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Abstract ; The precipitation has been coliected during the period of April 1998 1o March 1899 Irom rwo 1yp

ical forest sites in rhe city of Guangzhou. south China. The samples were analyzed for major element com-
pasitions (SO! « NO;  Cl7, Ca?" . Na~ . K™, Mg®*. NH; ). The total annual amout of precipitation is
1625mm during the monitoring period. pH values vary between 3.3 and 6. 3.with an average of 4. 15, The
frequency of acid rain(pH=<4. 5)is 80%;. The amount of acid rain represents about 95% of total precipita
tion.indicating the severe environmental status at Guangzhou. The rainwater has high roncentralions o
S0, NO. and Ca’” and shows a remarkabhble seasonal variation., with acid rain being more important 1
the spring and summer than in the autumn and winter,

The rainwater at Guangzhou shows a chemieal composiion similar to that in southwest China. The
high S0~ contents in precipitation from these two regions are largely related to coal combustion for the
purpose of clectricity generation and heating. Even if concentration of 30 in precipitation s high.pH of
precipitation is refatively high.probably due to the neutralization of base cations. Concentrations of Cu
and other base cations are indeed very high in the precipitation. The exact origin of (a 15 unclear at this
stage but could be derived from road dust.cenment factories and long-distance transported desert dust. Ma-

rine sources cannot he ignored for the precipitation chemistry at (ruangzhou.especially for Na™ and Cl .
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[t 1s interisting to note that the scasenal vanation in chemistry of preeipitation at Guangzhou is the re-
verse of what observed at Changqging (SW China ), where pH in rainwater heing lower in winter than in
summer. This may imply the different mechanism of generation of acid rain in two areas. In the SW China,
large cities are commanly stiuated along valleys. Limited air circulation in these regions 1s not {avorable for
the transpart and diffusion of the locally emitted 8O.. Conscquently.these pollutants tend 1o accumulate 1n
the lower atmospheric layer and enter the rainwater when precipitation 1s formed. This is supparted by sim-
tlar 8"'S between atmospheric SO, -acrosol and S{);-particles issued during coal combustion 1in SW China.
Therefore .the seasonal variation in precipitation chemistry in SW China may be directly related to the ex.
tent of local consumption of coal.which is greater in winter than in summer.

The source of pollutants from which acid rain develops at Guangzhou seems to be more complex. In
this area. 85 of atmospheric S0);-aerosol is significantly lower than(bhy about 12%.)that of SO.-particles
derived frum coal combustion. Therefure in addition to the locally produced pollutants related to coal con-
sumption.a source with low 8*'S is required in arder to account for the whole 8*S range of precipitation at
Guangzhou. Iu fact«the air ¢irculation 1n the Pearl Delta region is strang. l.ong-middle distance-transported
pollutants may also contribute in the formation of acid precipitation.

Ca®” contents in rainwater in winter and aurumn are significantly higher than in spring and summer.
This is particularly true for the Baiyunshan site. It is likely that high pH in precipitation in winter is due to

*in rainwater was mainly contribut-

the increasing neutralizing capacity of hase cations. Assurming that (a’
ed by alkaline dust.we attribute the seasonal variation in precipitation chemistry at (yuangzhou to seascnal
variation i weather and dry deposition. At Guangzhou, the majority of rainfall takes place m spring ind
summer and accounts for about 80% of annual precipitation, Soils are thus relatively wet and surface dusts
are nat easily incorporated into the air. Semi-continuous washing by rainfall also efficiently lowered the
contents of alkaline particles in the atmosphere, This lcads to the decrease in concentration ol basc cations
in rainwater and the lowering of acid neutralizing capacity. In contrast.a high neutralizing capacity s ex-
pected for the rainwater in winter, because of high abundance of alkaline dust in atmosphere under dry
weather.

The deposition rates for SO and NO, in Guangzhou arca arc 3200 eq/(hm® + a)) and 570 eq/(hm* »
a ). respectively. These values significantly exceed the critical deposition rates required to protect aguatic
and forest ecosystem,thus representing a major ccological concern.
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Table 1 Chemical composition of acid precipitation (peq/L)and annual deposition rates(eq/(hm® = a) Yol major ions al

Guangzhon

pH S0 NGy Cl- Alft Ca’™  NHy Mg!~ K+ Na H™ Sum{—1 Sumi(+)
£ = Ui B Baiyunshan-bottom ) -
HF 4,42 172.35 75.17 35.09 22.31 122,05 25.493 6.70 4.26 64.13 38.38 2&Z.61 283, 9¢
8F- .12 331.57 24.12 35.13  9.12 176.98 39.63 10,27 14.20 26,058 37.88 30.84 314010
WE 5.63  71.87 37.89 13.21  6.54 20h.47 25.8% 11,06 1245 28.67 2,37 122.77  58L. 44
F 8,43 B2.72 27.69 39.37 29.43 245.34 27.43 7.90  B8.82 14.33 0.37 149.98 33 62
FEHS 1.53 250,93 42.14 34.38 14.34 [60.35 32,71 8.57 5.87 30.58 29.51 327.65 284,93

W iipEE 1992 570 311 228 2551 320 136 157 B30 470

Bzt £ Baivunshan-top

E S 1,86 80.K7 14.01 34.97 15.41 59.2% 25.32 5.41 7.76 38.02 43,12 129.85 195.59

¥FEF 1,21 304.64 14.07 34.07 14.44 124.80 30.40 8.614 10.17 25,77 61.81 35278 276,03
o

B & J12 27.9% 30048 41,07 12.7% 221.21140.08 12.46 12,45 29,17 7,63 119.18 14i, 9§
2F f.37 K4.21 38,05 24.1% 2840 203.07 21.66 10.54 12.71 1918  0.43 145,41 285,90
H z (i B Baiyunshan-bottom

Ry .35 P0O0.02 1604 JE.EQ 15,26 103,36 28.23 .37 9.0B 29,96 40,74 240.86  2in.ub
N 3182 330 53K 213 1676 453 117 144 477 48

¥ Longdong

H#E 4.51 156.70 30.87 27.77 5.74 57.54 26.49 7.45  3.86  24.45 £3.67 215,34 {5440
¥ E 4.13 112.1% 29.82 27.32 19.00 47.23 29,44 3.89 4,44 19.83 73.61 16% 07 19741
o $.83 120077 24.14 32,12  7.683 9R. %6 46.20 7.850 16.08 41,45 14.8r 177.03 232,00
%3 f.54 117.30 23.43 16.62 25,90 115.54 16.15 6.32 G 1& 72,74 0.209 157,35 178,12
T ¥ 4.37 138.87 26.91 27.23 15.67 58.50 20.70 5.24 11.73 25,76 42.66 183.01 185.25
G 2306  G01 452 260 971  =0K &7 195 128 708

USpring: “Z2-Summer; 73 Autumn; DWinter: S Annual average; 4 Annual deposiuon rate
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