
LIDAR MONITORING OF AIR POLLUTION OVER URBAN AREAS COMBINED 

WITH IN-SITU SAMPLING OF PARTICULATE MATTER 

 

 

Slavov L. PhD1, Iliev M.PhD 2, Ilieva R. PhD2, Angelova R. PhD1, Ghelev Ch.1, Grigorov I. PhD1, Kolarov G.1, Gurdev L. PhD1, Prof. 

Grurdeva V.2, Prof. Stoyanov D.1, Prof. Nedkov I.1 

 

 

Institute of Electronics, Bulgarian Academy of Sciences, 72, Tsarigradsko Chaussee Blvd, Sofia, Bulgaria 1 

Faculty of Biology, St. Kliment Ohrdiski University of Sofia, 8, Dragan Tsankov Blvd, Sofia, Bulgaria 2 

 

nedkovivan@yahoo.co.uk 

 

 

Abstract: The object of this investigation was the synergy effect achieved by combining lidar monitoring of particulate matter (PM) 

pollution in atmospheric aerosol over urban areas (city of Sofia) with in-situ sampling. The lidar systems of the Laser Radar Laboratory 

(LRL) of the IE-BAS were used to scan at two laser wavelengths the horizontal and vertical aerosol distributions and long-distance 

transport. The results demonstrated the possibility of detailed fast remote monitoring and analysis of the air pollution over entire urban 

regions, providing fast estimates of the air pollution transport over the city, as well as detection of sources of extreme emissions. Once the 

place of high PM concentration was localized by the lidar, samples were taken using a Hygitest 106 (Maimex) – a high-efficiency portable 

device for sampling and concentration determination of PM in atmospheric aerosol. The data presented pertains to the winter period 2018 

year. PM pollutions than 10 and 2.5 µm were under studied. The lidar maps created can be further used for tracing the full air mass 

transport carrying contaminations from various pollution sources (chemical, biological, dust, etc), distributed over the scanned region. 

Further, the sampling schedule was conformed with the seasons of the year, in order to reveal any characteristic seasonal hazardous 

microbial contamination. 
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1. Introduction 

Particulate matter (PM) air pollution originates from different 

sources and has different chemical and physical properties1,2. 

Monitoring ambient levels of PM facilitates the planning of 

effective control strategies for struggle against pollution. Air quality 

has traditionally been monitored at the surface through ground-

based monitors. These monitors are used to characterize the air 

quality and to determine compliance with ambient air quality 

standards. The combination of lidar remote sensing and ground-

based PM monitoring data can form the basis of an integrated 

characterization of air quality3. Laser maping data can add synoptic 

information and visualization to ground-based air-quality data 

modeling. Together, the integrated data increase the usefulness of 

any single dataset. However, recent research and policy emphasis 

on regional and intercontinental transport of air pollutants, such as 

fine particulate matter smaller than 10 and 2.5 µm in diameter 

(PM10 and PM2.5) has highlighted the need for additional data 

sources to monitor air pollution as it moves in multiple dimensions, 

both spatially and temporally. The combination of lidar and ground-

based PM monitoring data can form the basis of an integrated 

characterization of air quality. These could lead to correcting for 

aerosol height and for meteorological effects and may improve the 

PM correlation sufficiently to make it useful for quantitative policy 

application. 

The present work is part of comprehensive studies on 

particulate matter (PM) in atmospheric aerosol. It combines lidar 

monitoring over a densely populated urban area (city of Sofia, 

capital of Bulgaria) with on-the-spot sampling at sites with high 

concentration of dust products as determined by the lidar probing. 

The data presented pertains to the winter (February) period 2018 

year. 

2. Methods, instruments and procedures  

The purpose of the present study was to outline by LIDAR 

characteristic zones of increased concentration of aerosol pollutants 

above the city of Sofia (Bulgaria’s capital). The measurements 

during this pilot-study were focused on densely populated areas 

with high traffic density. The lidar is installed on the roof of 

Institute of Electronics (eight kilometers from the city center), while 

the sampling device was placed at appr. 20 meters above traffic 

level (roof of WallTopia building in Technopark Sofia) at four km 

from city center. The altitude above sea level (ASL) of both points 

is 610 ± 20 m. Sofia Tech Park is located in direct proximity to 

Tsarigradsko Chaussee blvd. This is one of the busiest 

thoroughfares in Sofia city with grade-separated dual carriageway 

in almost its entire length of 11.4 km, running from the north-west 

to the south-east. The average intensity of the traffic according to 

Sofia Municipality is about 6000 vehicles per hour5. 

The lidar mapping was performed by the two-wavelength lidar 

system developed at the Laser Radar Laboratory (LRL) of the IE-

BAS that is capable of scanning the horizontal aerosol distributions 

and the vertical long-distance transport of air masses with a spatial 

resolution of 15 to 30 m and an angular resolution of ~1o at 

operational distances exceeding 25 km. As a laser emitter, a CuBr 

gaseous laser, developed in the ISSP-BAS was used. The repetition 

frequency is varied within the interval of 5-10 KHz at 10 ns pulse 

duration. The probing line wavelength is equal to 510.5 nm. The 

receiving system is operating in photon counting mode. The 

operational distances above 30 km in vertical directions have been 

demonstrated (25 km in horizontal plane for lidar mapping 

monitoring of the near surface atmosphere). The lidar receiving 

aperture is 19 cm. The lidar performance is fully computerized for 

collecting and processing of lidar data. The range resolution is 

typically varied within the range of 15-30 m in order to the 

scattering resolution volume to be exceed at least 2 times the 

absorbed volume by the nearby positioned aerosol sampler. 

Once a place of high PM concentration was localized by the 

lidar, samples were taken using a Hygitest 106 (Maimex), a high-

efficiency portable device for sampling and concentration 

determination of PM in atmospheric aerosol. The flow-rate of the 

aspirated air was measured by an analog unit, while the value of the 

sampled volume (300 m3) through the filter was digitized by means 

of six-bit ADC. The dust was collected on a filter (boro-silicon 

oxide) with #3 µm. Additionally, the material collected on the 

filters after three hours of aspiration during the lidar monitoring was 

studied by SEM. 
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3. Results and discussion 

In the experiments presented, we directed the lidar beam 

along Tsarigradsko Chaussee blvd. to probe the near surface 

atmosphere in constant horizontal direction. The measurement time 

covered was practically the entire period of the afternoon traffic 

maximums, when maximums of the PM pollutions are clearly 

observed by the lidar backscattered signals, received and processed 

by our system. Some episodes from remotely probed lidar maps are 

shown in Fig.1 (a) and (b), where the time is displayed on the x-

axis, while the ranges from the lidar position up to distances of 10 

km with a resolution of 30 m are displayed on the y-axis. 

 

(a) 

 

(b) 

Fig.1,a,b Lidar maps in time-range evolution of the PM aerosol 

field above the aerosol sampler, demonstrating the variable 

structures of the pollution distribution. 

We will note here, that the position of the sampler can be easily 

defined in time by the maps in Fig.1 (a) and (b). It is evident, that 

applying the above combined measuring schematic on can precisely 

characterize the parameters (incl. coordinates) of the pollution field. 

Moreover, the acquired data could be directly sent to the city 

monitoring system. It must be noted, the aerosol mass concentration 

can be estimated here by the calibrated lidar return signal as well. 

To this purpose we extracted the extinction coefficient in the lidar 

equation to calibrate it in mass concentration Fig.2. We calculated 

also the backscattering coefficient using the well known procedure 

by the lidar equation, assuming for the lidar ratio the typical value 

of Rlid = 50. In both cases we found the linear dependences of the 

both coefficients on the mass concentration, measured by the 

aerosol sampling instrument. 
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Fig.2  LIDAR calibration curve in mass concentration as a 

function of the light extinction coefficient. 

Lidar maps in Fig.1 can be further combined with 

geographical city maps as shown in Fig.3. Here, the lidar map (as in 

Fig.1) is positioned (x-axis) perpendicularly to the Google Sofia 

City map. The Y-axis is arranged to follow the sensed traffic 

direction. As evident, one could determine the aerosol field 

distribution in each range from the Sofia LIDAR Station as well as 

in each moment (time resolution 5min) during the entire measuring 

time. Thus, these results demonstrate the possibility of a detailed 

fast remote analysis and control of the air pollution over large urban 

regions, providing fast estimates of the air pollutions transport over 

the city as well as determination of pollution sources location. 

 

 

Fig. 3 Color-coded LIDAR sector maps over a region of Sofia with 
high degree of pollution during rush hours (heavy traffic). 

 

Fig. 3 demonstrates the possibility of a fast detailed remote 

analysis and monitoring of the air pollution over large urban 

regions, providing fast estimates of the air pollutions transport over 

the city, as well as determination of pollution sources location. 

Once a place of high PM concentration was localized by the lidar, 

samples were taken using a Hygitest 106 (Maimex).  

 

          

 (a)   (b) 

Fig. 4a) PM with size ≥3 µm, the fibers reveal the filter structure  and 

b) PM with size between 0.2 µm - 3 µm where filter structure is as a green 

cheese. 

The SEM images of the material collected on the filters after 

three hours of aspiration during the lidar monitoring showed a large 

amount of particles larger than 2.5 µm and a very limited amount of 

small particles (under 2.5 µm). Fig.4 (a) illustrates the wide variety 

of quasi spherical particles with an average size ≥2.5 µm. Fig.4 (b) 

shows a typical shape of dust particles with sizes between 2.5- 

10 µm, which are of hybrid origin. The airborne PM can be divided 

into two classes, fine PM (particles 2.5 µm in diameter or smaller) 

and coarse PM (particles 2.5 µm to 10 µm in diameter), which 

differ not only in size, but also in source, chemical composition, 

physical properties, and formation process2. Major sources of 

PM2.5 are fossil fuel combustion by industry, motor vehicles, 

residential fireplaces and wood stoves; vegetation burning; and 

smelting or other processing4. Examples of natural bioaerosols 

suspended as PM2.5 include bacteria, viruses, and endotoxins. 

Fugitive dust constitutes about 90 % of the estimated coarse PM 

acording to Fröhlich-Nowoisky6. Fungal spores, pollen, and plant 
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and insect fragments are examples of natural bioaerosols suspended 

as coarse PM6. 

The aerodynamic diameters of the PМs varied from tens of 

nanometers to a more than 10 micrometers for pollen or plant 

debris7,8,9. After selecting typical particle images based on ten 

points on the filter's surface, the percentage distribution of the 

particles with different size was obtained: over 10 µm, from 2.5 µm 

up to 10 µm and less than 2.5 µm. (Fig.5). 

 

 

 

Fig. 5 Particles size distribution - Heavy traffic PM concentration over 
the Tsarigradsko Chaussee, Sofia. 

 

During this pilot-study, a methodology was developed for mass 
concentration estimation. The average mass concentration of PM during 

February was 0.09±0.07 mg/m3. The collected dust material was 

subjected also to microbiological investigation, applying a standard 

procedure for isolation of pure microbial cultures. The bacterial and 

fungal isolates obtained were identified on the basis of 

morphological, physiological and biochemical characteristics. A 

molecular approach, including the amplification of 16S rDNA, resp. 

18S rDNA for fungal isolates, was also used. The microbiological 

survey of the atmosphere of the densely populated part of Sofia city 

indicated that the collected particulate matter harbors a variety of 

different viable microorganisms. The majority of the bacterial 

isolates was presented by predominantly saprophytic pigmented 

bacteria, mainly from the genera Micrococcus (66 %). The genus 

Bacillus was also abundant, presented by representatives of the 

species B. pumilus, B. cereus, B. thuringensis and B. cereus. One 

isolate was determined as Staphylococcus equorum. The fungal 

presence was expressed mainly by the genera Penicillium and 

Aspergillus. Two of the isolated were related to the genera 

Cladosporium and Symmetrospora. Fig.6 illustrats the origin of the 

organic pollutions absorbed on the particules. 

 

 

 

 

 

Fig. 6 Number of microorganisms (CFU/cm3) detected at the heavy 
traffic sampling point: heterotrophic aerobic Bacteria; oligotrophic 

Microorganisms; Fungi; Spore-forming bacteria 

4. Conclusions 

The synergy arising from combining the lidar monitoring with a 

set of different in-situ sampling represents an effective first step 

toward the creation of highly informative near-real time monitoring 

system for a complex analysis of the air quality. This investigation 

shows that the surface of the micron-sized particles can adsorb both 

mechanical and microbial contaminants, while the liquid envelope, 

when the PM is dispersed as aerosols, may preserve this nano-world 

and, in some cases, create conditions favoring the occurrence of 

chemical and bio-processes. The lidar maps constructed can be 

further used for tracing the full air mass transport, carrying 

contamination from a number of pollution sources (chemical, 

biological, dust, etc), distributed over the scanned region. Further, 

the sampling schedule was so chosen as to reveal any characteristic 

seasonal hazardous microbial contamination. 
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