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Abstract

The research of two years explores the coniferous forest dicarboxylic acid aerosol
emitted from biological sources. Inorganic salts in PM2.5 together accounted for 41.81%,
carboxylic acids (including monocarboxylic acids, dicarboxylic acids, tricarboxylic acids)
accounted for 1.47% by PM mass. Dicarboxylic acids are the important components of the
biological PM, s emissions. Among the carboxylic acids, oxalic acid is the most important
species, accounted for 43.17% of total carboxylic acids, followed by tartaric acid and maleic
acid (7.21%, 7.14%)- A significant correlation (r=0.76) between malic acid and malonic acid,
a significant correlation (r=0.73) between maleic acid and tartaric aicd, and a significant
correlation (r=0.72) between malonic acid and tartaric acid, indicating the forest PMj s
atmospheric aerosol particles related to the biological source. Formic acid and acetic acid
accounted for 0.53% and 28.7%, respectively. The mass ratio of acetic acid/formic acid in
forest PM,s was >10, showing the production of forest biomass burning, including wood
burning and other agricultural burning of anthropogenic emissions. Moreover, the mass ratio
of malonic acid to succinic acid being 4.13 demonstrated no significant traffic emission in the
forest.

In addition, oxalic acid is the most important species, followed by acetic, formic acid in
the broad-leaved forest aerosol during autumn and winter. Size distribution of SO4* were
highly correlated, r values being as high as 0.93 and 0.97, with oxalic acid, showing sources
and formation mechanisms of forest oxalic acid and SO, aerosol are similar. In particular,
the two species have a strong moisture absorption characteristics, their peak concentration
was concentrated in the droplet mode could improve the ability of cloud condensation nuclei
nad promote the formation of forests cloud. The median aerodynamic diameter (MMAD) of
succinic acid and malic acid ranges in the 0.1-0.28 pm of the condensation mode. Moreover,
the highest correlation between succinic acid and malonic acid (r = 0.76 and 0.88) shows two
species are highly species-related conversion. Aerosol particles of maleic, tartaric, fumaric,
glutaric, oxalic acids in the MMAD mainly concentrated in the 0.48-0.89 um in the droplet
mode could be regarded as cloud condensation nuclei particle, mainly by gas-nucleation
combination of accumulated secondary photochemical reaction products. Formic, acetic,
pyruvic, citric acid in the 5-100 nm accounted for 31.8-77.2% of total mass of corresponding
species, suggesting formation potential of carboxylic acid in the nanometer size is more

contributed than the inorganic salts.

Keywords: Forest aerosol, emission of biosources, carboxylic acids.
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)gk*v?fa?f_ii % 21.88ng/g’ *t PMys =~ § f Wik P fragiefpd Y 7 H g pRes
= 4 11 formic acid (239.50 pg/g) ~ acetic acid (1.46 pg/g) = 1 & = 4 > g i C4~CS 75
et e cnd ¥ A2 F vt &2 P g formic acid 5 273.61 ng/g » acetic acid B F]4E8 Mk
B @ ERZE 0 PMys & ack® BlE g formic acid (1.96 ng/m’)% % £ acetic acid
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B RRGASRED o
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Table 1. {47 2 it ® F W 7 2 &
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Succinic acid 29.35 ND 4.38
Malic acid 307.6 50.21 11.19
Malonic acid 30.60 ND 18.11
Tartaric acid 26.25 ND 26.75
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Fumaric acid 24.83 3.34 14.25
Oxalic acid 2023.7 6.73 160.1
Formic acid 239.5 273.61 1.96
Acetic acid 1.46 ND 106.4
Citric acid 485.0 21.88 ND
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30 Hp RERAY L 5144041 pg m” ~ 5.04+1.62 pg m” ~ 2.68+0.25 pg m> -
2.85+1.31ug m™ ~ 0.87+0.53 pg m™ ~ 1.2940.15 pgm™ - 387 p e d Tk g pd » H
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¢SO P ek B EE 0 B i NHy ~NOy @ Fldtk? k24 820§ 4 NHsg
TRV E s 0 A F P RREE S NH Aok B R NH, T3k RE B3P FF o o
£ P A BPERGEH F Na' ~ CIUp Rle A T30k & s o
A5l % 0.8840.61pg m™ ~0.99+0.75 pg m™~0.2140.15 pg m™ ~0.13+0.08ug m™ - K™~ Mg*" ~
Cﬁ»# PM“<$$R&Lﬂmk&w§ﬁ’%PMNM?ﬂﬁlw%’&Twﬁﬁ
KprEAEAPMys? ERPAKK o T b o 4 Jo B PR PO, o
@#ﬁéPMm“ﬁ%%%ﬁéﬁﬁﬁﬁﬁ%E’&WW@%*BW’H pRls
BB A | L 335.24+142.92 ng m” ~ 403.56+116.05 ng m™ » i 5 F ﬁ‘ﬂ‘& i Atk PMys § B8
B 1147% - H ~ 5 $pk e & & 12 formic acid ~ aceticacid 5 1L & F 6 > = B3R B
2202390 FlH o3+ £~ &E3 0 & ,; %>k » formic a01d EOF 2k e e R S A
%o Bop RRFERA YL 0440.12ngm> ~ 3.87+2.49 ngm> 5 P 7 & $8 %% > acetic acid
chtacs Hop R Bk R A 8] 5 107.65£60.89 ng m™~105.51432.14 ng m™ i % Talbot et al.
(1988)% Hartmann (1990).% % & 7= acetic acid/formic acid +* & + > 10 ©2 + pF> F4k? 7
AGHTDARPEfCE BT A FRESLAL o FEHY - AR PMos ok E
L eng ko X RR G B 70.77% 0 # ¢ oxalic acid ¥ B2 F A P RFER
A w % 127.01446.42 ng m™ ~ 189.80+10.42 ngm™ > B ¢ kA B v % o H = F_tartaric
acid (26.70+6.23 ng m™ ; 26.89 £20.79 ng m™) ~ maleic acid » (30.53 +7.61 ng m™ ; 23.09
+13.33 ng m™) ~ malonic acid (17.5145.98 ng m™ ; 18.85 +12.63 ng m™) - fumaric acid
(11.0345.11 ng m™ ; 16.98 +5.21 ng m™) ~ malic acid (8.63+2.14 ng m™ ; 13.48 +5.29 ng
m™) ~ succiinic acid (3.58+4.48 ng m> ; 5.08 +6.75ng m™) - glutaric acid 7 &3t w6 X
(2.58+4.06 ng m™)» B 7 Fe it 3 CA~C5 e Ak~ 3R B & PMys = § # Bk
A T AR RTIEER LIRS "‘/]E 7 maleicacid M b ¥ A REFER BN Y X oo

%52%%@%%m,

.’
.
.
g
.-
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K
-

_ It Acdicacid
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Fig. 4. PMos ~ § 4 Wik B B2 5 2 p e THER

>-4 {E"Lﬁ’H“' PMas & ik 2 BB REE 3 PR E 2 G Gt &
3 PMzs’}e Bﬂ,{%’(‘}g‘iﬁﬁ‘éﬁﬁ&\? ﬁ«‘ v}}‘éﬁ/;)'é. & v B de Fig. 5. #15% ’?/E’,é‘g‘ﬁﬁ‘xf‘_
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&k 41.81% > H e ClI' ~NOj ~ PO, ~ SO/ L8+ & (> £ (b F BE R 2520% 0 &
e AP 502 SO,” (2020 %) kvt BB 0 H = L NOs (4.33%) 0 P BE chdt 4R F] i
Bk B EPRRE S L KA A > HiY LRIEME PO i 0.02% -« B3-S &
Na“ ~ NH;" ~ K"~ Mg™ ~ Ca®" % ik A1t 16.61% > 12 NHy' (10.98%) *7ikit pd >
B ooribl Gl H s £ GEF A 5.63% o BT Atk NHy chmidBd NH; RR% g » &k
CE T F 2 NHy ER AR o M FHRFIE 54610 m2 L% > Flpd @i
Na' % CUF > o v b2 %) 5 3.71% ~ 0.65%

d 3 fEd? 73 E Ry WES o kg APy BETE PMys § B ACEE
BERGDLATY% B> B> - BT F &F2 %548 - 29 H <k formic acid ~ acetic
acid L EHn K oKAR S F AR E F B Ao BeTH e T ERAN P L Fok 2ok
Aok g Eend & A o Btk P formic acid & acetic acid A W it F S EL = >
£10.53%~28.7% >Hartmann(1991)%F 35 & 41 ¥4 & et 2o #-1¢ acetic acid £ *c & + »t formic
acid #2c& » BFH 2L L% 2 iEend S Pt o d 20 ARTF RN § 5
BB S F ok Flpo - AR I R PM25J}“/3~455(J( 7 A L & & 4 oxalic
acid #8531 & cnfe 4 > b5 WL E A v 43.17% > H =t 5 tartaric acid ~ maleic acid (7.21 -
7.14%) > malonic acid ~ fumaric acid ~ malic acid (4.88 ~ 3.84 ~ 3.02%) > 2 % ¢ & 7 succinic
acid~ glutaric acid (1.18~0.32%) - ¢ malic acid ¥? maleic acid 2_ Jk & 4p M 1+ 5 0.73> malic
acid £ malonic acid 2z JE & 48 B 1+ % 0.76° maleic acid ¥¥ tartaric acid )k B 4p B |+ 5 0.73>
malonic acid * ¥ tartaric acid JE B AP B 1+ 8 £ 0.72 » #5024 F k47 2 malic acid ~
maleic acid ~ malonic acid - tartaric acid 2. fF 3 % *7 B Ffld - B 3 7 & ik &4k PMys § %
Bk ® 3 W 223%P B3 - 3§ &F 7 £ o % Kawamura and Ikushima (1993)
#2743 malonic acid 2 succinic acid 2 Jk & V¢ B (C3/C4)+ *+ 3.00 Rl &+ H kg 5 kit

FRRisaz XAt kA ELZ 03~05 |5 2 ki %:‘ﬂcﬁﬁ’ malonic acid
% succinicacid 2 JE B v B 5 4.13 0 BT kY FAXFIA SR PP
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6-1 HHhAtt 3 54 F FBHETERRL W I

AFTHERENRMI AT F F R TERAE B4 F 4o Fig. 6. #77 » <
F 4 BcrTEERLE EP A& droplet mode (0.32~1.8 um) > FEEAR A N 5 162 -
20.7ug/m’ > H = #_coarse mode (2 5~18um) ~ nuclei mode (5~57nm) ~ condensation mode
(0.1~0.19um )5 b eF1t G de-] o TR IER + % F ¥ % (38.7£5.4 ~ 30.2£10.7 pg/m’) »
# % & % nuclei mode 7 condensatlon mode A FEEAE A W 5 282%18.7%  F &
)k R AE B34 F o3 droplet mode pF % ;'}éf;*iA\ Ll 5 81.6%~72.1%: 4p & #hidroplet mode
Y ocoarsemode FEEAR* FFWHE THOAHFEANTZ LT 10% - r * Tt
BR S 80% HAFEAHIER 5 66%% 0 F Jb i f WAcko% B E £ 2 droplet mode # -
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’H“‘ NO3 ~PO,” 2 4 i # % § %% & 8 1 2% > NOy RS A F 11 6.2um 5 B %

Eq\054um PO,” e A f A W12 6.2um ~ 0.01um % B % o # % 3 % eH SO,7
NH;" ~ NO;y #./2<100nm hk B Apd 4> &7 kp 23k F # Bk haidas
SO4 ~ NH," ‘NO3 z XA F PO PIRR Pk p A PRk L LA agiek o Hike
2. NO3 ~ SO7F 2hg 44 & 5 @ Fiod NO, 2 SOx &2 kit 2 A4 » 4 F ki NH;
ERELeS }%mé FA4 4B NH, > & £33 (NH4),S0, 2 NHNO; ihk it 24 > ¥ 5
hf Bk d > 157 B GRS BRF DAL > BRAEHIHLA T o

2- ]
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Fig. 7. #tken# * £ & ¢ 5 § § % SO~ ~ NH; "~ NO3 ~ PO~ 2 o js o %

FiRePf A EE P L F AR AW BE Na™~ Cl~ Ca™™ ~ K7~ Mg¥ 2 s A 1t e
Hg&%ﬁ’%ﬁmﬂ%$$ﬂﬁﬁma(Dtﬁﬁmmﬁ¢%%ﬁﬁﬂlmwmp
B> B8 62ume 4 E Na'g £ 50 s mHBM -~ Calpins fdp g - & o
B Na ~ Ca® K s Mg> % SR A 23~ B 3ixan CI K s Mg™ 4 4
hetckz 258 0 R p A P e 3 R e ik Cl 2 Na iR p i % 8k F 400 0 £ A
ﬁg‘] CEEE AR R B o RS RB < R = 2 Ferdkg o gt v K mnmn ¥
WG AR B A 0.54um e & CIRUTA G Apef o BIER M 7 i F O BB ESY

14



0.6 — 0.60
[ + — 0.55
[ Na cr E
T 050
e —O— Winter 1 045
' —e— Autumn E
= T 040
o0 3
2 T 035
=] E
a T 030
o0 E
<2 1025
) E
O F o020
S E
o015
F o0
} o005
F 0.00
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 100
060 Particle diameter (Dp, um) Particle diameter (Dp, pum) 0.0
X - - .6/
055 1 24 + F oss
E Ca K E
0.50 ) T 050
~oas £ —8— Winter —a— Winter 1 s
@_%FT —e— Autumn —e— Autumn El
& 0.40 L T o040
= E 3
Soss T 035
2 E E
A 030 T 030
o0 E 3
20254 1025
E E 7
U 020 1 T-020
S E E
0.15 € T ois
0.10 1 — 0.10
0.05 | F oo0s
0.00 F 0.00
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 100
00 Particle diameter (Dp, pm) Particle diameter (Dp, pum)
055
Mg2*
050 g

—O— Winter
—e— Autumn

o o o o o
[*) o {9 B =
B8 &y & &
1 1 1 1 1

0.20 +

dC/d log Dp (ng m'3)

0.15 4
0.10 H

0.05

Fig. 8. Na' ~ CI'~ Ca®" ~ K" ~ Mg?'2_ e & #

6-2-2 FtRerf X F &Y A F FWHRBL PSS F LR

Fethenf * B &P A F FHE A2 R TA F ot e Fig. 9. 4t 0 B AR
= = 4 11 formic acid ~ acetic acid 5 i & 4 f& > formic acid % acetic acid 2 T 4 iF % 3
WER L R E S formicacid Z i A EIR S AF > AR EP 41057 nm
0.19~62um > * Z R4 5 18nm ~ 0.1 ~ 0.54um  F+rAt % acetic acid 2 F /A 5 !
10pym & 5 F % > 2% 10nm-~0.1lpm> % FR| B¢ & 10 nm o &7 fdr fo s A
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Fig. 9. &tk 2 £ &°¢ A 5 7 BHE @2 L #

AR F & ¢ & § F ¥ - 2 # AL malic acid ~ succinic acid ~ malonic acid ~ oxalic
acid z_ 4 f & # ¢ #i4e Fig. 10. 757 » succinic acid 2 malic acid 2 4 /& 4 # % ZL g% &
#5580 A BER A% A 57nm I 0.19 um 2 B > # % PF succinic acid 2 malic acid 4

Bl A A 0.19um ~ 57nm & B A 0 * F succinic acid 2 malic acid Z_ F T A F R A Vv’]
A% 1 57nm ~ 0.19um > 42 ks O 4o cPABF o 2R A > % B F ¢ malonic acid 2 T
A - REPEELF > LR EP A 0.19um - oxalic acid 2_ F s & F > ;r_ﬁjidéa\# )
AFE A EER A E o B IR A 0.54um s 4+ £ oxalic acid 2 # T A F RI3 < I lum e #
* & % % % succinic acid ~ malic acid #fZ )k & ~» FAEF AP 3 > PISER A T APM 1
A5 0.85~0.82 5 b “h succinic acid £ malonic acid er“ DR AT AR Gilicr B
0.76 ~ 0.88 » &% succinic acid ~ malic acid ~ malonic acid & § % & 4~ f6.4& 1 R i 4% o
malic and succinic acid 7= nuclei and condensation mode z_ ¥ m":’f PR N ERE 03 :E_
125 ppb & *>* % & 106 ppb » £ it 3 & #2s5s > k p 4 $ £ 3< malic and succinic acid > 2§
F ki i 5 malonic acid 2 B4 > B ¥ o3 4e 0.54um k& > malonic acid &+ F v’
% 3% (Peng et al., 2001; Choi and Chan, 2002; Bilde et al., 2004 ) » TR EE
TETR o Bt Aok R B & 5 ol (Yaoetal, 2002) 5 it «gﬁﬁ#ﬁ fs ﬂ;;\ Z kIR %
# P oxalic acid °
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Hg oo s e w e g % 4 9 4 0.54 ~ 0.19um - Fumaric acid ~ glutaric acid #/5
AGRIEEEAG O MFIEREY? 5 054-0.19um > * FE B AE RN F B THER
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6-3 %‘Fﬁwa —8 3§ &%"1 fgﬂé} ¥R s A F R
mﬁwazﬁ BRI GRS GABR > T b £ H 2 A F A
fo o E- A FEY = 3;:%,_4“‘ (Mass median acrodynamic diameter, MMAD)#£ 3¢ +* iz %
e — 7 :}7 S F R R A T 50%2 T )~ oTable 2. & A tk& —4 7 § 5 (Hsieh
et al., 2009)2. MMADs* GSDs'' o # £ B o fF &2 —8 % § F 2 SO,* ~ oxalic acidi
EAE o AENH, ] 0 B Atk SO4* ~ NH,4" ~ oxalic acid % g7 — 4z % F & ap
W?%*‘TM4#%“&#’d*xﬁmwﬁﬁm&@% PEHBA S o BT S
AL o A BNa ~CRl &k p 4 E % E4C ;Wﬁg@ﬁg}i SIS E )
S SRTEEF I RS R R b s Se e s I g A
m%nl «%#ﬁmé“Cfﬁﬁﬁﬁ“*”E%w?J’@T%ﬁ%%m/ﬁ
B Bedf 2 B 4 o ﬁﬁiw\mw~mx®€ﬂ =gk ip % 0 2 ¢ KT NOy
1‘:39:%‘14;“.“ —HIZFEETE R A REAPREAGSDEF R T F
SRR R OKMTELEFARD EAT ROk
FiRF BRI At A Fihaceticacid B E ¢ #oR S A4 B 5 0.12nm
0.15nm> P &g sk g 2 4 chft 2z o & % 9 formic acid ~ glutaric acid H & * =840 §
Foag AR DL P A FRE R AW G 0.36pum 2 1.0um o A * & F e0succinic acid
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malic acid ~ malonic acid ~ fumaric acid ~ maleic acid 5 & ¢ = #icf /S - 3% “,’TT 7 maleic acid
PLEk s gl —d g F B o % Fentartaricacid P ok TR > A F T F &

B4 % — 3% > Bgom maleic acid ~ tartaricacid & k p R it F A SR AR o

Table 2. #+&r —4 7 # & 52 MMADs% GSDs'* 2
&S A3 EES 130 NE-RgfEf

MMADs ¢ GSDs MMADs ¢ GSDs MMADs® GSDs

SO 0.66 2.79 0.91 2.37 0.64 2.36
NH," 042 3.09 0.71 3.47 0.60 1.85
Na" 1.31 4.10 4.12 2.19 5.09 2.91
Cl 2.47 10.81 2.14 6.41 6.35 2.81
Mg®"  1.89 4.14 1.67 2.45 5.43 2.77
Ca® 293 18.82 4.29 3.85 6.03 2.71
K" 0.61 2.81 0.59 3.33 0.80 3.75
NOs 1.77 3.38 1.61 2.05 3.39 2.64
PO, 037 25.29 0.42 3.12 - -
acetic 0.12 9.00 0.15 6.73 - -
formic  0.39 26.21 0.34 16.8 - -
glutaric  0.99 4.13 1.03 9.52 - -
succinic 0.26 5.13 0.10 1.45 1.61 6.00
malic  0.28 4.11 0.23 3.82 0.64 4.01
malonic 0.34 3.67 0.38 3.77 0.94 6.06
tartaric  0.51 2.20 0.34 2.19 0.39 3.11
maleic  0.60 2.46 0.61 2.92 0.33 18.4
fumaric 0.48 2.09 0.54 3.62 - -
oxalic  0.72 3.11 0.89 3.00 0.77 2.61
citric ~ 0.89 5.99 0.02 2.42 - -

a: Hsieh et al. (2009)2. % %
b: * %
c: F& ¢ #ok S (um)
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6-4 FHikint §F F Baop e

BFE P A F F okl P cation ~ anion 2 carboxylic acid 2. T2 F & AR B F
)gJ% poAae oo v Sf 3 ek £ ) 45 (5 nm~18 pm) & 3R nuclei ~ condensation ~ droplet
% coarsen T f& ;% 4e Table 3. #77% o fikeft * £ & ¢ L F F Bk ' ik droplet
mode =L i’a%ﬁr;& EREF A ARG F - Xu s H =t § coarse~ nuclei ~ condensation
mode ° # nuclei mode ® & £ fhcation *TiEJERE AV ARE X 5% 0 * Fenf 433 (anion
2 carboxylic acid i r) WLIERF A v 7.7% B A FE 5.7% - "TF R R T F R RR
tv oo F B end oF HokZ 38 = condensation mode > % % cation ¥ ik R A v P AR B
WAE X Fenf B3 EERE A 19.1% RN E 22.6%- d 3t % % condensation mode
? ehcarboxylic acid Jk R F A v 3 1 - B > PR o R 4 0 Rk p A4 PPy
&g A5 aho & F ok R B & droplet mode 0 # F hcation ~ anion )k R | A Y B
W HE > FR @ 0t coarse mode P AP F o * F e f 35 ik nuclei mode £ condensation mode
Wy P AL A H Y 3R FF SO 82 carboxylic acid & /B it # i f& ?F}*Jcidg 4v T
PR 0 A& REF P B droplet mode v § JIF R F A ek s R

Table 3 Ha+ ~ R4~ 2 2 TOFRERL TG AV AT
Mass  Total Cation Anion Carboxylic Others

mode 3

(ngm=) (%) (%) (%0) (%0) (%)

Nuclei Autumn 4.5 15.0 5.8 3.9 1.8 88.5
Winter 4.1 10.7 5.9 5.6 2.1 86.4

Condensation Autumn 4.0 13.2 9.8 21.4 1.2 67.5
Winter 3.1 8.0 16.9 16.8 2.3 64.0

Droplet Autumn 16.2 53.8 4.6 24.5 1.1 69.9
Winter 20.7 53.5 8.6 26.3 1.0 64.1

Coarse Autumn 54 18.0 8.2 13,3 1.0 77.5
Winter 10.8 27.9 6.4 10.7 0.4 82.5

Hikefe t TEY X F § M RSB SO, NH, ~NOy ~K' PO, &7 it f
Flen= (> T35k R 2 TE‘I"H’“ blde Fig. 12. #7151 » * T 2> T3 LR PR G/ E >
so4 REY AR ﬂhﬁﬁmﬁﬂ 5.0 & 46 0 3 5 £ NOy -NH4 2 £ 0 PO,

o SO, tte B BB L uHE S TP L 61.6%66.6% % > Hsiehetal.,
2009 5 % 3 F 2T A 25 AT 2 (48.9% ~ 56.5%) 0 T3 A A B4 3.5 4.9ug/m® £
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39.9%) 4% > TEEAR A UG 21 23ugm’ > LE A WRLF ST 6 AR EY &
droplet mode © # =t % coarse mode > #7 i FeE A~ AEALaMHEFTLELLIF ST
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PR T AR A F BRREY B AR AR A E Y 20 23.1%
15.6% » T 32k B A %) 4 84.2 ~57.2 ng/m » 2 & B¢ % nuclei mode & %] & ik 42.9 % ~
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pyruvic acid ¥ citric acid i & % ¢ # nuclei mode % iF 77.2%~17.9% > # & = citric acid
tri3a3 2 4cter BHECA] - Pyruvic acid ffF kT € Ui £ fZ(Grosjean, 1983) 0 F ¥ IR
BEEF AT 0 BAE S A EF R o > HIZHREF (R E A SERT) S
F & % "4p @ (Talbot et al., 1990; Klemm et al., 1994; Kawamura and Sakaguchi, 1999;
Rohrl and Lammel, 2002) 4 sAs @ R[] > s PAAR ZEF LG B &5 5 L env Fé&é

Fooham o B AP EPERa R ok 44 A& A% A 5-100 nm ¢ nuclei mode %
Rio BT AR Bk Tt HobhaE - B A - JT,—,; i '{‘T’_’ﬁ“ﬁ‘ LAY & B Gl
LR d*“ﬁv%ﬁﬁ“A’fwkﬁmwﬂwmﬁmmmtw&)o:g{jjwmﬁ&

+ & &7 citric acid » ﬁi—;ﬁ B Bk Y 73 2 Pdcie Aot 3P4 £ (Keene and
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BRSO A TR G ARE o AT R 2 B eI ISR SR IER RS AR G
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forrmc acid " B3 4 o Kk p 2 PP ang Bick B &L < 1 3.1-6.2um £ coarse mode
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PE AL S L Fk s 2ok kP B R B A o B T AR AT & D
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and Crutzen, 1991; Exner et al., 1994; Chin and Wine, 1994) -
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FARef 2 T & ¢ 1§ § P2 pL4E succinic acid ~malic acid ~malonic acid ~ oxalic acid
b3 R g e Tk R 2 ?}*HL b4oFig. 15, #5744 % & £ ¥ = L A onuclei
mode ¥ 1 succinic acid (33.1% ~ 52.0%) i+ i % » # =t & §7 & condensation~ coarse mode °
# % Hsich et al,, 2009 5 % 3% F ch2ei3 4 #55 4 F 2 (14.5% ~ 17.8%) » T3k % 4.7
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AR T &P L ;fz ’iﬁ : i ¢ maleic acid -~ tartaric acid ~ glutaric acid ~ fumaric
acid %7 s 4 ] e i SER % ?E”)*Jc o4 Fig. 16, #7770 o #4 * & & dhmaleic acid
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Fig. 17. % 7 A jom # # Fl> 45 & A % 3 % b acetic acid/formic acid & & v¢ & <
2k s feF LT~ F g Fl b acetic acid/formic acid k& vt F # B A 2.8~3.2 0 &
Hartmann (1990)4% ) 2 B ¥rge otz ehe fe/¥ pert %@44—\3 |48 %8EiT { S a9y
R R N ] @ﬁa?£ﬁmm4£1@’mFUmﬁbmmk&éi§$Mﬁﬂ%”
(Keene and Galloway, 1988; Chebbi and Carlier, 1996) FEREEZRIB RSP AE L L @
[P Fav 21 B 252 BEon A E kP G 2 bR o ¥ & acetic acid/formic acid
KRS “f 7 condensation mode(acetic acid/formic acid 5 2.2)* » % ZH g o g
7] acetic acid/formic acid J& & v* F % < 3R F R R F # R & 3.2~8.30 #+ £ Talbot et al.
(1988):7 § 3 % 2 Jrsesetpacehne /7 fot o B2 51 100 B % 5 44k L g
A B % i‘{ ~l;%‘fr_,*ri B 2 B R AT A E > R nuclei mode ~ coarse mode s
S EIN 4 F A E {3 F13 acetic acid ~ formic acid 3% -

Malonic acid/succinic acid J& & ‘* & £7 oxalic acid/sulfate & & +* & E FRU R L x
1 condensation mode ~ droplet mode s s & # gfv Bl ™ > malonic acid/succinic acid }k &
WL A3 2 Bt F RN F ORI 2 F A § ki A2 A R F o (Kawamura and
Kaplan, 1987; Kawamura and Ikushima, 1993; Kawamura and Sakaguchi, 1999; Wang et al.,
2002; Yao et al., 2004) { nuclei mode & 4 % §= ]} » # F malonic acid/succinic acid
ERVEFFIAE ST R A A FiRT AR 4 KB ¥ ATR 0 coarse mode kT A
#* qf{c‘v@p\ » A FL R BONHE :FP 41 % % malonic acid #4724 3= & F - succinic acid ~
malic acid 2 & ) 3R & condensation mode » & $ fa kT )k & A~ # RS AP 2LF - At 3
e "’z g Tk R A T ARM r A B 5 0.85-0.82 0 & T &1k " s succinic acid ~ malic acid
Bt 4 4 Pt ap 2 o 4 8 WA MR 2 ok s R > S - S P IEY SR
Bk BRI ook PR RFEFRLE R % & = malonic acid - ¥ ik
BT A W H H LA~ it P kit F ek B AP o A% A F oxalic acid/sulfate Jk &
g Mt 0.3 “f 7 condensation mode i fT A § [l b 0 f % oxalic acid/sulfate )k
Bt F ¢ 304 % BEor funuclei mode ~ coarse mode s T A F S IR AL F L 2 F

3 F1*t oxalic acid 97} = o
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