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Abstract

:

Atmospheric environmental pollution has become a critical issue in eastern coastal cities in China, so a broad understanding of its spatiotemporal characteristics is of importance to develop public policies. In this study, hourly data of ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2), ρ(O3) and φ(CO) of five different types of national air quality monitoring sites from 2016 to 2020 were analyzed, combined with the change of meteorological elements in the same period in Yancheng, which was a rapidly developed eastern coastal city in China. The results indicated that the pollutant concentrations except for ρ(O3) was low in summer and high in winter, decreasing year by year from 2016 to 2020. The proportion of moderately and heavily contaminated days in the whole year was decreasing from 80 days in 2016 to 52 days in 2020, and the days with good quality increased from 284 days in 2016 to 311 days in 2020. ρ(O3) was the highest in spring and the lowest in winter, increasing slightly year by year. The variation of ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2) and φ(CO) showed a double-peak type, reaching the peak value at 8:00–10:00 and 20:00–22:00, corresponding to the early and evening rush hours. ρ(PM2.5), ρ(PM10) and φ(CO) on the weekend were higher than on weekdays, while an insignificant difference of ρ(NO2), ρ(O3) and ρ(SO2) was found between weekdays and the weekend. Wind direction played a key role in the variation of pollutant concentration in the Yancheng urban area, and the correlation analysis indicated that ρ(PM2.5) and ρ(PM10) were highly correlated to wind direction. Temperature was positively correlated to ρ(O3), while air pressure was significantly negatively correlated to ρ(O3). Relative humidity was negatively correlated to ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2) and φ(CO), while air pressure was positively correlated with these pollutants.
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1. Introduction


The World Health Organization (WHO) reported that 99% of the world population in 2019 was living in places where the updated WHO Air Quality Guidelines’ (AQG) level for annual average fine particular matter (PM2.5) concentration (5 µg/m3) was not met [1]. Annually, there were 4.2 million premature deaths throughout the world attributed to air pollution, both for cities and rural aeras [2]. Recent studies conducted in North America have shown that long-term exposure to PM2.5 was associated with mortality also at low exposures (i.e., below the current WHO guideline). Particularly in North America and Europe, tougher air quality policies have led to a reduction in emissions and a gradual decline in ambient air pollution concentrations [3].



The five megacities with the highest particulate matter pollution level are all located in developing countries [4]. With the rapid development of urbanization and the economy, energy transition and a rising number of motor vehicles in China, the atmospheric environmental pollution problem has attracted great public attention [5]. The adverse impacts of ambient air pollution on human health and the ecosystem have been widely recognized [6]. Air quality and its effect on human health is an important indicator for the construction of an ecological city and sustainable development. In China, four long-duration, highly contaminated and extensively affected heavy-pollution processes occurred in January of 2013. PM2.5 index monitors of more than 30 cities in China were maxed out, indicating the rather worse air quality [7]. In fact, after early December every year, days of heavy pollution caused by haze always run at a high level in eastern coastal cities, due to coal burning for central heating. Therefore, atmospheric pollutants deserve to be investigated with a characteristic analysis to better guide air pollution control. In 2014, in order to control inhalable particle (PM10) and fine particulate (PM2.5) concentration, the Air Pollution Prevention and Control Action Plan was put out in China. Thereafter, comprehensive measures were intensified to reduce the discharge of multiple pollutants in order to control PM10 and PM2.5. In order to evaluate the effect of the comprehensive measures adopted, a spatiotemporal assessment of atmospheric pollutants was quite necessary by comparing historic monitoring data among the assessment years. Song et al. [8] investigated the spatiotemporal characteristics and health impacts of ambient fine particulate matter in China, which were very important for clarifying the current pollution situation and the health impact of air pollution, providing a reference for assessing the damage caused by air pollution. However, few studies have been able to document the variation at the city level or national scale [1].



Recently, a characteristic analysis and formation mechanism of atmospheric pollutants were studied in terms of a synoptic circulation pattern and a numerical simulation [9]. It was widely recognized that stable weather conditions, temperature inversion and abundant water vapor were rather beneficial for the occurrence of heavy pollution. Investigation of the evolution characteristics of air quality of the Beijing-Tianjin-Hebei region and the Yangtze River Delta economic zone indicated that ρ(PM2.5) was closely related to human daily life during the air heavy pollution event [10,11]. In our previous study, it was found that the implementation of emission reduction measures during the spring festival in 2015 was rather beneficial for the improvement of air quality in Nanjing, China [12]. Wang et al. [13] found that industrial emission reduction was efficient for the improvement of air quality in the Yangtze River Delta economic zone of China, especially during a heavy pollution period. Based on atmospheric-environment-monitoring data, Liu et al. [14] indicated peak control of particulate pollution such as PM2.5 and PM10 through emergency measures could be achieved more easily than that of gas pollution such as SO2 and NO2. After the implementation of the Air Pollution Prevention and Control Action Plan in 2013, air quality in China significantly improved. The PM2.5 concentration in the Yangtze River Delta economic zone in 2017 decreased by 34.3% compared to that in 2013 [11]. Thereby, structural optimization of industry, energy and communication and transportation that benefits from the adopted air pollution control regulation could be promoted.



Yancheng City is located east of the Jianghuai Plain, belonging to the Yangtze River Delta economic zone of China. It is the intersection of the Yangtze River Economic Belt, where the automobile industry, textile, chemical and machinery industries were developed rapidly recently. After the implementation of the Air Pollution Prevention and Control Action Plan, a characteristic analysis and spatiotemporal assessment of atmospheric pollutants in Yancheng City deserved to be carried out. In this study, variation characteristics and trend of the air pollutant concentration of Yancheng City in the winter from 2016 to 2020 was analyzed based on air pollutant monitoring data and meteorological monitoring data. A spatiotemporal assessment of atmospheric pollutants affecting air quality in Yancheng City was carried out. This study would provide a technical basis for the development of an accurate air pollution control strategy.




2. Materials and Methods


2.1. Sampling Locations


In order to investigate air quality characteristics, the main contaminant affecting air quality and the main meteorological element in the urban area of Yancheng City, continuous monitoring data of an automatic monitoring station for ambient air quality from 2016 to 2020 were used in this study, including ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2), ρ(O3), φ(CO) and contemporaneous meteorological data. Five national air quality monitoring sites were adopted, including the Yancheng power plant, Yancheng monitoring station, development zone management committee, Baolong square and Wenfeng secondary school (Figure 1). These monitoring sites were all located in flat urban areas, without tall buildings and local air pollution around. They covered places of industry, culture and education, commerce, residence and traffic, which were representative.




2.2. Analytical Methods


PM2.5 and PM10 concentrations were analyzed on a particle monitor (BAM1020, Metone, Grants Pass, OR, USA) based on a beta ray decay method. The measurement resolution and display resolution of PM2.5 and PM10 were found to be 0.1 µg/m3 and 1 µg/m3, respectively. The NO2 concentration was analyzed on a nitrogen-oxide analyzer (T200, API, Washington, DC, USA) based on a chemiluminescence method, whose detection limit was 0.4 ppb. The SO2 concentration was analyzed on a SO2 analyzer (T100, API, USA) based on an ultraviolet fluorescence method, whose detection limit was 0.4 ppb. The O3 concentration was analyzed on an ultraviolet ozone analyzer (400E, API, USA) based on an ultraviolet spectrophotometric method, whose detection limit was 0.6 ppb. The CO concentration was analyzed on a CO analyzer (300E, API, USA) based on an infrared absorption method, whose detection limit was 0.04 ppm. Hourly concentration values of air pollutants from the five national air quality monitoring sites were collected in this study, with the average values and standard deviations calculated within a specific time range. Quality assurance and quality control of the ground monitoring data have been reported in previous studies [15]. All downloaded data were pre-processed to reject spatial and temporal outliers. This was carried out by comparing every single value with the values from adjacent monitoring stations and with the time series data. Percentiles were used to evaluate the spatiotemporal characteristics of atmospheric pollutants. The Daily Individual Air Quality Indexes (IAQIs) of the main pollutants (PM2.5, PM10, SO2, NO2, CO, O3) were calculated based on the standards of air quality classification in the Technical Regulation of Ambient Air Quality Index (HJ 633-2012). The maximal IAQI values among the IAQI values of the main pollutants were chosen as the Air Quality Index (AQI).





3. Results


3.1. Overview of Air Quality in the Urban Area of Yancheng


Based on the analysis of Air Quality Index (AQI) variation of the Yancheng urban area from 2016 to 2020, the total numbers of excellent and good days were calculated to be 284, 286, 290, 286 and 311 days, respectively (Figure 2a). The primary pollutants in the Yancheng urban area were found to be PM2.5, PM10 and O3. The total numbers of excellent and good days in the Yancheng urban area were calculated to be higher than 80% of the total days every year, and the percentages were increasing year by year. From 2016 to 2020, no severely contaminated days were observed. There were 80, 76, 68, 78 and 52 moderately and heavily contaminated days from 2016 to 2020, with the average percentage being 4.3%.



The average ratio of excellent and good days for the five national control stations, namely the Yancheng power plant, Yancheng monitoring station, development zone management committee, Baolong square and Wenfeng secondary school, was calculated to be 79.1%. Among the five stations, the Wenfeng secondary school station showed the lowest ratio of excellent and good days, i.e., 76.6%, while the development zone management committee station showed the highest ratio, i.e., 82.3%.




3.2. Interannual and Seasonal Characteristics of Air Pollutant Concentrations


Statistics and analysis of the variation in the concentrations of major air pollutants was carried out in order to investigate the pollution characteristics from 2016 to 2020 in the urban area of Yancheng. As indicated in Figure 3a, the annual average values of ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2), φ(CO) and ρ(O3) were 69.8 µg/m3, 40.5 µg/m3, 24.9 µg/m3, 9.4 µg/m3, 0.7 mg/m3 and 104.1 µg/m3, respectively. The overall trend of ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2) and φ(CO) was downward but with slight fluctuation from 2016 to 2020 in Yancheng. However, ρ(O3) was increased slightly. The annual average values of ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2) and φ(CO) in Yancheng were obviously lower than those observed in the cities such as Nanjing within Jiangsu Province. The annual average values of ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2), φ(CO) and ρ(O3) were 231 µg/m3, 283 µg/m3, 119 µg/m3, 82.6 µg/m3, 2.2 mg/m3 and 99 µg/m3 from December in 2014 to February in 2015 in Nanjing. During 2014–2016, the annual population-weighted-average (PWA) values in China were 33.3–39.6 µg/m3 for NO2, 21.9–34.1 µg/m3 for SO2 and 1.1–1.2 mg/m3 for CO, which was comparable with those in this study [15].



The seasonal variation of air pollutant concentrations is illustrated in Figure 3b. It could be seen that ρ(O3) showed an obvious seasonal variation, following the order of spring > summer > autumn > winter. In spring, the increase of temperature and solar radiation was rather beneficial for the generation and accumulation of O3, resulting the maximum value within the whole year. In summer, due to the influence of plum rain and typhoon in Yancheng, solar radiation could be weakened and air convection could be sped up by the severe precipitation and strong wind. In addition, due to the wet cleaning by the precipitation and pollutant diffusion by the wind, the ozone precursor in the air could be eliminated, resulting the decrease of ρ(O3). This was the main reason that contributed to the lower ρ(O3) in summer, even at higher solar radiation than in spring. However, this result was quite different from the observation that the highest ρ(O3) was observed in summer when solar radiation was the strongest, in cities such as Beijing [16], Chengdu [17] and Shenzhen [18]. During autumn and winter, with the decrease of temperature and solar duration, ρ(O3) decreased gradually, reaching the minimum value in winter [18]. However, other pollutants such as PM2.5, PM10, NO2, SO2 and CO reached the maximum values in winter due to the low temperature, calm and steady weather, easy occurrence of temperature inversion, high humidity and calm wind in winter [17]. In addition, dust brought from the cold northern air was helpful for the increase of air pollutant concentration. In summer, the concentrations of other pollutants were also decreased due to the effect of plum rain and typhoon, which was consistent with other studies [5].




3.3. Monthly Variation of Air Pollutant Concentrations


As indicated in Figure 4a,b, both ρ(PM2.5) and ρ(PM10) showed a U-type monthly trend, which was different from W-type monthly trend observed in the Beijing-Tianjin-Hebei region [19]. The highest ρ(PM2.5) and ρ(PM10) values were often observed in January, followed by those in December. For example, ρ(PM2.5) and ρ(PM10) in January of 2018 were as high as 80.5 µg/m3 and 118.3 µg/m3, respectively. This phenomenon was closely related to the energy consumption for heating, calm and steady weather and the dust carried by the cold air in the north [20]. ρ(PM10) showed a more significant increase than ρ(PM2.5) did, indicating that ρ(PM10) was more prone to being affected by the dust carried by the cold air than ρ(PM2.5) was. The lowest ρ(PM2.5) and ρ(PM10) values were 16.1 µg/m3 and 31.6 µg/m3, respectively, which were observed in August of 2018 and 2019, probably due to the most frequent typhoon activity. In August, ρ(PM2.5) and ρ(PM10) reached minimum values due to the occurrence of heavy wind and rain [21]. In addition, ρ(PM2.5) and ρ(PM10) values in 2017 were higher than in other years, due to the largest construction area in 2017 within the five years. Dust emission generated from construction and transportation resulted in high concentrations of ρ(PM2.5) and ρ(PM10). A similar phenomenon was also observed by Song et al. [8]. It was found that in terms of the PM2.5 concentration, January and December were the most polluted months, whereas July and August were the least polluted months. The most highly polluted areas were concentrated in northern China, probably due to the increased energy consumption for heating in northern China, especially in winter.



As indicated in Figure 4c, ρ(O3) usually reached the minimum values in November, December and January, and often reached the maximum values in May and June due to the increased solar radiation [17]. In July and August, ρ(O3) often decreased due to the effect of plum rain and typhoon. In September, ρ(O3) often increased again due to the enhanced sunshine and solar radiation under reduced typhoon activity, before the reduction in October. The variation profile of ρ(O3) was in the shape of an inverted U, which was rather different from that of ρ(PM2.5) and ρ(PM10). After 2017, ρ(O3) in summer increased year by year, although the increase was insignificant. NOx release in cities was mainly due to motor traffic sources, power plants and industries [22]. Among them, motor vehicle emissions were responsible for more than 50% of the total emissions [23]. ρ(NO2) in Yancheng reached the maximal value of 47.9 µg/m3 in December and the minimal value of 11.8 µg/m3 in June of 2019. During the Spring Festival in February, ρ(NO2) was slightly decreased due to reduced human activity and halted production of the factory. Emission of NOx, which is recognized as another acid rain precursor, is expected to increase due to the rapidly increasing number of motor vehicles. A decreasing trend of ρ(NO2) was observed from 2016 to 2020 year by year, indicating great effectiveness of the adopted measures, such as denitration of flue gas and motor vehicle exhaust control [24]. Similarly, ρ(SO2) decreased year by year from 2016 to 2020. The maximal value was observed in January, with the annual average value of 14.1 µg/m3, while the minimal value was observed in June, with the annual average value of 6.6 µg/m3. Considering the fact that there was no obvious heating season in Yancheng, and the increase of coal burning in winter was relatively limited, the average ρ(SO2) was significantly lower than the values observed in the northeast and the Beijing-Tianjin-Hebei region [25]. However, a similar variation profile was observed, and peak values were observed in autumn and winter. With an increase in the number of vehicles, high enrichment factors of [SO42-] were obtained. Similar to NO2, the low emissions of SO2 could be attributed to the wide adoption of desulfurization and the effective control of motor vehicle exhaust, promoting a cleaner atmosphere [25]. Similar to those of ρ(NO2) and ρ(SO2), the peak value of φ(CO) was also observed in December and January, due to the increased coal burning in winter. However, as compared to those of ρ(O3), ρ(NO2) and ρ(SO2), the monthly variation of φ(CO) was relatively smooth.




3.4. Daily Variation of Air Pollutant Concentrations


Daily variations of ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2), φ(CO) and ρ(O3) are demonstrated in Figure 5. It could be observed that the daily variation of ρ(O3) showed a typical unimodal shape within the recent five years, with the peak value observed at 14:00. The peak value of the average ρ(O3) was observed to be 106.4 µg/m3 at 14:00, while the minimal value of the average ρ(O3) was calculated to be 47.5 µg/m3 at 07:00. This phenomenon could be attributed to the promotion of O3 generation under high temperature and intense radiation at noon, when the atmospheric photochemical reaction was accelerated [26]. However, before and after sunrise, solar radiation was relatively weak, and the increased ρ(NO2) during the morning rush hour was beneficial for the consumption of O3 through the reductive reaction. Thereafter, with the increase of solar radiation, ρ(O3) increased gradually. The daily variation of ρ(NO2) showed a shape consisting of a single valley and double peaks [27]. However, the fluctuation was not obvious, and peak values were observed during 6:00–7:00 and 20:00–21:00. With the increase of solar radiation, NO2 could act as a precursor of O3 in the photochemical reaction, which could be consumed after sunrise [28]. The valley value of ρ(NO2) was observed at 13:00–14:00. Thereafter, with the approaching evening rush hour, emission sources such as vehicle exhaust were enhanced, resulting in the accumulation of NO2. At around 20:00, ρ(NO2) reached the highest point, which was consistent with the profile of ρ(NO2) in Nanjing observed in our previous study [12]. The daily variations of ρ(PM2.5) and ρ(PM10) were basically synchronized, showing bimodal patterns. ρ(PM2.5) and ρ(PM10) reached peak values at around 8:00 and 20:00 and reached valley values at around 14:00. The peak values of ρ(PM2.5) and ρ(PM10) were corresponding well to the morning and evening rush hours, indicating the contribution of motor vehicle exhaust emissions [29]. After 23:00 and before the early morning, due to reduced human activity, ρ(PM2.5) and ρ(PM10) were relatively low, with relatively slight variation, even at the relatively high humidity and relatively stable atmospheric stratification.



The daily variation of ρ(SO2) was relatively stable, with ρ(SO2) maintained at a relatively low level. ρ(SO2) reached the peak value at 11:00–12:00, probably due to the accumulation of SO2 during the morning rush hours. After sunrise, due to the thermal effect of solar radiation, partial SO2 in the upper inversion layer was transferred to the ground through vertical convection, resulting in the peak values observed at around noon. CO should be considered as a potential public health risk to urban populations at current ambient exposure levels [30]. The daily variation of φ(CO) showed a typical bimodal pattern in Yancheng, with the peak values observed at around 08:00 and 20:00 and valley values observed at around 15:00. From 22:00 to 05:00, with the reduce of anthropogenic emission sources and formation of nocturnal inversion, φ(CO) varied slightly. After 06:00, with the increase of emissions from motor vehicles during the morning rush hours and the increase of plant emission sources, φ(CO) increased rapidly. After the morning rush hours, φ(CO) decreased, until valley values were observed at around 15:00. In addition, with the increase of solar radiation, temperature and atmospheric turbulence, CO participated in photochemical reactions as reactants, which was also responsible for the decrease of φ(CO) [31]. Thereafter, during the evening rush hours, with the decrease of solar radiation, φ(CO) was increased until peak values were observed at around 20:00.




3.5. Weekend Effect in Air Pollution Concentration


Variation in atmospheric pollutant concentrations is often subject to periodic changes in emission sources. Therefore, a different variation profile was often observed between working days and the weekend. It is widely recognized that the weekend effect is closely related to the human lifestyle, reflecting the local economic level and industrial production [32]. In this study, the air pollution concentration profiles of working days and the weekend were compared in order to investigate the weekly periodic variation profile. As indicated in Figure 6, ρ(PM2.5), ρ(PM10) and φ(CO) on the weekend were obviously higher than those on working days, which was rather different from some typical cities such as Chongqing, where the pollutant concentrations on working days are higher than those on the weekend [33]. This phenomenon could be related to the high density of traffic and frequent activity on the weekend in Yancheng. In addition, it could be observed that the variation profiles of pollution concentration on the weekend were consistent with those on working days. ρ(PM2.5) reached peak values at around 08:00 and reached valley values at 13:00–14:00 on both the weekend and working days. In the daytime, the difference of both ρ(PM10) and φ(CO) between the working days and the weekend was insignificant, with the discrepancy maintained at around 5%. However, during 20:00–01:00, the discrepancy of ρ(PM10) and φ(CO) would be magnified to 17% and 13%, respectively. An insignificant difference in terms of ρ(NO2), ρ(O3) and ρ(SO2) could be observed between the working days and the weekend. At around 07:00–08:00, valley values of ρ(O3) and peak values of ρ(NO2) were observed, while peak values of ρ(O3) and valley values of ρ(NO2) were observed at around 14:00. At 11:00, the maximum difference in terms of ρ(SO2) between the working days and the weekend was observed to be as high as 20%, although the average difference of ρ(SO2) within the whole day was as low as 2%. The main reason was that SO2 in the inversion layer before sunrise was transported to the ground through vertical convection after sunrise due to the thermal effect caused by solar radiation, resulting in the formation of peak concentrations at noon. At night, ρ(SO2) was lower than that in the daytime, probably due to the clearing of SO2 through wet deposition at the high humidity of air in the evening.




3.6. Relationship between Atmospheric Pollutants and Meteorology


Yancheng, as the central coastal city of Jiangsu, China, enjoys a monsoon and subtropical humid climate on the northern edge, with four distinct seasons. Based on the wind direction frequency statistics in the four seasons, it could be seen that east-to-southeast wind dominated in spring and summer, with the wind direction frequency as high as 22% (Figure 7). The clean air at sea could be transported to Yancheng by east-to-southeast wind, which was beneficial for the diffusion purification of atmospheric pollutants. In addition, during the plum rain period in summer, rainfall was frequent, and typhoon was active, which was helpful for the wet removal of contaminants.



The wind speed in March, April and May was often the highest within the whole year. The average wind speed in April was as high as 5 m/s, while the average wind speed in October was as low as 2.5 m/s. High wind speed in spring and summer, as well as the east-to-southeast wind, was rather beneficial for the diffusion and dilution of various pollutants, resulting in better air quality. In autumn and winter, northeastern and northwest wind was dominant in Yancheng, respectively. Under the condition of steady weather, low wind speed and temperature inversion, extraneous pollutant air mass and local pollution was beneficial for the accumulation of pollutants. Therefore, air quality in autumn and winter was worse than that in spring and summer.



Pearson correlation coefficient analysis of atmospheric pollutant concentrations and meteorological elements was carried out, as indicated in Figure 8. ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2), φ(CO) and ρ(O3) showed a negative correlation to relative humidity, which could be attributed to the wet removal of contaminants under high humidity in the area close to the Yellow Sea. Ρ(PM2.5), ρ(PM10) and ρ(NO2) showed a significant negative correlation to temperature. However, ρ(O3) showed a positive correlation to temperature but a negative correlation to relative humidity, indicating that high temperature and low humidity was beneficial for the photolysis reaction. In the photolysis reaction, O3 could be generated, while the precursor, namely NO2, could be assumed [16]. Therefore, ρ(NO2) showed a negative correlation to temperature and wind speed, while ρ(O3) showed a positive correlation to wind speed, indicating that low-level air transport would increase the accumulation of air contaminants and result in the increase of contaminant concentration. ρ(PM2.5), ρ(PM10) and φ(CO) showed a significant negative correlation to temperature, due to pollutant diffusion under a high temperature [34]. Except for ρ(NO2), other contaminants showed insignificant positive correlations to wind speed, indicating high pollutant transport under high wind speed. ρ(PM2.5), ρ(PM10) and ρ(NO2) showed significant positive correlations to atmospheric pressure. The strong wind brought by subtropical high and cold high pressure was rather beneficial for the transport of pollutants such as PM2.5, PM10 and NO2 from other places [35]. In Hefei, the capital city of the Anhui Province in China, the Pearson correlation coefficient was used to identify the relationship between PM2.5 and SO2, CO, NO2 and O3. It was found that SO2, CO and NO2 had significant correlations with PM2.5, but O3 had no significant correlation with PM2.5 [36].





4. Conclusions


In this study, ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2), ρ(O3) and φ(CO) of Yancheng from 2016 to 2020, combined with the change of meteorological elements, were analyzed. ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2) and φ(CO) were low in summer and high in winter, decreasing year by year from 2016 to 2020. ρ(O3) was the highest in spring and the lowest in winter, increasing slightly year by year. The variations of ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2) and φ(CO) showed a double-peak type, reaching the peak values at the early and evening rush hours. ρ(PM2.5), ρ(PM10) and φ(CO) on the weekend were higher than on weekdays, while an insignificant difference of ρ(NO2), ρ(O3) and ρ(SO2) was found between the weekdays and weekend. Wind direction played a key role in the variation of pollutant concentrations in the Yancheng urban area. Temperature was positively correlated to ρ(O3), while air pressure was significantly negatively correlated to ρ(O3). Relative humidity was negatively correlated to ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2) and φ(CO), while air pressure was positively correlated with these pollutants.
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Figure 1. Distribution map of observation stations in Yancheng City. 
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Figure 2. (a) Percentage of days with different contamination types from 2016 to 2020 overall and (b) at the five national air quality monitoring sites. 
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Figure 3. The (a) annual and (b) seasonal variations of air pollution concentration. 
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Figure 4. Monthly variation of air pollution concentration ((a): PM2.5; (b): PM10; (c): O3; (d): NO2; (e): SO2; (f): CO). 
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Figure 5. Daily variations of ρ(PM2.5), ρ(PM10), ρ(NO2), ρ(SO2), φ(CO) and ρ(O3). 
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Figure 6. Difference of air pollution concentrations between working days and the weekend: PM2.5 (a), PM10 (b), O3 (c), NO2 (d), SO2 (e) and CO (f). 
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Figure 7. Seasonal wind direction frequency in Yancheng (the blue line indicated the wind direction). 
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Figure 8. The correlation coefficients between atmospheric pollutant concentrations and meteorological factors. 
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