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22 Abstract. Physical and chemical properties of particulate matter and concentrations of trace gases were measured at an
23 urban site in Helsinki, Finland for five-weeks to investigate the effect of wintertime conditions on pollutants. The
24 measurement took place in a street canyon (Traffic Supersite) in January—February 2022. In addition, measurements were
25 conducted in an urban background station (UB Supersite, SMEAR 111, located approx. 0.9 km from the Traffic Supersite)
26 and with a mobile laboratory in the adjacent side streets as well as by driving back and forth along the street along the
27 Traffic Supersite. A source apportionment was performed for the SP-AMS measurements to identify organic factors
28 connected to different particulate sources. Particle number concentration time series and the pollution detection algorithm
29 (PDA) were used to compare local pollution level differences between the sites.

30

31 During the campaign three different pollution events were observed with increased pollutant concentrations. The
32 increased concentration during these episodes were due to both trapping of local pollutants near the boundary layer and
33 long-range and regional transport of pollutants to Helsinki metropolitan area. The local road vehicle emissions increased
34 the particle number concentrations, especially sub-10 nm particles, and long-range and regional transported aged particles

35 increased the PM mass and particle size.
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36 1 Introduction
37 Exposure to increased particulate and gaseous pollutants can have adverse health effects on human health (Atkinson et

38 al., 2014). Especially exposure to elevated concentrations of particulate matter is estimated to cause 3.3 million premature
39 deaths/year on the global level (Lelieveld et al., 2015). Fine particles (D, < 2.5 pm) are harmful since they can be
40 transported deep into the human respiratory tract (Zanobetti et al., 2014). Especially ultrafine particles (D, < 0.1 pm)
41 may cause serious health problems since they can enter even deeper to the respiratory tract (Schraufnagel, 2020) and their
42 concentration can be very high near local sources e.g. near heavily trafficked streets and highways or in street canyons
43 (Pirjola et al., 2017; Trechera et al., 2023).

44

45 In earlier studies it has been shown that main local anthropogenic sources in Helsinki metropolitan area are direct
46 vehicular emissions, road dust, and residential wood burning (Aurela et al., 2015; Carbone et al., 2014; Jarvi et al., 2008;
47 Saarikoski et al., 2008; Savadkoohi et al., 2023). Especially the concentration of ultrafine particles can increase near
48 heavily polluted streets and street canyons during the morning and evening rush hours (Hietikko et al., 2018; Lintusaari
49 etal., 2023; Okuljar et al., 2021; Trechera et al., 2023). In addition to local sources, long-range or regional transportation
50 increases pollutant concentrations in Helsinki metropolitan area occasionally (Niemi et al., 2004, 2005, 2009). Local
51 pollutants, mainly vehicle exhaust emissions, increase the particle number concentration due to the increased
52 concentration of ultrafine particles (Ronkko et al., 2017). In contrast long-range or regionally transported particles
53 increase the concentration of particulate mass due to the larger size of the aged aerosol particles. Lung deposited surface
54 area (LDSA) is used to predict the health effects related to particle deposition in the lung alveoli of particulate matter.
55 Increased LDSA concentrations are connected to both increased number concentrations of ultrafine particles and
56 increased particle size during episodes with long-range or regional transported aerosol (Kuula et al., 2020; Lepisto et al.,
57 2023a; Liu et al., 2023).

58

59 In addition to temporal and diurnal variation of pollutant sources, local meteorology affects the pollutant concentrations
60 in Helsinki metropolitan area. Especially wind speed may either decrease or increase pollutant concentrations.
61 Concentrations of gaseous and particulate pollutants from nearby sources like motor vehicle exhausts decrease together
62 with increasing wind speed due to more effective ventilation (Teinild et al., 2019). On the other hand, concentration of
63 coarse particles (D, > 2.5 um) may increase due to resuspension of street dust during windy periods. Volatile organic
64 compounds emitted from motor vehicle engines can produce secondary organic aerosol (SOA, e.g., Gentner et al., 2017).
65 Cold periods during wintertime cause stagnant conditions with low mixing height trapping the pollutants in the boundary
66 layer and increasing their concentrations. Snow cover, rain, and wet snow inhibit the resuspension of street dust during
67  wintertime.

68

69 A five-week intensive campaign at a Traffic Supersite was conducted during winter 2022 in Helsinki, Finland. The aim
70 of the study was to investigate the role of wintertime conditions in aerosol formation and precursor gases, black carbon
71 emissions, emission sources, and their influence on particles’ physical and chemical properties. Dispersion of street
72 canyon emissions were also studied using mobile measurements with the Aerosol and Trace-gas mobile laboratory by
73 Tampere University (ATMo-Lab) near and at the measurement site. Particle physical and chemical properties were

74 measured also at an urban background station (UB Supersite) during the campaign.

75
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76 2 Experimental
77 2.1  Measurement sites
78 2.1.1 Traffic Supersite, Mékeldnkatu
79 The Traffic Supersite station was the principal measurement site during the winter campaign. The Traffic Supersite station
80 is an urban measurement station operated by the Helsinki Region Environmental Services Authority (HSY), located in a
81 street canyon on the street Makeldnkatu (60.19654 N, 24.95172 E) in Helsinki (Fig. 1). At the Traffic Supersite, a
82 continuous monitoring of urban air quality together with detailed measurements of particle physical and chemical
83 properties is taking place. An additional measurement container was placed next to the Traffic Supersite station for
84 installing additional measurement devices during the intensive campaign.
85
86 Mikelédnkatu street, next to the Traffic Supersite station, consists of six lanes, two rows of trees, two tram lines and two
87 pavements, resulting in a total width of 42 m in the vicinity of the Traffic Supersite station. More detailed descriptions of
88 the site and its air flow patterns are found in Hietikko et al., 2018, Kuuluvainen et al., 2018 and Olin et al., 2020 during
89 the measurement campaign, the average number of vehicles driving along the street during workdays was 17 000 per day
90 and the share of heavy-duty vehicles was 10 % (statistics from the City of Helsinki).
91
92 2.1.2  Urban background supersite, SMEAR 111, Kumpula
93 The SMEAR III measurement station is an urban background supersite (UB Supersite) located in Kumpula campus area
94 (Fig. 1, Jérvi et al., 2009) There is one main road nearby, approx. 150 m from the station, with a daily traffic load of
95 approx. 50 000 vehicles also containing a considerable number of heavy-duty vehicles. However, the UB Supersite is less
96 affected by the local traffic compared to the Traffic Supersite because of the markedly longer distance to the main road.
97 The site is also affected by local residential wood combustion emissions especially during the winter months. A more
98 detailed description of the UB Supersite surroundings is given in (Jirvi et al., 2009).
99
100 At the UB Supersite aerosol particle physical and chemical properties and trace gases are continuously measured. During
101 the intensive campaign additional instrumentation was placed at the UB Supersite (see below). The measurements at the
102 UB Supersite were used to get information on the aerosol and trace gas properties in urban background areas.
103
104 2.1.3  Rural site, Luukki
105 Luukki measurement station operated by the HSY is a Helsinki metropolitan area background station situated in clean
106 background area (20 km from the Traffic Supersite) with no major local pollution sources nearby. The increased
107 concentrations of PM, s and BC due to long range or regional transport of particulate matter are typically observed at
108 Luukki measurement station together with those inside the city centre area. The concentrations of PM; s and BC at Luukki
109 measurement station were measured using Fidas 200 (Palas GmbH) and Multi-Angle Absorption Photometer (MAAP,
110 Thermo Electron Corporation) instruments.
111
112 2.2 Instrumentation
113 2.2.1  Stationary measurements at Traffic Supersite and UB Supersite
114 SP-AMS
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115 The chemical composition of aerosol particles was studied with a Soot Particle Aerosol Mass Spectrometer (SP-AMS,
116 Aerodyne Research Inc) described in Onasch et al., 2012 at the Traffic Supersite. Shortly, AMS consist of a particle
117 sampling inlet, a particle-size chamber, and a particle composition detection system. After entering through critical orifice
118 and aerodynamic lenses, particles are size-separated in a time-flight chamber and vaporized either on a tungsten plate
119 (600 °C) or with an intracavity Nd-YAG-laser (1064 nm). The resulting species are ionized by electron impaction (70
120 eV) and detected with Time-of-Flight mass spectrometry (ToF). In addition to non-refractory species such like organic
121 aerosol (OA), sulphate, nitrate, ammonium and chloride, SP-AMS also measures refractory black carbon (rBC) as well
122 as other refractory particulate material (e.g., metals).

123

124 In this study, SP-AMS was operated with a 60 s time-resolution of which half was measured in mass spectrum mode
125 (bulk mass concentrations) and half in Particle Time-of-Flight (PToF) mode (mass size distributions). The size range
126 covered by the SP-AMS was approximately from ~50 nm to 1 pm (vacuum aerodynamic diameter) which was achieved
127 with the aerodynamic lens system. Composition dependent collection efficiency was calculated based on Middlebrook et
128 al., (2012). The effective nitrate response factor and relative ionization efficiency (RIE) of ammonium (RIEnn4: 4), and
129  sulphate (RIEsos: 0.9) were determined by calibrating the instrument by using dried size-selective ammonium nitrate and
130 ammonium sulphate particles. The default RIE values for organic aerosol (1.4) and chloride (1.3) were used. SP-AMS
131 data was analysed using a standard AMS data analysis software (SQUIRREL v. 1.63B and PIKA v. 1.23B) within Igor
132 Pro 6 (Wavemetrics, Lake Oswego, OR) and for elemental analysis of organics an Improved-Ambient method was used
133 (Canagaratna et al., 2015). The sources of organic acrosol (OA) were investigated by Positive Matrix Factorization (PMF)
134 using the SoFi Pro software package (version 8.4.0, Canonaco et al., 2013), which employes a multilinear engine (ME-2)
135 as a PMF solver (Paatero, 1999).

136

137 ACSM

138 Chemical composition of particulate matter (PM;) was measured continuously using an Aerosol Chemical Speciation
139 Monitor (ACSM, Aerodyne Research Inc., Ng et al., 2011) at the UB Supersite. The ACSM characterises non-refractory
140 aerosol species (total organics, sulphate, nitrate, ammonium, and chloride) with a time resolution of approximately 30
141 min. The ACSM measures particles that pass through the aerodynamic lens (50 % transmission range of the lens is 75—650
142 nm, Liu et al., 2007). The flow into the ACSM (controlled by critical orifice) was roughly 0.1 I min™', but in addition
143 bypass flow of 3 1 min~' was used to get particles efficiently close to the inlet of ACSM. A cyclone (URG, URG-2000-
144 30ED) was used before ACSM to remove particles larger than 2.5 um (aerodynamic diameter) for preventing clocking
145 the critical orifice.

146

147 GC—-MS/FID

148 Volatile organic compounds (VOCs) and intermediate volatile organic compounds (IVOCs) containing 6 to 15 carbon
149 atoms were measured with 1-hour time resolution using an in situ thermal desorption-gas chromatograph-mass
150 spectrometer (TD-GC-MS) at the Traffic Supersite. Quantified compounds included 10 terpenoids, 15 alkanes, 20
151 aromatic hydrocarbons, 4 oxygenated aromatic hydrocarbons, and 8 polycyclic aromatic hydrocarbons (PAHs) (Table
152 S1). The system consisted of TurboMatrix 350 connected to an online sampling accessory (TD), Clarus 680 (GC), and
153 Clarus SQ 8 T (MS) all manufactured by PerkinElmer. GC column used was an Elite-5MS 60 m x 0.25 mm (i.d.), film
154 thickness 0.25 pm (PerkinElmer). Sample was collected to the TD’s Tenax-TA & Carbopack B dual absorbent cold trap
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155 which was kept at 20 “C. Sampling was done approx. 3 m from street level above the container at Traffic Supersite. The
156 inlet was 1/8-inch FEP line, and the outside portion was heated to be around 30 °C. Ozone was removed from the sample
157 flow by guiding the flow through a 1/8-inch stainless steel tube heated to 120 “C. A flow of 300-800 ml min™" was kept
158 through the inlet from which the TD collected 30-45 min samples with a flow of 40 ml min™'. More in depth description
159  of the system and method can be found in (Helin et al., 2021).

160

161 Additional sorbent tube samples were collected at the UB Supersite. Samples were collected to Tenax-TA & Carbopack
162 B dual absorbent tubes via modified sequential tube sampler (STS 25 Unit, PerkinElmer). Main modifications being an
163 upgrade to the sampling pump and rain cover exchange to PFA from stainless steel. The STS unit consist of a carrousel
164 that rotates on a timer placing the tubes to the slot for active sampling. The carrousel holds 24 tubes at a time and sampling
165 time was set for 4 h making sampling sets approx. 4 days long. Sampling flow was kept around 100 ml min™'. Tubes were
166  then analysed in the laboratory with a similar TD-GC-MS setup as described above for in situ samples.

167

168 Non-methane hydrocarbons (NMHCs) containing 2—5 carbon atoms were sampled at the Traffic Supersite with collection
169 to stainless steel vacuum canisters. The flow from ambient to the vacuum of the canisters were restricted by a critical
170 orifice making sampling time 24 h. The canister walls were coated with silcosteel. Before analysis canisters were over
171 pressurized with pure nitrogen (99.9999 %). From the pressurised canisters samples were collected to the cold trap of the
172 Markes international Unity 2 via AirServer addon. The system had a Dean switch with dual column and detector setup.
173 First column was DB-5MS 60 m x 0.25 mm (i.d.), film thickness 1 um (Agilent) and after that the most volatile
174 compounds (C2-C5) were directed to a second column CP-AI203/KCl 50 m x 0.32 mm (i.d.), film thickness 5 pm
175 (Agilent) via the Dean switch. C2—C5 compounds were analysed with a flame ionization detector (FID) and rest with the
176  MS. The setups GC/FID was Agilent 7890A and the MS Agilent 5975C.

177

178  NAIS

179 Two Neutral Cluster and Air Ton Spectrometers (NAIS, Airel Ltd, Manninen et al., 2016; Mirme and Mirme, 2013) were
180 used to measure size and mobility distributions of aerosol particles and air ions at the Traffic Supersite station (NAIS 5-
181 27) and at the UB Supersite station (NAIS12). Air ions of both polarities in the electric mobility range from 3.2 to 0.0013
182 cm? V' s (~0.8-40 nm in mobility diameter) and the distribution of aerosol particles in the size range from ~2 nm to 40
183 nm were measured with a maximum time resolution of 1 s. Both instruments sampled via horizontal copper inlets with
1

184 the sample flow rate of ~54 | min™".
185

186 CPCs

187 Two condensation particle counters (CPC), TSI model 3756 (UB Supersite) and Airmodus model A20 (Traffic Supersite)
188 were used to measure particle number concentration time series. The TSI 3756 has a particle concentration range up to
189 300,000 cm 3 and size range down to 7 nm (Dpso), and the maximum detectable particle size > 3 um. Inlet flow rate of
190 1.5 1 min™! was used. The Airmodus A20 was used with a bifurcated flow diluter (dilution ratio 8.5), which expands
191 concentration range up to 250,000 cm in single particle counting mode. The particle size range measured was from 5.4
192 nm (Dpso) to 2.5 pm. In both CPC types, butanol (n-Butyl alcohol) was used as a working fluid and data was collected at
193 1 min time resolution.

194



https://doi.org/10.5194/egusphere-2024-2235
Preprint. Discussion started: 7 October 2024 EG U
sphere

(© Author(s) 2024. CC BY 4.0 License.

195 nCNC with AND

196 An Airmodus Nanoparticle Diluter (AND) (Airmodus Ltd, Lampimaki et al., 2023) was used to dilute sample air upstream
197 of a nano-Condensation Nucleus Counter (nCNC) system (Airmodus Ltd, Vanhanen et al., 2017) at the Traffic Supersite.
198 The nCNC measures the particle activation size distribution between ca. 1 and 4 nm by scanning the cut-off size. The
199 default dilution factor of 5 was used by using dry compressed air in the dilution, which also allowed drying of the sample
200  to <30 % relative humidity (RH). In the preset study the lon Precipitator (IOP) voltage (1 kV) of AND was sequentially
201 switched on and off with a custom-made MATLAB based program. IOP can be used to scavenge ions at the mobility
202 diameters below ~8 nm, while the larger (> 10 nm) particles are passing through the IOP with the 50 % cut-off size around
203 9 nm. Thus, the IOP mode could provide additional information on the charged fraction of recently formed particles or
204 clusters.

205

206  MAAP

207  Black carbon concentration was measured using a Multi-Angle Absorption Photometer (MAAP, Thermo Electron
208 Corporation, Model 5012, Petzold and Schonlinner, 2004) at the Traffic Supersite and at the UB supersite stations. The
209 MAAP determines the absorption coefficient (cAP) of the particles deposited on a filter by a simultaneous measurement
210 of transmitted and backscattered light. The cAP is converted to BC mass concentrations by the instrument firmware using
211 a mass absorption cross section of 6.6 m? g”!, Petzold and Schonlinner, 2004. The flow rate of the MAAP at the Traffic
212 Supersite was 11 1 min™' and 5 1 min' at the UB Supersite. Both MAAP instruments measured with one minute time
213 resolution and Cyclone/PM; inlet was used to cut-off particles above 1 pm.

214

215  AE33

216 An AE33 dual spot aethalometer (Magee Scientific, Slovenia) was used to measure the aerosol light absorption and
217 corresponding carbon mass concentrations at seven different wavelengths between 370 and 950 nm (Drinovec et al., 2015;
218 Hansen et al., 1984) at the Traffic Supersite and at the UB Supersite. The flow rate of the AE33 was 5 1 min™! and the
219 used filter tape was PTFE-coated glass fibre filter (no. M8060) at both stations. The cut-off size of the sample was 1 pm
220 at both station and it was achieved using a sharp cut cyclone (Model SCC1.197, BGI Inc., Butler, NJ, USA).

221

222  AQ Urban

223 The alveolar LDSA concentration of aerosol particles between 10 and 400 nm were measured with the Pegasor AQ™
224 Urban instrument (Pegasor Ltd., Finland) at the Traffic Supersite and at the UB Supersite (Kuula et al., 2020).

225

226 DMPS

227 A Differential Mobility Particle Sizer (DMPS) was used to measure particle size distributions from 11 to 800 nm (Traffic
228 Supersite) and from 3 to 800 nm (UB Supersite) using a Vienna type Differential Mobility Analysers and an Airmodus
229  A20 model CPC (Traffic Supersite) and TSI 3025 CPC (UB Supersite).

230

231  Picarro

232 Gas analyser for carbon monoxide (CO), carbon dioxide (CO) and methane (CH4) at both sites was a Picarro G2401

233 manufactured by Picarro Inc. (Santa Clara, CA). It also measures water vapor concentration, based on which it calculates
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234 dry concentrations for other components. The instrument is based on cavity ringdown spectroscopy (CRDS), in which
235 long optical path length allows measurements with high precision and stability using near-infra-red laser sources.

236

237 The Kumpula instrument close to the UB Supersite took its sample air from the roof of the five-store Finnish
238 Meteorological Institute’s building ca. 30 m above the ground. The sample air was dried with a Nafion dryer run in reflux
239  mode. The supersite Picarro was run with non-dried sample air. Both instruments were calibrated with WMO/CCL (World
240 Meteorological Organization/Central Calibration Laboratory) traceable gases.

241

242  Filter sampling and chemical analysis

243 In addition to online measurements, daily PM;o PAH filter samples and one or two PM, filter samples per day for sugar
244 anhydride (levoglucosan, mannosan and galactosan) and EC/OC analyses were collected at the Traffic Supersite. Quartz
245 fibre filters (PALL, Tissuquartz 2500-QAT-UP, NY, USA) were used as sampling substrates for PM; samplings and the
246  used flow rates were 20 1 min™! for sugar anhydride and EC/OC samplings.

247

248 Other instrumentation

249 Concentration of particulate mass (PMzs and PMo) were measured with Fidas 200 (Palas) instrument at the Traffic
250 Supersite. Concentrations of gaseous compounds were also continuously measured at the Traffic Supersite. APNA 370
251 (Horiba) instrument was used for measuring the concentrations of NOx (APNA 370) and O3 (APOA 370), APMA 360
252 (Horiba) was used to measure the concentration of CO and LI-7000 (LICOR) was used to measure the concentration of
253 COs. Particle scattering coefficient was measured with a nephelometer (TSI, model 3610) at the Traffic Supersite. The
254 measurement devices at the UB Supersite are shown in Table S2.

255

256 Back trajectories of air masses arriving to the measurement site were calculated using the NOOA HY SPLIT model (Rolph
257 et al., 2017; Stein et al., 2015). The 96-hour back trajectories were calculated for every hour for 200 m above sea level.
258 Mixing height was calculated using model developed at Finnish Meteorological Institute (MPP-FMI, Karppinen et al.,
259 2000) The data analysis was made using the R software (R Core Team 2022) and R package openair (Carslaw and
260 Ropkins, 2012). Hourly mean concentrations of the measured components were used in the following discussion unless
261 otherwise mentioned. The used timestamp for hourly mean concentrations is the end hour and the used datetime is local
262 time.

263

264 PAH analyses

265 The concentrations of 6 PAHs (benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene,
266 indeno(1,2,3-cd) pyrene, dibenz(a,h)anthracene) were analysed from daily PM; samples using a gas chromatograph-mass
267 spectrometer (GC-MSMS, Agilepicant 7890A and 7010 GC/MS Triple Quadrupole). For the analysis, the samples were
268 ultrasonic extracted with toluene, dried with sodium sulphate, and concentrated to 1 ml. For chromatographic separation,
269 the HP-SMS UI column (30 m x 0.25 mm i.d., film thickness 0.25 pm) and 2 m pre-column (same phase as analytical
270 column) were used. Helium (99.9996%) was used as a carrier gas with a flow of 1 ml min™'. The temperature program
271 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™! to 310 °C with a
272 hold of 3 min. Deuterated PAH compounds (Naphthalene-d8, Acenaphthene-d10, Phenanthrene-d10, Chrysene-d12,

273 Perylene-d12, PAH-Mix 31D, Dr. Ehrenstorfer) were used as internal standards and were added to an extraction solvent
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274 before extraction. External standards (PAH Mix-137, Polynuclear aromatic hydrocarbons Mix, Dr. Ehrenstorfer) with
275 five different concentration levels were used. In the analysis of benzo(a)pyrene, EN 15549 (2008) standard was followed.
276 Measurement uncertainty was calculated from the validation data (Guide Nordtestin TR537) for the target value (0.1 ng
277 m™) that value was found to be 25 %. The analysis method is accredited (SFS-EN ISO/IEC 17025:2017). The method
278 has been previously described in detail by Vestenius et al., 2011.

279

280  Sugar anhydride analyses

281 The concentration of monosaccharide anhydrides (levoglucosan, mannosan and galactosan) were analysed from the PM;
282 samples using a high-performance anion-exchange chromatography-mass spectrometry (HPAEC-MS). The HPAEC-MS
283 system consists of a Dionex ICS-3000 ion chromatograph coupled with a quadrupole mass spectrometer (Dionex MSQ).
284 The HPAEC-MS system had 2 mm CarboPac PA10 guard and analytical columns (Dionex) and potassium hydroxide
285 (KOH) eluent. The used ionization technique was electrospray ionization. The analytical method is similar than described
286 in Saarnio et al., 2010, except that the used internal standard was methyl-B-D-arabinopyranoside. A 1 cm? punch of the
287 quartz fibre filter was extracted into 5 ml of MQ water with internal standard concentration of 100 ng ml™! and the
288  HPAEC-MS was utilized for determination of MA: s at m/z 161. The uncertainty of the analyses was typically 10-15 %
289  and even larger (25 %) when the analysed concentration was low.

290

291 Other measurements during the campaign

292 At the Traffic Supersite gaseous sulfuric acid (H.SO4) was sampled and measured in the same way as described in Olin
293 et al., 2020 with a nitrate-ion based chemical-ionization atmospheric-pressure-interface time-of-flight mass spectrometer
294 (nitrate CI-API-TOF-MS, Aerodyne Research Inc. USA and Tofwerk AG Switzerland).

295

296 Enhanced Trace Level SO, Analyser (Thermo Scientific™, Model 43i-TLE) was employed at the measurement container
297 next to the Traffic Supersite in between January 29 and February 22. Data was collected in 20 s time resolution with the

298 instrument frow rate of 0.5 I min™".

299

300 The concentrations of particulate OC and EC were analysed using a thermal-optical OCEC aerosol analyser (model 5L,
301 Sunset Laboratory Inc., Tigard, OR, US, (Birch and Cary, 1996)). In this study EUSAAR-2 protocol was used (Cavalli et
302 al., 2010).

303

304 Results of these other measurements are not presented in this paper.

305

306 2.2.2  ATMo-Lab measurements

307 In addition to the stationary measurement stations, the Aerosol and Trace-gas mobile laboratory by Tampere University
308 (ATMo-Lab) was utilized in both stationary and mobile measurements between 18 January and 16 February 2022.
309 Stationary measurements were conducted on the kerbside, next to the Traffic Supersite and along a side street (Anjalantie,
310 60.197725 N, 24.957364 E) nearby. Mobile measurements included a park and a street canyon section of the main street
311 (Makeldnkatu) along which the measurement stations were located and its side streets with apartment buildings.
312 Stationary measurement locations along with the driving route are presented in Fig. 1. Measurements were conducted

313  daytime between 6:30 and 19:30 as is shown in Fig. SI.
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316 Figure 1. Stationary measurement locations and the driving route of the Aerosol and Trace-gas mobile laboratory.
317

318 The sample air was taken from an inlet located above the ATMo-Lab’s windscreen and distributed to the instruments at
319 the back of the van. The risk of self-sampling during driving measurements was minimal as the exhaust pipe is at the rear
320 end of the van. The van itself is Euro VI compliant. Measurement setup inside the ATMo-Lab is shown in Fig. S1. Key
321 measurement target of the ATMo-Lab measurements was ultrafine particles. Particle number concentrations were
322 measured using a Condensation Particle Counter Battery (CPCB) and an Electrical Low-Pressure Impactor (ELPI+,
323 Dekati Ltd). The CPCB consisted of a combination of a Particle Size Magnifier (PSM) and a Condensation Particle
324 Counter (CPC) in parallel with four CPCs with different cut-off sizes. Working principle of PSM is described in
325 (Vanhanen et al., 2011). Exact CPCB instruments were A11 nCNC (combination of PSM and CPC, Airmodus Ltd), CPC
326 3756 (TSI Inc), CPC 3775 (TSI Inc), CPC A20 (Airmodus Ltd), and CPC A23 (Airmodus Ltd). Respectively, total particle
327 number concentrations were simultaneously measured for size ranges > 1.3 nm, > 2.5 nm, >4 nm, > 10 nm, and > 23 nm
328 with a time resolution of one second. Sample air was diluted before entering to the CPCB using a bifurcated flow diluter,
329 including a static mixer, with dilution ratio of 17.

330

331 At the same time, ELPI+ measured the particle number size distribution with its 14 impactor stages in a size range from
332 6 nm to 10 pum. The operation principle of ELPI is described in (Keskinen et al., 1992) and (Marjaméki et al., 2000), and
333 the calibration of renewed ELPI+ is presented in Jérvinen et al., 2014. ELPI+ was also used to measure particle lung
334 deposited surface area (LDSA) and mass (PM). The stage-specific conversion from electric current data of ELPI+ to
335 LDSA concentration enable measurement of the LDSA concentration and size distribution with the whole ELPI+ size
336 range (Lepistd et al., 2020). LDSA was also measured by a sensor type device Partector (Naneos particle solutions
337 GmbH). Furthermore, PM, s concentrations were calculated by integrating over the particle number size distribution
338 measured with ELPI+ assuming spherical particles with unit density. Similar assumptions were made with particle

339 number and LDSA size distributions.
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340

341 Non-volatile particle number was measured with two prototype instruments originally developed for renewed demands
342 of vehicle inspection: a Mobile Particle Emission Counter (MPEC+, Dekati Ltd) and a Pegasor sensor (Pegasor Ltd).
343 Latter sampled first from the roof of the ATMo-Lab (18 January to 2 February) after which it was also connected to the
344 main line (2 February to 16 February). A combination of a thermodenuder followed by a CPC was used as a reference for
345 the prototype instruments. The thermodenuder model was the same as in Heikkila et al., 2009 and (Amanatidis et al.,
346 2018). The CPC used was a model CPC 3775 (by TSI Inc) with altered cut-off diameter (4 nm, 10 nm, or 23 nm) as the
347 cut-off size was changed twice during the measurements. The cut-off size was changed by altering the condenser
348 temperature of CPC according to a laboratory calibration.

349

350 For the analysis of particles’ chemical composition and especially black carbon, the ATMo-Lab setup included a SP-
351 AMS and an AE33 aethalometer like the instruments described in the stationary measurements section. For the driving
352 measurements SP-AMS menu was switched from the 60 s time-resolution (30 s mass spectrum mode + 30 s PToF-mode)
353 to a 24 s time-resolution operation mode in which 14 s was measured in a mass spectrum mode and 10 s in a PToF-mode.
354 From the gaseous compounds, the ATMo-Lab was equipped to measure CO, (LI-7000, LI-COR Corp) and NO (Model
355 T201, Teledyne Technologies Inc).

356

357 In stationary measurement locations, particles were collected with and without thermal treatment on holey-carbon grids
358 by a flow-through sampler. This was done for elemental composition and morphology study with (Scanning)
359 Transmission Electron Microscope (S/TEM) accompanied by energy-dispersive spectrometry (EDS).

360 3 Results

361 3.1 General description of the measurement campaign.

362  3.1.1  Meteorology

363 The intensive campaign took place between 17 January and 22 February 2022, which is typically the coldest winter period
364 with a minimum amount of sunlight. Temperature, relative humidity, wind speed and wind direction during the winter
365 campaign measured at roof level in Pasila (53 m, Fig. 1) about 1 km from the Traffic Supersite are shown in Fig. 2. Mean
366 temperature during the measurement campaign was -1.4 “C (range —10.0-2.9 °C) and mean relative humidity was 89 %
367 (range 58-100 %). The temperature was most of the time near 0 ‘C. The prevailing wind direction during the
368 measurements were from south to south-east and the mean wind speed was 4.9 ms™! (range 0.59-11.4 m s™'). The average
369  mixing height was 408 m (range 58-844),

370

371 Surface inversion episodes take place during the coldest winter days with low temperature and wind speed causing
372 gaseous and particulate pollutants to be accumulated in the boundary layer (Barreira et al., 2021; Teinild et al., 2019).
373 Two cold periods together with low wind speed and low mixing height took place during the campaign (Fig. 2) enabling
374 surface inversion episodes. In general, local traffic is an important source of gaseous and particulate pollutants at the
375 Traffic Supersite. The air quality in Helsinki is also affected by long-range transported pollution episodes (Niemi et al.,
376 2004, 2005, 2009; Leino et al., 2014; Pirjola et al., 2017) Local wood burning due to heating of detached houses in winter
377 increase air pollutant concentrations in Helsinki. Majority of this wood burning is taking place outside city centre in
378 residential suburban area (Kangas et al., 2024). During wintertime the long-range and regional transported air masses

379 consist more particulate pollutants connected to biomass burning (Pirjola et al., 2017; Teinil4 et al., 2022).

10
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382 Figure 2. Temperature, relative humidity, winds speed, wind direction and mixing height during the measurement period measured at
383 Pasila. The three episodes are coloured in the figure.
384
385  3.1.2  Traffic frequencies
386 Traffic frequencies near the Traffic Supersite station are shown in Fig. 3. The exact location for traffic counting is
387 presented in Fig. 1. Traffic frequency towards the city centre (south) starts to increase around 6:00 and reach its maximum
388 between 9:00 and 10:00. The afternoon traffic frequency peak between 17:00 and 18:00 is slightly lower compared to the
389 morning. Traffic frequencies away from the city centre (north) behave opposite trend showing maximum frequencies
390 during afternoon hours. The maximum frequencies out of the city centre are achieved at the same time than those towards
391 to city centre. There are no rush hours during the weekends (Fig. 3) and traffic frequencies starts to slowly increase before
392 noon and show their maximum between 18 and 19 towards both directions. The measurement site is located near to the
393  lines leading towards the city centre (south).
394
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396 Figure 3. Hourly traffic frequencies to south (towards city centre) and to north during workdays and weekends near the Traffic
397 Supersite. The Traffic Supersite station is placed on a pavement on the south traffic side in Makeldnkatu.
398
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399  3.1.3  Particle chemical and physical properties during the campaign

400 The mean concentrations of PM, s and PMas5-19 were 5.2 and 3.3 pug m3, respectively, during the whole campaign. The
401 five year average PMa s concentration between 2015 and 2019 at the Traffic Supersite was 7.2 ug m™ (Barreira et al.,
402 2021). The PM; 510 concentration was relatively low during the campaign. This is due to rainfall, snowfall, and snow
403 covering the streets during the campaign which inhibited the formation and re-suspension of street dust. Most of the street
404 dust is in coarse particle size, but it is in some degree also in fine particle size range. The lack of street dust episodes in
405 winter explains, at least partly, why the mean PM s is also lower than that measured at the Traffic Supersite throughout
406 in years 2015-2019 (Ronkko et al., 2023b). Some pollution episodes can be observed, and they will be analysed in section
407 3.1.5.

408

409 The mean concentrations of BC, NO, and NO, were 0.61 pg m, 13.7 pg m3, and 22.2 pg m™>, respectively, at the Traffic
410 Supersite. The mean particle number (PN) concentration at the Traffic Supersite during the measurement period was 18
411 473 p cm™ but mean hourly concentrations of PN higher than 80 000 p cm™ were also measured (Fig. S3). The PN
412 concentration of particles larger than 2.5 nm in the ATMo-Lab measurements (Dpso: 2.5 nm) next to the Traffic Supersite
413  was considerably higher than the one measured at the Supersite (Dpso: 5.4 nm) (Fig. S4), showing the effect of road traffic
414 in the emissions of the smallest nanoparticles (e.g. Hietikko et al., 2018; Lintusaari et al., 2023; Ronkko et al., 2017). In
415 general, it should be noted that the measured PN concentrations may differ notable depending on the used instrument cut-
416 off size as also seen when comparing ATMo-Lab measurements with cut-off sizes 2.5 nm and 10 nm (Fig. S5, Rénkko et
417 al., 2023a). The mean hourly LDSA concentration at the Traffic Supersite was 13.6 pum? cm™ during the measurement
418 period (Fig. S2) and the highest hourly mean LDSA concentration during the measurement period was 62 pm? cm™>.
419

420 Mean concentrations of organics, sulphate, nitrate, ammonium, and chloride measured with the SP-AMS (PM,) were 2.0
421 pgm>,0.6 ugm>, 0.6 pgm>, 0.4 pgm=, and 0.07 ug m>, respectively. The sum of the concentrations of the measured
422 chemical components (organic and inorganic species from SP-AMS and BC from MAAP) showed a high correlation
423 coefficient (square of Pearson correlation, R?) against PMa 5 (0.92).

424

425 3.1.4  Volatile organic compounds

426 The mean concentrations of the continuously measured C6—-C15 aromatic hydrocarbons, alkanes, PAHs and terpenoids
427 were 2.2, 0.94, 0.037 and 0.16 pg m?, respectively at the Traffic Supersite. Offline samples of C2—C5 NMHCs collected
428 during the shorter periods showed that light alkanes were the most significant compound group detected (Fig. 4).
429 However, larger, and more reactive compounds with higher SOA formation potentials are expected to have stronger
430 impacts on the local chemistry even with lower concentration. Compounds with 6 to 9 carbon atoms were mostly aromatic
431 hydrocarbons and for higher carbon masses (C10—C11) alkanes and terpenes had major contribution (Fig. 4). Contribution
432 of PAHs was very low. Major contribution of aromatic hydrocarbons was expected due to traffic as a major local source
433 of VOCs. Higher alkanes (C10—-C15), which had highest contribution for IVOCs (Fig 6. C10-C15), are commonly found
434 especially in diesel emissions (Marques et al., 2022; Wu et al., 2020). Also, terpenoids, which are traditionally considered
435 as biogenic compounds, had relatively high concentrations during this winter period. Emissions from the vegetation are
436 expected to be negligible due to cold weather and this indicates anthropogenic sources for these compounds. They are
437 commonly found for example in personal care and cleaning products (Coggon et al., 2021; Steinemann, 2015). In earlier

438 studies terpenoids have been detected also during wintertime in the urban background air in Helsinki (Hellén et al., 2012).
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442 Figure 4. Contribution of different compounds groups on measured concentrations during the periods when all VOCs with 2 to 15

443 carbons (ALL) were measured. C2-C5 = VOCs with 2 to 5 carbons, C6-C9=VOCs with 6 to 9 carbon atoms, and C10-
444 C15=VOCs/IVOCs with 10 to 15 carbon atoms at the Traffic Supersite.
445

446 3.1.5  Pollution episodes
447 During the campaign three episodes with enhanced particulate and gaseous pollutant concentrations were observed. The

448 duration of these episodes is shown in Table 1. The names from E1 to E3 will be used for these episodes in the proceeding
449 chapters.

450

451 The timeseries in Fig. 5 show the concentrations of fine (PM2s) and coarse (PM.5-19) particles at the Traffic Supersite,
452 UB Supersite, and Rural site. PM» 5 showed elevated concentrations during the three episodes at the Traffic Supersite.
453 PM 5-10 concentration did not show long lasting increase in its concentration during these episodes, but shorter high peaks
454 were observed. The increased concentrations of PM s is due to both, of trapping of local pollutants on boundary layer
455 during cold periods and the effect of long-range or regional transport of pollutants at the Traffic Supersite station. The
456 increased PM; s concentration at all sites, also including the Rural site, indicate that long-range or regional transport had
457 an important effect on the air quality in Helsinki Metropolitan area during these episodes. The concentration of PMa s-io,
458 on the other hand, was affected by wind speed and local snow cover or by wet street surface when the temperature was
459 near or above 0 °C (during E3). Also, coarse particles are not typically transported from very long distances. The source
460 of the short-lasting peaks in PM,s-19 concentration may be due to some local activity near the stations (Traffic Supersite
461 and UB Supersite. together with favourable meteorological conditions as well as non-exhaust emissions from traffic.

462
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464 Figure 5. Concentrations of PMa2.s and PM2:s.19 at the Traffic Supersite, UB Supersite and Rural site. The three episodes are colored in

465 the figure.

466
467 Table 1. Traffic frequencies and average concentrations of measured components during the traffic (averages without episodes)
468 dominated period on workdays and weekends and their averages during three different episodes at the Traffic Supersite.
o7 Compound Traffic Traffic E1l E2 E3
workdays weekends 22.1.2022 31.1.2022 13.2.2022
15:00 07:00 12:00
23.1.2022 5.2.2022 17.2.2022
10:00 16:00 23:00
Traffic frequencies 1109 767 738 1126 1201
(vehicles per hour)
PNssum (p cm™) 19901 11976 17751 23650 17143
LDSA (um? cm™) 12.0 8.0 16.1 222 16.9
PM:2s5 (ug m=) 32 3.1 7.1 10.3 11.0
PM25.10 (ug m™>) 3.7 2.6 0.8 4.1 3.8
NO (ug m™) 13.7 4.9 4.5 26.4 11.7
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NO: (ugm) 23.1 13.2 21.6 28.0 233
BC (ugm™) 0.46 0.29 0.96 1.18 0.90
CO (ppb) 164 164 202 253 210

CO: (ppm) 435 432 438 450 440

CHy (ppb) 2015 2021 2048 2076 2056
03 (ugm™) 46 55 34 25 42

Toluene (ug m™) 0.62 0.60 0.85 0.78 0.60
a-pinene (ug m™) 0.033 0.029 0.086 0.068 0.040
Particulate organics (ug m™) 1.12 0.94 3.07 4.54 4.25
Sulphate (ug m™>) 0.20 0.24 1.56 2.12 0.84
Nitrate (ug m=3) 0.26 0.19 1.78 1.58 1.48
Ammonium (ug m™) 0.16 0.13 1.04 1.07 0.78
Chloride (ug m™) 0.05 0.04 0.08 0.06 0.18
HOA (ug m™) 0.17 0.09 0.14 0.49 0.18
BBOA (ug m™) 0.08 0.08 0.10 0.14 0.16
SV-004 (ug m=3) 0.15 0.11 0.28 0.49 0.17
LV-004 (ug m™) 0.27 0.25 0.14 0.33 0.66
LV-0O0A (BB) (ugm™) 0.11 0.16 1.12 1.64 1.71
Tr-00A (ug m™) 0.23 0.15 0.34 0.36 0.17

The highest increase in their concentrations during the episodes at Traffic Supersite were found for secondary inorganics

(sulphate, nitrate, and ammonium), total organics, measured with SP-AMS and BC measured in PM; (Table 1). o-pinene,

known as a SOA precursor, had also clearly higher concentrations during the periods E1-E3. Concentration of chloride

showed a clear increase only during period E3. Similar increase in the concentrations of BC (Fig. 6) and measured

inorganics and total organic matter was seen also at the UB Supersite (Fig. S6). The increased PM; 5 concentration is thus

connected of formation of secondary particulate matter together with increased concentration of total organic matter.

Particle number concentrations showed slight increase during the E2 episode at both sites and in ATMo-Lab with cold

temperatures (Table 1 and Table S3, Fig. S3) which indicates that, in addition to long-range transported pollutants, local

traffic emissions were also trapped on the boundary and layer affected the air quality at the measurement site. Also, higher

concentrations of a-pinene with short atmospheric lifetime (~few hours) indicated local influence. Episode E1 took place

during the weekend so its concentrations should be compared against the traffic weekend situation.
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483 Figure 6. Concentrations of BC at the Traffic Supersite and at the UB Supersite as well as the concentrations of levoglucosan and the
484 sum of measured PAH compounds at the Traffic Supersite, analysed from filter samples. The filter sample times are the mean of

485 sampling start and stop times. The PAH sampling time during 15 February consisted only 12 hours.

486

487 Concentrations of major gaseous and chemical components were measured also at the UB Supersite during the campaign
488 (Table S3). The concentrations of traffic related components PN, LDSA and NO, were on average 2—3 times higher at
489 the Traffic Supersite compared to the UB Supersite during non-episodic workdays which is expected due to the much less
490 influence of traffic at the UB Supersite. The same was also for PM s concentrations between the two sites indicating its
491 local source at the Traffic Supersite. Concentrations of these compounds were similar or only slightly lower during non-
492 episodic weekends at the UB Supersite so it can be concluded that the measured concentrations at the UB Supersite
493  correspond to urban background concentrations in Helsinki area.

494

495 Concentration of total particulate organics and secondary organics showed similar increase during the three episodes at
496 the UB Supersite and Traffic Supersite (Fig. S6). The increased PM, s concentration during episodes is connected to
497 formation of secondary particulate matter together with increased concentration of total organic matter. During non-
498 episodic periods concentration of total particulate organics was higher at the Traffic Supersite compared to the UB
499 Supersite indicating that it had a local source, most probably traffic, at the Traffic Supersite.

500

501 During all episode periods the concentration of PM, s and LDSA (Fig. S2, Table 1 and S3) and BC (Traffic Supersite and
502 UB Supersite, Fig. 6) together with biomass burning tracer levoglucosan and sum of measured polycyclic hydrocarbons
503 (PAH, Traffic Supersite) showed clear increase in their concentrations. It seems that the long-range or regional transported
504 air masses contained of particles originated form biomass burning and that the transported particles clearly increased the
505 PM; 5 and BC concentrations and so degrading the air quality in Helsinki area. The increased LDSA concentrations during
506 these episodes further degrade the air quality in Helsinki Metropolitan area. During cold season wood burning for heating
507 purposes especially in detached house areas in Helsinki takes place. However, the effect of local wood burning on
508 pollutant concentrations at the Traffic Supersite is minimal on annual level compared to the effect of traffic related
509 pollutants (Aurela et al., 2015; Helin et al., 2021; Kangas et al., 2024). This can be seen also from the relatively low

510 concentration of levoglucosan and sum of measured PAH’s during non-episodic period. However, the concentration of
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511 levoglucosan and PAHs increased during the episodes indicating that long-range or regionally transported biomass
512 burning aerosol was transported to the measurement site.

513

514 Fig. S7 shows the particle number size distributions at the Traffic Supersite and UB Supersite during the three episodes
515 and during the traffic related (non-episodic) period. The mean particle number concentration did not show any marked
516 increase during the episodes compared to non-episodic situation at Supersite, but the mean LDSA concentrations
517 measured with AQ Urban instrument were clearly higher. The increased LDSA concentration during the episodes is
518 connected to higher concentration of larger particles at both sites (Fig. S7). The higher LDSA concentration at the Traffic
519 Supersite compared to the UB Supersite during non-episodic situation is due to higher concentration of traffic related
520 ultrafine particles at the Traffic Supersite.

521

522 HYSPLIT back trajectories were calculated during these episodes on daily basis (3-hour resolution, 96-hour back
523 trajectories, Fig. S8). The air masses during the short period E1 came from Arctic areas. The air masses during the E2
524 period between 31 January and 3 February came from Eastern Europe (Moscow area, Fig. S8) straight to the measurement
525 site and between 4 February and 5 February came across Baltia and Belarus. During the E3 period the airmasses circulated
526 first over Central Europe (Poland and Baltia, 13—14 February) and then arrived from Southern Europe over Romania,
527 Ukraine, Belarus, Poland and Baltia.

528

529 The coldest temperatures during the measurement campaign were measured during periods E1 and E2 (Fig. 2) and only
530 during the period E3 the temperature was near 0 “C. It is possible that especially traffic related particulate component and
531 trace gases also accumulated in the boundary layer during the cold days and that the increased concentrations are due
532 both this accumulation and long-range transported pollutants. The concentrations of traffic related gaseous pollutants CO,
533 CO», NO, and NO, showed higher concentrations at the Traffic Supersite (Table 1) during episodes compared to non-
534 episodic period, especially during the long-lasting episode E2 when also the wind speed was very low at the last days of
535 this episode. For CO; this increase was minimal and for PN concentration only slight difference between episodes and
536 workdays without episodes could be seen. Clearer was the difference of PN concentration between non episodic workdays
537 and weekends (Table 1).

538

539 3.1.6  Source apportionment of organics in aerosol particles

540 A source apportionment of organics was performed for the AMS data obtained from the Traffic Supersite. As observed
541 in Fig. S9 and S10, the obtained solution consisted of 6 factors: OA with a significant signal at m/z 60 (C;H40,") and 61
542 (CH50,%), Tr-O0A; low-volatility oxygenated OA (LV-OOA) with a large signal at m/z 44 (CO;"); hydrocarbon-like
543 OA (HOA) mostly composed of CxHy™ fragments; biomass burning OA (BBOA) with characteristic m/z 60 (C,H40,")
544 and m/z 73 (C3HsO;") signal peaks; semi-volatile oxygenated OA (SV-OOA) with high signal at m/z 43 (C,H;0%); and
545 LV-OOA-BB that had also a high signal at m/z 44 but as well a significant signal at m/z 60.

546

547 The share of chemical composition of major measured compounds (BC, organics, sulphate, nitrate, ammonium, and
548 chloride) as well as the share of organic factors are shown in Fig. S11. Concerning primary emissions, HOA was the
549 dominant factor at the traffic site, with an average contribution of 12.5 % during the whole campaign period Fig. S11. In

550 fact, HOA had a good correlation with NO and NO, (R? equal to 0.82 and 0.87, respectively) and was particularly high
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551 during workdays and traffic rush hours (Table 1 and Fig. S11). This evidence shows the predominant contribution from
552 traffic to this factor. On the other hand, the overall contribution from BBOA was small (6.1%), even though the mean
553 concentration of BBOA was like the one of HOA during weekends. This low BBOA contribution reflects the fact that
554 residences around the measurement site do not use biomass burning as a dominant heating source (e.g. Kangas et al., 2024
555 and Barreira et al., 2021) The obtained results agree with previous observations at the same measurement site concerning
556 primary organic aerosol chemical characteristics during wintertime (Lepistd et al., 2023b).

557

558 Contrary to primary emissions, SV-OOA, LV-OOA, and LV-OOA-BB, which mostly represent secondary organic
559 emissions, constituted on average 67.7 % of the total organics during the campaign period (Table 1 and Fig. S11). The
560 concentration of LV-OOA-BB factor was especially high during the E1, E2 and E3 periods reaching up to 52.8, 47.4, and
561 56.2% for the forementioned periods, respectively indicating a strong influence of long range transported aerosol during
562 these periods. These results reveal the high importance of long-range transport episodes to the atmospheric particulate
563 mass and composition in Helsinki. Furthermore, they suggest a heterogenicity of chemical and physical properties of
564 long-range transported particles because of distinct production and emission sources. Interestingly, the SV-OOA
565  contribution was relatively constant during all events (approximately 15%), except in E3 due to the increased contribution
566 from LV-OOA-BB (lower SV-OOA contribution). SV-OOA is expected to be low during winter due to decreased
567 atmospheric photochemistry comparatively to the warmest periods of the year (e.g. Praplan et al., 2017).

568

569 During episodes E2 and E3, all factors derived from the PMF analysis exhibited heightened concentrations, including the
570 HOA factor known to stem from local traffic emissions. This result suggests that, during these episodes, aerosol particles
571 comprised a blend of both transported and locally emitted pollutants, despite the dominance of LV-OOA aerosol.

572

573 3.1.7  Traffic related (non-episodic) period

574 Table 1 shows the mean traffic frequencies and concentrations of gaseous and particulate pollutants at the Traffic
575 Supersite during traffic related (non-episodic) period divided further as workdays and weekends and during the three
576  periods with high pollutant concentrations.

577

578 The traffic frequency during workdays was on average 1.4 times higher than during the weekends which is mostly due to
579  the lack of commuter traffic during weekends. Probably the number of trucks and other heavy-duty vehicles during the
580  weekends is also smaller. The mean concentrations of PN, NO, NO,, BC, PM2 5.9, and HOA were higher during the
581 workdays compared to weekends, which is expected since PN, NO, NO,, BC, and HOA are emitted directly from motor
582 engines. Local traffic also increases concentration of coarse particles, but their concentration also depends on meteorology
583 like rain, snow cover, or wind speed. Concentrations of most pollutants decreased with increasing wind speed despite of
584  the wind direction.

585

586 Mean LDSA concentration is connected to both PN concentration and particle size. The lower mean PN concentration
587 together with lower mean LDSA concentrations during non-episodic weekends indicates that LDSA concentration is
588 connected to local PN emissions during non-episodic period. The effect of long-range or regionally transported aerosol
589 to the LDSA concentration is clearly stronger than the effect of local traffic during the episodes. However, in general the

590 local traffic related PN emissions dominate the LDSA concentration at the Traffic Supersite which can be seen on the
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591 higher LDSA concentration during the daytime at the Traffic Supersite compared to the UB Supersite (Fig. S12). The
592 slightly higher mean concentration of total organics during the workdays is probably due to the higher HOA
593  concentrations during workdays.

594

595 The hourly variations of PN, BC, NOx, PMz 5, PM25.10, and LDSA during non-episodic period are shown in Fig. S12
596 (workdays) and Fig. S13 (weekends) at the Traffic Supersite and UB Supersite station. During workdays the hourly
597 variations of PN, BC, NOy and LDSA are clearly connected to local traffic frequencies (Fig. 2 and Fig. S12) showing the
598 morning and late afternoon rush hours. The concentrations of PM, s and PM s.19 also increased during daytime but were
599 not as clearly correlated to morning and afternoon rush hours. Their concentrations started to rise during morning hours
600 and stayed high during the daytime. The hourly variations of these compounds were similar at the UB Supersite, but their
601 concentrations were much lower.

602

603 The hourly variations of total organics and the calculated factors HOA, BBOA, SV-O0A, LV-OOA, LV-OOA-BB, and
604 Tr-OOA during non-episodic period are shown in Fig. S14 (workdays) and Fig. S15 (weekends). The hourly variation of
605 HOA factor is clearly connected to traffic frequencies and the increased concentration of total organics can be explained
606 majority with the increase in HOA concentration. The factor connected to biomass burning (BBOA) shows two peaks
607 one in midday and another in evening. The evening peak is probably connected to wood burning in Helsinki area. Wood
608 burning takes places in detached houses in Helsinki in sauna stoves and housewarming purposes especially during cold
609 months. During weekends no clear traffic dependences of HOA and total organics could be seen. The evening peak of
610 BBOA was clearly seen also during weekends and it started already after late afternoon which is due to more active use
611 of sauna stoves and fireplaces during weekends. The diurnal cycle of Tr-OOA during workdays (Fig S14) indicates that
612 it was connected to local traffic related emissions.

613

614 3.1.8  Local pollution level comparison — CPCs and PDA

615 CPCs number concentration time series were used to compare local pollution level differences at the Traffic Supersite
616 and the UB Supersite stations. It can be seen from the time series (Fig. S16) that significantly higher particle concentration
617 levels are frequently observed at the Traffic Supersite during the campaign. To look at the differences between the sites
618 in more detail, we employed the pollution detection algorithm (PDA, Beck et al., 2022). The PDA identifies and flags
619 polluted periods in five steps, most importantly by the first filter step: the time derivative (gradient) of a concentration
620  overtime.

621

622 PDA is primarily designed to identify and flag periods of polluted data in remote atmospheric composition time series,
623 but it might also be applied to locations where local contamination interference is so frequent that most data points exceed
624 the contribution from the underlying background in the period of interest, like in urban areas (Beck et al., 2022). PDA
625 only relies on the concentration time series datasets and is independent of ancillary datasets, such as meteorological
626 variables or black carbon data. Consequently, the PDA can provide valuable additional information on the pollution levels
627 and characteristics of urban conditions.

628

629 Fig. 7 and Fig. S17 show PDA filter results for the Traffic Supersite and the UB Supersite for the campaign period by
630 using typical PDA parameters for the 1 min time resolution data (Beck et al., 2022). CPC data gaps (Fig S17), 1.3 % and
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631 6.6 % of the Traffic Supersite and UB Supersite, respectively, were assigned to one and removed for CPC total counts
632 (Table 2). It should be noted that although both CPCs were operational simultaneously most of the time during the
633 campaign, these data gaps cause some uncertainty in the analysis. Identical PDA settings were used for both stations.
634 Interquartile range (IQR) filter, instead of power law derivative filter was used as a first derivative filter as it is better
635 suited for the current (relatively polluted) urban data with no clear separation of data to polluted/unpolluted branches. We
636 compared two cases, one with threshold filter for typical polluted concentration levels > 10* p cm™, (Fig. S17) and with
637 the upper threshold set to 3x10° p cm™ (upper concentration range of the measurements) to observe differences in the
638 derivative filtering without threshold filter that otherwise dominates in the urban environment (Fig 7). It can be seen that
639 the flagged (red) data fraction is more prominent in Traffic Supersite data. All employed filter steps and PDA parameters
640 are shown in Tables S4 and S5.
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642
643 Figure 7. PDA filter results for the Traffic Supersite (a) and the UB Supersite (b) after identical filtering steps, showing the flagged
644 data (red) with the threshold set to upper concentration range of the measurements. Shadowed periods represent weekends. See Table
645 S5 for the applied filter steps and parameters.

646

647 The PDA results are summarized in Table 2. In both cases, the ratio of the PDA filtered data for Traffic Supersite/UB
648 Supersite was similar (1.9 and 2.0). The higher pollution ratio for the case without the upper threshold filter (gradient
649 filter dominates), seems to reflect more polluted conditions due to local traffic and near roadside conditions at the Traffic
650 Supersite as the higher derivatives are representing periods of high concentration variability, i.e., due to local source
651 (Beck et al., 2022).

652
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653 Table 2. An overview of the PDA results and percentage of data declared as polluted with the applied filtering steps.

Traffic Supersite UB Supersite Traffic UB Ratio
(number (number of data Supersite (%) Supersite  Traffic
of data points) points) (%) Supersite/UB
Supersite
Total counts (number of data 46915 44383
points).
PDA polluted (10 000 p cm™3 33023 16463 70.4 371 1.9
threshold), Fig. S17.
PDA polluted (no threshold, 16638 7985 35.5 18.0 2.0

>300 000 p cm ™), Fig. 7.

654 3.1.9  NAIS particle size distribution comparison

655 Fig. 8 presents hourly median particle size distributions obtained during the workdays (Monday—Friday) with the NAIS
656 particle mode, negative polarity at the Traffic Supersite (Fig. 8a) and at the UB Supersite (Fig. 8b). It is clear also from
657 the NAIS measurements that the Traffic Supersite location has significantly higher median particle concentrations
658 throughout the day, starting from the early working hours (~ 6:00) and continuing to late evening (22:00). Furthermore,
659 it appears that during office hours the relatively high particle concentrations (~ 10* p cm™>) are observed also at the sub-
660 3 nm size range and lower size range of nucleation mode (3—5 nm), whereas at the UB Supersite similar concentrations
661 are observed only for particles > 5 nm. At UB Supersite the sub-5 nm particle concentrations are also rapidly decreasing

662 after ~ 17:00, while at the Traffic Supersite the concentrations remain relatively high until ~ 22:00.
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664 Figure 8. Hourly median particle size distributions obtained from NAIS negative polarity during the campaign workdays (Monday—

665 Friday) at the Traffic Supersite (a) and the corresponding particle size distributions at the UB Supersite (b).

666  Data Availability
667 Data described in this manuscript can be accessed at Zenodo repository under DOI 10.5281/zenodo.13254916 (Teinild, 2024).
668

669 4  Conclusions

670 In this study physical and chemical properties of particulate matter and concentrations of trace gases were measured at an
671  urban traffic site in Helsinki, Finland. The five-week intensive campaign took place at the Traffic Supersite in Helsinki
672 in January—February 2022. The goal of the study was to characterise wintertime aerosol and obtain information on factors
673 affecting air quality at urban traffic site in wintertime. To estimate the importance of local traffic and long-range
674 transported pollutants on the air quality, measurements were made same time also at an urban background Supersite. A
675 source apportionment of organics was performed for the SP-AMS measurements at the Traffic Supersite. The solution
676 consisted of five factors three connected to primary emissions (HOA, BBOA, and Tr-OOA) and three to aged aerosol
677 (SV-O0A, LV-O0A and LV-OOA-BB).

678

679 During the intensive campaign the meteorological conditions such as temperature, snow cover, and rain varied largely.
680 Three clear pollution episodes with elevated concentrations of particulate matter and trace gases took place during the

681 campaign. During these episodes the increased pollutant concentrations were connected to trapping of local pollutants on
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682 the boundary layer and long- and regional range transport of pollutants to the site. The concentrations of traffic related
683 pollutants PN, NO, NO,, BC, and HOA followed the traffic frequencies on an hourly basis and having also lower
684 concentrations during weekends when traffic frequencies were lower. The source apportionment showed that, in addition
685 to traffic related primary HOA, particulate matter consisted also biomass burning related aerosol (BBOA factor). During
686 the pollution episodes high concentrations of secondary inorganics (sulphate, nitrate, and ammonium) and secondary
687 organics (SV-OOA, LV-OOA, and LV-OOA-BB) were observed. Especially the concentration of secondary organics
688 containing biomass burning material, LV-OOA-BB was very high, showing concentrations as high as 6 ug m™ and it was
689 the dominant factor during episodes E1, E2 and E3. This together with the increased concentration of levoglucosan and
690 BC indicate that long-range or regionally transported aerosol contained biomass burning originated particles.

691

692 The pollutant concentrations were affected also by meteorology like wind speed and temperature. During cold periods
693 especially pollutants from local traffic trapped on the boundary layer increasing their concentrations. Stagnant conditions
694 with low wind speed during coldest days inhibit the ventilation and removal of local pollutants effectively. Concentrations
695  of most pollutants decreased with increasing wind speed.

696

697 It can be concluded that the air quality at the Traffic Supersite was affected by both changes in pollution sources and
698 removal of pollutants. The two most important pollution sources at the site were local traffic and long-range or regional
699 transportation. Long-range or regional transported aerosol is present constantly in the Helsinki area, but we also observed
700 episodes with markedly increased pollutant concentrations and increased PM, s concentrations. During these episodes
701 PM; 5 mainly consisted of secondary inorganic and organic aerosol and black carbon. Trapping of pollutants with stagnant
702 conditions during coldest days also increased pollutant concentrations originated from local traffic exhaust. As long-range
703 transported pollutant episodes increased PMys mass, the pollutants from local traffic increased particle number
704 concentration. The effect of local traffic on particle number concentration was most clearly seen in diurnal variation of
705 PN with morning and afternoon rush hours and lowered PN concentration during weekends. A strong effect of traffic was
706 seen also with the concentrations of the smallest nanoparticles (both < 5 nm and < 10 nm) which agrees with existing
707 literature. As expected, due to traffic as a major local source, aromatic hydrocarbons made the highest contribution to the
708 total measured concentration of SOA precursor VOCs (> C5).

709

710 The fact that we observed such a high contribution of long-range and regionally transported pollutants to PM mass and
711 concentration of secondary inorganic and organic constituents show the need to tackle atmospheric pollutants not only at

712 local level, but in concerted actions involving regional and international regulative entities.
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