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Abstract—For the determination of radiostrontium, 89Sr and %Sr in environmental soil
sample, a solvent extraction method for the separation of Ca and Sr from matrix using
crown ether was investigated. In comparison with the existing fuming nitric acid method,
the extraction method showed high chemical yield of strontium and provided simple and
rapid analytical steps. The new analytical method applied to the determination of
radiostrontium in some soil sample around a nuclear power station to show that the analytical
procedure is readily applicable to the practical radioactivity monitoring.
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£ 9.8 [PL(Isotope Product Laboratory, Burbank,
California, USA)ol A Fltddch. £ulF2A 2
wiu]E dopr ] sl Mg 8Srd yxE
1#%E GeAdZ7V(EG&G Ortec, Inc., TN)Z 858y 9]
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FAZY EY L 2mm A2 A23 100g R=S
B ertgd Yo} Sr2t-carrier 100mgg 718 ¥
550Col A 3 &3 AL HAAAN §718S &4

3] B3| AlZIch 500ml HjolAHd 33E ANEE
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RS 2N-HCl 1ml2 3o0]1 Fe?™ -carrier 5mgg
71g% grUolEE Hrtste Fe, Al 58 AA
31l 5%—NagCrO4 8948 A 713t Ba, Ra 28|
PbE AATT3]
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LLDewo = ve| sjateg Y
1 1w Yo s8t4ee T A8t AFe] BY Y-
(kio + kug) X (Rez X ===+ — =) oxalate 72 50m¥lol Aol 717 0IM-EDTA
Nen ¢ X Tien, v X Tyoony X (1 — €20 2) X g0 3 g9 5mis} 22.4X-triethanolamine 25miE 73k
xql t+& Eriochrom black-T AAlekg &% 7F
895rzt NGre) WAsE EAE) AN AFEH &3 01M-ZnSO4 £de g HAZGT FA9 4
#7 ANAQ B4 5858 2% 19 dehiR Zol FAN AN WG HA e 2vF
. g 7283 4 ey Y9 ga5es 2
A3,
L Ashed Sample Material l 8892 X [Voameptacmy — V0.1M~Zn504(ml)]
| Tleny = Y-carrier¥ ) (20mg)

LDissolved Sample Material I-discard residue
| dat
I Oxalate precipitation ]-discard filtrate
‘ o7 7HA AAFGA) Fxg Fuujgd o
85 2Z2AANE L = )
2X Extraction with 50ml  |-discard aqueous @ %5 25 QA% FEAHNE /1SN OB
05M-DCHISC6/CHCl | solution Zebgabs & FAsd a9 29 e
l : g 2ol 2M-HNO3 $£&43% f7189
Z=g ool Bun|go] 1:29 ZANA Sro] 95
2XBackextraction with 100m! discard o _:%f’] tmi]f ]ii - )_] ‘10 ;]o
0.2M-EDTA solution i 1scar aqueous %ol fI1&AT FEAAL FA2
at pH=9-10 solution o] 9%%& 0.IMEDTAZ 1:19 ¥3ugolA
| 23 2% 247 AY 2F 94328 & Ik

[ Sr/Ba SO4 Precipitation I ~discard supernatant

oy

p

l solution 100
L.
ST g -
-
LSr/Ba CO3 Precipitation ]
| 80 |
I SrC0O3 Precipitation I-After 1-2 week g i
| g o
[ SrS04 Precipitation | §
l s “r
Cross-Beta Measurement g
8gr, 90}51', Ny g wl
| Y5(Cy04)3 Precipitation | N
| 01 05 1 2 3 4 5 8
lCross-Beta Measurement %Y \ Concentration of HNO, (M)

Fig. 2. Extraction Curve for ®Sr in various
Fig. 1. Analytical procedure for the measurement aqueous nitric acid concentrations and volume ra-
of radiostrontium activity. tios of organic phase to aqueous phase.
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olg HAAN {7 8AFH FRAZF AAEY ol WS IAEA EFA 8 JH Az
A vl#e] Ca, Ba € Pbx #74 F2HAo W BEEFZANEAN Mg ENT AAE ¢dd
FFEd F8AF WM Al R FA e AL Azet ¥4 B 19 vhehh A

AR & B3 Padae gA AAE & A

Table 1. Comparison of measured activity of radiostrontium using crown ether extraction method and
normal fuming Nitric acid method.

analytical methods for | chemical recovery measured activity LLD?

Sample Ca/Sr separation? of Sr(%) Ba/ke) (Ba/ke)
0sr 895y 0gr 89gy
9 fna 8.6 4.70£ 0,035 <LLD | 024 0.10
cee 52.5 4.94%0.06 <LLD | 020 0.15
2 fna 25.5 495+ 0.03 <LLD | 028 0.18
cee 55.7 5.14% 0.05 <LLD | 017 0.12
IAEA-375% cee 50.2 105.5+ 2.13 <LLD | 0.15 0.01
IAEA-3739 cee 52.5 1314% 5.96 <LLD | 013 0.11
IAEA-3674 cee 53.2 99+ 2.59 <LLD | 0.6 0.15

1) f.na. . fumic nitric acid method
cee . crown ether extraction method
2) LLD value is calculated on a 95% confidence level
3) added activity : 5.12 Bq/kg
4) recommended activity -
IAEA-375 . 108 Bq/kg, IAEA-373 : 1320 Bq/kg, IAEA-367 . 102Bg/kg
5) standard deviation is 1 o

SulF2Y S 53 £4% SrS0, A FE Y Sr # 20049k o] 89Sro) YHME REI AEH
g84eL T 528+18% AEE €A =L A o] &g Vel A I OSre 0.23~1.9 Bg/kg-
FE&E BFgoy ALY AHEIEe A dry soil9] g8 B4 ol A A HAF T 9%

e 2EEFY 58Tl 86%INREH 255%

HAZA Y Uge B ol 2 g 9
Table 2. Activity concentration of 89Sr and %0Sr

A ZHq S ) )
IAEAE 2] 2 (AEA-375 soil, IAEA-373 clover, in soil sample around Uljin nuclear station.
[AEA-367 sediment, Analytical Quality Control Se- . measured activity(Bq/kg)

. soil recovery of Sr(%)
rvices, IAEA P.O. Box 100, A-1400 Vienna, Aust- 90Sr 89Sr
ria)g 4% 2% 2% 1% 23 ojuldA 9 1 52.6 0541005 | <LLD*
AR A8 100gg B3t 1,00087 A= 2 474 1.89%0.12 <LLD
A3 HAEIAAE 5% AN FoA 895 3 52.6 1.86: 007 | <LLD
3 0.13 Bg/kg-dry soil o1z ¥Sre 0.17 Bq 4 529 040+ 005 | <LLD
/kg-dry soil& & + AUrh 5 104 0.23+0.14 | <LLD

22237 2HAL FH B Ui AR * 8Gr LLD : 0.13 Bg/kg(at 95% confidence level)



Crown Ether / Chloroform &vl3%

29 AqMES ¥ F °'°*C}

ojdell A gt o] EFAF A F5T
d2E AHEEA 9= DCH18C6/CHCI3E
£ §F23 Ladr AAGAE FaA
A 2EEEY FEE FHE & AR V&Y
2w A 1} Hlmfs}oi e ﬂﬁ}¢° %la

ol B,n!;‘.,

oz 47
gt

References

1. United Nations Scientific Committee on the Ef-
fects of Atomic Radiotion, report to the genenal
Assembly, 1982

2. Y.H.Choi, “Uptake,movement and distribution of
54Mn, 60Co, 85Sr and 137Cs in the soil-plant of
vice and major upland crops”, ph.D. thesis in
Chungnam National University, August 1995

3. H.Volchok, and G De planque(Eds), EML proce-

dures Manual, Report HASL-300 26th end, En-

vironmental Measurement Laboratory, New
York(1983)
4. ALBoni, “Determination of total radiostron-

tium in biological samples containing large qua-
ntities of calcium”, Anal. Chem. 35, 744—747
(1963)

5. G.Zirnhelt, M.J.F.Leroy, J.P.Brunette, Y.Frere
and ph. Gramain, “strontium extraction with
a polymer-bound 18-crown-6 polyether”, Sep.
Sci. Technol. 16, 403(1981)

6. H.O.Fourie and J.P.Ghijsels, “Radiostrontium in
biological material . A precipitation and extrac-
tion procedure eliminating the use of fuming
nitric acid”, Health Phys. 17, 685— 689(1969)

7. D.G.Easterly,).B.Brooks,].K.Hasuike and C.L.
Weaver, “Development of ton exchange processes

for the removal of radionuclides from milk”, US

10.

11

12.

13.

14.

15.

16.

. M.L.Dietz and E.P.Horwitz,

& o]&3 EYATF] ¥, ¥Sr 4 15

Environmental protection Agency Techn.Rep.
RO/EERL 71-1, Washington, DC(1971)

. T.Kimura, K.Iwashima, T.Ishimori and H.Ha-

maguchi, “Separation of stron tium ion from
a large amount of calcium ion by the use of
macrocyclic ether”, Chemistry Letters 563 —564
(1977)

“An improved me-
thod for determining 89Sr and %Sr in urine”,
Health Phys. 61, 871—877(1991)

G.H.Kramer and J.M.Davis,

ntium-90, yttrium-90, promethium-147 and ce-

“Isolation of stro-

rium-144 from wet ashed urine by calcium
oxalate copreci-pitation and sequential solvent
extraction”, Anal. Chem. 54, 1428 — 1431(1982)
E.P.Horowitz,M.LDietz and D.E.Fisher, “Cor-
relation of the extraction of strontium nitrate
by a crown ether with the water content of
the organic phase”, Solvent Extrlon Exch. 8,
199—208(1990)

CMWai and H.SDuy,

rium-90 and strontium-90 on papers impreg-

“Separation of ytt-

nated with ionizable crown ethers”, Anal.
Chem. 62, 2412—2414(1990)

E.P.Horowitz, M.L.Dietz and D.E.Fisher, “Se-
paartion and preconcentration of strontium
from biological, enviroqmental and nuclear
waste samples by extraction chromatography
using a crown ether”, Anal. Chem. 63, 522—
525(1991)

E.P.Horowitz, M.L.Dietz and D.E.Fisher, “Ext-
raction of strontium from nitric acid solutios
using dicyclohexano-18-crown-6 and Its deri-
vatives”, Solvent ExtrIon Exch. 8, 557572
(1990)

E.P.Horowitz, R.Chiarizia and M.L.Dietz, “A
novel strontium-selective extraction chromato-
graphic resin”, Solvent Extr.Ion Exch. 10, 313—
336(1992)

K.H.Hong, CW.LeeY.H.Choi and M.H.Lee,

“Separation of radiostrontium from environ-



16 HAHRBI BB GEE | 218 $15% 19965

mental sample using strontium selective chro- Co. (1983)

matographic resin(Sr.SpecTM)", J Korean Asso. 18. L.A.Curie, “Limits for qualitative and quanti-

Radiat.Prot. Vol 20. 1, 1-7(1995) tative determination : application to radioche-
17. N.Tsoulfanidis, “Measurement and Detection of mistry”, Anal. Chem. 40, 586—593(1968)

Radiation”, pp.57— 71, Hemisphere publishing



