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Sample type of the collaboration experiment and the

range of 8" C and 8N values

FERRSS FERZER FREYRAS 6" C(%0) 8N (%o)

KFET PR
KFE2 VR
KFE3 LY
KP4 L

KFS TR

GBW04701  -20.9 ~ -20.7 3.7~4.0
GBW04702 -23.8~ -23.6 6.3~6.7
GBW04703 -22.8~ -22.4 4.5~5.0

EMA -B2152 -27.4~ -27.2 7.0~7.3

EMA - B2151 -26.4~ -26.2 4.1~4.5
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Table 2 Accuracy data of 8”C and 8N in the cooperative experiment

GBW04701 GBW04702 GBW04703 EMA - B2152 EMA - B2151
LR
8B C(%o) 8"N(%0) | 8°C(%0) 8°N(%o) | 6°C(%o) 8°N(%o) | 8°C(%o) 8°N(%o) | 6°C(%o) 87 N(%0)
0.16 0.07 -0.10 0.07 -0.02 0.22 0.05 0.03 0.01 0.12
0.15 0.12 -0.03 0.11 -0.02 0.15 0.03 -0.02 0.01 0.13
0.21 0.12 -0.03 0.00 0.01 0.28 0.08 - 0.03 0.18
A 0.19 0.16 -0.07 0.17 -0.03 0.16 0.04 - 0.05 0.18
0.15 0.09 -0.05 0.15 -0.05 0.12 0.06 0.28 0.04 0.10
0.18 -0.01 -0.06 0.01 -0.04 0.29 0.04 0.14 0.05 0.12
Pt 2E (%o) 0.02 0.05 0.02 0.06 0.02 0.06 0.02 0.12 0.02 0.03
0.15 0.06 -0.08 0.09 -0.23 -0.02 0.02 0.05 -0.08 0.04
0.10 -0.04 0.00 0.07 -0.32 0.01 0.12 0.11 -0.06 0.09
0.09 -0.06 0.05 0.06 -0.15 0.09 0.08 0.15 -0.07 -0.08
B 0.12 0.10 -0.19 -0.04 -0.14 0.03 0.11 0.14 -0.09 -0.08
- 0.06 - 0.06 - -0.15 - - - -
- 0.06 - -0.03 - 0.01 - - - -
FRUE 22 (%0) 0.02 0.06 0.09 0.05 0.07 0.07 0.04 0.04 0.01 0.07
0.37 -0.09 0.01 -0.03 0.21 0.19 -0.01 0.08 0.01 0.03
0.28 -0.10 0.12 -0.11 0.13 0.11 -0.18 0.09 -0.04 0.06
] 0.26 -0.03 0.12 0.20 0.18 0.21 -0.13 0.14 0.03 0.12
¢ 0.34 0.10 -0.08 0.12 0.18 0.21 -0.07 0.03 0.02 0.17
0.36 -0.13 0.14 0.04 0.10 0.27 - - - -
0.32 -0.15 0.12 0.17 0.20 0.22 - - - -
FRUER 2 (%o ) 0.04 0.08 0.08 0.11 0.04 0.05 0.06 0.04 0.03 0.05
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GBW04701 GBW04702 GBW04703 EMA - B2152 EMA - B2151
LR
8B C (%) 8°N(%o) | 8"C(%o) 8°N(%0) | 68°C(%0) 6°N(%o) | 8C(%o) 8°N(%0) | 8°C(%o) 8°N(%o)
0.20 0.06 -0.07 -0.19 -0.07 -0.03 -0.10 -0.01 -0.14 -
0.13 0.15 -0.10 -0.22 0.04 -0.09 -0.15 0.19 -0.11 -0.01
0.19 0.12 -0.20 -0.09 -0.02 -0.08 -0.09 -0.02 -0.05 -0.17
b 0.21 -0.04 -0.26 -0.01 -0.19 -0.11 -0.22 -0.03 -0.08 -
0.19 - -0.19 -0.03 -0.11 -0.07 -0.10 0.06 - -
0.20 - -0.04 -0.13 -0.17 -0.09 -0.15 0.21 - -
bR 2% (%o) 0.03 0.07 0.08 0.08 0.08 0.02 0.05 0.10 0.03 0.08
0.24 -0.01 0.09 -0.15 0.03 0.01 -0.04 - -0.01 0.06
0.10 0.04 0.02 0.06 0.09 0.27 0.03 - 0.05 0.10
0.20 0.01 -0.04 -0.02 0.08 0.17 -0.11 - 0.11 0.07
£ 0.22 0.17 -0.08 -0.15 0.04 -0.04 0.10 0.13 0.04 0.24
0.15 0.05 0.05 -0.05 0.05 0.04 0.01 0.14 - -
0.08 0.11 0.07 -0.12 0.06 0.28 -0.03 - - -
FRUE 22 (%o0) 0.06 0.06 0.06 0.08 0.02 0.13 0.06 0.00 0.04 0.07
0.12 -0.17 -0.03 -0.12 -0.12 -0.35 0.07 0.12 -0.08 0.09
0.13 -0.11 -0.09 -0.13 -0.11 -0.26 0.12 0.11 -0.07 0.15
0.06 -0.04 -0.11 -0.12 -0.26 -0.28 0.10 0.23 -0.12 -0.02
¥ 0.06 -0.25 -0.05 -0.03 -0.28 -0.31 0.08 0.09 -0.09 0.10
0.10 -0.11 -0.16 0.00 -0.22 - 0.05 0.11 - -
-0.03  -0.11 -0.18 -0.24 -0.15 - - - - -
FRUEAR 2 (%o) 0.05 0.06 0.05 0.08 0.07 0.03 0.02 0.05 0.02 0.06
0.33 0.26 0.06 -0.03 -0.01 0.10 -0.28 0.15 0.02 -0.03
0.30 0.13 -0.04 -0.02 0.13 0.11 -0.10 0.01 0.14 0.05
. 0.27 0.14 0.02 -0.02 0.06 0.10 -0.14 -0.02 0.06 0.07
¢ 0.12 0.22 0.16 -0.04 -0.04 0.14 -0.03 -0.05 0.04 0.26
0.27 0.23 0.10 0.03 0.01 0.05 -0.05 -0.17 - -
- - - - - -0.08 - - - -
B 2 (%o) 0.07 0.05 0.07 0.02 0.06 0.07 0.09 0.10 0.05 0.11
0.21 0.00 -0.03 -0.23 0.07 -0.32 0.00 -0.19 -0.07 -0.07
0.27 -0.07 0.05 -0.27 0.04 -0.07 0.09 -0.07 -0.11 0.03
0.19 -0.12 0.04 -0.25 0.06 -0.11 0.09 -0.09 -0.05 -0.05
H 0.22 -0.01 0.07 -0.08 0.06 -0.22 0.11 -0.05 0.03 0.02
0.24 -0.07 0.06 -0.16 0.05 -0.31 0.15 -0.11 -0.01 -0.04
0.31 -0.20 - - - - - - - -
FRUEM 22 (%0) 0.04 0.07 0.04 0.07 0.01 0.10 0.05 0.05 0.05 0.04
0.04 -0.14 0.11 0.18 0.12 0.18 0.12 -0.10 -0.11 0.14
0.09 -0.05 0.15 0.22 0.03 0.02 0.13 -0.11 -0.10 0.08
0.07 -0.06 0.05 0.14 0.22 0.18 0.25 -0.20 -0.05 0.13
! 0.09 -0.11 -0.07 0.14 0.18 0.08 -0.03 -0.25 -0.13 0.14
0.14 -0.10 0.04 - 0.16 0.25 0.11 -0.08 -0.09 0.28
0.16 -0.17 0.09 - 0.09 0.06 0.13 0.05 - -
FRUER 22 (%o) 0.04 0.04 0.07 0.03 0.06 0.08 0.08 0.09 0.03 0.07
0.19 - -0.06 - -0.06 - 0.05 - - -
0.09 - -0.19 - -0.25 - 0.09 - - -
] 0.11 - -0.10 - -0.16 - 0.00 - - -
0.09 - -0.16 - -0.03 - -0.14 - - -
0.09 - -0.06 - -0.13 - 0.06 - - -
B UEM 22 ( %0) 0.04 - 0.05 - 0.08 - 0.08 - - -
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Fig. 1 Accuracy of §8°C and 8N in different laboratories (A —J is the laboratory code that participated in the comparison test)
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Fig.2 Precision of §”C and §”N in different laboratories (A —J is the laboratory code that participated in the comparison lest)
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Fig.3 Mandel h -k value statistical figures of 8 C and 8N in inter — laboratory
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Table 3 Statistical results of repeatability and reliability of 5 C and §” N
28 iS5 GBW04701 GBW04702 GBW04703 EMA - B2152 EMA - B2151
B =EEH (p) 10 10 10 10 9
JSEIAE (m) -20.79 -23.65 -22.58 -27.29 -26.33
EEMFREZE(S,) 0.049 0.070 0.062 0.067 0.037
8" C(%o0) TRIMEARUER (Sk) 0.091 0.104 0.141 0.112 0.072
FE MR (r) 0.139 0.199 0.175 0.190 0.104
TEBLPERR (R) 0.258 0.295 0.399 0.317 0.205
/R 5 mRFR FENERR r SIRE m I FR :r =0.0066m ; FFIMERR r S5 I0EUE m 15CHR R =0.012m
AR =ERH (p) 9 9 9 9 9
BOEE (m) 3.80 6. 46 4.81 7.18 4.37
HEEMARUEZ(S,) 0. 069 0.078 0. 084 0. 089 0.075
5" N(%o) IR HEZE (SR) 0.125 0.131 0.184 0.128 0.100
MR (r) 0.195 0.221 0.237 0.253 0.213
TEBLPERR (R) 0.352 0.371 0.520 0.363 0.284

/R5m iR

MR r SE m KR or =0.0694m; FEIPER r 5ILE m FKEFR R =0.1068m
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Table 4 Estimation of measurement method bias of 8" C and

5°N
83C(%o0)
Gt
GBW04701 GBW04702 GBW04703 EMA-B2152 EMA-B2151
y(S,/S.) 1.861 1.481 2.277 1.672 1.975
A 0.635 0.643 0.630 0.638 0.633
AxX Sy 0.058  0.067 0.089 0.072 0.046
BOEWE(m)  -20.79  -23.65 -22.58  -27.29  -26.33
PR (n)  -20.79  -23.63  -22.57  -27.29  -26.27
WEFHRMA(S) -0.004  -0.022  -0.013  -0.002  -0.057
8§-AxSp  -0.062 -0.089 -0.101 -0.073  -0.103
S+A XS, 0.054  0.045 0.076 0.070  -0.011
5N (%o)
G585
GBW04701 GBW04702 GBW04703 EMA-B2152 EMA-B2151

y(Sy/ S,) 1.807 1.677 2.191 1.435 1.334
A 0.635 0.638 0.630 0. 644 0.648
AXS, 0.079  0.084  0.116 0.083 0.065
BOEHE(m)  3.80 6.46 4.81 7.18 4.37
PRIEA () 3.80 6.48 4.78 7.18 4.42
MEFERES)  0.02  -0.020  0.032 0.001  -0.046
8-AxS,  -0.078 -0.104 -0.08  -0.082  -0.111
S+AXS, 0.081 0.063 0.148 0.084 0.019
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Inter — Laboratory Comparison of Measuring Organic Carbon and Stable
Nitrogen Isotopes in Marine Sediments by Elemental Analysis — Isotope
Ratio Mass Spectrometry

CHANG Wen —bo, LI Feng, ZHANG Yuan - yuan, HE Xing — liang *
(Qingdao Institute of Marine Geology, Qingdao 266071, China)

HIGHLIGHTS

(1) The comparison of analytical results of organic carbon and nitrogen isotopes in marine sediments has been carried
out in ten laboratories in China and good precision has been obtained.

(2) The applicability of EA — IRMS for the determination of organic carbon and nitrogen stable isotopes in marine
sediments was verified.

(3) A reference for using EA — IRMS to determine organic carbon and nitrogen stable isotopes in marine sediments

has been established.
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ABSTRACT

BACKGROUND: Organic carbon and nitrogen stable isotopes (8" C, §° N) in marine sediments are used as
effective indicators to trace the changes of air, temperature, precipitation and other parameters in different geological
time. Elemental analysis — isotope ratio mass spectrometry is a reasonable and effective method to measure the
composition of organic carbon and nitrogen stable isotopes in marine sediments. At present, many domestic
laboratories use the method of element analyzer (EA) and stable isotope ratio mass spectrometer (IRMS) to analyze
the stable isotopes of organic carbon and nitrogen. However, the comparison of analytical method and data stability
between different laboratories is lacking. The analytical results lack effective traceability, and the process lacks
standardization and unification.

OBJECTIVES: To develop a method for determining organic carbon and nitrogen stable isotopes in marine
sediments.

METHODS : Three newly developed national first — class standard materials (GBW04701, GBW04702, GBW04703)
and two international standard materials ( EMA — B2152, EMA - B2151) were sent to 10 domestic laboratories, in
order to verify the stability, precision and accuracy of EA — IRMS online technology test method through the
comparative measurement between laboratories.

RESULTS: The data of each collaborative laboratory was accurate and stable, and the method had good repeatability
and reproducibility. The results showed that precisions of “C and "N were better than 0. 10%c and 0. 14%o,
respectively.

CONCLUSIONS : Through comparative study, it has been proved that EA — IRMS online technology is suitable for
the determination of organic carbon and nitrogen stable isotopes in marine sediments. A suitable method for the

determination of marine sediment samples has been preliminarily established.

KEY WORDS: elemental analysis — isotope ratio mass spectromelry; marine sediments; organic stable carbon

isotopes; nitrogen stable isotopes; comparative research
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