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Abstract

Due in part to the complex physical and
chemical characterizations of aerosols and
concentration  variations in  aerosol
composition, understanding the composition
of atmospheric aerosol, as a function of
aerosol size, is always a challenging research.
In this study, we developed the
chromatographic quantification of inorganic
water-soluble salts in aerosol and organic
acids, whilst the confirmation of absorption
frequencies of functionality of aerosol
compounds and calibration factors for
dominant chemical species in aerosol was
aso developed. The  concentration
distributions of chemical species in size
segregated  aerosol sampled by a
micro-orifice uniform deposit impactor
(MOUDI) and PEM;s5 samplers were
conducted by using the 10 um beam of
FTIR-Microscope. A total of 48 sets of 36-h
size distribution data on dicarboxylic acids,
sulfate, nitrate and sodium in Tainan
suburban site from August 2002 to July 2003
were obtained using a MOUDI. Data from
the suburban site show smilar size
distribution characteristics of the
dicarboxylic acids and water-soluble salts. A



good correlation between nitrate and sodium
(r=0.85) and moderate correlation between
oxalate and sulfate (r=0.74) were found. On
an average, the oxalate concentration (449.3
ng m>) was larger than the maleic acid (45.5
ng m3) , malic acid (53.0 pg m), succinate
(29.6 ng m*), malonate (20.8 ng m*) and
tartaric acid concentration (11.6 pg m>),
respectively. Furthermore, the vaues of
oxalate, succinate, malonate, malic acid and
malieic acid at daytime were more than those
at nighttime, indicating those low-molecular
weight diacids were the production of
atmospheric photochemical reactions. The
location of the peak of the droplet mode at
0.32-1.0 um of oxalate was associated with
that of sulfate and malonate. When the peak
of sodium and nitrate in the coarse mode
appeared at 6.2 um, the peak of succinate
sometimes appeared a 6.2 um and
sometimes shifted to 9.9 um. Oxaate,
succinate and sulfate found in the droplet
mode were attributed to in-cloud formation.
The formation of succinate is associated to
the reactions between sea salt and cloud.

Keywords: Airborne Aerosol, Diffuse
reflectance infrared Fourier  transform
spectroscopy (DRIFTYS), Chemical
Composition of Aerosol, Low-molecular
Weight Diacids.
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(Specac, 4510)
400 cm™
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4cm?t 48

7 12

10 mL

(Branson 5210) 90
0.2um
guard separation
and trap columns gradient pump (Dionex
GP50) IC (Dionex DX-120)
[AG11 and AS11
and ATC-3, 250x4mm ID, anion suppression

system (ASRS-ultra)] 2ml min
Background conductivity  0.56 uS
NaOH MeOH
1000ul Tabel
lon Pac CS12A CGI12A ( 4
mm) 20 mM MSA 0.5
mL/min

Tabe 1 Variation program of the eluent composition
(%) during run with AS11 in Dionex gradient pump.

Time(min) A B C D
0.0 74 10 0 16
0.2 74 10 0 16
2.0 74 10 0 16
5.0 0 84 0 16
15.0 0 49 35 16
Eluent A : H,O
Eluent B : 5 mM NaOH
Eluent C: 100 mM NaOH
Eluent D : 100 % MeOH
3.1 FTIR-Microscope
Table 2 FTIR
(Allenet a., 1994)
1/2 IC
FTIR-Microscope
438 (48 scans) Fig. 1
IC
IC-FTIR
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SO NH4'
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Table 2.
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Inorganic and organic absorbances observed in FTIR spectra of ambient aerosol

Functionality
(wavenumbers, cm'®)

Absorption Frequencies

Absorbance Band

Chosen for Quantification (cm™)

C-B, haogens 600~500 520~527
SO,.*  sulfateions 610~615 609~612
1103~1135
HSO,? bisulfate ions 875 580-635
1029 1029
SOy sulfiteions 700~625 700~625
1000~900
NOs; nitrateions 825~830 825~830
1332~1335
SiO,* silicateions 768~796 768~796
1035
NH," ammonium ions 1425~1428 none
3070~3062 3070~3062
H,O particulate water 1623 1623
C-H dliphatic carbons 2800~3000 2850~2918
C=0 carbonyl carbons 1640~1850 1640~1850
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Figure 1. FTIR-microscope spectra of ambient Tainan aerosol; all of the spectra are plotted on the

same absorbance.
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Figure 2. Comparison of species concentration measured by I1C versus FTIR. (a) NH," and (b) SO,2.

Table 3. Calibration compounds used in carbony| absorbance calibration

Fraction Functionality Carbon Reference C-H/C=0 absorption
number compound arearatio
Acid Diacid 2 Oxalic acid 0.00
Acid Diacid 4 Succinic acid 0.01
Acid Diacid 6 Adipic acid 0.07
Acid Diacid 8 Phthalic acid 0.04
201 1267 189 336 201 ng/ml SO NOs mode
989 89.6 91.7 78.6 885 Succinic acid
99.6 % (RSD) condensation mode 0.32 um  droplet mode
166 0.08 0.10 0.07 0.13 0.07 (0.56-1.8 um) Fig.5
10 % coarse mode
coarse mode 6.2 um Malic acid
condensation mode
0.32 um droplet mode (0.56-1.8um)

IC FTIR

3.2
2002 8 2003 7
48
Succinic acid Malic acid Malonic acid
Tartricacid Maeicacid Oxalic acid
Na" NO; SO/
(2002 ) (2003 )

Fig.3 Fig.6

0.177-0.32 um (
condensation mode) 0.56-1.8 um (
droplet mode) 3.1-6.2 um ( coarse
mode) (Yao et al., 2002)

coarse mode 6.2
um Malonic acid
condensation mode

0.32 um droplet
mode (0.56-1.8um)
coarse mode
coarse mode 6.2 um
Tartric acid
coarse mode(6.2
um)
0.32-0.56 um Maleic acid
condensation
mode 0.32 um  droplet mode (0.56-1.8
um) Oxalic acid
condensation mode
0.32 um

droplet mode (0.56-1.8um)



S04 S0, (Pakkanen, 1996; Zhuang et al., 1999)

droplet mode Succinic acid
0.32-0.54 um Na' Malonicacid Tartricacid  coarse mode
NOs SO~ (Table 4) Na® NOs
Oxdicacid Malonicacid SO, Succinic acid  Tartric acid
Succinic acid Malic acid coarse mode Malic
S0~ acid Malonic coarse
Succinic acid Malic acid Maleic acid mode 2.5-6.2 um Succinic acid
Malonic acid Oxalic acid Malic acid Malonic acid Tartric acid
SO,  droplet mode coarse mode
droplet mode
Succinic acid Malic acid SO,
Maleicacid Malonic acid 0.32-0.54 um Oxalic acid
Oxalic acid 0.54-1.0 pum
(Kawamure., 1996) Oxalic acid
Sl SO,> Malic acid Maleic acid
Succinic acid Malonic acid Tartric oxalate Malic acid
acid coarse mode Maleic acid  oxaate 0.32-0.54
25-62um Na' NOs um 0.54-1.8 um oxalate
coarse mode  2.5-6.2 um
NO3 coarse mode
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Fig. 3 Size distributions of dicarboxylic acids and Na" NOs;  SO,* in early autumn time
2002 in Tainan suburban area.
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Fig. 4 Sizedistributions of dicarboxylic acidsand Na" NOs; SO4* in middle autumn time
2002 in Tainan suburban area.
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Fig. 5 Size distributions of dicarboxylic acids and Na* NOs;  SO4* in early summer time
2003 in Tainan suburban area.



3.3
Table5

PM2s

Succinic acid

24~821ngm* 2.4~821ngm? Madlic

m3 28.2~46.9ngm? Oxalic acid

21.3~885.0 ng m

93.4~843.7 ng m*
oxalate
(4493 ng m?)

maleic acid (45.5 pg m™) malic acid (53.0
ngm?)  succinate (29.6 pgm>) malonate

acid 3.0~148.5 ng . 961 r
m? 0.6~82.7ngm?* Malonic acid (208 ugm™)  tartaric acid (11.6 g m™)
3.3-51.3ngm* 7.4~25.1 Fig. 7 PM;s

ng m® Tartric acid
0.0~30.2ng m™ 0.0~35.8ngm™ Maleic
43.0~60.0 ng

acid

dc/dlogDp(ng M)

de/d logDp(ng )

dc/dlogDp(ng i)

dc/d logDp(ng i)

dc/d logDp(ng

o
41600
41400
—<— Oxalic acid
» 4 1200
E
g
Je00 &
4600
4400
4200
— .
e o
01 1 10
Particle diameter (um)

dc/d logDp(ng m)
@
\\ ’O»
logDpg i)

*.
L

Particle diameter (um)

Fig. 6 Sizedistributions of dicarboxylic acidsand Na* NOz SO4* in middle summer time
2003 in Tainan suburban area.

Table 4. Correlation matrix of chemical composition in ambient aerosols during fall 2002 and
summer 2003 in Tainan suburban area. (number of samples = 48)

Variable Suacggm hgltljc M:lcti)glc Ta;ctiadrlc Maacligc OaXC?I(Z;C Na* NO; S0
Succinicacid  1.00

Malic acid 58 1.00

Mdonicacid .08 -04 100

Tartaric acid 46 46  -.05 1.00

Mdeicacid 15 10 -11  -03  1.00

Oxalic acid 35 .30 g7 .09 A1 1.00

Na" 22 .01 -.09 -.19 -01 -16 1.00

NOs .38 10 .09 -.09 -.01 A3 .85 1.00

SO~ .59 .59 .35 37 .06 74 -23 .02 1.00




Table5 Daytime-nighttime comparison of concentrations of low-molecular weight diacids
in PM» s in Tainan, Taiwan during fall 2002 and summer 2003.

T Succinicacid Malicacid Malonicacid Tartaricacid  Maleicacid ~ Oxalic acid
™ g gm) (g (ngnd)  (gm)  (ngim)
24821 30-1485 33513 00-302 430600 034-8437
VMe 331y (643)  (26.0) (7.6) (518)  (516.2)
Lo 24821 06-827 74-251 00-358 282-469 213-8850
OMIMe T 060)  (417)  (15.6) (15.7) (39.2)  (382.4)
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Fig. 7 Daytime-nighttime variation of low-molecular weight diacidsin PM,5 in Tainan,
Taiwan during fall 2002 and summer 2003.
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