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Abstract 
According to British Lung Foundation indoor air pollution is connected with 

toxic gases, various oxidative dusts, volatile organic (VOCs) and inorganic chemicals 
in the indoor air of buildings. Indoor spaces are considered houses, where people 
spent 85% of their time every day, workplaces, cars and public places (schools, 
hospitals, etc). Polluted indoor air has been linked to respiratory diseases, such as 
lung asthma. Chronic obstructive pulmonary disease (COPD) and potentially lung 
cancer. Indoor air pollution has also been linked to other adverse health effects and 
increased risk of cardiovascular diseases and stroke. Findings from several health 
data sources estimated that around 2.4 billion people worldwide cook using open 
fires fuelled by burning biomass, kerosene, wood, animal dung and crop waste in 
poorly ventilated indoor kitchens generating harmful household air pollution (smoke). 
In general, it is calculated that all types of indoor air pollution are responsible for 
more than 3 million global premature deaths per year in 2020, including over 237,000 
deaths of children under the age of 5. There are many sources of indoor air pollution: 
such as fuel-burning combustion appliances space heaters, furnaces, wood or coal-
burning stoves and fireplaces. Also, indoor air is polluted by passive smoke of 

tobacco products. WHO estimated that around 1.2 million premature deaths 
every year are the result of non-smokers being exposed to second-hand 
smoke of other people (passive smoke). Building materials and furnishings as 
diverse as newly installed flooring, upholstery or carpet produce a series of toxic 
chemical emissions. Also, products for household cleaning and maintenance. Excess 
moisture and dumb indoors can cause adverse health effects. Also, external sources 
of Radon, pesticides residues, toxic chemicals and other outdoor air pollutants can 
enter and trapped inside buildings. Researchers and policymakers are only now 
waking up to the adverse effects of polluted indoor air in low-income and 
marginalized communities are most exposed by cooking and heating inside their 
houses with poor ventilation. The image of air pollution is often one of chimney 
stacks and smoggy cities. But this can be a misleading picture. Indoor air pollution 
killed more than 3 million people in 2020. Despite all these studies, indoor air 
pollution has been mostly invisible to science, and to special measures of health 
protection policies have been postponed for decades. People living in developed and 
developing countries on average spend approximately 85-90% of their time indoors. 
Indoor concentrations of some pollutants have increased in recent decades due to 
energy-efficient building construction and increased use of synthetic building 
materials, furnishings, personal care products, pesticides, and household cleaners. 
Researchers suggest that indoor air pollution should concentrate on the use of solid 
fuels for cooking and heating in poorly ventilated kitchens, the passive smoking 
indoors, and multiple emissions of toxic chemical substances, such as Volatile 
Organic Compounds (VOCs), CO, HCHO, ozone, nitrogen oxides (NOx), etc.  
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Introduction: Ambient (outdoor) and indoor air pollution  

Ambient (or outdoor) air pollution, especially in big cities, is considered 

a major environmental health problem, affecting all countries. Outdoor air 

pollution was estimated, by recent studies and worldwide mortality data, to 

cause around 4 million premature deaths worldwide per year.  This excess 

mortality is due to exposure to gas pollutants (nitrogen oxide, carbon 

monoxide, ozone and SO2) but also to a great extend  from exposure to 

suspended fine particulate matter (PM10, PM2.5, mainly from car exhausts), 

which cause respiratory diseases, adverse cardiovascular effects, and 

cancers of the respiratory system.1-11 

Ambient air pollution was the most important air pollution in the 

developed countries in the 1960s-1980s. The old petrol and diesel engines of 

cars were very extreme polluters. Emissions of toxic gases, such as carbon 

monoxide (CO), nitrogen oxides (NOx), particulate matter (PM, exhaust 

emissions and tires-brakes friction), sulfur dioxide (SO2), and volatile organic 

compounds (VOCs) contributed to poor urban air quality. Big cities (Los 

Angele, London, etc) all over the world witnessed severe episodic air pollution 

blankets that affected entire cities and regions and had a profound impact on 

human health. The NO2 and VOCs from vehicular emissions undergo 

photochemical reactions to form ground-level ozone (O3), known as 

photochemical smog in cities. The adverse health effects were childhood 

asthma, COPD, impaired lung function, premature death from cardiovascular 

diseases and lung cancer.12  

Health experts consider ambient (outdoor) air pollution as the second 

highest risk factor for humans after noncommunicable diseases. 

Noncommunicable diseases are heart diseases (cardiovascular), cancer, 

chronic respiratory disease, diabetes hypertension, asthma, and mental 

health and are the leading cause of death worldwide. Noncommunicable 

diseases (NCDs) kill 41 million people each year, equivalent to 74% of all 

deaths globally. Of which 17 million people die from a NCD before age 70. 

The 86% of these premature deaths occur in low- and middle-income 

countries.13 

https://www.breeze-technologies.de/blog/what-is-temperature-inversion-and-how-does-it-exacerbate-smog/
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The main sources of outdoor air pollution and their control (legislation 

restricting polluting sources) is performed by local, national and regional level 

policy-makers. 

 

Figure 1. Los Angeles (L-A) and other California cities have the most 

polluted air in the USA, according to the newest State of the Air report 
from the American Lung Association. In April 28, 2009, air pollution and 
smog covers downtown Los Angeles. (AP Photo/Nick Ut). The LA ranked 
highest city for ozone pollution and annual particle pollution (PM) in the 
USA. Transportation represents about 50% of the California state‘s 
greenhouse gas emissions, according to the California Air Resources 
Board. It also generates 80% of the state ‘s oxides of nitrogen emissions 
(NOx) that forms ozone (O3) by sunlight and photochemical smog.  

 

Stricter occupational health regulations in the last decades forced 

industrial facilities to use cleaner technologies that reduce industrial 

smokestack emissions; volatile indoor chemicals and improved management 

for industrial waste. The energy sector (industry for electricity, etc) also is 

controlled by legislation, taking into account that can ensure affordable clean 

household energy solutions for cooking, heating and lighting. The majority 

transport systems have changed dramatically to cleaner modes of power 

generation; prioritizing rapid urban transit, rail interurban freight and 

passenger travel; shifting to cleaner heavy-duty diesel vehicles and low-

emissions vehicles including fuels with reduced sulfur content. Public and 

urban planning has improved substantially for the energy efficiency of 

buildings and making cities greener, compact, and energy efficient. The 

municipal and agricultural waste management have advanced strategies for 

waste reduction, separation, recycling and reuse or waste reprocessing. 
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Public services, Schools, Hospitals and Health-care institutions have 

improved their processes on a low-carbon development path that support 

more resilient and cost-efficient service delivery and reduced environmental 

health risks. 

Special legislation in most developed countries has reduced emissions 

and use of most pollutants, such as carbon dioxide (CO2), carbon monoxide 

(CO), methane (CH4), nitrogen oxides (NOx), sulphur dioxide (SO2), 

particulate matter (PM10, PM2.5), volatile organic compounds (VOCs) 

fluorohydrocarbons, asbestos, benzene, Lead, etc.13  

 

Indoor air pollution and indoor air quality 

Scientists and environmental experts focused for many years to 

ambient (outdoor) air pollution and health risks faced by urban populations. 

But in the last 20 years their focus turned also to indoor air pollution because 

of serious health effects since people spent 85-90% of their time indoors. 

From the scientific point of view, indoor air quality refers to the quality 

of the air in a home, schools, hospitals, offices, or other enclosed building 

environment where people work of have domestic activities without producing 

material products (which is referred as occupational environment). 

Most of the people living in developed countries (North America, 

Europe, Japan, Australia, etc) on average spend approximately 85-90% of 

their time indoors. Indoor concentrations of some pollutants have increased in 

recent decades due to such factors as energy-efficient building construction 

(when it lacks sufficient mechanical ventilation to ensure adequate air 

exchange) and increased use of synthetic building materials, furnishings, 

personal care products, pesticides, and household cleaners. Most indoor air 

studies have established a number of air quality problems. Common 

residential indoor pollutants include excessive moisture, volatile organic 

compounds (VOCs), tobacco smoke (passive smoking), combustion products 

(open wood fires, cooking), Radon, pesticide residues, dust particles, viruses, 

and bacteria. All of these are known to affect human health, and the resulting 

odors, dampness, stale air, and stuffiness also make a house less 
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comfortable. Most indoor control strategies help with both gases and 

―particulates‖ like dust, pollen, and smoke particles.  

Environmental health research studies have established that indoor air 

quality affects human health and well-being. Indoor air quality is a global 

issue. The World Health Organization (WHO) and other research institutes 

estimate that between 3-3.2 million people worldwide die prematurely every 

year from illnesses attributable to harmful indoor air pollutants.14 

 

What are the harmful pollutants in indoor environment 

Indoor air pollution (IAP) is caused by various pollutants which after 

prolonged exposure can be harmful to human health, causing a series of 

diseases and premature deaths each year. A plethora of physical, biological 

and chemical pollutants can result in unhealthy conditions in indoor spaces. 

In this section we will concentrate in some of the most important indoor 

air pollutants that have been causing adverse health effects or premature 

deaths after extensive exposure in indoor settings. 

 

Indoor air pollution: use of solid fuels for cooking and heating 
in unventilated rooms 
 

Indoor smoke from household use of solid fuels for cooking and 

heating, has been elevated to the most widespread traditional source of 

indoor air pollution on a global scale. It is estimated that worldwide, 

approximately 50% of all households and 90% of rural households utilize solid 

fuels for cooking or heating (WHO, 2004). Solid fuels are commonly burned in 

inefficient simple stoves and in poorly ventilated conditions. Under these 

conditions solid fuel use generates substantial smoky emissions of many toxic 

pollutants, including respirable particulate matter (PM), carbon monoxide 

(CO), and carcinogenic VOCs in indoor areas.15 

The solid fuel is derived mainly from plant material (biomass) or poor 

quality coal for cooking, heating, or lighting. These fuels are smoky, often 

used in an open fire or simple stove with incomplete combustion, and result in 

a smoky household air pollution when smoke is poorly vented.  

https://www.who.int/health-topics/air-pollution#tab=tab_3
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Figure 2. Women and girls cook with solid fuel sources in poorly ventilated 

rooms across the developing world (Buchanan City, Liberia).A high proportion 
of rural Indian women cook with biomass and solid fuel in unventilated 
kitchens. Agrawal S, Yamamoto S. Effect of indoor air pollution from biomass 
and solid fuel combustion on symptoms of preeclampsia/eclampsia in Indian 
women. Indoor Air 25: 341-352, 2015. 
 

Studies on household air pollution from cooking and heating facilities 

are connected with respiratory infections, respiratory tract cancers, and 

chronic lung diseases. Smoke and airborne particulate matter (PM) cause 

respiratory infections (comprising both upper and lower respiratory tract 

infections). Respiratory tract cancers, including both nasopharyngeal cancer 

and lung cancer, are strongly associated with pollution from coal burning and 

other solid fuels. Chronic lung diseases, including chronic obstructive 

pulmonary disease (COPD) and bronchiectasis in women, are associated with 

solid fuel use for cooking, and the damaging effects of exposure to household 

air pollution in early life.16-20 

Research and collection of data on a global scale, estimated that 

around 2.4 billion people (mostly in developing countries) worldwide cook 

using open fires or inefficient stoves fuelled by kerosene, biomass (wood, 

animal dung and crop waste) and poor quality coal, which generates harmful 

household air pollution (smoke). This type of indoor air pollution is considered 

by scientists that was responsible for around 3 million premature deaths per 

year in 2020, including over 237,000 deaths of children under the age of 5. 

Diseases from indoor air include stroke, ischaemic heart disease, chronic 

obstructive pulmonary disease (COPD) and lung cancer. Women and 

children, typically responsible for household cooking and collecting firewood, 

http://onlinelibrary.wiley.com/doi/10.1111/ina.12144/epdf
http://onlinelibrary.wiley.com/doi/10.1111/ina.12144/epdf
http://onlinelibrary.wiley.com/doi/10.1111/ina.12144/epdf
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bear the greatest health burden in poorly ventilated houses. Most efforts in the 

last decades was to improve cooking facilities with solar, electricity, biogas, 

liquefied petroleum gas (LPG), natural gas, alcohol fuels, as well as improved 

biomass stoves and proper ventilation.21 

WHO estimated that without strong policy action, around 2 billion 

people will still lack access to clean fuels and technologies in 2030. 

Particularly critical need for action in sub-Saharan Africa and other African 

countries, where population growth has outpaced access to clean fuel cooking 

and heating, estimated that around 900 million people lacked access to clean 

fuels [natural gas, Liquefied petroleum gas (LPG) butane, electricity). 

  
Figure 3. In order to reach the SDG-7 target for clean cooking across Africa, 
the IEA‘s Sustainable Africa Scenario envisages that by 2030, approximately 
33% of homes would be using LPG, 10% electricity, 10% biogas and 6% 
alcohol fuels. This leaves 41% still using solid biomass fuels, but in cleaner, 
more efficient stoves (defined in the Africa Energy Outlook 2022). 

 

WHO and private organizations, non-governmental,  (NGOs) in Africa 

advanced strategies to increase the adoption of clean household energy, 

provide financial support to purchase cleaner technologies and fuels, 

improved ventilation or housing design, and communication campaigns to 

encourage clean energy use.21,22 

Access to clean fuels and improved cooking facilities is limited in much 

of the developing world, Africa, Asia and Latin America countries. A high 

proportion of people in developing countries depend on highly toxic and 

polluting solid fuels as well as inefficient and polluting cookstoves in poorly 

ventilated kitchens. This indoor air pollution is considered as one of the 
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world‘s major public health challenge, causing premature deaths (including 

children under the age of 5) and respiratory diseases.  

 
Passive smoking is another harmful factor in indoor air 
environment 
 

Secondhand smoke or passive smoking is a mixture of the smoke 

given off by the burning of tobacco products, such as cigarettes, cigars or 

pipes and the smoke exhaled by smokers. Exposure to secondhand smoke is 

also called involuntary or passive smoking. According to Environmental 

Protection Agency (EPA, regulates passive smoking in USA) passive smoke 

is categorized as Group A carcinogen, that contains more than 4,000 

substances, some of them with highly carcinogenic potential. Secondhand 

smoke exposure commonly occurs indoors, particularly in homes and cars. All 

developed countries for many decades have very strict regulations, 

prohibitions and fines for smoking in indoor spaces.23-24 

  

Figure 4. The awareness of people, mostly in developed countries, of harmful 
effects of smoking and its adverse health effects is as widespread today as at 
any point of time in history. Active smoking and passive smoke combined 
contributed to 6.3 million deaths worldwide, reflecting a remarkable share in 
the burdens of disease in 2010. In the USA and in European countries despite 
a downward trend in the tobacco-related diseases since 1990, it remained the 
second leading behavioral risk factor after obesity in 2010. 
 

Globally, smoking remains a highly prevalent lifestyle choice. 

Secondhand smoke exposure is a leading public health problem. 

Approximately one (1) nonsmoker dies from secondhand smoke exposure for 

every 8 smokers who die prematurely from active smoking. Three publications 

serve as landmark summaries of the effects of environmental tobacco smoke 
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(ETS) on human health. First, the US Surgeon General‘s Report in 1986, and 

a report of the National Research Council (NRC) described the health risks 

associated with passive smoking. The Environmental Protection Agency 

(EPA) released a report in 1992 that causally linked secondhand smoke 

exposure to lung cancer, effectively classifying ETS as a group A carcinogen. 

The WHO International Agency for Research on Cancer (IARC), Lyon, 

classified active and passive smoking in category Group 1 for carcinogenicity.  

While secondhand smoke has been referred to as ETS in the past, the term 

secondhand smoke better captures the involuntary nature of the exposure.  

Secondhand smoke is composed of a mixture of both a sidestream smoke, 

the smoke released from burning the end of a cigarette, and exhaled 

mainstream smoke, the smoke exhaled by the smoker. During cigarette 

burning, there are more than 4,000 chemical compounds created of which 

many are toxic and carcinogenic.23-30 

 

Figure 5. Surgeon General of the USA Luther Terry in 1964 released an 
earth-shaking, 150,000-word report entitled, “Smoking and Health.” The 
study identified cigarette smoking as the chief cause of lung cancer in men 
(and later, as the gender gap between smokers narrowed, women too). 
Smoking was also named as the most important cause of chronic bronchitis in 
men and women and a major culprit for laryngeal cancer. Terry hammered a 
few more nails in the tobacco-lined coffin by declaring that smokers were 70% 
more likely to die of a fatal heart attack than nonsmokers, and that there was 
a strong association between cigarette smoking and cancer of the esophagus 
and bladder, emphysema, peptic ulcers, and premature babies. 

 

The most important scientific studies on the association of passive 

smoking with increased risk to lung cancer were published by epidemiologist 

Prof. Dimitrios Trichopoulos (Medical School of Harvard University and 

National and Kapodistrian University of Athens). Prof. D. Trichopoulos 
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publications included the first study linking passive smoking to lung cancer 

(1981), that formulated the first banning of smoking in indoor working areas 

and restaurants in the USA.29-30 

 

Figure 6. Dimitrios Trichopoulos (1938-2014), Professor and Director at the 
Department of Hygiene and Epidemiology at the Harvard School of Public 
Health since 1989. Professor of Cancer Prevention and the Director of the 
Center Cancer Prevention at Harvard University since 1992 and member of 
the Supreme Academy of Arts and Sciences in Athens. Also, Prof. of Dep. of 
Hygiene and Epidemiology (1972-2014) in Medical School of the National and 
Kapodistrian University of Athens, Greece. 

The results of 1981 paper by Trichopoulos at al. on passive smoking and lung 
cancer were supported by larger epidemiological studies:  

Hirayama T. Non-smoking wives of heavy smokers have a higher risk of lung 
cancer: a study from Japan. British Medical Journal  282: 183-185, 1981. 
Garfinkel L. Time trends in lung cancer mortality among non-smokers and a 
note on passive smoking. J of National Cancer Institute 66: 1061–1066, 1981. 
Office of Environmental Health Hazard Assessment. Health effects of 
exposure to environmental tobacco smoke. Final report September 1997. 
Sacramento: California Environmental Protection Agency (EPA), 1997. 
Scientific Committee on Tobacco and Health. Report of the scientific 
committee on tobacco and health. London: Stationery Office, 1998. 
 

Adverse Health Effects of passive smoking  

The adverse health effects of passive smoke in indoor environments on 

nonsmoking adults and children were described in numerous scientific 

publications. Secondhand smoke causes cardiovascular disease (heart 

disease and stroke), lung cancer, sudden infant death syndrome, more 

frequent and severe asthma attacks, and other serious health problems. 

Several landmark health assessment studies regarding passive smoking have 

been conducted. 
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It is estimated that since the 1964 U.S. Surgeon General‘s Report, 2.5 

million adults who were nonsmokers died (prematurely) because they 

breathed toxic and carcinogenic substances of secondhand smoke. 

Nonsmokers who are exposed to passive smoke at home or at work 

environments increase their risk of developing heart disease by 25-30%. 

Nonsmokers who are exposed to passive smoke increase their risk of 

developing lung cancer by 20-30%. Passive smoking causes numerous health 

problems in infants and children, including more frequent and severe asthma 

attacks, respiratory infections, and sudden infant death syndrome. 

 

Figure 7. In 2014, the USA Surgeon General estimated that secondhand 
smoke (passive) causes the premature death of 41,000 adults and more than 
400 infants each year in the USA. Secondhand smoke is classified as a 
Group A carcinogen, with potential to cause cancer in humans and animals. 
Deaths attributed to secondhand smoke cause $6.6 billion in loss of 
productivity per year.  [https://truthinitiative.org/research-resources/harmful-
effects-tobacco/impact-secondhand-smoke   ]. 
 
These scientific findings were collected in EPA‘s December 1992 health 
assessment (USA), ―Respiratory Health Effects of Passive Smoking: Lung 
Cancer and Other Disorders‖, 
National Cancer Institute. Respiratory Health Effects of Passive Smoking: 
Lung Cancer and Other Disorders. Tobacco Control Monograph No. 4. 
Bethesda, MD: U.S. Department of Health and Human Services, National 
Institutes of Health, NCI. NIH Pub. No. 93-3605, August 1993. 

 

Global premature deaths from active and passive smoking 

According to WHO, health data collected from statistical evidence on a 

global scale, active (or direct) tobacco smoking causes serious health 

diseases, especially in the respiratory system, but also increase premature 

deaths to up to 50% of its users. In the other hand, passive smoking (second-

https://truthinitiative.org/research-resources/harmful-effects-tobacco/impact-secondhand-smoke
https://truthinitiative.org/research-resources/harmful-effects-tobacco/impact-secondhand-smoke
https://www.epa.gov/indoor-air-quality-iaq/respiratory-health-effects-passive-smoking-lung-cancer-and-other-disorders
https://www.epa.gov/indoor-air-quality-iaq/respiratory-health-effects-passive-smoking-lung-cancer-and-other-disorders
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hand smoke) for people who and do not smoke, but are exposed to other 

people‘s smoke, develop serious diseases (lung cancer, etc). 

It is estimated (WHO) that active tobacco smoke is responsible for 

more than 8 million premature deaths in people each year. More than 7 million 

of those deaths are the result of direct tobacco smoking use while around 1.2 

million are the result of non-smokers being exposed to second-hand smoke of 

other people (passive smoke). 

It is known that all forms of tobacco smoking are harmful, and there is 

no safe level of exposure to tobacco smoke. Cigarette smoking is the most 

common form of tobacco use worldwide. Other tobacco products include 

waterpipe tobacco, various smokeless tobacco products, cigars, roll-your-own 

tobacco, pipe tobacco, bidis and kreteks. Studies showed that over 80% of 

the 1.3 billion tobacco users worldwide live in low- and middle-income 

countries, where the burden of tobacco-related illness and death is heaviest.  

The economic costs of tobacco smoking use are substantial and 

include significant health care costs for treating the diseases caused by 

tobacco use as well as the lost human capital that results from tobacco-

attributable morbidity and mortality. It is estimated that tobacco smoking is 

responsible for thousand of smokers enter hospitals with more than $240 

billion in healthcare spending. Also, nearly $185 billion in lost productivity from 

smoking-related illnesses and health conditions. Additionally, nearly $180 

billion in lost productivity from smoking-related premature deaths. Similarly 

other estimates showed that passive smoking causes $7 billion in lost 

productivity from premature death from second-hand smoke exposure. 

[WHO, Tobacco, 24 May 2022, https://www.who.int/news-room/fact-

sheets/detail/tobacco#:~:text=Tobacco%20kills%20more%20than%208,expos

ed%20to%20second%2Dhand%20smoke ]. 

[CDC, Centers for Diseases Control and Prevention, USA, Last Reviewed: 

July 28, 2022, Source: Office on Smoking and Health, National Center for 

Chronic Disease Prevention and Health Promotion, 

https://www.cdc.gov/tobacco/data_statistics/fact_sheets/fast_facts/cost-and-

expenditures.html#:~:text=....]. 

 

https://www.who.int/news-room/fact-sheets/detail/tobacco#:~:text=Tobacco%20kills%20more%20than%208,exposed%20to%20second%2Dhand%20smoke
https://www.who.int/news-room/fact-sheets/detail/tobacco#:~:text=Tobacco%20kills%20more%20than%208,exposed%20to%20second%2Dhand%20smoke
https://www.who.int/news-room/fact-sheets/detail/tobacco#:~:text=Tobacco%20kills%20more%20than%208,exposed%20to%20second%2Dhand%20smoke
https://www.cdc.gov/tobacco/about/osh/
https://www.cdc.gov/chronicdisease/
https://www.cdc.gov/chronicdisease/
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Chemical pollutants and emissions affecting indoor air 
pollution  
 

Indoor air pollution in houses, offices and public places is affected by 

various factors that can carry indoors gaseous or particulate pollutants and 

emissions from activities and equipments. i. Outdoor air quality (highly 

populated urban environments, toxic gas exhausts of transport, etc), ii. human 

activity in indoor space of buildings, and iii. building and construction 

materials, equipment, and furniture that can be sources of dusts or gas 

emissions from materials.  

Studies showed that outdoor pollutant concentrations and building 

airtightness have a great influence on indoor air quality due to the possibility 

of transportation of pollutants from outdoors to indoors via ventilation.  Human 

daily activities generally cause pollution by the discharge of waste gases, 

tobacco smoke, solvents, cleaning agents, dusts from furniture and 

equipments, mold (fibers, and spores of allergens). Humans also create 

favourable conditions for the development indoors of mold, fungus, pollen, 

spores, bacteria, viruses, and insects, such as dust mites and roaches.  

 

Indoor air dampness and formation of moulds 

Microbial pollution is a key element of indoor air pollution. It is caused 

by hundreds of species of bacteria and fungi, in particular filamentous fungi 

(   mould)   , growing indoors when sufficient moisture (dampness)  is available.  

These moulds can have adverse effects and increased prevalences of 

respiratory symptoms, allergies and asthma as well as perturbation of the 

immunological system. The most important means for avoiding adverse health 

effects is the prevention (   or minimization )    of persistent dampness and 

microbial growth on interior surfaces and in building structures.31 

Many epidemiological studies have shown a link between building 

dampness and adverse health effects. The larger the extent of the damage 

caused by humidity in the building, the worse the health effects. These effects 

range from irritation of mucous membranes, respiratory symptoms and 

infections, to chronic diseases, such as asthma and allergy. General 

symptoms, such as fever, fatigue, headache and difficulty to concentrate have 

http://ec.europa.eu/health/scientific_committees/opinions_layman/en/indoor-air-pollution/glossary/def/epidemiological-studies.htm
http://ec.europa.eu/health/scientific_committees/opinions_layman/en/indoor-air-pollution/glossary/mno/mucous-membrane.htm
http://ec.europa.eu/health/scientific_committees/opinions_layman/en/indoor-air-pollution/glossary/abc/chronic.htm
http://ec.europa.eu/health/scientific_committees/opinions_layman/en/indoor-air-pollution/glossary/abc/asthma.htm
http://ec.europa.eu/health/scientific_committees/opinions_layman/en/indoor-air-pollution/glossary/abc/allergy.htm
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also been reported, and clusters of cases of other diseases have also been 

associated with indoor dampness. However, it is still not known precisely how 

dampness intervenes in the appearance of these symptoms and which are 

the main substances responsible. Studies indicate that renovating the building 

either decreases or eliminates the symptoms.32 

 

Selected pollutants in indoor air  

Even modern facilities of cooking and combustion sources for heating 

(natural gas) contribute to emissions of carbon dioxide (CO2), carbon 

monoxide (CO), sulfur dioxide (SO2), nitrogen oxides (NOx), and respirable 

particulate matter (PM) emissions in indoor air environments.  

Human presence in an indoor environment leads to increased 

concentrations of air pollutants released directly by exhaled breath or through 

reactions of gaseous ozone.  Humans are units of environmental emissions 

with skin lipids, hair, exhaled breath, and clothing. The secondary products 

formed by the reactions of gaseous O3 and hydroxyl radicals (HO•) with 

human skin lipids, hair, and clothing are secondary carbonyl compounds, 

carboxylic acids, oxocarboxylic acids, and dicarboxylic acids.33 

Cooking food and consumption in indoor areas contribute with 

emissions of dry food, fruit, oils, vegetables, nuts, food waste, kept outside 

can emit various volatile organic substances.34 

In the last decades, modern house and office environments contain a 

number of electronic equipments, such as computers, laser photocopy 

machines, printers, and other office machines, that emit ozone (O3) and 

volatile organic compounds (VOCs). Modern materials are used extensively 

for the building, floors, carpets, etc. Common building materials, such as 

poly(vinyl chloride) PVC floor covering, parquet, linoleum, rubber carpet, 

adhesive, lacquer, paint, sealant, and particle board, can shed toxic 

compounds (i.e., alkanes, aromatic compounds, benzene, 2-ethylhexanol, 

acetophenone, alkylated aromatic compounds, styrene, toluene, glycols, 

glycolesters, texanol, ketones, esters, siloxane, and formaldehyde, 

trichloroethylene, tetrachloroethylene, etc.35 
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Sick building syndrome (SBS), building-related discomfort 

 

In the 1970s large number of office workers started working in high rise 

office buildings with central ventilation in airtight offices to conserve energy. 

and avoid the external air pollution of big cities (mainly exhausts of cars). 

Some workers after some weeks in the new working environment started 

showing signs of headaches, blocked or runny nose, dry, itchy skin, dry, sore 

eyes or throat, cough or wheezing, rashes, tiredness and difficulty 

concentrating.36 

In a 1984 report by the World Health Organization (WHO) suggested 

that up to 30% of new and remodeled buildings may have problems with IAQ 

sufficient to cause health symptoms. Inadequate building ventilation is the 

most common cause; the appearance of SBS in the mid-1970s has often 

been attributed to decreased ventilation standards for commercial buildings to 

increase energy efficiency.37,38 

The term ―sick building syndrome‖ (SBS) describe some adverse 

situations in airtight buildings with controlled ventilation. The workers in these 

buildings (modern high rise offices) experience some respiratory and bodily 

discomfort (itchy skin) effects that appear to be linked to time spent in a 

building, but no specific illness or cause can be identified. The complaints 

may be localized in a particular room or zone or may be widespread 

throughout the building. In contrast, the term ―building-related illness‖ is used 

when symptoms of diagnosable illness are identified and can be attributed 

directly to airborne building contaminants. These health conditions can be 

labeled, ―Building-Related Illness‖ is what the EPA refers to when describing 

the otherwise unexplained symptoms from which office workers suffer. Based 

on the research results, copiers and printers are largely at fault. Improved 

ventilation and restriction of emissions from photocopiers (in a aerated room) 

seems to improve the SBS symptoms, as well as open windows with 

circulation of air with outdoor environment.38   

Office equipment negatively affects Indoor Air Quality 

From the 1960s a number of electronic equipments were introduced in 

offices. Printing and copying process causes problems with emissions of 

https://www.britannica.com/topic/World-Health-Organization
https://www.merriam-webster.com/dictionary/efficiency
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VOCs and respirable particles in indoor areas when toner fuses to paper. 

When toner is heated, fumes, and particulates from chemicals such as 

styrene and benzene derivatives are released into the air. While the 

concentration levels released are generally low, they are dangerous to the 

average office worker due to exposure over the long term – day after day, and 

year after year of breathing in chemical dust and fumes can adverse health 

effects on human health.39,40 

Large-scale copy centers or at a desk that is near a copy machine or 

printers are emission points each time the machines are used. Toner and 

paper particles, toxic gases (VOCs) such as nitrogen dioxide (NO2) and 

ozone are launched into a worker‘s breathing space. Toxicity studies have 

shown that the particulates that are inhaled have poor solubility and 

accumulate in the lungs. What follows can be a number of health complaints: 

headache, fatigue, breathlessness, allergic reactions, and respiratory 

problems. 41,42 

 

Ventilation systems and indoor environment 

Indoor air quality experts have recognized that the design and 

operation of ventilation systems in offices and houses have a significant 

influence on Indoor Air Quality.  Proper ventilation helps improve indoor air 

quality because can control indoor humidity and reduce airborne 

contaminants, both of which either contribute to or act as health hazards. 

 

Due to superseding the stale indoor air by the fresh outdoor air, 

ventilation creates suitable IAQ and a healthy indoor environment. Indoor air 

quality and air gas compositions differ significantly depending on polluting 

sources, emission rates, and ventilation conditions. 

There are several benefits for the operation of ventilation in an indoor 

building. Fresh air from outdoors (78.08% nitrogen, 20.98% oxygen) can 
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provide extra oxygen, dilute indoor air pollutants and reduce odors and 

vapours; control internal humidity; and promote healthy and comfortable 

environment. Ventilation systems are two types:  mechanical ventilation (with 

fans or blowers) and natural ventilation systems (with exchanging processes 

without using mechanical equipment).43 

A ventilation system can help remove a build-up of pollutants, bacteria 

and bad odours. It can also manage the temperature of a room to make it 

more comfortable and reduce the chance of mould growing. Correct 

ventilation can help reduce the spread of airborne viruses by bringing fresh air 

into a room and removing older stale air that contains virus particles. 

Ventilation is one of the most important contributing factors to indoor air 

quality. Thermal insulation contributes to building tightness which usually 

increases the need of controlled ventilation.44 

 

Indoor air pollution impact on human health, diseases 

 

A variety of health studies and statistical medical data, estimate that 

each year, around 3-3.2 million people die prematurely from illnesses 

attributable to the Indoor air pollution. The most important factor is the 

incomplete combustion of solid fuels and kerosene used for cooking and 

heating in developing countries. Particulate matter (PM) and other gaseous 

pollutants in household air pollution play a crucial role. 45,46 

 Statistical data on the diseases caused of indoor air pollution:45 

a. 32% are from ischaemic heart disease: accounting for over a million 

premature deaths annually. The most important harmful factor is 

attributed to exposure to household air pollution (solid fuels, etc); 

b. 23% are from stroke: of which 12% of all deaths due to stroke can be 

attributed to the daily exposure to household air pollution (solid fuels and 

kerosene that produce excess smoke and respirable toxic particles); 

c. 21% are due to lower respiratory infection (LRI). Exposure to 

household air pollution almost doubles the risk for childhood LRI and is 

responsible for 44% of all pneumonia deaths in children less than 5 

years old. Unventilated kitchens and use of unclean solid fuels produce 
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excess pollution, which is a risk for acute lower respiratory infections in 

adults. 22% of all adult deaths are caused from pneumonia; 

d. 19% are from chronic obstructive pulmonary disease (COPD): 23% 

of all deaths from COPD in adults in low- and middle-income countries 

are due to exposure to household air pollution; and 

e. 6% are from lung cancer: approximately 11% of lung cancer deaths in 

adults are attributable to exposure to carcinogens from household air 

pollution caused by using kerosene or solid fuels like wood, charcoal or 

coal for household energy needs. 

[WHO, Household air pollution, 28/11/2022, https://www.who.int/news-
room/fact-sheets/detail/household-air-pollution-and-health ]. 

The people affected mostly by indoor air pollution are women and 

children, typically responsible for household chores, such as cooking 

collecting firewood. Women and children bear the greatest health burden from 

the use of polluting fuels, passive smoking, indoor emissions from furniture in 

homes. The first essential action is to expand the use of clean fuels and 

technologies to reduce household air pollution and protect health.  Use of 

solar heaters, electricity, biogas, liquefied petroleum gas (LPG), natural gas, 

alcohol fuels, as well as biomass stoves that meet the emission targets in the 

WHO Guidelines. 

 

Recent comments on indoor air pollution (Nature , Febr. 2023)  

[Nature 614, p.196 (2023) DOI: https://doi.org/10.1038/d41586-023-00338-0]. 

 ― ….Three researchers and policymakers in U.K, in  a recent article in 

the prestigious journal Nature (February 2023),  think that there is greater 

needs to inform the public about indoor air pollution and its adverse health 

effects. In contrast, detailed and legally enforceable national standards for 

outdoor pollution that exist in many parts of the world have been presented in 

scientific journals and publications.  The authors are right to draw attention to 

indoor air pollution and its health effects, something that has been neglected 

for too long. .Although indoor air pollution is a global problem, the right 

strategies for combating vary between regions, countries and localities…‖  

https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://doi.org/10.1038/d41586-023-00338-0
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―…The same way that outdoor air pollution affects poor income people 

and urban populations, indoor air pollution is a source of inequality, too. In 

sub-Saharan Africa, for example, 700,000 people are estimated to have died 

from indoor air pollution in 2019, many of them from the effects of particles 

from solid fuels for cooking and indoor biomass stoves….‖  

―….In richer or colder countries, people on lower incomes tend to rely 

on natural gas or solid fuels for heating, or live in homes affected by damp 

and mould. Targeted interventions to improve air quality by, for example, 

incentivizing the switch to cleaner fuels, can be a win–win situation, with the 

happy complementary effect of assisting decarbonization, too….‖.  

―…Indoor air pollution clearly needs to attract urgent attention from 

policymakers. The most recent guidelines from the World Health Organization 

on damp and mould were published in 2009. That‘s where Whitty and 

colleagues‘ article, coming from researchers who advise governments, will 

undoubtedly help. Ultimately, science must be better prepared for when it is 

called on to advise about the various strategies. Indoor air pollution should 

become as mainstream a public-health concern as its outdoor sibling,…. ―  

Nature 614, 196 (2023)   doi: https://doi.org/10.1038/d41586-023-00338-0 

Nature Editorial, 8.2.2023, Indoor air pollution kills and science needs to 
step up, Researchers and policymakers are only now waking up to the effects 
of dirty indoor air. As ever, low-income and marginalized communities are 
most exposed. 

………………………………………………….. 

Nature Comment on indoor air pollution, 08 February 2023 

Hidden harms of indoor air pollution — five steps to expose them. Dirty 
outdoor air might grab the headlines, but learning how pollutants inside 
buildings form, accumulate and affect our health is equally crucial. Alastair C. 
Lewis, Deborah Jenkins & Christopher J. M. Whitty 
 

―…..Air pollution is a leading cause of illness. Polluted air can cause 

asthma, heart diseases, stroke, lung cancer and, probably, dementia. For 

outdoor air pollution, improved standards and regulations, guided by science, 

have over the past 30 years markedly driven down polluting emissions of 

particulate matter (PM), nitrogen oxides (NOx)) and sulfur dioxide (SO2) in 

many parts of the world. Indoor air pollution hasn‘t received the same 

https://www.who.int/publications/i/item/9789289041683
https://doi.org/10.1038/d41586-023-00338-0
https://www.nature.com/articles/d41586-023-00287-8?WT.ec_id=NATURE-20230209&utm_source=nature_etoc&utm_medium=email&utm_campaign=20230209&sap-outbound-id=2481A5A39C3724FAF0A461B0A9655CBBB1DD9384#author-0
https://www.nature.com/articles/d41586-023-00287-8?WT.ec_id=NATURE-20230209&utm_source=nature_etoc&utm_medium=email&utm_campaign=20230209&sap-outbound-id=2481A5A39C3724FAF0A461B0A9655CBBB1DD9384#author-0
https://www.nature.com/articles/d41586-023-00287-8?WT.ec_id=NATURE-20230209&utm_source=nature_etoc&utm_medium=email&utm_campaign=20230209&sap-outbound-id=2481A5A39C3724FAF0A461B0A9655CBBB1DD9384#author-0
https://www.nature.com/articles/d41586-023-00287-8?WT.ec_id=NATURE-20230209&utm_source=nature_etoc&utm_medium=email&utm_campaign=20230209&sap-outbound-id=2481A5A39C3724FAF0A461B0A9655CBBB1DD9384#author-1
https://www.nature.com/articles/d41586-023-00287-8?WT.ec_id=NATURE-20230209&utm_source=nature_etoc&utm_medium=email&utm_campaign=20230209&sap-outbound-id=2481A5A39C3724FAF0A461B0A9655CBBB1DD9384#author-2
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attention, even though it might cause almost as many deaths globally. It is 

estimated at around 3.0-3.2 million premature deaths in 2020, according to 

the World Health Organization (WHO), compared with more than 3.5 million 

linked to polluted outdoor air….‖. 

―…..In industrialized nations, most people spend 80–90% of their time 

indoors, such as private homes as well as in public spaces such as schools, 

workplaces, transport hubs, hospitals and supermarkets. Such spaces are 

typically not subject to legally enforceable ambient air-quality standards. By 

contrast, global recommendations for how countries should assess and 

manage their outdoor air quality, made by the WHO, the United Nations 

Environment Programme (UNEP) and others, have been widely adopted. 

These are delivered through national regulations and laws that set minimum 

air-quality standards to protect the public…..‖. 

―…..The science of indoor air pollution is also less developed than that 

of outdoor air, making it hard for governments to target regulatory policies and 

controls. Building owners and operators might not consider air quality their 

responsibility, or might not know how to improve it or the risks of not doing so. 

Furthermore, the types and behaviours of pollutants differ inside from outside. 

Ventilation has a crucial role indoors. Pollutants such as carbon monoxide 

(CO), which are diluted outdoors, can accumulate inside a room. In addition to 

pollution, respiratory pathogens, including coronaviruses and influenza 

viruses, can build up and spread between individuals more readily indoors — 

as the COVID-19 pandemic and the latest flu outbreaks have demonstrated. 

Over years, the health harms of living with poor air quality can cascade. For 

example, persistent exposure to cancer-causing materials or particulates 

might increase the risk of heart disease and stroke…. ―. 

The scientists highlight 5 areas in which the science of indoor air 

pollution needs to be developed to inform standards and policies, identify 

engineering opportunities and provide advice for the public, especially those 

who are most vulnerable to the health risks. 

―……Indoor air contains a more diverse range of pollutants than does 

outdoor air. Some are common to both. For example, wood and coal fires and 

cooking stoves emit large amounts of particulate matter (those with grain 
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sizes of 2.5 micrometres or less are known as PM2.5). Natural-gas boilers give 

off nitrogen oxides (NOx). Other pollutants are much more common indoors. 

Carbon monoxide (CO) is released from incomplete combustion, 

formaldehyde (HCHO) from building materials and glues, and radon (Rn) from 

natural radioactivity in bedrock beneath buildings. All of these can accumulate 

and reach higher concentrations inside than outside. Building materials, 

fabrics and furniture also give off chemicals that can irritate the lungs and 

eyes. Volatile organic compounds (VOCs) are released from paints, carpets 

and wood treatments and other household products. Persistent chemicals 

such as brominated fire retardants are embedded in modern furniture. These 

chemicals can react to produce secondary pollutants, such as formaldehyde 

and PM2.5, that have inflammatory and carcinogenic properties….‖ 

―…..Moulds thrive in damp, poorly ventilated buildings. Inhaling 

airborne fungal spores from mould can have adverse health impacts for some, 

such as increased severity of asthma.  Occupants themselves affect indoor air 

quality. In closed rooms containing many people, such as offices and 

classrooms, levels of carbon dioxide (CO2) can become high enough to cause 

cognitive impairment. Human breath can release droplets or smaller aerosols 

that carry viruses and bacteria, spreading infections. Volatile organic 

compounds (VOCs) might also be exhaled, and be produced and absorbed by 

the skin, affecting how secondary pollutants form. Researchers need to 

devise, and policymakers to use, a broad set of metrics for indoor air quality.  

―…..Researchers need to build better inventories for interior emissions 

arising from home appliances, materials and human activities. This will be 

challenging: for example, when measuring emissions of volatile organic 

compounds from hundreds of household products, how can their 

compositions and people‘s daily exposure to them be captured? PM2.5 

released per kilogram of food cooked needs to be established, and exhaled 

aerosols from human respiration estimated for a range of body types and 

levels of physical exertion….‖.  

“…..Models of indoor air chemistry are needed to evaluate the rates at 

which pollutants are removed or form. Some models have been adapted from 

outdoor atmospheric-chemistry mechanisms, to account for reduction in light 
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and ultraviolet levels and to estimate loss of pollution from indoor surfaces 

such as furnishings. But the processes by which chemicals degrade indoors 

differ from those for outdoors. Oxidation (the loss of one or more electrons by 

a molecule) is important, and can transform relatively benign indoor chemicals 

such as methane into harmful compounds, including formaldehyde (CH2O) 

and secondary PM2.5. At low indoor UV levels, gases such as nitrate (NO3), 

ozone and chlorine (Cl) have a greater role in oxidation than do hydroxyl 

(
•
OH) radicals, the dominant outdoor oxidant…..‖. 

―….Indoor air pollution (houses, offices, etc) depends in how buildings 

are constructed, ventilated, operated and occupied. Whereas ambient 

(outdoor) air measurements can be designed to be representative of a wide 

geographical area, indoor air quality is limited to one building or one indooe 

area. It is often difficult to establish what a ‗typical‘ indoor concentration of 

certain pollutants might be (depending on the number of people and their 

activities). Construction styles and materials, climate and energy sources, as 

well as behaviours and cultural practices, all affect indoor air pollution. In 

identical houses on the same street, concentrations of volatile organic 

compounds (VOCs) can differ by factors of around 1,000 owing to differences 

in occupant behaviour alone. For example, homes in the United States, Japan 

or Nigeria, say, can contain different pollutants because of differences in the 

products used and living arrangements. Such variations could also point to 

solutions for the reduction of indoor air pollution or increase the ventilation to 

extract gaseous and dust pollutants….‖.  

―….Long-term data sets and representative surveys on concentrations 

of indoor-air pollution still need to be established, although some trends can 

be seen (see ‗Indicators of indoor air quality‘). In England, for example, the 

proportion of homes with damp has more than halved in the past 25 years, in 

part owing to the wider use of central heating and better insulation. Domestic 

coal use, cigarette smoking, chemicals from paints and emissions of NOx from 

natural gas combustion are all in decline. By contrast, emissions of volatile 

organic compounds (VOCs) from cosmetics and personal-care products have 

risen, as have pollutants associated with wood burning — which is now 

popular. Ventilation in homes has, on average, fallen as the energy efficiency 
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of housing stock has improved. This is good for reducing CO2 emissions but 

not necessarily for indoor air….‖.  

 

What are best ways to improve indoor air quality 

―….Decision makers need scientific evidence to help them prioritize 

groups of interventions and to develop strategies for improving indoor air 

quality. There are many options, but it is difficult to quantify the effect of each 

intervention. Generally, as for outdoors air quality, removing the largest 

sources of emission is the most effective means of improving indoor air 

pollution. That might mean replacing gas cookers with electric stoves, or 

reformulating products, for example, changing sprays such as deodorants and 

air fresheners that contain butane and propane to use nitrogen or air instead.  

For moulds, bioaerosols and CO2, good building-management practices that 

ensure adequate heating, airflow and air exchange with outdoors are 

effective. Increasing ventilation will create energy trade-offs, because heat is 

lost in colder weather, but engineered solutions are feasible….‖.  

―… Air filters or purifiers are good at lowering levels of particulates 

indoors, including PM2.5, bioaerosols and viruses, but are less effective for 

gaseous pollutants. Air filtration is expensive and energy-consuming; in some 

places, it might be more effective to open a window.  Decarbonizing buildings 

affords an opportunity to rethink how indoor air quality can be managed and 

improved. Balancing the need to increase ventilation yet minimize energy loss 

through heating (in colder countries) or cooling (in hotter ones) is an important 

engineering challenge. Better insulation to reduce energy consumption needs 

to be set against adequate ventilation to avoid pollution collecting indoors….‖ 

―…Monitoring the indoor environment for pollution should become 

standard practice in public spaces. Indoor emission inventories need urgent 

investment. Local and national governments must ensure that good indoor air 

quality is delivered for those in shared, social or rented accommodation, and 

for public indoor spaces. For example, in France, monitoring of a range of 

pollutants is mandatory in schools. Beyond state intervention, employers must 

ensure safe, healthy workplaces, including good-quality air. Just as for 

outdoors, improving air quality indoors globally requires sustained investment 



 

24 

 

in scientific and engineering research and international collaborations that 

share best practice in measurement, modelling and abatement….‖  

Nature 614, 220-223 (2023), Hidden harms of indoor air pollution - five steps 

to expose them [ doi: https://doi.org/10.1038/d41586-023-00287-8 ]. 

 
 

References 

1. WHO, December 2022, Ambient air quality [https://www.who.int/news-
room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health ]. 

2. Khomenko S, Cirach M, Pereira-Barboza E, et al. Premature mortality 
due to air pollution in European cities: a health impact assessment. The 
Lancet Planetary Health 5(3):e121-e134, 2021. 

3. Our World in Data, How many people die from air pollution each year? 
[https://ourworldindata.org/data-review-air-pollution-deaths ]. 

4. World Health Organization (WHO) Deaths from all sources of air 
pollution 7 million, Outdoor air pollution 4.2 million, Indoor air pollution 
3.8 million The WHO‘s main document: WHO (2021) – Fact sheet: 
Ambient (outdoor) air pollution. WHO, 19.12.2022, 
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-
quality-and-health ]. 

5. A much more detailed, but not up-to-date study is: World Health 
Organization (WHO) (2016) – Ambient Air Pollution: A Global 
Assessment of Exposure and Burden of Disease (WHO, Geneva). 

6. Burnett R, Chen H, Szyszkowicz M, Fann, N., Hubbell, B., Pope, C. A., 
et al.  Global estimates of mortality associated with long-term exposure 
to outdoor fine particulate matter. Proceed of the National Academy of 
Sciences,115(38),9592–9597, 2018. https://doi.org/10.1073/ 
pnas.1803222115, 2018. 

7. Institute for Health Metrics and Evaluation (Seattle, WA, USA) , total 

deaths 6.7 milli8on, 4.5 million outdoor air, and 2.3 million form indoor air 
pollution. 

8. Lelieveld, J., Klingmüller, K., Pozzer, A., et al. Effects of fossil fuel and 
total anthropogenic emission removal on public health and climate. 
Proceedings of the National Academy of Sciences, USA 116(15), 7192-
7197, 2019. 

9. Leliveld et al. (2019).  total premature deaths 8.8 Million, of which from  
outdoor air pollution , 5.5 million  & 3.6 million deaths from  indoor air 
pollution  

10. Lelieveld, J., Evans, J., Fnais, M. et al. The contribution of outdoor air 
pollution sources to premature mortality on a global scale. Nature 525, 
367–371 (2015). https://doi.org/10.1038/nature15371, 2015. 

11. Vohra K., Vodonos, A., Schwartz, J., et al. Global mortality from outdoor 
fine particle pollution generated by fossil fuel combustion: Results from 
GEOS-Chem. In Environmental Research, 195, 110754, 2021. 

https://doi.org/10.1038/d41586-023-00287-8
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://ourworldindata.org/data-review-air-pollution-deaths
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.who.int/phe/publications/air-pollution-global-assessment/en/
https://www.who.int/phe/publications/air-pollution-global-assessment/en/
https://www.who.int/phe/publications/air-pollution-global-assessment/en/
https://doi.org/10.1073/%20pnas.1803222115
https://doi.org/10.1073/%20pnas.1803222115
https://www.pnas.org/content/116/15/7192/
https://www.pnas.org/content/116/15/7192/
https://www.pnas.org/content/116/15/7192/
https://doi.org/10.1038/nature15371
https://doi.org/10.1016/j.envres.2021.110754
https://doi.org/10.1016/j.envres.2021.110754
https://doi.org/10.1016/j.envres.2021.110754


 

25 

 

12. Vodonos AY. Abu Awad, J. Schwartz. The concentration-response 
between long-term PM2.5 exposure and mortality; A meta-regression 
approach. In Environmental Research 166: 677-689, 2018., 
10.1016/j.envres.2018.06.01, 2018. 

13. WHO , Ambient (outdoor) air pollution, 19.12.2022 [https://www.who.int/ 
news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health ]. 

14. National Institute of Environmental Health Science (NIEHS), USA, Indoor 
air quality https://www.niehs.nih.gov/health/topics/agents/indoor-
air/index.cfm ]. 

15. Desai MA, Mehta S, Smith KK. Indoor smoke from solid fuels. Assessing 
environmental burden of diseases series, No. 4. WHO Protection of the 
Humn Environment, Geneva, 2004. [http://apps.who.int/iris/bitstream/ 
handle/10665/42885/9241591358.pdf;jsessionid=ADE75A717C1C22FF
215A13E119DD3E4B?sequence=1 ]. 

16. WHO Household Air Pollution and Health. [(accessed on 28 January 
2020)];  https://www.who.int/en/news-room/fact-sheets/detail/ household-
air-pollution-and-health]. 

17. Smith KR, Mehta S. The burden of disease from indoor air pollution in 
developing countries: comparison of estimates. Intern J Hygiene Environ 
Health 206(4-5):279-289, 2003.  

18. Ezzati M, Rodgers AD, Lopez AD, Murray CJL (Eds.), In: Comparative 
Quantification of Health Risks: Global and Regional Burden of Disease 
due to Selected Major Risk Factors, 2 volumes, WHO, Geneva (2003) 

19. Smith KR, Bruce N, Balakrishnn K, et al. Millions dead: how do we know 
and what does it mean? Methods used in the comparative risk 
assessment of household air pollution. Annu Rev Public Health 35: 185-
206, 2014. 

20. Gordon S.B., Bruce N.G., Grigg J.et al. Respiratory risks from household 
air pollution in low and middle income countries. Lancet Respir Med. 2: 
823-860, 2014. 

21. UNEP, West Africa ministers to adopt cleaner fuels. 
[https://www.unep.org/news-and-stories/story/west-african-ministers-
adopt-cleaner-fuels-and-vehicles-standards]. 

22. The Borgen Project, Five NGOs working to bring power to Africa. 
https://Borgenproject.org/power-to-Afdrica/ ]. 

23. WHO, Household air pollution and health, 28.11.2022, https://www.who.int/ 
news-room/fact-sheets/detail/household-air-pollution-and-
health#:~:text=Impact...]. 

24. National Research Council. Environmental Tobacco Smoke: Measuring 
Exposures and Assessing Health Effects. Washington, DC: National 
Academies Press; 1986 

25. US Environmental Protection Agency. Respiratory Health Effects of 
Passive Smoking: Lung Cancer and Other Disorders. Washington, DC: 
Office of Health and Environmental Assessment, Office of Research and 
Development; 1992 

26. Office of the US Surgeon General. Secondhand smoke: what it means to 
you. CDC, 2006. http://www.surgeongeneral.gov/library/reports 
/secondhand-smoke-consumer.pdf. 

https://www.who.int/%20news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.who.int/%20news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.who.int/%20news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health
https://www.niehs.nih.gov/health/topics/agents/indoor-air/index.cfm
https://www.niehs.nih.gov/health/topics/agents/indoor-air/index.cfm
http://apps.who.int/iris/bitstream/%20handle/10665/42885/9241591358.pdf;jsessionid=ADE75A717C1C22FF215A13E119DD3E4B?sequence=1
http://apps.who.int/iris/bitstream/%20handle/10665/42885/9241591358.pdf;jsessionid=ADE75A717C1C22FF215A13E119DD3E4B?sequence=1
http://apps.who.int/iris/bitstream/%20handle/10665/42885/9241591358.pdf;jsessionid=ADE75A717C1C22FF215A13E119DD3E4B?sequence=1
http://apps.who.int/iris/bitstream/%20handle/10665/42885/9241591358.pdf;jsessionid=ADE75A717C1C22FF215A13E119DD3E4B?sequence=1
https://www.who.int/en/news-room/fact-sheets/detail/%20household-air-pollution-and-health
https://www.who.int/en/news-room/fact-sheets/detail/%20household-air-pollution-and-health
https://www.unep.org/news-and-stories/story/west-african-ministers-adopt-cleaner-fuels-and-vehicles-standards
https://www.unep.org/news-and-stories/story/west-african-ministers-adopt-cleaner-fuels-and-vehicles-standards
https://borgenproject.org/power-to-Afdrica/
https://www.who.int/
http://www.surgeongeneral.gov/library/reports%20/secondhand-smoke-consumer.pdf
http://www.surgeongeneral.gov/library/reports%20/secondhand-smoke-consumer.pdf
http://www.surgeongeneral.gov/library/reports%20/secondhand-smoke-consumer.pdf


 

26 

 

27. US Environmental Protection Agency. 2014. https://www.epa.gov/sites/ 
production/files/2014-09/documents/passive_smoke.pdf 

28. Hecht S. Tobacco smoke and lung carcinogens. J Natl Cancer Inst. 
91:1194-1210, 1999. 

29. Trichopoulos D, Kalandidi A, Sparros L, MacMahon B. Lung cancer and 
passive smoking. Intern J Cancer 27(1): 1-4, 1981., and a second paper 
supporting findings: Hirayama T. Non-smoking wives of heavy smokers 
have a higher risk of lung cancer: a study from Japan. British Medical 
Journal 282: 183-185, 1981. 
Garfinkel L. Time trends in lung cancer mortality among non-smokers 
and a note on passive smoking. Journal of the National Cancer Institute,  
66: 1061–1066, 1981. 

30. Dockery DW, Trichopoulos D. Risk of lung cancer from environmental 
exposures to tobacco smoke. Cancer Causes & Control 8:333-345, 
1997. 

31. WHO, January 2009, WHO guidelines for indoor air quality :dampness 
and mould [https://www.who.int/publications/i/item/9789289041683  ]. 

32. EUROPA, Indoor air pollution, building dampness 
https://ec.europa.eu/health/scientific_committees/opinions_layman/ 
en/indoor-air-pollution/l-2/8-building-dampness.htm ]. 

33. Deng H, Xu X, Wang K, et al. The Effect of human occupancy on indoor 
air quality through real-time measurements of key pollutants. 
Environmental Science and Technology 56(22):15377-15288, 2022.  

34. WHO, Europe. WHO Guidelines for Indoor Air Quality, Selected 
Pollutants, WHO, Geneva, 2010 [https://www.euro.who.int/__data/ 
assets/pdf_file/ 0009/128169/e94535.pdf    ]. 

35. Tran VV, Park D, Lee Y-C. Indoor Air Pollution, Related Human Diseases, 
and Recent Trends in the Control and Improvement of Indoor Air Quality. 
International J Environ Research-Public Health 17(8): 2927-, 2020.  

36. Joshi SM. The sick building syndrome. Indian J Occup Environ Medicine 
12(2):61-64, 2008.  

37. Mølhave L. The sick buildings and other buildings with indoor climate 
problems. Environment International 15(1-6): 65-74, 1989./\ 
Jaakkola MS, Yang LY, Leromnimon A, Jaakkola JJK. Office work, SBS 
and respiratory and sick building syndrome symptoms. Occup Environ 
Med. 64:178–184, 2007.  
Chang SU, Zheng SHU, Jiang-Wdi YE. Investigation of sick building 
syndrome (SBS) and related risk factors in people working in office 
environment. J Env Health. 03:24, 2010. 

38. WHO. Indoor air quality research: EURO-Reports and Studies 103 ,  
WHO-Regional Office for Europe, Copenhagen, 1984. 

39. Barrese E, Gioffre A, Scarpelli M, etal. Indoor Pollution in Work Office: 
VOCs, Formaldehyde and Ozone by Printer. Occupational Diseases and 
Environ Medicine 2(3), art ID 48893, 1-7, 2014.  

40. Destaillats H, Maddalena R, Singer BC, McKone TE. Indoor pollutants 
emitted by office equipment: A review of reported data and information 
needs. Atmospheric Environment 42:1371-1388, 2008. 

https://www.epa.gov/sites/%20production/files/2014-09/documents/passive_smoke.pdf
https://www.epa.gov/sites/%20production/files/2014-09/documents/passive_smoke.pdf
https://www.epa.gov/sites/%20production/files/2014-09/documents/passive_smoke.pdf
https://www.who.int/publications/i/item/9789289041683
https://ec.europa.eu/health/scientific_committees/opinions_layman/%20en/indoor-air-pollution/l-2/8-building-dampness.htm
https://ec.europa.eu/health/scientific_committees/opinions_layman/%20en/indoor-air-pollution/l-2/8-building-dampness.htm


 

27 

 

41. Lee CW, Dai YT, Chien CH, Gsu DJ. Characteristics and health impacts 
of volatile organic compounds in photocopy centre. Environ Research 
100: 139-149, 2006. 

42. Hetes R., Moore M, Northelm C. (1995) Office Equipment: Design, 
Indoor Air Emissions, and Pollution Prevention Opportunities. 1995, US 
EPA Project Summary, EPA/600/SR-95/045; RTP, North Carolina. 

43. USEPA Fundamentals of Indoor Air Quality in Buildings, 2020. 
[https://www.epa.gov/indoor-air-quality-iaq/fundamentals-indoor-air-
quality-buildings ]. 

44. European Union, Indoor air pollution. [https://ec.europa.eu/health/ 
scientific_committees/opinions_layman/en/indoor-air-pollution/l-3/2-
determining-factors.htm ]. 

45. World Health Organization, Household air pollution, 28.11.2022, 
https://www.who.int/news-room/fact-sheets/detail/household-air-
pollution-and-health   ]. 

46. Apte K, Salvi S. Household air pollution and its effect on health. 
F100Res, 2016, 
[https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5089137].  F1000Res. 
2016; 5: F1000 Faculty Rev-2593. Published online 2016 Oct 
28.10.12688/f1000research.7552.1. 

https://www.epa.gov/indoor-air-quality-iaq/fundamentals-indoor-air-quality-buildings
https://www.epa.gov/indoor-air-quality-iaq/fundamentals-indoor-air-quality-buildings
https://ec.europa.eu/health/
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5089137
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5089137/

