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Key Points
• The main sources of NO2 in California non-smoking homes are outdoor air and gas cooking burners.

• Other gas appliances are vented to release their combustion products directly to outdoors. 

• “Vent-free” gas heaters and hearth products are not legal for sale in California.

• Using gas burners to cook a single meal without also using a venting range hood can result in NO2
concentrations above health-based thresholds for 1-h exposures; and cooking multiple meals in a 
day can result in NO2 above the Canadian residential IAQ guideline level of 10.5 ppb.

• The likelihood of exceeding a threshold increases with amount of cooking and in smaller homes.

• Effective use of a venting range hood greatly reduces the likelihood of exceeding 1h or 24h health-
based NO2 guideline levels even when gas burners are used to cook multiple meals in a day.
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Presenter Notes
Presentation Notes
Note that I am not going to talk about hazards associated with cooking emissions. Very large and complex subject. Large body of literature on pollutant emissions. Varies by cooking activity, specific method, oil used, etc. 



NO2 in Outdoor Air
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Ambient NO2 is spatially heterogeneous
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Lee et al. Neighborhood-scale ambient NO2 concentrations using TROPOMI NO2 data: Applications for spatially 
comprehensive exposure assessment. Science of the Total Environment Volume 857, Part 3, 20 January 2023, 159342

https://www.sciencedirect.com/journal/science-of-the-total-environment/vol/857/part/P3


NO2 highest outside of apartments

6

Fig. 5. Ambient average estimated NO2 concentrations by parcel-level property types. The mean and standard error (SE) are 
shown. Only property types including at least 100 properties are displayed. It is noted that the y-axis starts from 4 ppb for a 
display purpose. The red dashed line represents the overall mean of NO2 across all property types (12.8 ppb).

Lee et al. Sci. Total Environ. (2023)



NO2 Emissions from Burners
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Air pollutants are emitted from burners and cooking

CO2 & H2O

NO, NO2, HONO,
Formaldehyde

Ultrafine particles

Sometimes CO

Ultrafine particles PM2.5 , Ultrafine particles
Formaldehyde, Acrolein, PAH, etc.
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Outdoors

Electric

NG & LP: Bedroom

NG & LP: Kitchen

Spengler reported 1-wk average NO2 in 
137 homes in Portage WI in 1980-1981

Gas homes in fall/winter
• Kitchens ~40 ppb
• Bedrooms ~21 ppb
• Outdoors ~7 ppb

Homes with electric burners had 
lower NO2 than outdoors!

NO2 from gas cooking has been 
known for many years

1983

Presenter Notes
Presentation Notes
Lots of research from late 1970s through early 1990s, including with support of gas industry.



Gas cooking creates the highest acute exposures and 
contributes to chronic exposures
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Zhou et al. “Time-Resolved Measurements 
of Nitric Oxide, Nitrogen Dioxide, and 
Nitrous Acid in an Occupied New York 
Home.” ES&T, 52, 15, 8355–64, 
https://doi.org/10.1021/acs.est.8b01792.



Homes with gas cooking still have higher NO2
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All 
Electric

All Gas 
Vented

Gas 
Cooking

Gas Vented   
& Cooking

• Data from 2011-2013
• Mailed samplers to 352 

California homes with no 
smoking

• Focused on homes with:
• Confirmed cooking
• Smaller volume
• Wall or floor furnaces

• 1-week of sampling
• Mullen et al. (2016)

Indoor-attributed NO2
*

in Bedroom (ppb)



More gas burner use leads to more NO2
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• Mullen et al. (2016)
• Cooking time based 

on activity log

Elec. 
<4 h  

Elec. 
4-8 h

Elec. 
>8 h  

Gas 
<4 h  

Gas 
4-8 h 

Gas 
>8 h
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* 
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% of homes 
above  acute 
standard –
No RH use

Estimated # of 
CA homes 
affected

CO 7-8% 1.7M

NO2 55-70% 12M

Logue et al., 2014, Environ. Health Perspectives.

Population-based simulations indicate that acute thresholds 
may be commonly exceeded in homes using gas burners

• Physics based simulations of 6634 SoCal 
homes from 2003 RASS

• Self-reported cooking frequencies by meal

• Cooking durations from web-based survey

• Emissions measured from 10 used ranges

• Winter week including NO2 from outdoors

• Compare to acute ambient AQ standards

• NO2: 100 ppb for 1 h

• CO: 20 ppm for 1 h                                
9 ppm for  8h

Notes: 
Cooktop CO emissions lower with modern burner designs with 
higher grills, better air supply. Ovens likely still susceptible to higher 
CO as spreader plates degrade.
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Similar NO2 emission rates reported in recent study of 
32 cooktops and 24 ovens (Lebel et al., 2022)



Singer et al., 2017, Building Environment14

In-home measurements to verify model results…
Use burners to heat water: no cooking
- Cooktop, oven, broiler use
Measure CO, NO2, NOX, Particles >6 nm in 
kitchen and bedroom areas of 9 homes



Measurements in homes support simulation results for acute 
concentrations
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Burner use for a modest meal
Example: 1400 sf house with continuous 
ventilation of 0.5 ach by ERV

• NO2 in kitchen exceeds ambient AQ 
threshold value

Kitchen NO2 exceed 100 ppb over 1h 
in 6 of 9 homes studied.

Singer et al., 2017, Building Environment



NOX emissions increase with fuel use
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Lebel et al. “Methane and NOx Emissions from Natural Gas Stoves, Cooktops, and Ovens in 
Residential Homes” ES&T 2022, 56, 4, 2529–2539

Measured emissions for 32 cooktops and 24 ovens as found in homes



Controls

Removal of gas cooking address combustion pollutants but not cooking pollutants. 
Kitchen ventilation addresses both.
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Kitchen ventilation options
Ceiling exhaust fan Wall exhaust fan

Window

Venting range 
hood

Downdraft exhaust

Vented “OTR” 
microwave 

Presenter Notes
Presentation Notes
Those of you listening closely may have heard me say the key words “without exhaust ventilation”. It turns out that there is a relatively simple way to deal with the pollutants that are generated by cooking burners and cooking: remove them from the kitchen through exhaust ventilation.  And that has been a major focus of my research in recent years: trying to understand the best, most energy efficient ways to provide effective ventilation in kitchens - and residences in general - to maintain good indoor air quality for healthy homes.



How do we know if range hoods are effective?

100%

Capture efficiency (CE):

CE=91%

CE=7.5%

Fraction of pollutants released at cooktop or oven 
that are removed before mixing into home

Calculated by CO2 from gas burners or tracer release
(Different approach needed for particles)
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Delp and Singer, 2012

70-95% at 200 cfm
60% at 100 cfm

25-80% at 200 cfm 
30% at 100 cfmCa
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Capture increases with airflow.
Much better for back burners!

Capture eff. for combustion 
pollutants, lab testing

For front burners, range hood 
at 100 cfm captures ~30%  

7 off-the-shelf hoods (2012 cost)
L1: Low-cost $40
B1: Basic, quiet $150
A1: 62.2-compliant, $250
E1: Energy Star, $300
E2: Energy Star, $350
M1: Microwave, $350
P1: Performance, $650



Testing of range hoods in 9-home study…

H1: 134 m2

H2: 124 m2

H5: 108 m2

H6: 119 m2

H8: 219 m2

H9: 139 m2

Singer et al., 2017, Building Environment21

Best covers 
front burners, 
highest airflows

Note 
adjacent 
wall



Singer et al., 2017, Building Environment22

Range hood use 
provided varied levels 
of exposure reduction 
to combustion 
pollutants

Results for 
kitchen 
measurements



Challenges
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How frequently do you use range hood with cooktop?
Web-based survey of 2400 mostly SoCal homes built 2003-2010

Chan et al. 201924

More reported 
use of venting 
range hoods



25 Zhao et al, IJERPH, 2020

Actual Range Hood Use in California 
Houses and Low-Income Apartments

Longer cooking event -> 
range hood use more likely

Most homes used a hood for 
fewer than half of events.

https://doi.org/10.3390/ijerph17238870


Why do you not use your range hood?
Web-based survey of 2400 mostly SoCal homes built 2003-2010

Chan et al. 201926



Kitchen Ventilation Summary
• Venting range hoods can effectively capture cooking and burner pollutants.

• Capture efficiency varies by airflow, front vs. back burners, and form factor.

• Capture for cooking particles can be lower than for combustion gases.

• Over the range microwaves perform similarly to common range hoods.

• Many installed range hoods perform worse than rated.

• Range hoods not used routinely and much less than people claim.

• Need more studies of effectiveness for exposure reduction and health 
improvements when used as an intervention.
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In general, how often do you use your ventilation 
device during cooking?
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Nationally representative survey of 4500 Canadian households

Sun and Singer. “Cooking Methods and Kitchen Ventilation Availability, Usage, Perceived Performance and Potential in 
Canadian Homes.” JESEE, Apr. 2023, https://doi.org/10.1038/s41370-023-00543-z.



How often is your ventilation device turned on while…?

31 *Based on nationally representative sample of 4500 Canadian households (Sun & Singer 2023)



People say they use range hoods more when they work*

32 *Based on nationally representative sample of 4500 Canadian households (Sun & Singer, 2023)



Simple Range Hood Guidance
Builder / Contractor

• Low-resistance ducting
• Quiet at 150–200 cfm
• 250 cfm available

User

• Use it, especially for frying & ovens 
• Cook on back burner
• Higher settings as needed
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Roofer

• Don’t drop debris down the vent

Materials (287 g) extracted from RH vent. 
Photo & arrangement: M. Lunden



Goal
Venting range hood in all homes, 
required by code
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Above the stove venting not required in 
most building codes, absent from many 
homes; renters especially vulnerable 

Effective for front burners
Quiet at 200+ cfm
Automatic

Use with frying, bake, broil, meals; 
Cook on back burners

Effectiveness confirmed with home 
IAQ monitors

Reality

Large & quiet both exist; rarely together.
Quiet @150-200 cfm and >250 cfm $250+
Auto hood coming to market

Variable use; as need is perceived
Most cook on front; use less with oven

$200 monitor not accessible to 
many



Do people actually use their range hoods as 
frequently as they claim?
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Zhao et al,
IJERPH, 2020

1 week each in 54 houses, 17 apts
All had mechanical ventilation & vented range hoods
Monitored cooking & range hood + activity log

Houses: 
more cooking at dinner

Apts:  throughout day

https://doi.org/10.3390/ijerph17238870


“Over-the-range” microwave range hoods

Recirc / non-ventCan be installed as 
venting or recirculating. 
Shipped to recirc. Need to 
turn fan to vent.

Historically not rated for 
62.2 and CA code 
compliance; now many 
certified models.

Venting

Presenter Notes
Presentation Notes
In addition to the points noted on the slide, note that the picture shows have airflow works in each mode. When venting, air is sucked in through both top and bottom. Top inlet helps with capture of pollutants not pulled into the bottom. 



Extra Slides
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Airflows 
measured in 
California homes 
much lower than 
certification test 
results. 

Data from Chan (2020) 
and Zhao (2019)

Why?
Consistent with static 
pressure as installed in 
homes being much 
higher than test 
conditions.  



Guidance and Resources

38
http://homeenergy.org/show/article/nav/ventilation/id/2027

http://rocis.org/kitchen-range-hoods

HVI Product Directory

Certified Airflow & Sound Ratings

AHAM Product Directory

Detailed Guidance & Webinar

http://rocis.org/kitchen-range-hoods
https://www.hvi.org/hvi-certified-products-directory/
https://www.hvi.org/hvi-certified-products-directory/
https://www.aham.org/AHAM/What_We_Do/Kitchen_Range_Hood_Certification
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132 homes in Halifax and Edmonton (Canada)
55% vented, 22% unvented, 18% none, 5% unknown
Cooking by daily log; Monitored range hood, windows
2.4 cooking events per day, GM: 17 min
22% of PM from cooking

Residential cooking and use of kitchen ventilation: 
The impact on exposure

Sun and Wallace,
J&AWMA, 2021

https://doi.org/10.1080/10962247.2020.1823525
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