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ABSTRACT: 
The main goal in the design, construction and operation of buildings should be to create a favourable  
environment for people. Properly selected material, construction and installation solutions allow for the  
creation of healthy buildings, while significantly reducing energy consumption and costs. Impact on health 
and methods to reduce exposure to indoor air pollution vary depending on the type of building and its  
intended use. The improvements should concern, first of all, proper formation of indoor air quality and  
the mitigation of existing exposures in the building and its surroundings. 
The paper discusses the phenomenon of sick building syndrome and the impact of improper ventilation and 
poor air quality in rooms on the formation of the syndrome symptoms. The results of research on the condi-
tion of the interior environment of pre-school, school and indoor apartments located in a multi-family resi-
dential buildings are presented. The results of measurements of selected thermal parameters of the interior 
microclimate, i.e. air temperature and relative humidity as well as carbon dioxide concentration, are pre-
sented. Based on the conducted questionnaires the phenomenon of the sick building syndrome was assessed 
among room users. Carbon dioxide levels above 1000 ppm have been exceeded, especially in educational 
buildings. The respondents mainly complained about the deteriorating air quality with the passage of time 
indoors, irritation of the eyes and respiratory tract, as well as fatigue and headache. 
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1. Introduction 

The cause of malaise and health problems are often factors present in the immediate environ-
ment of a person, i.e. in the environment in which he most often lives. People spend a significant 
part of their lives in closed rooms, and those inside them are constantly subjected to the effects 
of an artificially created microenvironment. The current development of technology allows for the 
creation of all required conditions inside rooms, related to such values of microclimate elements 
that would be perceived as comfortable by people exposed to their influence. 

Indoor air quality problems have not been clearly accentuated when window leaks allow  
a steady flow of air to the rooms. However, conducted on a large-scale, restrictive energy-saving 
ativities related to the sealing of the building evenlope do not always take into account the proper 
condition of the interior environment. Excessive leaks are of course the cause of increased heat 
consumption for ventilation purposes and lowering the temperature in rooms, but insufficient  
or inadequate ventilation contributes to a constant deterioration of air quality in closed rooms 
[1, 2]. Attempts to drastically limit the amount of air exchanged in the process of ventilating 
rooms in buildings due to the realization of the energy saving program led to the phenomenon of 
“sick building syndrome” [3-5]. Of course, people can adapt reasonably well to environmental 
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conditions, however, long-term exposure to extreme environmental conditions may lead to  
a deterioration of well-being, health, and a reduction in mental and physical performance [4, 6-8]. 

The general conditions of the interior micro-environment and the shaping of the value of  
individual elements of the microclimate largely depend on the way the buildings operates. This 
is related to the purpose of individual groups of buildings and to the individual habits of people 
using them. Although the purpose of the building, in a certain sense, determines the specific  
behaviour of people inside, nevertheless a lot depends on the personal preferences of individual 
users (e.g. the intensity of airing the rooms). 

The aim of the study was to link the condition of the indoor environment in educational and 
residential buildings with the symptoms characteristic of the sick building syndrome phenome-
non reported by their users, which they identified with long-term stay inside these buildings.  
Efforts were made to identify differences or similarities between the quality of the interior micro-
environment in these buildings and its impact on the occurrence of sick building syndrome symp-
toms among people staying inside the rooms. 

2. Ventilation problems, indoor air quality and the sick building syndrome 

According to the World Health Organization, the term Sick Building Syndrome (SBS) refers to 
buildings in which at least 20% of users associate their malaise with staying inside for a long time. 
Staying in such a building causes and then intensifies many symptoms related to the malfunction-
ing of the body, leading to its weakness or disease. Disease symptoms that appear and worsen 
only during the stay in the building, and decrease or disappear after leaving the building are 
called symptoms of the syndrome [4, 9, 10]. These symptoms primarily include general malaise, 
irritability, permanent feeling of fatigue and sleepinees as well as problems with concentration, 
dizziness and headaches, irritation of the eyes, nose and throat, skin allergies, allergy-like symp-
toms, such as sneezing, problems with the respiratory and digestive systems, and in extreme 
cases with the nervous system. They are also referred to as Building Related Illness (BRI). These 
ailments are closely related to improper environmental conditions inside rooms and their insuf-
ficient ventilation [2, 11]. 

With the most commonly used gravity ventilation system in Poland, problems with ventila-
tion were first caused by the use of increasingly tight windows with a low infiltration rate, which 
limited the inflow of air into the rooms. The air infiltration coefficient "a" is the amount of air that 
will penetrate in 1 hour through 1 meter of a slot in the window or balcony door at a pressure 
difference of 1 daPa. Windows production since 2009 should have an infiltration rate no greater 

than 0.3 m3/(mhdaPa2/3), but the legal regulation was introduced requiring the use of addi-
tional air supply unit. Providing effective ventilation is the first step to eliminating SBS. An alter-
native to the inadequate, for various reasons, gravity ventilation is mechanical ventilation,  
but here it is very important to keep the air supply elements clean, as the ventilation systems 
have ideal conditions for the growth of bacteria, mold and fungi. 

Essential factors are: the way of using the rooms, selection of building materials and interior 
design elements. Increased air temperature and humidity cause the additional release of more 
chemicals stored in the finishing materials [7, 12-14]. Indoor air quality is also influenced by peo-
ple using the room. They are the source of the various elements. The presence of people and their 
activity in the room naturally increases the concentration of CO2 exhaled. The dynamics of this 
growth depends on the number of people and their individual characteristics, duration of stay, 
type of activity and air exchange in the room, as well as the size of the room. The amount of CO2 
exhaled by people for different types of activities is shown in Table 1. 

It is understood that the carbon dioxide content in a room should not exceed 1000 ppm.  
The content of carbon dioxide in clean atmospheric air is about 350-450 ppm. At the level of  
2000 ppm, poor air quality and sleepiness is observed. At values of 2,000-5,000 ppm, headaches 
are possible. Values above 5,000 ppm lead to discomfort and a rapid heart rate, above 15,000 ppm, 
respiratory problems occur, and over 30,000 ppm, dizziness and indisposition. The concentration 
of the above 60,000 can cause death [15-18]. 
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Table 1 

The amount of CO2 exhaled by people (based on different sources and own studies) 

Types of activities 

Air temperature [oC] 

18 20 22 23 24 25 26 

Amount of CO2 [dm3/h] 

Rest 10 10 11 11 12 13 13 

Light work 22 22 24 24 26 27 27 

Medium hard work 39 39 40 41 42 42 42 

 
A serious problem affecting indoor air quality is, especially in the heating season, significant 

outdoor air pollution and the lack of filtration in the room ventilation process [19, 20]. A report 
by the WHO suggests that outdoor air pollution is the leading environmental cause of premature 
deaths in Europe, and smog is indicated as the 11th cause of death in the world. According to both 
the European Environment Agency and the State Inspectorate for Environmental Protection,  
high concentrations of particulate matter PM2.5 and PM10 as well as benzo(a)pyrene are still 
recorded in Poland. Among the 50 most polluted PM2.5 cities of the Europe 36 are located in 
Poland, and the average annual concentration of benzo(a)pyrene exceeds the permissible norms 
even by 500600%. These pollutants penetrate the supply air stream and additionally deterio-
rate the condition of the interior micro-environment. 

Proper air quality in residential environments is particularly important in terms of proper 
regeneration of the body after a working day, as well as its impact on the quality of sleep and 
well-being the next day. The residential environment is often a place for sick or elderly people, 
who require particularly good air quality on a constant bases. Unfortunately, air quality is often 
poor and CO2 significantly exceeds recommendations in the case of gravity ventilation [21-23]. 
Educational buildings are, next to the home, an important environment in which children spend 
a long time. The influence of the environment on pre-school and school-age children is greater 
due to the greater sensitivity of their not yet fully formed organisms. The conducted research 
showed very poor air quality in educational rooms. There is also a high incidence of allergic  
diseases in children. Research has been conducted on the incidence of various types of allergies 
in relation to the response to the quality of the indoor environment in educational buildings.  
A gradual worsening of unfavourable symptoms of the disease in recent years has been observed. 
Ventilation rates in classrooms are often well below the minimum ventilation rates specified  
in the requirements [8, 24-26]. The obtained results confirmed that the traditional ventilation 
systems for educational buildings, in the form of gravity ventilation, used in Poland, are not able 
to ensure proper microclimate conditions in such buildings. The carbon dioxide concentrations 
recorded in the tested rooms even exceeded the standards applicable to working environments 
in industrial plants [27-31]. An equally important aspect of the microclimate of the rooms is to 
ensure appropriate conditions for both mental and physical work. Appropriate indoor conditions 
have an impact not only on the ability or willingness to work, but also on its efficiency and quality. 

Poor indoor environmental conditions in buildings can generate significant costs for individ-
uals, employers and society. These costs result from reduced productivity, sickness absenteeism 
and direct medical costs. Estimates of the benefits of improving the quality of the indoor environ-
ment in the United States show that the potential annual savings and productivity gains could 
range from $ 29 to $ 168 billion, and reducing absenteeism would result in net savings of $ 400 
per employee per year, while in Europe this may result in an annual benefit of EUR 330 per  
employee [32]. 

3. Indoor microclimate parameters and symptoms SBS – material and methods 

The study covered the environmental conditions inside several buildings located in Często-
chowa and the state of well-being and health of people staying in them. The analysis was carried 
out on the basis of measurements, questionnaires and observations. The research was carried 
out in several pre-school and primary school buildings, as well as, in a multi-family residential 
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building. The research in pre-school buildings was carried out during the heating season and  
in the summer period. The research was carried out in rooms where children and their teachers 
spend most of the time in pre-school building. The rooms were situated on the ground floor  
and on the first floor. Research in school buildings was carried out during the heating season.  
The research was carried out in classrooms where pupils and their teachers reside. The class-
rooms were situated on the ground floor and on the first floor. Research in a multi-family resi-
dential buildings was carried out during the heating season and beyond. Measurements were 
made in the family room of the apartments, which is intended for general use by all residents. 
The apartments were situated on the first and second floors. 

All the rooms where the research was conducted were rectangular in shape with windows on 
one of the long sides. In the apartments, windows were on the eastern elevation, in pre-school  
on the southern elevation and the primary schools on the west and south elevations. All rooms 
were equipped with gravity ventilation, the ventilation ducts were unobstructed. Windows in all 
rooms were plastic with a declared infiltration coefficient higher than 0.5 m3/(mhdaPa2/3), 
which should determine the value of air inflow to the rooms. The stream of external air flowing 
into the rooms through 1 m of the window slots length at different values of the air infiltration 
coefficient “a” and the pressure difference on both sides of the window is shown in Figure 1. 
 

 
Fig. 1. The external air inflow to the rooms at different values of “a” and pressure difference on both sides of  

the window 

Environmental parameters were measured with calibrated instruments. In selected rooms, 
air temperature and relative humidity as well as carbon dioxide concentration were measured. 
The temperature measurement interval was from 0 to 60°C, resolution is 0.1℃ and accuracy 
±0.6℃. The relative humidity range is 0.1 to 99.9%. The relative humidity resolution is 0.1%  
and accuracy ±3%. The indoor air quality monitor measures CO2 levels in the range from 0 to 
9,999 ppm, the resolution is 1 ppm, and accuracy ±50 ppm and ±5% of reading. The devices were 
placed close to the center of the occupied area at a height of about one meter. The air temperature 
in the room was also measured at the head and feet level of the room users. 

Information was collected on the people who use the rooms for long periods time, including 
the number of people (adults and children, male and female), as well as their age. The relationship 
between personal and environmental factors and SBS symptoms was investigated using devel-
oped questionnaires. 

4. The quality of the interior environment and symptoms of  

SBS among users – results and discussion 

The thermal elements of the interior microclimate have the strongest direct impact on the 
human body. However, extremely important for the proper functioning of the human body are 
also non-thermal elements, e.g. air pollution. 
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4.1. Pre-school buildings 

Prefabricated technology dominates among typical pre-school buildings. The buildings are 
characterized by a south-northern location. The administrative and economic part is located  
in the northern part. The rooms are located in the southern part of the building. In the examined 
pre-school buildings there were on average 5 rooms with an area of 56.3 m2 and a cubature of 
180.2 m3. The buildings were characterized by significant glazing of the façades in the rooms,  
on average 48%, the maximum value of glazing was 70%. The rooms, in which the children stay, 
should be provided with a constant and efficient air exchange of at least 15 m3 per hour per one 
child and 20 m3 per hour per teacher.  

The typical working time of the pre-school is from 6 AM to 4 PM. Children can stay in kinder-
garten for up to 10 hours a day. The duration of the child's stay in the room is on average  
6-8 hours. The pre-school unit usually consists of 25 children. In the rooms where the measure-
ments were carried out, there were on average 19 children in the summer season and 21 in the 
heating season, and 1 or two teachers. The teachers are women aged 35 on average, weight  
64 kg, height 162 cm. Among the children, about 53% of the respondents were girls, the average 
age of the child was 5.9 years, the average weight was 23 kg, height was 115 cm (girls) and  
117 cm (boys). The estimated value of metabolism in adults was 1.4 met, and in children the  
average value was 2.3 met. 

The average air temperature in pre-school rooms in the summer period remained at the level 
of 23.0°C with the standard deviation equal to 4.1°C. During the heating season it was on average 
about 2.6°C lower, with the standard deviation equal to 3.4°C. The temperature difference be- 
tween the level of the head and the feet did not exceed 1.2°C. Relative air humidity in the rooms in 
the summer period was on average at the level of 54% with the standard deviation equal to 9%, 
and in the heating season at the average level of 30% with the standard deviation equal to 11%. 
Measurements of carbon dioxide concentration in the rooms were carried out to a limited extent. 

The recorded levels remained at a fairly high level, on average in the range of 13822328 ppm. 
The maximum value recorded was 3520 ppm. During the day, the classrooms were intensively 
ventilated several times, then the concentration of carbon dioxide dropped to the level of about 
550 pm. With the help of teachers and using the jointly developed questionnaires adapted to the 
age level of the children, as well as on the basis of the author’s own observations, the frequency 
of occurrence of specified ailments from the group of SBS symptoms in people staying in the 
rooms was noted. Also evaluated was the overall indoor air quality. The percentage occurrence 
of certain types of symptoms in the surveyed group of people staying in the pre-school rooms  
is presented in Figure 2. 
 

 

Fig. 2. Percentage of occurrence the sick building syndrome symptoms in pre-school rooms (own research) 
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During the heating season, the symptoms of eye irritation (approximately 34% of the  
respondents), nose (approximately 32% of respondents) and throat (approximately 36% of  
respondents), headache (approximately 41% of respondents), as well as fatigue and sleepinees 
(approximately 49%) intensified. In the summer period, the symptoms of the syndrome generally 
decreased, general malaise (approximately 33% of respondents), problems with concentration 
(approximately 39% of respondents) and irritability (approximately 32% of respondents) were 
noted more often. Bad air quality was, next to overheating rooms and noise, the most frequently 
signaled cause of discomfort experienced by adults staying in the pre-schools. The lack of suffi-
cient ventilation of the rooms throughout the year was reported by as many as 85% of the  
respondents. During the heating season, this number increased to 97%. Persistent health  
dysfunctions from the group of symptoms of sick building syndrome, in people staying indoors 
during the heating season, were primarily associated with poor air quality and insufficient venti-
lation, and thus with a high level of carbon dioxide. In the summer season, frequent opening of 
the windows significantly improved indoor air quality, but the problem was, with the significant 
glazing of the facade, overheating of the rooms, which resulted in general malaise, fatigue and 
problems with concentration. 

The introduction of an automatically controlled ventilation system in the pre-school buildings 
would ensure a constant, gradual inflow of fresh air in the amount necessary to ensure appropri-
ate hygienic and health conditions without the need to leave the rooms for the time of airing  
or stay in the zone of the flow of cold air stream with increased velocity, especially during  
the heating season. 

4.2. School buildings 

The school buildings, in which the research was carried out, were made in the prefabricated 
or traditional brick technology, as two-storey, with complete basement. There were general and 
specialist classrooms in the school buildings as well as auxiliary rooms (cloakrooms, administra-
tive rooms, kitchen, canteen, common room, library, etc.). The average area of the classroom was 
59.2 m2, and the cubic capacity was 184.6 m3. The rooms in which pupils stay should be provided 
with a constant, efficient air exchange in the amount of at least 20 m3 per hour, per one student 
and one teacher. In the absence of mechanical ventilation, the windows should have a structure 
that allows at least 50% of the area to be opened. 

Lessons at school start at 8 AM, and the common school room is open from 7 AM to 5 PM.  
The length of stay of children in school depends on the number of lessons on a given day provided 
for in the weekly school timetable. Early school education pupils (pupils in grades 1-3) spend the 
whole day at school usually in one room, the other pupils change rooms in which they study  
depending on the nature of the lessons provided in the school program. During breaks in the  
lessons, pupils usually spend time outside the classroom. Pupils may stay at school on average 
from 5 to 8 hours a day. In early school education groups there were a maximum of 25 pupils, 
and in the remaining groups – 35 pupils. In the rooms where the measurements were performed, 
there were on average 21 pupils and 1 teacher. The teachers are women aged 44 on average, 
weight 68 kg, height 166 cm. Among the children, approximately 67% of the respondents were 
girls, the average age of the child was 10.8 years, the average weight was 33 kg, height was  
139.6 cm (girls) and 143.3 cm (boys). The metabolic rate in adults was estimated to be 1.4 met, 
and in children an average of 1.6 met. The concentration of CO2 in the classrooms changed  

dynamically. The initial CO2 content in the air was around 500700 ppm and it increased rapidly 
depending on the number of people in the rooms. Within an hour, this increase averaged  

500600 ppm, and even 10001100 ppm. The highest measured value was 3572 ppm. During 
school breaks, the rooms were ventilated intensively, then the concentration of carbon dioxide 

dropped to the level of about 350500 ppm. During the study, the frequency of ailments from  
the group of SBS symptoms was noted in people staying in the rooms. Overall indoor air quality 
was also evaluated. The percentage occurrence of SBS symptoms in the surveyed group of people 
staying in the school rooms is presented in Figure 3. 
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Fig. 3. Percentage of occurrence of sick building syndrome symptoms in school rooms (own research) 
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average at 43% with the standard deviation equal to 10%. The value of humidity increased  
dynamically during work such as cooking or washing (drying laundry indoors). The recorded  
values of carbon dioxide concentration during the heating season remained in the range of 

11251230 ppm. The maximum value recorded was 2,176 ppm. During the intensive airing of 
the room, the concentration of carbon dioxide dropped to a level below 350 ppm. In the spring 
period (outside the heating season), with the windows closed, the CO2 concentration remained 

on average in the range of 9701095 ppm. 
In residential buildings, the majority of respondents assessing their state of well-being in  

relation to long-term stay in a given environment were adults. The general indoor air quality and 
the frequency of ailments from the group of symptoms of a sick building were assessed. The per-
centage occurrence of sick building syndrome symptoms in the surveyed group of people staying 
in the school rooms is presented in Figure 4. 
 

 

Fig. 4. Percentage of occurrence of sick building syndrome symptoms in residential buildings (own research) 
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coughing (approximately 37% of respondents), nose irritation and runny noses (approximately 
42% of respondents), and headaches (approximately 33% of respondents). 

In residential buildings, the values of carbon dioxide concentration were lower than in  
educational buildings. In a living room with a volume of 50 m3, each user has a larger air volume 
than in the rooms of educational buildings, on average 25 m3 for two people staying in the room 
and 12.5 m3 for four people. In addition, the rooms in the school and pre-school buildings are cut 
off from the rest of the rooms during the lessons, while in residential buildings the air exchange 
between rooms is usually free-flowing. This may have been the reason for the reduced frequency 
of some sick building syndrome symptoms in relation to the educational building environment. 
On the other hand, the intensification of some symptoms in the residential environment could be 
caused by the poor quality of the air infiltrating the rooms in the ventilation stream in the evening 
hours – the main use of these rooms by people of working age and children. The residential envi-
ronment is also more exposed to contamination with certain substances than the environment of 
educational buildings, such as radon from gas combustion, substances from smoking or more  
frequently changed interior furnishings and equipment emitting non-ionizing radiation. 

5. Conclusions 

The environment in which a person resides should allow him to achieve a state of satisfaction 
with the conditions that prevail in him and fully satisfy his physical and mental needs. The shap-
ing of certain conditions inside rooms has a significant impact on the health of people staying 
there, which, according to definition, is not only a disease-free state, but also a state of complete 
physical and mental well-being. Therefore, during the operation of buildings, ensuring proper 
indoor air quality seems to be a key problem. It is necessary to strive to create such optimal  
conditions inside the room so that each person feels satisfied with the environment in which  
they usually stay and that does not adversely affect their well-being and health. The quality of  
the environmental conditions in buildings intended for long-term stay of children is particularly 
important due to the incomplete formation of their organisms and greater sensitivity to the  
influence of the surrounding environment. 

The basic function of ventilation is to provide the user with physiological comfort, i.e.  
an environment in which the concentration of gaseous pollutants and metabolic products will be 
maintained at an acceptable level. The long-term occurrence of poor air quality in rooms has led 
to the phenomenon of sick building syndrome, deterioration of well-being and the appearance of 
numerous disease symptoms among users of such rooms. Proper ventilation eliminates many 
health and utility problems (e.g. moldy partitions). 

The importance of proper shaping of the interior environment of educational buildings also 
relates to the impact of these environments not only on well-being and health, but also on the 
educational process. Another element characteristic of educational rooms is the long exposure 
time, comparable to the working time of adults. In the rooms of educational buildings, the per-
missible level of CO2 concentration is often exceeded after about 20 minutes. Failure to meet  
hygiene requirements and the lack of fresh air has a significant impact on the well-being and  
concentration of physiologically sensitive children. Carbon dioxide concentration at the level 

20003000 ppm do not ensure the safety of staying in the room. Poor air quality was the most 
commonly suggested cause of sick building symptoms by both residential and educational users. 
The most frequently reported symptoms were increased eye, nose and throat irritation and head-
aches. In the educational environment, children especially complained of fatigue, sleepiness and 
difficulty in concentrating. In school buildings, these symptoms were more severe. Increasing  
the amount of ventilated air exchange in the environment of educational buildings improves  
the children’s efficiency in carrying out school tasks, improves their well-being, reduces health 
effects related to the impact of the environment and reduces absenteeism of pupils. This would 
be an effective way to reduce the incidence of SBS symptoms in a residential environment,  
necessarily taking into account measures to reduce outdoor air pollution entering the rooms.  
Increasing the flow of ventilated air increases the operating costs of buildings related to their 
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heating, but they, for example, account for less than 0.1% of typical public expenditure on educa-
tion, however, generate clear benefits for health and quality of science [25, 33]. 

Due to the increase in morbidity, especially in children, and of various forms of allergies, 
which are a serious health problem for modern humanity, more and more attention is paid to  
the quality of the environment shaped indoors, especially in the era of stricter requirements  
in the field of thermal protection of buildings. Ensuring proper indoor air quality should be  
a priority in relation to energy saving measures [26, 34]. 
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Syndrom chorego budynku jako rezultat złej jakości powietrza 
w pomieszczeniach budynków edukacyjnych i mieszkalnych 

STRESZCZENIE: 
Głównym celem przy projektowaniu, wznoszeniu i eksploatacji budynków powinno być stworzenie środowi-
ska przyjaznego dla człowieka. Odpowiednio dobrane rozwiązania materiałowo-konstrukcyjne i instalacyjne 
pozwalają na stworzenie zdrowych budynków, jednocześnie znacznie zmniejszając zużycie energii i koszty. 
Wpływ na zdrowie ludzi i metody ograniczania narażenia na zanieczyszczenie powietrza w pomieszczeniach 
różnią się w zależności od typu budynku i jego przeznaczenia. Ulepszenia powinny dotyczyć przede wszystkim 
prawidłowego kształtowania jakości powietrza w pomieszczeniach oraz łagodzenia istniejących narażeń  
w budynku i w jego otoczeniu. Omówiono zjawisko sick building syndrome oraz wpływ niewłaściwej wenty-
lacji i złej jakości powietrza w pomieszczeniach na powstawanie symptomów syndromu. Zaprezentowano 
rezultaty badań dotyczących kondycji środowiska wnętrz budynków przedszkolnych, szkolnych oraz  
wewnątrz mieszkań znajdujących się w budynku mieszkalnym wielorodzinnym. Przedstawiono wyniki  
pomiarów wybranych termicznych parametrów mikroklimatu wnętrz, tj. temperatury i wilgotności względ-
nej powietrza oraz stężenia dwutlenku węgla. Na podstawie przeprowadzonych ankiet dokonano oceny  
zjawiska syndromu wśród użytkowników pomieszczeń. Zanotowano przekroczony poziom stężenia dwu-
tlenku węgla powyżej 1000 ppm, szczególnie w budynkach edukacyjnych. Respondenci skarżyli się przede 
wszystkim na pogarszającą się, z upływem czasu przebywania w pomieszczeniach, jakość powietrza oraz  
na podrażnienie oczu i dróg oddechowych, a także zmęczenie i ból głowy.  
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