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In this paper, hourly observations of precipitation, wind, and PM2.5 and PM10 concentrations in Qinhuangdao from 2016 to 2018
were used to study the effects of precipitation and wind on PM2.5 and PM10 concentrations. +e results show that precipitation
has a certain wet scavenging effect on PM2.5 and PM10, and the scavenging effect on PM10 is greater than that on PM2.5.
Precipitation above moderate rainfall is concentrated fromMay to September, and light rain in winter increases the concentration
of pollutants. +e changes of PM2.5 before and after precipitation are related to the initial concentration of PM2.5 before
precipitation, precipitation intensity, and precipitation duration. +e scavenging effect of precipitation on PM10 is closely related
to the initial concentration of PM10 before precipitation. +e higher the initial concentration of PM10 is, the greater the removal
amount of precipitation will be. Moderate or above pollution weather mainly occurs in the northeast, southwest, and west wind
meteorological conditions; the more westerly the wind, the more the pollution; north wind and northwest wind have the most
obvious scavenging effect on PM2.5 and Pm10; when the wind speed increases to 2m/s, the concentration of PM2.5 and PM10 can
be reduced; when the wind speed is more than 4m/s, the concentration of PM10 increases under the south wind, southeast wind,
east wind, and northeast wind.

1. Introduction

With the rapid development of industrialization, social
economy, and the increasing number of motor vehicles, the
problem of urban air pollution has become more and more
serious, which has become an important factor restricting
the construction of urban ecological civilization [1, 2].
Among them, atmospheric particulate matter is the primary
pollutant causing this environmental problem. Atmospheric
particulate matter mainly includes particulate matter PM2.5
(the particulate matter with aerodynamic diameter less than
or equal to 2.5 μm) and PM10 (the particulate matter with
aerodynamic diameter less than or equal to 10 μm), and the
excessive concentration of particulate matter has become a
prominent problem in the air quality of many cities in China
[3–7]. It will reduce the visibility of the atmosphere, cause

harm to human body, and may lead to diseases related to
heart and lung dysfunction [8, 9]. +erefore, the research on
management of PM2.5 and PM10 has become a hot topic in
recent years. Besides, it is found to significantly affect the
cloud formation and precipitation through aerosol-radiation
interaction or aerosol-cloud interaction [10–14], even
though the net effect remains highly debated [15–17]. +e
main factors affecting the concentration of atmospheric
particulate matter include emission sources and meteoro-
logical factors [18–24]. When the pollution source is rela-
tively stable, the influence of meteorological conditions on
particle concentration plays a leading role [25, 26]. Both of
them affect the wet removal process and dry removal process
of particulate matter, respectively, which is an important
process to maintain the balance of the source and sink
suspended particles in the atmosphere and the self-cleaning
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of the atmosphere. +e removal ability of precipitation and
wind is an important indicator for the improvement of air
quality in polluted weather conditions.

Many scholars studied the relationship between PM2.5
and PM10 concentrations and precipitation in different
regions and found that the removal effect of precipitation on
aerosol particles was related to precipitation intensity,
raindrop diameter, and aerosol particle size. +e scavenging
efficiency of large particles changed significantly with the
change of raindrop diameter, while the removal coefficient
of small particles was less affected by the diameter of
raindrop [27]. Other scholars believe that the effect of
precipitation on the wet removal of PM10 and PM2.5 is
enhanced with the increase of total rainfall, average rainfall
intensity, and precipitation duration [28, 29]. Also many
scholars explore the role of precipitation cloud clearance
from the perspective of atmospheric observation [30–32], It
is believed that precipitation has different scavenging effects
on aerosol with different particle sizes, and the wet scav-
enging effects of precipitation on medium size aerosol are
not ideal, but it has obvious settling effects on large size
aerosol and small size aerosol [33–36]. It can be seen that the
removal mechanism of pollutants by precipitation is highly
uncertain.

Wind also has an important influence on the level of air
pollution. Many scholars have analyzed the wind removal
capacity of different cities in China. Influenced by topog-
raphy, geographical location, and climatic conditions, the
dominant wind direction affecting particle concentration
varies greatly in different regions [37, 38]. Recent studies
[39] indicated that wind shear seems much more important,
if not equally, than wind speed inmodulating ground surface
PM2.5 concentration. Qinhuangdao is located in the eastern
part of the Beijing-Tianjin-Hebei region. It was one of the
low-carbon pilot cities and the country’s top 10 cities for
ecological civilization in China. Air pollution not only is
caused by local accumulation, but also is mainly affected by
external transportation. Previous studies lack analysis and
research on the long series observation data in Qinhuangdao
area, and the monitoring results of particulate matter
concentration show that there is often decrease in particulate
matter concentration after precipitation. +erefore, it is
necessary to classify and analyze the actual clearing law of
precipitation and wind factors that often occur in the
weather process of Qinhuangdao and give quantitative in-
dexes. Under the weather condition of unfavorable diffusion,
the fine service of pollutant concentration is more needed,
which is conducive to the exploration of key weather
condition forecast indexes. It provides a reference basis for
the further improvement of air pollution forecast, warning,
and prevention.

2. Data and Methods

2.1. Ground-Based Meteorological Observations. +e data of
precipitation, wind direction, and wind speed in this paper
are hourly data from Qinhuangdao meteorological obser-
vation station in China. +e research period is from January
2016 to December 2018. +e hourly rainfall intensity

involved in the research is the total precipitation in a pre-
cipitation process divided by the duration of precipitation.
According to the classification standard of meteorological
department, the precipitation grade is divided into light rain,
moderate rain, heavy rain, torrential rain, heavy rainstorm,
and extraordinary rainstorm. +e corresponding precipi-
tations (mm) for 24 hours are 0.1–9.9, 10–24.9, 25–49.9,
50–99.9, 100–249.9, and greater than or equal to 250.

2.2. Environmental Meteorological Information. +is paper
makes use of PM2.5 and PM10 concentration observation
data from January 2016 to December 2018 at a time reso-
lution of 1 hour, and the data are derived from the envi-
ronmental meteorological data of the meteorological
information sharing platform in Hebei Province of China.
Qinhuangdao city PM2.5 and PM10 concentration detection
site has a city monitoring station, Beidaihe Environmental
Protection Bureau station, Tiguan station, the construction
of buildings station, Wenming Li station, Shanhaiguan
district government station, and Beidaihe District Com-
mittee of the old cadres Bureau station, a total of 7 urban
monitoring stations.

According to the national environmental protection
standards of People’s Republic of China hj633-2012, air
quality is divided into excellent, good, light pollution,
moderate pollution, heavy pollution, serious pollution, and
off the charts which corresponds to the PM10 mass con-
centration of PM10 in the air (μg/m3), respectively, 0–50,
51–150, 151–250, 251–350, 351–420, 421–600, and >600.+e
mass concentration of PM2.5 (μg/m3) in the air is 0–35,
36–75, 76–115, 116–150, 151–250, 251–500, and >500.

3. Results and Discussions

3.1. Monthly Distribution Characteristics of Precipitation and
Mass Concentration of PM2.5 and PM10 in Qinhuangdao.
In order to study the correspondence between monthly
precipitation and average PM2.5 and PM10 in Qinhuangdao
city of China (Figure 1), the distribution characteristics of
monthly precipitation and average mass concentration of
PM2.5 and PM10 (Figure 2) in Qinhuangdao from January
2016 to December 2018 and the distribution of precipitation
days of different orders of magnitude in each month were
statistically analyzed (Figure 3). Due to Qinhuangdao’s
geographical location, winter is longer; according to the local
spring, summer, autumn, and winter season statistics, the
four seasons of Qinhuangdao are divided into spring from
April to May, summer from June to August, autumn from
September 1 to November 14, and winter fromNovember 15
to March the following year.

Qinhuangdao city’s average precipitation for the three
years is 641.7mm; according to Qinhuangdao city climate
bulletin, the average annual precipitation range of Qin-
huangdao from 1981 to 2010 is 452–753mm, so the average
annual precipitation in Qinhuangdao city 2016–2018 is a
normal year. Qinhuangdao city’s precipitation has obvious
monthly variation characteristics; precipitation is mainly
concentrated in June, July, and August, including the annual
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precipitation in July and August which is more than
200mm, while the precipitation in other months is less than
50mm; particularly from November to April of the fol-
lowing year, the monthly precipitation is below 10mm.

+e mass concentrations of PM2.5 and PM10 have
obvious seasonal distribution characteristics, with the lowest

concentration in summer, the highest in winter, followed by
spring and autumn. +ere is a significant negative corre-
lation with precipitation. +e higher the precipitation, the
lower the concentration of PM2.5 PM10, which indicates
that precipitation has a wet scavenging effect on PM2.5 and
PM10.

60
°0
′
0″

N
40

°0
′
0″

N
50

°0
′
0″

N
30

°0
′
0″

N
20

°0
′
0″

N
10

°0
′
0″

N

80°0′0″E 90°0′0″E 100°0′0″E 110°0′0″E 120°0′0″E 130°0′0″E0°
0′

0″
N

Figure 1: Locations of the Qinhuangdao city.
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Figure 2: Monthly rainfall, PM2.5 and PM10 concentrations in Qinhuangdao from 2016 to 2018.
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+e precipitation days of different orders of magnitude
in each month in Qinhuangdao (Figure 3) also have obvious
monthly variation characteristics, with relatively more
precipitation days from May to October and less precipi-
tation days fromNovember to the next April. +e changes in
the number of precipitation days are not as significant as
those in the number of precipitation months. Due to the
heavy rain and precipitation of magnitude above the heavy
rain from June to August, the monthly precipitation in-
creases significantly. +e monthly precipitation is the largest
number of days of light rain magnitude, the percentage of
light rain days is between 50% and 100%, and the precip-
itation from November to the following year April is all of
light rain magnitude. From the top part of the analysis we
can know, from October to March of the following year, the
mass concentrations of PM2.5 and PM10 have started to rise
significantly; March and December are the two peak points
of concentration. +e corresponding precipitation in March
and December is very small, and the number of precipitation
days is also very small. From the perspective of precipitation
alone, it may be related to the decrease of precipitation days,
precipitation, or precipitation intensity.

3.2. Effects of Precipitation of Different Magnitudes on Pol-
lutant Concentrations. In order to further study the effect of
precipitation on PM2.5 and PM10 of different magnitudes,
the distribution characteristics of mass concentrations of
PM2.5 and PM10 corresponding to different precipitation
levels in each month were statistically studied (Figure 4).
Seasonally, the concentration of PM2.5 on rain-free days is
the highest in winter, second in autumn and spring, and
lowest in summer; PM10 concentration distribution is the
highest in spring, followed by winter and lowest in summer.
In addition to the impact of precipitation, in September the
cold air begins to move frequently and the wind increases,
resulting in a cleaner atmosphere, and after October the

atmosphere is more and more stable, and the near-ground
temperature is mostly inverted; meteorological conditions
are not conducive to the vertical diffusion of pollutants and
other factors lead to an increase of PM2.5 concentration.
However, the concentration of PM10 is still high in April
and May, mainly due to more and more frequent cold air
activities in spring with relatively high wind; some floating
dust will increase the concentration of PM10.

From the results, PM2.5 concentrations were higher on
light rain days in February and October-December than on
rain-free days. +e concentration of PM2.5 on light rainy
days in other months is lower than that on rain-free days.
+e concentration of PM10 is higher on light rain days in
February and December than on rain-free days, while the
concentration of PM10 on rainy days in other months is
lower than that on rain-free days. In Qinhuangdao, mod-
erate rainfall or above is concentrated from May to Sep-
tember, and the concentration of PM2.5 on moderate rain
days from June to July and September and heavy rain days in
May and September is higher than that on rain-free days.
+erefore, light rain in spring and summer has an obvious
scavenging effect on PM2.5, while light rain in late autumn
and winter will increase the concentration of PM2.5. Light
rain in spring, summer, and autumn has an obvious scav-
enging effect on PM10. From the above statistical results, it
can be seen that light rain in winter will increase the con-
centration of pollutants, and the precipitation on PM10
concentration clearance effect is greater than that on PM2.5.

In order to further study the different effects of pre-
cipitation on PM2.5 and PM10, the ratio of PM2.5 and PM10
concentrations on rain-free days and rain days was analyzed
(Figure 5). From the above analysis, it can be seen that
precipitation on the decline of PM10 concentration is more
obvious, and, from the statistics of Figure 4, it can be seen
that the ratio of PM2.5 and PM10 concentration on rainy
days each month is higher than that on rain-free days. +e
average ratio of PM2.5 and PM10 on rainy days and rain-free
days was 62% and 54%, respectively, and the proportion of
rainy days increased by 8%, which means that precipitation
has a strong removal force of pollutants between 2.5 and 10
microns in dynamic diameter, which is consistent with the
conclusions of studies of Yu Caixia.

3.3. 6e Effect of Precipitation with Different Initial Pollutant
Concentrations on PM2.5 and PM10. In order to further
study the effect of precipitation on pollutants, the 125
precipitation processes with precipitation duration of more
than 2 hours in 2016–2018 were calculated, and the mass
concentrations of PM2.5 (Figure 6) and PM10 (Figure 7)
before and after precipitation were measured by different
initial pollutant concentrations under different rainfall in-
tensities. In the figure, the blue scattered points indicate the
decrease of PM2.5 and PM10 concentration, while the red
scattered points indicate the increase of PM2.5 and PM10.
According to the distribution characteristics of the 5 scat-
tered points in Figure 5, we divided the initial concentration
of PM2.5 at 60 μg/m3 and the precipitation intensity of
5mm/h into three regional scopes for analysis.
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Figure 3: Histograms of the total of monthly averaged rainy days in
Qinhuangdao for the period 2016–2018 by precipitation density:
light (white hollow column), moderate (blue column), heavy rain
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rainstorm (black column).
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As can be seen from Figure 5, we have the following.
Scope 1: when the initial mass concentration of PM2.5 is
more than 60 μg/m3 and the precipitation intensity is less
than 5mm/h, the precipitation has a clear effect on PM2.5,
indicating that when the air quality is relatively poor, the
precipitation will have a clear effect on pollutants. Scope 2:
when the initial mass concentration of PM2.5 is less than
60 μg/m3 and the precipitation intensity is less than 5mm/h,
there are 64 cases. In 25 cases, the concentration of PM2.5
increases, accounting for 39.1%. Scope 3: when the initial
mass concentration of PM2.5 is less than 60 μg/m3 and the
precipitation intensity is more than 5mm/h, the precipi-
tation intensity in this range is high. +e higher the initial
concentration of PM2.5, the greater the amount of removal
of PM2.5.

In Scope 2, the precipitation intensity is less than 5mm/h
and PM2.5 initial concentration is less than 60 μg/m3, after
the rain PM2.5 concentration has increased or decreased; in
order to further explain the effect of precipitation on PM2.5

concentration under this condition, the precipitation in-
tensity is divided into less than 1mm/h and 1–5mm/h, the
concentration of PM2.5 before precipitation is less than
35 μg/m3 and 35–60 μg/m3, and the precipitation duration is
further analyzed (Figure 8).

When the precipitation intensity is less than 1mm/h,
PM2.5 concentration increases in both initial concentration
and precipitation duration in the two ranges, indicating that
when the precipitation intensity is less than 1mm/h, PM2.5
initial concentration is less than 60μg/m3 and the effect of
precipitation on PM2.5 is highly uncertain. +is should be due
to the weak precipitation; precipitation for the pollution of the
flushing effect is not obvious, but for the air aerosols to provide
humidity conditions, conducive to aerosol moisture absorption
growth, thereby increasing the concentration of PM2.5. When
the precipitation intensity is between 1 and 5mm/h, the initial
concentration of PM2.5 is less than 35μg/m3, pm2.5 con-
centration is mostly reduced after precipitation, and some of
the concentrations increase or remain unchanged; when the
precipitation intensity is between 1 and 5mm/h, the initial
concentration of PM2.5 is greater than 35μg/m3, and the
precipitation lasts for more than 3 hours; the PM2.5 con-
centration significantly decreases after precipitation. +is
shows that when the PM2.5 concentration in Qinhuangdao is
less than 35μg/m3 (i.e., the air quality is excellent), the pre-
cipitation intensity is less than 5mm/h, the PM2.5 concen-
tration is less than 60μg/m3, the precipitation intensity is less
than 1mm/h, and the PM2.5 concentration often increases
after the rain.

According to the distribution characteristics of scattered
points in Figure 7, we divided the initial concentration of
PM10 100 μg/m3 and precipitation intensity (5mm/h) into
three ranges for analysis. As can be seen from Figure 7, we
have the following. Scope 1: When the initial PM10 mass
concentration is more than 100 μg/m3 and the precipitation
intensity is less than 5mm/h, the precipitation has an ob-
vious scavenging effect on PM10, indicating that when the
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air quality is relatively poor, the precipitation will have an
obvious scavenging effect on pollutants. Scope 2: when the
initial PM10 mass concentration is less than 100 μg/m3 and
the precipitation intensity is less than 5mm/h, there are 96
cases in total. Among them, the PM10 concentration in-
creases after precipitation in 38 cases, accounting for 39.6%.
+is indicates that when the initial concentration of PM10 is
low, that is, in fine weather, weak precipitation (less than
2mm/h) will sometimes increase the concentration of
PM10. Scope 3: when the initial PM10 mass concentration is
less than 100 μg/m3 and the precipitation intensity is greater

than 5mm/h, the precipitation intensity in this range is high.
+e higher the initial PM10 concentration is, the greater the
clearance amount of precipitation to PM10 is.

+e above results show that the scavenging effect of
precipitation on PM10 has a great relationship with the
initial concentration of PM10. To further study the rela-
tionship between the two (Figure 7), the initial concentration
of PM10 is divided into four ranges: 0–50 μg/m3,
50–100 μg/m3, 100–150 μg/m3, and 150–500 μg/m3, studying
the relationship between precipitation and the average de-
crease of PM10 concentration (Figure 9). When the initial
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concentration of PM10 is between 50 and 100 μg/m3, the
concentration of PM10 after precipitation decreases by
13.6 μg/m3 on average. When the initial concentration is
between 100 and 150 μg/m3, the concentration of PM10 after
precipitation will decrease by 59.2 μg/m3 on average. When
the initial concentration is between 150–500 μg/m3, the
concentration of PM10 after precipitation will decrease by
98.0 μg/m3 on average. When the initial concentration is
below 50 μg/m3, the concentration of PM10 after precipi-
tation will increase by 6.3 μg/m3 on average. +is indicates
that the higher the initial concentration of PM10, the more
obvious the scavenging effect of precipitation on PM10. And
when the initial concentration of PM10 is less than 50 μg/m3

(air quality is excellent), the scavenging effect of precipi-
tation with different intensity and time length on PM10 is
still very uncertain.

In order to further study the scavenging effect of pre-
cipitation on PM10 when the initial concentration of PM10
is low, taking 100 μg/m3 as the boundary, the relationship
between the change of PM10 concentration and the duration
of precipitation before and after the rain with different rain
intensity and initial concentration decrease was analyzed
(Figure 10). When the initial concentration is less than
100 μg/m3, PM10 concentration of precipitation with

different rainfall intensity and duration increases to a certain
extent, and the concentration will rebound the most when
the rain intensity is less than 1mm/h. When the initial
concentration of PM10 is higher than 100 μg/m3, the pre-
cipitation with different rain intensity and time length will
reduce the concentration of PM10 to different degrees, and
the higher the initial concentration of PM10 is, the greater
the precipitation clearance will be.

3.4. Relationship between Pollutants Distribution and Wind
Direction and Speed. In order to study the relationship
between pollutant distribution and wind direction and
speed, this paper divides wind direction into 8 directions,
respectively, north wind N (337.5°–22.5°), northeast wind
NE (22.5°–67.5°), east wind E (67.5°–112.5°), southeast wind
SE (112.5°–157.5°), south wind S (157.5°–202.5°), southwest
wind SW (202.5°–247.5°), west wind W (247.5°–292.5°), and
northwest wind NW (292.5°–337.5°), and the velocity of a
stationary wind is less than 0.4m/s. +e dominant wind
direction in each season in Qinhuangdao is not the same, so
the probability distribution of wind direction and speed in
the four seasons and the distribution of pollutants are, re-
spectively, calculated.

3.4.1. Distribution of Wind Direction and Speed and Rela-
tionship between Pollutants andWind Direction and Speed of
Qinhuangdao in Spring. According to the statistical results
of wind direction and speed probability distribution in
spring (April-May) in Qinhuangdao from 2016 to 2019, as
can be seen (Figure 11), the dominant wind direction in
spring is southeast wind (28.3%), east wind (19.26%), and
northeast wind (13.66%). As can be seen from Figure 10(b),
pollution weather in spring has two peaks in the wind di-
rection, ranging from 45° to 125° and 180° to 270°. +at is to
say, the pollution weather in spring mainly occurs between
the northeast wind and the east wind and between the
southwest wind and the west wind, and the pollution
weather mostly occurs in the period below the breeze force 3
wind (wind speed is less than or equal to 5.4m/s); moderate
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or above pollution is rare when wind speed is higher than
level 3. In spring, there are not many days with severe
pollution due to PM2.5 concentration, and severe pollution
mainly occurs under the meteorological conditions of
southwest wind or west wind. PM10 concentration is not
high in spring, and the pollution weather is basically mild
pollution and below (figure not shown).

3.4.2. Wind Direction and Speed Distribution and the Re-
lationship between Pollutants and Wind Direction and Speed
of Qinhuangdao in Summer. According to the statistical
results of probability distribution of wind speed in summer
(June-August) in Qinhuangdao area (Figure 12), the
dominant wind direction in summer is the same as that in
spring, which is southeast wind (24.92%), east wind

(16.79%), and northeast wind (14.39%). From Figure 12(b), it
can be seen that, in summer, the moderate and above
pollution weather is less and there is no severe pollution
weather. In summer, the pollution weather mainly occurs in
the northeast wind, southeast wind, and southwest to west
wind weather conditions; the most is the southwest to west
wind weather conditions, and the pollution weather also
mostly occurs in the period below the breeze level 3 wind
(the wind speed is less than or equal to 5.4m/s).

3.4.3. Wind Direction and Speed Distribution and Rela-
tionship between Pollutants andWind Direction and Speed of
Qinhuangdao in Autumn. According to the statistical re-
sults of wind speed probability distribution in autumn
(September 1-November 14) (Figure 13(a)), the dominant
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wind direction in autumn is southwest wind (24.29%), west
wind (23.62%), and northeast wind (16.65%). Figure 13(b)
shows that the pollution weather in autumn is mainly
concentrated in the range of 200°–315°; that is, the pollution
weather in autumn mainly occurs between southwest and
west winds, and the pollution weather mostly occurs in the
period when the wind speed is less than or equal to 4m/s;
when the wind speed is more than 4m/s, moderate or above
pollution weather seldom occurs. +e heavy pollution
weather of PM2.5 concentration in autumn is more than that
in spring and summer, mainly under southwest or west wind
meteorological conditions. PM10 concentration is not high
in autumn, and the pollution weather is basically light
pollution or below, and there is no pollution with PM10
concentration above medium level (figure not shown).

3.4.4. Wind Direction and Speed Distribution and the Re-
lationship between Pollutants and Wind Direction and Speed
of Qinhuangdao in Winter. +e statistical results of wind
speed probability distribution in winter (November 15 to
March of the next year) are shown in Figure 14(a). It can be
seen that winter is the most polluted season in the four
seasons. +e main wind direction in winter is west (21.56%),
southwest (19.48%), and east wind (17.29%). Figure 14(b)
shows that 53% of the PM2.5 concentration pollution
weather is of moderate or above pollution level, and the wind
direction of the pollution weather in winter is concentrated
in the range of 45°–125° and 200°–315°; that is, the pollution
weather in winter mainly occurs between the northeast wind
and the easterly wind and between the southwest and the
westerly wind. +e polluted weather is also mostly in the
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Figure 12: +e wind rose diagram at Qinhuangdao. (a)+e relationship between PM2.5, (b) mass concentration, and wind speed and wind
direction in summer.
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Figure 13: +e wind rose diagram at Qinhuangdao. (a)+e relationship between PM2.5, (b) mass concentration, and wind speed and wind
direction in autumn.
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period below the breeze level 3 wind. Moderate or above
pollution is rare when the wind speed is more than 5m/s. In
winter, PM2.5 concentration is more serious in polluted
weather, mainly under the meteorological conditions of
northeast wind, southwest wind, and west wind. Figure 14(c)
shows that the concentration of PM10 in winter is also the
highest in the four seasons, and the distribution pattern is
similar to that of PM2.5.

From the above analysis, it can be seen that the moderate
and above pollution weather in Qinhuangdao mainly occurs
under the meteorological conditions of northeast wind,
southwest wind, and westerly wind. +e more westerly the
wind, the more serious the pollution. +e pollution levels in
the four seasons from heavy to light are sorted for the
winter> autumn> spring> summer; precipitation factors
are aside, from the perspective of the wind direction; it is
mainly due to the fact that the wind direction in Qin-
huangdao area is towards the west, which largely affects the
concentration of pollutants. In winter, during the heating
period, man-made emission sources increase, precipitation

decreases, and the dominant wind direction is towards the
west, so the pollutants are transported from the west and
gather. +e wind direction in autumn is mainly southwest
and west, and the concentration should be followed by the
wind direction.

3.4.5. Removal of PM2.5 and PM10 by DifferentWind Speeds.
According to the above analysis, we divide the wind di-
rection into four ranges: 22.5°–112.5°, 112.5°–202.5°,
202.5°–292.5°, and 292.5°–22.5° and studied the scavenging
effect of different wind speeds on PM2.5 and PM10 under
the four wind directions. As can be seen from Figure 15(a),
in Qinhuangdao, the concentration of PM2.5 is the highest
under west and southwest wind in all wind speed conditions
in the four wind direction ranges. Moreover, when the wind
speed increases to 2-3m/s, the concentration of PM2.5 in all
three wind directions except west wind and southwest wind
significantly decreases. Among them, the north wind and
northwest wind have the most obvious scavenging effect,
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while the west wind and southwest wind have the worst
scavenging effect. Moreover, with the increase of wind speed,
PM2.5 concentration increases.

Figure 15(b) shows the relationship between PM10
concentration and wind speed. +e four wind direction ranges
all continue to decrease as wind speed increases to 4m/s.
Northwest wind and north wind have the most obvious effect
on the removal of PM10 concentration. With the wind speed
greater than 4m/s, PM10 concentration under the conditions
of south wind southeast wind and east wind northeast begins to
rise, which should be due to the increase of wind speed, causing
dust on the ground, aggravating PM10 pollution.

4. Conclusion

(1) Precipitation has a certain wet scavenging effect on
PM2.5 and PM10, and the scavenging effect of
precipitation on PM10 is greater than that of PM2.5.
From the point of view of precipitation magnitude,
the precipitation above the moderate rain in Qin-
huangdao area is concentrated from May to Sep-
tember, while the light rain in winter often increases
the concentration of pollutants.

(2) +e change of PM2.5 before and after precipitation is
related to the initial concentration of PM2.5 before
precipitation, precipitation intensity, and precipita-
tion duration. When the initial concentration of
PM2.5 is less than 60 μg/m3 and the precipitation
intensity is greater than 5mm/h, the higher the
initial concentration of PM2.5 is, the greater the
removal of PM2.5 by precipitation will be. When the
initial PM2.5 concentration is more than 60 μg/m3

and the precipitation intensity is less than 5mm/h,
the PM2.5 concentration decreases after precipita-
tion. In other words, when the air quality is relatively
poor, the precipitation will remove pollutants; that is,
when the air quality is relatively poor, the precipi-
tation will play a role in scavenging pollutants.

(3) +e scavenging effect of precipitation on PM10 is
closely related to the initial concentration of PM10

before precipitation. When the initial concentration
is lower than 100 μg/m3, PM10 concentration in-
creases to a certain extent under different rain in-
tensity and precipitation duration, and the
concentration rebounds the most when the rain
intensity is less than 1mm/h; however, when the
initial concentration of PM10 is higher than
100 μg/m3, precipitation with different rainfall in-
tensity and time makes the PM10 concentration
decrease in varying degrees, and the higher the initial
concentration of PM10 is, the greater the clearing
amount of precipitation will be.

(4) +e moderate and above pollution weather in
Qinhuangdao mainly occurs under the meteoro-
logical conditions of northeast wind, southwest
wind, and westerly wind.+emore westerly the wind
is, the more serious the pollution will be, and, with
the increase of wind speed, PM2.5 concentration will
increase. North wind and northwest wind have the
most obvious scavenging effect on PM2.5 and Pm10.
In addition to west and southwest winds, when the
wind speed increases to 2m/s, PM2.5 and PM10
concentrations can be reduced. However, when the
wind speed is more than 4m/s, the PM10 concen-
tration under the south, southeast, east, and
northeast wind rebounds. As the wind speed in-
creases, dust is generated on the ground and PM10
pollution is aggravated.
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