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Orrline Method for Measurement of the Carbon Isotope Ratio of Atmospheric

Methane and Its Application to Atmosphere of Yakela Condensed Gas Field
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Abstract: An orrline method for measurement of the *C/ 2

C ratio of methane by a gas chromatography/ high- temperature conversion/

isotope ratio mass spectrometry (GC/ C/MS) technique was developed. This method is less laborious, more rapid (45 min), of high

precision ( £0.4 x 1077) and by using a small amount of sample (about 200mL of atmosphere). Its application to isotopic

characterization, and hence methane source identification, was demonstrated by examination of atmosphere sample collected in Yakela

condensed gas field, China. The average '*C/ ">C ratio of atmospheric methane in Yakela field was — 45.0 x 10

1073~ 2.0x 107

3 .
* heavier by 1.2 x

“ than the global average. This is caused by seepage and diffusing of methane from Yakela condensed gas reservoir.

- . . . . L . 13012
The concentrations of atmospheric methane in daytimes are found to be lower than those in nighttimes, and the corresponding *C/ '*C

ratios in daytimes are lighter compared to those in nighttimes, a phenomena probably caused by the fact that a small part of methane

from Yakela condensate reservoir is consumed in soil’ s surface under sunlight.

Key words: atmospheric methane; orrline method for measurement of the '*C/'*C ratio of methane; Yakela condensed field;

identification of source

eI AFAE T LR R 2 P K7 a3
RO, o K0P R s e e, KA g
Besy 1 T Z I LLAMBOBCME g, RBLH 2 4
BRI N, fERL 2 300a, K BRI AR 0 2
BT A2 AR 20 30a 3K R BET
SR, RV AR AU e PRUEE AL Ak 53 R Be ik FE A7)
TEgkE i KPP St aE KR oy B>, A
1999 4 KA H B & BT 45 A8, IR 5 76 1751
mg/ m>' 4RI, BT F B I 4 AR A 1) 52 ek
PR LR AT B 2 1t 0, R A 4 Y 1 DR R
T ST AR R AP i P Ak, 4 [ R
AR CINRE T BE R 2 7n B DR AE R 7R HGE 07
A et SORE TR Tl A S5 L EEL R S0 AHX DT ik 4 T

7L AT U S R PR & B BT B IR R BOR 1
R FRBURS 5ALASAS W I &, KA e (1 ) 47 36
AR R R A3 2 T D3, F Rk R A7 25
BORGEE CUAF) ASPC= 0.1 % 10°~ 1x 1016191 Jf
FLBt A [ 2200 8 7 125 1 AN B 5 38, A0 e 4%
FRpE s PR (e 8 1) 0 2 4Lk ( P er P e) e
LR Z AL D/H) FUBCHPERR (4 C) & B C TR
I T 7R i R e YT A PS4 R A D S
PRl 20~ 281 (E 7 ] Py IR KA o B TR A 2 1 7

¥ B #A: 2004- 12- 17; 14T B #3: 2005-03-15

EE®WE: E 5 RFE IS 10 H (40273034)

TEHE B A7 2001964~ ), Lo, wn g TR0, P, 42 % A EREE Hl
Rk a7 35 M Bk b SF 5T R L 40 BT, E-mail: Tang-
j||j]1@ tom. com



1 Koo M % 15

FEROR ) R M AR SC BT TAE — FLRBE) 20T S COo ARAERE & 1A [ 47 38 LA, JLE - 30.5
Ji. 2 G 4 W0 B PR R TR P 5 1)k ) o 3R R AT x 107 *(PDB) . FGehrUE AN 6 PCIASE Rlnk
TR, AR R VA B S A, AR LA 1 W A k- 30.4 x 107 3(PDB), fii K
HEP™. AT GG T B S RRGE AL =T W2 T 0.3%x 1077,

AOPEHLAE e 23 K0 e e [l (02 32 (1 B FE R, 1% £1 BEEOESER 8 CCEAHER(x 107
HTVEAFX B 0 FLRSFE 5. 3600 2 RERS B Table 1 The Carbon istopic compositions n
S ELAC A M 5 R 7 K R k) . .
B R AL T HIB e 6rc s src
1 - 30.1 10 - 30.5
1 XRAHZE 2 - 30.7 1 - 30.6
L1 ST A PR B R BRI AR BE R 2 ) o ; o
A T3 i S5 B AE A28 O 36 18 Thermo 5 - 29.9 14 - 30.5
Finnigan 2 ) 2E 7 [#) Delta Plus XP £ @ [A) 17 38 )ikt 6 - 30.5 15 -29.9
R AT IA R G5 GC/ C/MS) , 238 i (X ! 03 0 -0
(HP6890) JAKEH'(GC Combustion [T AE & [F A7 2 B 223 :; - jzj

géﬁﬁlﬁi+( Delta Plus XP) é’Hh}Z Jﬁlﬁi%%{q—j{] %? T=-30.4,06,=0.31,0,_,=0.32
T 3.0kV, B IR ARSI 1. SmA, B 1 U
AL 6. OmA; (4315 45 44 Jy: A H] C-2000 €4 % 1.2 EVERE S 4 R 5280 o

FE, (25m > 0.53mm x 20Mm), £y #h 4L He BRAERE S 1.1 b 32 3 0 9 e bt A
(99-999%) . He Uitk 12.OmL/min, FERTEL N 99.9999% iyl Ny B ke 5305 K H 5 i 38 G 46 T
50 C; éﬁu»tﬂ"(NIOI CuO/Pt) WREESh 940 C. W R E A 1 SSOmg!‘ms. T SR v 1 R

Skt 55 BT R GE 0 E TUIRR TROBE RN e, g T R RD 1 B, DR A SR
99 999% M STARIEUHE, JLHIBLAATRIERI gt heof o . A 5650 602 9460 6

GC-C-MS WK, % [7] o7 2% 1) 2 Bl FH AHDGH [ B b 1 Kb B S RE 25 00 T 11 PR b v /A B A VR i

PDB ffyfiize & il (PR B SRR, OF 15 GC-C-MS IBEHLYE 28 4 BT
§7Crran = ( R/ Rig— 1) x 1000 R I3 R 1, SR O 45 SR 5 P b A 1 T

A, Ry 29 B 0T CAIEC/ BC, Ry ) fr 2600 b, DA VA 2 748 B0 450 B 2% 49 1) T 3 1
H FoaK
_ Nafion Dryer

SR ULT
Open Split

ot T~

— =1 | _|_ " lll ‘H\ \\
NN
u it | [ g ~\ \\\\

U Trap - \ N .
U COL M \\L:\\

T Vent

HEFF 1

Sample

Pyrolysis
Furnace i

He — I —X DK
i
Flux Valve

e Reference Gas U
Trap u
I 1 |1 |
ClHy 2% i 4k B AR A il Wi {2
On line CH; extraction system GC interlace Isotope ratio

mass spectrumeter

B 1 ASHPRALEFHFRESRERIEREMUENELM TR IRRRLREARTER

Fig. 1 Schematic view of the gas chromatograplr pyrolysis interface isotope ratio mass spectrometer with the orrline CHy extraction system

AIHERVE. AT AL PR AP 1 B, AR 2 AORE AR BN il



16 7

B 27 %

BB TEL P B R4 L, %8 He
(10mL/ min) {7850 pPie 538, LA O/ 3 A #E R 48
g ge. R)EH He UM A 2mL/ min, Y EA 200mL
RN, He SRUEHE A 20PN U 845, 76 U
R R 547 5g NaOH (99. 9% ), NaOH Wi 1745 /<,
Foim P2 COo FHL0. BEI 7538 1) 5 TR A
LA 15255 6 Wik, 2R ik N No+

WA BF(- 78 C), R BF & 11 5g 40~ 80 H %
PR, 5 P AR E Ve PRI E T A A b i R e I B R
i, T2 I B No (O 2540 4R ) A HE 11 A2k
AL SR 1A 1) BT A5 1 6 P, O A DR A 1R
No+ RS 36 4y b 7K, B AT W 22 1) LT, W B A 9%
2T FEE AR R BT AR R e SEEAS AR I B 52 0, o 7Sl
A FRAS I, Beiy 2 5 3 4 5 5 ®IEE, He <
TCHE V2 B e R B 1 R e AR RN (i . % 18 3

R R A ARG, BME I E ARG, LA RAAR
XTI JF B U35k B A7 > R €O, (CO N, Al
O, FEUM, g2 10 F e il 25 2R, 0 4 10 3%
i FE: 30°C 15-Clmin 200C

He 28 (0 W AT 0 8 I e N AR A, SRR dE A&
S [l 2 AR, AT A 1) R e i 40 A 1) ik
A7 22k, B 2 & GC-C-M'S RGEMAE ) bt 25 /<,
FE i b Y e 5k [R) 407 2% 0T 5 P, 3R 2 O A ofE A
8" Cn, 9 10 YMIRSE L.

M 2 WA %R R GURALAE 2200 A b o
B FBE) 8 ORI - 30.3x 107 %, 55 K i
ZENT 0.4 x 1077, 15 HUEEARHE AR 8 PCon, A
15, BEHIZ AR GOnS KA Bk i) 7 28 1) IR 2 mT AT
(11, BT SR ESCHE 1RORS FE RO HER 4 e A 754 2K,

F2 OREHRP §VCa MKSRER(x 107

Table 2 The carbon isotopic compositions of methane in standard samples( x 10 %)
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Table 3 The daily carbon isotopic composition of atmospheric methane in Yakela condensed gas field
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