
Lidia Morawska
Queensland University of Technology

World Health 
Organization

Collaborating 
Centre for 

Global 
Burden 

of Disease 
due to 

Air Pollution

INDOOR AIR QUALITY:
sources, health effects and 

mitigation



In this presentation 

• Indoor air: impact of indoor and outdoor 
pollution sources

• Health effects

• Emissions from gas heaters 

• WHO health guidelines
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Pollutants in urban air
· Particulate matter
· Nitrogen oxide (NO2)

· Carbon monoxide (CO)
· Sulfur dioxide (SO2)

· Ozone (O3)
· Carbon dioxide (CO2)

· Volatile and semi-volatile organic compounds 
� Hydrocarbons (CH4, C4H10, C3H8, etc)

� Polycyclic aromatic hydrocarbons (PAH)
· Inorganic trace elements (Pb, V, Br, etc)



Indoor source contribution  
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Sources of indoor air pollutants

• Occupants
• Cooking
• Building materials
• Tobacco combustion
• Combustion appliances
• Maintenance products



As a result 

Indoor air is a dynamic mixture of 
complex physical, chemical and 
microbiological properties

Strongly depending on 
the type of indoor 
environment



Time series of particle number and mass 
(PM2.5) in a house in Brisbane
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• Oxides of nitrogen (NO and NO2)
• Formaldehyde
• Ultrafine particles
• Carbon monoxide

Emissions from gas heaters

Ristovski, Z.D., Itass, I., Morawska, L., and Saxby, 
W. Investigation into the emission of fine particles, 
formaldehyde, oxides or nitrogen and carbon 
monoxide from natural gas heaters. Journal of 
Aerosol Science, (Supp1): s490-s491, 2000.



Emission Strength

Ristovski, Z.D., Itass, I., Morawska, L., and Saxby, W. Investigation into the emission of fine particles, formaldehyde, oxides or 
nitrogen and carbon monoxide from natural gas heaters. Journal of Aerosol Science, (Supp1): s490-s491, 2000.



Size Distribution

Ristovski, Z.,  Morawska, L. and  Ayoko, G. Investigation Into The Emissions Of Fine Particles, Formaldehyde, Oxides Of Nitrogen And 
Carbon Monoxide From Natural Gas Heaters. Prepared for The Australian Gas Light Company, 1999.
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NO2 versus Gas/Wood Heater 
Usage

Kingham, S. and Petrovic, N. Turning up the heat! Nitrogen dioxide in Nelson 
homes, New Zealand. Claen Air and Environmental Quality, 39: 34-40, 2009.



NO2 versus Heater Type

Kingham, S. and Petrovic, N. Turning up the heat! Nitrogen dioxide in Nelson homes, New 
Zealand. Claen Air and Environmental Quality, 39: 34-40, 2009.



Health Effects of NO2

• Respiratory symptoms
• Bronchoconstriction
• Increased bronchial reactivity
• Airway inflammation
• Decreases in immune defence leading 

to increased susceptibility to respiratory 
infection

WHO (2010) WHO Guidelines for Indoor Air Quality: Selected Pollutants. WHO European 
Centre for Environment and Health, Bonn, Germany.



Health Effects of Formaldehyde

Limited to effects at the site of contact 

The acute symptom: sensory irritation of 
the eyes and upper airways 

Long-term exposure: nasopharyngeal 
cancer in humans 

WHO (2010) WHO Guidelines for Indoor Air Quality: Selected Pollutants. WHO European 
Centre for Environment and Health, Bonn, Germany.



Health effects due to particles:

• Decreased lung function
• Increased respiratory symptoms

• Increased chronic obstructive pulmonary 
disease

• Increased cardiovascular and 
cardiopulmonary diseases

• Increased mortality

Particles and health: a special 
challenge



WHO AIR QUALITY 
GUIDELINES 2000

Compound Guideline [ug m-3] Averaging Time

Carbon monoxide 100 000 15 min
60 000 30 min
30 000 1 hour
10 000 8 hours

Nitrogen dioxide 200 1 hour
40 1 year

Ozone 120 8 hours

Sulfur dioxide 500 10 min
125 24 hours
50 1 year

Lead 0.5 1 year
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World Health Organization: 
Indoor Air Guidelines

1. Specific pollutants (WHO 2010): http://www.euro.who.int/en/what-
we-publish/abstracts/who-guidelines-for-indoor-air-quality-selected-pollutants

3. Household Fuel Combustion 
– still to come

2. Dampness and Mould (2009) 

• Benzene
• Carbon monoxide
• Formaldehyde 
• Naphthalene 
• Nitrogen dioxide 
• PAHs 
• Radon 
• Trichloroethylene (TCE) 
• Tetrachloroethylene



No gas stove: 15 � g/m3

��� �
Gas stove adds: 28 � g/m3

��� �
20% increased risk of lower
respiratory illness in children

From “Specific pollutants” (WHO 2010): 

Gas stoves: impact on NO2 and 
health



Exposure to NO2

CASANZ (2002) Indoor Air Quality in Australia: A Strategy for Action. Clean Air society of 
Australia and New Zealand.
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Recent Study 
Unflued Gas Heaters (Elderly)

Loveday, J. and Fredericks, P. Exposure of seniors with respiratory disease to unflued gas heaters and their emissions. 
Air Quality and Climate Change, 44: 19-23, 2010.

Measurements during the winter in the homes of 
older people in with COPD or asthma 

NO2 concentrations significantly elevated 
(1.7 times) in homes using the heaters, 
however, not of formaldehyde or VOCs



Recent Study
Unflued Gas Heaters (Children)

Marks, G., Ezz, W., Aust, N., Toelle, B., Xuan, W., Belousova, E., Cosgrove, C., Jalaudin, B. and Smith, W. Respiratory 
health effects of exposure to low Nox unflued gas heaters in the classroom: A double-blind cluster randomised crossover 
study. Environmental Health Perspectives, 118: 1476-1482, 2010.

400 primary school students attending 22 
schools in New South Wales 

In the presence of unflued gas heaters :
• NO2 - 1.8 times higher
• Formaldehyde 9.4 ppb higher 

Classroom exposure to the unflued gas heaters caused: 
• Increased respiratory symptoms (coughing and wheezi ng)
• But not significant decrements in lung function



"Fresh air impoverishes the doctor" 

Danish Proverb
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