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ABSTRACT

Number concentration and size distribution of atmospheric aerosols were measured in Beijing by an op-
tical particle counter. The relationship between aerosol size distribution and relative humidity is discussed.
The results show that the size distribution, diurnal variation, daily variation of atmospheric aerosols have a
good relation to relative humidity and Richardson number.
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1. Introduction

Atmospheric aerosols play an important role in the radiative energy balance of the
earth—atmospheric system. The effects of aerosols on climate depend on their concentrations,
size distribution and chemical composition (Wang, 2000). Atmospheric aerosols influence
climate in two ways, direct and indirect, They can scatter and absorb solar radiation, thereby
directly changing the planetary radiation budget. In the whole, aerosols, especially soluble
aerosols can modify the microphysics and optical properties of cloud by acting as ¢loud con-
densation nuclei {CCN) enhancing the reflectivity of low—level water clouds, and can also al-
ter the development of precipitation by influencing the mean cloud drop size and affecting
cloud lifetime and hydrological cycle, thereby indirectly affect global climate. Taken altogeth-
er, the estimated combined effects of atmospheric aerosols on the earth radiation budget to-
day may be comparable in magnitude, but opposite in sign to those caused by greenhouse
gases. Aerosols play an important role in radiative forcing and environment. Aerosol is also
one of the major pollutants in big cities (Zhao and Wang, 1991). Long time chronic to high
concentration of particle pollutants may do harm to humans, animals, vegetation, and build-
ings. Aerosols often originate from the ground, and their concentrations have a good rela-
tionship with meteorological condition, In the past, the size distributions of aerosols in Bei}
ing were investigated (Wang et al,, 1984, You et al,, 1983, Zhou et al, 1983). At present, peo-
ple pay much attention to atmospheric particles, while the mechanism about the formation,
transformation, removal of urban aerosols is still not very clear. It is important to have a bet-
ter understanding on the aerosol concentration, size distribution and their relationship to me-
teorological condition,

From February to May 1999, the size distributions of aerosols were observed
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continuously for about 30 days at the yard of 325m meteorclogical tower in the north suburb
of Beijing by an optical particle counter, With synchronous meteorological data, the varia-
lions number concentration, size distribution of atmospheric aerosols and their relationship
to the relative humidity and meteorological conditions are investigated and analyzed based on
the measurement in this experiment. The variations of atmospheric aerosol concentration and
size distribution near surface in relation to relative humidity and Richardson number are dis-
cussed on the basis of the above measurement.

2. The observation site and instruments

The experiment site is located on the top of a two floor building, which is to the east and
50 m far away from the 325 m Meteorological Tower (116°22°E, 39°58’N), outside the North
Shanhuan Road in Beijing. It is about 6 meters high above the ground. The BCJ—I1 optical
particle counter made in Suzhou, was used to measure atmospheric aerosol concentration and
size distribution, This counter has 6 channel, and its nominal ranges of aero—dynamic diame-
ter is as follows: 0.3~ 0.5, 0.5~ 0.7, 0.7~ 1.0, 1.0~ 2.0, 20~ 5,0 and >5.0um. The airflow
rate is 5.66L per 2 minutes, About 30 days continuous data of aerosol size concentrations
were collected on March 1-23, April 5-}1 and April 26—-28, The meteorological dala in-
cluding wind speed, wind direction, temperature and relative humidity were obtained at the
different levels 8, 15, 32, 47, 63, 80 and 102 m at the Meteorological Tower,

3. Results and analysis
3.1 Variation of grmaspheric aerosol concentration

The observed size distributicns of number concentrations of atmospheric aerosols show a
single—peak mode and the peak values appear at 0,5~ 0,7um. The maximum and minimum
concentrations (obtained on March 13 and April 27, respectively) ate shown in Fig, 1. The
day of March 13 was cloudy and day—averaged relative humidity was 81%, while the day of
April 27 was clear and the day—averaged relative humidity was only 36%. The aerosol num-
ber concentrations have considerable diurnal variation, The concentration of fine particles
(D< 1.0ym) varies distinctly and the maximum can be more than 10 times; but the
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Fig. 1. The size distribution of number concentration of aerosol,



No. 2 Zhang Renjian, Wang Mingxing and Fu Jianzhong 227

concentrations of big particles (D> 1,0pm) have small difference. This means that number
concentrations have a good relationship to relative humidity, which will be discussed below,

3.2 Aerosol size distribution

Figure 2 gives the change of size distribution of aerosols number concentration with dif-
ferent relative humidity. With the increase of the relative humidity, the number concentration
of fine particles increased when relative humidity was less than 75%, and decreased when rel-
ative humidity is higher than 75%. As an important physical-chemistry process in the field of
atmospheric chemistry, gas—to—particle conversion plays an important role in forming
aerosol particles, The increase of relative humidity will be beneficial to forming the fine parti-
cles (Wang, 1982), This suggests that the gas—to—patrticle conversion is one of the important
sources of fine particles in high relative humidity, But the number of fine particles will de-
crease when the air humidity is too high, a large amount of fine particles will coagulate and
convert to coarse particles and descend to the ground.

3.3 The relationship between the daily variation of number concentrarion and relative humidity

Concentrations of atmospheric aerosols have a good relation to the weather condition,
The 30—day profiles obtained show that the number concentrations of aimospheric aerosols
were high in cloudy days and low in clear days. In quality, the concentrations of atmospheric
aerosols changed with the variation of relative humidity. In the situation of fairly low relative
humidity, the aerosol particle concentration shows positive correlation to relative humidity.
Fig. 3a gives the relationship between the aerosol particle concentration and the daily varia-
tion of relative humidity {the day—averaged relative humidity RH =39%) from 6 p.m., April
26 1o 6 p.m,, April 28, The correlation coefficient between number concentration and relative
humidity was 0,65, When relative humidity is quite high (RH =81%), the number concentra-
tion and relative humidity have negative correlation and the correlation coefficient was —0.71
(Fig. 3b),

3.4 The relationship between daily variation of number cancentration and Richardson number

Number concentrations of aerosols have diurnal variation, In the cloudy weather, the
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Fig. 2. The aerosol particle size distribution at different relative humidity.
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Fig. 3, The aerosol number concentrations and relative—humidity.

number concentrations were rather high and the daily variation was not considerabie, while in
clear days, the aerosol number concentration shows obvious daily variation, Meanwhile, the
number concentrations are low in the daytime and high in the night time, Generally, aerosol
concentrations reach minimum in the afternoon and maximum at midnight, It agrees with the
past results (You et al,, 1983). The reason for such variation can be due to the change of tur-
bulence. In the daytime, atmospheric aerosols are easily transported upward because of the
strong turbulence, hence the concentrations are low in the near—ground—level. While in the
night time, turbulence is repressed and atmosphere near the ground level remains stable.
Therefore, aerosols originating from the ground are not very easily transported upward,
hence the concentrations are high near the ground, Here, the diurnal variations were studied
using the relationship between aerosol number concentration and Richardson number.
The atmospheric gradient Richardson number is defined as
a,
Ri 0. o (1)
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According 1o the potential temperature formula, the following equation can be given:
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where T, and T denote the dry adiabatic lapse rate and the temperature lapse rate,
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respectively, T ;= Eg_ = 0009 K/mI'=~ %"

P
According to the Richardson number criterion, when Ri< Re (typically within 0.2~
0.25), lamella stream is unstable and turbulence occurs; when Ri> Ry (=1.0), turbulence
turns into lamella stream, A series of gradient Richardson numbers have been calculated out
according to the meteorclogical data measured under 100 m level. When relative humidity is
less than 75% (clear or clear—to—cloudy weather), particle number concentrations are posi-
tively correlated to the Richardson numbers, and the coefficient is 0.65. Typically,

Richardson numbers are more than 0.2 at night when air laminar flow is stable, fine particles
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originating from the surface cannot be dispersed upward quickly, hence there are high con-
centrations. But Richardson numbers are generally less than 0.2 in the daytime (especially at
noon, this nomber is negative) when turbulence occurs near the ground and acts strongly.
Therefore, the number concentrations of aerosols are low because of turbulent diffusion (Fig.
4a), When the relative humidity is higher than 75%, the calculated Richardson numbers are
over 0,25 and have relatively poor correlation to the number concentrations: the coefficient is
only —0.21 (Fig. 4b), Accordingly, turbulence will not grow up and atmosphere is stable,

4. Conclusions

The number concentrations and size distributions of aerosols are the key indexes for
studying the physical features of aerosol. By analyzing 30 days data of size distributions of
aerosol from this experiment, some results have been obtained as follows:

1) The number concentrations of acrosols show a large variation, For fine agrosols, the
proportion of number concentrations between the maximum and minimum can be even more
than 10,

2) The size distribution of aerosol number concentration shows a single peak mode, The
peak of distribution locates at 0.5~ 0.7 um and its concentrations have a closely relationship
to relative humidily. With the increase of relative humidity, the concentrations increased
when RH is less than 75%, and decreased when RH is higher than 75%.

3) The number concentrations of aerosols have evident diurnal variations and are closely
related to relative humidity. The number concentrations were low in the daytime and high in
the night time when relative humidity is smaller than 75%. they are positively correlated to
relative humidity and the coefficient is 0,65. When relative humidity is higher than 75%, the
aerosol number concentrations are negatively correlated to relative humidity and the
coefficient 1s —0.71.

4) The diurnal variation of number concentrations of atmospheric acrosol is related 1o
the atmospheric stability. When relative humidity is smaller than 75%, the particle number
concentrations are positively correlated to the Richardson number, the coefficient is 0,65,
When relative humidity is higher than 75%, and the number concentrations are pootly corre-
lated to the atmosphere stability.
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Fig. 4. The number concentrations of acrosol and Richardson number.
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