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Abstract: To explore the chemical characteristics and the causes of acid rain 90 rain samples were collected from Mar. 2010 to Feb. 2011 in Tiantong
region Zhejiang Province and measured by ion chromatography. The results showed that mean pH in precipitation was 4. 37 and the acid rain frequency
was 97% over the year. The ion concentration followed by the order of S0~ >NH, > NO; >Cl~ > Ca?* > Na* > Mg?* > K* >F~. There was a
pronounced seasonal pattern for pH and ion concentration in precipitation much more serious pollution in winter and spring than in summer and autumn.
Equivalence ratio of SO3~ to NO; was 1.9 indicating that acid rain was dominated by sulfuric — nitric mixed type. Anthropogenic sources contributed
most of SO3~  NH; NO; and part of Ca?*  sea salt was responsible for the presence of Na* Cl~ and the most amount of Mg** and K* and the
most fraction of Ca?* came from crust. Sea salts posed significant effect on ion concentrations but little effect on acidity in precipitation. The correlation
coefficients of NH; to SO3~ (r=0.90) and to NO;y (r=0.88) were significantly higher than that of Ca’* to SO}~ (r=0.67) and to NO5 ( r=0.73)
suggesting that NH," can neutralize more significantly the rain acidity than Ca®*. This could be further confirmed by 1.47 of equivalence ratio of NH,’ to
Ca?* . Different from other cities alkaline ions especially Ca?*  was lower in the precipitation of Tiantong region resulting in relatively high rain
acidity.
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Fig. 1 Frequency distribution of pH measured in Tiantong
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19.8% . NH,' Ca’"
(p<0.01)
1 pH
1 pH .
Table I pH rainfall and the volume-weighted mean concentrations of ions of the precipitation in Tiantong
(2010.3—5) (2010.6—8) (2010.9—11) (2010.12—2011.2)
F- 4.1 0.2 0.9 1.1 1.9
NO; 47.2 21.8 32.5 69.9 38.7
S0%- 92.1 42.8 66.2 105.2 72.6
cl- 28.7 22.8 26.4 65.7 31.0
Ca®* 30.0 28.9 21.9 59.9 31.5
NH, 57.3 29.0 33.4 79.4 46.2
Mg?* 7.4 8.9 7.9 19.6 9.3
Na* 17.0 16.2 28.5 50. 4 22.4
K* 10.4 3.9 5.8 6.7 7.0
H* 62.3 15.3 33.8 69.8 4.5
>+ 184.4 102.2 131.3 285.8 158.9
> - 172.1 87.6 126.0 241.9 144.2
S+/Y - 1.07 1.17 1.04 1.18 1.10
pH 4.21 4.82 4.47 4.16 4.37
37 28 13 12 —
/mm 456.2 394.8 207.5 130.2 —
peqeL !,
3.3 NO; (r=0.73)
N ( NH,), SO, NH, NO, CaSO,
2 pH Ca( NO;) , .NH, H'(r=0.70)
.80;”  NO; (r=0.89) Ca®*  H'(r=0.45) NH,
- Ca’*. H* SO;” .NOj .
( Saxena NH,'
et al. 1996) . NH;  SO; (r=0.90) .NO; (r =
0. 88) Ca** SO; (r=0.67) .
2 (n=90)
Table 2 Correlation coefficients for major ions of the precipitation in Tiantong ( n =90)
803~ NO; NH,f Cl- Na* F- Mg** Ca’* K*
803~ 1
NO; 0.89** 1
NH,' 0.90** 0.88** 1
cl- 0.56** 0.62** 0.50** 1
Na* 0.50** 0.57** 0.41* 0.96 ** 1
F- 0.58** 0.43** 0.46** 0.40** 0.37** 1
Mg?* 0.62** 0.67** 0.51* 0.90 ** 0.93** 0.42** 1
Ca* 0.67** 0.73** 0.58** 0.75** 0.76** 0.48** 0.89** 1
K* 0.27" 0.22" 0.24" 0.417* 0.29** 0.17 0.26" 0.14 1
H* 0.81** 0.80** 0.70** 0.56** 0.50** 0.49** 0.517** 0.45** 0.15
s p<0.05 * % p=<0.01.
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3 (n=90)
( 3). Table 3 Principle component analysis of the major ions of the
3 38.9% .35. 5% precipitation in Tiantong ( n =90)
10. 9% 85.3%. SO; ™ . — l ’ :
s0? 0.92 0.30 0.11
NH;" \NO; H* Ca’* NH, 0.90 0.21 0.11
SO;”\NO;  NH, NO;S 0.85 0.40 0.04
. H* 0.83 0.26 0. 04
Ca* F- 0.58 0.25 0.06
; Na® . Mg>* . Cl- Mg?* 0.35 0.92 0.07
Cat Na* 0.24 0.93 0.15
- Na* Ca* Mg c1; 0.31 0.87 0.28
Ca’* 0.45 0.79 -0.08
; K* 0.12 0.15 0.97
K* 3 38.9% 35.5% 10.9%
4 ( Discussion)
4.1 N 14.1%
21.5% (4.0% 7.8%) ( Li et al.
2010) (2.0% 5.3%) ( 2003)
4 Cl- (1.3% 4.7%) ( Aas et al. 2007)
84. 1% Cl™ ; Mg™" .
55.0%. 2. 3 (SO;\NO; NH, .Ca’")
Na®.Cl~ Mg** ( <10%)
Na®™ Cl°
4
Table 4 Marine contribution to the composition of precipitation in Tiantong and enrichment factors ( EF) of major ions with respect to seawater
cl- Mg?* F- K* Ca®* S0%- NO;
84.1% 55.0% 0.2% 7.0% 3.1% 3.7% 0.001%
EF 1.2 1.8 551.9 14.3 31.9 26.9 86322
( 2008) .
4.2
303.1
peqel ™! (916.0 ( Huang et al. 2009) .
peqe L") ( 2004 ) . (882.2
peqeL™") ( 2001)
(918.4 peq-L™")( 2003)
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SO;” / NO; pH ApH
SO;”~ NO; ApH 2
( 2010) . SO~/ ~3
NO; 1.9 (3.0) . ( ) 0.47 0.45.
(3.0) . (8.1) . (4.0) . (3.9) . NH;  Ca*”
(2.8) ( 5)
(0.80) (Tto et al. 2002) NH;
NO; ( 2006) .
(
( ( 2006)
+ 2+
) 2010) . NH, . Ca
pH ( 1994)
S0;~
NO; CaZ+ NH4+ ( . (4 15 ppm) > ( 2.43
1997) . (NH; +Ca®*) /( SO~ +NO;) ppm) > (0.13 ppm) > (0.06 ppm) (
1990) .
pH ( ApH) )
( Huang et al. 0%
2009) . SO;~ NO, )
NH; Gt H pH Cim
pH ( Galloway et al. 1987; Larssen Ca™" /( 30} +2NO3 ) >
et al.  2000) NH,"/(50,” + NO;)
. 5 ApH
(NH, + Ca’") /(SO;” +NO;) X
(r=0.90 p<0.01) pH Ca
(NH, + Ca’") /(SO;” +NO;)
5 (peq-L~") pH
Table 5 Comparison of ion composition ( weqeL.™!) pH and the buffering capacity of precipitation in China
/( peqeL.7h) Ca®* +NH; N 2
si- N0, car NHp S0 +no; MM pH ApH
2001—2003 248.9  84.1 191.2 234 1.28 6.01 3.37 2.64 2004
1999 279.2  46.3  227.5 188.9 1.28 6.41 3.38 3.03 2001
2002 338 41.8  285.5 138.3 1.12 4.89 3.36 1.53 2003
2005 199.6 49.8 204.0 80.7 1.14 4.49 3.50 0.99  Huang et al. 2008
2007 80.7 44.6 57.2  52.4 0.87 4.25 3.78 0.47 Lietal 2010
2010 72.6  38.7 31.5  46.2 0.70 4.37 3.92 0.45
2005—2006 202.2  51.8 130.6  66.2 0.77 4.49 3.64 0.85  Huang et al. 2009
2005 66.1 23.6 59.4  30.7 1.00 4.68 3.95 0.73 2008
1) pH H* +NH; + Ca®* ;2) ApH: pH pH
SO:” >NH,; > NO; > Ca**
5 ( Conclusions) N ¢ }
> Cl” > Na* > Mg’ > K" >F~ .
1) 144.2 peqeL™"  158.9
97% pH 4.37 peqeL”!
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