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3. MR FE

ek, =7 a Y AORRINPEICIX, =T e vET X —ICHE L, B EERE ORI
m%wE#é&47@ﬁw604w5~twmﬁmﬁ%@ﬁm%w\@ﬁ®%E#mWéMTw
D, LML, 74 NME—=HBEICB W TIX, 7 4 VX —fifE ETOEE, BIROELSLLER
FLOEEBICLY, BICREOFEKE=T 7 Yy VORI, HEYWE L NEHIRS L7ZBCKL T DYk
WA EMICHET DL EIRETH-T-, 22T, AFRETIE., =7 17 Y VORI % R 23 %
WLTRETHETE 222008 LWFREEAEMN Lz, 128X, =7 v Y LOHBREZMAEIZ
B L7-CRDSZEE TEHMIL, —FH ., BELREEZTROR 7 20 A =2 TEHAT L& T, 2O
HOENSIEWINICET 2 REED HETHD, 220HFT, =7 80 VLN ERTE L 7R RE THEWR IR
fR¥ A BEHEGHH TX HPASSEEEZH WA HIETH D,

AL TIX, £7. LI ECRDSEE ORI L OMEREFM E . L EPASSEE OKE LD
MeSLE K OMERBFE M 21TV, D%, b DEELZENERSCERIBMICISH L, BERNE
BRClE, Bz 75k FCAEMRLZSOAD LR ZFEMICTARD L L bic, T4 —BAdl 2 H
WZEHEN D AR FEAT OKRMFFEIZ DWW TEEMICI N, Eo, #mEk (BEEHA) I8
F2ERKBAZ, EFBLOAFICERL, AT 0 Y W X2 ERINA =T 1Y Lok
NI RET TG %270l L7,
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AL & CRBICTR R 2 ATRBPEDS S W 72 . SOAD BUR I 3E~ D 5 8 2 33 5 72 DI 1
HESHELORRIRFEZHE L, IR O BERFEOEMRER/ L2 ZENEELE R D, £ 2
TAFZETIZ, MMERBE LD N E TICBHFRE L2532 nmO B E T 7 1 Y /L AR50 1
ETX HCRDSERYZ U E L, 355 nm& 532 nmD2O DO E CIHURE & 3l T % 2@ 4 fE L
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I CHITENEMORY 2AF LT T v 7 A(PSLEAERL - OLWIN 2 A L 72 WKL )& H
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LR A BB ENOEHIERQu) it AT 52N TEE, 22 CHETELONZHBRIRE
Mief SLERFRIC K D FHRE & i35 Z L2 K VW . CRDSZEE O ffe & 2 34l L 7=, FEERIZ150 - 500
nm ORI TIT - 72,
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(2) RHBTESEIC L DRING L OBELREEH A EEE O Bl & R IEFHEOMN

VAR, =70 Y VICHEREZBRHMICEL ST L= —R%Z2RE L, BRIICEY £ U
KV EAMHOREKINIEE - WAL CHRAETH2EREZRETHZLICXY, =7 2y LR EilEL R
RECWINFR S 2 BT CE 2T ESENER SR TEY . S ER T L E (PASS-3,
DMTH)A MRS T\ 5, AEE T, BIREEOR 23650 L —F —0OZH)E 5% 1500 Hz
i TS HZFRE T S5 L TRIESE, RELETEEENL., TRE OB EIT G Lz
DEWMOHT LT, 3OOERRDIWROWIVREAZFRFICHETE D, £, REEIZIX. WE
TV OIE IR A RRE S TE Y, 405, 532, 781 nmDOF RSB T 2 WA E SN2, H#&
TR AR FET S 2 & b A REARRE E > TWVD(K(1)-7), LLARL, FilEOHELE O
WU AR B DR IE FIEN+ LS T W FORERH 7=, 22T, ET VR 2 H Wiz
FEWNERIZ LY . PASSEEE OMERERIAN 217 - 7=,

EBRTIZ, =7 vy U RFEIEORBAK 2R FRAERTRESE, BRI A YICk v g
S 7% . DMA & APMZ AW CTHLZHE L  PASSEEE (25 A L TR - BELAR I 2 I E 3 5 & 3Rz,
CPC% M\ CRL 1 HUB & 2 I E L 7o o b7 308 JE CHRS Ak L 72 I & OVELER B O I EfE D N Z 5
/B, PASSEEORERE L RES o7,

Fo, LLFOHIEIZ X W PASSEEE OWINE X OHUELAR L O KR E 21T o 72, 3, kifRish]
L7zl 7 v & = 7 A(AS)FB KX UNPSLKL 1 D ELAR I A PASSEE & CHlE T 2 & L2 CPCTHL 14k
B & E L 72 (X(1)-8(a)), PASSHE[E CHllE L 7Z BUELIRE & CPCCTHIE L7k 508 7 & Al
b o o WELR R A2 . MieBELIGR OFHRAE & i35 2 LI KD PASSEEE O HUELLR B D & A
AR (feea) 13700 RIT, RIBE L CWRWERED =27 1 3 UK Z PASSEEE IZE A L 72 (4
(1)-8(b))e BEE/ALHATO L —HF—HREDRFH Y EL TOLEND T~ ULk« R— LK)
S L7 WHBRE L . LR CHEEEL O M EAE () B B WO THIZBEUSR I E O 2% PASSEE
B TR S NI IR & el T 5 2 LI k0 | PASSHEE O W UAR IR O Al IEAR I (fans) 2 B HY L 72,
F 7o KA ORI AR & & AR &) BE R B E #5 (SMPS, TSI, model 3934) % W CTHIE L 72,
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(a) HELRH DI IE —> PASS-3

{1 H - ="
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7 A

(3) BENERIZLZ2ZRAHT 1 VLo KR IFFE D5

ENBREBEMEFTONACFEAET Yy S Fry o N—(6m’, 770 a—T 4V T EfLIZAT LA
FONICKIGEH A& BN L, KEAE 0% FHHL L CTSOAZ AR L, & ONFEEIC O T~ T,
FERAEE ORI X B L OVEBR O T % X(1)-98 L OI(1)-1012 77~ L7z, JEE LK IEIZ £ W SOA% 4
T HERICBWTIE, ¥/ 0T FUIKW)DORBK AL Ly 7 A7 4L F—(C@ L, #IE
K ELTHALE, AEv 7 F v o N—NTHEBRLZSOAZFHEFEIZEAL, =7 1Y LD
SR ORI, B X OMLZREEE U TV & o DNCERHAI L2, SEFEREIC W Tk, ERk22
FEOWIIETIX, HEB L OBELRE Z 2240, CRDS#: & (B 1E) (355,532 nm)B LUV R 7 = 1
A — % (TSItE, model 3563) (450, 550, 700 nm)% N THIE L7z, FRR234EE OMFFE Tid, PASSHE#E
(DMT#t, PASS-3)% AT, WLUL (405, 532, 781 nm)E L OVHLELFR%2(405, 781 nm)Z HlZZ L. CRDS
LE (B E)Z O THBAREN(532 nm) & HIE Lo, R ARiL. SMPS(TSI, model 3934)% M v Tl
E LTz, £, EH23EEDONETIZ., =7 a Y Lolb2EtE . SO MERITHRMAM T 7 oY
V' By T R (HR-ToF-AMS, Aerodynefl:) % W CHllE L 72, HR-ToF-AMS G L 7 HE & A7 |
WEMNTT H I EICLYD ., SOATOFMERMBALY OEIA Z1F7-, KK HIFEVOC, NO, NO,,
O;)DEEIZHOWTIX, 7 — U = BHIRS 55 FH(FT-IR, Nicolettt, Nexus 670)% i\ CTE =% —L
7o, FEBRIT. =IE(Q98 +3 K). K&HE(1010-1030 hPa), FolE([H,0] <1 ppmv)Sefh: K TIT- 7=,
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SOAL LT, WL HHENDMRENRVOCTH LT VT 7 EX L OF Y VLR L OOER{L
OGS THERKT H5S0AZ W2, 72, ANBEFEOSOAL LT, AHEIEAICEE, 8IS0 D
SNHMREMRVOCTH 5 Fvx v DAL BIR(NOSFAE F) THEMRT 5S0AZ iz,
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X OFY U KO b ONFRAERIENOSFTE F) THERT HSOAIZDNT, 2T,
1o DO W BE OGS F CTHIE 24T - 72(Al, Cl), ERR234FEE O FEER Tl H224EE O FEERFE R %
BEtL, 777 R0 OF Y VLIS TAEMT HSOAIZE L Tk, P14 v iRE 22k S
B, 20D TREEIT-12(A2-3), £72. 77 7 B2 ORI IG THERT 5 SOAD
EHFEML7Z(B1), VT ONERALSE THERT HSOAIZE L Tk, k234 1X, #HIHINO IR
JEH AL ST, 40D RIGRM TRIE 21T - 72(C2-5), £/, FR23FELITIT, AIEVOCHILE:
REE DS YW PE IS RIE T B 2 T 57212, R DAFLIED2OD A XD KHE
NAFVIETEBI NI MEEEZFF21,3,5- 8 U X2 F L2 E 2 (1,3,5-TMB) D Y i AL S (NOAF 7E
YT T B SOADHE 1T - 72(D1),

CHs CHa
f HyC % CH3

a-ER MLIY 1,3,5-TMB

X(1)-11  EBIZH W2 ATBRVOC DL 4 i

(-1 FEBRIZH T SRS KO SR fE . e R RIS ) 72 SOAD T A5 1 )

EEBIUVEERE
WEFZT  KIs% RS I HIHINO, EREEY W%
OFME  VOC H1LLIZ0; (ng m™) ER
=35 % £ (ppbv) (nm)
(ppmv)
Al a-pinene/O; e 0.10 1930 (03) 94-141 104-135
A2 o-pinene/Os 4 0.10 1090 (0O3) 83-123 104-140
A3 o-pinene/Os 4 0.10 2570 (03) 73-116 88-141
B1 a-pinene/OH/NOy A 0.32 180 (NO) 49-171 200-292
Cl1 Toluene/OH/NO, A 4.0 540 (NO,) 127-216 183-222
C2 Toluene/OH/NO, g 3.9 109 (NO) 31-34 133-149
C3 Toluene/OH/NO, A 3.9 167 (NO) 40-60 119-170
C4 Toluene/OH/NO, A 4.0 289 (NO) 81-113 153-218
C5 Toluene/OH/NO, g 4.0 571 (NO) 119-160 211-270
D1 1,3,5-TMB/OH/NO, g 2.4 571 (NO) 78-117 370-429

a) S FREE DM IZ6E L 72SOAD B & FE O, SOADHEEA1.4 g em L EL T, SMPST
B E LIRSy A0 T — 2 DDA E LTz,

b) JEFEREMEDMEATIZAE L 7-SOA D [ F ¥ ) AR OHiPH, SMPSTHIE LIk 53 47 7 — X 03D 45
770
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(4) ENERICL DT 4 — BN X F BRSO BRI D B 58

T 4 —BIOVEPEN AR - (DEP) X, ABIEENC KX 2BCOEBERPHIFEOI>THH Z ENHH
NTWD 2 DEPHIZIT, B D THIRIRFEKT(EC)E T TR AMRFEMRTOONEENTND
ECHOCTHBIND L, WEBRONL A& L TE X EWRILEA T 572 L, %037‘5%%@73:/7?
LT DREEMERH D, LR S, EHEH%RODEPT OECEZOCHHET A LItk d L v X%
RIZOWT, BEMIZHRTZBX o7, £, DEPHIC KWL H T H0CHIFTET D,
EDWV o ETREORIC, RBRINEEZET20CHEH SN NICHONTIE, K< bho Tk
MNol-, 2T, ABFZETlX. PASSHEE % W TDEPD Y F R I DWW TH . DEPHF DOCH,
BCZWEL L IXEELRINT S Z LICX V. DEPEIKD WL FR I RIETHBIC SV THA
77

FEBRTIX, REERBEMNETOY ¥y —F A FTERMKRTT 4 —BALELZETSE, T0HK
HAZEFRR LT D 2 THFHAZEEIZE A L2 (X(1)-12), FEBRITHEM L7z Eimix, #HrasEs 2003
FERENER - LB o N EE SN EHEHEE4S tOT 4 —EBAL N T v THD, AT
PRBHIE I, R B U232 ppmfRE,. R 360 ppmERE . 0-F 2 L 23N 160 ppmAESE. m-FB
LUp-F v Lo R6TppmfEEE TN TV D, ERRL, T cCoETEZEE Lz NEEETE—R
(JE0S)) & L X, Hiliz —FEOHE CETIE D IFHAETE— N(T A RY 7L V70 km/h))
TiT > 72, DEPORPEIZHONTIE, FHEEEO Bfiice — 2% —Z2 0 i, BEx 2EESR0E T T,
PASS-325 1 %2 H V) T3 (405, 532, 781 nm)IZ 51T 2 WU E L OEELRE 2 HlE Lz, £70., %
ETE— FRBRIZBOTIE, E—%—0 LB L O TRIZBN T, SMPS%E W\ 7R £R 45 4 0 JI iE
EiFol, E6I10, BEFTE—RIBWT T4V Z—H 7Y 27 LEDEPT 2 HOCH 4 % Ak
WREECHEH L, BRI O EEEL,» HLECEK X OCH H &R E 2 |l E L7,
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(5) RRKBHICI2AHT oy VOXRINOEFEDHE

FRZBP TIE=T 1 VIV U TR EE TR S &4 B HE T © & 5 PASS-325E 2 T
Ta Y VRN EOEEEFEEZRE L, BCOWEBST 77 I —R X BB~ F 5D
HeE 2l AT, BN, EZFQ0114E8H 14-31 H)B L UAZFQ0I124FE1H6-31H)IC, 4 FETTHNICH
L4 TRBRFRILF ¥y o RRAZEBWT T, EFEBIOAFICHW B> 27 L5 ORI X %
T, K(D)-13(a)F LT, BHlOFE T2 K(1)-1412R Lz, BT, AK[EIE#B T A
Piokvimgsd, 4270201 yumPl EOR 2BV BRWES> 2T, A by MIEHE
— A =@l SEb L, BHREFHZEEISEALL,

HEOBBNZEWTIX, £ — % —DIRE %3040 12. 25, 100, 300°CIZZ{b & THIE 1T - 72,
HARMYIZIE, 1008 LT 300°CIC MV L 7= — X —22AKHE L, b —F — %@l LWz
RT3DODWHD I B, WTFNDLOWMBEZER TS L5, —ERMI LAV T 280 B2 THl
ExAToT, =7 v Y ONFREZPASSEEE | X7 =1 A —% CRDS¥E®E CTHIE L. KEs
i % SMPS., b K514 % ToF-AMS#: & . ECH L NOC D & & 2 JE & EC/OC i (BA 47 B Ot - 4 1575,
Sunset Lab)Zx W TENZNME L=, £, K+ DK E /54 % DMA(TSIF:, model 3081),
APM(Kanomax#t, model 3601), CPC(TSIft, model 3772) & Ml A bz A7 AT LY FHHEIL 7=,
BT, KFHALST(CO, CO, NO, NOy, O)REDOWEZIT o7, LFOFPICH VT, BE—F—
DIRFE A 1057 12, 25, 300, 400°CIZ L & THIE 21T o 72, JEFHEME A PASSEE & CH W CTHIE
L. Kif&/)4i % SMPS, ECE L V'OCO H & )% % EC/OCR (BB L Eik) &2 WV CTHlE L 7=,
Fo, KRS (CO, CO)MEEDRIE H 1T - 72,

(a) 20MEEZTESA
Pm1 Heater > PASS, Neph, CRDS &R - L - &k
25°C/100°C/300°C > ToF-AMS bRt
(30548)
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—> DMA-APM-CPC ZES>H-BRK
L > EC/OC  {bitt
_ O3, NOx,
- CO, c02 SK[UERS
(b) 20122 F A HEEH R
PM1 Heater PASS I R - B EL
25°C/300°C/400°C |:: SMPS PTEDH
(109 )
M1 > EC/OC b2t

>CO0,CO, Mm%

BJ(1)-13  (a)20114FH Z B L ODb)R012FAFITHA HERFICE W TT o 728Ul & 2 7 2 O Mg
X, PASS : WFHE/HyHIEE, Neph: R 7z A—%_ CRDS: ¥+ T 4 U 74
U oy tEEE . ToF-AMS : AT MM =7 v ' VE &5 AT, SMPS : & AR &) 5
RLPR I E 2% . DMA-APM-CPC : § 8 4y #ka-— 7 1 /' VB 853 M i -Gl 2Oh0 1 5 5is
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YETAICHEAL, =70 LOFETCORAUH LEOBEEREOEIEZRET 22 LI2LD .,
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fU/E L 72CRDSEE O f/MIHBRIL, ki LTOV v 7 F 7 X A 5(532 nm: 45.4 us, 355
nm: 1.9 us) & Z D37 -2 X (532 nm: 0.042 ps, 355 nm: 0.0026 us)2> HRElid 2 Z ENAHETH 5,
ZOFER . 0B RER ST, 532 nmTUE0.08 Mm™, 355 nmTiX1.3 Mm'Mm™' =10°m™") & BiE S
LA, FEERENAIRETHD I ENRERTE T,

CRDS%E (& O I &K B 35 X OV E 0 31l 24T 9 72312, By Bk OPSLRL+ % & 4E &, CRDSHE
TR % . CPC TR 3B E ORI E 21T o 72, R 508 B CTHUMSAL L 72 TH BUR 2k 0 1 & il D
TOEXNLMEREELZFM U &2 A, R FEEES100/cm’ £ 0 K& <\ R NEE O K
HBRAR L0 &+ RERBEETFICB VT, 532,355 nmE HICK2% DR E CHMBBREERETE 5
e LT,

WIZ, CRDSTHIE L 7= #iREk & CPCTHIE L 72k 1508 JE 2> B 5 5 1L 7= T k0 =R % Mietik il
FEIC L DR & T 5 2 L1k v, WEOMEZFAM L7, 532, 355 nmZT N EN O R &
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[Abstract]
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Aerosol particles play an important role in radiation balance in the atmosphere by
scattering and absorbing incident light. It has recently been suggested that some organic
aerosols can absorb solar radiation, especially at the shorter visible and UV wavelengths.
Although quantitative characterization of the optical properties of secondary organic
aerosols (SOAs) is required in order to confirm the effect of SOAs on the atmospheric
radiation balance, the light absorption of SOAs has not yet been thoroughly investigated.
In this study, a cavity ring-down spectrometer (CRDS) and a photoacoustic soot
spectrometer (PASS) were applied to laboratory and observational studies of light
absorbing organic aerosols. Laboratory studies to measure optical properties (complex
refractive index) of SOAs generated during the ozonolysis and photooxidation of
o-pinene, which are major sources of biogenic SOAs, and the photooxidation of toluene
in the presence of nitrogen oxides (NOy), which is a major source of anthropogenic SOAs,
have been conducted. As a result, significant light absorption was found at 355, 405,
and 532 nm for the toluene SOAs. In contrast, no significant absorption was found for
the SOAs generated from o-pinene. Initial NOy concentration dependence of the light
absorbing properties as well as chemical properties suggested that nitro-aromatic
compounds, such as nitro-cresols, are major contributors to the light absorption of the
toluene-SOAs. Using the obtained refractive index, mass absorption cross section
values of the toluene-SOAs were calculated to be 0.3-5.3 and 0.1-0.5 m°g” at 355 and
405 nm, respectively. The results indicate that light absorption by the SOAs formed
from the photooxidation of aromatic hydrocarbons has a potential to influence the total
aerosol light absorption, especially at ultraviolet wavelengths below ~400 nm,
specifically when the mass concentrations of anthropogenic SOAs are significant
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compared with those of black carbon particles. In addition, observational studies of
light absorbing properties of organic aerosols were conducted on August, 14-31, 2011 and
January, 6-31, 2012 at Nagoya, Japan. By analyzing wavelength-dependent absorption
coefficients of aerosols with and without heating (300 or 400°C), contributions of light
absorption by OC at wavelength of 405 nm were estimated to be small (<5%) during
summer, but significant (~20%) during winter. The results may be explained by larger
contributions of anthropogenic SOA compared to biogenic SOA and/or organic aerosols
emitted from wood burning during winter.
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