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H I G H L I G H T S  

• The sources influencing air quality in detached house area in the Helsinki metropolitan area were characterized. 
• Special attention was paid on the parameters that can be utilized to estimate the main particle sources and to assess their impact on air quality. 
• Elevated PM1 concentration was attributed especially to the LRT and local wood burning in fireplaces.  
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A B S T R A C T   

Particulate matter (PM) is emitted from various anthropogenic sources in urban areas affecting the local air 
quality. The aim of this study was to characterize the sources influencing air quality in detached house area in the 
Helsinki metropolitan area in Finland, and secondly, to explore the additional value of new particle physical 
properties to assess the impact of residential combustion on air quality. Measurements were conducted in an 
urban detached housing area between January and April 2019. Measured particle physical properties were 
particle number (PN), particle mass (PM1) and lung deposited surface area (LDSA) concentrations and number 
size distributions. In addition, particle chemical composition was measured using a soot particle aerosol mass 
spectrometer (SP-AMS; organic compounds, inorganic ions) and an aethalometer (black carbon (BC)). Concen
trations of selected monosaccharide anhydrides and polycyclic aromatic hydrocarbons were analysed from the 
PM10 filter samples. The sources and characteristics of organic aerosol was investigated by applying positive 
matrix factorization to the mass spectra measured with the SP-AMS. Based on the variations in the measured 
particle physical parameters, chemical species and meteorology, the measurement period was divided into three 
sub periods dominated by urban background, wood burning and long-range transport (LRT) aerosols. Highest 
pollutant concentrations were measured during the wood burning and LRT periods. Wood burning increased the 
concentrations of all measured species, but the differences were most significant to levoglucosan, benzo(a) 
pyrene, BC and PM1 that had 12, 10, 6.4 and 3.6 times larger mean concentrations during the wood burning 
period compared to the urban background period, respectively. LRT affected significantly levoglucosan, PM1 and 
BC concentrations, since LRT pollutants partly originated from open biomass fires in Eastern Europe. The impact 
of local wood burning and LRT was quite small to particle number concentrations, whereas LDSA concentrations 
and size distributions were affected by traffic, wood combustion emissions and LRT. BC concentration correlated 
with the LDSA concentration during all periods suggesting a common origin. Particle number concentration was 
a good indicator of local combustion, especially traffic emissions, while the PM1 mass concentration together 
with secondary particle material was a good measure for the LRT pollutants. Benzo(a)pyrene was found to be a 
good indicator of local wood burning, but it was not detected in LRT biomass combustion particles.   
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another paper (Saarikoski et al., 2021), and therefore, the PMF analysis 
is described here only shortly. Before the PMF analyses, the data was 
averaged to 10 min. The number of factors was investigated from two to 
eight of which the solution with five factors described the characteristics 
and variation of organic matter most realistically. The factors were 
identified as hydrocarbon-like organic aerosol (HOA), biomass burning 
OA (BBOA), semi-volatile oxygenated OA (SV-OOA), low-volatility 
oxygenated OA (LV-OOA) and LV-OOA from the long-range transport 
(LV-OOA-LRT). HOA showed a classic hydrocarbon pattern of engine 
emissions with the largest signals for C3H5

+, C3H7
+, C4H7

+, C4H9
+, 

C5H9
+ and C5H11

+ at mass to charge ratio (m/z) of 41, 43, 55, 57, 69 and 
71 (Canagaratna et al., 2004), respectively, and had a high hydrogen to 
carbon ratio (H:C) and low oxygen to carbon ratio (O:C). HOA also 
correlated strongly with NO (square of Pearson correlation coefficients 
(R2) = 85) and NOx (R2 = 0.88) indicating that it originated mostly from 
vehicle emissions. The mass spectra of BBOA displayed signal for 
C2H4O2

+ and C3H5O2
+ at m/z 60 and 73, respectively, that are typical 

fragments for biomass burning emissions (Alfarra et al., 2007). The time 
trend of BBOA was compared to that of monosaccharide anhydrides 
(MAs: levoglucosan, mannosan and galactosan) analysed from the 24-h 
PM10 filter samples. R2 between BBOA and levoglucosan, mannosan and 
galactosan were 0.95, 0.92 and 0.84, respectively. Also chloride had the 
strongest correlation with BBOA (R2 = 0.40). 

LV-OOA had the highest signal for CO2
+ and CO + at m/z 44 and 28, 

respectively, and was highly oxygenated with a large O:C, while SV-OOA 
was less oxidized showing the largest signal for C2H3O+ at m/z 43. 
Inorganic species measured by the SP-AMS, sulphate, nitrate and 
ammonium, correlated strongest with LV-OOA (R2 = 0.40, 0.32 and 
0.45, respectively). LV-OOA-LRT had very similar mass spectra to LV- 
OOA but their time-series and diurnal trends were different. LV-OOA- 
LRT was observed mostly at the end of the measurement period in 
April when a strong LRT episode with an elevated PM1 concentration 
was detected at the site. Based on the NAAPS model results and calcu
lated air mass back trajectories, smoke aerosol arrived in Helsinki from 
open fires in Eastern Europe. LRT episode will be studied in detail in 
Section 3.2.3. For the validation purposes, the PMF solution of five 
factors was examined for the rotational freedom by varying fpeak and 
for accuracy with bootstrapping tests and multiple seeds. 

2.3. Aethalometer 

A dual-spot aethalometer (AE33, Magee Scientific, Slovenia, (Magee 
Scientific, 2016)) was used to measure aerosol light absorption and 
corresponding black carbon mass concentration at seven different 
wavelengths between 370 and 950 nm (Hansen et al., 1984; Drinovec 
et al., 2015). The flow rate of the aethalometer was 5 l min− 1. The filter 
tape used was a PTFE-coated glass fibre filter (no. M8020). The cut-off 
size of the sample was 1 μm, and it was achieved using a sharp cut 
cyclone (Model SCC1.197, BGI Inc., Butler, NJ, USA) in the inlet. The 
multiple scattering enhancement factor C of 1.57 was utilized (Drinovec 
et al., 2015), and the default the mass absorption coefficient (MAC) 
values were used. The concentrations of fossil fuel (BCff) and wood 
burning (BCwb) related BC were calculated using Sandradewi et al. 
(2008) model with the Angstrom exponent values of 0.9 for fossil fuel 
and 1.68 for wood burning (Zotter et al., 2017). 

2.4. Other particle and gas instrumentation 

Particle size distributions in mobility size range of 15–685 nm were 
measured with a Scanning Mobility Particle Sizer (SMPS) consisting of a 
differential mobility analyser (DMA; model 3080, TSI Inc., USA) and a 
condensation particle counter (CPC; model 3775, TSI Inc., USA). Particle 
mass concentration was measured with a GRIMM Aerosol Spectrometer 
(model 1.108, 15 channels, 0.23–20 μm). In the further discussion, the 
PM1 concentration is obtained from the GRIMM Aerosol Spectrometer. 
Particle number concentration (PN, particles larger than 5 nm) was 

measured using a CPC A20 (Airmodus). Concentration of lung deposited 
surface area of particles (LDSA) was measured using an AQ™ Urban 
instrument (10–400 nm size range, Pegasor). Additionally, the size 
distribution of LDSA was calculated from the SMPS data by weighing the 
number size distribution with the particle size-specific deposition frac
tion and then calculating the total surface area of particles accordingly. 
Particle size-specific deposition fractions are presented in a report 
published by the International Commission on Radiological Protection 
(ICRP, 1994). 

NO, NOx and NO2 were measured with a minute time-resolution with 
a Horiba APNA 370. Wind speed and direction were measured with 
WMT 703 (Vaisala) and temperature and RH were measured with HMP 
155 (Vaisala) at the Pasila meteorological station, 4 km south of the 
Pirkkola site. Furthermore, PM2.5 results (FH 62 I-R; ESM Andersen In
struments, GmbH, Germany) from the regional background site (Luukki) 
were utilized to characterize the contributions of LRT particle concen
trations. All the particle, gas and meteorological data were averaged for 
hourly results. 

Back trajectories of air masses arriving in the measurement site were 
calculated using the NOOA HYSPLIT model (Stein et al., 2015; Rolph 
et al., 2017). The 96-h back trajectories were calculated for every hour 
for 200 m above sea level. The data analysis was made using the R 
software (R Core Team, 2020) and R package openair (Carslaw and 
Ropkins, 2012). The Navy Aerosol Analysis and Prediction System 
(NAAPS) model results were used to determine the distribution of LRT 
smoke aerosols from open biomass burning (http://www.nrlmry.navy. 
mil/aerosol/; the Naval Research Laboratory, Monterey, CA, USA). 

2.5. PM10 filtersampling and analyses 

A total of 89 24-h PM10 filter samples were collected at the mea
surement site during the 3-month long campaign. The concentration of 
monosaccharide anhydrides (levoglucosan, mannosan and galactosan) 
were analysed from the PM10 samples using a high-performance anion- 
exchange chromatography-mass spectrometry (HPAEC-MS). The 
HPAEC-MS system consists of a Dionex ICS-3000 ion chromatograph 
coupled with a quadrupole mass spectrometer (Dionex MSQ). The 
HPAEC–MS system had 2 mm CarboPac PA10 guard and analytical 
columns (Dionex) and potassium hydroxide (KOH) eluent. The used 
ionization technique was electrospray ionization. The analytical method 
is similar to that described in Saarnio et al., 2010a,b, except that the 
used internal standard was methyl-β-D-arabinopyranoside. Half of the 
47 mm filters were extracted into 10 mL of MQ water with internal 
standard concentration of 100 ng mL− 1, and the HPAEC-MS was utilized 
for the determination of MAs at m/z 161. The uncertainty of the analyses 
was typically 10–15% and even larger (25%) when the analysed con
centration was low. 

The concentrations of 6 PAHs (benzo(a)anthracene, benzo(b)fluo
ranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd) 
pyrene, dibenz(a,h)anthracene) were analysed from the PM10 samples 
using a gas chromatograph-mass spectrometer (GC-MSMS, Agilent 
7890A and 7010 GC/MS Triple Quadrupole). For the analysis, the 
samples were usually pooled together as monthly samples, ultrasonic 
extracted with toluene, dried with sodium sulphate and concentrated to 
1 mL. For chromatographic separation, the HP-5MS UI column 
(30mx0.25 mm i.d., film thickness 0.25 μm) and 2m pre-column (same 
phase as analytical column) were used. Helium (99.9996%) was used as 
a carrier gas with a flow of 1 mL min− 1. The temperature program 
started at 60 ◦C with a 1 min hold, followed by an increase of 40 ◦C 
min− 1 to 170 ◦C, and 10 ◦C min− 1 to 310 ◦C with a hold of 3 min. 
Deuterated PAH compounds (Naphthalene-d8, Acenaphthene-d10, 
Phenanthrene-d10, Chrysene-d12, Perylene-d12, PAH-Mix 31D, Dr. 
Ehrenstorfer) were used as internal standards and were added to an 
extraction solvent before extraction. External standards (PAH Mix-137, 
Polynuclear aromatic hydrocarbons Mix, Dr. Ehrenstorfer) with five 
different concentration levels were used. In the analysis of BaP, EN 
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