FIRE PROTECTION & SAFETY Scientific Journal
A@ eém 14(2): 54-70, 2020
DOI: 10.17423/delta.2020.14.2.91

The Factors the School Environment during the Teaching
Process

Objektivizacia faktorov Skolského prostredia pocas
vyucovacieho procesu

Ivana Turekova 1, Jozef Harangozo *

1 Constantine the Philosopher University in Nitra, Faculty of Education, Department of Technology and Information
technologies, Tr. A. Hlinku 1, 949 01 Nitra, Slovak Republic; email: iturekova@ukf.sk, harangozo@ukf.sk

* Corresponding author: iturekova@ukf.sk

Case Study
Received: December 10, 2020; Accepted: December 22, 2020; Published: December 31, 2020

Abstract

The internal climate of buildings is also partly maintaining the physical and mental health  of students. The
article deals with investigating an internal environment — the factors that affect creative work demanding
concentration. There are microclimatic conditions, illumination during visually demanding work, noise, or
chemical factors. Standardized research methods for measuring temperature, humidity, airflow, and illumination
using the relevant device base were used to characterise these factors during the selected university classroom
lessons. The results were compared with the limit values published in standards and legislation. The complex of
these "external™ factors influences psychological wellbeing, and might burden activities requiring information
admittance, processing, concentrating and creativity. The psychological burden was assessed by a subjective
method, such as a standardized questionnaire and its evaluation. The obtained results showed that there was a
correlation between the external factors of the environment and the psychological well-being of the students. If
the teacher knows the factors that affect his/her health and the health of students, he/she can predict their negative
impact on performance and take preventive measures such that the factors of the internal environment are within
the recommended limits. In practical life, this can mean achieving higher performance by managing environmental
factors.

Keywords: indoor environment quality; lighting; microclimate; carbon dioxide; questionnaire

1 Introduction 1 Uvod

People spend on average 80-95 % of their Priemerne ¢lovek travi 80 — 95 % svojho Casu
time indoors in different buildings; 62% at vo VglummyCh PrleStOEOCh roznych budov;
home, 25 % at work, at school, in administrative 62 % dorpa, 25 /o v praci, vskgle,
and purpose buildings and around 8% in v administrativnych  a ucelovych quovach
vehicles [1], [2]. The basic user parameter of apriblizne 8 % v dopravnjch prostriedkoch
each building designed for long-term residence (11, [2]. ZakladPY uzivatel'sky Parameter ka?d?l
of people is the quality of the inner stavby, uréenej pre dlhodoby pobyt Tudi, je
microclimate, which is defined as “thermal, kvalita  vnutornej —mikroklimy, ~ ktora je
light, acoustic comfort” [3]. These indoor definovand ako ,tepelnd, svetelna, akusticka
building factors are described by physical or pohoda® [3]. ~Tieto faktory — vnitorného
chemical variables. Their maintenance within prostredia  budov  sa popisuju fyzikalnymi

alebo chemickymi veli¢inami. Ich udrzanie
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the defined limits is a condition of the
functionality of the buildings and the creation of
a healthy environment for the human being, as
well as for the technological process [4], [5].
The improvement of the quality of emerging
and new buildings and thus contributing to
disease prevention, health improvement, and
satisfaction of target groups, requires an internal
environment control system focusing on the
factors most affected by the physiological effect
(Fig.1) [6].

School buildings can have a significant
impact on students and teachers’ health and
performance through their internal environment
such as noise level, indoor temperature, air
quality and light [7]. According to Heath et al.
(2000), there has always been concern
regarding the indoor environment of schools
due to shortage of funding for school buildings,
because poor environments have a greater
impact on children than on adults [8], [9], [10].

Vv definovanych  limitoch  (medziach) je
podmienkou funkénosti budov a vytvorenie
zdravého prostredia pre Cloveka, pripadne aj pre
technologicky proces [4], [5]. Zlepsit kvalitu
exitujucich anovych budov a prispiet’ tak
K prevencii  ochoreni, zlepSenia zdravia
a spokojnosti cielovych skupin si vyZaduje
vytvorit’ systém kontroly vnutorného prostredia
so zameranim na faktory, ktoré najviac
ovplyviuju fyziologicky efekt (Obrazok.1) [6].

Skolské budovy mézu mat’ vyznamny vplyv
na zdravie a vykonnost' Studentov a ucitel'ov
prostrednictvom ich vnitorného prostredia, ako
je napriklad hladina hluku, vnitorna teplota,
kvalita vzduchu a svetlo [7]. Podl'a Heath et al.
(2000), vzdy existovali uvahy tykajuce sa
kvality vnatorného prostredia $kol z dovodu
nedostatku financii, pretoze nevhodné vnutorné
prostredie méa vacsi vplyv na deti ako na
dospelych [8], [9], [10].

Immeasurabl X S ¢
effect The relevant factor on the organism S E o 2
» without any influence or its effect is =t |= =
not detectable Ce I8 g
ssEsanmmm = % Y
= | = || &
. . The relevant factor causes certain S = 3
2 Physiological reactions of the organism, but they = < £
£ effect do not go beyond the normal 3 £ &
f 1 physiological regulation (dynamic E o ic %
o balance) and are safely manageable c g = k=
*;;’ adaptation capacities of the n & % E
g organism. eesensssneeneen®¥ €| 8
- Temporary The effect of the factor occurs in the g 2
pathological organism to a significant deviation T 3
effect from its normal functional status, i g
» accompanied by a disorder, after g 3
discontinuation of the factor after a ‘ 3]
certain event. the treatment, the state ©
Permanent? of the organism returns to normal.
pathological " srerarrenesnans \
effect Effect of the factor achieves an
»| intensity that causes permanent
\ 4 damage to the body or death. J

Fig. 1 Effects of environmental factors and their impact on human health [6]
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Obr. 1 Pésobenie faktorov prostredia a ich vplyv na zdravie ¢loveka [6]

The SINPHONIE project was a pilot research
project on health and the environment that
monitored an indoor air in schools. 114
elementary schools from 23 European
countries, including Slovakia, were involved in
this project. The SINPHONIE project results
analysis has confirmed that indoor air quality
(IAQ) in schools is a very important issue and
has an impact on children's health, including
respiratory problems such as asthma and
allergies, as well as attendance and
performance. It has been found that indoor air
pollution in schools is complex and variable and
it can be of different origin (exterior, interior)
and character (physical, chemical and
biological). It can be caused by many sources
(such as combustion processes, building
materials or components, and consumer
products). Air pollutants were found in classes
in concentrations that in some cases exceeded
WHO recommended values and which were
detrimental to the health of schoolchildren [11],
[12].

Delta 2020, 14(2):54-70

56

SINPHONIE projekt bol pilotny vyskumny
projekt v oblasti zdravia a Zivotného prostredia,
ktory sledoval vnutorné ovzdusie v skolach. Do
tohto projektu bolo zapojenych 114 zakladnych
Skol v23 eurdpskych krajinach vratane
Slovenska. Analyza vysledkov projektu
SINPHONIE potvrdila, Ze (indoor air quality)
IAQ v skolach je vel'mi dolezitou otazkou a ma
vplyv na zdravie deti vratane dychacich
problémov ako st napriklad astma a alergie, ako
aj na skolskt dochadzku a vykonnost’ deti. Bolo
zistené, Ze zneclistenie vnutorného ovzdu$ia v
Skolach je komplexné a premenlivé a méze byt
rdézneho povodu (exteriér, interiér) a charakteru
(fyzikalne, chemické a biologické). Moze byt
sposobené¢ mnohymi zdrojmi (ako su
spalovacie procesy, materialy budov alebo
komponenty a spotrebné produkty). Latky
znecist'ujiice ovzdusie boli zistené v triedach v
koncentraciach, ktoré v niekol’kych pripadoch
presiahli odporacané hodnoty WHO, a ktorych
koncentracie boli Skodlivé pre zdravie skoldkov
[11], [12].
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1.1 Physical and chemical factors in the school
environment

Microclimatic or thermal-humidity
conditions of an indoor building environment
are determined by three basic physical factors:
- relative humidity,

- temperature a
- air flow [13], [14], [15].

An important role plays, depending on the
difficulty of the work and the need for mental
focusing, the lighting in the place of visual
performance and noise. Other factors are
physical factors such as the concentration of
pollutants in the class (carbon dioxide,
formaldehyde, benzene, volumes of organic
compounds (VOC) and 2,5 pm dust particles,
referred to as PM2.5) and biological factors.
The proportions of these factors determine the
guality of the inner environment, the subjective
feeling of well-being or the discomfort of a
person [16], [17].

One of the basic conditions for a healthy
environment in schools is adequate ventilation
of the indoor environment. In schools, mostly
fresh air gets into the building mostly in an
unregulated way, through window and door
joints or through joints in packaging
constructions. During cold days it is necessary
to provide natural ventilation by opening
windows. To deal with the problem of air
exchange in school buildings, the hygienic
limits for the necessary amounts of air
according to the season are applicable (Table 1).

1.1 Fyzikdalne a chemické faktory v skolskom
prostredi

Mikroklimatické alebo inak nazvané tepelno-
vlhkostné podmienky vnutorného prostredia
budov st ur¢ené tromi zakladnymi fyzikalnymi
faktormi:

- relativnou vlhkost'ou vzduchu,
- teplotou a
- prudenim vzduchu [13], [14], [15].

Vyznamnu tulohu zohrava v zavislosti od
narocnosti prace apotreby  psychického
sustredenia aj osvetlenost’ v mieste vykonu
zrakovej ulohy a rovnako aj hluénost. Dal§im
faktorom st chemické faktory, ku ktorym patri
napriklad koncentracia Skodlivin v triede (oxid
uhli¢ity, formaldehyd, benzén, VOC (Volataile
organic compounds) aprachové Castice
ovelkosti 2,5 um oznaCované ako PMpys
a biologické faktory. Pomerom tychto faktorov
sa urCuje kvalita vnuitorného prostredia,
subjektivny pocit pohody alebo nepohody
¢loveka [16], [17].

Jednou zo zakladnych podmienok zdravého
prostredia Vv Skolach je dostatocné vetranie
vnitorného prostredia. V Skolach sa vécsinou
cerstvy vzduch dostdva do objektu zvicsa
neregulovanym spdsobom a to cez Skary okien
adveri alebo cez Skary Vv obalovych
konstrukciach. Pocas chladnych dni je potrebné
zabezpeCit' prirodzené vetranie otvaranim
okien. Pri rieSeni problému vymeny vzduchu
v Skolskych budovach platia hygienické limity
pre nevyhnutné mnozstvd vzduchu podla
ro¢ného obdobia (Tabul’ka 1).

Tab. 1 Air exchange in the rooms of school buildings in the winter [18]

Tab. 1 Vymena vzduchu v priestoroch §kolskych budov v zimnom obdobi [18]
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The purpose of the rooms / Temperature Air exchange / Type of ventilation /
Ucel priestoru in winter / Vymena vzduchu Druh vetrania
Teplota v
zime (°C)
(1.hh) (m3.h?)
Universal and vocational Natural — summer /
classrooms, classrooms for arts Prirodzené - leto
and music education / Univerzalne 20 3-8 15-40 _ _
a odborné ugebne, pracovne Forced suction —winter /
vytvarnej a hudobnej pripravy Nuten¢ odsavanie - zima
Offices / Kabinety 20 - - Natural / Prirodzené
57
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Tab. 1 continue

Tab. 1 pokracovanie

The purpose of the rooms / Temperature
Ugel priestoru in winter /
Teplota v
zime (°C)

Air exchange / Type of ventilation /
Vymena vzduchu Druh vetrania

(LhY) | (mhh)

Universal and vocational
classrooms, classrooms for arts

Natural — summer /
Prirodzené - leto

and music education / Univerzalne 20 3-8 15-40 _ _
a odborné ucebne, pracovne Forced suction - W'”t_er /
vytvarnej a hudobnej pripravy Nuten¢ odsavanie - zima
Offices / Kabinety 20 - - Natural / Prirodzené
Professional workshops, 20 5-10 15-40 Forced / Nutené
laboratories / Odborné pracovne,
laboratoria
Reading rooms and clubs / Citarne 20 3-5 20-30 Natural / Prirodzené
a klubovne
Toilets for students / WC pre 15 10 - Natural / Prirodzené
ziakov
Halls for stays and rests / Chodby 15 3-5 - Natural / Prirodzené
pre pobyt a odpoé¢inok
The  objectification of  microclimatic Objektivizacia mikroklimatickych

conditions by physical factors in the school
environment is carried out by measurements
using thermometers, anemometers,
psychrometers or moisture meters [19]. The
values obtained are then compared with the
limit values given in the legislation. Due to the
heat and workload of an employee in the work
environment, we can assess the physical load of
the body through the following evaluations:

- physiological, based on the response of the
body to the working environment, such as
the heart rate, the amount of sweat
excreted, the body temperature,

- technical-hygienic (predictive) when we
predict the impact of microclimatic
conditions in the work environment
through individual indicators (e.g. air
temperature) on the burden of the
employee [20].

58
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podmienok pomocou fyzikalnych faktorov
v Skolskom  prostredi sa realizuje meranim
pomocou teplomerov, anemomemtrov,
psychrometrov alebo vlhkomerov [19]. Ziskané
hodnoty sa potom porovnavaju s limitnymi
hodnotami uvedené v legislativnych
predpisoch. Vzhl'adom na tepelnu a pracovnil
zataz ¢loveka v pracovnom prostredi mézeme
posudit’  fyzické  zataZenie  organizmu
prostrednictvom nasledovnych hodnoteni:

— fyziologického, pri ktorom vychidzame z
reakcie telesnych ukazovatelov (napr.
srdcova frekvencia, mnozstvo vyluceného
potu, telesnd teplota) organizmu na
pracovné prostredie,

— technicko-hygienického (predikéného),
kedy predpovedame  prostrednictvom
jednotlivych ukazovatelov (napr. teplota
vzduchu) vplyv mikroklimatickych
podmienok v pracovnom prostredi na
zatazenie zamestnanca [20].
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2 Methods

The aim of the assessment of the internal
environment in a representative university
classroom was to measure factors that
significantly influence the quality of the
teaching process. The factors were as follows:
a) lighting,

b) relative air humidity,
c) the temperature,
d) the concentration of carbon dioxide.

Measurement was performed by a light meter
Testo 545 (Figure 2a). It was an extremely
accurate measurement since the permissible
deviation defined by the manufacturer was + 2
% (according to DIN 5032, part 6).

The machine EXTECH® Anemometer AN
340 was used to objectify the temperature and
relative  humidity  (Figure 2b).  The
concentration of carbon dioxide in the
classroom was objectified with TESTO 315-3
CO/ CO; (Figure 2c).

The measurement object was a classroom for
exercise. Its location was in the reconstructed
building of the Faculty of Education of the
Constantine the Philosopher University in Nitra
on the ground floor of a separate building. The
basic characteristics of the representative
classroom are shown in Table 2 and the internal
layout is in Fig. 3.

Tab. 2 Parameters of classroom

Tab. 2 Zakladné parametre objektivizovanej ucebne

2 Metody

Cielom posudenia vnutorného prostredia
Vv reprezentativnej vysokoskolskej ucebni bolo
zmerat' faktory, ktoré vyznamnou mierou
vplyvaju na kvalitu vyucovacieho procesu. Boli
objektivizované tieto faktory:
a) osvetlenost,
b) relativna vlhkost' vzduchu,

c) teplota,
d) koncentracia oxidu uhliitého. I
Konkrétne meranic osvetlenosti  bolo

uskuto¢nené pristrojom Testo 545 (Obrazok
2a). Pripustnd odchylka definovana vyrobcom
pristroja je + 8% (podl'a DIN 5032, Cast’ 6).

Meraci pristroj EXTECH® - Anemometer
AN 340 bol pouzity na objektivizaciu teploty
a relativnej vlhkosti bol pouzity (Obrazok 2b).
Koncentracia oxidu uhli¢itého v ucebni bola
objektivizovana pristrojom TESTO 315 -3 CO
/ CO; (Obrazok 2c).

Objektom merani bola ucebna sluziaca na
cvicenie. Jej lokalizacia je v rekonStruovanej
budove Pedagogickej fakulty Univerzity
Konstantina Filozofa v Nitre na prizemi
samostatného traktu. Zakladné charakteristiky
reprezentativnej ucebne st uvedené v Tabul'ke
2 a vnutorné usporiadanie je na Obrazku 3.

Room / Oznadenie miestnosti

DRD00080

Dimensions / Rozmery

6,45x5,34mx3,19m

Characteristic / Charakteristika

Classroom for Classical Exercise / Ucebna pre
klasické cvic¢enie

Orientation / Orientacia

North / Sever

Locality / Lokalita

Side tract on the ground floor, in the middle of the
building / Bo¢ny trakt na prizemi, stred budovy

Number of windows and dimensions / Pocet
okien a rozmery

2 windows (1.75 x 2,07 m?) / 2 okn4 (1,75 x 2,07
m2)

Number of heaters and dimensions / Pocet
vykurovacich zariadeni a rozmery

2 heaters (1,80 — 60,5 m?) / 2 radiatory (1,80 —
60,5 m?)

Number of light sources / Pocet svetelnych
zdrojov

6 light sources / 6 svietidiel

Delta 2020, 14(2):54-70
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b)

l °’

Fig. 2 The devices used for measurements
a) Luxmeter Testo 545, b) Anemometer AN 340, ¢) The measuring device CO/CO;

Obr. 2 Pristroje pouzité na meranie
a) Luxmeter Testo 545, b) Anemometer AN 340, c) Pristroj na meranie CO/CO-

Fig. 3 Spatial layout of the classroom

Obr. 3 Priestorové usporiadanie u¢ebne

3. Results

3. 1 The measurements of the daylight

The subject of the measurement was the total
illuminance on the horizontal comparison plane
at a height of 0,85 m above the floor.
[llumination measurements were performed in
March between 8,00 - 15,00. Throughout the
room (total illumination), the illuminance was
measured on a horizontal reference plane in a
regular square or rectangular network of
measuring points. The points were arranged in

Delta 2020, 14(2):54-70
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3. Vysledky
3. 1 Meranie denného svetla

Predmetom merania bola celkova
osvetlenost’ na vodorovnej porovnavacej rovine
vo vySke 0,85 m nad podlahou. Meranie
osvetlenosti bolo uskutocnené v marci 2019
medzi 8,00 — 15,00 hod. podl'a STN EN 12464-
1: 2012. V celej miestnosti (meranie celkového
osvetlenia) sa merala osvetlenost na
vodorovnej porovnavacej rovine v pravidelnej
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a floor plan so that the distance of the end points
from the wall or boundary of the defined part
represents half the distance between the points.
In rooms with a floor area of less than 2 m?, at
least 2 measuring points are measured in the
middle of the room (one measuring point), in
rooms with an area of 2 to 6 m? at least 2
measuring points, from 6 to 10 m?, at least 4
measuring points over 10 m? . The distance of
the measuring points from the walls or from
obstacles exceeding the reference plane must
not be less than 0,5 m. In our case, we
established a network with 20 checkpoints [21].
The average daylight illuminance values are
shown in Figure 4. At 11 o'clock, the
illuminance reached its maximum value (507.4
IX). In the morning and afternoon the values
were significantly lower (100 - 200 Ix).

§tvorcovej alebo obdiznikovej sieti meracich
bodov, rozlozenych v pddoryse tak, aby
vzdialenost’ krajnych bodov od steny alebo
hranice =~ vymedzenej Casti predstavovali
polovicou vzdialenosti medzi bodmi. V
miestnostiach s podorysnou plochou menej ako
2 m? sa stanovuje meraci bod v strede miestnosti
(jeden meraci bod), v miestnostiach s plochou
od 2 do 6 m? najmenej 2 meracie body, od 6 do
10 m? 3 meracie body, nad 10 m? najmenej 4
meracie body. Vzdialenost’ meracich bodov od
stien alebo od prekazok prevySujucich
porovnavaciu rovinu nema byt mensia ako 0,5
m. V nasom pripade sme stanovili siet’ s 20-
timi kontrolnymi bodmi [21]. Priemerné
hodnoty osvetlenosti pri dennom svetle sua
uvedené na Obrazku 4. O 11,00 hodine
dosahovala osvetlenost maximalne hodnoty
(507,4 Ix). Rano a popoludni boli hodnoty
podstatne nizsie (100 - 200 Ix). Meranie v
kazdom bode bolo vykonané trikrat,
zaznamenany bol priemer tychto merani.

790,38
1000.00 55957
785,25
800.00
600.00
443,13
400.00

0.00

902,63

243,13
176,875

200.00
— g g -

312,25

Fig. 4 Average daylight values in the classroom from 8 am to 3 pm in Ix
(STN EN 2464-1: Light and Illumination)

Obr. 4 Priemerné hodnoty dennej osvetlenosti v uéebni medzi 8:00 a 15:00 hodinou v Ix
(STN EN 12464-1:2012 Svetlo a osvetlenie)

Delta 2020, 14(2):54-70
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Tab. 3 Average illuminance values (E), measurement uncertainty (U) and standard requirements

Tab. 3 Priemerné hodnoty osvetlenosti (E), neistota merania (U) a poziadavky normy

E u E-U E+U lllumination requirements by /
Poziadavky na osvetlenost podla
(Ix) (%) (Ix) (Ix) STN EN 12464-1
426,13 34,09 392,04 460,22 500 Ix

The results showed the discrepancy of the
illumination in the room with limit values.
Therefore, it is necessary to use artificial light
sources during the lessons.

3. 2 Measurement of carbon dioxide, humidity
and temperature

Measurements of carbon dioxide
concentration, relative humidity and
temperature were performed discontinuously in
twenty-minute intervals during a 90-minute
exercise when there were 19 people in the
classroom. Windows and doors were closed to
indicate an increase of carbon dioxide
concentration. The first measurement took
place before the lecture began in an empty
classroom. The instrument recorded the
minimum and maximum carbon dioxide values
in ppm units (Table 4).

Vysledky poukazuji na nesulad osvetlenosti
v miestnosti s limitnymi hodnotami. Preto je
potrebné pocas vyucby pouzivat’ umelé zdroje
osvetlenia.

3.2 Meranie oxidu uhlicitého, vihkosti a teploty

Measurements of carbon dioxide
concentration,  relative  humidity  and
temperature were performed discontinuously in
twenty-minute intervals during a 90-minute
exercise when there were 19 people in the
classroom. Windows and doors were closed to
indicate an increase of carbon dioxide
concentration. The first measurement took
place before the lecture began in an empty
classroom. The instrument recorded the
minimum and maximum carbon dioxide values
in ppm units (Table 4).

Tab. 4 Measurement results of concentration CO,.

Tab. 4 Vysledky merania koncentracie CO>

Time of Minimal value | Maximal value Mean value Temperature / Relative
measurement / CO:/ CO:/ CO2/ Teplota humidity /
Cas merania Minimalna Maximalna Priemerna oc Relativna
hodnota CO, hodnota CO, hodnota CO, (°C) vlhkost’
(ppm) (ppm) (ppm) )
09:00 930 1050 990 24,4 42,5
09:20 1850 2030 1940 25,0 41,3
09:40 2080 2350 2215 25,7 42,9
10:00 3360 3750 3555 26,3 47.6
10:20 3680 3680 3680 26,8 49,8
10:40 4170 4250 4210 27,0 51,7
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Carbon dioxide greatly influences students'
concentration and comfort. Table 5 shows the

Oxid uhli¢ity vyznamnou mierou vplyva na
sustredenost’ a komfort Studentov. Tabulka 5

relationship between the CO2 concentration and
response

the organism's
concentration.

for

uvadza vztah medzi koncentriciou CO,

a given a odozvou organizmu pre danu koncentraciu.

Tab. 5 Effects of CO; on the organism depending on its concentration in the air

Tab. 5 Uginky CO2 na organizmus v zavislosti od jeho koncentracie v ovzdusi

COz in the air / CO; vo vzduchu | Described effect on organism / Popis t¢inkov na organizmus

(ppm) % (obj.)

350 - 450 0,035 -0,045 | fresh air / ¢erstvy vzduch

600 -1200 0,06-1,2 indoor air / izbovy vzduch

>1000 >0,1 fatigue and disturbance of concentration / unava a poruchy
koncentracie

1200 -2 000 1,2-20 feeling sleepy and tired / pocit ospalosti a unavy

3000 0,3 fatigue, drowsiness, deep breathing, hearing impairment and
headache, increased blood pressure and pulse rate / tinava,
ospalost’, prehibené dychanie, zhor$enie sluchu a bolest’ hlavy,
zyvysenie krvného tlaku a zrychlenie pulzovej frekvencie

5000 0,5 maximum average permissible exposure limit in working
atmosphere / najvyssie pripustny expoziény limit priemerny v
pracovnom ovzdusi

10 000 1 accelerated breathing, hypoxia / zrychlené dychanie, hypoxia

40 000 - 4-5 respiratory rate is accelerating approximately four times,

50 000 symptoms of poisoning and feeling of suffocation, acute
hypercapnia / frekvencia dychania je zrychlena asi
Stvornasobne, priznaky otravy a pocit dusenia, akttna
hyperkapnia

60 000 — 100 000 | 6 - 10 nausea, unconsciousness, death within a few minutes /
nevolnost, bezvedomie, smrt’ v priebehu pat mintit

Concentrations of about 0,1 % CO: in the air
are found, for example, in a crowded lecture
room with insufficient ventilation and causing
drowsiness. Concentrations of more than 2 %
may already show signs of chest pain, and
breathing is getting worse. At a concentration of
more than 5 %, CO; is directly toxic. The results
highlighted the need for ventilation during
teaching as well as the need to optimize the
number of students relative to the classroom
dimensions.

Measured temperature and relative air
humidity values were compared with the
optimum permissible microclimate conditions
for the cold season and activity class (included
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Koncentracie okolo 0,1 % CO; vo vzduchu st
napriklad v zaplnenej prednaskovej miestnosti s
nedostatoénym vetranim a spdsobuju ospalost’.
Pri koncentracii viac ako 2 % sa mozu uz
vyskytnut’ priznaky ako je tazoba na hrudniku
a zacina sa prehlbovat’ dychanie. Frekvencia
dychania sa zdvojnasobi pri koncentracii 3 % a
je Stvornasobnd pri koncentracii CO2 5 %.
Koncentracie CO2 okolo 5 % spdsobuje za 30
minut akatnu  hyperkapniu, tj. priamu
intoxikaciu. Vysledky poukazali na potrebu
vetrania aj pocas vyucby, ale aj na potrebu
optimalizovat’ pocet Studentov vzhladom na
rozmery ucebne.
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in 1a) according to the Decree of the Ministry
of Health of the Slovak Republic no. 544/2007
Coll. on details of the protection of health
against heat and cold at work. The minimum
room temperature measured during the
classroom was 24,4 °C, i.e. it was within the
permissible temperature range (18 — 26 °C).
The maximum measured value during
the lesson was 27 °C, that was higher
than the maximum allowable temperature. The
measurement showed that room temperatures
did not meet the optimal temperature
requirements for the cold season (20 — 24 °C)
[23].

The minimum measured relative humidity in
the classroom was 41.3 % and the maximum
measured relative humidity in the classroom
was 51.7%. Both measured values fall within
the allowable relative humidity range for a cold
period of the year.

3. 3 Questionnaire survey

A subjective method of evaluating the
perception of the internal environment -
guestionnaire, was used. Respondents group
included 15 students who had been taught and
filled the questionnaire at the end of lesson. The
guestionnaire had 15 questions that clarify
several areas of climate well-being in space
during teaching and one open question.
Respondents answered to individual questions
according to the extent to which they agreed or
disagreed on a 5-point Likert scale from yes,
more yes, maybe, no more, no to no. The
guestionnaire was anonymous. The return rate
of the completed questionnaires was 100%.

The aim was to determine the subjective
attitude of students to the quality of the
environment and to compare the perception of
environmental factors with real values. The
results of the questionnaire are in Table 6.
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Namerané hodnoty teploty arelativnej
vlhkosti vzduchu boli porovnané s optimalnymi
pripustnymi podmienkami mikroklimy pre
chladné obdobie roka a triedy cinnosti
(zaradené do la) podla Vyhlasky MZ SR ¢.
544/2007 Z. z. o podrobnostiach o ochrane
zdravia pred zatazou teplom a chladom pri
praci. Minimalna namerana teplota v miestnosti
pocas priebehu vyucovania bola 24,4 °C, t,j.
nachadza sa v rozsahu pripustnej povolenej
teploty (18 - 26 °C). Maximalna namerana
hodnota pocas vyucovania bola 27 °C, tato
hodnota prevysSuje najvyssiu pripustnti hodnotu
povolenej teploty. Meranie preukazalo, Ze
hodnoty teploty v ugebni nespiiiajii optimalne
poziadavky na teplotu pre chladné obdobie roka
(20— 24 °C) [23].

Minimalna namerand hodnota relativnej
vlhkosti vzduchu v ucéebni bola 41,3 %
a maximalna namerana hodnota relativnej
vlhkosti vzduchu v u¢ebni boli 51,7 %. Obe
namerané hodnoty st v rozsahu pripustnej
relativnej vlhkosti vzduchu pre chladné obdobie
roka.

3. 3 Dotaznikovy prieskum

Bola pouzitd aj subjektivna metdda
hodnotenia vnimania vnutorného prostredia -
dotaznik. Respondentmi bolo 15 Studentov,
ktori absolvovali vyucbu. Dotaznik im bol
rozdany na konci vyucovacej hodiny.
Obsahoval 15 otazok, ktoré objasnuju viacero
oblasti klimatickej pohody v priestore pocas
vyucby a jednu otvorenu otazku. Respondenti
odpovedali na jednotlivé otazky podl'a toho, do
akej miery s nimi suhlasili alebo nestihlasili na
5 bodovej Likertovej stupnici od stupiia ano,
viac 4no, mozno, viac nie, az po nie. Dotaznik
bol anonymny. Navratnost vyplnenych
dotaznikov bola 100 %.

Cielom bolo zistit subjektivny postoj
Studentov na kvalitu prostredia a komparaciu
vnimania faktorov prostredia s redlnymi
hodnotami. Vysledky dotaznika st v Tabul'ke 6.
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Tab. 6 Results of the questionnaire survey

Tab. 6 Vysledky dotaznikového prieskumu

Gender / Pohlavie

Women
/ Zeny

Men /
Muzi

10

Yes /
Ano

More
yes /
Viac
ano

Maybe /
Mozno

More
no/

Viac
nie

No / Nie

Are you satisfied with the intensity of
lighting in the classroom? / VVyhovuje
Vam intenzita osvetlenia v ucebni?

Do you think the value of 500 lux is
sufficient to teaching? / Myslite si, ze
hodnota 500 Ix je dostato¢na na
vyucovanie?

Do you think that ventilation in this
room is necessary before teaching? /
Je podla Vas vetranie pred vyucbou v
tejto miestnosti potrebné?

10

Does ventilation hinder you during
class? / Prekaza Vam vetranie pocas
vyucovania?

Does background noise affect your
concentration? / Ma okolity hluk
vplyv na Vasu ststredenost’?

In your opinion, is a noise value of 40
dB permissible for teaching? / Je
podl'a Vés hodnota 40 dB pripustna
pre vyucovanie?

Does high classroom temperature
affect your concentration during the
lesson? / Ma vysoka teplota v uéebni
vplyv na Vasu ststredenost’ pocas
vyucovacej hodiny?

12

In your opinion, is the heating of
classrooms during the winter period
sufficient? / Je podl'a Vas
vykurovanie uc¢ebni pocas zimného
obdobia dostatocné?

10

Do you think that humidity affects
your breathing? / Myslite si, Ze
vlhkost’ vzduchu vplyva na Vase
dychanie?

11

10.

Does the classroom environment be
dusty? / Povazujete prostredie uc¢ebne
za prasSné?
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Tab. 6 continue

Tab. 6 pokracovanie

Gender / Pohlavie ngen 5 Men / 10
/ Zeny Muzi
More More
Yes/ yes / Maybe/ | no/ .
Ano Viac Mozno Viac MOG Nz
ano nie
11. | Does dust in your classroom cause
breathing difficulties? / Spésobuje u
. R 3 0 4 4 4
Vas prach v u¢ebni t'azkosti s
dychanim?
12. | Do you think that higher CO, values
affect your study results, e.g. in
handwriting? / Myslite si, ze vyssie 5 5 6 0 5
hodnoty CO; vplyvaju na Vase
Studijné vysledky napr. pri
pisomkach?
13. | Do you think that high CO; values
cause fatigue? / Myslite si, Ze vysoké 11 2 2 0 0
hodnoty CO- sp6sobuju unavu?
14. | In your opinion, does the value of
CO: increase with the number of
students in the classroom? / ZvySuje 10 2 3 0 0
sa podl'a Vas hodnota CO; s poctom
Studentov v ucebni?
15. | In your opinion, does the value of
2000 ppm (COz2) have a negative
impact on concentration? / Ma podla 6 1 8 0 0
Vs hodnota 2000 ppm (CO,)
negativny dopad na sustredenost’?
16. | Suggest measures to increase student comfort during lessons / Navrhnite opatrenia na
zvysenie komfortu Studentov pocas vyucby
Results obtained from the output of Spracovanim vysledkov ziskanych vystupom

measuring instruments and calculations from
the questionnaire, we found that students mostly
attribute significant factors to environmental
factors, but do not know the possibilities of
improving the indoor environment, because the
open question was recommended measures
such as more frequent opening windows and
doors.. Only two responses were directed to the
installation of the building's recuperation
system.

13,3% of students answered "maybe" to the
importance of lighting in the teaching process.
however, even in answer to a control question
about the knowledge of lighting in the
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z meracich pristrojov a vypoctov z dotaznika
sme zistili, ze Studenti zvidcéSa faktorom
prostredia pripisuji vyznamni mieru, avSak
nepoznaji moznosti zlepSenia vnutorného
prostredia, pretoze v otvorenej otazke boli
odporacacie opatrenia, ako napriklad CastejSie
vetranie oknami a dverami. Iba dve odpovede
boli smerované k inStalacii rekuperacného
systému budovy.

13,3 % Studentov odpovedalo ,,mozno“ na
vyznamnost’ osvetlenia pri vyuc¢bovom procese.
Rovnako aj v odpovedi na kontrolnu otazku
0 znalosti osvetlenosti na pracovnom mieste pri
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workplace in visually demanding work, up to 60
% of students expressed themselves vaguely on
the set limit.

53,3% of respondents could not comment on
the value of 2000 ppm and the relationship
between CO. concentration and psychological
work. The Slovak legislation does not
exhaustively determine the CO; limit value for
the living environment of buildings. Therefore,
the limit value for the concentration of carbon
dioxide of 1000 ppm, introduced by Max Joseph
von Pettenkofer, a pioneer of modern hygiene
and the environment, is used in the interior [22].
From this value, the maximum amount of
ventilated air of 25 m® .h?! per person in the
interior was derived [24]. CO; is not toxic, but
it has been experimentally shown that even
without a decrease in oxygen concentration,
CO; has a systemic toxic effect. Hemoglobin
transports oxygen and CO; at the same time, but
by different mechanisms. CO; is a mediator of
autoregulation of blood supply in tissues, its
increase  causes  vasodilation, improves
perfusion in tissues [25].

4. Conclusions

The measurement results showed that, except
of the relative air humidity, none of the
parameters met the required values for optimal
or permissible values. Improvement of the
lighting can be reached by using artificial
lighting, regular cleaning of illumination holes
and cleaning of lighting systems. The problem
is that the classroom is situated on the northern
side and in a close distance of about 5 meters to
the next building, so the room is shaded.

The most critical value was the carbon
dioxide concentration (the maximum value was
4250 ppm), as the windows and the door were
closed during the classroom and the classroom
was not equipped with any artificial ventilation
system. In CO; surveys in California and Texas
schoolrooms [26], average CO; concentrations
above 1000 ppm were measured, many
exceeded 2000 ppm, and in 21 % of Texas
classes the maximum CO; concentration was
over 3000 ppm. Such high CO; values could
have a particularly adverse effect on the
concentration.

In general, if many people gather in the room,
CO; is rapidly increasing and contributes to
poor air quality and pollution, in conference
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zrakovo naro¢nych pracach az 60 % Studentov
sa vyjadrilo neurcito na stanoveny limit.

A7 53,3 % respondentov sa nevedelo vyjadrit’
k hodnote 2000 ppm CO; avztahu
koncentracie CO. na psychicki pracu.
V slovenskej legislative nie je taxativne urcena
limitnd hodnota CO; pre obytné prostredie
budov. V interiéri pouziva limitnd hodnota
koncentracie oxidu uhli¢ittho 1 000 ppm,
zavedena Max Josephom von Pettenkoferom,
prickopnikom moderne;j hygieny a
environmentu [22]. Z tejto hodnoty bolo
odvodené maximalne mnozstvo vetraného
vzduchu 25 m®.hod? na osobu v interiéri [24].
CO:; nie je toxicky, ale experimentalne bolo
dokazané, ze aj bez poklesu koncentracie
kyslika ma CO; systémovy toxicky efekt.
Hemoglobin prenasa kyslik aj CO; zaroven, ale
roznymi mechanizmami. CO; je mediator
autoregulacie krvného zasobenia v tkanivach,
jeho zvySenie spdsobi vazodilataciu, zlepsi
perfuziu v tkanivach [25].

4. Zaver
Vysledky merani preukazali, ze okrem
relativnej  vlhkosti vzduchu ani jeden

z parametrov nespifiali poZadované hodnoty
uréené pre optimalne alebo pripustné hodnoty.
Zlepsit’ osvetlenie je mozné pouzitim umelého
osvetlenia, pravidelnym ¢istenim osvetlovacich
otvorov a cistenim osvetlovacich sustav.
Problémom je, Ze ucebia je situovana oknami
na severnu stranu a V blizkej vzdialenosti cca 5
metrov ju tieni d’alia budova.

NajkritickejSou hodnotou bola koncentracia
oxidu uhli¢itého (maximalna hodnota dosiahla
4250 ppm), pretoze pocas vyucby boli
zatvorené okna aj dvere aucebna nie je
vybavena  ziadnym = umelym  vetracim
systtmom. V prieskumoch o koncentraciach
CO; v skolskych ufebniach v Kalifornii
a Texase [26] boli namerané priemerné
koncentracie CO; vyssie ako 1000 ppm, mnohé
prekrocili 2000 ppm a v 21 % texaskych tried
bola maximalna koncentracia CO, vysSia ako
3000 ppm. Takéto vysoké hodnoty CO: by
mohli mat’ obzvlast nepriaznivy vplyv na
koncentraciu ziakov.

Vseobecne plati, ze ak sa zhromazdi velky
pocet T'udi v miestnosti, CO sa rychlo zvysi
a prispieva k zlej kvalite ovzdusia a k jeho
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rooms where more staff are in a longer time in
confined spaces. Other places like gyms,
shopping centers, cafes, bars, libraries are
increasingly  recognized as an indoor
environment with higher CO, that would be
suitable to monitor by detectors. A
recommended recovery system would be
implemented in the reconstructed classroom to
ensure a sufficient air supply and maintenance
of a lower concentration of carbon dioxide,
including sensors, for early detection of
dangerous concentrations. At present, the
recommendation is to regularly ventilate the
room during the lessons.

Classroom temperature has risen and
exceeded the acceptable values fort the cold
period of the year for a particular class of work
(1a). Improvement would be to install a
thermoregulation on the heaters in the
classroom to avoid overheating.

The subjective views and attitudes that
emerged from the questionnaire proved only
partial consistency with the results achieved.
Respondents' susceptibility to adverse effects is
significant, whilst the real results as well as the
guestionnaires answers confirmed that the
alarming factor is air quality in a non-ventilated
room. However, it can be stated that the
guestionnaire has shown that students do not
know the limit values of the environment
parameters in which they work.
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znecisteniu, napr. V zasadacich miestnostiach,
kde sa stretdva viac zamestnancov na dlhsi cas
v obmedzenych priestoroch. Aj ostatné miesta,
ako su telocvicne, nakupné centrd, kaviarne,
bary, kniznice sa Coraz CastejSie uznavaju ako
vnutorné prostredie s vy$§im CO», ktoré by bolo
vhodné monitorovat’ detektormi.
Odporucajicim zdverom  je v ramci
rekonstrukcie ucebne namontovat vhodny
rekuperacny systém zabezpeCujuci jednak
dostatocny prisun vzduchu audrzanie nizsej
koncentracie oxidu uhli¢itého vratane senzorov
na vCasné rozpoznanie nebezpecénej
koncentracie. V sucasnosti je odporucacim
navrhom pravidelné vetranie miestnosti aj
pocas vyucby.

Teplota Vvucebni narastala a presiahla
pripustné hodnoty pre chladné obdobie roka pre
prislusnu triedu prace. ZlepSenim by bola
inStalacia termoregulacie na vykurovacie telesa
v ucebni, aby sa predislo k nadmernému
prehrievaniu priestorov.

Subjektivne nazory a postoje, ktoré nam
vyplynuli z dotaznika dokazali ¢iastocnu zhodu
S dosiahnutymi  vysledkami. ~ Vnimavost’
respondentov na nepriaznivo posobiace faktory
je znacna, pricom rovnako ako realne vysledky
aj dotaznikom bolo potvrdené, Ze alarmujiicim
faktorom je kvalita ovzduSia v nevetranej
miestnosti. Mozno vSak konS$tatovat, ze
dotaznikom bolo preukazané, ze Studenti
nepoznaju  limitné hodnoty  parametrov
prostredia, v ktorom pracuju.
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