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Advance of Methodology for Determination of Low-Level *°Sr
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Abstract: This paper presents a review on the method of radiochemical analyses, including
samples pretreatment, chemical separation and counting, for the determination of low-level
*”Sr in environmental and biological samples. The recommended standard methods in China
and abroad are summarized, and a series of studies of this field in the world are described as
well. Tt is suggested that the national standard methods for the determination of " Sr should

be improved further, and a fast method for detecting *’Sr in the nuclear and radiological

emergency samples should be developed.
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Table 1  Methods of sample pretreatment
E i T Tl A B 5 3% SCHk
(Samples) (Sample (Pretreatment methods) (References)
quantity)
15 l.og 4% 3 f},4. 8 mL HF+1. 2 mL HCIO, . {80k 14 [7]
(SoiD) (Split into three fractions, 4. 8 mL HF+1. 2 mL. HCIO, ., microwave digestion)
1.5~2.6g 500 CHI%E 24 h, il 10 mg Sr . 65 % HNO, + 32% HCl+ H, BO, il #4365 % [8]
HNO3 i 3 1%
(Ash at 500 °C, 24 h, add 10 mg Sr carrier, 65% HNO; +32% HCI4+ H3;BO; , heat to
near dryness, dissolve in 65% HNO3)
15¢g 1 20 mg Sr %44 .6 mol/L HCI {2 B [9]
(Add 20 mg Sr carrier, leach with 6 mol/L. HCD
0.5¢ V(HF) : V(HNO;) * V(HCD =5 : 5 : 1,16. 5 mL, i Il f# (Microwave digestion) [10]
30g HNO; & it (Leaching) [11]
5g 10 mg Sr #1440 % HE+ 65 % HNO; +32 % HCL i #4E F .65 % HNO; +3 g Hs BO, Jl [12]
AT .1 mol/L HNO; # fif id 3%
(Add 10 mg Sr carrier, 40% HF+65% HNO; 432 % HCI, heat to near dryless., 65%
HNO;+3 g H;BOj3, heat to near dryness, dissolve in 1 mol/L HNOj and filter)
5.0g 1 mg Sr # & +10 mL 37 % HCl+ H, O, (5~20 mL) - 90 °C hIHA . i 1E {5 58 0 i ; 5% 5 + [13]

2~5mL 50 % HF+5 mL 50 % HNO;
(Add 1 mg Sr carrier+10 mL 37 % HCl+ H, O, (5-20 mL), heat at 90 °C and filter;
residue+2-5 mL 50 % HF+5 mL 50 % HNO3)
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g3k 1
) g N . i
R i CIPUELIIRS SCHK
(Sample
(Samples) (Pretreatment methods) (References)
quantity)
bigat7] 2.0g 24 mL 8 mol/L HNOj , {8 I 14 f# (Microwave digestion) [14]
(Sediment)  1.5~2.6g 500 “CHy%E 24 h. i 10 mg Sr 244 .65 % HNO; + 32 % HCl+ Hs BO; I #4 = iE T.65% [8]
HNOs % 3 Ik
(Ash at 500 C 24 h, add 10 mg Sr carrier, 65% HNO; +32% HCI+ H3;BOs, heat to
near dryness, dissolve in 65% HNO;)
10g 5 150 mL /KR4 il 10 mg Sr #k{k .15 g Amberlite IR-120 B F 3¢ e i, < TR [15]
A, Ho O Wk ¥k .200 mL 5 mol/L HNO; 3% i
(Mix with 150 mL water, add 10 mg Sr carrier, 15 g Amberlite IR-120 resin, stirred by
nitrogen stream, rinsed with H,O, eluted with 200 mL 5 mol/L. HNO3)
7K 1.0L 90Sr KR, 50 mL FH B T3S e g 38 46 - 20 mL Ho O Pk .40 mL 8 mol/L HNO; ¥ i [14]
(Water) (Spiked with °°Sr, load onto 50 mL cation exchange resin, rinsed with 20 mL H, O,
eluted with 40 mL 8 mol/L HNO3)
100 mL 27 mL #& HNO; (conc. HNO3) +20 mg Sr # {4 (Carrier) [9]
10 mL # HNOs Btk (o=2%) I #ZE R E 2 mL [16]
(Acidate with conc. HNOj; ((;:2%) , evaporate to 2 mL)
1.0L JKREIEIE S 0. 1 mol/L HNO; R4k, 10 mL BH 5 7 3¢ e B g 3¢ #¢, 50 mL 0. 1 mol/L [17]
HNO; # 3t . 20 mL 5 mol/L HNO; 3k B
(Filter and acidate with 0.1 mol/IL. HNOj3, pass through the cation exchange column
(10 mL) , rinsed with 50 mL. H,O, eluted with 20 mL 5 mol/L. HNO;)
30~35 L Jim 20 mg Sr 24 .50 mL 50 % HNO;  ZLAMT I#AZE T, 15 40 ¢ Nap COs S it - 1400 mL [15]
(% (Residue) /K ik, 4% #1 J5 13 38 - VOTE F 5 mol/L HNOs Fig fift . it i
10 &) (Add 20 mg Sr carrier, 50 mL 50% HNOj, evaporate to dryness, liquate with 40 g
Na;COj3, add 400 mL. H;O and heat, filter and dissolve in 5 mol/L. HNOs, filter)
hiik7] 2.0~3.0g 20 mL 8 mol/LL HNO; +2 mL H; O, , {3 14 fi# (Microwave digestion) [14]
(Plant) K (Ash)5.0g 600 ‘C AL I 20 mg Sr 44,50 mL 5 mol/L. HNO; 1 AT Jill 455 fi [9]
(Ash at 600 °C, add 10 mg Sr carrier, dissolved with 50 mL 5 mol/L. HNO; by heating
under an IR lamp)
JR(Ash)3~6¢ 500 CHKAk.10 mg Sr #4K .40 % HF+65% HNO; + 32 % HCl il #4565 % HNO; + [12]
3 g HyBOs Im#A R E T 1 mol/L HNO; ¥ fif 13 1€
(Ash at 500 “C, add 20 mg Sr carrier, 40 % HF+65% HNO; +32% HCI, heat to near
dryness, 65% HNO;+3 g H3BO;, heat to near dryness, dissolve in 1 mol/L. HNOs
and filter)
K (Ash)100 g 550 ‘C AL . il 3 mg Sr #fk .50 mL 52 % HNO, + HyO; (60~300 mL) » 150 “C ik [13]
(Ash at 550 °C, add 3 mg Sr carrier, 50 mL 52 % HNOs;+ H;; (60-300 mL) , heat at
150 °C)
HYEw K(Ash)1.0g 450 ‘CJKAk,.5 mL 8 mol/L HNO; +2. 5 mg Sr #5145 fi# [18]

(Bones)

(Ash at 450 °C, dissolve with 5 mL 8 mol/LL. HNO3, add 2.5 mg Sr carrier)
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R i CIPOBEpIRrN SCHK
(Sample
(Samples) (Pretreatment methods) (References)
quantity)

Y ER  K(Ash)5.0g
(Bones)

Xl 500 mL
(Milk)

500 mL

1.OL

500 mL

R LoL
(Urine)

1.2 L

1.4 L

110 mg Sr Z544& , 15 mol/L HNO3 (5~10 mL) +30% H2 O, , 14425 T, 5 i % 710 mL
4 mol/L HNO3-0. 5 mol/L AI(NO3) 3 PIA K
(Add 10 mg Sr carrier, 15 mol/L. HNO; (5-10 mL) +30% H> ;. heat to dryless, dis-

solve in 10 mL 4 mol/L HNO3-0. 5 mol/L AI(NO3); hot solution)

fin 10 mg Sr. Y # 4%, 5 60 mL Dowex 50W X8 K §IE & » #4/K Uk + 4 mol/L NaCl ¥ W
(Add 10 mg Sr, Y carriers, mix with 60 mLL Dowex 50W X8 resin, rinsed with hot wa-

ter, eluted with 4 mol/L NaCl)

1 10 mg Sr # 4K . 5 100 mL Dowex 50W X8 BHIBIE & .1 L £ 7 /K Mk ¥k, 300 mL
6 mol/L HCI #k ¥k
(Add 10 mg Sr carrier, mix with 100 mL Dowex 50W X8 resin, rinsed with 1 L. H,O,

eluted with 300 mL 6 mol/L HCD

5 9¢Ht-222 # A5 IR A .90 °C 6 mol/L HCI #k ik . 26 T .8 mol/L HNO; % it . i i
(Mix with cryptand 222, eluted with 6 mol/L. HCI at 90 “C, evaporate to dryless, dis-

solve in 8 mol/L HNOj3 and filter)

fil 120 mg Sr # 44, 5 60 mL Dowex 50W X8 W g iR & » & B 1 /K Wik . 4 mol/L NaCl
VEWIBE . A 1. 5 mol/L Na, CO3 i K UL VE
(Add 120 mg Sr carrier, mix with 60 mL Dowex 50W X8 resin, rinsed with H, O,

eluted with 4 mol/L NaCl, precipitate with 1. 5 mol/L Na;CO;3)

il 100 mg Sr # A&, ¥ HNO; + H, O, I f# . 100 mL 60 % HNO; % Wi % fitt » Dowex 1 X 8
BTSSR 43 B9, 60 % HNOs % i 120 mL P Jfi
(Add 100 mg Sr carrier, digest with conc. HNO; + H; O, , dissolve in 100 mL 60%

HNOj3, separate with Dowex 1X 8 resin, eluted with 120 mL 60% HNO3)

e 5 200 4% . ik HNO;, 70 ~ 80 “C i #44 £, A 1 mL H; PO, + 2 mL 40 mg/L
Ca(NO3)  fH IR AN H 30 min, AIAWRE K ZE Cas (PO YLIHEA B I 1 h G B O F %
W

(Enrich the sample Cenriched factor is 200), heat and stir at 70-80 C, add 1 mL
H,; PO, +2 mL 40 mg/L Ca(NOs), , heat 30 min, precipitate Cas (PO;), with NH; *

H,0O, heat and centrifugate)

SR i 60 mL ¥ HNO; K3 i #4 (70 ~ 80 CH. Hit 4. 1 mL H; PO, + 2 mL
Ca(NO3)»+1 mg Sr Zif#k, ik NH; « HyO & Cay (PO BB A 1 h, SR

(Pre-enrichment, add 60 mL conc. HNOj, heat in water bath(70-80 °C), stir, 1 mL
H; PO, +2 mL Ca(NO3)2+1 mg Sr carrier, precipitate Caz (PO,), with NH; « H, O,

heat 1 h, deposit place overnight)

[19]

[20]

(3]

[21]

[22]

[23]

[24]

[25]
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B 80 S s g HEA T o 4T

2 "SrMISBAIE

o B FEEH B T TR
PRI BT 2 35 3] [ g 5 3000 i Py 2 5K Y 4l B R fif
Fri A% R 5 HAD A T R 0 & . IR 43 Hr st
PEFRIY J5 1 14 52 B FE i FE R T P A% 2= 0 52
X7 Sr o B W 5 AN A S TE AN AT SR AR KA AN B
PE. RGBT o3 8 07 si iR R .

2.1 MiENE

i R R T € ks P 25 R R 12 2 e R L 2
AR B T . R AR R L 2R E A b
K AR Se R B AR UE kT
T AR TUVE I 55 2 A &SRB R (>>21 mol/L)
HIRZ BRI RS N EE T D A I PE s Hy
e BE A IR 23 25 A 3 3 B — i (@ R A 3 R R
ANy AR AR I v AR 4 R R T L 3l T
PRAE IR,

2.2 BFER

2.2.1 fEGFE TEWORAEBUA R 5 S A bl
VR R R B N K BC AL AR ARG, 5 4 8 B T4 A
T I — R s L P2 B W L Xk S 2R S W i &
HEAF LA IR B 3 85, K 0 2 ORI A 8% 2
WS DR | W Wy FH R = SR A CTTAD (B R = T B8
(TBP), . (2-2 3 2 %) B iR (HDEHP) &,
8- ik s bl 11y S 7 VS VAR BB 2 IR B ik F
96 %0 s TTA-C i V75 K 2% BTG 31K 58, 28 BOR 1T 5k
95% LA b o A SR H] 10026 TBP # L™ Sr-
OYSEARE S P Y. C, H; OH-NH, OH ¥iiE &
A, FERRERTUVE M5 AIRAS IS B 3T £ 2, DAt ke
M E S MR EE Y Sr ()% 5 . HDEHP & —
Folr FHAR AR ™ A W98 780 4 TR 78 7K AR 8 IR BE I X g
W 42 i B T DR 5 BB A0 A IO L 8 T T B B R AR
PrRE S o . KBRS HGE TR A R
HDEHP £ 43 25 Al 2 26 58 4 & o™ Sr 19 it
R4l HDEHP 22 B2 BR 0 & L5 & f 42

MMM TR CE 14d LB S 5*°Y
KB 5 R HDEHP ZE 800 8570 Y L M E ™ Y
) 0 S P 8 A R E R E St I S TS T
HDEHP Z& U f A4 55 4 5 1% 0 A2 0 26 B 3 A
FEH O Ba~"""La, " Pb~*" Bi 1) 275 45 B AR,
JITAS A3 AT 45 SR 5 s 1R ek U TR 92k T 0 45 SR T I 2
ZE5,

2.2.2 GEEREAEIOR] 6 FE U B AT B 2
14 2 7 Pk 2 A IR . A BRI B R AT B K 1
i8] BRL RS ok (91 40 < 12-56-4 . 15-58-5 DL K 18-3iE-6)
KBS FRBA RAFAIEEBEPE . 2N K FEAE M 1) 7
ik 73 491 40 24 6 ik AR O I e ik 68 ek 5
o AGYM 1R T & FrZERE, R
9 ik A0 2R e Pk A TR ) AR TR = T R AL
ik o (E 20 Al PH 25 -, i Pb* e T A R FH B 1
WA B ERCR . 05 DL BRI O 3B i
1 e B L T — 3R 3E-18-5-6 (DCH18C6) . — L T
TR 3E-18-5-6 (DIBuCH18C6) 45, Xif 4 11 43
BT . Horwitz S50 B G T 45 Ff ek ik
BRI B AR R AR, /Rl T
DtBuCHI8C6-1E ¢ FE & &R # W 48 ) i &
(SREX) , S AL IR AT =3k 99. 700 i At A
Tiif %6 S5 53 i o Fif W DA AR A7 i B . KA Ba
A Te 0] [F) B 4% 5 fik 25 B0 . Kuznetsov 280
fii 1 DCH18C6-1F % i {4 Z M\ AS (7] i R v B 1)
Y(NO;); % W h 43 8 Sr, Kumar %597 fifi
DCH18C6 1}y ZE B 5] . 80 %6 T BE-20 %6 2 iz 1 1R
BV AR R R TR IR A BT b 2R UL AR 3 T
AR 5 0 23 BE BE AR T I 9 B A B 7 L 4R A 20 IiC L
$EE T 2.3 4%, Tormos ZEM ) {f i} DCH18C6-
CL, CHCHCL {& R AE by 4 5 Fn A 9 BE & Hh*° Sr 11
PRTHE 43 B AG I Jy 9 AR I A BUR N 7026 ~85 %,
=] A 1) FH et 2 T 4 2 A A BF 5 32 B X
VI J AL B AR KA T BER ] e
SFUONRESE T R DCH18C6-3 i A% Uik AR U1 i
WO KBk Se*T B Tk JFAE MR R S T
JH DCH18C6-1F 2 it A & % W R BR AR L2
TR, EE T RERE B B A BE AR B T
AN [} 235 g 5 B CE A TR A BT Hh X Se” i AR M e
25 W 2 B DCH18C6-Cl, CHCHCL, {A& £ 2% 5 &
UF  IFAE RO T Al b — 2D 5T T ek Tk X A 4
FUER R ST . EOCRRE R T
AIF-18-5E-6 (DBC) = G W ot -85 IR R 7K ¥ R 1
%, % Na® . Rb™ .Cst .Ca®" .Sr*" fil Ce*™ & R



134 BeAe o 5t e

%52 %

WA TR LT T8R0T S 26 )2 5
BT AT ST . P A e Tk A o) B P B
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(58 UG TR E5 R . okl SRR T
DCHI18C6 % 43 12 A5 40) 20 55 4 ity IR 12 UV W b
)RR BRI T 45 B S5 A X B AR B0 B8 I 52 5 FL R
TS 6] 85 B 50 6 DCH18C6 % B 48 43 it L 1) 5%
w48 CLCHCHCLAE MR . —H A5 1,
L2, -0 S ke ¥ BAT # 6, Horp 1, 1,2, 2- 0%
Lt gt AR S B M B K — b A S R
AL T, 250 B4R 10 SR 3 e 3 5 IR I
T3 8K 32 H i I B
2.3 RESH

T3 — RIS B R TE M- B R R i AT iy
XL B A 4 B HDEHP 26 )2 45
B 5 e kAR B 2 s, SR AE A AR
B ORE A D B ek Tk 1 U AN K R P 2R
PRU S5 K 5 8 v I B 43 B St [ BIF 5T A A Al
T, B TR K KR AL B, HLE A 2P
W5
2.3.1 @y e Akl o+
SR S H eI R WL oy 5L W TR B
TOUEM B S A, b T 0 R AE SR
(T PR . B T BH B8 1 32 R HIE A Dowex-
50, Amberlite IR-120 } Zeokarb 225 2¢. i FH
BT SR R B AR R T Bk kR A HCLL
EDTA Kk H B AR ST BERE IR o« 2
L5 TR A Y 2% 5 500 Ik R I 9 R O BRGR T
JIT A ) 45 T 45 A ) B AR R R E R R BB E
M4 AP e e gk e ok . B SRk
(NN IO T 7 s B O i < i Al £
NE T AR J5 8 vk AR R K R BE-90 1Y Bk
S BT r B TR EETY B & fE
K. B HLE I 2 T WS R (A 1 45
53 T B i Ak B A A
2.3.2 HDEHP #W@Enp B EE 1
HDEHP 2 Jt 43 25 BF 5d A4 5 v Sr F 58 1 5 il
FL T HDEHP 28 B )2 35 I i 28 W) A
O Sr iy AR . H T, HDEHP A0 )2 73 5 U7
PR TR W K5 A R ORET e
W20 Sr Y B AR ME T —, s Se 4y
BT 7 2% B AT M B S SR FZ ik . % R R
A AFDGE A PR A R . B A A O T

Xif - 3P0 S (1 B R AT I A I X PRE 43 BT Y
SRV UM AT TR T B 43 S O v
PEAT T Mt S AESE T B X Se i TR
FeBREY L IR LAE R S Rk g ) T A% AT bR e ET/T
1035-1996 5 X1 47 %5 K¢ filf 1R U0V 15 A A B8 )2
45 A R A A HE Y S 43 AT 25 B A X A
1. WK A KRR R TR
W B bR Ty 1 vk 4 TR /K v AR R L 2T RO R LT
2= 35409 e [ bR GB 6766-1986 [ 3L AE I ocilk T
MK o Sro i I E U7 . ok (NH, ), CO; +
NH, CLIIR A W R UL 3 7 U0 3E L35 B o0 M 4
BRAE X faj f

2.3.3 EBEFERMAZESE  Horwitz™ 7 5% fE
W 2 BRI 5 i SR Al 1 K DtBuCHI18C6-1E T i
TR R Bk T A5 S Rt b Bl T S+ Spec B
i s X B 0 20 88 A PR AT TR SR B
TP A% . Sr« Spec B I8 7E i BR E F BE % %
FRFERL R AT fb DN A2 ) 5 BF 58 4 o 45 42 2% JE AR
A3 St [ A IR L TR I AT DL SE B £ R R 1 A
T H B S O PR AR N A e e A
Bfm 2 4y B8 48 00 BIF 98 T A, F 03 &N R X
DBC = G H Be -5 R R 7K I T 2 BUIAR 3R 0T 9% i) S
fili b DL = A R By MO Fe il #6 T DBC %
BEZEH, DR TZE )24 Na© (Cs™,Ca™" |
Sr*T R Ce' T R T Bl . ke Y
B LR AL g Sk SRR AR A T P AR
DCHI18C6 % H o, J22 41 3F il 2% e b 4l 19 Sr, L H
o B AL AR R R N J iR R CEY IR B
At HR A3 A T L A 00 T R 2 R P AR R R
Z . BEMHESREFENRSL., £ 2 HARHE
At TG 11 TR R S5 A RS SR . AR 2 AT A
B LT A I EREE 2 P RE S b R PR AR BT
1 BEER AT Sr o+ Spec BB HEAT 43 B8 . OF HZA
i Hh1 = 9 kX 8 ) g 8 e R L R T T
N T I EE A YRR R0 S g R A I 43 A
2008 4 2 [E b kL 53R 5 P 25 (US-ASTM) ™ il
2005 4 [ bR #E 1L B 23 CAFNOR) ™) 25 2 22 41
WEIL FH St + Spec 44 ig 43 & 1F Jy 43 7 K Hh ™ Sr 1Y)
B o 7 5 5 [ b o AL 2 21 (TSOD T (3 [ b of 2
2 (GB-BSDY™ | E AR AL Vp 27 5 36 | A KL
S5 P e JLAR R S S5 dE S T W Sro-
Spec g 73 B AE 43 A £ 58 h 7 Sr B bR E 7
3L B T HE WA BB AT AT Sk I bR
k.
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Table 2 Recoveries and detection limit with the different methods and samples
FE i FE 43 BT R 0 o [al g % At PR ik
(Samples) (Procedures of analyses) (Recovery) /%  (Detection limit)  (References)
+- 4 HCI BB K MR UL E 43 B9 5 It < IE He b T80 & 28~61.1 9]
(Soib) (HCI leaching; precipitation by fuming nitric acid; GPC)
HCI 1 ; St + Spec B g €8 )2 43 8 5 VIR FL 1+ B0 7 28~37 [9]
(HCI leaching; Sr ¢ Spec resin; Cherenkov counting)
HNO; +H, O i fi# s St » Spec B I (42 43 5 s VMEFL R 1 Kl 63~77 0.013 Bq/g [23]
(HNO; +H;0; digestion; Sr » Spec resin; Cherenkov counting)
HINO; 325 PUHE S 85 5 I U LE b v 2l <0. 28 Ba/kg [11]
(HNOj; leaching; precipitation; GPC)
HCl 2 B ; HDEHP 20U )2 40 5 3 R A B il &= 72.9+17.3 0. 27 Bq/kg [61]
(HCI leaching; extraction chromatography by HDEHP; low-level
f-counting)
HCL B &M FR UTE 43 B 5 I < IE HevH 250 4t 41~88 [75]
(HCI leaching; precipitation by fuming nitric acid; GPC)
HCI+H2 O % s DCH18C6-CH, Cly 28 Bt 23 B 5 LSC il & 70~85 20 Bq/kg [13]
(HNO; +H;0; digestion; extraction by DCH18C6-CH,Cl; ; L.SC)
HNO; 28 TBP ZEBU) B 5 IRA R B 140 & =70 2 Bq/kg [29]
(HNOj; leaching; extraction by TBP; low-level 3-counting)
UURRY) BB T 24 iR s St o+ Spec R AR €82 43 85 s UIEFL G 14K 87 [15]
(Sediment) (Cation exchange resin; Sr ¢ Spec resin; Cherenkov counting)
Naz COs 1 il s HDEHP UM 8 5 IRAIE B - A0l i ~90 [30]
(Na; COj; liquation; extraction by HDEHP; low-level g-counting)
K A2 3ed b B IS TR 3 500 Sr/90Y s VIR RE R T 0. 47 Bq/L [76]
(Water) (No treatment; add °Sr/?°Y solution; Cherenkov counting)
HNO; BR AL 5 4 J0 i BR U0 VE 43 15 5 Wit U LE BE i+ 550 51.5~78.5 [9]
(HNOj acidification; precipitation by fuming nitric acid; GPC)
HNO, R +Sr + Spec I (1248 s DD B0 B 9. 8~96. 6 o]
(HNOj; acidification; Sr ¢ Spec resin; Cherenkov counting)
HNO; + He Oz 15 i 5 St + Spec #4 i €4 )2 73 8 s VI 4& B K i Bl & 62~79 0.054 Bg/L [23]
(HNO; +H;0O:digestion; Sr + Spec resin; Cherenkov counting)
FH S F 28 4 A% i 5 St » Spec 44 i €6 )2 43 2 5 LSC I i 9442 0. 037 Bq/L [17]
(Cation exchange resin; Sr » Spec resin; 1L.SC)
T Nap CO; F il s St » Spec B I 4 )2 43 84 5 VBRI 34 ~51 [15]
(Evaporation to dryness, Na;CO; liquation; Sr + Spec resin;
Cherenkov counting)
izk7] WAL s HINO; T fiff 5 J2 JR RS FR T0UE 3 85 5 i SE He 50 46.8~63. 1 [9]
(Plant) (Ashing, HNOj leaching; precipitation by fuming nitric acid; GPC)
BAL  HNO: {5 f# s St » Spec Wi 42 43 B s VMERE R T ) 65.4~85.3 [9]
(Ashing, HNOj; digestion; Sr ¢ Spec resin; Cherenkov counting)
HCl4 Hy O, s DCH18C6-CH, Cly 25 B4 8 5 1L.SC il 70~85 20 Bq/kg [13]

(HCI+ H; 0O, digestion; extraction by DCH18C6-CH,Cl,; LSC)
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2Lk 2
FE i FE i 43 BT A 2o e At PR SCHik
(Samples) (Procedures of analyses) (Recovery) /%  (Detection limit)  (References)
it AL HNO; 1 i s TBP A IC53 85 s ARA T B i &l i =70 0.2 Bq/kg [29]
(Plant) (Ashing, HNOs digestion; extraction by TBP; low-level B-counting)
AL, HNOs +H, O, {4 s HDEHP #0455 5 AR AR B 40 & 95 [30]
(Ashing, HNO; + H, 0O, digestion; extraction by HDEHP; low-
level B-counting)
¥ as KAk HNO; 35 % 5 St + Spec B ig €8 )5 43 B 5 LSC Wl 5t 80 9 Ba/kg (18]
(Bones) (Ashing, HNOj digestion; Sr « Spec resin; LSC)
BAL s HNOs + Hz O {1 fif 5 St + Spec B g €0, J2 43 8 ; LSC ] & 71~83 10 Bq/kg [19]
(Ashing, HNO; + H; 0, digestion; Sr ¢ Spec resin; L.SC)
A= 44 FH S F 28 4 A% i 5 St = Spec 44 fig €4 )2 43 8 5 LSC & 80~95 0.1Bq/L [20]
(Milk) (Cation exchange resin; Sr ¢ Spec resin; LSC)
NG b BRI TR ¥ 00 Se /90 Y s VAR A IR T B0 & 1.7 Bg/L [76]
(No treatment, add °Sr/?°Y solution; Cherenkov counting)
FH S F 344 ik s St Spec B I €4 )2 43 59 5 1F Ho 50 i 54~174 0.09 Bq/L [3]
(Cation exchange resin; Sr ¢ Spec resin; GPC)
PR 5 T 28 4 B i 5 St » Spec 44 Jig €82 43 #5 5 LSC Il i 36~85 [21]
(Cation exchange resin; Sr » Spec resin; L.SC)
P S B s TBP 2T 40 89 IR AR G B v il i =170 0.2 Ba/kg [29]
(Cation exchange resin; extraction by TBP; low-level g-counting)
PHES T 32 e i s DCH18C6-CH, Cly A B 23 B 3 G-M 4 il % 69~74 0.03 Ba/L [22]
(Cation exchange resin; extraction by DCHI18C6-CH,Cl,; G-M
counter)
IR HNO; +H, O, ¥ f# 5 Sr » Spec # I ()2 53 89 5 VBB R T8 67~178 0. 061 Bq/L [23]
(Urine) (HNO; +H;0O:digestion; Sr + Spec resin; Cherenkov counting)
WA, Cay (PO YUVE 7 % 5 Sr + Spee Wi (4 )2 43 B 5 LSC I 86 0.11 Ba/L [25]

(Enrichment, Ca; (PO,); precipitation; Sr » Spec resin; LSC)

3 Sry AN E

3.1 "SriyMEENERE

FRBE S Wy S A TR VAR e T
5 BEARAG . HL™Sr 2 4l 8 S A% R 7 SR A
B BRBAR AR A IS B TR e . W AR A
JIG B SRR B2 B A SR T IR TR
i FH2 SRR 25
3011 MG EIHECGE ARKCE B P AR
R THECEE B 2 G-M TS R AR IE Ee T
¥4 (gas proportional counter, GPC)E-11-75-7778]

FOE PO ROE o0 o B s SRR UK 2 Ff

G-MFFECEE A PR A L 0 PR I e

TR .
3012 AR INRRIE RS IR SRR 2 L W

FHT RN B IR 26 0 A SR IN SR T 5508 FB AR TR R
TR . U AE AR AR I WA TN R 3 i (liquid
scintillation counting, LSC) J& — Ff % 15 b &
2 0 T O P SR f AP 7K P I P
ARES AT T8 g B R T VY S M TR
B B IR RR I A R B B WO/ S 37 R Ry aT R
i Ao SEARSR A DU S 25 4 o B AT RO 803 R L )
PRIE FE 5 AT DL T AR AR SR A . T LSC
FE St B ITIEA 3 Bl 1) 3B S, B ININ SRR
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Table 3 Collection of the test methods for " Sr in China and abroad
brifES b 24 R Ji kA RATHL KA B[]
(Standard No. ) (Title) (Summary of the methods) (Agency) (Date)
GB 6764-1986 K HE-90 B AL BT T R R R R DUE i GB 1986
T R T JE 2% (Radiochemical analysis of  (Precipitation by fuming nitric
strontium-90 in water—Precipitation by  acid)
fuming nitric acid)
GB 6766-1986 K EE-90 BT AL 2 A B F i—— - HDEHP %@ )25 GB 1986
(2-2, 3 0 5 i 2 22 B2 )2 1 (Radio-  (Extraction chromatography by
chemical analysis of strontium-90 in HDEHP)
water—Extraction chromatography by
di-(2-ethylhexyl) phosphoric acid)
GB 11222. 1-1989 LEWIRE SR T EE-00 WL A M )7 HDEHP # U@ )2 5 GB 1989
B (RO MBI G (Extraction chromatography by
JZ1% (Radiochemical analysis of stronti- HDEHP)
um-90 in ash of biological samples—
Extraction chromatography by di-( 2-
ethylhexyl) phosphate)
GB 14883. 3-1994 5 A -89 A1 3 A 4y B U7 Wi RO AN R U GB 1994
£8-90 B9 £ (Examination of radioac- HDEHP KB E: | 5 138 ik
tive materials for foods—Determination =~ ( Three methods: precipitation
of strontium-89 and strontium-90) by fuming nitric acid, extraction
chromatography by HDEHP,
ion-exchange method)
EJ/T 1035-1996 g BE-90 1y 4 b T B HDEHP % H {4, )2 1 EJ 1996
(Analytical method for strontium-90 in  (Extraction chromatography by
soiD) HDEHP)
ISO 18589-5-2009 FRSE  R E  RE — — 3 Rh Ay 5 Tk R U IE 4 ISO 2009
S AR 43 - BR-90 Y I HDEHP i 2 W 53 25 56 A
(Measurement of radioactivity in the JJ§ {8 /2 4> B ( Three methods:
environment—Soil—Part 5; Measure- precipitation, liquid-liquid ex-
ment of strontium-90) traction, chromatography sepa-
ration on “crown ether” resin)
ASTM C1507-2007 3P AE-00 RS AE ST B AR HEART I S TREA AR €4 )2 43 US-ASTM 2007
77 % (Standard test method for radio- (Chromatography separation on
chemical determination of strontium-90  “crown ether” resin)
in soil)
ASTM D5811-2008 IK 90 1 R o G T ek AR ()2 40 US-ASTM 2008

(Standard test method for strontium-90

in water)

(Chromatography separation on

“crown ether” resin)
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g3k 3
i i 5 T 1 44 FR iRz iy RATHLA o |
(Standard No. ) (Title) (Summary of the methods) (Agency) (Date)
Sr-03-RC FRBERE 5 P £2-90 B M BR T E ¥ US-EPA 1997
(EML HASL-300)84 (Strontium-90 in environmental sam-  (Precipitation by fuming nitric
ples) acid)
7500-Sr B (SMD) (85 SRS B8 H8-90 . T IE ¥ (Total ra- KRR ULIE ML US-EPA 2005
dioactive strontium and strontium-90:  (Precipitation by fuming nitric
precipitation method) acid)
BS ISO 18589-5-2009 B O S R I —— 4 —— 5 1SO 18589-5-2009 A [F] GB-BSI 2009
A 4 B8-90 I & (Measurement  ( The same as ISO 18589-5-
of radioactivity in the environment—  2009)
Soil—Part 5: Measurement of stronti-
um-90)
NF M60-790-5-2009 PRBE F o O P TR R — i — 5 1SO 18589-5-2009 #H ] AFNOR 2009
S 48-90 Ay 4k (Measurements  ( The same as ISO 18589-5-
of radioactivity in the environment 2009)
Soil-—Part 5. Measurement of stronti-
um-90)
NF M60-806-1-20055% B RE-FR B b BT RS O N B — R RRUIE AFNOR 2005
K5 —FB 4 K EE-90 S Bt ME R (Precipitation by fuming nitric
DR —— G R Ak B B 5 54-90 19 B acid)
A5t P ) 4 (Nuclear energy- measure-
ment of radioactivity in the environ-
ment— Water—Part 1: Measurement
of strontium-90 activity in water—
Radiochemical separation of strontium
by nitric acid and measurement of yttri-
um-90 beta activity)
NF M60-806-2-2005571 S5 R K P ER-00 T PE DN B — AN AFNOR 2005
HOLE R ZEBCR-90 5 B A & (Liquid-liquid extraction)
(Part 2; measurement of strontium-90
activity in water—OQOrganic solvent ex-
traction of yttrium-90 and measurement
of beta activity)
NF M60-806-3-2005 S5 =8 3 K A BR-90 T AT Mk R W SEREA R () 20 8 AFNOR 2005

R BER iR (02 A o B AR B
TR 4 I & (Part 3. Measurement of
strontium-90 activity in water—Radio-
chemical separation of strontium by ex-
traction with “ethers crown” resin and

measurement of beta activity)

(Chromatography separation on

“crown ether” resin)

TR AR 6t 2) 57 St/ Y A IF 7 DY AR
WISt/ Y B T S AN B Y JR RN

PRICIAE"Y B 3H 5 3) AR YD A& A K i 2 00
ST/ Y BT RG SO B ATY IR



5 33 36 &R AR Sr i b O 1 RS 139

I YR PAL I B 3 P T PR 43 B Sy 187 S 4 B S
A BRI A AN SRR Se/T Y P E Ay B Y
Je

3.3 WADIME R R R T AEA
(1432 2l 3 5 20 56 76 1% A T A A% 4 R B T
DLW Z 31 6 5 0 1) 0 3 FP B 4 Rl U AR B} O
4t (Cherenkov radiation) . LLZKAE M4 FT, R BT
et LR T 0.26 MeV, £E K 3t 68 7~ A= D) 16
SR ST+ S ST AT AV AR RS VAR DR R T R R
W, Sr {4 gL T-REHRE Jy 0. 546 MeV, 1] L1z )
OB R S AT 0 L e IR AR AN E )2 N
FF PR 58 R0 A 4 B b 0 S (g I e g
KL 77 R DDA B R B A B RE Y Epn >
L. 3 Me Vi, HARM &4 3 K F 20% , Fb 4 E B N
UM R 7185, 0™ Sr p7 2R 1 B R T RE ALK
FLHR D ARG A3 B T e I s LR Y e
PR A EBE BORL T (2. 24 Me V) 38 B IS R R
ARSI A A S/ Y BT B
HOY G iR Grahek UV BESY TS
it Y e Pk 2 T )23 3 B8 B VAR R I T 4y i
IRBERE i A AR K P Sr 16 BE I 5 B N AR &
B G AT ECR KT 5 min kT DL B AT
T B 7 D) R — B R A AR RS Y S
FEHEAT I 5 5 ] BT 4H 2 0 5 06 43 BT 0 B IR A
fh s ZERTAL PR LAy B L RCE I B AR 2 H AT g
AT St (R A I T % T 9 BE K e AR 10 by
RPR] 52 B . DA RE SR T B0 i E R —
DRI 5t >F 13, EL A 00 et AR 5 o) & T B A A LA
PR LB K I R A AT LV e L B4
SV R DA B 8 B0 e A R AN H R A 5 N
A BT BB AR L B VAR K R ) ™ B A A
Vaca 7 BF 58 N 0 B FEAR AR (0.5 min™ ') L i
RARF 20 mL ) 3R M DA 0 50, 7T LAAT 4% R
FIRF P K 52 . Pujol 5 BF 58 I O 76 i R
FRUTTE R T 25 B 5 1R b TT A 30 kE e (0 T K
Mosqueda 55" fF 5% T i FH 38 b2 R 4% IE DA B
e B 40 Sr B E K

3.1.4 MGG EE FIRTUE  BEE RS
F B RS (ICP-MS) AR 1 & &, ICP-MS
A N O R A R R e EL A )
PLCRFTILT R BN LA ) LTI/ 5 0 B
5¥38 Fi ICP-MS & # 5 b Sr i 5 ik 2 52
gt ol S A ICP-MS i 5 Sr
W, 2552 B [m) 4 S 07 R Ze A Ar FEY R TR

Feuerstein %7 5% A T k2% 43 8 BB I 25 )2 1
jth (dynamic reaction cell, DCR) i B35 Zr
A Sk A Ze BT, TERF R TIREMET
BAE L FRAR Ar BB T W) R Ry vk BE L AT RLYE D Ax
FEW R T, AT ICP-MS i £ Sr i 75 ik —
BT .
3.1.5 HAME"Sr fEEE LR TS5YR
AHEAE T S PR 52 30 9 Jo D5t 1 19 26 2 180S0 T 5% 4%
Ul 3T A Y i 6 1) R A PR 2 S ) B S ) Bk
SEalfEAR T 500 keV 1Y v RE T 7 A= 11 %" Sr
M FARSY A Ui B R W) BAE BRI e
A5 Y ) SRR S A AR A IRy 3 A i Sr/
Y A VSR T S/ Y AR 4
B R O B, 2
AR PEP T Cs P Cs MM Ce-"" Pr " Ru-'"" Rh % &
IO v SR 0 Se/7 Y I ) Bk S e R T
P - AT 5 IR 5k B A% 2R A T 2 A 2T D Y ) A
3.2 'Sr R ST ENE T A

SR Py e T AR A TS B[R] 57 2R e 2
B2 B BT A A il TP K ST A T 1 A
% Sr MY Sr. HfJE 4l B TR ER R Y Se 1y B 4
LR (B — 1. 488 MeV) #2% Sr 1) B T 4k g i
(Epnox =546 ke V) i, XF°° Sr f B iz 5 i o 7= A=
T AHJEY Sr B ZE WO 50. 5 dL B Sr i
W28 1) J . PRI, o 2 E B3 v oK 52 0 fif 2R
GIVREE 7/ REE R RV N ST LAl el = S a1
HWAT S AT LS B Sr % Sr (B Sk I
F T 5 A A A% S SO, 2 D0 A o ) I
A% Sr F° S, W25 2% &S Sr X Sr 1Y B T M
D6 A A — e o I 5 S gk B R
TR Y [ BE R T Sr 1Y i i

o, Sr Y 05 P I B 7 15 AT 43 Sy 4
FE VLR 200 72 v 2 A 1D B 45 I VR 2
A0 P TR S P R T S AR TR R R AT B
JHCSR P L 28 SR T R Sr B Sr+ S Y
TR 52) W) 5 125 02 0 73 5 4l A A8 T 4 2R
14 d DL BT Se 5 RTY 3k 3
iy i o 8 A N OIS B R B0k I B Se/ Y /Y
TSP AL AT 43 8 Y ) I S N VR TR B R
HEAT B 705 PR I ) B I E ¥ AT DL AR BR® Sr
X5 Sr 85RE T

4 FAEZHAEREHILR
Bl 1502 T HHTE A 3 A Sr 2 B 6 75
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% 32%

FRARE. BB 1 RTRUE W6 R R T
TR ER  UOVE LIRS R 2 L A R (H
1 T H O B R ORI R R R E S oAb 2
B %, 6 ISOTAEA &5 BT #E 4 W br E 7 15 2
— s HDEHP £ B 45, )22 1 40 X (] 8 (R 43 25 3 it v
W Z T B R Z I UL 2T B R
AT 2~3 K LA, H HDEHP 3% J& 58 i i &

U SefFRNY (995 B R HET Sr, £ 20 B i R 52
O T A Se-" Y - A JE A R D A A IS
T2 O R i 1) DR S 0 T 5 el AR i 2 O
e A ph T e I X B AR g S A R R T A R
i AL AR 1 U, HLAT PR A R T A
FO 35 B L 32 B T2 B9 53 Sl TR dh R S g B
AL A (G 2) .

5

(
& JH (Fuming) HNO,

-3/ % (Solution)

FE i
(Sample)
A F
(Pretreatment)

Oxalateor/ Carbonate)

4k (Ashing)

HNO,
i £ (Nitrate) @T ¥l (Solution)  ~—
H,0 z 1817 (Adjust) pH=0.8~1.0
KM (Fuming) HNO, 8 ~ o] ki
e . ~ [ S — v .
T /2 £k (Nitrate) 0y g E 1-0 mol/L HCI . <_(Rmse) 8.0 mol/L HNO,
IS = VR
FeCl, = | #kEERinse) ? | e
L =—1.3mol/L HNO, (Elute)
> . Z -—— H,0
Fe (OH) 37 (Discard) o

7% ) (Evaporate) ,
45 (Adjust) pH=0.8~1.0 l H,C,0,
Na,CrO, —
— g SrC,0,
" . =3
N 2 =
%R #: (Chromate) 37 (Discard) e Z | eik(Rinse) l
L35 8 (Solution) C f=—1.0mol/LHNO,
Z GPC/LSC
Na,CO, 9
‘ ‘ 8 Sr
fi% %2 #: (Carbonate) V54 (Carrier)
HCI%fi#, | (HCldissolve, Y carrier i 14 d (Lay-aside for 14 d)
YHARE 14 d, | lay-aside for 14 d, 15 (Adjust) pH=0.8~1.0
FR Eh L vE, | oxalate precipitation, =~z
. lw) N
e, B g dry and weigh) 2 @ | Yl (Elute)
o T e—
B ¥ S5 1.3 mol/L HNO,
(B-ray counting) %
‘?OY (QOSr> JAO
R 5 YU%E (Oxalate precipitation)
JET, FXE (Dry and weigh)
Bl %
(B-ray counting)
‘)Y)Y (‘)Usr>

a. i iR i YU E vk

(Precipitation

Fig. 1

HR 5L
T [ 3 BT $R 558 0 A W R il o B K 0 7 35 D

(HNO,))

b. HDEHPAE I (4 )2 i
(Extraction chromato graphy
(HDEHP))

c. i B A I €0 23R
(Extraction chromato graphy
(Crown ether))

P13 oA Oy vk AR

Flow chart s

howing the main three analytical procedures

JE 20 fi e N AEROR AU AR AU 2 19 B2
S p) R HH A RR 7 14 5b - B4 e HDEHP 2 B
)R o e Bl AR IR R P A I )2 00 B T ik
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AR A DG 38 7 3 [ O e 1 R 3 5 L
P AHEANSE 3 %7 i BB HT O 15O Je e[
YelE] |k [ 45 I A0 B Se IR T ik 2 —
M ARG 14 5 56 AIE S AR b 78 58 3 T A S5 )
PRUEI AT IS o B R FE A A Sl B R e A
BB T T 2 AR BRI 22 4 ) AL LA S
A S AR R A I 4 ek R R i Ak
73R 53 B H AR L AR A TS 8 4 2 A
EIR i i o VAL LRV QN S C ) R o T S e 1
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