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Progress in the Studies of Prec1p1tat10n Chemistry_.in Ac1d Rain Areas of

Southwest China FEEA' iy &
ZHOU Xiao-de'?, XU Zhi-fang'*" , LIU Wen-]lng , WU Yao'?, ZHAO Tong , JIANG Hao'”? O 4
(1. Institute of Geology and Geophysics, Chmese Academy of Smences Beijing 100029 thma-' 2. Umversny of Chinese Academy of
SuenLes Bel]lng,. 100049 China) /8 4 "f. '_-_ ___a-"f Yy ¥ i - .

Abstract The pre(’lpltaflon data for nine_siteszin thb acId Jfain jarea of southwest Ch'lna were analyzed. The data includled pH and the"‘fl
concentrations Qf*mdjor ions (Cl~ SOi' , NOJ, Ca’* NH; , Mg** ) K*, afid lYa ) 1 O2 7 and NO,; were the“main anions,

whereas Ca®* and NH; were the main cations ..i'fi tﬁe prgbipitation. The concentrationts of acidic ions, alkaline ions, and total ions in
this area were significantly higher than those reportedin southeast' China, but much/lower than those in northern China. About 58% of
the tﬁal ptempllatlon has ampH value ranging from 4. 5 to 5 6. Acgordlng to the correlation of acidic and alkaline ions as well as the
results of the néfitralization factor, the rainwater in thls area Has been neutralized. Ca’* and NH," are the dominant neutralization
substances/in rainwatér. Comparisons of pH and the main ion components with other areas showed that rainfall neutralization in this area
was stronger than that in southeast China but poorer than that in northern China. Calculation of enrichment factors for rainwater

2+

components relative to soil and seawater indicated that Ca’* and Mg’* mainly originated from terrestrial sources and SO~ and NO;

were mostly attributed to the anthropogenic activities in this area. In addition, approximately 99. 7% of Ca>* and 84.0% of Mg’ " were
attributed to terrestrial sources and were closely related to the widespread distribution of carbonate rocks in the southwest of China.

Key words :acid rain area of southwest China; precipitation; pH; neutralization; ions source
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Table 1  Chemical composition of wet precipitation at different sites in the acid rain area of the southwest China/peq-L ™"
b pH S0%- NO; cl- NH, Ca®* Mg?* Na* K*
ez [14] 5.4 281.2 69.9 54.5 30. 8 303.2 17.0 21. 4 20.3
g 2118 5.5 40. 6 3.1 5.2 30.3 21.1 3.1 2.4 3.6
&l 4.6 210.9 43.2 40.3 386.6 103.6 6.6 69. 8 15.2
BEBE 20 4.5 198.0 48.2 21.2 — 114.0 26.0 4.0 11.0
e 4.9 237.8 39.6 9.8 77.0 217.6 18.6 1.8 11.1
AR 4.4 431.5 30. 4 42.3 250.7 192.0 33.2 22.6 20. 8
S22 5.1 212.8 156.2 8.9 150.5 196. 6 16.2 1.4 6.6
M2z (23] 4.0 212.3 84.4 37.5 203.7 98.4 13.2 24.2 30. 1
FEpR(24] 5.0 126.6 38.8 20. 4 71.6 83.0 9.4 13.4 5.9
[rRANGSl 6.1 32.6 3.6 11.6 11.4 50.2 7.7 2.5 —
L 125 4.8 448.2 47.1 52.9 170.0 358.6 43.5 24.4 —
S 4.9 221.1 51.3 27.7 138.3 158.0 17.7 17. 1 13.8
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W Fig. 2 Frequen(,y distribution of the pH values ofArﬁdeter samples from southwest China, Beijing, Xi’an, and Jinhua
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Fig. 3 Chemical composition of rainwater in the acid

rain area of southwest China
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Table 2 Ratios of SO~ and NO; in rainwater in typical samples from the acid rain avea of southwest Ching=-+" "-.:. i -
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5 wE W 2 Wk BE W % e Wi gl /il
— A
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I ' 7 )~ &
o { o * V] . "y
. o s J
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1.0 NHy*

E4 FEEBRMXWKE. BEF=RE

Fig. 4 Ternary diagram showing the composition cations and anions
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Table 3 Comparison of the pH values and major ion concentrations in southwest China with other sites in China/peq-L ™!

i, pH S0;~ NO; cl- NH, Ca®* Mg?* Na* K* ST
P i i X 4.9 221.1 51.3 27.7 138.3 158.0 17.7 17.1 13.8 645.0
g 4.5 200. 0 49. 8 58.3 80.7 204.0 29.6 50. 1 14.9 687. 4
4x480%0] 4.5 95.2 31.2 8.5 81.1 47.9 3.5 6.3 4.7 278. 4
I 22 131] 4.3 80.7 44.6 10.9 63.2 711 46.0 10.3 8.9 335.7
Ty 2] 4.6 178.0 10.3 14.1 38.2 189.0 5.7 3.1 3.3 417
JE 03 4.6 62.5 22.1 23.7 37.7 42.9 9.9 | 861 3.6 F__;}38.5_P
T (34] 4.5 202.0 52.0 21. 0. 66.0 131.0 9.0 18.0 9.0 L 508.0
Je gzl 5.1 315.8 109. 0 104.0 =L 185.6 607.2 Mola ™ 250 17.7 A 404:6,
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NF( Ca2th), 0. 86 0. 46 0748 | 0.78 0.53 [0:42 % 0.33 0. 50 0.72
NEGNH,) 0.09 — L0.69 | . 0.28 7 =004 0.54 0.69 == 0.43 0.34
NF(Mg?* ). ' 40.05 0.11 007 Ao (e 0.04 0.07 0.04 0. 06 0. 09
NE(K* ) 0. 06, 0. 04 0.08 0.04 0.02 0.05 0.1 0.04 —
NF(Na") 0. 06 0.02 0.05 0.01 0.004 0. 05 0.08 0.08 0.05
8 700
630 N —
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Fig. 5 Variations in the pH values and VWM concentrations
of the major anions in the rainwater from Southwest Ele6 PRBRMXEBREST. FMEFHEXE

China and other areas of China
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Fig. 6 Correlation coefficients between the sum of anions
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, Mg?*, NH," ) for samples from southwest China
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Table 5 Spearman correlation matrix for rainwater from the acid rain area of southwest China

pH cl- NO;y S03~ NH, Ca®* Mg * K* Na*

pH 1

Cl- 0.22%" 1

NO; 0.08 0.40%" 1
S03- 0.09 0.66** 0.72** 1

NH; 0.03 0.32** 0.85"" 0.72*" 1

Ca?* 0.20 " 0.61** 0.78** 0.93%* 0.70* * 1
Mg>* 0.15 0.54%" 0.70** 0.94"" 0.66"" 0.95*" 1

K* 0.08 0.90 "~ 0.37"" 0.65"" 0.36"" 0.58"* 0.54*~ 1

Na* 0.25** 0.95"* 0.24"" 0.53** 0.14 0.46** 0.41*~ 0.79** 1

1) # s F/RTE 0. 01 AR 1 BEMIE, * FaRTE 0. 05 /K- (UM I 8

e
!

2.3.2 B TRBE B Wi NO; E’JJI_%SE/J‘? “\gl*/
BT (EFs) AT TR 7K H 88121 53 ik I FRIZK A A7y ﬁmmﬁiﬁ%ﬁ?@ﬁ %m
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F(EF ) % 103, BB L 1 P 3 V8 1L 75 4k SV, SO HINO; JLT43k AT A hHE. e
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AT SR SO Y P R R oo s oot Mgt | K* 80k 1 T B
M, A3 108 F1 179, A SO~ Ay TR AL A Y 99.7% 1y Ca®* Al 84. 0% 19 M hy b U5 5 1k
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Table 6  Comparisons of seawater ratios and soil ratios with rainwater components

S, X hl R T K g XyNa Ok B
LA, e X/Cht R H TSR
ﬁﬁ&mi,%m§6ﬁﬁ(ﬂﬁﬁ?f¢%%

WH Cl~/Na* S0~ /Na* NO; /Na* K*/Na* Mg+ /Na*
K 1. 16 0.12 0. 000 02 0.022 0.23
K E L NF 1. 40 108 150 000 36.7 4.50
T H K*/Ca?* Mg?* /Ca®* Cl~/Ca2* S03~ /Ca®* NO; /Ca®*
45 0.26 0.94 0.0017 0.007 8 0. 000 68

THEEENT 0. 34 0.12 103 179 477




4444 E7

il

2% 38 %

F7 EREBRNRASKEAKPESFREREANTHKEAR %
Table 7 Source contributions for different ions in rainwater

from the acid rain area of southwest China/%

NSFF

gl SSF o F
S03- 0.7 1.4 97.9
NO; — 0.7 99.3
cl- 54.5 1.9 43.6
Ca®* 0.3 99.7
Mg 16.0 84.0

K* 2.0 98.0
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