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This study investigated ultrafine particle concentrations at a busy intersection in Braunschweig, Germany,
highlighting the influence of traffic as the primary source of elevated ultra-fine particle (UFP) concentrations. A
mobile lab, equipped with online instruments for combustion gases and aerosols (SMPS, EEPS) was operated near
to the intersection. By coupling a high-resolution particle size spectrometer with a catalytic stripper, it effectively
characterized short-lived traffic-related particle events, outperforming traditional methods in resolving high-
emission events. While total concentrations of particles with diameters between 4 nm and 3 pm were in the
range of 6,000 #/cm® at low-traffic night hours, peak concentrations up to 3*10° #/cm® (10-20 s duration)
could be observed under heavy traffic conditions. During daytime traffic, approximately 10 %-30 % of particles
could not be evaporated at 350 °C. Traffic analysis was performed on a four-lane intersection equipped with 14
vertical stereo-camera-systems that allows a precise characterization of the traffic situation. While combining
high-resolution particle measurements with a camera system showed potential for classifying transport modes,
challenges such as limited differentiation between emission sources and complex data interpretation reduced its
overall effectiveness compared to conventional methods.

1. Introduction

Air quality in cities has been a topic of high public interest for many
years. In particular, the exposure to airborne particles is of great rele-
vance (Kumar et al., 2014). The concentrations of inhalable particles
(PM;() are recorded at many measuring stations worldwide. The
monitoring of particles that cannot be captured gravimetrically or direct
optical methods is still incomplete though. For instance, the German
“GUAN network” operates 16 stations that also record particle number
concentrations of ultra-fine particles (UFP, diameter < 100 nm) (Sun
et al., 2020). When detecting UFP, the attribution of the sources is a
major challenge (Friend et al., 2012) due to several reasons. The spatial
distribution of ultra-fine particles is highly variable due to moving
sources (Birmili et al., 2013; Samad and Vogt, 2021), the high impact of
meteorology (Giemsa et al., 2021; von Bismarck-Osten et al., 2013) and
city topology (Duyzer et al., 2015). Furthermore, the aerosol ages and
interacts with other airborne contaminants leading to changes in
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number, mass, size, volatility, and chemical composition (Jeong et al.,
2015). However, a source apportionment can be achieved by clustering
the data via positive matrix factorization (PMF). This has been suc-
cessfully performed with PMjg (Beddows et al., 2015) and UFP
(Kalkavouras et al., 2024) measurements.

One promising approach is the mobile monitoring of airborne par-
ticles in cities to gain information on their distribution (Alas et al.,
2019). Numerous studies are published that used cars (Gerling and
Weber, 2023; Tessum et al., 2018), bicycles (Ruths et al., 2014; Samad
and Vogt, 2021), buses (Biondi et al., 2017), inner-city railways (Samad
et al., 2021), full-equipped lab trucks (Drewnick et al., 2012; Ehlers,
2014; Kolb et al., 2004) or a carried out by foot (Liu et al., 2020). These
studies showed that long-term monitoring of the same route is essential
to get to conclusions on, e.g., influence of the engine type on emissions
(Alas et al., 2019; Larson et al., 2017). Otherwise, mobile measurements
only provide a phenomenological snapshot that is a superposition of
meteorology (temperature, wind, rain, etc.), traffic situation and modes
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of transport. Many mobile measurements rely on small instruments and
low-cost sensors. These are beneficial regarding power consumption and
price but the correlation with research-grade aerosol instruments must
be evaluated carefully (Asbach et al., 2018; Giordano et al., 2021). In
particular, the differentiation between volatile and non-volatile particle
fractions with low-cost sensors requires modified instruments that are
preferably used for stationary measurements (Haugen et al., 2022).

Consequently, the full characterization of traffic-related aerosols
requires sophisticated particle instruments and aerosol conditioning
systems. Wehner et al. (2004) report measurements at two German
highways using instruments for differentiating non-volatile and volatile
airborne particles. They observed a higher non-volatile particle fraction
in the size range 50-80 nm compared to a smaller particle mode (10-40
nm). Similar observations were reported by Birmili et al. (2010) during a
2-year observation in Augsburg (Germany). They report a reduction of
up to 70 % in the original size of particles (60-200 nm) after passing
through a thermal denuder at 300 °C. Traffic studies, thus, should cover
particle number, mass, size, and volatility measurements to perform
source related studies. They also require sophisticated and continuous
monitoring of the local traffic conditions (number and type of vehicle),
which, however, is usually not available at many study locations.
Detailed traffic monitoring can be achieved by mobile camera modules
(Knake-Langhorst and Gimm, 2016), roadside monitoring (Bishop et al.,
2015) and other remote sensing techniques.

The present study demonstrates the potential of combining an
advanced traffic monitoring system with lab-scale particle instruments
to identify traffic-related emission sources and quantify their strength.
First, mobile measurements were conducted in Braunschweig, Germany,
to assess the representativeness of the DLR research intersection within
the inner-city ring. This was followed by one week of stationary mea-
surements, which were analyzed in conjunction with traffic data.
Background measurements were also taken to account for potential
biases from atmospheric processes.

2. Materials and methods
2.1. DLR mobile lab

The DLR mobile lab is based on a modified Volkswagen Crafter
(Diesel engine), build up in 2020 by the team of the chemical analytics
group from the DLR institute for combustion technology in Stuttgart.

A versatile infrastructure was installed in the loading space to allow
flexible use for various experiments (Fig. 1). The core component is a
frame made of aluminum grooved profiles, designed to hold measuring
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devices and auxiliary equipment, which are housed in custom-built
boxes. The boxes are equipped with soft dampers between the inner
and outer frame to prevent vibration artifacts during the mobile mea-
surements. Since damping is most important for electrometer-based in-
struments that are highly sensitive to even low levels of vibration, the
Engine Exhaust Particle Sizer is placed in its box via special wire rope
mounts (Sebert Schwingungstechnik GmbH). The mobile laboratory
features an independent IT system with LTE connectivity to the DLR
network, enabling remote instrument access during stationary and mo-
bile measurements. This proved vital during the COVID pandemic when
driver and operator were in separate vehicles. It includes an external
antenna, a GNSS positioning system (u-blox NEO-M9N) for precise
tracking, and a roof-mounted air conditioning system maintaining
20-25 °C in the measurement section, supported by fans and tempera-
ture sensors. For stationary measurements, a weather station (Reinhardt
MWS 55V) mounted 4 m above the vehicle records local atmospheric
conditions. Power is supplied via three-phase current or optionally
single-phase. For mobile use, a boost converter and 4000 Wh batteries,
partially rechargeable by roof solar panels and the vehicle’s alternator,
are installed. For this study, the system was supplied by a nearby power
box, which also supplied the servers for the camera system. Air sampling
was performed via a roof inlet via conductive rubber tubing. The sam-
pling flow was constant for mobile and stationary measurements.

2.2. AIM research intersection

The traffic data investigated was recorded at the Research Intersec-
tion operated by the German Aerospace Center (DLR). As part of the
Application Platform for Intelligent Mobility“ (AIM) (Knake-Langhorst
et al., 2016), the Research Intersection is an urban multi-lane intersec-
tion at the inner-city ring road of Braunschweig with an average daily
traffic intensity in the order of magnitude of approx. 35,000 vehicles
during an average working day (Schicktanz et al., 2025). At the inter-
section, 14 vertical stereo-camera-systems are installed at different po-
sitions to cover the whole intersection and counteract occlusions of
traffic participants. In 2021, the field of vision was extended into the
arms to capture the behavior of traffic participants while they are
entering and exiting the intersection. The mounted sensor setup allows
the detection and classification of motorized and non-motorized traffic.
In detail, a data processing pipeline fuses the camera data and the object
detection results to output augmented videos and numerical trajectory
data of all detected objects with a frequency of 25 Hz. The trajectory
data consists not only of the positions but also of the velocity, acceler-
ation, size, orientation and classification of the objects
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Fig. 1. The DLR mobile lab for the measurement of particles and combustion gases. On the left side: View of the vehicle from the outside. On the right side: View of

the mobile laboratory with built-in measuring devices.
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(Knake-Langhorst and Gimm, 2016). In addition to the available camera
sensors, two weather (PWD22, WXT530), two road (DSC211 and
DST111), one solar radiation (SP Lite2) and one air quality sensor
(AQT530) were installed at a pole at the south-east corner of the inter-
section at approx. 6 m height. A one-day example dataset from the AIM
Research Intersection, showcasing the number of measured parameters,
is publicly available (Schicktanz et al., 2025).

2.3. Mobile measurements

Mobile measurements were performed in Braunschweig from
03.08.2020 - 07.08.2020 during daytime. The general route followed
the main streets of the inner two circles of the city and the surrounding
high-speed roads in a free-roaming manner. Sampling was performed on
the roof of the mobile lab at a height of approx. 3 m. The sampling rate
was not adjusted to the wind speed (non-isokinetic sampling). A TSI
3752 Condensation Particle Counter (CPC) was used to measure the total
particle number concentration (tPM_num) for particles >4 nm (D50) at a
temporal resolution of 1 Hz. Since the sampling was not isokinetic,
larger particles may be underrepresented. Even though the sampling
situation was slightly more complex, the sampling efficiency for larger
particles can be roughly estimated based on the sampling speed (4.9 m/
s) and the wind speed (which was assumed to be the speed of the car)
ranging from 50 to 100 km/h (Yoshida and Makino, 2006). The pro-
cedure was adopted from an experimental study on non-isokinetic
sampling (Arouca et al., 2010). Under the given parameters, the sam-
pling efficiency for particles with diameters <1 pm were above 90 %.
The mobile lab recorded 16 h of data while driving 410 km in
Braunschweig (6 h of data in the inner city). The exhaust pipe of the car
is located mid car. The average daily temperature ranged from 16 °C
(04.08.2020) to 24 °C (07.08.2020). No rain occurred during the week
of measurement. The mobile measurements were accompanied by
continuous background measurements (position B in Fig. 2) with a
scanning mobility particle sizer using a unipolar charger (TSI 3910
NanoScan). The instrument measured the particle number size distri-
bution from 11.5 nm to 365.2 nm in 13 channels at a 1 min interval.
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2.4. Stationary measurements

The mobile lab was operated from 19.07.2021 — 24.07.2021 at a
distance of approx. 50 m to the center of the intersection (Position A in
Fig. 2). The lab was powered from a nearby power station to allow
continuous operation of the instruments. A TSI 3752 CPC measured the
total particle number concentration (tPM_num) in the range of 4 nm
(D50) — 3 pm at 1 Hz (range: 0-10,000,000 #/cm3; precision: £5 % at <
100,000 #/cm® else +20 %). A combination of a TSI Engine Exhaust
Particle Sizer (EEPS) and a Catalytic Stripper (CS10, Catalytic In-
struments) was used to monitor the non-volatile particle number con-
centration (nvPM_num) in the range of 5.6-560 nm. The EEPS
determines the particle size distribution in 16 channels. The particle
number concentration in each channel has been corrected for the losses
in the catalytic stripper based on the penetration curve provided by the
manufacturer. To compare the size distribution of the non-volatile and
total particle fraction one Scanning Mobility Particle Sizer (SMPS, TSI
3082 Classifier, TSI 3776 CPC) was operated without pre-conditioning
of the aerosol from July 20, 2021 12:00 to July 22, 2021 12:00. The
SMPS measured the particle size distribution from 9 nm to 311 nm
within 60 s (CPC range: 1,000,000 #/cmg; CPC precision: £10 % at <
300,000 #/cm>). The SMPS was equipped with a diffusion dryer (TSI
Modell 3062). The local carbon dioxide concentration was monitored
via non-dispersive infrared spectroscopy by a LI-7200RS CO2/H20
Analyzer (LI-COR; range (CO): 0-3,000 ppm; precision: +1 % of
reading). Beside the MWS 55V, one additional weather station was
operated at the opposite side of the street (position C in Fig. 2) near to
the intersection at a traffic light pole (height approx. 5 m). The second
weather station was to check the impact of the surrounding buildings on
the wind situation at position A. Furthermore, another SMPS (TSI 3082
Classifier, TSI CPC 3752) was operated at a background measurement
position (B in Fig. 2) at a distance of approx. 200 m to the intersection.
The SMPS measured the particle size distribution from 11 nm to 359 nm
within 60 s. The operation of the SMPS started one week prior to the
installation of the mobile lab and was also operated one week after.

Institut

Fig. 2. AIM Research Intersection in Braunschweig, Germany. A: Sampling position of the mobile lab; B: “Background” measurement; C: Weather station at traffic

light pole (Map: OpenStreetMap and contributors, CC-BY-SA).
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3. Results and discussion
3.1. Citywide measurements

Braunschweig is a medium-sized German city with a population of
approx. 250,000 (2020). The highest averaged traffic density can be
found in the outer-ring streets which feature speed limits >50 km/h.
Consequently, the highest particle number concentrations were
observed here (Fig. 3, right). The box-plot (Fig. 3, left) summarizes the
measured particle number concentrations during the mobile measure-
ments, the vicinity of the intersection and the background measure-
ments. The dots indicate the 95th and 5th percentiles, the whiskers mark
the 90th and 10th percentiles, the box edges represent the 75th and 25th
percentiles, and the line shows the median of the dataset. The inner-city
particle number concentrations are near to the median concentration
observed over the whole campaign (8,600 #/cm3). The concentrations
observed at the intersection (median 8,000 #/cm?) are not significantly
different than in the rest of the city (Fig. 3). The peak concentrations,
however, are approx. 25 % lower (based on the 95th percentile). The
background measurements have been performed at 200 m distance to
the main streets (Position B in Fig. 2). Background concentrations
(median: 5,780 #/cm®) were lower than those from mobile measure-
ments because the mobile sampling was conducted closer to the emis-
sion source. Furthermore, the lower cut-off diameter of the background
monitoring (11.5 nm) was higher than the CPC used for the mobile
measurements (D50 at 4 nm). This monitoring gap would lead to lower
values for the background monitoring. Nevertheless, long-term aver-
aged particle number size distributions in urban areas show a minor
contribution (<5 %) of particles between 4 nm and 11 nm compared to
the total particle number concentration (Birmili et al., 2010). Typical
cars with combustion engines emit particles >20 nm depending on fuel
and engine type. Vehicle chasing studies with sophisticated instruments
showed that sub-10 nm particles can significantly contribute to the
overall particle number concentration (Ronkko et al., 2023). Since the
majority of the sub-40-nm particles originating from traffic are volatile
(Ronkko et al., 2023), they will not reach the background monitoring
unchanged. Due to this aerosol aging and differences in instrumentation,
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directly comparing the performed in-traffic measurements with back-
ground monitoring involves greater uncertainties.

Due to the high number of influencing parameters (weather, traffic
density, traffic type, speed, etc.) the observed concentrations during the
mobile measurements should not be used beyond the scope of this
analysis. The data reveal that measurements at the intersection (red
rectangle in Fig. 3) are comparable to the nearby main streets. This
might be associated by the similar city topology, traffic composition and
speed limits.

3.2. Ambient conditions during stationary measurements

The air temperature during stationary measurements near the
intersection varied between 13 °C and 28 °C and the observation days
showed similar pattern in temperature and relative humidity (Fig. 4).
The maximum wind speed was 15.7 km/h while the median wind speed
was 4 km/h. No rain occurred during the campaign. The wind direction
at the measurement site was dominated by south-western wind (Fig. 5).
As shown in Fig. 2, the mobile lab was stationed next to an eight-story
building to the west. The wind directions recorded at the measure-
ment site (A, Fig. 2) showed a reasonable correlation with those from the
sensor array on the opposite street side (C, Fig. 2) for southwesterly
winds (200°-250°). However, for easterly winds, position A appeared to
be sheltered compared to position C. This discrepancy is likely due to the
sensor array’s more open location and closer proximity to the intersec-
tion (see Figure SI8 and SI9). In general, the wind directions aligned
with the street corridors. Therefore, Weber et al. decided to differentiate
between “along canyon” and “cross canyon” flow in a similar study in
Essen, Germany (Weber et al., 2013). Based on the wind data at position
A it was concluded that emissions from the intersection to the north did
not significantly affect the roadside measurements and, thus, the data
was not further differentiated. The measured concentrations primarily
originated from vehicles traveling south past the measurement site and
vehicles approaching the intersection. Consequently, the algorithm
analysis of the recorded video data focused on this region.
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Fig. 3. Box-plot of the particle number concentrations (left) measured during mobile measurements in Braunschweig (“city”), in the vicinity of the AIM research
intersection (“intersection”, red rectangle) and the continuous background monitoring (position B in Fig. 2) in 2020. The map (right) shows the measured con-
centrations during the mobile measurements in a 100 m x 100 m grid. Grid points with <5 data points and a relative standard deviation > 50 % were discarded.
Speed limits in the city are 30-50 km/h. Other speed limits are marked on the map (Map: OpenStreetMap and contributors, CC-BY-SA).
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Fig. 4. Ambient temperature, relative humidity and wind speed at the measurement position and a time resolution of 1 min (A in Fig. 1).
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3.3. Background monitoring aerosols (SOA), could bias the correlation analysis between total particle
number concentration and non-volatile particle number concentration
Atmospheric processes, such as the formation of secondary organic at the intersection. One precursor for the formation of SOA is ozone
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(Finlayson-Pitts and Pitts jr., 2000). Ambient ozone during the campaign
showed a daily peak concentration of 60-80 ppb (Fig. 6). It must be
noted though that the measurement was performed directly at the
intersection. Elevated nitrogen oxide levels due to traffic are known to
scavenge ozone. Therefore, the determination of the true ambient ozone
levels is complicated in busy traffic areas (McConnell et al., 2006) and
might lead to an underestimation. Nevertheless, it was expected that a
formation of volatile particles was especially visible at the background
measurement site due to less other sources. Two significant peaks in the
particle number concentration were observed. The highest peak (12.07.)
was caused by particles with diameter >200 nm (Figure SI4) which may
be associated by a combustion source at distance. Another series of
peaks on the 26.07. occurred in the afternoon hours. The particles
mainly featured particle diameter below 100 nm (Figure SI7) and are
mostly likely attributed to car movements nearby. Nevertheless, some
smaller peaks on different days (Figure SI5 and SI6) showed a typical
growth pattern for SOA formation (Heintzenberg et al., 2007).
Furthermore, a photochemically induced particle formation event
without subsequent particle growth likely occurred during the morning
hours of 26.07. (Figure SI7). Since the above-mentioned events did not
occur within the interval of the stationary monitoring at the intersection
(19.07. — 24.07.) and the concentrations of the attributed SOA peaks
were small compared to the concentrations at the intersection, we
conclude that the stationary measurements were affected by background
particle formation processes only to a minor extent.

3.4. Intersection monitoring

Throughout the campaign, the total number of airborne particles was
consistently higher than the non-volatile particle fraction (Fig. 7).
During the daytime, approximately 10 %-30 % of particles could not be
removed by the catalytic stripper at 350 °C. This aligns well with pre-
vious studies in Aachen, which found that 10 %-20 % of traffic-related
particles had a non-volatile core (Wehner et al., 2004). As expected, the
non-volatile particle fraction increased with early morning traffic,
starting around 5 a.m. On several days, a secondary increase in particle
concentration was observed at night, beginning around 9 p.m., which
did not align with traffic activity. This phenomenon is likely attributed
to changes in the mixing layer height (MLH) during nighttime hours.
Birmili et al. documented the influence of MLH on non-volatile particle
volume concentrations in a long-term study conducted in Augsburg,
highlighting a pronounced impact under winter conditions and a
noticeable effect in summer (Birmili et al., 2010). Additionally, nearby
sources, such as cooking or barbecues, may have contributed to this
increase. Figure SI3 shows the development of the non-volatile particle

Atmospheric Pollution Research 16 (2025) 102504

size distribution in one night. Since after midnight a significant number
of particles are sub-30 nm particles and the PSD remains stable, it is
more likely that the atmospheric processes have a stronger impact than
nearby sources. Overall, while airborne particle concentrations gener-
ally followed traffic patterns, a direct correlation was absent, likely due
to the interplay of ambient conditions and variations in source strength.

It is important to note that the comparison involves instruments with
different cut-off diameters. For the lower cut-off, the instruments are
relatively similar (4 nm and 5.6 nm, respectively). However, the CPC’s
upper range is significantly higher than that of the EEPS. Despite this,
the measured concentrations are largely influenced by traffic emissions.
A comparison between CPC and SMPS data within the mobile lab shows
minimal impact from particles >300 nm on a typical test day
(Figure SI10). Given the strong correlation between CPC and SMPS
(Figure SI11), a direct comparison with the CS + EEPS data is feasible.

The intraday analysis of the time-resolved particle monitoring re-
veals a very high number of particle number emission events (Fig. 8).
The corresponding non-volatile particle size distributions mainly feature
particles at a mode of 50 nm. This size is in good alignment with pre-
vious studies studying diesel exhaust with a sophisticated volatility
measurement (Philippin et al., 2004). However, under free-flowing
traffic conditions (e.g. around 12 a.m.) a second mode with sub-20 nm
particles is detected. Similar observations have been reported in a field
study in Aachen (Wehner et al., 2004). These particles may be attributed
to soot emissions from passing vehicles, but also non-exhaust emissions
could be a contributing factor. Overall, the median and peak (P95)
particle number concentrations are in the same order of magnitude over
the different weekdays (Table 1). This corresponds to a similar amount
of traffic (Fig. 8). The maximum concentrations for each day represent
very short-term particle events, e.g. plumes of passing vehicles, which
could only be captured due to the high time-resolution of the in-
struments applied. The characterization of these short-term high emis-
sion events is not always possible based on the given data set.

A notable increase in non-volatile particle number concentration was
observed for approximately 30 min before midnight on July 22 (Fig. 8).
This rise is not accompanied by a substantial increase in carbon dioxide
levels (Figure SI12). Additionally, the particle size distribution is very
narrow, dominated by 10 nm particles. The source of this increase could
potentially be a parked car in operation nearby or a smoker on the
sidewalk, though neither can be detected by the monitoring system.

3.5. Characterization of single high emission events

The identification of single emission events is easy in low traffic
conditions, e.g. during nighttime or early morning. In some cases, high
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Fig. 8. Development of the particle number concentration (tPM, nvPM, 10 s average, upper diagram) and the non-volatile particle size distribution (2 min average,
lower diagram) on the 22.07.21 at the intersection (position A).

Table 1

Particle number statistics (1 s time resolution) over the different weekdays monitored via condensation particle counter (CPC) and Engine Exhaust Particle Sizer
equipped with catalytic stripper (CS + EEPS).

tPM (CPC) nvPM (CS + EEPS)
Date Weekday Monitoring time Min Max Median P95 Min Max Median P95
19 07 2021 Mo 10:00-23:59 5,761 571,502 21,960 52,750 2,136 106,022 4,221 14,272
20 07 2021 Tu 00:00-23:59 3,153 2,959,900 9,796 41,650 2,400 278,892 4,838 13,316
21 07 2021 We 00:00-23:59 3,586 1,196,498 17,495 58,808 1,782 158,073 7,332 19,783
2207 2021 Th 00:00-23:59 3,981 856,224 12,830 52,068 1,276 402,902 7,386 16,199
23 07 2021 Fr 00:00-23:59 2,573 1,476,903 12,672 48,741 1,897 1,423,747 5,954 14,995

emission events could be narrowed to a limited number of vehicles even
under regular traffic conditions. Fig. 9 shows a significant increase in the
total and non-volatile particle number concentration. In contrast, the
corresponding peak in carbon dioxide is less pronounced. This indicates

Non-volatile particle number concentration [#cm?]

a source with a high release of non-volatile particles in relation to the
amount of fuel burnt. Several cars, one motorbike, and one truck passed
the monitoring position. Some of these L-category vehicles (e.g. mopeds,
motorcycles) feature high particle number emission factors during
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Fig. 9. Comparison of particle number concentration and carbon dioxide concentration on the 22 07 2021 (left diagram). The time events of vehicles in the southern
arm of the intersection are marked in the diagram and distinguished by accelerating and decelerating vehicles (car: circle, triangle: motorbike, square: truck). The
non-volatile size distribution of the peak event (1) is shown on the right side.
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acceleration and the release of semi-volatile particles has been reported
(Giechaskiel et al., 2019; Prati and Costagliola, 2009). The peak event
(1) in Fig. 9 shows an increase in both, volatile and non-volatile parti-
cles. The non-volatile fraction shows a broad particle size distribution
with a mode diameter of approx. 80 nm. The exact emission source
cannot be determined due to mixing of the different plumes. Never-
theless, this example illustrates the complexity of source detection in the
real environment and the attribution to traffic events. Before the high
emission event (approx. at 13:59:00) several groups of vehicles passed
the monitoring station without showing distinct peaks in the volatile or
non-volatile particle number monitoring (Fig. 9). However, the mixed
plumes are visible in the development of the carbon dioxide concen-
tration. This trend can be also observed in the correlation between the
different factors. While a general correlation between total and
non-volatile particle number concentration can be observed
(Figure SI1), the measured carbon dioxide concentration shows no
proportional trend with the particle number concentration. High parti-
cle number concentrations for low carbon dioxide levels indicate the
presence of exhaust plumes with very high particle load or the presence
of other non-exhaust related emissions, such as brake and tire wear
particles. These particles are formed from abrasion and feature mostly
diameter above 100 nm (Bondorf et al., 2023) but also show nucleation
particles in the 10 nm-range (Niemann et al., 2020) which feature a
significant volatile fraction (Mamakos et al., 2021). Technically, the
traffic monitoring system of the AIM intersection allows for the differ-
entiation between accelerating and decelerating cars (Fig. 9). The
reduction in speed is, however, not necessarily associated with me-
chanical brake usage. Therefore, a specific analysis for non-exhaust
particle emissions cannot be performed from this data set. Further
research is needed to determine whether an identification of the volatile
non-exhaust particle fraction within the total particle number concen-
tration is possible in environmental monitoring.

4. Conclusions

This study examined ultrafine particle concentrations at a busy
traffic intersection and its vicinity in Braunschweig. The mobile mea-
surements in this study demonstrated that traffic zones (e.g., inner city,
city ring) can be differentiated to identify relevant measurement posi-
tions for background, hotspot, and average concentrations. However,
they may not fully represent emissions near residential areas due to
numerous changing influence factors. While many studies have inves-
tigated the number concentration and size distribution of ultrafine
particles in the urban environment, the complexity of sources and pro-
cesses often makes data interpretation challenging. This study demon-
strated that coupling a high-resolution particle size spectrometer with a
catalytic stripper can effectively resolve and characterize short-lived
particle events linked to traffic (Fig. 9). This method outperforms a
scanning particle size classifier in detecting point sources and high-
emission events. Ideally, using two identical instruments with high
temporal resolution for parallel measurements of total and non-volatile
particle counts may provide the most accurate results. However, in this
case, the total particle count was dominated by particles <300 nm. Thus,
the tPM number concentration could be characterized by using a
condensation particle counter. During the day, approximately 10-30 %
of the particle number concentration could not be evaporated at 350 °C.
The particles observed were primarily <100 nm in size, with some
displaying bimodal distribution.

The high particle concentrations and small sizes indicate a nearby
road as the primary source. This study also tested whether combining a
comprehensive camera system with high-resolution particle measure-
ment devices could help to classify different modes of transport. How-
ever, this approach faced several challenges. During the observation
period, southerly winds prevailed, meaning the measurement loca-
tion—south of the intersection—was primarily influenced by traffic on
the road to and from the south. While the traffic data acquisition system
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enabled a focused analysis of this area, it could not adequately capture
the overall complexity of the situation. Moreover, the purely optical
recording and grouping of transport modes, without license plate
recognition, lacked the ability to differentiate sufficiently between
emission sources of different strength. Overall, this complex data
collection system provided limited advantages over conventional traffic
characterization methods. Nonetheless, it offered the capability to
distinguish between accelerating and braking vehicles. Although this is
of limited importance currently, it could become valuable for future air
quality studies as electromobility grows and non-exhaust emissions gain
significance.
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