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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 #z-alkanes could provide the key to better understanding the long-range transport in

the East Asia-northwestern Pacific regions.

1. XUHIC

BERC IRV E O /MR O RS 1E, 19 fEFdHE D &
BRcHkSE 25 %5 (Darwin, 1846) . 1970~80 X1 13,
REGH - YrEHERE Y TP O FEEIR S A b OBLAIS B s
YN kT 2 B Ot A, BEIYE O RIR
BHEHS & 0 D BES SN S L7z . KREUE S 1L 5 BEDIR
E¥YI 7 7 v 7 A%, 2.6~10.1X10'* g/year (Chester,
2001) &, ZoMINIC L3 77y 7 A (4.0x10"g/
year ; Hedges et al., 1997) VUL, 4Bk bk RT5
BICBOWCHELEHZR LTS, LrL, K& -
W2 2 NS BEE IR B OO 3 S 72 3 1583 i
HNC#L>TBY, ZORFGROEMICIL, kL~
TOEM A = X L DFFEBAD R IE 750

R, EHEAMIBETRKAKER - BRI
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BT v a— - EFENEER AT n-7 v > 7w
a—)v - JEIAEE) EIZ U & T 582 B LEYDE
EFNTWEH, ZOW, FEEAMMEZRT Cp 225 Cys
D -7 N o=, BEEMEERT Co 5 Coyu DT
VA —VRRHER L, BE EEEEYIOEEY v 7 A R
T 5 FEEYWTHY (Eglinton et al., 1962 ; Eglinton
and Hamilton, 1967), BELSEMEY) (BERIH) N A 4
v—A—tLTHIONEG. ZNOET v 7 AEHKT 2
ERAEEY I, B o TEERT» > BELHEE S 1
(Conte and Weber, 2002a, b), %7z, HEL LW
IERCHRFR ISR TV b 0R, BEEFICEWLW LTS
M, REHFAATT 270, RIREHHXE S 12 BEEIRE
B DACIR Tk OEE L bV —Y — L 7% % (Simoneit,
1997) . F 7z, MBI S LI BERFEANA 4~ —h —
D—ERIE, RASHCHEEEY R CRES L, B#EOK
SUEBRC Y ERE, HHEH DA PRIRERE O1E T % 1]
HEIZ T % (Pancost and Boot, 2004) .

RRx7 1V NVHORE EEEEY) A A~ — A — Ot
g21%, 1970 AR LARE, RPEFES KO & T
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(ITRN

=
FBhrciTbh ¢ &7 (B 21F Simoneit et al., 1977 ;
Gagosian et al, 1981 ; Schneider et al., 1983,
Gagosian and Peltzer, 1986 ; Gagosian et al., 1987) .
IO OMEE, WA (1995) OFFFUCEFELW. 1
W2, ZO+HFETIE, RAHFPOEELBEREFE A 4 ~—
HN—=Th2 n-T N7 Na—)-JRIEOSIEER
BA 2 5 53 F L AOVEE RFRRIGIRLEL (8°C), -7
WV v OIFEIEE (ACL) %ISR & L7 igRic &
v, BEERIEEREY) O RIFRER = O B RER IR L
7z (Huang et al., 2000 ; Kawamura et al., 2003 ;
SchefuB et al., 2003 ; Bendle et al., 2006, 2007) . &AfgT
X, I SEIRERIEE R vz, BERIFREHEY) O KRR
R B3 A UAE OISR Z BN T 5 L & bic, BEE
FHON, HicalfEsaE e U CHEH L2 ED Tw»
B R[T T v Y VHEBIEEY D 5F v VKRR
FHEE (8D) W DOWTHIEN M ZITS . 2B, KX
2009 F DI E R FERERIEVIFE T FEE S (KRB &
VB OHAIEH) OFENEDON, RAKES =R
THEHRLIbDTHS.

2. ARI 7OV IVROEEFREHIDEIRE
B

B FREREYIEZF OEBERREICL Y, MK - LE
[FINIARFEHR N 7 2BET » 7 A2 HE G T 5 2 EDHIS
nNTBH, K{L7u Y Vo LEEEY Y v 7 212
HkT 2 68bAY BERFEAA A ~—0—) o, %
DEFIROEREFHAND ZENTE L. 25 LIckER
FoNA A ~v—F— 2 AV EFESREEORES & LT,
9, n-7Vvh rOFgEE (ACL ; Poynter et al,
1989) & 55 . ACL &1, Cup 205 Cos D n-7 v
v IRFEHEOMENSTH Y, LTORTEREINS.

ACL= (2[Ci] %) /2[Ci]
(1=23~33, Ci lZREE i D n-7 VA YLEE)

—fwz, Y7 v 7 A0 ACL DEWIE, ZDEFEHO
SRS WE LKL 2 EFz oY, Flz2iE, b
KIFFERPKREETE, KK 70V VLHERBY T O
ACL 2%, BELFHICEF L (LTI en6, %
DFLIR - FrkmFE O E WG S LT & 72 (Gagosian
and Peltzer, 1986 ; Poynter et al., 1989 ; Kawamura et
al., 2003 ; SchefuB et al., 2003 ; Bendle et al., 2007) .
LL, BYYZ ZAHO n-7 Vs > D ACLIZE, Z0
IR & e YRR IC X > T b e > TH Y (Chikaraishi
and Naraoka, 2003), % OfFEFICIZFERNSLETH S .
LTI, EYOET v 7 AR T 5 n-T V> D
RBEDZACDS, REPZRE R EAFERREOZLIC
5 B & DR B/INRIC T 2 720 O BB KT
b5 EDIERD H S (Sachse et al., 2006) .

1,

)

U/ 3

Fle, V7Y 7 ACHKT 2 3FEONA A~ —h—
(=7 WA > 7na—-glhR) OREMEKDS & <A
SNIEFEIEETH 2. Hlz1F, FRATFEHEOEREHE
Y (175°E) W& F N EEE N1 4~ — 4 — 1,
A (15°N-15°S) THRIFR DSHHNHYIC 2 W D)
L, T-EEEE (19°N-48N) TlE n-7 Vv > DET
% (Ohkouchi et al., 1997) . &5 U7=f&EEIC & 24 4
~ = —fHEDOE WL, FIEIEGEC LD ERI NS
iR R UFET A ) 5 DA 4~ —A —fk %, BER
PAEUC X DEREIND 7 ¥ 7 REDNA 4 ~—7 —HRk
EENTNEHL TWEOThHrEeEHFZONTWS
(Ohkouchi et al., 1997) . 5, JbAKFEDHEHELTT
Yok, EROREBS 27 A2 6 10 H R
TR B ML, REE O HBk 3 2 11 Ho 5
6 HICIXZ DEBEDSED T 2 L » ) FBEHIEH) Y — 20
EENTEY (Kawamura et al, 2003), 2D L%
T TwE. —77, BEERARTFE~FAFERTIE, 2
7 =T RIEO T v vk S Ee IR K T v a3 — v
BENEHE SN TWS (Bendle et al., 2007). 2D k5
WRRTLT 0V )VOREIBIZ &L > TEhICE 2 B
TFNA A~ — D —fHERSK & e 2 BRI, #igiE T
DOIEEDFE NI H 2 Db Ly (Kawamura et al.,
2003). LrL, 25 LlenNAg A ~—0—fHEDE NN
ENENED L S RHHEEZ KL TH 2D DWW TIE
REHSPIZENTVR.

—77, EIFEELAIMC b R DR N A 4~ — A —
MR B R 5 2 2BRINAET 5. FlzE, LA
HORK[Z7a Y Vo7 v a—VRgEER, Y15
FNZIEINT 2 A H 258, FOEEH Y — 2 3EID
EIES OZFEIZHE & —3 L %2\ (Conte and Weber,
2002b) . —#EEIZ, MY OFEIEICIZ T )V aA—VBEE
KEENTOWEZEDBHONTEY, N4 ~—F—#
o Z 5 Lz EE, MYOEFTIHTDH 2 0B I
ML, #yrsREEhd vy 7 AT % 72
OTH 5 ERIREN T3 (Conte and Weber, 2002b) .

E7e, AR, HRKEEHINS & D ko EIREE
B LTiE, BREANA A~ =2 —DO5 TV _VEER
RENARME (83C) BEFons. —ic, BELEE
WYID S 5, C, YN, KEREEREDRAARSHIZIRE
DECP S, Cy YN EEAE §2CH (~20 %) =7
9 (Collister et al., 1994) . Z D7z, FEEE A 4~ —
B —D SBCED» SRR T 7 Y IAD Cy/C, Tl DA
LGrRABb2IenTES. HlzE, 77 AHE
(SchefuB et al., 2003) PEEEAFEHE-FAREE (Bendle et
al,, 2007) Tix, KR[=7aYVHD n-7 v > D s8C
EORBE AT S, Z IS HSTRILDFIFIE B O DS g
W o B OREY) 5 4 7 (C,/C, TEIEL) % KB T s
LZZENHepICENT. F, JEPEAERE (RE @27
04N, 142°13E) QW7 a Y VRO u-7 Vi ¥ D
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SBCEIX, =7 aVuAd C, Y DOFG B EHIHEIN
TEHIERRBLTCED, ZhiF 7 oY ViEfiE,»nzs
Lo THRLL70TH S LS T2 (Bendle
et al,, 2006). ZHSHFEIE, KRR~ 7 v Y VHIcE
END n-TINVH D §BCNZ DRI DL DE N %
AT ADRIEHICERTHS Z 2R LT3N,
C, Y D H B3 2 HHEDHAA1E, BRI I E T
Hr e BV OFZEERICER 5 1T B D (Sage, 2001), F7z,
Cs TEYID 613C 1%, PE LHEY) DZREIR 2 A1 -
NZX > THEEIT 27 (Conte and Weber, 2002a) ,
Cs/Cy THYIEE KR E K AL T 5 2 & D - g
ZBWT, SBCEDAMDZF DOREFEHEZ XA+ 5 2 &
RS THREETH S . 72, M1 wwRLick o, 1B
BREIRICE E NS n-7 v h > D §1BC #PHIZ, ESHEY
AP0, BT ARR S EAEEREI O TS 2E L <
ZI TV LHROGE, TORELFRICAELL Z L
MNTET (Bendle et al., 2006) , §3C fEA> & AT PRI IFHEER
BIEDL I EMTER WY,

3. AEBEKRFEFEADEEFEFHMID
REEEHEX

LRI 1T KR OB IRA Y 7 ¥ 7 K
S EFERER SIS N Tw 35 (Kawamura, 1995), 3T
FEOEEEHENA 4> —7—DOW5Ic X Y, ZOFMxE
HiZ# Sy — S L5 T & 72, Kawamura et
al. (2003) 1%, J6PEARFEEDRE TR S Wz iEET 7
0 V)V DRERJE N A 4~ —h —RFHNR, ZORELH
BROBEEE NS — >, AR HER T 2 7

U7 KBEHR O BERIFA YRR & > TEH» S F
XS ND e RS PIC L. AROFEZEE S
=2, 7 NArDSPCHEIEY Roh, BERES
BYORFEENFHC LV RLLZ I EERBL TV
(Bendle et al., 2006) . %7z Fu et al. (2008) %, HEH
HESTEE (5~6 A) WHERsnIFEZ7a Yy Lo
BEEIE N A 4~ — 2 —HER S, 20 DL RS
WCHiE S D BN A A~ — 7 —DEFEOV EDTH
BAREMEIC OV TE R L TWS.

—7%, Kawamura et al. (2003) 1%, AL )L =—
= a BRMEE S Ntz 1991 O E~FIZ, dbPE AR
Bucls 3 2 BRI EERYIRENZE L {8ENd 54X
VP EREELTWS . 72 Bendle et al. (2006) 1%, #n-
TN YD SECHHL, S, FA N> N THEINL 7z BT
BB A Y RAY T /A=A TV 7 OC,EBYT
HolzREEZIER L Twa . —fkic, T =—=3aH
RIHLZ 2 EVIRERTEERIE SR - 2 e 2D, Bl
7T CIEBMRAKEPEFT 5L D2k b (Kita et al,,
2000). ZDz, TN =—=aBHRIZES LT ATFRE
BOBEWLEELFEEEEE X, FRAKIC L > Tt s
iz KEOBERIFEA Y RIERHmX S 1Ll 2 LgER
FT5D0b Lk (Kawamura et al., 2003) .

FERCIRA Y O R IEHER R 1%, 2R L REEERICE
WTEELRREERRLLTED, ZOEEHE, 74 —F
Ny VR THIERY A 7 A DINE B EAT 5729
FEETHL. L2L, ENSOLREDRRA NV MK
i 1 DZEAbDS, ALPE AR R B S L 5 B
ECIFE Y ORI k@R I 5 2 2B IO W T,
RIEFHM RN SN TR W., I, 7Y 7 KEE
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LI RRe BRI & gD n-7 v Y OLERF (8%C) KUKFE (D) FEMIALLOHEF & 2 O F41E.
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Wi, PEEEBORZERHIE 2 Bk & IR AN L Tw b
bOD, 2D Cy/Cy EYIOFIE I KEEN (18°N-50'N)
TIFREL 2T, BRIFEEYOIERE () o
EWESSCHE»OXANT 20BN TH 270 TH S
(Rao et al., 2009) . F7z, JLRKFEHETE, 7Y 7 06
& L2 N ARIE Y OB TRAT
BY (K, 2001), 72k 22 0FEFR»LOHNIZELT
b, ALEREESE n-7 VA > DR A §PCHICE 2 %
BT E 2w (Bendle et al., 2006). Dz,
EPE AR EEENC B8 1T 2 BERIRA Y O K IR R X O 3 7
ZEEO Tz DI12IE, FEROEREHEE b, "7 Y
7 TR 2R O 1 RIEEDLEARRI R D TH 5 .

4. RRI7ZOVIVHROEHIESID
DFLANIVKRRGIALL

A, AA7ax N7 o7 [ BOR/ERSER (GC/
TC/IRMS) EKRL, ZhzRuicGRILEYMOSF
L AOLKRRFRERLL (6D) OWFESE AT S & 5
Wik otz ZOXMRIT, EEFEE» S, BREE - HEGE
LI b: . Bz, FEilthoR{EAKFED sD E
X, ZOREIR & e 2 ERYRHEREREE, HERER Ofi A
BARBL, #5100 % b OZEEH 2R3 2 &6 a1 - iR
AR BRBEIEITTOH ey — v E LTHEHENT
W3, Fie, BELEEMEYO D EIX, BEAKD SDE L
ZOEBEE GERBCOMHEE, 18Kks) 2XLK
el CH Y (Sachse et al., 2006), #FHDAKEREIEIC
DIzHOF Il 7aFy e LTEHENLTWS . KA
7aVNVhOBEEE DS T v~vsD Ik, flt, &
HFEoH WX VO THeE &7z (Yamamoto and
Kawamura, 2010) .

— I sD M X, v o4 — > A HE S g oK
(VSMOW) 123 2 FaE e L TUToRXTRI N
5.

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

IAEA I X 2 SR OB D &, 2R AkEAD
SDEIE, EiEEICHE» S IEEETL, K-SEEMT
100 %olA L OfEE AL %2 773 (IAEA, 2001) . #ifub L7z &
Sz, B EEEMEY) O oD, KR IZEEARD §D
6% s 270, B EAEYICIE 2 OB O EIC
Ko THELZ sDEVPTHFEESNTVIRTTHS. 20
7%, RETORERFEANA A~ = —DsD05, £0D
IR OBERNE S 2 MRS E . 2, E-5iE
R Ao 2Rk sDEOREE AL, SEEIZe
LR BEMCH 270, FRICH-EHEET, muaiE
HENEON S Z LRSS .

Bl1id, BRR BRI CEEND n-T Vv h
DRI 7 sD EOHIF 27/~ L7228, B LSSy Rk

U A

D n=-7 IV D sDEOFEIX, —162 205 —180 %o
EAEERREE (—116%) 12EER 50 %oLd EEV . 2 D7z,
#iARSKUx EBE LRSEREY) - ALABREE 2> 5 OF 508
HeESNLHETH, ZORFEOEN % §D fEH & BB
WA 22 enTES. B, (bERROS 5, A
WEEND -7 VA %, WEFEIHIZEEAHKT 70 %offys
SDEZFOZ NN TEY (K1), RERDTHK
R SBCED S FHANT 2 2 L DHK R o T2 N AR
RAGAKZFZDIREIFIZ DV T b H7z 2 DS S 1 2 ATREME:
B 5.

UL Lans, #likGxE, EEEEDEA 2
DORZ 7 u Yy vduzix, {bakEhcikds 2 UCM &
FEiEN s GCZ7u~ b7 7 A ETHZOE—27 & LT4H
BiEC & I WA IR R O BRIR IRALIK SR O BER DEE DK
HICEFENTBEY (M2), 5F VIV EMELEIED 7
DI INERVERLSDEDRD L. Z010FEES T,
FR&%Z7 % 27 +i% (Murphy, 1969) 2w, #HAkGKz 7
Y VD n-7 )V Y DIV OV [ENLAR FLETE &
N2 L 72 (Yamamoto and Kawamura, 2010) . % O#l
EREIZEI0% TH 5.

K211k, HREOCHLRCRIRE Wiz KAz 7 ey
AEHD n-7 v % > SDEO KRB S 2 28 = 7R
Uiz, BiTiRGQ7aYy Vi) n-7 vh i, ZD5
FoMine, REFEMED 2B CyL 25 Chp D n-7
W vk, BEERTBEAERTRT Cu 225 Cys D n-
TA RIS, EREnMEABRE (Ehme
fiR) LBEEESWEYMY v 7 2 cHET 5. Lk
H¥T2Ch,25Cou ®Dnu-7VH>DsDIEZ, #—
80 %o &, FMHD n-7 A rdsDE (K1) &I
THolzDWxH L, B LEEHEYNER 2R D Cyps 005
Cas DABKEID n-7 V7 > D 8D X, HiZ T~
50 BoA E DR WEEZR L2, 29 LIEIFEOR L S n-
TNH YEITO SDEDOKX X v L, B &SmO
8D OF¥JEIMEARENZ LR TR W 2 &0 5 B ITHL
Hcx2 (M1). §hbb, K&z 7a YV vkt o
n-7 V75 > D SDIEIX, & DAL EYEIEDOZE I iE
DCEE D TH L. —F, SDEDRFLHIZKT 2553
HioNy — 0%, WETHR CEOMESTED S iz hs, LR
D SD IFHFITEER 30 05 60 %o b EWEEZR LTz (¥
2¢, ). FLOKKZ 70 Y VIZT V7 KEED» S DE
PEEEIRE DB 2R Z T T\ B 72 (Aggarwal and
Kawamura, 2008), Z 9 L7z sD{E D& T D& \»
&, =70V VORFIBOENE KL TWwiDnd L
g,

o Edic, RE&x7a VvihoE#ILEY O sD E
&, ZOREIR - fikRfR xR 2 ECIHEEICERTH
D, 5%, BRI 70V VDS TF VL SDEIEI X
D, W7 Y7 -6 B 3 BERIFEE Y O R
PR D 2 2 HFENSTREE R B TH S S .



TV ASNVLE FIGHARIENE ¥ D RDALFEA DJE 125

20 3 (a) (e)
2324 QFF 38 2 . QFF 3324
25 (Tokyo) 27 (Sapporo)
e Before adduction Before adduction
2 28[39| 33
32
=z 34
]
s 35
= 21
o | ucMm
q‘-‘-‘_‘-_—’h———o-.___ — ——
1 Il 1 1
20 30 40 50 P 5
23 48 ' "
' NAY 'l‘v')\ 215 N
\1 ¥ g™ | )l;\
= - [ HTVIVIVIVAH
2 17| i
........ 27 T S S NN
Lot e 0 5 e 23 e
2z 2| 2
§ | 24
5 21
E 2 (b) % (d)
QFF 38 20 QFF 3324
i (Tokyo) 4 (Sapporo)
J After adduction After adduction
TE RN R
L L 1 1 1 L 1 1
20 50 20 50

30
Time [min]

30
ion Time [min]

2 D WECR CHLIROIHTRS T 7 1 VOV QBRI ALK RE S QO MIE % GC 7 a < 7 T A& n-7 Vi ¥ DREKRHR
RN DS, (@), (o) (RFET7 T 7 vHiorzux 27755 b)), (@) DREY Y27 bPECE D UCM 2RELEBO 7o~

VAR

5. E&&H

BERLIF N A A~ — 2 — BRI & L CHW BT
A BY O K EREm % B3 2 5ol O 5edl 2 E L
7o LRSI, 7Y 7 KED 6% L OEEIFEE
B P EIEMIRE S T w508, £ OfIE « ko
A S »ICT 701X, WY V7 THWBGE
FEOH - 2B LEARTR TH 5 . FoLDEH S O
FICEY, AR 0 VHOELEY ORI - ki
B9 215D, £ DT v~ VWKFERMAEL (8D) 1258
FENTVDRIENHLNER S TE . fEkoisEic
nz, KRS OEELEF A 4 ~— —D 8D DM %175
Z T, ALFEARSFERER T O BT IEE B O K IR oS i
SEDHEFBIIF I NS .

S

KREHREIC DD, FHEOV L D IR, BT
(ERRBIEVITET D © O3B 2T U1z, 72, AR THM
L7253 5 OgE, HAHRES I s e whlh &
(RS 19204055 ; WIFEfREE - TIRARE) 12 &> TfT
bihlz. ML UEHOEZRT 5.

SEXM

Aggarwal, S. G. and Kawamura, K. (2008) Molecular distri-
butions and stable carbon isotopic compositions of dicar-
boxylic acids and related compounds in aerosols from
Sapporo, Japan: Implications for photochemical aging
during long-range atmospheric transport. Journal of

Geophysical Research, 113, D14301, doi: 10.1029/2007]JD
009365.

Bendle, J. A., Kawamura, K. and Yamazaki, K. (2006) Sea-
sonal changes in stable carbon isotopic composition of
n-alkanes in the marine aerosols from the western
North Pacific: Implications for the source and atmo-
spheric transport. Geochimica et Cosmochimica Acta,
70, 13-26.

Bendle, J., Kawamura, K., Yamazaki, K. and Niwai, T.
(2007) Latitudinal distribution of terrestrial lipid biomar-
kers and n-alkane compound-specific stable carbon iso-
tope ratios in the atmosphere over the western Pacific
and Southern Ocean. Geochimica et Cosmochimica
Acta, 71, 5934-5955.

Bi, X., Sheng, G., Liu, X., Li, C. and Fu, J. (2005) Molecular
and carbon and hydrogen isotopic composition of #-
alkanes in plant leaf waxes. Organic Geochemistry, 36,
1405-1417.

Bjoryoy, M., Hall, K., Gillyon, P. and Jumeau, J. (1991)
Carbon isotope variations in z-alkanes and isoprenoids
of whole oils. Chemical Geology, 93, 13-20.

Chester, R. (2001) Aeolian inputs. In: Encyclopedia of
Ocean Sciences 1 (eds. J. H. Steele, S. A. Thorpe and K.
K. Turekian), Academic Press, 97-103.

Chikaraishi, Y. and Naraoka, H. (2003) Compound-specific
dD- 8 *C analyses of n-alkanes extracted from terres-
trial and aquatic plants. Phytochemistry, 63, 361-371.

Collister, J. W., Rieley, G., Stern, B., Eglinton, G. and Fry,
B. (1994) Compound-specific §'*C analyses of leaf lipids
from plants with differing carbon dioxide metabolisms.
Organic Geochemistry, 21, 619-627.

Conte, M. H. and Weber, J. C. (2002a) Plant biomarkers in
aerosols record isotopic discrimination of terrestrial
photosynthesis. Nature, 417, 639-641.



126 T

Conte, M. H. and Weber, J. C. (2002b) Long-range atmo-
spheric transport of terrestrial biomarkers to the west-
ern North Atlantic. Global Biogeochemical Cycles, 16,
1142, doi: 10.1029/2002GB001922.

Darwin, C. (1986) An account of the fine dust which often
falls on vessels in the Atlantic Ocean. Journal of Geolog-
ical Society London, 2, 26-30.

Eglinton, G. and Hamilton, R. J. (1967) Leaf epicuticular
waxes. Science, 156, 1322-1335.

Eglinton, G., Gonzales, A. G., Hamilton, R. J. and Raphael,
R. A. (1962) Hydrocarbon constituents of the wax coat-
ings of plant leaves, a taxanomic survey. Phytochemis-
try, 1, 89-102.

Fu, P.,, Kawamura, K., Okuzawa, K., Aggarwal, S. G,
Wang, G., Kanaya, Y. and Wang, Z. (2008) Organic
molecular compositions and temporal variations of
summertime mountain aerosols over Mt. Tai, North
China Plain. Journal of Geophysical Research, 113,
D19107, doi: 10.1029/2008JD009900.

Gagosian, R. B. and Peltzer, E. T. (1986) The importance of
atmospheric input of terrestrial organic material to deep
sea sediments. Organic Geochemistry, 10, 661-669.

Gagosian, R. B., Peltzer, E. T. and Zafiriou, O.C. (1981)
Atmospheric transport of continentally derived lipids to
the tropical North Pacific. Nature, 291, 312-314.

Gagosian, R. B., Peltzer, E. T. and Merrill, J. T. (1987)
Long-range transport of terrestrially derived lipids in
aerosols from the south Pacific. Nature, 325, 800-803.

Hedges, J. 1., Keil, R. G. and Benner, R. (1997) What hap-
pens to terrestrial organic matter in the ocean. Organic
Geochemistry, 27, 195-212.

Huang, Y., Dupont, L., Sarnthein, M., Hayes, J]. M. and
Eglinton, G. (2000) Mapping of C, plant input from
North West Africa into North East Atlantic sediments.
Geochimica et Cosmochimica Acta, 64, 3505-3513.

TAEA (2001) GNIP Maps and Animations. International
Atomic Energy Agency, Vienna, Accessible at http://
isohis.iaea.org.

Kawamura, K. (1995) Land-derived lipid class compounds
in the deep-sea sediments and marine aerosols from
North Pacific. In: Biogeochemical Processes and Ocean
Flux in the Western Pacific (eds. H. Sakai and Y. Noza-
ki), TERRAPUB, Tokyo, 31-51.

FIRARE (1995) BEEEIREREY) OWFEN O K% & Z DOFE
W E B HERY » > 0| x. BT, 27,
533-539.

TR AR (2001) ¥EEERGHRO 7 VA v & SRFFERRIEK
F—AEI 7Y VO REREX:ZE —. ATE
/=55, 25, 22-30.

Kawamura, K., Ishimura, Y. and Yamazaki, K. (2003) Four
year’s observations of terrestrial lipid class compounds
in marine aerosols from the western North Pacific.
Global Biogeochemical Cycles, 17, 1003, doi: 10.1029/
2001GB001810.

Kita, K., Fujiwara, M. and Kawakami, S. (2000) Total
ozone increase associated with forest fires over the
Indonesian region and its relation to the El Nifio-

U A

Southern oscillation. Atmospheric Environment, 34,
2681-2690.

Li, M., Huang, Y., Obermajer, M., Jiang, C., Snowdon, L. R.
and Fowler, M. G. (2001) Hydrogen isotopic composi-
tions of individual alkanes as a new approach to petro-
leum correlation: case studies from the Western Canada
Sedimentary Basin. Organic Geochemistry, 32, 1387-
1399.

Murphy, M. T. J. (1969) Analytical methods. In: Organic
Geochmistry: Methods and Results (eds. G. Eglinton and
M. T. J. Murphy), Springer, Berlin, 74-88.

Ohkouchi, N., Kawamura, K., Kawahata, H. and Taira, A.
(1997) Latitudinal distributions of terrestrial biomarkers
in the sediments from the Central Pacific. Geochimica et
Cosmochimica Acta, 61, 1911-1918.

Pancost, R. D. and Boot, C.S. (2004) The palaeoclimatic
utility of terrestrial biomarkers in marine sediments.
Marine Chemistry, 92, 239-261.

Poynter, J. G., Farrimond, P., Robinson, N. and Eglinton,
G. (1989) Aeolian-derived higher plant lipids in the
marine sedimentary record: links with palaeoclimate. In:
Paleoclimatology and Paleometeorology: Modern and
Past Patterns of Global Atmospheric Transport (eds. M.
Leinen and M. Sarnthein), Kluwer Academic Publishers,
Dordrecht, The Netherlands, 435-462.

Rao, Z., Zhu, Z., Jia, G., Henderson, A. C. G., Xue, Q. and
Wang, S. (2009) Compound specific 6D values of long
chain #-alkanes derived from terrestrial higher plants
are indicative of the 8§D of meteoric waters: Evidence
from surface soils in eastern China. Organic Geochemis-
try, 40, 922-930.

Sachse, D., Radke, J. and Gleixner, D. (2006) 8D values of
individual #n-alkanes from terrestrial plants along a
climatic gradient - implications for the sedimentary
biomarker record. Organic Geochemistry, 37, 469-483.

Sage, R. F. (2001) Environmental and evolutionary precon-
ditions for the origin and diversification of the C,
photosynthetic syndrome. Plant Biology, 3, 202-213

SchefuB3, E., Ratmeyer, V., Stuut, J. -B. W, Jansen, J. H. F.
and Sinninghe Damsté, J. S. (2003) Carbon isotope analy-
sis of n-alkanes in dust from the lower atmosphere over
the central eastern Atlantic. Geochimica et Cosmo-
chimica Acta, 67, 1757-1767.

Schneider, J. K., Gagosian, R. B., Cochran, J. K. and Trull,
T. W. (1983) Particle size distributions of »-alkanes and
210Ph in aerosols off the coast of Peru. Nature, 304, 429~
432.

Simoneit, B. R. T. (1977) Organic matter in eolian dusts
over the Atlantic Ocean. Marine Chemistry, 5, 443-464.

Simoneit, B. R. T. (1997) Compound-specific carbon iso-
tope analyses of individual long-chain alkanes and al-
kanoic acids in Harmattan aerosols. Atmospheric Envi-
ronment, 31, 2225-2233.

Simoneit, B. R. T., Chester, R. and Eglinton, G. (1977)
Biogenic lipids in particulates from the lower atmo-
sphere over the eastern Atlantic. Nature, 267, 632-685.

Tuo, J.,, Wang, X., Chen, J. and Simoneit, B.R. T. (2003)



TV ASNVLE FIGHARIENE ¥ D RDALFEA DJE 127

Aliphatic and diterpenoid hydrocarbons and their indi- Liaohe Basin, China. Organic Geochemistry, 37, 165-176.
vidual carbon isotope compositions in coals from the Yamamoto, S. and Kawamura, K. (2010) Application of
Liaohe Basin, China. Organic Geochemistry, 34, 1615- urea adduction technique to polluted urban aerosols for
1625. the determination of hydrogen isotopic composition of

Tuo, J., Zhang, M., Wang, X. and Zhang, C. (2006) Hydro- n-alkanes. International Journal of Environmental Ana-
gen isotope ratios of aliphatic and diterpenoid hydrocar- lytical Chemistry, in press.

bons in coals and carbonaceous mudstones from the



