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Accuracy and Precision of Sulfur Isotope Measurement Using Elemental Analyzer-Isotope Ratio Mass
Spectrometer (EA-IRMS). Journal of the Geological Society of Korea. v. 49, no. 3, p. 351-361

ABSTRACT: Continuing calibration check (CCC) for measuring sulfur isotope composition using an Elemental
Analyzer-Isotope Ratio Mass Spectrometer (EA-IRMS) is not yet sufficiently studied. A significant peak signal
was observed at the blank samples after analyzing the samples of MgSO4, Na;SOs, Na,SO4 with increasing sample
amount. The memory effect was confirmed from the peak tailing of SO, (3ZSI6OI6O+) ion. The measurements of
'S (£10) values showed -2.747 %o ~ -2.546 % of the precision 0.139%, (21.883 S 1ig ~ 101.382 S pg) and -2.891 %,
~-2.558% of the precision 0.188% (47.644 S ug ~ 246.669 S ug) for the successive and non-successive method,
respectively. Both methods yielded the acceptable range and similar precision but showed a dramatic decrease
of §*'S value at the level of >350 S ug. However, the non-successive method that performed a regular peak center
produced the wider sulfur range than the successive method.
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Table 1. The isotopic composition of an IAEA international reference standard and a certified reference material.

Material (in%o) “Cv-ron *Ov.smow *Hy.smow *Sv.cor
IAEA S-1° -0.30
EMA-P1° -27.85+0.12 +20.99 £ 0.72 -25.30+5.10 -3.01 +£0.54

(a) IAEA international standard, (b) certified reference material

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

Material (in%) C (0) H S N
EMA-P1* 61.51 20.87 3.46 13.85
Sulfanilamide® 41.81 4.65 18.62 16.25

(a) certified reference material, (b) laboratory standard for elemental analyzer
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peak centerE 434314 tt.
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Fig. 1. Peak heights were measured successively in order of two blanks, fifteen samples of IAEA S-1, ten blanks,
fourteen samples of MgSOs, seventeen blanks, sixteen samples of Na,SOs, fifteen blanks, fifteen samples of Na,SOs,

and eight blanks.
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Table 3. §*'S, standard deviation of §**S and peak height ratio measured by the IRMS with different sulfur contents
of EMA-P1(successive method)”.

Sample number Sample weight (mg) Sulfur content” (ng) 8**S (%o) SD (%0) Peak height ratio® (%)

1 0.158 21.883 2.747 0.139¢ 19.594
2 0.176 24376 -2.774 24353
3 0.187 25.900 -2.750 24.773
4 0.188 26.038 -2.867 25.381
5 0.213 29.501 -2.766 31.179
6 0.233 32271 -2.877 34.528
7 0.258 35.733 -2.934 40.396
8 0.261 36.149 -2.941 39.775
9 0.301 41.689 -3.030 42.188
10 0.354 49.029 -3.013 52.687
11 0.368 50.968 -2.972 59.176
12 0.392 54.292 -2.956 59.360
13 0.410 56.785 -2.958 69.799
14 0.435 60.248 -3.068 68.716
15 0.455 63.018 -3.001 78.445
16 0.475 65.788 -2.985 73.069
17 0.502 69.527 -2.985 87.665
18 0.505 69.943 -2.899 83.669
19 0.542 75.067 -2.850 94.456
20 0.561 77.699 -2.757 92.430
21 0.603 83.516 2.735 105.894
22 0.604 83.654 2.775 108.697
23 0.619 85.732 2.713 103.359
24 0.632 87.532 -2.766 104.255
25 0.721 99.859 -2.566 114.987
26 0.732 101.382 -2.546 133.128
27 0.786 108.861 -2.399 132.519
28 0.792 109.692 -2.392 135.129
29 0.806 111.631 -2.426 207.785
30 0.836 115.786 2.376 122.936
31 0.869 120.357 -2.493 127.466
32 0.884 122.434 2.131 140.271
33 0.911 126.174 -2.201 158.618
34 0.932 129.082 -2.298 159.854
35 0.942 130.467 -2.323 157.404
36 0.973 134.761 -2.251 164.053
37 1.033 143.071 2.235 188.676
38 1.082 149.857 -2.130 163.105
39 1.091 151.104 -1.950 173.139
40 1.093 151.381 -1.920 172.156
41 1.103 152.766 -1.776 191.421
42 1.136 157.336 -1.810 192.752
43 1.140 157.890 -1.810 193.216
44 1.148 158.998 -1.826 197.824
45 1.237 171.325 -1.643 228.187
46 1.247 172.710 -1.588 213.922
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Sample number Sample weight (mg) Sulfur content’ (ug) &S (%o) SD (%o0) Peak height ratio® (%)
47 1.268 175.618 -1.611 204.677
48 1.271 176.034 -1.567 219.861
49 1.308 181.158 -1.492 239.550
50 1.311 181.574 -1.560 226913
51 1.329 184.067 -1.485 224.207
52 1.362 188.637 -1.487 225.235
53 1.427 197.640 -1.433 251.601
54 1.445 200.133 -1.484 255.333
55 1.479 204.842 -1.496 246.842
56 1.486 205.811 -1.420 250.648
57 1.735 240.298 -1.294 264.453
58 1.743 241.406 -1.249 289.611
59 1.778 246.253 -1.231 309.434
60 1.785 247.223 -1.230 304.934
61 1.915 265.228 -1.153 323.635
62 1.935 267.998 -1.162 316.772
63 1.956 270.906 -1.186 334412
64 1.964 272.014 -1.055 354.000
65 2.117 293.205 -0.989 339.677
66 2.146 297.221 -0.952 365.621
67 2.155 298.468 -0.933 377.711
68 2.188 303.038 -0.860 359.280
69 2.310 319.935 -0.951 359.357
70 2.338 323.813 -0.855 404.492
71 2.342 324.367 -0.779 373.558
72 2.391 331.154 -0.609 389.842
73 2.537 351.375 -2.514 399.944
74 2.559 354.422 -6.363 412.622
75 2.574 356.499 -10.147 419.829
76 2.588 358.438 -12.930 424779
77 2.748 380.598 -24.123 448.363
78 2.753 381.291 -21.069 438.406
79 2.756 381.706 -26.664 454.294
80 2.758 381.983 -25.199 449.792
81 2.934 406.359 -35.570 483.441
82 2.940 407.190 -33.636 473.493
83 2.941 407.329 -35.507 476.879
84 2.996 414.946 -39.475 487.737
85 3.125 432.813 -46.899 512.782
86 3.153 436.691 -46.889 504.695
87 3.167 438.630 -44.367 502.031
88 3.176 439.876 -46.393 507.323

(a) 88 samples measured by EA-IRMS successively (b) Sulfur content was obtained from sample weight reflected
on the sulfur content 13.85%(Table 2) (c) Peak height ratio was calculated by the 802(3281601603 peak height of
sample to working standard (d) Standard deviation within -3.01%o % 0.54%o(10)

A 27.839 ug ~ 314.811 ug= ALEAuH o] )
F(151.104 ug) 2k 28) o] F7tsk AT £

-3.01%0 = 0.54%0(1o)8 2] S3gF A BE(47.644
ug ~ 246.669 ug) 2 FEH=0.188% 2 Sieper et
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Fig. 2. Comparison of §*S values measured under different sulfur contents of EMA-P1 with the certified value.
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Fig. 3. Sulfur isotopic composition under the range of 0%o to -50%o of samples measured successively and samples
measured after calibrating ion beams for focusing collector.
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Table 4. §**S measured after calibrating ion beams, 328160160+(m/z=64) and 34816016O+(m/z=66), standard deviation
and peak height ratio measured by the IRMS with different sulfur contents of EMA-P1(non successive method)”.

b .
Sample number W;Z‘f:tf(’:zg) S“”“E:g")mem 5 (%0) SD(%o) Pf;‘tli‘olif(}/f;’t

1 0.166 22.991 1833 57.107

2 0.201 27.839 -1.994 13.290

3 0.344 47.644 2.891 0.188 25.027

4 0.419 58.032 2535 35.634

5 0.572 79222 2707 59.469

6 0.625 £6.563 2,564 14.504

7 0.750 103.875 2910 70.881

8 0.800 110.800 3,058 88.547

9 0.942 130,467 2797 179.015
10 1.084 150.134 23,029 138.868
1 1183 163.846 22,990 188.652
12 1223 169.386 2,863 184.135
13 1.300 180.050 2783 182.674
14 1.419 196.532 2723 201.170
15 1502 208.027 2612 240.579
16 1.669 231.157 2485 258.153
17 1781 246.669 2,558 264.785
8 1.861 257749 2336 274786
19 2.070 286.695 2225 341.320
20 2.126 294451 2229 352.539
21 2273 314.811 -1.993 326.084
2 2362 327.137 -1.839 383223
23 2.408 333.508 1708 395.402
24 2511 347.774 1465 400.560
25 2,672 370.072 5.978 401.864
26 2.742 379.767 23.198 463390
27 2.838 393.063 -28.064 477338
28 2.949 408.437 34,540 453.934
29 3.132 433782 44710 517.317

(a) 8**S values measured after calibrating ion beams for focusing collector (b) Sulfur content was obtained from
sample weight reflected on the sulfur content 13.85%(Table 2) (c) Peak height ratio was calculated by the
SOz(32816016O+) peak height of sample to working standard (d) Standard deviation within -3.01%o = 0.54%0(10)

7F ol 9w, BHAIRS C/S v7} 45 Oh
off tigh ea-ge) FAAAZ FHUL E(iso-
tope fractionation)o] 7}&3E i B sttt
Hansen et al. (2009)2 32 233 A2 = A2 o
£ Afglepe] 71908k SO, Agte] EqPgsirtar 1
I3FH L) E3 Kelly et al. (2002)2 SO,7F EH T}
BRI ZEe AREA) S AN o] W
HA7101M EEo] dofd 4= kil Buskt
& AolM = B=Fe] AlRoME SO, 7k A

o] EPste] AFRA7|oA 2ol T = A

2 AUzith N S22 el A S2HE4) o4 5
Q4R A7 2 o 5o} COrs F2E o] 90
T Aee) LES £ F 1302 Fok 92
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Fig. 4. Sulfur contents measured by the elemental analyzer that adsorption column was set at 220C for 150 seconds

in order to desorb SO,.
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