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Modelling indoor NO2 exposures to enable health
impact assessment of gas cooking emissions

Background/Objective
Gas cooking emits NO2, a gas contributing to poor indoor air pollution, and leading to indoor concentrations
often exceeding outdoor levels and air quality guidelines. Electric hobs, on the contrary, do not involve com-
bustion and thus do not contribute to increasing indoor NO2 levels. Gas cooking was prevalent in 33% of
European households in 2022, although usage varies considerably by country (0-74%), and it is declining (1).
Health risks associated with gas cooking include increased risk of pneumonia and COPD in both children and
adults, and potential links to asthma and other respiratory symptoms (2). Likewise, NO2 exposure is also asso-
ciated with increased mortality, lung cancer risk, hospital admissions for respiratory issues, and exacerbated
asthma in children (3). Given the widespread use of gas cooking and the associated health risks related to
NO2 exposure indoors, it is crucial to assess its overall health impact. In order to perform such health impact
assessment, knowledge of the concentrations of NO2 concentrations inside households that use gas cooking
is required. Likewise, information on the distribution of NO2 concentrations in households that cook with
appliances that do not emit NO2, like electric hobs, is also required. This study aims at estimating the NO2
concentrations indoors in European households that cook with gas and electric appliances that will allow to
conduct a health impact assessment associated with NO2 exposure during cooking with gas hobs.

Methods
Concentrations of NO2 indoors in households that use gas and electric cooking appliances were estimated
by combining indoor-to-outdoor (I/O) NO2 ratios with ambient NO2 modelled concentrations available at the
European Environment Agency (EEA) (4). Concentrations were estimated at small regional unit area (i.e. at
NUTS- 3 level). In order to calculate the I/O NO2 ratios in households that use gas and electric cooking appli-
ances, information on indoor NO2 concentrations reported in a recent and comprehensive study conducted in
7 European countries (5) were divided by the ambient NO2 EEA modelled concentrations at each geolocation.
The individual I/O NO2 according to cooking appliance were aggregated for each of the four clusters (Eastern
Europe, Southern Europe, North-Western Europe and United Kingdom, UK) that the countries are classified
onto according to the literature (6).
Indoor NO2 levels for hypothetical households using gas or electric cooking were estimated combining mean
ambient NO2 concentrations at each NUTS- 3 level, derived from the EEA’s 2021 maps for each European
location, with the relevant indoor-to-outdoor NO2 concentration ratios derived to each country cluster.

Results
Spatial distribution of NO2 concentrations according to cooking fuel type in every small regional unit area
(i.e. at NUTS- 3 level) for all countries in the EU and the UK were calculated. A clear difference emerges
between estimated average concentrations within homes according to cooking methods. Homes using gas
appliances have higher estimated indoor NO2 levels than the concentrations modelled outdoors by the EEA.
On the contrary, homes using electric appliances have lower estimated indoor NO2 levels than outdoors.
Furthermore, indoor NO2 concentrations in homes using gas cooking exceed theWorld Health Organization’s
(WHO) recommended annual limit of 10 μg/m3 guideline in 14 countries. No such exceedances of the WHO
guideline were estimated in homes using electric cooking.

Conclusion
This study has estimated indoor NO2 concentrations according to cooking fuel type in every small regional
unit area for all countries in the EU and the UK.The current modelled indoor NO2 concentrations can be used
to estimate the health impacts and economic costs across the EU and UK associated with mortality and asthma
related with exposures to NO2 emitted from gas cookers in Europe.



Keywords
NO2, gas cooking, indoor air quality

References
1. Eurostat, Share of fuels in the final energy consumption in the residential sector for cooking, 2021. In 2021.
2. Li, W.; Long, C.; Fan, T.; Anneser, E.; Chien, J.; Goodman, J. E., Gas cooking and respiratory outcomes in
children: A systematic review. Glob Epidemiol 2023, 5, 100107.
3. Atkinson, R. W.; Butland, B. K.; Anderson, H. R.; Maynard, R. L., Long-term Concentrations of Nitrogen
Dioxide and Mortality: A Meta-analysis of Cohort Studies. Epidemiology 2018, 29, (4), 460-472.
4. EEA, NO2, European air quality data, (interpolated data). In Published 20 Aug 2023. Last modified 02 Feb
2024 ed.; European Environment Agency: 2024.
5. Jacobs, P.; Moretti, D.; Beelen, A.; Cornelissen, E.; Topal, E.; Viklbrief, O.; Hoes, L. Health effects in EU from
cooking on gas - Phase II Field Study; 2023.
6. Gregor, M.; Löhnertz, M.; Schröder, C.; Aksoy, E.; Fons, J.; Garzillo, C.; Wildman, A.; Kuhn, S.; Prokop, G.;
Cugny-Seguin, M. ETC/ULS Report 03/2018: Similarities and diversity of European cities. A typology tool to
support urban sustainability; 2018.

Primary authors: DELGADO-SABORIT, Juana Maria (Universitat Jaume I); Dr CARTANYÀ HUESO, Àurea
(IDIAP Jordi Gol); Dr CARRASCO, Paula (Universitat Jaume I); Dr ESPLUGUES, Ana (Universitat de Valencia); Dr
ESTARLICH, Marisa (Universitat de Valencia); Prof. BALLESTER, Ferran (Universitat de Valencia)

Presenter: DELGADO-SABORIT, Juana Maria (Universitat Jaume I)


