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Correlation analysis of rainw ater carboxylic acids in
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Guiyang City (a) and Shangzhong Town (b)
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Table 1 Correlation analysis of rainwater carboxylic acids at different sites around the world
(1) (N)
North Carolina 2.90 - 0.92 88 Avery, etal., 1991
Basque Spain 0.79 2.54 0.56 56 Durana, etal., 1991
Dayalbagh Agra India 1. 64 —3.75 0.96 17 Khare, etal., 1997
Challottesville Virginia 2.62 0.24 0.95 37 Keene , et al., 1986
— — 0. 67 55 Tanner, etal., 2002
1. 80 1. 06 0. 85 142
3.74 0. 43 0.97 46
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Table 2 Correlation analysis of rainwater carboxylic acids with other trace species
NO> nss-S03~ Ca2t Mg2" K Na' NHy{
0.526 " 0.437 " 0.435" 0.290 " 0.504 " 0.265 " 0.470 "
0.702 " 0.597 " 0.604 " 0. 467 " 0.652 " 0.446 " 0. 605 "
0.739 " 0.679 " 0. 668 * 0.439 " 0.711" 0.459 " 0.562 "
0.262 0.448 " 0. 004 —0.09 —0. 106 —0.154 0. 236
0.212 0. 306 —0.015 —0.12 —0.083 —0.133 0.2
0. 099 0. 158 —0.17 —0. 109 0. 031 —0. 082 0.076
. 0.01
2 K.
NO: .nss-SOi \Na .Ca’ Mg’ o

(p<0.01), .
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Ca” Mg ’ nss-S04 Table 3. Principal component analysis of rainwater
(p=0.01) o constituents in Guiyang
. . ,n=131
, 1 2 3
+ — + 2+ Ht 0. 15 —0.67 —0.48 0.70
. Wang 7 K .NO:.Na .Ca" .
. CH3COOH 0.33 0. 07 0. 87 0. 87
nss-S03 M SA HCOOH 0.51 0.21 0.78 0.91
, , cr 0. 84 0.18 0.21 0.79
NO3 0. 81 0.22 0.32 0. 81
’ NO3 0. 83 0.17 0. 45 0.91
. ) S03 0. 88 0.27 0.17 0. 88
, (COOH), 0. 64 0.16 0. 62 0. 82
[3.9] Ca¥™ 0.72 0. 54 0.17 0.84
° Mg2" 0. 41 0. 84 0. 06 0. 88
2.2 K+ 0.76 0.43 0.25 0.82
Nat 0. 40 0. 82 0. 02 0. 84
NHi 0.71 0.12 0.33 0. 63
' ' ’ 5.56 2.58 2.56
. % 42.75 19. 84 19. 68
, % 42.75 62.59 82.27
2 2
. 3 4 4
Table 4 Principal component analysis of rainwater
. 95% 3 constituents at Shangzhong
( > 1), 82.27%; =40
1 2 3 4
4 75.52%.
Ht 0.08 —0.27 0.17 0.69  0.59
Cl \NO2 .NOs . CH;COOH  0.85  0.00 —0.38 —0.06 0.88
2— 7 ot + - _ _
SO .2t K NHi, HCOOH 0. 82 0.0 0.32  0.03 0.78
cr 0.51 0.01 0.61 0.31 0.72
’ ° NO3 0. 81 0.21 —0.16 —0.01 0.73
, . NO2 s0% 0. 63 0.37 —0.25 —0.05 0.60
NO; . . (COOH) 0.51 —0.05 0.29 0.46  0.56
~ 2+ —
[11—13] " - ‘ ‘ Ca? 0.09  0.91 0.23 0.05 0.90
- 80¢ .Ca” \K NH« M2+ ~0.01 0.8 032 —0.18 0.84
. () K+ —0.18 0.8 —0.16 0.37  0.88
Nat —0.40 0.74 —0.28 0.20  0.82
N 9
NHi 0. 45 0.06 0.52 —0.52 0.76
° 3.41 3.03 1.35 1.28
42.75%. % 28.40  25.21  11.28  10.64
H .Ca Mg~ Na', %  28.40  53.61  64.89  75.52
19.84%,
o 2
, NO. SO: . CH:COOH.HCOOH.
} t — —
Ca® Mg NO;3 .S0i . (COOH)2,
o 27.4%, s
CH:COOH.HCOOH (COOH)> , .

, 19.68 %,
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Application of Correlation Analysis and Principal Component
Analysis in the Study of Origin of Low-Weight-Molercular
Carboxylic Acids in Rainwater

XU Gang"?, LEE Xin-ging', L U Ying-chun®’, HUANG Dai-kuan'
(1. The State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese A cademy of Sciences,
Guiyang550002, China; 2. Yantai Institute of Coastal Zone Research for Sustainable Development, Chinese Academy
of Sciences, Yantai 264003, China)

Abstract The sources of carboxylic acids in precipitation are scarely investigated. Rainw ater in Guiyang and Shangzhong from
May 2006 to April 2007 were collected, and low — molercular— weight carboxylic acids and major anions/ cations were deter
mined. A statistically significant (p= 0.001) correlation between CH;COOH and HCOOH at both sites indicates that they e~
ther have common or different sources having fairly constant strengths or products of the same reaction. It was suggested that
the LM W carboxylic acids in Shangzhong Town were mainly derived from direct emissions from vegetations or soils. However,
human activities provided a large amount of unsaturated hydrocarbons, which could be the precursor of carboxylic acids through
atmospheric oxidation in Guiyang. Principal component analysis indicated that the conducted principal components account for
82.3% and 75.5% of the total variability for Guiyang and Shangzhong, respectively. Principal component analysis was conduc-
ted to constrain the sources of carboxylic acids. The variables with higher loadings in the first eigenvector ( representing 28. 4%
of total variability) were SO; , NO3, HCOOH, CH;COOH and (COOH), for Shangzhong, and this factor can be an indicator
of bimass burning, soil emission or agricultural activity., CH;COOH, HCOOH and (COOH) , in rainw ater of Guiyang are the
chemical variables strongly associated with the principal component 3, which accounts for 19.7% of total variance. This factor
can be related to organic compounds present in rainw ater and their oxidation.

Key words; carboxylic acid; origin analysis; correlation analysis; principal component analysis



