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Characteristics of Chemical Compositions of Precipitation in Beijing
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(1. Beijing Municipal Environmental Monitoring Center, Beijing 100048 ,China; 2. Department of Environmental Engineering, Beijing
University of Chemical Technology, Beijing 100029, China)

Abstract : Characteristics of chemical compositions of precipitation in Beijing were analyzed. The average value of pH was 5. 19 from
2005 to 2009, showing stable characteristics of acidification with precipitation. The lowest annual average pH was 4. 87 in 2008 with
the highest acidification frequency of 42% and 23% in Chegongzhuang and Daxing districts respectively. The inorganic ion
concentrations declined in 5a, indicating an increasing improvement of air quality in Beijing. The concentrations of NH,” and NO, were
found to increase and contributed to the high nitrogen amount in precipitation. Different seasons have influence on composition
concentrations. Generally speaking, the ion concentrations in winter were higher that that in summer. SO;  was the main factor
responsible for the acidification of snow in winter, SO, and NO; had similar contributions to the acidification of precipitation in
summer. It was also found that the local pollutants of SO, ,NO, and NH; were major contributors to the acidification of precipitation in
Beijing area, local geological conditions and long-distance transfers have important effects on the neutralization of the precipitation.
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( Y (HI/T 4 a, ,2008
165-2004) 825 mm,2009 ,9a 610
mm.
2
2.1 pH
2005 ~ 2009 3 1 ( )3 pH
) 435  ( 2005 56 ,2006 79 pH .2005 ~2009 ,pH
2007 93,2008 114 2009 93 ). 5a , pH 5
R 6~9 a 5.19,pH
1 2005 ~2009 pH b
Table 1  Range of pH from 2005 to 2009 in Beijing
2005 2006 2007 2008 2009
pH 4.32~7.20 4.26 ~7.42 4.15~7.54 4.18 ~7.56 4.69 ~7.29
pH 5.17 6.18 5.11 4.87 5.64
/mm 388 611 751 825 478
1) pH 3
2 3 <O
3 N
2
Table 2 Distribution of acidification frequency in Beijing
2005 2006 2007 2008 2009
/mm 428 433 480 770 518
/ 20 28 33 43 35
/% 20 7.1 30 42 31
/mm 436 618 755 874 538
/ 23 25 35 43 36
/% 0.0 0.0 14 23 0.0
/mm 250 777 949 831 471
/ 13 26 27 28 22
/% 0.0 7.7 11 11 17
2.2 N N pH N 5 ( 6~9 )
1(b) 3 , pH
3 . .pH ,3~6 pH ,
3 9 pH ;
1(a) : , pH ,
; (1~ 2 ) )
3 \pH D ’ ’
Table 3 Correlations of precipitation, pH, conductivity, L4 . y y
acidification frequency in Beijing ( monthly volume-weighted average) pH .
pH 2005 2 3 1 . pH
1000 4.86, 33%.2006 1 2
pH -0. 154 1. 000
-0.595*  =0.070 1. 000 pH , 4.47 5.76,
0. 128 ~0.863** —0.042 1. 000 50% 20% ;2007 12 pH
1) # = (p<0.01) 4. 66 67% .
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Fig. 1 Monthly trends of precipitation, conductivity, pH, acidification frequency from 2005 to 2009 in Beijing
. S0, pH , NO; NH;
NO, SO;”  NO; N . N
, [5] ) , N
2.3 S0y Ca™
4 )
4 ;
4 /peq-L7!
Table 4  Comparison of average ionic composition of precipitation in other countries and districts/peq-T "
pH F- cl- NO;  SO¥  NHy Na* K* Mg?* Ca®*
(o] 2001 ~2002 4.81 — 125 33.4 115 12.8 75.2 57.4 99. 6 285
(71 2006 ~2007 6.91 142 67.3 112 75.4 131 85.2 93.1 165
(8] 1996 ~ 1998 4.7 37.8 46.7 19.3 32.6 19.3 3.8 10.9 26.2
0] 1987 ~ 1993 41.5 131 93.5 9.6 70.5
(10] 1989 ~ 1993 4.8 63.5 44.4 17.3  18.3 14. 1 3.1 13.6 16.0
( y 2000 ~2002 4.81 6.92 148 21.0 41.6 34.3 121 6.81 33.1
( y 2000 ~2001 4.50 7. 68 329 41.1 126 63.6 301 16.6 74.0 25.3
2005 ~2009 5.19 15.6 50.0 144 160 267 40. 1 22.4 32.7 167

5a 267 peq/L, 29.7%.

:NH,” >Ca’ >S0;” >NO; >Cl~ >Na® > Mg™ , 2 ,NH, ,
>K* >F, NH, . Ca™ | . 2005 ~ 2009 ,Ca*
S02° \NO; 21 NH, ;2008

, , Sa 15.6% ;S0;  NO;
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Fig.2 Trends of Volume-weighted ionic concentration and Percentage from 2005 to 2009
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2.5 Ca™ .NH;  Ca™ H*
5 363 ,2
H* [18]
b b H *
+ - 2- 2-
, H NO; SO, . S0; ,
NO; , SO;” \NO;  NH; (SPSS 16.0)
5 D
Table 5  Correlation Matrix of soluble species in Beijing
H* F- cl- NO; S0;” NH; Na* K* Mg?* Cat
H* 1. 000
F- -0. 065 1. 000
Cl- -0. 065 0. 867 1. 000
NO5 -0.033 0.779 0.767 1. 000
S0 -0.027 0. 899 0. 811 0.747 1. 000
NH, 0.023 0.673 0.711 0. 669 0. 677 1..000
Na* -0.085 0.578 0. 666 0.617 0. 508 0.355 1. 000
K* -0.047 0. 600 0. 803 0.522 0. 608 0. 664 0. 460 1. 000
Mg?* -0.076 0. 607 0. 697 0. 495 0.576 0. 504 0. 508 0. 686 1. 000
Ca™ -0.100 0.823 0.773 0. 652 0. 709 0.518 0. 584 0.512 0.578 1. 000
1) ; p<0.01; n=363(2005 )
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Table 6  Results from factor analysis for precipitation in Beijing
’
1 2 3
53.059% 22.310% 16. 960% .
H* -0.007 -0.014 -0.127 [1] . , ) [1].
F- 0.796 0.379 0.339 11997, 10(2) :1-6.
Cl _7 0. 690 0. 469 0.343 (2] , ’ ’
NO; 0.524 0. 830 0. 142
so- 0,953 0,275 0. 109 (1. . 2006,26(7) ; 1195-1202.
NH; 0. 609 0. 466 0.031 [3] , : (1] ,
Na* 0.310 0. 552 0. 386 1997, 10(4) : 6-9.
K* 0. 559 0.310 0. 165 [4] Arsene C, Olariu R 10, Mihalopoulos N. Chemical composition
Mg** 0.510 0.264 0.316 of rainwater in the northeastern Romania, lasi region (2003-
Ca® 0.575 0. 283 0.763 2006) [J]. Atmospheric Environment, 2007, 41 ; 9452-9467.
1) , [5] Okay C, Akkoyunlu B O, Tayan ¢ M. Composition of wet
deposition in Kaynarca, Turkey [ J]. Environmental Pollution,
2.6 2002, 118:401-410.
, [ 6] Basak B, Alagha O. The chemical composition of rainwater over
2007 , Biiyiikgekmece Lake, Istanbul [ J]. Atmospheric Research,
2004, 71:275-288.
’ [ 7] Al-Khashman O A. Chemical characteristics of rainwater
’ ’ collected at a western site of Jordan [ J]. Atmospheric Research,
’ 2009, 91:53-61.
[8] Lee B K, Hong S H, Lee D S. Chemical composition of
N , precipitation and wet deposition of major ions on the Korean
N , peninsulal[ J]. Atmospheric Environment, 2000, 34 563-575.
NH* N [ 9] Baez AP, Belmont R D, Padilla H G. Chemical composition of
4 ’ precipitation at two sampling sites in Mexico: A 7-year study
’ [J]. Atmospheric Environment, 1997, 31; 915-925.
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