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Abstract: The concentrations of nitrogen dioxide (NO2) and ozone (O3) were determined at five in-

door environments (corridor, living area, bedroom, kitchen, bathroom) of two homes located in dif-

ferent regions of Eskişehir, Türkiye. Home 1 is located in the city center and urban residential area 

while Home 2 is located in a suburban area. In order to determine the indoor and outdoor concen-

tration ratios of the pollutants (I/O), outdoor sampling was also carried out simultaneously with 

indoor sampling. Sampling studies were performed in one-day periods in four seasons by using 

passive sampling method. The indoor NO2 concentrations varied between 8.80–124.18 µg/m3 while 

O3 concentrations varied between 4.15–22.10 µg/m3. The highest NO2 concentrations were deter-

mined in the kitchens both in two homes. This can be due to the intensive cooking activities carried 

out in the kitchens. The variation of O3 concentrations in the measured indoor environments varied 

in homes. When the outdoor concentrations were examined, it was seen that NO2 concentrations 

were higher in Home 1 and O3 concentrations were higher in Home 2 in all seasons. This result is 

related to the location of the homes. The I/O ratios for NO2 were generally > 1 for the kitchens. Also, 

all I/O ratios for NO2 in Home 2 were found > 1 in autumn season. The I/O ratios for O3 were found 

to be < 1 in both homes in all seasons. Seasonal variations of the pollutant concentration levels were 

also observed for indoor environments. Indoor NO2 concentrations, especially in Home 1, and O3 

concentrations, especially in Home 2, were higher in spring and summer compared to other seasons. 

The reason for this is thought to be more active natural ventilation due to the warming of the 

weather in these seasons. 
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1. Introduction 

Indoor air quality (IAQ) is a significant concern due to the amount of time spent in-

doors. Some studies show that people living in urban environments spend an average of 

90% of their time indoors [1–3]. Indoor air can be more significantly polluted than outdoor 

air, even in the biggest and most industrialized cities. For many individuals, the health 

effects from exposure to indoor air pollution are higher than outside. IAQ is important 

because it has a significant impact on human health. Also, IAQ is little dependent on so-

cioeconomic standing or education level but is highly impacted by variables such as per-

sonal products, furniture, and cleaning materials used [4,5]. These conditions may lead to 

the presence of biological, chemical and physical pollutants. Ventilation and other tech-

niques are employed to enhance IAQ and minimize pollution; however, ventilation itself 

may also be considered as a source of contamination and exposure [6]. 
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According to their physical states, pollutants exist in three basic states and have dif-

ferent qualities and impacts. These; solid, liquid and gaseous phases. Solid and liquid pol-

lutants are regarded as particle matter. Major gaseous air pollutants are reactive, partici-

pate in photochemical processes or may react directly with material, plant or biological 

tissue. They occur as a combination in the atmosphere. Nitrogen dioxide (NO2) and ozone 

(O3) are among important air contaminants. These harmful gases are released into the at-

mosphere in large quantities from various sources all around the world. 

Indoor NO2 concentrations are directly impacted by high outside concentrations (for 

example, in cities with increased traffic density) [7]. The proximity of buildings to roads 

or the proximity of areas used for parking of motor vehicles to homes are among the major 

sources impacting indoor concentrations [8–10]. The most important indoor NO2 sources 

are combustion processes (heaters, fireplaces and stoves). Accordingly, indoor NO2 con-

centrations often exceed outside concentrations [11].   

While O3 is a layer in the upper atmosphere (stratosphere) that protects humans from 

ultraviolet (UV) radiation, it is a secondary air pollutant formed through a complex series 

of photochemical reactions that require reactive hydrocarbons, sunlight and nitrogen di-

oxide (NO2) in the troposphere. Ozone concentrations are more likely to be lower in areas 

with motor vehicle exhaust and traffic, whereas NO2 concentrations are higher in these 

areas. Indoor O3 levels are usually lower when compared to outside levels. Common in-

door ozone generators are laser printers, copiers and electrostatic air cleaners [12,13]. 

In this study, two homes having different outdoor locations and indoor characteris-

tics were selected in Eskişehir, Turkey. Indoor NO2 and O3 sampling studies were per-

formed in five various microenvironments such as corridor, living room, bedroom, 

kitchen and bathroom in each home. In addition to indoor sampling studies, outdoor sam-

plings were also carried out simultaneously to evaluate the effect of outdoor air on indoor 

air and to determine indoor/outdoor (I/O) ratios for NO2 and O3. Sampling studies were 

repeated in four seasons as winter, spring, summer and autumn. 

2. Materials and Method 

2.1. Characteristics of the Selected Homes 

In this study, indoor and outdoor NO2 and O3 concentrations were determined in 

two selected homes in Eskişehir, Turkey. Some parameters such as the number of people 

living and working at homes, the size and locations of the homes, the number of the rooms 

were considered while choosing homes. 24-h sampling was carried out in the living room, 

bedroom, kitchen, bathroom and corridor at each home. The Google Earth view of the 

homes included in the study is shown in Figure 1. 

 

Figure 1. The homes included in the study: (a) The location of the first home (Home 1) in 

Bahçelievler neighborhood. (b) The location of the second home (Home 2) in Aşağı Söğütönü 

neighborhood. 
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Specific characteristics of each home are given in Table 1. Also, the floor plans and 

sampling points of the selected homes are shown in Figure 2. 

Table 1. Specific characteristics of the selected homes. 

Home 
The Size and 

Floor 
Ventilation Type Sampling Points Location 

Number of People  

Living in the Home 

Home 1 

85 m2. On the 

4th floor of a 4-

storey building 

Aspirator and natu-

ral ventilation 

Corridor, living 

room, bedroom, 

kitchen, bathroom 

and outdoor 

In an urban residential 

area. 50 m away from 

Eskişehir (E90-D200) belt 

highway. High population 

and traffic density 

3 people live in this 

home. Two of them are 

actively going to work 

Home 2 

90 m2. On the 1st 

floor of a 4-sto-

rey building 

Aspirator and natu-

ral ventilation 

Corridor, living 

room, bedroom, 

kitchen, bathroom 

and outdoor 

In a suburban area. 10 km 

from the city center. Low 

population and traffic den-

sity 

4 people live in this 

home. One of them is 

actively working and 

one of them is a    

student 

 

Figure 2. Floor plan and indoor–outdoor sampling points in (a) Home 1, (b) Home 2. 1: Corridor, 

2: Living Room, 3: Bedroom, 4: Kitchen, 5: Bathroom, 6: Outdoor 

2.2. Sampling Program and Method 

In this study, the concentrations of inorganic gas pollutants were determined by pas-

sive sampling technique in different microenvironments (corridor, living room, bedroom, 

kitchen and bathroom) of 2 different homes. 24-h passive sampling studies were carried 

out in four seasons such as winter, spring, summer and autumn. The most suitable sam-

pling point was determined for each indoor environment to best represent the air of the 

environment to be sampled, and passive samplers were put at the same points at each 

sampling period. Indoor and outdoor samplings were performed simultaneously.  

The passive samplers used in the study were developed and validated by Eskişehir 

Technical University Environmental Engineering Department Air Quality Research 

Group [14–18].The main parts of the passive sampler are: (1) sampler body, (2) stainless 

steel mesh barrier, (3) closed cap, (4) filter paper impregnated with specific solution and 

(5) fixer ring. The passive sampler body was manufactured from polytetrafluoroethylene 

(PTFE) for NO2 and delrin for O3. As collecting medium, Whatman GF/A glass fiber filter 

papers impregnated with 20% TEA (Triethanolamine) aqueous solution for NO2 and 

aqueous solution containing 1% NaNO2, 2% Na2CO3, and 2% glycerol for O3 were used. 

Figure 3 shows an example of the NO2 passive sampler and its parts [19]. 
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Figure 3. Parts of the tailor-made passive sampler [19]. 

Extractions were performed before the analyses of the samples. Extractions of NO2 

filter papers were carried out in 10 mL ultrapure water (Milli Q) + 20 µL 35% H2O2 (Merck) 

solution, and O3 filter papers were extracted in 10 mL ultrapure water (Milli Q) for 15 min. 

All samples were analyzed using Dionex ICS-1100 ion chromatography. 

3. Results and Discussion 

3.1. Indoor-Outdoor NO2 and O3 Concentrations 

Table 2 shows determined indoor and outdoor NO2 concentrations. For Home 1, dur-

ing winter, spring, and autumn, the highest concentrations were measured in the kitchen 

(26.73 μg/m3, 51.37 μg/m3, and 54.00 μg/m3). The kitchen’s higher exposure to heavy traffic 

than other rooms, as well as ventilation provided by opening windows and also cooking 

and using a stove for breakfast and dinner is considered to be the cause of high concen-

trations measured in the kitchen at Home 1. For the summer season, the highest concen-

tration was found in the living room (52.31 μg/m3). The reason for this high concentration 

can be that the living room is located closer to the street and is under the influence of 

traffic due to natural ventilation. For Home 2, the highest NO2 concentrations were ob-

served in the kitchen in all seasons. Seasonal variations in the indoor concentrations were 

observed for both homes. When the outdoor concentrations were examined, the highest 

concentration was measured for Home 1 in the winter season and for Home 2 in the au-

tumn season. Since it is under the influence of more traffic due to its location, the outdoor 

concentrations measured for Home 1 were found to be higher in all seasons. 

Table 2. Indoor-outdoor NO2 concentrations (μg/m3) for selected homes for each season. 

 Winter Spring Summer Autumn 

Home 1 

Corridor 14.27 31.98 39.58 38.27 

Living Room 14.65 26.91 52.31 34.78 

Bedroom 9.95 25.34 38.91 33.24 

Kitchen 26.73 51.37 40.93 54.00 

Bathroom 8.80 24.04 38.79 25.77 

Outdoor 88.74 39.07 40.70 54.46 

Home 2 

Corridor 16.88 22.68 12.19 51.91 

Living Room 12.07 15.76 15.23 75.03 

Bedroom 14.46 18.82 12.81 63.41 

Kitchen 31.51 41.73 22.60 124.18 

Bathroom 11.01 12.67 11.67 77.98 

Outdoor 34.40 24.62 29.89 42.54 
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Table 3 shows O3 concentrations measured indoors. For Home 1, during winter, 

spring and summer the highest concentrations were measured in the kitchen (6.35 μg/m3, 

9.51 μg/m3, 11.34 μg/m3, respectively). The highest concentration was found in the bed-

room in autumn (9.08 μg/m3). For Home 2, during winter, spring and summer the highest 

concentrations were measured in the kitchen (6.84 μg/m3, 11.01 μg/m3, 22.10 μg/m3, re-

spectively). The highest concentration was found in the corridor in autumn (7.36 μg/m3). 

The most important source of indoor ozone pollution is the outdoor air. Also, the absence 

of major indoor ozone sources such as printers, photocopiers, and many other devices and 

appliances designed for indoor use (e.g., air cleaners) are the reasons for lower indoor 

than outdoor ozone concentrations. In addition, the age of a building and various housing 

aspects (carpeting, air conditioning, window fans, and window openings) have been sig-

nificantly associated with indoor ozone levels. When the outdoor concentrations were ex-

amined, it was seen that the concentrations measured for Home 2, which is located far 

away from the city center, were higher than that of Home 1. Due to significantly elevated 

outdoor ozone concentrations during summer, summer indoor concentrations are typi-

cally elevated. The results of this study also support this situation. 

Table 3. Indoor-outdoor O3 concentrations (μg/m3) for selected homes for each season. 

 Winter Spring Summer Autumn 

Home 1 

Corridor 5.81 5.90 7.12 6.88 

Living Room 5.89 7.72 8.35 8.43 

Bedroom 4.61 6.86 8.73 9.08 

Kitchen 6.35 9.51 11.34 6.27 

Bathroom 4.91 6.41 6.91 5.48 

Outdoor 62.98 73.81 61.93 55.91 

Home 2 

Corridor 4.63 9.74 11.29 7.36 

Living Room 4.15 8.77 13.46 5.40 

Bedroom 5.57 9.36 12.98 5.53 

Kitchen 6.84 11.01 22.10 6.18 

Bathroom 5.14 9.09 10.22 6.65 

Outdoor 95.99 169.36 157.86 133.60 

3.2. NO2 and O3 Indoor/Outdoor Concentration Ratios (I/O) 

Table 4 shows indoor/outdoor NO2 concentration ratios (I/O). All ratios were < 1 ex-

cept for the ratio found for the kitchen in spring and summer and also the living room in 

the summer at Home 1. The reason for this is that Home 1 is in a high-traffic location, and 

the outside NO2 concentration is higher in almost every season than in the indoor envi-

ronment. Also, all I/O ratios for NO2 in Home 2 were found > 1 in autumn season.  

Table 4. Indoor/Outdoor ratios of NO2 concentrations. 

 Winter Spring Summer Autumn 

Home 1 

Corridor 0.16 0.82 0.97 0.70 

Living Room 0.17 0.69 1.29 0.64 

Bedroom 0.11 0.65 0.96 0.61 

Kitchen 0.30 1.31 1.01 0.99 

Bathroom 0.1 0.61 0.95 0.47 
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Home 2 

Corridor 0.49 0.92 0.41 1.22 

Living Room 0.35 0.64 0.51 1.76 

Bedroom 0.42 0.76 0.43 1.49 

Kitchen 0.92 1.70 0.76 2.92 

Bathroom 0.32 0.51 0.39 1.83 

Table 5 shows indoor/outdoor O3 concentration ratios. For both homes, the I/O ratios 

for all seasons were < 1. This result indicates that there is no significant indoor source of 

O3 in either home. The ratios found for Home 2 were lower than the ratios found for Home 

1. The most important reason for this is the higher outdoor concentrations in Home 2.  

Table 5. Indoor/Outdoor ratios of O3 concentrations. 

 Winter Spring Summer Autumn 

Home 1 

Corridor 0.09 0.08 0.11 0.12 

Living Room 0.09 0.10 0.13 0.15 

Bedroom 0.07 0.09 0.14 0.16 

Kitchen 0.10 0.13 0.18 0.11 

Bathroom 0.08 0.09 0.11 0.10 

Home 2 

Corridor 0.05 0.06 0.07 0.06 

Living Room 0.04 0.05 0.09 0.04 

Bedroom 0.06 0.06 0.08 0.04 

Kitchen 0.07 0.07 0.14 0.05 

Bathroom 0.05 0.05 0.06 0.05 

4. Conclusions 

As a result of the pandemic, people have spent most of their time at homes. For this 

reason, many people have been exposed to air pollution more indoors than outdoors and 

have been affected more accordingly. This study was carried out during the COVID-19 

pandemic period. In the study, simultaneous indoor-outdoor NO2 and O3 concentrations 

and also indoor/outdoor ratios (I/O) were determined for different home micro-environ-

ments in Eskişehir, Turkey. The highest NO2 concentrations were found in the kitchens of 

both homes. This could be due to the intensive cooking activities that occur in the kitchens. 

O3 concentrations measured in indoor environments varied depending on the season and 

also the environment. The reason for this can be the locations of the selected homes and 

the temperature changes in the seasons. In general, seasonal variations in the pollutant 

concentrations were observed in indoor environments. In spring and summer, indoor NO2 

concentrations, especially in Home 1, and O3 concentrations, particularly in Home 2, were 

higher than in other seasons. It is thought that the reason for this is natural ventilation 

was more active during these seasons due to the warming of the weather. When the out-

door concentrations were evaluated, it was found that NO2 concentrations were higher in 

Home 1 and O3 concentrations were higher in Home 2 in all seasons. The reason for this 

is the locations of the homes and, accordingly, the level of being affected by the traffic 

density. 
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