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Geochemical Character of Precipitation in Summer of Shanghai 2008-2009
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Abstract; The chemical compositions of the rainwater collected in Shanghai in Summer of 2008-2009 were investigated. The chemical
character and pollutant source of rainwater were evaluated depended on HYSPLIT model, ions tracer techniques, correlation and
principal component analysis. The results showed that; (D) the mean pH in rain was 4. 72 and 4. 68 ; @ the frequency of acid rain was
53.30% and 63.30% , respectively, in 2008 and 2009 ; 3 ionic concentration was SO}~ > NH," > NO; >ClI™ > Ca’" >Na® >Mg*"
>K", in which the secondary components like SO:~ NO, and NH, contributed significantly to total ions of rainwater and they
accounted for 55.01% and 65.97% of total ions in 2008 and 2009, respectively, which indicate the severe secondary pollution in
Shanghai; @ the ratio of SO}~ to NO; in Summer precipitation in 2008 and 2009 was 3. 19 and 2. 13, respectively, which implies
sulfuric-nitrous mixed type of precipitation; (B the content of DOC varied from 1. 36 mg/L to 10. 69 mg/L and average value was 2. 44
mg/L in rainwater; 6 SOj’ and NO; were mainly in the form of (NH, ),S0, and NH,NO,, which showed the dominant neutralization
effect of NH,” over Ca’* in Summer. Source identification indicated that SO; , NH, , NO; , K" and most Ca®* derived from
anthropogenic sources, while Mg’ " and C1~ derived from both marine and non-marine but non-marine was over marine. The chemistry
of precipitation in Shanghai was impacted by local pollutants and the long-and moderate-range transport by Southwest monsoon according
to backward trajectory analysis.

Key words: precipitation; chemical character; acid rain; source; backward trajectory; Shanghai
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Table 1 Tonic concentration of precipitation in Shanghai in Summer of 2008-2009 and comparison with 20042005/ weq- L~

o 2008 4 2009 4 2009 AR 2009 A 2004 4 2005 4%
H K HBREK CES HZEHRFEK e G S SRR
H* 19.10 20. 90 42.70 3.90 12. 00 32.40
NH,' 66. 40 97. 90 167. 80 39. 00 120. 60 80. 70
Ca’* 50.70 39.30 39. 50 28.90 120. 00 204. 00
Na* 12. 40 11.30 10. 20 25.20 43. 40 50. 10
Mg** 8.30 9. 60 7. 60 9.30 22.10 29. 60
K* 3.70 4.50 5.50 2.40 12.20 14.90
FH & 7 S0 160. 60 183. 50 273. 30 108. 70 330. 30 411.70
S03 - 83.20 102. 50 132. 80 72.10 145. 40 199. 60
NO; 26. 10 48.10 69. 70 16. 80 39. 00 49. 80
cl- 49. 50 42. 60 36. 40 63. 30 43. 40 58. 30
B8+ S 158. 80 193.20 238.90 152.20 227. 80 307. 70
R BA 25 - A 319. 40 376. 70 512.20 260. 90 558.10 719. 40
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Table 2 SO;~ /NO; , (Ca®* + NH, )/(SO;~ +NO; ) values of the precipitation from1997 to 2007 in Shanghai

SH A
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
S0;~ /NO; 7.42 7.10 6. 44 5.30 6.24 4.74 4. 64 3.72 4.01 3.75 3.33
(Ca®* +NH, )/(S03~ +NO; ) 0.89 0.90 0. 86 1.11 1. 00 1.27 1.20 1.33 1.15 1.03 0.87

2.3.2 pH{H5 DOC %%
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Fig.2  Correlation of DOC concentration and pH value( <5.60)

in precipitation samples collected in Summer of Shanghai 2009
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£3 2008 ~2009 £ EEHEFEASEAPEEEFHS pH EMBEKEHEEIN(n=48)"

Table 3  Correlation coefficients for major ions, pH value and rainfall in Summer of Shanghai 2008-2009 (n =48)

pH cl- NO; S0;~ Na* NH, K* Mg * Ca®*
pH 1 0.33" 0.17 0.19 0.27 0.18 0.29 0.27 0.51"~
Cl- 1 0.38"" 0.37"" 0.69" " 0.43"" 0.46" " 0.54"" 0.32 =
NOy 1 0.69"" 0.10 0.58" " 0.66 " " 0.50" " 0.57" "
S02- 1 0.37%* 0.81%* 0.74%* 0.72%* 0.72%*
Na ™ 1 0.25 0.46" " 0.70" " 0.27""
NH," 1 0.75*" 0.54"" 0.66""
K* 1 0.71"" 0.74™
Mg®* 1 0.66" "
Calt 1
Bk -0.41"" -0.427" -0.36 * -0.46""  -0.36 % -0.43"*  -0.47"*  -0.46"" -0.52""

1) % % 478 p <0.01, * 475 p <0. 05, HANRELE p <0.05 K FFRRE

i ERAT, mE 4 AL EH T R T
R T AT LA g 2 7 25169 79.84% 5 I 7 1 o,
SO K™ NH, \NO, 20 %w, Ca® " 2 45, 7]
DI W T T £% 3 A IR, 3 38 W1 B 2 j K
SO;” \K' NH, \NO, FERET T ME K4 R
SCHEROR A M IR 45 L Ca® " B B SR U T Tk 2R A
AR F T I b Na® 80 i 5, C1-  Mg™ " 3%
o T 5 T LU DR T AR SR PR, X B T
K Na® JLF2 kI T e, C1-  Mg™ ™ 3843 I8
TUERPE ;R T I op Ca 4R AT 42, T LLHI T R T 1
PR 72U, X BT B B K op Gt 4% ok T T R
7 32 R s 4 2

R 28 W K Ly B T R SRR Y TR, KR K
HBS T 2H 43 A S R YRR AR IR ST/ R

&4 2008 F502009 FEFHEKFEFERS D (n=48)

Table 4  Principle component analysis of the major ions in Summer

of Shanghai 2008-2009 (n =48)

R HF 1 HF I K10
803~ 0.81 0.38 0. 10
K* 0. 80 0.35 0.24
NH, 0. 80 0.23 0. 14
NO; 0.77 0.05 0.09
Ca®* 0.65 0.16 0. 61
Na* 0.08 0.96 0. 06
cl- 0.31 0.77 0.12
Mg®* 0.48 0.71 0.20
WA E % 40. 41 22.96 16. 47
S N R VR b 72 U5

TR 3 N T — 48 s b T B K
P B3 R IR AL, AS BT 52 300 32 T 45 7 B8 3 (IfE
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Cl™ Ca’" K* Mg’ 5 Na" fy He 45 5 3 2K i) He
B, B & 5 5, B PH X S8 88 - BR T IR IR A,
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Table 5 Comparison of SSF and NSSF of SO~ ,Cl~ ,Ca’* ,K* ,Mg’* ,NO; in Summer of Shanghai 2008-2009 (n =48)/%
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SSF 1.40 30. 80 1.30 5.50 26.70 0. 000 5
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Fig.3 Backward trajectory on June 30
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