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Executive Summary 

The aim of this report is to give Council evidentiary basis for the health benefits of mandating 

all electric buildings. This has been based on a review of the literature on the potential 

adverse health impacts of exposure to emissions from gas heating and cooking.  

The review of the many studies examined highlighted the emission levels of gases from gas 

appliances can be significant. The main gases of concern are carbon monoxide (CO) and 

nitrogen dioxide (NO2). Exposure to carbon monoxide (CO), which is odourless, must be kept 

to a minimum to avoid health impacts such as headaches, nausea, vomiting, dizziness, 

malaise, confusion and occasionally death. Nitrogen dioxide (NO2) exposure is easier to 

keep to a minimum level due to its pungent odour and at normal exposures will not cause 

death but may aggravate underlying medical conditions such as respiratory and 

cardiovascular diseases. 

The review has shown that emissions from gas heaters can be variable depending on the 

levels of ventilation and maintenance of the gas heaters. A major concern is the reports of 

deaths due to excessive exposure to CO, and the exacerbation of underlying respiratory 

conditions due to NO2 exposure. The levels reported highlight the importance of the removal 

of unflued or open flued gas heaters from homes and schools, or at least restrict their future 

installation. 

The majority of the literature reviewed looked at emissions from gas stoves, and the majority 

showed a link between using a gas stove. Unlike gas heaters the main emission from gas 

stoves is nitrogen dioxide. The levels of emissions is higher from gas stoves when a gas 

oven is used rather than an electric oven, in conjunction with the gas hobs. It also depends 

on the cooking techniques being undertaken.  

Unfortunately, there are few studies that have looked at emissions in commercial kitchens 

and therefore no specific recommendation can be made about the use of the gas stoves in 

these premises. 

The significant volume of literature on the adverse health impacts of emissions from gas 

appliances gives strength to the concept that gas appliances should be banned from modern 

tight homes where ventilation is normally restriction with air movement limited to mechanical 

ventilation. 

Based on the review it is recommended that Hornsby Shire Council should: 

1. Review planning rules and building regulations to encourage the installation of non-

gas-powered heating and cooking in all new homes.  
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2. Develop a health promotion program on the importance of all households, who 

currently have gas heaters and/or gas stoves, installing CO monitors in the homes, 

similar to the requirements for smoke alarms.  

3. Transition away from the use of gas by switching council-owned buildings to 

alternatives like reverse cycle air conditioning and heat pumps.  

4. Should lobby the NSW state government to investigate: 

a. the removal of rules that restrict local governments from banning gas 

connections in new residential developments;  

b. the provision of incentives for homes, schools and businesses to switch to 

electric appliances, including subsidies for low-income households; and 

c. the acceleration of the replacement of unflued gas heaters in NSW public 

schools with zero emission heating. 

5. Until such times as gas installations in homes is banned, no installations should be 

approved, by local councils, that don’t meet the appropriate Australian Standards. 
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Chapter 1: Introduction to the problem 

Issues relating to gas heating and gas cooking has been an issue for over 30 years. Initially, 

the main concern was with unflued heating and cooking due to indoor emissions. In the 

1990’s, Victoria had restrictions on the use of unflued gas heaters in the Melbourne area 

residences, but with the design of gas heaters to meet stringent Australian standards this 

was relaxed. The Victorian government reviewed this following a Coroner’s report and on the 

1st August 2022 it became illegal to sell, supply or install any open flued gas heaters which 

do not meet the new improved safety requirements including a safety shut off device, as 

required by AS/NZS5263.1.3: 2021 (DECCA, 2023). However, there are currently no similar 

restrictions, or proposed restriction, in NSW at a state government level. Several councils, eg 

City of Sydney, Waverley Council and Parramatta Council, have proposed that all new 

developments should only include electric heating and cooking appliances (Shatssoon, 

2023). 

The Australian standard, AS/NZS 5263.0: 2023, definition of a unflued or flueless appliance 

is an appliance that is designed to emit its flue gasses directly into the space (room) that the 

appliance is located. A flued appliance is designed to emit its flue gases into a flue system eg 

chimney (Standards Australia, 2023). 

Leber (2021) in a report for use in the US proposed changing the building codes to ban the 

installation of new gas stoves. When this recommendation on the ban on gas stoves was 

received the gas industry flooded the communities with scare tactics. The California Air 

Resources Board then proclaimed that gas stoves cause indoor air pollution and the 

California Energy Commission proposed the inclusion of subsidies for the installation electric 

home heating and hot water when updating to the Californian state building code, for a 

proposed implementation by 2026. 

Bambrick et al (2021), in a report for the Climate Council of Australia, indicated that gas 

cooking in the home is responsible for up to 12% of childhood asthma, and is responsible for 

significant levels of methane a major greenhouse gas. They made a number of 

recommendations to the NSW state government on the replacement of gas heating and 

cooking in homes and schools. 
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1.1 Aims and objectives 

The aim of this report to give Council a substantiated and reasonable evidentiary basis for 

the health benefits of mandating all electric buildings. This will be based on a scoping review 

of the literature on the potential adverse health impacts of exposure to emissions from gas 

heating and cooking.  

To meet the aim the report will: 

 Summarise the literature on the emissions for gas heating in residential premisses. 

 Summarise the literature on the emissions for gas cooking in residential premisses. 

 Summarise the literature on the emissions for gas cooking in commercial premisses. 

 Provide recommendations potential changing of building guidelines in relation to 

heating and cooking appliances in building. 

 

1.2 Exposure standards for contaminant emissions natural gas 

heating and cooking 

There are no specific air exposure standards for indoor environments in Australia, except for 

workplaces, other than the guidelines published by the Australian Building Codes Board in 

their Indoor Air Quality Handbook (2nd Ed.) (ABCB, 2021). 

The main gases/vapours emitted from gas heating and or cooking are: 

 Carbon monoxide 

 Nitrogen dioxide 

 Formaldehyde 

 VOC’s (in very limited amounts) 

Table 1.1 summaries recommended exposure standards published by a number the sources 

which have been based on epidemiological studies (ABCB, 2021; ACGIH, 2024; NEPM, 

2021; Safe Work Australia, 2024; WHO, 2009; WHO, 2010; WHO, 2021). These 

recommendations have been suggested to minimize health effects, such as the indoor air 

exposure standard for carbon monoxide which should be kept below an 8-hour guideline, for 

workplaces, of 9.3 ppm (10.5 mg/m3) and possibly as low as 4.1 – 5.1 ppm (4.6–5.8 mg/m3). 

The lower level may be considered essential as the exposure time to carbon monoxide in a 

general indoor environment, as the result of gas emissions, may be three (3) times longer, 

especially for at risk populations (very young and very old) during winter months. The 

nitrogen dioxide (NO2) indoor air exposure standard recommended by WHO (2021) for long 

term exposure is 5.3 ppb (10 µg/m3) and is based on limited impact on non-accidental 

mortality. 
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Table 1.1: International exposure standards for contaminants that may be emitted from 

natural gas heating and cooking 

Contaminant Source Concentration Time Period Comments 

Carbon Monoxide 
(CO) 

WHO, 2010 

100 ppm 15 minutes 
Light exercise: excursions to this level 
should not occur more than once per 
day 

35 ppm 1 hour 
Light exercise: Excursions to this level 
should not occur more than once per 
day 

10 ppm 8 hour 
Light to moderate exercise: Arithmetic 
mean concentration 

7 ppm 24 hours 
Awake and alert but not exercising: 
Arithmetic mean concentration 

ABCB, 2021 
WHO, 2021 

90 ppm 15 minutes Based on WHO Guidelines 

50 ppm 30 minutes Based on WHO Guidelines 

25 ppm 1 hour Based on WHO Guidelines 

10 ppm 8 hour Based on WHO Guidelines 

6 ppm 24 hour Interim ambient level 

3.4 ppm 24 hour Air Quality Guidelines Long term goal 

NEPM, 2021 9 ppm 8 hour Based on WHO Guidelines 

SWA, 2024 30 ppm 8 hour Levels of carboxy haemoglobin 
 (COHb-emia) ACGIH, 2024 25 ppm 8 hour 

Carbon dioxide 
(CO2) 

ABCB, 2021 850 ppm 8 hour 
Used as an indicator of human 
occupancy and if sufficient fresh air is 
entering the space 

ACGIH, 2024 
SWA, 2024  

5000 ppm 8 hour Asphyxia 

ACGIH, 2024 
SWA, 2024 

30,000 ppm 15 minutes Asphyxia 

Formaldehyde, 
(HCHO/CH2O) 

ABCB, 2021 0.1 mg/m3 30 minutes Based on the WHO recommendations 

WHO, 2009 0.1 mg/m3 30 minutes 
Based on potential sensory irritation in 
the general population 

NEPM 0.04 ppm 24 hr  

ACGIH, 2024 0.1 ppm 8 hour Upper respiratory tract & eye irritant 

ACGIH, 2024 0.3 ppm 15 minutes Upper respiratory tract & eye irritant 

SWA, 2024 1 ppm 8 hour Sensitiser 

SWA, 2024 2 ppm 15 minutes Sensitiser 

Nitrogen dioxide 
(NO2) 

WHO 2021 

0.021 ppm annual Interim ambient level 

0.005 ppm annual Air Quality Guidelines Long term goal 

0.064 ppm 24 hour Interim ambient level 

0.013 ppm 24 hour Air Quality Guidelines Long term goal 

ABCB, 2021 
0.0987 ppm 1 hour Based on the WHO recommendations 

0.0197 ppm 1 year Based on the WHO recommendations 

NEPM, 2021 

0.08 ppm 1 hour The levels have been reduce to better 
reflect health evidence emerging 
adverse health impacts of exposure to 
NO2 

0.015 ppm 1 year 

SWA, 2024 
3 ppm 8 hour  

5 ppm 15 minutes  

ACGIH, 2024 0.2 ppm 8 hour Lower respiratory irritant 

VOCs ABCB, 2021 500 μg/m³ 1 year 
Based on a previous recommendation of 
NH&MRC that was rescinded in 2002 



4 

 

 

Table 1.2 summarises the recommended indoor exposure standards for use in the US, but 

these need to be adopted at a state level and in many US states this has not been the case. 

Two states that have been very proactive in promulgating indoor air standards are California 

and Texas. 

Table 1.2: Indoor pollutant standards recommended for use in the United States of America  

(Logue et al 2014, p46) 

Pollutant 1 hour average 
(acute) 

8 hour average 
(acute) 

Annual average 
(chronic) 

Standard 

CO 
20 ppm 9 ppm NA CAAQS (CARB 2016) 

35 ppm 9 ppm NA NAAQS (U.S. EPA 2023) 

HCHO 45 ppb 7.3 ppb 7.3 ppb Non-cancer REL (OEHHA 2024) 

NO2 
100 ppb NA 53 ppb CAAQS (CARB 2016) 

100 ppb NA 53 ppb NAAQS (U.S. EPA 2023) 
California Air Resources Board (CARB) 2016. Ambient Air Quality Standards (ACCQS) 

<https://ww2.arb.ca.gov/sites/default/files/2020-07/aaqs2.pdf> [7 February 2023]  
California’s Office of Environmental Health Hazard Assessment (OEHHA) 2024. OEHHA Acute, 8-hour and Chronic 

Reference Exposure Level (REL) Summary, <https://oehha.ca.gov/air/general-info/oehha-acute-8-hour-and-chronic-
reference-exposure-level-rel-summary, [7 February 2023]. 

U.S. Environmental Protection Agency (U.S. EPA) 2023. National Ambient Air Quality Standards (NAAQS). 
<https://www.epa.gov/criteria-air-pollutants/naaqs-table [7 February 2023] 

 

1.3 Recommendation on indoor air exposure standards 

Based on a review of the exposure standards, it is recommended that until such time as a 

national indoor exposure standard for homes is published by an Australian government 

department, that the recommendations of the Australian Building Codes Board be adopted. 

The indoor exposure standards recommended for adoption by Hornsby Shire Council are 

defined in Table 1.3. 

Table 1.3 Recommended Indoor Air Exposure Levels for Homes  

(Adapted from: ABCB, 2021) 

Contaminant Concentration Time Period Comments 

Carbon monoxide (CO) 

90 ppm 15 minutes 

Based on WHO Guidelines 
50 ppm 30 minutes 

25 ppm 1 hour 

10 ppm 8 hours 

Carbon dioxide (CO2) 850 ppm 8 hours 
Used as an indicator of sufficient fresh air 
entering the space occupied by humans. 

Formaldehyde (HCHO/CH2O) 
0.08 ppm 

80 ppb 
30 minutes 

Based on the WHO recommendations to 
protect against the sensory irritation  

Nitrogen dioxide (NO2) 

0.0987 ppm 
98.7 ppb 

1 hour 
Based on the WHO recommendations to 
protect against the health effects of NO2  0.0197 ppm 

19.7 ppb 
1 year 

VOCs  500 μg/m³ 1 year Based on rescinded NH&MRC guidelines 
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Chapter 2: Methodology 

The literature review was conducted by searching the Scopus database and Google Scholar 

(to collect grey literature) using a broad keyword search to collect information that can be 

used to inform the report. The purpose of this multifaceted approach was to obtain a 

comprehensive range of publications and information to enable a current assessment of the 

relevant information required with which to address the objectives of the study. 

The following inclusion criteria were applied: 

 gas heater emissions; 

 gas cooking emissions; and 

 health impacts of gas emissions.  

In addition to the review of identified scientific papers, the references listed in some studies 

were examined to source additional information where deemed appropriate. This review 

concentrates on the potential health impacts of emissions from gas heaters and gas stoves 

in residential premises, with several sources of literature discussing emissions from gas 

cooking in commercial premises. 

The review involved accessing 120 sources that indicated in the literature search that they 

discussed the potential impacts of gas heaters and/or on respiratory health and the related 

emissions. Of the 120 sources reviewed only 77 (64.2%) sources had information that 

related directly to the project and are therefore cited in this report. 

A number of sources (Basinger et al, 2023; Bass et al, 2021; Fischer et al, 2018; Kashtan et 

al, 2023; Lebel et al 2020; Lebel et al 2022; Merrin and Francisco, 2019; Nadel, 2018; 

Traynor et al, 1985; Traynor et al, 1996) have reported on emissions from gas heaters or gas 

water heaters, but they are centred on: 

 what type is the most energy efficiency type of energy supply;  

 can the natural gas be replaced with hydrogen; or 

 the impact of gas heating and cooking on greenhouse gases. 

The data modelled in these studies will not be reported in this report.  

One of the issues with many reports is that they use different emission units, which makes it 

at times difficult to compare. For this report the majority of the units that have been used are 

parts per billion (ppb) or parts per million (ppm), except for VOCs which are always reported 

in micrograms per metre cubed (μg/m3). Table 2.1 shows the conversion units for the main 

emissions of interest. 
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Table 2.1: Emissions Unit Conversions 

Contaminant ppm μg/m3 ppb μg/m3 

Carbon monoxide (CO) 1 ppm 1150 μg/m3 1 ppb 1.15 µg/m3 

Formaldehyde (HCHO) 1 ppm 1228 μg/m3 1 ppb 1.228 μg/m3 

Nitrogen dioxide (NO2) 1 ppm 1880 μg/m3 1 ppb 1.88 μg/m3 

Nitrogen oxide (NO) 1 ppm 1230 μg/m3 1 ppb 1.23 μg/m3 
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Chapter 3: Gas heating emissions 

3.1 How does a flued and unflued gas heater work 

Unflued gas heaters became popular due to the cost and ease of installation. Gas was also 

seen in the 1990s as a cheaper form of energy for heating in Australia, and many residents 

and schools installed the heaters. In more recent times there has been concerns raised 

about the potential impacts on health from the emissions from the unflued heaters as well as 

gas stoves, especially on individuals who already of respiratory issues. 

Figure 3.1 shows how each of the three main types of gas heaters work and how emissions 

may get released into the indoor environment. 

 

Figure 3.1: Operation of difference types of gas heaters 

(Source: Bambrick et al 2021, p. 26, Figure 11) 
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The selling and installation of gas heaters in Australia today must meet the relevant 

Australian Standards, which are: 

AS/NZS 5263.0:2023, Gas appliances General requirements, SAI Global, Sydney 

AS/NZS 5263.1.3:2021, Gas appliances Gas space heating appliances, SAI Global, Sydney 

AS/NZS 5263.1.4:2017, Gas Appliances, Part 1.4: Radiant gas heaters, SAI Global, Sydney 

AS/NZS 5263.1.6:2020, Gas appliances Indirect gas-fired ducted air heaters, SAI Global, 

Sydney 

AS/NZS 5263.1.8:2021, Gas appliances Decorative effect gas appliances, SAI Global, 

Sydney 

AS/NZS 5263.1.10:2019, Gas appliances, Part 1.10: Gas direct fired air heaters, SAI Global, 

Sydney 

In 2022, the Victorian Department of Energy, Environment and Climate Action (DEECA, 

2023) made it illegal to sell, supply or install new or second-hand open-flued gas space 

heaters that do not meet new and improved safety requirements, as specified in the 

Australian Standards. This was in response to a Coroner’s report where a person died from 

carbon monoxide poisoning. The coroner found that as a result of the improved building 

standards for modern homes resulting in better sealed homes, to improve energy efficiency, 

has resulted in the build-up of indoor pollutants, such as carbon monoxide (Coroners Court 

of Victoria, 2013) 

WorkSafe ACT (2016) defines unflued gas heaters as a gas heater that has no flue or 

chimney to remove the combustions emissions from the space the heater is located in. Many 

of the economical gas heaters are unflued, portable and can be plugged into a wall or floor 

socket using a flexible hose, in some cases they have been fixed to the wall. Unflued gas 

heaters are also known to produce water vapour that can increase mould and dust mite in 

indoor environments.  

Gas heaters that are designed to be use outside normally on patios (patio heaters) should 

never be used inside. Unfortunately, patio heaters have been used indoors and the 

unfortunate outcome has been either severe illness or death due to carbon monoxide and 

nitrogen dioxide build-up indoors.  

Choice (2024) has recently provided guidance on the pros and cons of different types of gas 

heaters, as shown in Table 3.1. 
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Table 3.1: Pros and cons of flued versus unflued gas heaters 

(Adapted from: Choice, 2024) 

Unflued (portable) gas heaters Flued gas heaters 

Pros Pros 

 Easier to move – you can point them in different 
directions, move them from room to room, store 
them away in summer and take them with you 
when you move house. 

 Same points as unflued gas heaters in relation to 
heating effectiveness and efficiency. 

 Very efficient compared to a portable electric 
heater – about 90% of the energy content of the 
gas is transformed into heat.  

 Can be installed in a smaller room where an 
unflued heater is not permitted. 

 Provide instant heat – and lots of it. Unflued gas 
heaters come with a capacity of up to 25 MJ/h. 
(Equivalent to more than 6kW of electric heating. 

 Minimal risk of harmful emissions and water 
vapour escaping into the room (they exit via the 
flue). 

 Cheaper to run than portable electric heaters 
even though they're a lot more expensive to buy. 

 Can be an attractive "fireplace" feature in the 
room. 

 Produce a quarter to a third of the carbon of an 
equivalent electric heater. 

 

 Range of safety features (in modern models) that 
switch the heater off in case something's wrong. 
For example, an oxygen depletion sensor if the 
oxygen level in the room gets too low, flame 
failure protection in case the flame gets 
extinguished, and a tilt switch in case the heater 
tips over. But make sure that you install a carbon 
monoxide alarm as well, just in case. 

 

Cons Cons 

 Emissions from the gas combustion process in 
the heater are vented back into your room. 

 Usually more expensive to buy and install than an 
unflued/portable gas heater. 

 Produces carbon monoxide (CO) and nitrous 
oxides (NOx), in small quantities (unless the 
heater is faulty or poorly maintained). 

 Emissions from the gas combustion process in 
the heater are not normally vented back into your 
room. 

 They can still lead to or exacerbate asthma and 
other respiratory problems, especially in children 

 While the risk of harmful emissions escaping into 
the room is lower than for an unflued gas heater, 
it can still happen if the heater is faulty or poorly 
maintained. 

 Illegal to use in bedrooms, bathrooms and other 
small or badly ventilated rooms, so for those 
areas you need a flued heater, or an electric 
heater, or reverse-cycle air conditioning. 

 Some heat is lost through the flue (chimney) so 
this type is a bit less energy efficient than an 
equivalent unflued gas heater. 

 Regular maintenance every couple of years or so 
is required to avoid problems with the emissions 
mentioned above. 

 Regular maintenance is important for flued gas 
heaters 

 Water vapour from the combustion process can 
condense on walls and ceilings and cause mould, 
which is why ventilation is so important. 

 

 Gas has to be bought from a gas supplier, while 
with electricity you have the option of generating 
it at home with solar panels. Gas is a non-
renewable resource, which is an increasingly 
important consideration for many people. 

 

 Restrictions on using this type heater apply in 
some states. Check with a gas plumber or 
retailer. Victoria no longer allows gas bayonets to 
be installed for the purpose of an unflued gas 
heater. 
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3.2 Exposure data literature on gas heaters 

Little literature has been published on the levels of emissions from gas heating especially in 

Australia, though several studies discuss the impacts of gas heater emissions in general on 

respiratory health, especially in children. This is despite the volume of publicity, in popular 

press, on issues relating to gas heating emissions and potential health impacts. Gas heaters 

are not commonly used in Europe and US so don’t appear as a central issue in research, 

whereas as gas is commonly used to cook with. 

In an early study by Girman et al (1983) the emissions from eight (8) types of US gas heaters 

over a series of four tests were measured. The initial tests were conducted on well-tuned 

heaters operated at full input, two under low input, three under medium input and three under 

high-ventilation conditions. The second series of tests was conducted on the same heaters at 

partial input with the same ventilation conditions. The third series involved two of the heaters 

operating under the condition of maltuning (supply of excess air), with the air shutters fully 

open and then fully closed. Finally, three heaters were tested under equilibrium conditions 

(steady-state) at several O2 levels (18%-20%) and at several different air-shutter settings. All 

emission rate tests were conducted in a 27 m3 environmental chamber, inside another 

building, and the emissions of carbon monoxide, carbon dioxide, nitrogen oxide, nitrogen 

dioxide, formaldehyde, respirable particles as well as oxygen levels, were measured. The 

levels of emissions above the background that were reported for unvented gas fired space 

heaters operating near steady state conditions are shown in Table 3.2.  

Table 3.2: Average heater emission concentrations from specific unvented gas-fired space 

heaters operating continuously in a house well mixed air 

(Adapted from: Girman et al 1983, p. 49) 

Heater Carbon 
Monoxide [CO] 

(ppm) 

Carbon Dioxide 
[CO2]  
(ppm) 

Nitrogen 
Dioxide [NO2] 

(ppm) 

Formaldehyde 
[HCHO]  
(ppm) 

Oxygen [O2] 
(%) 

Well tuned heater 

12A 3.2 880 0.13 0.080 20.7 

16B 8.1 1570 0.24 0.018 20.6 

20C 0.9 2000 0.18 0.039 20.5 

30A 2.4 2730 0.29 0.039 20.3 

40B 7.8 4000 0.67 0.081 20.2 

40C 1.5 4120 0.31 0.049 20.2 

Average 4.0 2550 0.30 0.051 20.4 

Poorly tuned heater 

30A 49.0 2610 0.29 1.300 20.4 

40C 1.0 4550 0.27 0.040 20.2 

30A 15.0 3090 0.34 0.070 20.3 

40C 4.2 3770 0.36 0.018 20.2 

Average 14.6 3314 0.31 0.296 20.3 
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More recently, a South Australian study, by Pilotto et al (2003), investigated the impact of 

replacing un-flued gas heaters (controls) with either flued gas heaters or electric heating 

(intervention) showed that the levels of NO2 were reduced significantly. The study measured 

the levels of NO2 both in the classroom and the participants homes, as well as collecting 

symptom diaries. The levels of NO2 in the control classroom had a mean of 47 ppb (ranging 

from 12 to 116 ppb) and the intervention classrooms had a mean of 15.5 ppb (ranging from 7 

to 38 ppb). The mean NO2 levels in the kitchen at home were 14.6 ppb for the control group 

and 13.7 ppb for the intervention group, with the personal monitors recording 12.9 ppb for the 

control and 12.8 ppb for the intervention group. The outcomes of the study showed that the 

replacement of the unflued gas heaters in schools reduced the incident of asthma symptoms. 

Carcia-Alager et al (2003) in a study on NO2 levels in Spanish homes reported average 

levels of 26.46 ppb for homes with a gas heater/fire and 24.1 ppb for homes with a gas 

stove. 

Brown, Mahoney and Cheng (2004) assessed the levels of emissions from unflued gas 

heaters in an environmental chamber. The gas stoves tested varied in age of operation from 

less than 20 hours to 1400 hours, in addition a 9 year old LPG heater was tested. Their study 

showed that the carbon monoxide (CO) levels varied from 1 to 18 ppm for unflued gas 

heaters and 4 ppm for 9 year old LPG gas heater. The nitrogen dioxide (NO2) levels varied 

from approximately 146 ppb (180 µg/m3) to 431 ppb (530 µg/m3), for the unflued gas heaters, 

and 659 ppb (810 µg/m3) for the 9 year old LPG gas heater. It should be noted that they also 

detected levels of formaldehyde as well as a range of VOCs. 

In an Australian study in twenty two (22) NSW schools, by Marks et al (2010), the 

concentrations of NO2 and formaldehyde were measured in classrooms being heated using 

either a flued or unflued heater, are shown in Table 3.3. The study also showed that there 

was no measurable changes in lung function in children, between the type of heater in use, 

but a unflued gas heater, even the lower NO2 style, increased respiratory symptoms 

especially in atopic children. 

Table 3.3: Concentrations of NO2 and formaldehyde in classroom 

(Adapted from Marks et al 2010, p1478, Table 2) 

Contaminant (ppb) 
Flued Heater Unflued heater 

Mean 95% Geometric range Mean 95% Geometric range 

NO2 (ppb) 17.5 3.5 – 88.4 31.6 7.4 – 135.2 

Formaldehyde (HCHO) 
(ppb) 

24.7 3.3 – 46.1 32.6 3.1 – 62.1 
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A study in Chile looking at the impact of types of heaters on air quality, by Ruiz et al (2010), 

primarily looked at the levels of PM2.5 and the related chemical speciation. The results are 

summarised in Table 3.4. The types of fuel used in the study were Compressed Natural Gas 

(CNG), Liquefied petroleum gas (LPG) and Kerosene. The control homes were all electric. 

The monitoring undertaken used real time monitors which showed that when the heaters 

were on, the room temperature was raised, concentrations of emissions was elevated but 

when the heaters were turned off the emissions returned to background/outdoor levels. 

Table 3.4: Summary of indoor air pollutants based on heater type in Chile 

(Adapted from: Ruiz et al, 2010) 

Pollutant Outdoor Control Homes CNG LPG Kerosene 

NO2 (ppb) 41.4 ± 9.3 26.2 ± 6.2 54.7 ± 11.3 50.8 ± 21.3 65.4 ± 15.4 

SO2 (ppb) 0.2 ± 0.1 -0.1 ± 0.1 0.1 ± 0.1 0.0 ± 0.1 5.4 ± 5.9 

Benzene (ng/m3) 7.1 ± 1.7 10.5 ± 3.1 8.5 ± 2.7 9.0 ± 2.2 13.6 ± 5.7 

Ethyl benzene 
(ng/m3) 

6.3 ± 2.3 12.3 ± 6.6 10.5 ± 5.5 9.0 ± 3.6 10.5 ± 4.2 

Toluene (ng/m3) 28.6 ± 11.3 89.9 ± 82.7 44.1 ± 21.7 39.6 ± 18.2 39.6 ± 6.4 

PM2.5 (µg/m3) 55.9 ± 27.2 42.1 ± 18.2 49.5 ± 19.9 61.3 ± 24.6 86.3 ± 24.5 

UFP (counts/cm3) Not Available 16,300 ± 14,600 52,800 ± 29,400 62,900 ± 41,100 163,800 ± 59,300 

 

A WA health study in 2007 & 2008, undertaken by Franklin et al (2012) looked at the 

respiratory health of participants over 55 years old who were on the patient database at the 

Lung Institute of Western Australia (LIWA), and were not smokers or had comorbidities such 

as COPD. They found that there was a dose response relationship between hours of unflued 

gas heater (UFGH) use and lung function measurements. Similar responses were not found 

in other types of heaters. Unfortunately, this study did not measure levels of CO or NO2 in 

the participant homes. 

A New Zealand study published in 2016 on the impact of the indoor environments on 

respiratory health in children found a link between acute respiratory infections (ARIs) 

hospitalisations in children less than 5 years and the use of gas heaters as the sole form of 

household heating (Tin Tin et al, 2016). 

Sun et al (2022) when investigating the impact of adding hydrogen gas to the natural gas 

supply to improve the efficiency of gas heaters, also measured the impact of the increased 

percentage (%) of hydrogen in the natural gas supply on the pollutants emitted. They found 

that up to 23% of hydrogen gas could be added without affecting efficiency, and that thermal 

efficiency of the heaters was enhanced. The emissions of CO & CO2 were decreased with 
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increased % of hydrogen gas but there was no significant reduction in NO2. 

Ewald, Crisp and Carey (2022) highlighted that in developed countries, the primary source of 

exposure to CO in the indoor air is from faulty, incorrectly installed, poorly maintained or 

poorly ventilated cooking or heating appliances.  

Many of the studies obtained related mainly to the use of gas in cooking and not heating as 

gas heaters are more commonly used in Australia, though gas is used for cooking in most 

countries worldwide. 

 

3.3 Summary of emissions from gas heaters 

The study by Girman et al (1983) reported the average measured levels in a well maintained 

gas heater were 0.3 ppm (300 ppb) for nitrogen dioxide (NO2), 4.0 ppm for carbon monoxide 

(CO), and 0.051 ppm (51 ppb) for formaldehyde (HCHO). Whereas for a poorly maintained 

gas heater the average measured levels for nitrogen dioxide (NO2) were similar at 0.31 ppm 

(310 ppb), but the other emissions significantly higher with the average level for carbon 

monoxide (CO) being 14.6 ppm and for formaldehyde (HCHO) it was 0.296 ppm (296 ppb). 

These results show that even a well-maintained heater had NO2 levels well above the 

recommended 1 hour guideline of 0.0987 ppm (98.7 ppb). However the poorly maintained 

gas heater was also above the CO 8 hour guideline of 10 ppm and for formaldehyde above 

the 30 minute guideline of 0.08 ppm (80 ppb) 

The South Australian study, by Pilotto et al (2003), showed the classroom with unflued un-

flued gas heaters had levels (ave. 47 ppb) of NO2 at 50 % of the recommended guidelines 

whereas flued gas heaters or electric gas heaters at levels significantly lower at 15.5 ppb and 

reduce the frequency of asthma symptoms. 

At another study (Brown et al, 2004) looking at the emissions from unflued gas heaters in a 

chamber showed assessed the levels of emissions from unflued gas heaters for carbon 

monoxide (CO) levels varied from 1 to 18 ppm for unflued gas heaters and for nitrogen 

dioxide (NO2) levels varied from approximately 0.146 ppm (146 ppb) to 0.431 ppm (431 ppb), 

for the unflued gas heaters. All the results are above the recommended guidelines for NO2 

and some were above for CO. 

A study (Marks et al, 2010) in NSW schools on the emission from flued and unflued heaters 

showed the levels of NO2 and formaldehyde emitted from flued heaters was generally below 

the recommended guides where are the emissions from the unflued heaters were on 

average below the guidelines but at times for NO2 above the above the 1 hour guideline. The 

study also showed that there was no difference between the type of stove and the increase 
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in respiratory symptoms observed in atopic (predisposition to develop allergic reaction when 

exposed to environmental stressors) children. 

A WA health study (Franklin et al, 2012) found there was a dose relationship between the 

hours of unflued gas heater (UFGH) use and lung function measurements, in over 55 year 

olds. 
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Chapter 4: Gas Cooking Emissions 

4.1 How does a gas stove work 

Gas stoves come in two types. Gas top and electric oven or a gas top and gas oven. Gas 

cooking is popular because of ease of control of cooking on a stove top. The selling and 

installation of gas stoves in Australia must meet the relevant Australian Standards, the main 

ones are: 

AS/NZS 5263.0:2023, Gas appliances General requirements, SAI Global, Sydney 

AS/NZS 5263.1.1:2020 Gas appliances Domestic gas cooking appliances, SAI Global, 

Sydney 

 

4.2 Exposure data literature on gas stoves in homes 

Cyrys et al (2000) looked at sources of NO2 indoors and reported that residences in which 

gas was used for cooking, or in which occupants smoked, had substantially higher indoor 

NO2 concentrations. It should be noted that in the cities measured, the average outdoor 

concentrations of NO2 are higher that indoors. The median of the outdoor NO2 concentration 

was 16 ppb whereas the measured concentrations in the living room averaged 8.5 ppb and 

in the bedroom averaged 9 ppb. This is below the recommended ABCB (2021) guidelines. 

This may relate more to the traffic levels in the cities measured than to the indoor gas use for 

cooking. 

In a study (Ng et al, 2001) looking at impacts of NO2 exposure from gas cooking on 

asthmatic women found that the average exposure to NO2 during cooking was 98.54 ppb 

(121.2 μg/m3) and ranged from 0.024 ppb (0.03 μg/m3) to 399.11 ppb (490.9 μg/m3). The 

women recorded reductions in the peak expiratory flow rates (PEFR) during the cooking 

period which ranged for 5 to 34 minutes (average of 15 minutes). The study was undertaken 

over a two week period with the mean average exposure of 65.44 ppb (80.49 μg/m3) ranging 

from 30.33 ppb (37.3 μg/m3) to 110.24 ppb (135.6 μg/m3). These levels positively correlated 

with the frequency of rescue bronchodilator use but negatively correlated with mean PEFR 

variability and total symptom severity score. The average level is at the recommended ABCB 

(2021) guideline of 98.7 ppb (1 hour), with many of the exposures above this. 

Table 4.1 shows a comparison between the different types of cooking techniques and 

emissions for NO2, NO and fine particles for gas cooking, unfortunately only fine particles are 

reported on for electric cooking, as there was no rise in NO2 or NO during the cooking 
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processes. (Dennekamp et al, 2001) 

Table 4.1: Mean peak 5 minute concentrations of NO2, NO and Ultra Fine Particles during 

cooking using gas or electric stoves (with standard deviation in (SD)) 

(Adapted from: Dennekamp et al, 2001) 

Experiment 

Gas Stove Electric Stove 

NO2 
ppb 

NO 
ppb 

Fine particles 
UFP/cm3 

Fine particles 
UFP/cm3 

Cook top 

1 cooking ring 
437 (219) 572 (139) 2.6 (1.2) 9.4 (7.2) 

2 cooking rings 310 (52) 189 (30)   

3 cooking rings 584 (13) 1378 (172)   

4 cooking rings 996 (139) 2060 (293) 14.6 (8.3) 11.1 (10.4) 

Boiling water 184 (52) 402 (150) 13.3 (8.1) # 

Stir frying 92 (5) 114 (15) 13.7 (12.6) 1.1 (0.2) 

Frying bacon 104 (19) 120 (7) 59.0 (14.7) 15.9 (5.0) 

Oven 

Bake cake 230 (13) 627 (44) 9.8 (0.9) 3.0 (0.1) 

Roast meat 296 (52) 892 (174) 12.4 (2.0) 2.4 (1.4) 

Bake potatoes 373 (70) 1047 (164) 12.5 (5.5) 1.6 (1.2) 

Grill 

Grill only   10.3 (12.4) 7.7 (11.1) 

Toast   13.8 (13.9) 13.4 (4.0) 

Grill bacon   41.3 (10.8) 53.0 (3.8) 

Note: # no rise in concentration due to cooking method 

 

Hazenkamp-von Arx et al (2004) and WHO (2010) reported that in most countries the main 

source of NO2 in homes, is from cooking using gas, in some countries, like Australia, it is also 

used for heating. Indoor levels of NO2 are commonly higher in homes in winter than in 

summer due to lower ventilation rates and in some countries the increased use of heating. In 

the ECRHS II study carried out in 21 cities, the NO2 concentrations in winter exceeded 

summer values by 50%.  

A study of air pollutants in English homes found that the main indoor sources were gas 
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stoves and unflued gas heaters, as shown in Table 4.2 (Raw et al, 2004). All the levels 

reported were below the ABCB (2021) guidelines. 

Table 4.2: Level of air pollutants in English homes based on cooking fuel and type of heating 

(Adapted from: Raw et al, 2004)  

Emission source 

Spring Summer Autumn Winter Average 

CO 
ppm 

NO2 

ppb 
CO 
ppm 

NO2 

ppb 
CO 
ppm 

NO2 

ppb 
CO 
ppm 

NO2 

ppb 
CO 
ppm 

NO2 

ppb 

Natural gas cooktop 
and oven 

0.53 17.23 0.44 21.81 0.77 24.15 0.92 26.81 0.67 22.77 

Natural gas cooktop but 
no gas oven 

0.36 10.16 0.17 11.65 0.52 12.29 0.50 12.50 0.41 11.97 

No fossil fuel cooking 0.17 4.79 0.12 6.97 0.38 7.50 0.34 5.32 0.26 6.12 

All bedrooms  0.24  0.18  0.46  0.46  0.32  

Use of portable or other 
unflued heater for 
heating measured in 
kitchen 

        0.77 23.78 

Use of portable or other 
unflued heater for 
heating measured in 
bedroom 

        0.54 9.15 

 

A study undertaken in Australia looking at exposures to NO2, as well a house dust mite 

(HDM), for a group of children aged between 5 and 12 years, found that the main source in 

schools was NO2 from unflued gas heaters and in the home was gas cooking in the kitchen. 

The average measured levels of NO2 in the school were 34 ppb (7 to 117 ppb) and in the 

home kitchen was 20 ppb (3 to 147 ppb). The average maximum classroom levels in the 

school were 69 ppb (9 to 307 ppb) and in the home kitchen was 38 ppb (9 to 423 ppb). This 

shows that for most children their exposure to NO2 was highest at school. The study found 

that there was a statistically significant relationship between the classroom levels of NO2 and 

difficulty breathing during the day, especially after exercise. The study also showed that the 

impact on respiratory symptoms by NO2 and house dust mites was different (Nitschke et al, 

2006). 

A US study (Belenager et al, 2006) found a significant link between gas stoves and parents 

reporting a wheeze in their children who were less than 12 years old, as well as shortness of 

breath, and use of gas fired dryer was related to reported chest tightness. There was a 

significant link between chest tightness and indoor NO2 greater than 20 ppb. This 

relationship though only occurred in multifamily housing (eg flats, duplexes etc) but no similar 

link in single family housing (stand-alone housing). The type of housing may relate to the 
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residents socio economic group.  

In the Netherlands, they measured CO2 and CO, for a 72 hour period, and NO, NO2 and 

nitrous acid (HONO), for 48 hours, in 69 homes. A summary of the results is shown in Table 

4.3 (Willers et al, 2006a). The measurements were collected along with an activity diary and 

questionnaire on symptoms and activities. Another part of the study (Willers et al, 2006b) 

involved a survey looking at respiratory symptoms in relation to the use of cooking 

appliances, which found that only nasal symptoms were significantly associated. The levels 

of CO and formaldehyde measured were well below the ABCB guidelines, whereas the CO2 

was above guidelines during the cooking process, and the NO2 48 hour average was above 

the ABCB guideline for 1year but below the 1 hour guideline.  

Table 4.3: Summary of average results for measurements of CO, CO2, H2O, NO, NO2 and 

HONO in kitchens 

(Adapted from: Willers et al, 2006a) 

Pollutant Sampling period 
Gas stove  

(n= 50) 
Electric stove  

(n= 19) 

CO2 Mean (SD) 
(ppm)  

72 hour average 654.16 (164.43) 671.47 (201.41) 

During cooking 906.36 (280.59) 743.68 (193.39) 

CO Mean (SD) 
(ppm) 

72 hour average 0.37 (1.01) 0.03 (0.08) 

During cooking 0.67 (1.25) 0.01 (0.06) 

H2O Mean (SD) 
(ppm)  

72 hour average 11.01 (1.51) 10.99 (1.34) 

During cooking 12.06 (1.97) 11.66 (1.97) 

NO Geometric Mean (GSD) 
(ppb) 

48 hour average 14.94 (2.47) 16.58 (2.86) 

NO2 Geometric Mean (GSD) 
(ppb) 

48 hour average 21.62 (1.66) 18.22 (2.02) 

HONO Geometric Mean (GSD) 
(ppb) 

48 hour average 3.67 (0.79) 3.03 (0.68) 

 

In a study of personal exposures to NO2 in the northern London area by Kornartit et al 

(2010), it was reported that the personal exposure to NO2 at home was higher in summer 

than winter and higher in homes with gas cooking that electric cooking. This would be due to 

the increase exposures from ambient NO2 from traffic due to increase room ventilation. Table 

4.4 also highlights the higher levels of NO2 from gas cooking during winter when windows 

are closed. These results are similar to those reported by Raw et al (2004) for winter 

exposures, when using a gas stove. 
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Table 4.4: Average Personal exposures to NO2 in different house areas and between 

seasons, over a 7 day period 

(Adapted from: Kornartit et al, 2010, p.40) 

 Average NO2 concentrations (ppb) 

 Electric Stoves Gas Stoves 

 Mean St. Dev. Range Mean St. Dev. Range 

Measured during winter 

Personal exposure to NO2 over 7 days 8.1 1.8 5.7 – 11.0 11.2 2.3 6.3 – 15.4 

Bedroom 7.8 2.0 3.2 – 11.1 10.8 2.3 6.3 – 15.5 

Living Room 7.9 2.1 4.1 – 11.4 13.7 5.5 6.1 - 30.1 

Kitchens 7.1 2.8 4.1 – 9.7 20.6 6.9 12.9 – 38.8 

Measured during summer 

Personal exposure to NO2 over 7 days 13.3 1.2 11.3 – 15.3 14.6 1.6 12.7 – 18.1 

Bedroom 12.7 1.3 10.6 – 14.8 14.3 1.4 12.5 – 17.3 

Living Room 13.1 1.5 10.8 – 15.4 14.7 1.4 13.2 – 18.2 

Kitchens 11.0 1.7 8.0 – 13.3 14.2 1.3 12.8 – 17.7 

 

Heinrich (2011) in their review found that in European homes using gas cooking and heating 

the NO2 levels ranged from 95.7 to 1329.8 ppb (180 to 2500 µg/m3) whereas the homes with 

no gas appliances the NO2 levels only ranged from 6.9 to 33 ppb (13 to 62 µg/m3). He also 

reported that a number of studies reported an association between the use of gas appliances 

in the home and an increase in respiratory illness.  

To and Yeung (2011) looked at the effect of fuel type on emissions from commercial and 

domestic cooking, in Hong Kong, using different cooking techniques. Table 4.5 summarises 

the outcomes of the study for domestic cooking which shows increased levels of PM10 as 

well as TVOC (total volatile organic compounds). Unfortunately, they did not measure NO2 

and CO, as did other studies. The results from cooking in the commercial kitchens is 

presented in Section 4.3.  
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Table 4.5: Emissions for domestic cooking using gas or electric stoves using different 

cooking techniques 

(Adapted from: To & Yeung, 2011) 

 Gas cooking Electric cooking Background Levels 

 PM10  
(mg/m3) 

TVOC 
(ppb) 

PM10 

(mg/m3) 
TVOC  
(ppb) 

PM10 
(mg/m3) 

TVOC 
(ppb) 

Commercial     0.156 123 

Deep frying of tofu 4.72 2460 3.98 2230   

Griddle frying of meat 2.26 2150 2.60 1590   

Broiling of beef satay Out of 
range 

Out of 
range 

Out of 
range 

Out of 
range 

  

 

Logue et al (2014) estimated exposures using modelling, supported by some monitoring, 

showed that homes that used natural gas cooking burners (NGCB) for cooking and did not 

use venting (extraction) hoods that the levels of pollutants health-based guidelines, 

especially for NO2 and CO, during winter. 

Less et al (2015) reported on the emissions in houses designed to meet high performance 

standards, and the use of gas stoves versus electric stoves which showed that the ventilation 

rates required for high performance homes kept NO2 levels low. Homes with gas stoves were 

measured over 6 days to have an average of NO2 of 41.8 ppb (1.9 to 57.9 ppb) whereas the 

homes with electric stoves had an average of 23.6 ppb (1.9 to 23.8 ppb). This shows that the 

homes with electric stoves had significantly lower NO2 levels, unfortunately they did not 

report on CO.  

A study in Lithuania by Dėdelė and Miškinytė (2016) looked at the levels of NO2 in homes 

using gas stoves (7) and electric stoves (5). The sampling was undertaken in similar style of 

homes and no other heating appliances present that would generate NO2 emissions, and all 

sites were naturally ventilated. Passive sampling was undertaken, for 14 days during each of 

four seasons, to determine average NO2 levels inside in 3 rooms (kitchen, living room, and 

bedroom) and also outside of the homes. The passive samplers gave similar results to the 

ambient air monitors. The results showed that the homes with gas stoves had significantly 

higher levels of NO2 compared to the electric stove homes. They found the levels of NO2 

(16.97 ppb [31.9 µg/m3]) in homes with a gas stove was 2.5 times the levels in electric stove 

(5.6 ppb [10.6 µg/m3]) homes. The levels measured were lowest in summer. The lowest 

levels were measured in the bedroom as well as outdoors. 

Singer et al (2017) looked at natural gas cooking burners (NGCBs) during different types of 
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cooking activities, boil simultaneously with Sautee, roast and broil. The outcome of their 

study was that natural gas stoves are a source of indoor air pollutants that can be controlled 

if an appropriately size venting hood is installed and used. A minimum flow rate 95 L/s is 

recommended over the stoves front burners. 

Paulin et al (2017) when investigating asthma in children found that those living in homes 

with gas stoves were more likely to use an overnight inhaler to reduce symptoms for each 

10 fold increase in 24-h indoor NO2 concentration. The levels of measured 24-h NO2 

increased with length of time that the gas stove was used. When time of use was compared 

against the season it was found that general exposure levels were higher in the colder 

seasons as highlighted in Table 4.6. It is important to observe that the average 

concentrations in the non-cold period when cooking for longer were lower and this may be 

due to increase ventilation to remove cooking odours and/or heat in the kitchen. 

Table 4.6: 24 hour average NO2 concentration based on time of use of gas appliance and 

time of year 

(Adapted from: Paulin et al, 2017) 

Time of use of gas appliances Non-cold season Cold Season 

No use 26 ppb 47 ppb 

15 to 90 minutes of use 58 ppb 56 ppb 

90 to 150 minutes of use 46 ppb 79 ppb 

> 150 minutes of use 35 ppb 197 ppb 

 

An Australian study, on the use of gas stoves and heaters, and their impact on childhood 

asthma in primary aged children living in NSW (Belmont) found that there is a strong 

association between the use of fume emitting heaters (including non-flued gas heaters) 

during the first year of life and the presence of AHR (Airway hyperresponsiveness), recent 

wheeze, and current asthma in children aged 8–11 years (Phoa et al 2004). This effect was 

not seen with the current use of fume emitting heaters. It should be noted that the heaters 

were defined as: 

 Non-fume emitting types: including central heating, electric heating and reverse cycle 

heating.  

 Fume emitting types including flued gas, non-flued gas, open fire, wood stove, and 

kerosene heaters. The main types of fume emitting heaters were the non-flued gas 

heaters (13.7%) and wood stoves (14.2%). 

Amirkhani Ardehet et. al. (2020) estimated levels of emissions from gas cooking by modelling 
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indoor levels in Tehran homes. The model used the length of time the gas stove was in use, 

as well as the estimated ventilation rate, in the area of the gas stove. The concentrations 

reported for carbon monoxide [CO] 3.0 ppm (2.0 – 6.0 ppm), nitrogen dioxide [NO2] 70.73 

ppb (45.5 ppb – 137.40 ppb), and formaldehyde [HCHO] 2.44 ppb (0.81 – 16.29 ppb). The 

modelling showed that natural gas cooking is a major source of exposure to CO, NO2 and 

HCHO, the NO2 levels would possibly be above the ABCB (2021) guidelines. 

A recent study was undertaken by Zhao et al (2021) on emissions from gas stoves in newly 

constructed or renovated apartments (2011 – 2016) and houses (2011 – 2017) in California, 

that were designed to meet the state regulations for mechanical ventilation. Each cooking 

event was checked by a temperature monitor to determine length of time of cooking. The 

average weekly emissions to nitrogen dioxide (NO2), formaldehyde (HCHO), carbon dioxide 

(CO2) and PM2.5, are shown in Table 4.7. The study showed that the levels in NO2 and was 

higher in apartments, but HCHO was higher in houses. This may relate to the differences in 

the design characteristics of the residences. The apartments were smaller in area and had 

more residents than the houses, as well as higher ventilation rates. 

Table 4.7: Average air concentrations over a one week period in apartments and houses 

using gas burners to cook in California. 

(Adapted from: Zhao et al, 2021) 

  NO2 (ppb) HCHO (ppb) CO2 (ppm) PM2.5 (µg/m3) 

Apartments 
(n=21) 

Indoor 18.8 (10.8-30) 14.1 (8.1-22.4) 741 (584-955) 7.7 (1.8-15.0) 

Outdoor 10.1 (4.5-20) 1.7 (0.8-2.8)  7.5 (4.8-14.2) 

Houses (n=40) 
Indoor 7.1 (1.5-14.2) 18.7 (12.8-27.2) 628 (519-765) 8.0 (2.4-17.9) 

Outdoor 6.1 (0.1-13.4) 2.2 (1.5-2.9)  10.1 (5.3-16.4) 

 

4.3 Exposure data literature on gas stoves in commercial premises 

Few studies have been published which presents information on the levels of emissions from 

stoves and/or compared to respiratory health outcomes. Most that have been published have 

measured the levels of particulates in the kitchens and in some the speciation (chemical 

composition) of the particulates, such as Li et al (2021) who looked at the chemical 

characterisation of the particulate emissions, including PAHs. They found that the emissions 

from gas cooking in a commercial restaurant are higher than other emission sources such as 

coal, combustion, vehicles, wood and grass combustion. 

In the study by To and Yeung (2011), who investigated the effect of fuel type on emissions 

from cooking in commercial kitchens in Hong Kong using different cooking techniques, they 
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found increased levels of PM10 as well as TVOC (total volatile organic compounds) in gas 

stove cooking compared to electric stove cooking, as shown in Table 4.8. Unfortunately, they 

did not measure NO2 and CO as did other studies.  

Table 4.8: Emissions for different type of cooking in commercial premises using different 

types of fuel 

(Adapted from: To & Yeung, 2011) 

 Gas cooking Electric cooking Background Levels 

 PM10  
(mg/m3) 

TVOC 
(ppb) 

PM10 

(mg/m3) 
TVOC  
(ppb) 

PM10 
(mg/m3) 

TVOC 
(ppb) 

Commercial     0.156 123 

Deep frying of tofu 4.72 2460 3.98 2230   

Griddle frying of meat 2.26 2150 2.60 1590   

Broiling of beef satay Out of 
range 

Out of 
range 

Out of 
range 

Out of 
range 

  

 

4.4 Literature related to the health impacts of using gas stoves in 

homes  

The following is a summary of the wide number of studies that looked at the use of gas 

stoves and the reported respiratory health impacts. Unfortunately, these studies did not 

measure and/or report levels of emissions at the same time. 

A study by Dekker et al (1991) found an association in Canada between using gas cooking at 

home and childhood asthma. Leynaert et al (1996) reported an increased risk of respiratory 

disease in women using gas for cooking. This included waking up with shortness of breath 

and having asthma, including the need to take asthma medication. A similar result was not 

seen in men, of similar age who were not involved in the cooking. 

In a British study, undertaken in 1992 to 1993, of people who had been followed regularly 

since birth in 1958, looked at the potential impacts of cooking fuel type on respiratory health 

and sensitization. The study examined the incidence of both childhood (at 11 years) and 

adulthood respiratory issues. Moran et al (1999) stated that they did not find a link between 

gas cooking in either childhood or adulthood, and the subjects reporting respiratory issues 

such as asthma and allergic sensitisation, but they did find a link between gas stove use in 

adulthood and reduce lung function. 

Gas cooking has been found to have a harmful effect on the lung function of girls with a high 

serum level of IgE, which maybe an indicator that the body maybe overreacting to allergens. 
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It is not known whether the serum IgE, is a marker of a simple indicator that an inflammatory 

process is in progress, allergic susceptibility or whether it is involved in the processes that 

lead to bronchial obstruction. This study was undertaken in Italy where they reviewed the 

time that the girls had access to the kitchen during cooking, using gas stove (Corbo et al., 

2001). 

In a large study on children across 9 countries in Europe and the US showed small reduction 

in lung function (FVC and FEV1) in children where gas was used as the cooking fuel. 

Children who were atopic showed a stronger impact (Moshammer et al, 2010). 

Casas et al (2012) looked at the impact of gas cooking on children’s respiratory health in 

Germany and showed that there was an indication of prevalence of asthma and wheezing in 

children exposed to gas cooking, but it was not found to be statistically significant. They did 

find an association between the use of gas cooking and other indoor factors such as 

dampness, visible mould, environmental tobacco smoke (ETS) and pets. This highlights the 

significance of considering other indoor factors when evaluating potential impacts of gas 

cooking emissions on health effects. 

Nicole (2014) summarised the outcomes from a number of studies investigating emissions, 

CO, NO2 and formaldehyde (HCHO), from gas stoves in the U.S. The main emissions are all 

reported to cause respiratory issues. She summarised that in a third of US homes gas stoves 

accounted for between 25 to 39% of NO2 emissions, 21 to 30% of CO emissions, depending 

on the season, and negotiable for HCHO as other sources, eg furniture and building 

materials, in the homes are greater emitters. She also noted that just switching fuel type will 

not remove all the emissions issues with cooking, as the cooking type has an impact as well. 

Studies looking at indoor exposures to NO2 and impacts on health are not as clear, as NO2 is 

also major environmental pollution and when discussing the impacts on respiratory health 

total NO2 must be considered (Ewald et al, 2021) and not the individual sources of NO2.  

Pan et al (2024) used data collected from the questionnaires used in both the ECRHSII 

(1999-2003) as well as the ECRHSIII (2010-2014) studies to investigate the impacts of gas 

stoves on respiratory health. It is interesting to note that the percentage (%) of participants 

using gas stoves had reduced by approximately 10% between the two studies. It was also 

noted that of the participants who use gas to cook with were most were likely to use a gas 

hob connected to mains gas. They also showed that users of gas stoves were more likely to 

report shortness of breath when resting, and the association was stronger for those who use 

a gas oven as well, or bottle gas as the source. The study showed that improved ventilation 

rates reduced the risk, but increased cooking time (> 60 mins) resulting in a greater risk 

overall, which were significant for wheezing and a cough in winter. 
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4.5 Summary of emissions from gas cooking 

All the studies reviewed highlighted that there was a link between using a gas stove and 

respiratory health. The direct relationship between exposure and impact was not as clear as 

the pollutants of concern are also outdoor environmental pollutants mainly from traffic. 

Exposure to nitrogen dioxide (NO2) during cooking using a gas stove have been shown to 

range significantly depending on whether it is a gas cook top only or a gas cook top and 

oven. It also depends significantly on the type of cooking being undertaken. Most stoves in 

the studies were gas cook top only as this is the style that is common in Europe and the US 

where most studies have been completed.  

In 2001, average levels of NO2 around 100 ppb, during cooking, have been shown to 

correlate with an increased frequency in the use of a rescue bronchodilator, with exposures 

ranging from negligible (0.024 ppb) to over 4 times the recommended ABCB (2021) guideline 

(399.11 ppb). The participants also logged declines in their peak expiratory flow rates 

(PEFR) during the cooking period which ranged for 5 to 34 minutes (Ng et al, 2001). 

Studies looking at the impacts of cooking techniques on emissions have shown that the 

greater the number of hobs used the higher the emission rate of NO2, and a gas oven will 

result in significant emissions compared to an electric oven. The main type of emission 

pollutant from an electric stove is fine particles (UFP) whereas the gas stove has both fine 

particles (UFP) and high NO2 and NO emissions (Dennekamp et al, 2001). 

A English study found that the main indoor sources, in homes, were from gas stoves and 

unflued gas heaters (Raw et al, 2004). All the levels reported were below the ABCB (2021) 

guidelines. 

In an Australian study looking at NO2 exposures to emissions in schools and homes found 

that there was a relationship between the levels of NO2 in classrooms and difficulty breathing 

during the day, especially after exercise. The main NO2 emission source in schools was 

unflued gas heaters whereas in the home it was gas cooking in the kitchen. 

In the home kitchen, with gas stove, the average measured levels of NO2 was 20 ppb (3 to 

147 ppb), with the average maximum of 38 ppb (9 to 423 ppb). Whereas at school, the 

average measured levels of NO2 in the classroom was 34 ppb (7 to 117 ppb), the average 

maximum levels were 69 ppb (9 to 307 ppb) (Nitschke et al, 2006). 

A US study found a link between gas stoves and the reporting of a wheeze in children less 

than 12 years old, as well as shortness of breath, and use of gas fired dryer was related to 

reported chest tightness, when the indoor levels of NO2 were greater than 20 ppb. This 

relationship though only occurred in multifamily housing (eg flats, duplexes etc) but this may 
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relate to the resident’s socio economic group (Belenager et al, 2006). 

In a Netherlands study of emissions from gas stoves in homes, it was shown that the 

average levels of CO (0.37 ppm) and formaldehyde (3.67 ppb) measured were well below 

the ABCB guidelines, whereas the CO2 (906 ppm) was above guidelines during the cooking 

process, and the NO2 48 hour average (21.62 ppb) was above the ABCB guideline for 1 year 

but below the 1 hour guideline (Willers et al, 2006a). The study also looked at respiratory 

impacts which showed that only nasal symptoms were significantly associated with gas stove 

usage (Willers et al, 2006b).  

A study in London which involved air sampling over seven days showed that the average 

emissions of NO2 in kitchens with a gas stove (20.6 ppb) were significantly higher than 

kitchens with an electric stove (7.1 ppb) (Kornartit et al, 2010). 

In a review of exposures in European homes using gas cooking and heating the NO2 levels 

ranged from 95.7 to 1329.8 ppb (180 to 2500 µg/m3) whereas the homes with no gas 

appliances the NO2 levels only ranged from 6.9 to 33 ppb (13 to 62 µg/m3). It was also 

reported that a number of studies showed an association between the use of gas appliances 

in the home and an increase in respiratory illness (Heinrich, 2011). 

When looking at homes that are designed to meet new building design criteria, for tight 

structures, it has been shown that even in homes that have ventilation rates designed to 

keep emissions at minimal levels that NO2 levels can be significant. Homes with gas stoves 

measured over 6 days have an average of NO2 of 41.8 ppb (1.9 to 57.9 ppb) whereas the 

homes with electric stoves have an average of 23.6 ppb (1.9 to 23.8 ppb) (Less et al, 2015). 

A Lithuanian study on NO2 emissions in homes showed the average levels for NO2 in homes 

with a gas stove was16.97 ppb, which was 2.5 times the levels in homes with an electric 

stove which was 5.6 ppb (Dėdelė & Miškinytė, 2016).   

In a study investigating asthma in children found that those living in homes with gas stoves 

were more likely use of an overnight inhaler to reduce symptoms for each 10 fold increase in 

24-h indoor NO2 concentration. The study also demonstrated that the levels of measured 

NO2 increased with length of time that the gas stove was used, within a day and that general 

exposure levels were higher in the colder seasons (Paulin et al, 2017). 

An Australian study, found a strong association between exposure to fume emitting heaters 

during the first year of life and the presence of AHR, recent wheeze, and current asthma in 

children aged 8–11 years (Phoa et al 2004).  

Amirkhani Ardehet et. al. (2020) estimated levels of emissions from gas cooking by modelling 

indoor levels in Tehran homes. The model used the length of time the gas stove was in use 
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as well as estimated ventilation rate in the area of the gas stove. The concentrations reported 

for carbon monoxide [CO] 3.0 ppm (2.0 – 6.0 ppm), nitrogen dioxide [NO2] 70.73 ppb 

(45.5 ppb – 137.40 ppb), and formaldehyde [HCHO] 2.44 ppb (0.81 – 16.29 ppb). The 

modelling showed that natural gas cooking is a major source of exposure to CO, NO2 and 

HCHO, the NO2 levels would possibly be above the ABCB (2021) guidelines. 
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Chapter 5: Health impacts of the main 

emissions from gas heating & 

cooking 

The health impacts of being exposed to emissions from gas appliances may depend on the 

underlying health conditions of the occupants. It has been shown in a wide number of studies 

that exposure to lower-level concentrations of nitrogen dioxide and carbon monoxide may 

aggravate underlying respiratory symptoms, especially in children. In addition to carbon 

monoxide and nitrogen dioxide, low levels of exposure to PM2.5 have been reported but there 

has not been a clear link shown in regards to gas appliances due to PM2.5 occurring in the 

outdoor environment at levels well above the indoor environment. Therefore, this section is 

concentrating to the potential health impacts of carbon monoxide and nitrogen dioxide. 

 

5.1 Carbon monoxide toxicity 

Carbon monoxide (CO) is a colourless, odourless, non-irritating gas which may be produced 

by incomplete combustion of any carbonaceous fossil fuel. Due to these physical properties, 

it is easy for concentrations of CO to buildup to toxic levels with no warning signs (Nañagas 

et al, 2022). 

It has been recognised that CO poisoning can occur in minutes, with fatality at 2000 ppm for 

15 minutes with light work, in people with pre-existing coronary disease. The ACGIH (1992) 

recommendation an 8 hr workplace exposure standard 25 ppm to minimise adverse 

neurobehavioral changes and to maintain cardiovascular health. The average concentration 

of 25 ppm is the suggested by the WHO (2010) for the general public for only 1 hour and for 

8 hour exposures they recommend that the average level should not exceed 10 ppm. 

In an unfortunate case in Victoria, the Coroners Court of Victoria (2013) provided insight into 

a tragic incident where two brothers, aged six and eight years, died after going to sleep in a 

bedroom with an open flued gas heater. The Coroners report indicated that mild exposure to 

CO can cause headache, nausea, vomiting, dizziness, malaise and confusion is often 

mistaken for common conditions such as influenza or gastroenteritis. Severe poisoning can 

lead to chest pain, cardiovascular disease, coma and death. Headaches are the most 

common symptom of CO poisoning, with CO exposure found in approximately 6% of people 

presenting with headache to an emergency department. In some 10–30% of patients with 
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acute CO poisoning, a delayed neurological syndrome – including cognitive and personality 

change, dementia and parkinsonism – may develop after a period of initial recovery. The 

issue with CO poisoning is that as CO is odourless people do not smell it then high 

exposures can occur rapidly especially if people are asleep as it will not wake them up. WHO 

(2010) also reported that sustained chronic exposure to CO can have impacts on the 

functional and developmental growth of children even at low levels. 

Prochop (2005) investigated the impact of chronic exposure to carbon monoxide in nine (9) 

people as the result of a faulty gas heater in an apartment building in Florida. Four people 

suffered some loss of consciousness just prior to discovery of the problem and then incurred 

intellectual impairment following moderate level CO exposure. Of the other five (5) people 

who were exposed to high levels for approximately 12 hours, one died initially, one suffered a 

coma but luckily recover, and the other three who were initially unconscious have all been 

intellectually impaired. This indicates that high uncontrolled exposures to CO can result in 

brain damage.  

The impact on the neurological system is mainly due to how exposure to carbon monoxide 

(CO) is handled by the body. When carbon monoxide is absorbed into the body it adheres to 

the haemoglobin cells in the blood in place of oxygen, which becomes Carboxyhemoglobin 

(COHb). As the level of COHb increases it becomes more difficult for the body to transport 

oxygen to the required organs in the body. 

WHO (2010) indicated that it is crucial to recognize the onset of carbon monoxide poisoning 

symptoms as it can be fatal in just a few minutes. The symptoms of carbon monoxide 

poisoning are non-specific and involve many of the body systems. Common symptoms 

include headache, lethargy/fatigue, nausea, dizziness and confusion. If exposure is 

significant then they may also suffer from shortness of breath, cardiac palpitations, 

convulsion, paralysis, loss of consciousness, coma and eventually death. Age, anaemia, 

increased elevation, cardiopulmonary disease, and prior exposure to carbon monoxide can 

increase susceptibility to carbon monoxide toxicity. The median level of COHb in people 

dying of uncomplicated carbon monoxide poisoning is 53–55%. When identifying carbon 

monoxide poisoning it is crucial to look at the victim’s environment and immediate past living 

or work situation. Issues such as, has the victim been exposed to sources of carbon 

monoxide such as uncontrolled fires, motor vehicles, fuel-burning heaters or other internal 

combustion engines in a poorly ventilated enclosed space must be considered. You also 

need to determine if others in that environment (e.g. family members or pets living in the 

same house) are displaying similar symptoms. These facts are critical in accurately 

identifying carbon monoxide poisoning. 
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ABCB (2021) highlights that CO may impact both healthy and unhealthy people. When 

inhaled, CO quickly mixes with haemoglobin in the blood, inhibiting the blood's ability to carry 

and exchange oxygen. Once more than 2.5% of haemoglobin is bound to carbon monoxide 

health effects become noticeable. High concentrations can cause headaches, fatigue, 

confusion, and drowsiness. Prolonged and repeated exposure can affect the heart. When 

exposed to high concentrations of CO, up to 40% of the haemoglobin can be bound to 

carbon monoxide. At this level very high concentrations will almost certainly kill. People with 

heart problems, children and unborn babies are particularly at risk. CO does not readily leave 

the body once it enters. 

The Coroners Court of Victoria (2013) report highlights the importance of using licensed gas 

plumbers to regularly inspect all gas appliances, including measuring levels of CO. 

 

5.2  Nitrogen dioxide toxicity 

Exposure to nitrogen dioxide is often identified by its pungent odour. Hesterberg et al (2009) 

in a review of 50 studies investigating the impact of inhaling NO2 on respiratory health, and to 

determine if a No Observed Effect Level (NOEL) could be established. In their review they 

came up with a number of observations: 

"For lung immune responses and inflammation:  

1) healthy subjects exposed to NO2 below 1 ppm do not show pulmonary inflammation;  

2) at 2 ppm for 4 h, neutrophils and cytokines in lung-lavage fluid can increase, but 

these changes do not necessarily correlate with significant or sustained changes in 

lung function;  

3) there is no consistent evidence that NO2 concentrations below 2 ppm increase 

susceptibility to viral infection;  

4) for asthmatics and individuals having chronic obstructive pulmonary disease (COPD), 

NO2 - induced lung inflammation is not expected below 0.6 ppm, although one 

research group reported enhancement of proinflammatory processes at 0.26 ppm. 

With regard to NO2-induced AHR:  

5) (studies of responses to specific or nonspecific airway challenges (e.g., ragweed, 

methacholine) suggest that asthmatic individuals were not affected by NO2 up to 

about 0.6 ppm, although some sensitive subsets may respond to levels as low as 0.2 

ppm. And finally, for extra-pulmonary effects:  

6) such effects (e.g., changes in blood chemistry) generally required NO2 concentrations 

above 1–2 ppm. (Hesterberg et al, 2009, p. 742-743) 
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In a meta-analysis of 41 studies, between 1977 and 31 March 2013, to a range of studies 

from around the world, including Australia, Lin et al (2013) found that children living in homes 

that use gas for cooking, that 42% have an increased risk of current asthma and 24% 

increased risk of life time asthma per 15 ppb increase levels of NO2. 

 

5.3 Summary of health impacts from emissions from gas 

cooking & heating 

The has clearly shown that exposure to carbon monoxide (CO) must be kept to a minimum to 

avoid health impacts, which can look like symptoms of influenza or gastroenteritis which at 

times make it difficult to identify. It should always be considered when a number of normally 

healthy occupants, in a space, are reporting similar non-description symptoms such as 

headache, nausea, vomiting, dizziness, malaise and confusion. Potential sources of CO 

should be identified and removed if possible but initially improve the ventilation of the space. 

It is important to keep issues down to a minimum that exposure to CO should be kept below 

the ABCB (2021) guideline of: 

 Maximum of 90 ppm for average of 15 minutes 
 Maximum of 50 ppm for average of 30 minutes 
 Maximum of 25 ppm for average of 1 hour 
 Maximum of 10 ppm for average of 8 hours 

 

Exposure to nitrogen dioxide (NO2) is easier to be keep to a minimum due to its pungent 

odour.  NO2 at the levels of normal exposures will not normally cause death but will 

exacerbate underlying medical conditions such as respiratory disease, ad cardiovascular. 

It is important to keep issues down to a minimum that exposure to NO2 should be kept below 

the ABCB (2021) guideline of: 

 Maximum of 0.0987 ppm (98.7 ppb) for average of 60 minutes 
 Maximum of 0.0197 ppm (19.7 ppb) for average 1 year 
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Chapter 6: Conclusion and 

Recommendations  

The review of the many studies examined highlighted the emissions gases from gas 

appliances can be significant. The main gases of concern are carbon monoxide and nitrogen 

dioxide. Exposure to carbon monoxide (CO), which is odourless, must be kept to a minimum 

to avoid health impacts such as headaches, nausea, vomiting, dizziness, malaise, confusion 

and occasionally death. Nitrogen dioxide (NO2) exposure is easier to keep to a minimum 

level due to its pungent odour and at normal exposures will not cause death but may 

aggravate underlying medical conditions such as respiratory disease, ad cardiovascular. 

The review has shown that emissions from gas heaters can be variable depending on the 

levels of ventilation and maintenance of the gas heaters. If concern is the reports of deaths 

due to excessive exposure to CO or exacerbate underlying respiratory conditions due to NO2 

exposure. The levels reported highlight the importance of the removal of unflued or open 

flued gas heaters from homes and schools, or at least restrict their future installation. 

The majority of the literature reviewed looked at emissions from gas stoves, and the majority 

showed a link between using a gas stove. Unlike gas heaters the main emission from gas 

stoves is nitrogen dioxide. The levels of emissions from gas stoves when a gas oven is used 

rather than an electric oven in conjunction with the gas hobs. It also depends on the cooking 

techniques being undertaken.  

The significant volume of literature on the adverse health impacts of emissions from gas 

appliances gives strength to the concept that gas appliances should be banned from modern 

tight homes where ventilation is normally restriction with air movement limited to mechanical 

ventilation. 

The evidence on the emissions from gas stoves in kitchens is clear but due to limited number 

of studies that could be located that looked at emissions in commercial kitchens no specific 

recommendation can be made about the use of the gas stoves in these premises. 

 

6.2 Recommendations for Hornsby Shire Council 

Based on the review it is recommended that Hornsby Shire Council should: 

1. Review planning rules and building regulations to encourage the installation of non-

gas-powered heating and cooking in all new homes.  
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2. Develop a health promotion program on the importance of all households, who 

currently have gas heaters and/or gas stoves, installing CO monitors in the homes, 

similar to the requirements for smoke alarms.  

3. Transition away from the use of gas by switching council-owned buildings to 

alternatives like reverse cycle air conditioning and heat pumps.  

4. Should lobby the NSW state government to investigate: 

a. the removal of rules that restrict local governments from banning gas 

connections in new residential developments;  

b. the provision of incentives for homes, schools and businesses to switch to 

electric appliances, including subsidies for low-income households; and 

c. the acceleration of the replacement of unflued gas heaters in NSW public 

schools with zero emission heating. 

5. Until such times as gas installations in homes is banned, no installations should be 

approved, by local councils, that don’t meet the following Australian Standards. 

AS/NZS 5263.0:2023 Gas appliances General requirements, SAI Global, Sydney 

AS/NZS 5263.1.1:2020 Gas appliances Domestic gas cooking appliances, SAI Global, Sydney 

AS/NZS 5263.1.4:2017 Gas Appliances, Part 1.4: Radiant gas heaters, SAI Global, Sydney 

AS/NZS 5263.1.3:2021 Gas appliances Gas space heating appliances, SAI Global, Sydney 

AS/NZS 5263.1.6:2020 Gas appliances Indirect gas-fired ducted air heaters, SAI Global, 

Sydney 

AS/NZS 5263.1.8:2021 Gas appliances Decorative effect gas appliances, SAI Global, Sydney 

AS/NZS 5263.1.10:2019 Gas appliances, Part 1.10: Gas direct fired air heaters, SAI Global, 

Sydney 
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