate the same with outdoors carbon dioxide concentration.

In our case, the carbon dioxide was produced by humans and that is why the CO, concentration is
increased. When the room is empty, it can be considered that carbon dioxide production is zero. In this
period of time can be observed that carbon dioxide concentration decreases gradually, which is caused by
the uncontrolled natural ventilation through infiltration.

Because carbon dioxide concentration at the end of measurements was different compared with
carbon dioxide concentration from outdoor, the natural ventilation rate through infiltration in the surveyed
room can be determined from the decreases of carbon dioxide concentration in time[6, 7].

Cipae — Csup — et

Cipa.c = Csue (1)
where: n - ventilation rate by infiltration [1/s]; Cipas — carbon dioxide concentration at the beginning of
CO, concentration decrease [mg/m’]; Cppac — carbon dioxide concentration at the end of CO,
concentration decrease [mg/m’]; Csup — outdoor carbon dioxide concentration [mg/m’]; t — time of CO;
concentration decrease [9).

It results the final formula for the natural ventilation rate through infiltration:
_1 In(Cpae — Csue)
t  Cipac — Csup (Us) 2

As an observation, during CO, concentration decrease, the boundary conditions (outdoor air
temperature and wind speed) were changed and that is why the intensity of infiltration isinfluenced. In this
order, the natural ventilation rate through infiltration must be determined by using the measured carbon
dioxide concentrations values. The resulting values of intensity of ventilation aregivenin Table 1.

n

Table 1
The calculated values of the intensity of ventilation
Volume | Number of Time of Concentration of carbon dioxide Ventilation
Outdoor | At the At the
Type of room of room persons measurement ) rate
air start end

[m’] (-] [s] [mg/m?] | [mg/m? [ [mg/m] [1/h]

Hallway 27 2 2160 755 3315 2772 0,40
Living room 62 2 1440 755 2272 2138 0,23
Children’sroom 41 2 1140 755 323 3146 0,11
Kitchen 25 2 1560 755 2941 2561 0,44
Bathroom 8 1 840 755 2820 2583 0,52

From the calculated values of the intensity of natural ventilation it can be concluded that, not in
every room is the same ventilation rate through infiltration. In bathroom and kitchen there are installed
exhaust fans, which increase the uncontrolled ventilation, and, even if it does not work, the natural
ventilation is present through the vertical exhaust canal. In the hallway there are no windows, but there are
entrance doors, which induce a small natural ventilation rate (chimney effect), because the apartment is
located at the 8" floor.

Discussion. By analyzing the resulted values of uncontrolled ventilation rate caused by |eakages
through building structures, which are calculated on the basis of carbon dioxide concentration
measurements, it can be concluded that each room has a different intensity of ventilation. A great
influence on the final value, have the number of occupants and the time they stay in every measured room.
Not in every room the door were closed during measurement. Also, a big impact on increased intensity of
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uncontrolled ventilation has the chimney effect because the analyzed apartment is on the 8" floor of the
apartment building. We suppose that, in winter, through entrance door comes in air from the staircase area
and after that is towed out from the apartment, over the roof of the building, through natural ventilation
canal from kitchen and bathroom. Therefore, is certain that in hallway, bathroom and kitchen there is an
increased uncontrolled air exchange.

In living room it is calculated a double uncontrolled air exchange caused by the manner of using the
room. We assume that the door remained open also during the absence of people, because it is a room
availablefor all household members.

In the children's room is the lowest uncontrolled air exchange caused by infiltration building
elements. When the room was empty, the door to hallway was closed. The calculated ventilation rate
corresponding to real values of air infiltration through window if the room door and window were correctly
closed.

Conclusions. From the indoor air parameters measurements it can be concluded that, during the
winter, when windows were most of the time closed and it was no mechanical ventilation in the apartment,
it were recorded increased concentrations of carbon dioxide. According to EN 13779 (2005), the
acceptable limit is a level of 1,000 ppm. In the investigated the apartment occurred over limit values of
pollutants (carbon dioxide). In the kitchen, bathroom and hallway took place short and steep increases and
decreases of carbon dioxide concentration. In rooms where people have a longer stays: children's room,
bedroom and living room, concentration increased slowly, but for passing the limit it takes a long time.

The ventilation rate caused by uncontrolled ventilation through infiltration calculated with equation
(2) may be use for each individual room. The research presented in this paper is important for proper
designing of ventilation system in apartments. The measured values of carbon dioxide concentration and
calculated rates of uncontrolled ventilation caused by infiltration through building dements may be used
for calculating the mass flow rate of carbon dioxide and subsequently, for determining the volume needed
fresh airflow rate inside apartment rooms, in order to ensure a healthy indoor environment.
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