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ABSTRACT

Indoor air quality is an important concern as people spend much of their time inside buildings and may be exposed to
pollutants from various indoor activities. This study examined the hourly concentrations of formaldehyde (HCHO) and
total volatile organic compounds (TVOC) in a residential building in Ballari, Karnataka, India. Monitoring was carried
out in the living room, kitchen, and bedroom for 15 days during March and April 2025 using a portable low-cost air
quality monitor. HCHO, TVOC, temperature, and relative humidity were recorded hourly between 06:00 and 23:00 h.
The results showed noticeable differences in pollutant levels between the three indoor environments. The kitchen
recorded the highest HCHO (0.199 mg/m?®) and TVOC (0.826 mg/m?®) concentrations, mainly during cooking and gas
stove use. The living room showed moderate levels, with higher concentrations during evening hours, whereas the
bedroom generally had lower and more stable concentrations. HCHO and TVOC showed similar variations, suggesting
the influence of common indoor sources. Cooking, ventilation, and occupant activities were found to be important
factors affecting indoor pollutant levels. The study demonstrates the usefulness of low-cost monitors for residential IAQ
assessment and emphasizes the need for proper kitchen ventilation and adequate air exchange to reduce indoor
pollutant exposure.

Keywords: Indoor Air Quality, Formaldehyde (HCHO), Total Volatile Organic Compounds (TVOC), Low-Cost Sensors,
Residential Building, Kitchen Emissions, Ventilation, Public Health.
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1 INTRODUCTION

Indoor air quality (IAQ) has become a major environmental and public health concern because people spend
approximately 80-90% of their time indoors, where exposure to air pollutants can adversely affect health [1, 2]. Poor
indoor air quality is associated with respiratory diseases, eye and throat irritation, allergies, headaches, and other
chronic health problems [3, 4]. Among indoor pollutants, formaldehyde (HCHO) and total volatile organic compounds
(TVOCs) are of particular concern due to their widespread presence in residential buildings and their potential health
risks [5, 6].

Formaldehyde is emitted from building materials, furniture, paints, adhesives, and household products [6, 7], while
TVOCs originate from cooking, cleaning agents, paints, air fresheners, and other consumer products [8, 9]. Indoor
concentrations of these pollutants are influenced by occupant activities, ventilation, temperature, and humidity [10, 11].
Cooking is considered one of the major sources of indoor HCHO and TVOC emissions, especially in residential kitchens
[8, 11].

Recent advances in low-cost air quality sensors have enabled continuous and real-time monitoring of indoor pollutants
at a relatively low cost. These sensors provide an effective alternative for assessing indoor air quality and identifying
pollution trends in residential environments [12, 13, 14].

In India, studies on indoor HCHO and TVOC concentrations in residential buildings are still limited [15, 16], particularly
in smaller cities such as Ballari, Karnataka. Therefore, the present study was conducted to monitor hourly variations of
HCHO and TVOC concentrations in the living room, kitchen, and bedroom of a residential building using a portable low-
cost sensor. The study aims to evaluate the influence of indoor activities and ventilation on pollutant levels and to
provide baseline information for improving residential indoor air quality.

Objectives

To monitor indoor HCHO concentrations in different residential rooms.

To determine TVOC concentrations across residential microenvironments.

To compare indoor air quality among the living room, kitchen, and bedroom.

To study the influence of temperature and humidity on concentration of pollutants.

To evaluate the usefulness of a portable low-cost sensor for residential IAQ monitoring.

2 MATERIALS AND METHODS

2.1 Study Area

Figure 1: Location of the study site

The study was carried out in a residential building in Ballari, Karnataka, India (15.161924°N, 76.942187°E), located in
a relatively quiet neighbourhood about 500 m from NH-167. A municipal park adjacent to the building provides a
regular setting for walking and recreational activities, particularly during the morning and evening, while nearby traffic
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and occasional waste burning may influence outdoor air quality. Indoor HCHO and TVOC measurements were
conducted under normal household conditions in three commonly occupied spaces: the living room (4.572 x 2.438 m),
kitchen (2.438 x 3.658 m), and bedroom (3.048 x 3.658 m). The residence is occupied by three people and is naturally
ventilated through windows and the main door. Potential indoor PM sources included cooking, incense burning during
religious activities, use of electrical appliances, air conditioning, and infiltration of outdoor air through openings. The
floor plan and locations of the monitored rooms are presented in Figure 1 and 2.
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Figure 2: Floor plan of the residence with sensor placement locations

2.2 Monitoring Period
The study was conducted during March-April 2025, with hourly measurements recorded from 06:00 h to 23:00 h.

Monitoring was carried out for 15 consecutive days, with the instrument placed in the living room from 21-26 March
2025, then in the kitchen from 27-31 March 2025, and finally in the bedroom from 1-5 April 2025, with five monitoring
days assigned to each environment.

2.3 Instrumentation

A portable low-cost indoor air quality monitor, SMILEDRIVE (Version 1.0), was used to measure formaldehyde (HCHO)
(mg/m?), Total Volatile Organic Compounds (TVOC) (mg/m?), Temperature (°C) and Relative Humidity (%).

2.4 Data Collection

The monitor was placed at approximately 1.2 m (4 ft) above the floor in each room. Hourly measurements of HCHO,
TVOC, temperature, and humidity were recorded. Indoor activities such as cooking, ventilation, and air-conditioner
operation were also noted.

2.5 Data Analysis

The data were analysed using Microsoft Excel. Descriptive statistics and line graphs were used to evaluate hourly
variations in HCHO and TVOC concentrations across the three rooms.

3 RESULTS AND DISCUSSION

3.1 Hourly Variation of Indoor HCHO

3.1.1 InLiving Room

Figure 3 presents the hourly variation of indoor formaldehyde (HCHO) concentrations measured in the living room over
five consecutive monitoring days (21-26 March 2025). Overall, HCHO concentrations varied from 0.064 to 0.134
mg/m?, indicating noticeable temporal fluctuations associated with occupant activities, ventilation conditions, and
meteorological influences.
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During the early morning hours (06:00-09:00), HCHO concentrations remained relatively stable, ranging between
0.078 and 0.091 mg/m?>. These concentrations likely represent the background emission from indoor materials such as
wooden furniture, particleboard, adhesives, synthetic fabrics, and painted surfaces. Formaldehyde is continuously
emitted from these materials through off-gassing, resulting in relatively constant baseline concentrations even in the
absence of significant indoor activities [17].
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Figure 3: Hourly variation of indoor HCHO during 5 consecutive days in living room

A gradual decline in HCHO concentration was observed during the afternoon (13:00-17:00), when values decreased to
approximately 0.064-0.074 mg/m?>. This reduction coincided with increased ambient temperature and improved
natural ventilation through open doors and windows. Enhanced air exchange promotes dilution and removal of indoor
pollutants, thereby reducing formaldehyde accumulation.

The most significant increase occurred during the evening period (18:00-22:00). On 21 March, the HCHO concentration
increased continuously from 0.091 mg/m? at 18:00 h to a maximum of 0.134 mg/m? at 22:00 h, representing nearly a
twofold increase relative to the afternoon minimum. Field observations indicated rainfall and high humidity during this
period, which reduced natural ventilation and led to pollutant accumulation in the living room. Increased occupancy
during evening hours may also have contributed through human activities and reduced ventilation.

Although similar evening increases were observed on the remaining monitoring days, their magnitudes were
comparatively lower, suggesting that meteorological conditions strongly influenced pollutant accumulation.

Overall, the living room exhibited a clear diurnal variation characterised by lower daytime concentrations and elevated
evening concentrations. These findings agree with previous indoor air quality studies that identify inadequate
ventilation and increased occupancy as major determinants of indoor formaldehyde accumulation.

3.1.2 InKitchen

Figure 4 shows the hourly variation of formaldehyde concentrations measured in the kitchen between 27 and 31 March
2025. Among the three monitored indoor environments, the kitchen demonstrated the greatest variability in HCHO
concentrations due to cooking-related activities.

HCHO concentrations ranged from 0.061 to 0.199 mg/m?, substantially exceeding the concentrations measured in both
the living room and bedroom during cooking periods.

The highest concentration (0.199 mg/m?) occurred on 28 March at 10:00 h, immediately following intensive cooking
activities. Another elevated concentration (0.192 mg/m?) was observed at 09:00 h on the same day, confirming that
cooking was the primary contributor to indoor formaldehyde emissions.

Additional peaks were observed during breakfast preparation (08:00-10:00 h) and evening meal preparation (20:00-
22:00 h), particularly on 29 March and 31 March, when comments indicated that the cooking stove had recently been
used. These observations demonstrate that the combustion of cooking gas, the heating of edible oils, and the thermal
degradation of food ingredients significantly increase formaldehyde concentrations [18].
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Figure 4: Hourly variation of indoor HCHO during 5 consecutive days in kitchen

Conversely, during periods without cooking, HCHO concentrations decreased substantially to levels below 0.080
mg/m?, indicating rapid pollutant dilution after cooking activities.

These results indicate that cooking is one of the dominant indoor sources of formaldehyde in residential buildings.

3.1.3 InBedroom

Figure 5 shows the hourly variation in HCHO concentration recorded in the bedroom from 1 to 5 April 2025. In
comparison with the kitchen and living room, the bedroom showed relatively small fluctuations in HCHO levels, with
concentrations ranging from 0.068 to 0.105 mg/m3. Most of the recorded values were within the range of 0.075-0.090
mg/m?, suggesting that the bedroom had fewer significant indoor sources of formaldehyde. The absence of activities
such as cooking and combustion may have contributed to the relatively stable concentrations observed in this room.

A noticeable decrease in HCHO concentration was observed during periods when the air conditioner was operating and
the windows were open. This may be attributed to increased air movement and air exchange, which can help remove
accumulated pollutants from the indoor environment. The highest concentration of 0.105 mg/m?* was observed on 2
Aprilat 21:00 h, when the air conditioner was switched off and ventilation was comparatively limited. A similar elevated
value of 0.104 mg/m?® was recorded on 5 April, which coincided with cloudy weather and reduced air movement.
Overall, the observed variations indicate that ventilation conditions and air exchange significantly influence HCHO
levels in residential bedrooms.
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Figure 5: Hourly variation of indoor HCHO during 5 consecutive days in bedroom
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3.2 Hourly Variation of Indoor TVOC
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Figure 6: Hourly variation of indoor TVOC during 5 consecutive days in living room

Figure 6 illustrates the hourly variation of Total Volatile Organic Compound (TVOC) concentrations measured
simultaneously with HCHO in the living room. TVOC concentrations ranged from 0.250 to 0.566 mg/m?, exhibiting
temporal variations similar to those observed for HCHO.

Morning concentrations remained relatively constant between 0.330 and 0.390 mg/m?3, indicating continuous
emissions from household materials and consumer products. During the afternoon period, TVOC concentrations
gradually decreased to values near 0.270-0.320 mg/m?, corresponding to periods of increased ventilation and reduced
indoor occupancy.

The highest TVOC concentration (0.566 mg/m?) was recorded at 22:00 h on 21 March, which coincided with the highest
HCHO concentration measured during the study period. This simultaneous increase strongly suggests that both
pollutants originated from common indoor emission sources. The increase may be attributed to emissions from
furniture, household cleaning products, air fresheners, cooking residues [19], and limited air exchange following
rainfall.

Unlike HCHO, TVOC represents a mixture of numerous volatile organic compounds emitted from multiple indoor
sources. Consequently, TVOC exhibited slightly greater variability than HCHO throughout the monitoring period.
Nevertheless, both pollutants followed nearly identical temporal trends, indicating that indoor environmental
conditions affected their concentrations similarly.

The evening increase emphasizes the importance of maintaining adequate ventilation during periods of high indoor
occupancy to minimize exposure to volatile organic compounds.

3.2.2 InKitchen

Figure 7 illustrates the temporal variation of TVOC concentrations in the kitchen. Concentrations ranged from 0.261 to
0.826 mg/m?3, representing the highest TVOC levels observed in the entire study.

Extremely high TVOC concentrations were recorded during cooking activities on 28 March, reaching 0.825 mg/m?® and
0.826 mg/m? at 09:00 and 10:00 h, respectively. Similar but less pronounced increases occurred on 29 March during
dinner preparation and on 31 March immediately after stove operation.

Cooking can be an important source of volatile organic compounds (VOCs) indoors. These compounds may be released
from activities such as fuel combustion, heating of cooking oils and spices, and the breakdown of food materials at high
temperatures. As a result, VOC levels in kitchens are often higher than those measured in other areas of a residential
building.
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Figure 7: Hourly variation of indoor TVOC during 5 consecutive days in kitchen

During non-cooking periods, TVOC concentrations decreased rapidly and remained between 0.260 and 0.350 mg/m?,
demonstrating the effectiveness of pollutant dilution after cooking ceased.

The close association between cooking activities and the observed increases in TVOC concentrations suggests that
cooking is the major contributor to VOC emissions in the residential kitchen.

3.2.3 InBedroom

Figure 8 illustrates TVOC concentrations measured in the bedroom. Concentrations ranged from 0.284 to 0.445 mg/m?,
which were considerably lower than those observed in the kitchen but comparable to those measured in the living room.

TVOC concentrations remained relatively constant throughout most of the monitoring period, indicating minimal
indoor pollutant generation. However, temporary increases occurred during periods of reduced ventilation, especially
when windows remained closed or air conditioning was switched off.

The highest TVOC concentration (0.445 mg/m?®) occurred on 5 April at 21:00 h, coinciding with cloudy weather and
reduced natural ventilation. Conversely, periods with open windows exhibited lower TVOC concentrations, highlighting
the effectiveness of natural ventilation in improving bedroom air quality.

The relatively stable TVOC concentrations indicate that bedrooms are generally less influenced by indoor pollutant
sources than kitchens, with ventilation becoming the primary controlling factor.
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Figure 8: Hourly variation of indoor TVOC during 5 consecutive days in bedroom
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3.3 Mean Concentrations of Air Quality Parameters

Table 1: Descriptive Statistics of Indoor Air Quality Parameters in Different Rooms

Parameter Living Room | Kitchen Bedroom

Mean | SD Mean | SD Mean | SD

HCHO (mg/m?) 0.082 | 0.017 | 0.085 | 0.025 | 0.082 | 0.008
TVOC (mg/m?) 0.354 | 0.066 | 0.359 | 0.108 | 0.349 | 0.032
Temperature (°C) 31.50 | 1.38 | 32,50 | 1.63 | 29.10 | 2.10

Relative Humidity (%) | 45.80 | 8.20 | 32.80 | 9.60 | 49.80 | 10.90

Table 1 presents the descriptive statistics (mean and standard deviation) of indoor formaldehyde (HCHO), total volatile
organic compounds (TVOC), temperature, and relative humidity measured in the living room, kitchen, and bedroom of
the residential building during the monitoring period. The results demonstrate noticeable variations among the three
rooms, reflecting the influence of indoor activities, ventilation, and room usage on indoor air quality.

The mean HCHO concentration was highest in the kitchen (0.085 * 0.025 mg/m?), followed by the living room (0.082 +
0.017 mg/m3) and the bedroom (0.082 + 0.008 mg/m3). Although the average HCHO concentrations in the living room
and bedroom were similar, the kitchen exhibited a considerably larger standard deviation, indicating greater
fluctuations in formaldehyde concentrations. These variations are primarily attributed to cooking activities, gas stove
combustion, and the release of pollutants from heated cooking oils and food ingredients. In contrast, the bedroom
recorded the lowest standard deviation, suggesting relatively stable HCHO concentrations due to fewer indoor emission
sources and comparatively better ventilation.

Similarly, the mean TVOC concentration was highest in the kitchen (0.359 + 0.108 mg/m?), followed by the living room
(0.354 + 0.066 mg/m?) and the bedroom (0.349 # 0.032 mg/m?). The markedly higher standard deviation observed in
the kitchen indicates substantial temporal variation caused by intermittent cooking activities. Elevated TVOC
concentrations during meal preparation confirm that cooking is one of the major contributors to volatile organic
compound emissions in residential environments. The bedroom exhibited the lowest variability in TVOC
concentrations, indicating comparatively cleaner and more stable indoor air conditions.

The average indoor temperature was highest in the kitchen (32.50 = 1.63°C), followed by the living room (31.50 *
1.38°C), while the bedroom recorded the lowest temperature (29.10 + 2.10°C). The higher kitchen temperature can be
attributed to continuous heat generated from cooking appliances and stove operation. Conversely, the lower bedroom
temperature may be associated with air-conditioner use and reduced heat-generating activities.

Regarding relative humidity, the bedroom recorded the highest average value (49.80 + 10.90%), followed by the living
room (45.80 * 8.20%), whereas the kitchen exhibited the lowest humidity (32.80 * 9.60%). The comparatively higher
humidity in the bedroom may be due to reduced ventilation, air-conditioner operation, and lower indoor temperatures,
while the lower humidity observed in the kitchen is likely associated with higher temperatures and increased air
movement during cooking.

3.4 Comparative Discussion of Indoor Air Quality Across the Three Rooms

A comparison of the three monitored rooms revealed significant differences in indoor air quality. The kitchen recorded
the highest mean HCHO (0.085 + 0.025 mg/m?) and TVOC (0.359 + 0.108 mg/m?) concentrations, mainly due to cooking
activities, gas stove combustion, and emissions from heated cooking oils. The higher standard deviation also indicates
greater fluctuations in pollutant levels during meal preparation.

The living room exhibited moderate HCHO (0.082 + 0.017 mg/m?) and TVOC (0.354 + 0.066 mg/m?) concentrations,
with pollutant levels increasing during evening hours because of higher occupancy and reduced ventilation. In contrast,
the bedroom showed the lowest and most stable HCHO (0.082 + 0.008 mg/m?) and TVOC (0.349 + 0.032 mg/m?)
concentrations, reflecting fewer indoor emission sources and better pollutant stability.

Temperature was highest in the kitchen (32.50 + 1.63°C), while the bedroom recorded the highest relative humidity
(49.80 + 10.90%). Overall, the results indicate that cooking activities, room function, ventilation, and occupant
behaviour are the primary factors influencing indoor HCHO and TVOC concentrations. The findings highlight the
importance of adequate kitchen ventilation and regular indoor air quality monitoring to minimize pollutant exposure
and improve residential indoor environments.
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4  FINDINGS OF THE STUDY

e The kitchen recorded the highest HCHO and TVOC concentrations due to cooking activities and gas stove
combustion.

e The living room showed moderate pollutant levels, with higher concentrations during evening hours because
of reduced ventilation and increased occupancy.

e The bedroom exhibited the lowest and most stable concentrations, indicating better indoor air quality.

e Both HCHO and TVOC followed similar temporal patterns, suggesting common indoor emission sources.

e Pollutant concentrations generally decreased during the afternoon due to improved natural ventilation and
increased air circulation.

e Cooking, ventilation, weather conditions, and occupant activities were identified as the major factors
influencing indoor air quality.

Suggestions

o Install and regularly use kitchen exhaust fans or chimneys during cooking.

e Improve natural ventilation by opening windows and doors whenever possible.

e Use low-emission furniture, paints, and household products to reduce indoor pollutant emissions.
e Avoid excessive use of air fresheners, incense sticks, and aerosol sprays.

e Maintain air-conditioning and ventilation systems regularly.

e Conduct periodic indoor air quality monitoring using low-cost sensors.

5 CONCLUSION

The study demonstrated that indoor HCHO and TVOC concentrations vary significantly with room type, occupant
activities, and ventilation conditions. The kitchen exhibited the highest pollutant concentrations, mainly due to cooking,
while the bedroom maintained the lowest levels because of fewer indoor emission sources. The living room showed
moderate concentrations, with higher levels during evening hours. Overall, improved ventilation, effective kitchen
exhaust systems, and continuous monitoring using low-cost sensors can significantly enhance indoor air quality and
reduce occupants' exposure to harmful pollutants in residential buildings.
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