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Abstract: There is a growing demand for the determination of Pu, Np, Am and Cm in envi-
ronmental and biological samples in fields of environmental radioactivity monitoring, radia-
tion protection, nuclear forensics and nuclear emergency preparedness. A reliable and effi-

cient method based on TEVA+UTEVA+DGA chromatography separation has been devel-

oped for simultaneous determination of these radionuclides in water samples. Hydrous titani-
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um oxide(HTO) was used to pre-concentrate the analyte nuclides, then the TEVA column of
stacked extraction chromatographic columns was used to retain Pu and Np, and Am, Cm
were separated together with the DGA resin. Alpha emitting isotopes **"*°Pu, **Pu,
Z'Np, “"Am, **"*'Cm were determined by alpha spectrometry after CeF; micro-precipitati-
on, while beta emitters **' Pu was determined by liquid scintillation(LS) counter. The overall
recoveries of these nuclides for the entire procedure indicated by **Pu and *** Am are higher
than 80%. Spiked samples along were analyzed to evaluate the performance of the method.
The measured results agree very well with the expected values for all the spike samples.
With 48 h of counting, the minimal detectable activities(MDAs) are found to be 0. 40 mBq
for ' Am, 0. 33 mBq for **"*'Cm, 0. 72 mBq for **Pu, 0. 44 mBq for **"*“Pu, 0.72 mBq
for ®"Np by alpha spectrometry; and 0. 17 Bq for *'Pu with a counting time of 1 800 s by
liquid scintillation counter. Using vacuum box technique for batch processing, it can reduce
the sample preparation time. The time required for analysis of a batch of 12 samples is less

than 3 h. This method can provide high sample analysis throughput, quick analysis turn-

around time for cost and time saving.
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A 0.1 mL 3 mol/L NaNO, & .5, # & 30 min,
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AU AmM T Cm T N VB T
1.2.6 RIRINBRTHECES DN & HERRFR R 1/2 1K
) TEVA JZEH A R BOOF M B 2 8 mL, A
12 mL UltimaGold AB ¥ [N #, 18 5. & J] Hidex
300 SL R AR N FR 15525 DU & Pudd B,

FE S TR S A i R DR T8 1.

2 HR5H®

2.1 HTO H£imiE

Fe(OHD, JLPtiEss " [ Ca, (PO, HUTHE
2 .Biy (PO, UL L [ CaF, /CeF; /LaF,
T yE A S H A KR T R 0 R B 4R ok
W ITIE k. R0, Fe(OHD; 58 & UTE M
pH (H ik 8~9, B FE & 5 3643 19 Al Mg, Ca
[vi) B 4 0T 0T ST A2 9 52 W) I 2 )2 A A 25 3R
%, POT JEPTIEE XS Am Fl Cm [ 23T
SR INF 50%72Y ; CaF, /CeF, /LaF, 2Lyie
MK EEAEMmEN R HF, L& H eSS F-



5 P4 S KEH Pu.Np Am Hl Cm BB & B 2347 5 12 467

R BE, /9 HyBO, i ULEE . M HaBO, MA77E
XF DGA JZHrAE B Am B4R B R w35 K, Am |
MICREZENT 1%,

TESRBRYERRE T - Ti' BRI i TiO*" (gk
BT pH>0.5 B K G A ALK (HTO) I
ARUTIE T A B 00 38 0 3R A8 P s P AR ST
oy EECIR A A ALY . AT NH, « H O 3845 pH
EZ 7~8. KH A NH By e 7. al il A AR
Ay %k FEAth <5 TR 5 1 114 W R L K R A7 AE 1) H A
JoARE S AR O TR 1) 36 3R T AR AT 5 K /N VB A R
WRULE . A TARR A HTO HLyiie, 55

B Pu Al Am (1 BIBCR I K F 95 %, [RIEE, 4E
BB TOTE e HINO, BT 1 32 75 f . in A8 4l K
WA EAERR 2R 8 mol/L HNO, 4p it . — 45 5
BT RN OC R SRR BT 4y B M S AP BRI 4
R, 5 A 9 75 3 40 b, 2 20 B o A B AL
1A
2.2 HNBZEMBEEENESBAZ

1 WREINAZ AT PR A% R AU A A
PG, R 1 AR #7770 Pu(b. 03~5. 18 MeV,
AR H:99.9%0) 5 Am R B 7Y Am (5. 15 ~
5.31 MeV .43 H:99. 8%6) ¥ Pu(5. 38~5. 51 MeV,

| 10~1 000 mLF¥: i

| — s (236 23
i/TE?fJ”fU Pufil**Am

— | iEW
| HTOZL Y e |
| Uit R
| TEVA+UTEVA+DGA |

[oon ]

il ol %
mEll’u LSC *Pu,
241 238
Pu Pu.
237Np 239+ szu

oA
2‘3Am\

241
Am.
2434244
HCm

QQTC

K1 kB PuuNp,Am il Cm #9565 43 2 AR

Fig. 1

Flow diagram of sample preparation method for Pu, Np, Am and Cm in water sample
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Table 1 Radioactive decay properties of determining and interfering nuclides
R W/ a o WERE RE L/ MeV R pUERE R/ keV Gy 3/ Y%
a HE 2#2Py 3. 73X 10° 4.78~4.93 99.9
236 Py 2. 87 5.70~5. 86 99.9
28 Pu 87.7 5.38~5.51 99.9
239 Py 2.41X103 5.03~5.18 99.9
20 Pu 6.56x10%
27 Np 2.14 X108 4.60~4. 80 86.7
243 Am 7.37X103 5.15~5.31 99. 8
211 Am 432.2 5.32~5.55 99. 8
244 Cm 18.1 5.66~5.83 100
22U 68.9 5.0~5. 38 100
228 Th 1.911 6 5.24~5.46 99. 4
BREE 9 Te 2.11X 10° 293.5 99. 99
1Py 14. 4 20.78 99. 99




468

Bz Sictey H4lg

Ay 37 H 299, 9%) 5% Am(5. 32~5. 55 MeV, 4332
Fb:99. 8 Y00 Y o W RE HE Y0 [ AH B 5 IKAE B %
2 Puff AR A T B A U A A B R
PEEERES, HIL. 6 Pus Am & 2§, % %
JH v 20 1A T A 2 43 5 R A B AR T B A L TR] 1Y
THe. JEHAEC Iz HUN T O R R B4y
B, A& T/ TEVA+UTEVA+DGA
B B A ) B 43 B8 4k Pu.Np.Am 1 Cm 4§
JTLE

Horwitz 22221 B 58 7 #8 HNO, 3¢ HCL 4}
J A TR ITRTE TEVA BHis .UTEVA #Jig
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HNO, % Fifst TEVA 5. Pu.Np f1 Th
PREBAEM I o Am AR S8 Puly Am 1Y
Iy, TEMRPRE &5 F . Pu fl Np AR T K'
PR (K <<10), 5 F 3Bt ol i 0. 1 mol/L
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CHUR Puly F RO B U o W fE 535 (5. 0~
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FIEFPLY.Cm.""PmY5 Am 7£ DGA # JIg
M BT AR . B L, W] DGA B iR
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g+ DGA 4 fig k. 7T 52 L [6] — £ £ & o 2 Pu,
@20py Th, U, 2 Am 5 272 Cm i 8] B 4> 5
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X B Np HAT e Pu A 54 4 W8 B g ),
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4y H 286, 7 Y0 [ o BB I RN AT Pu AN
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SCHE:99. 9V o WERE VI Ty e, B UL,
W o RSSO, AT 7 Pu (5. 70~5. 86 MeV)
YER* " Npy R Rl O KiEXCFEMH TEVA
WA IR B 43 B Pu 5 Npt '™ SR 7R A T AR 1Y
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TEVA B g4 o, Np ¥ HCI %% Th 1y #2
A A 30%0~80%, ¥ Pufl) F4&* Th(5. 24 ~
5.46 keV,r % 1 :99. 4 %) I A T2 Pufl® Np
) o AL, PRI, A0 20 AT i v Np Tk BE B
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0.3) mBq, HCI %t % TEVA ¥ 5 1& 5 29 39. 7%
FHEM Y NpE K. “Pul s 158 (FWHM)
30. 9 keV, 2 Amfiy 2 I 55 o4 30. 5 keV, 7E 5
e A 4.1 mBq ®*"Np.35.9 mBq *'Pu, &
YR 12,4 WAy B AliAb T RE S o AT
EE R TE 2Cc), ® Puff g & (94.2 +
9.9) % ,*" Npilll & 45 5 24 (3. 940. 7) mBq, H: 45
AR Puly ¥ Np e I 43 25 o 72 Hh AE 7] I 4
e A B L 15 B R {2 PudE Ry B R B2 Np
AR, P Puly g 58 (FWHM)
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Fig.2 o spectra for Pu(a), Am/Cm(b) and Np(c) in spike sample
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Table 5 Decontamination factors of different interfering nuclides with respect of analyte nuclide
EHHF
SrEER
9 Te Pu Am Th U
Pu =>1.5X106 =>7.8X10? >1.0X10° -
Am >1.5x106 >1.0X10° >100
A>3

VER M L: 2k HTO SLiyE )y ik, 45 & 2 0kt
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7.8X10*, UTEVA #Ex U By L5 W & T
100, ¥yl 2o aa oK .
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A MR B R I S 06 A AR 1 T YR O RN
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SEHE R R (90.9+8.3) %, FHHmAESEA
AmMH (0.25+0.06) X 10 ° Bq; ** ' Cm Ny
(0.1340.06)X10 * Bq;**Puly (0. 4020. 29) X
10% Bq;® " Pusly (0. 16 0. 06) X 10 Bq, Ml
48 h. fig /N AT E BE2 Am oy (0. 404 0. 01) X
107 Bq;*? " Cm> (0. 3340. 06) X 10 Bq;**Pu
(0. 72420. 34) X 10 Bq;* Puly (0. 440. 15) X
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(98, 846.7) %% 3% NpF- 2y i & 45 11 2y (0. 23 &=
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KA EB 14 47 19 AR K e R A vF 15 B K7 ik
FRUY G RN AE LR K 4 h BEE]
AT A A WA I 5L 800 s, B A% &= Puliy i
JNET IS B R (0. 17+0.03) Bq, T2 Pulld
DN I R AR (R 33%60) s kA3 /N T2 Bg/L
PLTF 1 B 1 AT 44800 B o AT 448 R i IO R R K
pd 0 TIPS 1 AP 3y e SR A DI A R R 7 B = T A
DU TS P A 2R 0 3 T

R THI T CARE B AN S 0T KRR/ IR
Wb R ARG AT AR S IR ) ey
PRER 4y BA i (i [A1R T 5 h) iAot R
e [ B o3 A D i LA B BEAL R . Tk

TR 2 1R A v S A B B 0 T G R

Table 6 Results of hard-to-detect radionuclides for procedural blank samples

[ERUEZE IR/ % Wi AR %S /By /N AT A DU B/ Bq
% FE 238 Py 90.9+8.3 (0.402£0.29) X10° (0.7240.34) X10°
2395210 py (0.1640.06) X103 (0.44+0.15) X103
241 Am 98.2+8.6 (0.2540.06) X103 (0.40+0.01) X103
2132 Cm (0.1340.06) X103 (0.3340.06) X103
27 Np 98.8+6.7 (0.2340.08) X103 (0.724+0.15) X103
BHEE 211py 0.17+0.03
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Table 7 Overview of existing protocols to rapidly quantity actinides in water sample
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Tc Np,Pu, U Ca-Mg-Fe L1 5 TEVA,AGMP-1M,UTEVA 20 [10]
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F i A 09 A ) R S 2R DT UE L 2 T A 4 B
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