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Influence of helium and argon as carrier gases for the improved Dumas method analyzer

TANDO Tomohiro*, MUROI Hiroaki*, TAKEMOTO Kenji* and NOGUCHI Hiroshi*
*Tokyo Customs Laboratory 2-7-11 Aomi, Koto-ku, Tokyo, 135-8615 Japan

Customs uses the Kjeldahl method or the improved Dumas method for quantification of crude protein. Among these analytical

methods, the improved Dumas method analyzer generally uses helium as a carrier gas, but in recent years obtaining helium has

become difficult. A comparative study was conducted to determine if argon could be used as a carrier gas instead. When

measurement results of use of argon and helium as carrier gases by the Dumas method were compared, a significant difference

in quantitative nitrogen was not observed, and quantification of the sample for a usual analysis was not a problem. Therefore,

whether argon could be used as carrier gas was considered. However, in cases where the measured value is close to the borderline

of the tariff classification, measurement using helium gas should be carefully considered.
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(A) Carrier gas: Ar, Total nitrogen; 1.0 mg (D) Carrier gas: He, Total nitrogen; 1.0 mg

(B) Carrier gas: Ar, Total nitrogen; 0.5 mg . .
(E) Carrier gas: He, Total nitrogen; 0.5 mg

(C) Carrier gas: Ar, Total nitrogen; 0.1 mg
(F) Carrier gas: He, Total nitrogen; 0.1 mg

Fig.1 Measurement results by modified Dumas method analyzer. Carrier gas and total nitrogen are:

(A) Ar, 1.0 mg; (B) Ar, 0.5 mg; (C) Ar, 0.1 mg; (D) He, 1.0 mg; (E) He, 0.5 mg; (F) He, 0.1 mg.
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Table 1 Comparison of measurements with Argon and Helium as a carrier gas for the improved Dumas method

Total nitrogen Total crude
Carrier . Difference of total Difference of total nitrogen
Sample name protein d el (0% crud e (9%
gas Mean (%) RSD (%)® Mean (%) crude protein (%) rude protein (%)
Ar 8.874 2.00 55.464
Soy protein 1.194 3.702x10*
He 8.683 0.71 54.270
Ar 12.800 157 81.662
Milk albumin 0.539 5.633x10*
He 12.715 0.51 81.123
Ar 12.491 0.71 78.069
Gluten wheat 1.621 1.438x10*
He 12.232 0.28 76.448
Ar 12.589 1.73 78.682
Peptone 0.888 7.725%x10°
He 12.447 0.41 77.794
Ar 11.961 114 76.310
Whey protein 0.679 2.608x10°
He 11.854 0.46 75.631
Ar 1.191 0.91 7.088
Rice flour 0.306 5.205x108
He 1.140 0.10 6.782
Soy protein Ar 13.897 0.93 86.855
0.082 9.252x10
concentrate 1 He 13.884 1.08 86.773
Soy protein Ar 13.952 1.63 87.202
0.356 3.560x10*
concentrate 2 He 13.895 0.81 86.846
Soy protein Ar 13.938 0.70 87.113
0.682 3.367x10*
concentrate 3 He 13.829 1.87 86.431
Ar 11.927 1.58 76.094
Milk protein 1 -0.646 0.327
He 12.028 1.08 76.740
Ar 11.963 1.12 76.324
Milk protein 2 0.046 0.326
He 11.956 0.80 76.278
Ar 11.898 2.57 75.909
Milk protein 3 -0.839 0.326
He 12.029 0.97 76.748
Rice flour Ar 0.880 0.53 5.238
. 0.070 0.802
preparation 1 He 0.869 0.05 5.168
Rice flour Ar 0.874 0.29 5.200
. 0.027 0.809
preparation 2 He 0.869 0.07 5.173
Rice flour Ar 0.862 0.34 5.130
. -0.012 0.810
preparation 3 He 0.864 0.05 5.142

@ RSD: standard deviation / average
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Table 2 Quantitative results of the Ethylenediaminetetraacetic acid (EDTA)

Carrier gas Total weight (mg) Total nitrogen (%)
Theoretical value Actual value
99.4 1.140 1112
Ar 99.3 0.570 0.560
100.2 0.121 0.008
104.5 1.145 1.130
He 104.1 0.489 0.447
116.0 0.090 0.078

Table 3 Quantitative results of the rice flour preparation

. Raw material for rice flour Total nitrogen
Carrier .
Rice flour content Theoretical
gas Actual value (%) | Mean (%) RSD (%)@ Actual value (%) | RSD (%)@
value (%)®
1.196 772 0.854 0.883
1.120 81.2 0.869 0.929
Ar 1.165 1.144 0.63 78.3 0.866 0.18 0.896
1.126 78.0 0.878 0.892
1.113 78.6 0.879 0.899
1.225 79.3 0.861 0.903
1.101 75.8 0.861 0.863
He 1.107 1.139 0.90 76.4 0.876 0.37 0.870
1.129 75.2 0.863 0.857
1.131 79.6 0.909 0.907

@ RSD: standard deviation / average
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® Calculation method for the theoretical value: Nitrogen content is measured with the improved Dumas method. Approx. 80 mg of rice flour is

weighed and a starch derivative is added for a total weight of approx. 100 mg. Content ratio of rice flour is obtained from the weighed value, and the

theoretical value is obtained by multiplying the measured nitrogen content of the rice flour raw material by the content ratio.
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