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Abstract: It is important to determine the concentration of long-lived radionuclides (e.g., '*°T) in nuclear waste
to ensure safety when handling it. To analyze nuclides in a solid sample (e.g., concrete and soil), it is essential
to effectively separate and purify the nuclides of interest in the sample. This study reports the comprehensive
efforts made to validate the analytical procedure for '*’I detection in solid samples, using a high-temperature
combustion furnace. '*’I volatilized from the sample collected in 0.01 M HNO; solution with a reducing agent
(e.g., NaHSO;) and was rapidly measured by ICP-MS. Analytical conditions, such as pyrolysis temperature
and types of mobile phase gas, catalyst, and trapping solution, were optimized to obtain a high recovery rate
of spiked '?I. Finally, the optimized method was applied for the simultaneous analysis of other volatile
radionuclides, such as *H and '*C. The performance test results for the optimized method confirmed that the
LSC (for *H and '*C) and ICP-MS (for '*°I) measurements, with the separation of volatile nuclides using a

high-temperature combustion furnace, were reliable.
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Table 1. Measure conditions of LSC and quadrupole ICP-MS

o} P13} °H ] LSC &4 A5 AlZHS 98] A3&9
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quadrupole ICP-MS (iCAP-RQ, Thermo Fisher Scientific,
Germany)E ©| &3t F #4 71719 942
Table 13} 22t} Aol AR A2 BAA S 5F2
2 sodium hydroxide (Yakuri pure chemicals co., Ltd.,
Japan), 65 % nitric acid (Merck EMSURE® KGaA,
Germany), sodium bisulfite (Sigma Aldrich, Germany)
o|t}. o] &L Cascada (PALL Life Sciences, USA)ZE |
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LSC ICP-MS
Window settings Value Parameter Value
Target nuclide 1291 H 4c RF power 1550 W
Configuration High energy =~ Low energy High energy Spray chamber Cyclonic, PFA
Channels 70-500 50-350 50-650 Nebulizer PFA 400 pL min™'
Counting time 10 min 10 min 10 min Coolant gas flow 14 L min™'
Repeat 3 3 3 Auxiliary gas flow  0.80 L min™
Nebulizer gas flow  0.83 L min™'
Uptake time 60 s
Wash time 60 s
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Sample preparation

| Combustion in Mini-tube Furnace I

*Transition from Air to O, at 450°C

Method I Method II Method III
a b c d a l I c a b c
Dwell time : 3hr Dwell time : 6hr Dwell time : 6hr
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IM NaOH 20 mL IM NaOH 20 mL o NaHSO; 0.1 g | NaHSO; 0.05 g
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Only Air | *Air— 0, | Only Air [*Air—0, *Air — O, *Air — O,
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Fig. 1. Schematic of '*I Combustion method optimization.
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Table 2. Comparison of iodine recovery in previous studies

Sample Method Measurement ~ Recovery  Ref.
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Table 3. Statistical summary of recovery using analytical and combustion condition

Mini-Tube Furnace Pyrolyser-6
Mean+SD Range N Mean+SD Range N
SH 97.34£9.6 77.3~103.3 12 92.0£12.1 71.8~108.5 12
c 100.7£11.0 70.1~111.4 12 98.3£7.1 86.3~107.1 12
129 82.1+8.3 68.2~96.7 12 81.9+19.2 45.0~108.0 12

Concentrations of *H and "“C were determined by LSC, while those of '*I were determined by ICP-MS
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Table 4. Memory effects of '*I in combustion furnaces tube

Range Mean+SD N
Mini-Tube Furnace 0~1.7 0.4+0.6 12
Pyrolyser-6 0.5~20.9 7.2+6.4 12

Concentrations of '*I were determined by ICP-MS
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