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Contributions of low-molecular-weight organic acids to free acidity in precipitation
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Abstract: As a city with severe acid precipitation, Zunyi in north Guizhou Province, provides a typical background
for understanding organic acidity in a heavily polluted region. Studies on the contributions of organic acid to free
acidity of precipitation in Zunyi help shed light on the geochemical cycles of organic acids, as well as the formation
of acid precipitation. We collected precipitation samples in the center of Zunyi City for a whole year and measured

inorganic and organic anions by ion chromatograph and cations by atomic absorption spectroscopy. The annual
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average pH was 4. 11, with 93. 1% of all the samples being acidic (pH < 5. 6), indicating the acid atmosphere.
One-way analysis of variance showed pH was significantly different among seasons. This result suggests seasonal
variation in environmental acidification. The volume-weighted average concentrations of formic and acetic acids
were 9.29 pumol/L and 6. 47 pmol/L respectively, with occurrence percentage of 98. 68% and 93.42% . This
suggests formic and acetic acids are ubiquitous in precipitation. Based on the thermodynamic equilibrium
calculation method, the contributions of formic and acetic acids to free acidity in samples with pH<5 were 14. 79%
and 3. 66% , respectively. Organic contributions in seasons followed in the order: Spring (31.95%) > Summer
(26.16% ) > Winter (11.17% ) > Autumn (8.02% ), a clear indicator of their importance to precipitation
acidity. The organic contribution in Zunyi is lower than that in remote regions, which is attributed to low pH value
and high inorganic acidity. Furthermore, organic contributions showed seasonal variations. The highest organic
contribution in Spring is influenced by abundant organic acids, low temperature and high pH value. The second was
that in Summer due to the high pH value and intensive rainfall. The contributions in Autumn and Winter were the
lowest because of the low pH in precipitation.

Key words: wet deposition; carboxylic acid; pH; thermodynamic theory; seasonal variation
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Fig. 1 Sampling site in Zunyi City
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Table 1 Seasonal variations of pH in precipitation of Zunyi City
(significance level: 0.05)
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Table 2 LOD and mean concentration of organic anions
in precipitation of Zunyi city

M H [HCOO I [CH:CO0~ 1+
LOD (umol/L) 0.11 0.03
HEE (%) 3.10 8. 61
B AACE £ 4 (pumol /L) 9.29 6.47
¥ B P (pamol /L) 0.15 ~46. 14 0.02-~19.11
Bt (%) 98. 68 93.42
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Fig. 6 pH and contributions of organic acids to free acidity

of precipitation in seasons at Zunyi city

HH 31.95% Fil 26. 16% ; K MK B HERKPE
PLERXT B R UL, HPHRMES SN
8.02% M 11.17% ., HHAEVLERX B HRRE TR E K
WRFEAH, EXHARZENEKRHEYRR
B FEZEKDAERE FRE. .86 H WEM
KIS R B R w0, BEK IR K A LR
BT MR B R A pH R, ALY ABR
ERRREREL; R, Bl ZENBKEK
BLEENTRERRN X T EZESHAIRNE S
® (e e). MKE (FHRE 14.29 C, FHE
4.00~21.00 C) M pHE (P pH 4. 51, HH
3.74 ~5.74) W, R P R A BN AR EERR
THEXTAREHOBRRRA Y RRORE (1K
ERSMHE . RERRE) > HKEEZ, RE
EZWANBREAREERFIRIERRK (WE
6), BT H pH EHMNERWER, REZLENE
PLERTTER B R K I; BB A2, T EZRE KK
pH EE W, KRR E ST ERHEUTAEN
REREMSREEHEREGKERE, XFER
KRZEREK KK pH EHA KR (CFHRE 16.72 C;
W 26.00 ~11. 50 C) s,

3 4 »

(1) XT3 pH {0 4. 11, JEEE 3. 12 ~
6.04 Z A, pH<S5. 6 WAESRBESEEHE/EW
93.1% , H pH HEHR ERME S L, FHHE XN
BRWERERE, H—FEH, LEEFEMTLS
REREFWpHHEERENETHLER, RHH
X TR RA AT,

(2) B TR 5 B BN Z R A T 3k B 43
5 9.29 pmol/L M 6.47 pmol/L, T HE 4 %K
0.15 ~46. 14 pumol /L 1 0.02 ~19. 11 pmol/L, &
FAEREK IR B FR A4 51K 98. 68% F1 93.42% , R
HHA LRRTE K D — & B SR A 7E

(3) IS FEWI W A, B TR
HBRMZBRMNEHRENFTRES K 14.79%
(FH 0.42% ~91. 14% ) F1 3. 66% (FEF 0.02% ~
31.55% ) X T i m s X, B ST MK P A DL
XA HRENTRERM, XFEEHUTREAKY
16 pH 7175 LR B BT 3o

Q)R B K LYW, BN BEKRHAEN
R EHHRENTFHRHRE DN 31.95%
26.16% . 8.02% F1 11.17% , ZHEVBRRERE
HEMNEVTHEES., EFIEZRKPEIRNE
S8 RKEATE pH EM IR, LA R
MERERE; HKEEZS, T EEH pH HAX K
RH &, MKEMLEEEZMFKYIK pH EH
-2

% % 3Lk (References) .

[1] Galloway ] N, Keene W C. Processes controlling the concentra-
tions of SO~ , NOs, NH{, H*, HCOOT and CH;COOT in
precipitation on Bermuda [J]. Tellus B, 1989, 41(4): 427 — 443.

[2] Erksson E. The yearly circulation of chlorine and sulphur in
nature: Meteorological, geochemical and pedological implications,
Part 2 [J]. Tellus, 1960, 12: 63 - 109.

[3] Frohliger J O, Kane R. Precipitation: lts acidic nature [J].
Science, 1975, 189(4201): 455 —457.

[4] Galloway J N, Likens G E, Edgerton E S. Acid precipitation in
the northeastern United States: pH and acidity [J]. Secience,
1976, 194(4266): 722 -724.

[5] Gunz D W, Hoffmann M R. Field investigations on the snow
chemistry in central and southemn Califomnia — II. Carbonyls and
carboxylic acids [J] . Atmos Environ A, 1990, 24(7): 1673 -
1684.

[6] Sakugawa H, Kaplan I R, Shepard L S. Measurements of H20:,
aldehydes and organic acids in Los Angeles rainwater: Their
sources and deposition rates [J]. Atmos Environ B, 1993, 27(2):
203 -219.

[7] Keene W C, Galloway ] N. Organic acidity in precipitation of
North America [J]. Atmos Environ, 1984, 18(11): 2491 - 2497.

[8] Sigha-Nkamdjou L, Galy-Lacaux C, Pont V, Richard S,
Sighomnou D, Lacaux J P. Rainwater chemistry and wet deposition
over the equatorial forested ecosystem of Zoétélé (Cameroon) [J].
J Atmos Chem, 2003, 46(2): 173 - 198.

[9] Keene W C, Galloway ] N, Holden J D. Measurement of weak

organic acidity in precipitation from remote areas of the world [J].

JIANG Wei et al. : Contributions of organic acids to precipitation acidity in Zunyi City



360

Wikes

2009 5

[10]

[11]

[12]

[13]

[14]

[15]

J Geophys Res, 1983, 88(C9): 5122 -5130.
Sanhueza E, Elbert W, Rondon A. Organic and inorganic acids in
rain from a remote site of the Venezuelan savannah [J]. Tellus B,
1989, 41: 170 - 176.

ofe, FO0H, BRRE, A2, 93, B, AEa, X8,
¥, BKPEIRMNEHRETREOR I ETFEHER
[J1. 38545, 2008, 27(4): 416 —-421.

Jiang Wei, LEE Xin-qing, Huang Dai-kuan, Zhou Hui, Hu Lu,
Zhou Zhi-hong, Zhang Yan-lin,

Thermodynamics equilibrium calculation method for contribution of

Peng Yan, Xing Ying.
organic acids to free acidity of precipitation [J]. Environ Chem,
2008, 27(4): 416 —421 (in Chinese with English abstract).
Tanner P A, Law P T. Organic acids in the atmosphere and bulk
deposition of Hong Kong [J]. Water Air Soil Pollut, 2003,
142(1 - 4): 279 -297.

BREK, HER, FF, KR, /K¥E, HPX RBOH,
HWIRIE . 2001 ~ 2003 F I A S REK B LR RFE L.
REIRIERLEE, 2004, 24(5): 538 - 541.

Yang Fu-mo, He Ke-bin, Lei Yu, Ma Yong-liang, Yu Xue-chun,
Tanaka S, Okuda T, Iwase T. Chemical characters of atmospheric
precipitation in Beijing in years of 2001 ~2003 [J]. China
Environ Sci, 2004, 24(5): 538 - 541 (in Chinese with English
absiract).

XM, EFE. WRERTAKEK pH ER ML R RH
ME ], FEFZERM, 2006, 22(6): 92-95.

Liu Huan-bin, Wang Xin-tang. The city’s atmospheric precipitation
pH observation of Shandong and initial analysis [J]. Environ
Monitor China, 2006, 22(6): 92 —95 (in Chinese with English
abstract).

WX, WMRE, FH, KER. BRTRERAERINE
TARHTI]. BB RS K2R (B RBHEAR), 2006, 34(4):
109 - 113.

Han Ya-fen, Sun Gen-nian, Li Qi, Chen Su-jing. Analysis on

temporal changes of acid rain and its chemical composition in Xian

[16]

[17]

[18]

[19]

[20]

[21]

[22]

City [J]. J Shaanxi Normal Univ (Nat Sci ed), 2006, 34(4):
109 - 113 (in Chinese with English abstract).

BERE, DHN, &L, RE. BMTREK pH EE k5B
[J]. WEKR, 2006 (4): 48 -49.

Qin Fu-sheng, Ma Ti-shun, Zhang Zhi-hong, Yu Hui. Analysis on
precipitation pH variation of Zhengzhou [J]. Meteorol J Henan,
2006 (4): 48 — 49 (in Chinese with English abstract).

Tul), Wang HS, Zhang Z F, Jin X, Li W Q. Trends in chemical
composition of precipitation in Nanjing, China, during 1992 —
2003 [J]. Atmos Res, 2005, 73(3/4): 283 -298.

R MM 1996 ~ 2005 FRMFHR ] TR,
2006 (6): 34 -35.

Wu Yan. Analysis on acid rain in Guangzhou in years of 1996 ~
2005 [J]. Guangdong Sci Technol, 2006 (6): 34 -35 (in
Chinese).

BrF. BHTHEERBWERSHKI]. FERESH,
2007, 26(2): 32 -33.

Deng Fei-yu. Control and pollution of acid rain in Wuhua district
of Kunming [J]. Environ Sei Technol, 2007, 26(2): 32 —33 (in
Chinese with English abstract).

Larssen T, Schnoor J L, Seip H M, Dawei Z. Evaluation of
different approaches for modeling effects of acid rain on soils in
China [J]. Sci Total Environ, 2000, 246(2/3): 175 - 193.
Moschonas N, Glavas S. Weak organic acidity in a wei-only
precipitation study at a Mediterranean coastal site, Patras, Greece
[J1. Atmos Res, 2002, 63(1/2): 147 -157.

e, =0, B, BR4E, BR, KA, TX. AN4H
XX KPS TANREARE ], FER %, 2008,
29(9): 2425 -2431.

Jiang Wei, Lee Xin-qing, Zeng Yong, Huang Rong-sheng, Tan
Ling, Xu Gang, Wang Bing. Low-molecular-weight organic acids
in precipitation in Zunyi city, Guizhou province [J]. Environ Sci,

2008, 29(9): 2425 - 2431 (in Chinese with English abstract).

Geochimica | Vol. 38 | No. 4 | pp. 354 ~ 360 | July, 2009



