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RRLAS TR KX S ZUCH VIR (SOA) P46 2 4 A 1E 77 T AL
13K AT E IR LURTE Bt BEXT B L F AR . hERGE S VA &
ERSRAEM, LUK SOA FEBMLEIERA 0 EHME L. BRILEH
SRS IS AT LUR AR R R 5, TR BUASURL 25 — JC R MR I A B LB K 22 ] L
BUATrERRM AT AN, B, BAFKTEAEIRPERNE T
AR T A ORI T SR Z RGN, ASCETRE 2011 4 A 24 A
2011 45 5 A 4 HMIBT Ha i BBRF XM R ER R, HRAETFE
WML R W T —BR=F "R m AR F ERKE T
DL TFHAT AT, B4 TR ERAERMPERIT  E R B A
TORBRITRAR AR AL, AR L4 & BB IR ARG T 45 R B & =
PRRIRAIRATE AL HIREAT T 8R3. BFRR .

(DT A S UL & 1R TS QR , & B F 49 KORIAR o A 46
RENES, HRANT 0.048um LARAT 9.9um 4210 H W AR 5 H LK BE 8
FIBLG, I EAEIR AR A X R0 5

)YBRL A& 2 B KK BEZE P AN R SR T 3 R I WU A LA 0 A, B
0.54~1.0pm 705 [ P9 RS AN AT 3. 1~6.2um V0 Bl A RFFUREAS, T LAV A .
BRI R B EEP R R AT 2 — 1, (B BRI AR 2
SWETHE, F EEXES I REE A B2, T HA>6.2um FRRF ot
HHERWE EIES . 52 ZBMARNE, T ZMAA ZREBHES Lo
AiFF AR, FF HAER A LGN F R I B L5 145(0.093~0.32um) LA &%
FARLAN(1.8~6.2um). T “IRAEVD A RS P HIKE AT & T r i, JFHE
et P EEPE 0.093~0.32um EEAKESES. I_RNSEEDE
RARE T AL, AR AANAE, RIMEIRDDR B EIE N EEK
RS S(8 K) LA SRS (B [B]) 73 AR AE



QYRR FAT, TREE KR PRIBREES — oMk O T kb I
WRR SR, PR ERENE. ORNERN, 2 RABRBES
(0.54~1.0pm)H1 73 A LR H T m g AP RTBARSRAL R B X FHABRRBCR =
JUERRE MIAEAE AT REOK B TR sh ek SR S0AH B DL Rt v A R A X
AR, Hob, JESA RN R R XTRRAS b L T IRt T AT REEE K.
], MRRARA T O ZMIDERZ 2 AR, MAEMRBEE TS
AT B SR E IR R

MHEDLRRIEIAN, ZXRBRICEZ AR ERFERWR R, H A
W Co/C BUEARR. WEZHN 023, 029, XTIV AR, RAWR0E
R I RER B T BLE BN UK R TR R, R N T A
T s ok B TR HE R SRR A RS Z TR AR & 4 A TR AR
A5(0.54~1.8um) ™, FLF NOs. NHy* . Mg S 5T (i 4H Kb 4 5125 0.90. 0.88
F10.86, YA Z MR TOR B TN A EAL RS, LUK 23 A )R A 4
R FEVD A B B 4 A 2L, RIRAXURA M4, 1T H Co W NOy', NH'
1 nss-SO, T HIFI X AF 5 A A 0.98. 0.87. 0.80, HMIIEMHLEIAl LLRYA Az
ARG A) WA R IR A AR B CRBA).
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Study on sources and formation of atmospheric

particulate dicarboxylic acids in Qianliyan |sland

Abstract

Study on chemical composition characteristic of particulate dicarboxylic acids,
which could influence human health, radiation balance, climate, and formation
mechanisms of secondary organic aerosol (SOA), have received more attention in
recent years. We can estimate the formation mechanisms of dicarboxylic acid though
its size distribution as different distribution modes of chemical constituents in
atmospheric particle may reflect various sources. There is no much systematic
understanding on the sources and formation mechanisms of particulate dicarboxylic
acids in Qianliyan Island so far. Based on the size distribution measurement samples
collected during the period from 24th April to 4th May, 2011 in Qianliyan Island
followed by analyzed using IC (Ion Chromatography), the sources and formation
mechanisms of dicarboxylic acids, i.e. oxalate, malonate, and succinate, are discussed.
The different characteristics of size distributions of major chemical constituents in
different weathers (i.e. sunny and dust weather) are compared and diurnal variation is

also analyzed. The main conclusions are shown as follows:

(1)The size distributions of major ionic species are complex since the influence of
local pollution source, i.e. generating equipment, in Qianliyan Island can not be
ignored. Moreover, the concentrations of ionic species are relatively high in the range
of <0.048um and >9.9um in sometimes. However, this kind of influence is much

more significant in sunny days.

(2)There are mainly two concentration distribution modes (i.e. droplet mode and
coarse mode) of particulate oxalate in both weather conditions. The peak range of
each mode is 0.54~1.0um and 3.1~6.2um respectively, while the former one is the

dominant mode all the time. Although the numbers of samples in sunny days are more



than twice of that in dust weather, the concentration of oxalate is obviously higher and
the bimodal distribution of oxalate is much more significant in dust weather. And
meanwhile there is no significant increase of concentration in coarse particle range
of >6.2um. It’s different from oxalate that malonate and succinate have no obvious
droplet mode but present condensation mode (0.093~0.32um) and coarse particle
mode (1.8~6.2um) in some times. Succinate in dust weather shows a condensation
mode in range of 0.093~0.32um while its concentration is higher than that in sunny
days. In other hand, the concentration of malonate is decreased during the dust
weather, however, it presents obvious condensation mode in the daytime and coarse

mode in nighttime.

(3)Particulate dicarboxylic acids in Qianliyan Island may come from continent
source followed by marine source in sunny days. Liquid phase reaction in cloud
process dominates the formation of oxalate in droplet mode(0.54~1.0um) during the
daytime while other mode distributions may resulted from gas-particle condensation
formation, heterogeneous formation, and metabolic activity of fungi from marine
source. Moreover. heterogeneous reaction may be a major pathway to generate
oxalate in particles with coarse size. In nighttime, the formation of particle oxalate in
droplet mode is affected by the cloud process while heterogeneous reaction between
gaseous precursors and sea-salt aerosol may dominates its distribution in coarse size

mode.

(4)In dust weather, the sources of particulate dicarboxylic acids in Qianliyan
Island are greatly influenced by continent sources of East Asia. Meanwhile, dust
aerosol from long distance transport could be an important source of dicarboxylic
acids or precursors, since the concentration ratios of malonate to succinate in the
daytime and nighttime are 0.23 and 0.29 respectively which are obviously lower than
that in sunny days. Particulate oxalate always distributes in droplet mode in range of
0.54~1.8um in the daytime during dust weather. The correlation coefficients between
oxalate and nitrate, ammonium and magnesium are 0.90, 0.88 and 0.86 respectively

which means that oxalate may be produced from gaseous photochemical reaction and



cloud process. Additionally, particulate oxalate in dust weather presents bimodal
distribution in nighttime as well as in sunny days. The correlation coefficients
between oxalate and nitrate, ammonium and non-sea-salt sulfate are 0.98, 0.87 and
0.80, respectively. Therefore, the conclusion is indicated that the major formation
mechanisms of oxalate in droplet mode and coarse mode are cloud process and

heterogeneous reaction on the surface of dust aerosol, respectively.

Keywords: Particulate dicarboxylic acid; Size distributions; Sources;

Formation mechanisms; Qianliyan Island
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ZIRE NS B R(Secondary Organic Aerosol, SOA)FI{EFEFI A5 R 7 i 5
EEASR TR, RS IR S E IS B RE R
TEXRFREKSE . R, {BRF % SOA KIRIE. WM. WLl E
FHLEI SRR R I A E YE(IPCC, 2007), FIMTE BERBFEEMEHL MR
YR ME R RBET, 5 SOA TEBHLHIHIBI AR IS % .

TR (B )R AT SOA A RAFIE F M AR —K. TEHF
WEW, U2 o8 GES) hE, EEEET AR R SRREE
I 1%, 7RSS TR IL 3] 40% (Kanakidou et al., 2005). 73T — Ttk
2 1) 5K B DA T B RE XTI A L3 AR B SRR 7 10 & B AR B0 52
W, BLREKT SOA RMLEIERA A EERESL. (HE, HAEHNERX
5 T R RAT AR AP TR BOR R il

Yk —TRRM M E B RAST, BhA L TRIBGERE) - HERE)ZKK
e EIRSSERTIIR, BX L ZRRIRIERE RIS, 72 A5 RS
T, B ORI . b BRI R AR HRA PR L W ke 2
K — RS . H AUt R R P B AR E R B B R AT
(RE) 8. MRS B IR, i — ORI JEZ A K

UL T L K % ] OB AT SR IR TR R B RLAR 2 A AT A
Bl o RLAR 53 A R ORI 0 T AR AE, ' RE RS e ORI B S AT I DA K
SREERR o R ) B H A 2 20 20 B R A2 40 A A T DA s SRR A B A KR
AL R KRRS040 A LR o AR . BURAES (RLfEike
GRS TR A FRBA, oI E B AR T (R RIAR 2
HEA) . BRI A SRR AT LU LR R BRIR, itk AT LA
Woks A =TGR BR AR BT U AR AU B B A 40T

EREVR R IX S AE VS K B, XTI TR AR 2
31|23/5 Y5 Y+ (18 )(Chan and Yao, 2008). T #1125 XU3EH HAREAI A G IRHEH K
Sy EIE R L%, WERT AR RKE, B



[T NN L D8 IR, AIOHAD AL LN

T AR HEX (Uno et al., 2009). B3T3 #5185 B XS SR — TC R B F:
U8 TR RALEIRT 3 — 20 T i SOA RE X ABAEEMS U i B
FHMREER X RNt EENE 4 A 5 i & RS AAR At BAT S B0
B,

EH EAHRT RS RSPIRA RV R K05 77 T Bt
ZRAMVAR, A CHE TG X ZTTRRIER BB, @ T
A HEFNFRAT BRI R 0T, TSR KSR
Yo o E BETCHUAN = ST R AR T -4 43 AR (RDRL A 08 TR P49 RO E 4 A 0, BB
KIS CRBE R AT RHE , R0 3 5 H R AL R IE 5 1 Bk iR kAT
GHMT, HTAS BRI RS M ENS £,
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1 47k
1.1 XEPBRS-THREENFREX

fERTERSHESA P ERAFENANDFZ — KT AR E
MRBEEZ S T+ 2 005, JFEFEMAK. TR, oK. SRR LR
1575 % Bl(Norton et al., 1983; Chebbi et al., 1996; Kawamura et al., 1996). ',
AT RBEVIRIES RS AT (BEE. Wi, X, RS mEX
KAEEBR ALk, ZRRERSHE P LR ERNAIRYFZ —
ot - L 28 R AR GE LA % W B L 5% 5 T K BFF A IRV RE 52 31 T BB V2 SR » BIFFEK
Bk A TR AA U P EER N
(1) T HR M R KT T TR 0 K T LA S, R RRL T

Wit R - EFL S LR M (Cruz and Pandis, 1998; Brooks et al., 2002;

Kumar et al., 2003; Saxena et al., 1995);

Q) BHLA T RB RIS TR (CON) BT i PR T R 115K ) (e i =
SN, SRR S R S E R A, TR AR
T BRI, 2 CON KRG RS, BENS BRI T RE LI HF B0 Ui I 1
F (Facchini et al., 1999; Kerminen, 2001; Shulman et al., 1996; Cruz and Pandis,
1997);

(3) BAZ Bk 00 T ICHRBR O A7 70 B AR ST SR 1R F RE WS S M S KL 13T
SR, T L ST I 7 1) B AR X A BRAR G T T () R

(4) ZILRIRAE 54 B R A A N, AT SRR R L RS R AR v
et g — s FEE _EMEECIRT, 2009);

(ﬁliﬁﬁﬁﬁ%?iwiﬁﬁ@,Eﬁm\iﬁﬁiﬁ%¢ﬁﬁﬁﬁ,%V
A FE KGNS BHE RS Z —, 7 DB IR 7 XS 2R
#. Mg, SEIERKAERRAL, Mﬁ'ﬁXﬂﬁi&u&Yﬁﬁﬂiﬁi‘%?ﬁrﬁﬁm’%E
1 52l

(6) Meoh, BURLA ZTCREON NI S M A S R A A R E T T



S P NS LR I d10F; ) Blb .80

CLA AP B 8 A -2 FLFE LA WA (Deguillaume et al., 2005; Jickells et al.,
2005; Gundel et al., 1993);

(7) "OCHRER ¥ B TR, R R N R AT, (ER (PR
FE5E, WRITICRIRLL B TE LA R 05 48 B A 1313 KA T G DU — AL 5
MR EESR.

1.2 REPERASZTRBEMER. KERUARRENS
L 2.1 KSFRBER TR — FORER b 2 40 s T

HRTERN, B NISARE TP C2 %5 LA NILE Y, W
IR ER 0. T AR, PR, BUERMSE N Rt SR I
FEE ALY WEAPE 8 KR PR 316 54 Yokouchi and Ambe. 1986: Nolte et
al., 20000, Hrb, Z e RAFMX KRB 5 B R AL A
.2 - (Seinfeld et al., 1998 Rogge et al.. 1993; Schauer et al.. 2000: Zheng et al..
2002), 185 F B _RBMEWT . SH. WEURFHR AP SR IEAE R
Aoy, WKV BT RN RS K — T b AR, Ak sk,
Yl M X T BRI KV S TR M X, B R & S — i R
Fekath. JFH, “uRBERITERTRER T EMR AR E S, SRR
R KEER LA R E 4 )

BHFOLE, BRiKSAr, Z —B(Oxalate, Cy) 2 DV AHI K A8k 4y 4
ERAFEMN TR, KT K (Succinate, C3)B T —#(Malonate, Cy). B
LM NZBRAT TRRLSh, - F(Adipate, Co)f1 T “#i(Azelate, Co)IHIAS
T &K (Kawamura and Kaplan, 1987; Kawamura and Tkushima, 1993: Saxena et

al., 1995; Kawamura et al., 1996; Kerminen et al., 2000; Rohrl and Lammel, 2001;
Yao et al., 2002),

Ko B TR A N BRGNS, BRI A
) —RURFE

(1) e AT EGRMRE RSN, Hb s 8 e, 78 H s RS 5
BRI RIIBAE ) 5 NaCl FIONH,),S0, M2, FFH HR 2=k



THE N UBRES R RN AN AR5

RV (VB T M T4 55 7 (Peng et al., 2001a; Peng and Chan, 2001b);

Q) HTERRERAL T, ZICRBRH TR RN AR A RIRN AR,
TEIE A OHAE h B BRI R M, B S B AR A, e
R BT KANBRART, BN UVRRBRY T S BRAFENH
IR —;

(3) KA R — e R B 5 4 K S R BBk T R R, S IR fE
W5 HEY RSB IRERER R EREFBOVH U = R4

1.2. 2 BRI — TR B IISRUFLL B AL

A S B0k G R R SRR UL R T BOHL AR 7 T (OB 5 — BB B Tz
it ERZHEFRD, BES% ORI ERR T T IR A AR R
HORR BT B o

1.2.2.1 KSSBERBRYIRAL A 5RIE. TEBALHIHIR R

KESBITRA KRR A R B R EE RPN —, B
g 2 BRI A R R SRR E, T RENS 0 RO O M ORI IR 5%, I
BLFROMRRL, T DL R e o4 4 T R 2 M R S ORI KD R R
Yo IR B AL 2 A 43R HPRLAR 2 A T LA BT SR A KRR MoK
BHEREREERS, 2006).

WDk, KA SBRORT B AT 7T BLor A = A FE B, BIEER
14 (Aiken Nuclei Mode, #i42/NF 0.05pm). FURHE A (Accumulation Mode,
FAZTEE A 0.05~2um) bl K KLk TH% & (Coarse Particle Mode, ¥ KT 2um)
(Whitby, 1978). Ecrfi, KifzdiE7E 0.1~1pm FRERARA A BRI T80T LA 73 9/
i1 4% )68 45 154 (Condensation Mode) A & 58 KORLAZ 4 2 A (Droplet Mode), I
ZREARBBEEASR MR T . . RFLL 2um FEARIMESE, AR
(o Scikep BAARI A R R, —BE R 2.5um, HAMNEE Tum 2K 3.5um.

W ST HIRIO R B A B 2 A — AR 2R, TR BILA



IRE Y2 NG Y TF TN 211 0h, AL Rb, 3 s W

PRI, BIATRUR F 2R B THUMGL R MU 836 5328 . ik, X
W R ERER T, AR R T A & ke HERE — VOB F LA S,
FLR AL N T Hrh AT RN T A A T 2 A i 1 o
Mﬁﬂﬂﬁ%ﬁwyE@?Eﬁﬁﬁ%i%%%%im%%ﬁ%ﬁ:ﬁﬁﬁﬁﬁ
FITETE R ANREF B B KDL BB P 2 R L B 5 80 7 (3831
R HBAH B RN

1.2.2.2 FR& ZJCRBRIN SRR LL R B AL

MEE LB, TTRBARIT T UL AN B R A KIS, PR — ks
DARB I TP M2 A A S IROR IR

TCATIREHRGE . AW T AR S5 N RSSO L T LA )T A 0 A
KL TR MR BN BOR, 5 DRI PO RS ST AR R . R
AT, R ICRBI TR A % . K iy, T —
PR E T HE R LR — o2 51, RS R EE, B AOASETR
ff & T EINEE, CRWET TR LM KRR 8, (82Kt B
4%#1%:&@J:@®mMMMEmmJ%QQuz,wfﬂﬁuﬁﬁﬁ%
R, S A AT AR T Hh 2. BRI STk /M(Dutton and Evans, 1996;
Bauer et al., 2002; Yao et al., 2003).

(B, MXT—RE, GEWAMEEREARRELEN, AYRRER
B AP IR AT R KSR 8 rh G R 6 1 255k U8 (Kawamura et
al.. 1995; Kawamura and Sakaguchi, 1999; Kerminen et al., 2000; Yao et al., 2002).
O mENB, AREHREERBI R, W2 AR 2 B S EREN
HEEZE)RE, R R SRS TR TR, 24, B,
TR BER R AN A R ZEWE Y, SIS B BN s
KRR BB A5 2 — B8 #(Warneck, 1999; Carlton et al., 2007; Sullivan et al.,
2007). BAh, EZITAMIEM L, 2 EREL RS SR — AR A A e A
(0.54~1.0um)_E (Yao et al., 2002; Huang et al., 2006). fE4# FiEAd, 7 8L
FERATEER AN RBAREA SR LR S A A E AL B2 S Y



T4 N TR ORI 1 AN 5L

— W4 AL F(Seinfeld and Pandis, 1998; Blando and Turpin, 2000; Yao et al., 2002,
2003; Crahan et al., 2004). FFH, Z. 8. HIZ 8 WS R PR A2 TS 1)
BREAAR AN 2 IR Z TR AR ) FZ ALEI(Ervens et al., 2007; Tan et
al.,, 2009), X WARTF T AR R NAE 4 IR ER T L AR B A

BEAh, Fde TR AR A LB AT DUR R R KR IRRAE, H 2
WFRZBRES T BRI W (CYC)RRAT T — € f9H8IE o ARSI HBUIRIIT
5, ZHEZ 40.3~0.5 (Kawamura and Kaplan, 1987). £ —%4 KRS,
HAR 7 LA P E R RS T X E T, ABARKICy/CoE 2 SHLE) FHR
Ft T ERER IS SRR £ S E B X (Kawamura et al Kaplan, 1987; Kawamura
and Tkushima, 1993; Wang et al.,2002) . 55— T, £ IRBRY T ZF KT
B X — ORIEE 5 1R £ . KawamuraflTkushima(1993)7E 5T 4 ot B 2= Fuhi 47t
TTHFRANG RIL, Ca/Calft 2 HO AR FAL AR BT S B K AT LA 23, T4 e
RN R T ZCRIRIN K R M A AR £E ZJER IR T ER BT IR AR
Vi, 4t E3 A4 (Kawamura and Sakaguchi, 1999) o HiL, W&
5T 2R KSBRY b i st R X — R CEZE RSO fok
R RS GUR Ly

1.3 ERIMIRIER

i REEE, KT RS R KE RS A ERH R R ERX
B4, BLT i E R MR IR & & FE B A4 BT A .
1.3.1 EAMARBUR K R A

Kawamura 26(1993, 1995, 1996, 1999)% A ] 1 X K=, HIBUR A F HLER AT
T— &I

Xt 1988-1989 4F AR gl KA BRI HR S F B Z oRBI AR H 2 =]
AEBERZCRBRAS, RKER AT 2R, K2 K TR & &
B, FHZIUHRRRFER B TRMEKEN YN EE I D(nE
F)HEiEEA KN (Kawamura and Ikushima, 1993)



T2 A TR SRR A S A KB 5

XF1987-1988 FMERICHIBX BB SALE SN RE, TR ER N
- RI C-Co R T H ORI, UL N+ . XX = ok
B T SRR R B P o1 M D B S 1% 7 LA B v e R AR B e Ak R R A
K (Kawamura et al., 1995) .

Kawamura %(1996) T 1991 £F 2-12 F % dg kil 47 7 <0.7um (9 E 104000 1R
¥, 0N R FEN - CRRFEEERE THZ R, MET —BEE
BE . NREARER SR EERE, HEISENL S5 LR H
BHNAFEN I BEEW.

1990 4 10~12 ARFHER B URRH AP A NERETR, 2 BME TR
ME)EFH D, HIRERN B (Kawamura et al., 1999), EERXSTXHEMH - TH
B LA T UMD AR, @A FREBHIRI K 1T A
A0 i 17 % 1 B 82 S804 A B (Kawamura and Sakaguchi, 1999; Keene et al., 2007;
Facchini et al.. 2008; Matsumoto et al., 1998; Turekian et al., 2003; Miyazaki et al..

2010).

Kerminen 3F(1999)iA 4 JLiKiE i B Kb SRR E B RIE TSGR S . W
MG ORI R AR = N B AR A RN, B AMBAT I K B 5K i B R
R ARE AR

BT LR SRR M R G415, Blando I Turpin(2000)4 A% 4 SOA
MR E R 8 T el F i PRt TFdf .

CER R 1 3R L35 ey TG B AR S A O T AT R i
RBEATHIRFIH, KA Co-Cy " TTIRRSEBIR B ML IN I A28 B 25 4 < A
™ B, HOMEPER T L5 5 B KR 35 B 3 JE 0t 47 — 52 B s i
(Mochida et al., 2003).

ez sl R KT, K AR 28 SRS SR e b i
WEERNZ 8. ZEBEBTERASRETBIRARALELL B, XMZ
B BRI K REMARE TR 2 B E B AL H)(Wamneck, 2003;
Crahan et al., 2004; Sorooshian et al., 2007),



T8 N ARG I A IR ACR A

F A B SO B8 LS &R S B I 2 KB Co~C i =
TR, & AFERZ BN EES, W_BRRZ. aHM TR
B, CTREAHR FEXA T AHER AL A R, T TR AR
HECA 2 R AR P LA AR 8 i  FSE ) 8 B B A REL B 0 bk A AR R 28U
fFAEX Tk I BARSD FE ZORBRE —obF R REA K, mIEHLs)
U — IR K6 (Ho et al., 2006).

FI 5 E A X R, EESEZ AN R EERHEM KT RS
PR ARt R A IR aR AR R, Xt B AE i A2 P AV S B R A T B I
IE#E . (Sorooshian et al., 2006; Dall’Osto et al., 2009)

Sullivan 1 Prather(2007)7E % B E £ H A& #AT EHMM A4 IA A, K
AR A T T IRIR I A B AR B SN DA B B PR AE AR AL
WAL R ST ARG, T — ORYR v] BEER ALY STk be I AR Ok

75 25 [ RV R I XURLAR 20 TR B AR AT OB X, RURLARE A4 KR
A 4T/ L Ry, RHIFIACR A TR AR A Sl e, 5K
e tH NOp FREEE ML R, FORA 2 R #h T LA K VAR S AT 2
J¥ i(Martinelango et al., 2007).

A, Miyazaki %0100 A P IL AR FREA DAL TR XN, R
R I BB 4 K B T A YR AL AU A B i A N K UL )
Befgidf . N REEURERPAR T Z K EZRE, JFEk AR
VRN & Ul 2 FE BRI HIT A% (Rinaldi et al., 2011),

1.3.2 ERNFRIRE K Bl

EFRWHX, M TAARLERMN, KAPHBRA ZTRBREERAT
ZI A MBI O, JF HARREA T R SR A7 75 52 i KL T (9 5% 1 4R
Ko Mok, bR, BEEEHMRLL, KPHERA T cRRUZ KA T,
HRZEN Z® (Yao et al., 2002, 2004). 404 7T 0.7um BHES L Z
TERESFRESTORR AR BRI, Fi T ERERRETR—E

At R R FERE I RNHEEEERE TR, HEST Z ok



6 (R LA KR AU

BN S B A AR PR LI 5<(Yao et al., 2003), Yao "% (2002,
2003) FFEMIM AW, Z ZBRAEPHESERSM T EE S 4E>0.5um KBk A,
RS N A 1-2um MRARTEE A, S5 0R8ER 04 4 A B B AN

BRI (2004) R R B A RIKEEAKBEEEIDTRAL C~Cs MR
M, B LMWL, H BRI 218 AR AR H RN BT E
EHE T EE, ERFMPTIT, Huang FFQ005)F AN —BRA T —RIVKE
PR X 4 — IRRAD KR MR E B, OF HLAE UMb SRR K
ETHE, X—HEKT 3.

EARTE KT X (BRI mal. R =M. FEER), BFX
ARTHC R SHRE RN R RN, Yo FQ0050A KN 2 R ERERY
R R, EEXE T EREH.

Wang “F(2007)F F # A AL AL 22 A I 28 10 B8 7 Bl Ao It SRR Ry 2
B, JPANEA D FERH T RE EWHEBIAGE . K ESmaa
HLEIE LR R

Huang (20073 it % AR 4 #7288 P8 5 AR @ S W Bk A 2 T/
WRE TR BB, L FHRGHEE R R ORI, JAHEMASA N O BRFE T
A =g #2, BRI A T R A SR

Yang %(2009)iA J Ll KA H BRCA 20 T BRIk I L S R A g,
TIRRENE =T FE P R A R AR AR AT, RS K e R
A AE 048 R v

Jiang FQOIDIEI A 2007 4 FEKEHRRAENPRRAZ T
SR, R R WA TERF ARG MM, AT )4
M. TN Z 4, ARG RE L EBR S B EEMN ZROR .
fe ik R i X 4 TR ER B R BRI, I HRE A TN EA, Xk s
WIS FRGRAREUAL SR R R AR R B — ORI, X5 2 ZBERRE.
WEF I AR . b4, R-RE L R R-REE I B R S (> 1um)
CZBREM X EANLE.



T NSRRI CHMR I 1 UK JRRIT

el EE NIRRT LURIL, KEEBRE IR B — 7o
B, LOBREKEERR, KRR ZRET TR, JFH ZRRMNERSF T
BRI LB, BRARERTISUE Y 2 — BRI T Kot — TR RSB LY R
Wk YA 0 S R e S — IR R HE O R, (B R ORI 5 R B TR R I B A
ERBERE R PRI E, MRS P TR BRI @ B RS =T T B
BB E TR TR RO B A L. esh, aTRER B T —IRUEHER 5
7> TCIR R — R4 A 7E<0.5um #17E FE(Ondov and Wexler, 1998; Yao et al., 2007,
Yang et al., 2009), T HH 2 FORAR B LS B ILTE 0.2pm A4, WFFARE
PR ZAAET>05um JEENMZ 8. W, KEAEMIEERS (5
%) WREMIEL M R N L FE(Yao et al., 2002).

A ENAR T T L R SRR R B, o
RN T Re T aF i R X — IR . fEid & B B, mid Fh—E A
A FE AL A ORI ) F BT RLH, (BBEAE £ 8. H A £ 1 A UAH BBk
FREIR MR F2 8 E A IX — IR 2 1) % IK $& t (Ervens et al., 2007; Tan et al., 2009), 1
TSRSTRLA) 2R T8 ) AE S A BN AE — TCIR R T AL o B 1 P A AR B 220 ik,
BT Z o RBRIATIRIRHER, SR i R RSB A TR M F BRI R
RECATLARGN U0 E = SO R UR AR B B e 25 . B RN . = (B3
TR B HBAH LA S

FERI, ORI it 8 K UKL A - e R IR KR BT OB 75 T (9 B 7038
PR D, REIXLE RIS A B e B AT RAE T, R & AT REAETE TR
WIRTE, FFEEE T RRIREE R, HEM BN A TR R ARIR KT B, H
N4 JE RS SOA BIBTFT R hilsR it — 5 (KRR AT

1.4 AXMARAE
L4 1 ASCBIRE . SRR ik

AR EERNRE TR B+ o T 8 aESEFFR MOUDIs 4
RAZ IR BEAT R 2 A, FRAE S R o 2l R T 7 4R e o O e



CHUE N TR G 88 002 R 6]

B, ETRSAS DR B & — TC IR AR AE A E SRR AT AL 2 o A 1 et
TR, ARANET HAE SRR IL. JFSHILARED
SCHR PR ST KL A& T O AR MR IR LA BT LR RO R R R Al i i AL R
T =5 18 Zu RN R 5 RHE X B FERIR AR g Rt ir G B
ST, BN R BL RN TIRLA TR A B R AR B, B A
53 o5 AT M R B K TR LR R BT LR SOV R ) e R B A R B
FR— NS H T

AR LA T RAES S RAER IR Z R B kR 45
Vs, 104 R RI2E B A s R UF R 6t — 5 1 5 2% Bl LU SR DGR 7 R 1Y
g%,

A SR F W G W 2 408 B SRk R 28 MOUDIs
(Micro-Orifice Uniform Deposit Impactors, [ MSP AR &% TR Al &MEE
REBE RS, S0 — 5 MR R A B Tt v i, o n
RETH 5 HIRNAS S E SR AR Rt T 8 800, o H A HABR
RUTF I T ENAF T R SR TP RRA R I A EUR TR Bl
BIEAT - ARSI 2 HWF

1.4.2 AHEHT &

FXEF B A R AT, A K T80 80 RS oo R IR
R LA BT CHLR 75 1B OB AT AR A2 o ARHIFR0 LA — e e 1 R Rt o 4 K e
i, fFH MOUDIs KA &% T3 A S 1 FF BB 2 FLAeH dnidt 1T R 28,
BT A% SR AT REP R B & R R B IR A o R
PR X4 RMATEI R, S80S IR TG BRI BR A — 70 B T B
SRR, B A IT R A BT L EAT — i 25 M R B IR JERt,



T4 N A CHIR I LSRR ST

2 SRIGERSY
2.1 KGN E S
2. 1.1 SIS R c

2.1. 1.1 Zphifete XA 38

(1) 8 B3 £ 2 R4 SR £F 2% MOUDIs (Micro-Orifice Uniform Deposit Impactors, 3
[E MSP A#]), FRFESRE AR R T RI7R:

% 2-1 BB L YA KR 2SS MOUDIs £A1424) 28 (um)

RIS T FiA%2 4 (pm) KRS FiA2 2 (um)
R 9.9~18 BT 0.32~0.54
R 6.2~9.9 84 0.18~0.32
B3 3.1~6.2 9% 0.093~0.18
a4 1.8~3.1 510 %% 0.048~0.093
S 1.0~1.8 112 <0.048
5§56 2 0.54~1.0

(2) R (GM-1.0A, REHERE LR & H R L),
2.1. 1.2 KRR R i as

(1)KQ-300E ZYj8R 7 i VEak (R 1L i A5 (s A IR 22 )
(2)Unique % L RERBAIKAL(E 1 150 SR A A IR 2 RD);
(3)AB204-S J1 43 Z — i R (g5 $-4EF1 2 2 W)
(4)ICS-3000 & Tt i{x Gk H Bz 2 7)o

2.1.1.3 s m

(1)lonPac CS12A(4x250mm) + CGI12A(4x50mm)BAEF 244t {x474E, lonPac
AS11-HC(4x250mm) + AG11-HC(@4xS0mm)FH &7 4k, (RPFECER T Z A
H);



TG AR CR R IR R

(2)TonPac TCC-LP1(4x35mm)FH & F & # 4. lonPac TAC-LP1(4x35mm)I 5
TE RGN L A7),

2.1.1.4 ¢

(DR RSE: Mk, BIRE. %2, mEmnsg.

()54

I 25(100~1000pl, 500~3000u], [ EPPENDORF /4#]); — k4t kit
B #(1ml. 10ml), — KA L FE2(0.45um, E[F PALL A 7)) — 045 (15ml,
% ITI SCIENTIFIC A®)); J"OH&M(250ml, 3 [E NALGENE A 7). A&
H(S0ml. 100ml. SO0ml, REHH ). BEE(ml, Sml, 10ml, KiEHE ).
PS THEAFING0 x 15 mm, HFHBFTHAMWAF). —kMPE T£, #1%.

BTy BB RS,

2. 1.2 FRERR R i R 7
2.1.2. 1 MOUDIs 7 ki {2k 5 HFE R

KB LIR(PTFE 8L Teflo) [ A BEAL(R2PI047, D6 [ PALL 23 1), (%3 47mm.
fL1%2 2um, 5 PHP THH5.

2.1.2.2 LA

(MEMP N0y —KEH TEH (GHONayH0). SKGT B4
(C4H4N 8204'6H20) H

(2)Inorganic Ventures % FES-FIR-AFHER I IC-SCS1-1 (Ca®™. Mg®". K*, Na%',
Li's NHy"). IC-FAS-1A (Br. NO;. CI. PO, F. SO%. NO3):

GYAKFEEHA Y 18.2 MQ.cm 9 Milli-Q K(BALK). K LB AD) . B HAEE
(L&A,



T4 AU CHRMR O 1 IR I 5

2.2 HaXE
2.2.1 FHE SRR R 1R .
2.2.1.1 XEESRE

T HEEH(G6°1557'N, 12192309 )i T #lg T iRz b, iR
REZ590.9m, &K 0.82km, 5 0.24km, A 02 FH AR, HEEFH 114km, #E
EINBIRIEE K S0km, EIEERIIMNERTALK —A GIECREAE LE 2-1).

KASRARH SRS RET T RGN, R REIR
BIERKE AR 60m FEEAL, HAMEFAE TG RES DK AL
. FRESEEH MOUDIs AL, EFRUSCRIEECHETR, AMNZEEN)
1R, MOUDIs RHE8E TR L2, NN F & B2 R A T RS T R LA
/£ MOUDIs fSF B ME k. (B RAFAEE N 2 TR A, B
A SRR S LA 2-2).

K 2-1 T B S FEA &R =R

120°E 120.5°E 121°E 121.5°E

36.4°N % 136.4°N
*
36.2°N T H7 (362N
36°N 136°N
35.8°N s 135.8°N
120°E 120.5°E 121°E 121.5°E



N RIS CIR A8 (O IR A0 7

422 THUA GBI RAZHE SR FERE B 40 14

2.2.1.2 FFFIfin) v &

FRUGINCURFET 2011 6 4 F 24 11JT4h, 42011 4E 5 4 Ag5w, L%
5 20 41 MOUDISs JHRAZKERA (BT IBE), BT DRGETA . A0 M ALFE S (11K R
FEIN ) KB 8:00~19:30, 7l SR F¥I ) KE0H 20:00~7K 11 7:30), 5B7 T4 %
FEI )l 671.3min, RAFE X 30L/min.

2.2.2 MOUDIs 7 ki B 71k

RAEHE 2V VB IEBUBONTRE 88, JTHLBOEW R U Rk, [FINE 3
KA AR MU KA 4o SRR S5 ST BE SRR O S I
QA JF FRAE BT WORRE R LR TS S LA | E SEIBERE BT, bk 0 5 %
2 FF b B4 45 CFF & 2 5 K% X “QLYMP A J] F+5(FI /M )"+ ki 4% 4,
“QLYMI110424(F1)-17), [IRFCR B IR 5. FESRR A B K 2-2:



THE AU R A SR AR E

—— o

% 2.2 2011 £ T MOUDIs KR ERLRERER

3 , _ R

PR 5 (4) KA TF U () R F 45 AU [R] #iT
(min)

QLYM110424(#)  2011-04-24 20:20  2011-04-25 07:20 660 fig
QLYMI110425(F9)  2011-04-2508:10  2011-04-25 19:40 690 i
QLYM110425(#)  2011-04-2520:20  2011-04-26 07:20 660 fig
QLYMI110426(19)  2011-04-26 08:20  2011-04-26 19:40 680 I
QLYM110426(#%)  2011-04-26 20:10  2011-04-27 07:45 555 I, & E)4% L 140min
QLYMI10427(F4)  2011-04-27 08:25  2011-04-27 19:20 665 i
QLYM110427(#:)  2011-04-2720:10  2011-04-28 07:30 680 i
QLYM110428(F)  2011-04-28 08:10  2011-04-28 19:25 675 i
QLYM110428(#%)  2011-04-28 19:55  2011-04-29 07:30 696 H
QLYM110429(E1)  2011-04-29 08:05  2011-04-29 19:00 655 i
QLYM110429(#%)  2011-04-29 19:30  2011-04-30 07:25 685 G, HlaH5 i 30min
QLYM110430(F7)  2011-04-30 08:00  2011-04-30 19:30 630 B, (a3 60min
QLYMI110430(#)  2011-04-30 20:00  2011-05-01 07:00 660 LS
QLYMI110501(F)  2011-05-01 07:45  2011-05-01 19:20 695 UAEE
QLYMI110501(®) ~ 2011-05-01 20:00  2011-05-02 06:55 655 AL S
QLYMI10502(F1)  2011-05-02 07:30  2011-05-02 19:20 710 RS
QLYM110502(")  2011-05-02 19:50 ~ 2011-05-03 07:00 670 W
QLYM110503(19)  2011-05-03 07:40  2011-05-03 19:10 690 FARA
QLYMI110503(#%)  2011-05-0319:40  2011-05-04 07:15 695 ]
QLYM110504()-

2011-05-04 07:45  2011-05-04 19:45 720 i

blank

KM RLFERE BN F UK R E N BT RTE, BRHAERTER .
AR A I AR ep A P v AR AN T LK IRt PE FE BT IE R an i St



TS AT O CRRM I JE2 I R 51

2.3 MOUDIs S HRIZHFBIAIE 594
2.3.1 PRt AL 58

(DRI IR R AT K R R BRSPS ETF R R TR HES
i ar

QYFERR R R AT K ZEE 500ul, LR T&ETHSMESE
fi#, FrEAHMA Milli-Q /K 10ml, HEEHE IR,

G 1 E S E SN B P I UL 28 F A 20min;

(4ER 10ml 7 4T 284 A RUS F RS K S 22 0.45um 4TSk IE ST A
15ml MIRGLEFT, FRIFRES SRS R, P54 S48 0 B IR R g+ 3/
(D/N), #1%110424-1D7,

2.3.2 SRRLFCAE SN E
2.3.2.1 bRMERRACH

ST PR BB T4 9K A 7 B RO R - e W A B AR HE AT
Tl dE 4

(DRI haHERS O 2 08 TR AR IRIC-SCS1-1 BHRATE], L 6 oy

QB EEMERY. - KEAZBRAAKEST B c AR Tk
BB S S th - R R ML R Z M F A IC-FAS-1A SRR
HIBH B T hrHE S W R R R, 3t 6 MFHEIR R,

Hey, WA AER T M R ERIKIEY R 1000mg/L, ShrkE
W RAAFRE )G T HAE], REREI 2% IC-SCSI-1. IC-FAS-1A £ & FiR
TR TP & B F I BRI R R R BTR(E 2-3):

18



T U B AR

R 23 EMETREMRSETIKER

IC-SCS1-1 IC-FAS-1A
B4R W (mg/L) A4 W (mg/L)
(LI 50 () 20
B(Na") 200 (o)) 30
Z(NH4) 400 WAHERIR(NO,) 100
K 200 E(Br) 100
Mg 200 THRAR(NOY) 100
HE(Ca’h 1000 RSO 150
BEEBRI(PO.Y) 150

2.3.2.2 SPRAREES BT E

KT RSBRY P ZIoRR I, AREIRZ Ao 2 NH. H,
B EC) R E S ISE Co~Cs I CRIR,  BANGT FLUK(CE) R M 635 i
HEF(GC-MS) ATl & 5 2 (1 — JuiRER, S8 Al (il (HPLC) th r] LISl 4 Ca~Ce
(1 nR K .

AV T £ B T O RO i T B K AL T (SO
NO;y. NOy. CI' K\ Na*. Ca®*. Mg®. NH{ ) = TR BR(Co~Ca) BT T 6

{5 1CS-3000 B3 %% MOUDIs £ 5 o & 5 T4 70 AT 20 M Ul 5E
B TS B R FE &I N RITREER 2-4):

19



MR IR UM R B R A

& 2-41C8-3000 AL 7 5 B TAF S EOR A % 4F

FH &5 -F(Cation) [ & - (Anion)
I lonPac CS12A(4x250mm) 411 #F lonPac AS11-HC(4x250mm) 4 1§
LR
" lonPac CG12A(4x50mm){F4F 4§ lonPac AG11-HC(4x50mm){F4P#1:
EHEWKSEI  lonPac TCC-LP1(4x35mm) & EHKFiFE  IonPac TAC-LP1(4x35mm) & HEIRGEAT
7~ 1 JR A7) 4k ] 300s 300s
I /
CSRS-ULTRAIl 4mm #1388 /7ImA  ASRS-ULTRA Il 4mm #(88 / 120mA
A R
Rl R R FE A 2%
Mk / ‘ KOH it Bl R R 5 /
o TR / 18mmol- L -
WeRE B HE L
WO 1.0ml'min’ 1.2mbmin’
AR 30°C 30°C

HI T 70 BAAF G SRR B AE 12 AN/, A% 45 470 ik R w2
ik, FLEEEAT T e 5 B B 40 0 A0 L e B e 0T (B O IC, TRLER A
A e R T B R B A R R B W A AR 2 O AL o LA, TERE SRR AT
PR A E AT RS RIEA AN, ASGENIR T & T EE
¥4t K(Concentrator Column).

B IR AT 4 R MABRHE i B S B by SR I Rr AL 5y, S48
KK & A A g 7 iRt L, SR A R I 0 7 BF ok 95 W 1 BE A AR
BN GG — AR T AT IR AL E b, H DA
B BB IE B (EITE, 2005),

A S 4] ZE BB S (PEEK tubing)#4 & R A EH TR, IF A
HERE IR R RERE O 5 00 O T4, MATITOBE SR b S 2 5 4 R R RE e 4R R
FEYIAL 160 o R i AT 2 A A

BT ERRBIENEH, EEH Iml EHFAOEMECNEARWE, &

20



THE NI AR IR KR T

LN SR AORAK, ST, T BT Feb (P a5 K % 3005,
WAL SR B 15

M 7> HRENS AE WAL L 75 ) B &R

BEAE, 3 RIRAE S AL 7 0 RS LR T, A
SHEOH RPN E, JFEL T HKMEH S, KOH Mtk

2 10~40mmol-L", Z#THHE A 37min. 247 ILHE A BAKR WL &I F %

Fr7R (3R 2-5):
R 25 BTOEIHEFRENRLEARE

WPERT T (min) YR FE (mmol L) WYL (min)  WRUEHEHE (mmol- L)

0 10 27.1
5 10 315
20 12 31.6
21 25 37
27 25

40
40
10
10

T RARRE R B AL 50 B U R

(DB & F——Li" Na'v NHy'. K'v Mg®'. Ca®'s

QMETF——TF. CI'. NOy. Br. NOy. CHi045 (Co)s C3Hy047 (C3). SO4% .

C204 -(C2)\ PO4 -o

2.3.3 RAEREARE . (RIFS MW AR rh i) T & ORAE B R 2 1

AR L SHRIOARR AR R &, REE . RAFS AT R R 2

TRUERJFRIZHIE 2 BRI LUT R EERNRARTE:
(1) A BB TE 2 B IR e B R A

(2) FERT— UORFFEE A B~ UORAE TT 4 46 1 B RS R 8 4K MOUD s S A% 88 4 41,

DA ORI T FL AN 8 28 5

Q) AR AERE FHTBOR ., BUE., EESERE, BB S,

(4) R R Ja BIRE G BEH J TN KA VS TR 3 O ARAF B A5 2309

21



TGN R A CH I AR Al 7%

(5) EHRREERE, FRERFRRM T REDS A&

(6) sk 3 FH B0 i S A BB AS LA F g FDEBAR KA UL 3 IR Rl IR E e, 205
FRRDERA KT I 7~8 ¥ JERIBR LA BB A K L 3 (R i A K B 1
K, BRBEAKEE3~4 K,

(7) B OESRITIERA N BERRE, EERRE IR

(8 — UKL S 88 (1) A Ay AR B A0 K BEATAF ARG FE DL, LAJRE GiT Y 23 ) vl
W4 Bonh B 41 4> VT AR i AR T S

(9) SBOILFE A8 FA BB Al K R AR A R, PR R AL 182MQuem, FF Hil &
JRCE I [ o

2.4 SIHEEAESHE

A SCHOE AW AL BRI R AP A8 R 1 8R4 B FE AR 8 JE(Chromeleon) 2,1 TAE 3
Excel2003. Surfer9.0. Origin8.0. SPSS(Statistical package for social sciences)11.5

5.
MOUDIs Kig i R et P &8 AR R E A

(C,-CoxV, S,
= — W —

(21
! V. xt S &

C
R, Ce——RABR AWK, pg/m’;
C; AR T A T H WK, me/L:
Co— B FERT A LA HIKE, mg/L;
V— R R R, L
Ve——MOUDIs KA SRR E, L/min;
t ——KHERT 8], min;
S—HE R A B BT, om?s
S E IR AL, om’s

22



TR N A ) GIRAR I AR

T RBR SRR SR, SRR X BRI B, RIS
270 B 9 e B8 A 40 1) R K S 8 B S % T R A AR Sy T 38
I MR FAE F oy AR, AR SOR A R L 70 A B q X EL DA (7
B, 1987; %, 2004), HEREAXWT:

q=dC/dlogD, X(2-2)
AF, dC—F—HAEXBHNFHEETASRRERE;
dlogD,—— X MR X 8] P ke PR 5 T R S E .

B8 43 H ok R R T R B P AR g 2L B R £h (non-sea-salt-SO,>, nss-SO4Y)
ROMEE . P S I Na™ 235k B T A4 K, FIF Na™ff b thEr 2t
TCE, HSHUK R ERAIE EE R, MGRER Eh S P oR 0 D A
uf 13 FUARHE R GRR £ 0P BE (Mallero, 20065 f5&F, 2009), HAAE AL T .

C(nss-SOZ )=C(SO?) - C(Na")x 0.252 #(2-3)

U, nss LR IEHEE (non-sea-salt) .

23



LY NS oA AN A WY

3 FEEXSHNSZ TRENRIE R B
31 TREBEASTRNEZ THRKNNE D

KAL), £ "B (Oxalate)2 T B ABH XIS BESNWBR S —uRK,
HRET ZB(Succinate), HIXRN _M(Malonate), X5 % Uik 4 BREA—
#(Kawamura and Kaplan, 1987; Kawamura and lkushima, 1993; Saxena et al., 1995,
Kawamura et al., 1996; Kerminen et al., 2000; Rohrl and Lammel, 200}; Yao et al.,
2002), EVHELFES, X TERA TR R, WRE 0.1~1.0um 7
A RIRBEAA, T2 BNRES ISR, BORRE R B A
(Finlayson-Pitts and Pitts-Jr., 2000). =FREAE A&~ TR M MR RTR AL 230 FRFAE W
T3
3.1 1 SKAEWI R BURLA TR AR 2 An

B 3-1 25T RFESEEIQ01E 2E 4 H 24 1A 2011 5£ 5 1 3 HDATH EEGh
HATTKEE (O 8. BoBUET 2B FESRGE M, aE8ETH,
FIT-12 DA S A SRR 4 A1 o

B, g B o DAY SR R TR R A B N Kb /N 1 AR A B
(<0.048pum. 9.9~18um) A #5 2 FRE & IR ACE, 7RI DA 1 Rl
12, 1R X AR S ) PR AT e R A KU I R L G mRE A 1t
AT LA T B B R IR X R sORURL I BE ) TR R AR 24, #Eif S 80
Frai Rm R 1.

I AT LUE Y, AL £ BR 9 T i JEE 6 RO S0 1) 48 10 2 I P B
WO R 3-1a), EARAHIUEME HILTE 0.54-1.0um T H P, CAAADHAL A
A, VEEVEHTE 3.1~6.2um. HE5S A F3(HE 3-1b) LA R BCF19(E 3-1c)Rifz o
Mt RS, BRAZ “REARF BRI EERMRRHEIA0.54~1.0um), A
TR A 80 B AU 43 A1 (RO RS AR AR, FF B 2 Z BRIR /K F3%
FR B, X AT HE T [l AL AR AR BE T £ AL TR AR (R 35k 45 2 il S BRI
fE ETt.



T EAXSTHA ZTRRI PSRRI R

WBETZ28, T -BAR_BRMKREKTRE, BByt T _REOE R
HESTH_M. T - BREFRYTKREM AR FEEPEREES, BE
EE/E 0.093~0.18um FEEW, CARAIXEUMHRRBIAG.1~6.2um)(B 3-1b); &
) ARG RN, W B BRI A (B 3-1c), BT “MBERRAZN A
TP, EIUHRME R B B %ES 75(0.093~0.18um).

kA T B SR R R R R A B AR T R AR R
B 3-1a AT AE H, W oRMERIESM, EFEEMHETE 0.093~0.32um 7 A )
BEESUREEAEETEER 1.8-3.1um), 5ZZ8ER, EERER BE&
1 TR P 2 R 5 A 45 T LU 93447 (0.093~0.32um), T LS4 R 3L U O XU 73
i B A AR B R BOR, LI IRTER A AR S 23 A (1.8~3. 1pum)
Bz AT E(E 3-1b. B 3-1¢).

25



TRARHHR R — TR R TR

dC/dlogD,_ (Oxalate and Succinate, ng/m®)

55 ML | '. T T 10
50{ (a) o
45] “ Jos
404
354 . {08
4 &
30{ . . _
“ —— —A
25] . | * T {04
201 e
15 . {02
104 * . *
L 4 *
05 . — —00
S — —r — 12
40 (b)
{10
354
wf 408
25 N " Jos
A . . A
2.0 - . "
| Zhainiind . . 104
5 ’ .
154
] ' 1%
. , .
054+—— i : * —00
 S— . 1 — 1.0
. {c) ]
o , Jos
5.
Jos
44" .
.'.
3 a ‘ 104
L 4 .’"
2‘ ~.
g™ 102
4. . . . .
- A —Jog
0.4 1 10
Aerodynamic diameter (um)
—-Oxalate @ Succinate A Malonate

B 3-1 AR — TR AR5 2 A

dC/dlogD, (Malonate, ng/m®)

(@) BAFFIRAZD A, (b) ARIFERAZD M, (o) BN FLIRAE S i

26



TEAXTBNE Z TR AR 5

3. 1.2 FEWAERRTEHA ZuRB KRR T

KA R T BBl B RARH B A wF, BREERIAQ2011 4 4 A 24
FAE) % 2011 4 4 A 30 H AR R USRI E #2011 48 4 A 30 ARE =
2011 % 5 A 3 ABR)MWAERS, HPBEREME 134, PAERSHEMIL 6
Ao XEHPIARRTTBRA TR IR 2 MR IEBEAT 2 A 454 o

Hi & 3-2¢ AT LUK I, BOREA 2 " RTER (8] 2 IEBOh B R A X5 7, BV
BAFMES, FMESKIEMESHIE 0.54~1.0um. 1.8~3.1um FERE R, HAPH
WESRARE, ARNEBERA, HTFEREMEERAZRIRETX, #5
L RRAEBIRHERS(0.54~1.0pm) B M A EA BB BB 3-2b); Ht, A 3-2a
PR, WAL _BRAEBRRSEHT BERNHBRARRERS, HESKZ,
WEAMETE 9.9~18um KRB A B AH 4 @ R KT

T ZBREFEV AR THRAS A LECFE, FREFNHENES. B2
MBS AR ST —MADRE Y BHEES (8 3-22); BHXKE, B
REM 0.093~0.18um JEHEFIERAHES, HAEKT 1.8um FHAHRZTEHE N EKE
LTS, B MR R (1.8~3. 1pm) 7 T AHK B4 BT B (& 3-2b. B 3-2¢),
XA RER T T BRI ANRS e M A AR IR FE PR R 5 MR T P 48
FlkSE AR B (Yao et al., 2002, 2004).

27



THRa KBRS — TR B ARE T

P

dC/dlogD_(Oxalate and Succinate, ng/m®)

35 . . ' 1.0
(@) . N
3.0 a *i08
s
A
2.5 A - A | ]
. " ¢ qos
2.01 L] ‘ ‘r " e
4 : . 404
151 .
.- B
104 * . . * . 102
* P .
05 : — 2 —loo
45 . r T T 1.5
4
4.0 (b)
" ]2
35
A
3.0 {09
A
2.5
I.v A 'y
20 N . i 108
-"V\ .. A
154 — e L e
. - - 403
1.0+ - . o . .
) ] . .
05 . i . : 0.0
45 . , — ' 1.2
0] © .
3.5 , {09
[}
304 » : ¢
Y . -
25 N L 108
20 s a i *
U4 n
1.5 * . 4 ‘w”
. . Jo3
104 , . e . . . .
0.54 . N .
r - T 0.0
0.1 1 10
Aerodynamic diameter (um)
—— Oxalate @ Succinate & Malonate

B 3-2 R ERTT uRBINKAR 50

(a) B TERR M, () QI FIRARMG: (o) BB FHRAZE S

28
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dC/dlogD_ (Malonate, ng/m°)



THL K0 75 — TURRR P AR I

3. 1.3 WAERK FPRAZ TRERI 2D M

FRERBRSPBRE oRRIEY B RAT KFERAR A DK B
B - ZELRF i O 0 B 202 LB 3-3~8] 3-6.

K, ZZRRIEM NIRRT IR R 2 INBON Y B XUES 0, B
VR AR A (Ve E i B 2 0.54~1.8pum) LA S MR AR (I AHE 2 3.1~6.2pum)(1&] 3-3a).
BEAh, BRI 2 R A RFVR BI MRLR AT L B, BR(E 3-30) 2 BB
RSHBBIE NG, WML 0.54~1.8um FTEFE M, B MR RIS
A HEH SRR, BETEEE 3.1~62um, FHHHE 3-4 TLUEH, 7%
WARBRIY - RERRARRKIKER R, MEERR 0.32~3.1pm HiiEHE
A FoAtRL AR B TR BE 1 B B AR

WARKRT, SRAEGT T ZRIEREKFSES TR R, FHEAR
IRBA T ZRENE N BENREHEE, R2EHEE 0.093~0.32um(& 3-3b),
S4B 3-SR, XMAAREYE S A3 AARMEFEERI T IZHEBI
WHEMAER, LR PRSI MEARTE, 52, BIET ZRIKE
SR RAE LAY, WA B ARSSMERE, EHILBRRRAENAZA
R0 R M A5 (MR AE (B 3-3a. B 3-3¢). ORISR ZRRIIIR B A A
%, (B76>6.2um FIRZREE A EI EAES, XEEXR _RES A 1HA
RUAK S A 2 BB FRIAE % RAR T ) A ok B A MUK T 3 BUX P XA
i P R VR P K PSR R ) e R 32 M R BT — IR U W (B 3-6).
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TRER A = THRM R BT

dCldlogDp (Oxalate and Succinate, ng/m®)

1" . ; . T 08
L]
104 (a) P 10.7
9 A ; A
o) ; ‘ {08
'A
74 405
6+ ; {04
5. .," x\,. . 403
44 - s o
3] e . . e ad02
2 . L ’
] . 401
14 A . . _ . . » 1
[ . - - . 0.0
10 : . 08
]
(b) I o7
8 ‘,f A
_ {06
}"J ._.
o . . {05
N
. ; ., {04
. ).’ i
41 o J03
e .
. a A m-o_l.q02
2 4 4 ' | B s .
. 'y . . . . L] - . 401
. [ ]
0 . Y 0.0
12 . : 08
L ]
(© AN {o7
10 ' .
B 40.6
"
8 n {05
64 . {04
s Jos
[ 5% A
4 ' - - Y — — -m
a o e kY Jo0.
2 . . ' . . 02
B &
A
. - * [ 3 L - * . L] * 01
0 T r 00
01 1 10
Aerodynamic diameter {(um)
—- Oxalate @- Succinate A Malonate

Bl 3-3 PR RS FZ R

dCIdIogDp (Malonate, ng/m®)

(a) BUTIRL A An: () HIAIFRIRAR S (o) TLIR)F Ik A 2 4
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TR AR — G ERTRA R 70

Dl
o
N
1

dC/dlog

0.6

dC/dlogD_ (Oxalate, x10~ ng/m’)

_ (Succinate, x10™ ug/m’)

1.0 H

0.8+

0.4+

0.2+

I 110430W
[ 110501D
 110501W
I 1105020
I 110502W
[ 110503D

0.0-

0.7

or®

T

o>
o 0

AN W
o0

T T T T T T T T

Q N\ L ‘ij} g N ® ) A ot 02 AD

. 0
e o o3F

Aerodynamic diameter (um)

2N g 9 3
o A O A Y AN i 09

& 3-4 WRRA N AR AR FRAE 2 i

0.6

0.5+

0.4

0.3

o
o
1

0.0

T T T T L[ T T T

I 110430W
[ 110501D
B 110501W
[ 110502D
[ 110502W
[ 110503D

1

9 | Q
PN 5 - ’ A 9 -
R AN - A G S,

Aerodynamic diameter (um)

Bl 3-5 ¥R RTC N T AR AU M P IR A
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I 110430W

E I 110501D | |
2164 N 110501W 1
o 4 [N 110502D 11
* B 110502W

g 124 [EEE110503D

5

dC/dlogD

Aerodynamic diameter (um)

K 3-6 W RRIT N _RAESAER PR
3.1.4 /g

HUA LB AN TR T LGB R A I, BRA L BRIOREERF AR
KL T 2IRMBE LR GRS FRAEE). BRARRIOHE S d
RATEH—E, B2 BEKEKFESRRAPHBERTRA, AL
WEDHEAHRE, 1>6.2um KRR P RATH SHKE LTHER. XK
BRNKALNE TR S SHREKRE L ZRuUEAT Y b R T i
BHXH K.

T ZREDERAPIRE KRR & FIEDARY, BFREE,
LR R T EETLE 0.093~0.32um fEE A MEERS, MR REHN%
A RRBESN L. SR, B BREBRYF G BED R RSRE T
BRTRE, IF HRARDGARE, R ED A 0 E B A B G0 B K ks 4
AR BFRAEA S NtFAE

AMAEUK, BT RS ST RAESRE T R &AL R A 0
BARS, MHZRM - RIEE 0 EE R RLR B (<0.048um, >9.9um)HERR 5 AT
PUAIL, FURiAS 2 -/ EEE RIS M, B 0.54~1.0um 7 FH 3 i R AR
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T UL AT & - IR AR R KA 5

3.1~6.2pm BUHEA, FLUEMESIE. 52 -BARMNE, T -BRAIK B
ERHESR A FARL, FEEFREDMIEN ETERIABRLEES
(0.093~0.32um) L KA A (1.8~6.2um),

3.2 TERBRXSPIALS ZIUHRERRIE R BALE

AT EGRATT A B KRB A~ TTRI KRR R AR, AL
FxHED R R W R) MNP LRI TR RBATH TR, FAHEA
RANBLIR)E B B TE AL o

3. 2.1 ARbRRAT JTRIR I IR B TE LI
3.2, 11 ZIUARBR S /K YR 7 AR A S IR IR 447 (TR

B SPSS BRAFXSFE T UM M E B A T AL T AT A AT
RV T IR RRA N AKRERE R T TERE N A5 AR 4
Vreh bt

® 31 PR RAT EEKE A T A AR T (H 1)

C, Cs Cy NOy  NHy Mg¥  Cr Na" S0 ¢a® K
C, 1.00
C; 0.81** 1,00
Cy 0.31 0.31 1.00
NO;  0.07 (0.36)  0.03 1.00
NH," 018 (005 015 059  1.00
Mg?  064* 017 044 052 027  1.00
cr 0.15)  (038) 023 058 005 045  1.00
Na”™ 019  (027) 023 086 029  075* 077% 1.00
SO42' 0.68* 0.56 0.42 0.23 0.68* 0.48 (0.09) 0.13 1.00
Ca2+ 0.65* 0.32 0.55 0.12 0.16 0.88** 0.22 0.40 0.58 1.00
K’ 0.42 0.35 0.67* 0.01 0.40 0.27 (0.25)  0.04 0.46 0.30 1.00

e »HRAEEAKFEHR 001,

*RARBEKFH 0.05, TS ARSAHERMEH HE.
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T- Y0 N TR g 1 (0 62 D R AT ]

MEPALEY, ARMER, Naf Mg, CIHEARLMHIME,
BRI R KR —. MBS T, Ca EERH TR, A4 WAL KR R
58 ST S (Mouli et al., 2003), B IEwl w4 AR KA R i 77 LA K8
TR, MR ER Mg? R Ca®t Mg RI Na R % 2505 M 0,88, 0.75,
BrAh Ca®t 55 Na'IEEH K 0.78, KT ARk R A 0.25, Uk Ca HRIEH
UAYE A B e 0 A, pHUtk, Mg B BT LR A ok (1 T#FM R 4 JB(Millero,
2006). FKHEMAE H RS XIEL 7.0m/s, FEMRFALX AL, ZREEHBE
TR AR IR RSB SO RS 5598 Ah6RE Eh AL g 26 BR
Bih, BA g hmma LBk THISA AR, KSHPH SO, 6 f4#) 5 L ¥
b4 DMS BRI RN nss-SO2 I B I Frak 36 A KT F 155, 2011), SO~
KR YRR T 65 R DAREIOIE 5 £ SR 5L Co 7 SO Mg?. Ca® FUA REFI
HUEETE, [ Cs MR 0.88, B C, f Cy 1R U e KA MR AR, BB
MR R IR IR SR

AR LRI, nss-SO.7 5 Cy Kkifs A Ailaf i A8, HHEREHRE
MIMETREA, MEETIIRI 0.54~1 0um(E1 3-7), B IR R EON 0.76, BT
nss-SO 7R MRS 94041 1 Bk 11 T 25 (32 it #2 o AL AL I (Meeng
and Seinfeld, 1994; Kerminen and Wexler, 1995; Clegg and Toumi, 1998), [At:, [l
FERA R Calfesk B PR A T i 8, B R(els) i f8: xR
b Co B9t 47 TR ALK £ 1K R AN AL F2(Martinelango, 2007), 5
SRR M S REAR AT LR BE C, EfURIAR B ar 4, thAh, B RTEEM
REEENB AT REF= 4 C, IR AR (Bauer, 2002). kT F1RITIGR B A
BRI A R B4, B, ke b R A R B T A
R S5 (R B R . % -F-<0.048um. >9.9um FIRTEIE A C; F1 nss-SO.7 ZABLY
EREE S A, R AT RESE AT s M A L — IR HE U R 4K (Ondov and
Wexler, 1998; Yao et al., 2007; Yang et al., 2009). £l iH4, Ci/CiMEA 127+
0.60, &1 Kawamura and Kaplan(1987)11 5/t 0.3~0.5, {B{&F HAbafsiH 4L
FoU e 5 e ) 3(Kawamura and Tkushima, 1993; Kawamura and Sakaguchi,
1999), XFRIFEHAA ZTURBHAUR B F RSP LR, e
K E B R T ) R AL
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TR KRR A — TUR B AR SR 5

dC/dlogD_(Oxalate, ng/m°)

[

4-5 L I L) Ll T T T V17 l LJ L L) L] L I 6
—a— Oxalate -

40 -
—A— nss-Sulfate 45

354
1A 44

3.0
Al 3

2.5

AN
/-
.

o
1
dC/dlogD, (nss-SO ., x10%ug/m?)

/ ]
/174‘/ \- i i
n

-
o
1

LI | T T LN B B B B | T s T 1 T T
0.1 1 10

Aerodynamic diameter (pm)

3.7 WD RS TFHIE Con nss-SOLHIKIAZ 2 i
3.2.1.2 M 5K TTHE 2 BIAR M R RIR 44 (B [8))

# 32 4 H TR RR TRIABH A CRRFE EETHE T Z [HHHX
Z¥. Na' NOy. CI'\ SO/ Z [ AE RIFMIEMR, XUHEREEEERS
ROE e B T i B TR KR A HoSOs HNO, LA S AR A A AR
BIAR R R T TG BRI iR Pl LU # IR G 5 Na's NOy BB
FEM, B5 Na'fAct BEKFA 0.01, HB C kA T REHIE KK
BT {5 Cy [ SO& nss-SO4 HIMHKREU 7514 0.31 #1040, B —HE
KR EMER. WA 3-8 FATLIEH, C. NOy. Na'fER A fHAE D
A%, BXBEEFEBRKORAEERN, XiBE KT K NaCl
%4 HNO; S /AR Mt IEWAR R NS, #78 Na's NOy EEAFE THK T
(Clegg and Toumi, 1998; Zhuang et al., 1999), FHAAKIZ BRI Co 1R AIBER
A T L4 K R (Yao et al., 2002), i BLA [BJR A (1 AR AR BE RS RBE C TEAML T
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TRARSIHE — TR R B 5

PHIEESS . —RIAA NOsHI nss-SO M EA EXUMAA EER AT 25t
B, B, [ NORIEHBEAR—BN C, kAT AdH. EATENL ¢
b T BREAARE ) AR SR 48K B 0L T Cs 7EHURL T 845 (Yao et
al, 2002, 2004), FTLh Cy TER[A] 4 B 2 PUMARE A A (1.8~3.1um). C3/Cq FI{HL
% 1.8710.64, GIMRAIBAA ZARBRABREN, ®E VORI RER
R — VR R A,

32 FPRRIT EBAREN AT UMM ST (BN

9 C; G NOy NHS Mg" o Na* 8o @ K
G 1.00
C; 001 100
Cs  (073)* 003  1.00
NOy 062 012 (002 100
NH,' 043 026 (005 071% 100
Mg™ 031  (024) 004 040 03¢  1.00
Cl 042  (011) 000 073* 056 005  1.00
Na’ 0.74**  0.19 (0.29)  0.87** 046 0.30 0.64* 1.00
SO& 031 046 0.07  075%* 084%™ 020  066* 061* 100
Ca" 009 (020) 0I5 023 018 088 011 019 018  1.00
K' 028  064* (0.14) 025 045 000 002 039 061* (008 1.00

s **Zon BEKFH 0.01, *RRBEKTH 0.05, FEHRRABFEERFE.
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4.5 L) l' ll
—m— QOxalate
4.0 4 i
—A— Sodium
—~ —eo— Nitrate
s 35
g -
)]
c 3.0
©
T 2.5 -
6 A _
~ 2.04 .
Dﬂ.
3 4 A
8 15+ \ \
o [ J
.. - - ]
%g 1.0 < \\\\\\\\\ \\\\\I ’////
J .\./
0.5 - ]
0-0 L ) Il L} L] LJ L] LA ) I L] LI J Il
0.1 1 10

Aerodynamic diameter (um)

B 3-8 B RATHRIA Cy. Na's

3.2.2 WARRRT L RERIIRIE I AL H

3.2.2.1 ZJCHRIRS/KE TN 4 ARk BERIF T (H [5])

1/4/[\

3-3):

HTFBRS = TRBRUR EETE TRAHREI SR TR R
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NO; HIRL1Z 4} #i
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0.00

p

dC/dlogD_(Sodium and Nitrate, ug/m°)



B N o s ) A P

K33 PERITZARMRE L KBS FHMRME AR

C, Cs o NO;y NHs Mg™ CI Na*  so& ¢ K
G 1.00
G 0.23)  1.00
Cs 0.32) 017 1.00
NOs™  0.90* (0.24) (0.29) 1.00
NH,"  0.88* (0.15) (025 098* 1.00
Mg™™  0.86** (0.10) (0.13) 0.84** 082*¢ 100
cr 049  (0.03) 010 039 042 059  1.00
Na" 001 068 054 (003 010 023 058 100
SO42' 0.76%*  (0.03) (0.15) 0.72% 0.75%%  (,91%k () g** 0.39 1.00
Ca™  078% (0.07) (0.10) 0.73* 072%  09%% 064* 030  0.93% 100
K (0.18)  088** 041  (0.14) (001) (007) 012  083** 000  (004) 1.00

MR BEKENR 0.01, *RAFBEKTER 0.05, HERTFMEN S 1.,

HRFATLUA N, NOyAINHs . Mg'f Ca™ I 4H26 RAE 4 0.98, Hik,
SO 1 Mg™' Ca™ By BB B4 0.93. 091, THRESERSHIL, Na'
MNOSHIMKRBIHI BA FAEA TSN, REREDERRT, MET
(<] 0T ) NaCl 258 R4 R NaNOs JFBRES (ERURET 9, A7CH 9 HNO,
BCH AL SAHRD (B 25 5 1R NHs 545458 LA NHUNO; BT 2 7278 T4k 17,
H H 80477 NOy AR R4 0.72 i3 B 3 MWL R & S804
PR (B 3-9). C FEW R M T IR E A0 T HA(0.54~1.0um), 3 [ NOy .
NHy "3 R RIFFAARNE, 5 nss-SOS A RECH 0.79, X HMmEA T
Co MR AR 1) T SAR A R PRk S o = it FE T AR AL, ok [t
IRE LAY e B E B ART R R (Miyazaki et al, 2010; Rinaldi et al.,
2011), HAKDER RIBEWRAUE RIRET £04. BT RESLSERRD
PG AT % B b 53 200 B0 B 2 3k RS, FLb 2R AU T A B9 I
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TR RSB TR BRI A

FieFAhE, &8 G5 ' M@ RIS, B RZRE THEFRLMHE
VM RIE R ECR . G R KTy Na Wi R34 510 0.88( R HEARK)H 0.68,

Fil, C;FIMESZREDESERGEMR. YESBERNREIEANTRIHH

T LHRE R RTARE, ARV S R T AR B YA A R A R
THRMEBRAS, FE, C. GESARSFTERAYTHEBESTHRDE
M. G TRIERY, BB AGEIIRME AR R ZRRT TR,
FE C; F BERERK F . Cy/Cs bl 02310.16, KT ARMAERIAN 1.27
+0.60, E [ Kawamura and Kaplan(1987)i#f7 0.3~0.5 £ R KA, HB— k%
VR NTTRS 2 Cy EERIE. Jhoh, 75T 0.048um KIZRTEE A S B T4
A B, XA B TR A AT A T B i R L R
— R K, (EARR TR R R SRR S, RHR TR ED 2

ST TR

dC/dlogD, (Hg/m®)

— - — ———rrrr— 0.16
104 —m— Oxalate
9| —a—Calcium 0.14
— ¢  nss-sulfate
€ 84 —<«-Nitrate 012
g v - Ammonium
%’ 74 —»—Magnesium 0.10
3 6'_ 0.08
a5
% ] l\ 0.06
2 ] \
%) 0.04
T 3+ 3\\ \\ \./ . |
v :7‘*;/"" \ 002
] A W YA
LS S e . 0.00

Aerodynamic diameter (um)

B 3-9 WAKSFHE G Ca¥\ nss-S0.5. NOy+ NHy il Mg HIki#2 5 7
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FRAENSBRE _ URBNTAREER

3.2.2.2 ZIUHRM S /KIRIE TN S B8 M B RIES T (B

RI4AFMTHRADERS T EEE FASGHEEY. 50K, SO2.
NO;HI NH VR AHEIF AN, RPY LS BRI GEEEH TSRS FE
HRTREMBHES, 3 AR RBECEMEM, NO,yR NH, #7551
NHNOs IR FE THR T, BRAEEERT NaNO; 5%/ . C, [ NOy-
nss-SO MK R KM BIH 098, 0.65, Z&E 3-10, TR A(0.54~1.8um)
F nss-SO% NOSHITFTE— R 2= M EMIT R T S, FFES 5%
MEFRXMRIH CRATRAAR —TH, THARHEST ¢ 5 NH'E
BRI ARES KA R M (Peng and Chan, 2001b), BT FH & A58 19(0.87);
RF 3.1~6.2um T A KRRRAR T JURMES 11097 MR %2 SRR T B R
REGEEE NGy B B(nss-SONMILFER, EaEYASRRET N
B Rtk F K (Jiang et al., 2011; Pakkanen, 1996; Clegg and Toumi, 1998; Zhuang et
al,, 1999), 1 H#5r KA LM 2 —BR U fE S8 R 5 M5 PEXEARL TP (Yao et al,,
2002). 5EHREML C/CIRFEHMEN 0294018, EF I LRPIRILME, i
i — XK TR BN S, A, TREEE A KSR
B, BRYEERA TGRSR ERIOTIR, T TRBAEES T
Na B A EMAHRYE, Fl, BHESTRREERETRYE B,
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T B4 KSR ORI Y AR IR 7T

% 3-4 WARS T TRBE ¥ BAE R FAMRAREMT (R

C Cs Cs NO, NHs Mg¥ Cr Na°  so& Ca¥ K
C, 1.00
Cs 0.28)  1.00
Cq (043) 029  1.00
NO;  098* (0.38) (0.53) 1.00
NH," 087** (037) (0.63)* 0.91** 1.00
Mg® 059  (031) (055) 061* 057 100
cr 036  (0.33) (0.17) 040 021 056  1.00
Na"  (0.18) (0.11) 007  (0.16) (0.04) 036  (0.12) 1.00
SO 080% (0.30) (0.61)* 0.82%* 081** 0.69* 042  (029) 1.00
Ca¥ 054  (026) (0.62* 058 055 098 059 027  070* 1.00
K' ©31) (0.12) 012  (0.29) (0.09) 019  (026) 094** (038) 013 100

Ve HFRBEKTEN 001, *REEEKFH 0.05, F5HER SR NIE.

dC/dlogD_ (Oxalate, ng/m’)

p

12 — T — ————rr 0.18
—n— QOxalate
—eo— Ammonium 1045
104 A nsssulfate '
< Nitrate
4012
E
8 4 )]
=<
0.09 Dﬂ-
[e)]
Ke)
o
J006 O
©
B 0.03
0.00

Aerodynamic diameter (um)

B 3-10 YWARFRA FRIA Cv NHs'y NOsHI nss-SO, HIKLAZ 5 A
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TREAS TS THRRN I RAR BT 5T

3.2.2 /N

FLERAT, TREE GRS PR ZTTRER TR R A1k e
MRS, H LA HBIRSNIE h . Cy/Cy ETE B RABI 4 514 1.27+0.60 F1 1.87
+0.64 R~ RIFA VORTER SRR TIE . B4, 35T/ F 0.048um DLR
KT 9.9um K25 P ISR AS — TCBRBRAT ZILBCY A M, IR T B9 4
WG RIRR — BB K .

(DERE BN, B 2~ BR7EM R R A5(0.54~1.0um) 50 5 S Ho
nss-SO4 MG AMT, KK Tl AR A T 2 B RS R
Ry XTEMRARE T e RMNTE TRk B T -8, ERSE
R B3 291 B R DA R 1 B Y L U

QTERE], TR L MRS A A B B 01, ARBAT
ARG RS EHESR . BWES T Z ZMOERZ IR0, T
AREA TS H NS SRS YRR SRR IR RN E.

EVERFRONYIA, “TRBEKEZRCHEEWRA, AN
C/Cs MEREHR . K457 0.2310.16, 02940.18, wTIERnis, 8
B EABBP R MRS X T B TR S T RMIRE TR E S, R
RERT AR AT B8 = 23K B FREREV S SRR, o H S0 5% s WL — kS
TR = JURRBRIR IS W W MR B

(DR LA AR Z 7 THREHA0.54-1.8pm) 4, F£ A7 NOy.
NHs". Mg™ 553 FAOMIK ML BI4 0.90. 0.88 F10.86, WHH C, £33k H T5M
HUFEAEL L =it .

QBABRAZ “BRRIANEEN 0, FIEPLR RS AR, H8
C2 [ NOs™s NHy il nss-SO, 3 A4 RIFRIMFAE, A0 R 5050204 0.98. 0.87.
0.80, HIEMALEIAM A R RRORER). W OSBRI ES 20 72
().
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T4 N TR G IR AR

4 HRERE
4.1 &ig

WILRE 2011 F 4 A 24 HAE 2011 £ 5 A 4 HRIT R a@ S FEE NN
SRS ISR, SRR B A o L2 B B A T TRIR LA R L
it E B KB TN FIEAT T, X 45 R AT BRI B4 T F
WARS (BR) R ERS TEHRA ZTRBRATRE AR, &+
B[R] (AR M TS B R A T RIR I SR B AL BLRIEAT T, E
BEERW T

(ST B AR L 1 & 1 R V5 QR s, & 1 1 4L 00 RO RIAZR A A
BR R, AT 0.048um LURKT 9.9um Kifa i i R o) th I I L
GG, XM AR AE AR YD 2 RS B S

Q)L A £ BRI T 7E PR R OIREL T 38 £ 2 2 IR AL U s AR 0
i, Bl 0.54~1.0pum 3t F PR AEAAD 3.1~6.2um G A BRBEAS, JF DAVRE
BARE. BB RIESBUD AR T2, HL BRI TEDE
KA BT i, BB R A %, HA>6 2um [(UH]
R BE A E ETHAR . 52 TBRARRRE, T RN TR AR
BARSAMFANE, FRAERHEA > MG EERIA B BE
(0.093~0.32um) LA S A BEAY(1.8~6.2um). BAKSR, T ZREDE RSP R
KFBRRBETIED RN, BHAAEE, FEADRFMHETHEEPE
0.093~0.32um [ P I EEARA T AEVD AR BN S B WS B A A . L5
LA T RO AR R, T BRI i & B AR R R ORI T
FrFA, H BRR DA E, RififEJRb AR 31 S IUECH B B0 B R BEEE R
DA TR IR 7 A AL

QHEPRRAT, THAE SR B A ITHREA B T iR R
VERRAVE, FEUAREHERRIE A T . Co/Co AR RRARI 440 1.27£0.60 Fl
1.8740.64 B3R B — WM ZJCRE ML RERRE. ARINRIBAN, @t
7.~ BRTE W AR A5(0.54~1.0um) 3 53 415 LR nss-SO4™ IIARSKIE S AT, Ak A

43



TUWH N GRS CH MO AR BT

A NPIEFIRER B T 23 A P BAREA R R, X T HABRAC B T n R BRI 7F
FERTREA F T -Ride ALBEST . T Eh "R AR AT I D7 LA R v 7 9 O L
FACHHRR, S0, ARSI ROV IO I AERURE A b Co 4 A HT T BT k. o
Bl BRA L R AR RS B HE R4, AREBLAT RN
WHE —ERER, HUBREA P Z B A = IR e K, e
BT B M M LA AT A ) A <O AR IR FR S A SR

(HEL LR RRMRIN, —IORRIRIES AR WK, H bR
M Co/Co LEIEEE R BUES Bk 0.2340.164 0.29+0.18, & TIEVbAm 1, 3
Wb R I b 1 B B R A 1 0 T R TR G RRIR I TR B, K
J R A A 0T B R ER B T MOBIRYD R MM ER . BREE Z TRTEF RS S
fi-F iR A(0.54~1.8um)y s, IF AR NOy, NH* M2 % 557 A K M4 B
0.90. 0.88 1 0.86, i C; EE KA T UMM LK 23R, il
TR AZL BRI NAES 4, FEHE AR5 AR 3 B Gl NOy .
NH, A1 nss-SO {1 LA REFMIMENE, MR EH14 0,98, 0.87. 0.80, Flik
R AT BB A 2 i FRGRIR AR A W A SR I R AR B L 1T FR (R

)

4.2 EXMARZHRRE

AL T FRAXS PR A~ TR KR R RALE, BRREE—
Yo AN B2 A, RHFEE N D0 AR S e A2 70 1 ] R TF SR VR A BB
5. FERBUT.

(D FAERZHM e, AR T HEEH S MOUDIs K5 [ I 1%
N TSP FEMIRERAT N, AP TEE FRABSASDE
B4 W R R 5, TR 20 B i 07 20 AT SR PR AT R 3 B S S 1 P [
5%, BSRERZ XA A B R S A TS S b

QAR F, FHEFEEENDRAERET O, AR astLET
AR SE, T TH. BT LRGN ARE S BB 4 BRI

44



[ HUE N TS F M MR ACHE R 7

FERER R, (B B H K HVE S 2% TF Bl b A 0 O 30T BEAG BORE S B HE B RO %
%2, BRI R IE R,

)RS5 3 B B A I 45 SR BEAT AE B 0 IR o R L8 PR i R RSB R 2
(IR BT &, X FTRE A th T L RE i R BRI R E RN R JE — K, P
RARIBIGER, FEACHS P ERECA RS AT R B — b2 BhL 1, iR
TREB TR HRE,

SFAL LS, RIS EE NS TR EFEFR TR A TR
FR (X RIE LA B TE FRHLRIREAT IR L A0, MITRE & AT AR 2 A 5E k. 72
SRR, b TR R AT 5B, BB 2 Aa AT X R R
SEBOHAT BRI AT, JRARAE P BON RS e LK B R 0 1 T AL (o
SO% . Ca®" )3 A KA TR S AT 45 AT R IE, AT B AR KR A (1 Sl T &
IR 45 A R T B TSP FEAMINBA T2 & vhe, DUITS 3 B &
TLRBREZ N IR AT B A& E . AR EpsEe.

45



TWE KTNSO E IR AR

(2]

(3}

4]

(6]

(71

(8]

[9

S 3k

Bauer. H., Kasper-Giebl. A., Lofiund, M., Giebl, H., Hitzenberger, R.. Zibuschka, F., and
Puxbaum, H.. The contribution ot bacteria and fungal spores to the organic carbon content of

cloud water, precipitation and aerosols. Atmospheric Research, 2002, 64: 109~119.

Blando, J.D., and Turpin, B.J.. Secondary organic aerosol formation in cloud and fog droplets:

a literature evaluation of plausibility. Atmospheric Environment, 2000, 34: 1623~1632.

Brooks, S.D., Wise, M.E., Cushing, M., and Tolbert, M. A.. Deliquescence behavior of
organic/ammonium sulfate aerosol. Geophysical Research Letters, 2002, 29(19): 1917,

doi:10.1029/2002GL014733.

Carhton, A. G, Turpin, B. J., Altieri, K. E., Seitzinger, S., Reff. A, Lim, H., and Ervens, B..
Atmospheric oxalic acid and SOA production from glyoxal: Results of aqueous

photooxidation experiments. Atmospheric Environment, 2007, 41: 7588~7602.

Chan, CK., and Yao, X.H.. Air poliution in mega cities in China. Atmospheric Environment,

2008, 42: 1-42.

Chebbi, A., and Carlier, P.. Carboxylic acids in the troposphere, occurrence, sources, and

sinks: a review. Atmospheric Environment, 1996, 30: 4233~4249,

Clegg, N.A., and Toumi, R.. Non-sea-salt-sulfate formation in sea-salt aerosol, Journal of

Geophysical Research , 1998, 103: 31095~31102.

Crahan, K. K., Hegg, D., Covert, D. S., and Jonsson, H.. An exploration of aqueous oxalic
acid production in the coastal marine atmosphere, Atmospheric Environment, 2004, 38:

3757~3764.

Cruz. C.N., and Pandis, S.N.. The effect of orpanic coatings on the cloud condensation nuclei
activation of inorganic atmospheric aerosol. Joumal of Geophysical Research, 1998,

103(D11): 13111~13123.

[10] Cruz, C.N., and Pandis, S.N.. A study of the ability of pure secondary organic aerosol to act

46



T ML N S ) CHR R 0 MR

as cloud condensation nuclei. Atmospheric Environment, 1997, 31: 2205~2214.

[11] Dall'Osto, M., Harrison, R. M., Coe, H., and Williams, P.. Real-time secondary aerosol
formation during a fog event in London. Atmospheric Chemistry and Physics, 2009, 9:

2459~2469, doi:10.5194/acp-9-2459-2009.

[12] Deguitlaume, L., Leriche, M., Desboeufs, K., Mailhot, G., George, C., and Chaumerliac, N..
Transition metals in atmospheric liquid phases: Sources, reactivity, and sensitive parameters.

Chemical Reviews, 2005, 105: 3388~3431.

[13] Dutton, M.V., and Evans, C.S.. Oxalate production by fungi: its role in pathogenicity and

ecology in the soil environment. Canadian Journal of Microbiology, 1996, 42: 881~895.

[14] Ervens, B., Feingold, G.. Frost, G.J., and Kreidenweis, S.M.. A modeling study of aqueous
production of dicarboxylic acids: 1. Chemical pathways and speciated organic mass

production. Journal of Geophysical Research — Atmospheres, 2004, 109, D15205.

[15] Ervens, B., Cubison, M., Andrews, E., Feingold, G, Ogren, J.A., Jimenez, J.L., DeCarlo, P,
and Nenes, A.. Prediction of cloud condensation nucleus number concentration using
measurements ot aerosol size distributions and composition and light scattering enhancement
due to humidity. Journal of Geophysical Research, 2007, 112, DI10S32,

doi:10.1029/2006JD007426.

[16] Facchini, M.C., Mircea, M., Fuzzi, S., and Charlson, R.J.. Cloud albedo enhancement by

surface-active organic solutes in growing droplets. Nature, 1999, 401: 257~259.

[17] Facchini, M.C., et al.. Primary submicron marine aerosol dominated by insoluble organic
colloids and aggregates. Geophysical Research Letter, 2008, 35, L17814,

doi:10.1029/2008GL034210.

[18] Finlayson-Pitts, B.J., and Pitts Jr., J.N.. Chemistry of the Upper and Lower Atmosphere.

Academic Press, New York, 2000, 349~435.

[19] Gundel, L.A., Dalsey, J.M., de Carvalho, L.R.F., Kado, N.Y., and Schuetzle, D.. Polar organic
matter in airborne particles: chemical characterization and mutagenic activity [J].

Environmental Science and Technology, 1993, 27: 2112~2119.

47



TN T F WA 3 R AL AL s WA

[20] Huang, X.F., He, L.Y.. and Hu, M.. Chemical characterization of water-soluble organic acids

in PM2.5 in Beijing, China [J]. Atmospheric Environment, 2005, 39(16):2819~2827.

[21] Huang, X.F., Yu, J.Z., He, L.Y., and Yuan, Z.B.. Water-soluble organic carbon and oxalate in
aerosols at a coastal urban site in China: Size distribution characteristics, sources, and
formation mechanism. Journal of Geophysical Research, 2006, 111, D22212, doi: 10.

1029/2006JD007408.

[22] Huang, X.F., and Yu, J.Z.. Is Vehicular Exhaust a Significant Primary Source of Oxalic Acid
in Ambient Aerosols? Geophysical Research letters, 2007, 34, LO02808, doi:

10.1029/2006GL028457.

[23] Ho, K.F,, Lee, S.C., and Kawamura, K.. Dicarboxylic acids. ketocarboxylic acids and
dicarbonyl in the urban roadside aera of Hong Kong [J]. Atmospheric Environment, 2006,

40(17): 3030~3040.
[24] IPCC. Climate Change: The Physical Science Basis. Summary for Policymakers, 2007.

[25] Jiang, Y., Zhuang, G, Wang, Q., Liu, T, Huang, K., Fu, J. S., Li, J., Lin, Y., Zhang, R., and
Deng, C.. Characteristics, sources and formation of aerosol oxalate in an Eastern Asia
megacity and its implication to haze pollution. Atmospheric Chemistry and Physics Discuss,

2011, 11: 22075~22112.

[26] Jickells, T.D., An, Z.S., Andersen, K.K., Baker, A.R., Bergametti, G., Brooks, N., Cao, J.J.,
Boyd, PW., Duce, R.A., Hunter, K.A., Kawahata, H., Kubilay, N, laRoche, J., Liss, P.S.,
Mahowald, N., Prospero, J.M., Ridgwell, A.J., Tegen, [, and Torres, R.. Global iron
connections between desert dust, ocean biogeochemistry, and climate. Science, 2005, 308:

67~71.

[27] Kanakidou, M., Seinfeld, J.H., Pandis, S.N., Barnes, 1., Dentener, F.J., Facchini, M.C., Van
Dingenen, R., Ervens, B., Nenes, A., Nieisen,C.J., Swietlicki, E., Putaud,).P., Balkanski, Y.,
Fuzzi, S., Horth, J., Moortgat, G.K., Winterhalter, R., Myhre, C.E.L., Tsigaridis, K., Vignati,
E., Stephanou, E.G,, and Wilson, J.. Organic aerosol and global climate modelling: A review.

Atmospheric Chemistry and Physics, 2005, 5: 1053~1123, doi:10.5194/acp-5-1053-2005.

43



T W8 N TSGR I AT

[28] Kawamura, K., and Kaplan, LR.. Motor exhaust emission as a primary source for
dicarboxylic acids in Los Angeles Ambient Air. Environmental Science and Technology,

1987, 21: 105~110.

[29] Kawamura, K., and Ikushima, K.. Seasonal changes in the distribution of dicarboxylic acids

in the urban atmosphere. Environmental Science and Technology, 1993, 27: 2227~2233.

[30] Kawamura, K., Kasukabe, H., and Yasui, O.. Production of dicarboxylic acids in the arctic

atmosphere at polar sunrise. Geophysical Research letters, 1995, 22: 1253~1256.

[31] Kawamura, K., Semere, R., and Imai, Y.. Water soluble dicarboxylic acids and related
compounds in Antarctic aerosols. Journal of Geophysical Research, 1996, 101:

18721~18728.

[32] Kawamura, K., and Sakaguchi, F.. Molecular distributions of water soluble dicarboxylic acids
in marine aerosols over the Pacific Ocean including tropics. Journal of Geophysical Research,

1999, 104: 3501~3509.

[33] Keene, W. C., et al. Chemical and physical characteristics of nascent aerosols produced by
bursting bubbles at a model air-sea interface. Journal of Geophysical Research. 2007, 112,

D21202, doi:10.1029/2007JD008464.

[34] Kerminen, V.M., Ojanen, C., Pakkanen, T., Hillamo, R., Aurela, M., and Merilainen, J.. Low
molecular weight dicarboxylic acids in an urban and rural atmosphere. Journal of Aerosol

Science, 2000, 31: 349~362.

[35] Kerminen, V.M.. Relative roles of secondary sulfate and organics in atmospheric cloud
condensation nuclei production. Journal of Geophysical Research, 2001, 106(D15):

17321~17333.

[36] Lim, H.J., Carlton, A.G., and Turpin, B.J.. Isoprene forms secondary organic aerosol through

cloud processing: model simulations. Environmental Science and Technology , 2005, 39 (12):

4441~4446.

[37] Martinelango, P. K., Dasgupta, P.X., and Al-Horr, R.S.. Atmospheric production of oxalic

acid/oxalate and nitric acid/nitrate in the Tampa Bay airshed: Parallel pathways. Atmospheric

49



PR g Al CRIR A G M R HE I Ak 6 0 7

Environment, 2007, 41: 4258~4269.

[38] Matsumoto, K., Nagao, 1., Tanaka, H., Miyaji, H., lida, T. and Ikebe, Y.. Seasonal
characteristics of organic and inorganic species and their size distributions in atmospheric
aerosols over the northwest Pacific Ocean. Atmospheric Environment, 1998, 32(11);

1931~1946, doi:10.1016/51352-2310(97)00499-8.

[39] Miyazaki, Y., Kawamura, K., and Sawano, M.. Size distributions and chemical
characterization of water soluble organic aerosols over the western North Pacific in summer.

Journat of Geophysical Research, 2010, 115, D23210, doi:10.1029/2010JD014439.
[40] Millero, F.J.. Chemical Oceanography. 3rd Ed. New York: CRC Press, 2006.

[41] Mochida. M.. Kawabata, A., Kawamura, K.. Hatsushika. H., and Yamazaki. K.. Seasonal
variation and origins of dicarboxylic acids in the marine atmosphere over the western North

Pacific. Journal of Geophysical Research, 2003, 108: 4193,

(42] Mouli, P.C., Mohan, S.V., and Reddy, S.J.. A study on major inorganic ion composition of

atmospheric aerosols at Tirupati [J]. Journal of Hazardous Materials, 2003, 96(2-3): 217~228.

[43] Nolte. C.G., Schaver, J.J., Cass, GR., and Simoneit, B.R.T.. Highly Polar Organic
Compounds Present in Wood Smoke and in the Ambient Atmosphere [J]. Environmental

Science and Technology, 2001, 35(10): 1912~1919.

[44] Norton, R.B., Roberts, J.M., and Huebert, B.J.. Tropospheric oxalate. Geophysical Research

Letters, 1983, 10: 517~520.

[45] Ondov and Wexler. Where do particulate toxins reside? An improved paradigm for the
structure and dynamics of the urban mid-atlantic aerosol. Environmental Science and

Technology, 1998, 32: 2547~2555.

[46] Pakkanen, T.A.. Study formation of coarse particle nitrate aerosol. Atmospheric Environment,

1996, 30A: 2475~2482.

[47] Peng, C., Chan, MN., and Chan, C.K.. The hygroscopic properties of dicarboxylic and

multifunctional acids: measurements and UNIFAC predictions. Environmental Science and



[ 425 N TR ) GH% R 1 HE BRI A

Technology, 2001a, 35: 4495~4501.

[48] Peng, C., and Chan, C.K.. The water cycle of water-soluble organic salts of atmospheric

importance. Atmospheric Environment, 2001b, 35, 1183~1192.

[49] Pradeep Kumar, P., Broekhuizen, K., and Abbatt, JP.D.. Organic acids as cloud condensation
nuclei: Laboratory studies of highly soluble and insoluble species. Atmospheric Chemistry

and Physics, 2003, 3: 509~520, doi:10.5194/acp-3-509-2003.

[50] Rinaldi, M., Decesari, S., Carbone, C., Finessi, E., Fuzzi, S., Ceburnis, D., O’'Dowd, C.D.,
Sciare, J., Burrows, J.P., Vrekoussis, M., Ervens, B., Tsigaridis, K., and Facchini, M.C..

Evidence of a natural marine source of oxalic acid and a possible link to glyoxal. Journal of

Geophysical Research, 2011, 116, D16204, doi:10.1029/2011JD015659.

[51] Rogge, W.F., Mazurek, M.A., and Hildemann, L.M.. Quantification of urban organic aerosols
at a molecular level: identification, abundance and seasonal variation [J]. Atmospheric

Environment, 1993, 27(8): 1309~1330.

[52] Rohrl, A., and Lammel, G.. Low-molecular weight dicarboxylic acids and glyoxylic acid:
seasonal and air mass characteristics. Environmental Science and Technology, 2001, 35:

95~101.

[53] Saxena, P., Hildemann, L.M., Memurry, P.H., and Seinfeld, J.H.. Organics alter hygroscopic
behavior of atmospheric particles [J]. Journal of Geophysical Research, 1995, 100:

18755~18770.

[54] Schauer, J.J., and Cass, GR.. Source Apportionment of Wintertime Gas-Phase and
Particle-Phase Air Pollutants Using Organic Compounds as Tracers [J]. Environmental

Science and Technology, 2000, 34: 1821~1832.

[55] Seinfeld, J.H., and Pandis, S.N.. Atmospheric chemistry and physics from air pollution to

climate change [M]. New York: John Wiley & Sons, Inc., 1998. 714~723.

[56] Shulman, M.L., Jacobson, M.C., Charlson, R.J., Synovec, R.E., and Young, T.E.. Dissolution
behavior and surface tension effects of organic compounds in nucleating cloud droplets.

Geophysical Research Letters, 1996, 23: 277~280.

51



T2 N ORGSR Y IR 2 AT 7

[57] Sorooshian, A., Varutbangkul, V., Brechtel, F. J., Ervens, B.. feingold, G, Bahreini, R.,
Murphy, S. M., Holloway. I. S., Atlas, E. L., Buzorius, G., Jonsson. H., Flagan, R. C,, and
Seinfeld, J.H.. Oxalic acid in clear and cloudy atmospheres: Analysis of data from

International Consortium for Atmospheric Research on Transport and Transformation 2004,

Journal of Geophysical Research, 2006, 111, D23S$45, doi:10.1029/2005JD006880.

[58] Sorooshian, A., Lu, M.-L., Brechtel, F.J., Jonsson, H., Feingold, G, Fiagan, R.C., and
Seinfeld, J.H.. On the source of organic acid aerosol layers above clouds. Environmental

Science and Technology, 2007, 41(13): 4647~4654, doi:10.102 1/es0630442.

[59] Sullivan, R.C., and Prather, K.A.. Investigations of the diurnal cycle and mixing state of
oxalic acid in individual particles in Asian aerosol outflow. Environmental Science and

Technology, 2007, 41: 8062~8069.

[60] Tan. Y., Perri, M.J., Seitzinger, S.P., and Turpin, B.J.. Effects of Precursor Concentration and
Acidic Sulfate in Aqueous Glyoxal-OH Radical Oxidation and Implications for Secondary

Organic Aerosol. Environmental Science and Technology, 2009, 43: 8105~8112.

[61] Turekian, V.C., Macko, S.A., and Keene. W.C.. Concentrations. isotopic compositions, and
sources of size-resolved. particulate organic carbon and oxalate in near-surface marine air at
Bermuda during spring. Journal of Geophysical Research, 2003, 108(D3): 4157,

doi:10.1029/2002JD002053.

[62] Uno, 1., Eguchi, K., Yumimoto, K., Takemura, T., Shimizu, A., Uematsu, M., Liu, Z., Wang,
Z., Hara, Y., and Sugimoto. N.. Asian dust transported one full circuit around the globe.

Nature Geoscience LETTERS, 2009, doi: 10.1038/NGEQ583.

[63] Wang, G, Niu, S., Liw. C., and Wang, L.. [dentification of dicarboxylic acids and aldehydes
of PM;; and PM.; aerosols in Nanjing, China. Atmospheric Environment, 2002, 36:

1941~1950.

[64] Wang, Y., Zhuang, G.S., and Chen, S., Characteritics and sources of formic, acetic and oxalic
acids in PM2.5 and PM10 aerosols in Beijing, China [J]. Atmospheric Research, 2007, 84

169~181.

52



T8 AL CHMR I M IR 7T

[65] Warneck, P.. The relative importance of various pathways for the oxidation of sulphur
dioxide and nitrogen dioxide in sunlit continental fair weather clouds. Physical Chemistry

Chemical Physics, 1999, 1: 5471~5483.

[66] Warneck, P.. In-cloud chemistry opens pathway to the formation of oxalic acid in the marine

atmosphere. Atmospheric Environment, 2003, 37 (17): 2423~2427.

[67] Warneck, P.. Multi-phase chemistry of C, and C; organic compounds in the marine

atmosphere. Journal of Atmospheric Chemistry, 2005, 51 (2): 119~1 59.

[68] Whitby, K.T.. The Physical Characteristics of Sulfur Aerosols. Atmospheric Environment,

1978, 12: 135~159.

[69] Yang, F., Chen, H., Wang, X., Yang, X., Du, J, and Chen, J.. Single particle mass
spectrometry of oxalic acid in ambient aerosols in Shanghai: Mixing state and formation

mechanism. Atmospheric Environment, 2009, 43, 3876~3882.

[70] Yao X.H., Fang M., and Chan C K.. Size distributions and formation of dicarboxylic acids in

atmospheric particles. Atmospheric Environment, 2002, 36: 2099~2107.

[71] Yao X.H., Lau A. P. S., Fang M., Chan, C.K., and Hu, M.. Formation and size distribution
characteristics of ionic species in atmospheric particulate matter in Beijing, China:

2-dicarboxylic acids [J]. Atmospheric Environment, 2003, 37 3001~3007.

[72] Yao, X.H., Fang, M., Chan, C.K., Ho, K.F, and Lee, S.C.. Characterization of dicarboxylic

acids in PM, s in Hong Kong. Atmospheric Environment, 2004, 38: 963~970.

[73] Yao, X.H., Lau, N.T., Chan, CK., and Fang, M.. Size distributions and condensation
growth of submicron particles in on-road vehicle plumes in Hong Kong. Atmospheric

Environment, 2007, 41: 3328~3338.

[74] Yokouchi, Y., and Ambe, Y.. Characterization of polar organics in airborne particulate matter

[J]. Atmospheric Environment, 1986, 9: 1727~1734.

[75] Yu, J.Z., Huang, X.F., Xu, JH., and Hu, M.. When aerosol sulfate goes up, so does oxalate:

implication for the formation mechanisms of oxalate. Environmental Science and Technology,

53



T80 D O SR AT i

2005,39 (1): 128~133,

[76] Zheng, M., Cass, GR., Schaver, J.J., and Edgerton, E.S.. Source Apportionment of PM,; in
the Southeastern United States Using Solvent-Extractable Organic Compounds as Tracers (4.

Environmental Science and Technology, 2002, 36: 2361~2371.

[77] Zhuang, H., Chan, C.K., Fang, M., and Wexler, A_S.. Size distribution of particulate sulfate,
nitrate and ammonium at a coastal site in Hong Kong, Atmospheric Environment, 1999, 33:

843~853.

(78] f TiAE, MttAH, ik AFhEAKE AR DA B0 L R
SRR, 2011, 32(8): 2197~2203.

[79) SHUERE, IR ATREEE. JERUTASCHR P KR AT RO (), RIS,
2004, 25 (3) : 22~26.

(80) A 15, JERCAS O ORAE R TR s AT HLRR B RVt AR (i1 for g NP ]
B A, 2000

(81] FHEZF, lwisl, ) uREh. B @il vk B . LT 02 U 2005, 227930,

[82) fei 0 F. o A BN IR IR P B 1R ST B T S [
. 78 R ALY, 2009,

(83] MF 28, SKowlil, BREL ANAFRBRES:. I3 & LR, 2006, 269~290.

[84] T2, % DU, AW, A, mrbd, Tk, Boim AUSOREe 3 LA £ b
fEar AL, HBEREFIETT, 2004, 17(6) : 12~14,

[85] SKIHL. “{ A ——BR AR B (M), Jbat. IRERBERLY R, 1987,

54



T M TR AS G (P SR A B 5T

oM

AT i SCORAE T T /N (1 3 RS B R S8 B o I 9 L A
i R BRI RSN BIAICE, 2SR oA QRS SR AU
Kb SCHERs, BMIEEES TR O OABIIE ST g MIER L
FER AR S BIMRIERE S — AR MRIITDE L R R SR
B AR, FRAFRAEFEIOZ TR b ZHER BHRRE. FRLR
TR BE, 1 R kN LD A s R R TR Al B B !

R AR ZI . oW LI AERE{F SORF RSB T v T T 45 F B B A2
B AR A AR R UL P 4 T R A S R B RIS E
RIS TR0 Hs B BRI S 5K 20 SO T 51 B LR A s
B e BT (03 % A SR ID T 50, (i TRk s NI, R o EAE AR TR
T3 TETEA T BOAR BRI v L B A S R BENE 52 1S B Y AT B ik !

EBAHIERER, RART 2RI LA, bR XIBEEZI,
TERROMAR, IOk KRR BRI, RARIE. BRI, WA TIET, RIRIIREK
LA A TSC B, e AR T 2 g LU RR (KRR, S EERIEIR . 258
8 o (R B SR R IR £ DA SRR IR, B2 e,
HRESN, MR A SRR (] )9 . A2 AL T SRR Bk
KT R AN S, [RGB TRUOGR T RIS, BRI
!

BRI X AMEPE I K K BE, LA = R bR . R m A
LI, XEZIN, KB ZITE AL LM B, B ik, TME, &=
L. SR, JISLARE . X6, siANEA, MR, El XE, &
HEN, Ik ER. AEEN, MHBETE. HTHEFEN APURMTEREKRK
HE! R BRETE, RIS R A et ) |

Bja, WM SCRE, R AR ZI i B RS, AR
I SMEE RS ER 2 MEAER, RRMIMEENSIFERBERRN! IR
14T RATA TR S, BRI RARB IR T, A RERRE—F—
—HEMRA], GHsH

55



NV

Wi, &, 19874 4 H 4 HHAEFIiRET M.

2005%F 9 A APEEEANFREREE | BERAFREEL, 09
7 AABEN I RBHER 2240,

2009 F 9 ABEAPEEHERERBEREFS TREWAEHNE LW AR
2T m, BIEm L E2aES,



	封面
	文摘
	英文文摘
	0 前言
	1 综述
	1.1 大气中颗粒态二元羧酸的研究意义
	1.2 大气中颗粒态二元羧酸的组成、来源以及形成机制
	1.2.1 大气环境中颗粒态二元羧酸的化学组成特征
	1.2.2 颗粒态二元羧酸的来源以及形成机制

	1.3 国内外研究进展
	1.3.1 国外研究现状及发展动念
	1.3.2 国内研究现状及发展动态

	1.4 本文的研究内容
	1.4.1 本文的研究目的、意义和研究方法
	1.4.2 本文的创新之处


	2 实验部分
	2.1 实验仪器与试剂
	2.1.1 实验仪器及配件
	2.1.2 采样膜及实验试剂

	2.2 样品采集
	2.2.1 采样点及采样时间设置
	2.2.2 MOUDIs分粒径样品采集方法

	2.3 MOUDIs分粒径样品的处理与分析
	2.3.1 分粒径样品的预处理
	2.3.2 分粒径样品的测定
	2.3.3 分粒径样品采集、保存与分析过程中的质量保证及质量控制

	2.4 分析数据处理与计算

	3 千里岩大气颗粒态二元羧酸的来源及形成机制
	3.1 千里岩海岛大气中颗粒态二元羧酸的粒径分布
	3.1.1 采样期间颗粒态二元羧酸的粒径分布
	3.1.2 非沙尘天气下颗粒态二元羧酸的粒径分布
	3.1.3 沙尘天气下颗粒态二元羧酸的粒径分布
	3.1.4 小结

	3.2 千里岩海岛大气中颗粒态二元羧酸的来源及形成机制
	3.2.1 非沙尘天气下二元羧酸的来源及形成机制
	3.2.2 沙尘天气下二元羧酸的来源及形成机制
	3.2.2 小结


	4 结论与展望
	4.1 结论
	4.2 论文的不足之处及展望

	参考文献
	致谢
	个人简历

