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Abstract

I started a study of polar organic compounds in the atmosphere of Los Angeles and its
vicinity in early 1980s, when acid rain problems became an important environmental issue. In late
1980s, another two problems were recognized to be serious; i.e., global warming due to the
increased greenhouse gases and depletion of stratospheric ozone discovered over Antarctica. I
have developed GC and GC/MS methods to determine various organic compounds in the
atmosphere including water-soluble mono- (C;-C,¢) and di-carboxylic (C,-Cy0) acids. Using those
methods, formic and acetic acids were found as major monoacids in rainwater and in gas phase,
followed by propionic acid. Total monoacids were found to account for up to 12 % of total
organic carbon in the Los Angeles rainwater. Their concentrations were equal to 1/4 to 1/2 of
those of inorganic acids (sulfate and nitrate). Similarly, oxalic acid (C,) was found as the most
abundant diacid species followed by malonic (C;) and succinic (Cs) acids in aerosols and
rainwater. Studies of diacids in the atmosphere of urban Tokyo showed a diurnal variation with
daytime maximum, indicating that secondary photochemical production of small diacids is more
important than the primary emission from fossil fuel combustion (motor exhausts).

Although diacids (C,-Cy) account for < 2 % of total aerosol carbon in the urban
atmosphere, the values increased up to 9 % in the Arctic and 26 % in the marine aerosols from the
Pacific. Polar sunrise experiments conducted at Alert in the high Arctic further confirmed a
significant secondary production of small diacids in early spring when sun returns on the horizon.
Based on the spatial distributions of diacids over the Pacific, photochemical transformation
(aging) of organic aerosols was characterized by an enrichment of oxalic acid in the marine
atmosphere. Because dicarboxylic acids are water-soluble and can act as cloud condensation
nuclei (CCN) in the atmosphere, they likely contribute to the formation of cloud droplets and thus
affect indirectly on radiation balance of the Earth and the climate changes. Recent advances in the
organic aerosol studies are also reviewed together with the studies on their hygroscopic properties

(CCN activity) with a scope for the future study.

Keywords: organic aerosols, hydrocarbons, dicarboxylic acids, photochemical production and

transformation, long-range atmospheric transport



1. ZL®IC

DR OARMERICFEREEZET D IR TEREOANANRICENEY, Z2I2E
DIZHT= 0, BT Ll KRBTSR E O ) « <EPHY £ L1, £/, AAK
HERILFRDORENODIXED R o172 B, TO LD REFIIIRT H T &idhedo
mEBonET, ZIICEMHOBRERLET,

FASHIERAL - DO BFFEIZHE 20 o T2 DI, 1976 AT FERNL KT R P BB 58 D 73 A
B9 E (PR - AEMREE) IZAS T THD, RROMET —~I1THREY O
BAL G OFHEHERAL T & D O R4 MR E MR T O AP O AT IZHRL D A1
Tl L blpolo, FEmCTIL, EEWITHRINE N7 200 A — MAHERY = 7 208 L,
ReRhlR, 7By, ThAa— e 4 F~<w—h—L L THEHATLZ LIk HBE0EY
ApER K OWE EBREEIC B A I & AT L 72 (Kawamura and Ishiwatari, 1981, 1982, 1984),
Z O LT, BREETOAME F13E OREIEPIR B3 Am I iRed TR iR EEE i (i
P - Wik 7n &) ZRFFT 52 LWL, TR OBEREMENT OKIRZ2E) O hLr—H—L
LT 2 2 ATREMEIC DWW TG A Bt 7o, IR XA HIER (L 2 O AR T v, HiERk(E
BRI W THBE S T2 U IR B3, F~—T1— & LTE D XED, HDHWIEMEZ DD,
EWVDTATTHREORR TH-7c, HERE~OISHNBUED X 5 IZRMBME & 720 B
BB DWW RNR PR E 2L LT TRARAR o2, N THIREOREIFHE
BTN OIT TE L EBA LT TCRFELOREGZK LD TH D,

FAD REALZEIZEIT, 1981 4EICH U 7 4 /L =T K% (UCLA)® Ian R. Kaplan 2% D 7' /v
— AR R & LTl o TR B E o 7, R, RICK TIEIE O BEME Lok
HEOERERNBH LN DO, BBERNSKE e UTORG L TE e, BYERO
FRIRRE I A REHZ Z END0E TH VD, & OBRBEAER O (L E (SO0
KA CTHEIZER(L VTR T 5 Hfilig T & % (Finlayson-Pitts and Pitts, 2000), % 9 — (%
PRIBEIBTE CAEKRT 2 LRI NO)TH Y, ZNOITRKF T~ LB bsnsd, —
57, ALABB O FRITAEER TH D12 00 6T, FiRKHT OEEY DD HHR0E i
ORMBENICE 2 2B OWTIIE LA Lo T oo T, #5F, s UCLA
TOROWET —~< &0, g B AR OMEGEY O EZIL LD D 2
LElpolz,



2. AR OEEMOREIEDRIEE X ZNERATEZLD

R T HOREERZ1ED = & 2Bk E - 72, UCLA, Geology Department D T {EZ|Z
BUEZKIEL, R THOREZRMTE D LD IR ZER LTz, LvL, IRERR I
MR BT & XTIV 7T —RIEFRITHEE L TW 22008 95 DB v, lNOR
HHEETREZE TS ZED LIZLIETH o T, MOOHHED BRI, KFFBERICHE
FEWWK DA CHWZIRE RSO H A7 a~ 77 7(GOMEEZ TIZENZ KR
THLIAMBIILDT, TORER, BEARPIZIZRIEAKS - Bl ERER D7 = /
— VI, FEx DI VR BRI STz, T O DR B LY & A IREED D O
T, FITITAL RS DB N K E W2 &R - 7z (Kawamura and Kaplan, 1983), #ff

FRITNEFC T RO H L= Rz, LL, AFIVZ AT IVFHFERE L TR L= L
RUBOGAE L ALD &, IRFEEN10 LLUF DRSO Sr DBEOIRE CTHFEET 5 Z &0
binolz (Fig 1), I, AF NV AT IAKIEIC L D 2 VR CBEOEREZ MG L7z
FER, ~F¥Y A > ZHE(Co) T S0%RETH Y, K VKRS T D Cyy Cs TIEHITIL 72 0 %
B, HEIR TIX 0%V Z &b oTe, ZOMRRNG, K0S TOF 7 IR U ERIE
FNECTEERINRVEEE LTRESNL T UL F Ui (C, AT L0 b
EPITEWRE TREAPITHET D Z LR ST,
2.1. ARG FE ) VIR R

T, Wl - FER A SO TR TNV UBIRE A EEICHIET 57D, Ty B
7 U —GC & MW A&Sr 1-F ) AWV B O T2 2 EE DRI 2 Lo 72, WA NS
& CHRE TR TN P, B Z RS A A ZKHBIRIC L 0 IR a1 ) U A
(LT, 77U =T VBN T p- T BET 4 ST ATV
(p-bromophynacyl esters) (ZFEEAEALT D 2 L12 X 5T, C-Cio DR T/ IIVAKR U EEE
GC THETELREN A TET, TNETHWELZLRLIZZ LiTH o7, FrLiw
SINTIED BRI IO TORERTd o 7, WIFFT 2R RGOV IR 8 A, <
FOREA> TV b o 7o, £ A E X1, Kaplan J6/4E1T “Research is to search again
and again” & WO Tl E L7e< N2 EZRELTWD, 2Obrob LEFENRRER
JhE LIZZ2572DITE 9 £THRY, THFETWVRITHRZ VIR LR 5 bl %
F.21F, Analytical Chemistry |Z i 3C % 8 C & /- (Kawamura and Kaplan, 1984), = O J5{k%
BT LTz & 2 A, BERR(C)) & BIFR(C) DN BIEML DO VAR U THY, a4



F2(Cs), 7 X Y TR(CHDENBITH S REDMZ T Z BN E R o7 (Fig. 2), &
KFDOT LT E RIZONWTHERBIESFOR/ILLT LT B RC)D S B EE CTEE
THZENbrolz (Fig 2),

MO THEREFIC LI SIFIREREES ThHoN), FRHZHSDH LT — % DO
FEEIZOWTARLIZ R ST Db EFETH D, £ DU Kaplan A8 & 341 72 Fi H 92 KRR -
SEEMBIEEFTERE L JAMSTEC HIER 7 0 o7 4 7 - 7a 7T L) —F—) nb, 3
R LT ENRT — 2 DIEE > TWe e DITIRICE £ 5 Z E Bk o727 A U 9 A
RHEOBZENZZ L b ZOHBATH Tz, LL, HEEZED HIZHONH DT — X1
FEEEZRTCHEIICRoTe, ZOHEERRDHAGHITISH LI E 24, @UVREDRE
i« Wifie - 7' 0 B4 VERDFIET D Z LN b T & 7= (Kawamura ef al., 1985a), 4Kf, A
Fr v~ 777 RERBOREICH I VULLOTETH 7208, Z 0 HFETHNE
T& 5/ VR CERITIER - FHRICIR S TR Y, a4 v EBORHIZERE OE
ZERWTIIARARETH o7, ZORIUL 20 FEROBAETH LD > TRV, AU L
THRBBAFE LIF ¥ BT U —GCIETIE, KB 10 ETOE ) WIVR A Ba Z Do D
BRI FIREE 2 50 CHIEFRETH v, T OEMMHITHIE THIREETH D,

ZOHEERNT, vaih B EZORRSN « B LR - o2 0 2 ) F R TTHE
L7zlgK « Hakkh, TR« =7 Yy Lilkkhe, 70 7 40 =7INORK[EBRICRE S I
TV A A FEA—F — % ffio TERIR L7 HEhBPER T ARk 2T L, £/ L
RUEEDOZEMI AR, FEZA b L O e E &2 L7, ORSR, ik - B4 1300
& LIRS & VAR CERITEHER R TH D Z &, BT ORAEREIKR
(TOO)IZEHD D EIEITRKR T 12% TH D Z &, BAKPOMEEERIZ < &_Z DR 1/2 5
H1/4ThsHZE, ZORBIZHEOIER T A0 D OBEREHK G AT X 20N K IER
KPP THAEFEONC LD ZIRAIZARKR LT D THDL Z L, LanL, =7 1Y LHHICE
F2ENDDOREIIHAFHICS R VIOBRETHDL Z LR E, 12 SADH LWAHIER
B 7z (Kawamura et al., 1996a, 2000, 2001; Kawamura and Kaplan, 1991),

2.2, &S NIRRT

K7€ HARAEOREIHN - p-7 07 4 F 2T 2T VHERILIEILZ D
FGETRUVICESNL S TS, &2 R & VAR VRICK LTI AT AL D IR
SEHBITRWNZ ERbrole, EDIZORSF 2 VR BEOREEZ F T I HFE T



HVBEMENTTCE, TNEMRSERLI-DIL, A TF LT 2T IURIEIC X B85, B
KFNTNT TN T BR(Ca) 72 E DARSY T T VR BRA i R TR D 2 L AR L=
REChd, TORRIC, Y2 UBIFEEY—7 L Lidmianznroz, LrL, Ko 1
T ANRABOFRRNS, b FEO/NSWIHNVRAEE (Thbb, vavig) i
b EWIRE CTHET DIGEN RV E B L2, GCIZIEATREES TV IR ERO
BERE LTCE, 7T AT AT ARZEDOWR ARSI NG S bl Th 5D &I LT,
EWRZ LT FNANT AT IOVHERLIC L DR T VR BOBEEITZ 1L » AR T
FERCL, BEAKHIZEWIRED Y 2 UER A2 B T X 72 (Kawamura et al., 1985b), [RIfED T A
UBANKRARZ S ZORSTEBN T\, ZO0NHEDRRITITES 7 hAR >
RO D LW o Tc, ZOHEZICHT 52 81Tk, BAREZET TR =T
2 VHICENTH Y 2 UVBRRbEVIRELZ RT U ANVR B TH D Z EBH LN
72 - 7~ (Kawamura and Kaplan, 1987), FAEZ OHIEITHET OB REZMZ T, Fx DW=
DS D KRG TEE I L > THEDIL TV D (e.g., Wang et al., 2002; Li and Yu, 2005) ,
A GCIEIZ ZIEO 5 mE, BT oMW A GC U 7 ATt cEnidTh a2 EE
INTEEFMSHIIZEATE, ZOEEAY MVORIEN ALEWDIRED FREIZ /R 2005
Thb, REAFIZETA Y >, KEEET U0 7e ENACFHNT AR L 7B LA DN FAET 5,
TNBIIRETOREY & OET 5 2 LiIck W EmEAEYEAKRT D, b kK
(ZAERT DAL, GCMS I X DFITIC L W Z ORGEZIRET D Z LR AIREL 72
Do GCIEITFHEMRIL & O LR B L O 3, THAEAT O 2 L1 & 0 RlB R
DHREE 720, TORR, EL LT Z 0Ntk ID—2>Th D, FEEE, FAIT
GCMS IEZBRES 2 Z LT X 0 REKGEEHIZH LWZ A T OH VR (B2, 7k
T HIVKRUEE, 7 NUAIVIER B, B RO VR VR, Nt P ALY VR U R)
EFT-CFET D 2 & 2L L 7= (Kawamura and Gagosian, 1987a, 1987b, 1988a, 1988b;
Kawamura, 1993; Sakaguchi and Kawamura, 1994, Narukawa et al., 2003), # L\ MEEH 53 A
DD L, EOREIRE SN TV D KRBT ROMERE, b (RISAR) |, FAER
BT DA B D Z LN TE, ZOMAEWITT 28T 72 RS « HER(L 7R
WA 23 vIRE L 72 D, ZAUT LI LT LUVMIFEDRBIICEDN 28 & 72 o 7o, IS,
ZHETITHEF O NT B IVRUVEERE FR XY HLRVBERETHZ LIk,
KEH TOH LWL 2 243 5 Z & /3 T & 7= (Kawamura and Gagosian, 1987a,



1988a, 1988b; Kawamura and Gagosian, 1990), K& FICHH L7 b HLR U - & Ra
¥ UBO - HEONERMER R EEmBAEY D% <X, RRFPTIRMICAERERED
DTHDLN, RIABOST 2B LT, TNODRICIERISZ 2T, Va2 Vg &0
AT BRI LTV 7 et 278 /L 2 T & 7= (Kawamura and Sakaguchi,
1999),
Vo ORI SR TP VAR ORI RERE 2 A S NI T 5 BT, 20
ZE RFERNLAREE QP C)DMEE DB 21T o7z, DRI, ZDOTF /T RAT )L - GC
BICEVSBE LT I NVAR R AT )V, d T A T COy IHREE S B RINIR L
'S EHIRMS)IZE AT 5 J71E % FV 72 (Kawamura and Watanabe, 2003), < D& 5, i
PERZH DY 2 RO 8 PCEIT R & LB 2R & & big, b4k & ot
JRIEIR CEWIEN AR &2 7R3 2 & 038 5 2> & 72 5 72(Wang and Kawamura, 2006), Z 41 % T
DE 5, FREAFLEN T TR THIS %o &\ 9 Fish TEWRNMKEAE LTV D
(Kawamura and Watanabe, 2005) . i, AE#RUERCBR LR CIX 8 PC DI, -20 ~ -30 %o
DOFPIZH Y, ZO X5 RBEWVRNAKRLOBEFNLR VN, ¥ 2 VRO LRI AR X O
SR (BEHL, BN RLNINTND) OB THLVRF I VED 2, Pc otk
IRENLRBIEE Z > TN D D EBZ HND,
2.3. AR OHER K S b7~ 5
K3 FDF ) ANRBE D TNVR R, Bl PO B AR THDHZ &
Mo T2, RS, a¥ BV ABERNT OKEFEA A3 LTI b OFERR)
KRR TAHPETHELI DI L, ZORR, AREEEDEAKDOBRIE(IZER T RV s
FAES Z & ABA B H & 72 o 7= (Kawamura and Kaplan, 1991; Kawamura ef al., 2001), #B1fi
DOREKTIL, AHEEEOREMERE I T 2 F 5 I3\ I~ WD, 7= 7 &AM
IEE O E R RN 72 AN R E WM TIE, AHEImAFEAKTOKEA A
(X LTOFILLEDOFEZT L L ORENRINTND (Keene et al., 1983; Keene and
Galloway, 1986), SO, <° NOx DFEAEJFAR B 3L 7= Mk Ti, MEED O S o ERMER
BEM(VOC) DAL FIEEAIZ X o TR LI AR KT 1 VL OBRMERE 4 3
T 5 EEbis,
BUE, AbATREEOHE BRI K o THitEE O FH B EECK & A mc & %, L
L, A OPEHBEOHIBIZZ VWS ERE T2V TH A 5, T, {bakel (ai -



FIR) SEMIREE KM 72 8) 3FEHHZOLOTHY, TEDOREEIC X > TKED
VOC NRZHFICHH SN DB Th D, VOC IIRKH TS 252 T 2 ViR g7
CRMEAEN 2 TRy & T A AT T v v E TIRIICAERT D, BT O T TORE
IEB D5 & Ht < FERIZ K o THR - AIMOEE BITEKR L L THIMERIZH Y, 7T X
WP IZ B W TR T a Y L OEINNBRESN T\, ZOMEICEAL T, H
AL R EOMTEE O ) CEBESL RN EADS>H D (Wang and Kawamura, 2005; Ho
et al., 2006, ABC Project) ,

3. KIEMEERE T 7 1 VL DAL IR & A

T v NV OBEEIE, AR AR RAGKECIR NI ER 72 & DR Gy & K
PEDOEHER IR D Z LR HR D, BiF TS FEBHBARENDIZTZNW LT, %A
IHES T THY L EEOEBEERE (WA RIIIVE, KRE, 717 ke Rk
E) EROOBRFETH D, Fig. 318, RRHFo=Tr v« K - BERE TR S
NI=REN R BEICED E T, RAWKECIENIE 7 & 13k LAy - 18 - 4w s
éWﬁME%ﬂ@%ﬁﬁE%iﬁ@%kﬁ*ﬁﬁ%mﬁéﬂé@ﬁﬁbwgmema
et al., 2003), KIEMHEAED I3 N RKZHF ORI L0 ZIRIIZAER E D (e.g.,
Kawamura and Sakaguchi, 1999), FFlZ, ¥ = UEER RS F P VR A RIIRK[=T vy
WKL Z MRS 5 FER ARG TH Y, BICFELL D X512, TOKRMONKRK
HC RN T 5. TN OIFBER G KBETH D Z DL E L TEDORE
RIZBAE L, RRUbS: - [RFANCEH B2 58 4 7237 /i5 T & % (Kawamura and Usukura,
1993),

Table 112, #TT & MR SN 7o & FEA Y O IR FEHIFE & 2 OSEEEZ 77T,
— Iz, FHREH OGHEDIREITEERRF OZ UL HRTHEE» DI EE V. 2
D EITEEY OBEERFEAERDE LITFET LI 2BRLTWD, £, KO0
JVAR CEEEITAR T XL OV ERRICB W T TEAGHEM TH 22, WIERKF Tk
Ta Y VEERTT 1Y VRFEITKT D O IIER AT AR THX I E < 72 D,
Fig. 412, VHONRUBONRENT A7 a~ 87T 2Ry, —BICKR=T7 7/ LT
33 2 VBC)N R EWBRELZ R T U HAR R TH Y, <1 U FE(Cs), =7 BR(Cy)
DEIUTHELS LW BESAR 2757 (Sempéré and Kawamura, 1994, 2003; Narukawa ef al.,



2004; Kawamura ef al., 2004) . LA T2, #rT, A0, MEECIRT 2 REABHI S I vk

DA DI & TIRAVERIC OWTIA B NI R o 12 2 L ik 5
3.1, #HIRA

FORIZ BT DARG F T VAR VB OFHEORR A E R Th LS, KT
R R X — RIS B B2 > TN L S L 375, LasL, Wilsf@E sy
B S A KT Em VRSB SN D Z 35D (Fig. 5, 1-2 HOREH, iz,
BETHRAKDOEZICERINT-= 7 v Y Ll CIEmIC X 2 K&k +-0krE (74 v
a7y MR \TXY, VAR UBREE RO - T2 AKL 72 D (Fig. Sa, Aug.4), Ll
ITNODREZTT 0 NVERERTT 0 Y VERFBETHT D X0 LELAEITNE
<, £V RAL—XRFEHEOBM L2 % (Fig. Sb,e), BRFIZEHD DT HIVAR EED
FEE, BEOSLEICOITTHEML T AN 8 HIZUHITHRKE RS,

BV VR RN T 1 ) VA RFBZ(TON 5D 5 EE1L, A O3RN E T
(28 DETHTITIE 1-2%FRE Th 273, R IRHERKUIE S 7172580 Tkt o ek 51
EPEIZL Y ZOEITE L 225, FREREERKH TIRZ OfEI 16% % THN LT

(Kawamura and Sakaguchi, 1999), %7z, /NEFGFEE « KO EHBIH CIIik K
26%(Mochida ef al., 2003a), LMK T TIL 9% E W HIENE LN TWD, LB TO i KE
IIREGNA-25KF 4 AIZLD) IZBHISNTEY, VOC Of(b LR 72 VR D —
WIVERRDBEZ > TWAHZ EEZEWRLTWD, 29 LIERIGE, #iicsiT b iy
MORELIFZ L (RERRAY V) REDODRBWIEOHENDS bR s D, Fr
I, =7 O Y LARB(TO) THRKIL SNIZY 2 Ui, ~ 0 UERIEEIIA %2 4 MR
& DORNZEWFB %7~ (Fig. 6), HIRICERT 5 3 REHIEOBLINTIL, Y H VR BRIRE
TR O U EFHICR KEE R T 2 ERH LN o7 (Fig. 7T25H), 2oz
&N B VOC DEEb & P A1 VR VRO A BT EE 530 DB ORI A r — L Tl Z % =
& M H % (Kawamura and Yasui, 2005),

3.2, AR

IERBO LT KB BE L2 Z E N DIBKIR L 720, FHEEERIC & 0 IRk
K - FHREED D O KRG TRIE SN D, K« FREE CREAPITHH S oGt o &k
WKL KEIL & & b ITALARE ~ & ik S 2 ZICEFET 5 (Barrie and Hoff, 1985;
Barrie, 1986) ., & DAL, {54'E D Cold Sink & L CTIEA LE B KB DK AEER &
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LTHEETHD, FC, KERHL (R—7 =% T4 X) BUETIE, WEINT A -
TT7 0 Y IUEKEEIZ 24 BRI & 6 S5 0T, b bR O 2 RS9 5 _ECHEAR
IRRIROERRE L 72D, T E TR & FLICHR—T7 —% 0 T 4 XERPTHOIT
X 72 213, Barrie et al., 1994), T x 134850+ X EEE7 O Leonard Barrie 5 & #[7 L C,
AEBE =V X I 7 B ORALICALEST 57 7 — b Bk 82.5 ) IcT=7 r Y il %
BB LZNETIZEALITONT IR TGO 2Bt LTz, ZOBFETIE, &
{bIKSED S D HIVR R E TR % R A LG ORI 2 AT o TofE R, IR TV LR v
it bmWIBRE Z R {LAWRETH D Z L 0N h - 7= (Kawamura et al., 1996b),

HEROLER T B BEIRAKE T2 & —RIGIWEIIA D BRI TR T 50Tkt L
T, KRR TORIRIZ & o TERANTARKT D IREE IR TN 5 Z L8 m s Tn
% (Barrie, 1986), oz OBBPMN S, KD TV HIVR VBEORE IR —T —V T 4 ZHIC
K50 ng m>) & 72 0, GRATIC X o T 5-20 FHISHEINT D 2 & ASBH B 0s & 72 > 7= (Fig. 8),
BV IR R LTI R 72 RIS HD &2 DINTRWAS, SMERSKTOfE X
DiZte L AR, A0 TIIREDEDO A 2372 < (K EFLOSITE Z 6720,
D, AOIR TR SN AEWIT, K - PHREEED D RKE SN2 b D0, DWW,
s DAL FRILIC L > TER LT D TH D, £, bR TRk VR
VERERIT RSy DS EAS 2 pm BLF Ok - & U CHEFE L, L LD RBLK - ICA7ET 5
b DITEIRD 10% A T o7z, FIZFEM DRI OWFEN S ¥ 2 U lele IRy
JIVIR CERITIERRD 0.5 um [T DR FIZIEE L TV D Z & 23D T X 7= (Narukawa et
al., in preparation),

B CToO=T oV AR T EMEIZITOILTE 2, L0 EEMbF sy LB %
H BT D701, 1992 F0 1 ARG 4 A HRAICHNT T 24 el ORI A 1T
- 7= (Kawamura et al., 2005), Fig. 9 {2, R 2 um LLF & LA BIZ T CTERRL7-2 7 v Vv
B O D NRFBEROERED B 42 Bt E NPT AV)DT —X L& HIORT, VI
JFUH « RO RS CIAE BB O R ER R TREAF IR S &R TH Y,
IHNETHRERKOMEGE FL——& L TbNT&Ee, 1 ARNMD 3HIZLHE T,
2 um LA FORIA O A VR CERIEFE X, 3K % 20-50 ng m” OFPHCTEB L, T DOLEH)
ZVOENERBWEEO %R LT (Fig. 9a), —77, KEBMWH-0 1405 3 A4
TUE, VHVIR BRI N AW 5 DOITxt L, VIBREITIMNT L b HE R BN AR S
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20, LL, VAE—Z 2R T LIV IR UL E—7 2R L TEY ZOMMAIT
—BTHZENDLND, ULEORERIL, Y HNVKREEORIBMRIIV & [E Ui 5 i -
Bk IND 2 &, ENHIEEROIBIZEB W TOMEFEIRILIZ L > TV AR & Rk
LTWLHZEHEKRLTWD

VOREEIT4 A% TS THE LT, VR VBRREITOCELS 725 50
DIEIRE LTEW LU H D Z &N D(Fig. 92), D Z LI, 1K « R o5 Yk
P BEE ST VOC O IR 2 C, 4 A LABE D AL TIIBI O3 A5 0> & O R
BERDFENH Y P HNVRBOERNRBZ > TNDHZ L ERELTWD, AIRERTEA
L LT, At SHEED D OEMRIFAERY ORI & RRT TORIEAEZ b D,
K T AT ALIBYE CIIAERD DK A AT M D WER S I KRS EHR T2 (V—F
DB, W7 T 7 N HRROFEH KD D RE~E S L, KRHT
AEAFENIER 78 E D3 At SIVT Y AVAR RIS AERT D 2 LA EN H LTV S (Fig. 10 DI
I & M, Kawamura and Gagosian, 1987a; Stephanou and Stratigakis, 1993), S, 4 H LI D
e 7 v e hiziE, REFIENEER S D Cy, Cg, Co DY T VIR L BRIEFE NN 5 =
& MBI B S M S iz (Kawamura et al., 1996b),

KL A (>2um) FOTHNVRAEORES V ERWHEAZRL, ZAHITABIER
ThdI e shd, UL, MR- (<2um) OFEE L TR, R I2k
FHRVWHBNE3I ATRETHRLZ LN TE D, ZOZELIE,3AIZLDDOR—=F—H%
T A ZHNZB W TUITKFETO VOC DRk & AR+ VAR VRO AKX, WHIRL 12 &
STIFEETED 523, TOMKEF~DRBTHEBETRNVWILEZEKRL TS, 774D
b5, VOC DAt X o THR LT P IV gl BRI DRI T 5 LT 2D 0, H5
WX, b &b EAFEE LTERIRL FICIRVIAEND Z LA B L TV D

LRI 1T ARG T VIR DR A J1 = X L OB % Fig. 11 1237, YL
RN UMD IACFHIERIZITIR E < 3 T2 REOHIBMEN B 5, F—1%, BEBRRKFE
(NBY, by, F7ELURE) RBIRA VT ¢ e EORERME - R R
KFETHY, ZNHIFALFEROE - PIEE» D KK Tl E TEEN T %, 2hb
TTEBEERoTRY, AV Tk TR TR Z 2T, BV eV, 7 U A F
—b, TUFEF—EE, ~ LA VR EDTREEZR T 2 AR T %, ¥ vk
TSR DR NAEAR TIOR3 DIk 1 & U T ET 5, 85 1%, NEafnfsme s & ke FAE
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YO AE R T 2 B T D, REFIIRIEE DEEKIZ X 5 T, Co (azelaic acid)<°
Cy-Cy VHIVR VR EER LENDIIFIC Y 2 v~ R{b 2% 5 (Fig. 10), & O
IR DR 2R CHETT 3 5 L DL 503, KURDEWIGEITIIXAE CORIG b [FIRF
IZEZDH5THAD,

3.3, WERR

WEPERK I, M L & bIChE B Dk S ok x Ry M7 m v e LT E
BT %, @5y, T, PREEEIR e U kR« 22 IR A B IR S i ST
% 3 (Kawamura et al., 2003; Kawamura and Sakaguchi, 1999), & @ H TIKy 1 B /LR g
ILEERAS Th D, Fig. 1212, AEREED BARE R FEOWE TR L 72=7 1 VL
B o> B VIR R D 434 2 73 (Kawamura and Sakaguchi, 1999), ¥ = VS A B & 9
DYV ANR U BRORELT VT KIS P AL ACEE TR <, AR TRV M A
R LTz, [AEROMEMIE, # ORITIT O I FEELIEIT b iR ézhfb\%.’)(Mochlda et al.,
2003b), EALIxF LT, =7 1 Y VR ORKRFE(TC) THIAL L7z Y VR U RIRE T

1A &7 L, PEHED RSP CUIARY VB 2 TR D B ARIE BOREPE TRV ME A R Lz, X
DT ANV D TC ~D % 513 K T 16% T - 7= (Kawamura and Sakaguchi, 1999),
INSORERIE, KTV NV RUEER KO ORIBRIKROEIENRT 7 KEIZH Y, K
SHED BHNTZZ T INVR BT AER L TW S ATREMEZ R L TWD, £, BUD
AR BRI E D D Y 2 VEEORIGII TR b FHEAEEIZ N> T 50%0° 5 75%~ &
MUTHEY, =7 1 VI JUE O SEERKD KRR KURIE OMIZ & = v B AR IC
ERRLTWD Z EZREBELTND,

3.4. a2 URRORIERME & A R

WHERK[RTT B Y MZEBWTE, Y2 UBPARbEWIRELZRT VANV RBETHY
ZORIEFIZT e Y VOEEF L L BITHNT S, L LYy o VORI OV T
L DBmo TRV ENRE, Warneck (2003) 13F 4 BAMERRF CTHE Licmny =
URRIREEZ BT 5010, TFAGEICL Y EST T v Y L ORRIERT (27 e v
IFKGEZBHF%EATEBVIRHEZEZ DI ENRHEKD) TORY—RIGEZRE LT, %
T, VAT = ORISR TE D OH 7 VB ML LT VT E R
FEOWBACIZ L > THNRFIVHENERT D EREIN TS, UL 7SIEF < 2
T CTIHRZE L T & 7=23(Kawamura et al., 1996b), Warneck O SOAERE DRFIE, 77U AW
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—VE(0C2)R Y = VRS TAER SN D RIZH D, AF 7Y 4 F % —/1(mGly),
7V FXH—/(Gly), 7V AFHF—mBOERE LT, GYMEOGERRILKTE S EHE
To D (Fig. 3 DbFHEE % 2 0), Grahanetal. (2004) (%, V> b M EZETORIT
B L > TUavBRBERZERTIV BZEONT TEVWI EE2HREL, BRIFTO
T2 UBOAR AR Lz, ZiUE, Warneck (2003)MEZE L7Z UG A 71 = X 4 &R T
5,

BRI OBRBLND G, 4 Y T L OBLERME L THLNTND 7Y a—LT LT
b R°e Ke %o 7% ko (Finlayson-Pitts and Pitts, 2000) 23T 7 1 Y LA & L TRV
JETCIEET D Z LM ST - 7= (Matsunaga ef al., 2003, 2004; leda et al., 2006), 1 >/
TV THEAEN S & D VOC D 5 B THRIHED RS RE RS TH 05, 1RO
BT, =T a Y NVERIIEEAEFGE L2 EESZ N TEZ, LL, 29 LW

R T o LRIERK L LTOA Y7 L OEBEMEN RE STV 5 (Limbeck ef al.,
1996; Claeys et al., 2004; Kanakidou et al., 2005), A > 7" L 73 EREAEN S i & 2 58
PEEHEM T Os, OH FRIKIZ K o THEA R BB R A Z LR L, T OITHEIZY 2 VR
F CRAL STV D AR E VY,

KIS T 1 L DA HERE D FRBFIZ W T, EBREKOBINEER 2N 2 TR
Frx o N—EHWEENERPEERERNLRCT, ZHET, BRA VT 12, HEE
IRALIKFE T2 EZ FWTZENERD B Z bl TETE Y, BIMA & AR OBR LY K
JHERE N EZE SN T & 7= (Grosjean and Friedlander, 1980; Hatakeyama et al., 1987), #cilT ™
HALFBOET ¥ & N — DM FETIIRR % R O 3 72 SN TEBY, Y2 UBE R0
7= I ERPEAT ) O L A DRI 32> > % % (Kalberer e al., 2000; Fisseha et al.,
2004), —H T, EBEOxT o Y L P TIEH LR = IUEEYORIGIZ L D=7 1y L~n
B0 AR (7T e REIZBIT 2KMRIG, 7V R—AfEe, EERIG) ICkbmTraey
LVOREBIRESN TS (linuma et al., 2004; Kalberer et al., 2004; Kroll et al., 2005), —
WA T 1 )V DAR - R - ERIZB L TEA % S HITH LWERZAHIR S5 T
b5,

4. SHOREY  GHETT 0V L ORI - ZESEEE & - KEZE)
STV (BT 1, KBREA RN RIS & L blc, EE e LTEOK
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FRAZBE G LRI R 2 I EIT 280 R D 5, Lo L, BRRL 1 DAL/ A+ 53 | fif ]
ENTEDLT, i, 00D BURTREITNC KA B - B 725 I >V TE b
DEVEFS VITRERNR LRI TV, ZORKOIEB A, T /MIZAND &R
FEZT Y VOMER L Do TN Z &, ZOBEHE~DHFIZ O TORE
FEDMENZ El2H D LR ST s (IPCC2001,2001), FDOHF THETT 1 v /L O
ARds L OVE O ERREE (IR, BERERERRE) OMBANKUEZE B ORI AT DR D
FEREIZ > TV D EBZ BN TWD (Fuzzietal., 2006), EHE1 7 a LU FOM/NT
7YV TIIAEM O H D DFIE1X 20-70%I2 b T 5 2 LR HATE Y (Kanakidou et
al.,2005) , ¥ = DR BRSSP VAR CBRITA WIS H D 2 BIGE, TAUbIE, i
il &bl 7 v Y LV ORREHEICK L THEEREEL KT T BN TNnD, —
WHTT 1 Y )T, IR ORMURE CHERT 2 ZIAHTT 0 Y Ui &
b2 <, LnbZOREODKBEETHD, INVRUBE S G RAHETT 1Y
I WESRERZIEE 2 FF D, EOERL, MBI, KEEBCRSBEET5 L5200 T
% (Saxena et al., 1995; Cruz and Pandis, 2000; Kanakidou et al., 2005) ,

WAT, TV BRI SRR B TR AGERR 72 EHIER O KIEER IZB 0 - T 2% AlHE
PR SN D, BT, BEOALBEK - BEHRZITITERZ L LT2T v Y L OFLE
DARARTHDIN, (FRRKRETTa I VOBBENENLTESL L, —hi+H7=D
DARELRENIR DN DT DICERITITE THMAICE THRETE 2 (Fig. 13), £95 L
TEBREE T, EORKH TOMBERE GFd) NEL LR, HiIREHHT 52081300
tband, =7, +HE&O=T v VBRFEET 5 RREREICRKEDOKEIB S D &
SRARBERNB G N BT 5, W4, fE - wiER SR D7 REE TR EA T T
TR, AT T vy e 2 ORIBRME FERMEAHEY) ORETELIEL 20, EXAH
& DREIIZEBT 2 KRKIGHRITEA 2RI E 7o o TWD, T 9 Lo KRERBEOZELITHR
TVT L EDRFEORBITIAN Y, MR 2R E 2 SEREEREZ T T <, PEEE
HTOTFIE MM & TOSN « PoKBERIZ R O D BERR e EREY AT LOE
FNCETERSEEZ BHILD (Menon et al., 2002), HERIEE(LIZ X 2HEKIED EFIZ LY K
P ORBRLRBITEEICHEEZ TWAHH T, =7 1 Y & B KERDER NEDTEL T
Ko DO, F120E, BAICETRRET SO0, B E LTERT =7 1Y Lo/
AR EBIREIC LY K& EAEND, ZTOFIZH > TUHNR B AN
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RICTEBHNEHAT 2 2 &3 CTHEERITRETH 5,

7 v VORI RHE % I E 3 5 WFSE1L, Hygroscopicity-Tandem Differential Mobility
Analyzer (H-TDMA)%:{& % N T{T441 T Z 7= (e.g., Cruz and Pandis, 2000), FADAFFLE=IC
BT H H-TDMA #& % £ L (Mochida and Kawamura, 2004) , =7 & >/ /L OWIR AR
itV MO, ZHET, NTENHER L2 ¥ VAR U ERRL 1 O WRIBFFEDSHIE 4, %
WL L CEWRE NN & T 5D (Pengetal,2001), LL, EBEDOZT oLz
DOWTORIEFNIR SN TEY, £/2, =7 1 Y )L ORIBEE 2L BRI LT
WDBFTEIZ D 720, Foxld, =7 1 Y L OMPELEEE, Fro KRR OKER Z G S E
ZAEDMRRIZRB WL, =7 vy VvOfbesy, &0 b, RSPV e EKE
PEERER D DN KI5 E 2 T2 LT D EBEX TN D, Frx DI —TTIEEREO=
7 a Y VEERD BB LT KIEMEDE 3 B =T v Y VKL VERL LS OB RRE (W
BARAERE) ZHETDE LB, =7 0 LOLFERS (FEEKA A, DHAR
ik, KA FE e L) ORI 2 FRIFHIATV, 2N E2RALT 2Lk T2T 1
VIV DFFO KRR & E BTl 2 BT 72 e R 2 Bss L7z, 4%, =7 YL
DL L RENKELS L LOOoH DT VT « KRBT, & OKKRKREEREEE M
EOBMLTELD)N, FI28H%BEIELL TS DNEH LT L THET,

UCLA 23T 5 VAR VBEDZHHEDFE D HIX U E - T2 FAH & O KA Y ORF5E
IZBWT, THVETHIE L CEMmIEAE#MNAHIERO XL AT L 7 LT DL
MRIE L HIRIFT-EY &R X TE, 20 FRANINOF DA IVIR W% HJIE Lig 72
NI, BREEOMFEITERIR - KOS h L —H—& L TEHETH D && 2 7003, #EkL
FIMRICBWTEHEEREHIZRT O LITFEHTE T, o Ui EmMEA Y O
ZEIKZRR L D AAEHOSEICE THREL T ST PR TE o7, BIETIE, M
H7REE & U CHAET D A MM N -IER K8 Tl Z 2 RHFRHS O e ) TR E & Ri- L
TWD & DTN LI > TWD, 29 LIEREIFFICE o TON LWFREAET
b olz, Sl o TRXIE, ZOHFIXT CICHOMEREIZAIEL TW-DTHA I,

FLH & ORI OHERIC R 2RV RS & &, RFEERMICHER Lo o7 AR
Bk 7# Viadimir I. Vernadsky (1863-1945)DE THIERIL T | (2 DOWThlILZR W DI I
DRV, FAASATE BRESAEN HEID HIVER B A N B L THA T THIER(EY:)
THRALKZFZO MM E (A) 2RI S el Th o7z, ZOFEED T
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“C, Vernadsky (XF-H & HEROHEL DO TR T H Y O EE/R2ZENZ DN TN D O~
—VZENTE K LTV D, £ IT, Vernadsky D & 5 — DD FENET & 5 The Biosphere” D i
FERR SR S 4172 (Vernadsky, 1998), Z OFIRIE 1926 4FlC v > 7 E5 T, EThRIE 1928
AT TV AGECTHIRE NN, &2 L1, ZoHmpstikizR O REB s
T, AEIHR SNV HEERIL T 7 2 AGBRIZEE SN TV D2, FIRFICr U TEERH 25
IZLTW5 &S 9, Vernadsky IZBCHIERIL O B#HE D— AN & LT, F. W. Clark
(1947-1931)X° V. M. Goldschmidt (1888-1947) & & H i, ZTDABHMENTND, TAZ U
128 B~ ULF A —HER(LE: - L EIFZERTI, Vernadsky 125 72 A THOF HiLiz4
A Cd 5, LAL, Vernadsky 7% Biosphere (ZE#IE) &\ 9 SEZ D THESTZATH D
ZEEHEVHOEN TRV, HITZ DOFEEDO T THER EOFEY) DFEIZ OV THEIC
RN Z M ZTEY, £ 501% 21 AL ORMRIZH - THEMBE ORFZEICE D 59T
RECEE R TR E 5 TSNOIARTHDLEFADIES I,

5. HfEF

FORHIST RO PR AR (B4 50%) 21X, AR OERLF %2 i & L7
FEWHINTZ LIEH L E T, TOMIEEDRRD o727 HITBUED B 3 3AF(E L 72
Mol Th A D EBDIET, FALKRFOAWE RGBSR 4S80 ([2iX, HiEpT
DHEHEMIZEORELZ L CHE, AEYOHASICARDLIZonTE 52 THHNE
L7, L R.Kaplan % (31 UCLA 4 Z#d%) 121%, KK OMIEA Y ED Mk
L, INMEFORES T oM 2RI L T eE & £ L, Uy X —/WEFEFSE
Fr? R. B. Gagosian [+ (BLTR) (2IE, WETT 2 Y VPRI a2 5 2 Th
SV, [FRHIRFIEE D MS AT MR CIIFITEE 22T E Lz, T TG
7= L %7, Leonard Barrie f# -+ (¥ WMO, Environment Division, Chief) (Zi%, JbfD =7
B U TE R I EZ L THLOWE Lz, AT 0 Y L OEE2TT05IChT-
> THHEBNL R B FES « AT b A 2E = 36 & O E RAHKIRFN 2SR - MR ERIR
WMFREDFAE « RA R OESAVIIEIH I Z L TE HbWE Lz, &EISHIEEOHEHER
Bh#e L FPHERZBI I, AR OMmae B0 TR  REREZ L Tb b WE L, 221
WD TEHROBEEZRHAL £,
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Figure Caption

Figure 1. Distributions of monocarboxylic acids, benzene carboxylic acids, and phenols in Los
Angeles rain sample collected on UCLA campus (26 March 1982) and snow sample collected
at Mt. Pinos, north of Los Angeles (11 November 1982) (Kawamura and Kaplan, 1986).

Figure 2. Distributions of low molecular weight monocarboxylic acids and aldehydes in Los
Angeles rainwaters (Kawamura and Kaplan, 1991). Gly and mGly mean glyoxal and
methylglyoxal, respectively. See Fig. 3, for their chemical structures.

Figure 3. Chemical structures of solvent extractable (A) and water-soluble (B) organic compounds
detected in the atmospheric aerosols.

Figure 4. Capillary gas chromatogram of dicarboxylic acid dibutyl esters and related polar
compounds (ketoacids and dicarbonyls) isolated from the arctic aerosol sample (4-11 April
1988) (Kawamura et al., 1996b).

Figure 5. Seasonal changes in the concentrations of dicarboxylic acids presented as (a) ngm’3, (b)
percentage in the aerosol mass, and (c) relative abundance of diacid carbon in the aerosol total
carbon (TC) in the urban aerosols collected from Tokyo, 1988-1989 (Kawamura and Ikushima,
1993).

Figure 6. Relationship between the concentrations of oxalic acid carbon relative to total carbon
(TC) and the oxidant concentrations for the urban aerosol samples from Tokyo, 1988-1989
(Kawamura and Ikushima, 1993).

Figure 7. Changes in the concentrations of dicarboxylic acids (C,-Cj) in the urban aerosols
collected every 3 hours in Tokyo (22 July 1987) (data from Kawamura and Ikushima, 1993).

Figure 8. Seasonal variation of total concentrations of dicarboxylic acids (C,-Cy;) in the arctic
aerosols collected at Alert (82.5 °N), 1987-1988 (Kawamura et al., 1996b).

Figure 9. Temporal changes in the concentrations of total dicarboxylic acids and vanadium in the
arctic aerosols: (a) fine (< 2pum), and (b) coarse (> 2um) fraction (Kawamura et al., 1996b).

Figure 10. Reaction mechanisms proposed for the photochemical production of (a) C4-Co diacids
from unsaturated fatty acids and their oxidation intermediates and (b) oxalic (C,) and malonic
(C3) acids from succinic (C,4) acid in the marine atmosphere (Kawamura and Sakaguchi,

1999).
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Figure 11. Possible photochemical production of oxalic (C,), malonic (Cs), succinic (C4) and
azelaic (Co) acids in the atmosphere. For abbreviation and chemical structures, see Figure 3.

Figure 12. Spatial distributions of (a) concentrations (ng m™) of low molecular weight
dicarboxylic acids (C,-Cj¢) and (b) relative abundance (in percent) of the diacid-C in the total
aerosol carbon (TC) in the remote marine aerosols from the Pacific Ocean (Kawamura and
Sakaguchi, 1999).

Figure 13. Aerosol particles as cloud condensation nuclei (CCN) and their behavior in the less
polluted and polluted atmospheric environments. When relative humidity increases in the air,
the aerosol particles absorb water vapor and grow to form cloud droplets, whose size becomes
larger by further uptake of the vapors. Large droplets start to precipitate as rain. However,
under polluted air in which number concentrations of fine aerosol particles are huge, aerosols
can form cloud droplets. However, due to the limited amounts of the water vapor per aerosol
particle, cloud droplets often cannot become large enough to precipitate leading to less chance
of rain, longer residence time of clouds and more reflection of solar radiation and cooling on

the ground surface.



Table 1. Concentrations of total carbon and various organic compounds in the aerosols collected from urban

Tokyo and the remote marine atmosphere in the western North Pacific (Chichi-Jima).

Components Concentrations

Tokyo (1988-1989)" Chichi-Jima (1990-1993)?
Aerosol mass, pg m™ 54-220 (107) 11-294 (53)
Total Carbon (TC), pg m™ 10-44 (22) 0.11-1.9 (0.63)
TC/Aerosol mass, % 11-38 (20) 0.16-5.4 (1.8)
n-Alkanes (Cy¢-Cyo), ng m™ 31-323 (95) 0.11-14 (1.8)
UCM Hydrocarbons, ng m™ 270-3000 (880) 0.22-59 (5.4)
Polynuclear aromatic hydrocarbons, ng m™ 2-71 (20) 0.0-0.70 (0.07)
n-Alcohols (C,-Cs), ng m? - 0.14-15 (1.9)
Fatty acids (C5-Cs0), ng m™ 110-1100 (390) 2.4-60 (14)
Diacids (C,-C)), ng m™ 90-1400 (480) 6-550 (140)
Diacid-C/TC, % 0.2-1.8 (0.95) 0.3-26 (5.7)

UCM means unresolved complex mixture of branched/cyclic hydrocarbons derived from combustion of
fossil fules. UCM appears as a hump on the GC chromatogram.

All the aerosol samples were collected usinig pre-combusted quartz filter and high-volume air samples
and were stored in clean glass at -20°C in darkness.

Marine aerosol samples were collected at Chichi-Jima Island.
'Data from Kawamura and Ikushima (1993) and {A[AT ©(1995).
?Data from Kawamura et al. (2003) and Mochida et al. (2003a).
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Fig. 2 (Kawamura)
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Fig. 3 (Kawamura)
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Fig. 4 (Kawamura)
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Fig. 5 (Kawamura)
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Fig. 6 (Kawamura)
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Fig. 7 (Kawamura)
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Fig. 8 (Kawamura)
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Fig. 9 (Kawamura)
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Fig. 10 (Kawamura)
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Fig. 11 (Kawamura)
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Fig. 12 (Kawamura)
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Fig. 13 (Kawamura)
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