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BERIEAZEDRERAMEDITDI-6HD GC/C/MS DBEIEEM & tEE
KA 9 &FET EEEMNC fIER

Susumu SAKATA, Nobuyuki KANEKO, Masatoshi KoMiYA and Tatsuo MAEKAWA (1999) Conditions
and performance of GC/C/MS for carbon isotopic analyses of high molecular-weight hydrocarbons.
Bull. Geol. Surv. Japan, vol. 50 (5/6), p. 395-404, 6 figs., 4 tables.

Abstract : Conditions and performance of GC/C/MS for compound-specific carbon isotopic ana-
lyses of high molecular-weight hydrocarbons were examined using the pure reagents of C,s to Cs,
n-alkanes whose values of ¢ had been determined by conventional techniques. By the method of
calibration assigning the & value of carbon dioxide from the mixing volume (external standard), a
systematic error (A~-1.0 %) was observed for those of the n-alkanes. When assigning the ¢ value
of regular C,3 »-alkane (internal standard), accuracy of the isotopic analyses was greatly improved,
although there remained a trend of drift in which values of A became more negative with the
increasing number of carbon in the n-alkanes. When assigning the ¢ value of two (or more) #-
alkanes whose retention times were widely apart, the drift disappeared, and high accuracy was
obtained from the measurements. Precision for the isotopic analyses was found to improve with the
increasing height of peaks in #/z 44 signal traces, and high precision was observed for the analyses
in which peaks were higher than 2 V. Under the conditions in this study (with the emission current
at 1.00 mA, and the VISC completely opened), the contents of #-alkanes giving a 2 V-peak were 7
to 14 nmol in carbon, with higher contents required for n-alkanes with larger numbers of carbon.
By closing the VISC during the measurement, sensitivity for the analysis may increase approximate-
ly 2-fold with no deterioration in its accuracy.

® B
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BTEIRP oI, ZORIRFEMELEZHEST 22 L
£oT, B, 27 UBME, LEABEMEOVWTR
PICRET B Z L SHAREI 72 > C % 72 (Freeman et al.,
1990 ; Collister et al., 1992 ; Schoell et al., 1992,
1994 ; Santos Neto ef al., 1998), F/NURRXT T iz
EOBRERIGKRZCET 554 4~ —F —DRBECHE
HORER, 190FERYIAOL R 7 v~ 7T 7 BREERE
{7448 & 5 7 51 (GC/C/MS) ® B % (Freeman ef al.,
1990 ; Hayes et al., 1990) iz & - T, #H CHBEWC 2>
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o EH R OE A A & (199% E50E HE56%)

ibERr I [ BB RIKREFRRT > ¥ ¥ VO
B L THIFR BT 28Rl o, EER{KERERS
A ARRACARBOD T & ORBEMIELE 2 HIET 25
BT 2B TN T &7, KBTI, RERGIE
BB SFERIAZREZHRNT, GC/C/MSI2E2E
BRALKFRDS T Z & ORBRAARLLORIEEZRET L
TERIZDWTHET 5,

2. BRCHE

2.1 BEREDDER

GC/C/MS i X 2 EBIRLAKRRDASF I L DKER
AL ORIEE R RE T 254, RS L LT, M
EREL TREHRORZ 2 —EDRSBAF R Z &
DB, =T NVAVERWSE I LR —BETHY, KL
T, FB1EROLRESZAV, 203 bEEED n-7
WA EY T8, BARFE-TNVH Y DKRENT N
TEARCEBBRENLZLD)E 7T VP74V b—
FIRZ MY —BTH L, BEEROREHI2O n-7 VA
YIEZOWTIMEDRE N, FRAZ7u<v /771
X oT, MENNO%THS Z L BHER L., F01Eh
D n=-7NH DB TIE, Wi b MiER98% % 721399
% LEHSI TS,

2.2 {EREDORE
n-7 VA RIED RFER AL (FEHEE) 25 1 i
ALz, IS n-TNh YREREL ICHEES T TR

FI1HR FHRCEALE n-7 V7 BEOMHITT,
MR & RRFERLARE (BEYE(H) .

Table1l Suppliers, purities and carbon isotopic com-
positions (standard values) of n-alkane re-
agents used for this study.

Purity® Conventional®
Compound Supplier” (%) & vs. PDB (%)
n -CigD3s CIL 98 -30.59 + 0.00
n -CqgHsg SIGMA 99 -29.75 = 0.00
n -CyoHaz SIGMA 99 -33.53 = 0.00
n -CyoHae SIGMA 99 -33.32 = 0.00
n -CaDso ciL 98 -31.29 £ 0.00
n -Cy4Hso SIGMA 99 -32.42 = 0.00
n -CogHsa SIGMA 99 -32.62 = 0.00
n -CygHsg SIGMA 29 -33.15 £ 0.01
n -CaoHg2 SIGMA 99 -29.68 = 0.01
n -C3:Des clL 98 -29.72 £ 0.00
n -CaoHge SIGMA 99 -29.41 = 0.02
n -Cs4H70 SIGMA 99 -28.48 = 0.01

# SIGMA, Sigma Chemical Co., St. Louis, MO; CIL, Cambridge
Isotope Laboratories, Andover, MA.

® Purity of n- Cs,Hgs was cheched in this study, while the others
were those certified by the suppliers.

¢ Mean value and standard deviation of three replicates obtained
by the conventional techniques as described in the text.
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2 — 7R WE S R vz,
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2.4 EEOHE

GC/C/MS A RZu<= 5700 5L 0HE
T 2 RIS & ME R 38 T R LR R L KiIcE
B, KEBRELE, ZBEREENVVA(FY VT
HR)EEHICBESWENCHEA L TRERM A % 8
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RSy — R#I58903 U — X1 T, ¥ EFV—F T4
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Fig.1 Schematic diagram of the GC/C/MS (gaschromatograph/combustion/mass spectrometer).
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n=-7 V7 DEE, BXARED S DITEEED b DIt
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T, BT 7R, ZOHB~AFARENS AL VI
ROV TFNBBDOND, INE n-TNH VBT A7
uw 77087 LA RERT AE, BEHOKE WS
FOSRET I  SBRT 5 L v RMEIRICRET 5
bOTHD, ZDRDODF{RSDRENARIIZ, 45/44H DK
M 2EtE T2 DTk, HBEHK4, 45, 46DES
M—X EOE—7 2@ L2 ZHESL, Y —27EHBEOHLE
bricitEans, ¥hbb, BERS (-7 A ) D
v — o EEE R, FRELSEAOEEED Y — 7 H
B g+ 28I X - T, HBEORNMNAEL (PDB X7
—VTOME) BETEESN S, EEYEE LT, SFv >
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Fig. 2

Recordings of the signals when 1.0 xl of N-ALKS and DEUTS (each #-alkane containing 20 nmol of carbon)

were coinjected onto the GC/C/MS. The lower trace displays the m/z 44 signal (ion-current monitored in
voltage), and the upper trace displays the instantaneous 45/44 signal ratio. (d-) numbers above the peaks
indicate carbon numbers of the (perdeuterated) z-alkanes.
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HRHY, ZOHRIEOVWTUTCERRTS.

3.1 5*9?7%”1-A#5®Z@ﬁﬁiéﬁﬁ‘

&7 558 HEIRER)

TEFYVIRY 2 —Lsh D 4 BEALL ZB{LRED
3502 EH (-7 VA CEHED O O RINEELE L
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DED o FIEHIEE NS n-7 Vi > D & B (dscc) D
BEREELPERLTBY, mean A FIIEOHIEZ L2
HEAIND n-T NV O AME(=0cc— Sconvs 72721
Scony IEPERIRIC & 2 KRENLAREL O BEHEME) D1 (%o
BAD) RERL T3, £SO & EOEERZE0.11
%ot 50.29% DEIFH (F450.18%) TH D, HIEHEEIXE
<, L LAads AEOFIE—0.7%0> 5 —1.2%
DHEIFH CF—1.0%) T, HIEEIN 2 o HIFEHEBE LD
LRFENTENZ ERRLTWS, £/ 20 AEOFY
P u-TNhYDOREH R LTSy b LIRS, RS
DB ABEOFEYR A4 FAFMIZELT S Y
7 MERSED S5 B 3HDERY R V),
BIGHAELD BV 7 MEAIZE ESHET O E D RIE
CEEEL TWw BB H 5, Merritt and Hayes
(1994) 1%, BEDHETDOA A vV —AE~Y 7 LDOKF
PEAINRTWARETBREREEZ ANV 7T VR
Va— Ao ELEA LRSS, B ERMEL
DAL (1 BERITHI0.3%0) 3% 2 & 2FREL T 5, A4
FIBWT, EEROF¥ Vv —va v (2EEOZEE
REORAMEHDBE)T, 3F Y/ RY) a—spoHE
AL7: A BB OZBIRSE (-7 VA4 YEHERT, 2[H
HOZB LR T 5450 F0B% I8 A) O RERAALL
BEMELI L 22, ERELTREED 52 WE(-30.42+

0.07%) D3ME S iz, Lizdd o TAMFROBE RSN O%
L, Merritt and Hayes(1994) DEBH X » BT
wiborHrasni, g%, 4BIHOZBILKRRIE Y
SATYV—RIEoTR=—ATA VDBEL B 1BHT
BAINTBY, #7470 —FBREEORRKE S %
Wewd 2k b ERICHREES iz,

KF ¥ ) TV —¥ 3 v TELNBRMEHCRTNZ
BEDECT-DR, BEEFMNA VY —7 24 RCERERD
HATEREME D E 2 5vd, Merritt ef al.(1994) 1%, A >~
¥ —7 x4 ADREEIFIC B BRERT e DHE, K
RFAIR L IEREE TN U TIE (BC 3% W) FHEiC v 7
MR EHRELTW, SHEOKBRE, HIEMEISEEE
LD BHEL, ThEHOEATH S, AR
BRI 254, AHBOARELABEMHET 2 Z L
(Merritt ef al., 1995) B FHEE N B0, REBEH24D n-7
WA v (EEEREEARK) IZOWT, E—2HEBE L AE
DEFREZFRS &, 20 X 5 REAIZRWIZS kw58
4B, Lieddo T, BBORTELREELHIEEDOBRZED
FEREZ>TnD EEFEZII W,

A VI —T2ARDY 3 —F —X XV —F —DKOER
EBRTT2EHED, REMZEENL-63N5 L
PEEEEINTBY, ZOERE, 14 >vY—REB
WA (H,0) & ZBILR BTG L THEEH
BOAF Y HCOMNDBELBIEICLEDBDEFZLD
LT 3 (Leckrone and Hayes, 1997). & L Z OFIED
FELTw3%oE, BEO n-7 Vi Y IZEEEID DS
WIRRRIVALESE NS Z L TFHEI N, FEAFR
BITBEERL6DA 4 > (DCO,NBEL B Z s, i
EXVEIMEWEBESNS I ENFHRENS, KiF
FOHEE R, BEELBERKRED -7 VAV BEL S
HYEL LS W HEREL VEVESEONTYS Z L

Fo2R BiRi¥» V7 v—varOARIcET L EMEEIEDORBREE.

Table2 Accuracy and precision of the isotopic analyses based on different methods of calibration.

External Standard

1 Internal Standard

2 Internal Standards 3 Internal Standards

(2nd CO,) (n- CygHss) (n- CygHzs, CsoHe2) (n- Cy6D34, C24Ds0, C32D66)

Compound meanA® ad meanA?® od meanA® od meanA? od
(%0) (%) (%) (%) (%) (%) (%) (%0)

n -CyD3q -0.71 0.29 0.12 0.32 0.05 0.35 - -
n -CqgHsg -0.83 0.24 - - — -0.06 0.26
n -CyoHy4; -1.03 0.15 -0.20 0.18 -0.15 0.16 -0.22 0.12
n -CyHse -0.99 0.16 -0.16 0.18 -0.05 0.13 -0.13 0.19
n -Cy4Dso -0.87 0.24 -0.04 0.22 0.10 0.20 — —
n -Cp4Hsp -0.96 0.18 -0.13 0.27 0.02 0.18 -0.08 0.18
n -CyeHsy -1.07 0.11 -0.25 0.22 -0.05 0.13 -0.17 0.16
n -CygHsg -1.10 0.13 -0.27 0.18 -0.04 0.08 -0.17 0.12
n -CsoHs> -1.10 0.11 -0.27 0.23 — - -0.14 0.17
n -C3;De6 -0.98 0.22 -0.15 0.19 0.15 0.22 — -
n -C3;Hgs -1.06 0.20 -0.23 0.15 0.07 0.20 -0.08 0.17
n -Cz4Hzo -1.24 0.16 -0.41 0.25 -0.06 0.16 -0.23 0.21
mean -1.00 0.18 -0.18 0.22 0.00 0.18 -0.14 0.18

# Mean value of A (= 8 ¢cc - 0 cony) for eleven replicate analyses.
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Fig.3 Values of mean A for n-alkanes are plotted
against their carbon numbers. Isotopic cali-
bration was based on the assignment of &
values of the followings : second carbon diox-
ide from the mixing volume (symbols: dia-
monds), regular C;s #-alkane (squares), regu-
lar Cys and C,, n-alkanes (circles), and per-
deuterated Ci, C,4, and Cs, #m-alkanes (tri-
angles). Solid symbols indicate the data
points of perdeuterated n-alkanes.
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Fig.4 Values of D for specific z-alkanes are plotted
as a function of the area of peaks in the m/z
44 signal traces. Open and solid circles indi-
cate the data points of regular and perdeuter-
ated C,, n-alkanes, respectively. Isotopic
calibration was based on the assignment of &
value of the second carbon dioxide admitted
from the mixing volume. Dotted and solid
lines indicate where are the values of mean A
of the regular and perdeuterated n-alkanes,
respectively.
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STEEMMEEFEE - LD LA2UARTHY, %
DEZ, RVROZBIEREVAAYY —ALCESET
OB TEL 2 RMESE &, BREEFTER L n-7 v
A VRO ZBILREZEL A T ATy v oA L
V—RE B TOBRBETEL 3 RAMES R DE % Kk
LTWAHEREMDS D B, L 2 AN D5HE, HIEHELE
EEDORMAELDZEE, TRTCORFSITOVWT—ELR
ZZENFRIN, VFvyarFLAattbic AED
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TAFAFEZEY 7 T AHEA G 3 K) £ TIEEHET
BIENTER,

PED XS, FMFOERER» S, HEMELEE
EDENE L5 TERPHHT 22 L 3RETH 5,
Bael T SFYYI7RY)a—ao68BAT 5 2RL
RFBEHE & U CEERIKE D RBEMARZHIE S
57, FEBICOWTHRE LZRY £ 7255H LiHE
by LI NT,

3.2 =8 n-FILhrEBELTZHE(REIEE
%)

n-7 N DEEGFFCEENZ RS OW, REHIS
Dn-TNHy(EBERENPEELLTCZD SERR
BL, Do n-7VhvD o flrdELIERRHE2E
(1 Internal Standard) \Z7m L7z, SO S {EDIEEER
Z130.15%00> 5 0. 32% D EIFH (F350.22%0) T, HIERE
BHIRDINPERE DB S LR EEDb bW, —F, &
s D A EDOFEHEI T +0.12%00> & -0. 41%0 D i (-
0.17%0) T, ST HEE D BZE W LA THE OREE 1T K &
{AELTWS, 72720, AEONESE n-7Vvh DR
R LT T oy LGS, INTEEOS S & R,
REHEL LD AFEOFEHD <A F A FARELT S
FY 7 MERWED NS (EIRONAY Y RV),

EHRLET 2 u-TVh LT, REHISD n-T v
VEBEER b, VFryard 4 APENES
EUT, BREBBOD n-7 v v GBEE) 2EHICNZ,
MWD u-7NhrDsERZFELLERZ2E 2R
Internal Standard) \Z7R U7z, 2 DA, 2 DOREHE 5
TNA LT, 20 dErSHEHEINI2EDA A
VBRI (45/44, K UM46/44LH0) (Santrock ef al., 1985)
LEAIIND A 4 VBERILOMEEZGEIET %720 DR
WEZCFHEE NS, ThoE2V TV Y avd A b
W0 U CERRR I T F 2 13 4NE T B BT, o) -7
NHYDVTF vy arydy 4 AIBTBRMERKIESH
ah, Zhe44+ ERKCGERAE) 2 b & cRAFLL
HE a2 (Ricc ef al., 1994). BRSO & HOELER
F2130.08%0> 5 0. 35%0 D HiFH (FF390.18%0) T, HIEREE
IARERE LR 1 DTS ONEIEREE DB S L B b &
B, L LEESD A EDOFHIE-0.15% 5 5 +0.15
%o DEIFH (SF350.00%0) T, BIEDHENBEZHLEL, n-
7 A v ORI (RIEE) OBEEIC T 2R D 2558
bohixlxd, FRRFHE LD ABOFIHEL
TEHRY 7 MERLEHSNS E 3Oy VRLV),
Thbb, NPEEERCBOTY Ty aydy 4 A0
NIEBBOEGD o EERET AL L >T, AW
EEREBONE I LA MR 5T,

NESEE CRAM AL 2 HIE 3 2 8, BER S DR
DEFI & o T, BERS D A EOFECETORY 28
EUsHAREMD S 5, M2, RCHEZEIOWT, KE

#1016, 24,320 n-7 VA v (EKRRE) 2HEHE L U T-5E,
BEAD A EDOFE1E-0.06% 5> 5-0.23% (EH-0.14
%0) T, n=7 v v ORIGLAREL (RIE ) OREHEfE 2 53
ZEDPZED BHENS(EE 3K D3 Internal Stan-
dard), ZOHE®FHZ 2BICEBIREZ LI, n-T NV
B v ORI D ETOBRENLRIAZNSE L WS HTH
2. BFEn-TNVA I ARHI(1 2L 2%) &R
T30, FERETRD T AREFER n-7 V2 > DED
BRI E e —T 2 RSB, b L n-7 A
YRR 2 BEENTWT, %O REFRAAEHD
n-TNWHh B RDENDBROIE, BHE[EIX n-7 IV
B DEDEMAELE £0.1%DFThE2ELC S, D7
b, WEREREETEHE S W 2 KRR, EHE e 5
3 -7 N v OEEEOBEZLAENRET S n-7 v
B OIEHEEDRRZDBRT, 0. 2% DTN EL 57 —
AbFEZS6NS, S, n-7 vk > (EAEE) 2EE L
L7eBEOHERRBYBIECERE LT,/ u-7
N v DIFEEENEORBRIAEL LD HEW R
DENHAERLEDME) & WS AIREMDSE 2 5B,
REHISE30D n-7 Vv > GEESE) 2EE L LT, it
D n-7 VA ¥ ORENMREL 2 HIE L 72 35A DEL D AfE
BP,E—70BI T LTTay b LEORE 5 K (B
YURN)THD, E—I B RDRONT, AEDS
AN E L B EAPHHRICED 5 b, E—7DFS
BIVUERUT2VHUEDTRTOEBERZRA
EE0.5% K V0. 4% HEANICINE > T3, L DEE
H@BRmETO720, E—70E3 2 3BB ST T,

A, %o

Peak Height, V

%5 n-7NVhrDAEETEERIMOEFEES L —A
Fovr—oFER LTy LK, BNHME
HoF*x ) v —va i3, REHI8LIDE
Eu-TNVAYDSEERBETZ LT
7z,

Fig.5 Values of A for n-alkanes are plotted as a
function of the height of peaks in the m/z 44
signal traces. Isotopic calibration was based
on the assignment of ¢ values of the regular
Cys and C;, n-alkanes.
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Table 3 Accuracy and precision for the isotopic analyses in the different ranges of the height of peaks in the m/z 44
signal traces. Calibration was made by the assignment of the ¢ values of regular C,s and C;, n-alkanes.

2 Internal Standards

2 Internal Standards

2 Internal Standards

Height<1V 1V<Height<2V Height>2V
Compound n? meana® od n? meanA® od n? meanA® od
(%) (%) (%) (%) (%) (%)
n -CgDzs 4 -0.01 0.53 4 0.13 0.21 3 0.03 0.06
n ~CzoHas; 3 -0.28 0.18 2 -0.27 0.03 6 -0.04 0.06
n -CpoH4e 3 -0.14 0.13 2 0.03 0.07 6 -0.03 0.12
n -C;4Dso 3 0.17 0.18 5 -0.02 0.18 3 0.24 0.10
n -Ca4Hso 3 0.01 0.31 2 -0.09 0.07 6 0.06 0.07
n ~CyeHs, 3 -0.17 0.14 2 -0.01 0.04 6 -0.01 0.10
n -CgHsg 3 0.00 0.07 2 -0.05 0.03 6 -0.05 0.09
n -C3,Dg6 5 0.17 0.24 4 0.1 0.23 2 0.16 0.10
n -C3,Hge 3 0.20 0.22 S 0.02 0.20 3 0.04 0.10
n -Cs4H7o 4 -0.10 0.12 5 -0.08 0.20 2 0.05 0.05
mean -0.01 0.21 -0.02 0.13 0.04 0.08
® Numbers of replicate analyses.
P As in Table 2.

RIGRLLOBIEREE E HEE 2B LR 1EIRTH
%, BES OBERZEDFINE, ©—27 OFEE 1 VK,
1 VERIE2 VR, 2 VIET, #2h210.21%, 0.13
%0, 0.08%TH5. ZDFER»S, GC/C/MS 2HWT
IR CEE RILAKR D KB AL 2 HIE T 555
G, E—ZDOBIBBWIEZEELS VT EWEIE
BENMEONL I EWRENE, E—270F3 2 VUL
DT — & DIEHERZE O3, Merritt ef al.(1995) 53
ROBESME(MAT2520 GC/C/MS %M, BB I
ER{LIH T80 CIZRRE, F ¥ V) 7V —¥ g VIZAERIENRE
B) TREFLTH» 53D n-7 Vi > ORMERLE 2 HIE L
7o & & OIERFEE DY (0.07%) L A% THY, BHHF
% GC/C/MS DRIERENER SN TS 2 L3
mEn,

BRSO AEOFZE, E—27DEE 1 VREE
B—0.01%), 1 VEIE2 VRiECEE—0.02%), 2V
BAE (F150.04%0) DRI TEM/INE L, BIEREICEL T
BY—7 DS DEWEFEEI/NS W LRI NI,

3.3 RE

KR DEESF BT B n-7 VA > GEEE) DR
ESEHEFMO W —AETOY—2EBEE, EALR
AR OFLUR S D REE TE - 72{E, Vsec/nmolC) D
Ty EBERREEOHERREE 4 RCR L. 2HlE
(n=1D DOV THEIN? REDEEREZIZRD L
$0.3Vsec/nmolC T, HIEE DIEFER ICAE »,
FREAR % 3B ST CEROHER T 2 &, HIEM
DOHBAVNELRY, BHEARL L BEIEL L
LIEEBRWIEENE, IO LR, BEEY IV Yn
SHRA7ux NI 7REAT B, PEBSYY Y

WKBRAZEERBMLTWE EEZ O NE, TEAESE
(0.80-1.00pD) & = @ & & 13 F #1.24+0.15Vsec/
nmolC T, HARORBREOEZ/NE v,
BIGHE L OBIERSE T E — 7 OF S KTET 5 (i)
—%, E—7@EREE—27 OES ORI, Kol
BERDEE6X), 1 VOBIRET 22— 0EREE,
REHIS, 30, 32, 34D n-7 VA ¥ (BEE) TEhEN
4.1, 4.4,5.2, 7.1Vsec T, REK L L blc K&k 5,
DL EEORE»IS, B3 1VOE—%2EF57:
W HBERZES DR (REREBE) X 3 nmol (R RH18
D n-FIVH>)H5S 6 nmol (REBEF34D n-TNVh )k
HEsnS, A, E82 VOE—7 2E570 ik
B A O&IE 7 nmol (REEHI8D n-7 Vi ») 5514
nmol REE34D n-TNh V) &k 5,
EEOHRBYSEOFERIF DAL 4~ —H —DRERN
LR HIET 25848, bo AW ENEAETKRER
MEEEEET 2 2 ERERENE 77— A b HES L
%, REBOKREVESOEHE, ¥A7ax 7770
A =7 DRABEREPHERESRELEDTC, E—270
REY »—7 T HZLITE-T, BINOREESE
PELTDZZENEZOND, LErLEWS, =T~
DREXMEREZ 5L, BRI > T, E—27 D5H
FEDBTEL 25 Z &R, NN RIS VSO
E— BB R0 TEL(7T VR EZR3)Z £ NE
LB —ABEIN S B,
FTRTCDFHDEDOWTHBEEREHELSTHHEEL
T, BESHEIOZI vy a vBREEL T2k,
VISC AU 2 F#EnEz o b, XIFETE, =3y
Va YERZL0mMA L LTHER{T-> 7225, h®
1.50mA £ CEL TR ENTRETHY, ThiTfE->T
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Table 4 Sensitivity of GC/C/MS to n-alkanes in the different ranges of injection volume.

E)

Injection Volume

Injection Volume

Injection Volume

Injection Volume

0.30-1.00 ul 0.30-0.45ul 0.50-0.75ul 0.80-1.00 ul

Compound (n?=11) (n%=4) (n?=4) (n?=3)
mean S ° od mean S ° od mean S ° od mean S © od
(Vsec/nmol C) (Vsec/nmol C) (Vsec/nmol C) (Vsec/nmol C) (Vsec/nmol C) (Vsec/nmol C) (Vsec/nmol C) (Vsec/nmol C)
n -CqgHszs 0.82 0.30 0.53 0.12 0.80 0.07 1.22 0.15
n -CyoHaz 0.83 0.30 O_.54 0.12 0.81 0.07 1.23 0.15
n -CyzHae 0.84 0.31 0.55 0.13 0.83 0.07 1.26 0.15
n -Cp4Hs0 0.84 0.30 0.55 0.12 0.83 0.07 1.25 0.15
n -CyeHsy 0.84 0.30 0.55 0.12 0.83 0.07 1.25 0.15
n -CygHsg 0.83 0.30 0.54 0.12 0.82 0.07 1.23 0.15
n -C3oHs2 0.85 0.30 0.56 0.13 0.84 0.07 1.25 0.15
n -CszHge 0.83 0.29 0.55 0.12 0.82 0.06 1.22 0.15
n -C34H70 0.81 0.28 0.53 0.12 0.79 0.06 1.19 0.15
mean 0.83 0.30 0.54 0.12 0.82 0.07 1.24 0.15

# Numbers of replicate analyses.

®Mean value of S (senistivity, i.e., ratio of the peak area to the content of carbon) for replicate analyses.

Peak Height, V

5 10 15 20 25 30

Peak Area, Vsec

BN BHEHFUOES IR EOY—J0EELE

Fig. 6

SOk, N, B, A, =80y YR
FNFNRERAS, 30, 32, 34O n-7 v H > (B
EHR)O7ay VeERT. HEEDY Y RVIEZ
NZENVISC 2RV L & LB L &EDH D

TH5, RREHIE T 5 2 REYRHHRT,
VISC 20l b ED&KE n-T VI Y DE -2
DOEELEHE OBREERT.

Relationship between the area and height of
peaks in the m/z 44 signal traces. Circles,
diamonds, squares, and triangles indicate the
data points for regular C,s, Csp, Csz, and Cs, 7
-alkanes, respectively. Open and solid sym-
bols indicate the data points for those
obtained with the VISC opened and closed
during the analyses, respectively. Dotted
lines indicate the regression curves of the
second order for the former, representing the
relationship between the area and height of
peaks of each n-alkane.

BESHEHORE(I XYY 7R 2 — 250 BL
KFEOE —2 &) i3H20% "< 25, 72721, =iy ¥va
VEREELSTEE, TATAVIDOEFEGWEI LB
ERTFHEENDED, BEUEWERMELT 22 L i3F
LWwThHs5, VISC 2BFC 3 HFiEiE, BEIHETO
AT F A LRERL, BERN2Fek s, 12720,
VISC 2BAC 2 L ¥ —2 DT — ) VI REZEIC T 58N
bHD, EARK ODOCTERIENLELEZ Sh5b, *
2T, VISC ZEU 3 Z L LIS 5 X CHE U,
BU n-7 Vi VREFR ORI ZHEIE L & 2 5,
F—27DEE & AEOBMRIZIT, VISC %BivCHl
E LGS LAFSEOBRERPESN (E5KOEN). %
7o REH8, 30, 32, 34D n-T NIV DE—IHEE —
JEEDOERE, VISC U B L LI & 2 3,
REBBAD n-7 VH v TRIAEEMNE L, REHIS, 30,
RO n-7NH Y TEELE - 7EBIENTIE—270
BEADBDLAEL Bo TS (EHODEY R), 2
nig, VISCZBU3Z itk oTE—2 87 u—Fic
BBRE, AUEIDE—2 285D NEREKS
ENEALT, FRAZa NI 7EB8BF5E -8y
¥ —TWIRDFROERERERMLIzbDEEZ b
5. ZOER» S, VISC #BCCHIET % Z 1%, GC/
C/MS TEERILAROEMMAEL ZHET 21, BRER
B L HEE LTETH LWL S »ick o7,

4. F ¢ ®

REFRIAELEDEEND n-7 Vb BRI (R ER16-34)
ZHOWT, BEERILKROST I L DRERMLALZ
GC/C/MS THH T 2 7: 0 DHEIFESRM L HREIZ D W T
ML, SFY U7 RY a—2ho8AT 2 BK
RENEE L LT n-7 Vb > O RERAAL R HIE
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L7=E, AEOTE-0.7%0 5-1.2%DHH T, K
&R RV E RS . NEEMEE TREBHI8D n-7 v
B iR UTHD n-7 v > D RBEAARL 2
FELBE, AMEOFEIZ+0.12%00> & -0. 41%0 D &
T, MIEDHENHESNE DD, n-7 Vi ¥ DRE
b AMEOFEEN A FAFAKERT S Y
7 MERADTRD S b, NEERER TRERIZSE300D 2
DD n-T N EREREL UTBE, AMEDOFEIZ-0.15
%ot B +0.15%0 DEIFH (F#50.00%) T, RV 7 MEMD
fEEE NS, FMALOBERE L, BER4O v —
At —r0FI LB IZAEL, 82 VI EDS
&, BOLAERE (o EOFEERE 0. 1%A0%) 255
b, AFFROBIESRME (= 3 v ¥ a VEFRL.00mA,
VISCH TEX 2 VOr—2 28202 hE sz
T NH DR, KFEEEE T 7 nmol » 514nmol T
Y, REBOZOESIEES L 2ET 5, VISC 28U
ToREETCHIETHIE, BIEOBEELELZ Y 2 k<,
BEZH2BCED S NI ARRERD 5.

WEE AWEREITIWCHD, HEEIRFEAEAE
BEHE, SRMEEE, \WHEEREL, WERER
REEEMEE IR BB FEERIE LI GC/C/MS o
e T — MBI S, BREVEw, v =
71 >#k Martin Schoell 2 iZEE n-7 Vv H > DR
SR EHEME) %k 2 BOREIS BRI DWW T,
HE FRA TR R L I RAA X I i ik GC/C/MS
DEBBRNTRIY 5 3 ZBLEFBORMESFNCBEL T
HELZIA VMR Ew, y—F 7 X MRIAIEE
CRIZIEGC/C/MS DAY FF Y ARBHL Tl
Wiz, TEEEMBRRIE [ S RICKRERR T ~
¥ v VOB & FRIFERICET 2858 I Vv—TR
Th 3 mEFAEREAIRMT R ZE RERF —HB 1w,
A ED D IWCHIc-T, HKRKE5IHE, W%
wiziZniz, B FAERHIBRALES IR LR E T
WRERFB—ERICE, AREE2ERL T2 EsHRE
REIEIE R Wi-TPni, I IRBUADEEL 2HES
EZLET.
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