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The reproducibility as the standard deviation or standard error of analytical data is used to estimate the per-
formance ability of the isotope ratio mass spectrometer (IRMS). The standard deviation of 8'>C value of a sam-
ple is not supposed to be the same on a wide range of sample weights. In order to determine the suitable sample

amounts required for hi

gh precision and accuracy and the factors required for optimal equipment conditions,

certified reference materials were repeatedly measured with various weight ranges using an elemental analyzer-
isotope ratio mass spectrometer (EA-IRMS). The measured 5'3C values of the standards EMA-P1 and EMA-

P2 fell within the certi

fied value +2¢ with the minimum carbon contents of 102.107 pg and 116.879 png,

respectively. In addition, for the two standards, the peak height ratios calculated by the CO,(>C'*0'°0) peak

height of the sample to
change was also investi
range of sample weight

the working standard were 62.8% and 66.8%, respectively. The isotopic composition
gated by the fractionation factor €, and did not show a large difference in a wide
for the two standards. We suggest that carbon isotope composition needs to be deter-

mined by considering several factors such as element contents, standard deviation of 8'C value, peak height

ratio(or peak height) and fractionation factor €
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Table 1. The isotopic composition of an IAEA international reference standard and two certified reference materials

Material 8"°Cy.ppg’ 5"*Oy.suow” &Hy.svow” 8*Sy.cpr” 8" Ny
USGS 24 -16.049%o
EMA-P1 -27.85%0 +20.99% -25.30%0 -3.01%,
(0.12%0)° (0.72%)° (5.10%0)° (0.54%0)°
EMA-P2 -28.19% +26.88% -87.80% -1.57%
(0.14%0)° (1.88%0)° (2.20%)° (0.19%0)¢

(a) Vienna Pee Dee Belemnite(V-PDB), (b) Vienna Standard Mean Ocean Water(V-SMOW), (c) Vienna Canyon Diablo
Troilite(V-CDT), (d) Atmospheric nitrogen(AIR), (e) standard deviation(lc)

Table 2. Element contents of two certified reference materials and a lab standard used for elemental analysis

Material C (6} H S N

EMA-P1 61.51% 20.87% 3.46% 13.85%

EMA-P2 68.35% 19.91% 2.9% 7.46%
sulfanilamide 41.81% 4.65% 18.62% 16.25%




ARA719} AT F9)N2TFE| EATRMS)E 0}

Aol 2394 % Herk=E 180 mL/min 52 S8 1.
th Al CO,E 7k:shrt Ho] Fodad vty
(Isoprime 100, Isoprime Ltd., UK)Z Y=L 2
SRE=RY A oibeFeRA(99.995%) 7hak T
AR YA 7] FYEAT. AHE
S CR U DES R ERECEECEN

E] 3¥CkE A skt

2 N 3P

fru

4z B oo

R.—R
s3c= (_fd) % 1000 3)
Rstd
o}714 RE 71 S YA EAF] et FAL F
9% EAZe) MEA BCMCE oulE, xE A
=, stde EFEZ (standard)e] eFojolt).

2.3. ALEE 2o

Sulfanilamide® A& =43 % Tin boat(4 mmx4
mmx11 mm)ol] o] P& F C, N, S 94E47]
(Vario Micro Cube, Elementar Analysensysteme
GmbH., Germany)Z Z7g3IHtE. 94aE27] U9
GAEE=7AZ7](TCD, thermal conductivity detector)
= sulfanilamide®] COll 733l Fxol wje} M=
o2 714820 2% AZZE AT ER AR
A -2 242 s A5EFEEZ EMA-PL
I EMA-P29] ®&t4&% C, N, S Y4&E247](Vario
Micro Cube)Z2 Z7g3te] AAgare 27gs)

o

¢

2.4. Fractionation factor €,,;.q
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Table 3. 513C, standard deviation of 8'°C, peak height ratio and fractionation factor €,pplied Measured by the IRMS with
different carbon contents of CRM EMA-P1?

Sample  Sample weight Carbon contents’ 31%C sd peak height ratio® fractionation factor
number (mg) (1g) %) (%) (%) 8appliedd
1 0.148 91.035 -27.548 0.061 46.771 2.4572
2 0.166 102.107 -27.668 62.843 2.3314
3 0.167 102.722 -27.664 59.392 2.3652
4 0.193 118.714 -27.678 68.067 2.4385
5 0.206 126.711 -27.667 0.042 81.634 2.3770
6 0.262 161.156 -27.708 93.723 2.3802
7 0.290 178.379 -27.701 110.088 2.3889
8 0.297 182.685 -27.767 111.656 2.3159
9 0.310 190.681 -27.676 0.042 122.244 2.5045
10 0.325 199.908 -27.765 123.615 2.3962
11 0.340 209.134 -27.764 132.857 2.3994
12 0.392 241.119 -27.740 139.813 2.4247
13 0.403 247.885 -27.747 0.031 141.711 2.3997
14 0.426 262.033 -27.753 150.822 2.4334
15 0.440 270.644 -27.806 160.815 2.4071
16 0.460 282.946 -27.802 164.682 2.4242
17 0.528 324.773 -27.794 0.030 193.328 2.4530
18 0.542 333.384 -27.770 196.926 2.4724
19 0.593 364.754 -27.830 218.801 2.4413
20 0.601 369.675 -27.812 0.013 222.103 2.4487
21 0.625 384.438 -27.804 221.048 2.4461
22 0.660 405.966 -27.829 247.587 2.4807
23 0.710 436.721 -27.833 0.022 247.895 2.4795
24 0.715 439.797 -27.825 246.651 2.4580
25 0.754 463.785 -27.782 264.549 2.5115
26 0.770 473.627 -27.814 261.451 2.5026
27 0.839 516.069 -27.797 0.044 154.222 2.4062
28 0.875 538.213 -27.817 306.587 2.4983
29 0.882 542.518 -27.877 301.670 2.4558
30 0.931 572.658 -27.852 325.876 2.4310
31 0.969 596.032 -27.904 315.656 2.4592
32 1.009 620.636 -27.858 0.016 341.213 2.4805
33 1.023 629.247 -27.856 342.887 2.5404
34 1.055 648.931 -27.885 347.153 2.4964
35 1.136 698.754 -27.918 0.008 388.931 2.4921
36 1.151 707.980 -27.903 379.644 2.4642
37 1.157 711.671 -27.908 380.754 2.4742
38 1.215 747.347 -27.874 0.011 386.865 2.5027
39 1.238 761.494 -27.891 398.485 2.4968
40 1.289 792.864 -27.893 401.658 2.4813
41 1.317 810.087 -27.887 0.017 430.206 2.4623
42 1.339 823.619 -27.907 423.146 2.4822
43 1.340 824.234 -27.919 430.488 2.4694

(@) YaEA7)01 BAE COE TADLE IR0 FUH7] Mol Hertaz 3Msie diluters A3 Z93L(610)
ot} (b) B3 Table 2 EMA-P19] 318K (%) 228 A9l (ug)z ket gholrh. (o) Fazomle A&
FFEAe tlg EMA-P19] CO,(*C'°0"°0) 7k m)=3ze] Hgelt}. (d) fractionation factor g,e= FAEXTEL
BC/M2Cel tigk EMA-PL BC/%Ce) HIE oS 2B S 5 ANt
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Fig. 1. Comparison of 8'*C values of EMA-P1 under different extracted carbon contents with the certified value.
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Fig. 2. Carbon contents measured by the elemental analyzer (The diamond marks mean carbon contents of each sample

and the line means the certified value of 61.51%).
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Fig. 3 Fractionation factor e,,;.q and peak height (m/z = 44(**C'°0'°0)) of working standards and samples.
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Table 4. 51°C, standard deviation of 8'3C, peak height ratio and fractionation factor Eapplied Measured by the IRMS

with different carbon contents of CRM EMA-P2?

Sample  Sample weight Carbon contents® B¢ sd Peak height ratio® Fractionation factor
number (mg) (ng) (O/oo) (%(]) (%) 8appliedd
1 0.121 82.704 -27.872 0.040 51.137 2.1955
2 0.127 86.805 -27.835 54.584 23155
3 0.150 102.525 -27.846 57.015 2.3523
4 0.171 116.879 -27.924 66.896 22102
5 0.204 139.434 -27.966 0.015 81.594 2.2029
6 0.227 155.155 -27.948 95.678 22116
7 0.241 164.724 -27.954 99.475 2.2775
8 0.280 191.380 -27.983 107.107 2.2607
9 0.316 215.986 -28.030 0.016 127.737 2.2437
10 0.332 226.922 -28.024 136.999 22258
11 0.336 229.656 -27.995 143.053 2.2685
12 0.393 268.616 -28.008 158.721 22748
13 0.414 282.969 -28.018 0.008 167.398 2.2780
14 0.427 291.855 -28.000 167.723 2.2986
15 0.427 291.855 -28.014 176.858 2.2876
16 0.451 308.259 -28.012 178.851 2.2999
17 0.517 353.370 -27.999 0.027 214.805 23312
18 0.518 354.053 -28.011 212.478 2.3354
19 0.524 358.154 -28.060 210.688 2.2805
20 0.598 408.733 -28.027 242.979 2.3292
21 0.625 427.188 -28.050 0.015 242.812 23144
22 0.628 429.238 -28.048 240.937 2.3124
23 0.633 432.656 -28.065 251.919 2.3011
24 0.638 436.073 -28.079 231.247 2.3428
25 0.716 489.386 -28.062 0.016 278.746 2.3083
26 0.730 498.955 -28.039 281.910 2.3444
27 0.749 511.942 -28.073 295.394 2.3163
28 0.759 518.777 -28.073 292.402 23114
29 0.814 556.369 -28.081 0.021 311.041 2.3191
30 0.815 557.053 -28.096 303.777 2.3509
31 0.834 570.039 -28.049 326.990 2.3654
32 0.866 591.911 -28.090 326.162 2.3263
33 0.907 619.935 -28.084 0.025 337.711 2.3239
34 0.919 628.137 -28.085 337.370 2.3196
35 0.944 645.224 -28.099 356.152 2.3110
36 0.967 660.945 -28.137 330.726 2.3471
37 1.002 684.867 -28.105 0.029 370.184 2.3207
38 1.050 717.675 -28.113 376.413 2.3149
39 1.061 725.194 -28.078 352.943 2.3404
40 1.061 725.194 -28.147 364.011 2.3308
41 1.132 773.722 -28.067 0.016 413.881 2.3537
42 1.139 778.507 -28.079 411.383 2.3603
43 1.149 785.342 -28.091 412.754 2.3463
44 1.194 816.099 -28.106 409.444 2.3673
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Table 4. Continued

Sample  Sample weight Carbon contents® 8¢ sd Peak height ratio® Fractionation factor
number (mg) (ng) %) %) (%) Eapplied
45 1.211 827.719 -28.108 0.015 427.594 2.3244
46 1.213 829.086 -28.119 428.866 2.3319
47 1.254 857.109 -28.085 438.650 2.3601
48 1.260 861.210 -28.111 432.124 2.3490
49 1.306 892.651 -28.144 0.019 451.766 2.3394
50 1.331 909.739 -28.171 439.295 2.3479
51 1.356 926.826 -28.127 459.374 2.3289
52 1.373 938.446 -28.162 461.021 2.3019
53 1.431 978.089 -28.121 0.053 489.345 2.3339
54 1.451 991.759 -28.108 487.223 2.3555
55 1.463 999.961 -28.227 462.115 2.3063
56 1.474 1007.479 -28.145 475.273 2.3173
57 1.504 1027.984 -28.134 0.021 511.664 2.3417
58 1.535 1049.173 -28.103 516.413 2.3580
59 1.544 1055.324 -28.134 521.500 2.3383
60 1.585 1083.348 -28.155 518.886 2.3414
61 1.620 1107.270 -28.124 0.036 533.152 2.3370
62 1.631 1114.789 -28.184 524.431 2.3174
63 1.667 1139.395 -28.157 543.690 2.3191
64 1.688 1153.748 -28.103 552.485 2.3539
65 1.714 1171.519 -28.098 0.036 559.786 2.3607
66 1.719 1174.937 -28.181 558.176 2.3484
67 1.728 1181.088 -28.143 567.674 2.3372
68 1.775 1213.213 -28.166 577.907 2.3322
69 1.851 1265.159 -28.134 0.047 582.982 2.3551
70 1.851 1265.159 -28.194 577.455 2.3267
71 1.856 1268.576 -28.109 593.543 2.3646
72 1.889 1291.132 -28.205 581.492 2.3337
73 2.012 1375.202 -28.212 0.059 613.249 2.3406
74 2.029 1386.822 -28.210 606.720 2.3445
75 2.080 1421.680 -28.146 640.730 2.3446
76 2.082 1423.047 -28.290 609.580 2.2926
77 2.209 1509.852 -28.207 0.048 666.278 2.3392
78 2.217 1515.320 -28.155 671.683 2.3482
79 2.230 1524.205 -28.272 658.853 2.3141
30 2.264 1547.444 -28.223 680.763 2.3044
81 2.402 1641.767 -28.246 0.050 677.890 2.3713
82 2.405 1643.818 -28.297 690.696 2.3396
83 2.427 1658.855 -28.188 708.730 2.3524
84 2.432 1662.272 -28.200 708.121 2.3347

(@) YAEA7IA BAYF COE TPLATFRA 7] F9=7] Mol Hokaz sXshe diluters AHE-E S78%4(C0)
ot} (b) ©tAgHES Table 2 EMA-P29] 9483 (%) 2258 AL (ug= ket gholth (o) FJazob)e 24
FFEF et EMA-P29] CO,(**C%0'°0) 7k w]=33z0] Hgolt}. (d) fractionation factor &, AHHEXETEZ
BC/MCel tigk EMA-P2 BC/PC) W& oS AHE S F AN



A7)0} Al FHAAEHEA7(EA-IRMS)E o83k AP 4aH] He - gur A+ 253

® measured value = certified value tlo === 120
-27.80
&
"~‘
& &
-28.00 2 —
v
LI L TN \‘g ., :
) . X 6O *
1= rs e
g)’ -28.20 + A » e .'
g PR ¢
-28.40
-28.60
0 200 400 600 800 1000 1200 1400 1600 1800

carbon contents(ug)

Fig. 4. Comparison of 8'°C values of EMA-P2 under different extracted carbon contents with the certified value.
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Fig. 5. Carbon contents measured by the elemental analyzer (The diamond marks mean carbon contents of each sample
and the line means the certified value of 68.35%).
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