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Abstract: In this paper, the study of analysis of uranium isotopes in environmental samples with a kinetic
phosphorescence analyzer (KPA) was described. After leaching uranium fraction from soil and glass
material with microwave acid digestion technology, uranium isotopes were purified with UTEVA column,
and then measured using KPA. Linearity and repeatability tests for measurement of uranium isotopes were
carried out in the uranium standard solution with KPA. The reliability for analytical method of uranium
with KPA was validated by its application to uranium standard solution, ground water, IAEA and NIST

reference samples.
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Fig. 1. Chromatographic column filled with UTEVA resin for
separation of U.
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Fig. 2. Schematic diagram of the kinetic phosphorescence
analyser (KPA).

~
M
-
|
> O

gy |  —

»—_ —

s (g

My

Dual scaler

USA)E AHE-33lth UTEVA #2232
cm 279 HY #AHES o] 83l Ly
223 S(Fig 1| FX) KPAR 815 ¥
a3t

22. KPAE 0|88t &X
KPA 98= $-2d 01%
(phosphorescence)=-
TE z%a]:o}b_ 7] o]q. ig. zoﬂ L}E]—‘;H_ 7}4\1134 b |
2 Asdol AR HIH M A (stilbene-420, Exciton,
Dayton, OH) #[°]AE AR&-3le] 420 nm ZHgol|A] -
Zd o] & E&A skTh$-EtE ol A F
917415 nm). 515 nm 33 2] W&
yellow-green) & AF8-3}o] 23 (luminescence) A& &
A23 oA HAREH 90° A=r WEHE ‘F‘E]'
=) 0]9_4 SIE~ e *771—\: J,]—;ﬂ;q_ ‘%‘HH-T&(PMT)—‘% A}
|3t ST Al Ao E E(time gate width)S
13 pus® A4 3te] 13 psrbed Q1% W& 7= (emission
intensity)E 339t A& 7] 4 A](50 s) 1,000
go]A "7} o]-8-F A TH20-pulse/s repetition cycle).
4= (short-lived) 4 & 23S A A 98 7
2] (decay profile)ZH-E] 65 us 25 A AT ¥, 65
psoll Al 585 us 244 <] H2E A 13} 744 S22
o] g3l 413519 th KPA 410 9lo]A Uraplex®
28 A & Sk AR S " 7Esk=t], 8-l (solvent
molecules)®ll 23+ 2~ (quenching)S # A 3lsle 9
S St} Uraplexell 938k 2HeE o= <ls)] Suf &
Fo] Zasle] $-gbd o] 29| S (lifetime)S F 71
ZtH285 us). =L AFFZ S/N(signal to noise)H] & 57}
AAA E4 AeE FFANAT B3 Y F =

ZH (emission ﬁlter

=2,
FET

S

-

H3}H0~1000 pg/L)dll wE AFAH71E
HAFAE 2she A E Sehr B Al a3

23. AE gy

23.1. A2 Fxz|

IAEA SOIL-7 Al& 0.1 g& gt
mL9} H,0, 1 mLE H7FsIAL 208 52 =

A 228 S ALR-3] EF matrixS %5]] 3}

NIST SRM-611 2] A& A 8= 0.03 g& FH ¢t
HNO; 5 mL, HCI 5 mL, H,0, 0.5 mL 2 f-2]4%e
/32 93] HF 0.5 mLE ¥ E%A Z(AEA SOIL
NS} FLaA 2T AR A 2"E ARE-Ete] -
Ty Aws TR &3lsirt. S2T9 sl
Al =gl o] AF27-E Table 1] WePH AT

[CICg

2

232 ks 2

Hl7 o) 5 g XS] UTEVA FAE Y3 001 M
HNO;Z F%3] & A7l T vy Zd-d -39
oh ZEkiE A EEHe ol Fel gl
Y H&3E 719 B3, dE %] UTEVA A& 4

em@ = A ok, el oAl EFjedal 2 ¢
235 719 Wi 2971E AN T Eelw

o] 0.01 M HNO; € 2 mLE &¢ 23S AA
gt o2, 5 M HNO; €48 2 mLA 23] S Huo]
UTEVA X7} 2384 29 24& ANE2A3 59
Al 24dsknt

S3lE AEE SEAIA T 5 M HNO; £ 3
mLE AHE-3te] AXES 834171 § F#Y)E UTEVA
] “ﬁ—roi‘:]' AEE BIA FT A9 Hol
AE LS AT EWS FASHE matrix YAES
AAs7] 9181 5 M HNO; €9 3 mLE 8~93] A% &
HFAh 05 M HCl €9 9 mLE &2]F] UTEVA
el 2§ Cipvi=g

i
Ol

-0 Y
H= O

233 ek M

UTEVA 22|#0o2RE F&29 9dty AES 3
& §4S SLALT F 08 M A

Table 1. Operation condition of microwave digestion system

Step Power (W) Time (min)
Ist 250 5

2nd 400 5

3rd 650 5

4th 250 5
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Fig. 3. Distribution ratios for actinides on the UTEVA resin
varying with concentration of nitric acid and
hydrochloric acid.
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Table 2. Concentration of U with varying concentration nitric
acid (Concentration of U STD; 13.0 pg/L)

Conc.of HNO3; Conc. of U Conc.of HNO; Conc. of U

M) (ugLsSD) (M) (uglL=SD)
0 (DI water) 13.30 £ 0.06 1 11.92 + 0.04
0.1 13.16 £ 0.14 2 11.14 = 0.09
0.2 12.83 £ 0.02 3 10.10 £ 0.44
0.4 12.22 + 0.03 5 933 £0.14
0.6 12.49 + 0.02 7 8.51 £ 0.04
0.8 12.82 + 0.06 10 735 £ 0.02
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Fig. 4. Linearity test for KPA method with standard U solution.

Table 3. Repeatability test for KPA method with standard U
solution

Table 6. Concentration of U measured using KPA in
reference samples

No. of measurement Concentration of U (pg/L)

1 0.482
2 0475
3 0.477
4 0.476
5 0.430
Average = SD 0.481 + 0.00292
RSD 0.607%
Detection Limit 0.00876

Table 4. Concentration of U measured using KPA and ICP-
MS in the standard U solution

Concentration of U Concentration of U

Sample (ng/L) using KPA (ug/L) using ICP-MS
5 ug-U/L STD 5.0 £ 0.04 5.1+ 0.04
10 pg-U/L STD 100 £ 0.04 103 £ 0.10
20 pg-U/L STD  20.0 + 0.04 20.6 + 0.27
100 pg-U/L STD  100.0 + 0.04 1022 + 1.22

Table 5. Concentration of U measured using KPA and ICP-
MS in the ground water

Concentration of U Concentration of U

Sample (ug/L) using KPA (ug/L) using ICP-MS
Ground water 1 6.0 £ 0.04 53£0.05
Ground water 2 12.0 + 0.04 13.8 £ 0.16
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(mg/ke) (mg/kg)
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