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Abstract

After the development of compound-specific isotope analysis (CSIA) by gas chromatograph/pyrolysis/isotope
ratio mass spectrometer (GC/pyrolysis/IRMS) in the end of the 1990s, stable hydrogen isotopic composition of
organic compounds has been employed for many fields of studies, particularly among the organic geochemical
community as a powerful tool for tracing sources and delivery of organic compounds in geological and geographical
samples and as a potential proxy for reconstructing paleoclimatic, paleohydrological, and paleosalinity changes.
However, sample amount required for accurate and precise determination of the isotopic composition is generally
10-50 nmol H for each compound, which is much larger than that of stable carbon (0.1-5 nmol C) and nitrogen
(1-10 nmol N) on the isotope analysis by gas chromatograph/combustion/isotope ratio mass spectrometer (GC/
combustion/IRMS). Here, | demonstrate the performance of GC/pyrolysis/IRMS on the small amount of samples,
and suggest a mathematical correction for preventing systematic errors in the measured isotopic composition due to
different sample amounts. By using this correction, the hydrogen isotopic composition of organic compounds can
be determined with a standard deviation (1¢) of better than 7%, on the sample amount of 4 nmol H and even 13%,
on the sample amount of 2 nmol H. This correction thus allows us easy access to the hydrogen isotopic composition
of organic compounds containing with small concentration in samples.
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Fig. 1. Schematic of (a) GC/pyrolysis/IRMS used in the present study and (b) its m/z 2 chromatogram of n-alkane standards.
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Fig. 2. (a) Determined ¢D values and (b) peak area of
n-alkane standards with respect to varying carrier
gas flow rate. Dashed lines represent the actual 6D
values.
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2.4 H # LBIE

UL HIEE 2 AT 258 L LT, [fL
RILEESN (EEBRBEEIC X Y E) ORFEH 18 ~
36 DE ST ALK (n-alkane) % 11LEWdH 72
D DOKFEET2,3,4,6,8,12, 16, 40 nmol/ul 127 %
L9 ITIRA L - fEHE AL (n-hexane i) % 7 34
L7z (Table 1), 7B Z ORHEERICIE, RFEFLT
D H D (n-heptadecane) b & F TV 525, [EL
RIL % Jd TN R\ W 72D ARIFSE TIEEET L T 72
Vo = MU T I HAWTENETNDOEBERE
1 ul "> GClpyrolysis/IRMS |23 A L7z (FRED
W REIE LA o He OFEHET ZIZPCY 7 by
7 (isodat2.0) ® 7175 A2& D, Fig.1lbd X 9
|2 n-alkane D ¥ — 7 OFifkIC 2|, 3[E, FhE
N2 WM oEA L7z, SN mz20D2 7
FUEREL, BRZEZDOLOTELERZLZD D
DO TEL % AEMD D 5205, FoOfaHE (E—2
I T)IIRFHICEABRLCIBEAL—ETH -
72 (1IE52 %13 5% LINTH %),

L]

Slope

=1.210 Slope =1.122
st Intercept = -326 o) Intercept = -304
R? =0.981 R? =0.987

F 72, AR TRET 2 HIEEOBEEH O FE
E LT, FAAEBEA (BHAERBEELIC X 1 PE)
D RFEF 16 OEGHBHNRHBO X F VT ATV
fbA& (n-palmitic acid methylester), RFE% 22 D&
BHESFI 7 v H J — VDT & F VALK (n-behenyl
acetate), A7 4 VY AT H— )L DT kT VLK
(stigmasteryl acetate) = 1L H 72 1) OKFERET
2.5,5, 10 nmol/ul 1272 % X 9 IZIR A& L 72 FEHE A
(n-hexane ¥&) #FAB L, LitE MM CHlE%:
1T-72,

25. 7 —42DRfBEX v TL— 3>

7u< bTT A ETOFEALEME — 2 O -
O MEONAS - R AL OFEIX, B
72 DA F VEEOELE (K- DihF ) L%
b)) BFhZFN02mVis, 04mV/s, A E
&% 200mV IZ$8ET A ET, PCY 7 LT
(isodat 2.0) O HEJMLEIZ X W7o 72 (B mk2
DY T F VIR, KFEE 2 nmol DIEHEZE T,
#5250mV TH 5),

AEORAMARIE, B H, 7 A DR A%
0%o & L T35 172 I%E M (0Drefgas=0%) &, I
PRIBED: TS STV S [FAAE L (0Ddual inlet) & @
AR (Fig. 3) 25 FHE L 720 /K= AT12 nmol
OREMEFE 2 WE L7z L 3125 S N7 HBE R

] o

Slope

=1.086 Slope  =1.029
0. Intercept = -285 0 Intercept =-273
R? =0.994 R2 =0.999
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Fig. 3. Correlation between 6D values determined by Dual inlet (vs. SMOW) and GC/pyrolysis/IRMS (vs. Ref. gas=0%o)

with respect to varying sample amounts.
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Fig. 4. sDcorrect-1 values of typical n-alkane standards with respect to varying sample amounts. The marked

area indicates an error of = 7%o.

SEME L7720 D% 6Dcorrect-1 fH (3X2) & L, 1
ZTIDURIETH) % 1245 5 N AHBI AR = FCRE
HL72H D% SDcomect2 fH (3 3) & L7zo &KaF
26 H’ % 5Dref.gas=0%n{lﬁ, 0Dcorrect-1 flﬁ ODcorrect-2 f[ﬁ
% Table 112 F &7z,

0Dcorrect = 0.982 X Dref.gas=0%, — 256 (#2)
0Dcorrect = Slope X JDref.gas=0%, + Intercept (X, 3)

I EREEE

3.1. 6Dcorrect-1 f&

ODcorrect-1 EIX, & H—DODIEE OIS E CTE
SNABERE A RBEOREHIEO T T8
ALTHEONZETHY), TabblEoiE%
IHTT ABEORMELOLE ZMEL-Fx ) 7
L=y aviETitEShETH L, 2DLH %
B A 121, ODcorrect-1 fH & ODdual intet fH D 71, 7K
FEAHY8 nmol DL F DM E 11—y 2 72 fA 2=
DN (16 T 7%0) Td %25, 8 nmol KDoA 12
X, AEIC (10% Ll L) K& <75 (Table 1), fl
ZAE, RFEE 19 O A ALK ZE (n-nonadecane)
Tld, KFEEA8 nmol LL L D354 1213 6Ddual intet fi
EDFET 7% YINTH 295, KFEEDS, 6,4,3,2
nmol & /N& < 72 1224, SDduatiniet i & DT Z

i, 10,21, 48,54% L BHEIZKE % % (Fig.
4), ZTD X912, SDcorrect-1 fH % FHW /23 E 121,
— Wy 22 MEFEEE (1o T 7% LIN) THIETE %
wEEEE I, LEWH 7Y KFEET8nmol TH
%o LT, 2nmol Tl 6Ddual intet I & D713 15
T36%I2b7%D, ZDIE52E D 10T 22%0 |27
% (Table 1),

3.2. 6Dcorrect-2 18

— Tl (3-1#) ofEIR, ThZFhoik
FECHl 2 1B o - HBEM E W R L 72
ODcorrect-2 11X T & A ER SN (Table 1), 1
2L, RFEE 19 O Ak (n-nonadecane)
Tk, 2~40nmol D¢ X THOEFEIZB VT
SDcorrect-2 it & SDdual inlet fifi D 2213 +10%0 LIN T & %
(Fig. 5) o b FEH D n-alkane 122\ T b, KFE
%8 nmol FiiilZ 7% - T, Dcorrect-2 fH & JDdual
inlet [HD721L, FIZFHTO% THY, Z0IE5H
D&% 4 nmol LI ETlE 16 T 7%, F7-2nmol T
HoTH Lo T13% THDHo T DX IZ Dcorrect-2
& IR, — B 2 ERSEE (1o 7T 7% LAN)
THIET X 2 EEEL, LEWH7- ) KkEE
T4nmol 127 1), Z it 6Dcorrect-1 fH % H V27235
EORETTH B,
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Fig. 5. sDcorrect-2 values of typical n-alkane standards with respect to varying sample amounts. The marked

area indicates an error of = 7%o.

33. M OBIELE S (F 2HIEZE

Fig. 3 127" 9 & 912, B H, 7 A DKL %
0%0 & L CTH S N72MIENE (ODref.gas=0%) & B4
Bk TE S TV B AR (6Ddual inlet) O 12
X, EOHBEMRYH D, L CHIEREK (R?)
1Z, SUE-E A4 nmol LB T2 0994 DL ETH D,
2,3nmol TH->TH, 1 £110.987,0981 &, Ik
WAV E R T, LA L, HEAEROME
X%, 40~ 12 nmol T{ 0.981 ~ 0.982 & (F|T—
ETHLDIHK L, 8,6,4,3, 2nmol & kR AA
2l 72A E0990705 1.210 NN 5, F/-%
DY 1L, 40 ~ 12 nmol Tl —257%0 ~ —256%¢ &
IZIZ—ETHDLDITH L, 86,4,3 2nmol &k
B % 7 B & =262%0 7> 5 —326%0 ~ & AT
bo I DL BEANBIEINL DHIZON
TORELRIERIL, FREePOBE0 L 2 A4
THh), XE) =5 5 EBMR) LESHENED
A, mz2 DRREN VLT TOHs 7727 % —
DOEB), GCorUuUx NI ITLDNY I T TR
DHBOW KR EOMEMENE Z 5N b,

GClpyrolysis/IRMS 12 £ 5% 45 F L N )V E K FE
FIMARIL AT ClE, —MrIciEHCE T N A%
{LEMDEDPMCEMT EIZRE DL ENEL, FE
BollE T, 1bEW T & IR (area, HLATL
Vs) *° ODrefgas=0%TEDE N5, + 2 TARRETIZ,

F&55MH, ODrefgas=0%fH, Fig. 3 OFAREFEOME X &
Yh xRz itgEd s,

Fig. 6a [Z7R T L 9 12, fbEWoKkFER L GC/
pyrolysis/IRMS T Dl 5 T 5 7= FE O -2
(&, BIRE 2 E o FHBIBI AR (R?=0.999) 25d %, %
LT, 2045l & Fig. 3 OMBEEMROME X & 4]
A oORIZIE, Z#R-FNFig. 6b, 6¢ |12RT &9 %M
R3d %o FEITEDS 16.9Vs (m/z 2 DFREET, £
25V) DLETIiE, HEBYHO—ETHLHDT,
FfREOF v ) 7L —3 3 v, 12 nmol O3,
BHClE o N7l (& =0.982, YJH =—256%0) % M
wn (KX2), —HT, A 1.6Vs Ll 16.9Vs
FilTiE, 3312 Fig. 6b, 6c DT (Zh2h,
H 4,5 LS h/-fEE (Slope) & IH (Inter-
cept) = %,

Slope =-5.81 x 10-% x Area®+ 7.13 x 10-°
X Area*—3.13 x 10 X Area®
+6.65 X 1073 x Area?-17.19 x 102
x Area + 1.305 (L 4)
Intercept = -2.34 x 10-¢ X Areaf+2.99 x 10~
X Area®—1.39 x 102 x Area*
+3.19 X 10! X Area® —4.03 X Area?
+29.5 X Area— 364.8 (X, 5)

B, nsompaix, £iE - 797 PC

V7 M7 (Hulinks #1388, 7L A4 %275 7) 12
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Fig. 6. (a) Hydrogen amount injected into GC, (b) slope and (c) intercept on the correlation line of the dDref.
gas=0%, and sDdual inlet values, and (d) standard deviation on the §Dcorrect-2 value, with respect to varying

m/z 2 mean area on the chromatogram.

Lykos 6BRAF TH X THIIEZT) EEN
W% E D DIIIER M AR 5 A, FEFED PC D
FEEIC LY IEF IS ISR ITTOEMUADTE S
LDT, ARTIIZFOEPAEZ0OF FHN),
COFx)TL—YarvErHWSE, —ikik
WERGEE (1o T 7% LIN) 535 6 1 2 il fl =
X, LEWH7zkFEETAnmol THY, F/22
nmol T& > T 1o T 13% DIEETH 5,

3.4, A%5LE

n-palmitic acid methylester, n-behenyl acetate, stig-
masteryl acetate DI 2 ME L, 55 N7
3, ODrefgas=0%fH % Table 2 127”9, H 57
F&rEI 2.5 ~ 14.1Vs OFFHIZH H DT, 4,5

WL EE YR EZRD, X3 % HTHEAMAKL
<5Dcorrect-2 1[5) %5]‘{3{) 720

Table 2 IZ/R 9 & 9 12, ODrefgas=0% Tl (LA D
BARIZCEIDKRELRL S, #l21E, n-palmitic
acid methylester ¢i&, 2.5,5,10nmol ® & X2, %
N Z11.88,54,42% T %, LA L, 3,4,5%H
WSS 72 Deorrect-2 fili 1, 2.5 nmol T3, 6Ddual
intet fI & DF=AS+ 9%, LAY, 5, 10 nmol TixZ D7
W A% LN L, 3TEOLEY -3 OB A R T
CC 6Dduat intet filf & WV —F AR L7z 2DXH
12, X3 45%2fvicFy ) 7TL—arvid, 4
BEOEILEYM OKRFEFMARIL 2 A5 - HEEE & <
WET S ZTENEFETH S,
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Table 2. 6D values of typical lipid standards (n-palmitic acid methylester, n-behenyl acetate, and stigmasterol)
determined by traditional off-line (dDdual inlet) and GC/pyrolysis/IRMS method (5Dcorrect-2) with

respect to varying sample amounts.

GClpyrolysis/IRMS

Compounds ODdual infet 5o (Vs) ODref.gas=0% (%o) Slope Intercept (%) oDcorrect-2 (%0 ) A (%)
2.5 nmol
n-Palmitic acid methylester  -218 25 88 117 -312 -210 8
n-Behenyl acetate -295 25 22 1.17 -312 -287 9
Stigmasterol acetate -245 25 52 117 -312 -251 -6
5 nmol
n-Palmitic acid methylester  -218 6.5 54 1.05 =277 -220 -2
n-Behenyl acetate -295 6.3 -13 1.05 -278 -292 4
Stigmasterol acetate -245 6.6 35 1.05 =277 -240 4
10 nmol
n-Palmitic acid methylester ~ -218 14.0 42 0.99 -257 -216 2
n-Behenyl acetate -295 13.8 -38 0.99 -257 -295 0
Stigmasterol acetate -245 14.1 11 0.99 -257 -246 -1
LEE B HRAERE - MR CHEFEICIET 5121, 23

GClpyrolysis/IRMS |2 & % 537 L~V K K [\ fiF
PRI, WEICLEZREES 1ILEwdH
720 K FE & T 10 ~ 50 nmol & % <, 2t
REHCE TN TV D T MEOARILEY & 7307
T5ETREGEEICLZ>TWh, FITARET
1%, GClpyrolysis/IRMS |2 & % 53F L N )Lk F 7
RARGHTEI BT % 3 kE & 15 5 15 FAEL O
BRERL, T RORETOUIEE - HEOR
WKL 2 155 72O ORIEE R I—RE L7z Rl
EERHWS L, — i MERE (1o T 7% L
W) THlETE 2R L, LEwH) K
FET4nmol iI272 Y, F722nmol TH->TH lo
T 13%0 DFEETHET AT LD TE 5,

7+ 1, GClpyrolysis/IRMS |2 X 2 4> L X)L 42
EXRZFEMALEE TR, REEARLESNS
R ORI, HEOM A 2 5MERHENRO
ARfbEwoEE TG SN S (J1f and K%
2008), FEHEORETIE, —oODE R FEHT
ffio TWAEAIZIE, 30 ~ 40 30K o0 (1
AE LB OSHTT, 2H) OFTIX, He7 7
75— EDINLOHEITITEACELLL RN
W, AF VI ADT =D AEERELLD,
W E FERR IS |2 B R O IR & —RERYIC T 72 D),
B RIAR GC /1 T L R LAk, Ih
LOEIIKE LSBT LI LS\, /2, 71
< 7T A EOuOEW Y — 7 OFRAMAN T
W, Vwbws “AEY —FR (5-1 BBMR) O
bBaINDLD, ARILEW DR EKRZFAE

AAK FE BRI D AZ #3508 % IV T, ODref.gas=0% 5 &
ODdual inlet TEDOFHBEFEOMEE - YIH %, :2~5
DEEE A DEBEBRLWEY — 7 TV AT LITH
L, F70, BEURHMEIRE 4 iR OE AL
EWEIEL, EEOREN—BIENTD
OPEFIZE=F —FTLUEND L

5aAxXr b

5.1 XE—=%RICDODNT

2008 £ D #4112, Wang and Sessions (& GC/
pyrolysis/IRMS % F\v> 72453 L~V [EALAA H il 2
BIZBIF B AT = RIZOVWTORLEREL
72 (Wang and Sessions, 2008) , X E1) —%f&E & 1L,
ryux b7 74 ETHICHE SN BERILEW D
FENLAR IS, RICH & B BRLE Y o FAR
WKTHTZLTHY, ES5oMmEIZINGZ, 2
DOFWILEMDE— s 570~ b7 L ETH
100 BT\ ThH, RIS SN BERILEY
&, ANICHE SN FRILAE ORI 2 S,
BBUOR2~4%0EE*ZT5, ZLTIDX
EY —FRIE, 200LEW Y — 7 ORIk
Y, BB ERLEMoY—2s )7
BINEL Y, BRIFORFREMERD L B b
&, BE B% ) 1274 5,

AAETHV 72 n-alkane fEHEAE I, RO
HPHAY —37%0 ~ —280%0 TH VY, 7 a< b7 J 4k
THET 5 — 7 ORIV E 2 AT 80 FfE
Thhbo AE)—F% 2~ 4% EET DL, 15
SN D [FENARILIZ S ~ 13% FEEDEZ L 5 2
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B ERRIZ Table 1 @ SDeorrect-1 i D A fifi %
FEECRS &, ANl S5 n-alkane o F
IR E LN S WEIZ, BuaidkaEwn
B2 7 MBS 5o Lo L T D n-alkane fEHE 7
WTHELNmIER (X2 ~5) %, n-palmitic acid
methylester, n-behenyl acetate, stigmasteryl acetate @
TR OPEICH AT (U~ I 4 LT
DINLDOERLAEW Y — 7 ORI 300 #LL I
THb), 155172 5Dcorrect2 E1Z, 3FEDILEW -
3HEDE A X T T 6Ddual intet 8 & B\ —F % 7R
LTWh I ens, HENIELTIEH %A%, AHlE
2B 2 —shRIFAEREDNEEZ LN
%o AEY —RROFMIIIREFR CHm T 5=
KL ZE T HAULELH Y, T2, KEDOFRA 4
FHRHENGOFERILEMOMBETEL S NS
E# 2 5N5, Wang and Sessions (2008) D& GLAs
FTRTOMERE, WESLEML, TXTCOFRILED
WZHTIEELHERTHLDOYD, £-Z0ORENE
BTHLONE, SHREFEREIARLGLEND D,

5.2 {LEMOIER R AL

—f& 12, GClpyrolysis/IRMS % GC/combustion/
IRMS % F W 72 BAL & D551 L NV [l i
HIGHEE T, FAAABEM O EGERILEY
I2iE, TERZTWESROLEWEFR LS D%
Hwa 2 eD2E L (J34 and K3, 2008), =
UL, GC 1 T L RERIF 7 & OWE R ENEE
TORNMNAEGNIEETE w0, BRARIL
B EEEPRECEL L SO EEFRILED
ELTHWR A, WE O FRMAS O
(REZ) PDRELELDWREMEDNHL-0TH
% (73 and K35, 2008),

ARRTI, R % B AR R ILKFEDBEIE T
YESLL, # DOMEE% n-palmitic acid methylester, n-
behenyl acetate, stigmasteryl acetate T17 - 7225, 77
£ and K¥j (2008) TR S NS L9 2 BEITR
bNZamolze LA L, SEREIZ GClpyrolysis/IRMS
* FVCORERMAL 2 g T 2561203, Rk
BRILAEME LTED LD e HERILEW A #EY) T
HLD (EDLSWHEEPRL - 2GRILEW T
LHHTE200) %, 2nEnollE, e
ROV TUIHE L TIHE 72\,

BT LRV ERN AR T 2 EH AR
T22H72Y, HEREEE JUNKE) - Simon
R. Poulson Bi#d% (/XM KE) - KITHNEE
A TR ZERE) 121, FERICBL 2 T
BB W22 FE Lo, L DE LR L R
9, AEOHMEIZBNT, F—FT71 v v —
ALY T 1474y 7BERSHOREECDIKITIE
A=H—L V=T L LTOIUE2L, YRR
W DI ORZ R CRERSY: - 1B L3R E)
==& LCOMLIE,S, a7 Mg
A -MEERHEEFE L, T2, BREEERE (L
MRF), RIGHEGLE L ALiFERT) 121, AF
OFEFEAZMUT, REBRELT FNA R - axy
PETAEF L7 e L CE CERHEL £ 95
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