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Figure 1. Investigated cities in Turkey (Adopted from Google Maps) 93 

  94 



 

Table 1. Investigated cities in this study 95 

City Population 
(n) 

Provincial 
Surface Area 

(km2) 

Population 
Density 
(n/km2) 

Road Motor 
Vehicles 

(n) 
Industry 

Ankara 5639076 25632 220 2064501 Construction, Furniture, Metal, 
Defence, Printing 

Bursa 3056120 10813 283 913154 Automotive, Textile, Cement, 
Energy, Chemical, Furniture 

Corum 530864 12428 43 172622 Tile and brick, Roasted Chickpea 

Istanbul 15519267 5343 2905 4222821 Textile, Tourism, Metal, 
Chemical Printing 

Izmir 4367251 11891 367 1440392 

Dye, Iron and steel, 
Petrochemical, Metal, 
Chemical, Food and beverage, 
Cement, Tourism 

Kars 285410 10193 28 45111 Food, Wood 

Kocaeli 1953035 3397 575 403209 

Automotive, Pulp and paper, 
Iron and steel, Cement, 
Petrochemical, Energy, 
Aluminum, Waste, Chemical 

Konya 2232374 40838 55 729076 
Food and beverage, Tourism, 
Energy, Plastic, Base metal and 
casting, Automotive, Machinery 

Kutahya 579257 11634 50 211463 Ceramic 

Trabzon 808974 4628 175 200385 Cement, Printing, Metal and 
casting, Food 

Zonguldak 596053 3342 178 156125 Energy, Cement, Mining 

Turkey 82003882 780043 105 23361062  

 96 

2.2. Excess risk 97 

Health risks due to change in ambient air PM2.5, PM10, SO2, NO, O3, and CO concentrations 98 

between March 1-April 21 in 2019 and 2020 were determined by estimating the excess risk (ER). 99 

The relative risk (RR) and ER were calculated using Eqs. 1 and 2, respectively. 100 





 

Values for air quality parameters (PM2.5, PM10, SO2, NO2, NOX, NO, O3, and CO) were 123 

downloaded for the period of March 1 to April 21 in 2019 and 2020 for 11 cities in Turkey. Box-124 

plots for the studied periods at each station are presented in Figure SM 2-46.  125 

 126 

3.1.1. PM2.5  127 

PM2.5 emissions are mainly originate from traffic, combustion of fossil fuels and biomass for 128 

energy production, and industrial facilities (Sharma et al., 2016; Guo et al., 2019). Exposure to 129 

high levels of PM2.5 may cause adverse human health effects, such as respiratory and 130 

cardiovascular diseases, premature death, and lung cancer (WHO, 2013). Furthermore, since 131 

particles comprising PM2.5 may be suspended in ambient air for prolonged periods of time, it may 132 

serve as an important vector in spread of infection (Zhu et al., 2020). Therefore, PM2.5 may be the 133 

most important air quality parameter to be investigated.  134 

Overall median concentrations of PM2.5 were in the range of 10.2-23.7 µg/m3 (2019) and 17.3-135 

30.4 µg/m3 (2020) (Table SM1 and Figure SM2-5). The median values showed a slight increase in 136 

Ankara, Bursa, Istanbul, Kocaeli, Kutahya, Trabzon, and Zonguldak, while there was only a slight 137 

reduction in Istanbul. Furthermore, the M-W test results indicate that the differences in PM2.5 138 

concentrations were either not significant for all stations in Kocaeli and Bursa, and for 3/4 stations 139 

in Istanbul, or higher in 2020 for Ankara, Kutahya, Trabzon, and Zonguldak. There was only one 140 

station (in Istanbul) that had a significantly higher PM2.5 median concentration in 2019 compared 141 

to 2020. 142 

A significant reduction in PM2.5 concentrations was observed in other countries during the 143 

COVID-19 pandemic period due to strict curfew policies. For instance, the average PM2.5 144 

concentration reduction in northern region of Malaysia was found to be 23.7 % through a ban of 145 

business operation except for essentials and suspension of activities in several industries as well as 146 





 

stations with significantly differing concentrations: one in Ankara and Istanbul with 2019>2020, 171 

and one in Ankara, Trabzon, and Zonguldak with 2019<2020.  172 

Partial lockdown has decreased the PM10 concentrations in Milan-Italy by 32.7-40.5% 173 

(Collivignarelli, 2020). Additional reductions were observed during the total lockdown period. In 174 

Turkey, white collar employees were allowed to work home-office and the traffic density decreased 175 

due to curfew policies in the business center(s) of the cities, which may be the reason for the 176 

reductions observed at two stations in Istanbul and Ankara but the remaining stations (10/11 in 177 

Istanbul and 2/3 in Ankara) did not support this observation. Industrial production (for Istanbul, 178 

Kocaeli, Bursa, and Ankara,) and shipping traffic (for Istanbul, Kocaeli, and Bursa) were not 179 

interrupted during the study period, which probably played a role in the not significantly differing 180 

concentrations between 2019 and 2020. Higher PM10 concentrations in Izmir in 2020 might be due 181 

to the increase in industrial production and shipping traffic to meet the demand in food sector. The 182 

increasing in PM10 concentrations at Besirli station in Trabzon might be due to combustion of fossil 183 

fuels for residential heating. The median concentration in Zonguldak was tripled from 2019 to 184 

2020. We do not have the data to reasonably explain this sharpest change in PM10 concentrations 185 

other than to speculate that an increased residential heating may had a role while emissions of the 186 

seven thermal power plants and the iron-steel plant also continued.  187 

 188 

3.1.3. NOX  189 

Overall median concentrations of NO2 for seven cities (29 stations) were in the range of 24.9-190 

77.9 µg/m3 (2019) and 23.2-59.1 µg/m3 (2020) (Table SM2 and Figure SM12-17). Results showed 191 

a significant decrease in COVID-19 pandemic period compared with the same period in 2019. The 192 

highest reduction was 40.9 % in Trabzon, while the lowest reduction was 6.83 % in Kocaeli. 193 

Concentrations did not significantly change from 2019 to 2020 at 1/4 stations in Bursa, 2/11 194 





 

The overall median concentrations of SO2 were 4.52-34.1 µg/m3 and 4.31-12.6 µg/m3 in 2019 218 

and 2020 for nine cities (Table SM3 and Figure SM30-36). Furthermore, changes in overall median 219 

SO2 concentrations were as follows: 15.4-61.9% reduction (Trabzon, Zonguldak, Kars, Izmir, 220 

Bursa, and Corum) and 7.74-63.7 % increase (Istanbul, Kocaeli, and Ankara). The highest 221 

reduction was 61.9 % (from 11.3 µg/m3 to 4.31 µg/m3) in Trabzon while the highest increase was 222 

63.7 % in Istanbul (from 4.90 µg/m3 to 8.02 µg/m3). M-W test results indicated that the 223 

concentrations did not significant change in Corum, Izmir, Ankara (1/2 stations), Bursa (4/5 224 

stations), Istanbul (2/9 stations), and Kocaeli (2/4 stations), whereas, increased concentrations were 225 

observed in 2020 in 1/2, 6/9, 2/4, and 1/1 stations in Ankara, Istanbul, Kocaeli, and Zonguldak 226 

respectively.  227 

SO2 concentration increase was significant in Ankara, Istanbul, and Kocaeli, which have a large 228 

number of industrial facilities and high population density. These results point to continuation of 229 

industrial activities and dense population as probable causes for the increased SO2 concentrations 230 

during COVID-19 pandemic period.  231 

 232 

3.1.5. CO 233 

CO concentrations could be analyzed in seven cities because the inclusion criterion was not met 234 

at many stations. The overall median concentration ranges were 463-926 µg/m3 and 1.09-2282 235 

µg/m3 in 2019 and 2020, respectively (Table SM4 and Figure SM37-41). Reduction in overall 236 

median CO concentrations were 3.82 %, 15.4 %, and 28.4 %, in Kars, Trabzon, and Zonguldak, 237 

respectively. On the other hand, the overall median CO concentrations almost doubled in Ankara, 238 

Bursa, and Istanbul. According to the M-W tests, the median CO concentrations were higher in 239 

2019 compared to 2020 at 1/2 stations in Kars, 3/4 stations in Kocaeli, and all stations in Trabzon 240 



 

and in Zonguldak. However, the median CO concentrations were lower in 2019 compared to 2020 241 

for all stations in Bursa and Istanbul, while the difference in CO concentrations were not significant 242 

in Ankara.  243 

Based on the results, CO emissions significantly decreased in Kars, Trabzon, and Zonguldak as 244 

these cities had fewer industrial activities except for Zonguldak. Ankara, Istanbul, and Bursa are 245 

considered as the metropolitan cities with high industrial capacity and registered motor vehicles. 246 

No reduction in CO concentrations were observed in these cities during the COVID-19 pandemic 247 

period. The reason of the increase and/or no significant change in CO concentrations in these cities 248 

might be the continuation of industrial activities and associated transportation. Similar results 249 

observed in southern India, such that a significant increase was observed in CO concentration, 250 

while a significant decrease was observed in other pollutants concentrations (NO, NO2, and O3) 251 

during the COVID-19 pandemic period (Sharma et al., 2020).  252 

 253 

3.1.6. O3 254 

O3 was the parameter with the least available data. Its concentrations are presented in Table 255 

SM4 and Figure SM42-46. In Bursa, reduction in overall median O3 concentration was 3.08% (45.5 256 

µg/m3 in 2019 and 44.1 µg/m3 in 2020). Changes in median O3 concentrations were lower during 257 

COVI-19 period at 1/3 stations in Bursa, while the difference was not significant at the meaning 258 

two stations. Studies on atmospheric O3 concentrations revealed that the decrease in NOx 259 

concentrations may be attributed to the increase in O3 concentrations (Geraldino et al., 2020; 260 

Dantas et al., 2019). Moreover, the decrease in PM concentrations, which increasing sunlight 261 

passing through atmosphere, may be attributed the production of O3 with photochemical activities 262 

(Dang and Liao, 2019). During the COVID-19 pandemic period, the decrease in PM and NO2 263 

concentrations were attributed to increase in O3 concentrations. For instance, the median O3 264 



 

concentration increased by 6.34%, while PM10 and NO2 median concentrations decreased by 14.0 265 

% and 37.5 %, respectively at Uludag station, Bursa. On the other hand, at Kestel station, again 266 

Bursa but close to its Organized Industrial Zone, the median O3 concentration decreased by 18.8%, 267 

while the PM10 concentration increased by 6.47%. Wang et al. (2020) reported significant increases 268 

in O3 concentrations probably due to lower fine particle loadings, which cause less scavenging by 269 

HO2, and thus observation of O3 concentrations for longer periods. A similar trend was reported 270 

by Mahato et al. (2020) for megacity Delhi, India. They found that O3 concentrations increased 271 

significantly during the COVID-19 pandemic period possibly due to decrease in NOx and NO 272 

concentrations, and increase in insolation and temperature.  273 

  274 

3.2. Excess risk assessment of air quality parameters 275 

Exposure to PM2.5 mainly causes respiratory and cardiovascular system problems. Hence, it may 276 

aggravate the COVID-19 infection symptoms and may increase mortality rate. Wu et al. (2020) 277 

studied the relationship between air pollution and COVID-19 mortality in the United States and 278 

found that comorbidities related to PM2.5 dramatically increased the risk in COVID-19 patients. 279 

Overall and city-based excess risks (ER) were compared for PM2.5 and PM10 median concentrations 280 

(Fig. 2 and 3). Comparisons of ERPM2.5 values revealed decreases for Bursa, Istanbul, and Kocaeli, 281 

and increases for Trabzon, Kutahya, and Zonguldak (Fig. 2). Since Bursa, Istanbul, and Kocaeli 282 

are densely populated metropolitan cities, decrease in traffic and industrial activities due to 283 

progressive prevention measures during the COVID-19 pandemic period resulted in decrease of 284 

ER values. For the capital city of Ankara, the median ER values were similar (Table 2). The most 285 

significant increase in median ER values was calculated for Zonguldak, where coal mining is the 286 

major source of livelihood. Furthermore, the overall ER values decreased from 2019 to 2020 (Fig. 287 

2). Sharma et al. (2020) compared the effect of restricted emissions during COVID-19 on air quality 288 





 

NO2, NOX, NO, O3, and CO concentrations were below the limits recommended by World Health 313 

Organization, therefore, the ER levels were not calculated for these pollutants. 314 

 315 

Figure 2. Excess risks related to PM2.5 in 2019 and 2020. 316 

 317 

 318 



 

 319 

Figure 3. Excess risks of PM10 in 2019 and 2020. 320 
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Table 2. Descriptive statistics of excess risk levels (%) of PM2.5 and PM10 322 

Parameter City Number of AQMS Year Median Mean Min Max 

PM2.5 

 

Ankara 4 2019 3.71 3.85 0.004 8.29 
2020 3.96 8.90 0.03 51.4 

Bursa 2 2019 5.02 5.65 0.27 20.4 
2020 3.15 4.26 0.01 15.9 

Istanbul 4 2019 3.28 4.72 0.03 19.3 
2020 1.85 2.80 0.01 9.25 

Kocaeli 4 2019 3.40 4.13 0.03 14.7 
2020 2.84 3.39 0.13 12.7 

Kutahya 1 2019 2.59 3.46 1.04 7.16 
2020 3.50 3.15 0.28 7.03 

Trabzon 1 2019 1.95 2.36 0.09 6.11 
2020 2.53 3.06 0.46 12.0 

Zonguldak 1 
2019 2.49 3.56 0.31 10.0 
2020 6.17 6.62 1.18 15.3 

PM10 

Corum 3 2019 5.31 8.60 0.08 49.4 
2020 4.83 7.12 0.06 29.8 

Ankara 7 2019 7.04 12.4 0.25 59.4 
2020 5.98 8.69 0.05 81.8 

Bursa 4 2019 7.33 10.8 0.002 47.2 
2020 5.32 7.40 0.11 30.6 

Istanbul 11 2019 5.89 8.19 0.03 54.1 
2020 6.18 9.76 0.13 53.5 

Izmir 1 2019 2.04 1.85 0.54 2.78 
2020 5.36 5.01 1.11 10.7 

Kars 1 2019 8.05 7.14 0.22 10.1 
2020 9.59 7.76 0.88 13.3 

Kocaeli 11 2019 5.37 7.25 0.04 31.8 
2020 3.87 5.27 0.03 32.9 

Konya 2 2019 2.72 4.20 1.08 14.7 
2020 3.01 4.77 0.33 18.0 

Kutahya 1 2019 8.40 8.38 0.06 24.8 
2020 7.03 9.30 1.01 28.9 

Trabzon 5 2019 2.91 4.38 0.04 17.7 
2020 3.27 4.92 0.04 24.0 

Zonguldak 1 2019 1.76 1.43 0.62 1.89 
2020 15.7 17.6 1.26 40.8 

 323 

4. Conclusion 324 

This study shows the effects of curfew policies on air quality parameters in Turkey. Selected 325 

AQMSs represents 42.8 % of the population in Turkey (Ankara, Bursa, Corum, Istanbul, Izmir, 326 

Kars, Kutahya, Kocaeli, Konya Trabzon, and Zonguldak). Statistical comparison shows that, in 327 

general, there were no significant difference in PM concentrations, and at half of the stations for 328 

SO2 between March-April periods of 2019 and 2020, whereas, overall NOx, NO2, and NO 329 



 

concentrations were significantly decreased. While the highest NO2 reduction was determined in a 330 

non-industrial city with 40.9 %, the lowest reduction was in a heavily industrialized one with 6.83 331 

%. Similar trends were observed for NO and NOx. While the CO emissions were increased in 332 

metropolitan cities, others were decrease since fewer industrial activities. Current available ozone 333 

data was only in Bursa, with an overall insignificant decrease. There were stations at which 334 

concentration increases were observed, such as tripling of PM in a non-metropolitan but with dense 335 

coal mining and thermal power plants city and a 63.7 % in SO2 in Istanbul. Excess risk (ER) 336 

associated with PM is important for the spread of the virus because it may act as a transport media. 337 

ER could only be estimated for PM2.5 and PM10 since concentrations of the other pollutants were 338 

below their threshold levels. Overall countrywide median ER values for PM2.5 and PM10 decreased 339 

slightly during the investigated period. In conclusion, the heterogeneous actions taken in response 340 

to the COVID-19 pandemic resulted in mixed effects on ambient air quality. 341 
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 446 

Figure SM2. PM2.5 concentrations in Ankara 447 

 448 

Figure SM3. PM2.5 concentrations in Istanbul 449 



 

 450 

Figure SM4. PM2.5 concentrations in Kocaeli 451 
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