Supplementary material 

The basis for the categorization of the exposure conditions applied in the 10 human exposure studies, in terms of the PM class dominating the exposure, is provided here (Table S1), with additional rationale for why a given study exposure is designated as dominated by inorganic ash, soot, or organic carbon (OC), or a combination of these PM classes. For the American studies, the physicochemical properties of the PM applied is characterized based on information provided regarding stove type and fuel, in combination with available literature regarding how such factors influence wood smoke PM characteristics (see table S1 for details). The studies are ordered based on their combustion conditions and dominating PM classes, starting with smouldering (OC dominated), followed by low temperature flaming combustion (OC/soot dominated) and more complete combustion conditions (soot/inorganic ash). 

The three studies using heating elements [1-3] did not provide any information regarding the physicochemical PM properties of the exposure. The authors do not provide the exact model of the heating element, but it appears that an element without temperature control was applied, most likely resulting in smouldering combustion.  Kim et al. [4] applied a similar smoke generation system, with temperature control, to generate both smouldering and flaming combustion conditions. A detailed chemical analysis of the generated PM suggests that the method provides exposures dominated by OC and to a certain extent inorganic ash. Virtually no elemental carbon was detected. The fraction of inorganic elements and ionic species indicative of alkali salts ranged from about 0.15 to 0.40 for the flaming combustion condition (depending on wood species), but was very low (< 0.03) for smouldering conditions. These data suggest that PM generated using the electric heating element are dominated by OC and possibly inorganic ash, depending applied combustion conditions and wood species. Since the heating element applied in the human exposure studies appeared to be without temperature control, we suggest that human smoke exposures in these studies were dominated by OC [1-3].    





















Table S1: Overview of the data used as a basis for the categorization of the exposure conditions applied in the 12 human exposure studies in terms of the PM class dominating the exposure. The table lists references (only by name and year to avoid confusion with manuscript reference numbers), and then in bold and underlined the dominating PM class, as OC, soot or ash, or a combination of these PM classes. The categorization is based on the data reported in each study or inferred based on provided information and literature. The stove and fuel type applied in each study is listed, as well as the PM characterization data. In addition, data provided in supporting papers to draw a conclusion with regard to the PM composition is listed. 
	Ghio et al. (2012)[1]


	OC dominated
Data provided in publication: 
· Description of heating element and fuel conditions 
· Measured: PM mass, PM number and number size distribution
· No EC/OC/inorganic ash measurements or other description of PM properties

Supplementary information: 
Kim et al 2018 applied a similar smoke generation system, and applied both smoldering and flaming combustion conditions. A detailed chemical analysis of the generated PM suggests that the method provides exposures dominated by OC and to a certain extent inorganic ash. Virtually no elemental carbon was detected. The fraction of inorganic elements and ionic species indicative of alkali salts ranged from about 0.15 to 0.40 for the flaming combustion condition depending on wood species, but was very low for smouldering conditions (< 0.03). These data suggest that PM generated using the electric heating element appear to be dominated by OC and possibly inorganic ash, depending applied combustion conditions and wood species. 

Since smoldering combustion seems to be applied in Ghio et al. [1], OC is likely to be dominating PM types due to application of heating element.  


	Burbank et al. (2019)


	OC dominated
Data provided in publication: 
·  as Ghio et al. [1] 

Since conditions are similar as Ghio et al. [1], OC is likely to be dominating PM types due to application of heating element.  


	Rebuli et al. (2019)


	OC dominated
Data provided in publication:
· Description of heating element and fuel conditions
· Measured: PM mass, PM number and number size distribution, CO, O3, NOx, SO2, total hydrocarbon
· No EC/OC/inorganic ash measurements or other description of PM properties 

Since smoldering combustion seems to be applied in Rebuli et al. [3]., OC is likely to be dominating PM types due to application of heating element (see Ghio et al. [1] for supporting data).  


	Fedak et al. (2019) 
	OC or soot dominated (comparing different stoves)
Five different stoves/atmospheres were compared, one for propane, one for wood chips (gasifier) and three for wood sticks (fan rocket, rocket elbow and three stone fire)  

Data provided in publication:
· Description of heating element and fuel type (no data on wood species or moisture content) 
· Measured: PM2,5 mass, PM number and number size distribution, EC, OC, EC/PM2,5 ratio, NO, NO2, selected total hydrocarbons
· No inorganic ash measurements
· The EC and OC percentages of total carbon (TC) provide information about the dominating PM species for the four wood fired stoves
· Gasifier: OC ~ 22 %, EC ~ 78% → EC dominated
· Fan rocket: OC ~ 32 %, EC ~ 68% → EC dominated
· Rocket elbow: OC ~ 31 %, EC ~ 69% → EC dominated
· Three stone fire: OC ~ 81 %, EC ~ 19% → OC dominated

Based on the provided OC/EC data, soot or OC are likely to be dominating particle types, depending on the stove and fuel type.

	Sehlstedt et al. (2010)


	OC dominated (with soot and inorganic ash); OC/soot
Data provided in publication:
· Pellet stove/ Fuel: pellets/saw dust
· Measured:1,3-butadiene, benzene, PM2,5, PM mass size distribution (aerodynamic diameter, equivalent mobility diameter, OC/EC, major inorganic ions, PHAs)

The authors indicated the fractions of the three PM classes to be 25%EC, 60% OC, 13% alkali salts. Since OC and soot were the two PM classes with highest reported percentages, we classified the exposure as OC/soot dominated. 

	Pope et al. (2011)
	OC dominated (with soot and inorganic ash); OC/soot 
Data provided in publication and supporting paper (Kuprov et al 2011):
· Conventional stove/logs
· Exposure system included UV ageing system, generating ages wood smoke PM
· Measured: PM mass, PM chemistry (refractory elements, anions). EC and OC content, as well as gasses (CO, CO2, NOx, O3) 
· Results: Chemical analysis of elements: sum of refractory elements/total mass fraction ~ 10-12% (indicative of alkali salts/inorganic ash). Elemental carbon 23 +/- 12%, organic matter 68 +/- 12 %. 

Based on provided chemical analysis data OC and soot are likely to be dominating particle types. Since OC and soot were the two PM classes with highest reported percentages, we classified the exposure as OC/soot dominated. 


	Ferguson et al. (2016)

	OC/soot dominated
Data provided in publications:
· Conventional stove/logs
· Description of stove type and fuel conditions. Data for PM2,5, CO, CO2
· No EC/OC/inorganic ash measurements or other description of PM properties

Based on information regarding stove and fuel type, and comparison with Nordic studies using similar stoves and fuel, it appears that elemental carbon and OC are likely to be dominating particle types


	Ferguson et al. (2017)
	

	Peters et al. (2018) 

	

	Barregard et al. (2006) 


	OC/soot dominated
Data provided in publications and supporting publication [12]:
· Conventional stove/logs
· Measurements of PM2,5, CO, PM0,1, PM0,16, particle number concentration, VOCs, PAHS, element mass concentration (indicative of alkali salts), black smoke (BC)
· Results: Chemical analysis of elements: sum of elemental/total mass fraction ~ 5-6% (indicative of alkali salts/inorganic ash). Black smoke 20-50% (indicative of soot)

Based on provided chemical analysis data, soot appears to account for up to 50% of the PM, while inorganic ash seems to have a relatively small contribution to the total PM mass. Thus, OC must also be a dominating PM class.  In conclusion, the provided data suggest that OC and soot are likely to be dominating particle types.


	Barregard et al. (2008)
	

	Danielsen et al. (2008)
	

	Murgia et al. (2016)
	

	Stockfelt et al. (2012)
	OC/soot dominated
Data provided in publications: 
· Conventional stove/logs
· Same setup and combustion conditions as the Barregard/Sällsten study, but different campaign. 

Since similar combustion conditions were applied as in the Barregard/Sällsten study OC and soot are likely to be dominating particle types.
 

	Stockfelt at al. (2013)
	

	Riddervold et al. (2011)

Riddervold et al. (2012)

	Soot/inorganic ash dominated
Data provided in publications: 
· Applied 2-stage stove (more complete combustion conditions than conventional wood stove)   
· Measured: TSP, PM2.5, PM10, particle number distribution, and in supporting paper also levels of levoglucosan and a selection of 8 PAHs
· In Riddervold et al. 2011 a bimodal size distribution is reported. The count mean diameter of the first peak is located at about Dp = 50–60 nm and can probably be allocated to soot particles while the second peak is located at about Dp = 140–160 nm and is most likely composed of a combination of organic matter and inorganic salts. The authors suggest that smaller particles may be composed to a larger extent by alkali salts and the larger ones by black carbon. As organic matter in this combustion process enters the particle phase by condensation, it might be distributed over the full-size range with varying mass ratios.
· No mass fraction indicated, but supporting paper [15] suggests that the PM is most likely a combination of alkali salts (inorganic ash), black carbon (soot) and organic matter (OC)

Since the stove is a two-stage stove, providing more complete combustion conditions, and the authors suggest two peaks in size distribution dominated by either soot or inorganic ash, soot and inorganic ash are likely to be dominating PM types. 


	Forchammer et al. (2012)
	

	Bønløkke et al. (2014)
	

	Unosson et al. (2013)

	Soot/inorganic ash dominated 
Data provided in publications and supporting papers [23]  
· Conventional stove/logs
· Measured: PM mass, total particle number, number size distribution, TC, EC, PAHs. 
· Interpretation of relevance of PM exposure conditions in supporting paper: The emissions from Swedish wood stoves, comparing a Swedish field study, are covered fairly well with the applied methodology, but other field studies report considerably higher emissions especially for diluted particle sampling.

The author indicated the fractions of the three PM classes to be 38% soot, 24% OC, 38% inorganic ash.


	Muala et al. (2015)
	

	Hunter et al. (2014)
	Soot/inorganic ash dominated 
Data provided in publication: 
· Same stove/similar combustion conditions as Unosson et al 2013, i.e. described in Pettersson et al 2011

The author indicated the fractions of the three PM classes to be 38% soot, 24% OC 38% inorganic ash.
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