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Abstract. Children's exposure to air pollutants is an important public health challenge. 
Particular attention should be paid to preschools because younger children are more vulnerable 
to air pollution than higher grade children and spend more time indoors. The concentrations of 
volatile organic compounds (VOCs) as well as carbon dioxide (CO2) concentrations in younger 
and older children's classrooms during the winter season were studied. An electronic nose 
based on gas chromatography was used for the analysis of individual VOCs and a 
photoionization detector with a UV lamp was used for the determination of total volatile 
organic compounds (TVOC) concentration. Continuous measurements of CO2 concentrations 
both inside classrooms and outside each building were performed using automatic portable 
monitors. Improving ventilation, decreasing the occupancy per room and completing cleaning 
activities following occupancy periods can contribute to alleviating high CO2 and VOCs 
occurrence levels. 

1.  Introduction 
Recent developments in indoor materials have resulted in the use of more synthetics and composites, 
which can affect air quality. These potentially adverse effects are further complicated by the fact that 
children are spending more time than ever indoors, up to 90% according to estimates by the U.S. 
Environmental Protection Agency (EPA). It is easy to understand why there is a growing concern 
about the quality of the air we breathe. State the objectives of the work and provide an adequate 
background, avoiding a detailed literature survey or a summary of the results. 

Comparing numerous recent studies regarding indoor air quality (IAQ) and the health of school 
children relatively few examples of research focusing on younger children were found [1,2,3,4,5]. 
Researchers often encounter problems in gaining access to such institutions as nursery schools. As 
well as installing the necessary measuring equipment in the way to avoid disturbances during the 
measurement process and to limit children's curiosity. The several main reasons for studies on indoor 
air parameters in nursery schools are known. Children are particularly vulnerable to the harmful 
effects of air pollution because of immature lung defences, narrower airways, higher inhalation rates 
and higher metabolic rate of oxygen consumption per unit of body weight [6, 7]. The younger children 
spend more time in preschools than in any other indoor environments besides the home. Indoor air 
quality in preschools is different from primary or higher schools [1, 5].  As a result of these and other 
factors, totally new terminology has come into use and the topic is gaining more attention every day. 
Some examples include: Sick Building Syndrome (SBS), Building Related Illness (BRI), and Multiple 
Chemical Sensitivity (MCS) or Environmental Illness (EI). Sick Building Syndrome (SBS): where 
more than 30 per cent of occupants experience adverse effects while in the building, but no clinically 
diagnosed disease is found. Building Related Illness (BRI): general term for a medically diagnosable 
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illness caused by, or related to, building occupancy. Multiple Chemical Sensitivity (MCS) or 
Environmental Illness (EI): a controversial condition where an individual has or develops sensitivity to 
even low levels of certain chemicals due to extended exposure.After first paragraph, other paragraphs 
are indented as you can see in this paragraph. After Introduction, divide your article into clearly 
defined and numbered sections.  

A major pollutant in indoor air are volatile organic compounds (VOCs) emitted from materials and 
building products [8]. Definition by U.S. EPA is: VOC means a hydrocarbon or derivative of 
hydrocarbon that has a vapor pressure greater than 0.01 kPa (0.002 psi) at a temperature of 20°C and 
pressure of 102.9 kPa (14.7 psi). Excluded compounds are methane, ethane, methylene chloride, 1,1,1-
trichloroethane (methyl chloroform), trichlorofluoromethane, dichlorodifluoromethane (CFC-12), 
chlorodifluoromethane (CFC-22), trifluoromethane (FC-23), trichlorotrifluoroethane (CFC-113), 
dichlorotetrafluoroethane (CFC-114), and chloropentafluoroethane (CFC-115) [9]. Indoor air pollution 
by VOCs is a particularly variable phenomenon: type and concentration of VOCs may change from 
one indoor space to another and concentrations may vary between different locations within the same 
space. 

In addition, there are short and long term variations of VOC concentrations with time. The obvious 
dynamics of indoor pollution by VOCs are mainly caused by two factors: (a) the large variety of VOC 
sources in the indoor environment and the diversity of their emission characteristics, and (b) the wide 
range of ventilation conditions and air circulation patterns [10]. 

Among indoor pollutants researchers point out volatile organic compounds (VOCs), NO2, 
biologicals and higher temperatures as statistically significant in decreasing the attendance of school 
children and adults in offices or laboratories [11,12]. Carbon dioxide (CO2) levels, although not 
defined as an air pollutant, showed a statistically significant association to school children being 
absent from school. Increased levels of CO2 led to a decrease in pupils' learning abilities of 
approximately 5% [13]. CO2 concentration is an indicator of low ventilation rates, which increase 
communicable respiratory illnesses [14]. In addition to air pollutants emitted indoors and penetrating 
from outdoors, ASHRAE Standard points that some materials act as sinks for emissions and then 
become secondary sources of VOCs and PM as they reemit adsorbed pollutants [15]. The sink 
materials include fabric partitions and other fleecy materials. The specific sorptive properties of soft 
materials are particularly relevant in the case of nursery schools, especially in younger children's 
classrooms, where except for carpets, there are many sorptive toys and additional materials such as 
bedcovers for the duration of an afternoon nap. 

2.  Methods and sampling 
Children attending the nursery schools range from two to six years old, divided by age into four 
different classrooms (2-3 year old children, 3-4 years old children, 4-5 years old children, 5-6 years 
old children). In order to evaluate discrepancies between IAQ in the classrooms of two-three years old 
(A) and five-six years old children (B) measurements were performed in each classroom 
simultaneously using outdoor measurements. The classrooms were approximately the same volume: 
200 m3. Daytime schedules in every classrooms of nursery school are generally similar. An essential 
difference between the groups is that the younger groups of children have an afternoon nap which lasts 
2 hours. They dressed in sleeping suit sleep or rest and micro ventilation by unsealed windows was 
provided. The resting time children of the oldest group usually watch TV or listen to fairy tales. The 
indoor and outdoor concentrations of selected VOCs, as well as CO2 concentrations were measured in 
the classrooms of the youngest group of children and the oldest one. The sampling position in 
classrooms was set at the height of an average child's head 1 m above the floor and away from the 
door, thus avoiding disturbances resulting from air currents. The measurements were realized in 
morning 1 hour before the children's occupancy (1), every hour during the care time (2) and at the end 
of day care time (3).  
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The air temperature and relative humidity was set with data logger Testo 175-H2 (measurement 
accuracy: ±3% RH, ±0.5°C). Concentration of total volatile organic compounds (TVOC) expressed as 
concentration of toluene was measured with ppbRAE 3000, which is a photoionization detector (PID) 
with UV lamp. This device has a measuring range of 1 ppb to 10000 ppm and measurement accuracy 
±3%. Three-second response time allows real-time monitoring with this instrument. Ultra-fast 
electronic nose called zNose®, which is based on combination of gas chromatography and surface 
acoustic wave detector was used for sampling and analysis of individual VOCs. Manufacturer of this 
device specifies the standard deviation < 2%. The used method includes the following settings: sensor 
temperature of 10°C, column temperature of 40–200°C, valve temperature of 165°C, inlet temperature 
of 200°C, pump time of 60 seconds (0.5 ml of air/s), and analysis time of 20 seconds. Capillary 
column DB-5 with 1 m length, film thickness 0.25μm, and internal diameter 0.5 mm was used for 
measurement. All instruments were placed in the center of the rooms and each measurement in each 
room lasted 30 minutes. The measuring time was sufficient, because both devices for determining of 
VOCs work quickly and allow users to see the results directly on the spot. Continuous measurements 
of CO2 concentrations both inside classrooms and outside each building were performed using 
automatic portable monitors. Each monitor, equipped with a non-dispersive infrared sensor, was 
connected to a PC with RS232software installed. The precision of measurements ranged between 0 
and 10 000 ppm CO2: ±100 ppm CO2 or±3% at a concentration below 100 ppm. The monitors display 
and record measurements in real time, allowing for logged data to be downloaded for analysis. The 
selected sampling interval was 60 s. 

3.  Results and discussion 
The results of measured concentrations of CO2 and TVOC as well as the indoor air temperature and 
relative humidity are summarised within the Table 1. The difference between the youngest (A) and the 
oldest (B) children's classrooms (i.e., flooring materials, variety of toys, the activities of children, and 
cleaning practices) resulted in different indoor TVOCs concentrations, and different CO2 
concentrations. 

Table 1. VOC concentration in nursery school classrooms (A), (B) 

 A / 1  A / 2* A / 3 B / 1 B / 2* B / 3 Out

CO2 [ppm] 380 1270 2850 380 1520 3420 380
TVOC [μg/m3] 58,36 72 93,4 52,13 67,14 89,11 4,38

Rh [%] 39,6 49,8 62,7 37,2 61,4 58,3 42,8
Temperature[°C] 22,1 23,8 24,1 22,2 24,2 23,7 18,6
* average value of care hours 

Carbon dioxide concentrations are often used as a surrogate for the rate of outside supply air per 
occupant. Permissible concentrations of carbon dioxide in confined spaces equal 1000 ppm. This 
minimum sanitary requirement is recommended by the European Office of the WHO and by ASHRAE 
[15, 16].  Based on the above mentioned regulations, the increase of CO2 concentration in relation to 
CO2 concentration in outdoor air was measured in both studied classrooms. 

The indoor concentrations of CO2 showed inadequate classroom air exchange rates. The variation 
of indoor CO2 concentrations during a typical working day at both classrooms occurred. A strong 
correlation was observed regarding the CO2 level and children's activities, especially in the oldest 
children's classrooms (B). For example, during meals or when entering into and exercising and dance 
classes. The highest CO2 concentration (3420 ppm) was observed in the oldest children's classroom 
(B). Generally, during children's occupancy of the classrooms, the air was of low quality. The 
concentration of the investigated pollutants in indoor environments was higher than those in outdoor 
air. High levels of CO2 exceeding 1000 ppm in relation to outdoor air also confirmed the low indoor 
air quality of classrooms. This is concerning in terms of the exposure effects on the health of children. 
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The relation between IAQ in older and younger children's classrooms was also statistically significant 
in the case of CO2. It can be said that in the youngest children's classrooms it was 80.0% of care hours, 
while in the oldest children's classrooms this was 70.0% of care hours. Numerous scientific studies 
highlight that CO2 levels often exceed the recommended standards. Its concentrations vary according 
to the length and level of occupancy in the classrooms, the type and quality of ventilation and room 
design [5,13,17,18,19]  . Presented research confirmed enumerated conditions; moreover, our results 
point out differences between older and younger children's classrooms, which can become more 
significant if we link inadequate ventilation with the various activities of children. 

 
Table 2. Measured VOCs [µg/m3] concentration in studied nursery school classrooms (A), (B) 

 A / 1 A / 2* A / 3 B / 1 B / 2* B / 3 out 

Benzene 2.13 2.91 3.66 1.62 2.58 3.16 1.35 – 1.83 

Toluene 1.26 3.74 4.52 1.10 2.66 3.54 0.61 – 0.83 

Styrene 0.97 3.41 5.14 0.87 3.24 5.19 0.17 – 0.45 

Ethylbenzene 0.48 5.99 7.09 0.54 7.15 8.83 0.22 – 0. 37 

n-butylbenzene 0.60 1.48 2.73 0.53 1.79 2.11 0.08 – 0.11 

o-xylene 0.65 8.92 10.98 0.76 9.92 11.65 0.26 – 0.41 

m,p-xylene 0.56 1.94 2.51 0.66 1.71 2.23 0.21 – 0.39 

1-butanol 0.47 7.29 9.93 0.41 8.11 10.72 0.68 – 0.97 

1-butylacetate 0.69 9.09 11.26 0.58 9.54 11.88 0.89 – 1.17  

Metylacetate 0.82 4.57 7.44 0.73 4.14 7.16 0. 21 – 0.34 

Etylacetate 0.21 3.12 4.27 0.33 3.42 5.43 0. 18 – 0.44 

Naphthalene 1.15 1.49 2.07 0.57 0.83 2.17 0.32 – 0.38 
* average value measured during the care hours in studied classrooms 
 

In general, indoor VOC concentrations were found to be similar and were higher than outdoor 
concentrations. The highest average concentrations in both classrooms, for the youngest and oldest 
children, were reported for 1-butylacetate, 1-butanol, o-xylene and ethylbenzene. Indoor levels of 
toluene, m- and p-xylene, styrene and n-butylbenzene were significantly higher than outdoor levels for 
both studied classrooms. Previous research studies reported higher indoor concentrations of benzene 
(20 µg/m3) and toluene (50 µg/m3), while ethylbenzene, xylenes, styrene and naphthalene were 
measured at a similar level to that of this study [20, 21]. The most abundant and frequently found 
VOCs in school air were benzene, toluene, ethylbenzene, m- and p-xylene and o-xylene. Another 
study presents for these VOCs, respectively, the mean values of 1.6, 26.2, 0.7, 1.1 and 0.81 mg/m3. A 
higher level of toluene indicates the effect of traffic on measured concentrations [22]. 

4.  Conclusions 
Although indoor air quality in nursery schools are similar poor to other schools, it can be assumed that 
preschool children are more perceptive and vulnerable than other school children, due to their 
activities in preschool being of a more diverse nature and their immune systems and bodies being less 
matured. Some of the compounds such as benzene, styrene, formaldehyde, and toluene, may 
be irritating, toxic, or even carcinogenic. 

Volatile organic compounds, or VOCs, are among the most complex and troubling indoor air 
pollutants. Manufactured and synthesized products often release large quantities of VOCs, some of the 
compounds they release, such as benzene, styrene, formaldehyde, and toluene, may be irritating, toxic, 
or even carcinogenic. VOCs emitted can become attached to other surfaces in the space, especially 
fabrics, and then be re-emitted over time. Flooring especially carpet installations can be among the 
most significant sources of VOCs in nursery school buildings. Consider alternatives to wall-to-wall 
carpeting like hardwood flooring, tile, slate, natural linoleum, or natural cork. If considering such 
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flooring alternatives, carefully examine the adhesives, sealers and cleaning agents that could result in 
VOC emissions during installation and maintenance. For wood-floor finishes, waterborne 
polyurethane is suggested. Waterborne finishes have been tested for durability, and many wear 
comparably to solvent-based ones.  

Finally, it should be emphasized that, even with the most complete investigations of indoor air quality, 
it may be impossible to establish a clear relationship between the characteristics and composition of 
the indoor air and the health and comfort of the occupants of the building under study. Only the 
accumulation of experience on the one hand, and the rational design of ventilation, occupation and 
compartmentalization of buildings on the other, are possible guarantees from the outset of obtaining 
indoor air quality that is adequate for the majority of the occupants of a building. 

Studies have been done to ascertain both the causes of air quality problems and their possible 
solutions. In recent years, knowledge of the contaminants present in indoor air and the factors 
contributing to a decline in indoor air quality has increased considerably, although there is a long way 
to go. The quality of indoor air can and does impact personal comfort, building maintenance costs and 
even health and safety, either positively or negatively depending on how air quality is managed. 
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