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The 1ssues

Gas Stoves

o Exacerbation of respiratory disease (asthma, COPD)
0 Incident asthma

o Climate impacts

The role of NO,,
1 Revised WHO Air Quality Guidelines









Low income households




“ Gas combustion generates oxides of nitrogen that
iIncrease asthma risk and aggravate chronic
obstructive pulmonary disease”

NEJM, 2020



The relation between respiratory
health and indoor pollution from
these appliances has received
considerable attention during the
past 25 years; both positive and
negative associations have been
reported. Most positive studies
iIndicate the effect is relatively
small (odds ratios of about 1.2) and
therefore difficult to detect, despite
high prevalence of exposure.

Lancet, 1996

https://doi.org/10.1016/s0140-6736(96)90002-1



“More than three-quarters of methane emissions we measured originated during steady-state-off.”

“Using a 20-year timeframe for methane, annual methane emissions from all gas stoves in U.S. homes have a climate
impact comparable to the annual carbon dioxide emissions of 500 000 cars.”



Vancouver: Starting Jan. 1, 2022, equipment for
space and hot water heating in new low-rise
residential buildings must be zero emissions. By
2025, all new and replacement heating and hot
water systems must be zero emissions.

Jan 11, 2023


https://vancouver.ca/green-vancouver/zoning-amendments-to-support-climate-emergency.aspx




https://pubs.acs.org/doi/10.1021/acs.est.2c02581

Unburned NG samples from 159 residential NG stoves across seven geographic regions in California.



“More than three-quarters of methane emissions we measured originated during steady-state-off.”

“Using a 20-year timeframe for methane, annual methane emissions from all gas stoves in U.S. homes have a climate
impact comparable to the annual carbon dioxide emissions of 500 000 cars.”

“Our data suggest that families who don’t use their range hoods or who have poor ventilation can surpass the 1-h
national standard of NO,, (100 ppb) within a few minutes of stove usage, particularly in smaller kitchens.”



WHO AQGs ...

Summary of recommended AQG levels and interim targets
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WHO AQGs ...

Summary of recommended AQG levels and interim targets

Pollutant Averaging IT1 IT2 IT3 T4 AQG
time level
35 25 15 10 5

PM, s, ug/ms3 Annual

24-houra 75 50 37.5 25
70 50 30 20
150 100 75 50

100 70 — —

160 120 — -

Annual 40 30 20 -

24-houra 120 50 - -

24-houra 125 50 = =
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CAAQS: ~22 pg/m3 annual: ~79 ug/m3 1 hr
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Air quality guideline levels
for both long- and short-term
exposure in relation to
critical health outcomes.

Interim targets to guide
reduction efforts for the
achievement of the air
quality guideline levels.

Good practice statements for
management of Black
Carbon, Ultrafine particles,
Desert Dust: types of health-
relevant PM (evidence
insufficient for quantitative
guideline levels
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* Previously published RRs
(Lin et al, 2013)

* Proportion of US
households using gas
stoves for cooking (surveys
from 9 states)

Population attributable fraction of current childhood
asthma associated with gas stove use



Int J Epidemiol, Volume 42, Issue 6, December 2013, Pages 1724-1737, https://doi.org/10.1093/ije/dyt150



https://doi.org/10.1093/ije/dyt150

= “...children living in a home with gas cooking have a 42%
increased risk of having current asthma...

= per 15 ppb increase in indoor NO2 level, children have a 15%
iIncreased risk of having current wheeze..

= ...no Increase in the risk of asthma in relation to indoor
NO, exposure and no increase in the risk of wheeze in
relation to gas cooking exposure...”
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Gas cooking effects higher

o Europe/Asia-Pacific vs N America

o Where gas cooking prevalence <30%
o Studies published before 2000

Int J Epidemiol, Volume 42, Issue 6, December 2013, Pages 1724—-1737, https://doi.org/10.1093/ije/dyt150
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https://doi.org/10.1093/ije/dyt150

* High temperature combustion: oxidation of N, in air: NO — NO,
* Vehicles, Natural gas (power plants)
* Indoors: Gas stoves, Space heaters, Ice resurfacers



Biological Pathways

USEPA, 2016
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15-ppb increase in NO2

Int J Epidemiol, Volume 42, Issue 6, December 2013, Pages 1724-1737, https://doi.org/10.1093/ije/dyt150



https://doi.org/10.1093/ije/dyt150

» Gas cooking produces NO, and other pollutants such as
ultrafine particles.

= Our finding of an association between gas cooking and
asthma in the absence of an association between measured
NO, and asthma suggests that gas cooking may act as a
surrogate for causal variables other than air pollutants
produced by gas combustion.

o Supported by an Australian study, where the association between
gas cooking and respiratory symptoms remained significant after
adjustment for measured NO.,,.

Int J Epidemiol, Volume 42, Issue 6, December 2013, Pages 1724—1737, https://doi.org/10.1093/ije/dyt150
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https://doi.org/10.1093/ije/dyt150

ISAAC

~500,000 primary and secondary school children from 108 centres in 47 countries

Adjusted model Multivariate
analysis
6-7 years 13-14 years 6-7 years 13-14 years

Current wheeze

Current symptoms of
severe asthma

Asthma ever

Current symptoms of
rhinoconjunctivitis

Hay fever ever

Current symptoms of
eczema

Eczema ever

Data are odds ratio (95% Cl), unless otherwise stated. The reference category for these estimates is electricity only used

for cooking.

0-98 (0-92-1-04)
1.01(0-92-1-10)

0-95 (0-89-1.01)
1.04 (0-97-1.01)

1.02 (0-95-1-09)
0-97 (0-91-1-03)

0-91 (0-86-0-96)

0-99 (0-94-1.04)
0-97 (0-91-1.03)

0-98 (0-93-1.02)
0-96 (0-91-1-01)

0-96 (0-91-1-01)
1.00 (0-94-1-06)

0-99 (0:93-1:04)

0-96 (0-89-1-03)
0-97 (0-87-1.09)

0-94 (0-88-1.02)
1.00 (0-92-1.09)

1.00 (0-92-1-09)
0-94 (0-87-1.02)

0-93 (0-88-0-99)

0-99 (0:92-1-07)
0-97 (0-89-1-07)

0-99 (0:93-1-05)
0-99 (0-92-1.06)

0-99 (0:92-1-07)
1.00 (0-92-1-09)

1-01 (0-93-1-09)

Table 7: Association between use of gas only for cooking and current symptoms of asthma,

rhinoconjunctivitis, and eczema, by age group

Cooking fuels and prevalence of asthma: a global analysis of phase three of the International Study of Asthma and Allergies in
Childhood (ISAAC) Wong GWK et al. Lancet Respir Med 2013; 1: 386—94
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‘ CHILD cohort

Bédard M-A, Reyna ME, et al. Gas Stove use and Asthma Outcomes in the CHILD Study. In press, CJPH 2023
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Intervention: (Gas stove air cleaning & ventilation

100 homes with unvented gas stoves:

a Electric stove (~$2200)

a Ventilation hood (~$2000)

a HEPA (PM) and carbon filters (~$700)

Electric: 51% (42% in bedroom) reduction in
median kitchen NO2 (3 months)

Filtration: Smaller and less persistent decreases
Ventilation hoods ineffective

Paulin LM et al. Home interventions are effective at decreasing indoor nitrogen dioxide concentrations. Indoor Air 2014; 24: 416-424
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Intervention: Electric heater & gas heater ventilation

N= 199 children with asthma from 18 primary schools with unvented gas heaters

Intervention (8 schools) with electric heaters or vented gas for asthma symptoms, lung function and bronchial
hyperresponsiveness (no unvented gas appliances at home)

Reductions in NO2 (~32 ppb) and asthma symptoms but not lung function or hyperresponsiveness with
intervention

Pilotto LS et al. Randomized controlled trial of unflued gas heater replacement on respiratory health of asthmatic

schoolchildren. International Journal of Epidemiology 2003;33:208-214 2!



Intervention: (Gas stove air cleaning

5-11 yr old children (n = 126) with persistent
asthma living in homes with gas stoves and NO2
>15 ppb

5-week crossover intervention for number of

asthma symptom days:
a (1) NO2 reduction (2) HEPA (PM) filtration

4 ppb NO2 reduction, but no reduction in
symptom days.

Small reduction in symptom days for particle
filtration

Childhood asthma and household exposures to nitrogen dioxide and fine particles: a triple- crossover
randomized intervention trial. Gent JF et al. Journal of Asthma, 2022. 60:4, 744-753.



Controlled NO, exposures (Health Canada, 2016)

Relationship between exposure to and adverse respiratory
effects (lung function; BHR) in asthmatics or COPD subjects,
but exposure—response relationship < 1000 ppb NO, is
unclear

0 Some suggestions of responses to 1 hr exposures of 300 ppb for
those with asthma or COPD, whereas for others no impacts until >

1000 ppb

Health Canada, 2016. Human Health Risk Assessment for Ambient Nitrogen Dioxide.
https://publications.gc.ca/collections/collection_2016/sc-hc/H114-31-2016-eng.pdf



Indoor Chemistry

* Exposure-related changes
in tear-fluid cytology.

* 10% decrease in specific
airway conductance
following exercise
compared with a 2%
decrease in clean air

Effects of nitrous acid exposure on
human mucous membranes. Rasmussen
TR, Brauer M, Kjaergaard S. Am J Respir
Crit Care Med. 1995.

doi: 10.1164/ajrccm.151.5.7735607.



https://pubmed.ncbi.nlm.nih.gov/7735607/

Health Canada NO, (20106)

Causal:

a0 Short-term exposure to ambient NO, at current levels and
Increased asthma-related morbidity (airway inflammation and
AHR, respiratory symptoms, asthma hospitalizations and ERVs).

Likely causal:

o short-term exposure and total/non-accidental, cardiopulmonary,
and to a lesser extent cardiovascular and respiratory mortality

o long-term exposure and development of asthma or allergic-
related disease

Suggestive:
o Short-term exposure and cardiovascular effects.

Health Canada, 2016. Human Health Risk Assessment for Ambient Nitrogen Dioxide.
https://publications.gc.ca/collections/collection_2016/sc-hc/H114-31-2016-eng.pdf



In outdoor air pollution studies, NO, often is used as a marker of a
complex, traffic-related air pollution (TrAP) mixture

Karner et al. (2010) Environ. Sci. Technol. 44, 5334

Traffic influence zones (<500m from highway or
Henderson SB et al. Environmental Science and Technology. 2007; 41 (7):2422 -2428 <1 Oom from major road) 52



Health Canada NO, (20106)

Causal:

a0 Short-term exposure to ambient NO, at current levels and
Increased asthma-related morbidity (airway inflammation and
AHR, respiratory symptoms, asthma hospitalizations and ERVs).

Likely causal:

o short-term exposure and total/non-accidental, cardiopulmonary,
and to a lesser extent cardiovascular and respiratory mortality

o long-term exposure and development of asthma or allergic-
related disease

Suggestive:
o Short-term exposure and cardiovascular effects.

Health Canada, 2016. Human Health Risk Assessment for Ambient Nitrogen Dioxide.
https://publications.gc.ca/collections/collection_2016/sc-hc/H114-31-2016-eng.pdf



Health Canada, 2016.



WHO AQGs ...

Summary of recommended AQG levels and interim targets
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NO, and all-cause mortality.



NO, and COPD mortality

Health Canada, 2016.



NO, and ALRI mortality

Health Canada, 2016.



Health Canada (2016)

* Likely causal:

* long-term exposure and development of asthma or allergic-related
disease

Health Canada, 2016. Human Health Risk Assessment for Ambient Nitrogen Dioxide.
https://publications.gc.ca/collections/collection_2016/sc-hc/H114-31-2016-eng.pdf



NO, and incident asthma

(per 4 Hg/m3’ blrth — 21 yrS) Khreis H, et al. Environ Int. 2017. doi: 10.1016/j.envint.2016.11.012;



Traffic pollution, Asthma Genetics (TAG)

NO, - Asthma, by GSTP1
rs1138272

GSTP1 and TNF Gene variants and associations between air
pollution and incident childhood asthma: the traffic, asthma and
genetics (TAG) study. Maclintyre EA, Brauer M, Melén E, Bauer CP,
Bauer M, Berdel D, Bergstrom A, Brunekreef B, Chan-Yeung M,
Klimper C, Fuertes E, Gehring U, Gref A, Heinrich J, Herbarth O,

Kerkhof M, Koppelman GH, Kozyrskyj AL, Pershagen G, Postma DS,

Thiering E, Tiesler CM, Carlsten C; TAG Study Group. Environ

Health Perspect. 2014 Apr;122(4):418-24. doi: 10.1289/ehp.1307459.
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https://www.ncbi.nlm.nih.gov/pubmed/24465030

Conclusions

(unventilated) Gas stoves

o No new health info! Small increases in respiratory symptoms and
incident childhood asthma (7); unlikely due to NO, (or HONO)

Climate impacts of methane emissions (leakage)
Ventilation (range hoods/open windows) reduces emissions
Lower concentrations with ~modern stoves that do not have continuous pilots

NO, in ambient air
o Short-term exposures and asthma exacerbation

o Long-term exposures: ~relationship (with substantial heterogeneity) with
iIncident childhood asthma

a0 ~NO, very likely a marker for TrAP mixture for other outcomes






