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Abstract To investigate the concentrations of organic acids in precipitation in China and their contributions to the total acidity of
precipitation samples were taken at 14 stations of regional representativeness in 2007 and analyzed for acetate and formate using ion
chromatography. In this paper data of acetate and formate in precipitation at 14 stations are presented wet depositions of these organic
acids are calculated and contributions of them to the total free acidity TFA  of precipitation are estimated. Based on the
measurements the mean concentrations of formate at different stations were in the range of 0. 96-3. 43 pmol/L and those of acetate in
the range of 0-5. 13 pumol/L  close to the levels at remote sites in other countries and at the lower ends of concentration ranges from
previous measurements in China. Comparisons indicate that the concentrations of the organic acids at remote sites are lower than those
at sites in the vicinity of urban areas. The annual wet depositions of formate and acetate were estimated to be in the ranges of 0. 38-
4.18 mmol/ m’- a and 0.06-5.87 mmol/ m>- a  respectively with larger depositions in southern China and smaller depositions
in northern China. The relative contributions of the two organic acids to the TFA of precipitation were estimated to be in the range of
0.02% -51. 6%  with an overall average of 2. 95% . This suggests that although acid rain in China is mainly caused by emissions of
sulfur and nitrogen oxides organic acids can significantly contribute to the acidification of precipitation in some regions and during
some periods hence need to be included in observational studies of acid rain.
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Table 1  Observation sites
N E /m
44°44" 127°36" 331
40°39" 117°07" 293
37922' 115°23" 274 20 mmol/L 1.2
35°39’ 111°22 434 ) ;
36018 100754 3810 mL/min 22.5 min 0.4
33°38’ 117°09’ 144 mmol/L 10. 6 mmol/L
30°18' 119°44" 139
29°35" 115°59" 1165
25°48" 113202 185 9 3
31°03’ 109°30° 607 16
29°31" 103°20' 3047 2
26°36" 107°59" 720 ’
24°16’ 116°06° 88 2%
21°30" 111°00" 118
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2
Table 2 Standard deviations detection limits and recoveries for different ions analyzed using the gradient elution ion chromatography
F- CH,CO00 ~ HCOO - cl- NO; 803~ NH,
/% 0.1 0.4 0.6 0.4 0.3 1.1 1.5
/pmol- L - 0. 093 0.127 0. 280 0.235 0. 102 0. 226 1.48
/% 99.6 107.7 103.7 92.9 99.8 94.5 106. 5
100 + 8 %
2
2.1 0.96 ~3.43 pmol/L
2007 1 14 0.00 ~5.13 pmol/L.
3 7
1315
590 213 3.43
44.9% 16.2% . pmol/L 3.6
0.18% ~1.37% 5.13 pmol/L
0.00% ~2.45% .
3 2007 14
Table 3 Observed precipitation-weighted annual mean concentrations of acetic and formic acids in precipitation at 14 sites in China in 2007
/pmol- L~ /pmol- L~
81 37 3 0.14 1.68
50 3 5 0.28 2.97
58 19 2 0.30 1.51
63 21 0 0. 00 1.77
99 17 9 0.82 0.96
72 20 13 2.00 1.68
97 73 21 1.03 3.43
121 66 20 0.97 1.61
99 73 22 2.23 3.25
96 47 26 3.14 3.18
165 59 23 1.01 2.44
127 76 20 1.82 2.47
107 42 6 0.58 1.13
80 37 43 5.13 1. 64
4 . 17
14 pmol/L 8.9 pmol/L.
2003

6

5.4 pmol/L 4.8 pmol/L

4.62 pmol/L  4.60 pmol/L "

2007 2

0.28 wmol/L  2.97 pmol/L
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100 km
2005 ~ 2006 99. 96
pmol/L  89.8 pmol/L 20 a 2004 ~2005
2 " 20 a 5.22 pmol/L  2.88 pmol/L "
2007 5.13
pmol/L  1.64 pmol/L
2
4
Table 4  Concentrations of formic and acetic acids observed in precipitation in different areas of the world
/wmol- L~
3 1981 ~ 1984 6.5 5.6
8 1996 ~ 1998 9.9 7.3
17 2000 17 8.9
19 1990 6.89 ~36.2 8.47 ~15.4
20 1991 5.67 2.91
10 2003 4.62 4.60
1" 2004 ~ 2005 5.22 2.88
218 1986 ~ 1989 4.57 ~13.2 8.89 ~50.6
2005 ~2006 4.44 ~99.96 10.2 ~89.8
6 1995 ~ 1996 5.4 4.8
2.8 3.0
4 ~
1996 ~997 12.7 15. 4
2! 1999 ~2000 1.5 1.5
3 2000 ~2001 3.77 4.8
2 1988 7.26 ~29.1 1.84~20.0
2 1996 ~2000 8.7 5.4
= 1995 ~2002 11.1 6
2 1994 ~2005 8.0 5.2
» 1983 18.7 7.58
2 1989 27.2 14. 4
1 3 mmol/ m®-
2.19 mmol/ m’: a
1
0.06 mmol/ m’- a
5.87 mmol/ m*: a
2.2 100
0.96 pmol/L
3.25 pmol/L
4
1053.7 mm
19
5.
5

2
mmol/ m™- a

0.38
4.74
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total free acidity TFA

11

A" = KM / K+ H
A~ M
pmol/L
H” pmol/L K
1.78 x 10 ~* mol/L
1.75 x 107 mol/L ™ . TFA
11
RN TFA =2 SO + NO; + CI° + A-
) )
y ‘ TFA % = A
( 100% /TFA 6.
—
1 pH 5.0~5.6
1 7
Fig. 1 Spatial distribution of the precipitation-weighted 6
annual mean concentrations of acetic and formic acids 6
0.02% ~51.6%
1% ~30% * 2.95%.
6.90% 0.70%
4%
28 29
7
2.3
5 2007
Table 5 Wet depositions of formate and acetate at different sites in 2007
/mm /mmol-  m*- a ! /mm /mmol-  m*- a !
174.3 0.72 7.0 0. 06
302. 1 1.39 12.3 0.13
164. 1 0.72 16. 1 0.13
196.9 1.02
55.9 0.38 23.3 0.33
372.0 1.96 228.0 2.33
784.0 4.18 150. 6 1.25
468.9 2.08 169. 1 1.26
1053.7 4.74 303.2 3.26
472.6 3.40 345.6 3.36
515.6 3.65 122.7 1.51
603.0 3.01 199.5 2.22
348.5 1.58 91.6 0. 81
380.7 1.87 492.0 5.87
2.19 1.61
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Table 6  Contributions of organics to TFA in rainwater at different sites

9.4% 5.2% *

4%

/% /% s
0.19 ~13.0 3.47 17.0%  20.0% -
0.17 ~4.61 1.28 50. 8%
0.06 ~7.90 1. 67 9
0.12 ~2.35 0.70 13.8%
0.74 ~13.7 4.54 66.3% " n
0.02 ~21.7 1. 64
0.09 ~7.23 1.25 5%
0.05 ~10.4 1.24 6.67%
0.21 ~47.1 6.90
0.28 ~51.6 5.06
0.03 ~12.1 1.47
0.30 ~8.76 2.51
0.35~35.0 6. 67
2.95
7 pH
Table 7 Statistics of the pH values in precipitation at different sites
pH <4.0 4.0< pH 4.5< pH 5.0 pH 5.6< pH pH
/ / <4.5/ <5.0/ <5.6/ <6.0/ >6.0/
72 2 17 14 10 12 17
44 8 6 9 3 2 16
58 4 6 7 11 8 22
59 13 11 8 13 3 11
81 0 0 0 1 1 79
72 1 9 8 12 7 35
97 68 22 4 0 0 3
121 67 25 12 14 2 1
99 74 8 7 3 4 3
81 20 24 12 11 4 10
142 1 25 37 28 16 35
106 31 53 12 4 3 3
101 0 15 21 11 13 41
76 8 18 9 15 8 18
3
1 2007 14 2
44.9% 16.2% 1 a
0.96 ~3.43 pmol/L
0.00 ~5.13 pmol/L
0.38 ~4.74 mmol/ m’- a
0.06 ~ 5.87
mmol/ m’: a
.2
0.02% ~ 51.6%
2.95%
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