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Abstract 

 

The variation in daily Particulate Matter 2.5 (PM2.5) concentrations was studied in Edirne city center from September 1, 2019 

to November 30, 2019 (autumn season). The values of daily PM2.5 concentrations were between 5.65 and 77.59 μg m-3. The values 

of PM2.5 concentration had the highest average value on Tuesdays compared to other days. The mean value of daily PM2.5 

concentrations on Tuesdays was 23.41 μg m-3. The backward trajectories were computed and clustered by applying the Hybrid 

Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model. The backward trajectories clustered in eight major clusters 

during the autumn. In Cluster 4 (C4), which has more short-range transport according to the other seven clusters, the mean value of 

PM2.5 concentrations was 19.52 μg m-3. The mean value of PM2.5 concentrations was 28.11 μg m-3 in C8 (3.3%), which has more 

long-range transport than the other seven clusters. Potential source areas of PM2.5 have been determined by the Potential Source 

Contribution Function (PSCF) model. The results of PSCF analyses illustrated that the north, northeast, south, and southeast regions 

of the sampling area as major potential source areas for PM2.5. The results obtained in this study can make important contributions 

to the evaluation of PM2.5 concentration in the region in terms of health and long-range transport. 
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1. Introduction 

 

Due to their properties and weather conditions, pollutants 

released into the atmosphere can be transported long distances 

from emission sources (Lagzi et al., 2013; Ozdemir et al., 2021). 

It has been described that when aerosols are generated by gas-

to-particle conversion, long-distance transport is possible 

because the duration needed for gas-to-particle conversion and 

the relatively small particle sizes produced by this process result 

in long residence times in the atmosphere (Wallace and Hobbs, 

2006; Flores et al., 2020). Various air pollutants released into the 

atmosphere can be cited as the cause of many current and 

potential environmental problems (Lagzi et al., 2013). Air 

pollution in cities is very complex due to many emission sources, 

meteorological processes, and chemical transformations (Ho, 

2012). Because of the large number of anthropogenic emission 

sources in urban and industrialized locations, the concentrations 

of various undesirable pollutants can cause deterioration of air 

quality and visibility and reach levels that threaten human health 

(Wallace and Hobbs, 2006). In a study carried out by Hao et al. 

(2019), it was stated that the southerly route represents the main 

transport route of PM2.5 for all seasons. It was noted that the 

northwesterly transport route passes through the natural source 

areas, while the southerly transport route passes through the 

anthropogenic source areas. The percentage of pollution 

trajectories in each cluster (C1, C2, C3, C4, C5, C6) during the 

autumn season was 71.40%, 9.30%, 32.00%, 24.30%, 60.10%, 

10.60%, respectively. The mean values of PM2.5 concentrations 

were 142, 144, 119, 144, 129, and 117 μg m-3 in these clusters. 

The study by Cheng et al. (2017) noted that the percentage of all 

trajectories during the autumn season was 12.71% in C1, 3.84% 

in C2, 11.10% in C3, 18.23% in C4, 31.01% in C5, 13.69% in 
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C6, 0.84% in C7, 6.84% in C8, and 1.75% in C9. They explained 

that mean values of PM2.5 concentrations in these clusters were 

73.12, 41.52, 69.93, 37.71, 50.24, 34.41, 44.97, 28.85, 60.64 μg 

m-3, respectively. In the study performed by Zhao et al. (2015), 

the mean values of PM2.5 concentration in C1, C2, C3, C4, and 

C5 during the autumn season were 63.14, 78.47, 119.94, 95.96, 

and 38.34 μg m-3, respectively. Li et al. (2020) stated that the 

distribution of air masses in the autumn season is similar to that 

in the spring and winter seasons. In their study, the mean values 

of PM2.5 concentrations in C1, C2, C3, C4, C5, and C6 during 

the autumn season were 8.79, 7.25, 9.88, 7.32, 8.75, and 9.76 μg 

m-3, respectively. They explained that the percentage of all 

trajectories in these clusters were 14.3%, 29.7%, 16.2%, 7.6%, 

25.4%, 6.8%, respectively. Cluster analysis performed by Li et 

al. (2017) indicated that Beijing in autumn was influenced by 

trajectories from both the south and southeast. The percentage 

of all trajectories during the autumn was 16.76% in C1, 36.08% 

in C2, 13.32% in C3, 12.77% in C4, 5.72% in C5, and 15.34% 

in C6. The mean values of PM2.5 concentrations in these clusters 

during the autumn were 94.19, 41.64, 169.78, 46.56, 91.59, and 

165.17 μg m-3, respectively. In the study of Lv et al. (2021), the 

number of trajectories was 2160 in autumn. It was stated that in 

the autumn, other clusters except for C5 gathered trajectories 

from the north, and these trajectories represented 91.90% of all 

trajectories. The percentage of trajectory numbers of each 

cluster in all trajectories during the autumn season was 41.02% 

in C1, 24.91% in C2, 14.77% in C3, 11.20% in C4, and 8.10% 

in C5. The average values of PM2.5 concentration in these 

clusters were 38.35, 33.27, 34.06, 25.38, and 63.83 μg m-3, 

respectively. 

In many studies, the PSCF approach has been performed to 

identify potential source areas of PM2.5 (Wang et al., 2015; 

Cheng et al., 2017; Mukherjee and Agrawal, 2018; Li et al., 

2020). It was stated by Wang et al. (2015) that the regional 

emission source’s probable locations during relatively polluted 

periods are mainly south and west of Beijing. It was explained 

that the PM2.5 sources are primarily areas on the regional scale 

owing to the long-distance transport tendency. Cheng et al. 

(2017) stated that the potential source areas of PM2.5 extend 

further northward in autumn, but the transport routes are the 

same as in the spring. External PM2.5 source areas were reported 

to be mainly located in the southeast and northwest in autumn. 

The study by Li et al. (2020) noted that in the northern part of 

Xinjiang are concentrated severe pollution source areas of PM2.5 

in autumn. According to the PSCF results in the study of 

Mukherjee and Agrawal (2018), the northwest has been defined 

as the main source area with a higher possibility of contributing 

to the higher fine particulate matter load in Varanasi city. 

Further, they stated that there are other possible sources from the 

east and north directions. They also stated that the contribution 

probability of the sources coming from the east direction is the 

lowest. Li et al. (2017) stated that their study's potential source 

areas of PM10 and PM2.5 are similar according to the 

concentration weighted trajectory (CWT) and PSCF results. Wu 

et al. (2018) explained that according to the PSCF analysis 

performed in their study, the main reason for the high PM2.5 

levels detected in northern Henan could be extraneous polluted 

air masses. 

In this study, daily PM2.5 concentrations in the Edirne city 

center during the autumn season (between September 1, 2019, 

and November 30, 2019) have been studied. The backward 

trajectories have been run and clustered by applying the 

HYSPLIT Model. Transport pathways and potential source 

areas of PM2.5 have been determined. 

 

2. Materials and methods  

 

2.1. Sampling location 

 

Edirne Province is located between 41º 40' North latitude 

and 26º 30' East longitude (Fig. 1). Edirne Province is a border 

city neighboring Greece to the west and Bulgaria to the north. In 

addition, Kirklareli and Tekirdag Provinces are located to the 

east of Edirne Province, and Canakkale Province to the south. 

Certain parts of the Meric, Tunca, Arda, and Ergene rivers are 

located within the borders of Edirne Province. The continental 

climate is dominant in Edirne Province (ECDR, 2020). Daily 

PM2.5 concentrations obtained from the Air Quality Monitoring 

Station in Edirne city center were used (MEUCC, 2022). 

 

2.2. Backward trajectories analysis 

 

In this study, to define the origins and transport pathways 

of air masses reaching the study point the HYSPLIT model was 

used. The backward trajectories were computed and clustered at 

1-hour intervals for 72 hours and at an arrival height of 1500 

meters above the ground. The weekly stored data consisting of 

1º resolution outputs of the Global Data Analysis System 

(GDAS) were used as input (Stein et al., 2015; Rolph et al., 

2017). The Euclidean distance used for clustering backward 

trajectories is presented below (Carslaw and Ropkins, 2012; 

Carslaw, 2019).  
 

𝑑1,2 = (∑((𝑋1𝑖 − 𝑋2𝑖)
2 + (𝑌1𝑖 − 𝑌2𝑖))

2

𝑛

𝑖=1

)

1/2

 

(Equation 1) 

 

In the equation, X1, Y1 and X2, Y2 are coordinates (the 

latitude and longitude) of the backward trajectories 1 and 2, 

respectively. n is the number of backward trajectories points. 

 

2.3. PSCF analysis 

 

The PSCF approach is a widely used method to identify 

possible source areas of pollutants (Begum et al. 2005; Pekney 

et al., 2006; Carslaw and Ropkins, 2012; Li et al. 2017; Kuzu 

and Saral, 2017; Carslaw, 2019; Neykova and Hristova, 2020; 

Oruc, 2022). PSCF solves 
 

𝑃𝑆𝐶𝐹𝑖𝑗 =
𝑚𝑖𝑗

𝑛𝑖𝑗
 

(Equation 2) 

 

In the equation, while the number of trajectories passing in 

the ijth grid cell is defined as nij, the number of times a source 

concentration is high than a given value of criterion when 

trajectories pass in the ijth grid cell was defined as mij. The value 

of the criterion was specified as 75% of all samples (Jain et al., 

2017; Bie et al., 2021; Oruc, 2022). PSCF scores were multiplied 

by weighting values. The weight values (W(nij)) given in the 

equation below are used (Petroselli et al., 2018; Oruc, 2022). 

In the equation, ̅n represents the mean number of endpoints 

per cell, which is calculated on every cell with at  least  one  end- 
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Fig. 1. Sampling location. 
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point. The figures in this study were created by applying the 

OpenAir statistical analysis package with the R-Studio program 

(Carslaw and Ropkins, 2012; Carslaw, 2019). 

 

𝑊(𝑛𝑖𝑗) =

{
 
 

 
 1.00, 𝑛𝑖𝑗 > 2�̄�

0.75, �̄� < 𝑛𝑖𝑗 ≤ 2�̄�

0.50, �̄�/2 < 𝑛𝑖𝑗 ≤ �̄�

0.15, 𝑛𝑖𝑗 ≤ �̄�/2

 

(Equation 3) 

 

3. Results and discussion 

 

The mean value of daily PM2.5 concentrations measured 

during the study period was 20.40 μg m-3. The values of PM2.5 

are relatively higher in October compared to September and 

November (Fig. 2). The PM2.5 concentrations had the highest 

daily values on October 29 (77.59 μg m-3) and, the lowest (5.65 

μg m-3) on September 11. The maximum concentration of PM2.5 

was 25.02 μg m-3 in September. The minimum value for October 

was 6.08 μg m-3. The mean values of PM2.5 concentrations were 

10.61, 27.39, and 22.12 μg m-3 in September, October, and 

November, respectively. The PM2.5 concentrations were 

between 7.09 and 43.57 μg m-3 in November.  

The results shown on Fig. 3 demonstrate the variations in 

the mean PM2.5 concentrations among the weekdays. The 

shading expresses the 95% confidence intervals of the mean 

PM2.5 concentration values. The mean values of PM2.5 

concentrations were 22.81, 20.30, 21.91, 19.04, and 18.10 μg m-

3 on Mondays, Wednesdays, Thursdays, Saturdays, and 

Sundays, respectively. The minimum values of PM2.5 concentra- 

 
 

tions were 5.92, 7.00, 5.65, 6.62, 5.99, 6.08, and 6.64 μg m-3 on 

Mondays, Tuesdays, Wednesdays, Thursdays, Fridays, 

Saturdays, and Sundays, respectively. The maximum values of 

PM2.5 concentrations were 50.62, 77.59, 43.57, 51.86, 45.95, 

49.00, and 47.19 μg m-3 on these days, respectively. The values 

obtained during the study draw the trend of observing the highest 

values of PM2.5 on Tuesdays (23.41 μg m-3) and the lowest 

concentrations on Fridays (17.42 μg m-3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. CalendarPlot of PM2.5 concentrations during the autumn in 2019. 

 

The backward trajectories are clustered in an 8-cluster 

solution (Fig. 4). Trajectories within C1 accounted for 11% of 
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all trajectories. The values of PM2.5 concentrations were seen to 

range between 5.65 and 31.22 μg m-3 in C1. Among the clusters, 

the average value of PM2.5 concentrations was the lowest in C1 

(13.76 μg m-3). The transport in C1 originated from Russia. It 

was seen that arrived at the sampling area by passing over the 

Sea of Azov, Ukraine, the Black Sea, and Bulgaria. Trajectories 

within both C2 and C7 accounted for 14.3% of all trajectories. 

In C2, the mean value of PM2.5 concentrations was 20.46 μg m-

3. It was observed that PM2.5 concentration values in C2 ranged 

between 5.99 and 47.03 μg m-3. The transport in C2 started from 

Ukraine. It was seen that arrived at the sampling area via the 

Black Sea and Bulgaria. The values of PM2.5 concentrations in 

C7 ranged between 10.02 and 42.59 μg m-3, with a mean value 

of 26.78 μg m-3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. The mean PM2.5 concentrations on weekday. 

 

The transport in C7 originated from the Mediterranean and 

reached the sampling area by passing over Turkey's 

Mediterranean, Aegean, and Marmara Regions. It was observed 

that C3 (17.6%) originated from the Nederland-German land 

border region. The values of PM2.5 in C3 were 8.76 and 50.62 

μg m-3, with a mean value of 20.08 μg m-3. The percentage of all 

trajectories during the study period was higher in C4 (20.9%) 

compared to the other seven clusters. The mean value of PM2.5 

concentrations in C4 was 19.52 μg m-3. The values of PM2.5 were 

between 6.08 and 77.59 μg m-3 in C4. It was seen that C4, which 

has short-range trajectories according to other clusters, 

originated from Bulgaria. 

The study by Ecer et al. (2017) stated that backward 

trajectories were grouped in 6 main clusters during the data 

collection period. They suggested that the transport in these 

clusters originates from Syria (C1), France and Southern Europe 

(C2), Eastern Anatolia (C3), Mediterranean (C4), Middle East 

(C5), and Central-Western Europe (C6). The percentage of all 

trajectories in these clusters was 31.1%, 12.2%, 16.9%, 20.1%, 

9.3%, and 10.3%, respectively. Zeydan and Wang (2019) stated 

the backward trajectories during the study period were clustered 

in 9 main clusters. C1 was noted to originate from the southeast 

of the United Kingdom and C4 was noted to transport Saharan 

dust to the sampling area.  Tepe and Dogan (2021) pointed out 

that the backward trajectories in the period of their study were 

gathered in 5 main clusters. These clusters are named C1 as 

Northern Europe, C2 as Central Europe, C3 as Anatolia, and the 

Middle East, C4 as North Africa and Western Mediterranean, 

and C5 as Levant Region and the Aegean Sea. They stated that 

the highest percentage of trajectories from C3 with 41%, 

followed by C5 (23%) and C4 (15%). 

 

 

 
 

 

 

 

 

 

 

 
Fig. 4. Backward trajectory clusters. 

 

The values of PM2.5 concentrations in C5 were between 

6.88 and 51.86 μg m-3, with a mean value of 19.58 μg m-3. The 

transport in C5 originated from the west coasts of Majorca 

Island. It was seen that reached the sampling area by passing 

over the Mediterranean, Algeria, Tunisia, Italy, Greece, and 

Bulgaria. It was observed that trajectories within C5 and C6 

accounted for 9.9% and 8.8% of all trajectories, respectively. 

The values of PM2.5 concentration were between 10.61 and 

49.00 μg m-3 in C6, while the mean value is 20.87 μg m-3.  

It was observed that C6, which originated from the 

Mediterranean, arrived at the sampling area via Greece and the 

Aegean Sea. The percentage of all trajectories during the study 

period was lower in C8 (3.3%) compared to the other seven 

clusters. C8 had more long-range transport than the other seven 

clusters. The values of PM2.5 concentration were observed to 

range between 20.72 and 43.57 μg m-3 in C8. Among the 

clusters, the average value of PM2.5 concentrations was the 

highest in C8 (28.11 μg m-3). The transport in C8 originated from 

the North Atlantic Ocean. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. PSCF distribution of PM2.5. 

 

PSCF analysis was carried out to enable the determination 

of possible potential PM2.5 source areas. PSCF distribution 

illustrated the sampling area's north, northeast, south, and 

southeast regions as the major potential source areas for PM2.5 

(Fig. 5).  

The higher PSCF values were seen in Romania, Hungary, 

Turkey, the Mediterranean, and Lebanon than in other locations. 

In the study carried out by Kuzu and Saral (2017), they 

explained that trajectories over the Sea of Marmara had the 

highest PSCF scores on each of the particle sizes. They stated 

that this confirmed the contribution of marine aerosols. They 

also explained that sizes of particles between 7.2-3 and 3-1.5 

μm, in addition to the marine aerosol contribution, appear to 

have originated from the crust from the south of Istanbul.   
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4. Conclusion 

 

The mean value of daily PM2.5 concentrations was 20.40 

μg m-3 in Edirne city center during the autumn season. The 

lowest and highest values of daily PM2.5 concentrations ranged 

between 5.65 and 77.59 μg m-3, respectively.  

The values of PM2.5 concentration had the highest average 

value on Tuesdays compared to other days, with a mean of 23.41 

μg m-3. The mean values of daily PM2.5 concentration had the 

lowest daily mean value on Fridays (lowest days), Saturdays, 

and Sundays to other days. The mean values of daily PM2.5 

concentrations these days were 17.42, 19.04, and 18.10 μg m-3, 

respectively. It was determined that the percentage of all 

backward trajectories of each cluster represented 11% in C1, 

14.3% in C2, 17.6% in C3, 20.9% in C4, 9.9% in C5, 8.8% in 

C6, 14.3% in C7, and 3.3% in C8, respectively. The mean values 

of PM2.5 concentrations were 13.76, 20.46, 20.08, 19.52, 19.58, 

20.87, 26.78, and 28.11 μg m-3 at these clusters, respectively.  

The results of the PSCF analyses indicated that the major 

potential source areas of PM2.5 are especially Romania, 

Hungary, Turkey, the Mediterranean, and Lebanon.  
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