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Abstract: Radionuclide detection has important practical value in many industries. On the one hand, with
the increasing use of nuclear energy, radionuclide detection technology can be applied in areas such as the
treatment and disposal of radioactive waste and the management of the decommissioning of nuclear
facilities, including the assessment of the environmental impact and hazards of nuclear activities. On the

other hand, radionuclides are of irreplaceable importance in the field of geoscientific research, and their use
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as tracers opens a unique way for in-depth study of the mechanisms of material migration, transformation
and interaction in geochemical processes, and can provide key chronological information for unravelling
the mysteries of earth history and biological evolution. In the field of radionuclide detection, traditional
detection techniques such as a-spectrometry, B-spectrometry and y-spectrometry have reached a relatively
mature stage after a long period of development and application, and provide a powerful means for
qualitative and quantitative analysis of radionuclides, but these techniques have the drawbacks of time
consuming, relatively insufficient energy resolution and relatively high detection limits for samples of low
activity at the environmental level, making it difficult to achieve the detection of key nuclides. However,
these techniques have the disadvantages of being time-consuming, relatively insufficient energy resolution
and high detection limits for low activity samples at the environmental level, making it difficult to achieve
rapid determination and effective traceability of key nuclide information. The advent of mass spectrometry
(MS) has improved these shortcomings and demonstrated its unique and superior value over traditional
radionuclide detection chemistries. Inductively coupled plasma tandem mass spectrometry(ICP-MS/MS),
as a new mass spectrometry technique with short measurement time and high abundance sensitivity, is
gradually being applied to the analysis of long-lived radionuclides. This paper introduces the technical
principle of ICP-MS/MS and its current application in radionuclide detection, systematically describes the
applicable sample types, sample pre-treatment and separation and purification schemes, and optimised
instrumental parameter settings, etc., summarises and compares the advantages and disadvantages of ICP-
MS/MS with those of the traditional detection techniques and modern mass spectrometry techniques, and
integrates the optimisation ideas and prospects for the ICP-MS/MS under the existing performance, and
looks forward to the future development direction of the technology in the field of radionuclide detection,
so as to provide scientific basis for the in-depth understanding of the new detection technology and the
subsequent expansion of mass spectrometry in this field.

Key words: ICP-MS/MS; radioactivity detection; nuclide
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SR O, VBN OB 175, R )7 5
PLH R DGA FIERM i 25 BRO0Y 45 At T4,
25 HitZErKN

BT BRI HEAZ R, HoAhof
1 LLAE Ry 1 o B B 0T PR A R (nPH ., 5K,
1269n, 2'Np. 21Am &5 ) 78 P8 55 o (0 £ 7 B[] AH
R, A 2 PR AN S B T B K
TE 52 WA, [R) A 2 A% <R OIS PR 5 v (Y OC B 1 0 X
2, L2 Am ], 29 Am 2 & ST o B B O MR
2, w0 B S0 R R o R I A, A4 B
DL 3 35 K 40 ICP-MS ., TIMS Il AMS i 3, {54k
Z T HEA A & 8RR (I ICP-MS 52 & 4 5 5
T4 . TIMS 75 /55 26 B2 A & AL 2 5 i 2 . AMS
WA B Bt B HRAE N B R SR ) . U, Zhang
Z5163-641 JF %% ICP-MS/MS 24" Am Y )5 25, 23 %l
1EFf He-NH,. O,/He-He 1 A filf 48 )2 i <., 4 B H
FHeoCE (Pb. Hg, TDIE BN £ 5 F 5 (2Pb>CI*,
204Pb37Cl+\ ZOIHg“OAr*\ 204Hg37Cl+\ 205T136Ar+$ﬂ
WSTP6S 4 ), F 155 0.091 fg/g 1 0.017 fg/g HYAE
G PR, b G Al 2 AR ) e R B A R T AR T Y
BB LF — A% . 550U FI2382302490py BT T I 1Y 1
BUARARL, 2"Np o A7 7E K A KSR 4l i) ™ 2 55 T4k
FEF I, Habibi %59 JF & T #E & fl IR AR ICP-MS/
MS HYZ"Np & 87715, L 9o=20%CO0, 1E [ b <, AL
THBR 7250, 280 LU 28U S 4k ) 4,
B Hu U > T Np A1 Pu 22 8] (1 70 2 4048, Wi 78
m/z=253(PINp'O") ab 313 T e fHEfE Mt . Z T %
A DL I 230U RS0 R R MR 43 ) 3K 2 ng/L
120 mg/L ¥ i o B 23 Np, I 8 B i LR B
JEPERT 15%, Rl BRAR 2 4 pg/L. 1E & KBKIK
Y, IR TR EE L KRIR DL K R v, A
FEA S Zr, Mo, '2°Sn K Ay MR R, X gk
A% 2R B4 LU TR ARG, 0T T 3 AR A A T e A 0
BRI Ry B W . Do 50007 fifi H HF
F1HNO, 8% % ICP-MS/MS A7 J& i 4 445 % ) HC
VE S 22 BURE i 09 6 16 e, I 08 FH NH, AE 2y 52 <,
A, A7 3 ] T 126Te XF F126Sn, Nb Xf F-%Zr
Mo B T LA K B b T REAE AR I 2 R F T
Yoo SLEAE miz=160 Kb I 5 2 5 TR BE £ 12°Sn /Y
Fw HBR A 12.1 pg/g(6.1 mBq/g) , Te T LAY &
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FACH T 100, [R I, 78 m/z=93 &b 75 °* Mo,
m/z=195 Wb MR 5Zr B Z 51 F 8+, 3l L | T
%Zr F1%Mo 1 J7 46t FR >4 1.7 mBg/g 1 0.2 Ba/g.
Nb i T 48 BRI F 250 105, 8 REE LR
1078, B2, FrJT & ik i) R 5 1% 50 0 4 55
DB 7 AR 2, 2 DL UE S 59 R P 2 5 A7 AR Ze
Mo, '*°Sn,

TE ICP-MS/MS % ¥ 75 it 5t 45 8k )™ 32 1o FH ) ok
(LIS YN SR TR LS b SR E A1)
I B, AR S B N R G 450 I R 5 SR X BLA 4y
BT 7 3k 04 55K R AR A2 Tk 1 AT B e b O Ak A g 4R
FHH . — D5 T, E % RN R A R 4y
Mg 45 LR, ICP-MS/MS B &1 Y 3 {4 i 52 BE 1 Fn
TP A FRE B 1 BE ) SRR S N BN T
BTRE I A B 5 28, LT A 43 BT S R R
Pk . % —J7 [, ICP-MS/MS %} T ICP-MS 7
FERE RS BRSPS D A R AR RLR T, Ao
VESZH N B e KA BB AR AE Tl R i R
Z HE 5T, 4 i X R AR PR R IR K T S A R
AR BE ) .

3 ICP-MS/MS 7ER Stz E N R RS

T i A A S A0 G I, A AR T AR S
TS M A AR Ak 2 Ty vk, R T 3 1
MR, XEEH AR, 1 AMS, TIMS, ICP-MS,
s =X L SRR A 45 B 7 IS (SF-ICP-MS) 4%, A A{X
T MY RO AUER M, B T T T A Hr
14 B b 2 TR BT T SR BUSE TR . AMS HLA
REERH(1070~1072), T EAFE R R (25
) HLI R ] (<< 1 h) 181, 8K A3 b 2 52
AR RO PR A ZE U0, J2 A 4C, 9B, AL, 3CI,
“1Ca. SMn., "1 % R HUE e = 9 0 BT B R 090, 8K
1M AMS M 4% B 5%, 80 55 ok B i ) B4, OF AR I
FH T X i R0PE R AR AR AR AT 55
TIMS # ICP-MS B A 5 = (9 I 52 85 B (S KG B2 3k
0.01%~0.05%) , A~ 23 3Z 2 [ {57 & T4 DL S AT Ao 5%
B RICRE Y AN LR U700, Sk A 2R T 2R 0 R i
K] 10715 g7, I Ha] Ry 3 40 5 1 i R 4l
A5 EEAE A, T A P B R i RUR A
T F DX RE % S2 90 1078~ 1070 14 7= B R AR, SR T 18
) I Ak B R RN AH X 458 K 1) I S B JE] (2~ 3 h)
VLR i R R N, BRI T TIMS 78 2R 554
H S 220U, 2Ot A I PE R R U1, SF-ICP-MS

F BT = 43 PSS B TR BT (HR-ICP-MS) fl £
T2 i %5 88 7K 1% (MC-ICP-MS) 721, HR-ICP-
MS 7E# Tk 2 50 R Pl 43 B vh R B, etk
FLENG N = I T = T 3 o T = o = SO S 4
A L DU AR AT 2R 48, K BE 58 4 i U T
TP, o PR S, RO Ay Bl
Wb 2 A BT AR 12, MC-ICP-MS B AT =5 K % 1 [ {1
A I A S P B R AR Y B T R, X
24U (A7 FR L Y 43 ARG B2 38 8 7T 38 3] 1%0 ~
2%0, TAEARZES T AT 1%0; 28U/25U [Al i % Lo AE
) ) K R DU AT SR B 1075 K F, AR LBk AL | B
b J5E o BT S AU AT DL Tz R U, R,
S5 B TR B R ) 5 T R A 2 Rl Ak 2 R
N, 45 22 J5 - B - K i 7 AR R RE U Y
BT BEOR, W AR St A A HL B A T T4 1L
b B AR, DL B R AR O 3 5T, DA R i S BT
B W PE 5 R SEE . TCP-MS X 8 flt 42 2% 45 )
1 7 B AU AL 1075~ 1075174, ICP-MS/MS 4% R
TE A 2 FF ICP-MS = FE R R (107) iy L il |
BE % A 25 X 40 40 ®0St XF20Sr # T . 135Cs X 17Cs
B 280 Xf2eu LA, KRR THen &
BRI ; [l BF, ICP-MS/MS 13 2§ 1 [R] s 0 5 22 Fh
(3 SNV R N R =
e, ik — A U/ R T B v R O A R, O
/b FiT FH 390 ) 80 A BT N DR T A A ], B
A SRR R E . JE TR R ORE R B PR
P B 4 45, ICP-MS/MS Xif [X. 43 FIAS: 1 AN [] e B 3w
FELRE i v ) S PE A B A B IR B BRI
Hh, ICP-MS/MS 2 Ff 5 2 1Y 72 1 3 45 f R R 4
A X7 22 4 BE VAN BE T, 38 3 X B [ AR
T HrEs R, v LR SRS R G iR 2, I
PEE BRI TR . H AR T PR R o0Sr, 1¥7Cs,
26 F1230240py 5 A K X Y O T &, BIE B
Wk — 4 IF & ICP-MS/MSS 7 At il 51 42 22 0 it
WO N A R R R SRS ) o ARIEE, i
HARWAEE B S5 Sk, RETHER
AT DL T S 00 R O S e KRR B Ml R (LI
o7 L A AS B I SO L AR A 3R B T B AR D
AREAE R Z R A EAR B S, A
SRS BB AR HE T — YR 1 3K B 58 4= 43 B8 JF AR 1Y
R RO T AP CHE I i NH, 25 B 0 1
T, 2 7E SO A 77 4R NH, FINHG , 27 NH; 5
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NH; 7 /E NH,(NH,)3 , A fiE 25 #5007 A2 AP2Cre A )
BB T T, B R AT R 22T R
ICP-MS/MS HUH At 5t 335 £ A B Ff 1, % AR ik
S AU 0 BIF 5 M 0 R R AR TR R T

MBAS AR 1 PR 3R 2% o, A B A R O Y IR 40
W R )|l UK (S

S B LT v A S A R ARG AR g A Bk
X E RSS2 451 23 i BN T RIER 2.

F PR F A B X L

Table | Comparison of radionuclide detection technology

S A s B
RN AU AREREE R, BRI A AT R PR, AR 1 R, B TR
A e A, HHECR R REAZ S B4y HRRE ) 59
YRERHY REAZ 5 B3R AE B0 | AP B 7 o AEAFTE T BEPERS, THEGICRAR, FEA TR IR
AR TR (LSC) THECCRES, EIIN, R B A TR T B RE LI, AETEAb 2K
B ALK
AMS T e, R EE R AR LE, R D, R R Bk B 5T, ik R PEAR, 0] st 72
IS{EEEIS
TIMS YR N AR 15, A BRI, 5T AR 1 ks £ B, ROALBRAT Zi%, A1 K, i B AIORAR
ICP-MS A, A Y BRAEE, ORI, R 1A, R I A R AETE TR T A A
SF-ICP-MS SYPER T, TR G, A BRI s BY 5, AEdP A, AT ERE R
ICP-MS/MS R R LE, Ko th RAIR, 5 B IR, T S A, ARV AT RAFAE S 43 SR

ZREER, FER XM E 58

4 ICP-MS/MS ER S HEZER N FBIEL
RESEREER

FI ICP-MS/MS 5 Ml Ak LA, HEAS I RE 1 B9 A
W4 T SRR O TR A T R P T S
BEAF b, BFT AT A SR AL, BEEE % R S
A7 FRF 8 % U0 0 P8 A A X 45 2R T I, L B
b T b 58 1 S B2 SR 2215 O & Hh
e B4 88 1o B (m B 81 ), ALK B4 JLAn 25 4 BE
VWA SR RSN RVTIR AL 7/ = N 9 (2 N
o TR T RS T [, SRR Y R4
o7 i PE o T 2R G I A A A AR G R R R Al e
PR A IR, i RRE R M ok F G 2
BB A S e, T T 5w Y R B0 R T A Y
Kk RE . LA O R AL, B BORE H O R R 7E
AL PR 3 e Al Al 7 58 A RS S B0 S PR R
R Y G T RE L, Ak B G RO AT A
T, A 1 8 P A5 AR L TG A 2 P 14 SUAIT 7R (HBF,)
BACE IR (HF ), JG ¢ B R R A0 R B al 42
(e 37/ DO I R TR S i /N0 E R RS
A6 22 S RV R 205 38 i — ol B 8 1 i 7 22
FLW AR, 75 o i B2 S BT B - B RS T A RE AR 45 v
(i1 S SR B A k7S e o LA S L S
i A Ak BEAZ K Hh St J5 TR AT T B RIS

IR SH L, EHITAL A AE MS/MS #2130 BT T
TR P AR S AL, 45 ] 3 T | AR A A 5 o
i, DR IE AL ES 0915 5 T P Ak BTl T4 04
JRASER A BT R i 2, 25 A SRS e 2% 1 (GED)
F ICP-MS/MS > & 37 K SWURL ) Hh S vk B 1) 52
B4 87 5 1k 09, Al B, CH,. CHLF 25 I R B 2
FR A B8 R B ) 22 i T AR DL 25 BR, BRI
K 7 vk (402360 F1239240pu) 1 55 B, A S 4 i
ISP A R A Ok T AT BB LS,

162 5 B WF 58 o, ICP-MS/MS i R i R £
J7 10 A LAk 24 SRR T . — 5 i, A SRR SR
N 2 B SR VR T R O 1 B R [, T AR R
PEAZ M T RRE SRS, 38 5 R 08 ol JHL o WL I
Falifb W g 17 R, FEAIE B AR % R 58 v )
[F] Fsf R 2 T Ak AR o A0 °OSt AH FU R i A - HE
B T8 5y 5 T K, (i R 12 BT A L B0 3 A T A
Jo I [R] P TR A A0 Hh A S B 00t £
XoF i 6 M A% 251291, ICP-MS/MS Rif Ak B B B 3 FH i
PR V4 fife 92 AN FH A R (HCL, HNO;3) A 2 LLA 5 %
PR U Ak oy A H5 & ML, SR B Y HL0,. HC1O,
FER VAR BE T T8 kAR R A, I DUAR 5 &
AR HEAAL S, W 2 W B EAL RS T, S BUE 5 A
R FACAZ RN, AT 5 358 8 6 3 A A 7 22170
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Table 2 Examples of radionuclide detection
BERME BARIT%R EaTiE ] ot BR - ] T Sk
0Sr AR BITHE A K 0.25 mBg/L 60000 s 40L [76]
A EpIH s [RERIALY] 0.10 Bg/kg 100 g [76]
LSC Li:L7) 1.28 B/kg 10h 10g [77]
TIMS LHE WRATIRW) 1 mBq <lh 0.5~1g [78]
ICP-QMS 1% 3.91 Bq/L 14.6 min lg [79]
SF-ICP-MS H R K 11 fg/mL 10 mL [80]
ICP-MS/MS 1% 3 mBg/g 1 min 10g [59]
137Cg iy REIE I K 0.26 mBq/L 86400 s 60L [76]
iy REIE I fTRERITI ALY 0.11 Bg/kg 86400 s 300 ¢ [76]
TIMS K 4.0x107"7 g/L 2d 200 mL [81]
DRC-ICP-MS 3SR VIR 0.09 ng/L lg [82]
ICP-MS/MS T MR Bk 0.006 pg/mL 2~10g [45]
ICP-MS/MS ot KAL) 2 mBq/g 15~100 g [49]
oy LSC WRIK 0.37 Bg/L 200 mL [83]
SF-ICP-MS + 4 3x1074~4x107" g/g 2g [84]
ICP-MS/MS 1% 3.50x107¢ Bg/kg lg [29]
ICP-MS/MS 1% 0.72 fg/g 3g [85]
239240py oY EBUE 0.16 Bg/mL 220 min 0.01 mL [86]
LSC TR W 0.03 Bg/mL 60 min 0.1 mL [86]
AMS ARk 7 ag(**Pu), 5.3 ag(**°Pu) 3200~3900 s 0.1L [87]
ICP-MS PR 0.3 mBq(**’Pu) 12h 1000 mL [88]
SF-ICP-MS T8GR 0.24 fg/g(**°Pu), 0.14 fg/g(***Pu) 12h lg [89]
SF-ICP-MS PR 0.015 fg/mL(**Pu), 0.010 fg/mL(**°Pu) 0.5h 20 mL [90]
ICP-MS/MS PR 0.025 fg/mL(*°Pu), 0.015 fg/mL(***Pu) <lh 20 mL [90]
ICP-MS/MS ok NS TRE BT ALY 0.13 fg(***Pu), 0.08 fg(***Pu) 120's 0.1~3¢g [35]
ICP-MS/MS hut: MR UIHENTR L] 0.16 fg(*°Pu), 0.046 fg(**’Pu) 1~2¢g [39]

P A3 B 25 B vp {20 (4 44 1 A4 R 2 ICP-MS/MS
BRI ULR e 0 e i 42 . W ELERE L, Sl 4
ANFAT BOREAR S 3B I R A 5 4 T AR DL 4 T
R 2425 5 3 3k 9 YT B I A AL B R, R e L S
PR B O A BB . Ak AR L, AT ZE R AR R
LA T 78 A B B8 B 1 A 4 ), B R E T A
i 75 s 3B O R AR B T AT AR B
FEAT SRy, B82S [R)— A i A g bk 0 v T v, 5
JI AN T J5 o 5 A 2 S M A R T o S R
$ e B 00 R PRI, Ay TR] eGP AR AL Y 22
FOBCET MR R A ok T RE . R BT & Tk R Rl
Ao RV Ak 43 1 A0 R O 3k BIUAR B 0 A, 5K
SAFTEN T ARAE W R 1975 e 51 A RFE T 3% 01 %5
[7) R, A1 abb B ] 5 3 194 7 o S 4 Ak BLRE A 2

RRFE R T o i & B 2 A 3 F AL At
JEAZ RN A A U, (H X R B 2 AR A
i, HEORE I GO B R 1 ol kP o X T
o 2 2% T Ah B R 0 O T R R R R R i R
FH AT B8 by B 00 B B B A T T BT A S B
H i, 52 B 7E 2w A HOR © BN T ICP-MS
AL 8, U SR AR SR B K8 id T ICP-MS/MS
F S B AE 2R AR R, AT DL KR B e D R A
i, W ALET AL B AR, A AR . 58Ik
Hh IR BURE 47 T S Vi B 1 S B 43 BT O T A LG
ICP-MS/MS X 43 M3 H Fl1C 3% 25 KA FE A3 SR A7
e R E , At 5T 3% 2 AR AT o5 38 — g 0y #0010,
Kt %F T GED-ICP-MS/MSEPS — 26 & i 3 1 T 43
BT PE #% 28 B T F AR, 2 — 2042 48 A 1)
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G 00 G Al S M A R T . T RE I T
F RN 25 1Y = 0RO 3% (HPLC) U2 R 179
Wy TS A T ) 84 # ik (LA) 1031 45 5 ICP-MS/MS
18 506 FH B2 AR © 78 43 BT 05T M A R AR e WA R
A3 B I & RN R AR R AR B )T
B, 5 Re AR E IR 7 219 7 8 IF 4k ) 2k 4 4
W 2 BRI v, BB A A i A T & I R i A
—FERGRAE . 5 — TR ISR A AR R A . S HL
P AR LA TH I B T e 0 BE 0y o Al T A2 1 R
JEE T A8 A A A5 0, DT B TSR X 5
B il BE KV 19 B8 45 BE s SR RGOS 1Y SO R,
— 25 U SRR LA 0 B o S R
AN, TR A b 58 BB M A R BRI Y, H R
X} T ICP-MS/MS H AR 58 1 #% R KA R, 7l
W A J7 220 F T IR | TR]— 3 A8 4 4 2 AR AR
M A% R DAHR TR B R A 4R . il in 2
AR AT B R 12300 FI0240pu, FLAE T 38 W 1Y
K T i S48 7 )RR B R o0 R I WA A
R AT RS LA Y o PTc 1E Nl & ) 2448 7=
Y, A& E A ICP-MS #4713 19 S 1], {H 3Lk 5%
N, [ 507 R (Ru, ®Mo) 55 T4 7™ 8 104, % 1%
A L4 38 1 ICP-MS/MS By — YR Jit 1 %0 1%k 2
AE, T 3 A S Lt AR A ke o G 45 2R B 4
N BAE — 0 W 7 IR EAT PR AN, ICP-MS B B9 a2
T (AR AR L 58 ) FIAR HEY T (AT R
£ IC R UET ) 75 ICP-MS/MS 11 Jit 5 5% 7 45
3T 3 e 75 A8 A B A2 1F AR5 0 A 2%
AREMEWRCR, A FE ik — L E B IS
JCHLIE o ICP-MS Hy, BHRAEL (1) 43 A7 4 PN A 55 76 T
HHOME — BB LB, DRI RS T
PP AT S AR ARL, DT A RIORE TF 3 5T 4500 ALY 3
IEH%; ICP-MS/MS Hr, Jit 5 £ R HL 25 e X5 5 1 5%
M) B2 K, 1T 40 A7 00 55 A 4 R L 7 ) B R R
FH A [ 5 54 8% % 42 (B 32 A 388 2 5028 Ak 1 52 i
— 30 B R FE bR . LLEL (Co) i i, ik
$EAH [ Jo 1 5000 I bR B, LR A 2 (Co®) 5 T o
R 1 (Co(NH3); ) WA 5 I B8 22 5 B 3, T 3k
5 [F] B 42 19 N BR (Fe(NH,)3 ) B, I8 — B0k i 2% 2
B, T AHXTHCE o MRk, # ICP-MS/MS
R Z IR IR AR W 0T, AT REAEAE AN R T
E OB EE A 3 L NI NIV el 1Dt ol 7 e A
B, PRI 22 50 AR A bR 1V W TE T R B A U
T JC B 2 AH N B, R 1] T 3 R Ak 2 RN B AR

HEABL B B4R V8 0 91 2 e 5 P 242 P o A T R
LA 1A 2 80k 52 iR i 19 237Pu FI24°Pu 1Y 2
JE o Al U b eV WO E S UTH T AE S P01
S8 M — RN 7L TT A I, e BV AL 52 6 i AR
PRI R 75 2 R N B 5 i A 1 2 A TR AL, DA
DRUE S 56 1) R ERAE PR32 5 A8 R] RE A

5 B %

ZE E Pk, ICP-MS/MS Il 2 Yo [l 32, I3 &
LT PR 20 L AE R BRI T A R W
I—};J’ ﬁg%ﬂ%‘{ﬁmuﬁ;‘ﬁ;ﬁj}%ﬁu 236’238U\ 237Np\ 238’239’2401)11\
MTAmM A, 346 B R A M 5T AR A A g A7 A HOX
T Bk Ll P R R T B A
B S X T N LA USRS R, InTER% T
b A 7 B 2 N B R N 3 B R R AR
NSr, 1¥Cs 45, 1 58 S IR B 1 2 A BT . IR 2
TEARBE L . A5 YRR A S b 5 A b e 1 8B A%
%, ICP-MS/MS ¥ fE 5 1 &2 = 5L 1R T 48, K 8 I o
HA K-, M H S O B AT ICP-MS 3= B R BB
PSR T2 10714, At B S5 A AT 34 ) fg/mL, oM
e B B9 AMS. TIMS FH VT e, Ff E A e 46
BAMEFY s PRSI 0o B X BEAR BT 3
RAFAE (A [R] Pk BE 22 5, BF 98 A B oo 20 7 5 92
(9P Ak AL 2% 2 5 R &K 22 BE R W 4 /)N, JF T
BN A B 2 T AT WA S M A
ICP-MS/MS i A T BE K i 38 43 4% 2, {17 X ik
YRR AN RTE R, NFAMKRES
R FLAR M BE 7, TP R ARG E L &k H R
I 7 3 55 A0 AT I R, DA SRR X4 A A% 2 R I
J& LB JRy B, DT Sy off i T A 3k il 5 1 A R A
B rh Ve BE A3 A L B RS A DA BRI R 1
W e FRALE B AR L, PR
AH G ST PR BB 2 | i 4 55 2 U TR A
J& 55 0% 1T, F00) A o 12 AR A B R ] ) s S

R PG Bt R AR
5% ik :
(11 JTEIT,Appleby P G.3R8i2E 45 R G MGH L H R B 5
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[3]  SKARZEARIRAC NG 55 T 4 S A% 3 T A% B2
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