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Abstract

:

In this study, spatio-temporal characteristics of particulate matter (PMx; x = 2.5 and 10) mass concentrations and aerosol optical properties were analyzed over the water source area of the South–North Water Diversion Central Line. For this purpose, PM2.5 and PM10 mass concentrations were collected at the Taocha(TC)station from October 2018 to September 2019, and aerosol optical depth (AOD) was obtained from the Cloud-Aerosol LiDAR and Infrared Pathfinder Satellite Observation (CALIPSO) satellite from 2007 to 2019. The monthly, seasonal, and daily statistical analyses and related comparisons were conducted in the present study. The results showed that the PM10 concentrations meet China’s ambient air secondary quality standard (100 μg/m3 annual mean), whereas PM2.5 did not meet China’s ambient air secondary quality standard (35 μg/m3 annual mean) at the TC station, no obvious seasonal and diurnal variations are observed, and these particulates are caused by local emissions and outside sources. A significant positive correlation of PM2.5 and PM10 was observed with relative humidity and temperature, whereas no relationship was found with wind direction. The results also showed low (~0.1) AOD in spring, autumn, and winter, whereas slightly higher AOD (~0.3) was observed in summer. This may be caused by straw burning from long-distance transportation. This study may provide new data support for comprehensive ecological measures such as strengthening the ecological environment and water quality protection in the Middle Route Project of the South–North Water Diversion.
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1. Introduction


Atmospheric aerosols are solid or liquid or mixed particles suspended in the air with diameters in the range of 0.001–100 µm, while particles with diameters less than 0.1 µm are commonly referred to as ultrafine [1,2,3,4,5,6,7,8,9]. It is an important part of the Earth’s atmospheric environment and it has a great influence on atmospheric visibility, atmospheric radiation, surface temperature, and so on [10]. The atmospheric aerosol can affect the balance of atmospheric radiation through scattering and absorption of sunlight; it can also indirectly affect the radiation by changing the cloud life cycle acting as a cloud condensation nucleus [11,12]. Fine particulate matter (PM2.5: tiny particles with an aerodynamic diameter less than 2.5 μm) and coarse particulate matter (PM10: particles with an aerodynamic diameter less than 10 μm) can enter the human body through the respiratory system and are responsible for human diseases such as lung cancer, asthma, etc. [13,14,15,16,17,18]. Fine particles (such as PM2.5) can enter the lungs through the respiratory tract and be deposited on the alveoli; these fine particles carry a large number of bacteria, viruses, and harmful toxic substances, aggravating the health of patients with respiratory diseases and cardiovascular diseases [19]. Previous studies reported that high PM10 concentration can greatly increase the rates of cancer, pneumonia, and other diseases [20,21,22]. With the rapid development of China’s industrialization in recent years, the air pollution problem has become a serious problem and has greatly affected human health [23,24,25,26]. In particular, high concentrations of PM2.5 and PM10 have become the main causes of environmental pollution in China [27]. Therefore, the study of the spatio-temporal characteristics of PM2.5 and PM10 particles will help researchers to better understand the properties of air pollution and provide a theoretical basis for air pollution control.



Since 2011, with the grave situation of environmental problems in the Beijing–Tianjin–Hebei urban area [28,29], the North China Plain [30,31], Yangtze River Delta [32,33,34], and Pearl River Delta [35,36]. The environmental protection department and researchers have carried out a series of monitoring works on PM2.5 and PM10 by establishing ground-based air quality monitoring stations for studying the distribution and variation in the physical, chemical, and optical characteristics of PM2.5 and PM10.



Nanyang City is located at the link between the North China Plain and the Jianghan Plain, which is an ideal location in China for observing the phenomenon of trans-regional transport of atmospheric aerosols. At the same time, Nanyang City is also the starting point of the Middle Route Project of the“South-North Water Diversion” [37,38]. The Danjiangkou Reservoir in Taocha Town transports water northward to Beijing, Tianjin, and perimeter zones to solve the problem of water shortage in northern China [39]. Therefore, the ecological and environmental condition of the water source in the water resource district is the most important thing to ensure the quality of water delivery. The current environmental research on the water resource district is mainly focused on water and soil, but the study of the atmospheric environment, especially PM2.5 and PM10, has not been conducted to our knowledge. Research on atmospheric pollutants in the water resource district is a particularly urgent method to ensure green water diversion, while the quality of the atmospheric environment in the water source area is an important part of the ecological environment. Therefore, the objectives of this study are to analyze spatio-temporal variation patterns of PM2.5 and PM10 mass concentrations, and their relationships with meteorological factors at the Taocha station (TC, N: 32°40’32’’; E: 110°43’2’’) in the Central Water Resources Area (CWRA). This study can help researchers to understand the characteristics of atmospheric particulate matter in the CWRA and can provide a scientific basis and new data support for comprehensive atmospheric control and prevention in the CWRA.




2. Experimental Areas and Methods


2.1. Study Area


The South–North Diversion Central Canal starts from the Taocha(TC) station, and the canal is 731 km long in the Henan province (Figure 1). The TC site is located in the TC administrative village under the jurisdiction of Nanyang city, Henan province. The TC village is located at the junction of Henan and Hubei province on the east bank of the Danjiangkou Reservoir. The Danjiangkou Reservoir is the largest artificial freshwater lake in Asia, which is between Tang mountain, Yu mountain, and Xing mountain. It spans the Yangtze River, Huai River, Yellow River, and Hai River. The region is a transition zone from subtropical climate (Nanyang City) to warm temperate climate (Anyang City), characterized by four distinct seasons, simultaneous rain and heat. The average annual temperature from north to south is 10.5 to 16.7 °C, the average annual precipitation is 407.7 to 1295.8 mm, the rainfall is greatest in June to August, the average annual sunshine is 1285.7 to 2292.9 hours, and the annual frost-free period is 201 to 285 d [37]. Due to TC station is located on the banks of the Danjiangkou reservoir, it has wet winter and dry summer seasons. According to the comprehensive ecological status, administrative division, and research objectives, a typical atmospheric monitoring station was set up on the right bank of the dam outlet at the TC station (111°43′2″E and 32°40′32″N). The geographical location of TC may play an important role in air quality conditions as TC is a suburban area far from the industrial zone and large highway, so it is affected by industrial as well as automobile emissions.




2.2. Methods


The instrument, the PC-8Z Atmospheric Grid Monitoring System, adopts the integrated air micro-station developed by Sunshine Company and connects to the Sunshine Intelligent Cloud Platform to perform the atmospheric grid monitoring. The instrument module automatically monitors the ambient temperature, ambient humidity, wind direction and speed, atmospheric pressure, fine particulate matter PM2.5 (particle size less than or equal to 2.5 μm) concentrations, respirable particulate matter PM10 (particle size less than or equal to 10 μm) concentrations, and the monitored datasets are automatically connected and stored to the cloud platform. The TC atmospheric monitoring instruments were installed in the scientific location based on its geographic characteristics, located on the right bank of the dam open area without tall buildings around. The monitoring period is from October 2018 to September 2019. Due to the installation, commissioning, and trial operation of the instrument during the period September‒October 2018, some data were missing. The temporal resolution of the datasets is 0.5 h. In this study, daily, monthly, and seasonal analyses were conducted. The seasons are defined as spring (March to May), summer (June to August), autumn (September to November), and winter (December to February).



On the other hand, we also used Cloud-Aerosol LiDAR and Infrared Pathfinder Satellite Observation (CALIPSO)aerosol optical depth (AOD) data to investigate the aerosol optical properties in the TC site. The CALIPSO satellite was launched on 28 April 2006, which is part of the “A-train” constellation with a repeat cycle of 16 days. The Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP), a type of double wavelength orthogonal polarization elastic backscatter lidar, is carried on CALIPSO. Its working wavelengths are 532 nm and 1064 nm, and the 532 nm wavelength is equipped with a polarized channel. CALIOP can work continuously on a global scale to provide high temporal–spatial resolution information on clouds and aerosols. CALIPSO level 2 layer data were obtained using an automatic layer detection algorithm. The level 2 aerosol layer products had a horizontal resolution of 5 km and described the spatial position and the classification information of aerosol layers such as aerosol subclasses. Level 2 aerosol layer products mainly provided the vertical layer information for backscatter, polarization, and extinction coefficients of the feature layer. In this study, level 2 aerosol products were used. Parameters used in this study include the aerosol all layer optical depth (AOD)at all layers at 532 nm with an uncertainty less than three. Additionally, the null values and values less than or equal to zero were eliminated. The data were resampled to 1° × 1° grid. We used the dataset on cloud-free conditions (about 30%)for day and night.





3. Results and Discussion


3.1. Overall Characteristics of PM10, PM2.5, and Meteorological Parameters at TC Station


The probability density distributions of PM2.5 and PM10 mass concentrations, and meteorological parameters at the TC station (Figure 2a–f). PM2.5 concentrations were concentrated in the range of 30‒60 μg/m3 and the maximum probability of PM2.5 mass concentrations appeared at 50 μg/m3, while PM10 concentrations were concentrated in the range of 35‒65 μg/m3 and the maximum probability of PM10 mass concentrations appeared at 50 μg/m3 and 65 μg/m3. The annual average concentrations of PM2.5 and PM10 were 50.91 μg/m3 and 57.18 μg/m3, respectively (Table 1). PM10 concentrations meet China’s ambient air quality standards (secondary quality standard, 100 μg/m3 annual mean), whereas PM2.5 did not meet China’s ambient air quality standards (secondary quality standard, 35 μg/m3 annual mean) (GB3095-2012). In comparison with big cities like Beijing (PM2.5: 63.3~122.3 μg/m3) [27], Shanghai (PM2.5: 57.9~61.4 μg/m3) [40], Guangzhou (PM10: 73 to 99 μg/m3) [41], and Shenzhen (PM10: 59~76 μg/m3) [41]. The TC station has relatively lower PM2.5 and PM10 concentrations, which indicates better air quality conditions compared to the other big cities.



In terms of meteorological parameters, the temperature (T) and relative humidity (RH) showed the multimodal distribution pattern (Figure 2c,d). The RH is the ratio of real water vapor values to saturation water vapor values. The values of T ranged between −5 °C and 38 °C, with two peaks at 10 °C and 25 °C.The RH values were between 5% and 100%, with two peaks of 50% and 90%. The annual average values of T and RH were 16.19 °C and 57.95% (Table 1), respectively, consistent with the characteristics of a continental sub-humid climate. Wind speed (W) values showed positively skewed distributions (Figure 2e), and the range of W values was between 0 m/s and 7 m/s, with a peak at 0.5 m/s. The annual average value of W was 1.30 m/s, which is very low, indicating that the TC station experiences low-speed winds all year round. Wind direction (V) showedirregular distributions, and no wind was observed between 210° and 280°, with the peak occurring at about 0° and 150° (Figure 2f). These analyses showed that the TC station is influenced by low-speed north wind or northerly wind winds throughout the year.




3.2. Seasonal Characteristics of PM10 and PM2.5 and Meteorological Parameters at TC Station


Figure 3 shows the box plot of the monthly changes of PM2.5, PM10, and meteorological parameters at the TC monitoring station. Table 2 shows monthly statistics of PM2.5 and PM10 mass concentrations and meteorological parameters at the TC monitoring station. In Figure 3, the synapses represent the standard deviation of each covariate, and the upper and lower edges of the box-shaped rectangle represent the 10% and 90% quantile values, respectively. It can be seen that the seasonal variation of PM2.5 is inconspicuous, the monthly mean values are low in summer and high in winter, but the difference between winter and summer is small (Figure 3a). The peak of PM2.5 occurred in December (54.58 μg/m3) and the trough occurred in June (48.5 μg/m3). The seasonal variations of PM10 were the same as that of PM2.5; i.e., the peak occurred in December (61.33 μg/m3) and the trough was in June (54.42 μg/m3) and the difference between winter and summer is small (Figure 3f).



The W exhibited weak seasonal variations, with the lowest speed in winter and the highest in summer with a peak in July at 1.85 m/s (Figure 3c). The V also showed a weak seasonal variability the same as W, i.e., slightly higher in summer than in winter (Figure 3b). The TC station belongs to the subtropical monsoon climate, therefore, RH values (Figure 3d) should be high in summer and low in winter [40,41]. However, the RH showed opposite behavior at the TC site, i.e., the lowest values in summer and the highest in winter with a peak in December at 82.85% and the trough in July at 31.05%. The high RH during winter may be due to the strong evaporation of water vapor in the atmosphere. RH reveals how the real air water vapor is close to saturation water vapor. Moreover, there is a strong negative correlation between T and RH, because saturation vapor pressure (RH’s denominator) is an exponentially increasing function of the temperature. In winter, the T was low, the saturation vapor values were relatively low, and the actual vapor values were not low in the winter at the TC site. So, RH values were high in winter. Figure 3e shows the seasonal variation of T at the TC station with the maximum and minimum values that occurred in August (28.09 °C) and January (3.06 °C), and the difference between the maximum and minimum values is significantly high. This may be due to the subtropical monsoon climate of the TC station.



Figure 4 shows the correlation plot between the PM2.5, PM10, and meteorological parameters at the TC monitoring station. In Figure 4, the dots and synapses represent the monthly mean value and monthly standard deviations of the parameters. The results showed that PM2.5 (Figure 4a) and PM10 were very poorly correlated with wind speed and this indicates that the higher PM2.5 and PM10 concentrations at TC were mainly due to the local activities. It can also be seen from the four seasons wind rosette plots (Figure 5) that the wind direction at the TC station is likely to be either south (N) or southeast (NNW) regardless of the season. There is only a small probability of south or southeast winds in summer or winter.



The results showed that PM2.5 and PM10 were strongly correlated with RH with a correlation coefficient (R2) of 0.79 and 0.80, respectively, as indicated by positive values of the slope. This reveals that higher PM2.5 and PM10 concentrations were associated with higher RH values(Figure 4c,d). The higher value of RH acts as a catalyst in the photochemical reaction to generate secondary aerosol particles, which are responsible for higher concentrations of PMx (x = 2.5 and 10) and aerosol optical depth (AOD) in winter. Similar results have been reported by previous studies over Beijing [27,42] and Shanghai [40].



Figure 4e shows a strong negative correlation of PM2.5 (R2 = 0.79) and PM10 (R2 = 0.80)T. These results suggest that higher PM2.5 and PM10 concentrations were associated with low T. These phenomena indicate that particulate matter mass concentrations are higher in winter than in summer. These results are supported by previous studies and this is maybe due to the lower atmospheric boundary layer in winter compared to summer due to low temperatures [40,43]. When the atmospheric boundary layer is low, particulate matter squeezes within the lower boundary layer, resulting in high particle mass concentrations. On the other hand, it can be seen from Figure 4a–f that both PM2.5 and PM10 have a narrow range, which indicates that the range of particulate matter at the TC site does not vary much throughout the year and the air is relatively clean, which echoes the findings in Figure 3a,f.



Figure 6 shows the relationship between PM2.5 and PM10 which can be helpful to reveal the source of particulate pollutants [42] at the TC station. The main sources of PM2.5 are soil particles, sea salt, plant pollen, volcanic ash, industrial smoke (heating, cooking, coal, gas, fuel oil), and exhaust gas from vehicle emissions [13]. PM10 not only includes PM2.5 but also particulates with slightly larger particle sizes, such as sand and dust [44]. The sources of PM10 and PM2.5 are generally different, such as sand and dust particles originating from natural sources, whereas fine particles (PM2.5) generally originate from anthropogenic emissions sources. In the study of Bilal et al., the source of particulates was mainly from the Pearl River Delta (PRD) through long-distance transportation in autumn and winter Hong Kong [45]. Therefore, the study of the relationship between PM2.5 and PM10 can qualitatively reveal the source of particles at the TC station. From Figure 6a–d, it is known that PM2.5 and PM10 maintain very strong positive linear correlations, with correlation coefficients of R2 = 0.99 in all four seasons. This phenomenon shows that the same variations of PM2.5 and PM10 existed at TC. At the same time, the slope of the fitted curve in Figure 6 shows that PM2.5 accounts for about 88% of the PM10 in all four seasons, a large proportion of the entire PM10, and the particles are mainly fine particles at TC. In Figure 7, the PM2.5/PM10 ratio showed high values, especially in summer compared to other seasons, which suggests that that PM2.5 could come from the anthropogenic activities [46]. To investigate the anthropogenic sources of PM in the TC site, the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model was utilized. We have selected a week time air mass trajectory in one season (Figure 8). It could be seen that on the ground surface, the air mass mainly came from the North, which was corresponding to the wind direction results above. Meanwhile, air masses of 500 m and 1000 m mainly came from Northeast provinces in the summer and Southeast provinces in autumn. In our previous research, the summer and autumn were grain harvest seasons; straw burning activities occurred frequently in Central China [47]. So straw burning activities could generate PM particles and these PM particles could also be blown to the TC site to formate a part of external pollution sources. This phenomenon might affect the air quality of the TC site. At the same time, from the analysis above, it can be seen that the mass concentrations of PM particles are low at the TC site, and the mass concentrations of PM2.5 and PM10 are all in line with the national secondary standard. The good atmospheric environment makes a certain contribution to the whole ecological environment required for water source regions. In the study of Chengdu, the average PM2.5/PM10 was 85%, which was the same as our study. It indicated that the proportions of PM2.5 contained within PM10 were quite high, further proving that fine particles were the greatest contributor to PM air pollution in Chengdu. Moreover, dust and sandstorms could cause the average PM2.5/PM10 to be lower (72%) in spring in the Chengdu site [43].




3.3. Daily Variation Characteristics of PM2.5 and PM10 and Meteorological Parameters at TC Station


Figure 9 and Table 3 show the daily variation of PM2.5, PM10, and meteorological parameters at the TC station. It can be seen that daily variations of the PM2.5 and PM10 mass concentrations are not obvious (Figure 9a,b), indicating that they do not change much at any time of the day or night, and remain at low values. This is consistent with the weak monthly variations of PM2.5 and PM10 shown previously in Figure 3a,f. At the same time, the daily characteristics of day-to-day changes in wind speed and wind direction are also not obvious. No matter what time of day, the wind speed and wind direction do not vary much. This is consistent with the aforementioned weak seasonal variation of wind speed and direction (Figure 3b,c). Therefore, it can be seen that PM2.5, PM10, W, and V all have weak seasonal and day-to-day variability at the TC station. The values of PM2.5, PM10, W, and V remained in relatively stable states throughout the year. However, the relative humidity (RH) exhibited more pronounced daily variability.The maximum values of RH appear at 6 a.m. (63.40%) and the minimum values of RH appear at 3 p.m. (50.24%). This was consistent with the results of Zhao et al. [27]. The temperature also showed clear day-to-day variability.The maximum values appear at 3 p.m. (19.72 °C) and the minimum values at 6:00 a.m. (13.26 °C). The day-to-day variation of RH and Tis as generally expected.The day-to-day variation of the sun results in temperature peak values in the afternoon and relative humidity trough values in the afternoon. As in Section 3.2, RH shows how close to saturation water vapor is. Moreover, there is a strong negative correlation between T and RH, because saturation vapor pressure (RH’s denominator) is an exponentially increasing function of the temperature. In the afternoon, the T was high and the saturation vapor values were also high. The actual vapor values were not relatively high in the winter at the TC site. So, RH values were relatively low in the afternoon.To sum up, it can be seen from the daily variation of each parameter that the mass of PM2.5 and PM10 is stable at the TC site.




3.4. Remote Sensing Analysis of CALIPSO AOD


AOD is an important optical parameter to study the optical properties of aerosols. In the field of atmospheric remote sensing, AOD is the basic optical parameter for retrieval. It reflects the light-blocking effect of aerosol [1]. The higher the AOD values, the higher the particulate loadings, and vice versa. Therefore, this study utilized the AOD products of the Cloud-Aerosol LiDAR and Infrared Pathfinder Satellite Observation (CALIPSO) satellite [48,49] to study the atmospheric optical properties of aerosols of TC site from January 2007 to December 2019. The results (Figure 10) showed relatively higher AOD in summer (~0.3) around the TC site compared to the other seasons (AOD ~0.1). The relatively high AOD values might be caused by straw burning from long-distance transportation (Figure 8), as summer is the harvest time in the Henan province and farmers burn the crop-residue leading to relative high pollution particulates emission.





4. Conclusions


In this paper, the spatial and temporal characteristics of PM2.5 and PM10 particles and meteorological parameters were studied at the TC station in the Middle Route Project of the South–North Water Diversion in the Henan section from September 2018 to September 2019. AOD products of CALIPSO were also utilized to study the atmospheric optical properties of aerosols of TC site from 2007 to 2019. This study can help researchers understand the quality of the atmospheric environment in the water source area and can also provide new datasets and theoretical support for the protection of the ecological environment of the area. The specific findings are as follows:



(1) The mass concentrations of PM10 and PM2.5 all meet the second-level national standards at the TC station.The air quality in the water source area is good. Seasonal and daily variations of the mass concentrations of PM were not obvious.



(2) The mass concentrations of PM10 and PM2.5 at the TC station are mainly caused by anthropogenic activity sources and there was a part of external pollution sources (straw burning transmission). The types of particulate matter are mainly fine particulate matter (PM2.5) at the TC station.



(3) For monthly mean values, the mass concentrations of PM10 and PM2.5 are closely related to the relative humidity and temperature at TC station, but not to wind speed. Wind directions are northerly all year round at the TC site.



(4) CALIPSO AOD values were low (~0.1) in spring, autumn, and winter. CALIPSO AOD values were slightly high in summer (~0.3), which might be caused by straw burning from long-distance transportation.



Fine particles can also fall onto the land and into rivers and lakes together with other atmospheric and land-based pollutants. In future work, we should strengthen long-term monitoring by utilizing satellite remote sensing technology to explore in greater depth the correlation between atmospheric fallout and water quality in the Middle Route Project of the South–North Water Diversion. The future work can provide new technology and data support for comprehensive ecological measures, such as strengthening the ecological environment and water quality protection in the Middle Route Project of the South–North Water Diversion.
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Figure 1. Location of Taocha (TC) atmospheric monitoring station in the Henan section of the Middle Route Project of South–North Water Diversion. 
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Figure 2. Distribution of particulate matter (PM)2.5, PM10 concentration(a,b), and probability density of meteorological parameters(c–f) at the Taocha monitoring station. 






Figure 2. Distribution of particulate matter (PM)2.5, PM10 concentration(a,b), and probability density of meteorological parameters(c–f) at the Taocha monitoring station.



[image: Remotesensing 12 03432 g002]







[image: Remotesensing 12 03432 g003 550] 





Figure 3. Box plot of monthly changes of PM2.5 and PM10 mass concentrations and meteorological parameters at TC monitoring station: (a) PM2.5; (b) wind direction; (c) wind speed; (d) relative humidity; (e) temperature; (f) PM10. The synapses stand for standard deviations. The red dots stand for mean values. 
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Figure 4. Correlation plot of PM2.5 and PM10 and meteorological parameters at Taocha monitoring station: (a) PM2.5 and W; (b) PM10 and W; (c) PM2.5 and RH; (d) PM10 and RH; (e) PM2.5 and T; (f) PM10 and T. The scatter points represent the monthly mean values of every parameter. The red solid lines represent the fitted lines. The synapses stand for standard deviations. 






Figure 4. Correlation plot of PM2.5 and PM10 and meteorological parameters at Taocha monitoring station: (a) PM2.5 and W; (b) PM10 and W; (c) PM2.5 and RH; (d) PM10 and RH; (e) PM2.5 and T; (f) PM10 and T. The scatter points represent the monthly mean values of every parameter. The red solid lines represent the fitted lines. The synapses stand for standard deviations.



[image: Remotesensing 12 03432 g004]







[image: Remotesensing 12 03432 g005 550] 





Figure 5. Four seasons’ wind speed and wind direction rosettes at the Taocha monitoring station. 
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Figure 6. Correlation diagram of PM2.5 and PM10 at the Taocha monitoring station of the South–North Water Diversion Central Line Project. 
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Figure 7. Box diagram of the ratio of PM2.5 and PM10 at the Taocha monitoring station of the South–North Water Diversion Central Line Project. 
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Figure 8. Seasonal variation characteristics of air mass at the Taocha monitoring station of the South–North Diversion Central Line Project from Hybrid Single-Particle Lagrangian Integrated Trajectory(HYSPLIT trajectory model: (a) spring; (b) summer; (c) autumn; (d) winter. The red five-pointed stars stand for the location of TC site. 
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Figure 9. Daily variation characteristics of PM2.5 and PM10 and meteorological parameters at the Taocha monitoring station of the South–North Diversion Central Line Project: (a) PM2.5 mass concentration; (b) PM2.5 mass concentration; (c) W; (d) V; (e) RH; (f) T. The scatter points represent the number of days. The synapses stand for standard deviations. 
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Figure 10. Seasonal variation characteristics of aerosol optical depth at the Taocha monitoring station of the South–North Diversion Central Line Project: spring; summer; autumn; winter. The red five-pointed stars stand for the location of the TC site. 
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Table 1. Annual statistics of PM2.5 and PM10 mass concentrations and meteorological parameters at the Taocha (TC) monitoring station.
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	Hourly
	Counts
	Mean
	SD
	Percentiles
	
	
	
	





	base
	
	
	
	10
	25
	50
	75
	90



	T (℃)
	16,115
	16.19
	10.10
	2.10
	7.80
	16.50
	24.90
	29.10



	RH (%)
	16,115
	57.95
	26.47
	19.70
	39.10
	56.20
	82.00
	94.40



	W (m/s)
	16,115
	1.30
	1.19
	0.00
	0.50
	0.90
	1.80
	2.90



	V(°)
	16,115
	164.42
	103.33
	0
	103
	147
	201
	332



	PM2.5 (μg/m3)
	16,115
	50.91
	22.00
	34.00
	40.00
	47.00
	54.00
	56.00



	PM10 (μg/m3)
	16,115
	57.18
	25.02
	38.00
	45.00
	52.00
	61.00
	63.00
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Table 2. Monthly statistics of PM2.5 and PM10 mass concentrations and meteorological parameters at the TC monitoring station.






Table 2. Monthly statistics of PM2.5 and PM10 mass concentrations and meteorological parameters at the TC monitoring station.





	
Month

	
T (℃)

	
RH (%)

	
W (m/s)

	
V (°)

	
PM2.5(μg/m3)

	
PM10(μg/m3)




	
Mean

	
Std

	
Mean

	
Std

	
Mean

	
Std

	
Mean

	
Std

	
Mean

	
Std

	
Mean

	
Std






	
Jan

	
3.06

	
3.18

	
79.55

	
16.47

	
1.28

	
0.92

	
179.53

	
104.00

	
53.16

	
23.04

	
59.71

	
26.2




	
Feb

	
3.70

	
4.02

	
80.77

	
15.59

	
1.32

	
1.02

	
171.71

	
103.65

	
53.35

	
24.05

	
59.94

	
27.35




	
Mar

	
12.53

	
4.83

	
72.86

	
20.56

	
0.92

	
0.95

	
135.61

	
93.94

	
51.76

	
21.14

	
58.16

	
24.04




	
Apr

	
16.12

	
4.85

	
62.44

	
19.92

	
0.81

	
0.83

	
127.62

	
93.05

	
50.5

	
19

	
56.74

	
21.61




	
May

	
22.10

	
4.49

	
42.28

	
16.81

	
1.28

	
1.23

	
168.99

	
105.30

	
48.63

	
17.42

	
54.64

	
19.84




	
Jun

	
26.23

	
3.80

	
33.59

	
13.94

	
1.67

	
1.37

	
194.66

	
101.77

	
48.5

	
21.08

	
54.42

	
23.98




	
Jul

	
27.96

	
3.67

	
31.05

	
13.55

	
1.85

	
1.44

	
193.27

	
103.32

	
49.62

	
23.35

	
55.68

	
26.54




	
Aug

	
28.09

	
3.15

	
30.77

	
13.54

	
1.83

	
1.46

	
191.31

	
107.31

	
48.7

	
24.33

	
54.61

	
27.63




	
Sep

	
23.83

	
4.24

	
37.98

	
14.85

	
1.44

	
1.21

	
187.89

	
104.65

	
48.5

	
18.91

	
54.46

	
21.54




	
Oct

	
17.33

	
3.47

	
58.09

	
17.58

	
0.81

	
0.87

	
126.94

	
96.40

	
48.53

	
13.34

	
54.57

	
15.19




	
Nov

	
11.24

	
3.61

	
78.10

	
17.64

	
0.92

	
0.97

	
127.99

	
88.18

	
53.4

	
23.73

	
59.97

	
27




	
Dec

	
4.47

	
4.50

	
82.85

	
14.58

	
1.25

	
1.03

	
156.83

	
97.13

	
54.58

	
25.94

	
61.33

	
29.51
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Table 3. Hourly statistical table of PM2.5 and PM10 concentration and meteorological parameters of TC monitoring station.
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Month

	
T(℃)

	
RH(%)

	
W(m/s)

	
V(°)

	
PM2.5(μg/m3)

	
PM10(μg/m3)




	
Mean

	
Std

	
Mean

	
Std

	
Mean

	
Std

	
Mean

	
Std

	
Mean

	
std

	
Mean

	
Std






	
0

	
14.87

	
9.38

	
60.03

	
26.17

	
1.40

	
1.35

	
166.96

	
108.72

	
48.97

	
19.28

	
54.96

	
21.94




	
1

	
14.54

	
9.29

	
60.11

	
26.97

	
1.41

	
1.28

	
173.90

	
105.97

	
50.58

	
21.60

	
56.78

	
24.57




	
2

	
14.17

	
9.24

	
60.76

	
26.41

	
1.31

	
1.29

	
167.30

	
107.52

	
49.90

	
18.96

	
56.03

	
21.55




	
3

	
13.85

	
9.16

	
61.64

	
25.93

	
1.38

	
1.20

	
169.21

	
96.34

	
52.26

	
22.11

	
58.71

	
25.15




	
4

	
13.62

	
9.08

	
61.61

	
26.59

	
1.33

	
1.25

	
168.51

	
103.29

	
50.16

	
18.10

	
56.36

	
20.61




	
5

	
13.40

	
9.02

	
61.87

	
27.00

	
1.25

	
1.24

	
155.18

	
103.73

	
50.74

	
20.98

	
56.99

	
23.85




	
6

	
13.26

	
9.04

	
63.40

	
27.04

	
1.22

	
1.14

	
161.01

	
102.15

	
51.24

	
23.14

	
57.50

	
26.33




	
7

	
13.53

	
9.32

	
62.07

	
27.36

	
1.35

	
1.23

	
175.19

	
99.17

	
50.16

	
20.30

	
56.31

	
23.11




	
8

	
14.16

	
9.74

	
62.12

	
26.17

	
1.37

	
1.30

	
167.34

	
109.68

	
49.33

	
19.67

	
55.37

	
22.37




	
9

	
15.20

	
9.90

	
59.13

	
26.74

	
1.35

	
1.23

	
166.26

	
101.93

	
50.70

	
22.71

	
56.96

	
25.80




	
10

	
16.28

	
10.09

	
58.60

	
26.15

	
1.19

	
1.12

	
152.95

	
104.31

	
49.35

	
20.70

	
55.36

	
23.54




	
11

	
17.28

	
10.24

	
56.59

	
25.52

	
1.13

	
1.07

	
158.13

	
108.30

	
48.52

	
17.75

	
54.47

	
20.20




	
12

	
18.16

	
10.40

	
54.70

	
24.22

	
1.30

	
1.21

	
159.00

	
108.62

	
51.52

	
24.28

	
57.90

	
27.59




	
13

	
18.93

	
10.56

	
53.59

	
25.96

	
1.33

	
1.15

	
178.29

	
109.09

	
50.69

	
22.05

	
56.99

	
25.07




	
14

	
19.38

	
10.74

	
53.26

	
25.87

	
1.31

	
1.20

	
165.53

	
100.22

	
51.71

	
23.59

	
58.12

	
26.82




	
15

	
19.72

	
10.78

	
50.24

	
26.78

	
1.45

	
1.26

	
171.79

	
97.62

	
52.30

	
24.80

	
58.77

	
28.18




	
16

	
19.61

	
10.78

	
52.15

	
27.74

	
1.31

	
1.20

	
156.92

	
97.95

	
53.85

	
24.53

	
60.50

	
27.90




	
17

	
19.09

	
10.72

	
53.74

	
26.61

	
1.35

	
1.26

	
158.18

	
103.72

	
54.50

	
27.71

	
61.30

	
31.49




	
18

	
18.30

	
10.58

	
56.07

	
26.12

	
1.27

	
1.14

	
162.96

	
104.87

	
51.06

	
23.87

	
57.33

	
27.14




	
19

	
17.32

	
10.28

	
56.29

	
25.62

	
1.21

	
1.08

	
161.98

	
102.91

	
52.33

	
22.54

	
58.78

	
25.64




	
20

	
16.62

	
9.89

	
57.23

	
26.37

	
1.27

	
1.18

	
157.64

	
101.25

	
52.94

	
25.83

	
59.46

	
29.38




	
21

	
16.17

	
9.69

	
58.69

	
25.48

	
1.16

	
1.08

	
158.36

	
101.56

	
49.77

	
19.56

	
55.85

	
22.26




	
22

	
15.74

	
9.52

	
58.17

	
25.29

	
1.27

	
1.17

	
170.41

	
102.33

	
49.07

	
19.56

	
55.06

	
22.25




	
23

	
15.26

	
9.45

	
60.20

	
26.82

	
1.41

	
1.25

	
170.28

	
97.77

	
53.09

	
25.43

	
59.65

	
28.91
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