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| 1996 $I ol A & Id @RRR @ W18 g & aAids,

e o

1997 1998 | 1999 | 2000 |2001 (2002 {2003 |2004 | 2005 | 2006
1 -66 -135 -102 -170 -156 -122 -191 -280 -581 | - 603
2 -43 -290 -460 -630 -660 -675 -769 944 | -1115 |-1136
3 -28 -90 -120 -133 -169 -210 | -270 -320 -386 | -444
4 20 -83 -140 -172 -201 -235 -266 -333 -363 | -429
5 -19 -60 -85 -110 -146 -190 =227 -245 -265 -283
6 -20 -45 -50 -90 -124 -155 -193 -183 -165 =277
7 -16 -110 -170 -230 -132 -153 -156 -475 -465 -430
8 -39 -41 -82 -40 -89 -120 -199 -198 -225 -300
9 -32 -95 -150 -190 -194 -235 -298 -327 -329 | -394
10 14 -30 -46 -58 -142 -260 -356 -547 -705 -948
11 22 -160 -234 274 -365 -450 -664 -794 -945 | -1095
12 -9 -140 -120 -198 -198 -296 -371 -300 -415 -452
13 | -149 -250 -356 -454 -525 -635 -852 -801 -892 | -1043
14 -10 -43 -47 204 -261 -259 -432 -445 -505 =571
15 -9 -166 -171 -246 -320 -283 -346 -430 -425 -446
16 | -151 -265 -318 -351 -383 -449 | -544 -638 =729 | -784
17 -84 -225 -326 -415 -483 -485 -699 -686 -915 [-1031
18 =72 -260 -456 -652 -784 -850 |[-1182 |[-1440 |-1460 |-1721
19 | -191 -360 -463 -565 -622 -688 [-1028 |[-1160 |-1314 |-1444

zg el # R # NP g 7 v
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AR RIFH D] TRE STFHAT BT © | U1 Afgeii R & wRor ¥t & sifws
siaRer W e # iy Swaelt Rig &1 <@ £

A RIS TR GBI AT § Toll § HHT 30 T ¢ | ABaA HHl R
¥ 81 R8I & | R ERIAd R H301 81 QAT JERIIel §, STef At HHl axdl Ty
2 3R goeT Fafia wme +f fFar o <81

HIRTD ST ATaST & 789 9199 & ford Mg & A2 e W AT
Rariex erfua fear s |

HLRI T IR A R g &85 & FRU 7199 & for o
TG A VeToT UR™T I’ 71 RET & | $90 A1 1301 eq+a [9wa & graary
Qe AR | I T o T |
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YT — Sdary & e H SR
e & sfidl & s/adigl &1 dA8<d

Ifd |AR w@rg, A Wi W@ 9 A AT
Jicrpfedt garr, IRdE qdeife adevr, wigER

TR MR QAT SiCThiCHT & Argal SIviTT AlS ofws H 3&Ie 70°44'33"
T0 TRAT 70°46'30" G0 P I UG WY 11°22'04” 90 T 11°54'00" Y0 & drar Rerq
U 3ATeSIad AT 2| 39 WM W Udh gwul AU @:ﬁ (Roche Moutonnee)
uRgey faeMM g o B1dl ugiiedl iR SHo 49 3 $iiel gfteTrer il
2| sTIRar fARmedT vd I9aT sraRefd @ MR W 39 el o FfeRad
A AR | fopra o g

1. RifAFT @) sha
2. IfART e
fErSuaey (Tfieies) el

QRIfeA et SR SR & Tferll 8R R Aeg i 9% & ot Rerd 2 |
IR U (JP) # 9% & HdTe gRT I41¢ Y T8l H, Sl A=IgUT 9% &
IR W IR d1el BFRl & 98™ W 99 8, 39 el &7 Ul USd 81T 7 |
el & I TR DI Sl AR T rerdT fRrATEr gl # Wifed €, sfawereiia
el HET ST € | A S GBR B 3iel AASUTST 3iied! Bl Joll 3§ Hel fed
TS IR & | 29T YR B $iTel SR ARAE & ST [BAR IR Bid & | BS
Il 7 (REex g ¥ie, 1983) STRRUACH Siicll BT AR A feHT g TSl AT
JUANR B LT & 8 olfh S Ul DI Y[ &7 BT AR I g a% !
TR A AT dTel AGURIRd STl & Al ¥ 2l & | o dwr 1 7 siomer il
BT et gy E B

Jeafed sfidl & Ul Yd YRISiddry Jeqas

A 7 aRfta=E yafaror fafdre Wifde, amf=e vd Sifde saxemet 3
fafed 819 €1 N & STy ararer § gRad Ud BeRawy Taarerd, Wivoi,
RIS G Sifddh fferg H qRac & SIS BRO H STefarg G AT
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e 3R &1 shie

TE JUAE

] i
' Ry A 3

frg

HETETE W

ICERRE GRS

et & | R aforadr # eroRes U4 srawTes g ufhang wAfferd € (s
AT 2 P, @ 3R ) | A= 1 & Urpfcres 1 3 srared @l Ufshar derd e
2 | Sy, face Td SMepTRaT Teahi & JIud YHTd I FRIER! UOTTell dl Jrfshar
S IR H IR TEeR! U T8l 2 | 3l @ FEAR Aol RISy &
Aol vd faeaw iy sffers IRga &4 © i Sl &1 Sl 9 Sefarg Vs g
et Tl 8 | $THTeR SIOREY @1 -8 BIC U4 A=l it 9 8T & ARax)
quTTelT 3ffod fRA< fBRER (Last Glacial Maximum) (18000 + 2000 99) @ dTg a7 |
BIC—BIC fdadd g STefarg d 8 drel URac & Ul Ada-eid 8 & BRYT Y
S Fewaol € | $TTeR SIRRT Rerd Siel & STercel # Y ST dTef Srawrat
D PIAHAD TR H ROIAIR] Ha] SIHHBINAT BT U 981 YOSR 30T B3l & |
BRI GATERYT ¥ (FaTe SaaTas Bl Ulhar 81 & PRI U JAAATG] BT AT b
fareryaTsll Jen—Se e, are+ fohanfafyy, faad, sruars o=, Sifde decs (e
®Y ¥ SIgUCH) Td YRS Ul BT eI B Ul e g Jdsiid
THI—A H RIS & 8 6T GAaior fHar S Faar 2 |

frrefRi e SR SR @& wad a1 sia<erela sl # 9 vs 8 e
W IR TG & T8 o PIS MbTel Y T | 39 SAICH PIS| & WREMOGDH
R & FeTTT A &7 & YRISTTdTg Pl SfcreT UTel gaf & o uar =erar
2 b fUsel 8000 INT & SR TH—Yh; TH—3AT%; Td TH TAT AfAH 3% STefaryg
BT I gAT © (-1, 2005) |
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Rivdar] @ faf=r a@

e H RISTedTyg Fael g & A= Tl BT $9 UbR SR ST Aehell
g

NISEIRANERIE —  IgdIed yrEd

IS fafer — Il AERAT® (Stable Isotope) STETTT—3iTaR{ToH,
P, LI TAT G 1] (S )

NIEIESEEAl — RN, G&H I T4 Siig T SISYCH BT 3fedH

BCICARICEIR] — TPl BT AeTTA

AR SIS FI&TT (GSI), TR 3feTdbicd Td Al a0
(NCAOR), §Reet AT YRIa-afT TRef= (BSIP), HeleR gerolfdd &g (CCMB),
=TT faafdemer don wRd™ —grRdha UM (IIGM) & ISt =1 fAeras
SWRIGd T IS TEGRll TR IACTHCHT Bl 3iell & JqATG] BT TgATIT]
eI IR fhar ® | 39 3y & Arew 9 Sifaq REdy BraR (LGM) dh
S RISedryg SiIgr &1 IdT <ol |
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NEL

1.

IRT T B. 2005 : R~ 3ih YferiTaegHie 1 sl Add=ad 3iTh
b AfeHe, SR URF, X< e | ARfefthe Rud 19 9f R
Jferpfed AT | Sodd UfeTdmeM . 17, SLSL, 78 feel, 33—40.
R 3R, Tgdal U AT 9, THSI. 2002 Hee dfex ofdd A% MR
JNMURF—RR SHICH AIISH YU FATNIhDH A | 39 TSI 39 R
TUE JfTThied A=Y, . SLaag g Mo |

Raex sef a2 wgia oft. 1983 : fsgeRaw tog 0 aRYeE 9 o9 3l
SR MR (S%€ 3feThieH), MEACUTYUTaRIIS, 19 (5) 145—153.
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N =

-

JeThfedr § ey IHITY
ef. N1 fY. sraare
Rger AR syfdsm W, a8 faeeft

JfeThiehT Uh A9 SITE B | U a9 & PuId 31S HelH AT SO Y 31t a9
T 9% UG I F B! A YA 81 & HRUT By @R Fael Ty Ut
B FHAT © | SRSDT & A1 §IRT fofg Y 2 & I8 Wi 81 M © & siehicar
B HUR TSI IR H BIB] g1 BE & | 39 B8 D HRY A PI WG ol
T sferdfedT IR IR & s HROT 9 B TR W@Red & foy SR )
ATl & | 313y, B9 3 fAff=T oty T 3raeild o & | 37 GHRST BT
TR I H 9IeT S [T © ¢

. ?:Iﬂé T & SR @R H*‘N{II\Q

T WU F IACTHICH H B dTell [N T

AT SRRy Fee) ARy

. | AEAT B IRA -

@

(i)

M RI$HE (SeaSickness) : I8 T T WU A BIF dTell TR FHRAT
2 | YS! el UR SIETol Sid SITaT AT & 09 A% & $H & R Ub
BICT I, I TR BT FJeT ¢ I &, 59 FARIT BT UT HRAT |
D ET0T Sl HAETT Td o] BT 371 € | TS H Il ofex] Bl S8l
IATERYT S AT DI 9141 <l & | IH B ART 39 FARIT & WHTad:
&1 RIBR BId € | AU IS <xdl BN b Ho 1T DI STHI A7 g8Tst
D1 I IIAT H W1 Sfocal Bil € | I8 T 3R Bl & 3R Tl AT
@ TEI B 81 FATG 81 ST © | 39 T 3 Ui A1l ! Hefrs &
ST € o d 18R Qell a7 H & W &1 Afdd 98 f9a1g | fdesqe gaviy
eI 3 B el ARG # 2R W, A1fdd Tdhells 8 W SHdT
STl PRATY, Sfocdl BF & drao[g WH—U aTe] Y |

SIBISS YN (Dehydration) : N—RIed & HROT 31fdd Sfeedl 8 &
IR H U UG Iqu BT HHY BT S @ T SIS bed o | 5
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(i)

B ALID © fob T UM Td 37 ARl UG BT a4 fbar 911g | Sfoeai
@ qIasE U gare ol Sl § | TTe oISI—2AIS] A1 H weh—h BR
ferar Sy |

HITHT : a1 A1 & SR ARING F-IM Bl B Ud difted [ror
31ferep ATAT A o< A |7 311 el & | S¥fery w@rifde & b g <1
Tl BT LT RET Fgd STl & | fUsel! sicrpicar sl § te wew
BT aor 22 el g T o)

2. Jicafedr § BIF drcll WA 9 R : JfT/dfcadT § 8 arell
STAIPTR FHRTY TS B8 B HROT B & | §74 U RO FHRN Al Al & Febell
2 IfT B TR O Y € S 9 8 S 9 B9 & HROT ST WY R0
PR G © Qd =P 8 AP © | AT, USel BH HB ARl TR & IR
SITHRI U &

®

(i)

(iii)

Jdel ¥ U9 UT BT << : Ifcrapfedl § 9 fSa! &7 @M1, ST ©RE
B &M &1, U &) TS9S UST R HHAT & | 3R AHIS BT & 7 T STV,
faoa: TR ® |wrg, A1 W I8 THRIT SO 81 Fdhdl © | IIAfRd 5
P PHROT BT & UG AT AHIE H ATIRdTe] 81 Aabell &, oTId B0
Ue # g7hae B FHhdl & | SHD 9919 B [ofg AHTS I Td gfod @HT

QICAHTSA = hRAT 3 T 3T ¢ |

Bfeotad : FH—HH BisoTad 9 U THAT 99 1 © | IR H I+ o
HHY BT SHBT HRUT &9 FhdT & | IIaTaRor H 47 31fties 8T dT T §RT
TRR U T &7 BT & forast gl 72 87 Tl | S arareRer # @
PHH T 8, 59 BROT W IR F YN BT T B B Sl § | fhdy Y
HROT UST §S U BT BT Bfsorad UaT IR Adhall € | S0 ga1d & oIy
=T 1S YT ARy (W 1 o R AT a9y w5y ) |

Hg ¥ Blal 841 : ARG T91d vd Ao # difticd d@l & & &
PR BTl 8 Fhd & | SR B, Uifieds Ao &1 Jad, INIRS e
UG &1 (Meditation) HR® SHA 9T ST bl € | Blel 89 WX 3ffiRad
AET H —diveld’d &I gaT ol @12y |
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(iv) &Id & < : 33 499 ¥, fa9y &= 9= ot § e uget I &) B
T B Thelit oY, STdl H & Yo Bl Gl © | STdl PI <GTe (dental
hygiene) Td fIfAd 597 ofe & S 9T ST \ebaTl 2 |

(v) BT &I €€ : Tdl & ga ® G &1 38 & BRI B 7 fl g I~
B DT 8 | ST Ta BT I BT TRIPBT 8—BTHT DI TH HIS IT )
3 Th PR G |

(vi) ST : sfcTdfeH # i 7 3 & SN & ®3 BRI 8 Thd o—aHd
T BT 9&el ST, TRARSTHT | R BF & HRUT B eATI Fegd B,
AT ¥ geeld 3N | T8 FARAT SRR BT Hahell ® | 71 areTaRor 7 IRR
Td AT %9 S ¥ ST 370 1Y §R 81 AT | 9@ forg g @ gt
ERIESRIRCIEEUCAE R

i) RR < : 3rafd® S8 & BRT & RR g 3 RBroprad 81 Aol & s
forv RIR T S & 99T SIdt © | T <Y 31Tfe T SHTet 3199 P |

39 &H IfcThfehl H BF drell S AHRIT & aR § S ol pH—HIR
Hidd 9 bl ©

(@) G (Snow Blindness) : JiCTdfcdT H I @1 fdxoll & TR
2| goife sad v TR 5—6 T ddb ROl &1 3ifEl IR gs-T
SRR © | iRAl W ST, U ST, iTEl # o Ud oTel B M
TAD TUT § | 39 AR B FRIST BT 3iT e e el HR Fhal,
R I @ BT P © | FH—HIR ot Sfera «ff 317 FehaT 2 |
T g4 & foly A STHR) AT & b qTex ST a9 BlelT a9 T
SR U8 | 3R ofTURATE! A 37 <o ygs a8’ o W) 3ifl |
3 (Snow blindness) @ UrIfie F{meﬂﬁﬁ?ﬂﬁ aifear
TR UE] dIhR ARG BT R AT A1V | 3 IR 9% /TS Riprs
B ST Aol & | Fafbeas gRT ofikdl # <ar WY Sordrg oI Fael! © |

() |9+ (SunBurn): gF ¥ el arell WRTSTHT fdvol TRR & ol
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R &1 e BT el <ol 8 | RTad SRT &= ofrel 81 S 8, 9o
T § UG SHH Gofell 8F o & | HH—F) @ H§ Biel (Fhie)
N U8 O € | BB 99 U¥A 99 I8 S B oIl © Al @l B
I WA e el € | 39 AT | 91g € I ¢ | T # areR
fRerd T7a TR BT gofdar g& o= & g =@y |

() TRR BT SSTUT (Hypothermia) : o T I S TATARYT H I8
R YRR & YA BIHI R S1er 8—IRR ST & o & o1
HRRIDIED] (Hypothermia)zlﬁ?f 2| EuIfiar 89 W ARG gTerd
iR STt 2, 'R @1 foameii &1 |qer favre o &, Jerf e
FPeNl B SR It BT TP wehl A 7 B Al © | 3 11D SHRN
P FEF 59 9K P Y/ H B d8d SRl ©, TH 39D
SROTHA! ¥ &1 ST AT & | S0 A&l Bl DY ggaT ? 984 oo
TS H FE G B B B 91 AT BT FEGH BT, FaHR T
3R AFRI® Td TNIR® dT™ BT NS 39d URMS v & | 975
H 9 BT Aol ¥ | 39 AN 99 BT &1 SA1eT Hal ® | 9TE
ST g TRR BT T HUST | S TRE ¥ &F of | {Y TA 9T gare
Y T of ST AMMRY | S H F1ER B B AHI AU ATID! YRI TRE
IR &l AMRY | 3R ERUIAHAT & RIS FeoT ok 10T € ar
TR BT TRA fH TRA FR H of ST AT | TRA HUS, T 9
geref o ARy SR BII—UR} &Y ATl R TRATES oIl ARy |
IRTG FHHY AT |

(@) s @I A (Cold Injuries) : IIRH S8 H IR BT I arref=dr
(arteries) RIS ST & FSTRI® BROT BIRTHIY (cells) TR—ER AR AT
2| 9% ufthar o 9Hg 9% I 9 A a1oEE # 8 | BT 2
fA=feRad gPR @Y A (Injuries) S8 B HROT BT © ¢

— fRrefse™=T (Chilblains) : BTIT 7 BT 2 |

— AR BIC (Immersion Feet) : IRY &1 gifad &= B |

— T BT (Trench foot) : T8 AT URY # AT gfi—anfl greff & BX B |
— e dISc (Frost Bite)
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39 99 fAARAt # SIERN & 3fex & Ul 9% P a)e oF oIl & oTdd
T PeEd € | 39 R BT HH Tgar ? oW T Th S8 H & ¥ IRR D G
T S AT, BT, T, 311 Td SR UhaH Sl TS ST §, S8 ofai T
B & ST © 3R I8 W U bS] Bl aRe SoT[ AT ol © | HUR P =T
Tgel ofTet 3R fhR a1 H WidT U Sl & 31K 37 § Plell TS Sl & | 39 a7d
& o TR BT 3! TRE TP PR I AMfey | 6% Wi 99 IRI &1 gRid g
BT & A AT A H G =AMV | 3R GR1d el 8 OM¢ a1 I g
T A1fey | AR A1 diddl &1 avgeil ®I 991 S ue 'Ri | g a1 oM
TEl HAT AMRY | ST H 918 BTH HRA Tdd IR BT AT a1 BT MY |

(S) w1+ AAI3TaATSS &1 faSeT YH1d (Carbon Monoxide poisoning) :
T8 FARIT JCTHICHT H Bl AFRITISE Bl f¥dHar F &1 Facl!
2 RIfF g8l W) ¢ R a7 < # Igd BT <R AT TR T
S 71 N W ST S ¥ Fed AFl Afadse AHe i
el 21 98 19 |9 & 91T 3fER S G # fAeax F&r &l
BT PRAT B | B AT ATATSS Jad srexiell T ARTSh H ugd
PR A JHAE UEAT 2| Ple AFI ffdAEs A9 @ H 9
SifeRATST, T &% Sffae et 8, @1 BTTaR 9 gl Ol 2 | 39 a¥E
ARTss 3 919 SifeRiior T2l uga df ARawh qfeR grex gN—dR
HM BRAT d8 BR ol © | §9 AR GG W 8 qhell & | Prad AT
SifavaTgs 39 YR B & SR SHM TR S0l & i e 9 §U
QARTH IR SRR BRI & | S | 1 85 Pbla AT Sffaarss 19 T
AT & UAT &1 =Tl Wb it I8 149 FRfed U4 Terfad aril
2| AR SIF[A 3faRel ¥ I8 Bhe # Ugd al W & RR < vd
FFHR DI RIBTIT Y 81 SR © | FoR PAIR g I 2 T TGd
SAIRAIT 37 T € | $9 SIHeld] SR | 999 & foy AR a1
<e ¥ g1 Mae @1 giaem g9 AT | oFR &R # I8 I o
B P Qe B Al A1 UG e WX Il HUST AT HATA &I
MY | W FR A ARG Pl GRd GRIET S8 W o ST =My |
ARSI Fell §RT a1 AT TAT Yof SIRFT BT =My |
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3. ORI Wy Haell WA ;- ST eHT H BT 8T AR B el
TET IR ISD ST & BRI H AR o I8 & BRI HHR Bl T4 I &l
FHAT 8 | TAH To B oY IST—d3+1 BT FET TRIBT JUATY AT HFY ARIH 37T
BT =AMLY |
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R SuUE & Al 49 scfes a= A4 fAfda
YolATHSGAT gRT AMa Fffa w=en &1 i

Iy s, Sre R U9 3919 Tt
S, YR s, TG

e SUTE g1 forg T R ot # Saer @ gan Uk A # urE Sl
2| Afhd SWE & FISH DI I, I & ol 3 31 Bl 2 | SaTevo
F AR W BR—VUC IWE & Hdadh o a—aed 56 WAL T| 39 o g #
YSR—C ST & Joz— Al gRT fcrdpled oF # Amg i wxawmsit &
I @ AT oTH® Ao IR @1 TS ® | 39 ‘hacd [ e ‘diga
T fIaReT @ eI | driifad far T 2| 39d g geR-—os @
Aa—AfHT vd IR AT eEt # i s o1 v far T € eid
 aRoIHT BT A1 @I T 2

sieTafed &3t BT Ygx SUTE! gRT =01 S | gwE 1 W@ 2 | gD
TR BROT ACTDHICHT DI WHIferd R Td g8l UR B dTell aradblei gary 1
21 UPre & g # fpy SuuEl & gR1 I8 &1 e oE0 g © | iy
JugE U &3l Bl foraor T | PR Adhd © | 57 Fdad 113 3 9 GgR— =00
IR AHA 8 | g T H R ) afha Sug Suder € W <1 avw e
qrel 2 | 39! auie 9 I8 ferfi-ga @ R w1 # s €1 TeR—Ae—1
JUYE, Vel & SURIT STd (U= Hefl ¥ RIfud gafl, a URMWS ol § s9a
HIgdh BT IR0 TWRE I@T T AT| SHD! Iolg ST IC[dicH &F &l
AHAAgddD 0T 5T | $9 QUA.H. @erdicd At ) & 7/ 3 ST S
T | TRIRIT S0 Haadh BT IRl aR%B B &7 77 | IR (RFafed iRaR YeR)
DI Folex AR 0 91 BT TS & o &RT B T8 W DI A1 ueref IuRerd
2| Aa T dameil &1 e, ‘Haee famr der dige w9 faaRor @
WER ¥ Hraffad f6ar 731 2 | g9R) A deier o F=TeadT g9 gRT 9194
fAfifa ARaRI &1 gar Tl € | fI¥YdR R 89 Fefer &I ufowy, T &
IRIRT §RT <9 8 3R SH URAR H I I °cd BT g1 bRl & Sl I
TR R Fefex BT Fard YA oxar 2 | fea Y ad8 | SoieR deIl haed
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fomr 2 9 3 & dra & url ST 7 | o1 ‘Thaed far gRT R s & wea AT
LIS BT ST, Uiy ARl BT o | &<l o) far 5 Aadr 2 | g
fIRoT & gRT 89 Feter BI Yfdhas IRFfeR ufiey 9 firsfid ) dad € | digat
IRTfeR & fAf=T 719 9 89 Je1ek & A19d MHd Ud Urdfad eFl H dic dad
g | ywifad ffy # ‘Taea for gr1 urd o & dige fadRer &1 W 9% weA
TR (BTexT AeTTH) BT BH fhar AT B |

gorTefl

hacd faAa— fFHdl A9a8 & SRR (GREXIUH) T haed O # U v
EdT © | AMd (T SRETell B Jaeiisas STt gRT e Har S dadr
2, IR WPId TEAN A+ Sffee il © 4 S5 &Fad el & fordl 3=
ERAT BT TATIHAT Bl B | Hreardie o HIUTH 39 FARI & FHRIE haca
HheATT & ERT UK B BT YIS 65T | haed BT IGTH Th oife IR hacd’
H BT &, foraT a1ef 2— a1 s’ | haee famm &1 fifeRad |efieor g1
eI TR 7

Lol (1

IS L TS AT § HIUH Tl o, fUD Hadic & O haed fadr ded 2 |
BB LT 5P AATNT—IRT WIE B AR WhaTIR HIC A BTl ST Ahell 8 | Gor
o & hacd faa1 e & oy 394 fewf~raa dfed drefe=T da-d &1
TN fhaT & | WTpfores Axaell &) haee fawr 2 & 3 & 19 81l 8 | 39 g
T Ui e Arg A gl o ver frer e 2|

A9 g-icd & IRaR &I F=faRad T¥fiexoT gRT yeRia fear o7 @ -

ne)=£(2] exp{- (——H —————————————————— @

Tl o figel IRHIER & 1 o fIoRor 4 (Wors—) | Hafd & gd xfaaRor
DI ART & | Gigel IR & 719 B 9eo 3 g4 i~ YeR & o o 81
2| SSEV B IR WR a=2S ford &9 ol fAaRoT vd o=1 & fordy yaaumferaa
faaRoT uTt BT 1§79 99 # 98 AnT—ARAd fIaRer & o B © | g
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faAaRT & gRT 89 deie] Bl Ufhd IRMIER Uiy J ufoefid o) Iad 8 1 o
faf=1 w19 & &9 Fetex &1 AHa AT vd wrfas =t # dfc wad €

3ad o 9 U faMTo™ gRT UM o X={x(1, j)} DT SHrsIad &= § dic
T8 | TP &7 BT RECSTUT™ U T-cd BT AThel & | YA &5 B HIfeaehT
% ford &9 FAHIARYT (1) 9, 0@ A= 7191 & for diget g & URaR &l =T
PR © | U T Dl o1 89 Jd 3MTehiord Bicd W B © | o1 B7cd | $HahT
A AT 81T & S o Pl I &5 BT 3idfed o A1 ST ® | 39 UBR
|l R & U & BT o FF UAT o 8 | ad §RT 89 I3 &1 A (AfHd
T UIpfd &5 # fFT Wued aR Had |

gRum Ud fadad— sicaledr & SR &9 &1 XeRAe fom fosgar
ReTeger 8 #Iex & T &F%hd 8 fbHl. x8 fFHl. 8 & SR gd sEiforlRad
JUTTEl BT URIETT fhaT | UTpiae &l &1 haee A 2 | 3 & drg Uiy 78 |
Ui &3l & ORI o AT BT SATT UTT 17 | /g (e &3l & for) ot w1
2.7 A HH IR AT | IROTH & e § Ihe & Aa AT et & gidd |
THH YRATT I A Td O] W Arar BT WY TR W7 R | o h SIbNTd
TAT TedINTd IR JfeTdbied AT Tf & T 9 | T&f | SIS BT
TAberT AR & SR fbar 17 | S gRT YRMAT BT go1frT fopar war 2|
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3. 91 T, TI. B, 89 97 Ud S s, facfde Tt HH—we sresiae g1
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“sicTd et oI siidl &1 J—wifae adaor

gqq ifaar’, Ifelia aspRR!, gaig AR agdarz, o =R, o
sfaraa’, <o ¥R, e afrp, WRie <’ 9 weofld areEa

RIS JeThied Ud WYl JqHUM D=
(@t fag= w=Ted) FSde Wel, IRGI—fS—mH, Mar

3feTdhicH Bl Siiel 39 &5 BT T T ERTA a1 & | T 100 9 41
1 el R gdt sicafedt & siMmaR Aese™ # Uil ol & | g
iR ([SEfthfTae) SUHRUI o e tRTadd I 3R SU—eRTIAT ATIT
IF D GRT FA&T I 39 Sl § ST PI T%08, el & ddf DI GReT el
IU—FdE! FET 3T Bl fIRgd SR fAid Fad! 2 | I8 Fafafed & 6 &7
siell % IUReId v Td §71d SEaRR W™ (HR) RISTAar] &R & Agayu]
AT & | 37 BRI BT (AwTem & Fala™ I & FRR § 39 el & e

FaeTor (Rraifthforeer d) Hecayol AT 7 € |

IR AT BT &I H G §Y 250 R JcThicd STHAT (2005 — 2006)
P SR IACIHiehT B STHER Fosa # Rerd R sia &1 afy wads
I3 GRT FIET0T fHaT 77 | eafsy WRIacid I BT Teldel e RRed | st
7 ST STl | |ad TexTs A9 & AR—37 URd [0 (A1) B driifors
Rerfar o1 +ft [MeiRor fasar T2 | U sridst &1 fageryor ave R sha & Sa
P ITERTS BT AFFE QIR fHar 17 8 | 39 il & AHfos <9 & & el &1
Tl I Hde WES RIHT) © | 39 et Dl AfABAA TExTs el B AIeToT
&5 & SR gd # 5.9 Hex @ 3ifhd &Y E T |

sy # fcTafeat # Rerd a1 et & o TS A FderT & AT—3Tef
SUERTICIY AYT FaeroT fhar SR s 59 sl & fRaa sreads o #eg
fAer |

JCTHICHT DI el T & BT U W ERIA AR & | SATETCR Silel
fEgT BTt BT 8, S IRIEd: BIST § IR FaCRI G & WIRIRSRIN Hiel Bl
Tl | 99 MR WS & wwy # o9 9% gl € 1 sierafedr e #
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HfHTH TTST YT BT & | 3iicll & dooe Td goRyfd, JRT Siadrg & feads
T 980 B "EyUl 9 & |

fIRIRYE® eI PR I U1 T & [ 3iedl & il H Sy FHer
& AR TaH RIS T, SedR] & 3fead+ a7 @ fordl 98d Agcayqu
2| 3iel STl BT U UIdhfad T 8, AT ¥ IAd] e, difddg —
NS T SIfAdR SURY & aR H UdT o al © o {6 el & SMeR g
MBI Td MR, TERTS, T A R HURY &5 F T ¢ | I8 U wafarad
T B & STl HWUE @ ST TaH MBR, T Bl TIR B dTell gy R
IR 2| 39 UPR 9 T8 TR & eRTded Rft vaq Sfed 9 & UdR &l
A & ford =T eyl € | $9a MR GRITAI a1 & o] —&RoT
(3R5) ficdmRe IR 710 ([}Yfele AT XgH), IRfTes G (@fiame Ar),
am™ aIRar @l dew), ™ ReRrar (e wefiferd)), Sfder Sareama
(arseirae Trefaefad)) vaq gfg @) S o Maws B |

S I DI M H G g, SR A9 H faRerd el shia
BT "YUl IR THNTSHUSY UaH ERIACAT Iaclldhd §RT TEISHYT HIEoT

(et wd) frar

AT AF— TR AESM UF BICT ZFYad &3 B, S ooiRg F9E | 100
et <feror # Rerg 2| sfimmR wesam™ 17 f& owar vaq 3 f drer ufdem
— IR e & gd—<ferer ufem & fawqa &3 9 Ber 21 I8 &7 faftre vy
{ TR 2, foa! it $arg 228 Wiex & | $9 &7 ¥ 31d W96 STl siiel
Rerd € i & 9t o1 & f2et ammaver | <f2q € vay a8l o STefary gardl w5
J ARTENR STetaTg &) a%E B |

SR TS # 100 | STGT et § R 3 el sha gar A+
BT AT S ® 1 A A RY vad ifdrmam RS arelt ¥ | g #fie sferafed
# Rerd fgda wmll IRA™ @ "F3" (70° 40' 39.4" S AT TAH 11°44'8.6" E
QTR I T | $HATE — 117¥ex) & FrE &1 Reyd 2 | Ao faeli
S g4 — SR gd gaq uf¥es — <farr ufdes feen | %ot 2 (R 1) | 39 &
@1 el aRE AR gd 29 & e & R 9d 998 Al © |
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a1 9 & wge AeRi e &1 59 g

GITEROT HXEAT (4 T & IR (S7el SIS, 1987; Sl qd
RITTHR, 1998) T B ATATARYT BT TTTH — 34.5° C ¥ +8.2° C AP NTT—3TAT
2 e 3Nt & Il g8 Tel WR @ K & Sfdl & I — 1.5°C¥H +4.7C
T BIAT B | Sae) H T8 & YATaRoT o SfAGHaH qrgH — 0.5° C ¥ —0.8° C TaH
TR ¥ AT 3ffereha 2fiayad — 18° CH —22° C BT & | Wi 3iied afia
AT —8° C ¥ 10° C o &g J&dll & | fIeie sifarfior &1 A 31 Sifaer fbar
TqH STel Bl FAIPROT I &R | AT AT 8, ST b 8.4 % 12.1 AT / <fex a0 Bl
gl

fafer gaq Arnil—s9 e &1 g—ifder ddeur (Safhired |d) Tgel
TR T T B, TR STeli TeRTg iR 3 & eR1Ad 31 RIATHT T TaTse
TaH I DI UHIA I FHsT H AG] Hel T | Yaeird Faeror (dfHfee ad) |
gl "SNCa STHH Tolidel Uroite Rieed” I el siier @ devar &1 SHie
far T | 104 Ay TGS SN G T favg A Sl P Jev@r gaH AT HaE!
A TIR BT AT | U SHIRATSH (87T T "gIgSiaiad” ST fdh Ivoielld Shrg
"TFASIER (& Havd BT HATRA T Ufed HY) Yaq Ud 19 deild 3hls
(Faod ufsha T qe sifvera) ¥ R siiar &7 sgeta \deror fasar 1 |
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210 fheilEcs TFAgTHR 20 HIeX SeRaR 9 =ird SHeareR aRffora faar
TRAT | §9 YOIl BT 12V DC I | SIIST 137 | ETSSIara HTedaR YoTel! Sire-
T 18 TASIER BT FHICRIT fHaT 77 | 19 SFASYER & 7 WE BT I
T 1 9 oITel! & 3ffered faf wR g faar M7 € g9 grasgeR & oidb
T RN R [AREd awrE @ fae |ftd g ©ie IR B 9o § SART T3 iR
gferae= rf¥erg farar T |

gRUI gad fada-T—uR=1 #, g7iel Td Urecidy (1990) = TRARTTA RgT
BT ST IS 475 & Bead gIRT R et 7 s[aelia fageryor far o |
TGURI, AR =D TG0 7 ‘S 0 IR | I8! S foba | qenfy, aera
ST ¥ AT HIETOT H TE1 YT SUBRYT "BTSgla a” ShIATH SR BT
U] GG 3Nl B FIRAR AR STINET B YoTetidg JaTd 9§ IR far =
(TSI Ud TR, 2006; TFaT UG WX, 2006) | FHKI 1800 AT HICR &5 BT AT
foram a7 o AR Yot ST &l gof fhar 11 (R 2 9 = 3) | sha &
el A GaR faar (R 4) | e sha &1 oot At (@fomfee
) gorfar & & $hdt &1 da1 ot See—|rEs & ([ 5) | 39 el &I rfddad
TERTs Sl & AeToT &3 & Ik Jd ¥ 5.9 HIex O 3ifdhd @ TTg 2 (R 4 Tad
fer 5) | =it @ gdt ok uf¥erd & @1 TERTE 5 Hiex ¥ fiw Sifehd @ T 2 |

a2 : TR sha & J=anfaa (FaTEve) 19 §RT SEsaad ifaver
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b —

Poig B =
i il
i IR ie
B IR | |
i , ¥4
. T |
: E £ s 5“1
i i I
i £ o g
0 3
; O
i i 5 | ?
i - S 4 el =
a LR 3
L5
3 3 : TEREEd B STANT v AMAfaRad qaeia (Raifes
IRAfEH) FINET BT ISRV
11,750 -
11.7454 L
11,7404 L
11.735 -
11,7304 -
11,7254 +
70.761 70.763 70.765 70.767

3 4« ol Faeror v (IRMfCE ¥ ¢@)
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oz 5 : IR e & T W &1 31 AFRE

I UBR el & deid Ao e 8 P 3hd & Sax — ufend &3 a1
AT BT SIAT IUIT 1:22 B TG I & IMUEThd TSl T Dl ST 2 |
AT VTl 3MThSi & AT R "He dIcH WhReR” & 3ifdhs Afedferd fbd
S 1 s 3 shet @ IR H favgd SEer) e Fad) § 9T R/ STerdTy e
T ) SRR W (BR) BT (dTem & ford Sfera verme gemar S | 2 |
9 IR, 3l & AFRA Ud JAldbs] BT Sifddid ey qaiaroii egd &g
T THA XA D ford SUANT fhar o1 waear € (A — 6) |

el sha @ <1 fawgail & 9 @) srffiead 0 gdta &5 & Sk — SfarT
faem 418 Mex B | TeIRI, ‘S o1 TH Us AYCdAR’ BT SUANT BRS 3iiel
T URT 875 33880 HIC? YT TRIT | 3Tt & Bl O B & ford fwferRad
3 & JANT fHar -

V=13 (A +A,+Sart (A, *A),

NE

=
1]

e TERTSAl (ST HeR) BT AR

FWR BT FH TETS &
S BT FHIE TENTS &

> P
oo
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BT Ml & AR TR (7Tl UG UTHeldR 1990) 3Mel & rAJferd & &
T BI A & B Yold AT B IR HRab el Bl Thol Tl T 8,
ST f&5 99946 Hiex® 7 |

70.761

70.762

70.763

70.764

70.765

70.766 - - _— - - — - - - — - LR
11.724 11.728 11.732 11.738 11.74 11.744 11.748

a6 : TR shal &1 |Rel el A (Rmfcs #)

Sl BT ST TERTS 2.95 HICR 37D] TS | YTl AFH B AFAR SieT Bl
JNfHTH TETE 5.9 Hiex B, Ol fh Ik — Ydig &5 # &1 3! M7 | R sha
1 AT TTERTS BT AU 0.5 BTl T & | I8 3 BT BT G I qRae
B TG S IR H TGN < & | i 378 T 37 U HFICR WFSTIR & FART
ERT R0l Tevl &1 TS 1024 HICR 3fd! T8 © |

Tl IR (ARATsT STaua=) Ad & ford fAmferRad afiaxor &t
TN o -

DL =L (2* Sqrt (* A.)

1)

NE

DL = 7X@l R (ARAZT STauH<)

L = TNl $I T

A, = Wae &

e siia &1 devwar uRae 2.78 affer 1T |
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e shia &1 faxga amfa TR &< & qen e & deee 9 o

SfRTaRS & WHIFAd T BT FHs™ & o aaae e fhar mr € | ad[e
T BT UM TG e dIcH WHISaR | U IRUMAT &1 Agg F 9fasT H§ R
P AT I Bl U8aT § Aeg Aol | 31T UhR | 3feTdhieh & &3 3R
il @1 favga e HRAT STl 2 |

e :

1.

STIel, 91, UH., ARy, Ua. UH. UaH UTwelds, U Td. 1987, ATSHIHIST
3T Il o, SR YR, Jicidicdr, 37 : ARfefhd RUE BR
ST TS fe i TaAUITSE T icThic T, (ST 31T S Caidd RUIT 4) 149 —
154,

I, 1. U9, UG IR, d1. B, 1998, ShldrAIcIoidhol SRITH< 3h T
Yl dle} o UC SR AR, ¢ Jfeicd], a8 Y ¢ ggad
ufdefafes, xR A=, 74, 529 — 534.

It A, N TH. B, TG $HURH, S B, 2002, A Gle —0R 31 34
AR JMURTT, ST IATTHICHT, BT A~ 82, 88—91.

3], 1. U9, UG UrveidR U T, 1990, formreol 3iip el o,
AR MU, 3feThiedT TR RYd, 26, 13 — 17.

Tl TH. B, Td TR, T, S 2006, JCTHICH o T4 BIR Ufcrsiaarsie
TSl 1 AAITHTH TS WA W, 39 : S adeiig A AT gRar
3ifth ATSfefhh—gaRC e SR XX VI 3~ea sictmicaT yaadifee
oS e I Iex BR IcThichdl Urs AR Rad, Tar, 41 — 43.

TGdal, TE. &, WX, T 971 TH. O, U4 SR, AR. 2006, oAb Tehet wd
39 P A ITIHCHl : dolold Trs THAIHIT 39 © THHMR 3
JCTHICH AR : 3eTT FLIKRM 57 TAlddd RWIEaH 8o YT e
e B 3feThied Uws MR R, Mar, 59 — 60.
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IHI ATAYYT BT fabr™
Rra #gw iz vd e i<
I 3icrdicd d IqHEI b=, WAl
YHTRT AT Silas @I U Hel fshar & | I fobar & diel, dard, e
TR—UAIR (Sea weeds) TAT HB STl # urfl S & | W STel, Brd ST
JATARATSS (CO,) TAT YT (Sunlight) BT IURATT H BRASTID (chloroplast) & TR
TITAR (starch) BT 10T FRA &, IR STg—olTd 1ot 707 # |e™ 7 89 &
BRI Ui} IR R AR € | Tefd sreT Rm—faveryor gRT 39 93 6T WA
e 17 <'T B; TR U AT US Sifee fhar 8 & HRoT ol +ff 39 S
T FAS 81 Ol [T © | 3T 39 AV UR AMS eI UG STHeT Bl
I HT ¥ |

el & ScTET H Siiae &1 IRT ST 3800 RIS a¥ Ud gg o 3iR afdhae
BT & IMRIRY TROT H HRIG 2500 HRIS a9 G SUTTEI (metabolism) fhrar—fagm
¥ wor AR (sophistication) UR¥ 3T | g & W—m #
ﬁ&q—m (Microfossils) T St & Hepid Ii?'ldq\cd‘{*l (macromolecules)a% ST
A faeprT BT A ¥ Herid Aerd! € | fddry & giedIor A ebrer Aeetyor &
fShT T UIRWT ST &1 3R (2 billion) I Jd BT AT | I T ArgHvS H
JTRATSTT )T BT T T | BlrsaR (1994)# S INICER IR G (molecularrecord)a%
MR W e T {6 URMAS Sa RITETAR BTSUR HIBISeR (Hiperthermophilers)
o 3R g8 dfaIRAFERIe (Bactorochlorophyll) @1 AEE ¥ FehTT HIAYOT BT
BT YRAT (BT | 37d Y I3 & b SaT] IR Sig TebTel Heelor Sidl Sifcet
fohaT T &3 AR € ? 59 31T BT [dhr D3 garm 2

fAPRT & MR W ISTPT BT 3P IRBIARI 5 THH D T & STaTd
# WEd B Fahdl © | AT @1 2eIg® URGAT (Heterotrophs) & 3R
IR S 2SRISTH A Sl THAT BT 31 DI HIo B SR B o |

STq & H MM 3T (Amino Acids), 9T (fat) TIT SDHRT (sugars) ST 37T
PTE-Tp GIYdH Tarif B HH B ol 3R T BeXICTH Sidl I 9¢ el Ifarar
(populations)zﬁ TERT < (Support)ﬁ a~Taef B WY ar ENSl gRRefd & Shar =
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?Id—w (solar energy) % faf= fafexor (radiation) P Heg | SHaI—aT9T BT
Ryt g fBar| e TeHar® (1981) F1 de & & usAfead Wz
(primordial sea) Cb(l\?‘:i quT EEISGEIRRN faf= erfe A W R Trﬁ_clTUJ Ve
DI HH B R FAD [AdHed DI T § G DI ol BT ABR Ao W I
FF‘TI ﬁw@ﬂﬁwﬁaﬁ (Evolutionary Scientists)ﬁwmg% ﬁal_clT”J H WX
Td AT (BT Sid UPTeT FIITOT SRAT Sifee 3T R ol @l & Ueb 3154
HeAT 7 |

3d: Q?:IT PRISKISIRAEE TUh PIBT P 7R B T (organelles)%ﬁﬁ?lﬂ?ﬁ (chloroplast)
H @) T 3TARATY (stages) U IR H a1 &1 Adhell 3R FABT AN SEHT
HEol AT &1 8 | U1 Ui 81T & o 39 ercll R Uspfa =1 yem urey Hifdrer o
39 AR H TE1IT (designed) fh 3 TBTIT HIATT B YT qAT SHA—STIT BT
HATT TR G | FIde 1d G ARl (1995) 7 geia & {5 gavrer Heeiwor o
SARY E@W I< (Hydrothermal vents) UX g?gi ot | fagmt @) ar=gar & f& ™
STet & arar fafdwor (thermal radiation)ﬁ ENRERIRC] LHIATA g‘é off | fasi= &1
AT 8 {6 Udrer Geelvur & fAerd B BIeibMhd—RIeH (photochemical
system) ETRT 0.4 eV UICRRIST fSHR=T (potential diff.) & BTSSIAHA dv€ B (ST
SRT A9 ST A& & | A9ee (1995) @) A1gdT © fh UHTT A3yl &7 3§4d
IBER Wﬁ@' Bl fRTa (near infrared phototaxis)?# gl HERIPIEED ?l'ﬂ":ﬁ_g!Tm
SHATIL3! (Chemotrophic bacteria) T TATK (optimal) Sroil UG HR H AGQ Bl
2 | IR T TN | JMOTfAh 3l & MR TR feiRor fhar fo sifaiior =
I B dTel AT &l STt ¥ {6 IRuet U A9 Fobr daIRAT (purple
& green sulfur bacteria) YhTRT TYeTYUT B dTel UTeaH G‘ﬁ’@lTU;F HIECEIREIEG]
AR &1 8 5 Udbrer vy # MRS S R+ dTel il § A1gHr
JFRaT (cyanobacteria) AT gferar seIRar (Heliobacteria)a}? @TYT Th o |

faera wy # m JFRaT (cynanobacteria) ERICIS] (Algae) AT B gy #
(green plants) gRdca®m (chloroplast) 3~ ﬁv_i’ ST ST Uit H UhTIT AT &
H1d &1 (At A & | UHTY HLATUT B dTet Sare] & fadbrd & T § Q4T
AT ST o f URUe FehR SHaTY] (purple sulfure bacteria) & I @ YR
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3YERT B | PIATR H IR Ve FEAIT 1 I8 SHHRI & b I8 Siare] & fasr
H R =R1 B | IR B ATHU H I§ W 8 b Sia] & IRM™S 9o 4
faepTet &g el # fawTfoTa B U 8371 © | 3 ST ¥ Ul Bl 97 faeRgRT
o Y STIferat o1 fasm U ot ydor ST 997 | gaN B, UR U foeg o T A ¥ |

olelv€ & TH—SRAT (spring) ¥ UG A FobR dFINTT T DI Th
JFIRTT FARIaTH fusH (chlorobium tepidum) YT forar mar g ENEZ ooy
Wmémwiﬁﬂﬁﬁﬁgﬁﬂm(chloroplast)zﬁqwa'ﬁfﬁ
EIES ?RT‘ET FARTITH (Chlorosome) 9T SITCl = SHH Soldg™ gRag+ W
(electron transport chain)a% carriers U SITd & | FARRIH & 3TaX SURLIT FARIBe
TAT BRIFEATIS (chlorophyll & carotenoids) P 3T URTRT BT qm?r g | T ToH
JFERAT AT MRS a1 e et JFRAT | A B & | Fe
SFIRAT STEATSTT BT FFARART H AT TBTT FITT R 8 AR T II—IA1S
(by product) ® &7 H UIEN &Y ORE MRS &1 FBrerd 8 | FRIivs & SLars.
TSR, FRIM & Je1+® (SR U. 897d) BT BT & (b U Fohs daeiNar
% fARTe RS A USTY Fo1l B BT & HRUT SHBT A THIRT HLATOT Tl
CAIRCARIRCE (cellular respiration) BT fhar &1 AHsE | W = ﬂ:ﬁ; Y
ST Y SrguRerfer # Wt gepTer HeeIwor a7 foha &Y qRT vt & 31c: I+
RT 3FTRIT YBTST HIATT (Anaerobic photosynthesis) BT UPBTT HAIATT BT fobar
BT T H UF Aree—RIeH & ©F H SR PR & | SR YD1 LTy
P m AR TR AfH (reduced sulfur compound) T STl aTaraReT |
wrer e # fAed 21 SR & difel 7 ge wwel o @
mﬁ'ﬁ'@zﬁ (phylogenetic)ﬁ"\’aw PR B I T8 U f anfdar (Archaea)
BT D SATAT BT SUTTAT (metabolic) FEHATN T T BTHI SATQT THAT Ybe
FRAT 2 |

T FoBR JFIRAT BT CO, @1 HZeTyoT (capture)GTCIﬂ'mﬁ ;13‘ Prafaafod
RIS (TCA) sh §RT BT & | Wafds drlf # g% fhar fdeqer =1 sfeas—asm
(Calvin cycle)zg ERT Il 2 | I TH H COzzﬁ FIANT BT B o Aemr
NPT B NTTIT B YT BTSSIo I Sadel= Ui BIdT & | 37 Th Bl @Iof
Fauer H2fUSH (c. tapidum) D W H §3‘ o |
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BT TV b IR bl st @ forq i d wediil = Wiy sffer
(Biological record) T HBRT foram g AR = TehTT FIAYUT R+ dTed TeIT= W&ﬁ
P '\‘:l"ﬁﬁ\_rﬁ? DT 3ThH (gene sequence) b1 farweryor fham derm RIS TR
THTRT HICIYOT B & IR H 37U WA &1 | §gab Bl AT & b QR ifchas
THTISE IeeM H WIgANaciNgT g & Sial & AR DIRIDI—o ared
(cellular fossil) & THTOT BT 2700 HRIS Y Y4 & U 3 (lake) D STHIG I UG B3AT
= m MR~ BTET HIATOT (oxygenic photosynthesis) El RIS B BT AT
ST 2700 FR1S ¥ Y4 B4 @I a1 B e 81 SR & | AT ThTeT |eeluor &
SEUE! P t@ qrgHvS H SRS BT 'R (ambient oxygen level) Igd 3T HIAT H
ofT ifh TTafyT o (reduced geotherm outflow) TTIT UG D (weathering) SATGT
I T o7 | fa & 9@ HEAT B AT 2700 FRIS IY Yd B AABC (sediments) I
IR (sterane biomarkers) P G §_5; g | m ?ICP)T%EIT%_CF Shat (eukaryotic
organism) 1T TR & FIIyoT (steral biosynthesis)zﬁ forg Had JMRIIST & FHTOT
Tl 8T & | 2800 HRIS Y Yd fHRIST & 13c/c12 P Hed H 4! AAAIEIUb—Si1arT]
(Methanotrophic deposition) @ ST B STHSBRI UG &R & | \_rﬁﬂTﬂ RIENINET
AT AYF QI BT AT BRd o | §9 OR8N AThs| b AR TR
SIS Ah—TehTeT HYAHUT &l ITRT 2800 FRIS a¥ Yd & & Yfte oed & | T8
GHATOT 3300—3500 HIE I8 gd & WISTI—dISINRAT (cynobacteria) B
ﬁﬂ—w—fﬂﬁa@ (microfossil records) §IRT SRS TDhTeT FIITOT fohaT i
3fR 31 ATRIAT USTH Rd 2 | STTaRAT YHTeT IOl & IS9d & YeaTd HIa-d
SATIR AT (organic productivity) UG ﬁ e T AT | UR™TE T # okl NIE)
(microbes)mmﬁwmwwfﬁmaﬂﬁ?}ma
SECE S 3MTRI—UhTeT HIATor (oxygenic photosynthesis) H deH O S|iH _\‘Iﬁ
YUDIRT (sunlight), T (moisture water) AT Y dedi (nutrients)EF?f SuRerfa & Sia=
At &1 Ryerye g o e |

fReT Td IvsTat (1960) 7 YHrer WR R fhanati & T s & forg ta oIS (2)
AT DI SHGRI ST | 39 10T H HICIRRCH-1 AT HICIRCH-I1 Th G H
HEINT | {54 TRE S (H,0) A HIATSISINTITSS (CO,) TP el BT IR
(transfer) PR 8, DT TdT TIdT & | TRAR Ud TSR (1994) 7 STHHRY < fb I =1
BICIRTCH RATdd ®I f3reet (chloroplastmembrane)ffHﬁ@ﬁ%aﬁ?w—m
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1:I'f%il'lg_cﬁff‘?)fﬂ?@l?"ﬂ(chainofcalrriers)?éiﬁé_Eﬁ%f% | W%Wmﬁm
(plastoguinone), IRTIKATIA AT ATSCIhIH =b/f BIFIART B BIbde (cofactor of
cytochrome b/f complex) Uch Tfereie Rerg—ureRrra (redox potential) P 1T BRI
FRA T | 3T UHTT HIATOT B 2-ATSTT Dl JURRY | TIHR R fordm 1 7 | UHhTeT
oIl B IvSA—"HIET” (photon) B STTINYT & TIAT <1 STARITDHROT TRTA (oxidation
potential) ¥ STl & 37U] & & 9T 3MMOT(Ieh SIS TAT TAIH FAJ (reducing
equivalents ATP/NADP) % f¥ad 8 SI1d © | 39d fAud 19 BIeIRReH-1 SfoTd
BIT & o I e ResTaT 9 RrIeT S % & TR NADP+, NADPH # 310
BISIIAT & | PSITAT PS I 3T7aR AT T (charge separation)zﬁmwm
P WIMFRYT I FHRA H Ul & Solde b Ahd—ure RRIda—Ifeu< Sc~
B9 & BT f3reol! (membrane)zf% ATP-IC S BT (ATP Synthetage complex) H
TSI & BRORISATSOIYE I UL, 99947 © | YBTT §RT NADP+ B IUaI— &
AR §H BRBRISATSORI (53T Bl AT PITSISIARITSS (CO,) DI BIaf~Ich
307 ¥ aRafcld R & o7 88 © | STeT & 319 o JATIRADBROT T NADPH & 3T
P 919 1.6 TG dTeT Y ol Bl B | SATSH—RITHIRYT B 3 fohard gt
BICIRRCH & T T & 2l & | (fRr5—1)

JIRAT (1981) H ISl BIRWBIRISAI  (photophosphorylation) ®1 fohaT T
IMIHR BRD Z- AT TR U8 o 3T & | 9% IR el & 379] &l
STRADHROT TAT NADP+ B 30T BT H1F PS-II D §RT A fbar S Ahem 2|
Tl UG TSI (1986) TAT TIded Ud HATMT (1983) BT AT & fob o=y
faoy Rafd # pS-113T®el UG e NADP+ &I TaRId &R HhdT 2 |

YTaTH Td FEART (1995) T BT & [ o GRRARTATH et PS-11heldrgdd
CO, BT HZIT (fixation) PR FehdT & | STRGIT (mutation) P I b YA I8
ARed 81 7 & 1 U AT Ud QRIS (Aerobic) T=IT H YehTRT HLATT B PS-II
TAT PS-ITIHT &1 JTILIHAT BT & | PS-TTHT o ﬁ% (reaction centre) SFTRI—IRUS
prerRrIfed daiRar (Anaerobic purple photosynthetic bacteria) I R (functional)
AT AT (structural) H THATAT SRR BRAT & | S0 STt DI FIHAT (split) R @
AT T8 B © | 399 v H WAy ud [l o Aran ® & argevsa §
SATRATST BT TR G+1 & LA ©f PS-1hT ST G3AT BT |
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JHT H¥AYUT Hal gar & ?

HEGREED (chloroplast)ﬁ BT B | Tdh I &1 TR H BRI PIRTGIR BT 2 3R
JAH BIRBT 40 H 50 SRAAAD (chloroplast) R BRI & | sRITTD Th
3USThIN (oval) AT & o & fEreed gRT (membrane)@vﬁ_d'? S & PR B
P T (compartments) H faifora et 2 g fS¥pl BT AT (thylakoids)
HEd B | AATFETS eRITdD H FEdER BT H 3dh ddRAT B X (stack of
plates) @1 HifT AR BIHR YT (grana) ATHS U ARET Bl I & | T A=A
garel (fluid) T (stroma) § IT A §U (suspended) A & | RIeTadiae
ferfeerat (thylakoid membrane) H m FARIe AT =T TR (pigments) D 317
&R (embedded) BT & | A FARIMeT & 37U] GehT—FHoll BT UHS (traping) H AGG
P %I forme e gIIgH (pigments & enzymes) Ea s‘cmé BICIRIRCH-I T
BICIRIRCH-II AT f31eefl (thylakoid membrane) § geaaRerd &1 8 | U
gRAAdD (chloroplast) § B3 ToTI—ATIATHITS B 8, IAPD ATATFTS H
BORI-BICININCH TR YD FARIARE H BRIS! fUTHT & 377 (pigment molecules)
I S 2 |

YT GIAYOT DY Bidar 2 ?

UBTST FIATOT P STfeet fhaT BT urey ISt = QT 9 (stage) H fawrfora
fPar € ¢ UBrer W R fSHAT (light dependent) TAT YT IR TG AT (light

independent reaction) |

g1 yx R fam (lignt dependent reaction)

BT HIATUT P b H il TAT Side= BT YdT8 UbTI—Soll (light energy)
ERT UR™ T ST 2| FaRIhel T ¥R fTTe & Fel (orbit) § SURT
TSI THTET oI | ST (boost) BT HRD HeT 3 dTeX & O © | I SAde
RS St (electron resonance energy) P Had PR BE H RUBCIESES I S % |
Ffeh FARIeT TAT SR FITHT T[T (clusture) 7 I S & ST ATSHSIT Hoff
(vibrating energy) U& FARIthel 370] A GN FARIBS f] Tb Ugail © | UbIeT &
ITH T B TR Qe (wavelength) BT SHHICR H AT & | UbTeT HAT0T foha
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AT UG el TR <= § SIS YHTGT Bl & | A FARIhd Solderd &l ST
TR B fory feqer SUFad AT H Solf R o & | TR 1 e # e
W(broaderspectmm)zﬁwmzﬁmﬁﬁﬁmzﬁszﬁwsﬁ
TERd TR (Accessory pigments)m gl

ThTeT HIANUT &1 BT 79 BT 2 5Td I UHT B fhevl, BICIReH-1S
fO A= (pigments) ¥ THIMCT & 3R 39D FoIde™ Bl AT BT © | 39 <8
SN Sl &1 Holl T W SelagT BT RITIRIRT (transfers) T 370] H AR
3R o # Ua fafre qeRIfhe—aro] P700 O UE@ ST B | A8 3MRERY 377
W P AT | H 700-49HTeR aRraey (wavelength) P oIl BI TN
PRAT 2 | 3 ARE ST AT B ol YT B P700 7T ST BT d18%
Tt e 3T UT aTel SelagH—IAIHRE (acceptor) 3T Bl & IT B | Foldg™
HHR B dTel 317 U el # fRreeh # @raRerd 21d 8, 578 dRax—rehage
(carrier molecules) PEd %I 3 sﬁ_cr;"l:f gRag+ W (electron transport chain) H
JaRerd 8 2| 39 A@al ¥ Udd Selag™ HAEd (carrier) T Ugel dTet
SAICT HATED (carrier) § BH il TRV HRAT 2 | Ridd IRUMRGDY Sroligad
SIS, Folae URasd X@el & A9 T B T Holl aaRd wRar 2 |
IR 59 XTIl & AT H ol I &I geide ™, BTG SOl AT TAT NADP+ ¥
AT NADH S9Td & | 519 P700 B SAde, SaideT XIhRd (acceptors) B U
RIFTIRT 81 A1 & A §9H Selag= @l &I 8 S 2 | 37d 9 P700 379] T 37T
BRI B B ol TAT SAFSH B HHT BT G B H BICIRRCH-II o< d Bl
3rEH YT B B | O &) BIIRRSH-I BT STl a1 golag™ # HHI 8l & it
BICINECH-II S D41 377] P680 BT ael A ST & 3R gelag™ oI ol bl
Udig ?R:Réf T BT ST © | BIeRRed-1 & 3@7@7{ IR B qTed (acceptor)
RSB gRT FIIZ Bl RIS U A~ Selag™ Sraue—aell gRT 8l & |
Selag™ URTET {Tell | 94 ol Jad elde™, Selag—IBRG—T] I B
BU O & Al S9@1 BB SHoll LU T BIbe 9] & A1 fAeTd) Ll &1
fagtor %I BICIRNCHII S Sl 3@’6@7{ RSCIREYD (carrier molecules) 3] gIRT
BICIRRCH-I D e DI BHI I IRT B & 918 I Seldg™ DI Bl Aeqd
BT AT B | U Reafd # g8 ol @1 SISl g7 Sraenfid et S uRkrl &
ERAeTad # BT 8 I I SIS B HH YA HRAT R | SH B §IRT 5Tl B (7]
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BT IO TSSO AT RIS | 8 ST © | BTSSIoTH—3MIA (H+) BT
SRS ST —IRIET—=ael # NADPH S o1 # 21T 2 | it gRdetads
(chloroplast) ¥ 918 f@erax aferdl & fog gRT aRgAvSd # 31 31 & |

YHIe UR A3 fBAr (light independent reaction)

TAhTRT TR ST fohamali g Sroll T A UehTel TR SMErT fehanmaii gI_T Afa
T, (ATP) 9T TA.U.SIULTH. (NADPH) & | UHIYT UR I3 fohamatl & are
Wiﬁm(dmicreaction)"ﬁﬁﬁglﬁmmﬁ%lwmﬂﬁ
DI (cyclic) fehdT BT YB3 B & T8 379] =h1Y fobal & ol B & Uwearnd e
AT &1 oIl € | 39 O U7 fordT STTaR Fercl & 8 | $9 I BT JMAShR
HeAfa= pifead ATHe def~d gIRT fbar T o s¥ifery 3% Bfoaw ATsfdhet (calvin
cycle) @ AT | SIHET ST & |

TbTeT IR ST {5 BT S8 AT S (CO,) BT ATTLIDT Bl URE &
R §RT BRAdD S AT H HI[@ CO, ¥ YRT R & | Tl § Teh fARIe ara=
RTggelS] T BRWE (Ribulose biphosphate = RuBP) HTa STg 3ATAATSS ¥ HY
E;I_CW Zﬁ D JTaveIaff (intermediate steps) b gIT 3= 7 T 7 "Ffﬁlﬁ
(TRT) 379] BT FHIOT BReAT 2 | ST9 T fb CO,, ATP AT NADPH & 379] SUcTed
€ I8 a1 ys sRacds § aR—aR BNl & | 39 a1 & E9IRI 7gdIl B A7
BT fHAToT BIaT 8 ST 31T 3RAY gavad (aerobic respiration)zﬁ SR ol ST B
%, B3l IRAATHED TaTe (structural material)ﬁ gRafida 8 St € @ £l afasr &
fore wosiRa (stored) Y fow oa 21

YT GIayoT ¥ faff<1dar (photosynthesis variations)

SrferepTer Uil 3 YpTeT WNUT SIRIGT oI 9 &1 BT & U] B© Uil g
HIDT (corn) AT (crabgrass)?ﬁa—ﬂ'l—\’:[?@ \ﬂMQIgﬁ ST & HR T & oAt #
3 SISl T ARIEKT PR TG 37U fBE BT (stomato) ThT AT T8 PR oIl & 191 BRI
AT /AT H CO, $P! TR H TEN Ugd UM DI aoT8 A Diodi—dh H vPblac
(halt) 3T ST 2 | 39 %1 & QT =g H© T4 A arel Ueli 3 e 3 e
BT faBrd far fSaH (Co,) BTe T8 xS @I 91 arg & urd fby gU &
ST (CO,) TTE 1 J& | B U 370+ 3 I 2ATST AT WIAdR CO, P U BReh
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S WA BT PBIBT MBI T UGN 8 AR CO,dH—4H BiSd & Td diead dh
Bl Ao W A © | 99 ) R B fIBRI B B aole § I 9 w4 B feAi
H 1 UBT HIAYOT DI fHAT BT TeAT b 2 | T8 fohar gt ad =i @ g @
R T BF & qa9E W ol 2 |

Siarepei # Rdctad T8l IRl ST | $94 $HCIBR Ad Udh HaT Bl
2 o & roa-feell & oM@ As | 9 B B | BACIHR # ff drelf &
RATIS & ARSIl WA BNl § | BB SAsi & HHSIHR |
FARIel YR STl & ST HIROT 98 T Heelvor @ fhar diell, Srarer qen
TEN TR—UAIR (sea weeds) H FAAT SRR Bl 2| 9 ORE & GG B
ST el e, Tl A7 $iief © | 37 Al § I S{iary] Yehre—6eelyo &
T ST Y MRS Bled & SO Selld Siid WY b 75l 3nfe & Siaw fHatg
# Aeg e 2| WRel Ud Urde SiaTvsil o1 g MBISfAeRAT (archebacteria)
T JPR & UBTRI—ATI IRAT & | Drag # Ui S arel W9 by daiRar
TAT HR—NHIIFEIRAT (sulfure archebacteria) 3D AT IR & | A TabreTr
HEATOT B 25T # H,0 D IO H,S PT KT B € | AN Y RIS &
R TR FHR BT A A © | SAGTCIRIT, ATDHIFIRAT IR & THHIHT
WAl (salt flats) § UTY ST € | 31 STAT § UBTT FIAYT B SR FARIbS B IH
R JFARAT <eifeaT (Bacteriohodopsin)zﬂmfﬁﬂ'fél JEfY ! JaIRar
THTRT IO BT YRI T3 Pl qRT 8l Hc, R T Teprer uR M3 foham (light
dependent reaction) 1 I TELYY. BT GIHR SHoll 8G SWHTA BRI @ | Y Siar]
TIPIA B AT BT FAM H At BN § |

forsepst

U, AaTe AT HB AT YHTRT FIATOT B fohar vt € 3R I 59N gedt
U2 (planet) U S &7 ®rH (sustain)ﬁ?q [N 2| UBTIT FIAYOT Bl o3
b Rarfed Sihar (bacteria) H UReT g’?} off | T TRE B UIYoT (nutrition) TTT JTTEHTIT
SUYET &I fhanatt (metabolic pathways) T SH] ?ﬁﬁqﬁ?ﬁ (eukaryotic) 3 E_[é
AR STdl H YIRST 31T o7 | JATEfeh A=Tf+ep JHON F I W 8Idl & fob
TR UIbRATS TERISTH (Heterotrophs) & | A WIS &g BT T Bla(~1d Taref
BT Q@W U (primordial soup)@f YT hXd 9}[| ‘oﬂsdﬂoﬁs R (Glycolysis) Uch
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STRI—3aT+ (Anaerobic respiration) B ST FIaaT U URRS ST (metabolic
pathways)ﬂ'ﬁ%&ﬁﬁﬁ@%&ﬁ?@ﬁﬁﬁﬁﬁwmglWWﬁ
AT @1 HH 84 B RAfT # TR & Siad Faig § S o o, Uil
Rerfa # QT% J Q'IT%_CF I (natural Selection)ﬁ'@ e qﬁe‘r&mﬁm BT 3T
JETIT | AATDRI T AT & 5 BICIATCIET 1 fAHT™T TeRISIH | Tl 3R 39
S @ drE BT HHA0T RART H BHEISCIIE BT IGHT 53Tl T |

YRS BERISTH TE H AISAISTCIRAT U7 ST off | Blef) H Wb Ranfed
hTgel NE (prokaryotic phylogeny)eﬂei—cﬁ sRgrer H AT (diversification) 31T |

T B9 H BT HLeAT a1 &1 [P 3 IR 9 g1l | SIfee fohar |
ST ATAdG—hICIRIRCH (cooperative photosystem) BT THTILT BT & | VAT Ueiid &I
2 & U Fer e drel Sial & AWM (common) Yaull # 2eRIgTH H I8
BRI \HICI;IITbe SITfert (Autotrophic species)_E?f NATHTI AT E?TCI%
ORI W (older lineage) & | ISIDI B AIRIAT & 1 THIRT HLIYU Pl IR
|dued SEvRil # g8 ofT | I Siar] railo S B dlel BN
(photosystems) BT €RUT BRI o 3R RIS BT bTer § Ferd o | Ig 3l ddb
e 8l 7 & Sar] @7 B Al S (species) TR TRAOH—HICIRIREH BT
gROT el ol | I8 WY 3T Th ¥ TET & UTT & fob Siamo] 4 ex—ulel H yeprer
HCINUT BT fIHTT D 3T ? AP BT AW © b A SIAM (Genome) BT
AP fageroT fhar SR 1 YHTT |yl &l fohar & IAs™ H Agg e Al
2

IO STARATST JahTeT HEIYOT BI fhT BT IU—JHTE (by-product) B | Ul
@ ERAAaD H IS T 7B B 377 YA Ahrs B AR ¥ I & g9fory
%ﬁ DB BT HREHT (sugarfactor‘ies)m g Oy ENl "?\fﬁlﬁ ® Gﬂ'ﬂ(’:ﬁ BT
FHTERTERC B WU H T, T AT Tl & 107 § SRS PR & | AT HATTIR
U gRT PIRIBRIT & TR DI DIADT MART (cell wall) BT T TG DT (sugar),
ﬁﬂ?ﬁﬁ (cellulose) ATHD Th GRAATHD garef (structural materials)'ﬁf gRafda &<
forar ST & | 3rfSrepier Qe ST SMITIH AT I SATET BT (glucose) FHHT BT &
S g% ST, T TAT TR H TITAR (strach) TAT T 37T HIEESRC & ©U H
AU (store) PR foIT ST € | 39 9RAT TR GBI FITTUT BRdTel Si1d oI
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170 3R9 #fgd o AfIRTT Preersse gfaay AT oxa & | R s afad
3 R # 30—Afgdhed e 2|

AT P YhT HITTOT BT SIS SIATeH SU (fossil fuel) DT 3TTST Holl & wY
# amyfea el w1l # gwHTe fBar 97 8T 7 | A Bid S8 H UTdhids
T (natural gas), PIIAT (coal) TAT USITTIH BISSIBTET & STed s € | 89 &
A YD AT BRIt a9 gd TBT AT TR R F7e a1el Siidi & 7wy & |
39 IRE 39 OROT IR T ST UeheT A7 STcde] w9 H YhT YTl TR HIoT,
Sl AT ATRATSH & oy R = € | 51 PIRUT 3 A Hecayul SIeRRIINS
fopar (biochemical process)Eﬁ wY H HE %I

deH

— f9de, g0, & O AR, UG 919 STaR W1 Tl (1995) TeR—373:479—480

—  FSeR 3. (1994) et RIFIRTRIA 84:152—161

—  9RER O, UG USRI o). (1994) TER—370 : 31—34

— IR I3 GoHIe! U9, Ud I SIL.UATE. (1981) URAIRET eMa Tarsiie
3T A5~ JUAT. 78 © 2942—2946.

—  FolHIg 1A, STeTdhadid U, TS, UG eI d1.¥).(1986) BleRrafes Rad
10 : 355—361.

—  UdecTd WY, §F 91, ST WUANHE. U MR D-1(1983) URAIRET 31t
e UdhSHID H S, JUA.T. 80 : 3971—3975.

—  HaW 8, < .3y, Slatee WAL, BRI TH.Te. Ud Hed Tel.ol.(1995)
AR 376 : 438—441.

— 3 R Ud Ivsrat U, (1960) TR 186 : 136—137.

— 3ol SR, 35T~ UUS TAIeeA, HSIHHT Ul 1 e HbIX]
7. 80.

— BIEAR I SehY, TH TIH, GREY TR (Hhe ST 3ih SIs4a)
9. 60—61

— AT aTS¥, aIsAifTad HSY, T ATGR]eR TUE, SLl. 86ef US HFA],
TRIFEl J.—158.
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AT gdd &9 T Aoy w2 sefififed adeor
UG SUdeiI XErfazor

T gaTaR, Ifa s, g, ga. g, U &rfl, digaRmE, aRRa,
#=1 uie A e W=
IR e fed gad W« SqHe &, Mal

JeTDHICHT Yodl BI UHHA VT UIPid YRR ©, STl favaenfa g
AR AHGIT B g A [IeawRiy dei-e F=<vor Ud YAnT werfed ey
S & | fawd & aieb <9I & W7 A1 WRd & [T |-t vd fqwafdenerai 3
g el gRT e <1 <uel & sicrafeat & fafdy denfe ygqsit o
R STEara STTaRT ST 8 | WG & wa™ 3, Sfaror T v 2T Sidl a1 ey
AR WM, YR 3fcTdhicd e & sfaerd § 9aT @ ford sifdd &1 g al
31ffe BWER & | 39 a1 9RR R RIAl & Aegd § 9RA 7 JfeTbicdt d
IR & TP I IbR 7 b a5/l g, o ygwa: yfas, Eafder,
I U4 argAvSe fa=, Sita Ud afeRvr e, i3], FaR, Gex Hdad,
AT fIgm SR oM fAemeil el srzier= vd rwor Aftdfera € & Awerad
JeNfe TR gRT T S enfod 6y € | 39 PR & mrHvsd &l
AR AP EIIAM BRA & DI DI &M H /I §Y IACTDHICH H AR B
AT RTRAT I BT AU DR BT [GAR 83T |

AT vdd - g IRdE I Bq adita wId

sfcTafed # MRA & i Il e Rfid 337 & I5aed ¥ faey galf
ERT 31 JATHICH &1 BT HHT UG 3Mhel= [har 7T | e N1 TG TRIeTor
@ YA JcThicH H I WM & I99 R T & del g1 Y[ b T |
T G WM H 9 UUH R R AAE Udd & a7 g R R Afderite
3MTSels & Ml BT UITd I@T 1T | T HATGANT I ARHA Tdd & BT =
TRT IR MR 3feTdied oM RIfUd B)e & forv favar ar | 39 dad |
3 faawR, 2005 @I 7 facel! # FeNITR fAer favrT & afea, Sf. o gia) M
P 1egerdl H U fas—iferder™ o fhar ar | 39 srftaee # <9r & faf=
Txerl, favafdemeral vd ISR TARTIITSel & MY e ISNfdl 7 W forar |
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=9 g g & Tl wee &1 U ¥ Wefd fafder s usgsil @
SfteTTd WXl g AR Uad, eTdbicdT Ud gl #eR & fol Ue favw
NI & FqETe BT {077 foram T | 9RO 399 favI S & SR U
USSR, gRT AHT 9dd &5 & Hecldd w12l 92fHifgd 1o Ud Sudely
IR & 3feAdHl W MR 21 IS 9 &3 &1 98 AT uda &3 gdf
JFCTHICHT BT Teb TR HEdYT & & | SIRIHT Yo &3 & A sl Fefor
HfFerits Mgeis | 980 M FHFT & & | 59 &3 # 9 O arel U
gfesaredl # I9rse, IES, MMM — IARfed, IAge—driege an
qRICIge—HIeIse Ufceared waiftd €| 39 &3 H Q@ arell arguses ud
FeaTeR et I8t a1 A e faRiyareil o uefRia et & | I
ITge ufeedredi ¥ WiRl & wHEaR IR §8 SUR R §T R (A1 we)
39 &5 @ TP ged Rrueldd faRimanlt § & ue 3| |l & §nEior g8
OTUETI YshaT & PRI S &1 H yfeedred Sell & <R YWI3i BT AT gar
€ | o 3 A BRI €1 UReET & TR I a9 g © | AR g &5 Fga
Td RITHTSHR UTRRIIS T3 & #e Uah AR srafshareids aiaRoid dqer
BT TR B | AR g &5 BI g1 Sugad [aeadail o1 &I # 3@ g 59
&3 BT II e 9ia=T # e icadT H 9RA &I Jar Il e RIfUd &
& forg faar 7am | User 9 9Rd T gRT 39 &3 H Ud JelH 8 (3Te] STUEN
BIA) AT TAT AT | T, BC WHE Td A T 36 AL HUW T | ATEAT gad
& @l a1 el fewrsTfad € |

T A ¥ —— i
" . -
"\'-'-I_ " r— - F " -

i - i




faoly e @ saela a9 uda &9 &1 ewyH <3 fAieor:

fast srfdrae # fAoiRg aRd® uda, sferafedr vd gferlt serrR @ ford
IRy ST & SI=IRTd oI 65 faasdl # <1 &l @ <reuge Aftferd o | e
JICTHICHT B AR U &5 H Ags ARG AP D / IS Fefor ToIr
TART 2004 ¥ 37 AR I AR HAT T IR FHTST IR AT BT AR
DI HGAT D WU H SR FERNR BT SegT AT | I8 AT A 25 ST
2006 BT TP RARNIT ST “Jrdbafid aiRd Uga” WX SIAI &ef & A1l T
A URA 8T, T Faeror &g A1 deToT AIbraii BT €1 SUANT fobalr T | Tar |
T U AIE @1 ofFll AT & 9T 24 HRaN] 2006 BT faRIyadr IRiA+ gdd
&3 B HIET T TT T JACTHICH g | URAIAT el T H gl Ud AHE
DI AT dTel STATI BT TSI G Feb g GRI&d I FEiRd &1 & Sgavd
T 3T & B STl DI TEXTS BT 0T AT 3T o | 396 AfaRad 37 faey
# 3Ma g, %F&mmaﬁ?%ﬂﬁmﬁaaamaﬁﬁwwmw
JIfEh T BRAT o | i R

9 A& BT & Iqad &3 Bl
R SARReT PH T SR Atfersy
BT TR BT AT | 9 2 & D FaR|
T &5 & ¥HOT UG G & <TT Tef 89
et & e & Bl Y Hanfera faa
TR | $9 T ARV ABRIT & GRT AR
qdd & e TRl / &5 BT JIeToT vd
Iy IS 9 & IesIad 9NT &7 HderT
ST gRT fam 14 | |deror & SR
AeT0T Arp1att Pl udd & <fyT yd & e
JUYHT I W S B A I 1.2
. @ O o <féor ga fam ¥ @er
PR faar T o | FAerolt | g arar T
5 AfFcrare IR dsiaprdp aMsolsi b
T BT Uh ST ol b Farfere 9 8k
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AT 9T BT SArSdT &, T 1.0 fh.A. DT & | AR gad IR ERT Sugad
I STl AB1eit BT @St fHar S HHaT o, 97e] 8¢ & Ud Sk yd faem @
3R oI, ST f T8Il WR AGHR $7¢) &€ b Uge & ford WY Ueb Sugaa A1
o | UEf W YIS & A W U T qAT SUAIRT A & FGE H Yaig o
I FRITGAT URYY TS | S BC DI FAE B QR WieT (T 17 o 3R fUwel gai
BRI 594 T T A Al GRIE Il T | B BT SN B WR HaT B Uh
Tdel W WRA W I T | 3] B¢ @ e 8 Rerd 8IS Sial @ oiat warg #
TIURIET STl ST U 7 | Ufidhdt ARE Rl & SRoT §9 I | T
TS HAT ARG el 8 T |

|IEUT B SR ICThicd BT AP UHId wU I Ulddmel TRRAT S
gfirdhel AiFH, TEUsS ga1eli, IR Ud IR fRARieravel, varea &9 @
fareTet Tvel, STerrt # Rerd gui vd Sie @os! dor AfRiifod amdsps | a=if-rai

AR gdd b e STl &1 gderor Td Siedrer qrt

85



D T BT ORI UST | 39 T v e fJepe aRRerfal & qrasge 1 dsifie
T RIAE ydd & e STTHnT /& X HAeTor AT gIRT UG fOS § & 3= 9
ST gRT Aecia| 1ot 9eHifed aifsi &1 Uahavr fohar |

i defifafgs wdaur 3g ugad SuaRvT

A 9dd &3 & Foc M w@r 9fHifed Faeror U Sudelid Y@ia=oT 7g
ST JIRIFET 37 YRR BT SUANT Faferd fafy= sifds & oroid g UH=T
2q far 17| 39 forg vgad Suawell &1 e faawoer frgR 82—

1. A @y Fffifed da—vcad gAY S U9—2 AHd 39
ASI el 9fHifed a5 & AT Udd &5 & 9efed aderor # rfamgaget
IADT B B | T B Tl # enfid g9 9 o dd-iia faemani iR TR
STell SR, AT S TYal TERTS &I WA 10—11000 Al 8, SHO! Yool 37gfed
15.5 fhaligest & AT s@! fxol (1) &) FaT 59 37 118 (59x2) 8 | 349 IF
BT TTABIT 10—4700 . TTeT RIS TR STHT 120° BT MR 11000 HI. Tb B
TERTE TR T 60° BT BT © | 9 I Pl xS faWa 10 I 999 HI. & ford
0.1 #1. ToIT 999 1. ¥ 31fdr TExTE & ford 1 W BT ¥ | 39 IF @ Ffft e
SIETHIOT B 120° HIRIT YHR B foldl + 10° TAT 90° FAATT YHR & fold +20°
B B | 39D AT SAFEE BT & fordr FRT + 10° vd IeEor 1 Reafey
9 9 @I FeYfed =5 Bl 8|

2. HedHdIM SHIMTSUSY A9 A 9¢ 8101 § 3R AHd Ig A
SHIATSUSR 7 STl b i IR USId Bl HAeToT Hidhl IR 91ed § i
2| 39 9 T WA M U 3N ATDHT & MR TR FHEAA B DB AT
&N 320 ¥1. TEXTS ©g P! S © | 59 AT D 3 YT IRt § g 240
fheligcal &I WIMR TaTeld Mgfcd Ud 24 28 diec ST 1 &l UTeR M ¢ |
SNIBT TATA TTIhH — 5° 9 +40° HEUS T Aferwad fURAT (Feammge) W 40
2| ST fhRon (17 BT AT 101 TAT T 150° &7 TP B B DI AT
@ B |

3. AR SHINTSUSY Ud 99 dicd GBS da—vcod IRNSvs
HAETOT T ST Bl el H Rerd e 1= AffafRre agfhardl sedsoer a3
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A FHINITSUSY TF BT HIET0T A1l TR Yred H o1
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TSI FHY J1YT 7T 3T fafbRor 7137 &% 7.7 ATgshRoiA /EeT § |

it 9 AgEd (T & feTae) BT START B H3A1 GAaRYT & U
gl # aafera IR BT AET 0.036 9 0.3674 GdUd & </ arit 1=
ST fb MR ¥ fAf= bR @1 a1 # Srebferd AT 1.47 - 4.074 GdTT |
BT B B |

. ST TITEROT H Bl & RN AR TG ATadl 91! (T # 8 5= 3T /8
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10.

1.

12.

13.

14.

R (ng/m®) A TEABR AT 7 0.021 A9 / €9 Hex; Safe dfer &g
TS (3Tra) # 52.3 99T / €9 HeR H gaaidx Uit 7 0.45 441 / €9
HeR &7 | §3) & U B B ATGAT 0.074 4-ITH / 64 Hex 3iRId & Aref
0.023 ¥ 1.4 99T / €+ Hex & d19 Y81 STafdb ardT 2.3 491U / 69 Hlex
AT B AT 0.63 H 4.23 A9UTH / & HIex & 1 T |

JfcTdicHT AN | U< WHAI STel & AT # Bid, T IR STl & HRT
TR HIRIRT 31R MBI T & URT B 3T STaf AT AT DIl JITdT
g ©, Mal I fIf=ar werel &1 3R $HH 8l 97 77 |

HAT D1 WS ST DI 3 H 9RI GIGAT DS, DI, ST 3R draT
P ATEAT HHL: 0.023,0.027,7.81 3R 1.07 UM /elex oY | % TR HsHIH,
P 3R STRAT BT TR HHI: 1.25, 0.68 3R 87.48 3R 1.07 TTH / UTH oI |
JfCTHICHT BT S H AT TGl DI Al Al ST DI il H Bl
BHH B DT AT BT I & |

T @ u Sl & AT dsfiad, dfaT, ST iR B BT T wWR
afd U H&T HER: HSAIH ¢ 0.078 A 1.564 DU (3TT-1.564
HIZHRITH), AT : 0.012 % 0.035 ATSHIUTA (TAT-0.1 ATGHIITH), ST
6.95 23.04 ATSHIUT (SN -11.6 ATZHIUTH) TAT i : 2.81 F 43.58
HATSHITH (3TRIT-23.04 ASHIITH) TIIT AT | A Hds & Fa&T WR F PRI
20 T[AT B IR T |

UCdh AR 1 T H§ IR JeThicd da IR HUI AiadT Sarar urit
T, DT BT AT 30° T T TS B AT R T dle TS
I TR O% ugadm € | 98 ufawy () g & ot swal &

ST B E |

FEOTIA BI T SR A Afee a2y T ST g9 § fb Fomae e
AT BT G H ST 2 |

1 & o AR 0,379 2.4 99CH & 1 91 T30 S 498 @ U
@ oI # B T |
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15.

16.

17.

18.

19.

20.

8T TeNRITR & Hdgl ofd # WR 19 14 <Y (TU) &7 | 88 FeR o
feTdied ARt H for) I Sfat A1 # fofeaw faaror ufosy swed vwan
R JAMIDHTH B BT IT <Iefdl © | IR0l ellg # MBI fIaror ufoey
(@R feRgeE™ Uee) 40° ¥ 60° & 9/ Haiftrd & & Had <dl
21 0° AT N1 HG 50° Y07 Setier ad IR—efR Fedr 7 q1 IS
IS 60°H 70° et T HH BT o1l 2 |

Jedied a—ad & Tl & IR (BEclaihd) gcd A
TAT FeAdT © b A IR SIRAGW A St T B | RIm W &
Dieisiel B IR AT & | PIg GENT A DT Ul 8| <efl |

fEq AER & STat A # Hifde e (RTar ofted) tRrfer
ol & f% pHAM 7.14% 8.17 % d19 & Tafeh Iqoiiaar 34.65 9 37.09
39T UfY TEEAY B | JcThied BT WS STl B SNl H pH A 5.5
7.267ET |

T B U H1S IR Bhal SN Sifdds A1 H urefae fafsxorafaaar
TR ¥ Ul gaar 2 b JRFE &R oIiRTH & HRoT dfshadr wR ufd
T (P 9R) JIFTH 1 0.016 ¥ 0.031 JFaRS TAT ATRIA : 0.006 H 0.041
JFIRA AT | UICTRITH WA WR 0.01 SaaRe /T | HH qrT 137 |

flexie, gxdlee SR JAIcd &3 ¥ ifdd Fgrl T H Udhfad
fAfehRoTASHaIaT TR & U <erd © b S el H R Sifori & HRor
TR AT 00329 1.78 AR / TTH, 0.008 H 2.22 IR / TTH UG 0.009H
0.107 SFIRSA /T & STafcs ANRIH SIfORIT & HRT 0.01 9 0.302 SFIRSA / TTH;
0.038 ¥ 1.75 IR / T iR STAT A 0.47 SRl / T4 V& | 31 wfereat
H greTfrd wR 0.791 9 3.17 996%e / M (P 9R) &7 |

& 9 & dorsce A A IR, oiREW iR el & HRoT
fafexorafhard @Y AT HH: 0.014 F 0.105 SFARS /T, 0.008 F 0.102
FERE /T Td 033 ¥ 0.775 9GRS /I (T 9R) S 414 @ | 57
T A YE wWR Ui e & 9 2 |
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21. U ¥ U ] A H, UIRUdd (Brseraliae) dl 29 ol
<l | oaf @ HfSfola 7 uredcey (@dd BeeiR 3R
REIUTSH) 3 Siqwetad (Saiide) IgarId H IR T | JCTDHICH & ST
# e foret @ SuReIf W (Aeh) Tt @ WfEg &1 Fad <ol €|

22. ¥ & dorwe TE A AR SiFTHIEERT dleArel don S
ERITTIRINITSdellgdord (TTRIRTR) T SISl 3R 39 TaI= (Srers
IR SRS o AT | uar Iear & & Fo oS - 85 280
TSI /T (pg/g) TAT B SIICT 377 1250 UTSHIITH / ITH & d19
o | SR IR S TAI=El H SIS favor SaTe SISg SITaT s
oF | TERIIUT & SMSHFRT # SIHT STehT 3R TTHT TerRiUd Tdh TH THTaT
oS ue | S TN SIS BT IU 3 ¥ 5 F I/ o, S $9 X
U9 H 34 SR & FIfad 3 997 &1 Hoba <ar © |

ded

T TS, THEEA SLAL 3R AT 3R, . (1992), FolRHA< 3K fds U &
qIfédhed UT IICTHiCHl SYNIT SHeThichT TR 31H 1990-91, Ind., J.Env. Prot. 12.
760-766.

U9 SN, RO ). 3R ARR U4, . (1980), AoRHT i e fofes v+
US IRM Sfed 37 < Rf[ITA A1 U= 9 3ifw dret IR SR AHas—79
JTSTI9T, FgeR RUle 1-595.

SR QLAY (1989), HORHAE 3Tt T SISl NS S feTdfcdhT aqufse, ga
3ifh €, Prot., 12. 66-68

SIS 9IS, HAR U, IHEs SLdl AR UEIE AR, (1993), A1geh! UATIRTH
3T IR S WIS el AHed a8 (e ¢db HTS S 80 . A TATHTACS!,
TS, AFCI 27-29.

WTSTHR R.UH, FUd! R, A, Ig1T SR, 918 Tl iR i &. 74, 41
(1992), 241 el HALIE $1 TR, deR U A Fed YT el SR
1989-90, PNE TS., 63.201-204
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g <L 9, 83U . U, FRR IR, UH., 91T 9. TN, 3R A<IPET U
(2003), VEM—IRA ol U Seeie Siv fSRgeged Ues g Sfea gafel,
TR RUTE, VTR / 2003/E/026.

e 1AL, | g, Sieft QL ofR qrerl TR (2003), T FHR ST
SARRICA ¥l RS ASC I18 T Ieiie Rad Hex SR 8t 9t and 100
TR UGAUTSI < 3fTThicd], TRl Ruie o, TR / 1994/E/003.
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JcrieH H e ISR DT Iy

gt S 97 9 srpur agdd
ARAR aATfie adavr, erafed yur, BHaSEE

e 9 Toel | Rl R (T8 IR Y8R) (R, 1) &1 STt
S & =Tl ¥ TTeRTs IR Ul g8 gl A1 [ wRdl & sreaas & ford faan
ST @1 2 | I8 9 BIST 0 &I ‘FelagAHicd’ I &I A1 dl 3R FoTdT § 3iR
19 I8 AR BT A | WRIEfid BIbR a0 AT 8, A1 S S YA ATed
% faf=1 o1t &1 9 T fear o dear g A et @ = SHe
SISgclldgd’ IO H R 31feie AR BIAT &, ST 81 IAD] WUNER] AR
A== 1 # 39 1T 98 FFER & U WR ST Wi & | A Ree <ifdres
YIfFTITeAT BIT €, @ Blet 7 H e <o €, STafd 8o Rl Fete! I H oR
AT | 39 RS W 39 I B g bl ff aRE & <1 O Rl & 9 &) Al
BT U Aol Y@ (. 2) 99T S e § |

3o YT VSR BT f2H—3Mmesifad Seldl & 3fedd= H 98d ds YA WR JanT
foraT ST &1 2 | ST YA faRiY wu & fRA—ger # <9 arll &f ggn & for,
b & D DI AT AT <Ml b AFIAC $ o) Td T g8 ASl aret
ST ¥ AT BRI B & ford faam ST 8 | IR ieTdfed AT 7 ol
ISR HT Ugell IR AN | 2001 H & 71| 59 99 ‘arfsan fearea qfasm
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ARAM & DT = $ TF BT SN IR §Y SR’ TSTET & GIEoT H T
8 fheIriIeR &1 ofaTs H TeIRRIR @1 400 HICR TP DI TE-TS BT A [T |
P 918 I 2003 H ‘B STl T Spyoll ST GRS ISl 1 39 I
@ SUINT §RT TS &3 @1 9% ¥ BRI 12 W -1 §d g YR 9RAI eH
<feyor T aRER Rerd IS #, 8 & A @ IR ¥ AR g9 9 & U@
BICT—HT SXAT Wl (HTe | TR IR & 3ia” RIGT &l g T 160 HIcR
S fReA—®R BT IS 3T & ford e d9a 81 da |

ARAR YISId FAEToT = | 2005 P TedI 4 AR HCTbich AT H
T T AETH Rl YSR IeThicd A & ol Sueed HRMAT | T8
faff=1 ORAT & Ps TSAT TP AT oFMThR SHBRI Thal HR- Pl &HdT 2 |
TAIEIIR—20' 1 & 39 AfSel BT SUANT Bl ATl 3fcTdiedt # faar |
ST 100 WECY B TR el AF—I(CH TSAT BT SUANT Bl §Y AR
I WA @ qme Red DR siier (R 3) & T TR &1 ugell IR
UH W AHERE a9MT G99 81 IR |

9 99 & for) 39 SUBRYT BT T g8 e W Ud died & ford faey wmm
(fera. 4) T BT BT HAT T B AT AT| Z AR B A1 §H A W
UGSl ST 6 ‘AT —fharie”’ @ g¥f dab fafi= faemail # sr=iem= far 1 |
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= @ wm £ 4w Be wl i o ot | el and o vy Tew T

lorasy nrae

S & ST gU 9T H $¥19 30 HERTIeR AT 9% &1 IRd o gs o, fo/ia =
Y o7 | IS A e BT I waee ffhd (. 5) B @ o | O} oy 99 o
@ 915 I8 91 5371 6 S g8 39 sl 1 <ifdrpa v (3. 6) & 6.7
HIex & | Sidd: T ST H Uha B T T O 89T 3Tidhst Bl T BRD
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fy 32020 o wwm o smed owy Ped o ahoowek X, Y, Z v st # wern ek = s
mat o Tt Pt e T

WOR WOEH T T A T S a6 Wi ann e
JO.TE

-TO.TE1

~T0.762

=T0.TEE

=T0.TET -

-T0.TEA

gites = wfmEs ToE 6.7 Hin
70.769 '
1172 11,728 1173 11,738 1174 11,748 11,78 11,788

el shar &1 aRr A
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39 3 &1 U uRyYt F—smardt fm (R, 7) a=imam 1 St 39 uget ot
e el B uTT o | 394 I8 faeidn ® b g9 Bsmard o 1 g ax
T ot gfiemror 31 <=1 S |aan &, S fob A vl 7 dwa T8 e |

gH® IMATAT CTHICHT & WK IRT H Reyd ‘galee TWRfRR TR TEXE o 9%
& T Fared & ford feddes 7 Sugad WM g & ford o g9 I @1
AheIdgdd SUANT fHaT AT | §9 BRI H ST 120 ‘ATgA—ThaAriey’ &1 g
BT 9d T 77 | SR UBTS! & SIE1 # WCIfRRR & <1 &41 g8 gRIaA =nfea
BT T A & BRI H N 39 IF BT YN fHaAT T |

S IS ARl ¥ AHIRd 8ld) MR d=+d Faeror f[qrT =
3Tl IF aY & ford U WoTae 817 H forar 8 | 394 890 W 3 TR®™T PR

™ aw 1w 32020 =t gem & tFT eSSt A6iad TEEH § AEE W U A=t

i = Pl ) arn ' .
1
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(Fra. 8) &7 SqTT B | 39 BT B IR SMEANSH B A1 fBY gY BIC—BIC EIf
BT WY FRfUd fhar ST I | S99 Meadie®’ & fAemd &9 § Tif3RR &7 i
q e BT A H AN BRNY | SABT Uh o™ g T BN o sferadfedT #
AMRAC R SISl | ARG AT SARA BT A ToIl 9 AHE & dRar
UEA™ @ I B GRET w9 FuiRa w1 § Aeg fert |

9 TRE Rl XS8R & IUANT §IRT D ICHT 3 3 SR fdhd ST At
| 81 B 3D el BT B—3arl e fhar i1 Aadl &, e SR W e
@ ITAATGT & UHH B & A BT TdT T ST FhdT & | RI—oferdrg & 3fe
T B ol MR’ W A & wfad i o FufRa foar S waarn
2 | 9fosy H ArRAR @ R & ol TER ol UR Sfa™al BT forsor der
eH gl Sl & faRne @l o1 feuvr ¥ §a 81 dadl B | gasied’ &
Sl # S, 9% 3R T U @ fAf=T uRdl @1 ifehd dxas T e
@ o1 e AFREY far S |adr & | 29 & wRal 9 @ gy Sicidied
AETEIT ¥ JENfe ST B Ud ST SUAT A del YK 7 |
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