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Abstract: The characteristic of the **Pu/***""Pu activity ratio in the soil samples around
nuclear facilities can be used to assess the nuclear activities. In order to obtain an accurate
isotope ratio, an analytical method for **Pu/*"*Pu activity ratio needs to be established.
Based on the analysis procedure of plutonium activity concentration with TOA extraction,
this paper was focused on the removal of impure elements such as U, Th and Am by scrub-
bing with proper amount of nitric acid and hydrochloric acid solutions. A co-precipitation
step was introduced to optimize the pretreatment process, and a new procedure for determi-
nation of #*®Pu/*"*"°Pu activity ratio in soils was developed. For 25 g soil sample, the chemi-

cal recovery of Pu of the procedure is greater than 70% , and the decontamination factors of
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U, Th and Am are greater than 10", 10' and 10°, respectively. The minimum detection
activity concentrations are found to be (6. 0+1.6) X 10 ¢ Bq/g for *®*Pu and (6.4+0.4) X
107° Bq/g (n=3) for *"*°Pu. This method can be widely applied to the analysis of

28 Pu/* #1°Pu activity ratio in environmental soil samples and thus provide technical support

for arms control verification and environmental monitoring.

Key words: “*Pu/”" **Pu; soil; arms control verification; extraction chromatography; tri-

octylamine(TOA)
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Fig.1 Pretreatment optimization chart for determination of *** Pu/*’ **° Pu activity ratio
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Table 1 Effects of washing once and washing twice of hydrochloric acid and
nitric acid on separation results of plutonium
[ERE2/E 18 Pu [/ % DF(U) DF(Th) 25 Pu /2020 Put fE 1L
Ve —IK 90.7+2.7 1.4X103 3.3X10° 0.03840. 001
VeI 84.9+3.6 1.7X10% 9. 6X103 0.03240. 001
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Table 2 Effects of introduction of co-precipitation on separation results of plutonium

IR VR B Pu [l %/ % DF(U) DF(Th) 28 Py /2020 Puif i H
1 & K 82.3%40.7 1.6X10° 4.9X10* 0.03320. 001
LYLVE + BEFE P IR 79.7+1.3 1.5X10% 3.9X 10" 0.03140.001
2 VE IR 68.2+2.2 1. 7X103 7.9X 104 0. 03540. 002
LT TE + Ve P K 72.0+1.0 1. 4103 7.9X101 0. 036=40. 002
Hin=2
= sz u = mPu

(a)
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(a)

(b)
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KB ASLTIVE L TR  (b)——5] AL Ty 5§

K2 AT ASLTIE S BRI o 15

Fig. 2 Alpha spectra of elution without (a) and with (b) introduction of co-precipitation step
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B ) LR DL AR AR T 27 Pud 4k, R I o 48 6
BURE S WA 0. 2~0. 4 mL/min [ 7 34 5 11 5
JERE R LL 0. 5~0. 8 mL/min (1) 37 3 Bk 7% (4,2
LR LA 0. 1~0. 2 mL/min PG R Pu,

g5+ 0.2 mL/min_F£E,
0.4 mL/min_-4E, ® 0.5 mL/minf¥%,
80+t 0.8 mL/minyE¥%, = 0.1 mL/min¥t it
0.2 mL/min{: it
= 75t
< . N
70} 1.0 mL/min FA4E,
= = 1.0 mL/min{ti%,
El 651 0.5 mL/minyffit
F60t .
2.0 mL/min_FFE,
55F =20 mL/mindtik,
1.0 mL/min i

50

2) VR FR T ] AH 2 H43 B 1 52 ) 25 2R

VR WA FUXE 1 AT A B 2 R 5 e A T
F 3, MR 3 AL YA IR W KRR 30 mL K,
U L5 B F 0] LR FFE R T 6. 7X 10" BKF
b UEH 30 mL Y A R Yk A R AT DAAR G5 2% BR
U, B LAY R AR B S 30 mL. ifi 24 5 B2 A9 14
FAR 50 20.35.40 mL B}, Th 1 295 K T ¥ 1
10* K AR ThE 2 T4 Pulty o550, BT LA
TR S R ER MR IR BUK B The B R R (K LY
KZE 50 mL J5.Th i L5 HF i 10° KFH =
10" K3, Th 1 R BRSCR A T W W 4 &, Pu/
FOROPUg B A A BTN B T 2 AR R AR AL

i 18
. N ” 70 mLH S Ig 2k ) CHEH Ak
N N o .
Fig. 3 Effects of flow rates MR, 50 mL I RE AT 2 % BT R 1Y &R
on chemical recovery of plutonium BOR R UER R
23 VRV MABN [ A RIS B A A 5
Table 3 Effects of washing volume of hydrochloric acid and
nitric acid on separation results using solid phase extraction
VeV Pu [l 3%/ % DF(U) DF(Th) 238 Py /239200 PuyE iF 1,
20 mL $H R +30 mL 42 83.7+3.4 =>6.7X10* 1.6X10° 0.038+0.002
35 mL AR +30 mL iR 79.7+£2.9 >6.7X10* 3.6x10° 0.03640. 002
40 mL $hER +30 mL 4R 75.24+0.8 =>6.7xX10* 5.2X10° 0. 03540. 001
50 mL Eh R +30 mL A4 R 73.8+1.7 =>6.7x10* 1.5X10* 0.03140. 001
70 mL R+ 30 mL filf iR 68.1£3.9 >6.7X10" 1. 6x10* 0.030£0.002
Hin=2

2.5 ERIR&ENEE

e ARAG TS B (MDA AL I .,
e MDA B AR % B mBqs & 2 1. 645, 3%
R 9500 BB A X s B A 2SR h P Pu Bk
B PO AR I R BRI T3 5 ¢ O )
] s s5e AL TRM AR F A3 240,107,

MDAy I 5t {5 F i B 400 4 48 B 5 2 IR 3
BRC 14 DA L A PudE Ry s B 4% R FRAR
P 2.4 WAL IS Y [ A ZE AR AR HEAT 1.7 S
IR A TR A B AR AR R RS TR 4
B2 4 AT, A R Y R YR O 82. 70 ~
93.5% , F-H{H Hy (88. 4+ 5. 4) %, “* Puf) H& 1%
i 3% B Ry (0. 15£0. 04) mBq, ** " Puffy i I
6 U35 B2 Ry (0. 16 20. 01) mBq. B +HEAE 5 &

A 25 g B, P Pully s AR AR I EE TS BE R (6.0 £
1.6) X 10 % Bq/g, ®" %" Pully £ {4 0 Lb 1% B o
(6.4-+0.4)X10 ° Bg/g.

# 4 MDA W& 45
Table 4 Measurement results of MDA

HBE 40 1 8 MDA/mBq
B Pu [l i %/ % o~ o
1 82.7 0.19 0.16
2 89. 1 0.15 0.15
3 93.5 0.11 0.17

(88.4+£5.4) (0.15+£0.04)  (0.1640.01)
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(0. 7240. 34) mBq, "> Puf) 5 /)5 0] K600 3% By
(0.44 4 0.15) mBq, ¥ & F 4 J7 ¥ h *Pu
EORO Py B AR T TG . Xu S AG 12X 4
W ig 5 TEVA R IR B9 7 23047 53 2, HoAk 2 [a]
WKy 3306 ~80 % s ML 3 d A T BRARAR
0. 05 mBaq, {H AR T4 52 56 7 7 1 J7 25 ok 164
Mrim P 2 4% . T Holgye % 56 ffi i Dowex 14
PR PEAT /3 B . 7E 9 mol/L Eh R Al F EAE.
1. 2 mol/ LERER A w=30 Y01t AL E L Pu, B 5 1T
HEFT AL AL TOE A TTA WAHAE I, e 49 Am &
HHEFRTF 107, ThATSHF KT 100, Pokis A
FRT 10" @iy 25 F B2 EX TR TR
LB T AR AR R e R
B AT B AR Bk . 5 B R AR T, TOA
AL J2 v U AR T B L o3 M IR A A, UL Th (9 595
K353 10" 7KF, Am 1) K15 R+ KT 10° 3%
JEPREE 3 T P2 Puli o3 AT 2K
2.6 tRAEMMERWIE

R T BRI A BT O ik B HERR L 2 TAEA-
447 F1 TAEA-385 T Flt b 1 2 % + 3 R #1743
Bro PRI 2 g bR 1 IEAE S G AR A 2.4
b 5 1 ] A A AR AR R AT 1. 7 35 s 19 #E A i
Mo B EAE AR Y T3 5, Wk 5 PR, AW
AN VA il P S 30 00 451 22 78 B o R 7 AS 8 2
30 FL P 5 18 B 32 00 B ek A AT

£ 5 RS H LR R T A R
Table 5

Analysis results of standard

reference soil samples

RS 28 Pu /2020 Py i 1
R brifEE " LI
TAEA-447 0. 026=0. 004 0.02540. 003
IAEA-385 0.124+0.010 0.128=0. 004

D) FRUEE AR AR A E 2 2019, 10. 1
2) n=4

2.7 FEERMESH
IR TAE A 5256 v Y 58 BUW 2 17+ A W ot
35307 - A &5 R BB B p — 2o UL R R 4k

HIUS ) - SRR ah B S0k R 25 g BURE 9 00 BT 4
ST AR BURE S LS EL

H1 T A AR B 23 B (9 52 B+ S RE i D 3R 858 o
¥l U Thy Am & S F1EBR A HL BT 3 0L 4
FEARIES % + 3 TAEA-447 Jy & U, Th, Am fl
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