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The study was carried out for Bucharest, Romania, and assessed the ability of aerosol dosimeter measurements to highlight 
the seasonal and spatial variability of ultrafine particle emissions. For this purpose, a mobile campaign of measurements on 
the design route was conducted for two distinct periods: May-July 2022 and January-February 2023, during which 15 routes 
were successfully completed for each period, covering almost a 100 km long route. 
The results indicate that the aerosol dosimeter is able to highlight the main sources of ultrafine particle emissions as well  as 
their variability. Thus, for both seasons, the highest concentrations of ultrafine particles were recorded in areas with heavy 
traffic, such as boulevards and important intersections, which are predominant sources of ultrafine particles in urban 
environments. Moreover, significant diurnal variations in the concentrations of ultrafine particles were observed, especially in 
the cold season, with peaks occurring during the morning and evening hours, periods of time associated with household 
activities and home heating. These results ensure the premise that calibrated and inter-compared aerosol dosimeters can be 
used in air quality monitoring networks in urban areas as well as in mobile measurement campaigns. 
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1. Introduction  
 

Optoelectronics plays a key role in the development 

and refinement of methods for measuring particulate matter 

(PM) and providing accurate and rapid solutions for their 

detection and characterisation. Optoelectronic technologies 

are based on the interaction between light and particles, 

using principles such as light scattering, absorption, or 

attenuation to determine the concentration and size of the 

particles [1,2]. Devices such as optical particle counters and 

electrical mobility mass spectrometers equipped with 

optoelectronic modules allow real-time monitoring of 

ultrafine particles. 

Air pollution with particulate matter is a global 

problem [3,4], and has adverse effects on human health [3]. 

Their level measurement is important and necessary for 

understanding and mitigating the effects on the 

environment and human health. 

The correlation between particle size and possible 

health consequences is not fully understood and sometimes 

causes debate [5-7]. For example, Iskandar et al. (2012) [8] 

determined that pediatric asthma-related hospital 

admissions were associated with levels of coarse and fine 

particles. In contrast, Franck et al. (2011) [9] hypothesised 

that smaller particles exert a more pronounced impact on 

cardiovascular disease in general. 

Ultrafine particles (UFP) are defined as particles with 

diameters less than 100 nm in urban environments [10]. In 

some cases, broader definitions (e.g., <300 nm) may be 

used for specific studies or applications [11,12]. The UFP 

mainly originates from incomplete combustion like the one 

generated by cars [10,13,14], but can also arise 

spontaneously through nucleation processes in ambient air 

[15]. Nucleation occurs naturally in the atmosphere, 

although the precursors that initiate this process can come 

from human or natural sources [16]. 

In general, concentrations of UFP in the atmosphere are 

quantified by total particle number concentration or number 

size distribution. There are currently no regulatory limit 

values for UFP concentrations, mainly due to insufficient 

data for epidemiological research. In 2021, the World 

Health Organization (WHO) acknowledged the necessity of 

ultrafine particle (UFP) measurement. In 2024, the 

European Union amended its air quality regulation 

2008/50/EG, requiring at least one ultrafine particle 

measurement site per 5 million inhabitants in areas of 

anticipated high concentrations and in supersites [17]. 

Urban air pollution is a serious environmental issue that 

impacts cities all around the globe, including Romania's 

capital, Bucharest [18]. Pollutant emissions into the 

atmosphere present serious health hazards and have an 

impact on the environment as metropolitan areas continue 

to develop and become more industrialised. Due to factors 

such as energy production, industrial activities, and vehicle 

emissions, air pollution has become a significant issue 

within the metropolitan areas [19,20]. Due to the emerging 

needs to monitor or understand the air quality in many 

European cities, the variability and concentrations of air 

pollutants are highlighted in these papers: Hamburg, 

Germany [43], Barcelona, Spain [21], Paris, France [22], 

Rome, Italy [23], Amsterdam, Netherlands, Antwerp, 

Belgium, Leicester, and London, United Kingdom [24]. 
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Besides the fixed-location sites to measure air quality 

variables, in the last decades, the increase of mobile air 

quality measurements even for research purposes has been 

noticed. Different mobile platforms, such as bikes [25-27], 

buses/trams [28], and pedestrians [29-31], are used for 

mobile measurements. Mobile measurements serve various 

purposes, such as evaluating individual exposure by using a 

portable monitor [32,33], evaluating exposure in various 

modes of transportation [34,35], assessing seasonal and 

regional variations of air pollutants [36-43], studying 

spatiotemporal correlation with noise, studying spatial 

variation in air pollution, and developing and validating air 

quality models [44-46]. Moreover, it is used to compute 

high-spatial-resolution maps of air pollution [47,48]. 

With a mobile platform, it is possible to sample various 

geographically diverse environments with just a handful of 

(expensive) monitoring equipment in a constrained amount 

of time [47]. These platforms, combined with 

improvements in air monitoring equipment, such as 

increased portability and time resolution, enable the 

collection of a wide range of air contaminants in space and 

time inside a complex urban terrain. On the other hand, 

temporal aggregation is necessary for mobile measurements 

to be relevant to the long-term/average exposure since they 

often only include a brief period of data per street segment. 

In contrast, although they only cover a small geographic 

area, fixed sensors and devices cover long-time periods of 

air quality data that are representative for that site. 

Therefore, fixed sensor networks offer temporal profiles but 

are restricted in number, while mobile platforms can cover 

more sites but require more repetitions throughout time 

[48]. 

To guarantee efficient functioning and precise data 

gathering, mobile mapping and monitoring devices need to 

fulfil several specific conditions. These conditions include 

the capacity to operate properly in the face of possible 

interferences, like vibrations, power supply fluctuations and 

signal obstructions, and a high frequency of data acquisition 

rate. Instrumentation suitable for mobile measurements 

should be lightweight and resistant to vibrations and shocks. 

Furthermore, they must reliably record high-resolution 

temporal data and monitor various contaminants; 

depending on the mobile platform, the monitoring intervals 

usually range from one to ten seconds [48]. Correlating the 

gathered data with exact geographic coordinates also 

requires integration with GPS [47,48]. 

Mobile monitoring can be conducted in two ways. One 

approach involves following predetermined routes 

repeatedly, while the other approach is more opportunistic, 

with an operator performing measurements during its 

regular activities without disruption. Mobile monitoring can 

follow predetermined routes for consistency and 

comparability or take an opportunistic approach, offering 

broader coverage but less control over measurement 

conditions [48].  

It's also crucial to remember that detecting PM in 

environments with high relative humidity is challenging 

since water condensation affects the results without 

providing a way to adjust for it [43,48-50]. 

This study focuses on ultrafine particle variability 

assessment in Bucharest using the Partector 2 instrument 

[51], which was operated for a set of 15 mobile 

measurements during the warm season between May-July 

2022, and another set of measurements during the cold 

season between January and February 2023. 

 

 
2. Experimental 
 

2.1. Measurement location 

 

The capital city of Romania, Bucharest, is one of 

Southeast Europe's major cities. It is the nation's biggest 

metropolis, home to more than 2.1 million people, and a 

vital centre for political, cultural, and economic activity. 

With a total area of 240 km2, the city has an average 

population density of 9000 people per km2 [52] situated on 

the banks of the Dâmbovița River. Bucharest is in the humid 

continental climatic zone of the mid-latitudes, which has 

distinct seasons that are characterised by hot summers and 

cold winters. The climate of Romania is mostly temperate 

continental, shaped by diverse atmospheric circulation 

patterns. During the summer and fall months, cyclonic 

activity predominates, resulting in heightened precipitation 

and volatile weather conditions. In contrast, winter and 

spring exhibit anticyclonic conditions, often linked to 

easterly and southeasterly air masses, leading to drier and 

more stable weather. [53,54].  Seasonal fluctuation is 

characteristic for Bucharest, where annual precipitation 

totals vary from around 600 mm to 700 mm, with the most 

significant rainfall often occurring in late spring and early 

summer [55,56]. Due to atmospheric circulation patterns, 

long-range aerosol transport events such as wildfires and 

desert dust intrusion from Persia, the Arabian Peninsula, 

and the Sahara may have an impact on the air quality in 

Bucharest [57,58]. Nonetheless, the primary sources are 

local, impacted by the terrain and various wind regimes at 

the local scale [59]. 

The mobile measurements starting point is located in 

Măgurele city, from the premises of Măgurele Center for 

Atmosphere and Radiation Studies (MARS) near Bucharest 

[60-63] (Fig. 1). MARS site is part of RADO-Bucharest 

national facility, part of the pan-European research 

infrastructure ACTRIS [64] and is dedicated to atmospheric 

research. 

MARS site was used to initially test the mobile 

equipment and intercompare the measurements with 

standard instrumentation [60,65]. 

 

https://www.zotero.org/google-docs/?ZArNVn
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https://www.zotero.org/google-docs/?3NK17V
https://www.zotero.org/google-docs/?Tu6qvJ
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Fig. 1. Map with the measurement route (purple) and the location of the starting point at MARS (colour online) 

 

2.2. Equipment  

 

2.2.1. Naneos Partector 2 - aerosol dosimeter 

 

Naneos Partector 2 [49,57] is a state-of-the-art 

electronic aerosol dosimeter designed to measure ultrafine 

particles in the atmosphere. It measures at a frequency of 1 

second various parameters related to ultrafine particles 

(PM0.3 - particles with a diameter in the range of 10-300 

nm), such as long deposited surface area (LDSA) 

[µm²/cm³], number concentration [cm-3], total surface area 

[µm²/cm³], and average particle diameter [nm]. The 

measurement principle involves charging aerosol particles 

using a unipolar corona diffusion charger in pulsed mode, 

generating voltage peaks as charged particles pass through 

an induction tube. The half peak-to-peak value represents 

the charge concentration [51], which correlates with LDSA 

concentration, measurable within ±30% uncertainty [66]. 

Partector 2 refines this approach with a dual-stage charge 

measurement system, using an aerosol manipulator to 

partially remove charged particles before a second 

induction tube. By analysing the ratio of two measured 

currents, it estimates the mean particle size, number 

concentration, and LDSA, similar to other mechanical or 

electrical aerosol devices [67,68]. For this study, Naneos 

Partector 2 was used both stationary at the MARS site and 

during mobile measurement campaigns dedicated to air 

quality assessment in Bucharest. 

 

2.2.2. Scanning Mobility Particle Sizer (SMPS)  

         spectrometer 

 

The Scanning Mobility Particle Sizer (SMPS) 

spectrometer is used to continuously measure the size 

distributions and mass concentration of ultrafine particles 

as part of the aerosol in-situ ACTRIS component , 

following the standard CEN/TS-17434 [64]. The SMPS 

classifies particles according to their electrical mobility 

using an electric field in a differential electrical mobility 

classifier [69]. For this study, SMPS was used to measure 

particle number size distributions in the size range from 10 

to 800 nm and mass concentration at the same time as the 

Partector for several days. The particle concentrations in the 

same range as the Partector were retrieved and used for 

intercomparison. 

The SMPS operates on the principle of electrical 

mobility classification principle of aerosol particles 

followed by optoelectronic detection. The system consists 

of two primary components: a Differential Mobility 

Analyser (DMA) and a Condensation Particle Counter 

(CPC) [69]. 

In the DMA, particles are first brought to a known 

charge distribution using a radioactive neutraliser source. 

After that, the aerosol flow goes through a high-voltage 

electrostatic classifier. The classifier separates particles 

based on their electrical mobility, after that the CPC is 

counting the particle's number concentrations. 

The CPC employs an optoelectronic detection 

mechanism to measure particle concentrations. As the 

aerosol stream becomes saturated with vapour (e.g., 

butanol), particles act as nucleation sites for condensation 

and grow to optically detectable sizes. The enlarged 

particles pass through a focused laser beam, where light 

scattering events are detected by a photodetector. Each 

scattered light pulse corresponds to an individual particle, 

allowing for real-time quantification [70]. 

This combination of electrical mobility sizing and 

optoelectronic detection enables the SMPS to provide high-

resolution size distributions of fine particles (including 

ultrafine), making it particularly suitable for investigating 

https://www.zotero.org/google-docs/?SAhzhN
https://www.zotero.org/google-docs/?UNYgvX
https://www.zotero.org/google-docs/?fZybkO
https://www.zotero.org/google-docs/?MD1lLW
https://www.zotero.org/google-docs/?LeWSmS
https://www.zotero.org/google-docs/?Vk9tVS
https://www.zotero.org/google-docs/?FSseCL
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seasonal variations in urban aerosol concentrations. The 

optoelectronic components ensure high sensitivity and 

precision, which is crucial for accurately characterising 

particle size distributions [69]. 

 

2.3. Campaign design 

 

The mobile campaign route was designed using the 

technique outlined in [48,60,71]. The whole length of this 

road, accounting for approximately 100 km, included 

different land uses: commercial, industrial, residential, and 

mixed-use districts.  

In order to characterise a variety of traffic behaviours, 

the route also contains several street types, such as side 

streets, less-travelled alleyways, and major thoroughfares 

with heavy traffic. 

The measurement route consists of 40.4 km of primary 

streets represented by boulevards and major roads, where 

most traffic takes place, and 33.2 km of secondary streets, 

typically referring to a type of street that serves to collect 

traffic from residential, 14.5 km of tertiary streets refers to 

streets that have lower traffic volumes and serve more 

localised areas than secondary streets, 12.3 km of 

residential streets, designed to provide access to homes and 

residential areas, and 1.1 km of service streets, which are 

typically access roads to companies and factories [72]. 

The mobile measurements took place between 5:00 and 

13:00 UTC, and its projected length was 8 hours. This time 

frame was deliberately selected to include two crucial 

windows of high traffic volume: the first peak hours, which 

occur between 5:00 and 07:00 UTC, during which residents 

go to work or school, and the beginning of the second peak, 

which occurs between 13:00 and 15:00 UTC, during which 

many people head back home [7]. As a result, the recorded 

data can depict the variable conditions of the air due to 

various traffic patterns seen over the day. 

We performed the mobile measurements using a 

passenger automobile and a maximum travel speed of 30 

km/h in order to allow the instrument to properly sample the 

air and to have relevant data on a high spatial resolution as 

possible street segments. 

The mobile measurements were performed exclusively 

under appropriate weather conditions (without 

precipitation). These circumstances were necessary to 

guarantee the consistency and accuracy of the data gathered 

since precipitation and high humidity have a major impact 

on particle-related measurements. During the 

measurements, a dehumidifier was used to ensure that the 

relative humidity remained below 50%. 

The mobile monitoring campaign was carried out in 

Bucharest for two different time periods of the year. The 

first-time interval was selected between May and July 2022, 

which is specific to the warm season, and the second time 

interval was selected between January and February 2023, 

corresponding to the specific period of the cold season. 

During these periods, two sets of identically 15 routes each 

were successfully completed that ensured full coverage of 

all potential sources of ultrafine particles in Bucharest. To 

highlight the seasonal dependence and the type of sources 

emitting ultrafine particles, rainy and/or windy days were 

excluded from the measurement campaign. The 

measurement schedule and the days involved in the 

campaign are shown in Table 1. 

Table 1. List of mobile measurement days 

 

Warm Period   Cold Period 

Date Start-End [UTC] Duration   Date Start-End [UTC] Duration 

04/05/2022 05:30 - 13:10 7h 40m   18/01/2023 06:18 - 12:43 6h 25m 

11/05/2022 05:28 - 13:02 7h 33m   19/01/2023 06:17 - 12:15 5h 57m 

19/05/2022 05:28 - 12:41 7h 12m   25/01/2023 06:13 - 12:24 6h 11m 

26/05/2022 05:31 - 12:48 7h 16m   30/01/2023 06:57 - 12:51 5h 53m 

02/06/2022 05:26 - 12:43 7h 17m   01/02/2023 06:18 - 12:29 6h 10m 

06/06/2022 05:37 - 12:47 7h 9m   02/02/2023 06:46 - 13:21 6h 35m 

07/06/2022 05:18 - 12:00 6h 41m   06/02/2023 06:19 - 11:41 5h 21m 

08/06/2022 05:23 - 12:27 7h 4m   07/02/2023 06:28 - 13:18 6h 50m 

09/06/2022 05:10 - 12:21 7h 10m   09/02/2023 06:30 - 12:49 6h 18m 

14/06/2022 05:19 - 12:11 6h 51m   13/02/2023 06:30 - 12:50 6h 20m 

16/06/2022 05:26 - 12:41 7h 14m   14/02/2023 06:42 - 12:50 6h 8m 

22/06/2022 05:28 - 12:13 6h 44m   15/02/2023 06:40 - 12:38 5h 58m 

29/06/2022 05:32 - 12:02 6h 29m   21/02/2023 06:52 - 12:32 5h 40m 

06/07/2022 05:19 - 11:45 6h 25m   22/02/2023 06:34 - 12:51 6h 16m 

13/07/2022 05:33 - 12:15 6h 41m   28/02/2023 06:35 - 12:15 5h 40m 

Total 105h 34m  Total 91h 48m 

https://www.zotero.org/google-docs/?lX6Mst
https://www.zotero.org/google-docs/?3if9Bo
https://www.zotero.org/google-docs/?IoijQI
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2.4. Data processing and analysis 

 

To assure the quality and relevance of the data in this 

study, it was necessary to apply several data filtering and 

processing techniques. The algorithms used to analyse and 

process the data were generated in Python 3.8 using the 

modules pandas, geopandas, numpy, and seaborn. 

For the quality and consistency of the data obtained 

during the campaign, Naneos Partector 2 aerosol dosimeter 

data were intercompared with the SMPS data measured in 

the same conditions. The intercomparison was done using 

co-located static measurements at MARS. This step was 

performed before the mobile measurements to assess the 

degree of agreement between the two instruments and to 

understand any systematic bias for the mobile aerosol 

dosimeter. Results are shown in section 3.1. 

Rolling averages were initially computed with a 

window of three values. Moving averages were used on the 

data to show overall trends and reduce short-term 

variations. The ratio between each individual value and its 

matching moving average value was then computed. To 

lessen the impact of extreme values and noise in the data, a 

value was deemed an outlier and deleted from the data set 

if the ratio was larger than 1.5. 

Static data in this context describes times when the car 

was not moving for more than five minutes. These idle 

times were eliminated since they did not provide any 

relevant data for campaign analysis. To provide a more 

accurate and relevant picture of the vehicle's behaviour 

throughout the campaign, this filtering was done to 

concentrate the study on the times when the vehicle was 

moving. 

For a more representative assessment of exposure 

levels, averaging techniques were used to compute mean 

UFP concentrations over different temporal and spatial 

scales. Standard deviation calculations were used to 

quantify data variability and identify potential outliers or 

anomalous fluctuations. Spatial analysis was conducted 

using the geopandas Python module [73], enabling the 

examination of concentration distributions across different 

areas of Bucharest. Temporal analysis involved the 

evaluation of UFP trends over different time frames, 

including daily and seasonal variations. The seasonal 

variability was evaluated through a comparative analysis of 

the concentrations of fine particles recorded in the period 

May-July 2022 (warm season) and in the period January-

February 2023 (cold season). 

 

 
3. Results and discussions 

 

3.1. Intercomparison of measurements 

 

Fig. 2 illustrates the relationship between number 

concentrations measured by Partector 2 and SMPS during a 

correlation campaign conducted at the MARS site in July 

2022. The linear regression line shows a positive trend, 

suggesting that overall, the two devices give correlated 

mass concentration measurements. 

The Pearson correlation coefficient (R = 0.70) shows a 

strong relationship between the two data sets, and the 

coefficient of determination (R² = 0.49) indicates that 49% 

of the variation in mass concentration measured by 

Partector 2 is explained by the SMPS, with the remaining 

difference attributed to measurement uncertainties and 

retrieval factors [74], [75]. 

The main source of these discrepancies comes from the 

different measurement principles of the two instruments. 

SMPS estimates number concentration based on particle 

size distribution using electrical mobility classification. In 

contrast, Partector 2 determines number concentration 

based on the total electrical charge of the particles, which 

makes it more sensitive to the chemical composition and 

ionisation properties of the aerosols. Thus, the differences 

between the measurements can be explained by the fact that 

the same particles can generate different signals in the two 

instruments. Variations may also result from differences in 

time resolution, detection efficiency for smaller particles, 

and instrument response to changing environmental 

conditions [49], [76]. Nevertheless, both instruments sense 

the same variability of the number concentrations of UFP.   

 

https://www.zotero.org/google-docs/?kT955P
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Fig. 2. Correlation between mass concentration measured by Partector 2 and SMPS at MARS site in July 2022 (colour online) 

 

3.2. Mobile campaign measurements 

 

In Table 2, in the comparison between the two seasons, 

we observe that the values of the mass concentration are 

similar, while the values of the particle number 

concentration and the LDSA have higher values in the cold 

period compared to the warm period. The large variation in 

particle number concentration between seasons is due to the 

fact that the cold period is dominated by ultrafine particles 

with smaller diameters than the ultrafine particles in the 

warm period [77].  

The smaller diameter particle concentrations in the cold 

season can be explained by more intensive use of home 

heating during the winter, which contributes to the emission 

of ultrafine particles. Large quantities of these particles, 

which tend to be smaller and more numerous, contribute to 

higher particle number concentrations and LDSA. These 

particles may have smaller sizes during the cold period due 

to incomplete combustion processes [65]. During the cold 

period, the emitted particles are more likely to form in 

smaller sizes because the nucleation and condensation 

processes are favoured at low temperatures. Also, under 

low-temperature and high-pressure conditions, particles can 

remain suspended within the surface layer for longer 

periods, which contributes to higher mass and number 

concentrations [78]. Furthermore, during the cold period, 

higher traffic, possibly due to weather conditions that make 

road transport slower, may contribute to the emission of a 

higher number of ultrafine particles. 

While the data in Table 2 shows differences in UFP 

number concentration and LDSA between the cold and 

warm periods, it is important to note the relatively high 

standard deviation; this suggests that the UFP values are 

highly dispersed. This dispersion indicates that the values 

around the mean are less frequent, which could imply that 

UFP concentrations are influenced by more localized or 

sporadic events, such as traffic peaks or specific heating 

activity, like was also emphasized by [79]. 

https://www.zotero.org/google-docs/?5TQpGO
https://www.zotero.org/google-docs/?zcXSUh
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374                                       A. Ilie, J. Vasilescu, C. Talianu, S. Andrei, A. M. Dandocsi, A. V. Dandocsi 

 

Table 2. Average value for each mobile campaigns and standard 

deviation 

 

Period Mass PM0.3 No. conc. Diameter  LDSA 

Unit μg/m3 cm⁻³ nm µm²/cm³ 

Warm 10.5 ±13.2 27247 

±29337 

46.7 ±10.6 59.7 ±46.5 

Cold 10.7 ±12.7 47069 

±49913 

41.7 ±14.4 75.2 ±59.1 

 

PM0.3 shows a high spatial variation in Bucharest, a 

characteristic mainly due to predominantly local sources. 

These particles are emitted mainly from point sources, such 

as road traffic, construction sites, and household activities, 

as well as from stationary sources such as industrial, 

commercial, or agricultural areas. Analysis of the measured 

data shows that the highest number concentrations of PM0.3 

are recorded in areas where the measurement campaign 

route intersects boulevards or streets with heavy traffic. 

This finding is in accordance with [80], which pinpoints that 

road traffic is one of the main sources of ultrafine particles. 

As can be seen in Fig. 3, in addition to road traffic, 

residential areas contribute to the UFP number 

concentration, especially in the cold season, through the use 

of home heating systems. The yellow segments, visible in 

the right panel, are located in residential areas, mostly 

individual houses or small blocks of flats. Moreover, Fig. 3 

shows that the western region of Bucharest registers the 

highest concentrations of UFP in both seasons. This can be 

explained in the warm season by the highest concentrations 

of UFP recorded in industrial areas, characterized by 

intense activities, as well as in areas with intense traffic 

(e.g., highways, Bucharest ring road, and main streets). 

Moreover, this region also includes most of the railway 

traffic from Bucharest. The highest concentrations of UFP 

in the western region of Bucharest during the cold season 

can be related to the existence of a large number of 

residential homes in this region (according to the INS [52], 

the western region has the highest density of houses in 

Bucharest). A significant increase in the maximum 

concentrations of the number concentration of UFP 

particles, especially of particles with very small diameters, 

was observed.  

 

 
 

https://www.zotero.org/google-docs/?Lh9ZWJ
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Fig. 3. Spatial variation of ultrafine particle number concentration in both seasons in Bucharest (colour online)  

 

Fig. 4a represents the temporal variation of UFP 

number concentration between the two seasons, showing 

that particle concentrations are consistently higher during 

the cold period compared to the warm period. This suggests 

that, in addition to road traffic and industrial activities, 

meteorological factors (e.g., atmospheric pressure, 

temperature, solar radiation, or wind field) [81] and 

seasonal activities (e.g., agriculture and construction sites in 

the warm season or emissions due to home heating in the 

cold season) contribute to a greater increase of particles in 

the atmosphere as well as a varied dispersion of these 

particles depending on the sources that emit them. The large 

variability observed in Fig. 4a reflects a greater dependence 

of the number concentration of UFP particles on point 

sources (e.g., road traffic, residential heating) or on 

atmospheric factors (e.g., atmospheric pressure) than on 

stationary sources (i.e., industrial areas). Also, it can be seen 

that during the cold season the concentration of UFPs has 

higher values compared with the values measured during 

the warm season in most time intervals. This can be 

explained by the fact that during the cold season, home 

heating systems emit many more ultrafine particles of much 

smaller diameters that contribute to the increase in the 

number of particles compared to the warm season. 

Moreover, the atmospheric pressure regime during the cold 

season is higher (blue boxplots in Fig. 4b) which enables 

the maintenance of UFPs higher concentration values 

within the surface layer, compared with the warm season 

when the predominantly lower pressure regime (red box in 

Fig. 4b) favours the dispersion [82] of UFPs and 

consequently, the number concentration of UFPs is lower. 

The steep increase intervals in winter can be associated with 

the beginning of the day between 5 and 8 UTC, this being 

influenced by house heating and traffic. 

     

https://www.zotero.org/google-docs/?DnDypx
https://www.zotero.org/google-docs/?AdfHza
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Fig. 4. (a) Temporal variation of number concentration during the warm (red line) and cold seasons (blue line), with error bars 

(shaded), represented by maximum and minimum values, and (b) hourly distribution of atmospheric pressure during the warm (red box) 

and cold seasons (blue box) (colour online) 

 

Fig. 5 presents a comparative analysis of ultrafine 

particle number concentration measurements during the 

two campaign periods. The left panel illustrates data from 

the warm season, where UFP concentrations remain 

relatively moderate, predominantly ranging between 14,000 

and 33,000 #cm⁻³. The lowest recorded concentration, 

approximately 14,000 #cm⁻³, was observed on 6th June, 

while the highest, reaching 33,000 #cm⁻³, occurred on 26th 

May. Throughout this period, the concentrations exhibit 

relative stability without outliers, correlated with the low-

pressure regime (Fig. 4b red boxes), which contribute to the 

dispersion processes 

In contrast, the right panel displays data from the cold 

season, where UFP concentrations are significantly higher. 

Frequently exceeding 40,000 #cm⁻³ and occasionally 

surpassing 80,000 #cm⁻³. The lowest recorded 

concentration, 22,400 #cm⁻³, was observed on 18th January, 

while the highest peak, 85,000 #cm⁻³, occurred on 21st 

February. This seasonal contrast suggests that UFP number 

concentrations are considerably elevated during winter, 

likely due to a combination of increased emissions from 

residential heating, lower atmospheric dispersion, and 

meteorological conditions (i.e., high pressure regime, 

shown by the blue box in Fig. 4b) which contributes to the 

accumulation of pollutants. 
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Fig. 5. Comparison of ultrafine particle (UFP) number concentrations measured during the warm season (May–July 2022) and cold 

season (January–February 2023) (colour online) 

 

Fig. 6 shows the hourly mean for all days considered of 

the particle number concentrations during the two seasons. 

During the warm season, the normal distribution of the 

number concentration is broader and has higher maximum 

values than in winter, which indicates the presence of larger 

particles. During the warm season, the normal distribution 

is narrower, and the central values are more concentrated 

around 40-60 nm, while the particle distribution in winter at 

the beginning of the day starts with values ranging between 

40 and 60 nm, but at noon the distribution develops into two 

lobes, one between 15-25 nm and the other between 50-60 

nm, highlighting the presence of multiple particle sources.

 

 
 

Fig. 6. Hourly particle diameter variation during the cold and warm seasons (colour online) 
 

 
4. Shortcomings of the method 

 
While the Partector 2 proved effective for mobile 

measurements, several challenges were encountered during 

our campaigns. A notable limitation was the influence of 

environmental factors, particularly vehicular traffic. Since 

measurements were conducted using a car on public streets, 

data were notably affected by traffic density, which varied 

by the time of day. High traffic volumes between 5:00 and 

07:00 UTC on specific segments of the route introduced 

elevated particle counts, potentially overshadowing other 

environmental trends. This effect was less dependent on the 

location and more closely tied to temporal traffic patterns. 

However, it should be noted that the motivation of the study 

was to quantify the variability of UFP concentrations during 

the workdays and daytime on different levels of driveways, 

which of course imply capture of the traffic influence on the 

particle generation.  
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Another challenge was the dynamic nature of mobile 

measurements themselves. Changes in speed, proximity to 

exhaust sources, and temporary stops (e.g., traffic lights) 

could introduce variability in recorded values. Additionally, 

atmospheric conditions such as the pressure regime might 

have influenced particle dispersion and measurement 

consistency. 

 

 

5. Conclusions 

 

In this study we analysed the capabilities of Partector 

2, an electronic aerosol dosimeter, to highlight the seasonal 

difference of ultrafine particle emissions and to identify the 

main sources of ultrafine particles in Bucharest.  

Data provided by Partector 2 revealed significant 

variations in ultrafine particle concentrations between 

seasons, with higher particle number concentrations and 

LDSA values during the cold period compared to the warm 

period. This seasonal variation is likely driven by increased 

emissions from home heating and traffic during winter, 

which generate smaller and more numerous particles due to 

incomplete combustion and favourable nucleation 

conditions at low temperatures. Additionally, the high 

standard deviation in the data provided by Partector 2 

suggests that UFP concentrations are influenced by 

sporadic events such as traffic peaks and localised heating 

activities, leading to a wider dispersion of values. 

The results show that ultrafine particles have a high 

spatial variability in Bucharest, primarily influenced by 

local emission sources such as road traffic, industrial 

activities, and residential heating. In general, vehicle 

emissions are the main source of ultrafine particles, which 

is also confirmed by the data provided by Partector 2, which 

recorded the highest values of ultrafine particle 

concentrations along major traffic routes. In addition, the 

seasonal variations observed in the data provided by 

indicate that residential heating has an increased 

contribution to the number concentrations during winter, 

especially in the western region of Bucharest, which has the 

highest residential home density.  
Significant diurnal variations in particle concentrations 

were also observed, especially in the cold season, with 

peaks occurring during morning and evening hours 

corresponding to traffic and heating activities. The warm 

season exhibited less pronounced diurnal variation, 

suggesting a more consistent emission pattern possibly 

influenced by factors like solar radiation and reduced 

seasonal heating or traffic. 

The results of this study demonstrate that aerosol 

dosimeters, can be a reliable solution for air quality 

monitoring and characterisation in urban areas after a 

proper calibration and intercomparison with more robust 

technique to assess the level of uncertainties. Integrating 

such dosimeters into Romania’s national air quality 

monitoring network would enhance the scientific 

understanding of ultrafine particle (UFP) dynamics in urban 

areas. Long-term monitoring and characterisation of UFP 

concentrations could provide valuable insights into their 

temporal variability, sources, and potential health impacts, 

supporting more informed air quality assessments and 

mitigation strategies. 
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