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Abstract Formic HCOOH and acetic CH; COOH acids are ubiquitous in troposphere. Studies on the low-molecular carboxylic acids help

shed light on the biogeochemical cycles of carbon hydrogen and oxygen as well as on the formation of acid precipitation. As a city with severe
acid precipitation the city Zunyi in north Guizhou province provide a typical background for gaining insight into the organic geochemistry in
the heavily polluted atmospheric environment. We collected the precipitation in the downtown city for a whole year on the event basis and
measured inorganic and organic anions with ion chromatograph and cations with atomic absorption spectroscopy. The data demonstrate an annual
average pH of 4.11 a clear indication of the acid atmosphere. The volume-weighted mean concentrations of HCOO™ ; and CH;COO™
were 9.29 ymol L™ ranged from 0.15 pmol L™ to 46.14 pmot L™'  and 6.47 pmol L™'  ranged from 0.02 pmot L' to 19.11
pmol L™' respectively accounting for 4.10 % of the total anions. With a coefficient of 0.86 formic is significantly correlated with acetic
acid suggesting that both acids share common sources. The acids often decrease with time in a precipitation event with occasional increases
in the middle and last stages indicating that the organic acids are primarily scavenged from blow cloud with limited amount from the long
distance transportation. The close range provenance of organic acids is facilitated by the local environmental condition which is characterized
by the mountain-enclosed valley with high humidity low wind speed and high atmospheric dust content. Based on the Henry' s Law we
proposed the ratio of formic and acetic acids in the precipitation F/A ,, as the indicator of the sources and thus found that the anthropogenic
sources are responsible for the organic compounds in the Spring and Winter while vegetation emissions claim the sources in the Summer and
Autumn.
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RFC-30 KOH . 4.11 HCOO™ CH,CO0~
KOH 0 ~ 6 min 9.29 pumol L' 6.47 mol L'
1 mmol/L. KOH 6 ~ 31 min 1 ~ 30 mmol/L. KOH
1.5 mL/min 39 C 330 pL 9.9 pmol L™ 7.3
Aldrich > pmot L7 Zoétélé 8.7
99.99% 1000 mg L' pmot L' 5.4 pmot L' .
1 H*
2.3 Table I LOD % and mean concentration of organic anions
K* Na*t Ca®* ]\,/[ngr and H* in rain samples at Zunyi city
PE5100PC PERKIN HCOO™ ¢ CH;CO0™ H*
ELMER USA K* Na* Ca™* Mg’ LOD/pmot L~! 0.11 0.03 —
4.05% 2.25% 2.18% RSD /% 3.10 8.61 1.44
1.27% . fpmot L1 9.29 6.47 77.74
NH,; GB /pmot 17! 0.15~46.14 0.02~19.11 0.91 ~758.58
13580.11-92 Aquamate -
THERMO-ELECTRON USA 3.2
1.81%. 15.76
2.4 pmot 17! 4.10% 2 .
pH 95.9%
pH = - lg H"
H* = > Vi H />0
pH = - lg H+ CII,COO 1ICO0
” 1.69% [~ 5 a2
X =2 ViXx . I>V
Cr
H" H* pH 1531%
pmot ™"V,
mm X ;
. NO5
pmot L7 X | 7.94%
pmot 17"
2.5 S0
SPSS 13.0 Chicago 1L D
USA
2
Fig.2 A pie chart of organic and inorganic anions in rain at Zunyi city
3
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2
2 HCOO~ CH;CO0~ 5 4
F~ CI” NO; SO;” PO;” 2 0.52 ~28.47 pmol L™

98.68%  93.42%
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Table 2 Parameters and concentration of organic anions in time series rain samples collected in Zunyi city during 4 rain events
i /pmot 1,71
N
/mm h~! HCOO™ CH;CO0™
| 1 04 51 ~08 19 2006-05-10 3.5 3.29 5.50 3.13
2 08 19~ 12 30 2006-05-10 4.2 1.45 7.21 3.06
1 03 49 ~ 15 00 2006-08-05 11.2 0.73 12.30 3.24
2 2 15 24 ~ 15 24 2006-08-05 ~ 2006-08-06 12.0 0.65 4.35 1.01
3 15 24 ~ 02 59 2006-08-06 ~ 2006-08-07 11.6 0.29 2.06 0.52
1 04 46 ~08 00 2006-11-14 3.2 1.11 19.67 8.28
3 2 08 00~ 12 00 2006-11-14 4.0 1.17 28.47 15.77
3 12 00~ 16 00 2006-11-14 4.0 1.66 19.07 11.74
4 1 00 40~ 07 15 2007-04-09 6.6 0.73 11.00 4.82
2 07 15~ 14 20 2007-04-09 7.1 0.78 15.72 7.05
3.4 3
0.86
HCOO™
CH,CO0" 3 3.5
1.74 3.02 pmot L' F/A
1.43 0.37 ~15.76 ‘
1.43 ? ! Fornaro "
1.82 1.50 % F/A =1
2% FIA
F/A .
227
H = _
pii=> HCOO™ / HCOOH = Kygoon/ H'
0.75 mot L Pa ™' 0.26 mot L Pa =" 7 . ~ .
CH;CO0™ / CH;COOH = Ky coou/ H 2
50.00
.
y=1.74x +3.02
4000 | R=074 K, = HCOOH /pycoon
=
% 000 K = CH,COOH /paycoon 4
2
£ 1~ 4
8 20.00
Q
=
10.00 F/A ,, = HCOO™ ,/ CH;COO™ ,
0 0 10.00 20|00 30.00 = HCOO” + HCOOH
[CH;COO"|1/pmol L1 CH,COO~ + CH,;COOH
3 HCOO™ T CH;COO_ T = pHCOOH/pCH3CO(JH ' Khl/KhZ

Fig.3 A linear regression between formate and acetate in Zunyi city KHCOOH / H +1/ KC}QCOOH / H +1
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Kiucoon/ H* +1 5 0.86

Keycoon/ H™ 41 r<0.70 . HCOO™ , CH,CO0™
KHCOOH KCH}C()()H NO; SOi_ K+ Na+ Caz+ Mg2+ NH4+

= F/A, K,/K, -

1.77 x 10" mot L' 1.76 x 1077
mol L™' 298.15K *?® K, K, NO;  SO;” NO;
0.055 mol L Pa ~' 0.087 SO~
mot . Pa ~' 298.15K ** H

mot L™ pH . 5
HCOO™ K* Na* Ca’* Mg NH/
mol L~' CH,CO0~

mot L™"  prcoon
Pa P e, coon Pa .

FIA , =1 f
113 H* pH
FIA ...
FIA> F/A )
F/A < «=0.05

F/A Table 4  Correlation coefficients among organic and

inorganic ions of rain in Zunyi « =0.05

HCOO™ ¢ CH;CO0™
HY HCOO™ ¢ 1.00 0.86
cl- 0.30 0.07
F/A 3. 3 )
a NO; 0.65 0.46
S0;~ 0.61 0.37
K* 0.55 0.40
Na* 0.60 0.50
230 1 F/A dz
Ca** 0.62 0.38
FIA Mgt 0.57 0.45
NH, 0.50 0.33
* 0.37 0.13
3 H
Table 3 Seasonal sources for organic acids of rain in Zunyi
H* fumot L1 FIA ., /A 1 3.7

3~5 31.14 2.72 1.37 1

6~8 54.80 2.03 2.50 2

9~11 117.64 1.39 1.74 2

12~2 122.86 1.36 1.25 1

11 2
3.6
37.8%
19
4
4

HCOO™ ,  CH,CO00™ ;=
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