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Abstract. Black carbon (BC, soot, elemental carbon) is a component of airborne 
particulate matter, which has been linked with negative effects on respiratory and 
cardiovascular systems. BC is considered an indicator of combustion related compo-
nent of particulate matter, which can be emitted from both outdoor and indoor 
sources. Pollution control measures focus mainly on outdoor concentrations, whereas 
control of indoor levels seem to be neglected despite the fact that we spend on aver-
age 90% of our time in indoor environments. The aim of this study was to assess the 
differences in BC concentrations inside and outside occupied residences during week-
long real time measurements in ten residences.  

 
BC concentrations were measured simultaneously indoors and outside of ten occu-

pied residences using two microAeth® AE51 (AethLabs, USA) instruments. Contin-
ues measurements inside and outside lasted at least seven consecutive days in each 
residence. Comparisons of BC concentrations were conducted for the times when 
occupants were present at home and when there was no one in the residence.   

 
Average concentrations of BC during occupancy time were comparable between 

indoors and outdoors. However, a significant contribution of indoor sources to meas-
ured BC was observed. High concentrations of BC indoors were due to cooking and 
candle burning. Concentrations of BC during non-occupancy time were higher out-
doors than indoors as expected, as there were no indoor activities which may have 
contributed to observed levels indoors. Obtained results indicate that in order to min-
imize exposure of occupants to BC concentrations, efficient control measures of in-
door emissions might be as important as prevention of outdoor pollution infiltration to 
indoor environments.  
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1 Introduction 

Epidemiological studies confirm association of negative health effects with exposure 
to black carbon (United Nations, 2012). BC is also of concern as a carrier of chemi-
cals to human lungs due to large surface area and adsorption proprieties. BC is emit-
ted from variety of combustion sources that originate from both outdoors (e.g. diesel 
exhaust) and indoors (e.g. candles burning, cooking) (Isaxon, et al 2015). Pollution 
control measures focus mainly on outdoor concentrations whereas control of indoor 
levels seem to be neglected despite the fact that we spend on average 90% of our time 
in indoor environments. The aim of this study was to assess the differences in BC 
concentrations inside and outside occupied residences during weeklong real time 
measurements in ten residences.  

2 Methodology 

BC concentrations were measured simultaneously indoors and outside of ten occupied 
residences using two microAeth® AE51 (AethLabs, USA) instruments. Continues 
measurements inside and outside lasted at least seven consecutive days in each resi-
dence. MicroAeth® AE51 enables real-time measurements of BC with 1 min resolu-
tion. MicroAeth® measures the transmission of infrared (IR) light (880 nm) through 
the aerosol sample collected on a filter. The accumulation of particles on the filter 
over time increases the absorbance, which is calculated relative to a reference cell. 
The attenuation IR is then transferred to mass concentration of black carbon (Cheng 
and Lin, 2013). The Optimized Noise reduction Averaging (ONA) algorithm has been 
used to post-process the data (Hagler et al., 2011).  

Preliminary results from ten residences are presented here. Residences comprised 
three detached single family houses with natural ventilation, one apartment with natu-
ral ventilation and six mechanically ventilated apartments. All residences were situat-
ed in urban areas in southern Sweden. Air exchange rates were assessed and varied 
between 0.4 – 0.6 h-1 in naturally ventilated residences and 0.8 - 1.6 h-1 in residences 
with mechanical ventilation. 

 
Occupants kept logbooks recording their presence in the residences. Data analysis 

was performed for occupancy time, when at least one person was present in the resi-
dence and non-occupancy when no one was present in the residence. Occupants were 
asked to maintain their typical indoor activities including food preparation and candle 
burning. Occupants kept also logbook with performed activities that are prone in-
crease the level of BC indoors. Specific instructions were given as well as logbooks 
with listed activities of interest. 

 



3 

3 Results 

 
Indoor to outdoor (I/O) ratios were used to compare differences in concentrations 

of BC in occupied residences. I/O ratios were calculated on the basis of average con-
centrations for occupancy and non-occupancy time. The occupancy time concentra-
tions are the most relevant for the exposure assessment, while the non-occupancy 
concentrations indicate infiltration of outdoor BC to indoors. The average occupancy 
time for the weeklong measurements was 86%, ranging from 72 - 98%. The average 
occupancy time I/O ratios of BC concentrations for studied residences ranged from 
0.7 to 2.4 (average 1.1). I/O ratios greater than 1 prove that the contribution of indoor 
sources to BC concentrations indoors was greater than infiltration from outdoors. 
Non-occupancy time I/O ration ranged from 0.3 to 0.9 (average 0.6). Lower I/O ratios 
during non-occupancy were expected, since there are no occupants indoors and no 
indoor activities that may generate BC indoors  

The highest maximum concentrations of BC were reached indoors accounting to 
775 Pg/m3, while maximum concentrations measured outdoors reached 6 Pg/m3. High 
concentrations of BC indoors were identified to originate from cooking and candle 
burning.  

In Figure 1 an example of measured concentrations inside and outside of a resi-
dence A is presented. In residence A, on average BC concentrations inside were high-
er than outside, I/O ratio was 2.4. Distinct peaks that were identified on the basis of 
logged occupants’ activities illustrate a strong influence of indoor sources such as 
cooking, frying, using the microwave and candle burning. During operation of these 
indoor sources concentration of BC inside were higher than outdoors.  

 

 
Fig. 1. Black carbon concentrations measured inside (black colour) and outside (grey colour) an 
occupied residence A. Concentrations inside higher than outside, strong influence of indoor 
sources is visible. I/O ratio 2.4 
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In Figure 2 an example of measurements of BC inside and outside of a residence B, 
where I/O ratio was 0.7, is given. On average the concentrations outside were higher 
than indoors, thus the influence of indoor sources was not as pronounced as in resi-
dence A. However still two very high peaks due to candle burning and frying could be 
observed. On 27th and 28th of January, it can be seen that the increase in outdoor BC 
concentrations is followed by increase in indoor concentrations due to infiltration 
from outdoors. Concentrations indoors on these days are lower than outside due to 
losses upon particle penetration through building envelope and ventilation system. 

 
 

 
 

Fig. 2. Black carbon concentrations measured inside (black colour) and outside (grey colour) of 
an occupied residence B. On average concentrations outside were higher than inside, high 
peaks inside (higher than outdoor concentrations) due to candle burning and frying. I/O ratio 
0.7. 

 

4 Conclusions 

 
In general, average concentrations of BC during occupancy time were comparable 

between indoors and outdoors, about 0.5 Pg/m3. However, observed BC concentra-
tions indoors during occupancy time do not originate only from outdoors. During 
occupancy time both higher I/O ratios and very high peaks during cooking and candle 
burning (reaching 775�Pg/m3) prove a significant contribution of indoor sources to 
measured BC indoors. The influence of indoor sources to BC concentrations indoors 
have been neglected in the past and the control measures (if any) are focused on pre-
vention of infiltration of outdoor pollution to indoor environments. However, the 
results of this study indicate that in order to minimize exposure of occupants to BC 
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concentrations, efficient control measures of indoor emissions might be as important 
as prevention of outdoor pollution infiltration to indoor environments.  
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