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INTRODUCTION                                     Chapter 1                                                                                                       

 

1.1 Introduction 

Indoor air pollution (IAP) refers to dust, dirt, and gaseous substances within indoor spaces 

that can harm occupants’ health when inhaled. It includes, but are not limited to, gaseous 

pollutants (e.g., volatile organic compounds [VOCs] and inorganic compounds), 

particulate matter (PM), and biological contaminants [1, 2]. Indoor Air Pollution has 

become a rising public health concern as individuals spend approximately 80–90% of their 

time indoors: in homes, educational institutions, workplaces, and public venues such as 

theatres and restaurants [3-6]. In recent years, there has been growing recognition that 

indoor environments, both private and public, often harbour elevated concentrations of 

pollutants up to ten times higher than those found outdoors [7]. This is due to the 

accumulation of pollutants in confined spaces, where air circulation is limited [8].  

The World Health Organization (WHO) estimates that approximately 3.2 million 

premature deaths occur annually due to exposure to IAP. Various human activities and 

emission sources within buildings, along with the infiltration of outdoor pollutants, 

significantly influence indoor air quality (IAQ). Indoor Air Quality refers to the condition 

of the air within and around buildings and structures, particularly in relation to the health 

and comfort of occupants [9-10]. Indoor sources of pollutants include emissions from 

cooking, heating, smoking, and incense burning, as well as off-gassing from paints, 

textiles, carpets, building materials, and furnishings. Additionally, personal care products, 

pesticides, and the resuspension of PM during activities like cleaning and walking also 

degrade IAQ [11-15]. The infiltration of outdoor particles through ventilation systems or 

open windows aggravates the situation, further worsening IAQ [16]. 

The construction of increasingly energy-efficient buildings has exacerbated the 

issue of IAP in recent years. While these structures are designed to conserve energy 

through airtight construction, reduced ventilation can result in stagnant air, leading to a 

rapid accumulation of indoor pollutants [5]. The broad range of pollutants that contribute 

to poor IAQ include PM, volatile organic compounds (VOCs), aldehydes, bioaerosols, and 

inorganic compounds such as heavy metals [17, 18]. 
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Among different IAQ parameters, PM and Carbondioxide (CO2) are of particular 

concern due to their direct impact on both health and work performance [19]. Airborne 

particulate matter (PM) is a complex mixture of solid and liquid particles suspended in the 

air, differing in size, shape, and composition. It may include inorganic ions, metallic 

compounds, elemental carbon, organic substances, and crustal materials. For regulatory 

and monitoring purposes, PM is classified by aerodynamic diameter [20]. The most 

extensively studied PM, categorized based on its size include, coarse particles (PM10: 2.5–

10 μm) and fine particles (PM2.5: 0.1–2.5 μm) [21]. PM2.5 was first regulated by the U.S. 

Environmental Protection Agency (US EPA) in 1997 to protect public health and later 

adopted in China through standards like the Ambient Air Quality Standards (GB 3095-

2012) [22]. Since 1970s, numerous studies have addressed the health impacts of ambient 

PM2.5 [23, 24]. However, the decline in IAQ highlights the growing need to investigate 

indoor PM2.5 levels. Exposure to PM2.5 has been linked to numerous health issues, ranging 

from asthma and cardiovascular diseases to pulmonary conditions. Additionally, it is 

associated with both acute and chronic respiratory illnesses, as well as tuberculosis and 

negative perinatal outcomes [25]. Similarly, in poorly ventilated spaces with higher 

occupancy, CO2 concentrations can rise significantly. The very first attempt was made by 

Eliseeva et al. [26] to investigate the impacts of exposures to low levels of CO2. They 

observed that at a CO₂ concentration of 1000 ppm, respiratory movement amplitude 

noticeably decreased, indicating altered breathing patterns. Additionally, increased 

peripheral blood flow suggested an impact on the circulatory system. Other potential 

health impacts such as headaches, fatigue, and reduced cognitive performance were also 

reported with higher CO2 concentrations [27, 28]. 

In addition to IAQ parameters, indoor settled dust (SD) also plays a significant role 

in defining the overall health of the indoor environment. Settled dust is the primary source 

and sink of atmospheric particles [29]. It comprises of minute, dry, solid particles, either 

airborne or settled and dispersed by natural forces such as wind or volcanic eruptions, as 

well as by mechanical or human activities like grinding, milling, demolition, sweeping, 

and shoveling. These particles typically range from 1 to 100 µm in diameter and gradually 

settle due to gravity [30]. It is present in the indoor environment as a composite of PM 

resulting from internal and external sources. It acts as a reservoir of various harmful 

elements, including heavy metals making it another important contributor to IAP [31-34]. 
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Being fine in size, dust particles can easily become suspended in the air, and are 

readily inhalable. It increases the risk of respiratory conditions, neurological issues, 

allergies, and other health problems [35]. Monitoring dust levels is essential for assessing 

the changes in urban environmental quality affected by anthropogenic activities. The 

composition of indoor SD is determined by the building's geographical location. For 

example, urban dust tends to contain higher concentrations of heavy metals from 

anthropogenic sources, while rural areas are more likely to have crustal elements [36]. 

Furthermore, factors that influence heavy metal concentrations in SD include the structure 

and characteristics of the building (number of floors, building height, paint type), as well 

as the activities of the building occupants (fuel type used, smoking habits, sweeping 

frequency, air conditioning usage, presence of carpets and rugs, the frequency and duration 

of window openings, and cooking frequency). Heavy metals in SD are particularly 

concerning due to their persistence, non-biodegradability, and potential for 

bioaccumulation, posing significant risks to the human health and the environment [37, 

31]. The dust can enter the body through various pathways, including inhalation, ingestion, 

and dermal contact [38,39]. As a result, understanding the composition and impact of SD 

is crucial for assessing health risks and implementing effective indoor pollution control 

strategies to improve overall IAQ [40, 41].  

Sick building syndrome (SBS) is a group of symptoms associated with the building 

environment. These symptoms usually improve or disappear shortly after leaving the 

building [42, 43]. Individuals experience unexplained symptoms of illness or discomfort 

while occupying a building [44]. These so-called "sick buildings" are characterized by the 

presence of harmful pollutants at concentrations high enough to trigger a wide range of 

health issues, from mild respiratory irritation to severe chronic illnesses [45]. In 1983, the 

WHO formally recognized SBS as a collection of medical symptoms linked to indoor 

environments. These symptoms are categorized as mucous membrane symptoms 

impacting the eyes, nose, throat and dry skin, alongside general symptoms such as 

headaches and fatigue [46,47]. Research indicates that approximately one in five 

individuals report SBS symptoms attributed to IAQ [48]. The quality of indoor air is 

affected by a complex interaction of multiple factors, including geographical locations, 

climate conditions, building design, construction materials, indoor dampness, and 

occupant activities [49-51]. Symptoms of SBS are common in the general population [50]. 

However, our understanding of these symptoms and their contributing factors is 
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inadequate, particularly in developing countries like India. Enhancing IAQ in developing 

countries could lead to a 15% reduction in the prevalence of acute respiratory infections 

and chronic respiratory diseases, as well as a 10% decrease in the incidence of respiratory 

tract cancers [51]. 

1.2 Rationale of the Study 

Several studies from abroad have extensively investigated IAQ and the heavy metal 

composition of SD in various indoor environments such as offices, schools, colleges, 

universities, and homes [52-57]. Although IAQ research in India has been gaining 

momentum, it is still in its nascent stages, particularly in the Northeastern region. Several 

studies conducted across India have reported the elemental composition of SD from 

households and educational institutions [14, 58-63]. Additionally, numerous studies have 

monitored IAQ in various indoor settings while evaluating occupants’ perceptions of IAQ 

[51, 63, 64-68]. 

There remains a significant gap in research on IAQ and SD in Northeast India, with 

only a few studies conducted in this region [69-72]. To address this gap, the present study 

was carried out in Guwahati, the largest metropolis in Northeast India, and Tezpur, a fast-

growing urban agglomeration in Assam. Given the rapid urbanization and industrial 

development in these areas, understanding IAQ in the region is critical.  

1.3 Scopes and Objectives of the Study 

In light of the above discussions the present study aims to achieve the following objectives: 

1. Characterization of indoor air in educational institutions and households of 

Guwahati and Tezpur, Assam 

2. Physicochemical characterization of settled dust in different indoor environments 

3. Health risk assessment and association of indoor air with sick building syndrome 

(SBS) 

To the best of our knowledge, this is the first comprehensive study to simultaneously 

characterize indoor air pollutants, residents' perceptions of IAQ, and the physicochemical 

properties of SD. By examining all these parameters in both households and educational 

settings, the study aims to provide a more holistic understanding of the overall indoor 

environment, offering a more comprehensive assessment in Northeast India. The findings 

are expected to contribute valuable baseline data for policymakers, urban planners, and 

public health professionals working in similar urban and semi-urban environments.  



 

5 
 

Characterization of Air Pollutants and Settled Dust in Different Indoor Environments 

1.2 References 

[1] Tran, V. V., Park, D., and Lee, Y. C. Indoor air pollution, related human diseases, 

and recent trends in the control and improvement of indoor air quality. International 

journal of environmental research and public health, 17(8): 2927, 2020. DOI: 

https://doi.org/10.3390/ijerph17082927 

[2] Malakan, W., KC, S., Jalearnkittiwut, T., and Samniang, W. Indoor Air Pollution of 

Volatile Organic Compounds (VOCs) in Hospitals in Thailand: Review of Current 

Practices, Challenges, and Recommendations. Atmosphere, 16(10): 1135, 2025. 

DOI: https://doi.org/10.3390/atmos16101135  

[3] Liu, Y., Ma, H., Zhang, N. and Li, Q. A systematic literature review on indoor PM2.5 

concentrations and personal exposure in urban residential buildings. Heliyon, 8(8), 

2022. 

[4] Nath, A., Baruah, N., Nonglait, M. L. and Deka, P. Biological contaminants in indoor 

environments of educational institutions. Aerobiologia, 39(1): 1-20, 2023. DOI: 

https://doi.org/10.1007/s10453-022-09771-6 

[5] Mata, T. M., Martins, A. A., Calheiros, C. S., Villanueva, F., Alonso-Cuevilla, N. P., 

Gabriel, M. F. and Silva, G. V. Indoor air quality: a review of cleaning 

technologies. Environments, 9(9): 118, 2022. DOI: 

https://doi.org/10.3390/environments9090118 

[6] Dimitroulopoulou, S., Dudzińska, M. R., Gunnarsen, L., Hägerhed, L., Maula, H., 

Singh, R., Toyinbo, O. and Haverinen-Shaughnessy, U. Indoor air quality guidelines 

from across the world: An appraisal considering energy saving, health, productivity. 

andcomfort. Environment International, 178: 108127, 2023. DOI: 

https://doi.org/10.1016/j.envint.2023.108127 

[7] Cincinelli, A. and Martellini, T.  Indoor air quality and health. International journal 

of environmental research and public health, 14(11): 1286, 2017. 

DOI:.https://doi.org/10.3390/ijerph14111286 

[8] Kankaria, A., Nongkynrih, B. and Gupta, S. K. Indoor air pollution in India: 

Implications on health and its control. Indian journal of community medicine, 39(4): 

203-207, 2014. DOI: https://doi.org/10.4103/0970-0218.143019 



 

6 
 

Characterization of Air Pollutants and Settled Dust in Different Indoor Environments 

[9] Adgate, J. L., Mongin, S. J., Pratt, G. C., Zhang, J., Field, M. P., Ramachandran, G. 

and Sexton, K.  Relationships between personal, indoor. andoutdoor exposures to 

trace elements in PM2.5 . Science of the Total Environment, 386(1-3): 21-32, 2007. 

DOI: https://doi.org/10.1016/j.scitotenv.2007.07.007 

[10] Abdel-Salam, M. M. Outdoor and indoor factors influencing particulate matter and 

carbon dioxide levels in naturally ventilated urban homes. Journal of the Air and 

Waste Management Association, 71(1): 60-69, 2021.DOI: 

https://doi.org/10.1080/10962247.2020.1834009 

[11] Sollinger, S., Levsen, K. and Wünsch, G. Indoor pollution by organic emissions 

from textile floor coverings: climate test chamber studies under static 

conditions. Atmospheric Environment, 28(14): 2369-2378, 1994.DOI: 

https://doi.org/10.1016/1352-2310(94)90491-X 

[12] Becher, R., Øvrevik, J., Schwarze, P. E., Nilsen, S., Hongslo, J. K. and Bakke, J. V. 

Do carpets impair indoor air quality and cause adverse health outcomes: a 

review. International journal of environmental research and public health, 15(2): 

184, 2018. DOI: https://doi.org/10.3390/ijerph15020184 

[13] Sahu, V., Elumalai, S. P., Gautam, S., Singh, N. K. and Singh, P. Characterization 

of indoor settled dust and investigation of indoor air quality in different micro-

environments. International Journal of Environmental Health Research, 28(4): 419-

431, 2018. DOI: https://doi.org/10.1080/09603123.2018.1481498 

[14] Tran, V. V., Park, D. and Lee, Y. C. Indoor air pollution, related human diseases. 

andrecent trends in the control and improvement of indoor air quality. International 

journal of environmental research and public health, 17(8): 2927, 2020. DOI: 

https://doi.org/10.3390/ijerph17082927 

[15] USEPA. Indoor Air Quality (IAQ). Retrieved on 23 May 2024 from 

https://www.epa.gov/indoor-air-quality-iaq, 2020. 

[16] Rim, D., Wallace, L. and Persily, A. Infiltration of outdoor ultrafine particles into a 

test house. Environmental science and technology, 44(15): 5908-5913, 2010.  DOI: 

https://doi.org/10.1021/es101202a 

https://www.epa.gov/indoor-air-quality-iaq


 

7 
 

Characterization of Air Pollutants and Settled Dust in Different Indoor Environments 

[17] Madureira, J., Paciência, I., Pereira, C., Teixeira, J. P. and Fernandes, E. D. O. 

Indoor air quality in Portuguese schools: levels and sources of pollutants. Indoor 

air, 26(4): 526-537, 2016. DOI: https://doi.org/10.1111/ina.12237 

[18] Argunhan, Z. and Avci, A. S.  Statistical evaluation of indoor air quality parameters 

in classrooms of a university. Advances in Meteorology, 2018 (1): 4391579, 

2018.DOI: https://doi.org/10.1155/2018/4391579 

[19] Dai, X., Liu, J., Li, X. and Zhao, L.  Long-term monitoring of indoor CO2 and PM2.5 

in Chinese homes: Concentrations and their relationships with outdoor 

environments. Building and Environment, 144: 238-247, 2018. DOI: 

https://doi.org/10.1016/j.buildenv.2018.08.019 

[20] California Air Resource Board. Inhalable Particulate Matter and Health (PM2.5 and 

PM10). Retrieved on 7 October 2025 from 

https://ww2.arb.ca.gov/resources/inhalable-particulate-matter-and-health 

[21] Estokova, A. and Stevulova, N. Investigation of suspended and settled particulate 

matter in indoor air. In Atmospheric Aerosols-Regional Characteristics-Chemistry 

and Physics. Intech Open, 2012. 

[22] MEP. Ambient air quality standards. Retrieved on 14 August 2024 from 

https://english.mee.gov.cn/Resources/standards/Air_Environment/quality_standard

1/201605/t20160511_337502.shtml, 2012a. 

[23] Pui, D. Y., Chen, S. C. and Zuo, Z.  PM2. 5         in China: Measurements, sources, 

visibility and health effects. andmitigation. Particuology, 13: 1-26, 2014. DOI: 

https://doi.org/10.1016/j.partic.2013.11.001 

[24] Lao, X. Q., Guo, C., Chang, L. Y., Bo, Y., Zhang, Z., Chuang, Y. C., Jiang, K., Lin, 

C., Tam, T., Lau, A. K. H., Lin, C. Y. and Chan, T. C. Long-term exposure to 

ambient fine particulate matter (PM 2.5) and incident type 2 diabetes: a longitudinal 

cohort study. Diabetologia, 62: 759-769, 2019. DOI: 

https://doi.org/10.1007/s00125-019-4825-1 

[25] Lazović, I., Jovašević-Stojanović, M., Živković, M. M., Tasic, V. and Stevanović, 

Ž. M. PM and CO2 variability and relationship in different school 

environments. Chemical Industry and Chemical Engineering 



 

8 
 

Characterization of Air Pollutants and Settled Dust in Different Indoor Environments 

Quarterly/CICEQ, 21(1): 179-187, 2015. DOI: 

https://doi.org/10.2298/CICEQ140212020L 

[26] Eliseeva, D. E.  USSR Literature on Air Pollution and Related Occupational 

Diseases, United States Department of Commerce Office of Technical Services, 

Washington 25 DC, DOI: 

https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=910067P7.TXT.  1966. 

[27] Lowther, S. D., Dimitroulopoulou, S., Foxall, K., Shrubsole, C., Cheek, E., 

Gadeberg, B. and Sepai, O. Low level carbon dioxide indoors—a pollution indicator 

or a pollutant? A health-based perspective. Environments, 8(11):125,2021. DOI: 

https://doi.org/10.3390/environments8110125 

[28] Azuma, K., Kagi, N., Yanagi, U. and Osawa, H. Effects of low-level inhalation 

exposure to carbon dioxide in indoor environments: A short review on human health 

and psychomotor performance. Environment international, 121: 51-56, 2018. DOI: 

https://doi.org/10.1016/j.envint.2018.08.059 

[29] Liu, X., Guo, Z., Krebs, K. A., Greenwell, D. J., Roache, N. F., Stinson, R. A., 

Nardin, J. A. and Pope, R. H.  Laboratory study of PCB transport from primary 

sources to settled dust. Chemosphere, 149: 62-69, 2016.DOI: 

https://doi.org/10.1016/j.chemosphere.2016.01.075 

[30]IUPAC. Dose-response curve. Retrieved on 14 Feb. 2024 from 

https://goldbook.iupac.org/terms/view/D01867, 1990. 

[31] Darus, F. M., Nasir, R. A., Sumari, S. M., Ismail, Z. S. and Omar, N. A. Heavy 

metals composition of indoor dust in nursery schools building. Procedia-Social and 

Behavioral Sciences, 38: 169-175, 2012. DOI: 

https://doi.org/10.1016/j.sbspro.2012.03.337 

[32] Mohammed, F. S. and Crump, D. Characterization of indoor/outdoor settled dust 

and air pollutants in damaturu, Nigeria, nternational Journal of Engineering and 

Technology, 5(1): 104-108, 2013. 

[33] Barrio-Parra, F., De Miguel, E., Lázaro-Navas, S., Gómez, A. and Izquierdo, M. 

Indoor dust metal loadings: a human health risk assessment. Exposure and 

Health, 10: 41-50, 2018. DOI: https://doi.org/10.1007/s12403-017-0244-z 

https://goldbook.iupac.org/terms/view/D01867


 

9 
 

Characterization of Air Pollutants and Settled Dust in Different Indoor Environments 

[34] Kelepertzis, E., Argyraki, A., Botsou, F., Aidona, E., Szabó, Á. And Szabó, C. 

Tracking the occurrence of anthropogenic magnetic particles and potentially toxic 

elements (PTEs) in house dust using magnetic and geochemical 

analyses. Environmental Pollution, 245: 909-920, 2019. DOI: 

https://doi.org/10.1016/j.envpol.2018.11.072 

[35] Roy, A., Jha, A. K., Kumar, A., Bhattacharya, T., Chakraborty, S., Raval, N. P. and 

Kumar, M. Heavy metal pollution in indoor dust of residential, commercial. And 

industrial areas: a review of evolutionary trends. Air Quality, Atmosphere and 

Health, 17(4): 891-918, 2024. DOI: https://doi.org/10.1007/s11869-023-01478-y 

[36] Kundu, S. and Stone, E. A. Composition and sources of fine particulate matter across 

urban and rural sites in the Midwestern United States. Environmental science: 

Processes and impacts, 16(6): 1360-1370, 2014. 

[37] Alotaibi, M. O., Albedair, L. A., Alotaibi, N. M., Elobeid, M. M., Al-Swadi, H. A., 

Alasmary, Z. and Ahmad, M.  Pollution indexing and health risk assessment of 

heavy-metals-laden indoor and outdoor dust in elementary school environments in 

Riyadh, Saudi Arabia. Atmosphere, 13(3): 464, 2022. DOI: 

https://doi.org/10.3390/atmos13030464 

[38] Al Hejami, A., Davis, M., Prete, D., Lu, J. and Wang, S. Heavy metals in indoor 

settled dusts in Toronto, Canada. Science of the Total Environment, 703: 134895, 

2020.https://doi.org/10.1016/j.scitotenv.2019.134895 

[39] Nath, A., Paul, B. and Deka, P. Chemical characterization of road dust during diwali 

festival in Guwahati city of Assam, Northeast India. Environmental Monitoring and 

Assessment, 196(5): 484, 2024. DOI: https://doi.org/10.1007/s10661-024-12628-9 

[40] Dytłow, S. and Górka-Kostrubiec, B. Concentration of heavy metals in street dust: 

an implication of using different geochemical background data in estimating the 

level of heavy metal pollution. Environmental geochemistry and health, 43: 521-

535, 2021. DOI: https://doi.org/10.1007/s10653-020-00726-9 

[41] Suryawanshi, P. V., Rajaram, B. S., Bhanarkar, A. D. and Chalapati Rao, C. V. 

Determining heavy metal contamination of road dust in Delhi, 

India. Atmósfera, 29(3): 221-234, 2016. DOI: 

https://doi.org/10.20937/ATM.2016.29.03.04 



 

10 
 

Characterization of Air Pollutants and Settled Dust in Different Indoor Environments 

[42] Burge, P. S. Sick building syndrome. Occupational and environmental 

medicine, 61(2): 185-190, 2004. DOI: https://doi.org/10.1136/oem.2003.008813 

[43] Marmot, A. F., Eley, J., Stafford, M., Stansfeld, S. A., Warwick, E. and Marmot, M. 

G. Building health: an epidemiological study of “sick building syndrome” in the 

Whitehall II study. Occupational and environmental medicine, 63(4): 283-289, 

2006. 

[44] Mangai, D. R., Isa, R. B. and Bello, A. O. Living Condition of Workers in The 

Construction Industry: A Systematic Literature Review and Bibliometric Analysis. 

In International Mediterranean Scientific Research and Innovation Congress, 

Turkey, 2023. 

[45] Gomzi, M. and Bobić, J. Sick Building Syndrome Do we live and work in unhealthy 

environment? Periodicum biologorum, 111(1): 79-84, 2009. 

[46] WHO. Association of Sick Building Syndrome with Indoor Air Parameters.  

Retrieved on 23 Jan. 2025 from 

https://pmc.ncbi.nlm.nih.gov/articles/PMC4515331/, 1983. 

[47] Li, L., Adamkiewicz, G., Zhang, Y., Spengler, J. D., Qu, F. and Sundell, J. Effect of 

traffic exposure on sick building syndrome symptoms among parents/grandparents 

of preschool children in Beijing, China. PLoS One, 10(6): e0128767, 2015. DOI: 

https://doi.org/10.1371/journal.pone.0128767 

[48] Nag, P. K and Nag, P. K. Sick building syndrome and other building-related 

illnesses. Office Buildings: Health, Safety and Environment. In: Office Buildings. 

Design Science and Innovation. Pages 53-103.Springer, Singapore, 2019 

[49] USEPA. The Inside Story: A Guide to Indoor Air Quality. Retrieved on 19 March 

2024 from https://www.epa.gov/indoor-air-quality-iaq/inside-story-guide-indoor-

air-quality, 1991. 

[50] Levin, H. National programs to assess IEQ effects of building materials and 

products. EPA Contractor Report, 2010. 

[51] Firdaus, G. and Ahmad, A. Indoor air pollution and self‐reported diseases–a case 

study of NCT of Delhi. Indoor Air, 21(5): 410-416, 2011. DOI: 

https://doi.org/10.1111/j.1600-0668.2011.00715.x 

https://pmc.ncbi.nlm.nih.gov/articles/PMC4515331/
https://www.epa.gov/indoor-air-quality-iaq/inside-story-guide-indoor-air-quality
https://www.epa.gov/indoor-air-quality-iaq/inside-story-guide-indoor-air-quality


 

11 
 

Characterization of Air Pollutants and Settled Dust in Different Indoor Environments 

[52] Rasmussen, P. E., Beauchemin, S., Chénier, M., Levesque, C., MacLean, L. C., 

Marro, L., Otazo, H. J., Petrovic, S., McDonald, L.T. and Gardner, H. D. Canadian 

house dust study: lead bioaccessibility and speciation. Environmental science and 

technology, 45(11): 4959-4965, 2011. DOI: https://doi.org/10.1021/es104056m 

[53] Chen, H., Lu, X., Chang, Y. and Xue, W. Heavy metal contamination in dust from 

kindergartens and elementary schools in Xi’an, China. Environmental earth 

sciences, 71: 2701-2709, 2014. DOI: https://doi.org/10.1007/s12665-013-2648-9 

[54] Latif, M. T., Yong, S. M., Saad, A., Mohamad, N., Baharudin, N. H., Mokhtar, M. 

B. and Tahir, N. M. Composition of heavy metals in indoor dust and their possible 

exposure: a case study of preschool children in Malaysia. Air Quality, Atmosphere 

and Health, 7: 181-193, 2014. DOI: https://doi.org/10.1007/s11869-013-0224-9 

[55] Vardoulakis, S., Giagloglou, E., Steinle, S., Davis, A., Sleeuwenhoek, A., Galea, K. 

S., Dixon, K. and Crawford, J. O. Indoor exposure to selected air pollutants in the 

home environment: a systematic review. International journal of environmental 

research and public health, 17(23):  8972, 2020. DOI: 

https://doi.org/10.3390/ijerph17238972 

[56] Arar, M. and Jung, C. Analyzing the perception of indoor air quality (IAQ) from a 

survey of new townhouse residents in Dubai. Sustainability, 14(22): 15042, 2022. 

DOI: https://doi.org/10.3390/su142215042 

[57] Shao, Z., Bi, J., Yang, J. and Ma, Z. Indoor PM2. 5, home environmental factors and 

lifestyles are related to sick building syndrome among residents in Nanjing, 

China. Building and Environment, 235: 110204, 

2023.https://doi.org/10.1016/j.buildenv.2023.110204 

[58] Kumar, A. and Clark, C. S. Lead loadings in household dust in Delhi, India. Indoor 

Air, 19(5): 2009. 

[59] Yaparla, D., Nagendra, S. S. and Gummadi, S. N. Characterization and health risk 

assessment of indoor dust in biomass and LPG-based households of rural 

Telangana, India. Journal of the Air and Waste Management Association, 69(12): 

1438-1451, 2019. DOI: https://doi.org/10.1080/10962247.2019.1668874 

[60] Pal, M., Gope, M., Basu, A., Laha, T., Masto, R. E., Labar, R., Kundu, T. K., Hoque, 

R. R., Khillare, P. S. and Balachandran, S. Indoor quality of residential homes and 



 

12 
 

Characterization of Air Pollutants and Settled Dust in Different Indoor Environments 

schools of an industrial area in Asansol: characterization, bioaccessibility and 

health risk assessment of potentially toxic elements. Nat Environ Pollut 

Technol, 20: 13-28, 2021. 

[61] Kumar, S. and Jain, M. K. Characterization and morphometric study of household 

settled dust: A case study in Dhanbad, the coal capital of India. Applied 

Geochemistry, 144: 105398, 2022. DOI: 

https://doi.org/10.1016/j.apgeochem.2022.105398 

[62] Dubey, S., John, R., Singh, M., Khare, P. and Taneja, A. Seasonal variation in metals 

concentration associated with settled dust and their risk assessment in school 

children of Agra (India). Environmental Advances, 15: 100480, 2024. DOI: 

https://doi.org/10.1016/j.envadv.2023.100480 

[63] Kumar, S. and Jain, M. K. A comparative study of health risks of selected potentially 

toxic metals in household dust from different socio-economical houses of Dhanbad 

city, India. Air Quality, Atmosphere and Health, 17(7): 1547-1564, 2024. DOI: 

https://doi.org/10.1007/s11869-024-01527-0 

[64] Massey, D., Masih, J., Kulshrestha, A., Habil, M. and Taneja, A. Indoor/outdoor 

relationship of fine particles less than 2.5 μm (PM2. 5) in residential homes locations 

in central Indian region. Building and environment, 44(10): 2037-2045, 2009.DOI: 

https://doi.org/10.1016/j.buildenv.2009.02.010 

[65] Datta, A., Suresh, R., Gupta, A., Singh, D. and Kulshrestha, P. Indoor air quality of 

non-residential urban buildings in Delhi, India. International Journal of Sustainable 

Built Environment, 6(2): 412-420, 2017. DOI: 

https://doi.org/10.1016/j.ijsbe.2017.07.005 

[66] Anand, A. and Phuleria, H. C.  Assessment of indoor air quality and housing, 

household and health characteristics in densely populated urban 

slums. Environment, Development and Sustainability, 24(10): 11929-11952, 2022. 

DOI: https://doi.org/10.1007/s10668-021-01923-x 

[67] Yadav, A. K. and Ghosh, C. Spatiotemporal variation of particulate matter and risk 

of exposure in the indoor-outdoor residential environment: a case study from urban 

city Delhi, India. Pollution, 8(3): 860-874, 2022. DOI: 

https://doi.org/10.22059/poll.2022.335576.1291 



 

13 
 

Characterization of Air Pollutants and Settled Dust in Different Indoor Environments 

[68] Pritwani, S. and Devasenapathy, N. Assessment of Indoor Particulate Matter and 

Teacher’s Perceived Indoor Climate in Government Schools of Bilaspur District, 

Chhattisgarh, India: A Cross-Sectional Study. Indian Journal of Occupational and 

Environmental Medicine, 28(2): 120-126, 2024. 

[69] Sharma, B., Handique, S. and Jyethi, D. S. (2023). Elemental composition of rural 

household dust in Brahmaputra fluvial plain: insights from SEM-EDS, receptor 

model. andrisk assessment. Environmental Geochemistry and Health, 45(5): 2447-

2460, 2023.DOI: https://doi.org/10.1007/s10653-022-01361-2 

[70] Gogoi, D., Sazid, A., Bora, J., Deka, P., Balachandran, S. and Hoque, R. R. 

Particulate matter exposure in biomass-burning homes of different communities of 

Brahmaputra Valley. Environmental monitoring and assessment, 193(12): 856, 

2021.DOI: https://doi.org/10.1007/s10661-021-09624-8 

[71] Gohain, M. and Deka, P. Trace metals in indoor dust from a university campus in 

Northeast India: implication for health risk. Environmental monitoring and 

assessment, 192: 1-14, 2020.DOI: https://doi.org/10.1007/s10661-020-08684-6 

      [72] Rabha, S., Saikia, B. K., Singh, G. K. and Gupta, T. Meteorological influence and 

chemical compositions of atmospheric particulate matters in an Indian urban 

area. ACS Earth and Space Chemistry, 5(7): 1686-1694, 2021. DOI: 

https://doi.org/10.1021/acsearthspacechem.1c00037 


	05_chapter 1

