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Formation variations of dicarboxylic acids in aerosol in atmospheric background
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Abstract

In this research, variations of characteristic
composition as well as size distributions of the
atmospheric inorganic salts and low-molecular-
weight dicarboxylic acids (low-M,, DCAs) in
acrosol for the background Ali Mountain and
Tainan suburban regions during summer season,
the autumn non-serious pollution period, the
autumn high pollution period and the agricultural
burning period were studied. The background
environment SO, concentration is much lower
than man-made pollution emission in Tainan
suburban region. The background daytime
concentrations of SO,*, NO5” and NH," in PM, s
acrosols in Ali mountain region are higher than
nighttime concentrations. The quantity of ratio of
NO;™ to PM;s mass is the highest during high
pollution and agricultural waste burning periods.
These observations indicate that during the high
pollution and the agricultural waste burning
periods, the contribution of NO;3;™ to PM,; 5 mass
apparently increases. Oxalic acid is the most
abundant low-M,, DCAs in the Ali Mountain
region followed by succinic acid and malonic
acid. These low-M,, DCAs are highly correlated
with NH;" demonstrating that the aerosol low-M,,
DCAs in Ali Mountain are the photochemical
products from natural emissions. In Tainan
suburban region during high pollution period,
concentrations of the daytime and nighttime
low-M,, DCAs are obviously higher. Similarly,
oxalic acid during summer is the most abundant
followed by succinic acid and maleic acid.
Additionally, daytime concentrations of the six
observed low-M,, DCAs are 2 to 3 times higher
than those during summer while during
agricultural waste burning period, the diurnal
variation tendency is quite similar to that during



high pollution period. As the atmospheric particle
size distribution is concerned, the Ali Mountain
background inorganic salts show droplet mode
(concentration peaks between 0.46-2.4 pum),
coarse mode (concentration peaks between
5.7-11.3 pum) and nuclei mode (concentration
peaks between 4-90 nm). The low-M,, DCAs are
principally droplet mode with concentration
peaks in 0.46-2.4 um; the 4 nm peaks shows the
beginning formation of low-M,, DCA primary
particles. 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. 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
(37%) and follows by point sources (21%),
upwind boundary sources (12%), top boundary
sources (16%) and line sources (14%). These
results could provide a view to applying proper
and effective strategies for improving air quality
in Tainan air basin.

Keywords: atmospheric aerosol,
acids, source apportionment.

“dhd B

dicarboxylic

R 8 s TR R R A
g S %2 2 58 % 5 45 14 (Charlson et al.,
1987): ¥t 23k § i RBOP BT F £ & D
& J (Hayasaka et al., 1992) o g+ #b » < :y. sy. X
t'JF&@ﬁliﬁﬁ Flf BHERERZEDREE > §
L) % I ﬁx;i“}%ﬁZFEBW’%*L_ K3
2.5um (PMys) » 2o F "FAE F o m i » pE v ,Iﬁ
Lo 4v b PMps pck % E”ﬁ g AR ITH 5 B
MR L) RAME > A ?ﬁﬁ*“”*
3> B F gt (Bericoetal, 1997) - e E ¥ 5 %
4%‘}“" BEORRAAL2ZN A 3/’54"«:—\’\
B AATIE N 0 1 OF R L BoF s
A8 KR FY 224 F G ~ % s (element
carbon, EC) ~ 7 ﬁgiﬁi(organic carbon, OC) ~
SO,” ~NO; ~ NH, ~ CI'~ Na' ~ # i3 % -k
> & 9 % {»(Ohta and Okita, 1990; Tsai and
Kuo, 2005) -

ll—Llify:

-

FF Bz

G e
T BRI

FRY E R d

(hygroscopic properties) ¢ < % 2 Ik g b -T
o FIH 7 wARA HiE 2R
32 Bpipe @ {9 (Facchini et al., 1999;
Kerminen, 2001) > st $3 8 > 2 A%+ 4 o 5k
4 5 i@ B8 Z a7 = (Facchini et al., 1999) »
R—"H“?E g%i"ﬂiiﬁz}'f—l@—ri ugaﬂo ; g.ﬂzlﬂ
e ERA zk%”ﬁﬁ*~%ﬁ~a%
ﬁi; o ,s;f;rv}s FRiEL- ~F PEE L

S FERBY F Y- ~F Pk oxalic acid
=1 & 4> =2 % malonic acid % succinic
acid (Kawamura and Ikushima, 1993; Yao et al.,
2002)c A m = ~ % tﬁﬁ&\a\w@% d bkt
it 2 a.,Api Farz A3 SR AR Y oD
B w4 § s 7 (Limbeck et al., 2001; Yao
et al., 2004)4* ¥} succinic acid ~ malonic acid %
oxalic acid = f& % L2 = ~F #EFHT
#%° ¥£ 24 malic acid ~ tartaric acid 2 maleic acid

EE R
AT ATt F Y RIS g
Favh » BsFd By R - G R

IR > Kawamura et al. (1996)/EIr TAERLEY R
T A 1A ;L fpr a1 é',?’f‘-"_ ;"‘4 ﬁﬁﬁi(cfcll) s
MRS R D EARES T Rk
B > oxalicacid JE B .3 > —,’f—' = & malonlc acid
fo succinci » @ = B A WEER 0 A% E
A w4 13.3-40.9 ng m> - 7.31 11.6 ng m'3 23
7.8-1537 ngm” > @ % % % 13.2-23.5 ng m™ -
3.19-5.03 ng m” % 225-321ngm> > @ A4S
e Hi‘ BHERFER - A5 PRk
R =E- R o plebiE = -~ Ja ’bﬁﬁ&/}&)irg
% glutarlc a01d (Cs)% adipic acid (Ce)ik B 5-20
2 o gt » Limbeck et al. (2001) &= 2L ik &
W FIL- G WL > 2 oxalic acid kA& A
79.2+42 ng m” ~ malonic acid }k & % 51.57+57
ngm” % succinic acid & & 5 13.1x7.1 ngm™ o

SF A PEAGAERT PR
# Fl-Yaoetal (2002) # 4 Bus s 2 fAfe
WL F RS A BRI ESFTFR -~
3 ﬁ‘éﬁf&\ oxalic acid #3353 & B {43 % F 4p 1
2 s A oo oxalic acid 2 # T §5 B % 4
0.177-0.32 pum s > @ R jF % 9 oxalic
acid fv sulfate 7 4p B @42 - § sulfate 1R &
0.32-0.54 um > oxalic acid 2 /= §# BIR] &1 3R
0.32-0.54 pm ¢ 0.54-1.0 um > @ sulfate ! 3%
¥ %% ¢ 0.54-1.0 pm > oxalic acid » ¢ 1R &
0.54-1.0 pum - @ pc & ¢ oxalic acid € ¢
0.32-0.54 pm & # ] 0.54-1.0 pym & d 0.54-1.0
um £ #& 4% ¥| 1.0-1.8 um > @ malonic acid F *%
Mok A 4 % IR A 0.56-2.5 um S
oo & A 3162 um RS Y B R



ﬁjﬁ%é%ﬁﬁb%%,a?%
IR Bl A BEEY A AL FRE
B o Fp > AFTT L BfES & 2.
RO THEPBETRBZIERE S F F B ‘:’\_/w\:*
APz A FRE P AT > F
LA R E é@ngv\<:p+“ﬁi.fé._
AR E R TP RZERRREH

Ef"ﬁ”’ Jclhﬂii"'f’:f,gﬁ ~ a2 4 Xz -
o gtob s AP AT * B AT B Tk
#-7% (Tsuang et al., 2003ab) » H H-5%  * A 5 %
f‘?vqﬂ} r'r'?"rmﬁ—%t’ l””"“ﬁﬂi?‘_/&%j\/ﬁ'"

%mu

2.1 B Fi

AT FRE L AEAF R R R
2LtkirhF%- B1F4 #15{1#7#%%’,4194
BB L B AE L N AmE §- 4
A E R o FF L FIEFDEE ﬁ$

UL N - ﬂﬁ%ﬁiﬁﬂlmﬁ%
B PEREI P R & o SRRF o opip vk
B AFT NS BN G R E
(Versatile Air Pollutant Sampler, VAPS,

URG-3000K) ~ &4z & PMys.o # PMas 2 it
Foo RBEF BHORZRITA T o BRI
* MOUDI™ (Micro- Orifice Uniform Deposit
Impactor, MSP, MOUDI™-110):# (7 ¢ 5 » i 4
FAE 48 [ PR R - MRS e 4§ Aok fc ot 4E
55 % (Aluminum foil, 47 mm) - MOUDI'" =
nano-MOUDI™ # % B3 1775 & - 30.040.]
Lpm> # & 12 47 mm 2. % & g A(TISSU Quartz
2500QAT-UP)fc & F] 472 jicik ©

22 HEHE T2

FEZF BEemAL £ E 0 Metler
AT261 Delta 5 i=#c4 45 % =% Sartorius CP2P
2.6 HCHCE R fTAE2 o B (S AR g A E ~
4°C 22 MR AR Y o DR Rh T 2
B A2 LR EANF BRI
A3+ 2 - 2 g fBpaprt 2 o

23 B2 2L AY

MR B2 R~ PEFLY 4e » 10.0 mL
Boko i RAge o B~ & F #¥(Yihder TS-500)
%f+%9¢ﬁ.#HQMmi$&$ﬁﬁ
A g = % #-gik L ~ gradient pump (Dionex
GP50)2 IC (Dionex DX-600)4 47+ # ¢ & 41 %
AS11 250x4mm ID - anion suppression system
(ASRS-ultra) > /it /% 5 NaOH /% /% 2 MeOH -
A~ 85 1000 pL - Atk o R @
3£ succinic acid ~ malic acid ~ malonic acid ~ tartric

HE

acid ~ maleic acid ~ oxalic acid ¥ = - ~pk 2
FEFIT R L AFTRBIEE S B
¢ 3= F, Br, NO,, NO5, SO,*, CI, Na*, NH,",
K", Ca®", Mg®" (Hsich et al., 2007) -

2.4 #Lp R
24.1. Sc/E 2 RAE R R
LR RS G0 B e T

g kP o841 5 Pardro et al.(1991)0=
R PR Stk B S TR 8 4R % Seinfeld
and Pandis (1998) -

242 EERPBHIHE

Bt A B Rk P 2 F R iR
PIE M B weis il 51 0 SO, 2 NO, 2%
Gt A W 5 95 E°sT2 1.4 EY s (Hertel,
1995) -
j\ﬁﬁ’“ % skt H e f %24 CBM4
(Carbon Bond Mechanism IV)? ek i3t » #-2t
EAF YR RPsanpd Ao F it g
gl o 2 SO, F BB AL & hpd ARIRG
OH- ~ HO, ~ CH;0, % (Seinfeld and Pandis,
1998) » % Gt £ Mo f § A SR T
ﬁ:it v ff;lf_.y\ V{W SOzﬁs'ig# é B ,w SA)hI‘ °

= BEAEE

31 #HEANHAFFB PMys = A%
P RERYR

k.
”ﬁ‘s

P2 LE Sl Eafd- g 2k
B 4~ 4o Figs. 1-5 #7570 > JER AW = A5 18
ﬁ@.t%‘h#g > #2380l oxalic acid 2 &~ & » H
=% % succinic acid ° £ ‘ﬁ‘ % malonic acid # '*ﬁ“
maleic acid » @ = fi- ~F HHER > 1 53
MEBFLAFEYP L EZ Ha i SaiFE2L3
BAREH R FL s R ERY o AMRIGR
i SNTEERNRY) -”!’5 'ﬁ/&rﬁ%ﬂ I’i”?ﬁ ’ 1._r§ /"5'71‘
PR A fBs o BERE SRR R R ]
ARELE SR WRERFLEFITLE L F
ﬁ%$%w’:‘*%ﬁ$M%&%ﬂw@
*’—ﬂuﬂé LR AR RREE < o
MELRNHERSARDE NSRS S A
3 ﬁﬁ]’.‘i’; 25% = Bk B ~T75% i+ #c k@.%
FloorG g3 ER A iR F- M-
F ﬁﬁf& 25%1:%@1% B ~T75% - dc ik & 4 R 4
fr2 Lk RFEFM o @ P 2 0 succinic

acid ~ malic acid ~ malonic acid % tartaric acid
’uyﬁﬁﬁ‘&z’&&“’ rER LR HRT
CE R R LR AR ﬂf;ﬁurs 88.5£7.1% 3k
FoATRp R g PR AR

3

21»
v o

B
\‘—J:



oo B Ay SR KRB 2 ,&f:{&\'wi\%‘b
“ﬁf‘&§°ﬂ’vé«_9§§r§?\=§§m MR
oxalic acid #¥ maleic acid A" +#HER I &
r§ e BB 3t 2 .0 ehoxalic acid 2 maleic acid
PR R om BB SAFH S G R
oxalic acid ~succinic acid 2 malonic acid ¥ *+#k
ER - oaMFE T FZ2P L L2 oxalic
acid ~ succinic acid # malonic acid ® = #ck B
BomRITAREY S A Y NOyZ P B 2
BOMTRSLAFD - LG PBRLNARLE G
VPG A A2

BB R HEREE < § PMys § RER -

100.000
10.000
& 1000 F El @@
£
g
s
® 0100 F @ 1
€
3
5 & T T
0,010 L o
a 3 e —
T_ Min-Max l:ﬁlél
[ 25%-75%
0.001 | O Median value|
Na" K" ca" NO. Succinic  Malonic  Maleic
NH, " Mg" o 50,2 Malic Tartaric  Oxalic
M ) A=
Fig. 1. 2 .1~ 5§ PM,ys % ¥ Bk R
100.000
i | T %%
g ww B %%
E oD
2
S
T 0100 |
€
3
2 %l %l
5
S
0.010 £
T Min-Max
[ 25%-75%
0.001 || O Median value|
Na" K" ca” NO. Succmlc Malonic Maleic
NH4+ Mg+ cr 3 304 - Malic Tartaric Oxalic
i SN2 AR R L LS —
Fig.3. s a MHEAFAZFLFY < 7§ PMus # kR
100.000
10,000 | T T %
;o el @ ET <
‘e [=e=]
= T
8
€ 0100 b
€
: B
g I::!‘él
S
0010
T Min-Max
I 25%-75%
0001 | O Median valug
Na" K" ca" NO.~ Succinic  Malonic Maleic
NH, " Mg" o 50,> Malic  Tartaric  Oxalic
1 Dyl )
Fig.5. 52 3% % R + § PMys # kR

Ok A\f‘r’r&rFig 5 95T o 'ﬁ A ABE
% BRPEHP B R L Fﬁﬂﬂ #B 7 > e oxalic acid

Riz ;i%)i%ﬂ.‘l’iﬁk 5%1:%(;% B ~75%
Tiﬁit;'%fi%[ﬁ’f__p 460600ngm a B A
R RR O BT B BRVVERD 2 P ER
42 g o XSiEk K A 4 oxalic acid Jk &
#.% 0 ¥ ¢t A succinic acid~malic acid # malonic
acid » FE MW FFAFH < 0 R ERERR
AF - ’Up#‘if& hzo- o RHERZ ¥R
Mix o m P FEERISDRE 0 Bor BARYE
P - A R A S RS A PR

NE oA 3 o
ARAGRRIRA -
100.000
10.000 ¢
o~ 1000 b %:,__I @ i @ ]
€
i %
c
2
® 0100 @ |
: +
0.010
0.001
Na" K ca’ NO.~ Succlmc Malonic Maleic
NH, Mg o so.? Malic  Tartaric  Oxalic
. b L oap = = PSS — — 'y
Fig.2. o % 0% L FiciE+ § PMys § Bk R
100.000
10.000 L:I_E E %‘
e w2 Orel) ]
’ ==
g L =
H
€ 0100 }
: il = 4
8 El
: @
[}
0.010 |
T Min-Max
3 25%-75%
0.001 || O Median value
Na"© K" ca" NO.~ Succmlc Malonic  Maleic
NH, " Mg~ cr 3 50, Malic Tartaric  Oxalic
. P, - o o= s P . w
Fig. 4. 53" %NEFFAPFI L §F PMys 7 kA



S2 FFEWTAFFURBAES -
BRERE AW

3
~m¥e

FlgS 6 10 s = * _?; E;\ PM2 o QJJ PF, E
LEFHEHE SR NHLERD REAG S
%‘EE:EP‘ /'5 44]:7%:5)35 %}%\Bﬂ?ﬁ};i G\;]\’%" ) ;/F—

G B AN d T LF R R
PM, s #ick e = (Fig. 6) » % T & 4% @ ag 97 ikt
Bl SOS 5 dx » i NOy» Rk &
NH, P 2 L P 2 PR b b B3R 2 B
Hoga@AL» Na'2 CIMWPZ L G 4p%
Bt o) ot pAwuE 2.71%% 3.53% 0 @
“ﬁ%&%PM”?€%EI®%’ﬁwM
CRARE ST SRk o o
P2 A A AR A D A BEER " BN
oxalic acid % # =+ & » # =t % succinic acid * @
malic aicd ** P 2 Lk et ] 5 5.21% > #& 3
NoaNEF OKHIAFRFILE R W
acid Ifwf%l?‘);% o
G 8 R FAE L P PM, st e
(Fig. 7)» % 3t aw&g§$WAﬂa¢@
PEEETIE L ) SO B S 0 H =t 2 NH, >
£ HK 5 NOy - HER W b4 B 5 19.5% -
17.6%% 17.5% > & NH, & k&b o] 5 ¢
NO; ' BEm R B i A4 3 & hoig 1 1 £ 4
ﬁ@gﬂ,iﬁﬁﬁﬁiﬁﬁ4¢m@ﬁﬁ,
@ % B R Clfr Na' & % B3 & 5 °° PMos i
B2ZZEERES T8%-
BACE RS A2 PM,s doi(Fig.
8 H @@y &Lt H 4 SO~ NOy %
NH, % 2 kA 5 A& > a2 SO kR B
B IR % vh’%iﬂ*?}ﬁ oBTHAARLE R
BLEREF 5L B3 LPEE 2 PMys
#e(Fig. 9)» SO ~NOy 2 NH, ik PM,s & £
FAVNALEZIHNERAZSTAMARE - G A
.—‘Q =B F AP PMys 2 SO4 R B
FaT% @il NOsERY 3z &% 8
FAITAEY R 1 ERRRF TR
NO; kB pde B N £ 2 #2322 5 L kA
%’”??1,%% BF BERHE o BB VHER ) 2
PM, s M (Fig. 10) > H & 45 B g =7 (kb (22 3
el 45*35}3#5 7P NO3/&I“£I’ 1)"], g
H=% SO% 0 £ =% NHy » @ NOy2 NH,'
%&wwﬁﬂéﬂwﬁwww’&%%%@%
# NOs#2 NH kB v 63 P Rgen £ 0 2 4
PM,s2. SO/ ER W G| F @ & % > Bior B A%
W A F AWk AP e D R
NH,NO; 5 3 o peb » K CI B vt ps
B HERW IS B L 1.6%% 33%  EiE

7 % malic

ARIAPFEYE AT A A - FRA
WG AT S ARE o BT R R REREY
K'gr CI'f magfped > 2 kA bt 3
#0093 &7 B AEREE G s KCL § %3
g$o

G R AT TR F R PMys T
ik&ﬁLﬂﬂMW®ﬁ;aw&TW%ww

e B S BB 0 | FREH - g fSE
oxalic acid 22 2 £ 2 & % » =X & succinic
acid > £ % ¥ & maleic acid » @ # F 22575 %

P2 B S AP > - g Rk PMz.s e
kR 2 B oA w5 1.1520.34% 2
1.2240.27% » 2% TP = ~ 5 i PM;s
FRIER2ZBIE Mo A oxalicacid Jk & v &
LAAEERFAMAE Y A E EEER s g
%5 4 P oxalic acid ,;kxli ) g B
77.5% > B % A - At ML EL
= o Fpeid R I E f2 S0 oxalic acid B ¥ A
fORBRHERY - Az 7 B B
oxalic acid 3 maleic acid & & i;.JJF’rS g
Ap% # 7 oxalicacid (B A 472 = AF T8
%wkﬁwﬁwﬁaofaﬁ%%ﬁﬁmNm*
7 ¥+ maleic acid & & v & | €3> IR
G D EPEL LA o B < F ¢ F % NHy
Sz & H 4 240 maleic acid 20 2 & o

33 FPREEABALZE - A BERERZ
PR R

4%t nuclei mode ~ condensation mode ~
droplet mode % coarse mode = f& 4 % - & 17 k&
B b et fide Table 14 8 > 72 % % kR
#JL/’}#/fali,aﬁ’\}#B“’ TR \—]-"H:%f"
Brfik iR RPREERE R SR L S
k§m1%MZ¢’mW?¢&ﬁf Bk R

G\"ff ‘/}{p‘lé /If/}}“lé;"i_‘f._ /k)i/”\
LA o3 R EERGD2%19% ~ 19%% 6% o
peho e 2 Na'e? CI'f %0k B e coarse mode
FR %?/&f;{m 4-5% P2 NEE 3 pe3
AHRAPEL R LR L LR RATE
% nuclei mode 9 K'% condensation mode
NH, > 5 2338 % § TpF K'2 NHy 2 50k
Ben1.06 %2 1523 a2 Lf g R
PRy oot Aea P L LF R e R
~GERTER b RS RER S
% & F Y 1-50% > & malic acid %
condensation mode ~ drooplet mode % coarse
mode R ITER > fri Sw L EEHRTER
e131.06~748 2 240 & > g7 P 2 L F F
¥ 7 malicacid ~ £ 2 %> &% § " malic acid
& kIR G AP 24 £ R % (Rohrl and
Lammel, 2001) -



maleic acid
(5.18+2.28)%

tartaric acid
(247£1.47)%

malonic acid oxalic acid

(8.03+2.78)% (61.78+35.93)%

malic acid
(5.21+4.24)%

succinic acid
(17.33+7.28)%

_(,12'?;:;;)% 7

Sulfate
(17.73£9.42)%

Other
(50.5055.12)%
Dicarboxylic acid

(1.69+0.87)%

i T g e

PM, 5 mass concentration: 15.66+10.04 ng m’
Fig 6. P2 LA F 4 %+ PMps§ 7P 2 & 2 orib2 A

maleic acid
(11.23+8.59)
tartaric acid
(2.07+1.83)

malonic acid
(6.21+3.78)
ic aci oxalic acid
malic acid
(2.79+2.84) (64.78+ 35.62)

succinic acid
(12.92+4.82)

Sodium
Nitrite (2.71£1.36)%
(0.18£0.40)%
Chloride Ammonium
(3.53£1.45)% ] (9.0544.39)%
Calcium Magnesium lp;;iisg"%
(0.66:0.26)%  (0.17£0.01)% (1312125
Other
Sulfate (30.23+25.39)%
(19.45£10.59)%
Dicarboxylic acid .
(1'51+0.69)% Sodium
(3.36+0.98)%
Nitrate
(17.47£9.41)%
Ammonium
(17.56£10.18)%
Nitrite potassium
" 2.30+1.14)%
(0.60+0.23)% Magnesium (¢ )
Chloride °|v711°-17)%
Calcium
(4.49+1.36)% Fluorine (131£031)%
(1.010.59)%

PM, 5 mass concentration: 23.75+8.00 pg m?
Fig. 7. 533" % E 5+ 5§ PMasf ¥ 2 & 2 & #Fik2 | A1t

maleic acid
(4.641.38)%

tartaric acid
(1.831.20)%
malonic acid
(4.212.64)% oxalic acid

(77.4724.00)%
malic acid

succinic acid
(7.684.42)%

Nitrat N . )
e NN oS
\ Ammonium
fa

Other

Sulfate (44.10+19.28)%

(18.06+8.63)%

Dicarboxylic acid
(1.15£0.34)%

(11.44+4.05)%
Nitrite N
(0.77+0.45)% potassium
Chloride (1.460.87)%
(1.87£0.74)% Calcium Magnesium
(161:0.51)% (0.840.19)%

PM, 5 mass concentration: 63.01+18.78 ug m’
Fig. 8. 53 MEALFIF A F PMysf MY 2 & XA SiE2 A



Sulfate

Other
maleic acid (15.413.07)% (49.27+18.02)%
(5.95+3.07)%
Dicarboxylic acid
. . oxalic acid (1.22£0.27)%
(tfg?:c'f;é;g (77.50+18.91)%
.9UXU. 0 . .
Nitrate . :
malonic acid (17.04%4.37)% :
(3.19+1.44)% Lt
A Sodium
malic acid O (1.66+1.03)%
(3.8921.77)% Nitrite -

(0.650.27)% _.__\ A .

.. . mmonium
succinic acid Chloride (8.90+1.65)%
7.58+2.22)% 2.27+1.26)%

( ) ( ) : potassium
Calcium Magnesium

(1.34£0.79)%
(1.05£0.42)% \—(0.65£0.25)%

PM, s mass concentration: 89.34+23.80 pug m>
Fig.9. oM EBFL*F PMas#F ® 2 &0 0rib2 | At

Sulfate
(12.9343.26)%

S Other
------- 44.80+18.68)%

maleic acid
(7.49£3.320)%

tartaric acid oxalic acid Dicarboxylic acid
(1.33£0.93)%  (78.66+20.48)% Q0802D%
malonic acid Nitrate

(19.65£4.71)%—

(2.62+1.63)%

Sodium
malic acid (1.25£0.14)%
(2.75+1.96)% Nitrite * Ammonium
succinic acid (096+06)%—— (1202:4.01)%
s potassium
(7.51£2.95)% b Sj"ﬁlfﬂ;v 8 T (166:0.40)%

Magnesium

Calcium —(0.84x0.12)%

(1510.40)%

PM, s mass concentration: 60.78+17.78 pg m™
Fig. 10. S a B AVHERD < § PMpsf WP 2 & s A #rib2 At

LR GSAMEY P ERICER ST iﬂ* = » @ droplet mode ;&% } 1 malic acid %
RV R R BER AP R tartaricacid JE R P B+ 2> A B R T kR D
415 NH, ¥ K" & condensation mode % nuclei 52 % 40 1% o d pLEET R oRAEG A2 4
mode { P EME KT EAEAVENETL Pt ’39: » # 52 malic acid # condensation mode %
E&ﬂp & NH, 2 K“‘ LR m?‘}fi— » ¥ E { /| #cshnuclei mode 25 PP AEH £ o

% /5 4 NO; & & % condensation mode 3 % . . o
?;‘%fi 17.66 & %75 #FH NOyER & 4 FRWFRAFFRLIRTRAE
condensation mode % § F k& 79.60 & o AT PM,i5 2 %k ﬁ/ﬁ%ﬁtﬁifﬁﬁjﬁﬂ ) o
BAAMRIE P ARG 0 NOTERRE RLLFBFRTHERRL 2530 %2 3
condensation mode { & %E v pteb NOs & ZTIERTE LA LR SRB S F R
nuclei mode JER » #E2FFLFH L £ TRERERNEFLNEET ARR W
3B FEFEEY G %imu I Bop s v E 05 4 e bl G R G
EIN A Ja C AP A etk R F * AR R 37% 0 B G BROT RE
)I?% ottt FAAPEH NS L BRRE S 21% > P R R ER ~ B F0E R BURKE Y

malic acid 7 condensatlon mode % nuclei mode PIA G iET 12% ~ 16%%  14% B 5 3 3%
LU E L ERR 468 B2 15 B Ko R AR WA BSALINRE DR FLRAPLEER S
ei¢ malic acid Mok find LE‘.%%]F” k4 i&%ﬁiﬁ;ﬁll R 3= £ - S A LI



Table 1. 7 [ Gh 2 BSEAR b = 70 (RSPRIELS I 1255 Ty it

nuclei mode condensation mode droplet mode coarse mode
LEES FRIVRF® UFEe  FERF  USEY  FRURS ED L/ i 1) k3
Na"¢ 0.91 0.27 0.20 0.50 4.19 0.09 3.52 0.05
NH,"¢ 0.63 0.26 0.59 1.52 1.94 0.87 0.15 0.83
K™ 0.30 1.06 0.25 0.77 0.78 0.75 0.40 0.59
Mg** ¢ 0.21 0.62 0.11 0.48 0.49 0.28 0.37 0.21
Ca**e 0.37 0.79 0.17 0.51 0.77 0.28 0.84 0.17
Cre 0.60 0.57 0.19 0.57 2.96 0.13 4.26 0.04
NO; ¢ 0.25 0.68 0.08 0.82 1.81 0.62 0.99 0.46
SO ¢ 2.88 0.02 3.25 0.19 12.59 0.19 1.30 0.06
succinic acid® 337 0.07 7.35 0.31 26.69 0.25 11.42 0.11
malic acid® 0.96 0.32 0.08 31.06 0.82 7.48 0.38 2.40
malonic acid? 4.80 0.05 4.79 0.04 11.62 0.06 3.50 0.03
tartaric acid’ 1.54 0.09 0.00 0.00 0.60 3.80 0.53 0.26
maleic acid® 8.53 0.01 2.36 0.03 5.20 0.10 3.23 0.01
oxalic acid? 97.64 0.11 186.57 0.34 493.51 0.35 26.98 0.48
HFINS HFIRNF HEF HFINF
Na* 1.19 2.90 121 1.38
NH," 1.50 5.14 4.40 2.18
K 2.32 291 2.76 1.50
Mg™ 3.68 3.25 2.66 2,51
Ca* 3.57 3.34 3.14 2.56
Cr 1.14 3.00 111 0.97
NOy 3.80 17.66 13.15 1151
SO 0.82 3.49 2.66 2.40
succinic acid 0.18 2.88 1.61 2.28
malic acid 2.27 284.43 31.28 22.01
malonic acid 3.74 5.96 10.00 6.35
tartaric acid 2.10 0.00 26.81 10.26
maleic acid 1.62 6.55 4.47 5.33
oxalic acid 8.82 10.87 4.18 2.99
RIS BERIESF i BERIRS
Na* 1.19 2.67 1.25 1.43
NH," 7.40 8.96 471 3.60
K* 7.06 8.08 3.69 1.89
Mg* 4.90 4.41 3.47 3.72
Ca™* 4.21 4.89 475 4.78
Cr 1.90 6.50 225 1.62
NOy 11.96 79.60 1533 9.64
SO~ 1.81 2.87 1.61 6.51
succinic acid 0.34 6.37 3.09 2.51
malic acid 15.32 467.77 51.98 18.03
malonic acid 4.00 9.84 8.38 4.98
tartaric acid 7.19 0.00 40.22 11.87
maleic acid 2.37 9.05 7.17 4.40

oxalic acid 6.26 9.06 2.28 7.59
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In this paper we study the impact of an Asian dust storms (ADS) on the PM 5 aerosol extant
in Tainan, a city in southern Taiwan. PM, s acrosol was collected at an urban and a coastal site
in Tainan before the ADS (4-12 January 2001) and during the ADS (13-16 January 2001).
Backward wind trajectories show that air parcels arriving in Tainan during the ADS at 500 m
above ground level originated 96 hours earlier in the Gobi Desert in southern Mongolia. The
strong winds (indicated by the extended length of the 96-hour backward trajectory), which
aided long-range transport (LRT), passed through the economically developed regions along
the east coast of China, adding their acrosol pollutants to the mix before it arrived in Tainan.
Winds arriving at 1000 m above ground level during the ADS originated 96 hours earlier in
central China, and hence mixed with aerosol pollutants from cities and industrial regions in
this region (e.g. Wuhan and Nanjing) and the east coast before crossing the Taiwan Strait to
Tainan. PM, s mass concentrations during the ADS (January 13-16) rose to 125 pg m™ at the
urban site and 89 pug m™ at the coastal site, demonstrating that the ADS caused a significant
deterioration in local air quality. The mass percentage of Ca®" in PM, s increased noticeably
during the ADS and there was a higher non-sea-salt SO4*/elemental carbon ratio. This latter
change was due to a heightened level of non-sea-salt SO4>, which has a serious impact on air
quality in southern Taiwan, and was likely sourced from sulfur integrated into the ADS
aerosol as it passed major cities and industrial districts in China. The percentage water content
in PM; s was at its lowest during the ADS. Despite having the highest levels of the potentially
hygroscopic sulfate, ADS aerosol has lower water content than aerosol before the ADS. It is
probable that its hygroscopic potential is not realized because it instead combines with Ca** to

form CaSOs, a major component of sand dust.
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