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Abstract A large number of functional living products are being produced for eco-friendly or health-promoting
purposes. In the manufacturing process, such products could be adulterated with raw materials with high
radioactivity, such as monazite and tourmaline. Thus, it is essential to manage raw materials and products closely
related to the public living. For proper management, an accurate radioactivity data of the processed products
are needed. Therefore, it is essential to develop a rapid and validated analytical method. In this study, the
concentration of the radioactive >**U and *’Th in building materials (e.g., tile, cement, paint, wall paper, and
gypsum board) and living products (e.g., health products, textiles, and minerals) were determined and compared
by ED-XRF and ICP-MS. By comparing the results of both methods, we confirmed the applicability of the
rapid screening and precise analysis of ED-XRF and ICP-MS. In addition, 23U and 2*?Th levels were relatively
lower in building materials than in living products. Particularly, >*Th content in 6 of 47 living products exceeded
(maximum 8.2 Bq-g™) the standard limit of **?Th content in raw material (1.0 Bq-g™).
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Fig. 1. Processed product samples in the domestic market.

Table 1. Analytical conditions of ED-XRF

Elements kV/mA Se;:;r;tary MZ?;ZI?SIZ:)H ts

Zr, Mo, Rh, Ag, Sb, Cs, Ba, La, Ce 60.0/0.46 AlLOs 600

K, Ca, Sc, Ti, V, Cr, Mn 25.0/1.60 Co 500

Fe, Co, Ni, Cu, Zn, As, Br, Rb, Sr, Pb, Th, U 40.0/1.00 Mo 500

Na, Mg, Al Si, P, S, CI 20.0/2.00 Pd 300
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Table 2. Analytical conditions of quadrupole ICP-MS

Parameter Value

Plasma power (W) 1550
Plasma torch Quartz, single piece

Spray chamber Quartz, cyclonic

Nebulizer Borosilicate glass
Nebulizer gas flow (L-min™") 0.99

Coolant gas flow (L-min™") 14

Auxiliary gas flow (L'min™") 0.80

Uptake time (s) 60

Wash time (s) 60

Internal standard '87Re

#2Th 0.005 ng/mL

Method detection limit 295 0,001 ng/ml
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- Dry : 105°C
Sample - Dry ashing : 550 °C, 5 br
ED-XRF - Sample cup with mylar film
determination - Fill the cup about 15mm height
-700-1020T, 30min
Alkali-fusion - Sample : Flux(LiBO,) : LiBr
| =05g:15¢g:02g
Dissolution - Molten mixture
+ 5% HNO, 60 mL

Fe co-precipitation

Centrifuge &
Dissolution

TICP-MS
determination

l

U, Th concentrations

- Fe carrier 30 mg

- pH 7 using NH(OH)

- 3700 rpm, 5 min
- Conc. HNQ, 3 mI+ DIW 27ml.

- 0.22 pm syringe filtration
- Internal standard '¥Re

Fig. 2. Schematic diagram of analysis procedure for the NORM
samples.
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Fig. 3. U-est results of U and Th determination for the various
CRM samples.
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Table 3. Accuracy and precision of ED-XRF and ICP-MS with various certified reference materials

Certified Experimental result (mg/kg)
value - - - <
CRM Element ED-XRF ICP-MS a-spectrometer
Mean-tunc.® Mean+SD RE RSD Mean+SD RE RSD Mean+SD
e (1s) ©%) (%) (1s) ©) (%) (1s)
SRM 2709a Th® 10.9+0.2 10.67+0.31 -2.1 2.9 11.08+0.68 1.7 6.1 10.01+£0.49
(San Joaquin Soil) Ut 3.15+0.05 3.53+0.21 12.2 5.9 3.38+0.14 7.3 4.2 3.35+0.29
SRM 1646a Th® 5.8 5.53+0.31 -4.6 5.5 5.68+0.12 2.1 2.1 5.14+0.34
(Estuarine Sediment) — U® 2.0 1.60+0.10 -20.0 6.3 2.05+0.03 2.7 1.2 1.93+0.09
SRM 1633¢ Th 23.0+0.4 19.97+0.06 -13.2 0.3 23.64+0.29 2.8 2.1 21.25+1.47
(Trace Elements in
Coal Fly Ash) U 9.25+0.45 11.47+£0.91 24.0 7.9 8.73+0.31 -5.6 1.2 10.62+0.51
SRM 600 Th - 126.8+0.78 - 0.6 124.9+1.27 - 1.0 113.2+12.3
(Bauxite) U - 9.40+0.26 - 2.8 9.60+0.23 - 2.4 10.67+0.82
BCS 388 Th 158.6+20.0  151.0+1.04 -4.8 0.7 168.7+1.78 6.4 1.0 149.9+17.04
(Zircon) U 288.3+40.0  266.1+1.54 -7.7 0.6 298.9+22.8 3.7 7.6 239.9+43.07
*Expanded uncertainty with the coverage factor of 2 (approximately 95% confidence)
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HAAHoZ FOAF £ 30% oW, FHEZAAF 10%  wlwoll FEAE ofHA st o] A XA FEo
ojie] A#E UeRH Ut ED-XRFE ©]&3% Th &  #HF{FE @50 Zr 2359 27|15 49 U, Th =2
4 Aste] A%, AeA ThAl SRM 1633c8 Alsh kel (S HAS B 4 Atk 1 A3} AFEER
W OEE 5% oldle] B4 FREs Uehlx dgle. A F zr AY ARBCS 388)9 24 3=} 4

Vol. 31, No. 4,2018



156 Hyeon-Woo Lee, Jong-Myoung Lim, Hoon Lee, Ji-Young Park, Mee Jang, and Jin-Hong Lee

W, ICP-MSE o] &8 4] Ax}e] 7% U, The
BE B4 ghellA] 8% oo 24 w9 AU=
£ YEl °}9ir:} o]y g Ade ULy §8S ol
239S W EY, S E, Aekael e sgA g9}
"] ZFo] uj$- %1 A o] 7hate] dnk AHREIH o
2 83l37] ol HIAAIE, N 2&3 A5 5
g ez g BaEivt 7Hed AL g T
3 JoH ICP-MS E3 9= U, The| £4of wiZo
w2 Fo] S Yehdnh wEhA &2 Aol 3
23 479 &8 ICP-MS B4 S o] &3 U, Th
o] ZAHWHE A Fo kA gallet Awm FGedA]
=AY 3ol 7hede BT Aeds =
7} S-gate] ol wAdA B4 HgA o] 5
3 o= et

Fig. 3= U-score ¥4 A3%4E U ThS £2l3t

o] JelHRATE U-score AlAF A3}, ED-XRFOZ £
gt SRM 1633c¢®] The] ¥4 A& A&JstH BF
1.50 m9ke] U-score #t2 UEMSITE o]&s H 714
Fe= R AFREFEE B Ay 5AFHCE
frolst £ A BT o mEbA A5
AAY7E ALl glem STk 308 A== v+
A& 2F=e U Th 352 24T & de
ED-XRFQ] A4 23 8o) tgt 2848 g 9
3 Ao dAdkdn)

w
[\
n>
=
>
Hu
(1]
=}
]
o
m
w)
=
o)
M

a
@)
U
=
w

S (mgkg™, ug'kg heb AR
Sol 2ol W} A Beg RS WA 4

o]
AR

AxMxt, , xR,

"7 TTnaxN,

o714 Ae WAFs F E(activity, Bq), M &2 &

(molar mass, g), t,,= WH7](halflife, s), Ry &
£, Npax °}FH7F==Z $(Avogadro's number)©] ™ m-
4] 3F9] &3 (mass of analyte)S YERATH E A
TFo A A e Py, PThel A v= 32 47
12.44, 4.069 Bqmg'e] W3RIAE o] &3 WAl

FER W Y 5
&9, ICP-MSe] A% 4] A AR TEe P
A 2 FEed0 Fx W Yo A 3)of ez

i

A FE FEoRE gF7] S8 A AA ol
pzfolnt, B3k g A 87} ICP-MS P2
o 2 A, Y] 29 we &4 2 vry &3

2 Qs B4 Ao Aol srE 5 g
w2, ICP-MS 244 A& AZS 98 4u5E
ED-XRFE o] &34 tgFdel & &g Jolst &
AR A T}

The-e] Fig 40l B A7olN B7he 04%<) A
AZA A 2 ABAZ AN FE Z ICP-MSE o] &3}
A WUz 2The) WS FEE AREE U

A=

N

1'0 T T T T T T T T T T T T T T T T T T T T T T T T T
| bl
™
0.8 4 4
k=)
& 0.6+ 4
7] 28y :0.04£0.04 (0.01~0.13)
g 232Th : 0.03+0.03 (0.00~0.10)
H | |
2 04l
& 0.4 | 1 1
< 238y :0.07+0.02 (0.05~0.12) 28y :<0.01
232Th : 0.060.01 (0.04~0.08) 22Th : < 0.01
0.2 -
o.o-ﬂﬂﬂmuﬂﬂﬂﬂwnﬂmwﬂmwmmﬂw%
Tile Cement Paint Wall Board
(a) Building material
5y [ 1%7Th Body23, 2.9 Bq-g |
2'0_ TTTTTTTTTTT T TTT T[T I T T T T T T T T T TIT ITTr AT T
- g
Healths, 4.9 Bq-g"" Bodys, 6.7 Bq-g /
/
1 /
Body1, 3.5Bq-'g 4
1.5 Body18, 1.4 Bq-g b
k-] Body4, 8.2 Bq-g’1
o —.
Pl I/ JE SR NSRRI R RN RPN DR R—
2
2
-]
]
<
05 I ]
o.oQanmml “ J.I...,MJJ‘-HJ
Health Body

(b) Living products

Fig. 4. Distribution of **U and **Th activity in building
materials and living product.
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