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Abstract: Naturally occurring radioactive materials (NORMSs) increase radiation exposure to the public as these
materials are concentrated through artificial manufacturing processes by human activities. This study focuses
on the development of a method for the quantitative analysis of **Th, **°U, and *®U in building materials.
The accuracy and precision of inductively coupled plasma mass spectrometry (ICP-MS) for determination of
digestion processes was evaluated for certified reference materials (CRMs) digested using various mixed acid
(e.g., aqua regia, hydrofluoric acid, and perchloric acid) digestions and a LiBO, fusion method. The method
validation results reveal that a LiBO, fusion and Fe(OH); co-precipitation should be applied as the optimal
sample digestion process for the quantitative analysis of radionuclides in building materials. The radioactivity
of 22Th, °U, and U in a total of 51 building material (e.g., board, brick, cement, paint, tile, and wall paper)
samples was quantitatively analyzed using an established process. Finally, the values of **U and *°Th

radioactivity were comprehensively compared with those from the indirect method using y-spectrometry.
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Al k& 65 % Nitric acid, 32 % Hydrochloric acid,
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EMSURE® KGaA, Germany)2.2 24A1oF 559 A}
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SRM 2709a (San Joaquin soil)Z} SRM 1633¢ (Trace
Elements in Coal fly ash) & 5 &o|H AZFAA] A&
= Alsd SiE e AE T HAEE 13F, 9
7% ANUE 8%, HIE 9F, €Y 11F, HA
3 &S A3
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o] FojA| & AHF-&-§74X|(K2 prime, Katanax™, Canada)
£ o]&st] FYs o™ A= LiBO, (XRF scientific
Limited, Australia)E AH8-33lth. A1 59] 882 3l
W2 = 7 (Pt 95 %, Au 5% TS ol &3t o
u}2] Al (non-wetting  agent) =4 LiBr (XRF scientific
Limited, Australia)E ©]-&3}4th & 33 (Fe co-preci-
pitation)2 ¢3¢+ Fe ©#]+= Iron(Ill) nitrate nonahydrate
(Sigma Aldrich, ACS reagent 98~101 assay, USA)E
2% HNO;°ll &3l5te] ARE-3t5e™ pH 242 25%
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= AR

oby Eo|dagH B8y, By, P2The] AF BAS

$3l double focusing magnetic sector field-ICP-MS

Table 1. Operating condition of ICP-MS

Double-focusing magnetic sector-field ICP-MS

(SPECTROMS)
RF power (W) 1465
Coolant gas flow (L/min) 12.0

Type of nebulizer Mira Mist (Burgner type)
Nebulizer gas flow (L/min) 0.90

Auxiliary gas flow (L/min) 2.30

Sample aspiration rate
(mL/min)

Plasma torch

1.2

Quartz, fixed 1.8 mm injector

Base interval time 20 ms

Read time 30 s
Replicates 3

Internal standard 29Bj, 10 ng/g
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2l AZS 93 A2as A4 2 yo|a BAS
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- Sample: flux = 1:3

- LiBO, Flux (100%)
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22. =8 SH - 5% HNO, dissolntion
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AlBE 105 °CollA IAN7FESE AZ 3 650 °CollA 1 3 1020 5
o =] . . . . ..
Al EeE dEste] 77 ] =S AASIA Fig. 2. Alkali fusion system and optimal condition.
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pretreatment - 3 duplicates
-Dry 105 °C, 5 hrs
- Dry ashing, 12 hrs
Sample
dig eSti 56 (B) Acid digestion (C) Alkai fusion
-32% HCl 20mL -LiBO2
-180°C -800-1020 °C
[
Method IT Method IIT
" Method 210 5 -28 M HF 10 mL - 72% HCIO, 10 mL ®) F‘f((,)th)?
sAquaregla LimL 3500 HCI10mL | ] -32% HCl 10 mL co-precipitation
< 180°C -180°C -180°C -pH7
- repeat 2 times - repeat 2 times - repeat 2 times - Fe carrier (25 mg)
v ! ¥ k ¥
(N (E) Dissolution
analysis -3 MHNO,
-40mL 180 °C
(F) ICP-MS
- 0.22 pm syringe filtration
-20 g by 2% HNO,

Fig. 1. Flowchart of digestion methods for accuracy evaluation.
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Fig. 3. Recovery variation of U and Th with pH conditions
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Table 2. Accuracy and precision of fusion method with Various Certified Reference Materials

Certified Experimental . )
cRM value result Relative Relaglvz U
me/k me/k error standar -score
(mg/ke) (mg/ke) (%)  deviation (%)
Mean £ # Mean £ SD (1s)
ub 3.15 £ 0.05 3.04 £ 0.05 -3.5 1.5 1.04
RM 2 i il
SRM 27092 San Joaquin Soi T 109402 106 0.11 26 1.0 0.94
SRM 1646 Estuarine Sedi ¢ [0k 2.0 1.88 + 0.03 -6.1 1.4 1.09
4  bstuarme sedimen Th 5.8 557 +0.17 4.0 3.1 0.52
SRM 1944 New York/New Jersey ub 3.1 3.02 £ 0.02 -2.6 0.8 0.49
Waterway Sediment Th® 13.0 13.0 £ 0.27 -0.2 2.1 0.04
RM 8704 Buffalo River Sediment U*  3.09+0.13 298+ 0.07 3.5 2.4 0.56
uHalo Hiver sedumen Th®  9.07+0.16  9.01 +0.17 0.6 1.9 0.15
Trace Elements in Coal U 9.25 £ 045 9.23 £ 0.01 -0.3 0.1 0.05
SRM 1633¢ Fly Ash Th 23.0+ 04 223 +0.11 -3.1 0.5 1.56

3Expanded uncertainty with coverage factor of 2 (approximately 95 % confidence)

YReference/information value

9U-score were calculated from difference between our experimental mean and the certificated value with estimated uncertainty
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Fig. 5. Comparison of activity concentrations between ICP-
MS with fusion digestion and y-spectrometry.
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Table 3. Analytical result of U and *2Th in building
materials (Bq/kg)

Nuclide Mean + SD Min Max N
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