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Recent findings on gas composition, combustion 
products, and pollutant exposures
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PSE Healthy Energy is a nonprofit energy science and policy 
research institute. Our mission is to generate science-based 
energy and climate solutions that protect public health and the 
environment. 
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Greenhouse Gas Emissions from Gas 
Appliances
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76% of methane emissions were attributed to 
steady-state-off

6
Lebel et al. Methane and NOx Emissions from Natural Gas Stoves, Cooktops, and Ovens in Residential Homes, Environmental Science and Technology. 2022. 



Summary of Key findings
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• Most emissions from storage water heaters and 
stoves were emitted while the appliance was off. 

Total methane emissions:
• Stoves: 28.1 Gg CH4 yr-1; up to 1.3% of the gas used and 

equivalent to about 500,000 gasoline-powered cars
• Water Heaters: 82.3 Gg CH4 yr-1; up to 0.4% of the gas 

used
• Methane emissions increase the climate impact of 

stoves by 39% and water heaters by 12%.

Lebel et al. Methane and NOx Emissions from Natural Gas Stoves, Cooktops, and Ovens in Residential Homes, Environmental Science and Technology. 2022. 
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Nitrogen Dioxide (NO2) Emissions from Stoves
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Gas stoves create air pollution 
when they are used

What is in this 

plume?
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NOx emissions are correlated with natural gas 
flow
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Lebel et al. Methane and NOx Emissions from Natural Gas Stoves, Cooktops, and Ovens in Residential Homes, Environmental Science and Technology. 2022. 



13

NO2 from the gas stoves can exceed health 
guidelines, even with a range hood on

California OEHHA acute guideline

California OEHHA acute guideline

Kashtan et al. Nitrogen Dioxide Exposure, Health Outcomes, and Associated Demographic Disparities due to Gas and Propane Combustion by U.S. Stoves, Science Advances,  2024. 
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We modeled population-level exposure incorporating 
numerous variables
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Outdoor concentration maps are 
commonly used in disease burden 
calculations

16
Kashtan et al. Integrating Indoor and Outdoor Nitrogen Dioxide Exposures in U.S. Homes Nationally by ZIP Code, PNAS Nexus, 2025. 
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but they over-estimate 
outdoor-attributable exposure

17

Missing pixels are due to areas without ZIP codes

Kashtan et al. Integrating Indoor and Outdoor Nitrogen Dioxide Exposures in U.S. Homes Nationally by ZIP Code, PNAS Nexus, 2025. 
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and don’t account for a key indoor 
source, gas stoves,

18

Missing pixels are due to areas without ZIP codes

Kashtan et al. Integrating Indoor and Outdoor Nitrogen Dioxide Exposures in U.S. Homes Nationally by ZIP Code, PNAS Nexus, 2025. 
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which can massively impact overall 
exposure

19
Kashtan et al. Integrating Indoor and Outdoor Nitrogen Dioxide Exposures in U.S. Homes Nationally by ZIP Code, PNAS Nexus, 2025. 
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Gas stoves are responsible for ¼ of total 
residential NO2 exposure, on average

20
Kashtan et al. Integrating Indoor and Outdoor Nitrogen Dioxide Exposures in U.S. Homes Nationally by ZIP Code, PNAS Nexus, 2025. 



Asthma cases due to NO2 from stoves
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● Long-term NO2 exposure from gas stoves causes ~50,000 
cases of pediatric asthma 

○ Exact estimate is uncertain due to few and heterogeneous studies on indoor NO2 (95% 
confidence interval spans -70k to +142k) 

■ Outdoor NO2 studies are more numerous and have tighter confidence intervals, 
but may also pick up the effect of other pollutants

○ This estimate does not include risks from other pollutants such as ultrafine particles nor 
from short-term high-concentration NO2 exposure

○ The full impact may be closer to 200,000 cases of pediatric asthma (confidence interval: 
-20 to +380 thousand)

Concentration response factor (asthma cases & indoor NO2): W. Lin, B. et al., Int J Epidemiol, 2013
Concentration response factor (asthma cases & presence of gas stoves): E. Puzzolo, et al., Lancet Respir Med, 2024
Extrapolation to asthma cases: Kashtan, et al., 2024

Kashtan et al. Nitrogen Dioxide Exposure, Health Outcomes and Associated Demographic Disparities due to Gas and Propane Combustion by U.S. Stoves, Science Advances,  2024. 



Annual respiratory deaths annually, up to 
20,000 
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• Number comes from outdoor 
studies

• Unclear how applicable these are 
to indoor exposures

• Not including risks from other 
pollutants & short-term exposure

Concentration response factor (deaths & outdoor NO2): R. W. Atkinson, Epidemiology, 2018
Extrapolation to premature deaths: Kashtan, et al., 2024

Kashtan et al. Nitrogen Dioxide Exposure, Health Outcomes, and Associated Demographic Disparities due to Gas and Propane Combustion by U.S. Stoves, Science Advances,  2024. 
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Benzene Emissions: A Combustion Byproduct
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Fuel choice dictates indoor air pollution
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• Gas and propane 
stoves emit benzene

• Induction benzene 
emissions 
undetectable

Kashtan et al. Gas and Propane Combustion from Stoves Emits Benzene and Increases Indoor Air Pollution, Environmental Science and Technology,  2023



Kitchen Benzene Concentrations
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Gas and propane stoves produce kitchen benzene 
concentrations that often temporarily exceed CA’s reference 
exposure level with hoods off

CA 8-hr Reference Exposure Level

Kashtan et al. Gas and Propane Combustion from Stoves Emits Benzene and Increases Indoor Air Pollution, Environmental Science and Technology,  2023



Benzene can exceed health benchmarks as 
well 

27
Kashtan et al. Gas and Propane Combustion from Stoves Emits Benzene and Increases Indoor Air Pollution, Environmental Science and Technology,  2023
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Gas in California (and elsewhere) Contains 
Benzene and other Hazardous Air Pollutants
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Benzene concentrations in gas from 17 
cities across North America are consistent 
with CA

30
Rowland et al. Downstream natural gas composition across U.S. and Canada: implications for indoor methane leaks and hazardous air pollutant exposures, Environmental Research Letters,  2024
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Natural gas leaks degrade indoor air quality

33

● In California, leaky stoves can exceed 
California’s health exposure guidelines for 

benzene indoors up to 7x 
● Additionally, 12 other compounds were 

detected in the unburned gas in California

Just having a gas stove in your kitchen can create benzene 
concentrations comparable to secondhand smoke. 



Big-Picture Takeaways
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Production Processing Delivery

Methane Hazardous Air Pollutants

Gas leaks are an unavoidable part of the system

36

Our work builds on the body of evidence that suggests that hazardous air 
pollutants are co-emitted with methane throughout the gas supply chain.
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History and Context



Text: Minutes of the Proceedings of the Institution of Civil Engineers, 1839, Vol 1, p. 73;

Nitrogen acid gasses or Nitrous acid gas = NO2 + NO

Context



VICE PRESIDENT SWEETMAN : I move that it be the sense of the 

association that it go on record condemning the use of any 

appliance without a flue connection.

NGAA meeting notes, 1909,  Library of the Pennsylvania State College

Natural Gas Association of America, 2nd Annual Meeting, 1907

.

Context



PRESIDENT MITCHELL: I believe the association will go 

on record on that point; no gas of any kind should go 

into a heating stove without a flue connection... 

NGAA meeting notes, 1909,  Library of the Pennsylvania State College

Context



Dangers of gas stove pollution understood in the 1920s

1926 gas stove

Flue

Photo of 1907 Evans House in California (courtesy oldhouseonline.com)

Douglas Kiester

Context

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.oldhouseonline.com%2Fkitchens-and-baths-articles%2Fkitchen-appliances%2Fhistory-of-the-kitchen-stove%2F&psig=AOvVaw1AAtnBOu39CmjZjCTW29iF&ust=1712953428502000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCPDYqvj-uoUDFQAAAAAdAAAAABAE


“Cooking with Gas!” coined in 1930s

Image of Bob Hope from Walton Gas (accessed 2024)

Context
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Top: Dept. of Archeology and Historic Preservation, Washington State

General Electric

1958
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Top: Dept. of Archeology and Historic Preservation, Washington State
Bottom: New York Times (as reported by the Climate Investigations Center) 

Mounting Health Concerns

1973
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Operation Attack

Photos: “Burning Questions” Climate Investigations Center Report, 2023

“massive, consistent, long-range public relations program”
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Photos (clockwise from top): Vox, Vox, and eBay
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Photos (clockwise from top): Vox, Vox, and eBay



“Burning Questions” Climate Investigations Center Report, 2023

Hill and Knowlton Memo to Tobacco Industry Planning Committee, 1953



Some of Hill and Knowlton’s Science-Related 
Recommendations:

• Establish a “Research Committee” or “Institute” (for 
apparent independence)

• Publicize the results of industry-sponsored research 
efforts through every possible channel

• Adopt a skeptical stance, arguing that more research is 
needed

• Once a company or industry averts any immediate crisis, 
continue with the formula over the long term
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Study Population AGA Funded? Association Found with 
Asthma? 

Authors

Children (8,120) No Yes Speizer et al., 1980

Children (2,554) No Yes Melia et al., 1977

Children (4827) No Yes Melia et al., 1977

Children (808) No Yes Florey et al., 1979 & 
Goldstein et al. 1979

Children (895) Yes No Mitchell et al. 1974

Children (174) Yes No Keller et al., 1979

Reformatted from a table reported by the Climate Investigations Center and reported by NPR

Studies on pediatric asthma and gas stoves assessed by the EPA in 1982



Once a company or industry averts any immediate crisis, 
continue with the formula over the long term
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Some of Hill and Knowlton’s Science-Related 
Recommendations:

• Establish a “Research Committee” or “Institute” (for 
apparent independence)

• Publicize the results of industry-sponsored research 
efforts through every possible channel

• Adopt a skeptical stance, arguing that more research is 
needed

• Once a company or industry averts any immediate crisis, 
continue with the formula over the long term

The researchers encased the tested 
kitchen area in plastic sheets, 
sandbags, and painter’s tape – 

which in no way represents the kind 
of kitchen in which normal people 

cook.

Institute for Energy Research  

(Koch and Exxon-funded)

IRI Research funding: J. Harkinson, “Dirty Dozen Climate Change Denial,” Mother Jones, 2009  



Some of Hill and Knowlton’s Science-Related 
Recommendations:

• Establish a “Research Committee” or “Institute” (for 
apparent independence)

• Publicize the results of industry-sponsored research 
efforts through every possible channel

• Adopt a skeptical stance, arguing that more research is 
needed

• Once a company or industry averts any immediate crisis, 
continue with the formula over the long term

epidemiology literature… does not provide 
sufficient evidence regarding causal 

relationships between gas cooking or indoor 
NO2 and asthma or wheeze

Gradient study funded by AGA

(for-profit consulting firm)

Li et al., Global Epidemiology, 2023



Some of Hill and Knowlton’s Science-Related 
Recommendations:

• Establish a “Research Committee” or “Institute” (for 
apparent independence)

• Publicize the results of industry-sponsored research 
efforts through every possible channel

• Adopt a skeptical stance, arguing that more research is 
needed

• Once a company or industry averts any immediate crisis, 
continue with the formula over the long term

Li et al., Global Epidemiology, 2023





Claims regarding PR firms: R. J. Brulle, C. Werthman, Clim Change (2021).
Claims regarding industries using disinformation tactics: Agnotology by R. Proctor & L. Shiebinger (beryllium); Deceit and Denial by G. Markowitz & D. 
Rosner (lead); Empire of Pain by P. R. Keefe (opioids); The Golden Holocaust by R. Proctor (smoking); Merchants of Doubt by Naomi Oreskes (fossil 
fuels/climate change); X. Baur, A. L. Frank, Journal of Occupational Medicine and Toxicology 16, 1–10 (2021) (asbestos); The Playbook by J. Jacquet 
(tying industries together)
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Claims regarding industries using disinformation tactics: Agnotology by R. Proctor & L. Shiebinger (beryllium); Deceit and Denial by G. Markowitz & D. 
Rosner (lead); Empire of Pain by P. R. Keefe (opioids); The Golden Holocaust by R. Proctor (smoking); Merchants of Doubt by Naomi Oreskes (fossil 
fuels/climate change); X. Baur, A. L. Frank, Journal of Occupational Medicine and Toxicology 16, 1–10 (2021) (asbestos); The Playbook by J. Jacquet 
(tying industries together)
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1926 gas stove

Flue
Dangers of gas stove pollution used to be common sense

Douglas Kiester

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.oldhouseonline.com%2Fkitchens-and-baths-articles%2Fkitchen-appliances%2Fhistory-of-the-kitchen-stove%2F&psig=AOvVaw1AAtnBOu39CmjZjCTW29iF&ust=1712953428502000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCPDYqvj-uoUDFQAAAAAdAAAAABAE


1926 gas stove 2024 gas stove

No hood, 
no flue

Flue
The AGA & their PR firms created ignorance. Today, stove pollution is 
controversial.

Yannai KashtanDouglas Kiester

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.oldhouseonline.com%2Fkitchens-and-baths-articles%2Fkitchen-appliances%2Fhistory-of-the-kitchen-stove%2F&psig=AOvVaw1AAtnBOu39CmjZjCTW29iF&ust=1712953428502000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCPDYqvj-uoUDFQAAAAAdAAAAABAE
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