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Abstract

:

Various methods used by different countries’ governments to control the spread of coronavirus disease 2019 (COVID-19), the cause of pandemic in 2020, affected air quality. The aim of this study was to evaluate the effects of lockdown in Armenia on the content of the main air pollutants—dust, SO2 and NO2. This was a cross-sectional study. We analyzed data on the concentrations of SO2, NO2 and dust from March to June, 2019 and the same period in 2020 as well as data on positive COVID-19 cases from Yerevan, Vanadzor and Hrazdan. In 2020, dust was found to be lower in Yerevan and in Hrazdan and higher in Vanadzor than in the same period in 2019. The same pattern was present for SO2 concentrations: in Yerevan and Hrazdan there was a decrease, and there was an increase in Vanadzor. The concentrations of NO2 increased in Yerevan and Hrazdan, with a slight decrease in Vanadzor. New cases of COVID-19 had a negative correlation with dust and a positive correlation with SO2. The strict quarantine measures were effective in containing the spread of COVID-19.
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1. Introduction


Coronavirus disease 2019 (COVID-19), caused by the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was first found in China in December 2019 and quickly grew into a global pandemic [1]. As of 13 September 2022, SARS-CoV-2 was spread over 230 countries, territories or areas, infecting nearly 614 million individuals and resulting in over 6,517,000 deaths globally [2]. Armenia had over 439,000 confirmed COVID-19 cases and 8600 deaths reported in the country by the same date [3].



In order to contain the spread of SARS-CoV-2 infection, governments around the world took action. As there were neither effective prevention (vaccine) nor treatment (antiviral) measures available for COVID-19, the public health authorities suggested non-pharmaceutical interventions—emergency lockdowns, quarantine of suspected cases, isolation and hospitalization of confirmed cases, contact tracing, social distancing, mass testing, mandatory use of face masks, etc.—for controlling and mitigating the spread of the pandemic [4,5,6]. Reduction of the infection rate (flattening the epidemic curve) [7] through the prevention of person-to-person transmission of SARS-CoV-2 has been the key strategy to reduce morbidity and mortality from COVID-19 [8,9]. This approach was guided by evidence of the effectiveness of similar non-pharmaceutical interventions during previous influenza pandemics [10,11,12,13]. Social distancing measures were adopted as a primary tool for curbing the pandemic via the reduction of interpersonal contact [4,5,6]. These policies included the closure of educational institutions, public places, non-essential businesses and workplaces; the cancellation and restriction of mass gatherings and group events; the restriction of travel; stay-at-home orders; practicing physical distancing (six or three feet) from people outside from their household; etc. [4,6,14,15,16,17]. A state of emergency and a complete lockdown was implemented in Armenia from 16 March to 4 May 2020 [18].



Before COVID-19, high levels of urban air pollution, mainly through concentrations of sulfur dioxide (SO2), nitrogen dioxide (NO2) and particulate matter (PM)/dust, were observed around the world. According to a European Environmental Agency evaluation in 2019, the main sources of air pollution were energy consumption (responsible for about 28% of dust (PM10 and PM2.5)), agriculture (responsible for 94% of ammonia and 55% of methane emissions), road transport (36% of nitrogen oxides), energy supply (46% of sulfur oxides), manufacturing industry (air pollution with heavy metals) and anthropogenic factors [19]. Although the pollutants can be generated by natural processes (e.g., sand, volcanic ash and fog), their appearance and then suspension in the air is mainly a result of human activities together with technology and the energy matrix, including transport, industries, power stations etc. [20,21]. Before COVID-19, the emission of carbon dioxide (CO2) was increasing by 1% per year. During the lockdown, CO2 emission decreased by 17% (11 to 25%) by 7 April 2020 compared to the mean emissions in 2019 [22]. Similar effects were witnessed all around the world. Different studies showed that after countries adopted strict lockdown measures to contain COVID-19, emissions of dust, SO2 and NO2 were significantly reduced, improving air quality [23,24]. In the countries of Latin America, SO2 concentrations decreased in Mexico and Lima, NO2 concentrations in Lima and Santiago and PM in Bogota and Quito. European countries (e.g., Serbia, Croatia) and cities (e.g., Madrid, Paris, Milan etc.) also witnessed a decrease in SO2, NO2 and PM concentrations in the air after lockdown [21,25]. Ambient PM and NO2 were reduced during the social distancing period in 2020 in Korea. Concentrations of SO2 were not observed to be attributable to social distancing in response [26].



Different studies have assessed the effect of COVID-19 lockdowns on PM concentrations in various parts of the world, showing that the quarantine periods had a significant impact on the environment and on the air quality of cities. Research showed decreased PM in Barcelona (Spain), Krakow (Poland), Milan (Italy), Delhi (India), Tehran (Iran) and 50 other cities around the world [27,28,29,30,31,32]. Journal Special Issues of journals were dedicated to research on air quality in pre- and post-COVID-19 eras, showing the changes of not only the ambient air, but also the indoor air in different parts of the world [33].



According to World Bank data, since 2011 the air pollution in Armenia has been decreasing, with the annual average PM2.5 concentration of about 39.0 in 2011 decreasing to 34.3 µg/m3 in 2017 [34]. The 2019 World Air Quality Report showed Armenia to have reached an annual average PM2.5 concentration of 25.5 µg/m3 and 24.9 µg/m3 in 2020, but in the next report (2021) Armenia ranked 6th among 13 countries in the region in terms of pollution, with an annual average PM2.5 concentration equal to 33.9 µg/m3, exceeding the recommended WHO concentration (5 µg/m3) by more than six-fold [35,36].



The objectives of the present study were as follows:




	
To estimate the change of air pollution (SO2, NO2 and dust) in the capital and two regional centers during the full lockdown (16 March–14 May 2020).



	
To assess the differences in the values compared with the same period in 2019.



	
To take air pollution as a proxy measure for compliance with governmental regulations to find the difference in numbers of new cases of COVID-19 in the capital and in the regional centers.








With these objectives, we answered the following research questions:




	
How did the air quality change in the observed cities during the lockdown?



	
How was the air quality different in March–June 2020 from the same period in 2019?



	
What correlation existed between compliance with quarantine restrictions and the spread of COVID-19?









2. Materials and Methods


Study design—This was a cross-sectional study.



Data sources—Data on the concentrations of SO2, NO2 and dust (large coarse particles) from 1 March 2019 to 30 June 2019 and from 1 March 2020 to 30 June 2020 for Yerevan, Vanadzor and Hrazdan cities (Figure 1) were taken from the Hydrometeorology and Monitoring Center of Armenia. This center has 15 stationary active sampling observation stations and 214 mobile passive sampling points in 10 different cities of Armenia.



Data on positive COVID-19 cases from Yerevan, Vanadzor and Hrazdan detected during the 1 March–30 June 2020 period were received from the Health Project Implementation Unit of Ministry of Health of Armenia.



2.1. Study Setting


General: Armenia is a small, upper-middle-income country located in the South Caucasus with population of around 3 million and gross domestic product (GDP) of USD 12.4 billion (2018). The percentage of the population living below the national poverty line was 27.0% in 2017 according to World Bank data [37].



Yerevan is the capital of Armenia, and covers an area of 260 km2 extending 18 km north–south and 16 km east–west with a population of about 1,092,000 people [38]. Yerevan has been rapidly developing economically, resulting in growing car ownership and increasing congestion, outdated public transport, decreased air quality linked to vehicle emissions etc. [39].



Vanadzor is the third-largest city in Armenia, located in the northern part of the country. It is located about 128 km (80 miles) north of the capital Yerevan. According to the Ministry of Territorial Administration and Development, the city had a population of 78,700 in 2018. The industry of the city is quite diverse, and includes garment manufacturing and the production of chemicals, dairy products etc.



Hrazdan is the regional center of one of the eleven regions of Armenia. It is situated 40 km north-east of Yerevan, and is one of the highly industrialized cities of Armenia. The city has a population of about 40,000 people [40].




2.2. COVID-19-Related Restrictions in Armenia


On 10 March 2020, the Government of Armenia advised citizens to avoid traveling to Italy, France, Germany, Spain, Japan, China, Iran and South Korea. Later the travel ban became almost universal. On 16 March 2020 (light quarantine) the Government of Armenia declared a state of emergency, allowing the Government to take steps to minimize risk of infection spread during the outbreak of COVID-19. Actions included closure of schools and universities, prohibition of events with more than 20 participants, restrictions on movement within the country, screening and quarantine measures as well as restriction of entry into Armenia. Later, on 24 March 2020 the Government of Armenia introduced stricter quarantine measures for a week (the measures continued through April). All people were required to carry their passports and self-declaration forms if they left their homes. Violations of movement restrictions or quarantine were declared to be punishable by law. During the 31 March–12 April period the Government of Armenia introduced stricter quarantine measures (the strictest quarantine); travel between Armenian regions was prohibited and public transportation was shut down.



Starting from 4 May 2020, many previously implemented restrictions were lifted. Open-air cafes and restaurants were re-opened. The requirement to carry a self-declaration form was removed. Many industries were allowed to re-open with the implementation of sanitary rules (masks, distancing, etc.).



Data analysis was done using Stata 13 statistical software [41], as well as Pandas, Numpy and Sklearn plotting libraries in Python programming language [42]. Descriptive statistics (i.e., means and standard deviations for continuous variables, frequencies and percentages) for categorical variables were run. Spearman’s rank correlation coefficient was used to test the strength and direction of the correlation between the air pollution and new COVID-19 cases. To accommodate delays between those two time series, we computed the correlation on lagged values. We shifted COVID-19 cases backward in time by some number of days and reported the correlation value and p-value for each lag. We trained a predictive model to fill in the missing values based on the present ones. For that purpose, polynomial regression was used—a standard linear regression with polynomial basis functions. During 5-fold cross-validation, a polynomial regression of degree 5 was found to be the most prominent. Figures were created using Tableau—an analytical data visualization tool [43].





3. Results


The total number of patients during the 1 March–30 June 2020 period was 13,557 in Yerevan, Hrazdan and Vanadzor. The mean age of the patients in Yerevan was 46.8 (±19.3), in Hrazdan it was 46.9 (±18.4) and in Vanadzor it was 46.8 (±15.9). There was a higher proportion of female patients in all cities: 62.0% in Yerevan, 60.9% in Hrazdan and 70.9% in Vanadzor.



Table 1 shows the concentrations of dust, SO2 and NO2 (mg/m3) in Yerevan, Vanadzor and Hrazdan during the periods of interest. The maximum concentrations of dust were higher than the Maximum Allowable Concentration (MAC) for Armenia (0.15 mg/m3) in all three cities during all periods, while the mean concentrations of dust were higher than the MAC in Hrazdan and Vanadzor [44].



The SO2 and NO2 concentrations exceeded the MAC (0.005 and 0.06 mg/m3 respectively) only in Hrazdan (SO2 in 2019 and NO2 in 2020).



Figure 2 shows the cumulative concentrations of dust (a), sulfur dioxide (b) and nitrogen dioxide (c) in the three cities during the periods of interest. The cumulative concentration of dust decreased in Yerevan (17.73 vs. 13.07 mg/m3), increased in Vanadzor (20.33 vs. 30.18 mg/m3) and was almost the same in Hrazdan (17.33 vs. 17.88 mg/m3). The cumulative concentration of SO2 decreased in Yerevan (2.13 vs. 1.24 mg/m3) and in Hrazdan (1.57 vs. 1.31 mg/m3) and was almost the same in Vanadzor (1.18 vs. 1.20 mg/m3). The concentration of nitrogen dioxide increased in Yerevan (1.93 vs. 3.96 mg/m3) and Hrazdan (0.61 vs. 1.36 mg/m3) and slightly decreased in Vanadzor (0.92 and 0.76 mg/m3).



Figure 3 shows the concentrations of dust, SO2 and NO2 and new COVID-19 cases in Yerevan, Vanadzor and Hrazdan during March–June 2019 and periods of lockdown in 2020. During the lockdown, the dust was lower in Yerevan (mean concentration of dust during 20 March–4 May 2019 was 0.15 vs. 0.10 mg/m3 in the same period in 2020) and in Hrazdan (in 2019 the mean was 0.19 vs. 0.15 mg/m3 in 2020) and higher in Vanadzor (in 2019 the mean was 0.19 vs. 0.24 mg/m3 in 2020) than in the same period in 2019. The same pattern was present for the sulfur dioxide concentrations—in Yerevan and Hrazdan there was a decrease (0.018 vs. 0.008 mg/m3 and 0.019 vs. 0.009 mg/m3, respectively). In Vanadzor the average concentration of SO2 increased in 2020 (0.012 vs. 0.010 mg/m3), however there were several peaks in early stages of the lockdown. The pattern was the opposite for the concentrations of NO2: they increased in Yerevan and Hrazdan (0.035 vs. 0.019 mg/m3 and 0.015 vs. 0.008 mg/m3, respectively) with a slight decrease in Vanadzor (0.006 vs. 0.007 mg/m3).



The numbers of new cases of COVID-19 started to increase after the lockdown measures were cancelled. In Yerevan and Hrazdan the increase was almost immediate; in Vanadzor increases were seen from the beginning of June. Figure 4 shows the dynamics of the new cases of COVID-19 more closely.



Table 2 shows Spearman’s rank correlation between the dust, SO2 and NO2 and new cases of COVID-19 after different lags (from 1 to 14 days) in Yerevan, Hrazdan and Vanadzor during the March–June 2020 period. There was a negative correlation between the concentration of dust and new cases of COVID-19 in all three cities. The strongest correlation in Yerevan was during the first five days of lag (−0.33 to −0.30), while in Hrazdan the strongest was seen after 10–12 days (−0.33). In Vanadzor there was no statistically significant correlation.



The correlation between SO2 concentration and new cases of COVID-19 was found to be positive. The highest coefficients for Yerevan were obtained for the third and fourth days (0.38). In Hrazdan the strongest correlation was on the eleventh day. No statistically significant correlation was observed in Vanadzor.



In terms of NO2 there was a positive correlation in Yerevan and a negative correlation in Hrazdan. In Yerevan the strongest correlation was observed at the end of the second week of the lag, and in Hrazdan during the fifth to sixth days (−0.46 to −0.43).




4. Discussion


Our study showed that the government decisions in response to COVID-19 impacted the air pollution in Yerevan, Hrazdan and Vanadzor, but the impact was not uniform across all three cities. For Yerevan, the concentrations of dust and SO2 decreased, but the concentration of NO2 increased. This pattern differed from those in Hrazdan and Vanadzor.



As the source of SO2 in the atmosphere is the burning of fossil fuels by power plants, other industrial processes as well as trains, other vehicles and heavy equipment which burn fuel containing sulfur, the content of SO2 in the air is expected to decrease during a lockdown [45]. The decreased concentration of SO2 in the air of Yerevan, Hrazdan and Vanadzor during the lockdown was consistent with reports in the literature. The same pattern was observed in many countries and cities during the period of COVID-19-related restrictions—e.g., in six different cities of Latin America, in Hanoi, Salé city (North-Western Morocco), Malaysia etc. [24,46,47].



The sources of NO2 are mainly anthropogenic activities (e.g., transportation, industrial emissions, domestic heating, power plants and smelters), which is why NO2 is most abundant in urban environments [29,48,49,50,51]. After the outbreak of COVID-19 in many cities of the world, all levels of human activities were reduced, including the operation of production facilities, traffic and individual activities. This lead to decreased NO2 concentrations in the air as a consequence of the limitation of NO2 emission from both industrial production and vehicle exhaust. In various studies on the environmental changes during lockdowns in different countries and cities all over the world, the decreases in NO2 concentrations were found to range from small (e.g., Korea, Lincoln, Warsaw etc.) to significant changes (e.g., Paris, Madrid, Milan etc.) [26,52]. Cooper et al. showed a mean decrease of 32  ±  2% in a consistent analysis of 215 cities’ data [53,54]. A decrease of NO2 was also observed in Greece, India and China [55,56,57,58,59] and in 31 other countries according to Venter et al. [25]. However, in both Yerevan and Hrazdan there was an increase of NO2 concentration during the lockdown. In several studies in South Asia (e.g., India) emissions from biomass burning were identified as a major source of tropospheric NO2, and this was given as an explanation for the increase of NO2 concentrations during the lockdown (e.g., vegetation fires in Northeast India) [60]. Additionally, Rana et al. reported that the variability of tropospheric NO2 was significantly associated with meteorological parameters such as temperature [61]. A study by Kerr GH et al. showed that marginalized communities faced higher NO2 levels during the lockdowns than nonmarginalized communities did prior to the lockdown, which was explained by the fact that heavy-duty trucking largely continued unabated [62]. In the case of Yerevan and Hrazdan, the discrepancy could probably be attributed the fact that people who stopped working or started to work at home had to heat their houses more actively than when they were in their workplaces. They also started to cook at home more than before [63].



One of the possible reasons for the difference of Vanadzor from Yerevan and Hrazdan is that because Vanadzor is far from Yerevan (~116 km), people who were originally from Vanadzor but were working or studying in Yerevan could have returned to Vanadzor as a result of the closure of some businesses, shifting to work-from-home or remote-learning mode. This may have been the reason for the increase in SO2 concentrations during the beginning of the lockdown when people could have returned home. In comparing the lockdown period starting from 1 April (i.e., skipping the peaks), the mean concentration of SO2 in Vanadzor was also decreasing (0.080 mg/m3 in 2020 vs. 0.011 mg/m3 in 2019).



The mean values of dust in Hrazdan and Vanadzor were found to be higher than the MAC for Armenia (0.15 mg/m3) during both periods of interest in 2019 and 2020. The maximum concentrations of dust were higher than the MAC in all three cities during all periods. One of the reasons for the high concentration of dust in the air in Armenia could be the extensive deforestation which took place during the early 2000s. According to our findings, the cumulative concentration of dust decreased mainly in Yerevan (17.73 vs. 13.07 mg/m3). During the lockdown the dust was lower in Yerevan (mean concentration of dust during 20 March–4 May 2019 was 0.15 vs. 0.10 mg/m3 in the same period in 2020). A study from Poland suggested neighboring cities could be the main sources of air pollution if they were more polluted or did not follow the regulations about air quality [64]. Another study showed that an unfavorable location of a city, particularly topographic (terrain elevation) and meteorological factors (especially wind speed) could make it vulnerable in terms of the accumulation of pollutants from its neighborhood [65]. Being surrounded by mountains on three sides, the natural dispersion of pollutants in the atmosphere cannot occur in Yerevan, resulting in high concentrations of dust in the air [39].



In order to receive information about the effectiveness of the lockdown, it was helpful to look at the mobility data of the population. In many countries around the world, it was possible to check the effectiveness of lockdowns using mobility data from Google and Apple. As these data were unavailable for Armenia, the lockdown in Armenia was demonstrated from Yandex.ru. In March 2020, Yandex introduced the Self-Isolation Index, which was measured on a scale from 0 to 5 points [66]. An index between 0 and 2.4 points showed that there were many people on the streets and the level of self-isolation was low. This was considered the red zone due to the high likelihood of spreading coronavirus. An index between 2.5 and 3.9 points indicated that most people were at home (yellow zone), and a score from 4 to 5 points meant that there was almost no one on the streets, which was a green zone and suggested a low likelihood of disease spread. Figure 5 shows to what degree people were self-isolating by way of not leaving their homes. From March 14 until May 7 the index was ≥2.5, reaching around 4 during the last days of March and the first week of April, meaning that Armenians living in Yerevan were quite compliant regarding the restrictions.



Our study did not find a consistent correlation between air pollution and new COVID-19 cases at certain lag periods. However, various studies in the literature stated different durations of lag periods of COVID-19 (e.g., 5–6 days in Italy [67], 9–12 days in the USA [68] etc.) indicated an absence of consistency in these terms.



In terms of compliance with the lockdown measures, based on Yerevan data (the most complete data), it is possible to say that the population was following the restrictions. This was reflected in the self-isolation index as well as the decreased SO2 concentration when compared with the same period in 2019. Looking at the emergence of new cases of COVID-19 during and after the lockdown, we could conclude that the strict lockdown was effective in containing the spread of the infection.



The results of the study could have both mid- and long-term implications.First of all, the strict quarantine measures were shown to be effective in containing the spread of the virus. This could later serve as an argument for using similar measures in future pandemics. Additionally, the use of air pollution data as a proxy measure for the population’s compliance with the quarantine measures may serve as a basis for developing different instruments in future which will allow the assessment of compliance with various restrictions based on the concentrations of different pollutants in the air.



Strengths and Limitations


One of the strengths of this study is that the research regarding air pollution during COVID-19 pandemic was performed for the first time in Armenia.



Additionally, the study used information about air pollution and COVID-19 cases not only from the capital (Yerevan) but also from the regional centers. This gave an opportunity to compare and see how the data were different in the capital and in remote areas.



One of the limitations of this study was that there were some gaps in the Vanadzor data. This could have altered the results and may represent one of the reasons for the different results for Vanadzor from those in Yerevan and Hrazdan.



Finally, several studies argued for an effect of topography and meteorology on the concentrations of traffic-related pollutants [65,69,70]. While the meteorological parameters could have affected the data in this study, they were not quantified.





5. Conclusions


The lockdown in Armenia decreased the concentrations of dust and SO2 and increased NO2 in the capital Yerevan and a regional center in Hrazdan. The data from Vanadzor were different in several respects. The strict quarantine measures were shown to be effective in containing the spread of COVID-19.



Along with containment of the dissemination of the disease, COVID-19 lockdown in many countries served as a natural experiment to study the impact of emissions control on air quality. Contributing to the knowledge about middle-income countries’ experience in terms of COVID-19, this study also emphasizes that although it is an effective measure, the quarantine can lead to varying effects in the different parts of the same country. More research is still needed to determine the causes of the differences between cities as well as the effects of other meteorological factors on air pollution.
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Figure 1. Maps of (a) the world (Armenia is in red) and (b) of Armenia (3 cities of this study—Yerevan, Vanadzor and Hrazdan—are marked with ovals). 
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Figure 2. Cumulative concentrations of dust (a), sulfur dioxide (b) and nitrogen dioxide (c) in Yerevan, Vanadzor and Hrazdan during March–June in 2019 and 2020. 
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Figure 3. Concentrations of dust (a), sulfur dioxide (b) and nitrogen dioxide (c) and new cases of COVID-19 in Yerevan, Vanadzor and Hrazdan during March–June in 2019 and 2020 during the periods of different levels of stringency in terms of lockdown restrictions. 
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Figure 4. New COVID-19 cases in Yerevan, Vanadzor and Hrazdan during March–June 2020 during and after the lockdown. 
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Figure 5. Yandex self-isolation index in Yerevan during the March-June 2020 period. 
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Table 1. Dust, SO2 and NO2 concentrations (mg/m3) in Yerevan, Vanadzor and Hrazdan during March–June 2019 and 2020 (concentration exceeding the MAC are marked with grey).
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	N
	Minimum Concentration
	SD
	Maximum

Concentration
	Mean
	Median
	MAC

(mg/m3)





	Dust
	
	
	
	
	
	
	0.15



	Yerevan 2019
	122
	0.056
	0.054
	0.335
	0.145
	0.136
	



	Yerevan 2020
	122
	0.030
	0.045
	0.267
	0.107
	0.100
	



	Vanadzor 2019
	122
	0.037
	0.067
	0.387
	0.167
	0.153
	



	Vanadzor 2020
	122
	0.118
	0.074
	0.606
	0.247
	0.235
	



	Hrazdan 2019
	89
	0.023
	0.147
	0.754
	0.165
	0.118
	



	Hrazdan 2020
	97
	0.028
	0.113
	0.592
	0.157
	0.132
	



	Sulfur dioxide (SO2)
	
	
	
	
	
	
	0.05



	Yerevan 2019
	122
	0.006
	0.005
	0.033
	0.017
	0.017
	



	Yerevan 2020
	122
	0.004
	0.003
	0.021
	0.010
	0.010
	



	Vanadzor 2019
	122
	0.002
	0.004
	0.019
	0.010
	0.009
	



	Vanadzor 2020
	122
	0.003
	0.006
	0.035
	0.010
	0.008
	



	Hrazdan 2019
	94
	0.004
	0.013
	0.092
	0.015
	0.012
	



	Hrazdan 2020
	121
	0.001
	0.005
	0.027
	0.011
	0.011
	



	Nitrogen

dioxide (NO2)
	
	
	
	
	
	
	0.06



	Yerevan 2019
	122
	0.003
	0.006
	0.034
	0.016
	0.016
	



	Yerevan 2020
	122
	0.016
	0.010
	0.055
	0.032
	0.032
	



	Vanadzor 2019
	122
	0.004
	0.002
	0.013
	0.008
	0.008
	



	Vanadzor 2020
	122
	0.003
	0.002
	0.014
	0.006
	0.006
	



	Hrazdan 2019
	99
	0.000
	0.005
	0.021
	0.005
	0.004
	



	Hrazdan 2020
	112
	0.001
	0.012
	0.083
	0.009
	0.006
	







SD—standard deviation, MAC—Maximum Allowable Concentration.
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Table 2. Correlation between concentrations of dust, SO2 and NO2 with new cases of COVID-19 in Yerevan, Hrazdan and Vanadzor with 1–14 lag days. A grey color denotes a significant (p-value < 0.05) correlation.
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Lag Days




	

	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10

	
11

	
12

	
13

	
14






	
Dust

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Spearman’s coefficient Yerevan

	
−0.33

	
−0.33

	
−0.29

	
−0.30

	
−0.30

	
−0.27

	
−0.25

	
−0.26

	
−0.30

	
−0.25

	
−0.22

	
−0.21

	
−0.20

	
−0.24




	
p-Value Yerevan

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.01

	
0.01

	
0.00

	
0.01

	
0.02

	
0.03

	
0.04

	
0.01




	
Spearman’s coefficient Hrazdan

	
−0.14

	
−0.24

	
−0.12

	
−0.18

	
−0.25

	
−0.25

	
−0.25

	
−0.24

	
−0.25

	
−0.33

	
−0.30

	
−0.33

	
−0.24

	
−0.21




	
p-Value Hrazdan

	
0.12

	
0.01

	
0.18

	
0.05

	
0.01

	
0.01

	
0.01

	
0.01

	
0.01

	
0.00

	
0.00

	
0.00

	
0.01

	
0.03




	
Spearman’s coefficient Vanadzor

	
−0.10

	
−0.14

	
−0.08

	
−0.01

	
−0.07

	
−0.05

	
−0.01

	

	

	

	

	

	

	




	
p-Value Vanadzor

	
0.26

	
0.13

	
0.36

	
0.94

	
0.49

	
0.56

	
0.94

	

	

	

	

	

	

	




	
Sulfur dioxide

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Spearman’s coefficient Yerevan

	
0.31

	
0.31

	
0.34

	
0.38

	
0.38

	
0.37

	
0.37

	
0.32

	
0.31

	
0.33

	
0.32

	
0.31

	
0.30

	
0.28




	
p-Value Yerevan

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
Spearman’s coefficient Hrazdan

	
0.10

	
0.05

	
0.12

	
0.11

	
0.13

	
0.12

	
0.13

	
0.18

	
0.21

	
0.13

	
0.26

	
0.14

	
0.16

	
0.21




	
p-Value Hrazdan

	
0.30

	
0.60

	
0.21

	
0.23

	
0.17

	
0.21

	
0.16

	
0.05

	
0.02

	
0.17

	
0.01

	
0.15

	
0.11

	
0.03




	
Spearman’s coefficient Vanadzor

	
−0.07

	
−0.06

	
−0.02

	
−0.05

	
−0.02

	
−0.07

	
−0.12

	
−0.05

	
−0.07

	
−0.15

	
−0.12

	
−0.11

	
−0.02

	
−0.09




	
p-Value Vanadzor

	
0.47

	
0.49

	
0.80

	
0.59

	
0.86

	
0.43

	
0.19

	
0.59

	
0.44

	
0.11

	
0.22

	
0.26

	
0.83

	
0.34




	
Nitrogen dioxide

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Spearman’s coefficient Yerevan

	
0.04

	
0.07

	
0.08

	
0.10

	
0.10

	
0.14

	
0.18

	
0.16

	
0.17

	
0.19

	
0.18

	
0.19

	
0.18

	
0.20




	
p-Value Yerevan

	
0.63

	
0.47

	
0.38

	
0.30

	
0.27

	
0.13

	
0.06

	
0.09

	
0.07

	
0.04

	
0.05

	
0.04

	
0.06

	
0.04




	
Spearman’s coefficient Hrazdan

	
−0.36

	
−0.37

	
−0.36

	
−0.34

	
−0.46

	
−0.43

	
−0.32

	
−0.35

	
−0.37

	
−0.36

	
−0.41

	
−0.36

	
−0.30

	
−0.41




	
p-Value Hrazdan

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
Spearman’s coefficient Vanadzor

	

	

	

	

	

	

	
−0.07

	
−0.09

	
−0.11

	
−0.08

	
−0.11

	

	
−0.13

	
−0.03




	
p-Value Vanadzor

	

	

	

	

	

	

	
0.48

	
0.33

	
0.23

	
0.41

	
0.23

	

	
0.17

	
0.74
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