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Determination of Trace Neptunium and Plutonium by ICP-MS
JI Yan-qin', LI Jin-ying®

1. National Institute for Radiological Protection, Chinese Center for Disease Control and Protection, Beijing 100088, China;

2. China National Nuclear Corporation, Beijing 100822, China

Abstract: A single TOA extraction chromatographic column with a two-stage sample loading
was used to separate Np and Pu from the environmental samples. Preliminary studies were per-
formed to determine both Np and Pu by ICP-MS in one run. The *’Pu recovery of (92. 7+
3. 1) % and *"Np recovery of (96.8+2.7)% in environmental samples were obtained. By spi-

#2Pu, isotope dilution ICP-MS was applied to measure **Pu and **Pu. The feasibili-

king with
ty for the determination of both Pu and Np was proved by analyzing IAEA-135 reference sam-
ples. The measured values for Pu are in good agreement with recommended reference value (no
Np standard value available).
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1.2 TOA
, 2 , TOA [3],
ICP-MS 4 mol/L HNO, .
o 1.3
(D 6. 025 ng 6. 086 ng
1 5mL HNO, . 1
1.1 , 1 mol/L , .
Plasma Quad 2+ , 1, 2, 4, 6, 8 mol/L
VG , [3], HNO;, 4 mol/L HNO;
1.5 g 10 mL s 30 mL,
6.0 g ( AR, . 0.8 mol/L HNO;
) 50 mL , 0. 016 mol/L HNO; 2 ng/L Bi 5mL ,
, , 0. 016 mol/L ICP-MS ,
HNO, 50 mLL o
“Pu (15.22 pg/L)  *"Np (121.5 pg/L) (2) 6. 086 ng 4
R . mol/L HNO, , 2 mol/L NaNO, R
MOS 0. 8 mol/L NO, . 0.2
HNO; . Bi mlL./min .
; 2 pg/L Bi 0.8 mol/L NO, .
HNO, 3 (3) 2 mol/L. HNO; 30 mL,
0.8 mol/L HNO, . , 1 mL/min,
0. 05, 0. 10, 0. 20, (4) 30 mLL 95 C 0. 02 mol/L
0.50, 1.00 pg/L, 2 ug/L Bi, H,C,0O,+ 0.16 mol/LL. HNO, ,
. 2 ug/L Bi 0.8 mol/ 1 mL/min,
L HNO, i 50 mL , 0.8 mol/LL. HNO;
(TOA, Fluka ) ICP-MS ;
H2py IRMM-044, w (** Pu) = 1.4 ICP-MS
9.213X10 ° g/g. ) 3 1. 949 5 ng **Pu
1. 5 mL 4 mol/L HNO, , 6. 086 ng
wC?Pw=2.116X10"° g/g  4.233X10"° g/g 5 mL 4 mol/L HNO,
( 4. 874 pg/L), 5 mol/L 1. 949 5 ng **Pu 6.086 ng
HNO, , , . 5 mL 4 mol/LL HNO; 1
) ( ), ICP-
1 #2py IRMM-044 MS , m/zx=233~245,
Table 1 Parameters of IRMM-044 2 Pu spike Pu .
2
(Plutonium isotopes ratio) (Parameters)
2.1
n (B8Pw)/ n(22Pu) 0. 000 009£0. 000 006
n (*Pw/ n (***Pu) 0.000 8270. 000 004 , HNO, TOA
n(*Puw)/ n (*12Pw 0.000 108+0. 000 004 Np([V) PuCD 2. 2
n (21Pu)/ n(212Pu) 0. 000 009--0. 000 004 ,PuClD) HNO,
TOA . 15 mL 4 mol/L



ICP-MS 105

NaNQO, , NO, ™~ ,
HNO.,

4 mol/L HNO, 0

1 PU([[[)? ’ N()Zio

LR P B A

(Soil or sediment)

I H R R Pu
(Spike **Pu)
RAEGR R Pu(lV, V, VD), Np(IV, V, VD)
(Leaching or digestion)

Fe (SONH,) .t Jil Pu (I, Np(IV)
(Reduction with Fe (SO,NH,) ,)

TOAZE B 14 B WO B R AT YRR B I R
(TOA extraction chromatographic column) NaNO, 4\t I £ZNO,”
(Collected eluent added NaNO,

oxidation remove NO, )

15 mL 4 mol/L HNO,
(Rinse with 15 mL 4 mol/L HNO, — |

®

2 mol/L HNO,BE i 3 4 2 i Rl 4
(Remove matrix and uranium with 2 mol/L HNO,)

0. 02 mol/L H,C,0,40. 16 mol/L HNO,(95 C)

v
Np, Pu Pu(IV), Np (IV)

|

WHNO,+HCIO,Z £ 31 F, 0. 8 mol/L HNO,E &
(Added HNO,+HCIO, evaporated to dry, to 5 mL with 0. 8 mol/L HNO,)

|

ICP-MS

1 ICP-MS

Fig. 1 Procedure flowchart for determination of neptunium and plutonium by ICP-MS

H,C,0,+ 0.16 mol/L HNO;, )
5.00 g o
1. 215 ng 1. 217 ng HCIO, HNO; ,
, 1 , -HF-H, O, . , 0.8 mol/L. HNO; Bi 5 mL
, . 8 mol/L. HNO; ICP-MS o

10 mL 4 mol/L HNO, s 4,
1 mol/L (blankl) 10 mL 4 mol/L

PuI HNO, ( )
Np(IV), ) ; (blank2) 5.00 g
2 mol/L NaNO, , , ;
Pu(D Pu(lV), NO, ICP-MS , ,
30 mL 2 mol/L HNO, 4,
30 mL 95 C 0. 02 mol/L

’

o
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Table 2

HNO; TOA
Np (V) Pu ()

Influence of nitric acid concentration

in loading solution on the adsorption of Np([V) and Pu([ll)

R/%
c(HNOy) /
1st 10 mL 2nd 10 mL. 3rd 10 mL
(mol « L™ 1)
257Np 239Py 27Np 239Py 2TNp 29Py
1.0 3.1 934 0 1.9 0 0
2.0 0 92.0 0 5.5 0 0
4.0 0 93.0 0 5.2 0 0
6.0 0 92.5 0 3.4 0 0
8.0 0 88.2 0 4.6 0 0
4 TOA

T

3
able 3

Recovery of neptunium and

plutonium with or without urea added

R(¥"Np) /% RC*Pw /%
( Urea added) 98.3+1.4 97.1£1.8
( No urea added) 98.1+1.8 97.6+2.5
(Note): n=3
2.4 ICP-MS

Table 4 Recovery of neptunium and plutonium in soil samples after using the TOA extraction chromatography

Z&‘)Pu 237 NP
(Samples) odet/ (pg « L71) Maaa/Ng R/% odet/ (pg « L71) Madd/ng R/%
blank1 0.000 98 - - 0.001 00 - -
blank2 0.001 02 - - 0. 000 59 - -
1 0.221 49 1.217 91.0 0.236 68 1.215 97.4
28 0.234 26 1.217 95.6 0.227 91 1.215 93.8
3= 0.211 00 1.217 90. 8 0.241 04 1. 215 99.2
(92.74+3. 1D (96.8+2.7)
(Note) : (The data in the parentheses are the average)
2 o
. 2 242 Pu
239 Pu 240 Pu
239Pu 242 Pu
Z n, Zy Ny
zt=z, ntn,,
239 242 0° | A Wa
3 Pu Pu 230 232 234 236 238 240 242 244
) R, .R, A
Ry . 2 IRMM-044(a) .
R. =2, R =3, I:m (b
x v , ) o
n ny n+n, (©
(R, ’ Fig. 2 Mass spectrum of spike IRMM-044 (a),
R, R,, sample after added spike (b) and
R, — R, sample without spike(c)
=R, (D
R, — R,
z = MC¥Pw),m,, n,=MC*Puw),m,, Ry, n(®*Pw)/nC*"Puw;R, .,
(@) n(C¥Pw/n ¥ Puw); R,,
M Py). — R, — R, R. "M PW., (2) n(*¥*Puw) /nCC¥Puw s my, sy
X o X y 920 239
Rb Rx my ;M(ZSJ Pu))(’ kg 239 PU
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sMC**Pw),, kg 22 Py . R, , 4) (5
s 240 PU 239 PU 2r1()Pu .
MCOPy), = MR}( ﬂM(MZPu)y, (3) 2.5
R,—R, " m, 5.00 g TAEA-135 :
 Pu, 1.949 5 ng 2 Pu,
Py 0Py . (2) , . . . .
®  ROR~R. ppRepopRA ‘ ’ 0. 8 mol/L
b x HNO, , ICP-MS : 5,
%RFK)—RW O @ IAEA ,
M Pu), = (R, —R,) %M(Z“Pu)yo 4) ) .
. . ICP-MS
MC P, = (R, =R, ">MC*Pu),. (5) 5
5 TOA ICP-MS

Table 5

Activity concentrations of Np and Pu measured in the samples with ICP-MS and TOA extraction chromatography

(Sample) a(®Puw)/(Bqesg )

aC*Pw)/(Bqeg b

a(P9TPW /(Bge g ') w*"Np)/(ng g 1)

IAEA-135 0.116+0.005

0.091+0.006

0.20340.010 0.014 440.000 5

(Note) : TAEA-135
0.213 Bq/g)

234 235236 237 238 239240 241 242 243
A

3 TAEA-135 ICP-MS
Fig.3 Part of the mass spectrum for IAEA-135 sediment

3
TOA
[3-4] s
s ICP-MS R
22 Py, ICP-MS
B9Pu ' Pu , IAEA
’ Pu (
Np ), ICP-MS
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a(#97200Py) =0, 213 Bq/g(The recommended reference value of IAEA-135 is (297 210Py) =
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