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SERE 1. BNRIZEZADRE~OHE

ENRORBE~DEE

KIGEEINR LR B AL NS D 2 FE O WV BRI S WA BSOS LT 5, R UV-B iX
i ER - DNAIZv 7 a7 % A 2 B (cyclobutane pyrimijine dimer:CPD) % A5k
T5Z L THEsOEE 52, BT EREFRT D,

HOIEFZAITKY#ESMEE 20~30 2 bIR0 D & B2 D BUE A IR < 72 0 45D
H2EWBD, YN —rDIEED THD, R RDOIFPIEMITEDOIIMC LD b DT
MW, ZORIEEE, FICUV-B ICX5EREACIAOBIR FIZAECTETH D, HITES

IEESNDN, BIFT 5 LB R ILESEAWE (FTuRE 7T 05 4 R0 —RbE
#) HAERL, MREHEST, KERBR 252 b El, Ll &b —iMidE 7
DENRF &L Lo TWD, £2, —ETIIEERRLS b RWDEDENME (EOESF
TAHDKEGAREFK 104 HEAKT TS & THEBZICITEEIAET T > 15
R 2%, ZTOREOMEZTRD &, BIZFITTZ SADERDONTND Z & MR
INTND

itF“b%ﬁ%:{ﬁUm FiofER, 202 MELET VT ATITEBILE LTV IN, &5
(i I RS OISR AIE, BIAAJED BYEAWIE, & SICITEMIEE AL
SBRBIZIHRT 5, —F, EOEW UV-A 1 UV-B (ki L CPD AL T4 o —F
FEOFVER Lvwy, £7-2. UV-B & UV-A IR b @ & 8. Maom 24 %
5o

ABENREREBUTHENSEEZL

EEENPD EHFETHLESSTORIZII VIO Ub, 2 0B ERNEL->TL 5, H
AANDOEA, BRETICE D FETIEA T =0 BNAERSHWINEGIZIR D D TRIENANTRY
%@11%0$um IXERIMR D K JG ~DREFEREEIZ OV CiE, —RICIRE & A CERITH
DILTWehoTz, LML, 1980 FfRICAD &7 r U H AL DAY VTN X 50T
L7 DRETHEINEDMERIZ G 2 2 BB EH STz, £70, BARATH K
JEM A D—HFHIO B HAIE L MEZN D AR ASEN RIRIZIE X TE 7o, MO A — 2
FZ U7 TR, BEOEL T EBICKBENAMDEFR LB R, BN DL EZTD T
EEHZ DT, DHRETH, 1998 FITITRFREFEFIE2 D [TH ) OHENHIFRS U
7o Bl &R U< LT, $AMROBIEIE BICL DIEE, BT ENTE L4EE
DEAIERTH D & OGS DREO K EREMOM T 5 - BRI A7
DigD, VIR LODOIRENEETIAITOND L IIZR VA HIZESTWD,
HEALERTH  IDN—FRERE LTERILD, FOATIE 20 5% E 0 6HECF »
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SBEHIZNT T, BROHBET 2BV B LIZEEIC INHGED 5, L 30 A0 D
s O RS (TRIRMEAGIE : B2 CRRIEK BREICTE 2 0WED L S &
HED LIKRLZE D/ S e, HWBEORIE) 28 40 K2 A0 O iED 5, HE(LER
F/ NN S EFITERIME L A2 A ITHIEE 60 %05 80 mitH £ TEL TX 5, HinE
FZOONETIE, 1L OEIMRIIRZ 4D DRI TN D L R EROBEMFITE 2 T
W5,

BNRIZEDIREMNFIDAH=X L

R I RAMNEICH D | IR E Y DR A ZBLIE T 2 EE M@ & 2R > T 5,
SROMIRDS BT O OGS 2 i35 Z L AR ST S 30 LU EREE | THFEZ 0L
PHERIZ DWW T OHT LWEIRDAEEN TN D,

SRAMIRIC K 2 50 B3 9 R S 7o L, IEERIEE & — 5y T L7z S i e
MRS T, A CTHE U~ U ZADKEER & RRMED~ 7 ARG AT 5 &
BRI X0 B MEHE S 28, BAEOEL B ATCERIMNR & RS U 7= RS o3~ 5 & @
MRET HBRBEE Sz, TO%, KEIZEAM SN AL FWEICHT LT LAF—K
it UV-B OFTES CHIfl S5 2 LB LM Shiz,

TN OHEIEISIE, AR EBRONZOL 10 H LI OBAESC BG83 AT TRt & 7273,
ZRLBETITIHNIIE X e oTo, DFED, SAMREZIBONT 10 HZIBE 25 & 5 imlzh
BITHEE LTV, S SITENRENDBOEA IR, BN O GRS L=
IR AR L, KETIIEMEEZ RO TR WS CHIMEISISABIE S, = O
BRI, RRICBWTHRIERSEH S T o A OB IEE S, §uiE 56
AT 5 X o @< vy —T MiluFFES oo eiailanTEl, £/, 2
DEISDF]E 1L, MILEE T DNA O, & 2 \WIERBITHFE LRE RIS % Ml 4 5 8
TEFFOURN=UBIZE DD EEZ LIV, KM 90% L 4 58 2 AbHifus 6
B E NS A M A GIEAMED T WE T, fEo-fifla g & o, 2 <I3EY
DI Z T TEDBEEEZ D) D—>Th D5ERISEZIET 5EME2H -7
IL-10 (f > Z—mAF2-10) 2NV BRI &, SEMHIRISZHET 5L EZ2 6T
7,

Z DBENHES, BIETIX, AR TEET 5914 A > O—FEThH 5 RANKL
(receptor activator of NFkB ligand) 23 RIESGCRFIZITIEM L (UV-B FEFREIZ & EINT
%), B kD T N 2O RANK (RANKL 2EaT 5707 FD X 57k
D) ZILTT TN AR 2RI L 5% OG22 3 S & 5@ & 2 #55 IL-10 24
B SH D721, ERISHEE WK S I ziate Y o NERTh 2 0§iE T i
(Treg) 2EEIN LAZEIHI A E X 5 L BfiE ST D,
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b5, BUEETIC, ME, BEESS Y (L ADRBYRITH T 2 IR OIHIZhEA /N %
FAWTIA AR S 4L, MR CROYYE T EEL L RINZE T2 2 L BB STV D,
L L7 b, ANEXIRE UTBYYE L 757 S8 20 EMBRINIC TE e e
RN EL 72> TET, TDO—DF, ~ARXAT 4 VAT LD BHEE ORI EIMRIT
SBRICIHFRT D2 &, £, FLEEE Y (LA K B RE A OFIE b RARE  BEBAL
RS HZ R ETHD, £T-. VI F o OTHEEREZIITT 5 ZHNHURELIZS 2
DEBOMNTNG | EAMUE BT LV B & BARE O EER 1 Th 5 NK Al
XINHI S D 23 BT D 4 L RSKT DHURMICITEE Lo o L G STV D,

RO K 2 5o I3 B RS ORI 22 0 E SR CTd 27 LA —UG Z #ifil 9 2 2 & A
5. BIECTIIARANICIIVNE LB TII VWt EZOND L)k TETWD, %t
PRCHESNLMEIME T Ml (T-reg) (X, HROLEEHNED B 4> OO Z BT 5
FERAEL 2 B CARERICORIELIHIT 2BE 03 dH 5 2 Lonh, FINRIC & 2 B D5
PIHNIRERE 2 Jr UCHIRREL & 2 ATREME DS & 2 W Bk~ 2 R FI SOG & 88T 5 7o OIS b B e
BrLbBEZ LD,

F o, IR X DRI IENT, R AT S O b A U KRR T, R
(R e SR & BIRR TH 2 ARBBUEICRE LW OBFOTREN S H 5, H
JAT B T2 2 EZ D HD & 5 BB D 5 2R B EZBE OSEIE, 6MED (KJE2 9 -
TH LR R D ERDAEERD 6 {50 UV-B &) ORERKICLY | REIZHBW TRIERG
RO RET NN AN LIC KD 2 ETiNz, REICHEEShDHED
ZZEiMmEk (RANKL Z%6H) ORIEN D778 2 ENERISEIH T 5@ 4% 6o
IL-10 DR3BS D72 RN . TUAX—IGHEERLT N EEZ LN TWND,

BEEAATIZEDRNRICKIEEDELN

BEHTHR RO RTNE A TONTER TR BRI WE A T DO NITHA [AEOE
ARRT 2 F5IE & BB 252 1723, UVBIZ X DB FOE LR 20090 AE
RO WAIZHAR B FFEEZ Y, D O RITEIMNE TR 2 LT W AITHRLS 22D
I WAIZHER, IR L D EERAICRREB LT W L ERIB LTV D,

REMHZFICHTSH UV-A DEE

INETEY VEDOWD BN NDREFECHIER DA RERIZ G 2 5 BN E AN SN TE
720 KBERIMR I OVCTERRERT 2 B3 A R I & D B OSVERIE AN H Sh, JERERFsE
MHEEATE, FO—DPEENRIC LD REIHICTH 228, UV-B BZifiloEETHY
UV-A IZ X D5l B LT . UV-A 12 UV-B I X D0zl Z2fiE4 2 & owmEL H
D, HEEOMTHERDS PN TV, L L, ITE UV-A 23, iGMERRHE 2/ L7- M
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FREZT CIER, BEEEETICEE UV-B & ABEOEZER O DNAIZFHERTHZ &
LI LERD | RFERB ALY I OFRIEIC HIEAEA TV D ATREME IR RIZ ST
5o
I 512, UVA X UV-BICH, #IRICH < &IT 15~50 5 5% <. £ THHE DY &L

JRNTWAD L, REODEKRD LI 20% bEET 5, BA T AZFERL TASTL LD
UV-A Th 5, t%%ﬁwﬁfW%@%%ﬁ%’E<%%ﬁ£%%@bﬂﬁﬁék&ﬁ®
FZJE O G B2 1% UV-A 28 UV-B K0 3 < BIG- LTV D 2 & AR 3 iFSE AR A3 il i
HINTWD, KB Lbld UV-A BEEEER OMEFMIcE X, UV-B IZRKEOA
(LRI X 0T DHER & bl T D, T L MERIARO N EBILERITEESMRTAE LT S
TEMEBBENEEREEXEZ LTV DL LB SN TV D, T CICRIMRNTEEREHE 2 L
TLOLORR L 2 DR BRO BN TIE Y | SHRITKBEIEARXIR & L CTIEEESRE A V)
(T D D BBIED Z —4 y FDO—D2Th D, UV-A OREFE~OENHENIT->E 0 LR
RIS SN TE 24 B ERIZE > T UV-A HRIZE G2 A DOFIE TBHTZ T Tlde <,
HEASCREOMEND HEEEEZ LD,

”ﬁ%ﬁ(i(ﬁl:&éﬂﬂ’\o)ﬂ’ﬂ

SR < BRIZ X D IR~ D DN TUL, BMEOSEARA R DIZD, FANFECEIR
R RE BTN D

FINFEIZE L Cid, UNEP BREERZER N~ LV iEE (2006) (ZBWT, ZHETICH
fefi S C& - B AR MZT\&EWELOWT%ﬁ%ﬁi< g NBEGR T D

(Hayashi et al., 2003) & S TW5, F7o, MM TERERESZBENED U X
JHENTHDZ EN/RENT- (Sasakiet al., 2002), 7272 L. #%FEFANMEICE L T
SO E OB A R T s lE e E LT D, RS E T, BRI LT,
KB~ DFLSENEERY A7 BRTHL I LaRmLTnD,

ARICKT T 2580, KB OOBEHN AR LY & BELUIH LSO F 51N R E

XIFEDOHFEICL VRS ND, 20D, [UBEELOFEEEZZTH L LTS,

BR DS R R
SEANRISTZRT T DIROIE < A RET DITIIRG I EMET 5 2 EBSRTZD, BRIC
FATTHZ LT LV, IRICEEEKREEN YT D DI CTh 553, SN =6
S DG AT HIZR 1 5 & D RS H3 TRV \%ﬁﬁf“ RO RFE L FIAT O LERDH D,
W AT T T AT > 7O AT RN, Ty SOV ARLLfEbihvd X9

* ISR X< R LB O N D BHED AIEDORIE T, Fil/e ERHIC K ORNEFTTREE 5 [5H )
ACER

RERDO I OKEEERE D Z L2V, BlO—HTH D,

“ HHOREZE > TWDFFEHDORTH DA, HEH (DL 5) OHNGRHEIC=MAIRICAYIA
A TL DR
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(22> TETEY, ¥ 77 ATERLS TS UV-B B O & U UV-A Ji o Koy %
WINT 5 ZENTED, BB, L AD/NSWEDREDFRICHDRNY 7T ZADY;
B DO MUE 2 D IRICA D FTREMD B 5, T D & 5 72l GO\ 7
T AT TS & IRICADDBEN DR R L T2 DN TR LY RE &, 28
PEALT D2 WREMEDR H D D THEENLETH D, FIRBEHE T vy 7325V 7 - ax
27 b RIAREEETE ST, H O LA LHEAT D EIRIBEHI L TIRZ %)
RENIRET D,

TV UBHIEEENEDBEADEE

AR K DIR~DEEIZONWT, A Y VEE & OREIZ O TH D & 1989 D
UNEP BES R SR VG Tld, 4 R8N 1% 5 L. ANBEOEREN 0.6
~0.8%¥EM$ % & TR L, BEd 5 AAREORFRR & L TREANERO%SE T ANEL H
FTWD, £z, Y BN 5~20% L7256, 2050 £ TIZT A U HENTHNE
BEN 17T~83 T A (RIZLT 1.3~6.9%) HML, BEBIMAED FRICET 28 AR
5.6~28 B N/LCETHLTLHET L TFHLHD (West b, 2005),
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SEEH2. ENBRICKIEBERRADEE

ROMRICHT DM OREAD =K L
UV-B Skt U TRl AR E R I3 CEAR RN 2 77, i UV-B i kT 5
BB T 52 LN TE LN, WWIIBET L2 ENTERY, L, ZThaflio &

INZNED R OB 2 F 11T & A & ORISR T 2D A D= L%k b5
TW5b,

DNA., &% /3278, IBE 72 & OAmMER AR AR 113 UV-B BHzx LTIz
BAZVERE, L, UV-B BREEICY - Th, TDO LK —E LONERHRIC R ET 5
ZERTERY, HERICHWIZE A LD T, UV-B BT8R 2 i 2166
MOERKZFHE L, UV-B BUBEOFOEZE LR ARYEICREST 2D %HIET 5 A 0 =
AhzboTnD, MOESOFE LT, ORI ZHELLILY, EAKET LIV v 7 X
JEZZbEETUV-BHEEIC S 6 SN DWNHHMMOLRZHMO T2 L bmbhTnd, L
LR, 2O XD Il 2 23 ) < <o TN EIE L7 UV-B IC k- T DNA I
HEEZZ 5, ZUox LTI ®IE DNA OBREZEET L0 ONDA = L%
S TW5,

EIOREAD=ZXLICEZERRADEE

UV-B S SN CIIIEICE SN DB OMBENEDL Y | 1B & Bt E R
OMOMHANERNEEEZ T 5, RN E D > i O3 E b 2 & R /EmIC
Lo TRIEE LTOMANRL 720 | BERIINI T TORER oAz Ly £

THFTHAE— RN EDD, ZOXHIZ, %) UV-BRKNEZZ T2 & B Ongiftk
WA L2 0B ZEL L, B~ ftailis & TN TOREBROIERICEEL 5 2
LDT, ARV VL TORBEIHYIZRERBDIZRY 55, ok, BREOHERIR

DO—HBIZE B~ UV-B B OE#HEEC L2 b0 b H 5, UV-B a5 < 224U,
— XA BB DNEY) B B D BT D e IR D08, T REH D CO2 3% < 7RV H R
PEDTRE 5, 1> T UV-B O & CO2 DFFRD L~ /U I O A & B i~ D frfia it
WMoOmmEZHET 5 ETEELRDTHA I,

Ricak 7=k Sz, UV-B ISkt 5 720 ORI O AL, FEM DR 714 D435
B G2 DAREENS D, SEIRERYE LR OFHES UV-B i 25 & 91355
OREEMNZELIL, ERE DT HR LM o d LI {bkEETnd, £, UV-B
ST HEP OBMAED O E B SE LR, ZRLEDBEOSMINSCT SICHEL S
2D % WHIENEHEKRGHIZE b END LP S 2 h Otoafi) . e &
53R D BT Dy FRABFR D ZEALILIF R DA RERIC I T B b KR IREE & R BB IS E K e fh
Reblebd, ZoLHZ, %ﬁm%i%mim%(ﬁ FHER) &R D SR D2
bz 38 U CHRIBRIIC, E7RIC L D0 Otafik) 218 C CEBEMNICOMICEE 2 52 T
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W5,

ENBROK[BEICLDED~DEZEDH

BEHCER, L UVB HOR A L <A L OV BRI C I o e (158
BEDILIZIE SN TR W TTREME RS 3 5. PRI R ORI I, Ml Ll
O UV-B it OB 8512005 L CL AR, 4V @ikEEls £ % UV-B it L~ 1o -5
IZE > THEBLZZT T0D, UVB BEHOWEY OREIZXTT 5~ A T ADRBITEE DY
BN IWVA, EORKREXWEL DD, FEoKEE & bic, FEEO 25 OfMET
FEAERER O E BT TH A I, KT UV-B RN AR HEICHE ) SO EED
FAM 7R & ORI TIXZ OATREME S 5 5,
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SEEH3. ENRICKLKBEBRR~ADEE

ENRICKIKBEEROEEHRET

HHROFTH, UV-B 2SKBIAERERICH L TZOEEEOKT & A SRR O
BEFICRKDEELZ G2 TWDLZ LN, THFETORE OEYRECRIZB W TH LN E
IRoC&ETz, ZOXMBEWNI NI TV TN TZ 7 b, REEHE, 1ERiiEE
W, NEB T v BT T s by BEZEOMAE, SLICHERETEEND,

EWEEDIRTIZ, BMEEOT N TORBE~ERET D2 L2, OO
RER OHEIEOBRRIC (L A T ATREME N H D, F 7o, A PERE O T 1T CO2 DYFFE~
DOWINAEREDOW A% 1= b T A RER S 5.

IKIEERE R~ D ISR OB TR R AKFFET Do R Z L ICHAMT LB
ERZRTHRE WEHAZ b)) 1E, EEE &SI UV-B DD UV-A fiElk~ & fek
BEIEIzdi 3% (Neale & Kieber, 2000), {EH A7 MVIIxI5 &3 5 MRS
PP Lo TR Y | ARBRITHIT 2 RBEBEDMRNZ L FARORRERE TR
O, ZOERNIFRS TR D,

ENRITHT B KBERRORIEAD=X L

KBERERO NI T U TMW T 7 7 N v & TeEeA S | B RR R O &[RRI,
ORI E (A 2 ARV ART X B) ZRMRNICENT 52 LR TE 5, BIfEE
TITKBEARER TlE 19 T O LN E Dl STV D, N—L T L= T LT L -
T —2 (HABs) *& L TCTE<HBILTOD S I BTSRRI E 2 hOBE LV %
SENTEY ., SHLARNEINT 5 & RPN E & S/ S8 TH Sz B
W4 s, 2720, 2OV A7 Y —2 b L TO®REZERICHEH LFIER STV D
DNBRTH %,

UV-B DEELNEESDRERKE

KA RERIZIIT DA BI5: & LC, UV-B OFBE X < 32T DK D72 AEY
. KOPEIRAICE 2 TKPIAERELTWS Z ENETF BN D, HESCMED A Y
AL (KRB OB BRI FEHOKAE) OFEBRIC L D &, KHTo UV-B, UV-A, KUY
BREADBE (PAR) “OFiEIZE /2 UV-BI3EbEWVEE TLAGEE LRV & 2K
ONZEINTND, A OEZFIC I A b o /KiERE LIZh oK BIESE (0~6m)
N TIIARPEREIRAT D720, 777 btk PAR #WIN L CTHRARREIT O A, £

FON= LT TH N T B EE NEICE o THERM T T 0 bR ETEE-REER L.,
Harmful Algal Blooms(HABs)?D = & T 5, HERITAREIEY L T Tz,

A ERA NS (PAR) &1, 400 2>5 700nm O E DO AHY % & L, Photosynthetically Active
Radiation DI TH D, 72, PhAR b\ 9,

HOKIREE &1, RECTKIENRMICET B LA L, FOLEELE TE TIIKOBEAIEZ VI
<y,
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J& (0~1.8m) TiL UV-B O¥EAE2ZIT 5, ZOREORE JITKOEREIRS OB
79 %, UV-B B EOHIINT & o T, BEEMEDS A EE D OME~ L BB T 5 e
HERH Y, ZOERITEEOREAKTO CO REIZEEL 5 2 5 AlHEEN K E VW, BIfE,
PHEIRG 2B L7 UV-B OB 4 i+ 27 Vb IB IS TV 5D,

FEBEARME UV-B DHREOKE

W7 T >0 NG REE B BB LIZBRICE~E L ONT T U TIZ X D0
L BKRPICIRHE L CRAET 2 HARTEAKY (CDOM) X, UV-B O/KFTOFEREE I
pEE, UV-B OBEEEWT 5, iUl > T, KPOEFEAEENEIML, Lo
T CDOM DHIMZFH 595, —F. 2377 U 7% CDOM Otz H < b v H - T
%, £72, UV-BIZ &> T CDOM IS5 DT, JEMAEEREN UV-B ORELZ LV %
ZTHDOTHAT S, 20X 512, CDOM [FHIERIFE COREIERICE VT H —EDOHK
BER-T (BG5S 4 (P139) /),

EEEETOBEENM~NDRNMROEE

F RV B LB I D BRI T OWEAE ~ DRI O EL, KGRE, Y v
R, B KPOREIZL>TRRY . ZOEWE, BT LIZAEBE- A~ by
ZHWT TSN TWD,

MERBIZER L CWSIEM T 7 7 M RHED, dbiE 45 FEOHUIR CORFRS DIETF 1
R IC BT DA EAMHAE 1 32 (K 3-&-1. O), MMl L= THLAY 2l
300DU T—EERET D &, MBI TOESDOIEF 1 RERIZIIT 568 BRI I HE T
0.69 £7ch (X 3-%-1. @), KEGEEDEWIZE > THFERBIAEERL TW AWM 7 7
V7R UBHEORA R EIL 30% b T D, ZhuE, KEGEEOEWIC L o TEIMRIC X

BN 0% KL TNDH I EEERL TS,

F 72 B 60 FE ORI D BT T A AR LN HBL L 22V il oA Y i A 340DU
ETHE BERBICAEELTCWAHW T T 7 N U BEEO A R EITFRHME T 1.03 &7
5 (K 3-&-1, @) M, &/ UR— ANFKELTAHY 2 &N 140DU (2D LTLE D
EARET D & A REITHAET 0.92 720 (K 3-&-1, @), Y v 2EmOFE (-59%)
IZE > TERIMRIC L DD NIRRT D2 L LD,

RIT, DEF CEMAET T, EIT Lo TRBEIMEOZIR N TR TOWRE T 40%HD T 5
EET D &L AR EITHEAMET 1.21 L0 (M 3E-1, ®), BICLdHEEICL-T
SRR DRI 0% IS D & TS D,

XL, WERIUEHET T, BESMICAEELTWDHY T 77 b U RHEO G R
IFEXHE T 1.69 & 720 (X 3-&-1, ©). REIZ L o THEIMROEEN K 80% B S 415
ETHIEND,

7%, EBRCERE T8 FETA Y A2 350DU Th HMHICHIE LRI AR LT
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WOHEM 7T 7 b UREE DG EOHXHENL 0.98 TH S (M 3-E-1, @) 73, [FIHE
TAY VAR—IVRAHEL L TA Y U 2RN 175DU 1272 - B O Ak B O F%HE 1L 0.87 &
70 (M 3&-1, ®), AV 2EDOKE (-50%) 1T X o> TEHEIMROEENK 10%H K L
TWn5,

PLEO RN, EA 1R OSBRI IZIR 572 O TH 508, FEH, G K OVZER S
BIRICANT T ZEZIT ) &, KBS ORI A MEm & L TIRT LT 5, W
T NACKD 1T HYTED O 1m2 OKEYS -0 OFBEAERIX, UV OKFFEiERE
WX TIREICLVEENEDD E 3%, T LTAHY v AaRICL > T2MHE{T 5 & Tl
ENTWD, ELIHHT T 7 PN ERLTWDERBKDIBEIEE L IRAHE 2 EE
T D&, KNS OFEBAFERITE DI 1.5~3.5%WD T 5, EAMT LizAEWmIERA
ART R, REHEER NEEHREDOMARDLEIZL > TUL, Y 2RI X 5554
MROWBIZ XY KEENST=0 ORI T T > 7 b o O R FE BT B TRk 8.5%I80 3
5 ETHIZILTUWS (Neale & Kieber, 2000),

2.0
300 300 340 140 140 140 350 175 DU

TFREE R

©® @ ®© @ 6o & O 6

45N FE 60°S 60°S  60°S 60°S 60°S 60°S
EF EF BEOO, Vv #FVr FJr BEEOO, AVY
FEE HK—I Hm—I  Hm—) EAE H—L
TRIfE 40%FE(C FEE5SM EAE

KB

3-&-1 HEAHTEWIERAART b ERWERBGERARIIKEICLS
WBEREEY 7TV 7 P OTHIXERE
XA 45 £ - BHOIET 1 BHOEAII BEREOTRDEAKRES 1 & L& ORI, L
@ - @ITFEAHE, £7-. M EEOMEIZAY v 28577, () Neale & Kieber, 2000
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SEEM 4. BNRBRIZEDHIMBOEBIE

ENEEICL MBS

Y TR O A ERIMR OB & K2 b L O EAERIC Lo T, HERGEESC
LT L DOBER L7125 IN D Z ENERIN TN D, Bix e RKRMEE (R, $£E
%) RCANTAFEM (F72F v 27%) 12, UVB IZL Y BN 0, ZEmE DR
ThEOBEGMNMEEIND, ZD7H, UV-B BEESENT D EHERHE D | IR
M2 E < HSENRZWEVTHIS CIIM Bt OB RE LS RAIZRFER TSN D,

# 3 &1 ICBRA TOMESILICH B L 5 2 DERBEEFR 278 L2, [EEIIR B
ENLTABRMOEABRICERT 250 E2E S EDAREENS D
(UNEP-EEAP,2010), b SI1E, Sk, @i, KRRUGEME ORI K-> TINE S
N5,

X 3-&-1 BAOMBIHICRELEX 2HEEROBE

UV-B T T3 REIGGE
TITAF T FEHIZFR FRUN EELA EEIA
K FRUD TR A HH TR EE1A

X TIEFICIR) ToRU ) THRRREE ) 155V @ 4 BEfECRME L T\ 5,

MR D ENEX

KIGEEINRIZ X DM BHRE 2 i3~ 5 72 D10 R R EAICR I BIERNE b s,
A, SRIMRA~OTEN ] E L7 7 7 AT 7 RSO RMR B R#ET D IRINE] (%R
SRR, W22 ER) 72 EDBFENEA TS, RKITOMBEOHEARIC LY RS- A
2aty7IAF vy (RVZF LU ERY7rELY) IE, RIMNE~OMER & DR
Mm L7 (UNEP-EEAP2003), & Ofl, fEkD @514 EA] (HALS) 2 2Ll E%
BAELTTIAF v 7N TR, MIENRDIENSH D Z EBNbho T D, HLE
HlOZhROM Fix, MR E KBEEIC L D RBICKT 577 AT v VT EEY DL EIZ
MNDH AR NER/MESEDTZDIZEETH S (UNEP-EEAP,2003), & 5T Tl
PEAAE AL T X T2 IRINA & e TRE RN —H XU Z AL B/ S 2 27— VERINAI D
BRNSED SN TND Z &S, TNAIE LTORE, S OITHERERE LTOMEITS
W TCOFHMINEE L 72> TWW5 (UNEP-EEAP,2007),
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FIEIE A DRI L D KRR BEOZELITB R SN T RN, BAREOZEL
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F9, BT, =7 Y L OBELC X AR OEIZONTIL, =T 1 Y L ORINTE
T CIXEEAMRZ R D T H @, AR e LTHY U AREMZ 2 FREMES R S T
W5,
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ﬁEﬂ%@éﬁ(ﬁE%T/I/ﬁ\kX\qu“%ﬁdﬁl INDH SOA DA KIS/ N § 2 Fl 3 s S
TW 5% (Volkamer et al. 2006), VOC <°> SVOC O K5 H TOALF UGS SOA 1% %h
ROHENA+ D THLZLBEDO—RNTHA D,

SRAMERIE SOA ERRICEHEE Td 5 &2, SOA ORI BT HO&EE 2 R - LT\ D
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7. RRLE~NDEE
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Frio, A v OERNIIRIT S < OFRMEARILEY (VOC) ORKHF TOHFATLRED
WRALRE & BB » TV D KIRE (OH) OERDGI & &> TWD, AV DSy
fRLASMT & RIGEERSMRIZ. 707 & FHE, NO2, #ERHIEZ 13 U DS 2 H 7 2
ez I LB Z BRI D 2 & T RRERILRECRR % 72 KA IR D AR « 1

B G2 5, TOMEL LT, RBFRIROZLIILFEAY oz T 1 /L DR
), ZERIR 72 A T AT,
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%, %72 OH X HO: 53 5Bt idtbsdy w7 a VoA RICRKE L E
BLTWD, Lo T, OH 72 5 NT HO2 DR EERLZE M /34T DR R Z i F TOZA b % PRk
L. %O E THT D Z ENAY VBREORKE~DE 2T+ 2 L TRIITH
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THEY ., WA EOAY VEOEIEIZ X 28RO L - T, OH IREITHAD T 5 &
TFHRIND, LLRns, FHe OHRBED N L R OH RE O ZE Mo O 2L T
PNCIE R E R ANFREMEDN R SN TV D, Zhid, OH RS HIZEEINRIRE D 2 wfﬁ
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WZHBKFET D2 ERNRRDO—2>ThHh D, HIZ \WL®%ﬁﬂ$T®OH%ﬂKh@§
BB 51X, OH X° HO2 DAERL « I B D 2L F UG D BN R+ T 5 & OFafE
HIRIAILTN D, Pl 21T, ERK P CEEBMN Sz OH IEENS, 154k (Hofzumahaus
et al., 2009) 73 HONIIEH YL (Lelieveld et al., 2008) (2B W T, HEET LD
FHINDBEICHESTHEE R, LORELH D, FEROBIN LT LVOR—EUL
HO: TH@EDH HMNTH Y, OH X° HO2 DAL - I Z 13 U & 3 5 3l O bl e O /i
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FROWEL & WL, BRI ) ~D 5272 1F T < ki C DA A RIS E”iﬁ%&
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WENDHDLEZEZHILTWND,

RRBIREEINR
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EREFNERIZ LT D, BT AERRROEICEEL 52 H5HFD—>ThH D,
(e 3 ES

KGRI IS AE IR R DR & FEREe D ONTRENEESC L8 & O IRF IR T 5
EMNCEETHEEZZ N TND, BEIRATERICAN S8R EICEEL 52 5 R 1
&Lfi\%Elﬁ//\%\ITHV»\%%TwNPﬁﬁéoE_ e - 1
DEAIZ LD AEREROELA RS A EIR RO EERICR D,

HEHEFE D BRI A BE R IC AR SN2 SNV EIC OV T, RBEA Y v OZ{bn b T4
ENDEIMREDOELIT/N SV, T LAEEORD ORGSO BN 72 & QN A HEE O
B OEBNRKE L, ZNDHIEETHRENZ: & NS BRI A~ORIET 5 IR EOHN
DR D, —H, EEEE T, S%OMBEEA Y v DEIEIC X D8RR EORA TN
R TIAXROWAD, BEOEIN, fEHOHEM 7 & N A OFRHL G ~ D8 72 £ 73,
BTN & N R O AT 2R EORD & H 7257,
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ﬂﬁ@ﬁmiﬁﬁ RERIC L D ARFEEITB LT, LBk TIasin, (R T
MRl AR RESRIT B A KT LIS D RN E DI
R RIFTT LT, &WE%XK BE~DRGEZEL DB IR ST 5725

o LTREIND,

v
o
SF
i
s
%

KELEER

W) 2 B bR FEOWIL « BIEIL, EWIEEN 20 LT RBWINEE, WEOHER

G (HDWIIREORERE) | WIEBMEE R I EBIN D, REBTICHED L —RAEEE
LHMRE L BRITH QIETTAHY (CDOM) OREZEIEICAEASND,

W O A B LI TR IR O EASCESIREOIR T2 SITKF L TR Y . IERO—RAE
PEME AR T S 5, WO AUE L IZRER ) & R g H -~ CDOM O X~ &, CDOM
DI FDOIEIN & G T CDOM IRE DK N2 # <, CDOM 1377 > 7k Dk
DEMH IR K > THERSND DT, EMAEFEMEDIRTIZ CDOM DA
D, EORER., WIEOREITAEWEFERDOIKR T2 L T, MO E LTo
CDOM D AR T 2NN U Y ERE OB~ DENMRI BREEZ MR IEDL 2 LI 5D
ElEbivd (Zepp et al., 2007),

ZERAL IR SR O B D FENNAE 5 MEER AT Y o e E ORI O A KAE Z PR
L. EMAFEREZRTIEL LB LN TWD, BT, WEERBE LS, KEMR b NTH

JRAEDOWT T L ThH, KIGHRIMROEREL RIS Loflb b D, £lothr =
FHEKIE EFIC X DB L Z 0T IRED ERICHEOERIMRIT S 2 v b N
ék®%ﬁ%@éhf“ o WBTERAVEALORET, BERIC K D EkDR TN DOK TITER
LC M7 T 7 bz kD COe DI IABLDIK Fasl i ZFaleternd 5, £D—
FT BRERE ATEMEITRET D ORERSNIR T L RS DRI A LI K D 8k A=W R - RE D
RFZFT BT HRICAER T 2006 LivZau,

WESREPIFTOVILICHTHEE
Pt E RE RSP /KB AL RERIT CO2 721 T | A X U RRERMILM thd L+ Dk % 7215
BRI T v VO c HREBEBR LTS,

A

PRI A RERIIA Z  DFEERFEAEFRDO—D>TH LN, FAEDBBKMRE FTOA X A
UCEKT 2D TH D, B— MMIHTRAKEN DDA Z AR LT, B0
KIFAZ L OFAREZRTIEDLH M@ FRMONLTWD, ZHUTx L, MRS
TCHEBFT DHEBND DA X RERRE Sz (Keppler et al., 2006), A% 34D
AT ZALIZONT, ZHE TS TWR) > T ORI EE T DI X 5ok
7RO R o TAZ UPER I TV D EL R TREROME TS (Messenger et
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al., 2009), 728, IHFRIMEBREE N CTO A X U RAENEEKBICTO A X L OFRARICHT D H
HRED D IIRHEIZMENRRE VA, /NS W E oG 72 2 TV%  (Bloom et al.,
2010, Ferretti et al., 2007),
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(Raivonen et al., 2006), F 74l & K&K L DM TO NOx DAL, SHAMRESL T IEo
72 EORBEERIKAFT D52 L b ST 5 (Raivonen et al., 2009),
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FEIFIEAL A FILRRAC A TV hED &3 5 m 2 2 FORAP e & QNS RIJR O —
OTHD, Bl2X, HALATIZE S TET AU I O/RMMIRITESERAIZ R TH EE /2%
AP TH DM, %WW@//F7%WiL ZRFTH 7RI RIR & 7p > T B,
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?VﬁF/#%@7DDT»AKﬁmwwﬁﬁiUHM®£%&%$%’&0TWé
P AR 70 EARHUIR OWHE T H e A 2 VO ERO GV TV D, R T A F
VDB, KUBEZEAL & SEANRHE O AL PPN TR L TV D b D & b %,

IraJi

WED B O LY A Fv (CHsSCHs, DMS) D¥84 & DMS 7nH DER & L TOiEE
T Y NVEREN LT T 4 — RNy 7 OIFIEIETA T OGO & LTHEHRHATH D,
Z @ DMS (22T, 1970 4EH 5 2000 4FI 0 THEED B KRR A~D I EOHEINILE S
DMS BEOHMAEE STV 5 (Watanabe et al., 2007), £ 72K ORRIZ K A HEK
~0 DMS DRI S WK o> DMS R E OIS B STy D, DMS 1233 5 4546
MEBOENOEEBITEMETH S, Bz, DMS 24T 2 BEORBIIEZFIRT T3k
AR L > TEDHNDLD, ZDO—FH T, HEAMUI BIIRBEAKICH T HERFIRE T
L7, #ED DMS AEMEZIRT S B 5Tt dH 5, HiZ DMS OV fRITIE g
T? DMS O HEEZRHRKIBEIZ /2> TV D,

141



EIMSEEH

Btk AR RER SR 595 = 7 v VOLRIBRE O o fFl & Uik, BRSO R
AL EY (VOC) HHBZE T b D, fHW SO VOC B3 5 8RN 2Tk
HENIMEORIAIC L > TRE R Dd, Bz X, RO EELRILKFETH DA
VTV RTNRUFEOY S A Y T L ORI R BRI S E T D A H AL T
WBM, — DT IR BEIZOWTIE, %ﬁikmmi@ﬁ A YL DEAITE
IR 72 BRI eV, S Tl SAMRIES BIZ K VD Dkt S D VOC OH b,
WFEHR coO=T 1 Y/DEEE ZBET 5 %ﬁu”jéh“(b“é (Matsunaga et al., 2008)
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