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Separation of *’Sr in Environmental Water Samples
by Crown Ether Extraction Chromatography

TANG Xiu-huan, ZHANG Ji-hong, LI Hua, YANG Yong-qing
Northwest Institute of Nuclear Technology, Xi’an 710024, China

Abstract: In environmental samples **Sr is one of the most important radionuclides generated
in nuclear fission process. To improve the separation of "’Sr from environmental water
samples, the solvent containing crown ether was spreaded on the diatomite, the influence of
parameters such as crown ether concentration, carrier mass, eluant volume etc on *Sr sepa-
ration were studied based on former crown ether extraction method, and the crown ether
extraction chromatography for *Sr separation was established. The experimental results
show that the optimal crown ether concentration, “Sr carrier and eluant volume are
0. 89 mol/L.,100 mg and 200 mL respectively. Through parameters optimization, the chemi-
cal recovery rate of Sr is over 90% when a new such chromatographic column is used. This
ether extraction chromatography is satisfied with the conventional requirement for low-level
Sr separation and analysis in environmental water samples.

Key words: environmental monitoring; crown ether; **Sr; extraction chromatography
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M52 43 M A5 R R X 7, 45 4 3K )
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MY I 18- k-6 X Sr H A R AE i A
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T A KT B S Y £ AR P 7 Srs dg AR AT
TS TR O FE- 18 k-6 A PRk A E
B 30143 85 24788 7 Wy v " Sres -2 34 45600 SR GE
AR A B 0 L 6 O k- 1876 A S T 4 L AR
[4]-5-6 0 B/ A B Sr. Cs (i 2 B, ot 47
Sr.Cs M ILEE B REDF 5% . A TR S4B UFoE T
T IF-18-TE -6 XF Sr By FEEUCPERET . N
vo R AE O 0 Bl 58 3 & 3L - 18- k-6 A
OV U 7 R 3 - S AR b T 9% ek ok vk B L 3R 1A
PR BT 43 B Sr g6 R 1Y R, 0L ST BR
HE KA ™ Sr e ik A6 6 J2 9 DA R R IR
355 W LR

1 LWHE
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L 1.1 &K SrCL o #ral, KT e T
EEl /A R A T 175 /N I o 5 A N A L
100 g/ 1) s SR » 43 A7 40, VG 42 17 4 28 L V8 3 RS 4l
AL BE i e BE 6 mol/L. 1. 6 mol/L; 27K, 43
Mradi, o [ s 25 CE D Ak 28 W) 5 45
TR B o 3 BT 4, R HE T B4 R A 2 300 A BR 2 D
oK C W Ay AT 40, PE 2T = AE 4k TT s ik
S SR = = 8 I B )

Horwitz

U5 B el V8 k2R )1, 1,2, 2- D0 2 b
Ay Ar Al opE S 25 CBERD BRI A A R
O 5L-18-% k-6 (DCH18C6) , 4 F 3 Cu Hyg Os
AHXT 43 F Bt 372. 50, 15 A K24 4% RE H R B bF
FEBEA AR T 95 %

1.1.2 Y& VISTA-MPX H @M & 55 8 11k
K GIE AL (ICP-AES) » 26 [ Varian 23 ] ; LKB
Wallac 1414 & &2 & BB IN IS, 75 2% Wallac
3 DHG-9070A 8 i T84, i —1H B
SHZ-DCIID I ¥ 7K B 25 52, 0] pg I ST 920 7 1
AT s AE100 23 A7 K F- o Jig - g 5 -4 F 2 4
PR F] S 3% 0. 1 mg; 610 mm X 150 mm,$12 mm X
180 mm & 24, N A G3 Bedhiti . 1Tl .

L 1.3 geit2#8qF R SPSS 13. 0 e it 84
HEAT G2 50 BT SR 8 35 1 43 BT SR R A S A
A kg, Ho 5 22 55 KL IR A Levene £ % .
1.2 ZBHR

1.2.1 FERTALFE  HC 1.0 mL Sr g8 44 % i m
A4 L KRER 3 2 50 C, KT pH=
8~ 9. Wi FE A AKAIA 8 g B R 4% . Ak 2L 4 =
Wl o s BUR % H1, B B 10 h L % B ug il
TE . 1. 6 mol/L AR 4> 2 IR P i SrCO, U JE %
fif -t 08 A5 BN 24 40~50 mL MTF 5T B I .
1.2.2 @REMARE KeEs DT e a,
W12 gk +5 60mL 10% 4 — W L ak ke
FATEWIR A WP 2 A5 8 & 56 4 8 100 C
FHET B A R e AR AL B 10 g Rk 4
KA —E WK 7.6 mL DCH18C6 P44 Z,
PV PSR )2 M. A AE FKREA
JZ2 B il BRI S B A8 2 FE T, OF T Sk 385
PRI e 5 ) i — R B AR R 19 )2 AL A Sk
FHBE B M5 78 35, A 50 mL 1. 6 mol/L HNO, i °F-
i )2 4T

1.2.3 FERZERUE)Z R KRR S B,
BRI A 1. 6 mol/L HNO, k¥ » £ J5
ANEB T KW VE R AE Sr e 2. Ik vk 2 4 i 78
I mL/min 2247 . ¥R DEBICEE T hepr i, 20K %
W pH=8~9, hI A 5 mL 1 F 65 iR & 7 8. i 44
FiEWh . E R, S8, KK & RS
10 mLPEBITVE . DOIEHE T % 20 Fk &, H 5 1k
2SR AR E S B FR SR 5 mL 6 mol/L filf
TR 5 ik » 2 B e B A DNVORORL L & 14 d DU
1.2.4 SrfxF& & E SR A ICP-AES U &
WRELL 4 S e Z AR & . B 10 mL



108 Ko 5 U s

% 35 &

PEW A 43 H % 1 mL T 100 mL 2585/, I A0. 4 mL
L. 6 mol/ L HNO; , B F /K& 4¥ £ 100 mL;ICP-AES
G #5905 Sr ST E [ 430. 554 nm % £ 58 L i
SE B 10 mL 2143 (9 Sr A X5 5.
1.2.5  JECRH PRI EE VR DA R B S0
ai A0 Sr B IS BE o G — Gl AR L
(970 Sr="0Y SR I R DA A AR %R 3 U
25 A (B 27. 5026, Sr Al I BRI 38 ik
FEH 280~1 000 8, FAHE I EL 4000 s,
JKAE 0 S I A5 R AT A X
_ =) - Jo

2 X 60E;VYs.J

AP Aw KBRSt BT T B W L Ba/Ls
ne R FE T HCR , min w2 [P ECR, min
E % Se="Y S M7 4 B $500 2808 5 VL K B UK 1A
BLL:Y s BB AE 2 [R5 60, min 55 s 1457
2. BOR B Se 10X B B STk o - b E
AN Y B A I BT AR A S Y S5 R
A TE R min s T AR T2 B9 St
YSE PR ECR  min ',

2 #ZRE5iTiR

2.1 HEmTaiE

USr g AR T B M A R TE B E
2 B E R W R U E AR B R, R 2
GB 6766 [ #F & 11 4b B F B 22—, L AT & A5 L
207k I RE Sl 4. O T B )2 R Y 2 R
T JIT P R VS VP PR RS BT b oK L 7 i fife 3o A rh iR
SUTVE B T AR R BN TR MR B . B AE R
BEYBESD 1~ 2 mol/L BRI R 23 B2 ) e ik X
Sr AR, BUR K K R REAS 6 BR55 7K B i 11
ULV AT 2, L 1~2 mol/ L B0 4 R 14
i, TALBE v 45 15 2] W UL 3E A 1. 6 mol/L R ¥
fife s R 23 BB U H ORI 2% R VR R TR A
THUSCHE I 5 (9 St 4143 3 9] 0 A7 O TE 6L R
L PP AT RS R4y ) 0. 761 0 ,0.753 3 g,
PLO. 761 0 g P ~F BB UL UE 3y CaCO, , BT 5 BR 1)

Aw

YN 0.015 2 mol,40 mL 1. 6 mol/L &
V0 5 TR AR BR VA E R 1. 22 mol /L, il L B
R M B}y 1~2 mol/L Hy3EsK .
2.2 SBEEHRL
EFITREREMANSHA (D 62
MHAERD: (2) ERERY 1,1.2,2-PU%l & b 18 )
W RE PR a5 (3) WRUEIR B (kv il 20 5 (4) X
SR K il )35 P
2.2.1 QEMHEERE 610 mm X150 mm {4)2 4
TAERF R 12 mL, S50 BT 75 4 AR € )23 48 BT FH €8
JEH b E H AR RS TR 1. 612 mm X 180 mm
R FE AR 20 mL, JH#E & AT LU 13 K .
2.2.2 [EWHREE M aks Ml 7 0.1.0.5,
0. 89 mol/L = ¢ if DCH18C6 PU & £ H¢ [H &
W33 F $10 mm X 150 mm A A, BN Ik BE 5 I
2 AEATHR S . L 200 mg Sr AR A B
XP4,80 mL 2B ¥ /K Mk UE W, 43 B f5 Sro ik
MRS T 3R 2. 3R 2 ] H . 78 25 BOR) [ E W)
BRI —E M SMET R [E] 2 Wk B R 5 L S
[ s 3 8 g o ROt R T 0. 89 mol /L AR hy 25 B
] W B S TR B AMfE 2= Mk B 0 mol/ L, U AT A Ky
REBE X S B T A W T, 10 mm X
150 mm AL 28 AR R 12 mL, ik 3 62 8 1
BHEAN 5 g OZH I ZEIAE BB E M. 78
DR S ) e 2 ] WA DAy Bt 1 BT O R 3
i — Ry 100 mg. Lk 60,100,200 mg Z 4 Ny 53
BIRT G 25 28 B 0 B ROR W52 e L 45 2178 T
K1, i 1AW 7E $10 mm X 150 mm {424 1,
60 mg AR5 B 1 A2 ISR S B PR R e Sr
14 JBE et AR o AR S AR R TR TS vk TR AR L, 45 )
JE R Sr )i & . 3 % L 200 mg. 100 mg Sr h 2 {4
i [ R AR . {H7E L1100 mg Sr Ry ZfAR T, Sr
FE2FENSCRIAE T 80%0 . F&F 1 vk I i A0 RS
DL 5 g 7k i AT LM 2 L £ 4 100 mg Sr oy
B, S TARIE Srof e e, Bt TR R
A8 24T 412 mm X 180 mm, B AR {4 )2 FF TAE AR
>k 20 mL,0. 89 mol/ L 5 fik [ & W fdi =~ 7 mL,

1 FFAE 610 mmX 150 mm )2 4 1) 4 Fi s e

Tabel 1

Various consumptions for every two ¢$10 mmX 150 mm chromatographic columns

U 44 £ 4% (Tetrachloroethane)

S ik (Crown ether)

ik ¥ 1 (Diatomite)

0.1 mol/L
8 mL
0.3013¢g

0. 45 mol/L 0. 89 mol/LV
10.0g

1.3559 ¢ 2.6870g

7 (Note) : 1) 0. 89 mol/L Ay 23 46 1 ¥k /& (0. 89 mol/L is close to saturated concentration)
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Tabel 2 Dependence of concentration

of fixation fluids on recovery rates

ER &
(Recovery rate) /%

[ 78 W& e & (Concentration
of fixation fluid)/(mol « L™ 1)

0.1 9.4
9.1
0.5 44
39
0. 89 65
64
1001
90|
X
= 80
701
60 ‘ ‘ ‘ ‘
40 80 120 160 200
m (Sr) /mg

Bl 1 SrggAst X [E IR Y52

Fig. 1 Effect of Sr carrier mass on recovery rate

2.2.3 RBEAATR ARIE DL B B SIS R
LI 12 mm X180 mm (&2 873 B A, 0. 89 mol/LL
5k Ik O [ 7€ W, 100 mg Sro ARy 4 B x4
70 mL 1. 6 mol/L RHHR A 2% R Wk PE W » 180 mL 3=
BRI #EAT B2 0 1 . I 10 mL
(IR VRV ZH 73 o 2 B B 1T mlL VR 7€ 25 7100 mL
wE, LB K A | ICP-AES 43 #r
10 mL AR PR 0 Sr i IH — 1k & & L 23k vk
Mgk, Sconfl FIPIAR 4 )2 4, Sr AR X & oy
M At 2P AT45 Ron T 2.3, ke i
SN2 nT LA bk 0k 20 o vk B A KA S B AE 5
4~5 K 10 mL AR FZ ], 8 F K Xz 62K R
BA R MM ERCR s 448 15 3K 10 mL &
WRVE S L 5 T R PR VR Sr Wk EE B 1 T &L B 0
— A B A P

2.2.4  XFSEPROKFE S AYIE N R EE KA
2010 4 B 7R 2 4 BORE T A o AR 908 A O 3R B
W Ty 2 Py A PR B K AR BURE A S Ak XH,
XHD.SKS.WHS.BHS. R &t 1k 52 55 i) 25 5
/AR 412 mm X 180 mm £ 2 4% ,100 mg Sr #
.70 mL 1. 6 mol/L fif & 2% i bk PRV Ik U6 Vi 1
U200 mL, B RPAESCI MR AL 4 S H o SEBRFE
wi I Sr ZEECAr B BIBCRZE R Y] TR 3, AR R
A A D s 57 S Ak 43 B D AR 1Y (] R A T

0 40 80 120 160 200
WUk & #L (Eluant volume) /mL

St 4> & (Differential percentage) /%

1—H#: 1(Column 1) ,2—#F 2(Column 2)
&l 2 SrUH—Ak 5 09 500 sk 4R
Fig. 2 Differential elution curve of Sr whose

concentration was normalized
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Fig. 3 Integral elution curve of Sr whose

concentration was normalized
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TR AT T3] R R A T A o AELAA L A2 R W
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] B % TR R AR O AR R PR



110 Ko 5 U s

% 35 &

WG a5 g g 2 FERE R 2 L e k2 kR
TEEBA S N TR U AT AE . SR
P L TOKFERL I BT 5 U EARIE R B 5 Ik
4 ISR AE 80 20 LA b L A 5 552 B 7K AF: i I 2 AR
@2 A 4 YA IC 3 - R R 2 807E 904
PA bt /NGR B 7300, i Ho 2 FE A RS CE
A H S BT A U I ER BT TR A 22 BOK
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Tabel 3 Chemical recovery rate of Sr real samples

I B B i IS

(Experiment time) (Samples)  (Recovery rate)/ %

I B R I i =

(Experiment time) (Samples) (Recovery rate)/ %

2010 _E 24 (First half of 20100 BHS-1 90
BHS-2 90
XHX-1 98
XHX-2 98
WHS-1 104
WHS-2 98
XHD-1 103
SKS-1 104

2010 2 4E (Second half of 2010) BHS-1 85
BHS-2 89
XHX-1 99
XHX-2 113
SKS-1 96
SKS-2 111
WHS-1 91
WHS-2 73

Fed AR BT SCHOL" SIS BT B

Tabel 4 Process recovery rate of *’Sr radiochemical analysis by ion exchange method in the past years

W e ] 7] i S 2 W ) 1] I\l s 3 2
(Monitor time) (Mean of recovery rate) (Monitor time) (Mean of recovery rate)
2005 - 2007 | 4F (First half of 2007) 82%
46% 55%
59% 82%
2006 % 2007 T 4E (Second half of 2007) 9%
68% 78%
99% 100%
H5 ORISR ¢ R 2
Tabel 5 Results of independent sample z-test
Levene J7 2 55 PER 50

(Levene’s test for

equality of variances)

i« K

(¢-test for quality of means)

BB PR ¥if 2 N
F P % 7F (Note)
(Degree of freedom) (2-tailed) (Mean difference)
3.8 0.071 0.71 14 0. 487 0.036 7 J5 2% 3% (Equal variances assumed)
- - 0.71 9.5 0.492 0.0367 J5 22 A 3% (Equal variances not assumed)
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