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Abstract

Continuous-flow (on-line) system has revolutionized the study of natural stable isotope variations in organic
matter and organic compounds. In particular, carbon and nitrogen isotope analysis of bulk samples using elemental
analyzer/isotope ratio mass spectrometer (EA/IRMS) has been widely used in various field of studies, which allows
a simple and rapid analysis of the isotope ratios for all types of organic and a wide range of inorganic samples,
with a small amount of sample materials compared to the traditional off-line Dual-Inlet method. However, stability,
accuracy, and precision on the observed isotope ratios strongly reflect various factors associated with continuous-
flow system, such as peak intensity (i.e., sample weight), memory effect, and He dilution ratio. Unfortunately, the
complete removal of such uncertainties should not be realistic, particularly in routine isotope measurements of a
great number of samples. Here, we review the principles of stable isotope analysis on the traditional off-line Dual-
Inlet and continuous-flow EA/IRMS methods, and also show an applicable calibration and standardization sequence.
We hope that this paper is useful for routine application of EA/IRMS technique to various studies in geochemistry,

ecology, biology, food science, and other area of sciences.
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Table 1. Isotope compositions of international standards.

Rario, H/L* Value, H/L* H % L%
Vienna Standard Mean 21
Ocean Water (VSMOW) H/'H 0.00015576  0.015574  99.984426
70/0  0.0003799  0.0379 99.76206
50/°0  0.0020052  0.20004 99.76206
Vienna PeeDee Belemnite 3012
(VPDB) BC/”C o 0.01118 1.1056 98.8944
0/'%0  0.0003859  0.0385 99.7553
0/%0  0.0020672  0.2062 99.7553
Air (AIR) BN/“N - 0.0036765  0.3663 99.63370

*H and L indicate heavy and light isotope components, respectivery.
Ratio Values are taken from Fry (2006).

Table 2. Comparison of Dual Inlet and EA/IRMS

isi Capacit
Target Element Size Precision ety
(%) Preparation Measurement
C
0.05-0.1 3 day 15 min
Dual Inlet Gas N 1-3 mmol
H 0.5-3.0 1 week 20 min
C
1-5 umol 10 min
N 0.1-0.5
EA/IRMS  Bulk 1 day
(0] 1-10 gmol .
15 min
H 5-50 umol 3-10




Pyrex tube for
— gas collection

Ag — /

Cu0 — 500°C 30min
Sample | 850°C 2h

@ :

Quartz tube
~ Hg Toepler
pump
Vacuuming and Combustion of Cryogenic purification of
sealing in quartz tube organic matter to N, and CO, by using
N,, CO,, H,0 vacuum line

TEFSHT I AR LB B AR (EA/IRMS) & 72 i - @R MR IL oMlE ik & 2 OIsH

Fig. 1. Schematic of Dual Inlet method for carbon and nitrogen isotope analysis.
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Fig 2. Schematic of EA/IRMS system.
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Fig 3. Representative chromatogram of EA/IRMS.



TEEROAT / AR B S TR (EA/IRMS) & H\W /o - &

170/'0 = 0.0099235 x (**0/'°0)"31¢ 3 10)

T, BC/MC E B0/M0 IR, W, Ih
5OFEIZ4T, EAIRMSHEDOPC YV 7 b«
TCTHEMIZIThIR, L7 7L Y AT AIHT S
ABO SEPIETIEN D, T2 THRLNDFMAE
WiE, HCETHHEBETHY, EFERASY 45—
FIZd 230 0 ETIE RV EIEE L THE
&/ (EBAY V¥ — KA r—Lu~Oxx1) 7
L—3a vkl 43 E280),

%B, BONDEERMAL (0%0) 1&, FI2H
BhE FIFFIGEA L 72T A LA R Ok
DKL TH L. ZOMED SEILDOIRE (R
ERBEZ e > TV ) 2 E=F —F 52 L8
T 5,

4.2. AR OFHEE

EA/IRMS T 1 BIOHIE I3 2 R e 0=,
— e e AR TIL R FWE T 0.lmg (JRFED
w TR 30ug), EFRMWETIOmg (BHROETH
80ug) METH 5, TNLTOEARTIE, 561
LWNDTEGTIE R, EbAL LFMAELDY
HETERWEAEDD L (BIKEELH S), Fig
412 TINVEBEAEICEDMEBEOEE % RS,
B 21X, m/z 44 OHFTT1000mV LI b, m/z28 DO
71T 3000mV LLETlE, o5 RE - EREM
AT ZE L TV B HY, m/z 44 OHTJIT 1000mV
LI, m/z28 ®HJIT3000mV LT TR, So5h

(a) Carbon

-19.2
194
o o
a
=

L]

2 _jgp [ R—— P— PO
=) ° (] o o
x e®e0 o °
8}
&
o

-19.8

-20.0

0 5 10 15 20 25 30 35 40
m/z 44 Intensity (V)

TR EM AR L OWE T E 2 DI

Bl - SEEMARLE, EBEOMEIYLEL R
LN D Do D720, 1EL L MR ZEHIE
TLHOIIE, YA SV EEEATLI L
WUETH D,

) v THEEE VRS T A0, AEHE
WERNIZTE 5728 —12 (W ERKIZ) LTs
WD D B o WIS, HABEE 5 x 9mm (JEFE x
ES) DARI YT FIHINE, AXar T+
TARFZDT Ty 7 %boTBN (AXDOEEH
BTa—272A2FHLTVwL0D), N0
BIRHIWEE TELRTMY R0, %
72, TR —EICTAOILL, HE0nL
DAY ) ==Y rnan Xy ARETEEE TS,
WL 72b0RMEHT 5, 2>/ A X0
YTHE, BEHROBERGSOIAYY IA—T 3y
2P0, BERAMLEBETIOWCLTE Y 2y
NTHD D,

43.FEEX YV TL—2a >

PC 26 ) & N-Mffkiblx, L77 L v A
AR T ZEE 0 o il (Efl) Thh, EFEA
50— FICT 5 5ENF Y ) T L—2a vy
HWENH D, F 72, EA/IRMS TOll%EIL, Dual
Inlet DE EE% ) He kv ) THAIZOET,
[Al— DRI T HURL 2 IR RJ5E L, ConFlo T—
HOHAEHNF v T 1) — % LT IRMS 123%
DiAte7zwh, EZIIZBIT D FEAMAESR (&5
52— OFMARDOBELIEEA) 2, IRMS A

(b) Nitrogen

3.0
2.5
=
z »
4
>
L 20
z e
0
o o
w I s OB SLCT L e ERTTRES
15 L .
L]
L]
1.0
0 10 20 30 40 50

m/z 28 Intensity (V)

Fig. 4. Relationship between sample amount and determined d values: (a) carbon and (b) nitrogen.
The marked area indicates the actual value with an error of 0.1%o.
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C C
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Fig 5. Relationship between He dilution pressure and
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(a) Carbon
-10
-15
o
R
g -
1’4
>
&
o
&
o
-30
-35
0 5 10 15 20 25 30

Sample Num.

TR EM AR L OWE T E 2 DI

L, TORBORMEFET BU%EDPH 5L, Fig6
WCEESDTROEBED AE) — B2 AL /2
FRZ IR T o A FEAAR DS VW ELUEL & B
HEL eh oo 3 EEY HEL, €
DRKRZED20% FEEDO S DEFH L 720 AEY) —
BIRDVRDO O NLYE, BB ZEIE L 2%
FEVRBOMERAREL, ERETIEIEML DBV
NYT ML, 2HHE 3 HEPSEME R, H
A EE L 720V ol SR CIto
HEWREL, ZEHESDOTRTIEZ OREILHE
FHENIZINE > T 5205, KELEEXRD LGS
(il 52 Method DREET R4 > 7V & A ME T 5
REDORME LRIT UL R S kv,

5. E#HIBIN O A

MR & vz iize i, HEkIbs: 05
(& CITABHERILE) 2T L TE 7D,
IAEOESO AL & OLSMET, ok
BREEEIEENET Y, ZoHB] - HEDO—
DDV — v LTEERMABLDEbIS X912
%o TC&72 (B A21E, Suzuki et al., 2008; Nakashita
etal., 2008) s AFDOWMBEIZZDO—HIZHENT 5o

FEHH NI K T — s N=2 L, HELE
WKOWTHEHEHZ E 2 ZETLLERD 5
(Bl 21X, F ¥ - &, 2006; Anderson and Smith,
2006) A%, HEtOH L M (BHIZEFED S 555) 12
ML T, R4 I EARRD T0 D (Bl 21,
ik, 2009), Fig. 712, HEHHDOTRTEL NI

(b) Nitrogen

20

5.0

519N (%o vs Air)

0.0

-5.0

0 5 10 15 20 25 30

Sample Num.

Fig. 6. Precision and memory effects on the replicate analyses for (a) 613C and (b) 6'5N.



R - ST

WO - B FREERMAR 2 7R3 BURHRIIUR
T A A ELROEABEIDH Y, T A A EE
WO ANFRHEEE 572720, —2a—T—F » Fig,
F—AMTYTHE, HARGHO [ERE] LFRSh
TWERE I L 720 ZOfR, =2 —Y—F
REEL F— 2 N5 7 FED AR D 7546 1
DHDOLIFRRELMEICT O b SNz, B
ok - BREAMALIE, FICERLEYO
BRI S (B2, A, 1997), HEIZBITS
FRDGE  SRFAMAILOZEEL, BENE (&
WIRE - HERE % &) M ENZbDEEZ S
Nb. bboA, 5k, BEREZHESL TR EOLE
VDD BAS, ZORERIL, LERMARIEA, HEHH
DY =il b 1 DOWEEEZRIEL T\ 5,

F 72, RERLERMVAKILOBIETNT I VD
BV ORI VBT 5 HERT 2 ) 51538k
4 (AOAC) & 74 ¥ ViEE LTHESNT
Whe HEIEINT I v RO RFEERMAL
L, NFIVhBHIE E NS VX B D RER
ERMAALZIEL, 311 TEH L 72 Clsigar i3
7% LA CTEEAEZ RN LINF IV ThHD L
HES NS,

C4sugar = (513Cp_ 513CH)/(513CP_ (-97) ) X 100 (ft 11)

BCr=NF Iy ENTy VN ED
e FHEERAAR L
SCu= /NF 3 v kD L EFRNVAA L

9.0 1 Australia -~ o
8.0 S
g <> o
» S o °
> /
8 /
£ 7.0 ; . .
s Japan .
o [
e [ ] [ ]
6.01 New Zealand
O T
5.0 + + t + t
24 22 20 18 16 14

513C (%o vs VPDB)

Fig 7. 613C - 05N plot of beef samples.

FEOLDTRT, NF I VIZRLHEORIIE %
BZTCRELIZEEDONF IV ey 3
7 B O RFEERNARL, ORI SHEI SNz
AOAC 1 X 2 FEDZAL DGR % Fig. 8 [I7R T
NFIVDAECHEIR, 10~12gDNF IV
4mL OFEE K E, 2mL @ Na2WO2-H20 & 2mL @
0.335mol/L i DR & 2 Nz T, 80T D7 # —
¥ — NATRIGE, LY % 1500 rpm "CiE (55 HE
LI L7z (72& 2L, Jonathan W. White, 1989), /»
F IV EN Y VX TE D RERE RN
RIZEAL L s, T 2 ko kR % 5E R
Pk & CATEYIFH RNE 7 DFEIE (Chsogar fil) 13 FNE
LRI & Y B L, B O@ImE & 2512%
Bz 728 AT Chugnr I 7% ZHZ 50

i
ARXDWEHE, G HFIZONT, TTAFA
e, ANNZS 2 FAEE QR EERUAT T 0B A% )
W2 EADT RNA A Wiz 2&F Lz, EiFE
DFFIZOWT, KIRECIK (F—FE71v v —
YA T4 74y 7RASH) IZTEIRW2EE
F L7220 LEVESBILHPL RIFET,

50

40

20 g

C4sugar (%)

-20 . ’o’

-21

513C (%o vs VPDB)

-22

-23 o;‘5j~& ffffff ®- - o~ o----- -e

24

0 10 20 30 40 50
Sugar %

Fig 8. §13C of C4 sugar-contaminated honey.



TEFRGHT I R EESHTRER (EA/IRMS) & 72 pesk - &

51 A3TEk

Anderson K. A. and Smith B. W. (2006) Effect of sea-
son and variety on the differentiation of geographic
growing origin of pistachios by stable isotope
profiling. J. Agric. Food Chem. 54,1747-1752.

Bong Y. and Lee. K. (2007) A fast, simple calibration
method for organic carbon isotope analysis using
continuous-flow elemental analyzer interfaced with
an isotope ratio mass apectrometer. Anal. Sci. 23,
1447-1449.

Brand W. A. (1998) Isotope ratio mass spectrometry:
Precision from transient signals. In: Karjalainen
E. J., Hesso A. E. and Karjalainen U. P. (Eds.),
Advance in Mass Spectrometry 14, Elsevier Science
Publishers B.V., pp. 655-679.

Brenna J. T., Corso T.N., Tobias H. J. and Caimi R. J.
(1997) High-precision continuous-flow isotope ratio
mass spectrometry. Mass Spectrum. Rev. 16, 227-58.

TFEFEN (2008) ek - SRFMARILIED . B
S DI EWE | 167-173.

DeNiro M. J. and Epstein S. (1978) Influence of diet
on the distribution of carbon isotopes in animals.
Geochim. Cosmochim. Acta 42, 495-506.

DeNiro M. J. and Epstein S. (1980) Influence of diet
on the distribution of nitrogen isotopes in animals.
Geochim. Cosmochim. Acta 45, 341-351.

Fry B. (2006) Stable Isotope Ecology, Springer
Science+Business Media, LLC.

Fry B, Brand W., Mersch F. J., Tholke K. and Garritt R.
(1992) Automated analysis system for coupled 6"°C
and 6"°N measurements. Anal. Chem. 64, 288-291.

kb (2009) Z25E AN R D B RERATITSE & D
AN BUT B RIS H . BRRFLF 38, 257-265.

Minagawa M., Winter D. A. and Kaplan 1. R. (1984).
Comparison of kjeldahl and combustion method for
measurement of nitrogen isotope ratio in organic
matter. Anal. Chem. 56, 1859-1861.

Matthias S., Iain R., Rolf S. and Markus L. (1998)
Oxygen isotope analysis of cellulose: An interlabo-
ratory comparison. Anal. Chem. 70, 2074-2080.

Nakashita R., Suzuki Y., Akamatsu F., lizumi Y.,
Korenaga T. and Chikaraishi Y. (2008) Stable

TR EM AR L OWE T E 2 DI

carbon, nitrogen, and oxygen isotope analysis as a
potential tool for verifying geographical origin of
beef. Anal. Chim. Acta 617, 148-152.

HEFIIE - BEPE— (2006) ZEHFHOD 0PN EIZ K
(TS IEE DOZE , B A M 7T ZEHS No.5

Ogawa N. O., Nagata T., Kitazato H. and Ohkouchi N.
(2010) Ultra sensitive elemental analyzer/isotope
ratio mass spectrometer for stable nitrogen and
carbon isotope analyses. In: Ohkouchi N., Tayasu I.
and Koba K. (Eds.), Earth, Life and Isotopes, Kyoto
University Press, in press.

Ohlsson K. E. A. and Wallmark P. H. (1999) Novel
calibration with correction for drift and non-linear
response for continuous flow isotope ratio mass
spectrometry applied to the determination of §'°N,
total nitrogen, d"*C and total carbon in biological
material. Analyst 124, 571-577.

Olsen J. Seierstad 1., Vinther B., Johnsen S. and
Heinemeier J. (2006) Memory effect in deuterium
analysis by continuous flow isotope ratio measure-
ment. Int. J. Mass. Sectrom. 245, 44-52.

Preston T. and Owens N. J. P. (1983) Interfacing an
automatic elemental analyser with an isotope ratio
mass spectrometer: the potential for fully automated
total nitrogen and nitrogen-15 analysis. Analyst 108,
971-977.

Schmitt J., Glaser B. and Zech W. (2003) Amount-
dependent isotopic fractionation during compound-
specific isotope analysis. Rapid Commun. Mass
Spectrom. 17, 970-977.

Suzuki Y., Chikaraishi Y., Ogawa N. O., Ohkouchi
N. and Korenaga T. (2008) Geographical origin of
polished rice based on multiple element and stable
isotope analyses. Food Chem. 109, 470-475.

AOHPERES (1997) 258 [ AR RS 2 8 2212 &
LB FAERER O, H A4 RES3EE (Japanese
Journal of Ecology) 47 ,333-336.

Wada E. and Hattori A. (1976) Natural abundance of
SN in paniculate organic matter in the North Pacific
Ocean. Geochim. Cosmochim. Acta 40, 249-251.

White J. W. (1989) Honey protein as internal standard for
stable carbon Isotope ratio detection of adulteration of
honey. J. ASSOC. Off. Anal. Chem. 72, 907-911.





