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At the new long-term Tall Tower monitoring facility near Zotino, Siberia (ZOTTO, 90° E,

60° N) a unique fine particle monitoring system has been set up. Through two inlets at the tower

in 50 m and 300 m height aerosol particle number size distributions are measured since Septem-

ber 2006 in the size range of 15 to 835 nanometer dry diameter. They are representative for the

aerosol over a large part of Eurasia. Up to fall 2008 the results cover a wide range of concentra-

tions reaching from very low Arctic to suburban polluted levels. In summer there are indica-

tions of new particle formation in conditions with low pre-existing particulate surface.

1. Introduction

One of the major hot spots of the Earth system lies
in the boreal and Arctic zone of Eurasia [1]. Large
amounts of carbon are stored in the Siberian forests,
soils and permafrost. Predicted by climate models
and measured over the past decades [e.g., 2] Siberia is
one of the boreal and polar regions that experience
the strongest climate change, in particular a signifi-
cant warming [3] which is bound to affect the carbon
cycle over this hot spot.

In order to monitor on a regional scale ongoing and
future changes in carbon cycle, the Zotino Tall Tower
Observatory (ZOTTO) in central Siberia near 60° N,
90° E has been established in a cooperation project
between the German Max-Planck-Society, represent-
ed by The Max-Planck-Institute for Biogeochemistry,
Jena and the V. I. Sukachev Institute of Forest,
Krasnoyarsk [4] (cf. Fig. 1).

As an associated partner the Leibniz-Institute for
Tropospheric Research (IfT) adds an aerosol compo-
nent to the ZOTTO project because aerosols over the
Siberian forest are of considerable interest to atmo-
spheric aerosol research for mainly two reasons.

First, biogenic emissions from boreal forest are
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*: currently at Dept. of Meteorology, Stockholm Univer-
sity, S-10691
Stockholm, Sweden, Email jost @ misu.su.se

strongly suspected to lead to new particle formation
after their photo-chemical oxidation [5, 6]. Second,
large areas of Siberian forest are affected by fires
every year causing strong emissions of smoke aero-
sols that are distributed around the globe in the free
troposphere [7, 8].

This report discusses the value of ZOTTO in terms
of regional aerosol information, then addresses the
challenges of conducting aerosol measurements from
a 300 m tower before giving an overview of fine
particle results from the first two years of operation.

A aiges

Figure 1 : The 300 m ZOTTO tower at 90° E 60° N.
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2. Representativeness of ZOTTO

A sampling point in 300 m height over the Siberian
forest raises the questions: Where does the air come at
this point and how representative would aerosol
measurements be at ZOTTO? To answer these ques-
tions a three-year statistical study of back trajectories
from ZOTTO was conducted. With the HYSPLIT
model (http://www.arl.noaa.gov/ready/hysplit4.html)

144 h back trajectories were calculated every 12 h for
the years 2004-2006. The results are discussed in [9]
and show that about 509§ of the area of the Russian
federation (mostly south and west of ZOTTO) and
over 909 of the area of Kazakhstan are covered by
these back trajectories.

3. Instrumental

Doing aerosol measurements or particle sampling
on any 300 m tower presents serious challenges con-
cerning power supply, risk of lightning strikes, in
cloud situations and service access. At ZOTTO the
80 degrees annual swing in temperature poses an
additional challenge. These risks and challenges
excluded the operation of any aerosol sensor on top of
the tower. Thus, we were forced to consider the
possibility of drawing sample air from 300 m to
aerosol instrumentation in the underground labora-
tory at the foot of the tower.

To our knowledge any aerosol inlet length approa-
ching 300 m has never been reported in the literature.
Preliminary model calculations and cost estimates
suggested an outer diameter of 3.0 cm (1Y in) slick
stainless steel pipe with a laminar flow of some tens
of liters per minute.

In a horizontal position and with a few bends this
300 m pipe was set up at IfT to measure its size-
dependent particle penetration at different flows with
ambient aerosol particles. The results published in
[10] showed that the useful size range covered
diameters from about 15 nm to about 1 xm. In fall
2006 this 300 m inlet together with an additional 50 m
inlet were set up at the newly erected Zotino tower.

For the measurement of particle number size distri-
butions a differential mobility particle spectrometer
(DMPS) was constructed at IfT following the design
principles given in [11]. Automatic operation, low
maintenance and long-term stability were main design

factors. This spectrometer switched automatically

about every six minutes between the two inlets.

4. Results

With some interruptions due to lack of transporta-
tion to and staff at ZOTTO and due to computer
failure there are size distributions available at both
heights from the end of September 2006 until October
2008. A first overview of the results can be gleaned
from the time series of total number and volume
concentrations in Fig. 2 that shows a high variability.
Whereas median concentrations were cm™® and um?®
cm™3, respectively the corresponding 5% and 95%
percentiles were cm™® and gm® cm™3, respectively.
Thus, conditions reaching from clean remote to non-
urban continental were recorded.

The 59 most (in terms of volume concentrations)
and least polluted individual size distrubtions during
the first three months were connected to their respec-
tive 144h back trajectories, which clearly showed the
anthropogenic centers in southern and southwestern
Siberia causing.

A simple classification of number concentrations at
the 18 individual mobility diameters yields the 19,
5096 and 999 percentiles drawn in Fig. 3. In general
concentrations are lower at 300 than at 50 m. The
differences between the two heights in number concen-
trations increase with decreasing sizes, hinting at
smaller, recently formed particles being more fre-
quent at lower heights.

The 196 percentiles exhibit the shape of an extreme-
ly aged continental aerosol, which has lost both the
smallest particles through diffusion and the largest

particles through sedimentation, leaving behind accu-
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Figure 2 : Weekly averages of particle number (N, cm™,
left scale), and volume (V, um® cm™2, right scale) concen-
trations between September 2006 and October 2008 at
ZOTTO (90E, 60N).
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Figure 3 : 194, 5095, and 999§ percentiles of individual size
dependent number concentrations between September 2006
and October 2008 at ZOTTO (90E, 60N). Blue: 50 m
height, red: 300 m height.

mulation mode particles with the longest atmospheric
lifetimes.

When surface concentrations of pre-existing parti-
cles are lowest we expect the highest probability of
new particle nucleation from the gas phase (provided
there a condensable vapors available).

Fig.4 confirms this understanding with strong
modes of ultrafine particles appearing at both heights
when total surface concentrations at 300 m were

below their 19§ percentile.

5. Conclusion

The remote ZOTTO site appears ideal to monitor
boundary layer and free-troposphere aerosol over
large parts of Eurasia. ZOTTO experiences a wide
range of atmospheric conditions. First indications of

new particle formations have been seen in summer

1000
ZOoTTO

-
o
o

-
(=]
~

dNrdlog D, (cm®)
}
-
-

—50m1%S
! — 50 m 50% S
== 300m 1% S

10 100 1000
Diameter D, (nm)

Figure 4 . Average number concentrations at 50 m (solid
line), and 300 m (broken line) for size distributions mea-
sured when total surface concentrations at 300 m ranged
within their respective 19 percentiles. For comparison
the median size distribution for all records with total
surface concentrations below the surface median is given
in green.

2008 (cf. Fig. 2).

The field-proven feasibility of aerosol measure-
ments through a 300 m inlet should encourage others
to implement similar measurements at other tall
towers in order to monitor the atmospheric aerosol

over very wide regions from a single point.
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Long-term monitoring for atmospheric greenhouse gases has been conducted by observational network using
aircraft and towers in Siberia, Russia. The amplitudes in seasonal variation of carbon dioxide (CO,) observed
by towers are 28-33pph, which are more than 10 ppm larger than those observed at background sites, implying
Small vertical difference in annual mean CO,
Daytime methane (CH,)

mixing ratios exhibit rise in summer and winter at almost all tower sites, which implies that large amount of CH,

higher biospheric activities in Siberia compared to coastal region.
mixing ratio indicates that emission and absorption fluxes are identical in Siberia.

is released in summer, especially from wetland. Extremely higher annual mean CH, in lower altitude compared
to upper troposphere suggests that land surface in Siberia acts as a substantial source for CH,.
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Noyabrsk (NOY), Demyanskoe (DEM) B X U'E ¥~
V7O YAK CEHEIDE % - 7. BRFEOY 7V —Th
Savvushka (SVV) 13 2006 FEE NI BHAIZEESRE I N
TWwad. ZhoDYA MZHIZ T 2007 F:0 5 1376 > X
) 7 EER Omsk #T3BD Azovo (AZV) IZBWT, 2008 5

5178 ¥ XY 7 SR Chelyabinsk 3T % @ Vaganovo
(VGN) ZBWT, A0y vV —% -8 %35 -
7z, Shick Dy RV T7EETI » DY 7 — %2>
B Ay N = BRI NI FEYRY T 8 A b
D9 B BRZ & KRS & MH#ME TH 2GRS A A
fiE 3 %. IGR, NOY, DEM ® 3 »Frixdbi#s s 14 4
BeET 2., ZZE3HFMEEIEES AL /S0
EHITHITIC L o T b L8> TWwb . a7
NOFEIHIZUT L SVV, AZV, VGN X A 7 v 7&K &l
AU L, PP RLHBHRIBZIZEAEEELZ Y. YAK
BHEY XY 7 OFMHFICAEL, Ay XYV 7D) 77
VYA LTDEHEZEL WS, ¥UV—F v v T —7
P4 MR, MBS NV a VBT AR S T
HREEHD CO, & CH, OIHIR « WIUIR AR % HEE
T52ERHMEL CRREINL.
2.2 HARE
2.2.1 MZEHESRANI T A
2.2.1.1 MEEBARIYYTVUVIV AT LESHE

=

SUR, NOV, YAK EZEDOKKY > 7)Y 7%, M

BHZA Ny 7y 7 2R TS VY 2 AATATTE

CAFES00-750ml D7 F A AN AT 7T AR T
EESTHF Yy EVETT AH0.2 MPa & TINERET
L2 EoTITS. SUR &E NOVOY > 7Y > 7T
A MY 73y 7 0RYTOBRIERFEITITHO LS 3,
YAK TlE I o OBERY —7 = v —% A/ HE)
ARV —Ya ik oTnw5h,

KLEN > 7)o TRIEZIH T AT T ADNEHL I
HAERICEMN L, afrnERmI NS . CO, BE XIS
BIFRAM3 475 (NDIR : LI-COR, LI-6252) % T 0.03
ppm DOFFE THIE S 1L 5. CO, P DM 13 Bk
I & o THIE S NTAZHE D R 2 FeD 7z ENBRENTSEAT
(NIES) #HE D R 77—V (NIES95 CO, A7 —W) I2& -
TRE SN TS . HFRSERERS (WMO) 258 L T
% CO, A 77— & NIES9 CO, A7 —)v & D7 1% 355
ppm 2> & 385 ppm O #iFH T 0.10-0. 14 ppm TH Y, b
F 2 NIES X 7 — v D 3 &E v (Machida et al.,
2009) . CH, IBEIIKEZERA A4 bR (FID) %1 2
JeHAZu=x b2 27 (GC: Agilent Technology,
HP5890) 12 &k o> T, BHEEEFEHED NIES94 CH, A7 —
NIZEDWTHRESINS. NIESY CH, X 77—V &
WMO 2 —L & D3R /NS A%, 1750 ppb 2
% 1840 ppb @ #iFH N T NIES A 77—V %3 3.5-4.6 ppb
72 Ew. WMO Vi R— k Tlid NIES9%4 CH, A7 —)v
PS5 WMO A7 —VADOEEREE 0.997 L LT3
(Zhou et al, 2009). GC 2 & % CH, i%E OOk E I
1.7ppb TH 3. H(LER (N,0) & AHFRE (SF,)
DOEE XETH¥EREZ (ECD) %z 7 GC (Agilent
Technology, HP6890) THfid s . ZNZh Dot
FEREIX 0.3ppb & 0.3ppt TH S . —{bLKRFE (CO) &
KE (H,) OEEIZETTY AEES (RGD) &0 GC
(Peak Laboratories, Peak Performer 1) &> T%h
Zih3.1ppb, 0.3pph DBETHIESINLTWS. N,O,
SFs, CO, H, D&EE S NIES MEHOE=EEA 7 — )V
CETWTEBRES N T WS, SUR > 7LD
SIHTIX 1993 £ 7 B2 5 2005 £ 2 B £ THILKRFEIC L -
TEEsh, D% NIES BHY L. HILKEDE
AR —) & NIES D A7 —)L & DE IR
FEOEFN L TS » I EDHERSN TN S,
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2.2.1.2 MZEHEHA/NE CO. BEERATED X
I

BRZ FZEDBENZ B L T v 2228 CO, R
HEEE X, > 7 v VEo NDIR (LI-COR, LI-800)
W/NB D Y TR SEE L T REE A HAAA TS D
T, R 7—ul—rEb¥ T 3kg LRET
WA ERFIZLTnD . BERAROEEIIEETH
D, 5432 1 EOHEE T NIES95 CO, A 7 — )V TEff
& N7z 340 ppm & 390 ppm DFEHE H 2 3 NDIR
WWEA SRS, HIEY AT AORERRIZH 108,
A RV~ VL 2 BEEEEFIA L 7236 +0.3 ppm, 10
BIEEEFIRA L7855 +0.15ppm TH 5.

2.2.2 YU—EHAIRTA

YU By V7 —27 THEBALTWS CO, 8LV
CH, BREHEY AT L2OMBR 2R 2 1CRT. ¥ 7—
D2EE (BRZ T 4EE) KEBLILESRA YLy b
DOV IAARREENISA T 77 LR T TNEE 1,
B ABDKDS N T T, FT 4 & VHEER T A ¥ —,
B OWEERBR~ 7 2 v 7 AREAIO 3ETHRES L,
YA70—ar =7 THREEZ—E (40ccm) WFHE->
72REE T NDIR (LI-COR, LI-800) iZEA SN 5. #Hif
HB~ AT LA RS LT, RS R BEA—40C
EFCTTTHRET 2 Z EMWAMREIC > TWwWS . 72, 3
ORI EITS 2 L TESTLBERB~ /2 v 7 A
Z1lrANEERERT 22X TE%. NDIRDOH
M EE CH, 5 (SnO, ¥ & k¥ >4 —) (Suto and
Inoue, 2010) IR SNTE Y, EFAIC CO, B &
CH, BEZHETLIENTES.

KEHFD CO, HES CH, BE 2 RIMZE L TBE
BRWET 27010, KY AT ATIRHELGR—ZAD
CO,, CH, REEHENI A 2, KAFOREELEH 2 H
N—F ZHATIAMZTCVSE. ThsDEES XD
CO, B & ' CH, ¥ ¥ 13 NIES95 CO, X 7 — &
NIES94 CH, A7 =V THEMfT I TWw 5. CO,
CH, DHEE # EMICIEZ 2701213 1 BEfE» 5 2 B

Ml

IO REHETREEZT) L BLOFEET AV Y &~
F— RIS NTABEELT A TH 1 =R THEL L
5. ZFITERYAT AT, HMAK%Z 1 MPa 2 &
TWRL YY) I —IcREL 7z [HMAEHE S X (Refer-
ence Gas)| % 1 B ICEAL, BEFAD CO,,
CH, E#EH 213 12 B A T 2 HIE H 2 AL
7z, ZORE, BHERBEZHERL DD, HA»OFFBA
ATCREHEN A % S5AEDL HEAT 2 2 S A[REE 8 B Y R
TARRBETE. CO,IEEB LU CH, BEDREK
RONREIZFNZ10.3ppm, Sppb AT EREES &
nTnzg.

3. BREEBE

3.1 MZEHERR

SUR EZET1996 1 Ao 12 A TIRBEl &z
ABID CO, BEDOHESMM K 3RS, M3D55,
WEFBTOBEAEIZEE 1-3km £ TO, HEDOPE
ZIRTOWAGERENOT -5 ThiEz6N, B
YA NIRRT 2 BUHR - BINR O 58 % L
{ZTTW3 ., ZhiZHL CEEEOBREME R, K&
FUE Eih S S ER 10 km OBFRIE £ TICHS T 2 H
HXmE O 7 —5 Th v, BV A N HMLE T 2B
OFD LY AECHHOFELZIT THwb EAkEE. 1
A»o 5 By ) 7 REGLFHICB T 5 CO, BE
BSRE AR OZEN/NS W, BEEIZERPEWIRE 2
ARLTWS . ZHIZERY A MMEEOHER D 312
CO, DIHIFEERS>TWVWBE I EERLTWS. INH
DZEHIC I EE_ EERRR O « SHMEEEINITN 2N S b
HaRIEE %2 EEl> Twa 2 gz ¢, AMEdizn
b O DEAIREHRBEIC X 5 CO, BHEWEET 7201
MERBBREFEICEZ>TWwEhDEEZONS. 6 HIC
%% EBEFEBROAGHREHVEA KD, HE3
kmBATOCO, BEMNMET 2D 5. MESkm LD
EZETid 5 BEDEZ/hE . 7 BIZMIERICB W TE

M 1 BOFHED ZPE 2T CEREE LW, 20 D THROWIRIND® 2 Z E3bhr 203, FEWTRINOZE L

Standard gas (NIES scale)
CO2: 340, 365, 380 ppm
CH4: 1700, 2000, 2300 ppb

g ﬁ(@ b

Reference gas

Solenoid

Water Trap bph

Air Intake  Diaphragm

CH4 sensor

Mafion Drier
Back Pressure Valve

Mg(CIOd)2 ’;"fss NDIR
i ow
Drer ontrolier (LI-820)

X2: %7 —8HY 2T OB
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Altitude [km]

€02 [ppm]

w

345 350 355 360 365 370

Altitude [km]

345 350 355 360 365 370
€02 [ppm]

PSurgut FZEIBIFS 1996 FE 1 Ao 7T HET@) £ 8 A2 S 12 A% T(b)CO, EBEDES

400
390 -
380 -
370 - s e

360 [ .yttt
350
340

400

€02 [ppm]

390 -
380 -
370 -
360 | . %20
350 - |

340 -

€02 [ppm]

400
390 -
380 -
370
360 - fetedr T
350 - LA
340

€02 [ppm]

1993 1995 1997

1999

2001 2003 2005 2007

X4 :SUR 22O 7km, 3km, 1km TEHEIE 7z CO, MEOKRRY. BAIZBHEME, EREI T4 v T 47 H -7, &

RISIEFERB 2R

HEREIC 2 TELTB Y, EREORBENTICBIT S
MERSGOMSERLEREFEZONS. 8HK
%o THAEDREAN (KRSEETX VIERRE) 250 T
WEH, HIRMTOEER 7 BIZEEL 3R, BERK
LI « SMEDNT VAR Eb ST bbb, 98
PBRETOEETEC LI ICBRERERL TWS .,
Zhe OBHAEZBERNORRYIE LT Fay Lz
LbOVMATHS. CO, BEDRFMZE % Mk
3 7212, Thoning et al. (1989) OFFEEFHAL T 14E
EEFERA OB CEN e RHLE 2, vy M A
TR 2FEOa— XA T 4 VY —TRELEH 2RI T
3. X5, BEED & FHILH) & BFELH I LW
PeEEC Ay VA TRE 150 HOR — XA 7 4 VF —T
THAZELE 7 4 v T 4 7L, FIZk 2EHEHOE
Wi EERRRL WS, Zhs 14EPEREOFEMEE
B, vy VA T7EBA2EFEOT—ZAT 4 NVT —, Hy b
F 7150 HOa— "R 7 4 V¥ —p & oA

EEDLELLOBHADT7 4 v T 4 T Hh—=TTh>.
EE1km 2B 5 1994 £ 5 2008 & F TOEHIRE
B (7 49T 4T h—ThroREELHZZE LTIz
BICBT 2E T & OBAME & fB/MEDZE) OFHIE X
22.0ppm TH % . ERITEE 3 km Tl 15.1 ppm, &
B 7km TiZ10.8ppm £ D EE 1km 2 B 1) 2 IEIG
DEFIFEWCE>T WD, CO, M LEMICERE B KME
Th Y RZFDOFIERLERIZIZEAERVWDT,
Z DOIRIBOZE I ok FAERROEENIC X > TED H
SNTEHEF PN TE LE b 2 O TRET %
ZEERLTWS . PN FHIZE % R 3 FAMNBEE
Wi 2 &, EE1km TIZBIMED 7 HE» 5 8 Y
IR SNE, LEmBOEE 7km TIZFAIZE
ENT8ATRICHETZ. 2OZem»5 b CO, DE
HIEBPHRML TR S, ZhXLEEb > Tw
SAHZRLDFEET B2 b5, [AERMERH
AEZETER S Nz CO, BEOEHLH THLHA I 1
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TWw3H, HARLZETOMRMNE & FETE & DR/
EOMFEZEIZRK 1 » HTH S (Nakazawa et al., 1993) .
¥R 7 2T ETFOMHZENNS WO KENTTH
% 7: O ICEFEOMREINEIC X 2 KADHEREN XD
BRI CO, IBEOEE % EH L Twb 79T
hreFEzZOND.

B 1km OFHIRETH % 22.0 ppm & W 5 fE I,
6] U RS O BRI T O BRI TE & Ltz CO, IR
DOZEHRIETH 3 14-17 ppm (Conway et al., 2008) 1
HARTHSDIKE Y. ZRIZYRY 7SRRI AL
EL, PERERROEHORELEBEZILT WO T
bHbEFZ 5. HERKKUIRE AT HRES LS
TWEBDLN TV, REHFTLEXR CO, THiEn
T « WIESEA TSR CREH TH > THZ D
EEEEIIRL THEH—TRWw I b b.

BLHIHARIF (1993-2008 £F) @ CO, IRE DOF¥IHy 8y
I Z & B 1km T2.1ppm/year, & E 3km T2.0
ppm/year, & E 7km TiZ2.0ppm/year TH D, &
B2 EVEIRSAR L. INS5OMMEEIANY A,
~ v u 7 TEHE S Wi FEEO CO, REEIINE T
%% 1.9 ppm/year (Keeling et al., 2009) & & [F] UFE
ThHsd. ¥V 7 EZED CO, 15 HEINE 13 B AR o
— E O TIE % <, 1994-1995 &, 1997-1998 &,
2002-2003 4F, 2005 4E1 3 ppm/year MA_EDE W=
ERLTWS. CO, REMME =V =—=afEHIRH
(ENSO) 4 X b L iddBE I EE NN D722 &
NE L DBHEFKE RSN TEY, [EPEAKEDD
THREENC & > TR RERROFER & AEHKD/NT >~
AN TNTCO, IBEHIMENRE LS 25 EDINE
W (B 21X Keeling et al., 1995; Nakazawa et al., 1997;
Morimoto et al., 2000) 23, ¥EFHEORENAKEZ W ET 3
Sy bS5 (Francey et al, 1995). 1997-1998 & &
2002-2003 FEDOEWEEINERIE 1997 4 & 2002 £ ENSO
IR 2B THA S . £z, 1994 F £ 2005 FI2 b
M AREI RS (SOD) WA OMEMEZRL TWwb DT
1994-1995 4 & 2005 F DIV F VIR  ENSO 1Y
BRBEEECHES bOTHZ FE2ZONE. 2D b,
1994-1995 4F, 2002-2003 4, 2005 F-DERERINIE 4T
DOEEMIZIZFRFICE W EAREZRLTEY, ZOHER
Wy R THIRICRE>7: 2 e TR EWZ ERNREBI R
%, 2RI LT 1997-1998 DRI IZEE 7 km TR
FRE2EET 2 L0 PEERSEE S km ORED LH
L, BE1lkm CTREISICHEFERIBEN EHEL TV
7z, ZOFHDE X 1997 D ENSO A N> Micx L
TIF ¥~ 7H OB FAERRPMMIOHIE &L 0 B RE
L7z7%», ENSO & iZ#EBRD CO, B b -7z 2 &%
RELTn5,

BJ 4 Ot TR S N S IRELZBHR I EOFEE L IZIT
FUCETH2. $74bb, SUR L2 TIZZTHEHZEH 21

DERWIAEEERE DR S FRAIOEWHSIEFH /NS »,
NI LTHAREEZTRIEGE BT % CO, BED
B EEE LD AL PICE L 25 T3 (Nak-
azawa et al., 1993) . Z g HARMITIC 3 LFHRE Ok
BEIZFE D KED CO, DS H % 72 12 HAfF R D3k
2 CO, DHIRIC R > TWwBE IR RLTWS . H
Kip EOTZERNCHANS &, ¥R 7THBORED» S D
CO, R L WINEDZFIEH /NS VEED 2R
TE&5.

B5 1% SUR FZ¢CBEI S - CH, IBE O E VI E
PIESIHIILIZbDOTHE. WIhoFED CH, BE
FEEEIZECEWEERZRLTWS . HEHRE % 2
SNE2EEIkm U ETHEHEEANTO ETEN19
ppb 2%V, BEOS5km CREEIkm I D b E 51
60 ppb 1E EE VISR ICET 5. ZhE SUR 2NEHIEIC
MIEL T2 0T, #EE» S FHES 2 KED CH, 58
RIS O CH, BEZ2ELLTWEDTHD L
Ezohd. 5 SURMTTICITAMPRAY X DY
HIfio N4 o4 Y, Fhoh oo CH, DIFHE
(Tohjima et al, 1996) b EERHFELDHHELEZ 5.

SUR _FZ20> CH, B 13 1994 & 5 1997 F£1I2 0217 T
1F & A ERRERREALD 8 In o T2 53 1997 SELIRT & 1998
LI ORI TOEE BV CHBREES v v 7
BRSNS, ZORBHO 28 MEREINL XY 7 Lt
OfDOHETHERAIENTEY (Dlugokencky et al,
2003), EERLMEAITH S . 1998 ELUIGEDOIRE IXFH O
2004 EF TN R S Loz by, 2005 £ D 4 km
UETHO I 8 R 26D, 2008 F£121% 2 km DA
FOWEEDY 2004 FELARTNCHART 20 ppb 1F EE L 85 T
W5, 2006 FELIBED CH, #E OFEIN s R O & T
BHlE T3 (Righy et al., 2008, Dlugokencky et al.,

—e— 1005
—— 1996
—s—1997 -
—3—1_998

> | y
—e—2003
—e—2004
—e—2006

——2007
—e—2008

Al titude[km]

1800 1850 1900 1950
CH4 [ppb]

X5 : SUR 221280 3 CH, ¥ F9E DO $TE AR
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2009) .
3.2 YOU—&A
3.2.1 CO. BEDZEH

YRV T7DIYT—3w N7 —7 TEREIS Tz CO, B
Eo 1 RHEEIXFCERICHR  HEEN R S 0, B
HTEERER, Y78 CRiEBE LR L. ®HIIC
VIR ENCH A L 7z CO, DSRRIEME L 7o KA I B /4
T2 ko TIREMSEML, HRCIISRERSIC X
BAHRNE L A RIEEN & 2 CO, ORI TEEE H3 35
BB Lol AN =X LN CO, IBEDOHEH 21ED
HLUTw3. BRZY 7—Tix 7 HOFEH s HZEEH O
IR EE 5m T ppm I bET 5. —HEZ=1Z CO,
EEOHEFHIIZTEAER SN W,

B A MELAOERRKEDO D 57— 8 RHitE T 5
Tz b4 vy N TOBENED 5 © HIEE R AR
D 13K 5 17 R OFH5E (HHE) 2EFHEL, FRERY
L7 b D26 TH5. BRZiF40m & 80 m D EH
EEEDLETCTEY P LTWE., 749 T4 T HhH—7
I 4 EEICEHETER LD THS . HfEIZ§ X
TOBEY A McBWTEXZICCO, BENEL, BE=E
WKL 72 2R R BHAZE 2 LT\ 5 . EEEFHOIRIE

1% 28-33ppm TH Y, SUR LZ= 1km OIEEL D b &
SIZKE L, FIUHEESR (52°N-68°N) O CHIH &
NI ZHHEIE (Conway et al., 2008) 12EH~T 10 ppm
PLERE W, 2002 0 SBHEINfTHOM T3 BRZICE
WX, T—F DERBICL>TCO, BEORELE b
RzohTBY, BHEHMAE2EL 72FHT2.0 ppm/
year DI E SN 5 . FHEHIELE 2ELY v 72 EF
YIEIZR CEEF OB TOBEE L FREETH 5.

U —THEHASN]: CO, BEIZHFTOHERAETH -
THEFIHEMIC DT> TIEENE L R2HRBHE S
n5. ZHIFEAY A MR TEKECELNS Z
LI & o THEARORELET & 1, HFRE» 5
STz CO, PWHIRfHTICERB L b EF 2z o b,

F 7 —%v bT—27 THEl S 17z CO, BE O FHiR
g% i 9 2 &, ARAREE R O RN 0B 3 2 BRI A
BRZ (31.5ppm), KRS (33.3 ppm) ASEREEEHE D FRK
FICAIE § 2 B S IGR (29.8 ppm), NOY (28.4
ppm) £ D bRELS LLEABEONE. EFE (6~38
H) £%&Z (12~2 F) O CO, BEZEEICR S
&, EFED CO, BE FMEHERK 2 2HANTFEL
TWwa. INEFREACHFEET 28 14 40 CO,

i BRZ

€0, [ppm] GO, [ppm] CO, [ppm] CO, [pom] CO, [ppm] CO, [ppm] CO, [ppm] GO, [ppm] CO, [ppm]

2002 2003 2004

20065 2006 2007 2008
K6:&57—% A MBI CO, REOHPFE GRIL) . HBRE 74 v T4 ¥ T h—T7%FKT.



16 MW e, B &8, T % M Asshinov, D.Davydov, A.Fofonov, 0.Krasnov, N. Fedoseev, S Mitin, H :&, B &—, #H X, % 8%, S Maksyutoy

420 —
|+ Tower i
MOT o gy
. 400 F ) 1
E A0
S 390 1
S gg0 |y ST |
S 370 E&EH 1
S 360 ﬁ 1
30 o 1
340 -
2002 2003 2004 2005 2006 2007 2008

X 7:BRZZ7—®80m & 40 m TEMI & 7z CO, EE D HFE

PBL FfE (FPUf) ORRY

RN EDSERRE DI Y A T LD b REWEEZRT LD
ThHs. —7, LD CO, BEIIHFEIKET 2R
BRONT, BLAMEIEI VI ATH-T. TOFEERD
5, EZOEEARREFHOEN YV —2y VT —I N
DB X 2 FBEHHRIEOEVCOFREE L5 TWwa 2 M
bbb

&7 —BLHE O 22 AR M & FEfi 3 2 72 12, BRZ
57— TRl S iz CO, B & /N ZERE (An-2 %) 1<
&% BRZ Y 7 —EZZEOBEE % K L /2. An-2 1
BRZ% V—HE EDOEE2km % L 3km £ TO CO,
TR 2 EE I3 % . AWFSECld BRZ EZEO RGBSR
&M (PBL) & HHxfE (FT) 281 % CO, DIE% 5
WEHLNZTBEDIRT I74 M TELNLEE, &
£, W, CO, BEDSRES A & BEFRIE iimE %
WEL:. %774 M THESLz PBL © CO, IBE %
¥L, ZOWRYFT—% %2 BRZF 7—D80m & 40 m
THHEsNIAEOHPEEEL D DOBKTTHS.
&7 —@OHHPEIRZ DE EDO PBL OFHE Lo TR
—H LT3 Z b d. ZHEINIZIFRH DA
WET 20T, HZEEIH T — 2 1ICIERBEC & 284
TABFEL TR T TH2H, P LbIFRET
B Ly v —TBHEIS Tz CO, IE D H 1 1k
PBL ORFEHEE LTS 2 LW TE B LRSI,
3.2.2 CH. BEDZEH

g7 —2y b7 =27 THBEI S CH, BED 1 K
1%, F&EEOW RS CBIE S 43 1900 ppb LT O
Ny 7 777 FRG VY~V (Dlugokencky et al,
2009) 2K &< EES>Twa . Bucdb#ov 4 » (IGR,
NOY, DEM) Ti& 1 4% 38 L T 2500 ppb % 721k % #lh
FoEBEEY— 2 MEAlShTwS . §7—T—5D 1
RERME L, EEEOENEEEDME L D mnGEoEE
CBHI SR TWE R, ZhiFY 7 —iiE» o O T
O — VIR OFE 2 0 1555, HIRmEATI
TERR & % ZE R E A3 SR ER A& 2 05 L b 2 & il &
iz CH, WHURETCH E Ve 2 RFIce 2 % &%
Z 65 (Sasakawa et al., 2010) .

CH, BE O HZHX CO, LFFICERICHK b HiRIE A

(FHI) & BRZ ¥ 7 — 252 B> C/NEM 228 CRIEN X iz

RKEL Y, BohemEmEELZRT (K8). CH, &
CO, L HEWHIRE D H ICHHBIRIC > TWbEDT, #
FEoRZE&#HZEVHL TW20REAESED HEH T
hrrFzonb. KRSTRE7THZBREEEDOHEH
DOIRIES 300 ppb IZ bFET 2. —HELTRLZIEIYRY 7D
WTFNOY A MZBWTH CH, BEOHEEHIZIF LA
Rz,
ZEMRFEEO D 2 BHEE & LT CO, &Rk HH
(13:00-17 : 00) DfEZME L. 2L a—A VR
HIER D > T2 & BICTOA vy M < B8
PFTVOT, LTFHEOA YLy FOBEREENKE WES
(G0 ppb ML E) BHEREZZI -7 —5 £ L THEN» SR
Wiz, 208G, KEE#HLRE K5 I N THE
SN2 O THTPED 50 ppb AEELT 28546 b BT IC
BHERA Lol ¥RY)7ICHE 5 CH, IEOHF
EIXIZIZETOYA P TEFERLT TIE RS ERCHEKR
xRy (M9). K&F0 CH, BEZFICOH 7 YA v
L OMBIKIEHEL DT, Ny 77T 7 RRADIEE
I B /N %7~ 9 (Rigby et al., 2008; Dlugo-
kencky et al., 2009) . ¥\ 7 CEZICHRAMELI B S
N20DIF, OH 7V AN EDRIGTHET 2R 2EET
I EDOKRED CH, BWEZFIZ XY 7 O 5
HahTtwadlovrFEzonsd., ¥y 70O CH, BE
EHPETH > T b R CHEER OB TR S 1L #
(Dlugokencky et al., 2009) &Y & 14E%E L THWE
EHERELTHBD, YRY TEHTRESICRE» S, £
F b ARED S O CH, IIHES K E W 2 & B3RE
aEns. efREIcdt A DY A4 ~To CH, BERE L,
ZHEFEY AR TILERIC BRI S D Z . E—F L T
%. NOY %* DEM Ti&, JE A5 < KF T 2 miRE
CH, AR¥ MbEhBlllzn, Zhony v —iith
BHEOLRKANADNNA T4 VRPEARAT —¥ 3 »hb
@O CH, OiFH 2+ 2 2 L3 TE 7 (Sasakawa et
al., 2010) .
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Evolution of photosynthesis and global environment

Atsushi Takabayashi’,

Ayumi Tanaka'

The first photosynthetic organism appeared in this planet is photosynthetic bacteria, which did not evolve

oxygen in the process of photosynthesis. About 2.5 billion years ago, first oxygenic phototroph, cyanobacteria,

appeared on the earth and evolved molecular oxygen.

This event was the start of the changes in global

environment. The concentration of CO, in the atmosphere has been decreased and photosynthetic organisms

developed their photosynthetic machinery according to environmental changes. We discuss the evolution of

photosynthesis in relation to the environmental changes.
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HIER EICEYDSHAE L7z DX, b b DAL IZD»
5wH, (LAEZEOMEY» S 3T EERERi cH 26N
Tw3. I, HERPFHEE L, HEOMERDSE % D 1A
DTHEEROHFERETHS. 2O kX, KK LIEH
TENTEMOTENSIFEH L RWFHERBLTE
D, MO BHE NI, BARIZERVWHIRET
bote. #ﬁi?%tbku VWA L =AN):E i
BOTNe, g, ©u—)VEL EERE ST
WETHE. INO6DOHFFDI L, Pl L bEaC
X 2 OHIER ET, FEREVFCER I NI DDTHS.
bb2A, FHICHERT20FbEZONE., ZNH0D
STWEEL, FRLEETLHILCE-T, MEEED
bHERRST (F %28, RNA) MEsh, £hs
DM E E 2D DD 2 REIED ((REER), EWHSFE
ElLlrFzonsd., InsOFFEMLEECEL Tk
Bk o BT oH LW, JTAEE D 2WEMIX
ifbkFx L, HERNE» oS hlzmz x v ¥ — m
EYNKTFEL Tz eFEzons. LrL, ZOEYMD

1) dbEERFRIRE SRR
! Institute of Low Temperature Science, Hokkaido
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RETEE IR EOEMNHAE» - 727255, L, &

Jﬁﬁgiﬁ%&%é N7 o, HER EOEYEENL, SR

BWTY, ZEPSHICBEBLTY, Rohnlkzb iz
ﬁ“)ﬁ’(@% 9.

BHRCAEK L IcE T 2V F — LBV IR - EYE
HCMETH S L WO FBEERANICEZ D0, 7 v
U7 4NVDEETHL. van s VEFET S L
T, EMEKREG D o ORE LN AN F —%, LD
WENCHIHTE 2 AV F — 10 FH OEEER) T
& kol. 2O R, EYBT A F —RIcH
B o HIM L, MEOHEEED 2R Fo L%
BHRLTWS., 2OX3ic, 7ua 7 4 VOFR, %&
BROFEA L, EWHELD ETRERE RHKRETH-
Jo. TOHKEREEZBLZ B[ EFFIETFEHEIATHS (K
1). HONEREYNE, BHET 2ERME -4
MiZotze#F 2 5 Twb (Olson and Blankenship,
2004) . ZOEDNL, KEREB I n->TOBIREHRKE
THZ ot K ANLF AT, Filbk#E
PERY»SET RS EEE, ETEE, ALY -4
ErfIoletFzonsd. Larl, LEROERN LM
FHA EEE X O ICES L, BHEFZ T EHBNT
W5, EERIE ORI EIHZ IR EBEEE D
7o L7chs, HIERERBIICH U CI3RICHEE T 266 0E
YR, IRonlzbDTho7255 .
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HAEREME Z DB AROEL S 22 5. ZId#R
FREBNERE Y 7 /N7 T VT OHETH S
(Xiong and Bauer, 2002). Zhi, KEEBFHESME L
LCHIHAT 2E8KTH Y, ZORESTIRBEL2HE

L. B EFEFMOHRKETHS. ZOXRGHRIFE
DEICLUTHELPIIRHATH 25, ThETONH
BREERREL, 2 LLHABDE S Z ETES
hreEzons (M2). EHREHBLUTD2OTH
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2. 1. #hETEbATWENZ T VA 27007 4V
WRZT, aarzqvazfIHALL. 2. XEER
22 FEESC DR o LB TIRER2Eo 1. 2D
L2k T, AkEBETE ZEWEBLRITEM 2R > 2
RIGHuGrzaa 7 4 VERESEL, FAFIC7 2LV FFy >
ZIILL, ATP 2R L SBRT 2 2 N TE. ¥
TN T, AERMEO XS, fkFEsE
PRHEEET, KREEBBIIE, HEREITI I ENT
Eicte, HIEREILS AT 2 2 EWHREIC R o7, &
DIz, HERIEE S, £ E TONEBHE ST T
bz BRIC A, R b IARD |, B bIRE
BINL7: 2 L B3BEB B TE2. 2ol e i3EY i
BREICKE A4 VX7 VR G210 YT 2R
LT, MM ISFIRBRRZRERETH LT, %
SDEYOHBEEB T Bbhd. ZhE TOEY
X, BREEMTHY, BEOFETCRIEETTE R
W, EYERBRT 55 N7 EOKOME, BEICE-
THRET 2. Fhe, HEBFROREIKE ZMETH-
7255 . EHERFZHOBERENEZL TR 0AEY)
X, ZOFEERPESEL LKL, YT/ N2TVT
HERLIENC, EHBREERD EOREREL TUTR
BCTH 20, &EWns, BBEREOWEINC L > TRE L
BrzJl-eHzons. L, BEREED LA
BEELRWEYNCE > TY, FikmEkbEAHL
7o, BEEREBTZREE T2HRRANFEEL, Zh
E COWKB SR LN, BRI EZ D x Vv —%
BHrHET K L. k> T, EEEY»
5, TANVF—RLLELT EMEYOHEET]
BEIC L7z, HOBRERBEICEAL Tk, KR OMEEILE HiHE
Lz embiFonsd. g COMBREREEIX, 57T
RBENEL Brolzb T TRy (FH, 2009) . %44
BRI X BKDMEZR Eo o, BAEOEW ORI DI
WIEHT 2B IFEEL Tz eEzZoNS. LHL,
HBREYC & > T, BRBEELEBD THEL Bo7201F
HETHD. —F, NEARBBCBELRETIEI TR
V. TRHBKZPERERICES T 2120 T L, M
B EOIENREREM AN F —FE 52, ZOIEH
EXZD5IECE-5TYH, BRRZRILHRDOHIRBIEOIEER
WHEGLTw5 . EREMOE B WT, 55—
BEEHKEL, BEANOERTHL. TETE, £
OB TR e B g AR, o5l sk
Z LI RRDBERIEE D LR L HEORIMEO A 2
FEo T, BEEAEH T 2 2 EMAJREIC Ko Tz, T O
B RREFBEH/HBL, S5 IERREEEBTOR,
MR E ORINZG EHERBREAOEMbO K& b D
Koz,

ZDX ST, EERMERERE L E bkl TE Rk
W2 B, LrL, MERFERZDZ I LickoTz.
ZO—OBRGHOZBILKFREDET TH S . KhH

R OERP A & 2 ORI, BRI RRENS
£ DRI ORI E S Ll A EREYNL, D3
BB LENS, BARIREMZSZEICEST,
TREGIRFEOHFITLL T E 7. ARRICH L
HEELZEIZ Lol Rz, ZBERFICHT 2
EVOFIEDHA & 2 DL DT, HEREREE & D

AKUREDEE & CL iBMDHEE S

AR FZERP O _BKREEE L THEEET 5
RIGTH 25, 2O _BILRZOEERIGEET> T3
DY) 7o —R15-ER) VBINVKRFYIT—¥ /4 *
¥4+ —¥ (Rubisco) EFFIENZBRTH L. ZOFEER
WBEETOM®EY , ZRILRRIZT TR BELIRE LT
5. ZRLRFEEE L LG EO—EDKRINE [ AV
EUEEE] EFEENTWEY, ZO—FTHRERrHE L
L7358 O—@EDRnE [HERk] EEEnTws. 4
WVE VEEEIIFEDOEBE RSN TWDE W, ZO—HAT
SEIREI T @ E ORI & 13 ) ATP = NADPH &
Vo lAAbFI AN —IZHEESR, LrbiEbEEIR
T, UL, Zhicbrhrbod, HEOHERDO KR
R TIEZ < OFEY) T 2 OAMPRIERRIC & 2 =3 L F —
DERIMEATELVEETELTLEI>DTHS.
LAY, Rubisco I & 2 ZAbK R O FBIE K GS AR 2
ROEHRERE L k> T HHTH S .

Z DHREE S E U T L o728 HIE, Rubisco
EEWEEFCHIEEZONTWS. §bb,
Rubisco ¥4 U7z 8 & % 30 fEFERTOHER D KK DHRK
2Fz 5L, “BIGRFRENIEFFICHW—TT, BR
BIZFEAEFEL ol EFEZ 5N T w5 (Sage and
Monson, 1999) . Z®d7z%, Rubisco DA ¥ ¥ 7 F—+¥
RINZZ DR TRIZEAEE o led, ZOR
JIGEIIHIT 2EKE D SR Pro/IZTTHS. L
U, BRFAEEDEEREMDER LI 2 L R E RERN
%5 T, RAFOZRRILRZREIZFEI L, Lrbig
FRER AT ko7, ZORDHEOKRTME
DT Tix, Rubisco BEEFEEFHE L LItRFDA ¥ v 7
F—E¥RIG, T&%b bR O MDY Rubisco D
FAEREL D B2 0ICHLS B> TLESTDTH 5. Hi
DY | SRR AT & o THE S nLlfbF
IANVF —DEELCHBELTLE S0, RRFDOEHR
BEEME £ D Rubisco DA ¥ 7 F— ¥ KIS 2 72
ZEH, HEROKRELHERER L 2>TLE>72DT
b5,

% 2T, Z® Rubisco DF L =Hl 5 72 0 1Kk 7
LEZRFIzON C A THS . C, HYDOIEICITARE L
FERE U 7o MEAS RS HERE o B 34 % SERAE S D B A 72T
REBENGFEEL, 2hix7 7 v UEBE EEh Ty
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% . %1 T, Rubisco i3 Z OFE L /- HEERBMIICD
AT 5. FRIC, C, MYIHEE RSN O — 1%
LERRREZRENICRET 2BEB2EL VS (K
3). 2%, C, M -MRIZRBEL LA L I HE
HESHIK N 1 Rubisco ZEAC A ® % Z & T, Rubisco
DX F 7 F— ¥ RIGEFRANCHIFIL , KR L 2
IANF—HEEZ RS TILZHRNLI-DTH B, &
B, C, DAHIOBFIZ I OF ¥ oFEHBREL 4 >
DILEMTH S Z EWCHRKT 5. Znextl, BFE DN
E Rk 21T 9 Y13 Rubisco 12 X % RERE E K It D 4]
DEYDBKFZ 3 DDIENTHEHRAKRT ) ) VB
THHI DS, CREMEMENTHYS.

ZOZMLRRIEEEEOESIC LY, C, DN
BB C M ERE SR E->TwS. £7, C, Ml
PN ANERRENIEFICE . 207, SEhum<
BESTDIZHBEMETE, bbb CEMCEST
e B ST C, Y O IR ERIE E RE)T X IR W&
{73, B, BEOHIKTIE C, YD 5 » 2 HE& X
TR 2 EHTHEYIO 4 %R T Ens, #i o
REBE E D 25-30%F2E % C, Y03 1T-> T % & B
b5 TS (Brown et al,, 2005). 7z, hwEwoa
YRVNHLARY b FERY, HRPOBEYOINER
D 30%H C, 1¥)TH % (Osborne and Beering, 2006) .
K, C, Wi T3 &R T Rubisco DA F ¥ 7+ —¥
RIGOEIEISIEZ 5 Z L o NBARORF 2Z T T L %
5. X, BEN AT 3 L SIEEEABE L ASAH
DBERFBHVKICIETIAA T 50 | EE_BILR
FRIEEPBEBRREE IR L TE T30 THS. L
»L, C, HE¥Z Rubisco AU D B bLKREEZEHD
B5ZETIOAZRRL TV, FARC, C,MPIEE
AOBOZIHEITE 2 L5 ko2 L2k v, Mk
NOKFIFARIRR ER L, ZHIZ & D 8RS it 2
FBoTwa, 26D 2 O0DBMIC LD, HiRiz i
Tl C, M C, ML bEHTH S .

FER#Ra

d, W

p
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€0, —— HCO;-

PEP «— C, it &

#

LU, CiEMENERDOFEMD bV —FA 7 &
LTCHEYMELDBLLDATP 208 T 5. BARY
i, 1mol D —BILRFEEFEET 272012, C; Y
1% 3mol ® ATP & 2mol ® NADPH Z B & 3 %23,
C, HE¥%11% 5mol ® ATP & 2mol ® NADPH % /LB &
9% (Hatch, 1987). ZO¥ 272 2mol ® ATP 04373,
TR RIEEEAE 2 R E T 2 7o DI B R T AV F —
HETH 2. FIZITEECAPTET 25ED T Tk
BROEEMET T 2720, “FALRE O IS % BX
T 27D REL T A LF —BEOAENEL O LD
WL EWRRY, CLEMBAFITHLEEZoN5.
DE D, HMHE TG ERT 2 72 OAF] L
D, FEHI TIZEENERE L 2 2 2D RF] & e 58,
BRI CIIIER BRI Th 2 (K 4).

T, CAEMZ OB L0725 502

BRI OMRIC X iE, C,lmixs L Z 3200 JF4FRT 0
5 2500 HERTICHIO TEBB LI EFZ oM Tnb.
OWHTHIIARST O ZEBLKRIRE K & < D U 7K
RTHY, ZOZBICKFREEOWD 1 C, f@» 5 C,
TE D2 LTz EFZ 5N Tw3 (Osborne and
Freckleton, 2009) (X5). BEBRZEW I L2, C, fl@¥h
5 C, M~ DELZ, D7 b 18 DRIOFEY T 40
EREL ML TR > EHESNTE DY, ZHI3HE
Y B 2 INEEELOREN Sl L ShTn b,

BHERENZ L2, C, Y25 C, IO HELD
IFE O TR 2 R 2 R TRV DBAE b FET 5. &
Db, FI7BROT7 IR T7EIE, C,EY, C-C,
Y, C,_like 1Y), C, ¥ & % DR 2 EED %
EEPEDREVI IS FAE T 2 BERMEMEITH D, C, 1Y
DOHFEALIFFEDE TV & U TRITNTHFFE S ED ST
% (Brown et al., 2005) .

T, C,LHEWIZED X S HELLIzDTH B I 0 ?

KRR R WIFEfE R &, C, Y~ DO EL DB TH <
FLOKEEZ—» ool kDb, CEYPE
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hLEY
[
Cco,

C4 1t%%_

31 C, MY D —TRAL B FR U TAS

C, TV EBH O BB R 3R (RER) OfEE % PEPC 12 & - TERMIC TITYW, 23 CILEWEERT 5. XiZ,

—L- C; k& —

0 C A eFEL I

MEETSRII A L, 2 S CERLRF BT 2. C P OMERERESAEZBLICC WG R>TE D, TORIBI LD HEE
MO “RIERFRE RS %5, 351 CEYIE, Rubisco & % O TBRALEFZRE DG WEE RIFHICEALADTE Y, Zh

£ o TR DFEHE &2 ZIRANTHNEIS 2 & Ligpzh L7z,
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Ci 8 Co 1) L LT, RANEERIEES & <, B, 0, WERRICEL L LI RFBH 5. Lerl, £0O—J5T1lmol @ CO, &
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C, TEYIF KRG O AL R FBEBZE R LA TH 5, & %2 3200 FHEFTL» S 2500 TERNICHID TES LI EFEZ 6N TV,
—77, C VI EER 210 7 REHI 800 JT4ERT2> & 500 HERTOM EFZ 5N TH Y, ZOHERIFEM L KM%, B & UZIIcHS ks

DI & 2 HEFHIBOILARF I X 3 L SN Tn 5.

LTV AEBAWRE LD THAI EHEZONT VS,
Flz, TR TEELORITHYLL TGEfbT 2 2 &
BEEL»-7THBS. ZITRFO—HE LT, Tk
& NAD(P)H dehydrogenase (NDH) #E&HICEH LTz
EHDOWFREFN LI,
ERENDHESEORFEZY 7 /N7 7V 7O
NDH &R TH D EFEZONTWE., ¥ T /N7 T Y
7 O NDH &1, a0 R 1 IEERE
EERIICHRET 27200 T2 &, ZRLRBEOERENR >
TELTHREET 5720, FEHICEETHS. LoL,
Y7 /N7 T )7 OMBENILEDORERE & LA U EE

D% TEFKENDHEGHETEbN TS, ZOH
i, BEIH I B bR BB ERR R 2 S L
W, HERENDH EE&EROBEEENELEDbNI D TH
235, FDkD, AT ) LIS ko o
HD>H, ERENDHEAEEZE L T3 EEITRE
AR & RO A T hH B . HEIRESE CIERMA NDH
BEEB Kb D> A RHTSH 228, #Lri
ROEFEOGIWCERIHEIEE TS A S tFE2 o0
THBYH, b L bHEHMEEIIERA NDH EE5H % Ko
TwhiE, HEDOESEY T IERAE NDH G55 % FF
Teinolz 255 .
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—F, WET LMY O KF I, EHAE NDH #
HEEEBLTHWS. LrLZZesbfistsby, =V
DOREY)TIIIERAE NDH HEESEbNLTWS. 20
HELTHTH .

T, BEMHYOIERENDHESHRIZED L 5 %
BHEA STV BDTHSI M ?

INE TOWT L S, EEiFE NDH #HEH 1361y
R BB TIRERKICHRE T2 2 EBHLrE R >
TET. ZORKIE, ATP OAEE/MHREK & L T
BEL, LDDLUBER ML AKA E ATP 0BRSS
WEFICEEZREEZRLT0S.

BiRO LBy, C,EYMTIEC, ML bXEKICE
7% ATP OERMENE W20, TEFAE NDH #EEERD

ERIEWEEZLN. £ 2T, EFANDH&E
BROFAEREZ 4 BEO C, MY TR T AR, &
BRUCEREN 105 EBINL Twa 2 e e e
Tole. i, T OERITATP B3R M 255 il iz
(NAD-ME # O ZERME S & " NADP-ME # 0 #E4 R
BN B W TEE TH -7 (Takabayashi et al,
2005) .

o DFERIE, C, EWRELoBET, C, HID
FEREZ T 28R LFFIHT 22T, 2O
(LR BRI 2 R L L 2R L TWw 5,

B, C,HEYPOERICEL TId bR FIEE DK
TLOEOHBIZR > W, C, YN ERIIEE >
=D IFHFFHDOBITH 5 800 AR S 500 FFAEHTD
MThD, ZOBRICIE BILREBREIZZEL TV
72O ThHs. 2D, ZORRO C, YD B3O
HE LU TIREZRLIESE, BLU, 2RICHES IIKED
B GRHRoOBEA L EFROEME{ET) 2 ERNEIHRS
ntnws (E5).

ZZE TN L ST, HEROALDEREDEL LY
DEAIT TR NSHHEIEFA D B % .

HEREREDRE

HIBRBRBE S A I ML L2 5E, e D & > 2t
B T5DTHA5). £, FRFHBEREECED X
IRWEEEZ LD THE . SETORELZIRYIE
%L, HOBRBRES LOEAERIE, MOAHAMER Ut o dhiE
{bLT&T. BED, 25BOMBRRE % 2 2855
b, AUCHANEEICRETHSS. Lrl, Ak
BZLOEEE, EhBWfI» T, YO Cs
BIFEL Vo REANEE RS, LarLl, Y Otd
BR) DSEEICED X D CRNET 20k THIOHE L wikE

d, W 4

Th3. C,HEYZRTYH, COLIBBRBIZBEW TG,
WY &0 EFZEO». £z, B - FFlevwsHz =z
Db DOWEES> TOLDOP DR T LE2LERHZS5. &5
%, CO, IBE LR[BB LA LGS, T ED LS
RIGERZTLOTHSI0. S TOERE TCOWRE
X, CO, B LEHET 2 LHYORE R RES L L5EED
v, L, BREROMLHEAD S AL EMEBOT 5
BThH 52, CO, BEDEANEREEZMH T 2
Sabbb. BHAOSELENBED & S g xE R~
O FETHCEHE A TH R, Bilo, HBEREESIcEHE
EEREH S T BBIROKERIE, Z OO L S
e, PRI hTuiwn, Brlx, €7 VY EF]
FI U 72 550 2 Yo A R D HEAH 4 & SIBEIHHS 2 R 5 &[]
BRc, SREGAEDNICB W T, BELZEICED X 5 I0nE
T 500 EERNCHRE T 2 08D 5. ik, EYE
AL > THEREWGRETH 2 . HEROER 2
MANFEHS NS, ORI 5 B
ERINTHn5.
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KT, EH S TAEE & O pIEE > S HIEH O JL#H TR S M 2 AR 2 3 EER 2 6t i
To T RMEIRE, CO, 77 v 7 A CET 2 RPABHINIE B L KK EAEBREE 7 V5O —F %
W35, CnooifzEL T, FMERROEEPEEDOZNKA—MEEMO CO, LR
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RO EAEF ORI LB - & 2 e Iz D Wi, Y 0 4B AR BEE IS 0 & KA — T4
BT T NVHAEZED T CEBLETHEEDRMBRE LD,

Micrometeorological and ecological researches for elucidating
an atmosphere-forest dynamics interaction in Northern Japan

Motomu Toda', Toshihiko Hara?

Eddy covariance measurements have been conducted to monitor seasonal and annual variability in CO,
exchanges between the atmosphere and the cool-temperate deciduous forest ecosystems in Northern Japan since
2003. An analysis on dynamic changes in the forest has been made based on forest inventory data over a decade
since 1998.
forest to examine whether or not the model describes realistically forest dynamics and the atmosphere-forest CO,
exchange.

In recent years, an atmosphere-forest dynamics model has been developed and was applied to the

In this paper, we reported the observed and simulated results on forest dynamics and the atmosphere-
forest CO, exchange. From the report, we specified the importance of the effect of structural and physiological
changes in a forest stand on the atmosphere-forest CO, exchange and, therefore, an additional improvement of

the developed atmosphere-forest dynamics model through eco-physiological approaches to elucidate atmosphere-

27-34

biosphere interaction in the future.

1. XUHIC

TEICB T B EBARER &AL E DB CO, RHH
BT 2 BUAITE OMERIC X D |, HIER EokEx 7ok
ERRICBT B RBBINEDFLLEHNE=Y TES X
Ik olz. Flz, IheDT—F Ik RER
W2 & B CO, BINE TR Z1T S 72 OBEE 7 VBT
FIHENTWS., LrLahs, ZhETcihfgani:
EEORG—EEBREET T LVERWT, IPCCIT X 2%
FKDLEEALY F V) 7 b o B AR 2D CO, BN
EERHEHLLEERCINE, Iho0ET VBB S

1) dWEERFERFEE MBS R ETTSeR

2) JbigE KRR B EITFERT

! Graduate School of Environmental Science, Hokkaido
University

? Institute of Low Temperature Science, Hokkaido
University, Sapporo, Japan

CO, TN EHEEEICIZIEH IR E BENBEL T D
(Cramer et al., 2000; Friedlingstein et al., 2006) . Z®
FRO—D & LTHET LN TWE O, HHEBREICED
LERFERFEOR D TR W E 2T T IVOFTAR+4>
ThHhb S RFTHS (Purves and Pacala, 2008) .
—fRHEFHETNVICBW T, TONRICEELRIZT
HROFHREEE DS »COTFHILI S 2T, HLXO%
EESEAll 2 FRERAICE S Z & L2 B8, HIRRSME IS A A
FEITEEFMOBRICIAEEELZTENTLED
(&, 1995) . SO RT—BEE AR O E/E R O
Blizm g 7o mrse e D 2 ETik, fHEBRRE KK LD
CO, HIcBb 2 AN 2R BHE OMIL L HbbE T, 4
RIS 20 & BRI 2 WA O A A BEINE
SR L 7o RS —TEABIREE T AR EZED T 2 e
BETHS.

B AR IC BT 2R LD CO, RHLIZZ DEER
FE 2 FE S HHAEORGE PHEE D bicgE s s (Wirth
et al., 2009) . FHCFM TG (GEREE O FEE S
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FREE), 7=/ uv— (BE-FEOFHZL) S
BEOEHANEEDZEE - L2 EH), ([AROZZRIE K
7L R E 2 BEEES 2 OFIERN L LT o
% . WAENAOFEM A EER 2R L, HENZRK
—BEAERM O CO, RBOBERWAREBZ 21201
X, INSTEYIOEH A - ERREAREE R X OB
EPRREMAr — V&b CHYIGERT 2 L8
2, IS ORBEPEIBICEE Y T THR Y R —1E
LEIREE TV OHFIZHEYTNICI D AA TV 2 & HEEI
5.

BT, WIEHLEEBICE T 2 IbEEOREN L
BFMREXRE L TITON T & FHMAENEE & CO, KR
BT 2 HERFEO—HlERT. S 512, AR
RE L TUTb NI RA—HFMERRM D CO, ZHEIC
BMbaHEy Iav—ya rPROBRICOVWT R
7. R, ILABOBFMERRENGIC, 4 -
ERRFENBIS D 6 SBRORK—EIRAERER (FRcAimT
1%, FRAMRENRE) FHACERICBIE S 2 WHFEvE I D Vv T
5.

2. SUREFE

b ERFILFEVE 74—V REI¥E XY v 5 —
(FSC) - WEEMIFEMA OFME R RIC, FEIEIMTD
iz (GEMNE 3, 4 Z o)) . AR, EARMICKRE
HEIRICIET 2 b DDWEHEDORE L RE L ZIT 572D
I 2 AL T R BMEE T Icd D, Wi &
DOBEFIR L L THAETT 5N 5. 1999~2006 F D F
SER R B O R 130 Wm 2, AR 2.7°C, 4
BEKEIZ 1237 mm ThoTe. LFITIZ TR 7 KR
5 DIKIR TRZEE L LRSS E T 2/ Th 2. 2D
JEPEJE DS H A b2 L CREOKES 2 & AT,
RS R KEDOES 2459 5. 1999~2006 4
OFHFEERIL 2m, RAEZHEIZ 2.6 m, FHEEH
fix 209 H T, TFIESHR OBMAMER 2 BEE I A4 5
ns.

3. AEIRA

3.1 HMENRE (U1 BEaRE) #AE

1998 4EFk, FEEWFZEMRN I SRS (314 AR, 44°
20'N, 142°15°E, 550 m a.s.l., 20mx30m) 2#E S h
7o, FAEEHIZ, RONOEBAREKE (2L, B8
1.3mPAER) &xfic, M, TS (720, 1
~ QI 1), SR, AR TEETH . A
TIX 1979 4E12, MEAET L T2 K0 E&K B L U
RAEAE « DHEOBSE I LaMfTbhhl:. ZOANER»L
GLLAR, BRMREFT RGN HES, BIFETIX S 7 H oo
G & T BEEEILIERMERE (30 4£42) RS

B

Y=

G

T3 . 1998 £ & 2006 4 & T ORI BT 2 ek
BEREZ, 0.57m 225 0.36 m 2 1WA L, {EEO
B ERBOBAMER SR Sl £72, 1998
Fan 5 2006 FEDRIC, FEMFITED 257 7 o il
DEEZ 3% 5 78% L 7.
3.2 CO.73vUREtAl

200347 H, 20 m OMKRR - MiKH 7 7 v 7 ZBLH
87— EFROMS IR S 1, KRR OE -
K7Iv 27X, CO, 77y 7 ADEHEA, Fr2210
ERET2HIMRESBGB s (M) . B\Elly 7 —o
REFICE, chen7 Ty 7 ARFHEIT 27:018F
HEGEET (Solent R3, Gill Instruments, UK) & /KZES,
HEE - CO, BEZHR (LI-COR 7500, LI-COR, USA)
DBRE S NIz, 2o OFFER» o A#E, CO, BEL
R OFH 7T — 2 SRR 10 Hz TESh, Th
5 DIGEN S CO, 77 v 7 ADBEH ST (ZOHIE
FEz2EMHBEERE WD) . 7, ABHSY 7—Fic,
m [HRE THE A SIS &, KR, M,
CO, BE L Vo BB AT 2 & v — 2 RE
iz, #HITERICIE, HEEE S LEKSEERFEIT 5
BEERDE S T, AR & i 7o BN 1R
KE, BEELZE =S T AHBIREINL.

4. KK—EE£&REETIL (Multilayvered
Integrated Numerical model of
Surface physics Growing Plant
Interaction, MINoSGI)

4.1 MINOSGI| DHE
RE—HEEHEETNVIZ, MERY 7TV LR
By 7ETVO/EETNVTHS (Hara et al, 2001;
Watanabe et al., 2004) (B 2). ZRMEZENOYHEREE
ZRCih Y 5 L EMIEOMARETT VTR, FE I LI
M L2 28 - K, CO, ZHAEI YA E %= -V TEF
Hah, ThZc oW THERET 2 2 £ T, Hitkd

AR T Y
X1:#rgedRe oz
T v 7 ABHY T —

B4 b PRICARZ 2017
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BREBCBT K7 7y 7 ADRBELOND . E/-[
ETNADSIE, HENOYEEZBOHRESHLRIAD
MHELEDFHEINSG. —F, I TRY S HEEH)
Ry 7 & 70k, (ARSI S i EEREO LR B
X ORESEAEEE, B A X DS ORERIZ AL % Siab
I 594 AREEFREE TV CTH Y (Hara, 1984), HESR
V72TV CERHE SN ER ETO CO, Ziagk £ %
AT, BEARY A XDOIERRBRINENGEHI NS
Z DIEMR R RN TR CHRATRE S L7z HIREE
TEbsE, —EDEGTHIET 22 i s, R
FENEL 5 &, FMAREIIZEML, £E5%25KT 58
AREITIEN, Ky, B Lo EBEARAREER%
Do HmRVEHING . I OEEMFS
SRR HEERE L EOY A AEEOED, HRNER
BEREHERL TV ZEiZxd. 512 MINoSGI T
XD S KAAND CO, HIE A H IR S 138K 5
EVSEBRBEABD OHESNS. IhoD T uk A%k
BAEL THRMERREERICB T 2 CO, WINE (F 7213
HiE) nEHENns (FEL <X, Hara et al, 2001
Watanabe et al., 2004; Toda et al., 2007; Toda et al.,
2009) .
4.2 E&HE

MINOSGI Tid, FRMBEEIC I 2 B S 5 05
EFEEYy7ETAVLOBES LI 1 FREBETHES R
% . FHREOWIZEMEIC 3R E Y A B DS, Ak
Hiz:y OEE, ERTHEZEOBHRPLEL LS. %
7z, BERTFTET NP SIE, 1R L ICHRHEEEN
DYIHER LT 7 v 7 ADSMESMPET S, 20
i 1 MR O AT KRRE S - R =,
S, EUE, R, REKE) PUNEE SRS

. BRLEBE

5.1 FHMEnRE

BN KRG — AT 7V (MINoSGI) Tk, HA
FET—% 3121 »oBonAEREEE (o) ©
B LI UOBEY A XA HEOFE BT 5720
iZ, MINoSGLIZ& E N 2&>h DRMEL A S
¥, REAEBEERET 2HEETY. 20%, 20
AR % F v C MINoSGI 2 & B & iz E k5% E
EMRGNA FA = A EDMICR SN BER (BE (p) N4
A=A (B) BfR) %, BHlsn/ p-BBEIfR & HRL 72
FESE, MINoSGI X8l & M7z p-B BIfR %2 RIFICFHR
L7z (K 3). —fRICEFRECh D B—FEIC TV IREE T
FENTFHRICBO T, ZOEEEEE &k 1 4
<~ A DN —E DR 51 (Yoda et al., 1963),
MHEDOMEICIE—1/2 DMEE (7272 LA 7 —VERR)
BRZIoNSE. 20 p-BERZHARLER, o0
BEETHLY 70 ND p-BEMRIE, —1/2 OfE X
IDHRREOL KTV BDORSr-7 (F3(a).
—/T, T aryPAOE EEME) 23Tk
DCRIBEOBEFEEFANRSE L, —1/20MHES X0 bEL
otz (K3M). 2oL, BckoTHEZ % p-B
BAROMEAD A S Tz DIk, Fi[E—FER B & OERER
BT BB CED 2 EEBESECIBRTH S
tEZzohS . BEBETHZ Y r A DS b, HidE
BE T 2 KA, MEAEL D BB EEL T LR
MV EERENEL 05, ZOBE, £ET 2 EE
DEREEIZL D RELS OEELEINT L2720, 77
B VNEARDINA F = A IR ORFIZLIER & {55
Jo. —/T, EEEZ, @R LTHBRTCH IS 7
YNt OREBBES BT S RRICH S . Lz
BoT, EFL T EEOEREE /NS <, EEE
D% DIAFRIIFIEL 1z, 2 DFER, [EEESEOEE

ZEHEEMRRETI

WL (MBS B ET IV

#-7K-CO,
797X

A
B
T
CO,

nE

LA

(i,
KD
HWTKEE)

=

A —1&R - ZiEEOEFRER

—pENEE —HANEE |
x i
#4 s+ 5 :
& :
o 1
# B i
______ LA

2. RE—ELEFRET T VORI (Watanabe et al. (2004) >S5, —EHBENNE)
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1@ GEhman  RER
7 O.A:#BE
- 1 @A GHE ..
5 \1\ \
0 1 2
© %
= @ | (b) ERHE
S 1 B Eravsus /]
AN
0.1 TTTT] T T T
005 04 02 05
Tree density (m2)
1 T T || I [ I I T 1T
0.05 02 03 0.5

0.1
Tree density (p) (Mm2)

X3 : ERECERE p (B &M N1 4~ 2 B (e & o
Btk

(a) horgxthds L OMESRICHIG LTz p-B BAfR, (b) ¢
WIS L7z p-BBfRERS. %k, &7 —F BEMEER
kR

1

AT N4 A~ ABIMER R ooz, 2O X
5 E—MOHNTEE T % Eix 2 EYER O p-B %
DEAREPEERECH 2ERENRE LI-ERR Ex
L THE SN (Bazzaz and Harper, 1976) . % OHF
T LD p-BERIINRESRR 2 DD, KIFFT
BonrFssR e —8 L7z, Liedd-> T, BIAREARR
BN, MOk p-BERERE KT 2 ERE
LTEIWTWS ZERghoile.

5.2 CO.73wIR

2004~2008 FE L TD CO, 77 v 7 ADFEREH =X
LIZRT. TOT7 T 7 AT =6, HEOEFERIIIC
BHIZ CO, 7T v 7 AWMAIE T LIz Z £33 olz.
I, BECEOEENRS» 5 CO, BRI % EFHL
SELHERTHY, CO, BRED S HMAGE ST
WRZERRLTWS., EFEOHPICEHEARTE L Z—
20~—15 gmol m % FRE D CO, 7 7 v 7 AWK X
niz. 7, ERMoEEICE, SARDOREEE - JEFRE

X,

Ji

JFMAM J JASOND JFMAMJJASOND JIFMAMIIJASOND JFMAMIJIAS OND JFMAMIJASOND

BEE

3

TR & 20 & TR OMAEYREENC S 1IERFR
M e EbE T, LR S5 RAAD CO, it psk
SN, FIEREEIZIE 1~ 4 gumol m2s ! FEE D F[H
ZELTHRLEWCO, 77y 7 ANELFEI NIz, CO,
77w 7 ADEHEE AL L, FEMEL TEERD
6 HE 0o 8 HOHP AT TR OIEL kot (M
4). 20049 HER XD, CO, 77 v 27 ADETIER
S %D, 2005 FEDOBEEUED CO, 77 v 7 A
ERTEDERFIC N TRE L, HERIEHOE T 2R
L7z. L»L 2006 FELARE, EZFD CO, 7 7 v 7 AL
2004 FERFL D b & 5 12/h& <, 2 OfEANZ 2007~2008
FETEHWHEFEICR> Tz,

2004 F~2005 F£F TIZH SN2 CO, 7T v 7 ADHE
HIME & KR TEAEBEE 7 L 258 % i L7
(K5). REFTIZBWTIE, UTWET 7 —5 #RHik
BB T = OHERD PR E Uz, (DEEAKEE
B L UREAKA X2 O 5 RSO T — 58 2K, (2)
BEEHRE u* P u*<0.35ms 1 DOHBED T —F 2%,
HHDORKIDPROLEFESFM 2z S GEDT —5
BEBE, TRbb-5/T<E<LI6 (ZZTEIX, 6=—
(z—dy) /L, THY, z, dy BEUV L, BFhZThHIES
&, YumzZii, 8L 0bukhovE) TH3. %0k
R, CO, 77 v 7 ADFHHEEIC ZBRE L —F L Tw»
DML N—HT, = HLEWT—FBH5IEbs

Motz TOERIZOWTIREDE(6.1) THRY FIF 3.
% 72, MINoSGI 7> 5 2006 D IEMR A RE R X H#1 &

(NEE) OHEERTT- 72f5%, NEE=—224+32 gCm™?
year ! DFEREE:. — /T, BHl7T—2icE T

HBEbL 5N 7205% 0 FEMENEE X, NEE=—
181~—167gC m2year ' &2V, FE &N /z NEE &
BT —% » 5155 NEE & b #43, i/ NEE
ZEHMEi T 2R E ko Tz.

X 41 2004-2008 FEI2BF % CO, 7T v 7 A HAL: (umol m2s~) HHII A, eIz %2 %£3 .
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H5:C0, 77 v 7 ADOBHIE L FHEM & OB, FHEME
BIARG—EEFREE TV TE s NI EERT (2004-2005 4
OF—% Z2ER) . kB, &7 -3 1 EEEEZET.

B. HHEERORRRNBIETCHH TSRO
=E

6.1 BANKELDEENZTMD CO. WUNKEREC R IF
=&

200357 HE viflfffi s T &7 5y 7 ABHNZ,
2009 SERBAETTEHRZWZ /2. Z OB BRI
Bz 5 2004 FRQIZRBE B0 E R L %@l L7z .
COBRBROFECLY, BRNICHFET S 77 v 7 ABIHl
Wk oTc i, BEL 7 7 v 7 28l v —0f]
B, BEHEEICHE S SRl o —Rdhib 7 & OWE SR S
niz. BxoBHIV A NI, LI Ih e OFERBICKH
%2 kg, EERNSEE E TTbh T & 2. BHFET
DNTELEFHOBATEICL 2 &, ZOBEIEBH
WS OBAREEKZE TS I3 hhrole. —KH
T, BEIEFHBS I USRI L DIRE RIS, T O
FELT205FEOERIIAEET L. LrLiad
5, ZD2FEE, Thbb 2006 FIC B 5 EERIFZEE
PIRTEFREEICECHEEL, S5 IOFERRIE L LD
ICTED A BRABEARE DZAL S IER A RE R AR 2 B & &
%52k Eio7z (Toda et al, In preparation). 5-2 C
ALY, KE—fEAEEREE 7V (MINoSGI) 12 & %
2005 40 NEE Q&M EAE X BIE 7 — 2 i E Do w Tl E
SN/ NEE & D b &S5 E/NTFMT 2R E 2o,
MINoSGI iZ B 1F % 2004 4 9 HLAKE D LAl O FH5H T
X, BRI X AEFHORBOEEIFEREINTES
¥, BHETR S - Ak LAl OB 2HEIRTE T
W, F72, 200540 LAIIC D Ww T, MINoSGI 12
L2RAFOE—7HEZBHEL X< —HLTWw2HD
D, BEDY A I v 7 REMZEULEEHRIZOWT

DOFSEEIZR7PEV (Toda et al., submitted) . & Dip2E
23, NEE fH OB/ N 2B 72 mREEIE R E W e F 2
5hd. L7zdi-> T, MINoSGL izBWTHA»  ELic
L BEFHORBOFELZRT 5 2 £»3, /] NEE
WEDOTHEEH 2L S LDCLETHY, 55D
FEE L MEDSToNS.

—HT, BT —5 1cEO»THE Sz NEE OffE
X, TOHEEBRBETEERSNIHERICKELTWS 2
ELEREERTHL. HIzE, HEOIETLRSEHET CTF
SNTHIE T —F I oW Tix, SO 2R3 EEER
B (u*) ZIEIEME L U THIEETTS OB—RITH 5 (MU
%, wHHEkRET2). L LIEFEOWETIE, Z O
EOBESMEIZSRM 2RI P T 2MELE L BEZIT oM,
FRICHEME L PEERE 2 b DM T uw M2 L 7235
& @, NEE »—400 ¢C m2year '~100 gC m%year!
ODHFHTASLE{T 22 RLEEH LRI
(Miller et al,, 2004) . T D Z &%, HHEzPEEREES R
DEERORRZ R MRERANREAE L T 2 BT O AR
2 & 2 FRO R FBRINERRETHi 217 5 L TORE REE
MR E b Lty (Kutsch et al., 2008) . & 512,
SEOBAEBTHW N Y 4 T DOXRERLIEE « CO,
BEEEF P S CO, 77 v 7 ARBNT HECE,
B L TRIE SN T 2 8E WA » SFHEl I N 5iRE
BEEEHANT7 7y 7 AMIEETOLESDH S (2O
IE A% WPL filE (Webbetal, 1980) &3 5%). L»
U, EFEOWSE CITEHE RS T ORE T B A HE
AADOBEEEZKBRLTES Y, ZORED TS CO,
77y 7 AMENRIZTREIEHATE 2w e EHE NS
kowehnol. ZOREDOTNEHREL AN ZHHIE
## (Burba et al., 2006, 2008) 13RSI TIdH
2H, FHEOWIILHRI TIE 2 OREIE G E ORI T EL
SNBERICH S (72 L 21 Burba et al., 2008; Has-
lwanter et al., 2009). ZD X 32, BHEIT—5 » S 4E
I NEE Z#E 3 % L CTHRBRLFEN L S HFES
5. ZhThbis, AR L &b TRA—THAEIRE
ETVERFE, BLURBEEE TV 2RI 2D T
WL ZEIFEETHS.

2% & T, JLEENTTO I T 2 REE R
HNo7 Iy 2y —EBAITHEON:, SFRMERRIC
BB 4MH NEE &, BB CEL ORBREMIC L -
THRELEL B, 1 280~—70 gCm2year! IZ
H o7z (Nakai et al,, 2003; Hirata et al., 2008) . 7z,
F CHREEERNCAIE L, BN & ERIL 7 RIS s
Hr2AETIREHERTORTERREIC L IE, £
NEE iZ—210gCm?year ' £ WO FERBR I N T2
(Golden et al., 1996) . Bonan (2008) 1%, #igho5%E
HETCIRIZREROBEBARBRTITbI I 2hE TORE
Moer DLy, BEFTID 5 249/ NEE 2#E
L7z, ZDfER, BROFHI A M1 EENEKREFT
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D 4[5 NEE #1613 3 & % —200+100 gC m2year
THoHERLE. AROBIEE 7V TH S N7z R
NEE Of#ix Bonan (2008) 12 & 2 RfED O#HPHNTIX
Hotd, BIZRL LI ICHR» B FNICHES E
EOBRBEIGEIC L > TEBNEE KRS {ETS. L
72235 T, NEE OFfHiZ t, 22tz BfET 7 V%
LTI VIEEBCTFHL T BTk, HBETET VNI
BU A RBIROBENLRLCHERL, £/-2hs
2R AL DBREEIGEIC O W T O L D —[EOBEEH N
HThAS.
6.2 BWARDIRANL ABFHEEBOEENFMICTIFT
Fekrnc, b E SR KRR —EYEHEER O
Bl U 72 Wi5e 2 e T BT, KR, #28, OB
BE X\ o 7o BREE BN A O £ B AR REAA IS 2 R L
TRZ AR DEL - /K - PBEATHATIE 3528 % 3
FTARLERDS . ZOFECHEES LTGRO
BRI OV T OHEEN AR TH S . — iz, Lk
OFIE, BOZEENMEL, OB TH S v 5
ThHrH, 50OL I3 ZOEIBEBOBINIZE > T
mv, BE, ZOFEOMIRCHIT RS 72, 1Y
RN RO SED SO OH S (JE, 2008) .
INETIITONTE TV ARIER, B, ok
B 3 2 BIARINE O EBRIHZE 2 S LAT O 2 & 2343
Mo TE Tz, BIRIEE - 2R, b5 —EM Lo
HEE IS5 3hb L, ENTOCO, 2HBEYICEK
TRERIGEOEEBET (HIVE YA 7 VOREE
1) 2. 2O, FETHRIL 72 KBS 2L F =050
FNCIEPICER B 720, TEHRENFAE L OUHE 2210
LR B(Thbb, KA NV AR2ZTB). Edp
SIIRIZIEA bV ADEEREICZ IR T L, BRI
NTCIE B P ICHIEENE L %% (], 2008). 7z, Hlo
BIARZ W EBRITZE T, BIAEESES « BIEERN
IE L WER « BEREEHT IS o an8E, BRIZE
TExREAET 22— TRERERERTI®L 2 E8bro
Tw?% (Takahashi et al, 2001). 24k, REDD
DEFHEIED—D & LTSS, s OEBRINF
FRZ X 2HIRIZE DV, ILAMRORIIEEIEIC D W TH
BLIBEZ, ROZEPBEEINDE. T2bb, M
HHOWET, BAOREHECES LIzRIE, KX
MU ZEETE 2RI T CTEBTTE, ZOFREE, YK
3h 2 —EDHRERBEICE THRETE S 2 A[REMNE
W, ZO—HT, ZOEBTTREEALHIES 2 £TD
M, BEEOEREIFRES N2 fEEbEY. bdoes
D, BARZT APV AOBREEIBEYA X ET
BB EEZ OB THS. £z, SIROLELERE
KIFBARDEFHERIHKTET 208, BAOHIEIL, MK
B, BERGE, AJTHFRIHIR GEAPD ik SRR il
BEESNTEY BHE-HF, 2008), BIAROMILERE
OO FIZZNEHEPWIFEREE 2 28 L WIET Y

B

Y=

G

Ho. 2Dz, MIBREDOHEY FWiF, HET 5%
e KRG — AT T VO T Ex > T b D0H
KThz. DUEDOZE»s, SHOILFERICBT 5 KA
—pES A RE R O AERA OB 2D T < BT,
HA P VAERHFETEBIT 2BAREROTHEIE Z D45 -
EREEINIRE %/ LT CO, TR~ D BT, <
SITFALTTM OB ER OFANEETH Y, BEET
VEROTINS OFFRFHIGE 2T ETix, A
VAR 72TV ORISR SN G .

1. £&&H

AF T, dL¥EE % & TR o & IR O [L#iPH T
Fo 0 2 R 20 FEERIMR 2 1 AT - 72 /BN,
CO, 7 7 v 7 AT 2 RIFBLHITISE B L U RK—HE
EFREE T AIRO—BIEBN L. SkiE, FEIL
5 SfREZEALR KRS CO, BEZL, ABBEENCHES -
MR AZ b & OBRBEZALIL TR O KK —FHRAREIRER
DI ANF — « YEREPLRROWEFRICED L S
BEERRIZL S 50, ZOETHE BIEZ 15 R
HED T LEDN D % . ITFOWREAI B L 7o fif 5
Bt g, FEkodtiiEuC BT 2 i RS It
Bl CRE 2 LRMERL TR, — AT, KK
BOEBEAIC OV TIRE FLBITA S A FhAE SR
5 E5ThHs (IPCC,2007). BEA-TESE, sowizdbh
B OKEER 2B U 2 L OB - BfREEZ S0 7
TERDATEERAE IR EHEMDO = A F— - WER
i, EREROVEMEERICEEL, -2 OREOEE
MR X VR 2 ERTTH S S5 . E b O
B AERER Z N RIC I N E TITh LT E 2O D5
BN L, L OH ESIR ORI & B EHIR O #E/]N
WS A O g OV EIERZEID, CO,
77 v 7 ADFEHEN, ERXEMCKE R RITL
7z (Bz1X, Goulden et al., 1998; Black et al., 2000;
Aurela et al, 2004) . 2D X 5 2WHER (SHER)
DOZALD A FTO T AV F — « YE AR K
E R 5 LRI, BRIBEEENCN T 5 REEiE
EOBREINE (WWER) %2 hF Tiih s/ EBf
FOHRICEDE, MYJICHEET VIR AL I L
2, FERORK— B AERRM O AERATIR 2 ER S
TV ETEEZRSA Mk EEBbns. L
Mo T, EE - BHIFE L O L D EELEER & Lz,
g 2 R —HAEBET 7 VHERBE RIS .

u

B

ARG XN CRUEL & M BPAMBLIFESE 13, 21 fiHD COE
(0% ¢ MhHIT B (LB E R A HIBR BRI ER)) |,
W [ A4 REhER S D P2 O Tl & B ) 12 & 5 508%
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D, &E#HAEITo7z Pasi Kolari i+ (Department of
Forest Sciences, University of Helsinki), & REH
WCBb-o I RERE L (s KA EER T AT
K- MEEERBAKIK[RISEE), FHRKEBE L
(International Arctic research Center, University of
Alaska) , FRAEIRESRA 2B D - 7o db¥EE RFRERNF
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2010 | B 14 H& 1+, 2010 2 § 5 B2

WP EFE LR T 24 Y PV b2 TARYD, KEALFIEREY:, EERE, B X O
AHZALLZDONTHRNS . £z, HAD I ) 7 BEOELER & [LEEBS, 4V 7V VU RitE, €/ 7
TR, RIS > A BIER R 2 BN T 5 .

Isoprene and Monoterpene emissions from plants

Akira Tani!

Plants produce and emit isoprene and monoterpenes.

Their role in the atmosphere, metabolic pathway

inside the leaves and emission mechanisms on the leaves are described. Quercus spp. is the most common genus
in Japan and our study has shown that they are categorized into three groups, i.e. isoprene emitting species,

monoterpene emitting species and non-emitting species.

. KSR TOTILRVEOEEH

TEPEA Y TV RE ) TR R EDT VR
EET L. TAXVEE, Y oI h 2 ERENE
¥t&% (Biogenic Volatile Organic Compound, AT
BVOC &£93%) OFRSTHSL. HMLSDT VR UHH
L, EOERTHREICRZ Wi A4 XA —Y & hi
WH, ABRIEDIER ¥ >R RIAE (NMHC) HEH
B2LOHZWERED S5 (IPCC, 2001).

TURVEIRATTAHY Y RE Ry 90k
RIGHESD TEL, ERaFy IV AN ED—HDK
G2 & - TR %4 YV >R (Daum et al., 2000) 12
bbb, B TNANRVEIIA YV VY EDORIGTE S VT
VT E RREIEL, NTRYE (=7uY)V) Of
BZB95 9 % (Yokouchi and Ambe, 1985) . & Tl
AV TV UBREHRT2-AF VT bur—NE EDRY
F =B, ZREHET7 T YL (SOA) &AERK
3 B A[REM (Claeys et al., 2004 ; &€, 2008) 4 V7
VYOBLERRTTE R X F VT VA F— L EOK
GF N NVR =V SOA R IC D e o $H G 3 2 FEE
. (Matsunaga et al., 2005) 2S¥Rer S 41, IS Eh;
DERKICES T 5 LHEES NIz,

Flz, BMROREBIE 2esd B8, Fidkr S DFHE

1) iR SR BB SRR
! Institute for Environmental Sciences, University of
Shizuoka, Shizuoka 422-8526, Japan

RFOFTHHE S 3 KFEENET 2 LEESTER S
BHTWS . HlziE, Geronetal (2002) ZaX¥ VA
D BRI THHE & 13 BVOC 234 B8R B 2 #
B (NEE) ® 10%TH % L RFEL >72. £72, Guenther
(2002) IFHBER E R BVOC & % KFIE T 1.2
PoC L REE Y 572, i 13 BVOC 23R GH THRi&
I LR BICHREIND Z L 2FE/T 5 L, /Mo
REZHIE % CO, DA TFMT 2 2 L 1F, HFMOKE
WX EES) % W KEHI & 2 a2 D e o T E T
fifs, €/ 7TARVEOL L, ThThELR 2RE
DEEEEL, BIROFEV DR S, %YV, AF, t
¥, PUEREBARSEICEYRELLZDIE, N5
BARIZEEINZE ) FTARVEDORE L Z ORISR
21:0TH5. RILFZAATHEHSINDDO D 5 HIME
EBEOHMEETIE, ZOFVICLBY) T v 7 AR
BT 22BN KRENL. E TRV REDRER
RBICR 29 o BEc» T CERT 50 (K1), &
IR X 1 DOFROBORDE D MEOWG| & I THEIT
H5.

2. TILRVEDESHK

IS TR VBEIFEYMEAN TARE S 1L ZRAH
METHE. AV 7V ORIBEMEIZY AF VT IV
) v (DMAPP), €/ FA_RYOEFNIZT T =V
V% (GPP) TH%. GPP i DMAPP &4 VYRV T =)V
Z) U (IPP) o5& E S (K2). DMAPP & IPP
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R1:7h~VYHEMRANOBRE ) TUVRVBEEOEESAm
(2001 4 8 HicHlE) (&S, 2007 X b k%)

TILR YRR
Cytosol Plastid (B%tk
(MRFEETR)
FYELT NTEFR-3-Y28(GIP)
Tﬁf“ EAELR
+ sy
iﬂn:;ﬂ L 1ALy = H
SAFNTIYN=Y ¢ / Eﬂ
(DMAPP) g o IPP & DMAPP
AYRST= NV (PP) '
4 =NV 8 (GPP)
FEALNY R (FPP) +
t \_ [ [wme |
BRETAAY

X2 : 7 EORBHRE

DEFEICIT, B2 2BENE ZEPMonNTn 5,
1 DIEYIIEN OB AL &% (Plastid) N TYE
WVEVEEE ) VT VT e R-3-U VB (G3P) ZIh5S
&9 3 RIBREE T MEP R L FpiXh 5 . i, ke
EEE (Cytosol) N THEEEDIEMALIATH 2 7 £ F L4
B A (T2 TV CoA) RIGH ELTA NG YRR T
DMAPP & IPP 84 FE S LA T, A0 VR
EIEENG . AV TV EE TNARYOEFEIZT T
MREETITbR D, IWEEXEE CEESI L
DMAPP & IPP b A fx s nflishs. 1V
TV BRI (35°C) Do AEERE b IS, T
TN D 150°CRL T H 2 72 o — A AEY)
ORI ICE Z 5N d . 72120, FHERETRE
Bt 15 D AF 7N~ iE, DMAPP & IPP » 5 45
SNlz7 7 VvA ¥ V) v (FPP) %HIERYIE & LT
MR ChESNS.

5

3. M

WY»e DAY 7y rRHIdER E HEIWE, £/ 7
WRURHBIZIERICIRIET 5 2 £ 98, %< O TIRE
SNTE. TORBEEREA Y SV U HEWIEE/
TRy O & BRI 52X 1%, Guenther et al.
(1993) iz k> TRES N, GI3ETNEMENS. Zh
T, ZL OFBPID Z OBMRRICEK Y T 5 2 LGS
NTEz.

AV 7V URHEEE X GI3ET LV E2HWTTFRT
#F&N 3 (Guenther et al.,, 1993) .

E=eX(C.XCr

Z 2T, el HER B RH R B (B HE S5 14 30°C, 1000
umolm~2s! TORHER), Co & Cr TR LR T
H5. ColiFRODAWC - TEHEENS.
C,= aCuiL
J1+2L7

22T, @ (0.0027) & Cu (1.066) IXAEERBRETD
D, LIBEEGHEMNETFHREE (PPFD) Th5.
g7z, Cri3RDODAC L > TEEENS.

exb{Cn( T— TM)/(RTST>}
1+ exp{Cro T— Ts)/(RTsT)}

Z 2T, Cr (95000 JmolY), Cr (230000 J mol-Y),
T (BU4K) FIRRERM 2258 ThH Y, TK) 3R, Ts
IAZHESSAF T OEEE (303K) , R IFEMAES(8.314 JK!
mol™) ThH5.

T4 —WVETEFy o NN—FEE2HWRES, 10ky
b RAE R 2 R (e 2R S X U PPFD) THI
ET 5. BHNC CoXCr, fitic EZ LD, ZDMEE
Noe KD D HEP—RTHSE. M3IcA4 Y TV
WHERETH 2 IV~ y DAY 7V i E O FEHIE &
ETNVICEDHEEEZRT. bbb EERBHEE
DHEEREFAED TR/ 72 % KO EERD TR0, EHl
EeEHEMIPILENL LS KL TWw3. LarL,
PPFD 1000 gmolm=2s™* TH K 30%DZE= VR 51 5.
L»L, ZOBEOAR—HIZ DEETRS N, AU
ETHEICID, HI2VWIZFCETHEHIC LD L—
HOEEIZERLS . e 2AVTHh3HEOKREERE 2 A
bAGE, COMEREUHERERYIHRT S 2 LW
HThD.

HeEMEDFRE L KX S B2 28581, T VICER
ELTHEDLNRTWBE NI X—F %, ZOMEIIHS &5
PE LR BT LEND S . Okuetal (2008) 1%, s
FOHEBWIIHET 2 1N\v 4 X ETTEF NV E2EEL
L, JEREDORBUCEIL T ER LU E & K& Bk
PR LTz,

s, €7 7R OBHEIF 150°CAETH D, HY
N TIEAREBSDBIAEORETHFET 208, —EBIEEK

Cr
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_=16.2nmol m %!
]
8
)
e 28/July
_=10.3 nmol m %
g L]
[
e 02/August

F3: 4V Vv TH2 IYSIDA4 Y 7V R
EOFEAE TV & 2HEEME (& - RA, 2005)
O HEE, @ : HEEM

&L MR RAUEOSHHICHFIET 5 . RELE <
BHERGENELY, ZTORBEMEE EZ S, £
TR DT T VY Guenther et al. (1993) 12X D
EINTBY, TATRINS.

E=Esexp{8(T—Ts)}

22T, ERIERETCO) BT 2 MHEE, 838
E, s ZEMEEE Ts (30°C) 2B 2 HEHE TH
3. BIEYE TR -0, FOHEEHT 2DNHE
ZLW. MUOHERNEE LS &

logE=R(T—Ts)+logEs

LA A, THARYRKENLSDE ) TRV
WECRE EOBFE R T, BENIER Y & ERERE
(30°C) %BlWwicb DT EAFO T—Ts, fithte /7
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ar 7z Q. servata Prinus 27.8+10.8

N a4 Q. mongolica var crispula Prinus 27.3£11.2

Ve Q. dentata Prinus 30.0£13.0

FIHYT Q. aliena Prinus 18.3£ 9.7
7 X¥ Q. acutissima Cerris 0
TNRYF Q. variabilis Cerris 0
T Q. acuta Cyclobalanopsis 0
Va4 Q. glauca Cyclobalanopsis 0
vovangy Q. salicina Cyclobalanopsis 0
DA 4 Q. myrsinacfolia Cyclobalanopsis 0
WV INII Y Q. sessilifolia Cyclobalanopsis 0

TINRAH Y Q. phillyraeoides Cerris or ilex 1~20*

Unit: nmol m™2 s7!

*ON Ry OB E T HIRE SR E WD T,

B/MED SIRAEE TERLTZ.

Tani and Kawawata (2008), Okumura et al. (2008)% & & IZERK.

VAR SERHEEE 2 RS 2 C E X RABETH B . R
W77 % EIRB Y~V VT, JBEAL TR
HHEZE D BT 2550 % . 2+ JEIcEL T,
RO XS 3BOMHE (1Y v o mtifE, €/
TRV, TR b0, aF 7BEANDMRE
BED Y1, 2ot coSBEOHEMAeE, S
RHEEOFERE 2R T SRR ERD 2 BB b
5. hEZ Y, SFMicEE T RPETERE L0
BVOC i 77— % D% < KRBT 2 HEK TIX, 2 0¥
FBEFEFNIEEINI R0,

b, BDHDOIC

TR A Y L VRE ) T ARy E LTRERRET
528, NARTHEE LREZEZFERET 2 £ v H
T “bolcnw FETHL. LEHEWNA Y LR
T/ TNRBEELUBRET 201200, EHRvR
BRA b VRS 2 ORI A 1 = X ALY O 1F
WEEWE TH 25 L WHBEE TOMRALZT TIX, i
RICEFATE v, SEROVIRERIRF N5 .

Flo, [EFEMNEESIL TR, UTDO XS ki z

-

bix

X5 HREFED D N A S v HAS

Ez27:{7%5.

A Y TV T T AR E2RHEL, K&EH
TORGEMAL TR TFR2ERS Y, ZROBHH
PERLTWS . %7, FEho kBRI EPARNSE, B
Bcfi#, BiRT 2 K0T E2REAEHEL Tn s . Y
X, BRROKERZI b —V T35 L5 T VU
ERHIT 5]

INE, WEESL—EHNEDDORGTTHY, DX
D% L RHZCRELEYSE LR 212 b i
W, F 7z, TARVERE KRBT 2 EESR S T
WEHIENSEZTH, ZORKOEBEEEZZ LY. D
Hir o, HRCBW T ETEROEY» o it s n s
FNRVEARF YV VERICY s TEET R S,
RERACF RIS o 12356 O EEER” bEEL,
R EY TR 23BN TH 72D
HATH-1NT 5.

Xk

Claeys, M., Graham, B., Vas, G., Wang, W., Vermeylen, R,
Pashynska, V., Cafmeyer, J., Guyon, P., Andreae, M., O.,

E RO OEBICER T 2 RO Y S AS Y, &l (S 1000 m) HLCEHES 2HEO Y X7



&) H> 5 D VOC DR 39

Artaxo, P. and Maenhaut, W. (2004) Formation of secon-
dary organic aerosols through photooxidation of iso-
prene, Science 303, 1173-1176.

Daum, P. H., Kleinman, L.I., Nunnermacker, L. J., Nun-
nermacker, L. J., Lee, Y. N., Springston, S. R., Newman,
L., Weinstein-Lloyd, J., Valente, R. J., Imhoff, R. E., Tan-
ner, R. L. and Meagher, J. F. (2000) Analysis of O, forma-
tion during a stagnation episode in central Tennessee in
summer 1995, /. Geophys. Res., 105(D7), 9107-9119.

Geron, C., Guenther, A., Greenberg, J., Loescher, W. H.,
Clark, D. and Baker, B. (2002) Biogenic volatile organic
compound emissions from a lowland tropical wet forest
in Costa Rica, Atmos. Environ. 36, 3793-3802.

Guenther, A. (2002) The contribution of reactive carbon
emissions from vegetation to the carbon balance of
terrestrial ecosystems, Chemosphere 49, 837-844.

Guenther, A., Zimmerman, P. R. and Harley, P. C. (1993)
Isoprene and monoterpene emission rate variability:
model evaluations and sensitivity analysis, J. Geophys.
Res. 98(D7), 12609-12617.

IPCC (2001) Atmospheric chemistry and green house gases,
In IPCC third assessment report - climate change 2001:
The Scientific Basis, IPCC, Geneva, pp.238-287.

Matsunaga, S. N., Wiedinmyer, C., Guenther, A. B., Orlan-
do, J.J., Karl, T., Toohey, D. W., Greenberg, J. P. and
Kajii, Y. (2005) Isoprene oxidation products are a signifi-

cant atmospheric aerosol component, Atmos. Chem.
Phys. Discuss. 5, 11143-11156.

BRI &, & R, RO, DR, SAREBQ7) [7
Y HRMANDOE TNV YEESA], Eco-
Engineering 19, 39-48.

Oku, H., Fukuta, M., Iwasaki, H., Tambunan, P. and Baba,
S. (2008) Modification of the isoprene emission model
(93 for tropical tree Ficus virgata, Atmos. Environ. 42,
8747-8754.

Okumura, M., Tani, A., Tohno,S. and Shimomachi, A.
(2008) Light-dependent monoterpene emissions from an
oak species native to Asia, Environ. Control Biol. 46,
257-265.

o FE(2008) [Z XKL FDHER 1 A4 Y 7 v rBbicBEd 3
BIEOWISE |, =7 a VILRigE 23, 172-180.

Staudt, M. and Seufert, G.. (1995) Light-dependent emission
of monoterpenes by holm oak (Quercus ilex L.), Natur-
wissenschaften 82, 89-92.

a& %, (KAFEEMR(2005) [HEEELNHEENIYIDA Y
TV UTRINC B XTI R, KRR 61, 113-122.

Tani, A. and Kawawata, Y. (2008) Isoprene emission from
native deciduous Quercus spp. in Japan, Atmos. Environ.
42, 4540-4550.

Yokouchi, Y. and Ambe, Y. (1985) Aerosols formed from
the chemical reaction of monoterpenes and ozone,
Atmos. Environ. 19, 1271-1276.



1. ARDER

1960 X, MY HEFEHEEREEY BT X,

EEERIE 68 (2010) 41-44

SN FEEVEREREEHIESM(BVOC)D
MU EFFE

V7 N

2009 F |1 B 30 H={¥, 2010 F 2 B 4 A1

IHEOBFEIC X 0, EYRFEERYEREEY) (Biogenic Volatile Organic Compound, BVOC)
DI TOBHHEIZ, ANBEEO VOCIZHRTI0EH S w2 Enagnh, BVOC 13 % OitHED
RES, RIGHEOEI NS, RGMIFANCERELFEL L TEHIN TS, —H T, maFED
BVOC 34 EOWREEME» S, HEVHENEATI khrol. T I TAWRTE, BHTE
BVOC ZM&R E LTeHROMEZBEFEL, ChEAWRBHEIZIT 7. ZORE, 72V 7 O
WHET 293 Cs BEVCe ODHBETIEDYEZRKELCRKRANREL TWwb 2 e, HROA ¥
5 Cis DBVOC THELAFTURYPBREBIZHMEBINTWE ZEA2FIOTREBL.

Characteristics on the emission of high molecular weight biogenic volatile
organic compound (BVOC)

Sou Matsunaga'®

Recent studies have revealed that the emission rate of biogenic volatile organic compound (BVOC) is factor
of ten larger than that of anthropogenic VOC emission. The BVOCs are currently known to have an important
role on the atmospheric science due to their high reactivity. However, there are quite a few studies on less
volatile and high molecular weight BVOC because of difficulty on the analysis. We developed a new analytical
technique and applied it for field experiments. As a result, we found that two salicylic esters; which are
commonly used for sunscreen, are emitted from desert plants in a significant rates and that a sesquiterpene (C;s
BVOC) is abundantly emitted from sugi (Cryptomeria japonica) which is dominant tree species in Japan.

WO TRIGERE L, RATTHEL L Ic@Eibans

O, REILFICEZ 2HEPRENI LS, TRk

BVOC 129 2% < Ot ED o iz, it 20 T

VOC) 2L TWw5 Z LD TRWIZE 7z (Went,
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TEIFIRALKFZTH B Z e potz. 2ns D VOC
B, EMEIBETH B 2 £ 5K Biogenic VOC
(BVOC) tidfrainsd. iFEOWE» S, ZOMBE
i, ABEFROVOC LY BRI KENI LD
otz (K1), BVOCkix, 1 VY7 vy (CHy), €/
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D AT DOMIZ, 2-Methyl-3-buten-2-0l ° X ¥ / —
VWS 7 NVva—VELH Y, Fikkg & VOC H3E
Yo SN Twb ZEeEnghoTE72. BVOC i

1) MEEAGHEEEE >y — HEHE - BREWSE
=y
1 JATOP Department, Japan Petroleum Energy Center,
Tokyo, Japan
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D4V TV ORBER, £ERTH 500 Tgyr' Th 3
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(Guenther et al., 2006) .
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BVOC O MBRIC L >T, IV KRERSFE, LY
BOEKREEROEEYEELCL7:0THL. Fiz, 4
TEOKE%R BVOC X, TOHTHIZ, £DEL DKk
HEF, 0% C=C EHE2HE LY, ESF
=D BVOC IZHART, AV iz LTd OH 7 ¥4 v
XL Th, BEBICKIGESE . I KR FmIE
BREELLZWVW DOLHL. Thbb, R&AbFIKEZ
BEPRKEVWET 2P0 TRL, EYEE7 Y
NOERICEE L BRE 2E > T A AN H % 1)
ZEWRS.

—F, Thi2PdeerEsd, H§5TFED BVOC I
&, BB RN ER 2R > Tw 2 b 003% < &
3. 2O LEME»S, HOoTEBVOC I ICHERL TH
JerdEd 5 2 T, BVOCHFEDRTH R ETH 5,
[ME?13 72 ¥ BVOC ZED, BT 2002 ] EwnwH5E
RIDE Z WD) BATEEMEDS B 2 DTl EHARF L
T3,

2. IEMHSREENDIEAFTTIVRY LA
(FIEHME

BOFEBVOCE, ThET—HMICHWSNLTE

72 BEFERE — BVBUE T & 2 IRHE « TR T lE DS PR
ThdicdH, CAFTNVVE (GFE204) LEDSF
BEE2FOBVOC OIfFRIE, HEVHEATIKPoD
DERTH 2. Friz, EBEOXAFTARVE (5T

H220) DLETix, BEAEWERIDRPST. 22T
Fhix, BVOC Z [t (BoE#) (BRI L, Chzw

M LB SCRELI LT, ¥ RA7u~v T T
7 —BEEAMTE (B2 VIFKERRA & MREBER) TH
g2 REERAEL, ZNEEBROBATH,, HA®
7 A F O 5 O BVOC MHHEIE 217> 7 (K3).
FORER, HLDXAF TRV, GBELAFT L
~UHESMEYI S ENTE D, FolHEES, HE
X, YOS, BEICL > TRELERZbDD, K
ELT, B TR HHICERT 51X EOKRE Bt
PEOBELH B NS, o7 (Matsunaga et al,
2009). 7 AV A DANTINENWEICHET 2HEY
MmE, EAFTAURVELY L RESTRT, »DOH
BET IEDBIREFED 2 EEOY ) FNVERT R T VS
ENTVEZERYIDTHER L. 2oy ) FUEE
T A 7 Vi, 2-Ethylhexyl salicylate (%> 7 o —2A
WMO) & 3,3,5-Trimethylcyclohexyl salicylate (&<
Yr—1b) THY, MROHBETIED 7 ) —212 b A
S5NTW2 UVIRIE CTHZ (K4 cfEzERLR).
BZ o VP EOHZE L 5 5 %252 72 O IR
WZEES Tz 2 s OWERE WEIRIC X > THEF L /2
iR ehizbneEbhd. ZOZEers, Zh
5 HEETIEOWE OB EE X, VR X > TR
FoTWws EREL, BVOCHHEDOHER & L T—
BN HWSNT WS G 93 £V (Guenther et al,

1B (Heysep QI3

ARGNI NG STT
5BEL. il

X3 1 AWHE TR T2 TR OB

o] [
cogeplon
U =EN REHL— b
41 KHFEIC &0, DS OMEBIO THR I NIZH

BET 1L oYA



=5 F & BVOC O 43

1993) DEEREOR (TO1R) 2V TENFDE
Az s 02 BT IEDWEORE R Z#HE L (8=
0.17 £ L7z. Helmig et al., 2006) .

E=E - T (1)

E, E, B, TBXUTs1Z, #2h*h, E:EHK
i, Es: EpEkhE (BHELMET 30°CTOmtE) ,
B YR EN BENCEIVBL I ENTE
%), T:RHUEEB XU T EEER T b b 30°C
Ths. COHBETILOYEOKRHIEE, A K
FY 50, HBICX > Tk, Zhs HETIEDYED
R ED, 2 BVOC HBEDFF I bET 5 2 &35
o7z (K5, Matsunaga et al., 2008) .

s bEWR, STFRERBZERER, 250, 262 &
GBMBELAFT ANV IDBESIIKE L, HTFHNICHE
OB WKBE L ATV ESERR > TWwWA I Eh s,
HLIEMEL, REWCHH SN2 LEHEL T 7Y
WD TWI ENTPRENS. £z, ZThoDaEE
B [ERRIC, —#i7% BVOC & D b 278 D @ik
TI7uYNEIRbEFEZO6NS. LichoT, b
DOHBET IEOWEE, EVRIEO =7 v Y )VAERKIZ Tz
LT, HULLRERFBELER> T A AREMENE V.

3. BERAFFILAR Y DMEZE

YAFTNRATDNT D, FHO D 5 BH»EHE &
Nz, HEEHEERET GURAKEHERARH) DX F»
SKREWCHEEIN TV 22 AFTFURVED—D, Far-
nesene 2%, HIRFEHEZER FUNKFEEREEK) OR ¥
DO IEFEI MBI TWiEhotz, HER, AAICFHE
BEBPEZ B, 2GERDBZ W0, BHEEFELRY X
WiV, HECBY 2 RQToERBARE X, Jul
TR X IE I AL E 3 2 HIREEE I N 2 &

FECE L, $IBERLBZ o BEETHL. 25
novagam:on.} ‘ e . ’L
<2% i : p
2-6% Pe
6-12% : e
. {Clark County,

::';:: . &I\Ie\.'acl'e:-,lI

- B

. TR ﬁrig?g

 San Bernardino County,

- _Ca!ifoynia

K5: T3y yayETF VLo THES N, KET AR
WEREIC BT 5 HEED 1EDYE OL BVOC i &1 3
% HEE.

L7 ZH B LYgES, HEEROMEENL, EmcL -
TANVRERDZEDRHIOENT WS, —7, Far-
nesene |, BREEAX M VA RZITIEYLHRET S &
THIGNTWE, ZheDZ s, AFIMSNDOER
B2 h L 212 & o T Farnesene & \» 9 JE5 12 K G H
ml, Fo, 7Y NVERIEED K& e e KR
T 2AREM S D 2 LS e TE S (K6,
KIZPRFERT —5).

B 7 13 HSEET 2009 4E 8 HIciTb - BHEl O R 2R
LTWw3., ZoeE, flERe L7 2 fEOm 5 »
5, ZIZEFEE OB H R T Farnesene O R & 1
7z. Z O Farnesene DM IC DWW T, REMREZRE
L, FEe(O)XZHWEZ 7oy b2 Lz OBK T TH
%. ZD XSz, Farnesene DWHHH 2 & 1%, —fi%
W SN TS G 93 T IIVORE (FER) KEDOR
W&o T, EEETRTE ZHEESE Y (7).

LaLERs, mgidhod L 512, Z 0 Farnesene D i
HolEEE, BROEFALTCEFHARAETHY, |
B O(EER) DSOER, $hbb, AMNVAREDRE
PRI & > THEE SN T 2 AREMEDSE W . Jibko X 5
IZ Farnesene (31 CTRKGHASE L, =7 a Vvl
DT ers, RAEFICGZ 2EENREVLE

A ¥ S DFameseneHICIZ.
XEBIRELBD,

o T .“‘ ="
St Tmmay
(MmEmiE)

g man O ERAE?

O NOxiwiE ?

O FJ/-mA7?
(BMIINOS < A/ /BN 7)
(MEWTREEE3)

6 : HfEGAERH CRRESERT) & SIREE A (SR
TERD OAEBAR &, FNFNIZB T % Farnesene HIFEFSR .

Bz L
(MmmeE)

Farnesene

y=0.3522x+0.2S58
R? = 0.9599 . o

nk

= 7 RN

1.2

©
1.4

X 7:G93ETNVOBRERET VT Y X LT 5 HERER
HC D Farnesene HIEFERD 71 v .



44 A

MIThb. & 512, 4 Farnesene O M SHERE & 1L
7z, A¥F, HERTHROZWEEDO—>THY, I
SO RINEERYIBHNL, BROIRFEEIC kY, 0
bIEFICEREICR S Z LTINS,

ZOARFH, b L, ERRYERE, HEEROBE
Flb 2 WidA Y U ERE R & OB RERIC X -
T, Kt E NV BVOC T % Farnesene % % 812 i
HIT 20 THNIE, BERHEREZDIIEBRK[GHREE
YIBHRD KGR &S, EYE— KKEHAEE
RAEL T, REFREWITRICTERT 27 REENDH 5 .
512, AX R, BIFHAENICOALEET 5, EEHE
WITWBIETH 2 2 s, 2 &b BVOC 48 IC
BWT, A TIRIZ LA ETRIPEATH VLD EE
ZoNb. 23 LBELPL L, AXEWNRELR
BVOC I IZS BV INTWRLINETH S .

4. &

YRR EERIEEY (BVOC) xR e LB
SR L AT 2T o 7. B TE (Cs ML) @
BVOC iEH Lk 2 iHcBsE L, cnz v
TEBOREI 2B, S L7223, Tidd 2 E0H
LL<HSICE o T,

O mWEIzHAET 2, HETIEDICHVwSsR DS 2
MO UVIRINFIZ4EELTBY, 2hs oWl
BRGNS TwE. ZolHEiE, #isic
Lo TR VOC IHEEDESICHET 2 2 L35
Motz I3 LIESTROEEMD, L
TREELVOCTHY, ThoDPWEIZL2LT
OV VERSEEEER-Tw2bDEFEZ SN
5.

O WD TRIEMEDE W BVOC THh % Farnesene 23,
ARERNICR D ZWEETH L, AFHo KEITK
HENTWB Zenghrotc. LrLans, 20
HHEBEA ML A > THEI SN bDTH S
ATREMEDYE <, IAERKIE S & AV O BEER I
Bb 2 W5 Ic R B3 2 v REMED H % .

b. FiE¥
AW, AAEREEEEOLREZY, MHBEA

AHEZEEE Y v 5 — DR KRKERBISCER R T
FHEO—HBRELUTbhbhi., £, KFEO—EIX, 7
AV B EREEN RS OTE 2T, REEN AR
Wit >y —ouift e L TiTbhl:. BElOE, K
OIS L OCOHTICEEL T, SR K ERIERI 2T
O RRUESRE, BMERZEOKRERED TR, TAV S
ESHREES RGO Alex Guenther K, [FIERDE
W9ERT D Mark Potosnak K213 K Zli & iz 72
Wiz, iz, B ERITo Jo, dbiEE KT N IR,
R KF AR, TWNKRFEOERRE, BifBEOE
BRIC b, WHRICARIR s ZHii R wicii &, & 2R#H
DEZERT.

SE

Guenther A. B.,, Zimmerman, P. R., Harley, P.C., et al.
(1993) Isoprene and monoterpene emission rate variabil-
ity: Model evaluations and sensitivity analyses, J. Geo-
phys. Res. 98, 12 609-12 617.

Guenther, A., Karl, T., Harley, P., Wiedinmyer, C., Palmer,
P. 1., and Geron, C. (2006) Estimates of global terrestrial
isoprene emissions using MEGAN (Model of Emissions
of Gases and Aerosols from Nature), Atmos. Chem.
Phys. 6, 3181-3210, http://www.atmos-chem-phys.net/6/
3181/2006/.

Helmig, D., Ortega, J., Guenther, A., et al. (2006) Sesquiter-
pene emissions from loblolly pine and their potential
contribution to biogenic aerosol formation in the South-
eastern US, Atmos. Environ. 40(22), 4150-4157.

Matsunaga, S. N., Guenther, A. B.,, Potosnak, M. J., and
Apel, E. C. (2008) Emission of sunscreen salicylic esters
from desert vegetation and their contribution to aerosol
formation, Atmos. Chem. Phys. 8, 7367-7371, www.
atmos-chem-phys.net/8/7367/2008/.

Matsunaga, S. N., Guenther, A. B., Greenberg, J. P., et al.
(2009) Measurement of sesquiterpenes and oxygenated
sesquiterpenes from desert shrubs and temperate forest
trees using a liquid extraction technique, Geochem. J. 43,
179-189.

Went, F. W. (1960) Blue hazes in the atmosphere, Nature
187(4738), 641-643.



EEERIE 68 (2010) 45-48

AEMHDDIRIEAFIVMHEDHEE
— RERMIEHRSBRAC LT TO—F

HEE Y,

BwA B

2010 | B 18 H& 1+, 2010 2 § 5 H5IE

REHFICHROZSEIIFET SN0 8 — R ThBHEAFNVIE, 7YV EOWRERG| XK TER
PRREEANEET L2y ) T —E LTEERLEMTH L. AETIX, X FNVOEELFLERET
B DEEMD S OMEREEZHSDICT 21D EE ST TERPRICOWTHST 5.

Emission flux of methyl chloride from tropical forest determined
by stable isotope mass balance and micrometeorological gradient approaches

Takuya Saito', Yoko Yokouchi®

Methyl chloride is the most abundant halocarbons in the remote atmosphere and it plays an important role

as a carrier of ozone-destroying chlorine into the stratosphere. This review summarizes our recent studies to

estimate global methyl chloride emissions by tropical plants.
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WBWLTRGBH 21T\, X F Vo RBRMMAEL
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Hid Thompson & O FHI L D HRWATEEME TR S 11
Jz. T BT Keppler 5 1%, b A F v O FRNHA
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IRFBFARELE W T, B S it S L 2 8 b #
FNEREHET 70, FLET AT AFEIC L B
XER T, ZhiFOATRT LS, RHFoD
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2009 F 12 B 20 H=AF, 2010F 2 B 12 HSE

PRI AP R I B OLFH T 2B TH 5. HHED pH 13 2.8-5.5 LEELEZRL, WESTH
FEE FEOBO—ILA L 3R, BROBERIZT7.0um &£ 27.5mIC—27 285 B Th -7z,
7YV EREBEDA & VRS DOHE» S, WA 4 > 2SR T, BIC L > TRIRICERE
ENDZHEEHASPICL. TNRARBHO ANGILREREEYMIEEC LV EEAE S, fEE
FRERANEELE 2 TWL I L2 RBT 5.

Mitsuo Uematsu!

Chemical and physical properties of sea fog over the sub-arctic North Pacific regions were determined. The
mean size distribution of liquid water content (LWC) of sea fog indicated two peaks, which was different from
the common single modal spectra of terrestrial fog. The mean pH values of fog water ranged from 2.8 to 5.5
over the investigated regions. Nitrate existed as coarse particles acts as condensation nuclei (CN) of sea fog
droplets. These results suggest that sea fog over the subarctic North Pacific is one of important scavengers of

natural and anthropogenic substances transported from the Asian continent and atmospheric nitrogen deposition

Factors of sea fog acidification over the western subarctic North Pacific region

to the marine environment may stimulate phytoplankton growth.

1. bhoThiZ &

W, R/ 7 a V)V ke Z OriERAK O H & o8
X, HIBRIREEAL A T LB TREI I R BlC T 5 L vwbi
TW5 ., BEENRWHEIRE, =7 oY VKBRS %
BELT 2 2 & THEL . MBENRSIRIE, =7 a YL
B e LTEE, ER OV AR
¥ 2 2T, BEREHNICEADFERXE 225D T
H 5 (IPCC, 2007).

COMBIREIARE L 2O00%BRICHETEL. B 1
O MEAN R X BRSO IRERE DI U 72 KR Zh O
BN, REWNELREZZEWL>T, 7WVAFR
WS 28R TH 5 (Twomey, 1977). Hudson and
Yum (2001) &, 7 vV F¥E THZEEEAN 2T\, 1
RO ZESIE, %< DB % & UEERIFRO 22551
A, BMEOEROVFRENPRE WIEND TR,
FAE O Z S5 Z L ERLTz. Adhikari et al. (2005)
&, HEROMEES B 222 - ¢,
7 VT REED N FHIFYE DB 2 T RIR D 2
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S[BLDOER OMBORE X, EERIEERTICEL N 2 5
OB ETHE I ERRLI.

82 OMERIRE, BEEEOME ML, ER DK
BN LB 22k, ARSI, EOHY
RPN ELS 2 2 LT, Blo X 3 L2 WE 3 2RI
WIS 23R ThH 5. BEEFEOZESSP T, BRI OK
FHNECFEET, BENERITETHRTIIREL LS
o7z (Hudson and Svensson, 1995 ; Hudson and
Yum, 1997, 2001). L2»L, 205 OREIIRIL,
IPCC %8 4 XRS5 (2007) OHICBWT Y, KA LTH
FHEBEME EFHl ST W5 .

ZOEIRWEEEL, =70V NV EEROMEER
WBL T, TH—BEAREE, E, BE, REwvd
Z20MYIEEREY, BAOEEZHEST 2 0ERH D L
NHEfMINTE.

AWETIE, TEETHLE LOEEWNRELZ. K
REMNERICL S L, BREZEEI0 yum LIFO/MAES W
AW (F72130KEL) WOEREGL, KEF, BINL, iR
TDOAFHEOBE 1 km KR 2HWRTHL. 5%
TILFR 2B E P, S, INEECAR T 2 Pl Eo
WOWTHERPR DA ENTE L Bl 21, FEF,
1993). FEA D 7 4 V=7 TRWEBEE 2R BKDE
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E (Munger et al., 1983) %, SHEEFOEE S + > 0F
DA (Munger et al, 1990 ; Richartz et al,
1990 ; Matsumoto et al., 2005) 2k I T35 . &
ARIFEAKIZHAR TR DERED 2O, ANMEADR
BFR SN D ED T, HER EDOERBRDPYENE
BRbEEr525.

M LCHET 2% (BE) OWEFNX, BEEOZEICIL
NTRosN TS . WBHFEEIERE LCRET 2720, il
ZEERENIEEL <, e BRSO E RS, L
»L%ED S, itz w232k, Sasakawa and
Uematsu (2002, 2005) <° Sasakawa et al. (2003) @
AR FEETOBEILISNE & A EREFI V. WHEET
X, NARSEE R 2T RE i E 72 v b
TA—LETHIEWREY, ERBRIZT TR, BB
D & O L BEI L L ORI EZD T, HaEL aH
& 55 D FARI 2 K22 RR BT, fRMT 92 2 & 3WIRE
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JEEILKR FHEIEFCREHEE THENLFRET 272
W, BOWMRICH LR THE (K1),
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ERIshs, HENEBRRETHS.

Sasakawa and Uematsu (2002) 1%, E=Z (1998-2001
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ogies ; FM-100) # T, ZEDORESH (2-50 um, 19
BRME) r5E/k&E (Liquid Water content : LWC) #&EH
L7z, B, =7 oYy VvokiEasf (0.1-5um) %
N=T 47 NHvry— (VF kA&t KC01D,
KC-18) THIE L 7z.

3. bhofZL

TP LFEA & VS D 65% & dFE DY, FE
1B AR 5 Tl nss-SO,2~ 28 10% % H o TWwiz. %7z,
UM 2@ C TFEH L7 LWC ORZESAAIE, 7.0 um
L2215 umicE—2 2EO I THY, BELICED
2—UB D & B ZRESFIEEFTFOZ e¥bhr o7z
(X 3).

I7 Y VRERALREMDIGE 2BREREESROR
sl T, LWC & ZEKF OEER S IRE TR AE & %
D, LWC ORZESHTIE, 17.0umICE—2 VR 51
7. HUDEIC AN CEERERE & 7 o TR T I FE R
BA L, B OMEERS E CBREBBEISE Iz & F
Zoehi. RFEHEOEWFLE TIX, LWCIX5.0
um & 36.5um I E—2 & b O LB RS A6k
Tolz.

I a YNV EYFEOAGERRG S, UL T IR EFSE
FRCHAKN FICE THRET 22, BRI TIFEKRE
RERMICEEELZholeZ LN, —
75, MR RHEEE A 4 v RS T, BREK
FEPOEROBNEE E L TRELSFSL, BERE b
WENB 5729, T0%LENEFRET KRG T 55
Kshiz e BREb sk (K4).
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YRRV E OIRF e A B8 U 2 ¥R = 7 v VOV OB & EWRIE DO %5 %28 & 2»
295 e 2HME LT, SHEIc B 10 2 BRKERS L WEREEROH BN ESMAE 217> /2.
AT, OB OWTEHT 5. HEFOWHILKFETOEET 7 0V v OlitiiE e U T
EYOREPRKE L, ZOMBITAERRBERICE G I LS 2R o T LERRFNELE D53
» 5, AWREE TO T 0 VYNV REECE O SMPEEYRIEOEIE X 46-72% L AL o,

Size distributions of marine biological organic aerosols over the western
North Pacific in summer

Yuzo Miyazaki', Kimitaka Kawamura', Maki Sawano!

Size-segregated aerosol samples were collected over the western North Pacific in the summer of 2008 for the
measurements of organic nitrogen (ON) and organic carbon (OC). ON and OC showed bimodal size distributions
and their concentrations showed positive correlation with those of biogenic tracers, methanesulfonic acid and

azelaic acid. We found that average ON and OC concentrations were twice greater in aerosols obtained in the

oceanic region with higher biological productivity than with lower biological productivity. The average ON/
OC ratios are higher (0.49%0.11) in more biologically influenced aerosols than those (0.3540.10) in less biological-
ly influenced aerosols. Stable carbon isotopic analysis indicates that marine-derived carbon accounted for ~46-
72% of total carbon in more biologically influenced aerosols. These results provide evidence that organic
aerosols in this region are enriched in ON that is linked to oceanic biological activity and the subsequent

emissions to the atmosphere.

1. XUHIC

WHERRT 7 1 VIV IZHIER O BEHIN R R% - ERTE
By EAEYIHBRA S 2 AR R e R R e T
WBHERLRT 7 v Y VNI BRI E O 1Z» 2, fEY)
7T v b v in CHREAEYNC R T 5 BN  FHAE
T5. L LAan olEEwRFEoaRT Y oYLVl
B AESERICOWTIE, Bl 7T -y odnsrs i
FCHIRBEBES A TOWRY., BEAKTICBT2E
¥R % (Organic Carbon ; BIg OC EHEED) ¥EE OEH
RIS, BEEHEO OC =7 u Y VOEEMEN I N E
THEfEs N TE 7% (ODowdet al., 2004) . ¥ 77 > 7
b YU E OB O - BB 22 &8 5 X
H=RALD—DE LT, YEEERATHKF OO
X 2R RIFEER O—XRHE P IREE R TV 2

1) dbEERFRIRE SRR
! Institute of Low Temperature Science, Hokkaido
University, Sapporo 060-0819, Japan

(O’Dowd and de Leeuw, 2007). L# L7225 HHEKRE
B3 XEHK L7 aY ) (Secondary Organic
Aerosol ; D% SOA & WEED) DR AERGHRTE I DWW T
OfFIEF53Tlid e <, EIRBETOHED S D OC i)
HEEZ DWW TR RELTHEEELH 5 .
BRibEMOTRTH, AHEEEFE (Organic Nitro-
gen ; DM ON ERERD) I3 FBIRE HI B8 » TR
FEEZT, REZ7 YV LVOlb¥e « YEE 228
e IEEMELERTE EFEZ 6N TWS (Zhang et
al, 2002) . WEHEE D A 5, BIEEIZB T 54 YH
AL R BEEBRSECBLTEETH I b LD S
T, INEFTEET Y OFR+aEns, WHELT7 Y
WEEDIT Y VO ON ORIFELILFEHE I D Wv
TRRHDE 535 % > (Duce et al., 2008) . 1z T ON
DOEFRH & ZREBRDOH R EEEIZ DOV TDH & <
boTwiswy, Facchini & (2008) XL KFEETOHE
X7V VORI FHRICEREDY X F VT 2 R
VIFNT I UEBRINL, HEEYEERO ZXEHELT
OV NVELTTNVFENLT S OBEEEZEHL W5,
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WHEAYNEE OEFELEHIC B U AR 7 0 Y
VOBV OMEC AR A »CT 570, H
F OV TFRE LT OMBIEENT 3 W TRER O ¥R
Z7aY Y N R LAY O W TEES &
Tol. ABTEBH S N7ZON L OCOHEEEE S
L URIESME 2R L, IR & LSRR O I A R
WOWTOFELZERITS . £z, EIUHELEHERK
zyaYvhpgEF - REOEMALLEZRL, BEL7
0 Y VA DIEBEEEVRIEOFSIC O W TERT 5.

2. EBEIPOVIEAS IR MFE

T7ua Y VEEHE 2008 7T H29 H» 5 8 H19H %
T JAMSTEC A 5eff (BT EE (KH08-2) 12
TEI LU 7z, M1 PR 2 B8 1 2 B
ZHARIRTE L2 () @), &2 OHEc BT %
BRI 7 5 HI OB TR O FHERS R & ff ¢ TR 7.
Bz i3 N THE2» 58 S 7z 2008 4 8 H o HY-H 2
oo 7 4valEE (NASA £ it © http://reason.gsfc.

Latitude (°N)
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Chisrophyll a concentration (mg m™)

X 1 : 2008 FEDPEERILATERE FIz 51 2 B BT EE O i
BM. (Q7H29H-8H7H, 8HIH-8H1I9 HD%
AR B 1 2 & BRI 2 25 T TR BGR (5 H ) % BiR
TRY. SeaWiFS 7 o EHH & #1172 2008 4 8 A 0 A ¥y~
a7 4 aiBE (NASA ) dRLU7:.

e, # I H M

nasa.gov/OPS/Giovanni/ocean.aqua.shtml) 7~ L7z.
BROWEEACK IR ERRUEDORFEIC XL D [LHiFH
WBWTHEKRUEED? S OZEIHPHEICHAT S . E
%, EMEOFEREIC Aok 5 Bl NS
BB L D b FICHEELZERINTERL I L 2R
LTWwa . Lo TARWSE COBBYERIZIED S O
BHOFELFHNRL L THLTWELEEZ NS,

WEANZ 7YY IV ERET 20, 7o —
XUIALTDAHRYr — R A 2Ry ¥ — BRI O & B
BOCERE L, BRI EZ@EL CiF8 2y OV~ I L%k
WME~T.2m*h ! CH#ELZ. =70V V37Nt 9
DOREHFTHEL, BRRESHK50% D2 F 1
ALEE1X0.39, 0.58, 1.0, 1.9, 3.0, 4.3, 6.4, 10.0
um Th 5. FEIZ 450°CT 3 RefEnZh L 72 1E 2 80 mm
ODREZ 4 vy —Lizz7aY Vel =7uy
W FVIEKIR  BEOHIE R LI 1Y I vbiz )
48-72 BEEIRE | LTz . U v i+ 20 ERE D
RE T 5700, BASSHET AR LT 607 LA
AH L BEEL S ms ' UTOESEIEY > 7Y 7D
R 7REEMEIEL TWS . FRE LT > 7 VG
iz ® 2Ry 7OEERBIFHOE G 82% TH -
7o, /oMY TNV EITS £T-20COMRESR
BTTRELL. KRETRNNY 2T 774V — %4
DA RT I —DBRAT — Y TORDEEIZL > TES
NGRS R AT . 28, ME1um UT 2HUNE —
F, MZElum U LEEZHRE-NEERTS.

2EF (TN) kUaxR#E (TC) OFWiE7 4 vy —
DO—EF (EFE 3.14 cm?) %84 v T AN, JTTHRD
it (NA 1500, Carlo Erba) ZHAWT{To7%. EHRM
ALELL (615N) KO RBEFRGIRLL (01°C) ORIEIC
W TCRIMTRT L U 7 [RALAE 55 4ET (Delta Plus,
Finnigan MAT) (Kawamura et al.,, 2004) %Wz,
TN, TCEERV®ZNS OFRMELIZ T Z > 7 fHicxt
THMIEERITo> T3 . BYBELUAIEC L 2HIERER
TN ZRUTCTIHBLT, 6N kU e*CTELZ0.5
%o ThHolz. 7z, AHIKRE (0C) B L UTHEKKE
(EC) OB &I 1X Sunset Lab. D RFEMFEE (Birch
and Cary, 1996) ZHWTHIE L. 74—V T T~
7 DEBBE S N FHOCHEEMDKI18%TH Y,
ETOOCT =IOV TT IV DRIERIToTz. 7%
B, RESMEETHE L TCME (TC=0C+EC) &
TEESHTETCHIE L7z TCEIX 7 BN TR W—8 %R
L, ZhiBBEEOHERAHHANTH S 2 L 2R L
7z.

T4V =D O—F (1.54cm?) & D W THiK
(Milli-Q) CTHREEFEH L7z (10 43X 3[E) . At L7z
B (10ml) &7 4 A2 7 4 vy — Tk, xho—
LD AF > r7a~ 27 F7 (Model 761 compact IC)
PHOCEEA A Y OHERT- /2. AWIFETIIEERE



bR EaTt/ N AR EY iy u R 55

AFeiRphc, %5555 5 (Metrosep C2 250) K
IR Z WY 2 F V7 =7 A (DEAY) bR
L7z. 2ZTOONEEIX TN LMERREER (IN) 0%
ELTEETS (F7%bB ON=TN—-IN). B IN X
THEE (NO,™) HiR L (NO,”) HkB X U7 v E
=y, (NH,*) HEROZEFEDOH (IN=NO;~+NO,”+
NH,") £§5%. S5l 74VF—Dfp—E (12.56
cm?) oW TR ICHIA (Milli-Q) THEZFFAMEL,
¥ ¥ 71 —GC (Hewlett-Packard GC6890N) ¥ & O
GC/MS 2k, 7¥ 74 V& (Cy) KU ZFDfhd s v
A rBOHE (Kawamura and Ikushima, 1993) %17 -
7z

3. BEEVERNL—Y—LZOREDT

2 CREBEEYICHER TS P == LT, *¥
YANKUEE (MSA) £ 7 X714 V8 (C,) DEERHA
w3, Bllshi: Ch o bEMOEBRES M2 2 1
Y. MSA BHHEAEY)» 5 RGBS Y 2 F
VN7 74 F (DMS) OBfhic k> TEKINS. L
1o 8o CHHEAEDIRIRO ZREK =7 0 VO E L
THwens. C ik, Y77 > 7 b iz &> THERK
S MMFERIE 5 © KR AR S 12 TEIRIE IR Dt
BEBARBICEI->TEK SN EHFEZONTED
(Kawamura and Gagosian, 1987 ; Stephanou and
Stratigakis, 1993), MSA & FERICECFE N v —y —
ELTHWAZIENTE S,

BUAHARIETE (TH30H-8A7TH) wi/snizyr
TVIEMSA BEUCEBEDOHEAKNA STz, MSA
WX 2 IR RRIEIE (nss-SO,2) D (MSA/
nss-SO,%7) 130.35 ThHolz. ZOMEIFEFEEICBWT
BB S M T WA YIS IR O1E (~0.33) (Savoie et
al,, 2002) W<, EELHEEE CBIIS TV 51
e 7 oY ) hO#AELN (~0.1-0.2) (Saltzman et al.,

€)) MSA
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1986 ; Ayers and Gras, 1991) LD EWw. £/, &HFE
#HPHIcB T 5 C, OTHERE (FH1.30ng m=3) 3%
W PEERAL AR TR R UV BV RTEEE (35°N-15°S) I B W\ Tl
HIE 72 fE (0.57 ng m~®) (Kawamura and Sakaguchi,
1999) L W2 fEEWETH L. DL 512 MSA/nss-
SO B LUV CBEDHE»S, 2hosnzTaY
WA PV EEAEYIEEI OFE 2 L VR ZT Tn 3
EFEz oD, o U CBIIIAEEY (8 H9-19
H) eEesnz7a vy vy >y 7rdio MSA KU C,
EE IR ICE o - IRE & TR 3-4 RV E
Thotz., 2O sl o7 vV VIFEEC
AR EY O E N DI n I L 2B T 5.
EEE, HKkFEO 7 aa 7 4V a BEORKER CERE
FE U - B ERE R E = O RIIRTEOMEA, 34b
H 8 H 1-4 HIZ 40-45°N, 160°E OHEHE TEHHl S T
% (AR, FME). X o AR OB G MM E, 22
SHOL L BEIWIL 7 v 7 4 ) a BEE OIS % E
WLTETWBEZExRET 2 (KMla). —7F, HiEE
FOBRFWMBERIE, ERWUN 7 0n 7 40V a BEDIK
WHHE R EBEL TWE ZEERLTWS (K1b). 2h
SYFRP DOEEREERE T — & LB TRER S~ 3 B AR
R e oE DL, ikics sz 70y vho
MSA & C, IBEDHMINICE W & v S BUAIESE L &4
HWTH5.

MSABIXUCEBEICEOLT, Blllsh/lz=7 0
VN TN 2 DD NV—TI T Tz, BRI (7
A30H-8HT7TH) Esniz3 vy FOY > 7V THE
HEEMEEOKRKE W 7 oY r:HBA (Highly
Biologically Influenced Aerosols) L EZEL, 95—
BEHEZY: (SHIH-8H 19H) KHEohi-igEEY
WEONS WALy bOZTa Y VY 7L I LBA
(Low Biologically Influenced Aerosols) & L7z. %8,
8 H 7H-9 HIZIX 46-48°N, 166-169°E ic B\ THE ST
VERIENT & mRE OTRBIERE (2.64 ugm™) 5, K

O . femisic acd (Cq

-
- (3
T T

o
)
——

d[Col(ng m™)/d logD, (1 m)

[@)=]
'_‘ T T T T
or
o
o F

Aerodynamic Diameter
Dp (um)

K2: 89> INicBI 5@ AT A VKV (MSA) £ b)7X¥T74 v (C,) OERRES. B 7H29H-8A7H,
HALX8 H9H-8 H 19 HoWIicE oz > IV Thb I ERRT.
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K DFERZ T EFEZ 5N BRI EHE L 7.
ZOEKIE A LF ¥V HEEDKILUTH % Karyms-
ky fHED SEIEINTE I L 2R L2, RKEL
BETIE 2 S KILDOFEEEZ T 12 BB DOV T DT —
Z RS TR T S .

4. TPOVIVEHEER - BHKREONED

B 312 HBA, LBA I8 % ON & OC DK % 5 4
ZRT. EHT 5 L ON 3R P 3.0-6.4 pm K O
0.39-0.58ymic €E—2 R ¥ IS EmRL k.
HBA @ ON “F¥J3 5 13 LBA OFHEE X 01 2 55
Motz OCORFESAA b R ZEEPH0.39-1.0 um &
3.0-4.3ymiC¥—7 2RO IS &R LTz, HBA
DOCHEEH E/ZILBAODOCEEIVH 2EE»-
72. ON 2O W TRERD IR RO IZEE TN T A1
BWTHEHHAIENTWBA (Cornell et al., 2001), FEIZ
JRFT 72 N BIEETRDY ON OFEHIFE E L THE L Tw» 3
EFERE N Tw 3. RiF%E CHEEl S 7z HBA ©® ON
I HTRPFROFEREIRT L 912 (K1), BEA AL
DEII/NES  ECHHEYRIFE OB Z25E < Z 1T T
2rEzZOoND. ABEBEOREN/NE VI LI
HBA @ EC ¥ (14 ngC m=®) 23LAPEEE E O 7 i
Er7ayY vioOfE (Cooke et al, 1997) & [RIFERE IR
WZEEBEBAENTHS. %72, HBA OF# ON/OC
I (0.49+0.11) & LBA Okt (0.35+0.10) XD E<,
Zh 5 oA OB FEON/OC o i A fE
(~0.06-0.11) (Hansell and Carlson, 2002) X hEE
KKEWZ Ebrs . o DREEPS, AFREONR
I BT 2EFEEEI 7 0V VITEBREZERICE &,
ML EYIRENC R T 2 2 LR E R,

HBA H112 8> CTON 2B TN IZ 5 % 2 & 1
E—RTT3%, HRKE-—FR TR THolz. THLH5D
E&1X LBA B % ON/TN H (67-80%) L hEwWwC
Li3birolz. 72, HBA, LBA £ 3 2 ON 0 #E&
BHAKE—FTKE Lok, MNAE—F TR TNIZH
» % NH,* O % & 5 HBA T24%, LBA T25%T

o
©
T

HBA (30 Ju -7 Aug )
O—LBA (919 Aug.
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—
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Hotz. NO;  ZIEFEAEBHAKE—RNIZELEL, TN
W ® 2EEIF LBA (11%) 28w TDF»8 HBA (6%)
LV bELoT. ZNEDORENPS, A TOXNGRYE
BB TONB TINHEOEELEEE2ED L 2 L
DHAS N 572,

ON OISR OERIZOWTIRFIZ 2 DDOEK 70
YAWNEZ oS, (DEHERE» S O—XRH, B &
C)HKE—RDORTFADLMEDOIY AH 2 &L,
HEMBFEOA ZIRON 25 D REKTH 5. ON
X NH,* % nss-SO,2~ & AR/ E— N ICIREL T
W32, TR5IEON T AES» SR TFNDE
#az & Y &£ (Cornell et al., 2001) &S lzofuNe—
F O FNON 25 ATV Z ENRBINS.
Eiz, =70V IVHOEHETOMEERIEREMKIGI
k%, ZOBTOON LR bR LTE TS,
ON M D—> & LT, KRWgE Tt & vz DEAT @O
RS2 4 127§ . DEAY 13 HBA THIXHIICE W
BECTHRESH, ZEAEBMNE— R CBRElE L.
AWFFe TR L 72 #/NE — K @ DEA* ¥ 1 Facchini
5 (2008) PSWEFCHEILATELE T L T A EICT
V. Facchini & X DEA* B¥#EFHEEMRIETCH D, 7 A
Ko7 2 v emBEd UL IZBREORBE L ORIt £ D
ERING ERBEL WS, AR TIIHARE—-FTO
DEA* iZ1Z L A EVRIHTRMEL T Th-o7 (K4).
ON i HBA OfuhE— RIZBWT MSA Lt HERIED
FHBE (r2=0.65) 23—, HKE— F CXERELMHE
ZR & dpo 7z, DMS 5 5 0O MSA DA I3 EEEK
JEICHRS IR L T B 728, 2 OHEIRfRIZ ON DX
BB MERED “REK 7 a L A X VEKINLTWS Z
ERRET .

HBA & LBA OAE— NTE b Nat BSKHLH 72
M ThHs s, HAKE—FRIZBT % ON O K
SHHHER T ICBIR L TER SN Z L BREBT 5. L
HLBMBS, ON DY —7Rif%E (4.3-6.4 ym) 1¥ Na* D
E— 27 5% (6.4-10 ym) X D/NS W EnS, HAKE—
RiZB W THER T £ & b 12 ON BEERH S hizw]
BEMEREVWEFEZ SN S, X512 0N I3 MSA & IZIE

-
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— T

o
&l
—
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OMBEZER LIS, Nat L BEERMHBEZRS Lo
Jz. 2 ZTIZON OKREERS OEGIZSTL T
WS, FEEOFBRIVEKE—NTOON DELREIX
ON OREAFZREBN TH 2 L B#RBT 5. 7 A
RTOKBE D U  I3MUINKL T ORI AR T~
HITLHIETINSGDONDBERENDL I ENHEZS
N5, £z, BUNLTFOHKRRF~OELE, b L I3HE
HIHEAR B ESMEBEICREL Tule 2 L 5 EBRPE
KNTOXZEERDAREE LTETONS . —A,
WNE—RIZBVTHHAKE—RIZBVTH ALY T A
(Cazt) BE MmO CTlEhrolzle®d, S AMRTADY
24K ON DB D AAAIC & 2 RO TREME T (B &5 2
55, ZZTIiEON O L LT DEAY O & % 4347
L7228, ON 7 & /# (Kuznetsova et al., 2005) =
K& (Cornell et al., 1998; Simoneit et al., 2004), X b
HEREOERANMEEY B 21X 7 2 P RPE % £) (Cornell
et al, 2003) &, MOEYHKROLEMEE L EF X
CYULR

12

j—O;HéA‘(éC;.IJLIi.]-7Au;;.)I ' (a)ﬁ
10 |- EO=LBA(9-19Aug.) ,_
3
T 6+
Z
- 41
S
2+
O L v;&/.’ _
0.1 05 1 5 10
Aerodynamic Diameter

Dp(.um)

5. T7OVIVEREIELLRURERRENIL
ALE CRIRIRTFIE

TN & TC ~O¥EHERIE S X CREEHEIE O )25
ZHSNCT 272912 HBA, LBARRIZB T 5 %%
RINIAR L & 2258 R R FENT R L 2 KR OB . L THIE L
TR 25 12RT. HBAWHIF 2 TN O §N i 1&
1.2% %5 4.6 % D& T, LBAIZB T 3113 5.2 %
25 9.9 %DHEPHTH o7z, MEFY L7z HBA O 8%
N OfE (3.1+0.2 %) 1Z LBA Ofi (8.3+0.7%) &£V
B EeRbrol. Zhs oPNEIR I THIES
NIHBEEREY) 75 > 7 s > OMEOEH (+3 to +12 %)
(Owens, 1987) NicdH 3. —/TLBA B 3{HIZH
RIRBEC X D HEH S5 NOy D 8PN il (46 %ot 5 +
13 %0) (Heaton, 1990) & b &4 % . REAKELD 5o
SRARKT7aYto ON OPEHEZEET 2 2 &
ZREETH 25 (Kelly et al, 2005), A%< &b HBA
ELBAZ B % 6N fH @ BB 72 & v X, HBA &
LBA TiZXEH 2 HEHR & EGRBICEWSH B 2 &
N p

HBA IZB ) 2% ¢BN HITAELRMERFEE 2R S 2
Motz LBAIZBWTIRRENPAKE LS RDELEHIT,
R b E < %572, LBA TOYH NO,~ I8 (139
ngm—) B XU EC I (27 ngC m*) »% HBA TO¥y
EE (NO;” t74ngm™3, EC:14ngCm™3) X VHEEIW
B E efe T, HERICE Y 6N Eix LBA o
ZEHEWD L b HBA X W ABRBIROFEELZZIT T
BT ERRETS. 2D X LBA O—EBIZREE S &
A SN TEZ L BRI 2B FMIMRORSR L 8BS
BHTH2. BEOHMETIZON =7 a Yy viztd 3 A
BEIFEOHFSVWEETH S LHRESINTE Tz (Cornell
et al,, 2003). L L% 6, AHETOMNRIFER TIF
MWBENETCHRE TS 2 L5 (Wang, 1985), el
S OREHEE TN ABRFEL 7 0 Vv « [EERS D%
BFBRAOH Y AAZFIZ LD KGEFrsBESRTY

22| VAT,

0.1 05 1

5 10
Aerodynamic Diameter
Dp (um)

X 5: (a)&%E (TN) ORERAAELLS X U (h)£RE (TC) DEREREBRMALLZREOREHE L TRLE. &Y v
Ofi (JKfa) B X U HBA, LBA B 382 OFHE (Bf) ZHFETRLE.



58 OB OB =, W

LEEZHN, FEREUTHEETIZ LBA © ON BE
EERIZELS ZoTwa EHEzZ N5,
ZERFRFENARD ST IE, FEEEELIRE & BEREROF S
ZERINCXANT 2 Hm e EHReRft 5. HBAICE
WT TC D o BCHH 13 —26.1 %o H> & —22.0 %o D i PH T
(E¥). —23.6+£0.8%), LBA BT 2 HI1Z—27.9%
5 —24.2 %oDHEIPH CE¥). —25.5+0.5%0) ZnRL7z.
2T OREHFIIC BT HBA O §°C F#){E 13 LBA
WWBITAELD /AW, ThbbREMEE L TEWE
WIRERBES L. BHla T TCtxt3 % EC D%
S T/NEW(<5%) Z&2FETS L, HBA &
LBA 2B % 2 5E RFZEFNAR LD E O X R AP IR
DON & OC DHFE 2RI HERTHS. ZZTTC
WS 2 MEEAEYRIEO TS % R 5 7012, DITOR
EETS. T72bb, FRREBTLZ7 Y VOHEE
B (DEE» SEERBESNWE"E 220 Tukn,
HLLIRQEREMENWLDIC, SMHL VR FHICE
L LI ZREBITH 5 .
WEOWFRICEB T, FEE BV TEKHOBES
BeRE (DOC) D ¢'3C il —20 %o B —22 %D HIPHIC
HDEPREZIN TS (Turekian, et al., 2003) . —
F, AL OBREE R N A A~ ABRBED & 5 7z R EE
DOCIOVTHEENT WS sBCIEIFEB & % 26.5+
1% T % (Cachier et al., 1986) . Bl &7z OC 12D
W CHBEEEE IR & PR IR O a5 2 HEE 5 2 12012,
UTDYANT Y ZAOREHCTEHELL.

orC= Fmarine X (ylgcmarine +Fc0ntinental
X é\lsccontinental (1)
Fmarine +Fc0ntinental =1 (2)

3T Fuarine, Feontinentar (& % 1L NIFHEICIR B L UE
BERRRZOEHEG ZEXT. 72, 6"Cuarine, 0"
Ceontinentar &% N2 ML S TV 2GRS L OB
BAERFKRED oBCETHS. 2 2 TlE 6®Crarine & —
22 %0~—21 %0, 6"Ceontinentar & — 27 %0~ —26 %0 & K E
L7z (Turekian, et al., 2003 ; Narukawa et al., 2008) .
HEORER, BEEIFEDO TCADEFS (Fhame) X
HBA T 46-72%, LBA T8-36% & K& 5 #7z. HBA
BT BFHEEX, N2 =BT REERKTO
i (K19 39%) (Turekian, et al., 2003) Sedbiig 7 < —
N TOME (F45%) (Narukawa et al., 2008) & Hb~
TERECED Iz, INSDOFERE»S, BEE, & ORE
Bl R 1 & B N ARIRIR R D2 B A e W ERI LA
DOHBEEERIC BT, BEEYRIEOC WA= 7 oY
ORI E L CHETHZ L 2REBT 5.

6. £&&
BFOPHALAF A B > TR 7 1 Y

e, # I H M

V@D ON B & U8 OC OE &R E S 1E 1546 % 7=
FZEPHASIZ Ko, 7Y VDAY VALK
VBRET XTI A VREBHEDRFED v ——E LT
w2 2 eT, MEAEMORER L V@ Z /.27
VOVTIEON & OCIERFED/NSWZT7aY VD
LTI 2 fEmh otz 2o OFER & FBRR T
DFER» S, B TIZON & OC & b e
FEDORENKRE N EDTRB S L.
WBEEEYOFE R LV ZT ez 7a Yy vicBnT
ONDTNIZH® 2 EE& X M/INE—F TT73%, #HK
E—RT8U%BThotz. ZOTT7aVNLTODON/OC
Hix0.4940.11 2 dEL, HEEVORE/NS W
7Y ok (0.3540.10) IR TEECE» > 7:.
INSOFERE» S, BEEOWEHILAFEE IR T 265
I7 0V VIR R T 2 BREERICE
ZEWHS TR 5T, & SICRERRRNMARLLD 5347
ER» S, MERBEORZENERIRICED 2EE X
46-12% L AFE S s iz, KR OFBRIE, ZXTET
NVETZT 0 Y VOB ESE Tl 28, HE» S
s 2 A7 oV VORERKS 7 7 v 7 A %%
25 P TEEREREEZ2DDOEFZOND.

u

¥

MBS (KH08-2) O EfEiFeE ¢h %
MR S N7 R E PR SER DR E R B 1 R
LET. EfEEicEL T, R R—-—r2LT
Wiz nic HBEMEME B X ORFeE O 2 IR L
9. BB, KFEO—IRIISCERIEA RSB /i
& (19204055) B & FFEMFEMISE “Western Pacific
Air-Sea Interaction Study (W-PASS)” (18067005) @
B R 20 TitbhE Lic. & ZICE#EL 7.
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BN BEY DOBMADUE £ F OBARNOEEICET 2 N COMBRELZTHEL, HinTEFH
53T o FHRARINCE T 5 KEACFERI &, ZOfEEY b L1 2 OO EY O B R
WZOWTHENT 5. bb¥ T, KKE - EYWEHEERROMERICB T %, BEHELEY OFMKADI

EHICBT 2RO EERICOWVWTHELRT S .

Air pollution and forests

Kiyoshi Matsumoto!, Manabu Igawa?

This paper reviews previous researches concerning acid deposition on forests, and then introduces our recent

observations of atmospheric chemical species and their deposition on canopies at forested sites in Mt. Oyama.

We also suggest the importance of acid deposition on forests in discussing the atmosphere-biosphere interaction

system.

1. FARTULZELEATE - EYEREER

KRB & AYE L OHBEERIL, KROFERE K
SR E 2 TCnE ., ZOHTHEDDOUEERLERE
RELT, FMEET 208 TE 5. Hh, HiEE
KBWTHAEERIIBLWTOMOAEERZEEL TS
D, HIREECTOYEBBRIIBLTAS RBRE SR L
TWEMLSTHS.

K& &bk e ORI TR S 3 KL 2 HEER
WIEZ K OB H 20, IbHIONTWwWEbDELT
X, AR - SMEIC X B RRLRE EORD
WY 2ET2 2R TE 5. BEN21%, —BLKRE
$0.04% £\ o S HOKRSMMB L, EWE O FREOF
TOLoNTELLDTHY, ZOFTRILLTEFHK
HROBENT KRS . b5 5ARMRRKEA 77—V TF
ZIEEAE L OMEERbEZEICL>TL %48, 5H
DEEF L LR FIEE O PEEL, HkEfL e
L7zEYMBEORBIC L > TRELS KR EN TS,

ZO—HT, FRIREL 2B EYE 2 KRBk

1) IBRFHEAMBIFEL

2) PR FEILEES

! Faculty of Education and Human Sciences, University
of Yamanashi, Kofu, Japan

2 Faculty of Engineering, Kanagawa University, Yoko-
hama, Japan

HLTEY, Zhsofby b RAaDbF iRz s v T
HELBEZEU WS, 20Hh Ty RENBES E L
T, RIS ENEA Y L2 T N_RVERZEDT
ZIEMTEL. AV L URTARVER, KRHFT
DAL IS %28 L CHFE A Y e R a7 Y
VOERICEbL>TWS ., Wiy, SUREE: ¥ oM
BB TORSBELSHCB O TRE RBE LR LT
WEKGAHEETH L. Zoficd, 77 iR
bR o BRILEMRE, TEEEDIHRICE
2 W EE L RGALEREIE L <, Z2h s ORI
WP ARTIREAORE L HEm T 5 LT, R LT
DFMROBENCE T 2HAIIRARTH S .

DX T, HRIIEEL RMEAERS OB E L
TREACFICB W TEEL D, — /T TRED» DR 1L
SOUWELRZT L. FHRIZHELPKE W I ERFELOZ)
Rz s, MOMTEICEL THEERENDKE W, 7
HADKGALFEOWHE X, KRG S DILFEWE D%
B LCEETH 2 LHEIFIC, FHICE > THREH
KUEDAIIERE L TEETHS.

TR L e KSR ISR AERER OB TESR I
MAAEN DD, ITELE ELEEIERIC b 2 KSR L
FZDOWTX, ZOEEIHRMRERBRICED & S
EEZ 20PEHEINTWS . HFZIEOGE, K%K
K[OFEFER, KFEOWE, W I3EMESREOH RIS
WTRERBE 2RI LTBY, KEALREOEE 2k
BN INSOHFMBERERIER S Z itk > THl&E IS
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N5 A=, ELRELKERMER, SYRERES
EOHTREZMEE %5 . —F, balL7z &5 &bk
FERRDILERE R 2/ L7 WVETEBRICR & s
BERIZL TS Z e, RAAEFERE O BRI 3
BREJE L COBRMOERENZLE L, HBERKRF BT 5
YEEBR L XEY A T MBS LS EZ o h
. REAEAEDOHRMADUWE & TN S 2 bk
RBARDOEE X, RKE - EAVBEMHAER & w5 Rt
5o MIBRALSER 2 0 © S BRIV REE W2 5 .

2. BELEMIFNICSZD8E

FMAWE T 2 RKULFEEOUE 7 0 R LB ERD
BMAERRANOFEICEL T, BEREY 2R E L
FERIEL TN TE . ZhiE, SERICBWTK
KGN & 2 AEMESK X S HEMEE o E» S
BBV DOBREEN L R S T & 2 L
%, 1970 0 5 80 R 1T THCKEEE TIA < fER
ENTHMEROFK & L TBEREYSEH SR TE
JTeZkic&kB.

WCKEZBETIRBRAEICB W TS, BMHERE JITh 28
RIBMERSINTWS . £112E, BINOAH LRI B
W 10 AR EOBIAR %S RICIT 8 o 7o BIER O
W 2 R9 (Lorenz et al, 2008). & O FE» 5,
21.9% ORIARD, FERBD AT —Y & L Tid “moderate”,
“severe”, B\ “dead” ICHHEI N B TEIER 25% LA
DIRFEIZH B Z EDHER I N T WS . FHIZ, 47.2% 0%
KRIFA T —9 Sslight” I N5 HEFEEK 10-25% D[ B
EAREE 2k, Zhozbbt s L 69.1%0/BAKI
AERBDHONT VL EWS Zei2Rns . TEIZBW
Th, #EA O LRSS = O MR AR S T
B, IhEFTEHE L OFBEEEPFEEINTE .

* F

INOEIEINTLIHEMERDERICOWTIE, &
NETRHRLABLAEDL S ORI N ZEINTEZ. Le
L, ZORENEH S - BPIHER S - BIEEYIC
XBFECHELTY, 2T BN TIE, KREHESR
DEFEIE % 520 2 il TIRED & L2 H3 487 g
THONDIFERE ORBEBMRICOWVTIR T -2 IC L E
IR wEDHEfb H 5 (Kandler, 1995). I E T
DWFFE» 5, BREEREYRA V' Y Lo e KEERYE
OEEINZ, P, wmEk X ORRET, KE
HPRE, KRER 2 L RN HE s h s
D, IO DEAREDOTREED EV . RIS F
RICE > THERZ Z ERTFREEN, ZNEFNDOTEEH
T LR IR ETREE B U e T B 2 RN SR AL B T
Hdrrwnwz 3,

KLABLIE DEE OV TIE, BUEWE oW %7
TS I &k BDBARANDOEENLFE, Znsg&
oz TR E R 2 L BN B,
FhAY Ik BEERENEZONTYS. 2T
FraEEHHE CORMEBROFER L L TiX, 304
fEC 150 ppb 22 % & 5 e IRE (LA O EEN
BENE S 7z (Cerny and Paces, 1995) . FEMERR D
HENCOWTIE, BRI 1 A OB MR O e 2 2
EERE D, $HEEBOZ { OBFEIC B W T pH2, [REER
T3 pH3 BE TAHEENRN S L OMEN D 2 (&
2) (17, 2001) . SEBRMCEIHIS 12 KD 2 g SR
EENTWBZEIRIFEAERWA, —J TEHAD
IR T pHI FBRE OO EDEFE T 5 2 8
HEENTEY (Igawa et al., 1998), D X 5 ik
TREAROHMERLEEREICKS RFELRIZL TV
AREMES D B . FEEE, pH3 DFEOREWIRETE T X EIAK
DERIZELWEERTED NS Z L RSN TWD
(Shigihara et al., 2008) . ZOfiicd, Th sEEMRE

R 1:BINZ BT 2H5MFEOFERER (Lorenz et al., 2008)

Number Percentage of trees in defoliation class(%) mean of
of trees 0 1 2 3 4 needle/leafloss
Broadleaves 45258 26.7 47 .4 22.4 2.6 0.9 22.5
Conifers 59141 34.2 47.0 16.8 1.3 0.7 19.0
All 104399 31.0 47.2 19.2 1.9 0.8 20.5
Defoliation class 0 : needle/leaf loss=up to 10%, degree of defoliation: none
1 : needle/leaf loss=>10-25%, degree of defoliation: slight
2 * needle/leaf loss=>25-609%, degree of defoliation: moderate
3 : needle/leaf loss=>60-<100%, degree of defoliation: severe
4 : needle/leaf loss=100%, degree of defoliation: dead
K2 BENSRBR YT 2 EOWHEEHIEE (%) G, 2001)
Rain pH
n 5.6 4.0 3.0 2.5 2.0
Coniferous trees 12 0 0 0 12.5 91
Evergreen broad-leaved trees 14 0 50 100
Deciduous broad-leaved trees 22 0 0 68 100 100




RETGH: & bk

MBBARIZ BT HED—D L LT, HEOBMEtIZ &
DEHT 2 AL A 4 > DOEESL, Ca® Mg DEBIC L
LRZLFEZONT WS,

—F, AV DOEEIIONTHE L DIREEICE->T
MEESNTHBY, HENEREDA Y v ORFEIC L 50
REEOM, HEBREEDET, WOEREEL E2NH
HEINTW S (FEREM, 2001). BRICHT 24 Y V2%
BORELIMT 2 EE LT, 40ppb 22 54 YV
VIBEOREEN-—ZABNEHENTEBY, AOT40 & LiF
na (FFEH-F, 1997). 16 BoAZHwict V>
DRBERTIE, 4~9IHOATOA Y VEBE»5RKD
72 AOT40 7% 20~40 ppm+h 2T % £ % < ORIE T
VIEREBNOBLATIZ R 2 2 L, $HEM LD b LTE
BCBWTEENEE THL I LR EPERSNL TV
(1) (FEH R, 1997) . 4V v BRERIHNC e
ERIZT X, B COEAREHOTHIE» S bl
EhTws (RHE - MHE, 2007).

XV EBEMEM OBEEREIC OV T H B TD
NTw3., AFPE/ FENRE LEBERTIE, B
HEDFAIZE & SNBARICBWTERBELS Y D%
BOREDPE EN, LIS 2IROZEEE R OB
YRS STz (EFFAR, 1999) . ZAUITRHERILE &
DN & FIRE A Y > NG REY OREPERNIC BT %
BEDOT VNT VAR ERILIZBDEFZ SN T
% (%, 2001) .

3. BMELEYOBFTMEADLTEEDE
9

ZD & 5 ITRIARDERPEIEE TR L kB RIT
T2 EDPHER SN T LBEIEWIED, T DOFMAD
MEEZROZ I LIZHLY. KE2L5DWER, Bk
LLTHE T EMIE L, YA T YL E LT
ETAEHME L T B LN TE S0, BHhERE
DIREAGE OB &S HRNA S TR o 5 DI,
B2 RS B O ERNIIEMRNCH L Wi TH S .

BRI BT 2 EE R BIE AR & LT, IRAERE
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BORE AL, AN - BiEpURE s, BRI
E, 8ODDAENINETIIHREINTS., TNE
NWWCERT EENH 508, BHMRE T2 iRCYE,
HANZIE Cle b Ak e #RT 2 2 Lic kv, BRk
FEEd. 1, [RT— IS oEI NI ER
JE & RLRFIEE D S WRES OREREREHET 2 A
Y72V ry e Vikb, WYIRERENE S hEE
M FETHY, R AL TnS.

FhRE, KEBREHERLHENLOR L E 2 & D ikE
HENRRKEWEFZ 5NDED, ZTOREROEH S ©
RHDOENOFE, [ 5 OIY AAOFZ £, I
FCMb 2 RS T D D E R TR AHE L v
FNTHINET, BREHETHERANDGEIELE &,
BB EYOWE R CET 2T MMAT b T X
7o, EEMETRERE, SRS OKRGTEE I 75, SR
W7, Hi, ShEhss L ofREES, BEoEn
DORE, 3 5ICIFHV 2 IEFEER O ITHEE TR L -
TRELEEEING 2D, MEMFEICIIRERITSDEDN
H5. LrLIng Tleks S i HAREN O 2%t
RICKDIHMEWE R MBI 2 &, WHERERICHL
THER, BICBKREND W BV @ Es
PREL LEZEHEERSEOONSE B2, &5
fll, 2002). RETIE, FHSPBEIZ1T% > I FHRK
N B 2 RN ORRIEWE Y O WA 2 B3 2 BT
DFERZIFNT 5.

4. FHRRICEHFDEE

T 1252 m OFHRA N, BiE» 5B X Z 40
km, FHZSERPEERIC LAY 2 FHRILBE O BH R (L&
L, ZOHR~FEAILEIZBEEFEFICH T2 I Licik .
2D, BEEFED» S DKIMOBTMOEE R iE L 5217
% . M 589 10 km OALE I B % 7z HHFE % 32 1
BEKENZ <, ELBOREHE bR, ZOWLTEIL,
S THEMO 6% BB TEDbONL TS G - KA,
2009) . K2 ICFHRKILOAIE 27~ 7.
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Afuri shrine
(680m a.s.l)

2 FHRARILOALE

FHRILBETIZ 1960 R0 5 € S 7 F OFRDFER
ENTEY, 10FAUEIEKRKL T &7 (FHERIE,
1994) . HHNIKRIUEHDCBIT 2 E I OEENEET
Holzh, 80 FEARLABEIZFHRILBE O A Ic B W T 7
FOFERBERIN TS . ZOFEKIZOWTIX, ¥
ORINFEATORERIFLURFRRE THREL Tz gt
Wit EORK[UEGRMEDREC L2 bOBREVLEHR
HEINTWS EAR, 1992) . L LIEFE b ETT 2558
DFERIZDOWTIX, R T 2BmUEBEORE, FiEE 6l
Wzt VO, hcbRERPRE, KX b
VAR I REINTE 7 (FEM, 2004) .

FEEoFIhFE e, RIUFBEICAE S 2 IR
T4 (B 680m) #iFU® & L CKRILFEHRRHED OIS
400 m HipSE o [ITHE TOEBRICB W T, 8, KK,
70V RO ZE OFIEEAS R 7 1B 5 RSB & ik
BHNCAT R > CTE&Tz. ZORRICDOWT, Fk~OBME:
BV DOWE &S BE» S LT A L.

KINFEHEAE OB S T, Fk, MAR, N,
B, =7 aY o, S A (E(bAk$E (HCD, HhiY
% (HNO,), il (HNO,), —Eftmids (SO,)) KU
7rE=7 (NHy) HARE, BER BRI 2O
W ZTT 72 > T &z BLS ORI I ZEEEIREY)
WCEEHEE R RIZ T ARHIE R SR IT 2w, EakL 7
& 5 CBEHEFE» S DRMMOBTROEE LB ZT 51
B, INETOEHS DHED» S b KRG RYED
DO 5 b (Takeuchi et al., 2004; Matsumoto
et al, 2005). B3 121X, 15 630 m #1231 T 2006
F12 H~2007 F 11 Ho®Mw 18 M 2 L eI E
ez 7 Y NVHREEA 4 VRS R R RS RE DZEH
T EDFHMERRT . O - o R ALE
T B MG RFE S v A CRBICER S N 27
oY NV OSHRER bR T . MR IRERRE S v > 3R
UL TEMHE S B X % 3km, HHULEBICAIE T 5 1
EFR»oBLZ 2km OEKCH YD, JFFHZFEFEHICH
FhTws. =7 vhorxHERESE (EC) &, Hik
TOWEE LEERKIIZZE D 1/3~1/4FRETHY, HE)
Hie EOPHHROBE R 2T gL T, Kl

TREENEVWEAREZD > E. —F, BEKHE
(OC) BETIX, ECIZIEL THiEE X Kl & DD
INEL o TwB . iz OC DT b AR MO E S %l
E LUK ERRSE (WSOC) A, FEREmML T
BEEE & KILE DMEEENIE & ARV, EC AHBHHE
BRI ED—RBFDOFEEEL ZT 5 DIck~, OC
FELFERIG % £ O ZREFROFEN K & v, BT
WSOC %, OC DXALFHEEHIC X D ERI W%
REME TR D B WEIAMER S 2% { &% (Saxena and
Hildemann, 1996) . — A7 a YV )VHOEE AL F V&
3% H DL, Nat s ¥ O¥EES TR WERE T
PREENFH VM, SO,2 ®NO,~, NH,t twolk™
KA TlE, P30 B e KILOMICEEZENE &
Al Zhex7a YISO 2 #fifIc B %5
RO S, KIS RKLATEGE DO E %55 <
ZITWAIHIRTH D Z e Bbhrd.

B4 i3, B 680 m S TEREL S 7o ROV e O
MR O FFEA 4 2 ERAHT DWW T 1992 4 & 2003 4F
¥ COEMmERORERERT G- RFATH,
2009) . FRARIE, BEKDMEHE 2 PR EE TAE T L
72bDTH D . JEFHEITHEADREKD—EB BT < & D
FEEIC X D RO THMHAR E LTRSS 2 DI T
Fwss, RN E LT OE & IIBHE A ORGSO
EREFHGST 2 LCERTHS. M4 XI0MAREL
TOWEBERCHL THRARTEEELRE W E¥b»
5. Zhix, CI-, NO;-, SO,2~, NH,*, Nat & I
ODVNTRIZIT7aY NPT A E L COHINEDRE L,
BT 2L CEOURBEORENREZOND. —F
K*, Mg?*, Ca** I OWTIZMEwEWIc k> TH| &
RLZ INIBIARD & DBEBICERRERT 2 EFEZ 615,

M4 X, HRART O NO,” RO NH,* OFERLE
®HIX, ThZFNB L % 23~68 meq/m?, 21~84 meq/
m? OFPICH 5. —F7, MNNOFEMERIL, Zh
FNB X% 94~188 meq/m?, 38~89 meq/m? DHiPH Iz
Y, HHAFICEL TRkE W, Bz NO,~ B L Tid
4L MR E LTOLEENKE L, B IZRERE
NOREED» 5%  DRK[ESFDOUEEZ T LI L%
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Z hZF 2006 4 12 H~2007 4 2 A, 20074 3~5 H,
2007 4£ 6 ~ 8 A, 2007 ££ 9 ~11 H O P32 s)

EWRLTW3.

B5 121, EEORK S 4 S8 » TS Lizkk
SR B OCFRINRE 3R D T, 1997~1998 4 o 4E [ 8
IKE EA A VSMEREERT (Igawa et al., 2002) . Z
DRI S, MIFE L TORKE, 14 Y ROERER
IS L S TIEIF—ETH 2D L T, N TIERE
KE, A4 VERAUEREL LV ITEENEL 2 BIH0EY
ML Tw2 . EEOREWHLTIZ BV THRNFE O R RS
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5 MO R UMAN O FRMBEAR (a) & A 4 VRS TE
= (b) DEEEMTEME (Igawa et al., 2002)

0

MARNDOZNE2KRE L ERIZHEEE LT, BAKDOLEED
Ezohd. FRLIZES1C, KNCIEESEWHEET
FAET L. K6 IS EFEUCHHoORLCE T 285
FFEFAHE (Igawa et al., 2002) ZRTH, EEIE
WHILES TEOREHE L EL 5. BROBENDILE
FJEGERIC K & S FREE N 28, AEE A TR
bEL, ZOZEHBEKROUERET L IXDORDS.
EHESOBH» S, KIUTHRET ZBEIBREER L,
AT VRS EERETEATVS I EDHERINTVS
(Igawa et al., 1998) . —fl& LT, 2003~2004 £E£1Z 680
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m M THREL-BAKD pH L OEFEEHE, oK
B AR 7 s GRII-RFA, 2009) . pHA.
0 AT DEHN 50%T < DHETHAEL TW5E by
5. %7z, pHMET T 5126w NO;- ® NH,* 2 ED
A X VRS RENEINT 2 —F, TBARRZEAS L T
%

ZDEIRAF VG EERECELEAROBEAD
WED, EEOBVHIEICBIT S A 4 Vo mwEEOE
mrkoThobhlkeFzons. i, EREYT
30~40%, B idZ Ll EORERMICHh I > TENFE
TAHEEORVHIE T, BEOFENLTWAKHED R
$, INDBKICHE TS « 7V E=TH A, B
7 1Y WVERS OBENOEZEERE 2 mO -2 &b
EzoNb. ZOXICEHETRET 2ED, MR
EICB W RIS B OWE B2 RS &
lelEWEZLSND.

AR RAAEE L2 NO;, ®° NH, Y IZsR#E S & L
THIATTREREHR S & L CABROYEIERICH A %
N2, TREBRIEENPRZ LIIRBICH 2 2 £ 05%
{, ThoZBROSOEMZERRICBY 2 EEDEFRL

30
3 3

20 | =
=
o110 +
£ ‘ | E

0 =@
jﬁ S
3 . NO;
S0} o
= @ Cca?
% = Mg
£ =
g or == Nar
s . N
o i (e 8

7 RiudefE (B 680 m #if) B 28KD pH T & D
FRAME, BokE (L) LR (T) RN R (2009)
EEIE)

,

I F

WOk 5 . LrLZOEERERIE, FBR BT
YrETERICERL 25 S 3. fI2E, RN B D
LREHDNT Y ARRAL, HEREY DS E %
RiZL, WEMOEREZ» 2 > TET 38 250N
ahTwa . FICIZEFE R ERSDHIBOBIELPE
TKOKEHBEBEZET 2L, Haxkl@Ez5 s T &
FEzoNTws., Ihos—HOMEPERAAE Laz

EMNZVD, M4 IR LIEMNNOHEIERR» S, 20
M o R 2 RIS R 1 19~39 kgN/ha IS ¥ 5 .
ZOfEX, BN TOBH» >R EMOMEEFE 2o
% Z D% 10 kgN/ha (Wright et al., 1995) %2
T3, FHINEZESD XD EWHE TIEZ2 08
DUBERTFHREIND ZETHD, ZOHIRDZERLIMN
HEATHWS Z LB EINS.

ERLU7zE 51, FRRIBETIEE 27 F DFEREHHE
BEINTw3 ., FHELBIRILTHET 28E, pH, 1k
FHKEFRLCER2 1FEULORHcEYE IS
OEARICEET LIk, ZhondERHsh
22 ERMERLTCE L. Bz, 7HHANOREREE
EERTIX, pH3OBUEZORBIC L W EFEEOET,
EOER, MEOHEEORIL, BHAREEDET, B
FTUTUERERDETRE, R BIEECBVWTERED
WIS ESE & L7z (Shigihara et al., 2008a) . RFEFEER
T, BEREO T v 7 2O FIECHIEEE O R
#EDZE'E (Shigihara et al., 2008b) , FRFEEA VY 7 A
A 7 > OFT (Shigihara et al., 20092) = EHEZE S N,
WYL B e RS © bR E ORE I L 2 MECE
EHIHANOFEIRENT:. B, BHREY Y VBB
ED INOSBUEBROWEENILKRT 2EEFED, RET
VTIUEEBEEREREDEROBEIB W THERE L
(Shigihara et al., 2009b). 25 DFERITVINDG,
EHEE CRAET 2 BEESFRILBROBMERICK & <
BboTwna ZERRLTWVWS. RITFEESHT-
Je B EBIERO—F%/R$ (Shigihara et al., 2009b) .
ZhE 3EETFHEAREWNRIC, FIRLEORE
Z, RIITHETIHEEA NV M 2R LEL Y VDR
BRWICE &2 1 FRITR Y, ZOHEAREHAICS
I3 707 ERKRUVERAOREZRELIERTD
5. BBLIAY VOBEIZ 60 ppb, HARTD AOT40
1% 16.6 ppm+h TH o7z, ZFEEER O FEM X Shigihara
et al. (2009b) 2B I Nizwv, KIWCRIERLY, B
MHEORBEICL VR, B, LFOoVThoOEIcE W T
LTy U EROBOVHERTE 20, FRICRKIUED
HACBOTERRBDER LI, —FH, AV VBB
Lo THWHIPED SN, FTREIBICB W TIEBEEED
WERRIRT 2 RNERICHER S L.

ZDEIBRERNDFE X, HZMERROBEEICS
A=V %52 2120 TkL, I TREIN2YENIER
RKIEBRIC b E R MIZT EF 2 oNn S . BEEIZH
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RIBEBRUAL Y Y ORBI L2 7 FHAREHOALO T > 7 EE R VER O (Shigihara et al., 2009b)

Amount of starch (mg g~ DW)

Treatment Roots Leaves Winter buds Number of leaves
AF, 75.2%£5.8 9.94%0.7 6.08+0.7 299+28
AF, 10111 14.1£0.9 7.02%+0.7 402+39
AF;-0O,4 53.3+4.3 7.58%0.3 5.99+0.3 20524
AF;-0O, 88.4+10 12.1£0.3 6.71+0.6 321£32

AF; ; Exposure to simulated acid fog at pH 3

AF; ; Exposure to simulated acid fog at pH 5 (control)
AF;-O; ; Exposure to simulated acid fog at pH 3 with ozone
AF;-O; ; Exposure to simulated acid fog at pH 5 with ozone

KREN O M & i L TIRIETEEY OB BN S <
(BREEFT, 1999), L72AWFEL D ENLFHET 5 I T
BEICHED EEAINS Z EWRE N, BEREY
DSEFTHLRE DI OBARSHRMAERRRIZ ED L 5 &
Brbl-o LTwah, RREFEE»SBEL, Ih—
[EOHGEZ RO 2 LENDH B LV D .

5. RISEMEDHTMADLRE — AKEB-£
YIBHEE(FRRDIAEDRT

TR, HEREE COMEMERCRAME R &%, KRl L
K, £YE L OMOAEEK S HEEROR TR Z %
[HEER S 2 7 A | & IFFR S N A0S, HIBERRIE OREX
AW CTHEHISNTWS., R&EEOSTFTID LS %
HamxW S L, Charlson et al. (1987) THEI NI
CLAWRFCW D FL . WMESZ 7 b U EET 5
fifby 2 v (DMS) 23l (£ 7 13mgE) =7 ay
NERDEZDLD, BOTAVRE, ZLTRIERZEZ
0w, AEYEIC L AREREEHVI: DD TH 5.
BORKIEPRRFOFBICG 2 I BIR& L, &
KR DREIR PR IEER R & OWIFEnFaR S 5 K X 7ot
LTz,

LorL, 205 BMHAFRARO THIBKERE ORAT
EHERR D > T 2 KRG LRI DMS 720 Tld &
V. YIS KRB T 2Rk A DS A
MIEIERR O T4 HOHIBRERE O RLIL & #ERF I < B
boTwdiwz s, ZOEOHAEMERROF THRME
BERDR I T HZENIIRE W ETFEINS . 2 13/
S E NS TRV, KA TOREERIG 2 &
TEKIEEREA LIER Y a YV REEL, BFK
WFRICBAb 5 2 3% 2 &5 d (Tunved et al., 2006) .
TR & DL RAHAEER 28 L TED X 5 1cih
HREEICEb > T30k, KEFESTHICBY 3K
X RRHRED—D LR 5.

FRTEE Y DRI DUE & Z OFMAERER DR
WDOWTHE, FMERPHFEMREBRANDIT A —Y LS
oo, FICRERZEPHEMEIE L o I3 B i B v
TR ED S, ARTHENLIzED 1
NE TR BERBMESNTE . LrLKREHE -

EYEFESER & WO RE» S ZOREEH - 2B IE
EAERL, BUEYIOWE I X 2 FMERROLHE
2, KR&E L OMHENER %8 U CHIBRE SR O W ig
BICEDEIIREELREZ 2D OVWTOERIIZL
V. BREWEYC X0 BB RO LRSI Z 51
3 X9 7% 2 £ IR SRR 2 £ OYETER I
WEERIET LR BD, £ FTRERPETKSL

Y, BIZITHIS R 7 — VT T VR E O
M S BN, SEEA Y KA T oY
VOERICHENRRZ L3+ FRENE . £V U2
MR E Y OB & D BIRD & 0 T F v Vi A3
T 52 EIRE L oA SN Tw b (Mehlhorn and
Wellburn, 1987). 7:+EBEBR~OFELHE L TK
HEFEICE LN b FEZ oD .

EHEBRY (NOx) 7 v E=T R EOEFLEYD
RLEANDOBHEIESHERZERT 2 2 B FPHENTS
D, ZTHBRGREPERFERICE 2 BHEBICOVT LR
AP OERSISN TS (B2, Galloway and
Cowling, 2002) . UL, BMEREY L L CGREAE
%, FMERRROETE 28 L CTRRE, 7 L CHiskkE
BREOWEMRIZED X 5 B EL5 2 202DV TO
FRII AT, HIERREREOWEIERICB T 2
BMERROFEDORE S 2H2ZNE, 20X A
o DOROERPLETH L. 2D X, BELSE
YIS ENZ I HRMAUE T 20, ZOUWBROHERE
2EDBLEELERL TV, BIZZDOHMERERA
DB R | TR 3RO ERERLRBADOFE, B
ANV FRAR D BT 0 A BE R DB\ DR e ERER 7 H
A7 —NVCHHliT 22 L, $20EFIERISN
LUBERBRADRE LB 7 — v 5 LFRAr — L F
THRR R ZEIA 7 — )V CRHE S 5 2 & H3, R5E - 49
EHAERROMEOFKEL, [HERY X7 4] OME
WIEARAIRTH 5.

u

B

AEHREOKE %5 2 THHW, LK KRR
WIFERT « N ABESR Iz LET .
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©, L OO EATILE B 2 REALZBEIFTFE OB DWW T I < H 28 2 a7 . Bl
OV RAT 4 7 AR ORI b b o3, IHEZFIH L ROFBIIEZ Tw s Lo iclbn
3. %L OWETIR, [IEEENCED 2 KEFEOEFICHEKOE SR BrN, BRPEE T —5 21X
BIT2LET, Oy 7770 R T =Y ERET 2SI BEALS, IIHEICEE LSRR
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I & BB YRR 0 B TRB A ORI O WTE D - 72 2 BN L. BEix, A5
BRZIZ A THAILEH S ¢ 2 (RIEERX) FEWREEZH T2 AREE L H 5 .

Observation of atmospheric chemistry by using mountains, research trends
and its challenges-a mini review

Yasuhito Igarashi’, Hiroaki Naoe!, Hiroshi Takahashi', Yayoi Inomata*

Atmospheric chemistry and aerosol observations at mountainous platforms are interested as a way to obtain
vertical profiles or free tropospheric information of the concerned aerosols and chemical trace species. In order
to facilitate such researches in Japan, recent research trends in atmospheric chemistry at high altitude sites over
the world are reviewed. In spite of the difficulties in logistics and maintenance, the utilization of mountain
platforms in the atmospheric research seems growing. Concerns are mostly placed on the global atmospheric
change in relation to the climate study thus the temporal changes of atmospheric species along with those of
meteorological dynamics are reported in many studies. Effects by the local wind circulation, which is character-
istic meteorology to the mountain range, on the time series of atmospheric chemistry are described. Also, the
venting of polluted boundary layer air into the free troposphere by the thermally induced air flow is discussed.
Such venting occurring at mountains beside the industrial region may play a substantial role in a large-scale

pollution outflow into the far down-wind regions.
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Polar organic tracers of isoprene, «/8-pinene and g8-caryophyllene photooxidation in tropi-
cal Indian aerosols (PM;,) collected at Chennai were measured using gas chromatography/mass
spectrometry. All the biogenic secondary organic aerosol (SOA) tracers showed diurnal varia-
tions with higher concentrations at daytime, which is in agreement with the fact that they are
Total
concentration ranges of the organic tracers were 18.3-107 ng m~? in summer versus 2.69-66.9 ng
Most of the SOA tracers showed higher concentrations in summer than in winter,
while B-caryophyllinic acid, a tracer for S-caryophyllene, showed no seasonal differences. A

photochemical oxidation products of biogenic volatile organic compounds (VOCs).
m~?%in winter.
good correlation (R?=0.67) was found between the concentrations of 3-hydroxyglutaric acid and

3-methyl-1,2,3-butanetricarboxylic acid (MBTCA).
MBTCA were strongly correlated with malic acid, indicating a similar formation pathway of

In addition, both 3-hydroxyglutaric acid and

these compounds in the tropical region.

This study also suggests that isoprene and «/8-pinene

oxidation products contribute almost equally to organic carbon (OC) in tropical India.

1. Introduction

Considerable efforts have been devoted in the last
decade to understand secondary organic aerosol
(SOA) formation from the photooxidation of both
anthropogenic and biogenic volatile organic com-
pounds (VOCs) [Hoffmann et al., 1997; Jang and
Kamens, 1998; Kavouras et al., 1999; Yu et al., 1999;
Claeys et al., 2004a; Zhang et al., 2004; Jaoui et al.,
2008], because SOA is an important component in the
Earth’s atmosphere to influence the atmospheric radi-
ation budget directly by scattering sunlight and in-
directly acting as cloud condensation nuclei (CCN)

[ Kanakidou et al., 2005]. On a global scale, the
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contribution of biogenic VOCs to SOA (18.5-270 Tg/
yr) is one order of magnitude greater than that of
anthropogenic VOCs (1-30 Tg/yr) [Andreae and
Crutzen, 1997]. Thus, the biogenic SOA is compa-
rable to the global burden of sulfate aerosol of 180
Tg/yr (£22%) [Andreae and Rosenfeld, 2008].
Biogenic VOCs that released from vegetation
include isoprene, monoterpenes, sesquiterpenes, and
oxygenated hydrocarbons such as alcohols, aldehydes
and ketones [Guenther et al., 2006; Goldstein and
Galbally, 2007; Duhl et al., 2008].

sions of biogenic terpenes and anthropogenic hydro-

The global emis-

carbons are both far lower than that of isoprene (500~
750 Tg year™!) [Guenther et al., 2006].

large flux, isoprene had not been generally considered

Despite its

to be an SOA precursor due to the high volatility of its
[Claeys et

al., 2004a] first identified two diastereoisomeric 2-

known reaction products. Claeys et al.
methyltetrols as oxidation products of isoprene in the
Amazonian rain forest aerosols. Since then, these
compounds have been detected in ambient air samples

collected in Finland [ Kourtchev et al., 2005], Hungary
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LIon et al. 2005], the United States [Edney et al.,
2005; Xia and Hopke, 2006; Clements and Seinfeld,
2007; Ding et al., 2008; Yan et al., 2009], China [ Hu et
al., 2008; Wang et al., 2008], and the polar region [ Fu
et al., 2009a]. Photooxidation products of a/g-
pinene and B-caryophyllene were also characterized in
smog chamber experiments and reported in ambient
samples [ Jaoui et al., 2005; Jaoui et al., 2007; Hu et al.,
2008; Jaoui et al., 2008; Kourtchev et al., 2008b; Wang
et al., 2008; Fu et al., 2009a; Yan et al., 2009]. These
studies provide insights on sources and processes that
influence SOA production and their spatial and sea-
sonal distributions. However to date, little is known
about the BVOC oxidation products in tropical
regions, especially in South Asia.

Atmospheric brown clouds (ABCs) over Asia, also
known as the Indo-Asian haze, are caused by signifi-
cant biomass burning and fossil fuel combustion
[ Lelieveld et al., 2001; Gustafsson et al., 2009]. It can
impact on South Asia climate and hydrological cycles
[ Ramanathan et al., 2005]. Recently, Gustafsson et
al. [2009] used radiocarbon (**C) as a tracer to
quantify biomass and fossil fuel contributions to the
ABCs. Chowdhury et al. [2007] reported the organic
speciation and source apportionment of fine particles
in four Indian cities using a receptor-based method.
Furthermore, efforts have been done to understand

the changes in the organic aerosol composition due to

photochemical oxidation at a molecular level [ Robin-

son et al., 2006; Rudich et al., 2007]. Tropical region
may provide a unique site to study the photochemical
aging of organic aerosols because of its high ambient
temperature and strong sunlight irradiation. How-
ever, knowledge about the organic molecular composi-
tion of atmospheric aerosols in tropical India is very
limited.

To understand the levels of biogenic SOA and the
different content of organic aerosols among different
seasons, we carried out a monitoring campaign in
tropical India from January to June, 2007. The con-
centrations of isoprene oxidation products (e.g., 2-
methyltetrols), together with «/fB-pinene and g-
caryophyllene oxidation products (e.g., pinic acid and
fB-caryophyllinic acid) were measured for the first
time in tropical Indian region. We report contribu-
tions of each compound class to OC in the samples and
discuss the importance of biogenic SOA in the tropical

Indian aerosols.

Latitude (°)

2. Experimental Section

2.1 Aerosol Sampling

Detailed information about the sampling site is
presented elsewhere [Pavuluri et al., 2010]. Briefly,
49 day- and night-time PM,, samples were collected
using a high volume air sampler (Envirotech APM 460
DX, India) and pre-combusted (450°C, 4h) quartz fiber
filters at the Indian Institute of Technology Madras
(IT'TM) in Chennai (13.04°N, 80.17°E) (Figure 1) during
winter and summer 2007. II'TM campus is located in
a natural forest, covered with vegetations, and is ca. 3
km away from the coast. The sample filter was
placed in a clean glass jar with a Teflon-lined screw
cap and stored in a dark freezer room at —20°C prior
to analysis.
2.2 Extraction and Derivatization

Detailed analytical method has been described
elsewhere [Fu et al., 2008; 2009a]. Briefly, filter
aliquots were extracted with dichloromethane/meth-
anol (2:1;v/v) under ultrasonication. The solvent
extracts were filtered through quartz wool packed in
a Pasteur pipette, concentrated by the use of a rotary
evaporator, and then blown down to dryness with pure
nitrogen gas. The extracts were then reacted with 50
ul of N, O-bis-(trimethylsilyl) trifluoroacetamide
(BSTFA) with 194 trimethylsilyl chloride and 10 g1 of
pyridine at 70°C for 3h. After reaction, the deriva-
tives were diluted with 140 x4l of n-hexane that con-

tains 1.43 ng ul™' of the internal standard (C,; #-
alkane) prior to GC/MS injection.

L]
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100 110 120

Figure 1 © A map showing the location of the Chennai city
in South Asia. Plots of 10-day air mass back trajectories
arriving at 500 m above Chennai (13.04°N and 80.17°E) in
winter (January 23 to February 6) and summer (May 22-31)
2007, showing three major pathways reflecting early win-
ter, late winter and summer [Pavuluri et al., 2010].



Secondary Organic Aerosol 81

2.3 GC/MS Analysis

Data were processed with the Chemstation soft-
ware. Individual compounds were identified by com-
parison of mass spectra with those of authentic stan-
dards or literature data [ Claeys et al., 2004a; Wang et
al., 2008]. For the quantification of 3-hydroxyglutaric,
cis-pinonic, and pinic acids, their GC/MS response
factors were determined using authentic standards.
cis-Norpinic acid was quantified using the response
factor of trams-norpinic acid. B-Caryophyllinic acid
was estimated using the response factor of pinic acid.
2-Methylglyceric acid, Cs-alkene triols, 2-
methyltetrols and 3-methyl-1,2,3-butanetricarboxylic
acid were quantitatively determined by a capillary GC
(Hewlett-Packard, HP6890) equipped with a split/
splitless injector, fused-silica capillary column (HP-5,
25mX0.2mmi. d. X0.5m film thickness), and a
flame ionization detector (FID). The identification
of the organic compounds quantified by GC-FID was
confirmed by GC/MS analysis. The standard of
meso-erythritol, a surrogate compound generally used
for the quantification of 2-methyltetrols, was quantita-
tively determined by both GC/MS and GC-FID. Its
relative standard deviation based on these two
methods was <59. Field blank filters were treated
as the real samples for quality assurance. Target
compounds were not detected in the blanks. Recov-
eries for the authentic standards or surrogates that
were spiked onto pre-combusted quartz filters and
analyzed as same as samples (n=23) were 94+2.69% for
meso-erythritol, 91+5.59% for 3-hydroxyglutaric acid,
641599 for cis-pinonic acid, 93+2.39 for ftrans-
norpinic acid, and 79+2.3% for pinic acid. The data
reported here were not corrected for the recoveries.
Relative standard deviation of the concentrations
based on duplicate sample analysis was generally <
109%.

3. Results and Discussion

3.1 Meteorology and air mass back
tradectories

Detailed weather information has been mentioned
elsewhere [Pavuluri et al.,2010]. Inbrief, the weather
in Chennai is generally hot and humid. The ambient
temperatures during the campaigns varied from 14.2-
34.9°C (average 23°C) in winter and 28.3-41°C (32°C) in
summer. No rain was recorded during the cam-

paigns. A clear diurnal oscillation in wind speed and

wind direction was found in Chennai due to a strong
land-sea thermal gradient. During sampling period in
the present study, the wind is southwesterly (land-
breeze) during early hours of the day. However, it
turns northeasterly and southeasterly at noon hours
(12:00-13:00, local time) during both winter and sum-
mer, and accelerates subsequently as a result of the
onset of sea breeze. The onset of sea breeze at
daytime that introduce cool marine air passing over a
warmer land surface results in a thermal internal
boundary layer (TIBL) below the planetary boundary
layer (PBL). In contrast, the onset of land breeze at
nighttime may remove the TIBL and the PBL moves
down.

Air mass trajectory analysis (Figure 1) showed
that most of the air masses were transported long
distances from North India and the Middle East in
early winter (Jan.23-28) and from Southeast Asia
over the Bay of Bengal in late winter (Jan. 29-Feb. 6).
In contrast, the Arabian Sea, Indian Ocean and South
Indian continent are suggested as major source
regions in summer (May 22-31) [ Pavuluri et al., 2010].
Back trajectory analysis also showed that the air
masses originated from mixed regions (North India
and Southeast Asia) between January 30 and February
2. Thus, we present the seasonal differences of some
compound classes and their discussions as three cate-
gories following the air mass trajectory analysis.

3.2 Isoprene Oxidation Products

Isoprene (2-methyl-1,3-butadiene, CsH;) is highly
reactive because of the presence of C=C bonds, which
makes it susceptible to react with oxidants (e.g., OH,
Os, and NO,) [Atkinson and Arey, 1998]. Isoprene
oxidation products can partition in the particle phase
and lead to SOA formation [ Claeys et al., 2004a; Kroll
et al., 2006; Sato, 2008; Cariton et al., 2009; Hallquist et
al., 2009]. In this study, six compounds were
identified as isoprene SOA tracers in the aerosols,
including 2-methylglyceric acid, three Cs-alkene triols,
and two 2-methyltetrols (2-methylthreitol and 2-
methylerythritol) (Figure2). Their concentrations
were higher in summer than in winter. The concen-
tration ranges of 2-methyltetrols were 0.57-10.5 ng
m~ (average 3.06 ng m~®) at daytime and 0.17-10.6 ng
m~® (2.42 ng m~®) at nighttime in winter. In summer,
their concentration ranges were 4.89-43.2 ng m—* (16.6
ng m~®) at daytime versus 3.54-18.9ngm™ (11.1 ng
m~%) at nighttime. The concentrations 2-

methylerythritol were about 2.5-fold more abundant
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l. Isoprene SOA tracers
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Figure 2 . Chemical structures of the polar organic compounds detected in PM,, aerosols collected at Chennali, tropical India.

than 2-methylthreitol (Table 1). This ratio is similar
to those observed in other studies [ Claeys et al., 2004a;
Ion et al., 2005; Cahill et al., 2006]. The levels of
2-methyltetrols are lower than those reported in
mountain aerosols such as Mt. Changbai, Northeast
China (22-282ng m™®) [ Wang et al., 2008], and forest-
ed sites such as Amazon [Claeys et al., 2004a], Hun-
gary [lon et al., 2005], Finland [Kourtchev et al.,
2008a], Germany [Kourtchev et al., 2008b].
Cs-Alkene triols, which are recently reported as
photooxidation products of isoprene [Wang et al.,
2005], were detected in all samples with average
concentrations similar to those of 2-methyltetrols.
However, they are lower than those (~50ngm™2)
reported in subtropical Hong Kong [Hu et al., 2008],
but are comparable to those reported in other studies
from midlatitudes, e.g., a Californian pine forest, USA
(3.47 ng m™?) [Cahill et al., 2006], and Jiilich, Germany
(1.6-4.9 ng m™?) [Kourtchev et al., 2008b], and about 2
orders of magnitude higher than those reported in the
Arctic [Fu et al., 2009a]. The concentration ranges
of 2-methylglyceric acid, which is possibly formed by
further oxidation of methacrolein and methacrylic
acid from isoprene [ Claeys et al., 2004b; Surratt et al.,
2006], were 0.24-1.66 ng m~® (average 0.69 ng m~3) at
daytime and 0.16-1.90 ng m~® (0.64 ng m~%) at night-
time in winter. In summer, their concentration
ranges were 1.30-8.23 ng m~% (4.35 ng m~%) at daytime
versus 1.06-3.20 ng m~® (2.09 ng m~®) at nighttime.
The concentrations of isoprene SOA tracers were
found to be higher in summer than in winter and at

daytime than at nighttime (Figure 3a), which is in

agreement with their photooxidation nature. This
pattern is different from those of biomass burning
tracers (e.g., levoglucosan) and other anthropogenic
organics such as hopanes and PAHs [Fu et al.
2009b]. The nighttime maxima of these organic
compounds may be associated with the land/sea
breeze circulation in Chennai [Pavuluri et al., 2010].
3.3 a/B-Pinene Oxidation Products
Pinonic, norpinic, and pinic acids were detected as
a/B-pinene oxidation products. These acids are

produced by photooxidation of a/B-pinene via reac-
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Figure 3 : Winter/summer and day/night differences of
the total concentrations of SOA tracers detected in atmo-
spheric aerosols from Chennai, tropical India.
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tions with O, and OH radicals [ Hoffmann et al., 1997;
Yu et al., 1999; Glasius et al., 2000; Linuma et al.,
2004]. They have been observed in smog chamber
experiments [Jang and Kamens, 1998; Yu et al., 1999;
Glasius et al., 2000] and reported in the ambient
aerosols [Ding et al., 2008; Kourtchev et al., 2008b; Fu
et al., 2009a; 2009c]. Concentrations of pinic acid and
pinonic acid were similar during winter, whereas in
summer the concentrations of pinonic acid were
higher than those of pinic acid (Table 1), although the
vapor pressure of pinonic acid is about 2 orders of
magnitude higher than pinic acid. This pattern is
consistent with those found in tropospheric aerosols
over Mt. Tai in Central East China, in which the
concentrations of pinonic acid were twice more abun-
dant than pinic acid. Similar patterns have been
reported in other studies [Kavouras et al., 1999;
Kavouras and Stephanou, 2002; Cahill et al., 2006;
Bhat and Fraser, 2007; Yan et al., 2008]. However,
higher concentrations of pinic acid than pinonic acid
have been reported in the aerosols from a coniferous
forest in Germany [Plewka et al., 2006] and Research
Triangle Park (RTP), USA [Kleindienst et al., 2007].
Two novel compounds were recently identified in
aerosols as 3-hydroxyglutaric acid (3-HG) [Claeys et
al., 2007] and 3-methyl-1,2,3-butanetricarboxylic acid
(MBTCA) [Szmigielski et al., 2007]. Both 3-HG and
MBTCA are generated in smog chamber experiments
of a-pinene with an irradiation of UV in the presence
of NO,. [Claeys et al., 2007; Szmigielski et al., 2007].
The concentrations of 3-HG were higher than those of
other «/f-pinene oxidation products.
3.4 p-Caryophyllene Oxidation Product
Regarding their high reactivity and relatively low
vapor pressure, sesquiterpenes have been the least
studied BVOCs. Among sesquiterpenes emitted from
the plants, B-caryophyllene is one of the most abun-
dant species and most frequently reported [Duhl et
al., 2008]. B-Caryophyllinic acid, an ozonolysis or
photo-oxidation product of B-caryophyllene [Jaoui et
al., 2007], was identified in both winter and summer
samples without any significant differences (Table 1).
However, relatively higher levels of S3-caryophyllinic
acid were observed during late winter (Figure 3c)
when the air masses originated from Southeast Asia
[ Pavuluri et al., 2010], indicating that Southeast Asia
is a strong “emitter” of B-caryophyllene.
3.5 Temporal Variations

Figure 4 presents the overall seasonal and diurnal

variations of the polar organic tracers. We found
that most of the biogenic SOA tracers gave diurnal
trends with higher concentrations at daytime, suggest-
ing a photochemical production of these compounds.
The isoprene oxidation tracers showed very similar
temporal trends each other (Figure 4a-c), except for
the diurnal patterns in summer (Figure 4c). In win-
ter, one concentration peak was observed during
January 30-February 1 (Figure 4a-c). Such a peak
can also be found for other SOA tracers (Figure 4e-i).
In summer, the temporal patterns of isoprene SOA

Summer

Early winter

Late winter

(b) Cy-alkene triols |

(c) 2-methylglyceric acid

Concentrations (ng m-3)

Date (local time, 2007)

Figure 4 . Temporal variations of individual biogenic SOA
tracers in PM,, aerosols collected at Chennai, tropical
India.
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tracers and other biogenic oxidation products were
different.

A good correlation was found between the con-
centrations of 2-methyltetrols and C;-alkene triols
(R?2=0.80, n=49) in the Chennai samples because they
are both derived from the oxidation of isoprene.
However, their formation processes are different.
Wang et al. (2005) reported that 2-methyltetrols are
formed through diepoxy derivatives of isoprene,
which can be converted into 2-methyltetrols through
acid-catalyzed hydrolysis. Alternatively, the forma-
tion of Cs-alkene triols was explained through re-
arrangement reactions of hydroxyperoxy radicals
that are formed in the initial photooxidation of iso-
prene [Surratt et al., 2006]. The temporal pattern of
2-methylglyceric acid (Figure 4c) was similar to those
of 2-methyltetrols and C;-alkene triols (Figure 4a-b).
In addition, a clear diurnal variation can be found for
2-methylglyceric acid during summertime with higher
concentrations at daytime.

The temporal variations of a/3-pinene oxidation
tracers (Figure 4d-h) were different from those of
isoprene oxidation tracers (Figure 4a-c). A poor cor-
relation between a/f-pinene oxidation products and
2-methyltetrols in mountain aerosols was reported by
Cahill et al. (2006). Furthermore, the temporal pat-
terns of pinonic acid and norpinic acid were different
from those of pinic acid, 3-HG and MBTCA.
MBTCA and 3-HG are higher-generation photooxida-
tion products of a/B-pinene compared to pinonic and
pinic acids [Kourtchev et al., 2009]. A good correla-
tion (R?=0.67, n=49) was found between the concen-
trations of 3-hydroxyglutaric acid and MBTCA in the
Chennai aerosols. In addition, both 3-hydroxyglutaric
acid and MBTCA were strongly correlated with malic
acid (Figure 5), indicating a similar formation path-
way in the tropical region. Malic acid can be
produced by the photochemical oxidation of succinic
acid [Kawamura and Ikushima, 1993], which is one of
the oxidation products of biogenic unsaturated fatty
acids in the atmosphere [ Matsunaga et al., 1999].

Temporal variations of g-caryophyllinic acid
(Figure 4i) showed one major peak during January
30-February 1. This pattern was different from those
of isoprene or a/B-pinene oxidation tracers (Figure
4a-h). A positive correlation between S-caryophyllinic
acid and levoglucosan, a specific biomass burning
tracer, was found in Mt. Tai aerosols during

MTX2006 campaign when the field burning activities

30
- | O 3-HG
g - A MBTCA
£ y = 0.4042x + 1.2003
® 20 A
5 R’ =0.67
g i
o _
6( i
b i
2 10 A
[0}
£ ]
o . y = 0.03x - 0.0005
=¥ | 2
3 R*=0.77
1 VAVVS £
0 A A T

0 10 20 30 40 50
Malic acid (ng m-3)

Figure 5 : Relations between malic acid and two a«/g-
pinene SOA tracers: 3-hydroxyglutaric acid (3-HG) and
3-methyl-1,2,3-butanetricarboxylic acid (MBTCA).

of wheat straws were very active in Central East
China [Fu et al., 2009c]. In this study, the correla-
tion coefficients (R?) between levoglucosan and g-
caryophyllinic acid were 0.25 in winter versus 0.06 in
summer. This difference indicates that the forma-
tion of B-caryophyllinic acid in the urban atmosphere
over Chennai may be partly influenced by biomass
burning during wintertime when the ambient tempera-
tures are relatively low.

The temporal variation of total concentrations of
BVOC oxidation products detected in this study is
shown in Figure 6a. The total concentration ranges
of biogenic SOA tracers detected in tropical Indian
aerosols are 18.3-107 ng m~® in summer and 2.85-66.9
ng m~2% in winter (Table 1). These values are relative-
ly low when compared with those reported in forested
sites at midlatitudes [lon et al., 2005; Kourichev et al.,
2008a; Kourtchev et al., 2008b; Wang et al., 2008; Fu et
al., 2009c], or even in a subtropical urban site in Hong
Kong [Hu et al., 2008], especially for 2-
methyltetreols. This suggests that in tropical India,
biogenic SOA tracers such as 2-methyltetrols and
MBTCA may be further oxidized to lower molecular
compounds such as oxalic acid under strong sunlight
radiation, a point warrants future study.

3.6 Contributions of BVOC Oxidation
Products to OC

To better understand the chemical composition of
SOA in tropical India, the contributions of isoprene,
a/B-pinene and B-caryophyllene oxidation products
to OC were examined. Mean contributions of total
SOA tracers to OC in summer (0.30£0.129 at daytime
versus 0.19+0.099§ at nighttime) were about 3 times
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Figure 6 : Temporal variations of (a) total concentrations of isoprene, «/8-pinene and S-caryophyllene SOA tracers, and (b)
the carbon percentage of biogenic SOA tracers in organic carbon (OC) in the tropical Indian aerosols.

Table 1 : Concentrations of polar organic tracers in PM,, samples from Chennai, tropical India, ng m3

Winter Summer
nighttime (n=14)
range  average SD? range

tracer for isoprene SOA
2-methylglyceric acid ~ 0.24-1.66 0.69 0.39
3Cs-alkene triols® 0.20-11.5 2.72 3.49
2-methylthreitol 0.15-3.06 0.86 0.83
2-methylerythritol 0.42-7.41 2.20 2.03
subtotal 1.08-22.4 6.47 6.53

tracer for monoterpene SOA

3-hydroxyglutaric acid 0.59-30.3 7.05 7.35
cis-pinonic acid 0.34-1.69 1.00 0.32
cis-norpinic acid  n.d.-0.39 0.18 0.12

nighttime (n=10)
average SD

Compound daytime (n=15) daytime (n=10)

average SD range average SD range
0.16-1.90 0.64 0.53
0.08-8.21 1.61 2.16
0.04-3.30 0.71 0.86
0.13-7.35 1.71 1.90
0.45-20.8 4.67 5.30

1.30-8.23 4.35 1.88
0.77-27.1 8.42 7.72
1.11-11.6 4.72 3.12
3.79-31.6 11.9 8.36
9.84-78.6 29.4 20.1

1.06-3.20 2.09 0.64
0.71-13.5 6.84 4.86
0.87-5.44 3.25 1.55
2.68-13.4 7.84 3.60
5.74-32.6 20.0 10.2

0.73-18.7 5.36 6.02
0.10-1.10 0.62 0.29
n.d.-0.34 0.13 0.10

5.64-18.1 10.5 3.84
2.44-10.5 4.86 2.74
0.13-0.59 0.31 0.15

2.80-15.1 7.55 3.68
1.49-14.2 3.76 3.72
n.d.-0.52 0.25 0.17

pinic acid 0.24-3.14 1.17 0.86 0.14-2.29 0.81 0.76 1.55-3.78 2.54 0.78 0.67-2.45 1.62 0.53
MBTCA® n.d.-1.27 0.31 0.32 n.d.-0.81 0.20 0.34 0.40-1.32 0.95 0.29 0.19-1.07 0.56 0.31
subtotal 1.36-36.2 9.72 8.58 1.24-22.4 7.12 7.06 10.3-26.5 19.2 5.04 5.42-21.4 13.7 4.95

tracer for B-caryophyllene SOA

B-caryophyllinic acid ~ 0.41-9.52 3.68 2.03
Total tracers 2.85-66.9 19.9 16.4
Total tracersin OC (%) 0.03-0.32 0.11 0.07

0.48-4.24 1.77 1.20
2.69-41.8 13.6 12.5
0.01-0.23 0.07 0.06

2.28-5.44 3.26 0.93
28.7-107 51.8 23.1
0.19-0.54 0.30 0.12

1.01-3.07 2.11 0.65
18.3-52.2 35.9 12.8
0.05-0.29 0.19 0.09

aSD: standard deviation; *Cs-alkene triols: cis-2-methyl-1,3,4-trihydroxy-1-butene, frans-2-methyl-1,3,4-trihydroxy-1-butene, and 3-
methyl-2,3,4-trihydroxy-1-butene; ‘MBTCA: 3-methyl-1,2,3-butanetricarboxylic acid.

higher than those in winter (0.11£0.079 at daytime activity is high. Isoprene and a/B-pinene SOA

versus 0.07+0.0695 at nighttime) (Table 1). Figure 6b tracers contribute almost equally to OC. The mean

shows the temporal contributions of isoprene, a/f-
pinene and B-caryophyllene oxidation products to OC

with higher values in summer when photochemical

carbon 9§ of B-caryophyllene SOA tracer is much
lower than that of isoprene and «/@-pinene SOA

tracers. However, the relative abundances of g-
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caryophyllinic acid in OC are higher in winter than in
summer (Figure 6b). This finding suggests that there
is no significant seasonal difference for the emissions
of B-caryophyllene or the SOA formation from g-
caryophyllene oxidation in tropical India.

4. Conclusions

Secondary oxidation products from biogenic
VOCs including isoprene, a/@-pinene and g-
caryophyllene were identified and quantified in the
atmospheric aerosols collected at Chennai in tropical
India. The ambient concentrations of biogenic SOA
tracers were used to estimate the contributions to OC.
Mean contributions of total SOA tracers to OC in
summer (0.30£0.129§ at daytime versus 0.1920.099%
at nighttime) were higher than those in winter (0.11 4
0.079% at daytime versus 0.0720.069% at nighttime).
Isoprene and «/fB-pinene oxidation products were
found to contribute almost equally to OC. However,
the concentrations of isoprene and a/g-pinene SOA
tracers detected in this study were lower than those
reported in other forested or urban sites [ Claeys et al.,
2004a; Ion et al., 2005; Kourtchev et al., 2005; Hu et al.,
2008; Kourtchev et al., 2008a; Kourtchev et al., 2008b;
Fu et al., 2009c]. This may indicate that under the
conditions of high ambient temperatures and strong
sunlight irradiation, the organic molecular composi-
tion of atmospheric aerosols in tropical regions should
be different from those in mid- or high latitudinal
regions, although it is poorly understood up to date.
Further study on organic aerosols in the tropical

regions is needed.
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In this study, biomass burning and marine aerosols collected in the Amazon, Brazil and on
an island south of South Korea are compared in terms of chemical characteristics and ageing by
the determination of water-soluble organic carbon (WSOC), water-insoluble organic carbon
(WIOC), elemental carbon (EC), diacids (C,-C,;) and related compounds (ketoacids and «-
dicarbonyls), stable carbon isotopic ratios (6'*C) of total carbon (TC), and nitrogen isotopic
ratios (8'°N) of total nitrogen (TN). The concentration ratios of WSOC, WIOC, and EC to
aerosol mass are 2-12 times higher in biomass burning aerosols than in marine aerosols. In
contrast, concentration ratios of water-soluble cations and anions to aerosol mass are lower by
a factor of 0.2-0.6 in biomass burning aerosols than in marine aerosols. Among diacids and
related compounds, oxalic acid (C,) was found to be the most abundant, followed by succinic acid
(C,) in biomass burning aerosols, while malonic acid (C;) dominated in marine aerosols. Lower
relative abundances of C,-C, diacids, unsaturated diacids, and «-dicarbonyls in total diacids and
related compounds were observed in biomass burning aerosols than in marine aerosols, whereas
those of C;5-Cy; diacids, branched diacids, multifunctional diacids, and ketoacids were higher in
biomass burning aerosols. These results suggest that there are significant differences in the
sources and photochemical production pathways of individual diacids and related compounds.
While the ¢*C values (—26.5 to —20.5%0) of TC and 6N values (+6.8 to +26.9 %) of TN
showed a large variation in marine aerosols, the variations were rather small (6°C: —26.1 to —
23.6 %o; S'°N: +21.5 to +25.7 %o) in biomass-burning aerosols. We propose that these ¢*C and
0N values can be used to characterize biomass-burning aerosols.
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mer, 1993], which affect global air quality, climate
and biogeochemical distribution of nutrients. The
Gosan site in Jeju Island, South Korea, is seriously
influenced by the pollutant transports from East
Asian countries/areas including Siberia, China, Korea
and Japan.

Biomass burning is one of the major sources of
atmospheric carbonaceous aerosols that are signifi-
cantly enriched with water-soluble organic carbon
(WSOC) [Graham et al., 2002; Kundu et al., 2010a].
Water-soluble and -insoluble carbonaceous fractions
become elevated in marine aerosols due to the forma-
tion of low-volatility compounds which result from
the oxidation of organics in the gas and aqueous
phases during a long-range transport [Kundu et al.,
2010d, and references therein]. These species
together with inorganic aerosol components influence
the aerosol climate forcings [Penner et al., 1998, and
references therein; Novakov and Corrigan, 1996, and
references therein]. It is therefore important to
study the carbonaceous and inorganic materials in
both biomass burning and marine aerosols. Addition-
ally, comparative knowledge in terms of organic and
inorganic composition is essential between biomass
burning and marine aerosols for their characterization
in the atmosphere.

The ubiquity of diacids and related compounds
(ketoacids and a-dicarbonyls) has been discussed for
biomass burning aerosols [Allen and Miguel, 1995;
Narukawa et al., 1999; Graham et al., 2002; Mayol-
Bracero et al., 2002; Gao et al., 2003; Decesari et al.,
2006; Falkovich et al., 2005; Kundu et al., 2010b] and
for marine aerosols [Kawamura and Usukura, 1993;
Kawamura and Sakaguchi, 1999; Baboukas et al.,
2000; Mochida et al., 2003a, b; Sempéré and Kawamur-
a, 2003; Legrand et al., 2007]. These studies have
also discussed their significant contributions to aero-
sol mass, their sources, and their chemical formation
and degradation in biomass burning and marine aero-
sols. However, none of these studies has focused on
the differences in molecular distribution and chemical
composition of diacids and related compounds
between biomass burning and marine aerosols.

Diacids and ketoacids account for 2-99§ of the
water-soluble organic carbon (WSOC) in biomass
burning aerosols [ Narukawa et al., 1999; Falkovich et
al., 2005; Decesari et al., 2006; Kundu et al., 2010a] and
for more than 109§ of WSOC in remote marine aero-

sols [Sempéré and Kawamura, 2003]. WSOC in aero-

sols contributes to the CCN activity [Sherwood, 2002;
Andreae et al., 2004; Mircea et al., 2005; Andreae and
Rosenfeld, 2008], which affects cloud microphysical
properties and hence precipitation patterns and cloud
albedo [Kaufman and Fraser, 1997; Ramanathan et
al., 2001; Kaufman et al., 2002]. Glutaric acid (a Cs
diacid) has been found to increase the CCN activation
ability of ammonium sulfate, a major inorganic
species in atmospheric aerosols [Cruz and Pandis,
1997, 1998].

The ¢**C of bulk organic carbon has been success-
fully used to better understand the contributions of
marine and continental sources to aerosol carbon
[Chesselet et al., 1981; Cachier et al., 1986, 1989;
Narukawa et al.,, 1999, 2008; Turekian et al., 2003].
However, stable carbon and nitrogen isotope ratios in
biomass burning and marine aerosols have not previ-
ously been studied extensively [Turekian et al., 1998;
Kawamura et al.,, 2004; Kundu et al., 2010a]. Stable
carbon and nitrogen isotopic ratios not only provide
information about the origins of aerosols but also
about the isotopic fractionation that is likely to occur
during biomass burning and after the emission of
aerosol particles or their gaseous precursors into the
atmosphere [Kundu et al., 2010a, c].

In this study, we report on the differences in the
chemical (bulk organics, diacids and related com-
pounds and water-soluble inorganic ion) and isotopic
composition (stable carbon isotope ratios of total
carbon and nitrogen isotope ratios of total nitrogen)
of biomass burning and marine aerosols in order to
explore the characteristics of these two types of

aerosols.

2. Samples and methods

Aerosol sampling was carried out during an inten-
sive biomass burning period (dry season), 16-26 Sep-
tember 2002, at the FNS (Fazenda Nossa Senhora
Aparecida) site (10°45'44” S, 62°2127” W, 315 m asl)
located in the western province of Rondodnia, Brazil
[Figure 1a]. Aerosol sampling procedures have been
described in detail elsewhere [Hoffer et al., 2006].
Briefly, fine (PM.,5) aerosol samples were collected on
pre-combusted (~10 h at 600°C) Pallflex quartz fiber
filters wusing a dichotomous virtual impactor
[Solomon et al., 1983] mounted on a 10 m high tower.

Total suspended particles (TSP) in the atmo-
sphere were collected at the Gosan site over 2-7 days
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throughout the year from April 2003 to April 2004.
TSP samples (n=84) were collected on pre-combusted
quartz fiber filters using a high volume air sampler
(Kimoto AS-810) installed on the roof of a trailer
house (~3 m above the ground). The Gosan site is
located on a cliff (~71 m asl) at the western tip of Jeju
Island (33°29” N, 126°16” E). It is approximately 100
km off the south coast of the Korean Peninsula, ~500
km off the east coast of China (Jiangsu province or
Shanghai), ~200 km to the west of Kyushu Island,
Japan, and ~1000 km off the northeast coast of

to its location and very limited local anthropogenic
emissions [Kim et al., 1998], Gosan has been consid-
ered as an ideal site to monitor the impact on air
quality of the western rim of the North Pacific due to
the outflows from East Asia [Carmichael et al., 1996,
1997; Chen et al., 1997]. Gosan was used as a super-
site for the ACE-Asia campaign in 2001 [Huebert et
al.,, 2003], and for the PEM-West A and PEM-West B
programs conducted between 1991 and 1994 [Hoell et
al., 1996, 1997]. It is now used as one of the supersta-
tions of the Atmospheric Brown Cloud (ABC) pro-

Taiwan (Figure 1b). The site and its surroundings
are covered with grasses but there are no trees. Due
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of this site is given elsewhere [Kim et al.,

gram [Lee et al., 2007]. A more detailed description
1998;

Figure 1 . Map showing geographical location of aerosol sampling site at (a) Fazenda Nossa Senhora Aparecida (FNS) in
Ronddnia, Brazil and (b) Gosan in Jeju Island, South Korea. A star symbol indicates the FNS and Gosan sites. Fire location
data (red dots) are cited from http://dup.esrin.esa.int/ionia/wfa.
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Kawamura et al., 2004; Lee et al., 2007].

The concentrations of organic carbon (OC) and
elemental carbon (EC) were measured using an OC/
EC analyzer (Sunset Laboratory Inc., Portland, OR,
USA). The WSOC was measured with a carbon
analyzer (Shimadzu, TOC-5000), whereas water-
soluble inorganic ions were measured using a Metro-
hm 761 ion chromatography (IC) system (Metrohm,
Herisau, Switzerland). The detailed analytical
methods for the measurements of OC, EC, WSOC and
water-soluble inorganic ions are described in Kundu et
al. [2010a].

Analytical procedures for the analyses of diacids
and related compounds are described in detail by
Kawamura and Ikushima [1993]. Briefly, aliquots of
filter samples were extracted with organic free pure
water. The extracts were dried and derivatized with
149 borontrifluoride in n-butanol at 100°C. The
derived dibutyl esters and dibutoxy acetals were
determined using a GC instrument (Hewlett-Packard,
HP6890) equipped with a capillary column and FID
detector. Authentic diacid dibutyl esters were used
as external standards for the peak identification.
The compounds were also identified using a GC/mass
spectrometer (Thermoquest, Trace MS).

For TC and TN analyses, a small disc (area 0.95
cm?) was cut off from each filter sample. The disc
was put into a tin cup and shaped into a rounded ball
using a pair of flat-tipped tweezers. The samples
were introduced into the elemental analyzer (EA;
model: NA 1500 NCS, Carlo Erba Instruments) using
an auto-sampler, and were oxidized in a combustion
column packed with chromium trioxide at 1020°C, in
which the tin container burns to promote the intensive
oxidation of sample materials in an atmosphere of
pure oxygen. The combustion products (CO, and
NO,) are transferred to a reduction column packed
with metallic copper that was maintained at 650°C.
Here excess oxygen is removed and nitrogen oxides
coming from the combustion column are reduced to
molecular nitrogen (N,). The N, and CO, derived
during this process were isolated on-line using a gas
chromatograph and then measured with a thermal
conductivity detector. Aliquots of the N, and CO,
gases were then introduced into an isotope ratio mass
spectrometer (ThermoQuest, Delta Plus) through an
interface (ThermoQuest, ConFlo II). The isotopic
composition of ¢°C and ¢'°N was determined using

the following standard isotopic conversion equations

(1) and (2), respectively:

13C lzc sample
Clh)=| (gsc/ézc))standalm “1famw
15N 14N sample
alsN(%O):[((ISN//MN))standalrd 71:| #1000 @)

Acetanilide was used as an external standard to
determine TC, TN and their isotope ratios. The
concentrations and isotope ratios reported here are
corrected for the field blanks. The reproducibility of
TC and TN in atmospheric aerosol samples ranged
from 0.7-99% (av. 2.59%) and 1.4-4.8% (av. 3%), whereas
the standard deviations of the ¢'*C and 6'°N measure-
ments ranged from 0.08-0.24 %o (av. 0.12 %o) and 0.03-
0.45 %o (av. 0.13 %o), respectively.

3. Results and discussion

3.1 Molecular compaosition of diacids,
ketoacids and a-dicarbonyls

Straight (C,-C,;) and branched (iC,, iC; & iCs)
chain aliphatic diacids, diacids with additional func-
tional groups (hC,, kC; & kC,), unsaturated aliphatic
diacids (M, mM & F), aromatic diacids (Ph, iPh &
tPh), ketoacids (wC,-wC,, and Pyr), and «-dicarbonyls
(Gly and MeGly) were detected in this study. Table 1
presents their concentration ranges and average con-
centrations together with abbreviations of the com-
pounds.

Figures 2a and b show the molecular distributions
of diacids and related compounds in biomass burning
and marine aerosol samples. Oxalic acid (C,) was
found as the most abundant species, followed by suc-
cinic acid (C,) in biomass burning aerosols, and
malonic acid (C;) dominated in marine aerosols.
Concentrations (700-2060 ng m~3, av. 1360 ng m~®) of
oxalic acid (C,) in biomass burning aerosols are two
times higher than those (90-1290 ng m~3, av. 560 ng
m~®) in marine aerosols. The dominant presence of
oxalic acid (C,) has been reported in biomass burning
aerosols [Kundu et al., 2010b, and references therein]
and in remote marine aerosols [Kawamura and Sa-
kaguchi, 1999; Kerminen et al., 2000; Mochida et al.,
2003a, b].

The third most abundant species is malonic acid
(C;) in biomass burning aerosol samples followed by
glyoxylic acid (@C,), glutaric acid (C;), adipic acid
(Cs), phthalic acid (Ph), pyruvic (Pyr), glyoxal (Gly),
methylglyoxal (MeGly) and malic acid (hC,) (Figure
2a). In contrast, succinic acid (C,) is the third most
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Table 1 : Concentrations of diacids, ketoacids and a-dicarbonyls detected in biomass burning aerosols
over the FNS site in Ronddnia, Brazil and in marine aerosols over the Gosan site in Jeju Island, South

Korea.

Concentrations (ng m~2)

Biomass burning aerosols (n=15)

Marine aerosols (n=284)

Name of compound Range Average Range Average
Saturated n-diacids
Oxalic, C, 695-2059 1356 92-1293 458
Malonic, C; 95-345 188 7-167 58
Succinic, C, 124-428 277 7-190 48
Glutaric, Cs 3-88 47 0.9-69 13
Adipic, Cs 22-101 47 0.6-19 5
Pimelic, C, 8-28 15 0.1-11 2
Suberic, Csq 0.07-23 8 0.01-9 2
Azelaic, C, 9-46 22 0.01-13 4
Sebacic, C,, 1-8 4 0.02-4 1
Undecanedioic, C; 0.19-7 3 0.2-9 2
Branched diacids
Methylmalonic, iC, 3-16 10 0.3-5 2
Methylsuccinic, iCs 15-71 42 0.2-12 3
Methylglutaric, iCg 2-11 6 0.1-5 1
Unsaturated diacids
Maleic, M 10-56 23 0.1-13 3
Fumaric, F 3-15 9 0.4-12 3
Methylmaleic, mM 3-30 14 0.2-12 3
Phthalic, Ph 25-66 42 0.5-52 10
Isophthalic, iPh 1-5 3 0.01-5
Terephthalic, tPh 2-26 12 0.01-30
Multifunctional diacids
Hydroxysuccinic, hC, 10-44 22 BDL-21 4
Ketomalonic, kC, 0.14-36 17 0.1-6 1
4-Ketopimelic, kC; 5-13 9 0.01-21 4
Total diacids 1039-3480 2174 142-1875 636
Ketoacids
Glyoxylic, @C, 65-225 131 6.3-148 34
3-Oxopropanoic, wCs BDL-23 3 0.0-4 1
4-Oxobutanoic, @C, BDL-8 4 BDL-4 0.5
9-Oxononanoic, @C, 2-4 2 BDL-6 2
Pyruvic acid, Pyr 12-50 27 0.5-15 4
Total ketoacids 78-309 167 8-170 41
a-Dicarbonyls
Glyoxal, Gly 19-54 30 0.4-106 4
Methylglyoxal, MeGly 13-43 25 0.9-60 11
Total a-dicarbonyls 31-93 56 2-108 15

Note: BDL means below detection limit.

abundant species in marine aerosols followed by
glyoxylic acid (wC,), glutaric acid (C;), methylglyoxal
(MeGly), phthalic acid (Ph), terephthalic acid (tPh) and
adipic acid (Cg) (Figure 2b). Azelaic acid (C,) was the
most abundant in the range of C,-C,; diacids in both
biomass burning and marine aerosols (Figure 2).
Total diacid concentrations ranged from 1040 to
3480 ng m~2 (av. 2170 ng m~?%) in biomass burning aero-
sols versus 140-1880 ng m~ (av. 640 ng m~®) in marine
aerosols. Total diacid concentrations in our biomass
burning samples are higher than those (220-2610 ng
m~3, av. 1160 ng m~3, Graham et al., 2002) reported in

aerosol samples collected from the same site during

the LBA-EUSTACH campaign in 1999. It is impor-
tant to note that Graham et al. [2002] detected some
of our diacid species and also some additional diacids
that have not been detected in our study, including
hydroxymalonic acid, 2-hydroxyglutaric acid, and
2-ketoglutaric acid. Our diacid data in marine aero-
sol are in the same range as that (130-2070 ng m~2, av.
660 ng m~%) reported for the same sampling site for
aerosol samples collected between April 2001 and
March 2002 [Kawamura et al., 2004].

centrations (410-1500 ng m~3, av. 850 ng m~3) were re-

Similar con-

ported over the East China Sea for aerosols collected

by a ship during the ACE-Asia campaign whereas
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Figure 2 . Molecular distributions of diacids, ketoacids and «-dicarbonyls in (a) biomass burning aerosols and (b) marine

aerosols.

much higher concentrations (480-2100 ng m~2, av. 1200
ng m~?) were reported over the Japan Sea [Mochida et
al., 2003b]. Total diacid concentrations (6-550 ng
m~%, av. 140 ng m~%, Mochida et al., 2003a) in aerosols
over Chichi-Jima Island in the western North Pacific,
ca. 2000 km away from East Asia, are several times
lower than those observed at the Gosan site, suggest-
ing that the Gosan site is strongly influenced by the
continental outflow from China, Korea and Japan.
Total ketoacid concentrations ranged from 80 to
310 ngm~ (av.170 ng m~2) in biomass burning aero-

8 (av.40ng m~®) in marine

sols versus 8-170 ng m~
aerosols. Total dicarbonyl concentrations ranged
from 30 to 90 ng m~® (av. 60 ng m~®) in biomass burn-
ing aerosols versus 2-110ngm™ (av.15ngm™2) in
marine aerosols. Graham et al. [2002] reported two
ketoacids, namely glyoxylic and pyruvic acids, whose
concentrations ranged from 10-230 ng m~3 with the
mean value of 80 ng m~® in samples collected from the
same site during a biomass burning period (1-29
October 1999). These concentrations in marine aero-
sols are similar to those (ketoacids: 2-170 ng m~3, av.

8 av.12ngm™?)

50 ng m~®; dicarbonyls: 0.1-85ng m~
reported for aerosol samples collected at the same site

between April 2001 and March 2002 [Kawamura et al.,

2004].

Diacids, ketoacids and a-dicarbonyls accounted
for 159, 0.195, and 0.059% of OC, respectively, in
biomass burning aerosols and 6.695, 0.5%, and 0.3%,
respectively, in marine aerosols (Table 2). On the
other hand, their contributions to WSOC were found
to be 2.39%, 0.29, and 0.0895, respectively, in biomass
burning aerosols and 129, 0.8%5 and 0.495, respective-
ly, in marine aerosols (Table 2). The higher contribu-
tions of diacids and related compounds to the car-
bonaceous fraction in marine aerosols than in biomass
burning aerosol suggest that marine aerosols are more

photochemically aged.

J.2 Aerosol mass and its carbonaceous
and ionic components

Table 3 gives a statistical summary of the concen-
trations of aerosol mass, carbonaceous materials and
water-soluble inorganic ion in biomass burning and
marine aerosols. Concentrations of carbonaceous
materials are significantly higher in biomass burning
aerosols than in marine aerosols. On average, EC is
higher in biomass burning aerosols than in marine
aerosols by a factor of 2, and TC, OC and WSOC are
higher by factors of 10-15. Contributions of TC to
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Table 2 : Contributions of diacids, ketoacids and «-dicarbonyls to carbonaceous fractions (OC and

WSOC) of biomass burning and marine aerosols.

Abundance in bulk

Biomass burning aerosols (n=15)

Marine aerosols (n=284)

carbon (%) Range Average Range Average

Organic carbon (OC)

Total diacids 1.1-2.2 1.5 2-17 6.6

Total ketoacids 0.07-0.2 0.1 0.2-1.2 0.5

Total a-dicarbonyls 0.02-0.1 0.05 0.04-0.7 0.3
Organic carbon (WSOC)

Total diacids 1.7-3.1 2.3 4.2-26.4 12

Total ketoacids 0.1-0.3 0.2 0.3-2.1 0.8

Total a-dicarbonyls 0.04-0.1 0.08 0.08-1.1 0.4

aerosol mass are an order of magnitude higher in
biomass burning aerosols than in marine aerosols. It
is interesting to note that although the mean concen-
tration of TN in marine aerosols is similar to that of
biomass burning aerosols, the mean contribution of
TN to aerosol mass is higher in marine aerosol than
in biomass burning aerosols by a factor 2 (Table 3).
The relative abundances of carbonaceous mate-
rials (WSOC, WIOC and EC) and water-soluble in-
organic ions to aerosol mass concentrations were also
different between biomass and marine aerosols (Fig-
ure 3). As seen in Fig. 3, biomass burning aerosols
are significantly more enriched with carbonaceous
materials than marine aerosols. On average, the
ratios of WSOC, WISOC, and EC to aerosol mass are

0.3, 0.2, and 0.2, respectively, in biomass burning

aerosols versus 0.02, 0.02, and 0.01, respectively, in
marine aerosols.

In contrast, marine aerosols are more enriched
with water-soluble cations and anions. Na* was the
most abundant followed by NH,*, Ca?*, Mg?* and K*
among the cations whereas SO,?>~ was the most abun-
dant followed by Cl-, NO;~, CH;SO;~ and F~ (Table
3). Higher abundance of SO,? suggests that Gosan
site is significantly influenced by the continental out-
flows from East Asia. On average, total cations to
aerosol mass ratio is 0.05 in biomass burning aerosols
and 0.09 in marine aerosols. Total anions to aerosol
mass ratio is 0.03 in biomass burning aerosols and 0.25
in marine aerosols.

The concentrations of carbonaceous and in-

organic fractions and their contributions to aerosol

Table 3 : Organic, inorganic and isotopic composition of biomass burning and marine aerosols.

Biomass burning aerosols (n=15)

Marine aerosols (n=284)

Components Range Average Range Average
Bulk analyses (ug m™®)
Aerosol mass 83-190 110 27-268 82
Total carbon (TC) 23-86 53 0.7-14 5.4
Organic carbon (OC) 20-86 50 1-12 3.7
Water-soluble organic carbon (WSOC) 18-51 31 0.2-7 2.1
Elemental carbon (EC) 0.6-3.6 2.4 0.2-4 1
Total nitrogen (TN) 1.2-4 2.2 0.2-9 2.5
TCaerosol mass (%) 28-45 46 1.3-16 6.4
TN, aerosol mass (%) 14-2.1 1.8 0.7-7 3.2
Ton analyses (ug m™3)
Na* 1.6-4.1 2.6 0.2-12 3.5
NH,* 0.3-2.2 1.3 0.1-6 1.7
K* 1-2.9 2 0.03-2 0.5
Mg?*+ 0.01-0.08 0.04 0.03-2 0.5
Ca?t 0.02-0.2 0.1 0.06-5 0.7
F- 0.05-0.2 0.1 0.001-0.12 0.02
CH,SO;~ 0.2-0.6 0.3 0.007-0.3 0.06
Cl- 0.05-0.4 0.1 0.08-33 6.1
NO;~ 0.4-4.9 2.1 0.7-20 4.4
S0,2- 2.2-3.4 2.7 0.4-23 9.3
Isotope analyses (%o)
613C (TC) —26.1 to —23.5 —24.7 —26.5 to —20.5 —23.5
§°N (TN) +23.5 to +25.7 +23.5 +6.8 to +26.9 +15.1
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Figure 3 . Contributions of diacids and related compound
groups to total molecular organics detected in biomass
burning and marine aerosols. The Y axis begins at 609,
because the contributions of lower-molecular-weight
diacids (C,-C,) in both aerosols account for >609, thus the
relative abundances of other organics can be visualized.

mass concentrations in the size class of PM,; in
marine aerosols can be different from those in total
suspended particles (TSP). The contributions of
organic carbon (OC), cations, and anions to PM,;
mass concentrations are reported to be 1094, 2094, and
409, respectively, in Gosan site [Yang et al., 2004]
whereas their contributions to TSP mass concentra-
tions are found to be 59, 1094, and 3094, respectively,
in our study of marine aerosols. These results sug-
gest that OC and ions are more enriched in fine

particles than in coarse particles.

3.3 Stable carbon and nitrogen isotopic

compaosition of aerosols

The average value of ¢*C for TC in biomass
burning aerosols was —24.7 %o with a range of —26.1
to —23.5 %o, while it was —23.5 %o in marine aerosols
with a range of —265% to —20.5%. The ¢%3C
values in biomass burning aerosols suggest the pre-
dominance of C; plant burning over C, plant burning
as sources of smoke aerosols. The dominant pres-
ence of C; plants is characterized at the sampling site
and its neighboring areas from which smokes are
transported [Kundu et al., 2010a]. The average ¢'*C

value in aerosols collected from the C; plant-
dominated Santarém region of Brazil was reported to
be —25.8% with a range of —26.9% to —24.9 %o
[Martinelli et al., 2002]. The ¢'*C values in marine
aerosols from Gosan site can be interpreted by a
significant contribution of carbonaceous aerosols
from continental sources, whose ¢'*C are lower than
those from marine sources [Cachier et al., 1986].
This result is consistent with the fact that Gosan site
is seriously influenced by continental outflows almost
throughout the year [Kundu et al, 2010c]. Air
masses are significantly transported to the Gosan site
from eastern and northeastern China in spring, East
China, China Sea and Pacific Ocean in summer, and
northeastern China in autumn and winter [Kundu et
al., 2010c].

The average §'°N value of TN for biomass burn-
ing aerosols was +23.5 %o with a range of +23.5 to +
25.7 %o, whereas it was +15.1 % with a range of +6.8
to +26.9 % for marine aerosols. Our average 6N
value in biomass burning aerosol samples is higher by
12-13 %o than those (10.6-11.5 %) reported in atmo-
spheric aerosol samples collected from Santarém and
Piracicaba regions in Brazil where major sources of
aerosols were unburned vegetation tissues [Martinelli
et al., 2002]. Higher ¢*N values in biomass burning
aerosols could be interpreted by the fact that ¢'°N of
aerosol particles produced from the vegetation burns
are higher than the source vegetation [ Turekian et al.,
1998]. The significant ¢"°N variability in marine
aerosols is due to the contributions of nitrogenous
species from different sources in Gosan site because
different air masses are transported from different
sources. This variability can also be explained by an
enhanced atmospheric processing of nitrogenous
species during a long-range transport including oxida-
tion of NOy to HNO,; and the subsequent gas-to-
particle conversion via the reactions with NH;, sea
salts and dust particles [Kundu et al., 2010c].

Stable carbon and nitrogen isotope data of both
marine and biomass burning aerosols are plotted in
Figure 4. The figure shows that the isotopic signals
of biomass burning aerosols are completely different
from the marine aerosols, which are influenced by
outflows from East Asian countries and marine air

masses from the Pacific Ocean.
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Figure 4 : Contributions of detected chemical components
to aerosol mass concentrations of biomass burning and
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Figure 5 : 6'3C of total carbon (TC) versus ¢'°N of total
nitrogen (TN) in biomass burning and marine aerosols.

4. Conclusions

Biomass burning aerosol samples from the Fazen-
da Nossa Senhora Aparecida (FNS) site in Rondonia,
Brazil and marine aerosols from the Gosan site, Jeju
Island, were analyzed for bulk organics (TC, OC,
WSOC, and EC) and water-soluble inorganic ions.

They were also analyzed for molecular organics in-

cluding diacids, ketoacids and «-dicarbonyls, stable
carbon isotopic ratios of TC, and nitrogen isotopic
ratios of TN. A chemical mass closure approach
demonstrates that biomass burning aerosols are enri-
ched with carbonaceous materials (WSOC, WIOC and
EC) whereas marine aerosols are enriched with water-
soluble cations and anions. This study shows that
molecular distributions of diacids and related com-
pound as well as their contributions to total diacids
and related compounds differ between biomass burn-
ing and marine aerosols. Several times higher contri-
butions of diacids and related compound-carbon to OC
and WSOC in marine aerosols than in biomass burning
aerosols suggest that marine aerosols are more chemi-
cally aged. This study demonstrates that the §'C
values of TC and 6N values of TN in biomass
burning are quite different from those in marine
aerosols influenced by pollution from the East Asian

Continent.
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(BT 9 2 VR Y BROZERKRGKL (0°C) OWEEIZOLTHIL, ¥y oy Lakh
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Distributions and stable carbon isotope ratios of low molecular weight dicar-

boxylic acids in the atmospheric aerosols

Kimitaka Kawamura!

Stable carbon isotopic composition (6'3C) has been studied for C,-C, diacids in the remote marine aerosols
(n=32) collected from the Pacific Ocean including tropics (34°N-14°S, 140°E-150°W). Their isotopic composi-
tions showed a diverse variation with the highest values in oxalic (C,) acid (range: +4.1 to +15.3 %o, av. +10.3
%o), followed by malonic (C,) acid (—11.2 to —3.1 %o, av. —7.3 %o) and succinic (C,) acid (—29.9 to —11.2 %o, av. —
17.6 %0). The isotope ratios generally decrease with an increase in their carbon chain length, showing the lowest
value of azelaic (Cy) acid (av. —22.4 %0). Although a significant enrichment of *C in oxalic acid was found in
all the remote marine aerosol samples, highest ¢'*C values were observed in the samples collected in the
equatorial Pacific. We found that the ¢'*C values sharply increased as a function of ambient temperature and
relative abundance of diacid-carbon in TC at a latitudinal transect in the western (0-35°N) and central equatorial
Pacific (18°S to 20°N). This study suggests that photochemically induced degradation may be responsible to the
enrichment of *C in the C,-C, diacids in the remote marine atmosphere. We propose that ¢'*C values of small

diacids can be used as potential tracer of photochemical aging of organic aerosols.
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F, 2006). LU, %OREIE, LR REEICOWT
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ZERRIMAEMZREERCRL
ARBEER —HFMNERRBMRE(ERADOEEREHIE

BE BV, R XY, KB EF,
Bl EF, BO R, R &

2010 3 B | H=fT, 2010 FE 3 B 8 H=18

WERT O 7B AEFLIC KA ND NBWEEREHR (NOx 4 ¥) ORHESEAL>DOHY, 2
b 7257 NO; hEEDAD, He LD EEERICEZ 2FECOWTELBEE > T
5. HMEERIE, KE»SWET S NO; (NOs am) OF L EHEK (FML) WFRICB W TR L
TWBE—RICHEZONTWVED, BMRERBRIZLER DO X 2EMRTHIYEENE . &5
BRAZEHEPSHE L NO; (NO; o) ICEAL TRBHEE U TEET 570, HEHRHERROF
FTiERE 2> &, 2EOBINEEZEZLLTZD, FMHEBREORNEOERZFHMHL /2D 35 2 L1
L. 22 TCIHESE, NOsj am ZUDEAKERTH— 0 UANDEEZRL, 2O— KO KIGIEELS W
TEBZEEL 2\, NO; O =FERFEINARHE (470 ) 2 FIH 3 2 FEMEE ST % [Michalski
et al., 2004b; Tsunogai et al., 2010]. ZHIFFHFMERRZREHAL THRE LT ARPIZEEZNS
NO; O 40 fHREAY, K& HE LIz NO; L FMERBRANTER L 72 NO; ODRESH % KBLL ¢
WBZERFIHALTWS. ZOHFELXHVS Z LT, HREEREE IS - Bl 2527, %72
FHEP A M ZRECHFEL 2235, KV EHEEOEVABREOREH 2 EHHK 2 AJREE1H 5. K
FXTIEER T ¥ 7ETHID T NO; @ 470 M 2 I AW T, RA» HthE LI B85 & HFbkdRe
ROMAEMER 25l LU 720192 [Tsunogai et al., 2010] iIc>WTvEa—L, FOFHME2MEET 5.

Tracing the fate of atmospheric nitrate deposited onto a
forest ecosystem using 4'70

Urumu Tsunogai!, Daisuke D. Komatsu', Satoko Daita’, Gholam Abbas Kazemi®*,
Fumiko Nakagawa', Izumi Noguchi?, Jing Zhang?®

This paper reviews recent advances in using the 7O anomalies (4'70) to trace the fate of atmospheric nitrate
that had deposited onto a forest ecosystem, especially for the recent studies by Tsunogai et al. [2010] in which
the fate of atmospheric nitrate deposited onto a forest ecosystem have been successfully traced by 470 for the
first time in East Asia. In the study, the stable isotopic compositions of nitrate in precipitation (wet deposition)
and groundwater (spring, lake, and stream water) were determined for the island of Rishiri, Japan, which is a
representative background forest ecosystem for East Asia. The deposited nitrate had large 7O anomalies with
A0 values ranging from +20.8 %o to +34.5 %o (2=232) with +26.2 %o being the annual average. On the other
hand, nitrate in groundwater had small 470 values ranging from +0.9 %o to 3.2 %o (%2=19), which corresponds
to an mixing ratio of atmospheric nitrate to total nitrate of 7.4+2.6 9. Comparing the inflow and outflow of
atmospheric nitrate in groundwater within the island, Tsunogai et al. [2010] estimated that the direct drainage
accounts for 8.8+4.6 9 of atmospheric nitrate that has deposited on the island and that the residual portion has
undergone biological processing before being exported from the forest ecosystem.
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1. XUHIC

FERDH D NLAWEEREESR (NOx 2 E) DO
BAEAL TW3. Galloway 5D REBED D I X i,
BRc ARt s, BARKHEZ LE->Ts D, 2030
Fizi, 2o CBED 2 BEECHEMT 2 L FELTY
% [Galloway et al., 2008]. FRICH 7 ¥ 7 ClZ &%
T BEEOL R 2RI, WHEOHEARNEE T
»2 [Akimoto, 2003; Uno et al., 2007, Zhang et al.,
2007]. KEHNTHH & iz NOy O KB4 13 Z=HiJE
Feo TTHAIOHARLZEDEIEZ NO; L LTWET %
7o, TNBHME EDREFERBRCEEE Z 26
HRHY, HFHROEIR [e.g. Fenn et al, 1998], #T
KAKBEDH le.g. Murdoch and Stoddard, 1992;
Williams et al., 1996], KEEDEx#E [e. g. Duce
et al., 2008; Paerl, 1997], E£¥IHDOZEAL [e. g. Tilman
et al., 1996], &\ o 7- LRk BEREICTER T % AlHE
HRERHIN TS,

RO FMADEERERAMREO KDL L
T, %DM SFEFAK « F)IK « #HITFKG L %@L
THET % NO; AT 2 AREELH < » SR
NTWT, EERERAF RO NCHTEMERDOFED
BIEE L CIERESNTYS [Grennfelt and Hultherg,
1986; Tietema et al., 1998; Williams et al., 1996]. Z
7o DR R HIBTHRME 2 S i T2 NO; EDE=%
VY THREMTONTE TL Y, RIZITKGL &7/
NODBEEREER AR E & 2 OFME L ST %5 NO;
& & OBROHIFERFIZS 2 2id > Twgwn., 20
FHRO—2Ik, BHRERBRRNICEB T 5 NO; OZEHNE
HT, BIzE, OMMERIG (BBEER» SO NO; 4
BRIG) DOFEITIC L B, OEYHMEYIC L 5HD
A (FML) , @BiERIL GRITKIL) DOAETIC Xk 2 53,
EWV o HEBORRERTZ DRENELT 5710 TH
5.

INERERT 2 HEO—D L LT, by o3k -
TR « WTFARZBECTHHT 2 NO; ODEHRD 50T
RO EERMEHEKSFIH SN TE ) [Burns  and
Kendall, 2002; Campbell et al., 2002; Durka et al., 1994;
Ohte et al., 2004; Williard et al., 2001]. ¥icGH &%
Z 6Nz Dik NO; OBFLERAMAEMEK (620) TH
5. ZHIFKRKHEERD NO; (NO; am) &, THILKRIG (B
PR OFERE) ICHKT 2 NO; (NO; ) &R
T2E, BP0 ETRIIFHHOTOSNETOTH
% [Durka et al., 1994].

L LBNS, BOMED S WIE sPNEE wo 7z R
ROLERAARAER % IR T 2 132 5 5 .
b UM 5 3ERAK « f)Ik 28 C CHRET %5 NO; #8
100%NO; atm, d L IE100%NO; e EWVS D ThHi
X, o0 7% ¥ DL E RINARRAL = B 5w B

n & F-® 0O IR g

J2ZeMTEL. LOALARATIE, MEDEATH
LZEWEBTHS. Wil THS NO; umi LT,
F72NOs e ICLTH, HRADLEOLBER % [k
LT b 2B AHICIADS ) 2R 5> TB Y, —mI
EHEN Wi TR le.g. Michalski et al.,
2004b]. - T, ZERMAEMEK = EEICESGHE2 R
b 2856, MUREEORZENMIMET 2. 2 NO; .
NIV EPREDTD, NO; gm 82 NO; ICHD %
BEEVNSTNIENSIVIEEEZIIREL D, BE
s 20% 28] % L IZIFHEEICHE N TERTBEIC K->
TLES. BIcsEROMEALHMREZR L LHMED S H
H3 3 NO;s DKREFIZZD20%UTICoEEINS T
W, ZERMAEEOSHAOEHIZR S Tniz. &5
2, NO; O—»s, HYLMEMC L 2D AAR (H
{b) PHRERICIC X 2 0# %220 2855, 2o IR
B3RS 128, sPOEIZLTH H % Wik ¢¥NE
WLTH, EIZELTLES EWSRELDD, &5
WCRZERMEFED b v —Y—E L TOEHOEE &
o TWnwiz,

DX sBOMEDOHEEL L ToOHlc L T,
Michalski et al. [2004b] 1x s7O &2 EBINERT 5 2 &
T, Rk Z L 2R U BERIGIE & > TERT
% NO; (NO;s;™e) H O FETIEEEFD O, ® H,0 I
HRL, —Miab¥ s (BEEEFEOLFKIG) %1%
TNO; &£%%. 20729, NO; e D O JHTD 670
e o®OfEDMIZIF, UMTOMXTEZKR SN S 470
& [Kaiser et al., 2007; Miller, 2002] 230127253 & 5
%, VbW [ EREKEFEORBRIVELT 2 (K1 2H) .

1+ 603
4Ok = (14 1508V
TR IEEKRFEORMGRE XKML IEHTH Y, NO;
WZDOWTIX 0.5247 [Kaiser et al., 2007; Miller, 2002]
ZHERAT 200 TH 5 .

2R L TREGEHED NO; (NOs am) 121, 20
[E BARTFEOBIR | 3 BISHIICRIL L 7w (1) . iz
5, NOy W RKKHF O FKIE 2R TEKT 2
NO; am FO OJHFIE, REHFDA Y > (0,) WWHKT
25, R&EHD 0, D sVOE L O EDOMICIE, TR
O, (TRTH0 » oK SN 0,) EIERFRE O, G
WOOFETFD12MB70H L IFB0CERRS W
0,) OMOMEDZER KL T [EEKFORBKR] 295K
MLTBSY, [HEAFEORMKR] LHiKT 2L, 0%
0% B L IR E R =BRRMAREY (470> 0)
BRI IO THD [ Michalski et al., 2003]. HE->7T, (1)
RTEZESIND 40 (CEBERMAEE) 23581
W3 ZET, NOj am& NO; e ZXHIT 2 Z £ H3HISK
5. 120470 EI1F, FhzEat NO; BEMER S
il o e — i b KN (BRIKGFEOERIE) %
BCEHACBREINTOERLE WD, NO; am &

1, (1)
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11 R&EE NO; (NO; am) B & %2 DMLOHER EDOEMF LAY O ZBRBE MR . BT IR TR L7z O28Ek ED&
BREEY—RICRoh 2 [EEEFORFR] WHE L, BRAER» SIMURIC 2R THET 2 NO; (NO; ) b Z0f kI
7oy hENDS. 2 470X ZOMET, THRKEFEORR] 260 y#liia (670 #iiH) OXVICHET 5 (BFIzilik
EITRLT:) . —ROEFERIEE] & 2§ ZRBRICAFHBROZEMIE TERKFOBER] 16 U TR AMICHETS 2720,

A0 EIZZE L 2.

NO; e DIREHD A% KIT 5. iE5 T NOs gy 1D
WS 470 2RO TH L Z kL,
EHBROWEPMEMC L 200 As (L) OB
ZRIGIC & 20 BOEE L FERBRIIZ, NO; O 470
B o ZDHIZEENS NO; am & NO, o DIRELLZ
—BICKRD 5 2 kS . Michalski et al. [2004b]
& SIKED V7 4 V=T INOFRZEIE D & T T %
NO; IZDWT A0 fEDOER 21T\, 2 DF A% E
SEL 7z,

L L7 5%, Michalski et al. [2004b] THw SR
A FETIE, NO; D A0EER CHEO B
(NO3 # T 10 gmol F2 &, NO; ¥ 1 ymol/L D ik}
7ZE100L) 20EET 3 Eic, —RHBOBILE (NO;
EMOEIEHEA A O CIRMEL, e LTH
N %) EEEMNCE R BE LM 2 LhE
L7z, S5 IHEBEORVWERRIMTTCEhrot. &
Drz®, NO;y O A0 fEIX, zoHFHAMEBREEH S LD
2%, hr—¥—rLT—RIELZED»oT:.

IR LT, EER % 5T NO; 2 8RNI —@t
—zHE (N,O) KE#L7- BT, 20 N,O 7 a—
BER—AE LIERESMMIY AT ACEAL T 40 E
TREEPFEBET 25 LM FESEEFR S iz [Kaiser et
al., 2007; Komatsu et al., 2008; Tsunogai et al., 2008;
Tsunogai et al., 2010]. ZDOH L WO FEZH WS Z
ET, HTRBE (+£0.2%) x> 2 eELIZ, 470
il B = 6 B 72 NO; = % fE Sk 2 0 1/100 BLTF @ 20
nmol T2 F THIBHEK S L 512D, R ITSHNT
ke p o 1o SRR R b T RRIC R o /e, — /AT
ATALER I AP B9 2 BRI S0 97 77 1 KR I M & 7z .

DO ERERKERNZ OV T NO; O 470 [HEE
WERT L LRy, EE MV —Y—L L TOWFEAR
X ICHBENODOH B . FIZ Tsunogai et al. [2010]
TliE, K& 5 DEHEATHN/NS WIIBEOFIRE 6
kghata 'K 274+ — VR ELT, RG&LSFEIEIC
WET 2 NO; LIREDOHEME L & 3 5 NO; O
HZOWT, Y Y7 TR L5 470 fHE R % HE
HL, REDOWE L B8R L HFMELBROMEER%
ERMNZTE L7z, 2 2 THREH TIX, 2 ® Tsunogai
et al. [2010] ZHuiz NO; O =BEFRMAMEK 470 %
W2V Ea—L, K oE LI-EHK
EHEMAERRROHEMER O EENFHICEE T 2 2 0FH
4 % fEEE - BREES 5 .

2. ARARE - FECDONWT

2.1 FRBICDLT

Tsunogai et al. [2010] DIFFET 4 —IV K L% o 72F]
FLEE, b0t izfiiE 3T 2 B o/NE (HE
182.1km?) Th 3 (M 2). EMHERE L FRE (R
1,721m) 29l e LIKIIETH 228, HEDE KX
BHRLETT, BERES R EOXEIEEIZE S k.
FIRLE W I RHIE 2 W) [ BTFAER T, FEOFMNER
ReWwE LIBEA (BE) OXEBSIE, ZheDHASE
FARER ST 3 3RS 2 IR T B I T DK LB BITEE L T
HITFARERS., 25 LTRES NI ARITRTEA L
%o THIFUR IR OHKE 2 T 0, IR TEK
(—EMEEEAEST) - THLEWCEH L, BIEe/N
) 2R S % [ Hayashi et al., 1999; Marui et al., 1999;
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2 (QFIRBEDME, BLY, (b) BENOFEHREMH SO (O @ Ak, [:#Kk, A #)[7K) [Tsunogai et al. 2010].

B FURR MR E BT OALE X MET TR L 7z

Marui, 2003; Yamaguchi and Ohara, 1971; Yamaguchi,
1975]. PV F AR T s —RVHE, SF, R E %R b
V—H — iAW T ARERRIED? S, RSO TARD
SERHRE R 5 o 0 FREERBLON TV S
[Asai et al., 2008] .

BB ORI IZE AR FIFRALSCY v~ B AR)
WHRESNTWw S, BRO T —i )V is NEEEHH
BOMEESCKIERRICE 2 2B EHERZ 52 5
N, 20k, BREIICEKE &> THIRICEN S (A
BOMTKIZ, FEBICET 5 RANEER L HMERER
EOMAEROFHR LB EEZ R L T2 EH2 5
ZEMNHEDL. ES5CEBE, 2000 EL5HT VT
BUENE=21) 72y 7 —2 (EANET) OBHI D
—DOTHh 2 EFFARENAENIRE S N TERLE
WERIED & L7 MEEE ST 2 — 8 OEGEH 1T
b TEBY [EANET, 2008; Noguchi et al., 2007], K
L OWET 2ERIZOVT L ERBE - BIEE O
BEWCHEBHK S . b2 AIBRIDE £ - 72 2000 £
52007 F£E CTOVFHETR S &, [FED NO; v H
i 12.7mmolm=2a!, NH{ & & X 19.3 mmol
m2a’! T [EANET, 2008], ZHIdiRMEEBERILE
BICHHE T2 L4 5kghata ' Thsb. THIFENT
YEBDOIERS T, [AEOREEREERIAE &3P
DNy 7275 RU~VICHYT 5.

BRI FE L 7S 1E, R1IFOV A PESISHINT 5.

F2[EE T 1977 8, 1979 4, 2003 F &5t 3 DA
B HRMEAETIE S T b, SR CEME LA O
WS PIZe > T3 [Haruki et al., 2004] . KR
FHEEBIMTHZ T h Y Y — 7 <A YRR, FIR
EILEE D & (LIS IEAMEBIC & $ h 2 $HEERIR T D
ZIVRY, PRV A YRR, S5 wER
CIF FERILIERR D 7 B N —F v P REE, I ¥
TNV F—IVRY g vV IR, SHEEBRONA
SV —F Y IHES RSNG|

2.2 FHEICDWT

Tsunogai et al. [2010] T, FIRE O FELEK,
WA, WK GBADTER L 2/NAJIK) 2L, [
BEOHTAK (A B LTws (E1B8XLUK2).
FTHECHEIO pH L BREEEEZFEIL, XY =5
LV EIDBENERCERIE TR O ETHERL TR R
D, FE» S 48 FEFILANIZ GF/F 7 4 v & — (FLIERY
0.7 um) ZHOCHEBL TRTFLBEMERE, S Z
THBRIE LTz, A—HSOMTAIZCE T 2 EH1K
R OB M2 REES 5720 [ Tsunogai and Wa-
kita, 1995], 4 HFARAB 2L IcHKT7 77 b Y —
(E2HFD10FDOYA b ; #HIT 64m OHF» 5 HK)
2B VT 2007 7 A5 5 2009 £ 3 A ORI E 7,
P (0.2 um) Shizc BTy bR MUVICTIES L, L
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% 1 Tsunoga; et al. [2010] TH SN 7FIRE DA « HIAK « FIIAKOEFFFICE N Tz NO; BE

BLU BN, 00, 470 DR FARHER.

Rt YA FA4 b REHR  KE I EC NOz SN 80  4Y0
%"’:7_' %":’5* fﬁ/ﬂ / H °C p ,uS/Cm umol/l %o 000 %o
B}
1 BEElEEAK 20 2007/09/27 6.7 6.5 123 204 —3.8 +1.0 +1.0
2 [k 20 2007/09/28 — — — 19.6 — - 40.9
3 BIFEERT 17 2007/09/28 6.0 7 81 17.9 —1.4 +40.4 +1.8
4 #AKZ77Z7bFU— 10 2007/09/28 6.8 7.1 77 29.8 —1.9 +3.6 +2.6
5 [HE 10 2007/07 — — — 28.7 —1.3 +4.2 +2.3
6% [k 10 2008/10 — — — 28.2 —3.0 +3.7 +2.7
7 [HE 10 2009/01 — — — 30,7 —1.6 +2.7 +2.5
8 [k 10 2009/03 — — — 30,1 —2.3 +3.1 +2.2
9 EWFERT 8 2007/09/28 5.7 7.1 73 35.5 —0.7 +1.3 +1.4
10 HERK 1 2007/09/28 6.4 6.9 97 9.7 +0.5 +5.2 +2.0
11 EFHR 2 2007/09/28 8.0 7.2 345 0.1 +9.3 +17.6 —
12 WEEEA 6 2007/09/28 7.0 6.8 116 9.1 +0.8 +7.2 +3.2
13 HEEEN 11 2007/09/29 6.2 6.7 88 17.6 —1.7 +5.2 +3.2
14 BRIAMEREK 13 2007/09/30 6.5 7.0 89 7.6 +0.4 +5.0 +3.0
15 %G LEEAK 7 2007/09/30 6.7 6.9 102 16.9 +0.4 +2.8 +2.1
W AR
16 ¥&)IIFEERT 17 2007/09/28 — — — 23.2 —1.7 +1.6 +1.9
17 A 6 2007/09/28 12.0 7. 76 0.1 +0.8 +18.8 —
18 A% K~ V& 19 2007/09/29 13.9 5. 112 0.2 +4.5 +45.0 —
KGR
19 E3E 14 2007/09/30 8.1 7.0 83 21.4 +1.1 +2.0 +2.3
20 A 15 2007/09/30 7.9 7.2 86 14.3 —26 +1.6 +2.3
21 Y AuFA4J 18 2007/09/30 7.7 6.9 103 17.3  —4.0 —0.2 +2.1
22 fA=EAI 16 2007/09/30 8.0 6.2 101 18.4 +46 —0.7 +1.3
23 ARGR 12 2007/09/30 9.1 6.5 90 9.8 +3.7 +0.2 +1.3
24 —DIRKE 5 2007/09/30 7.6 7.1 118 9.1 —1.1 +0.4 +1.4
25 EHFIRAG 9 2007/09/30 8.5 7.2 97 14.8 —1.6 +0.3 +1.6
26 FHAERS 3 2007/09/30 10.0 7.1 87 9.8 +0.2 +2.8 +1.4
25 X AE 4 2007/09/30 7.7 7.1 91 12.7 —-1.7 —-16 +1.4
— I RER

2OV A N ES

SHKRZ7 7700 —THK WS, RhY 73RO ATVY 5 —5 — (Bmd [FROK])

EC : EXfnE =

TN OERE THIRS N TWwicimE [FIROK] 12
S2WTC, KbV TRHORE % 43R 2ED TRUL
At Uiz (R1HOESHE»SHE 8 HFHARD .

% 7z Tsunogai et al. [2010] Tz KRG OLET S
NO; QRN % T 2720, [RERTH (45° 77117
N, 141°12'33"E ; X 2) O 40 m W2 L& 3 5 EFF]
FREEREIER (RIO; Tanimoto et al., 2000) 2B\
T, EANET OE#ETHEIC L > T - BESI L@
wERE DL TCwE . 20N, BEMIERTA >~
Ly MZER 200 mm O} @H e -5 —{T&) %fi
Z Tz BB KBS E (DKK #: DRS-200) % f# > THA
1L ORY 5 v BRI - BRI S L2
HIERL T, SHEBECEN SNz D TH S (—E8—
BEMEELCERE Rz b Db &) . B 2@k
EHikHT pH t BRMEER2HE SN, FLE0.2 um £
7 vy 7 4 v — (ADVANTEC #: Dismic-25CS) T
WEL, 987 TWERFE SN, %8 Tsunogai et
al. [2010] T, ZOWMEWLEREH ORI %,
4 NO; ORINIEHE E L TIEHALTWwa ., ik

TR E RN BISEE SR e 2 2 £ &, NO; OFZME
WE7T7v 7 ARB/NEL, NO; DEILET 797 AD
16% 12 Udnie s w2 & [ Ministry of the Environ-
ment, 2009], & S WHLIRTHERNIC BT 2 B0<l, W%
WEBREF O NO; & 2WERRF O NO; whHEX[H
MR OECBE S a7 2 & [AEFIEL, KA
ERT—5] BRHLE LTS,

2.3 AEICDONT

£ KK F O NO; 2 E 13 EANET o 12 # 5 53 12
HloT, A4 vr7ux 77 2FA0WTEREINT
[EANET, 2008]. %7z NO; O RN AL D HIE 12
%, Mcllvin and Altabet (2005)2388% L, Tsunogai et
al. (2008) 32k B L 721b5#% (Chemical Conversion %)
S TREFR O NO; 23 N,OfbL, ZhEEE7
o —HMOBESMTY AT 5 [Komatsu et al., 2008] TE
ELTWS., —o B L ZEEHT 15 mL, 728
TRE (106) X 6N EHNE0.3 %, PO MENE0.5 %,
AOEN£0.2% THolz. F Iz & RALAKHRR X E R
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BEHEY)E T % % USGS-34 (6N=-—1.8%0, ¢*0=—
27.93 %0, 470=+0.04 %) & USGS-35 (6"°N=+2.7
%0, O=-+57.5%0, 47"0=+20.88 %) % —RiLAE L
LTRIEE Nz b DT, sPNEHIZKKN,, B0 fEEB
XU 60 X VSMOW % E#ZRELI N T w5, 4
MrEZE O EIE Tsunogai et al. [2010], B X OFEIEHX
HFOSEIESIRL TR LW,

7% ¥ Tsunogai et al. [2010] THW>7z Chemical Con-
version I T, HIEXN RS T TH % NO; & [FKEIZ,
AR HEFEL T3 NO; & N,OThLTLES 20,
IEREIZ 1 NO; KD N,0 O F 543 % Bl sk CTHIIE
TEULERD S [Mcllvin and Altabet, 2005]. Lo L
Tsunogai et al. [2010] THHT L 72T W h L
HWTHEEZHEATH Y, NO; IZMHEFLLT (NOz/
NO; HiZ 3 %EAT) Th o778, NO; H3ED N,O
FIEFEEL Twa . XD EBRGROMA IZHT ARG
ExOWT 2R LR S R 2 TREEL D 5 D
T, FEPLETHS.

% 7z Tsunogai et al. [2010] Tk, (D& L TRLT
BEREA 2 OO ERCEHAL TV, 2
AOEEELTRDEHEEEZ SN EEXNTHY,
ZHEERHAT 3 2 & T Kaizer et al. (2007)DIREER &
5120, N,O R ELD/NZIW IO EL DRI 75y
FEEEHEAEEL 470 EE R D, S5 KREHOE
e 40 EDZALEMRERE R T - OFEHNTH 5.
U LYo DO EKE TH 5 Thiemens % 205
IRE LT 7 v—"" [ Michalski et al., 2002; Michalski et
al., 2004a; Michalski et al., 2005; Morin et al., 2008;
Morin et al., 2009; Savarino et al., 2007; Savarino et
al., 2008] &, WULMZRERLIPIR [ Michalski et al.,
2002] % NO; @ 47O HOEZICHAL T8, W
HOWMEME R KT 255 CIHIESLE L 2 5 D THE
BELTH& LW, izt lck—sns &7
MBIz, 470 EFHOBHIATH 5 BWAEII R
2ODEZEWRIIL Tw5. b L Tsunogai et al
[2010] @ 470 %= EHAPADOERICHE T 2 L, H
TARGERHZ 0.03£0.02 %ol < 72 2 7210 72 O TH#fraaz=
REETLHEEEATE 20, R]RUWERBOEHE X
0.910.1 %= < kb7, HETELWARERD 5.
BELERNRICT 2720, il &b HEAERNTIE, R
(D& L TR LIEHFKRLEAE NO; O 470 EDEREIC
T2 & 2i#lERET 5.

3. BRICDWT

3.1 RRLBEEZRDEHAGBR

Tsunogai et al. [2010] I & > TR sz, FFRE
O E B e M R E A TR S L7z @A SR o
NO; (NO; am) DEFH (0°N), BR (620), 8LV

n & F-® 0O R <

ZREEENARR (470) ORREZEE) (2006 £ 4 A5
200743 HE ) 231 T. NOy g VTN H K
& ZMBRRNAEEYE (470> 0) 2oL, wINTH+
20.8 %0, WA TIZ 2007 2 H23 H» 5 24 HlF THE
B & 7z Rk ERE (B 3 g RETTHA/R L72) 287 L7z +
345%ICEL. ZFHHICKE R 270 EH+31.5 %
THHIEEMET DL, ZORKEIERHICA X 28
Thol:.

BHH S 72 NOs aem D 47O fHIZ, K&H T NOy
5 HALFHINE NOy o DNEK T 2 KIGEK LT, K&
% A0 EEROA Y Y (Op) 20 ORFEZITIS Z
LICERLTWS EFEZ SN [ Michalski et al., 2003],
7z A0 EORZEENX, 7 OKIGREED, ZHIEZH)
TLZERRMLTWS EFEZ5NS [ Michalski et al.,
2003; Morin et al., 2008]. LT Z O KIS OZEAL %

+
=
IA
Q
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O
e e --U-

4 5 6 78 9 1011121 2 3
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o [P)

+100 | Oo
+90
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103 6180

+50]Illllll
4 S 6 7 8 9 1011121 2 3
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103 A17()

+10
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+Ollllllll
4 5§ 6 7 8 9 10 11 12 1 2 3

3 . EEF RN E T TR S LB AR O
NO; O R ORHIZEE (a: o®NE, b: 60 fH,
c 40 1{#&) [Tsunogaietal. 2010]. BHFRIZFERIHORE=
AEAKERT. REITRLLEDIZ, KD A7OEZxRL
2007 2 A 2324 HORE DT —5 .

2007

L I




RS R —— BRI "

A0 EZTTICFEL ST L TH 5 .
90, %/t L7z NO-NO, [A @ [ i 1% Al wi iy ¢
HdEFEZO5NDT-H, NOy OFEJR & IFMEEAFRIC, K

KO NO, 3R E R A0 %R & FREND [Mi-

chalski et al., 2003; Movin et al., 2008]. L2 L NO, IZ
OFEFMESHIH D LEMIL T NOs~awm 23EK T 2
K EZ T, 2008 NOy g O 470 [HOREIZH O
FHERIZE->TWB EFEZ5NTWDS [ Michalski et al.,
2003; Morin et al., 2008]. NO, 25 NO; am DA T
LEERIGDSE, kb—KWE OH 7YV EDRE
THEET 5 NOy am (&, OHF D O JRF D 470 fEH
FIEXOEFEZOND IS, +17 %EE (PEET
O RFEME) OB/ A0 EERT EFHREINT
W2 [ Michalski et al., 2003; Morin et al., 2008; Morin
et al., 2009]. —7, NO, W& 5120, E XKLL THM
WZER NO, 7Y A NVOEREREBET 28551, h
EOKRE L A0 EERT ETFRENTBY [ Michalski
et al., 2003; Morin et al., 2008; Morin et al., 2009],
NO, 7YV AW RILKFZESLDMS & & DR JLZREH L
T NO; am ERICELHET+35% (FHETO R
), NO; 7 ¥ ANV EHIZNO, E KIE L TERL 7
N,O; O 7 a YV VEETO H,0 & DRY—KIE % &%
BT 2856 T+29 % (FEEToRME) BE L FES
N3 [Morin et al, 2009].

FREWCBT 5 NO;y am DEFRE=F Y > I T—%
% %12, Tsunogai et al. [2010] XB)XZ2HWT, &
T2 NO; aim DFEFE 470 8 (470qye) & +26.2 % &
HEb o7z,

Z(Cl XVI XA17OI)

Al7Oan: 2(C1XV1> ’ (3)

ZBE)HAF D C IFFEEWERE O NO; BE, V,
AR OREE 2T, £720Q)=F D 470
B OBN R B0 WEEHZ 5 2 LT, 470 L FERRIC,
WET 5 NO;s am DT PN H (0N, %—1.1
%o, FIFFHI SBOME (6'%04,,) % +87.1% & RFHE
bolz.

Tsunogai et al. [2010] TRK®D 7z 470, [EIX, KE
Pa¥EE D La Jolla (33°N; Michalski et al., 2003) K
[EBE¥E A Princeton (40°N; Kaiser et al., 2007) & -
TeBEERFICBW T INE THRE SN2 NO; am D 4V
Oave HE IFIZ—FL T 3. £72 6180, b RED
WAE L RD—FZ2RLTWw3 (+60 525 495 % : Mi-
chalski et al., 2003 ; +60 2% +90 % : Morin et al.,
2009) . & 51 47O EX® sBO EOZHZEIL b, W|ED
HREE & IZITEREIC, NO, & OH 7 ¥ AV & DKIGA
FHENO; am ERKICICR 2 EZIZETL, NO, & O,
EDRIGHIHTE 2 R BEFICEA LTS, I
E TOPFREENC B 1) 2 #EHE 1Tk [Michalski et al.,

2003; Michalski et al., 2004b; Kaiser et al., 2007] & %
D READOKRIGEENEE, [Morin et al., 2009] 2R ST
7273, Tsunogai et al. [2010] 25RO IHT ¥ 7IHICB
FBHID A0,y EB & U 60, A5 E—FL
722 T, RETIZBY D NO; am DHERRREE DY 47
Oavg HEB £V 6120, EEX XL TH Y, NOx DL
EIFEEMR E T AHAED A0 EOERIZ—fEW 5 X
WHDIZE -, £ NO; am DERBEEELTH-
EB R EFEZOSNTWSENO, EOHZ VANV ED
RIGTHERK T 2 NO; am D 470 & (FfEEIRT+17 %o
FEEE  Morin et al. [2009]) &H#ET 2 &, SEEGES
72 470, HIZERICKEW, 29D NO, £t OH 7 ¥
HNEDRIGIZT T Z D 470,y EIZEEH D 272 0
ZEREBEHRLTBY, MOERERE CERT % NO; am
EHYUBREERTI2LENDH L L ERBL TV

Tsunogai et al. [2010] THE 5172 NOs am D 470
BHOPCTRESTREHELT, 3HTRHEITRLE
2007 45 2 H 23-24 HOWMEE R B W Tl S
Te K& AOERHL. 2O A70fE (+34.5%) 1,
Tsunogai et al. [2010] T & hi- Wb ERE (32
RED O AOEDORED 206 ZHBZ 2B EETH 5.
WE772v 27 ADHY, FHEEOWE7 7y 7 AD
10%Ex 5D 570, HHEHEKE V. ZBcbiBRiz LD
2, NO, EOH ¥ AV EDKIGTIE 2 O 470 E 1k
BEFEAD O nie iz, NO, BWE 5120, & KILL T
KT 5 NO, 7YV ANV 2REHEL TNOs am &5 72H]
RETEDS R

% Z T Tsunogai et al. [2010] Ti¥, ZDKE X% 47
OfEZIRT NOy am D35 S 172 2007 & 2 A 23-24 HE
BB 2 EFEA AREENAERICB W TEI S 1L
7z, K&EH D SO,, NO,, O,, PMI0 D EFE =% 1)
YT LR L T, ZORROTE 2 REEL
7o, ZOREE, WHEERES R kK (BE) 4
X BIRERTO 2007 & 2 A 22-23 Hiz, MY L~V
WIERI NI KMDRRBIRERL Tws 2 2 RH L
(M4). 2 AOEBIEFRD NNy 7 75 ¥ F L vig,
SO, T # 1 ppbv, NO, T#J1ppbv, O; T#J 40 ppbv,
PM10 T 15 ug/m®* TH B DI L T, ZDHHLAR
X SO, T #6ppbv, NO, T # 6 ppbv, O; T # 65
ppbv, PM10 T#J 100 xg/m?® ®F&k L 7z. 2006 4F 4 A
5 2007 £ 3 A coficEHER TEHEl s s B
WETHE T 2 &, 20074 2 A 23 H O HF¥YHEIX
NO, TLk»5 2%&H, SO, £ PMI0 TL» s 3FHIK
LU, Bk (B8 2fE-7230TIE, REET
Holz.

SBDONY 7 VT Y27 b Y —f#T (Zeng et al,
2003) ZEMLI-E 5, ZOBELRSHE, 2—5>7
KEESIHO A 35 FEAHEONELR % 3 HElicmiiEL ¢
BY (X5, RKFBELEPELWILE D UL &% DRI
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n & F-® 0O IR g

S0z (ppbv)

Feb. 14 15 16

O; (ppbv)

(gwyBr) oLINd

Feh, 14 15 16 17 18 19 0 n 2 13 4 5

27 I/ Marl 2

i

41200742 H 15 B 5 3 H 11 H O ERARBRERNIER Tl S hiz, SO, (EMOH), NO, (EXEA), O0; (TH

O®H1), PM 10 (FRICIED) OEFEZH) [ Tsunogai et al. 2010]. B [To) [Tol [T [Tl & UTRUZER AR,

2 H21-24

HOFRTORHCAHEL L, K5 HFIZRLEKIRONNYy 7 I Y =7 ) — T O &G RFRBREEZ RS .

50°

a

40

115°E 120 130
[R5 2007 £ 2 H 21-24 HOZHAFHT 0B (T, —To) CHRBICHRRKL KDy 7 T ¥ =7 MY — (3 HEH) BATRHR
[Tsunogai et al. 2010]. NCEP Ff#Hi7 — & AL €, EMEBREFEH O METEX 12 X D EH#E L7 (http://db.cger.nies.go.
jp/metex/index.html) .

le. g. Guttikunda et al., 2005] 75 bl 5 I NIERRT
B LAREMEDSE . D & S BETHEIC HR T B ERA
R CIERIABORENE L, o7 a Y VRED
EHIECEVEEZ LN, TR NO; am DEKIG &
LCiE—ME TR WNO, 7 ¥4 VERH O &K KIS
(NO; 7 VA nv ERALAKFEZE L DB, NO; 797
MM ESHIZNO, ERIGLTERK L7z N,Os £ H,O D=
70 VRE TORE—KIR) ZEHT 2 NO; am %4
SHNICHEP Lz eFEz oD . HHRBEAZTCHED
55<, NO, E OH 7 Y A VO RIGHEPoT:Z £ D,
—l ER>TnwiEEFEZOLNS.

Tsunogai et al. [2010] OEEFERIZ, BT ¥ 7

A RNy Y

——
0 200 400

140 150

B 52 RKIGLOH#ETH, FERIICIIRKBEOZEE % b
725 L, NO; 7Y A NVEHD NO; um ER 2 RET 2
TEEENEW I ER2RBTEHDTHS. £72 NOs am
D 470 (EEGEHED, ZOEEE L CXbd TEAT
HBHZEBRLTED, WWBHBEN KIS Z &
NEENS .

3.2 HRK (GRHK) OFER

% 112 Tsunogai et al. [2010] TH & n7-FFRE DHE
AR WA TR RL D NO; $REE & [FALARHHEL (0°N,
010, 4Y0) OAFHERER Uz, WIEAD 2 38 (&
1O 17 FAR L 8 FARD &, BAD1EHR &1



RS R —— BRI e

DFE 11 FHED T, NO; BEPEERFLUTTH >
etz A EDOEENR Ko7z, 2D 5, HIE
AR, BigROWERICE - T L2, £
BAEHENE, HFETTHRENSET L Z ENER EFH 2
shs. ZO3IFEBERL &, £FRO NO; BEIXS
umol/1 A LD Y, £7:/KE, EXEEERIINE TH
EBOHTAROMEE L TG SNIfE(T7 £1°C, 100£20
uS/cm) [Hayashi et al., 1999; Yamaguchi and Ohara,
1971] L& TH -7z, % 2T Tsunogai et al. [2010]
T, 2O 3RS DEAK « WIEEAK « w1 O
NO; IEE B X OCRIMAEME %2, FESO#TARD NO3
BEB L UCHEMAEHEE E L CiamL 2.

[F— OREHEEG S S, FABEERERHEED 4 %2252 T
BEL 725 (R1D1-2FD 258Kk, 8LV 4-83%&D
53K O=BRFEMAMHE (470 E) X ERENT
—HLTWwi., ZRIEEIBICBT 2T ROKINEE X
VERIZOMTIEZDOHAYHINT VA LTz wb® 3
EFEREBIGELTB Y, SEEGSIHTAKFD NO;
DO—HD 70 fEIX, P L bFERAT — VORI
e LU THRERZ EFEzoN%. FAECBITSHITA
DO HERERIE S o 0 FEEERBELONTED
[Asai et al., 2008], K& BEENTDH 5.

TN ARRED 470 fE1E, /ANDI+0.9 %, A+
32%E%0, ERNNEEL=ZBERMERYE (47
0>0) ZRL7. IR TXTOM TR KL HE
KD NO; (NO; am) 2FVBDEHBZTATHE LR
RLTW5., 22T, Bonilz 470 E L, BEAROEHE
PORDT: NO; am D 47O EDFIIHE (+26.2 %) %
AwT, @R, o BT AKXETO2NO; AT
NO; tota1 £ T %) WCHD S NO; gm PIREL (Catn/
Crotar) 2ROz E T3, HRANS3.4%, AN 12.2% &
7Y, EHEIZ T AR EREL o,

Catm _ A”O (4)

Ciotar 47Oy’
DEVFAEDOH T ARE D NO; um W IFFH 7.4+
2.6% L2 NO; um BEEINTEBS T, KD IXTEHAKRE
E»OSFELT NO; (NO; ) THO SN T WD Z &N
BNz o7z,

Tsunogai et al. [2010] TR®Z#I A NO; 281
2 NOy am IBEHIZ, KEANV 72 V=T NO—BD
A 3.1 205 7.7%, 1P LIKRE2ER ) 480k

(1.925 11.4%) W2OWT A0 b SR I-{E [ Mi-

chalski et al., 2004b] & —3L CT>% . Michalski et al.
[2004b] TRFHE T 4 —VF (A7 7 V=7 IESER)

OB 2 5 ORER IZ ML, FIF & 3B I 7
npEFzZoNL. O S THHFO REES—
HLlzZeid, CORBEIFHERELORHIT S
NO; D NO; o EHH & LTI ZETH % W HE
HERRL TS, SHBOEHELRT7 4 — VP THELE

L CHREEZHED 2 NERH S .

8 & 172 Caum/Crotas DHERHER, Z O FRFHH D 53-8k
PEMT2ERZ2¥EL 0, ERBhcEEns
NO; gt D (Catm) %, FHEEID NO; DIRE (Crotar)
A0 fEEITTICE)R» 5RO THT (6 Tsunogai
et al, 2010) . NO; DIEE (Ciora) 1THR/AINT.6 2SR
35.5 umol/1 % TIL S MERHMENZES 2 (S3#E (1 o)
3#7 8 gmol/1) DI L T, NO;s atm DHTEEE (Catm)
B N05 2 5 K 2.9 gmol/l & & D, 1.2
umol/1 THEUE (16) Eb T2 0.6 umol/l THo'z.
DF D NO; DIERE (Ciorar) DA/NMTEHI T AGEHT R
% NO; re DFEDR/NERKBELIzbDTHY, Com 1&
KGR OSBRI RIC L 5 FIRIE—ETH D &
fEam L7z [Tsunogai et al., 2010] . —FHBEAKF D Copm 13
RERSBERT I EBHONTED, Il 21F
Tsunogai et al. [2010] THHT L 72BEARGRRIF D Com 1
B/ 1.3 gmol/1 2 5 A 122.2 gmol/1 & TR 4ME
Z7x L7, Tsunogai et al. [2010] Tix Z DFERZITIZ,
HTFAFD Copm (1.240.6 gmol/1) 1%, FARL:FERMIE
b« S EHE 2D NO;am O TIRIEICHY T2 EH#EEL T
W3, DFDEEBRTIEZDO VRNV E T NO; um DIFE
B LIS ENETLCELT 2720, #ITFAKFO
Com BB =B 2 LS RHTH 5. SHRLEELHMK
ERERADSHHET 2 NO; I2DWTE 512 470 {7
REDDLIET, RIET 2 2 ENHRL EFzonD.

3.3 4"0-¢"0 MHEZERCHA A FBED T
NO; @ 4V0 & X FMERBRAN TET T 2 5 fFEE
(EMERMEZ &) TBWTELLZWA, sBOEDH
EER A F LR RO ET TR E ST 2 Z L]
SNTWS. ZERMED ZOREEFIHT 2 2 LT,
KL BUHE L7z NO; BHEMAERRA TZ T 750k
MOMITHRELHET 2 2 entks. 22 THT I
Tsunogai et al. [2010] TH 5 - FIFLE DT KEHE
HD NO; D 470 fEE s EORERZR LTz, % DOf

5
OEX

S 41 |om3
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£ 37T o)

3 ®)

B ‘QR‘E o

< 1 b

Sl §a%

0 L

0 5 10 15 20 25 30 35 40
Ctotat (nmol/l)

X6 : FFLEOEA (OHD, Wi (D), FAK (AF) O
BRRHIZE EN T RKWE NO; BE (Cam) £2 NO3
BE (Cow) DBEfR [Tsunogai et al. 2010] .
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7 : FEREDEK (OH), W7k (O, WA (AHD) O
FBHRBPICE E N T Wz NO; D 80 & 470 i D B 1%
[Tsunogai et al. 2010].

R AEFZRVCEREGREZRT I EPH LIRS
(2=0.63). Z DEFEER % NOs am ® 47OfET H
5426.2% % THET S L, SBOMEIZ+80E26% & 7%
D, ®IEY NO; am D 630 fH (+87.1 %ovsmow) & 72
WT—HT 2 2R »ICRo7. D VFIRET
&, AVOfERIBRIC, 60l & EAMIZIE NO; am D
RBELOKR/NE KL TEY , tWERORLLS R &
TR BRSO EIImD TIREMTH S Z &8
oL . —IRES NV T 3= T N O D S T
T AM)IAFD NO; TiX, FIRTRS iz &k 5% 47
O-6"0 MOEMBERIZ R > e o e [Michalski et
al., 2004b] . FRMAERERN THETT 2 e (FEhe
SR E) ORECEL TR ECEESH Y, 470
-oBO D 7y b & U T 2k FHI SR % RIREMEDS
HBHIEERLTNS.

—7, ZOEHEFRE NO; e D A7OfETH % 0 %
OENC AT 2 &, 6B0ME 13—4.222.4 Bovsmow &
otz (7). ZNEEEDOFMERBRICBWTERT
% NO; e D SBOMEDFHMEICHE T 2D LEHZ D
n3. WHERET CEREER oI X D F4E
32 NO; e DHer, WHLRIG D% 2 BT 2 LR
Y LWk e OBRRMELBKIGOETICLY, 20
0180 fEIFZHFK (61°0= 0 Jovsmow) ENXIFFEL 2B &
BHIS N T WD [Casciotti et al., 2002]. & Z 2 03F]FH
BIZBWTHET 2 NO; . © SPOEIX, FEDOHT
KD 810 fE (= 13+ 1 Jovsmow) EIFKE S HB 2. Zh
FE D RERSCOEZ T RKO, (6°0=+23.88
Yovsmow D> F LA E) [ Barkan and Luz, 2005] H3kD O
FRTOHFSED—MBPKMENTWEbDEFZ NS,

n & F-® 0O IR g

D F D [EEOREKEE T CEREKER, ST RIS &
DEHET S NO; . DHE, MLRIGD®E FICBT 2
MR &K & OBRRFRMARZRIG DT T L
TH5ZEmL, BMERIGOHETS 2 BREEDERE & 13K
ELBEoTWEZERTRBLTWS [Kool et al,
2007].

3.4 AREBDEREIR

Yamaguchi et al. [1975] ZFIFRLBIC BT 2 LEE 2
AIEERAA 2T, FBRE WERE2S0) B2
TRk O AR RIS R 2 1.68X10%m® & R b o7z,
—75 Tsunogai et al. [2010] &, 470 v —H—%H
W3 ZEeT, ABOHITAFIZE, 1.240.6 gumol/1 D
NO; am BREFENTWB I ERBHSPICLT: (M6 B
UFE1). IhsDRME,»S, FEOHRKERERICIE
BHLIZNOy am DO B, HERNCTET % NOs awm
12 0.20+£0.11X10°mola™' TH 2 Z L »3b» 3 (K 38).

—77, [FE O EBF LR N ELE AT B 0 2 8
5, ABIEBTZ2HEMNMEEDHZD O NOs am LHE 7
v 27 21312 7mmolm2att AL o N TEDY
(2000 £E2> 5 2007 £ TD NO; am W 7 7 v 7 A F
¥iE) [EANET,?2008], ZhZz2FAELBICHIET 2 &,
FIBICBT 2 NO; am ORWE 7 7 v 7 A1F 2.3X10°
mola &7%%% (8). L7z THRIEE NO; am 215
D AEETEFRIL, 8.8+14.6% %D, IhzBAHERE
e OBEERE 7 7y 7 AWCBET 2 £1.1+0.6
mmolm=2alt k3. DFEDED DKINY% (11.6
mmol m~2a~!) &, #HITAKIUZHFH T 2 LIENIC, FHFKE
RN THEPMEMC D AZh: Y, HfESHhZD
LTwabDrEzons (K8).

BEBECIZZORBb D Ichic>T, YO T7HICBT
% NO; am thEE 7 7 v 7 A DN [Akimoto, 2003] %
FIET 20805 5 . KT /KO (5 05 40 ££
) 2MET 2L, BEEAR L LTRSS TY
% NO; am BWHE L 72 LI, NOy am KE 7 7V 7
AlF b o LNS o IAIREMD D B . T2 2RSS IR TER
WL TNy 2 77 Y FBIIE#L TEY, HED
NO; wm kB 7T v 7 A (4.5kghata f2E) LEN
BHOKETH S [EANET, 2008] . EFH] GRS MR
FEFTNC BT D NO; am thE 7 7 v 7 ADHEFGHETH ,
2010 FFTRICEEE 2 FREAIERZ Twiwn, &
D7z % Tsunogai et al. [2010] TRHEZHEHRL T3
23, HIOHFT CEMIT 2858 11E, 15 2 OFFIED L
Wi BRIREEN D B .

Tietema et al. [1998] 1¥, T —1 v ROEEF I B W
TERYPM (9 » A» 5 125 A) 12> THIRIC BN 7
NV LUEBIER 7 =y A8 (NH,®NO, ® Na'®
NO,) Z8AR L %o ik z2#ERcE=y—35% 2
ET, Mt T2 EFREIERATRE LA L, 30kg



KA R — BTN 1”

A0, = 0 %o

8 I FIRBIZBITS NO; 2Hul & L7-EBHRMEEREAM. Tsunogai et al. [2010] TROSNIFERT7 7 v 7 A&%E, {ERHOD

KT A TR LT (421X 10°mol a?) .

ha™!a ! RiGORERARFMBRRE T ICB T 2 BEERHES
2,05 35%E AL o7, 2 ik Tsunogai et al
[2010] #3 NOz D 470 % Tz BFE b - 7o EER R
(8.814.6%) LK T 2 L, PRORIDORFMEE %>
TWw3. ZHIEPN FRVEEZAVES, —EHK
ERERNICHRBAZEE L LTIV AT has s BT
WSz BN A, HERBELTHIY Y bEhTn
BIERRKBMLTWS EHZ 5, BN 7 VEEDEA
HEE L 2> T2 AREME 2RI T 5. 2 ATHYRHL
i, % OTRBEERPHMERREE 2 KRR O EHIRE
DHORELEZTCLES>TVABHBMEDL H 3.
Tsunogai et al. [2010] 3 NO; ® 470 & % jt.ic BBE
bolEEMMED LA, KEFRAMERE Gkgha!
a R CBU S, LVHENTEEREREFEZ S
na.

4. fE5H - L&

FIFLE QI FAT O NO; 1XAEE 7 S BRI s
470> 0) Zm_L, 2O 470 EIXZ+0.9 %» 5 +3.2
Y% ThHolz. 225, NO;y DFOD NO; am IBE I
T4+2.6% L HED 5N, £72 NOs am OHEBERHEE
1X8.8t4. 6% HREb N, DEDED O NO; am
A OBE FBRMAERERIC & > TR - SRS ATV B
ZEDPHL IR, T NO; g DEREDIRL S
N2EELBENERR L E 25N 2. OBEEREEK
i, (RERAREE Gkgha'a Rl ToORFmbr4RE
RCBU 2, EEEOECEERERO RRETH 2 &
E2oMn%.

NO; O=BEFRARE (470) 11 R ERER I

B2 EHRIGER, FICRKED 5D NO; um EHEDE
{En5 2 2B 23N+ 2 LT, REO MV —H 2k 3
7255 . RFHEEZANLOBMHERAAME S v —Y—E2HWni:
Wrge L s % &, HEEREE Al - HilE 5 2
T, FRFHEPIR N EZREICHEL 225, X0EHE
EomwRABRHEORE KBRS . SHeka it
BERADSHET 2 NO; 12 WT A0 EASZHED 3
ZET, HMERERICE T 2 EREROBFEISHEHET 2
LHIFE RS,

@

3

FIFLE O EFFABEEREIERICEB T 2 K58 L Ok
AKOEHEE=5) 7721, BEALVEEsNL
bOTHD. Agtid, BREHIREETSRGHER
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Application of compound-specific stable carbon and hydrogen isotopic
measurements to the studies of atmospheric chemistry

Shinya Yamamoto!, Kimitaka Kawamura!

The Asian continent is the major source region of terrigenous organic matter transported to the northwest-
ern Pacific. However, biomarker proxies, such as molecular composition and compound-specific carbon
isotopic ratios of leaf wax n-alkanes, do not have enough resolution for the recognition of their source vegetation
in mid-high latitudes. Hence, development of a novel biomarker proxy is required to reveal their detailed source
area and transport pathways. Our recent studies show that the compound-specific hydrogen isotopic composi-
tions (8D) of atmospheric #n-alkanes could provide the key to better understanding the long-range transport in

the East Asia-northwestern Pacific regions.

1. XUHIC

BERCIRY)E DA FEA O R SHR 13, 19 EFcHE 5
BRWCHRE D H %5 (Darwin, 1846) . 1970~80 X1 13,
RLH - YEEEHEE Y P OFEEIR S X b OBLAIS B e
YN kT 2 BRI O, BERIEYE ORE
B & WL O BERSHENL S e . KREUERE & N B BRI IR
E¥YI7 7 v 7 A%, 2.6~10.1X10'* g/year (Chester,
2001) &, 2oWNcE 377y 27 A (4.0xX10"g/
year ; Hedges et al., 1997) ZVEEl L, BRI R RZIE
BICBOWCHELBEHZRE LTS, LrL, K& -
W% 12 N SBEC IR B O 38 iz SR 72 3188 I3 B
HIC#L>TBY, ZOREGROBEMICIL, HilgkL ~u
TOEM A I = X 2 ORI R IE 720,

REH X, ESEAMIBLTRKKER - EHEFITE

1) dbEERY  REBIEFSERT
! Institute of Low Temperature Science, Hokkaido
University, Sapporo 060-0819, Japan

W7 v a—v - EEEFARE (LI n-7 v v 7
a—)v - [BIEEE) ®IZ U0 & T 282 BB LEYE
EFNTWEN, ZOW, FEEAMEEZRT Cp 225 Cys
D -7 N o=, BBEMEERT Ciu 5 Coy DT
V=)V, BE LRSI OIEY v 7 R R
T 5FEEYWTHY (Eglinton et al., 1962 ; Eglinton
and Hamilton, 1967), B L&Y (BEICIR) N1 4
~—A—tLTHIONS. INSTET v 7 AT
BRAEWE, RickoTERE» S EEHBES L
(Conte and Weber, 2002a, b), F7z, BEZELSICLD
IR s TV b, HEE B TS
n, REHFPABATT 270, RIRHHX S h 2 BELEE
KO -k DEE 7 bV —H— k7% % (Simoneit,
1997) . F7z, MR S I BERFEANA A~ —h —
DO—ERIE, TAEINCHFFEHEREY T ICREFES N, BEOK
STEER LYV ERS, Mt OMEE LEZERREOET 2]
BEIWZ T % (Pancost and Boot, 2004) .

RELT7 a YV NhOkE EEEEY) S A 4~ — 4 —OWt
g2, 1970 FEREFLIRE, KRV KO ZWE T
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(ITRN

=
BHRciTbh T &7 (#2142 Simoneit et al.,, 1977 ;
1981 ; Schneider et al, 1983 .
Gagosian and Peltzer, 1986 ; Gagosian et al., 1987) .
ISR, W (1995) OEFHUCFEL . B
2, ZOFHETIE, K] OFELBERFE N4 4~ —
H—="ThdnTNVhTNa—)-IRIHEBOREEHR
B 2 5 53 F L OVEE RFRFIGIEEE (61°C), n-7
WAy DR (ACL) ZRCEESIEE & Lt &
D, BEEIREREY O RIERRE O BRI RN CER L
7z (Huang et al, 2000 ; Kawamura et al, 2003 ;
SchefuB et al., 2003 ; Bendle et al., 2006, 2007) . &f&T
i, ZNSEBFESIEEE AW, ERFEEERY ORI
kI B3 2T EDOISERI 2 BN T 5 & & b, BfEE
FHON, Hic i e U CHEH U2 ED Tw
2 REA 7 v Y VHEBLEY O TF L OV KRR
FHEC (8D) W OWTHMENMEHZITS . 2B, KX
2009 F DI ER FEERIEVIFE I FESE S (KRB &
EVIBEIOMEER) OFENEON, RKARES kv
TFEHERLIZbDTH .

Gagosian et al,

2. ARI 7OV IVROEEFREHIDEIRE
B

B RS T OABREICL Y, SFHHK - BF
FINIRFHR S R 2T v 7 AR LR T 5 2 E D55
NTEY, RKax7u Y VhoRE FEEEYY v 7 A
HkT 2 B8bEaY BEREANAA~—h—) o, %
DEBFBOEREFTAND 2 ENTEXSL . 25 LickER
N4 =D —FHWEESEEEORES LT,
9, n-7vhrO¥EE (ACL ; Poynter et al,
1989) 2 o b . ACL &1, Cup 25 Cyy D n-7 0V
B VIRFEHEOMEFTHY, LTOXTREINS.

ACL= X[Ci] x4 /2[Ci]
(1=23~33, Ci BWRZBE (D n-T Vi > L)

—fwz, Y7 v 7 AD ACL DEWIE, ZDEFEHO
SEPEEL RS 2 EFzonTBY, 21X, b
KIFHERPRAEHETIE, KK 7 a Y VB O
ACL 2%, ERRMcEE L LT 2206, %
DR « WX mEOE WD FEIR I LT & (Gagosian
and Peltzer, 1986 ; Poynter et al., 1989 ; Kawamura et
al., 2003 ; Schefuf3 et al., 2003 ; Bendle et al., 2007) .
LirL, B9 7 AHD n-7 Vs > D ACL X, ZD
RCJR & e ZHEYIfEIC & - TH B > TE Y (Chikaraishi
and Naraoka, 2003), % OFEFICIIFERENLETHS.
BICE, MYOET v 7 AR T 2 n-7 V> O
RFBBMOZALS, WE LR SAFRE D2
5 B & DR B/INRIC T 2 720 OEHS KIS T
B2 RS H5 (Sachse et al., 2006) .

1,

i}

Y I/

Fle, VY 7 AKCHKT 2 3OS A~ —h—
(n=7 7 >« 7Na—-Jalhlk) OEREHKD X <A
SNIEFEIEETH 5 . FIZ X, FRAFPEDOKEHE
Y (175°E) & Eh pBERFE N1 4 ~—0 — 10,
EAFEE (15°N-15°S) CTHRIGER S B 26 v D1zt
L, T-EfEEE (19°N-48N) TE n-7 Vv > DBREET
% (Ohkouchi et al., 1997) . &5 L7=#&FEIC X 254 4
<= —HRDE L, FIEIESEC L ERINS
RRFEOFET XV A DNAF~—0 —Hk%E, BEDR
PEEIC X DER S D 7 97 KBED N A 4~ — — K
EEZNTNEHRLTWEDTHEEHFZONRTWS
(Ohkouchi et al., 1997) . 5, JtAKFHEOHEHELT
uY o olk, EROEBS 27 A6 10 R
MR DRI L, RPEEO =83 2 11 HH» 5
6 A1 Z DBBEDED T 2 L) BEHIEH Y — 20
wEENTEY (Kawamura et al, 2003), 2O L%
T TwaE. —7, BEEAFE~FAFERTIE, &
7 =T RIEO T v v S En IR K T v a3 — v
BEENHRE SN T WS (Bendle et al, 2007). 2D XS
WRRTLT 0V )VOREISIZ L > CEhCE 2 B
JFNA & ~—h — RS KE B 2 EHRIL, #EkET
OEAEDENZH B D Lz (Kawamura et al.,
2003). LU, 29 L7e A4 ~—0—HEDE N
INTNED L S RHHEE KL THW 25D DWW TIE
KBS DIZENTOLRL.

—75, EFEEUAC b R ORI N A 4~ — —
MR B R 52 2 BRPGFEET 5. Fl2 X, LK
HEORL[Z 7w Y VRO 7 Va3 —)VIBEIL, FIEICHX
FNCHEINS B HEBNC B 255, Z OEEH Y — 2 IFEID
IR OFHiIZH & —3L &\ (Conte and Weber,
2002b) . —fEEYIC, EYMOBEIEICZ T VI —VREE
WEENTWAZEPHIONTEY, NA4A~—h—#
RO Z 5 L ENE, HEYOEBYTH 2 P18 ICFHIED
L, fEYhroRbshd vy 7 ZHEENENT 72
BTh D LFER SN T3 (Conte and Weber, 2002b) .

Tz, IEE, FCEEH SN S X 5 o o EISTE
e LT, BRENA A ~—2 — D0 TFVNVEER
FRMAMHEE (63C) BETFoh b, —fiRic, BEEEE
WD S5, C,lYE, REEERDROMAESHIZIFRE
DIEFEWD S, C, YN HEAE W §BCH (~20 %) %71
J (Collister et al., 1994) . Z D78, EERFE A 4 ~—
B —D SBCED» 5 RKKTT v Y IAD Cy/C, TV D
LGERRABbL2IenTES. HlzE, 77V AME
(SchefuB et al., 2003) TEEEARFEE-FIREE (Bendle et
al,, 2007) Ti¥, KR=7aYNVHO n-7 V5 > D sBC
EDORENME S, Z 15 DI OFTIFIR B U s
¥ T B OREY) 5 4 7 (C,y/C, HEYILL) % K L T
L EPHSPIZE NI, Fiz, ILFEKFE (RE @27
04N, 142°13E) OWHEZ7a Y VD n-7 V7 > D
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SBCHIZ, =7 uYNAD C, YDOFGNERIHEIN
TEIEERBLTCEY, ZhiF 7 oY ViEfE»E
Lo THRL21:0TH 5 LENEN T3 (Bendle
et al, 2006). ZhoMFEHNIE, K7 oV ViFizE
EFND n-7 VA D §1C H3F DALPFEK OFEAE D E L 2
BT BDRIEHICERHTHZ Z E 2R L TWB,
C, MM D EBE T ZHEE DA 1L, RERICIEE T H
Hr e HEVE OFZEERICBR S5 T B D (Sage, 2001), F7z,
C, T D 613C 1%, BE LMY DOZEI 2 MY 1 2
NZX>THEET 27 (Conte and Weber, 2002a) ,
Cs/Cy THPIEE WM KR E S EALT 2 2 & D - g
WZBWT, sPCEDADSZDRFEHEXAT 2L
BB CHR#ETH L. £z, lwwrsLlizkoiz, 1bA
BREHRIZE EN D n-T IV v O sBC HPHI, HEMEY)
WAz, K& s bR oFzE 23 L <
ZI TV IHROGE, TORERFRECREL L L
MNTET (Bendle et al., 2006), §3C fHA> & FCIRIBRIFER
BRI EMTER,

3. EBRKRFEFEADEEFEFEID
REERHEX

LRI IF KR OB IFEA Y 7 © 7 K
S EFHEAGINE S N TWw B H (Kawamura, 1995), T
FOREIFNA A~ =7 —OWFRICE D, ZOFMZE
HiZE Ny — S M E k> T &7z, Kawamura et
al. (2003) &, JLFAEKFEREORE TS Wi Y
0 V)V DRERJE N A 4+~ —h —RFHR, T ORELH
ROFHEE Sy — >0 6, LR FHEBICHR T 27

V7 KBEHROBEEIR AR EIC & > TEH» S F
XS ND e RS PIC L. FROFEHIZEE
F—E, =T NVArOSPCHEIC b R oh, BERIEE
B ORFEENFHC LV RLLZ I LERBL TV
(Bendle et al., 2006) . %7z Fu et al. (2008) %, HEH
HETHEE (5~6 A) WERshIIFEZ 7Y Lo
BEEIE N A 4~ — 2 —HER» S, 2o DSHETE R
WCEIE S N B BERIENA 4~ — 2 —DRFEO VD EDTH
BAREMEIC OWTERLTWS.

—7%, Kawamura et al. (2003) i, ALz )L =—
= aHBEPEE S iz 1991 F£OE~FKIZ, LT
B S 5 BERIEAEEYIRE N ZE L <IN 2 1~
Y NEHRELTWS . %72 Bendle et al. (2006) %, 7-
TNH D SBCHEDLS, FA R N THENL 72 EERIE
BB A YRRV T /A=A 7V 7 OC YT
Hol-TREEZIER L Tws . —fRic, T =—=gH
RMPILCZ % EPRERFER IR - i2ke 2, HE
T T TRBMKEBEFHT S L5 12%5 (Kita et al,,
2000). FD7®, TV =—=a RIS L RFERE
BOEWEERREEYEE L, FASIc k> Tl &
i KEOBERIFEA YD RIERHmX S 1Ll 2 LgER
T50»b Lk (Kawamura et al., 2003) .

BERIEE Y O RIEERE Y, RN L RBIFERICE
WTEBERHEZRLLTCEBY, ZOEHE, 74 —F
Ny 7R REC CTHIERY 2 T ADIREREAT 5120
BETHL. LHL, ENSOZEDRRAI XY M PR
EraH T 02 sy, JVEARFEE I RIEHER X S 1 5 BE
EEIRA Y ORRC IR REIC S 2 2B OV T,
RPN R IR TORY. ZhiE, 7Y 7Kk
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Coal’ -
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Cs plants* »
Surface soil (NE Asia)®
Aerosols (Sapporo, Japan)8 —_——
Aerosols (Tokyo, Japan)8 =
"Bjoray et al. (1991) 2Tuo et al. (2003) 3Collister et al. (1994)
4Chikaraishi and Naraoka (2003), Bi et al. (2005) 5Rao et al. (2009)
SLietal. (2001) "Tuo etal. (2006) 8Yamamoto and Kawamura (2010)
-250 -200 -150 -100 -50 0
0 D n-alkane (%o)

LIRe BRI & D n-7 v Y OLERF (82C) KUKFE (D) FEMIALLOHEI & % D F41E.
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Wi, PEEEBORZERHIE 2 Bk & IR AN SR L Tvw
bOD, 2D Cy/Cy EYIOFIEGKEEN (18°N-50°'N)
TIEREL b7, BERIFEERYOEER () o
EWESSCHE»OXANTE2OBNBETH27:0TH S
(Rao et al., 2009) . F7z, JLRKFEETIE, W7 Y756
B 15 N ARIFEEY O BB E TRAT
BY (R, 2001), 72k 2 Z0FEFRLOBNIZELT
b, ALEBREHESE #-7 VA > DRAD §C EIZE5 2 %
BT X%\ (Bendle et al, 2006). ZDz D,
EPEARTEEEEIC B 1T 2 BEIRE Y O K IR R X O 3 s
ZHEED Iz DL, FEROERBHEE ALY, HYY
7 CHHRE 2 /O 7 RO LB R D TH 5 .

4. R{RI7ZOVIVHROEHIESID
DFLANIVIKRELIALL

WA, ¥A7u~ 777 /BGOSR ERSHE (GC/
TC/IRMS) »ERL, iz AuizB8EEMOST
L AOVREFIRRLL (D) OB A CITOIS £ 5
Wik oz, ZONRIX, EFEE» S, BB - HEREK
EEI b5, Bl 2E, FRild o R{AkED sD E
&, ZOREIR & 7 2 AR HEREEREE, HERRER OFi R
BEEKBLL, #7100 % b OEE 2RI I En oA - 1R
TFER R BREEIC O - Y — Ve LTHEEENRT
W5, i, BELEEHEYO SDEIX, KO sDEE
ZOEBEREE GERBMTEE, H8KkS) LK
WL CTH Y (Sachse et al,, 2006), WWEOKERIEEITT
DOl 7aFv e LTEHERTWS . KA
7Y VHEOEBLEMOST VvV eD I, Fall, &
HEoH WLV HH THE XN (Yamamoto and
Kawamura, 2010) .

— W sDME X, v —v EHEFYHEK
(VSMOW) x4 2 FoaFEL LTUToRTRE 1
%

8D (%0) - [ (D/H) sample/ (D/H) VSMOW 1] x1000

IAEA I X 2 SR OBHENC D &, £k kEAD
SDEIZ, BfRECHE» > EELETL, E-S&EMT
100 %olA L DFEE AIFL 27~ 3 (IAEA, 2001) . Ak L7z &
Sz, B EEEMEY O oD i, KEC XKD 6D
6% s 270, B EAEYICIE 2 OB 1O EIC
Lo THELZ sDENSTHEENTVIRTTHS. 20
72, RETOBERFENA A=A —DsD»6, 20
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Coupled effects of land use and aerosols changes and their impacts
on Asian climate

Kengo Sudo!, Kumiko Takata? Toshihiko Takemura?® Hiroshi Kanzawa®, Tetsuzo Yasunari*

This study assesses the roles of aerosols in the past/present changes in Asian climate and monsoon, isolating
impacts of individual aerosol components in the framework of the CCSR/NIES/FRCGC climate model (MIROC).
Many recent studies suggest that increases in anthropogenic aerosols such as black carbon and sulfate may play
a crucial role in Asian climate change as observed. Our previous studies also demonstrate the significance of
aerosol increases (sulfate and carbonaceous aerosols) in the simulated precipitation changes in Asia (e.g., Arai
et al., 2009). In this study, we particularly focus on the changes of nitrate and secondary organic aerosols (SOA)
which are tightly linked to land use change in regions like Asia, but not treated in our previous aerosol studies.
We newly introduced simulation of nitrate aerosol in our climate model. Our simulation shows that there are
anomalously high concentrations of nitrate aerosol in South Asia (particularly around India and Bangladesh),
coming from abundant ammonium and less sulfate components in this region. In India, free tropospheric mixing
ratio and number concentration of nitrate in fine mode are both larger than those of sulfate in winter to early
summer. Our study estimates large cooling (1-2 W m-2) in South Asia due to nitrate increase in terms of direct
radiative forcing for 1850-2000. This result suggests nitrate aerosol may play an important role in the observed
changes in Asian monsoon. In addition, we estimate changes in biogenic VOCs emissions associated with land
use change during 1850-2000; biogenic VOCs like terpenes are important precursors of SOA. We estimate
significant reduction (50-709%) in terpenes and other VOCs emissions in the central Eurasia, North America, and
Asia due to intense cultivation and deforestation in these areas. Responding to the VOCs decreases during 1850~
2000, our model calculates large reduction of SOA, leading to a positive direct radiative forcing (warming) of 0.
5-1 W m-2 in South Asia. This warming from SOA and cooling from nitrate aerosol which are both linked to
land use change may compensate for each other in Asia.
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Ra:7o7BcBT 5, SHEES A FE (TFAHhO7 )y REE L) OFE (1700 4~1990 4F) .

AREREE (L3 - 258 - FEER L), FhAK, B,
F2 BE - #H%) »o0EREESh VWS, -
ByAbOTIvyavid, [EETVORESRE T VT
ThHGHE, HAES A 7, RS (LAD, 1KksnE
DKL LTEzZoNS. =70V VORI - KRG
DFEL, RGBT 2 EESR (In#- A &,
= . BAGERR T 2 SR (BN, ERTFRESE
ffbic & 2 BRGNS wH) KAl s h 58,
SPRINTARS €7 VT, I HiIZOWT, £/ ST
AZ V= a v RHR LIS LR ETS .
AT CEH T 2HBIEL 7 oYy L icDnTid,
CHASER & = 7 u YV VEJ 2 KM€ 7 v (ISOR-
ROPIA) (Nenes et al., 1998) Z##E L CHEZ1TS .
Fio, HAERFEO ZRKEHET 7 1YV (SOA) DERIC
2T b, CHASER tf T SOA K i £ B X F— A
(Kanakidou et al., 2005) ZHWT, HET 5. Kz
T, TVRYBIOA Y 7y OBIEKIGIC X 5
SOA &% (KHKIGD ) 2HERET 5. HEEHEIZ O W T
&, SR N DRUHER T L EAHRE-F (RiFE1
~50 yum) DRI BEETH 55, KR TIX, 774
YE—N (B um UT) ICHATIEET 2HH8E 7 > €
ZVLARSDOAERBEREOHENRE T 3.
CHASER IZ X 2 S L OOy S 21—y 3
URERIZ, WO, dbk, BX U7 Y T7EICB T B HiRE
#HA v N7 —27 (EMEP ® EANET & &) TlREONL LK
ZERI5AR & bR BEENTH % . HHERIED SOA 12D
W, HIRTEBEH T B REL Twbzd, ¥
2 V—¥a rORFLHEEEREETH 25, BKIC
B ZEH (Artaxo et al., 2002, Decesari et al., 2006)
Rt € T (Heald et al., 2008) L FFE LR WY
Sav—variEREB LS.

a) Albedo change & 2m Temperature change

“
%

b)

Precipitation change & Vapor flux change ot 850hPa

1 v
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AR SR et

I\!

- -;}1. WH# IR EREY -1

;/T HV)-\-‘.-fr "i 2

ME 3 e li ¥ ek et 1208 1306 T 1508

S —ro#:-{
tt'» rrwr

Sod
0.04

5 :1700 F5 5 1850 FEOFHIE N RIT T RR [ E A~ D
2 (Takata et al., 2009). (@) 7 WVAREK (h7—) &2m

s
S (Rary—) oxH, b)RAE (A7—ary—) &

KER 77y 7 A (RF) OXEH.

3. EEENECLDRRFNET

TR AZA bR S &k AW, #HIKRE O KSR
(Z7IVRE) PHE, BXOKERS - BOKRR L ORHE
2L, [REQBCHEBENCOEET 2. K5O
AT BV T, Zho DZfbn’7 Y 7HSIES L U7
V7 EVA=VIZHHEICHET L 2 N T NVERICX
D%méhfwé.TVTQKBwfﬁ,H4@;5

2, FRic 17~20 g HE i » 1 T, R E D
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BRI, I (forest) EREDWA, EHI (crop-
land) HEREOBEINMAEZ ICEHENL TV S .

50, BMICHAEWRENEATHo7z, 1700 F 5
1850 I ¢, HIREOEH L, 7V 7HIZBWT
HWESKIRSCEAIZIZED LS CHETIMIONT, E
FTNEERL-HETH S (Takata et al,, 2009) . HuiZHE
SURZENL, Bt S BEm KSR ORI (Bt
1) s, A > NHyEE e th ERE S T A RiRL
MWReNG. /-, Bk L 2 R EHE ORI,
F7YT7RHEME7Y7ICB0T, FEBOKER T v
ADPREFA S, BAROBMD D5 &I shs
EHREINTWVE., CTHIFEBHIBICE D 7Y T EV A —
UDFH LN L ETRRT LD THS. 512, T
V7 EVA-VERPERIEIISOHS L L Tt
(BBVWIEFHML) SNhd7-0, TV A—r D5t & Ak
W, ALK T, KPEERERHmD S, Bk
BEOMEIDHEIN TN,

4. T7OVIORURTE LEENZEDRE

AgeCix, ABRIEOZT7 oV VOREDEDIR
REEERRAT 41T > T 5. 61, MIROC &€ 7V
WX VEHE SN 20 RSO 7 ¥ T HOREKZE) - v
¥ RTH DGR, 2007) . BESIELSABEIMOFE L
FIRFIC, MEBEL 7 oy 72— Ry 2L LI NG « E

Total impacts

(a) rain & wind trend [CGCM FULL]

FERF 7 vV OLE b ROKEENICKE S5 L Tw
LI ENRBEND.

X5z, AR TIE, WHEWRES X OBz k3T
TaVNVEFNED LS BRBEEERL RIZTPIZDONT
bFEER - BT ED TS . 3EITHRA X 52, HEE
BEFRFSGOEEC LY, [UBRCEENICHET 2 &
EZ 65, ElROEY =7 u Y VvOEE RN LM
B ELEETHS. 22T, KETIE, BED
REAEZRCFE S (DRSEE = 7 0 VOV o880, B X U@ME
ERFEOZKEEL7 0V (SOA) DA D 2 FickE
HL, SURRERHl 217572 .

B ORI, 3Bt > SRR O I
kRGP OEFERIEY (NOx) L RKEOHIMEIC L 3
7vE=7 (NHx) OIMck2b0Ths. £7-, 1
AERIR SOA DA L, FHMEx £ o £Hif HZ
LD, SOA DOHERZGMATH 5 VOCs (T V2R A vV
TV ) ORDHEANOBH OB CRE T % . fEARIR
SOA DEENZ DWW TIX, BEEIE O SEEENFES #
LR - BKROLFP, KRCBLKFRREOEH I
2 EOLILBIE OZE B X 2 LR VOC RH &ZE
CDOEELHVEL. LErLENS, BEOHEAELENC
B9 2R, ANBNRIHERZED XN ERTDH
EEZONDDT, 2 TRBEEREIC L BEIEDHIZ
BHHT 2. K71, 1850 F 5 2000 FE O ORI -
7aY VOB L7253 RREREICE T 2) e

Anthropogenic impacts

(b} rain & wind trend [CGCM ANTH]

GHGs impacts

(c) rain & wind trend [CGCM GHES] 0.26

I I I
=12 =08 <04 o 0.4 o8 1.2

Aerosol impacts

(d) rain & wind trend [CGCM ARSL] -0.55

X6 : MIROC EFNMIC X DEEEI N, 20 HACHFORBERIC L 2 7 ¥ 7EBEASEO 100 FROZEH b L > . HEDIFLA
CIIABEIFEOZERN (Anthropogenic impacts) THEH S I, EEMELKMEOEH L =7 0V IV OEE (GHGs 8 & U Aerosol
impacts) »%, TNETNE LS HAOFELRIZT I enbrs GRHM, 2007).
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f&,

H X%EF, T N #

BENOSEERT. A > NEEehERIcBWT, 1
W m2 U EDHWGHIZAETCTWE 2 EB¥bns . H
EB DWW T, EEREOHIEKAE L &5 NOx O KIS
BIZERFETH P, 4> FibEic>w ik, B (B
B RO NOx DEENE W, BCix, 77V 40
KIZBWTH, HBABESHIND 2 Z LIRS TW
2H, ZhIE, MHREFROFIC LD EK SN B NOx
L, FRFRASOIC & B NOx - NHx OO E A1) 75 5h5
Ths. KT, WHBEOLRER « FH O R
F1E—0.06 Wm2 &£ RfEd o, ZHIEBFEEIC X
25877 (—0.2~0.3Wm™2) &L CHLEETHD,
FRCILEER CIRBEE AR (—0.11 Wm™2) %2KiF
LTw5.

Rz, TP SOA DA D RIS % . 2Bk
BWiafElEz 7oy vy —2 LT, EELZED
SOA BB EZ30Tgyr ' Lt REH 5N THE Y (Heald
et al,, 2008), ZHII ARy« EEHERIED VY — AFREE L X
THEHRTES W, KFETIE, £/ TARVEAL VT
LZOWT, ERECHES, @0z vy a vy
HEEZHEL, 2D LT, CHASERE T VIZ &k %
SOA EGEHHEZNL T, A7 v Y )VIREAOZE,
BEUOZNICATRET 2 SR = 51 L 7z . FEYE IR
VOCs OF4 R F 1%, BRI TOXTRE S 1
% (Guenther et al., 1995) .

=775
52

F=Dey (1)

D3N AA~A®E (kgm™2) THY, ¢ BHEESY A7
TEOMHERE(ZEyyayeT7 779 —) (mgCkg™!
h™Y), v FKIR KB T2MIERETHS. Th
LD, MBIRAND LI BHES A TOEESL X
U, N4 AR AREDOWMAITEZ, VOCs DFLERF O

e

ESS

E, fit R T, B
ZABHEESNS . TDXS LT, FER2To AR
DHEAERELIWC LB VOCs =2y yaryEE#EK9 R
3.oFEE, TYTHE, bk, 3-my X (vy7) 0Ff
FHIR CHEE 72 VOCs R OB mEtE s nTsY, &
U7 ¥ 7B 5 1980 £E % T O IAMEA SERIT -
T3, 7TAURVERIEEEOHIERMHE 1S b E
FizRE s, kea—o v HIT b i
KERBIERZRTH, 4V v iazo0nTid, KiE
FERBEBICET L Twd e, 7Y 7S TIEERIE
rREZBAVBIEBLOATOURY., K101ZZD XS
WEHE S NI VOCs O E#K T 7 o VL
DOREFEGITI & LT EDOREDKIERE R KITTHIZD
WORT (EEZIRO & CHESIRIFELT) . AT
7 a Y VIIRERHE TR R EEL - KT 270, B
7Y VoA, EORSRE 25 1.
AR, 7T, Lk, vy 7EIicB W T
WIEDREREIT) (NEGE) PR s . Fio, B
FEOHEBET7 Y7, KBTI, SWm2HMEbD
BOIEECTBY, 7YV7EYA—YEEIIHL T
EELBRE R LT AREESRB I NS . BT,
TITHICB WX, 20X RiEELE SOA EENC
L BIROIIBEIR I, REMELT 1YV & B MBI
WMT 2EERFFO L b ), KEEETHL. KT
TNWEIEIZB W T, HHERE W X % SOA EEHN XIF
TEERFH OMSTRE ST, ~0.1Wm2 L RAEEb S
n, TARVICHA, 4V 7 v s d SOA EREDZ
5L 2 OEFHBPEHTH o7z, BHWI L, 797
BOEBHECOBSINL 2 HET 28585, LT
HEIE ORI X 2 AOREEET &, 2 D SOA WA
2 X B IEDHBEEFISIITEHE LAY, BRI AZ
7Y VENLTRIZTIEROH & LT, ZhiX

SERS HYDE

FE fSE
0 /1271

HA

6.12

Lightning NOx
+ B.B. NHx

90
300 330 360

NTOUR INTERVAL

180 210 240 270
1.5 0

Annual Mean Direct Radiative Forcing
X7 : e 7 o v o (1850-2000 4E) 12 & 2 EFHETEHETT (W m2) DR,
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Based on Ramankutty & Foley

1750 SAGE Croplands Terpenes/Isoprene emissionis more

S\é & '3 o efficient for forestthan for cultivation.
% d e
5 R =) -
1CI)°;~ Mamly forest & grass land e : @
.o )

Biomass decrease ~ 50-150%
during 1850-1992

1002-1850 Month= & |||

-4 10 0 e« -0 0 L @ 0 1D D%

1990 Largely cultivated /7
X8 : R OMAERIRIC & 2 HIRE () 541 7O E) &, N1 A ABOEH (H).

Terpenes (a-pinene) emissions Isoprene emissions
1 1 L 1859-2039. L 1 BD‘TOQIB 1 L | 1 185?‘200?‘ L L |
- reduction 7]
SE-Asia
~ % 100 ¥
£ £
3 20 < =
& &
: b o US. :
& 10 1 E 1 o, - PSS
------------ wetrania (Ditssta)
0 T T ey S — B e T e e SR ——
1860 1880 1800 1920 1040 1960 1980 2000 1860 1880 1900 1820 1040 1960 1080 2000
[ — EE-Asia —— Eurasmia --- US 1 [ — SE-Asia == Eurasa --- US. |
X9 % (1850~2000 4F) DAHAEUZRICFE S AN VOCs DitEDZ L GRE7 Y7, bk, v 7fHEDRER) . £

TRy, B34V VDL yyaryw2Rd.

1850-2000forcing

EREL WA FHZ SND. LrLigsis, =7
YO WTIE, E - BARZLEH 21 U RERIR b %
BIANDLE DD B0, &0 FMAER - #amosd
HThs.

4. &8

Az ik, REMEEBI V7 a Y VOHER2ED
SEETNVICEY, =TT YL - HEREDORERE
DWNT, FEBR - BT 2ITo T d . IR TOMRIC X
D, HEERZIHERT ALY, HELXEOLHENIC LY
EEMICERITEET B2 TR, HEEY ZREH
7 aYVOEEENL, BN REICEECEET
DHREMEDS RN C AL 2. SRIE, =7 Y ro

0O 0O O = = N NN
o & 00 N O O & 0

X 10 : CHASER-SPRINTARS EF iz X D EFE X 7z, EFRKCEZDZEEDNMERL NS, L DEBRER
RELERZRWTHES VOCs AT & 2 SOA A0 BT 3 a8 o s . = . -
#F9 (18502000 4F) . _EAETH, TIRILERES (JJA) . YRal—Ya BT CTRETDS. 3512, F

TVEBRO A7 o3, ARSEACBES 2807 —2
ELREE LB BBLETH L. £, ZOFETIE
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T4 5 D VOCs FHAER, VOCs DBILKIGIC X %
SOA 4GEfER SO WT, &< OFRMEEEERRE
ETHIEXHEEPLETHY, 7O LAKDNWT
DB SICFHRFHIC L 0, THEEMHEOEEL KD 5 h
5.

5. HE¥

AL, BREEA - HEREREET TR S EE (B-061 B
FUOB-092) ICLk B EAETHOWTEBL THY £9.
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SPRINTARS #BF L T & 7. AFTlx, SPRINTARS #Hwiiige 2L e LT, BEE TV
W2 & %70 )V OKAEETHE I BIE T 2 EOMIE OB M 2 EN T 5.

Estimation of aerosol effects on climate by modeling studies

Toshihiko Takemura!

Atmospheric aerosols affect climate change through the direct, semi-direct, indirect, and their secondary

effects. The author has developed a global aerosol climate model, SPRINTARS, to estimate the aerosol climate

effects. In this manuscript recent trends related to studies on estimates of aerosol climate effects with numerical

models, mainly SPRINTARS, are introduced.

1. I7OVILOKIRICHT DEE

I7UYVRRBERE 25| SR IREL T, K&
{3DRXBTBIENTEL. 12X, T7uYADK
B e AR A BEL L 72 DRI L 72 D 5 2 ki &
D, RRKDBEIE LT 2 [EERR | TH % (Char-
Ison et al, 1992). =7 1Y )VIZ & % KIGHEEE % &
PNCRB LI AN, NP % 22«77 7 )0 Th
L EEbNTw5 (Ackerman, 1988). 77> 7V Vi,
1783-1784 OB DBEH E LT, =7 1 YV VEESR
PR BT HESRZ, =7 oV Lok - BRI
Prac- U & v o 7B bR IR & KT 5.
Bz E, BT 7 0 Y Vi E KBRS 2 8EL L TF
HEMANRLTL D O RK[EWHEIT 508, BEBRKHR
I7 1Y WATKGBUE « RIS 2 20 R B % 7
WRREIET S . 208X, [HEHR] TH 5. i
BRIE, SHWC2DEHEINTWS . KEOK (B
¥) RKZBOK Ok chzzy7aynn, b LE
KOBERNZARTTHEINT 5 &, BRLKED1 D1
DDY A XDNE 720, KEGBET « FRIMBET O BEL
I E 2. 2k, [5 1 EEEDR] L [E7 v
FZhE ] EER (Twomey, 1974) . [55 2 fEREEERNE |

1) FWNRFIS R I Wr9erT
! Research Institute for Applied Mechanics, Kyushu
University, Kazuga 816-8580, Japan

[EHMIE ] EIFER TV BEIERIZ, EhPkEDA
INEALT 5 &, K - BEAEET 2K OZ R b
72532 %55 (Albrecht, 1989). 3 DHIX, KB
BRI 2 N S 2 Rl 2 R D BAK RS A ML
Fic k3 [#EEERNE] TH2 (Hansen et al., 1997) .
BB 7 a0 YV )VIEEARK[EZMEAT 2720, KK
BEEDEASLEAKELGEDOZTIC LY, BAERKICE
BLRIET EFEZz 65

2. IPCC #iHEEICHFZT7OVILOR
1R 5 BT

SR T 2 EmNCFHTi T 287 x =2 L L
T, [1BEsEdn] 2 e 5 R et s, 2009). 2,
SEICHE R RIZTRF (REmHEHRETF) oEszeftL
72B0, KRGS B & CFRIMET O BEIE 022 b % 7w~
THOTH 5. BEHIICLOZ LIRS 5 2 & I1dKUREE
FeEmT s L TON—RAERBI L, £, KAEEH
KFEBRTIEICAERT 2 7 a v A FNFNELR LD, *
NSDOEERFE—/T A= THETE 2 LI BEL»
5, BEEREITIIER 2 b D TH b5 . SEBUFSEE
ZEE SR DO RIERIRILE R & 3 2 KUEZSENC B 3 2 BUN
f¥ v IPCC) (http://www.ipce.ch/) O ZRifiskss =
TiX, MRBETORERELEE L T, [EmHRT o
ENZANL 7256 O TRB S HE T OGN 02t & %
BETE & EEL Tw 5.
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IPCC %5 1 fE3i% (WGL) DORREETH 55 4
KEHiliEREE (AR4) (IPCC, 2007) 2k % &, RHFmiA
ERIRG M (CO,, CH,, N,O, noh—FR ) O
Hagh & BIIEC T T OEEH I O @ ERTFHE I+
2.64Wm2 EFHiSNTBY, TORHEEMIX 10% &
FEEITNS V. i, [EREEZEZEL (D% DK
T 4=y 7 B2EFEET), [ERBEZNLEL L H
Ea3hTwuhid, REMRESIRKEOMRESEHITTIX,
FEACEERSTHETE L2 L 2E®K TS, —FH, =
7YV OBEEFIT OREIE, EESES-0.5W
m=2, KEIZHT 258 1 SRS —0.7Wm2 £ 3F
i<y, EEEGLIEOSIEZELFNT 5 LT
MHTELVWETHD Z LIEMEVWEW. L, Zh
5 DRHEEMEDIE X, IPCC & 3 XEHlighkEE (IPCC,
2001) XD IFNELBEoTWEHDD, BEEMETIE—
0.1~—0.9Wm=2, KEwCWT 258 1EEHENET
3—0.3~—1.8Wm2 &, IKR L L THHEITKRE W,
A EDOFHMIL, IPCC WGl AR4 DEE2ETHRH> T3
fit, IPCC #REERIMRICE > TEEEFEHTH L2, W
FOLEH AT ES (Summary for Policymakers ;
SPM) #ifi%#) (Technical Summary : TS) 2B
TLWY EFesntws. ok, &2 ERERE, H
RZ DD ONPERCREARE L Vo ek L%
S T2, AR IIBETREI 25 S 5 Z e TE R
WS, JAE 74— NNy 7 B E® IS O %L
%, —0.3~—1.4Wm= & §fi L 7z (Lohmann and
Feichter, 2005) (IPCCWG1AR4 5 7E). F7-, #E
BENR O PBEPELOZACICBIL T, A7 U 727l 13 7
INTWRWN,

IPCC FHiish e & 13, @EBEF M O A Hiam S D ik =
N—2ELTxewonsb. IPCC AR4ICBIT ST
0 Y OVIERERDR < RIEEIR OFHE 1, FICHIEE T vIC
koThanTsY, Hr2OETY ¥ 7HFEOM, &3k
7 aVNVET VALK 7Y 7 b AeroCom H3E
L7z 7 b avicEoniEiixg, T MICBWT
ToTEH LR AW NT WS (Kinne et al,
2006; Penner et al., 2006; Schulz et al., 2006; Textor et
al., 2006, 2007). AeroCom i¥, €7V L ET I
ZRFEL T AIRE AL E LT, BEMHBROAETIC
BWRTZ YT 47 R=AD7ay =7 NTHY, ET )V
FOMELE L) E— b2y U 7EEl E Ot 2@ L
T, 70V )V OKAEZETHIR € 7V OTHEE DB
RIEEZTH> T3,

FR@ IPCC Iz B 3 =7 v VIV aEIT O 3 o
THEEMEX, BRR BBEE T VERWTHEINHEE
DIFHDERRL TS . §b Z ONHEE M % (K53
2ENIMWKRO 5N TEY, AeroCom Tlt, IPCCE 5
RS E (AR ~OEMEZ SHICEE, &2 %
BrfdTnb s Ths. F2WFEBROa Y bu—

jsé}:

VY Eav—yvari, AeroCom BIEL /-7 a Y
WEBIEHEH R T — 2 2HE— LU CEM L, 2006 FFOKRER
BT . HEHE T —212id, BRRHEE « FRmK - i
fif - WiZessEIR O BaKE (BC) ~ARKE (0C) -8
{bHizE (SO,) &, KLU SO, & Ensd. oo
HARRE (LR TLHEn 7% oftElR, &7
WMIEEN TS, Fiz, EEEGLRTOPEHE 2 (KE
LicySav—yvar®r7u Y VEENREFEL
WY T2l —yarbiTwy, ABIEREE X OCHAEED
EERBERE N 2 EH T 5. & 512, 1980~2008
D hindcast ¥ I av—yarvE, 1)FELLE RS
o =7 v VB E T — 5 26 2) 2000 4
OPERT — 5 2T NTOFIHET  3) FLRELH =&
DFH LW IPCCRRMEDHEHET—y 26/ 4) IPCC
AP E T — ¥ 2HA L TERE I RKAERT 7L
WESCRHIE SN b ORMHEM (1) ~3) TFBET 7 —
ERFALTREE 2Ty Y>rY) OABEIIOVTE
2. 28, MERIROFMmICE L L 2 ERIZ T T
EaEATH 5 (Quaas et al., 2009) .

3. ERI7ZOVILRIEETIL SPRINTARS
ZRWSEFEDHE

SPRINTARS (Takemura et al., 2000, 2002, 2005,
2009) ¥, EEKFELAMBEY AT L% v ¥—
(CCSR) /EISIBREEWIFERT (NIES) /¥B e Fe R frkid
HBREREAH S (RIGC) (H:#EREE 7 o> 747
W >~ — (FRCGC)) OXFEERET IV (GCM) Th
2 MIROCIZfEE L7 ayY vET VTHD, MR
BEELT7 YV Th L EMBKSE - ARRE - LA -
TEEEARRS . —EOWRIERE (FEE - B - -
B EOG (Fids) « W « S2MEE - /% T) oft
W, =7 a Y VEEOEFBITE - KRS - R
EEEL T VEHESREFHET S, £/, =7
O YV NEOERERE « K% & U CHERE T % iR i L
TE - FRCEbERIZTZ 70 VEESR b VEEN
% . SPRINTARS = Wi W5 R X, IPCC AR4
(IPCC, 2007) 122 B & 117z (Takemura et al., 2000,
2001, 2002, 2005) .

CCSR/NIES/FRCGC T, SPRINTARS 23# A &
7z GCM 2 AT, \EFRSE (CO,, CH,, N,O,
CFCs) & Vv (W - gk - =7 v YV VIEERR-
7 a Y VAR (B8 1R -5 2 ) - KU EE =
7 u Yy - KEGHETE - 2HFIHOZ I X 2 e
J13 1850~2000 fEDFFFZAL %, B S & HRH
ETKRDIz (B 1) (Takemura et al., 2006) . &EkFy
HIFRSR X, 20 AR s P ER L —7, 20
MBI EE LEL L Bb TP TRELZ 2 L 23%
S5NTW5 . HIRKES LE L Tw 2R, G
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(a) Radiative Forcing
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(b) Surface Forcing
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X 1: (a)umBEsSmE, (b)#HiKmEIC BT %L R K[AERGIR 712 & 2 2@KKKTO 1850~2000 4F D LR H
B ETEE T ORRFEZIL (Takemura et al., 2006) . BiERBEKILEIEL 7 v VIV LISMNE 5 FEREEIFEY 2R T .

SFEEHIT IR RE ARG CE ICEERELAAIC LY ER
L, #IRTEKRELEELR oz v, —F, 20 i
R IE, ARTETEST ISR BERmE TR & B b
7, MIETEF I 7T oY VEEE - BERICLD T
BELTWB I EMNTREINTWVSE., ZASDI e, IR
HRE O R I KR L L BB LR O H 5 Z L8
AEING . FEJERGIR T2 T OBETREI O EZE
FanLARE D RRAEZL 2 R BISUE 72 1 T S IR T O R
L7z Z Eid, NAREIC X 2 5ELE 25453 5 LCIF
HWIEHThL EEZz605.

SPRINTARS #H L 70EDQRHAZEE LT, B
ED» S 2 77 1 THERTORAKOKIARAIH (LGM) B
DA MNDYIav—yaryPEFonsd (Takemura
et al,, 2009) . @ERAF & A b FAERIL, BHAELKREE L
BLT24BTHL LI fERIMESNT: (K2). 20
JRERE LT, F60%IFmESLDREARE L wWolc RRE
RThY, B BEREROIEKRTHL L ETRBL.
iz, IHINIITANEET 7 v 7 A, KKa7
RO o/ o7 —Y BB hRw—

BrnHEontz. 72720, MBAETIE, FHEINS A
MEET 7 v 7 AN L TR D, Z ORI %
GO TESHOFETHS. LCMIZBIF B 5 A+ DEE
ORGSR TR —0.0 Wm™2, #ik
HT—0.4Wm2 EEHEIN, ZhsEADOHRETTIZHR
HERBEDRI 2fETH D LI ERNESNI. %72, K
s 7 0k X R FRE LT 5 A b OREEshE e R 2
S L7z & 2%, LGM TIREAESE L L T, IED
BEITIDHT0.9Wm2/hE it wIFERAE ST,
Uz ens, KFZKRFDOI A PENZ W LT
k0, ZOEE - MESRE2EL TR REETKT
21 O0DKERERICE>THWBE I ERREBLT.
HIEi Tl _7z & 512, IPCCIRFMEZICBWTH,
7 a YNV OKIEZEOTHMI MR & L TR E 2 HE
EMNFET 2. ZONHEEEEZERT 2 1 DOKER
AN, [F—2EMb] FEo#EMATH2. =7 a YV Ly
FiryIarv— b 28EETNVICBITAHE - ATH
B o iz - S o BBl s b 7T — 8 OREROFI
HBiE, BEET VoM SN b 2YEEY, FHl

2 (a)LGM, (b)HAESIECBY 2EMEF I A NRET Z7 v 7 ADEEKSA (Takemura et al., 2009) .
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R - [FIREZY - RIS O BLHIME & B bl U T, BuE
ETNVORBIEHT S, w330 Tholz. Ly
L, 7= Mk, BEE TV EBT T —2 & 2RG
L, BEETFVIC L VEFE I N b 2L DO KRGDIREE
ZEHE T — 5 CHEBMEE L TRELHEEEZRD 5. f
2%, MODIS % CALIOP L o - E#E#H > 4B
& " AERONET ® SKYNET & o7z ) £— b & >~
Yy EEREEr B ONZ T Y VDT =8 R
4 RICESE (UD-Var) RT7 V> TNhv<>r 7 40
% (EnKF) & wole 7—5 A FE2Z2EML T
SPRINTARS ~EA T 25 #H 5T 3 (X 3)
(BAR S, 2009). 77— FAMbFEEEA L HEE 7 v
OHEIE, FAEERERN T —5 £ LKA CHA
NaZenFEzonsd. £, FEETVICE 270
VVSHOAREEEZERKE RERD 150, FHT
ZHEHEA YRy MY B RO EHERDEETH
%, BRI, BRERZ7 oV LVOgER, KiEeT
WINERD /ST A — % % LT RERIHEERIC & D 48
L EFORZEMME 2 IEL, ABRFEL 7 oYV, &
e ZAVF —HEROEIMEHESE 2 ~X— 2 & LTH
EFEND. [RERN] ThoULBEENSINTEY,
HEtREERLZ N 2R — A & U H#EE I b YREE
BEFNTWD . 2o PEHEHEE OHEE M & (K3
BHBEMEDS, T— S EMETFHRICIZH 2. T—F RO K
ERBHO 1oL LT, ERMcyEbEEERICH] - T
BEISNTWAEEE T VENTS LIk D, EER
HanwWyHEZHET 2 I LB TEL I ERETS
ng. ZoRERWT, 7oV E 2 HEE T
2% 2 EDFHEICRETH B .
SPRINTARS &, MIROC ® & T i % <, CCSR/
NIES/RIGC O #1332 7 & € 7 )V T & % MIROC-

-

MODIS AERONET
(AOT, size) (AOT, size)

\

' CALIOP
I (vertical extinction)
\ 1

\ OMI, MISR,

. PARASOL, etc. 4
< 7N

- = = ~ Kquality check>

ESM (Kawamiya et al., 2005) %, ®IKEf#EHRE TV
NICAM (Satoh et al, 2008) ICdFEAIN TS, Hi
R AT AETNVIIZ, KRR T7aVILETILRARE
FETNVOM, HHAFEDET I - RETEERET IV -
HEEEE T VEREELTEY, IPCC AR5 Tl3E
BhRE PRI THAS5. NICAM IFHERY 2 =
V—% 2R L TEBKPREGRE 3.5 km OIEFRIFEE
TNHELTHESNTE LD, RERRX— =0
Faoa— Y CHERFEEZ->TEBY, XERGEMEET IV
ELTOHIMEZHEIIL T D Ebhs. NICAM
IZ SPRINTARS #28A L7y Iab—yar%7 X b
FIZFELI-E 25, GCM L L T, EREMEE
DSFEe, =7 v Y )VE e EAER E OBRY, HES
HIE I WER 2R 2 & DER S LT3 (Suzuki et
al., 2008) .

SPRINTARS & —24_—% (http://sprintars.net/)
T, 1980 FEPUIED Y S v —y a VERZHE T X
B, =7 v VoA R R H R - AL Tw
% (rRE, 2009) . FRIO~R—20F, BEFIEET O [
R e—mmido SR £2b0, RO HAGE
NR=Y T, =7u Y )VOREE BEARE - GRKE -
RBEI 7Y VOEFHTH L [REBELRNT] &, &
BT oYLV THDS [H#ib] LicKBIL, BY V7
OBEEFHIENE 28 L Tw 3 Mhic, HAZ 12 #Hisic
BBLZHEILT, [Dhn] [RRH0] [Hv] [FFE
WEW] DABERETHDP D BLIERRLTNS.

4. BHOIC

HEk> 2 57 A% 7V MIROC-ESM I %, Fako &
D, KRB AEYEOHAEFRPEAINTWS . Bl

<inversion>

Aerosol climate model
SPRINTARS

7 'SPRINTARS
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EEHICHIERSY AT AT VR GRS EEI NS
ZEICEY, YESFOMBRRKORFZEL T, €&
HRFHfRm LT b0 EBbins.

I7 8 Y IVOSIECX T 2 HEDOFHINZ K & 5 N HEE
MERDH D EVD T EiE, BEREEIE, WIFed R
FRERDHD LN T ETHY, FRICHEFHTEHE OREE
HTEDEWT 77 4 ET 4 —BROONDZEZDTH
5. 7Y UBREPAKERICED LD BB bE b7
5 EERNCHMET 5 2 &£ T, BEOEHWKELE)
OFFRTE, OWTIIERIEY XA T ATBEOEHE L v K
EREICE T 2 2 LI TE B

BRE—E

AeroCom : £z 7 u YV EFVHEREKE 70 Y =7
b (http://nansen.ipsl.jussieu.fr/AEROCOM/) . €
TOEOHEER Y T — bk vy v 78 L o hg
LT, 70 YNV OSAERZERH® € 7V OAKE
EMEOBRICELZIToTWw5.,

AERONET (Aerosol Robotic Network) : Z##l+ >
Y THBY > 75 b A=FEZHWT NASA Goddard
Space Flight Center 84 & 2 D EBEIL T3 27
aY LD E—bkryr IERE.

AR4 (4th Assessment Report) : IPCC % 4 KMl

=
AR5 (5th Assessment Report) : IPCC &5 5 XM
=

CALIOP (Cloud-Aerosol Lidar with Orthogonal Polar-
ization) : NASA CALIPSO fE ik s hizv—
Y- —— (745 —). =70V IVORESFDOE
HIASETHE.

GCM (General Circulation Model) : KfEERET V. K
S[IKRTERE TV (AGCM) L ¥HEREERE TV
(OGCM) & THEE a5 .

IPCC (Intergovernmental Panel on Climate Change) :
[UEZENICE T 2 BUN RS A v, 1R R R
(WMO) & E#EEEE (UNEP) &1 & D 1988 412
Ay

LGM : S#OKIAB AT, B, o bimvkIHics»
T BFESTh - 1.

MIROC: HEH KEKMBEY X 7 o %L > ¥ —
(CCSR) /BN BRWI5eAT (NIES) /¥E ool ferk
FBEHERERBIZ B (RIGC) (H : #iEkEREE 7 o >~
T 4 THsE > ¥ — (FRCGC)) #3BEFE L 7o KR =T
T,

SPRINTARS (Spectral Radiation-Transport Model
for Aerosol Species) : £¥kT 7 1 YV IV#ik - SEE T
)V (http://sprintars.net/) . KEFLER T-RE (=7
oY) IC&k BRIEY AT ANDFER KLERD

R EHBRIETY S 2 v — b T 57D IHFEI N
BEE T .

MODIS (Moderate Resolution Imaging Spectror-
adiometer) : NASA Terra/Aqua 2K S Nz
W RZE L .

NICAM (Nonhydrostatic Icosahedral Atmospheric
Model) : R X K¥ K Y A 7 W5 & >~ ¥ —
(CCSR) /YFFEEIT5eBFetAE (JAMSTEC) @ & Y S
INTw2eEREMGE 7V (http://nicam.jp/
hiki/) .

SKYNET : HED 2 S a =7 4 =B 7o7
BICREHL Cwd 7 u Y )r-E- a0 (http://
atmos.cr.chiba-u.ac.jp/) .

WGI : IPCC 58 1 fEE<. KRB % Bl 00 371l
T 5ERE.

HEF
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