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Formation and size distributions of secondary dicarboxylic acids in
atmospheric submicro aerosols (11)
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Abstract

In this research, variations of characteristic
compositions of the atmospheric inorganic salts
and low-molecular-weight dicarboxylic acids
(low-Mw DCAs) for Tainan suburban regions
were studied. During summer and autumn, S0,
NO; and NH," are the major inorganic species
with higher NOs™ than SO,* during the autumn
episodic period that is different from the higher
S0,* than NOy during summer and the autumn
non-serious pollution period. The NO3 sol mass
constitutes 19.6% of PM,s mass during the
agricultural waste burning period and 18.0%
during the autumn episodic period. During the
autumn episodic period, variations of the daytime
and nighttime low-Mw DCAs concentrations are
similar to those observed during summer with
oxalic acid being the most abundant followed by
succinic acid and maleic acid. = However,
concentrations of low-Mw DCAs during the
autumn episodic period are 2 to 3 time the
concentrations during summer. Results of
principal component analyses reveal that during
the agricultural waste burning period, the high
correlation loadings between NH,", NO3, SO,*,
oxalic acid, K" and CI', indicating that the sources
for low-Mw DCAs are similar to those for
photochemical products; both are considered as
the secondary pollution. During the agricultural
waste burning period, the concentration ratios of
K" and CI" to PM,s mass are 1.6% and 3.3%,
respectively, which are similar to those during
the autumn non-serious pollution period and the
autumn episodic period; concentrations of K" and
CI" obviously increase during the agricultural
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waste burning period. Oxalic acid during these
periods is more correlated with K™ and CI than
during other air quality periods demonstrating
that in addition to K* and CI', a large quantity of
oxalic acid sol is also generated by burning
agricultural wastes. For Tainan suburban region,
the particle size distributions for both aerosol
inorganic salts and low-M,, DCAs change from
single peak or double peaks in summer to triple
or multiple peaks in autumn. During the high
pollution period, the maximum concentration
peaks for low-M,, DCAs dominant in the
condensation mode of 0.19-0.32 um. This reveals
that particle coagulation and photochemical
products contribute to the observed aerosols
during the high pollution period. Additionally,
the aerosol succinic (C4) and malonic acids (Cs)
have different maximum concentration peaks
from oxalic acid (C,). During the autumn
non-serious pollution period and high pollution
period, the maximum concentration peak for
oxalic acid shifts toward the smaller range
indicating that the autumn sol oxalic acid is an
end photochemical product from C, and C;
low-M,, DCAs. Using the developed aerosol
transformation mechanisms of the Gaussian
trajectory transfer-coefficient model (GTx), the
source apportionment reveals the most dominant
contribution comes form area sources (35%) and
follows by point sources (23%), upwind
boundary sources (17%), top boundary sources
(14%) and line sources (11%). These results
could provide a view to applying proper and
effective strategies for improving air quality in
Tainan air basin.

Keywords: atmospheric aerosol,
acids, trajectory model.
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Tablel. 5% 3%% § £50i% % § PMys i & A F]F A 47 Table2. - @& 38 F A E 2L 75 4P PMys i & 4 F]3 A 45
PC1 PC2 PC3 PC4 PC5 PC6 PC1 PC2 PC3 PC4 PC5

Eigenval 8.23 5.35 3.29 2.08 1.53 1.22 Eigenval 8.68 7.20 2.59 1.78 1.38
%Variance 32.94 21.41 13.15 8.32 6.11 4.89 %Variance 3471 28.79 10.34 7.13 5.53
Cumul. eigenval 8.23 13.59 16.87 18.95 20.48 21.70 Cumul. eigenval 8.68 15.88 18.46 20.24 21.63
Cumul.% 32.94 54.34 67.49 75.81 81.92 86.81 Cumul.% 34.71 63.51 73.85 80.97 86.51
Na* -0.07 0.21 0.90 0.00 0.09 0.06 Na* -0.05 0.67 0.07 0.05 -0.58
NH4* 0.87% 0.09 0.13 0.32 -0.01 0.18 NH,* -0.24 0.72 0.46 0.17 -0.13
K* 0.15 -0.05 0.86 0.13 0.30 0.00 K* 0.08 0.50 0.34 0.56 -0.26
Mg** 0.05 0.25 0.70 0.22 0.38 -0.02 Mgt 0.11 0.08 0.30 0.85 0.16
ca** 0.26 0.06 0.76 -0.21 -0.32 -0.17 ca®t -0.04 0.12 -0.29 0.75 -0.23
cr -0.14 0.02 0.76 0.17 -0.04 0.44 cr -0.52 0.53 -0.18 0.23 -0.43
NO* 0.42 0.04 0.34 0.44 0.38 0.33 NO* -0.08 0.78 0.03 0.31 0.06
S0% 0.86 -0.26 0.21 0.22 -0.12 -0.05 S0~ -0.11 0.58 0.67 -0.05 -0.32
Succinic 0.41 0.21 0.06 0.67 -0.39 0.02 Succinic 0.00 0.16 0.96 0.04 0.05
Malic 0.42 0.00 0.12 0.84 0.21 0.13 Malic 0.15 0.16 0.95 0.04 0.12
Malonic 0.06 0.19 0.04 0.94 0.09 0.11 Malonic 0.34 -0.07 0.88 0.07 0.13
Tartaric 0.26 0.07 0.03 0.94 0.09 -0.04 Tartaric 0.30 0.13 0.91 0.07 0.14
Maleic 0.08 -0.11 -0.08 0.03 -0.80 -0.14 Maleic 0.20 0.14 0.50 -0.10 0.75
Oxalic 0.61 -0.17 0.21 0.57 0.01 0.33 Oxalic -0.42 0.81 0.28 -0.06 0.11
Temperature 0.07 0.96 0.16 0.06 -0.02 -0.15 Temperature 0.85% -0.35 0.24 0.02 -0.20
RH -0.13 -0.94 -0.13 -0.08 -0.05 0.01 RH -0.94 0.20 0.08 0.07 0.04
Wind speed -0.64 0.61 0.25 -0.12 -0.03 -0.20 Wind speed 0.82 -0.01 0.26 0.14 -0.07
SO, 0.64 0.31 -0.28 -0.19 -0.10 0.43 SO, -0.18 0.77 -0.11 -0.49 -0.07
Cco 0.52 -0.13 0.10 0.45 0.08 0.63 co -0.34 0.77 0.01 0.17 0.13
O3 -0.01 0.71 -0.03 0.60 0.24 -0.10 O3 0.91 -0.09 0.12 0.03 0.29
PM1o 0.86 0.12 0.00 0.31 0.12 0.10 PMio -0.11 0.87 0.37 0.11 -0.09




Table3. [ & 3% %A E B 5 A PMys i & A F]F 447 Tabled. & & 3% % R VEGER S PMys 1 & 4 F] 5 4 41

PC1 PC2 PC3 PC1 PC2 PC3 PC4 PC5
Eigenval 10.23 9.31 3.62 Eigenval 9.37 5.56 3.26 2.33 2.15
Y%Variance 40.92 37.23 14.49 %Variance 37.49 22.24 13.04 9.30 8.61
Cumul. eigenval 10.23 1954 23.16 Cumul. eigenval 9.37 14.93 18.19 20.52 22.67
Cumul.% 40.92 78.15 92.64 Cumul.% 37.49 59.73 72.77 82.07 90.69
Na* 0.82* -0.48 0.20 Na* 0.88% -0.03 0.18 0.01 -0.28
NH,* 0.82 -0.45 -0.10 NH,* 0.78 0.15 0.10 0.23 0.52
K 0.87 -0.34 -0.16 K* 0.84 -0.08 0.13 -0.21 0.37
Mg** 0.02 0.27 0.90 Mg®* -0.27 0.89 -0.14 0.15 -0.30
ca* -0.11 0.05 0.98 ca® 0.03 0.82 -0.16 0.04 -0.53
cr 0.58 -0.73 0.33 cr 0.89 0.06 -0.09 -0.01 0.34
NO* 0.81 054 012 NO* 0.69 0.59 0.26 0.08 0.14
SO 0.37 0.66 -0.42 SO.% 0.89 -0.14 -0.17 0.03 0.33
Succinic 0.76 0.46 0.40 Succinic 0.28 0.22 0.47 -0.07 0.75
Malic 0.48 0.82 0.12 Malic 0.23 -0.31 0.38 -0.06 0.82
Malonic 0.13 0.93 0.24 Malonic 0.26 0.28 0.56 -0.22 0.62
Tartaric 0.31 0.87 0.29 Tartaric 0.28 -0.26 0.30 -0.15 0.83
Maleic 0.34 0.23 0.89 Maleic -0.04 0.85 -0.28 -0.04 0.24
Oxalic 0.77 0.27 -0.56 Oxalic 0.87 0.02 0.04 0.01 0.22
Temperature -0.26 0.93 -0.08 Temperature 0.21 -0.07 0.81 0.34 -0.01
RH 0.14 -0.94 -0.29 RH -0.03 0.29 -0.08 0.90 0.01
Wind speed -0.91 0.03 -0.23 Wind speed -0.30 -0.45 -0.08 -0.74 -0.26
SO, 0.95 0.09 -0.17 SO, 0.42 0.29 -0.28 0.08 0.74
CcOo 0.89 021 0.10 Cco 0.62 0.53 0.29 0.05 0.39
O, -0.34 0.91 0.16 O3 -0.09 -0.21 0.86 -0.39 0.23
PMyo 0.91 0.24 0.32 PMyo 0.13 0.22 -0.11 -0.82 0.23
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Table 6. ~ @ MEFEHFTLFFTALFY P FFB- ~ G 4

PC1 PC2 PC3 PC4 PC5 PC6 PC7 ﬁiﬁ ﬁ’* = ‘;‘ ; /& E 3‘ q\‘ A’\ _l}j_’_;_ A’\ %q‘
Eigenval 1060 5.3 3.69 241 1.62 1.09 1.06 PC1 PC2 PC3 pPC4 PC5 PC6
%Variance 40.76 2127 1420 926 623 421 408 Eigenval 814 5.80 543 259 2.00 107
Cumul. eigenval 1060 16.13 19.82 2223 2385 2494 26.00 oVariance 31.32 2229 20.90 9.96 7.69 412
Cumul.% 40.76  62.03 76.22 8548 9172 9592 100.00 Cumul. eigenval 814 13.94 19.37 21.96 23.96 25.03
Cumul.% 31.32 53.60 74.50 84.46 92.15 96.27
Na* -0.01 0.98 0.04 0.03 -0.12 0.11 0.03
NH," 031  0.02 0.91 010 -013 010 -0.20 Na* 0.09 -0.32 0.84 0.35 -0.07 0.17
K* 0.08 0.91 0.05 -0.09 0.20 0.02 -0.33 NH," 0.12 0.28 0.91 -0.06 0.11 -0.19
Mg** 0.07 0.67 -0.15  -0.06 0.22 0.66 -0.19 K* -0.07 0.40 0.73 0.35 0.17 -0.38
ca® -0.36 0.68 0.23 -0.10 0.21 0.37 0.40 Mgz+ -0.29 0.55 0.61 0.16 0.35 -0.19
cr 0.40 0.89 -0.17 0.02 0.10 0.08 0.06 Ca?* -0.09 -0.25 0.79 -0.17 -0.13 -0.50
NO* 0.34 0.40 0.46 0.29 0.26 0.60 -0.02 cr 0.32 -0.52 0.75 0.13 -0.20 -0.03
S04 0.05 0.25 0.88 -0.03 -0.07 -0.35 0.15 NO* 0.74* -0.16 0.54 0.21 0.12 0.13
Succinic 0.66* -0.19 0.12 000 -0.09 -017 0.69 50,2 -0.02 0.41 0.79 -0.06 -0.28 0.02
Malic 0.92 0.18 0.32 0.08 0.05 0.06 0.02 Succinic -0.03 0.99 0.06 0.07 -0.06 0.05
Malonic 098 -0.08 -0.07 0.01 0.15 0.09 0.00 Malic 0.00 0.99 0.05 -0.03 -0.02 0.13
Tartaric 0.99 0.03 0.14 0.02 0.02 0.05 0.04 Malonic 0.00 0.98 -0.05 0.10 -0.13 0.02
Maleic 0.12 -0.29 0.18 -0.07 -0.89 -026 -0.02 Tartaric 0.01 0.96 0.13 0.01 0.13 0.19
Oxalic 0.92 0.14 0.20 0.15 -020  -0.17 0.05 Maleic 0.17 0.51 017 -0.04 0.36 0.70
Temperature 0.04 -0.04 0.89 0.05 0.18 0.14 0.38 Oxalic 0.61 0.03 0.60 0.01 0.46 0.16
RH -0.09 0.23 -0.76 0.22 -0.53 0.13 0.14 Temperature -0.73 0.14 0.11 0.40 -0.41 -0.18
Wind speed 035 041 081 012 -010 -0.14 -0.03 RH 012 012 0.09 0.89 0.36 0.16
SO -0.09 -033 064 044 012 -048 -017 Wind speed 0.00 -0.02 0.13 0.78 0.40 -0.39
Cco 0.78 0.29 0.52 -0.19 0.03 -0.04 -0.03 SO, 0.95 -0.19 -0.03 0.19 -0.10 0.02
(o 0.80 -0.16 0.36 0.31 0.16 0.27 0.06 co 0.52 0.31 0.34 0.48 0.49 -0.04
PMyo 0.43 0.10 0.89 0.03 -0.13 0.07 0.03 o7 0.82 0.47 0.04 -0.24 -0.06 0.20
NO -0.19 -018 -030 -0.63 -0.66 0.07 0.08 PMyo 0.48 0.11 0.67 0.25 0.37 -0.16
NO, 0.50 -0.21 0.56 0.21 0.57 -0.11 0.04 NO 0.28 0.32 0.29 0.81 0.02 -0.10
O3 max” 065 -0.27 0.64 022 -0.08 014 -0.11 NO, 0.86 -0.11 -0.01 0.30 0.35 0.11
Hm¢ 0.14 -0.03 -0.08 0.98 0.06 0.04 0.03 O3 max 0.96 0.06 0.14 0.14 -0.07 0.10
: : ?"Eﬂjfvf f;ﬁf: 0;& F SR AR Hm? 0.38 0.22 019 -0.16 0.15 0.85
d PR o ¢ B
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