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Abstract: In 1999 aerosol samples were collected by cascade at Meteorological Tower in Beijing. The 12 group aerosol samples obtained were
analyzed using PIXE method, which resulled in 20 eletental concentrations and size distribution of elemental concentrations. From the
observation, the elemental concentrations, size distribution of elemental concentrations and their varations are analyzed. It shows that
concentrations of the most elements in aerasols increase greatly compared with those in the past except that the concentrations of ¥V, K, Sr, and
the source of aerosols has changed greatly in the past decade. Fine mode aerosols increase more rapidly in the past decade, which may be due
to the contribution of ceal combuslion and automebile exhanst. Ph content in aerosol is much higher than that at the beginning of 1980s, and has
a decreasing trend in recent years because of using non-leaded gasoline.
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Introduction

Aerosol plays an important role in radiative forcing and environment { Wang, 2000) . Aerosols are the
main pollution in north China, especially in urban areas because of human activities (7hao, 1991} .

The aerosol pollution in Beijing belonged to the type of coal combustion. As the number of automobile
increases sharply with the development of economy, air pollution in Beijing has become more and more
seriously. The “black pot” which often covers over Beijing in recent years especially in winter is neither
S0, from coal burning nor NOx from emission gas of automobiles, but is fine particles, a mixture of the
above mentioned two substances through physical and chemical mransformation. The fine particles, which
distribute {rom surface to 800 meters high not only has strong scattering effect on sunlight but also can bring
bacterium and virus which can be absorbed into the lung and do harm to human being directly. Se, il is
very imporlanl o invesligate the various elemental concentrations and particle size distnibutions of
atmospheric aerosols.

Al the beginning of 1980s, some research have been conducled on the chemical composition of
almospheric aerosol in Beijing ( Ren, 1982; Wang, 1990) with PIXE method, hut little research has heen
done since 1990s. With the progress of analysis technologies, individual particles of aerosol samples can be
analyzed now ( Wang, 1996a; 1996b; Zhang, 1996; 1998) . In this paper, through the 6d experiments in
February and March, 1999, the elemental concentrations of aerosols in Beijing and their change in recent

years are investigated and discussed.

1 Observation
1.1 Sampler

The aerosol samples were obtained using instrument of cascade with 8 level of <0.25, 0.25-0.5,
0.5-1,1-2,2-4,4-8, 8-16 and > 16 pum. Samples are taken al 47m high level of in the
Meteorological Tower during February 23 — 25, and at the top of a two-lloot building nearby (6m high)
during March 9 — 12 in the Instilute of Atmospheric Physics, Beijing. The observation time is from 8:30
a.m. to 5:30 p.m. in the daytime and 5:30 p.m. — 8:30 a.m. in the nighuime of the next day. The

flow rates at the beginning and the end of each sampling time were recorded, and the average of the two
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flow rates was used as the sample flow rate for the sample. In this study, 12 group samples for 6 days are
obtained .
1.2 Analysis of the samples

The collected samples were analyzed by PIXE in Beijing Normal University. The PIXE analyses were
carried out by using 2.5 MeV proton bombardments with a beam of 30 - 40 nA. Elemental concentrations
and particle size distribution for 20 elements were determined, which are Al, Si, P, 5, Cl, K, Ca, Ti,
V, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Br, Sr and Pb.
2 Result and discussion
2.1 Elemental concentration

Table 1 gives the elemental concenirations for 20 elements from the experiment. Total elemental
concentrations of most at 47m are higher than those al 6m, the elements are Al, Si, K, Ca, Ti, V, Cr,
Fe, Ni, Cu, As, Se, Br and Pb. The ratio of the value is between [ - 2.8. Concentrations of other

elements such as P, Cl, Mn, Zn and Sr, at 47m are lower than those at 6m. The difference is less than

10% .

Table 1 Elemental concentration of aerosol {ng/m’) in 1999

Fine mode Coarse made X
Total concentration
Flements 4Tm 6m Ratio { Cgnf Com ) 47m Hm Ratio ( Cipf Con? catio { Corn? Con)
1999.2 1999.3 1999 .2 1999.3
Al 3212.5 3386.5 0.95 10002.9 7922.7 1.26 V.17
Si 2883.3 24791 1.16 16492 .7 12127.5 1.36 1.33
P 495.5 515.1 0.96 686.0 678.0 1.01 0.99
5 2194.9 3594.8 0.61 1095.6 1741.0 (.63 0.62
Cl 1130.5 1060.0 1.07 462.4 684.8 0.68 0.91
K 956.7 633.3 1.51 1240.7 986.7 1.26 1.36
Ca 845.9 634.8 1.33 6816.7 6700.9 1.02 1.04
T 67.2 47.2 1.42 440.2 341.6 1.29 1.31
v 1.2 0.7 1.71 8.2 5.0 1.64 1.65
Cr 12.3 9.3 1.32 15.7 12.2 1.29 1.30
Mn 52.6 77.6 0.68 124.0 103.8 1.19 0.97
Fe 828.3 574.8 1.4 4378.0 3317.8 1.32 1.34
Ni 21.1 13.9 1.52 83.9 51.7 1.62 1.60
Cu 25.1 35.7 0.70 73.0 53.5 1.36 1.10
Zn 155.9 165.4 0.94 126.0 125.7 1.00 0.97
As 27.5 241 1.14 40,8 29.1 1.40 1.28
Se 13.4 5.6 2.39 26.5 9.0 2.94 2.73
Br 4.9 22.7 1.54 28.4 .0 2.58 1.88
Sr 5.9 8.2 0.72 46.4 49,5 0.94 0.91
Pb 117.6 143.0 0.82 122.4 62.5 1.96 1.17

Fig.1 gives the elemental concentrations of aerosol in 1983 and in 1999 . Except 5i, K, Ca, Ti, S5r
and V, all elemental concentrations increase in various extent.

Among the coarse-mode aerosols, Al now is 0.9 Himes higher than that in 1983, while elemental
concentrations of Si and Ti decrease. Concentration of As, which is the representalive elements of coal
combustion, is 3.8 times higher than that in 1983. This shows that the concentration of primary aerosols
have a descendent trend, while the concentration of secondary aerosols have the increasing trend, dust

removal arrangement does not offset the increase of aerosol emissions.
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Se, As and Cu are 3.6, 2.7, 3.7,
and 4.1 times respectively higher than those in 1983 . It shows that the {ine mode aerosel increases quickly
during the past decade, which may be due to the contribulion of increase of coal combustion and
automobile exhaust gas. In the present, the Pb concentration is about 1 times higher than that in 1983 but
is lower than that in 1987 (Wang, 1990). This shows that Pb concentration has decreased in Beijing
because of using clear gasoline recently . Presently, Pb in atmespheric aerosol maybe comes from local soil
dust or remains in gasoline tank, which need to be investigated . It is estimated that the Pb concentration in
aervsol in Beijing will conlinue to decrease in the [ollowing years.
2.2 Size distribution of elemental concentration

The size distribution of elemental concenlration can reflect the sources of aerosols to some extent. Fig.
2 shows size distribution of Al, which is the single-peak, the concentration reaches maxirum at 4 — 8 pm
which is in the range of coaise mode. It shows thai Al mainly comes from soil dust. The size disiribution of
Si, Ca, Ti, V, Fe and Ni are similar to Al. The concentrations of these elements al 47m are higher than
that in 6m. It shows that the sources may come from elevated sources, concentrations of pollution emitied
from chimneys at 30 — 40m altitude reach maximum at 40 — 50m, and are diffused to downwind with wind.
Fig.3 are the size distribution of Mn and As which have twe — peak appeared at 0.5-1 (or 0.25-0.5)
pm and 4 — 8 pm. The size distribution of K is similar to thal of Mn. The most of As is disiributed in [ine-
mode in 1983 (Wang, 1983) but in coamse mode now. Cu has two-peak distribution in 1983 ( Wang,
1986) but single-peak in 47m now, besides, its two-peak distribution in 6m is not distinct {Fig.4). Fig.
5 gives the size dislcibution of Pb, which is bi-made in 47m and single-peak in 6m. S, Zn and Br have the
similar distributions which means that they probably have the same sources.,

Fig.6 are the size distribution of S at 47m and concentrations at 6m with different relative humidity
during observed 3 days. The size distribution of S is bi-mode at 47m, but not bi-mode at 6m. The

concentration at 6m is higher than that in 47m. At 6m, the ¢lemental concentrations increase during the 3
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Fig.2 Elemental size distribution of Al and Sr
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The enrichment factors of elements in

aerosol are defined as:
EF = (cjc)hcicy . (1)

Where C, is the concentralion of

elements x, C, is a reference element, the subscript a refers to (hat in aerosol, while r to that in reference

malerial . Usually, Al, Si and Fe are chosen as reference malerial, but Si is selected as reference elemenl

to calculate the enrichment factors of elements in aerosol in Beijing relative lo crusled elements

( Winchester, 1981) . The enrichment factors of elements in aerosel in Beijing relalive to crusted elements

is also calculated using Si as reference material . The results are listed in Table 2.

Compared with those in 1983, enrichment factors of K

and Sr decrease a bit while that of V decreases

sharply. Enrichment factors of other elements increase distinctly. Enrichment factor of Cr in coarse mode
now is 39 times higher than that in 1983. Enrichment faclor of Ni in coarse mode now is 9 times higher

than that in 1983 and 13 times higher in fine mode. Enrichment factor of Al in fine mede now is abom 15

limes higher than that in 1983 . This shows that industry pollution sources have increased while natural dust

has decreased. Tt is because of the rapid increase of coal buming and automobiles due to the urbanization

in Beijing.
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3 Results Table 2 Enrichment factors in Beijing aerosol

From the research on Date 1999.2 19993 1983.1

elemental concentralion of aerosol Element  Fine mode Coarse mode Fine mode Coarse mude Fine mode (oarse mode

, i Al 3.76 2.05 4.61 2.20 0.22 1.24

in  Beijing, the following
i 5 805.25 70,26 1533.70  I51.84 409,31 61.70
conclusions are drawn: (1) In the cl 829.50 59.31 904 .48 119.45 185.88 42.50
past decade, fine mode aerosols K 3.5] 0.80 2.70 0.86 1.0 1.58
increase more rapidly, which may Ca 2.2t 3.1 1.93 4.16 1.69 152
be due to the contribution of coal T 1.46 1.67 1.19 1.76 .06 1.52
combustion and automobile exhaust v 0.85 Lot 0.58 0.84 3.56 4.22
Cr 11.73 2.62 10.32 2.77 10.39 0.06

as. So more attention should
& - shou he Mn 5.28 218 9.06 2.48 1.60 1.23

paid to small particles later. (2) Fo

1.58 1.46 1.28 1.50 0.53 .87

Elevated source is one of the main Ni 26 .84 18.65 20.56 15.63 1.95 1.08
sources of aerosol in Beijing. (3)  Cu 43.53 213 72.00 22.06 7.12 3.27
Concentration of Pb now is lower  “0 21244 30.01 262.11 40.72 95.02 9.38
. .30 . . . . 4]1.55

than that at the beglnnll’lg Of ]9905 As 1457.3 377.94 1485.19 366.59 281.26

b I . leaded Se 25563 .65 8837.08 12423 .86 4081 .63 668058 1312.65
eeause o usimng l-l(')ﬂ- cade Br 1331.60 189.41 1007.22 99 .77 283.92 83.03
gasoline, but is still higher than < 1.50 2 06 21 2 99 1.31 T
that in 1983, which may be due to Pb 86283 156.99  1220.20  109.02 391.44 42.03

resident Pb in soil dust and

gasoline tank . It shows that the control on air pollution is effective. (4) With administration on the boiler
reconstruction and using clear gasoline, the air condition is expected to be better, however, more research
should be conducted to understand the sources and to provide scientific policy for pollution control .
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