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1. Introduction and motivation of the TNA 

Cities host 55% of the worldwide population, accounting for a major fraction of worldwide emissions of 

radiative forcing agents and therefore are a key actor in climate challenge. Cities also experience poor air 

quality, with its inhabitants often exposed to harmful levels of pollutants. In this context, Black Carbon (BC) 

can be considered as double threat, being a pollutant with a strong forcing potential but also associated 

with adverse health effects. Short-lived carbonaceous aerosols of radiative relevance in the atmosphere 

consist not only of BC but also of absorbing organic species, collectively termed as Brown Carbon (BrC).  

In the last decade compact sensors for aerosol monitoring experienced a tremendous improvement, 

showing higher sensitivity, selectivity and portability. These are expected to supplement regulatory/RI fixed 

urban monitoring sites by providing real-time levels with high spatial resolution, thus supporting improved, 

evidence-based regulations. In the case of near-surface absorbing aerosols, information deriving from high-

end instrumentation is sparse until now, since for example BC is not a regulated pollutant and thus is not 

included in official monitoring networks. Therefore, there is much knowledge to be obtained regarding the 

spatial variability and sources of BC and BrC using novel portable instruments in mobile campaigns.  

2. Scientific objectives  

Three main goals were set for the present TNA. 1. The investigation of intra-urban variability of BC/BrC, by 

focusing on their impact and sources, at locations representative of population exposure 2. The improved 

characterization of the multi-wavelength MA200 Microaethalometer (Aethlabs, USA), which although 

having been used for mobile and fixed-site measurements in the past (Alas et al., 2020), is not yet 

thoroughly evaluated on its performance when assessing spectral absorption properties 3. Training of the 

applicants on the design and implementation of mobile mapping campaigns, on BC/BrC monitoring using 

mobile samplers and on the source apportionment of BC/BrC (Kaskaoutis et al., 2021). 

3. Reasons for choosing the Facility/ies  

The ATMOS-NOA facility in Athens was selected for multiple reasons. Italian host facilities are not suitable 

for the goals of this activity that required measurements in a large urban agglomeration. The area of 

Athens was therefore selected as representative of urban aerosol levels driven by various sources under a 

Mediterranean climate. While the atmospheric composition in the air shed of Athens is monitored at RI 

sites, its spatial characteristics are not thoroughly studied yet (Grivas et al., 2019). Athens suffers a 

significant impact by residential biomass burning in winter and traffic-originated photochemical events 

under stagnant conditions in the warm period (Liakakou et al., 2020). Emissions from the maritime and 

commercial sectors are also strong year-round, intensifying in the tourist period in summer. The project 

follows 3 previous BC/BrC urban campaigns in Southern Europe: a fixed site deployment of MA200 in 

Modena by the user group (Po valley, January 2020 – March 2021); a mapping campaign by MA200 in 

Athens (3 weeks, June 2021) along multiple routes, combined with an intercomparison at ATMOS-NOA, 

involving both the user group and the host; and a mapping campaign with MA200 in Barcelona (2.5 weeks, 

July 2021) along multiple routes, combined with an intercomparison at the local ACTRIS site, involving also 

the user group. 

4. Activities during the TNA (research, training, events, ...) 

The main activities during the TNA were aligned with the goals of the project. The user group actively 

participated in mapping BC/BrC, mainly along a pedestrian-zone in the historic centre of Athens, under the 
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guidance of the host research group and in close coordination with the researchers mapping the other 

routes. The host trained the user group in the design of the mapping routes and in the best suitable set up 

of the MA200 for the project goals. The data of each route was double-checked on a daily basis and shared 

on a common cloud service. The user group accessed the ATMOS-NOA facility for the deployment and the 

maintenance of its own MA200 for the intercomparison study with reference aerosol instruments and 

other compact photometers. Finally, during the TNA (and afterwards as well), routine meetings were held 

between the user group and host research group to discuss the most suitable data analysis protocol, also 

with the goal to properly apportion the BC/BrC to known emission sources. 

5. Method and set-up of research 

During the TNA, the methods applied were founded on the experience gained in the preliminary summer 

campaign in Athens: 4 routes (1 urban background in the historic centre of Athens, 1 suburban background 

to the North of Athens basin, 1 urban traffic in downtown Athens, 1 close to the major port of Piraeus) with 

a length of 3-4 km, were concurrently mapped by foot twice a day (morning-evening) from Feb 7 to Feb 27 

2022, using four MA200 devices. Additional aerosol measurements, beyond TNA goals, were taken along 

the downtown and suburban background routes by a portable nanoaerosol dosimeter Partector2 (Naneos, 

GmBH) which  was used to map ultrafine particles and particle surface area. MA200s were also deployed at 

ATMOS-NOA for an intercomparison with other absorption photometers (MA350, STAP, CLAP, MAAP, 

AE33) and on-line aerosol monitors (e.g. ACSM). This allowed for an internal quality assurance of the 

MA200s (inter-device precision), an external assessment of the MA200 compared to other photometers 

and an evaluation of the measured optical properties against the aerosol chemical composition. The 

mapping data is currently analysed in terms of their spatial and temporal variability. A GIS analysis is being 

applied for a specific treatment related to data assortment and interpolation, providing the possibility to 

contrast the results with other spatial variables. Other analysed parameters will include source-specific BC 

components, Absorption Angstrom Exponents and estimated BrC metrics. The procedure is currently 

applied to both the summer and winter data from Athens, allowing inferences on a seasonal, while a 

further comparison with the summer mapping data of Barcelona is planned. The absorption data from the 

intercomparison periods is currently analysed in terms of the response by the MA200 and other 

photometers compared to high-end instruments using standard statistical correlation metrics. Finally, four 

different smoothing algorithms are under evaluation for the pre-processing of the 10 second time 

resolution data of each route (e.g. Liu et al., 2021). 

6. Preliminary project results and conclusions 

Preliminary results regarding the intercomparison activity show a remarkable correlation (r2 > 0.9) between 

the MA200 and the AE33 attenuations at 625nm and 660nm respectively. Consistently, by using 

instrument-specific multi-scattering correction coefficient Cref based on co-located MAAP observations, eBC 

from MA200 and AE33 showed an excellent agreement (r2 > 0.9, slope between 0.85 – 1.01). Notable 

temporal contrasts and spatial heterogeneity of levels were observed within the area of Athens, with the 

Piraeus port route exhibiting the highest  median eBC levels (ca. 4 – 5 g m-3 both in winter and summer), 

i.e. twice as much the levels observed at the pedestrian urban background route, which registered the 

lowest median eBC levels notwithstanding being sited at the centre of the city.  

Preliminary conclusions suggest that i) the MA200 is a reliable platform for carrying out urban mapping 

activities in order to characterize eBC spatial variability; ii) biomass burning in winter is a major factor for 

pedestrian BC exposure during the evening and should be weighed-in in outdoor activities of sensitive 

subgroups; iii) traffic and port activities inflate short-term BC levels and this has to be taken into account in 
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worker/commuter exposure assessment; iv) biomass burning emissions in winter and aging/BrC formation 

processes in summer modify heavily the spectral absorption characteristics at background locations; v) BC 

emissions have a direct and significant impact on local air quality, therefore, for a robust estimate of 

population exposure it is crucial to monitor the BC variability with ad hoc methods until it is incorporated as 

a legislated pollutant; vi) the within-area variability of BC is substantial and this has to be taken into 

account in the design of both time-series (avoid using single monitors) and cohort-based (utilize novel 

measurement methods and develop spatial models) epidemiological studies.  

7. Outcomes and future studies 

The main outcome is the set up a scientific collaboration between the user group and the host, bringing  

the former closer to the RI and the ATMO-ACCESS community. A further outcome is the development of a 

set of tools to analyse eBC spatial data with high temporal resolution. 

In the near future, the tools and the knowledge developed during this study will be exploited within the RI-

URBANS campaign. Future studies can include the comparison between the in-situ measured near-surface 

absorption and the columnar absorption measured by a sun photometer available in Athens during the 

campaigns. 

8. Plans for publications  

An abstract (with proper acknowledgement) about the preliminary results of both summer and winter 

campaigns was submitted to the International Aerosol Conference 2022. The researchers involved in the 

TNA are planning to produce two scientific articles: one about the results from the mapping campaigns and 

one regarding the results of the intercomparison exercise. Preferential peer-reviewed journals might be: 

Atmospheric Chemistry and Physics, Atmospheric Measurement Techniques, Environmental Pollution, 

Environmental Research, Science of the Total Environment, Environment International and Atmospheric 

Environment. As soon as the manuscripts will be published, the user group will communicate all 

publications details, including the DOI, to the ATMO-ACCESS TNA Team. The same will be done for the raw 

MA200 data collected during the intercomparison and the mapping along the routes. 
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