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To estimate the performance ability of an elemental analyzer-isotope ratio mass spectrometer (EA-IRMS),
the reproducibility of analytical data on a standard material was evaluated. In order to determine the suitable
sample amounts required for high precision and accuracy and the factors required for optimal equipment con-
ditions, a certified reference material EMA-P2 was repeatedly measured with varying sample weights. The
815N values were measured about 1% higher than the certified value. The copper reagent reducing an excess
of oxygen and removing oxygen from NO, in reduction tube of elemental analyzer (EA) was replaced with
new copper material. Consequently, the measured 5'°N values of the EMA-P2 fell within the certified value
126 with the minimum nitrogen contents of 18.650 pg and minimum peak height ratio of 14.820%. The factor
€pplica Calculated with nitrogen isotope ratio (>N/"N) of the sample to the working standard had a wide range
within the certified value +2c. However, the factor €,,;.q showed the narrow range from 0.3130 to 0.7344
within the certified value £1c. We suggest that nitrogen isotope composition needs to be determined by con-
sidering several factors such as nitrogen contents, standard deviation of "N value, peak height ratio (or peak

height) and factor €,jicq-
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Table 1. The isotopic composition of an IAEA international reference standard and a certified reference material

material 6" "Cy.ppg’ 6" Oy.smow” 5"Hy.smow 6" Nar'
IAEA N-2 20.3%o
EMA-P2 -28.19%0 (0.14%0)¢ +26.88%0 (1.88%0)" -87.80%0 (2.20%0)¢ -1.57%o (0.19%o)¢

(a) Vienna Pee Dee Belemnite(V-PDB), (b) Vienna Standard Mean Ocean Water(V-SMOW), (c) Atmospheric

nitrogen(AIR), (d) standard deviation(lc)

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

material C 0] H S N
EMA-P2 68.35% 19.91% 2.9% 7.46%
sulfanilamide 41.81% 4.65% 18.62% 16.25%
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Table 3. 3N, standard deviation of 3N, peak height ratio and factor &,p.q measured by the IRMS with different

nitrogen contents of CRM EMA-P2

sample sample weight nitrogen d®N sd peak height .
number (mg) content?® (ug) (%o0) (%o0) ratio® (%) Eapplied
1 0.115 8.579 -3.586 1.226 6.909 -3.0906
2 0.128 9.549 -1.831 7.907 -2.7934
3 0.136 10.146 -4.033 7.342 -2.7383
4 0.140 10.444 -1.602 8.193 -2.3643
5 0.203 15.144 -1.234 0.381 11.396 -1.7948
6 0.230 17.158 -1.142 12.305 -1.2629
7 0.250 18.650 -1.884 14.820 -1.1530
8 0.254 18.948 -1.803 15.344 -0.9405
9 0.302 22.529 -1.858 0.073 16.836 -0.8263
10 0.307 22.902 -1.892 17.525 -1.1852
11 0.320 23.872 -1.723 19.286 -1.0946
12 0.374 27.900 -1.832 22.006 -0.6804
13 0.412 30.735 -1.586 0.207 24.464 -0.1471
14 0.414 30.884 -1.418 28.613 0.0784
15 0.442 32.973 -1.901 25.880 -0.3148
16 0.465 34.689 -1.739 27.354 -0.1164
17 0.502 37.449 -1.860 0.116 29.037 -0.5281
18 0.527 39.314 -1.848 30.571 -0.0556
19 0.547 40.806 -1.632 32.056 0.0502
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Table 3. 3N, standard deviation of 3N, peak height ratio and factor &,.q measured by the IRMS with different
nitrogen contents of CRM EMA-P2 (Continued)

sample sample weight nitrogen d®N sd peak height .
number (mg) content® (ug) (%o0) (%o0) ratio® (%) Eapplied
20 0.573 42.746 -1.682 33.254 0.2107
21 0.658 49.087 -1.644 0.071 37.808 0.0981
22 0.658 49.087 -1.680 38.289 0.2172
23 0.665 49.609 -1.680 37.662 0.1697
24 0.669 49.907 -1.806 38.183 0.1636
25 0.729 54.383 -1.729 0.086 43.370 0.0611
26 0.732 54.607 -1.835 42.258 0.3794
27 0.762 56.845 -1.872 44.500 0.2962
28 0.762 56.845 -1.691 44.594 0.3941
29 0.803 59.904 -1.817 0.093 46.455 -0.0474
30 0.810 60.426 -1.691 47.643 0.4167
31 0.828 61.769 -1.603 48.948 0.5061
32 0.841 62.739 -1.644 48.860 0.4311
33 0.906 67.588 -1.781 0.026 52.434 0.3944
34 0.940 70.124 -1.808 54.321 0.3839
35 0.966 72.064 -1.745 56.152 0.4756
36 0.968 72.213 -1.778 56.427 0.3879
37 1.023 76.316 -1.568 0.022 60.792 0.5460
38 1.030 76.838 -1.557 61.998 0.4747
39 1.043 77.808 -1.599 62.578 0.4500
40 1.056 78.778 -1.550 64.273 0.5037
41 1.105 82.433 -1.642 0.088 66.807 0.4902
42 1.119 83.477 -1.560 69.649 0.5679
43 1.122 83.701 -1.496 69.449 0.6059
44 1.176 87.730 -1.695 72.405 0.4631
45 1.201 89.595 -1.654 0.048 73.775 0.3130
46 1.220 91.012 -1.660 73.830 0.5917
47 1.240 92.504 -1.664 76.517 0.4776
48 1.270 94.742 -1.565 77.604 0.5607
49 1.330 99.218 -1.635 0.078 75.094 0.4921
50 1.339 99.889 -1.560 76.658 0.6099
51 1.342 100.113 -1.532 80.861 0.6498
52 1.351 100.785 -1.705 80.050 0.5160
53 1.413 105.410 -1.657 0.028 82.466 0.5540
54 1.413 105.410 -1.669 82.676 0.4804
55 1.414 105.484 -1.612 84.243 0.5161
56 1.417 105.708 -1.672 83.709 0.5393
57 1.530 114.138 -1.584 0.033 89.961 0.6082
58 1.531 114.213 -1.570 89.940 0.5723
59 1.552 115.779 -1.638 90.966 0.5102
60 1.565 116.749 -1.628 88.842 0.4956
61 1.619 120.777 -1.451 0.069 108.459 0.6903
62 1.625 121.225 -1.555 94.755 0.6390
63 1.640 122.344 -1.597 95.705 0.6332
64 1.671 124.657 -1.600 99.622 0.6322
65 1.704 127.118 -1.681 0.028 97.927 0.5464
66 1.718 128.163 -1.613 100.866 0.6059

67 1.721 128.387 -1.647 99.812 0.6450
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Table 3. 3N, standard deviation of 3N, peak height ratio and factor &,,.q measured by the IRMS with different

nitrogen contents of CRM EMA-P2 (Continued)

sample sample weight nitrogen d®N sd peak height .
number (mg) content® (pg) (%o0) (%o0) ratio® (%) Eapplied
68 1.721 128.387 -1.652 97.455 0.4410
69 1.821 135.847 -1.630 0.044 102.690 0.4439
70 1.838 137.115 -1.538 107.549 0.6923
71 1.842 137.413 -1.573 110.832 0.6404
72 1.852 138.159 -1.534 106.842 0.6356
73 1.902 141.889 -1.582 0.026 109.977 0.6100
74 1.907 142.262 -1.600 112.605 0.6279
75 1.909 142.411 -1.542 110.392 0.6855
76 1.919 143.157 -1.594 109.461 0.5949
77 2.021 150.767 -1.658 0.084 116.777 0.5338
78 2.053 153.154 -1.475 118.815 0.7344
79 2.056 153.378 -1.495 112.810 0.7279
80 2.070 154.422 -1.577 117.748 0.6841
81 2.129 158.823 -1.615 0.043 119.787 0.5823
82 2.145 160.017 -1.592 123.651 0.6638
83 2.158 160.987 -1.517 126.081 0.7028
84 2.174 162.180 -1.591 124.697 0.7088

aNitrogen content was obtained from sample weight reflected on the nitrogen content 7.46% (Table 2)
PPeak height ratio was calculated by the N, (NN) peak height of sample to working standard
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Fig. 1. Comparison of 5'°N values of EMA-P2 under different nitrogen contents with the certified value.
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Fig. 2. Comparison of 8'°N values, which were measured without replacing the reagent Cu in reduction tube, of EMA-
P2 under different nitrogen contents with the certified value.
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Fig. 3. Nitrogen contents measured by the elemental analyzer (The diamond marks mean nitrogen contents of each sample
and the line means the certified value of 7.46%).
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Fig. 4. Peak height (m/z = 28(**N"N)) of working standards and samples.
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Table 4. Peak height(m/z = 28(1*N'N)) of three samples and three working standards and peak height ratio (%)
calculated with each sample to working standard

sample sample weight  nitrogen contents  peak height of peak height of working peak height ratio
number (mg) (ng sample (nA) standard (nA) (%)

7 0.250 18.650 0.744 5.023 14.820

37 1.023 76.316 3.053 5.022 60.792

34 2.174 162.180 6.457 5.178 124.697
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Table 5. The 8N value of ureas used as continuing calibration check standards (The initial 8'°N value was measured
prior to 84 samples and the others were collected continuously after measuring every 12 samples)

check acquisition date peak retention peak height nitrogen d®N average sd
standard (year-month-day) time (sec) (mA) content (%) (%0) (%0) (%0)
urea® 12-10-17 3:17 PM 183.9 13.423 39.626 -1.340 -1.380 0.045
urea’ 12-10-17 6:25 PM 183.2 11.345 39.613 -1.371

urea’ 12-10-17 10:11 PM 186.7 11.866 40.200 -1.354

urea’ 12-10-18 9:28 AM 1854 13.736 39.600 -1.352

urea’ 12-10-18 1:56 PM 186.7 12.875 39.661 -1.360

urea’ 12-10-18 5:28 PM 184.9 15.139 39.723 -1.465

urea’ 12-10-18 8:43 PM 187.7 13.302 39.287 -1.420

durea before measuring 84 samples
burea after measuring every 12 samples of EMA-P2
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