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Abstract:In the light of a large number of regional geological surveys and polymetallic survey tasks, sodium
peroxide alkali fusion-ICP-MS, high-pressure closed digestion-ICP-MS and pressed powder pellet-WD-XRF methods are
respectively established to determine 15 rare earth elements in soil , stream sediments and rock samples.Detection limits of
three methods are 0. 011-0. 173 pg-g™',0.001 2-0.009 7 pg-g',and 0.06-5.42 pg-g ' Detection limit of high-
pressure closed digestion-ICP-MS method is significantly better than that of other two methods.Relative errors ( RE% ) by
three methods are —6.5-6.6,—11.2-3.6 and —9.7-12. 7, respectively. The precisions (RSD% ) are 2.4-8.8,2. 8-
8.2,and 2. 4-9. 4 respectively.Both accuracy and precision meet the requirements of DZ/T 0258—2014 “Specifications
for Geochemical Investigations in Multi-Target Areas (1:250 000)”.Experimental results show that the pressed powder
pellet-WD-XRF method is limited by its high detection limit and cannot be used to determine geological samples with
extremely low rare earth content. When high-pressure closed digestion-ICP-MS method is used to determine rock samples
with complex mineral structure, the individual measurement results are seriously lower than the standard value.The
feasibility of alkali fusion-ICP-MS in practical work has been verified and the measured values close to the true values,
which is the most suitable for the analysis of large-scale regional geological survey and polymetallic survey tasks.

Key words; inductively coupled plasma mass spectrometry ; wavelength-dispersive X-ray fluorescence spectrometry ;
geological samples; rare earth elements; alkali fusion
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1 SLIEEH

1.1 NB|RIIEEHE

Xseries I ICP —MS ( Thermofisher, 3¢ &) , {{ &%
TR 2 VRO A RS R E AR (<1.0%)
FLHLAT (<3. 0% ) 7= 2% AH AR5 B B AR A, X
W EESECR  FETR 1300 W, % EAA
13.5 L/min, 4 By S & 0. 75 L/min, AL i &
0.85 L/min, K FEH#E FL A2 1.0 mm, A BUHE fL 12
0. 7 mm , F$ 77 AR Bk Ficdl R AERTH] 60 s,

Axios WA AT X HF TSI (far 22 MR 4h
BEAW]D)  FETAERM N B RKIIF 4.0 kW, K
WL 60 kV, B KHLTE 125 mA, #5500 X D648,
Super Q 5.0 %14, BRE-33 RUKy K EAEHL ( H A
maekawa A F]) .
1.2 FRERBEZERF

Fii £ IOCEFRUES I 100 me/L AR R R ([H
FA 4R SR T bl ) #5096 K
BRFGRE WA TR 2% FHIE

'“Rh " Re IR A WA R R (E XA 048 L H
TRR AR A 0) £ 10 ng/mL, AN 2% 6l R
B '“Rh. " Re bRUfEf & BOE BT

HEST. WD-XRF AZHE Mk AR AED) I . 7 bk
GBW 07103 ~ GBW 07108, GBW 07121 ~ GBW
07122 ;7K ZUTF bR EE GBW 07301 ~ GBW 07308 .
GBW 07310 ~ GBW 07312, GBW 07301a ~ GBW
07305a .GBW 07358 ~ GBW 07366; 1 3 Fr ke GBW
07402~ GB W07408 .GBW 07423 ~ GBW 07430 ,GBW
07446~ GB W07451,

BOGESE : ICP-MS SER] WD-XRF JENEM G Gaths LT RV EAR - 245 -

JIr s B ER IR | AR AR | ok A AN L g
afi (2L A A A R A A . SEE KA
gfi7K (L PH%E =18 MQ-cm)

1.3 HmMTLESHAZE
1.3.1 SaAANBIZE B E

FREC0. 100 0 g #EaH THI B, A 1.0 ¢
I E AN IR AT, TN 0. 5 g i S AL ANl T RE L
], & T 700°C 19 S35 b g Al 15 min, U, 7792
HEZ WG, 80 mL K $2 W, 78 B #4 Ak I i #4
15 min, F B R, IS SR IE AR U8 AR T 2 UOvE
F 2% S EACBNEE TR 5~ 6 IR, B UTTE 5 B 4R
A 8 mol/L fiff B& v i # i fff, b e DB 4G, B OBE 2
25 mL, I, BE RS 2 (2 .

1.3.2 Z/EZEHH M

FREL 0. 100 0 g # i T2 I FE AR 1 R U IR &
WSINEET A 1 mL HF 0. 5 mL HNO, , 5 5 VU4
Ol bas EAARNENEN, frBNES, T
190°C 1415 48 h, BU W HS P35 BUH N EE, 7/
Pl BT 200°C#ZE T, MA 1 mL HNO, z8 K &
TOKEE A RR . PSR E B4 AE 2 R, A 5 mL
1+1 HCL, B E TANE T, TR 130°C R iR
3 b, BUL A HD TR 25 mL, R BE R 565 2 4y
SH.

1.3.3 WD-XRF # &% %

PRI 4.0 g, BOATRIFER RN R AR 3R
LIEHRENARR  AE 35 MPa JE J1 FAR-EF 30 s IR L
AL A R, S BDIN B A TR AR
FE AR T RSV A By 1R A S5 4,

2 ZR5iTie

2.1 ICP-MS EFHEAE M NRIEFIMRIE

B 38 1 N B AN A RE W8 %o JE AR RGN kS B R AE
FH AT LA RS RN R PR I AS | e
AR B BRI T 2 -5 FERE P A N A
AFAERE o 1 JEAAR T DL e AR W b 3 A e R IR
W] PRI AR S HP 3 B A R Ak 24 A A 5 B AR AP
9 "“Rh Al ""Re MUCEAE R NAR, FENE 140t
Rl =E LR A AR,

i LU RS T R 2ok A F4AMAY . 2R
TETMETEFA R, 78 1ICP-MS 434, Py 4
LR , et L SRR PR A LT R AEAEE TR,
VRS e AR =R 7 EIE A S o - R a8
BRI T, SRR E AR, gt R H
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2.2 WD-XRF EEFN SIELEERKIE

®1 BAEERTFHETF Axios P L X DA i KAk
SATIR 3 % PR FETHET JEM 60 KV, FEAE T2 X B RE R AN IR | Biiz B
N 193 Rh 1% Re — A BGRA Ko 35N, AW TR 1 Ko 15Z00 B
0 Ce 3R ¥ Re - LSS, A SO BRAZH Ko Z6VE R0 Br4k, Hik
141 py 3R 197 Re — HH L Rigk, Hrbx T2 o B2 i La 24k
HONd "% Rh ' Re FMo'°0} RO R EM T R T, R
*Sm "Rh, "' Re - LB1 ZAE R ok,
B " Rh, " Re #Ba'0" Fis 170 R A AL SZ A I3k £k T 40 ™ &, i H 32
6d WRh,"Re Ce°0'H® MPrI00" P Ba Fe Mn.Ba Cu,Ni Co W ZICE L RiFLm Tk,
b 'R, "Re HINd°OTH" N 0" PRt A T 46 e 2 B AR Seh e — 1 LiF220
“by  Rh PR Ysmi®0” P AN BRI AE R X R A A P
*“Ho “"Rh.""Re *sm'*0" IR E BRI B, FE K 0 A S 40 A B
e R Re N0 FSml0" ] LA RS e I o BRI I B S5 S TS
' Tm '®Rh,'"Re P Eu'f0* AV
MY PREPRe edror ST MAE K X SR BT, B BE R 41
Fle RE R Tror SR EIR U, DI HRE S R 5 AT R 7
v TR TR - Wy ORI AL ALy T AT ML |
# 2 WD-XRF NE&£M4EFHILL
JLE GIRIE= LLZN MBS/ wm  HLE/KV LI/ mA 20/(°) PRI 5 Tk
La Lo LiF220 150 60 60 82.917 FLY Cs LB1
Ce La LiF220 150 60 60 79. 041 FL Ba LB1
Pr La LiF220 150 60 60 75. 407 FL La LB1
Nd La LiF220 150 60 60 72. 154 FL Ce LB1,Ba LB2
Sm La LiF220 150 60 60 66. 262 FL Ce LB2
Eu La LiF220 150 60 60 63. 589 FL MnKa,Nd LB3,Pr L2
Gd La Lik220 150 60 60 91.941 FL Nd LB2
Th La LiF220 150 60 60 87.903 FL Sm LB1
Dy La LiF220 150 60 60 84.237 FL MnKB1,FeKa,Sm L2
Ho Lp1 LiF220 150 60 60 70.711 FL Co KB1,NiKa, YbLal,Lu La2
Er Lp1 LiF220 150 60 60 67.763 FL Hf Lal,Ho LB2,Er L4
Tm L1 LiF220 150 60 60 65.117 FL Er LB2,Ho LB2,Cu Ka
Yb Lp1 LiF220 150 60 60 62.410 FL W Lal,Zn Ko,Ni KB1,Tm LB2
Lu Lp1 LiF220 150 60 60 59. 981 sc? Zn Ko, Cu KB1,Yb LB2
Y Ka Lik220 150 60 60 23.742 SC Rb KB1

T OW AUE 8 s QIR

TR 57 28 AT R B ) 25 3 53 10 5 o
o ARSI 54 A HIEAUR R DIBW E R
— A EY) B T AR A 417 (19 Super Q BFLR G %

EREA AT IR, He, Y Yh T 4R
Hram i/ Rh Koo FER WO AR IE SR AT HeArf
TICER A RBOLHATRE e T IR ES

FHALIERS, F5 % Fe Mn . Ba Cu Ni Co W % LK
L RIEL % IELEN, [FBIE K Ca Fe A1 Si (197 &
DI IE AR TEE
2.3 AERHER

ICP-MS 32 (4 H B2 23 il 2% 12 2
25 PRI, TR 08 5 WA 3 TAE S BOR 122 E i
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TUER M i, TR 25 SR hn M IR 22 19 3 5% BT X5 Lz A9 vk Hip, 0.011 0.0018 0.72
FEAE A 5 Bk H BR (# B& IR 7 DF =~250) , WD-XRF 146N 0.022 0.0025 3.03
DR R R 3 A58 o055 1 B0 A o i 25 Fir % g 4G 0.012 0.0012 0.73
i F A () TR E R R 51y 0.011 0.0041 0.25

LOD = (3/m) ./1,/t, (1) 158 Gd 0.035 0. 0029 0.75
Ko, m N EITECR L, M ST ECR 5, R 19y, 0.028 0.0021 0.14
Epnear G 163 Dyy 0.015 0.0013 0.08
3P A AT AR B AR L on R A BR S T 199 Ho 0.030 0. 0046 0.13
223, 3P I g &5 R4 0.011 ~0. 173, 166 0.011 0. 0065 0.15
0.001 2~0.009 7.0.06~5.42 pe/g; = &% P M i 19Ty 0.029 0.0013 0.13
ICP-MS 946 H BRI 2 A T 080 1CP -MS 32 F1ky 2y} 0.012 0. 0068 0.06
KHER WD-XRF %, X2 TH% W RE S, R P Lu 0.019 0.0043 0.09
AR IR /b | [a] I BEARR T PR BE XA i 1y 75 %, Yy 0.013 0.0044 0.47
MIARIE TR H
x3 FEWHR ng/s 2.4 HEBRENBZELLR
i FEAR S SIS T 1k i S AR, 0 R bR o
LE Lo 14 5 D BRFES YT GBW 07401 ( S J6 VT PG R4S EE ™ IX 5 A 400 ) |
ICP-MS#K - 1CP-MS K WD-XRF % GBW 07120 (ALHPE LLI47 S ) 1 GBW 07309 ( #iX
e 00 0007 > ILIUBWY ) 4 12 GYIATINIR, J 500 i e M 1
40 Ce 0.173 0. 0097 5.42 FRE S R LE G T3 4
x4 3MAENERERENSTE
A ICP-MS 32 5 R 2% P T A7 ICP-MS AL WD-XRF %
JLER B bR . #(H gi)% RZ)/ Tl *(H :;ii)ﬁ RZ)/ T Tj{?i)% RZJ/
La  GBWO07401 3442 35.3 3.7 4.6 35.2 3.5 6.6 36.5 7.3 2.5
GBW07120 2.3+0.2 2.21 -4.0 5.5 2.21 -3.9 4.9 — — —
GBW07309 40+3 41.7 4.2 8.1 38.9 -2.8 3.9 37.2 -6.9 4.5
Ce  GBWO07401 70+4 68.7 -1.9 4.0 68.0 -2.8 3.7 65.7 -6.2 4.8
GBW07120 4.6+0.4 4.85 5.4 6.4 4.35 -5.3 5.3 — — —
GBW07309 78+6 81.7 4.7 3.2 80. 8 3.6 4.6 75.3 -3.4 4.3
Pr GBW07401 7.5+0.5 7.73 3.0 7.1 7.23 -3.6 4.6 8.26 10. 1 6.3
GBWO7120  0.60+0. 14 0.59 -2.1 5.5 0.55 -7.7 4.8 — — —
GBW07309 9.20.8 8.99 -2.3 4.3 8.79 -4.5 3.5 9.44 2.6 5.2
Nd  GBW07401 2842 29.3 45 8.8 28.8 2.9 5.1 26.7 -4.6 4.8
GBWO7120  1.96:0. 14 2.06 5.3 5.4 1.85 -5.6 4.2 — — —
GBW07309 34x2 32.5 -4.5 5.6 32.1 -5.7 3.9 36. 1 6.3 3.5
Sm GBWO7401 5.2+0.3 5.03 -3.3 3.9 4.91 -5.6 4.0 5.07 -2.6 3.4
GBWO7120  0.40+0. 05 0.42 5.5 8.4 0.41 1.8 6.6 — — —
GBW07309 6.3+0.4 6.72 6.6 2.4 6.12 -2.8 5.3 5.83 -7.4 4.4
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B ICP-MS i T B AN A7 ICP-MS 7% WA WD-XRF %
TLHR bRk bR . X2 RSD/ Tl AXFiR2ZE  RSD/ - X% RSD/
(RE%) % (RE%) % (RE%) %
Eu  GBW07401 1.00. 1 1.04 3.7 5.9 1.04 3.6 5.1 1.03 3.3 4.5
GBWO07120  0.082+0.019  0.087 5.8 7.2 0. 080 -2.9 2.8 — — —
GBW07309 1.3320. 06 1.37 2.8 6.1 1.36 2.4 5.9 1.36 2.6 4.6
Gd  GBW07401 4.6x0.3 4.30 -6.5 2.9 4.35 -5.5 4.6 4.31 -6.3 3.1
GBW07120  0.36=0.08 0.35 -3.9 3.2 0.34 -6.7 4.9 — — —
GBW07309 5.5+0.4 5.39 -2.0 7.8 5.14 -6.5 5.5 5.67 3.1 2.4
Th  GBWO07401  0.75=0.06 0.79 5.7 3.9 0.72 -4.6 3.5 0. 80 6.6 4.2
GBWO07120  0.054£0.010  0.056 3.2 6.8 0. 051 -6.0 4.4 — — —
GBW07309 087+0. 09 0. 85 -2.8 4.1 0.79 -9.6 3.0 0. 86 -0.7 3.8
Dy  GBWO07401 4.6+0.3 4.82 4.7 5.2 4.38 -4.8 7.1 5. 14 11.7 3.6
GBW07120  0.28%0.07 0.275 -1.8 7.3 0.26 -8.1 5.0 0.26 -7.4 3.8
GBW07309 5.120.3 5.36 5.1 7.6 4. 68 -8.2 6.4 5.73 12.3 5.5
Ho  GBWO07401 0. 87+0. 07 0.91 4.6 7.0 0.79 -9.0 3.6 0.98 12.7 4.9
GBW07120 (0.045) 0. 048 5.9 8.8 0. 043 -5.0 5.9 — — —
GBWO07309  0.96=0.07 0.99 3.4 5.5 0.90 -6.6 4.6 1.02 5.8 4.8
Er  GBWO07401 2.620.2 2. 66 2.3 6.5 2.50 -3.7 8.2 2.43 -6.4 4.7
GBW07120 (0.17) 0.18 6.0 5.8 0. 16 -5.2 7.1 0. 16 -6.3 6.0
GBW07309 2.820.3 2.71 -3.2 6.0 2.68 -4.2 6.7 2.97 5.9 9.4
Tm  GBWO07401 0. 42+0. 06 0. 43 1.1 6. 1 0. 40 -5.8 6.2 0. 40 -5.3 6.4
GBW07120 (0.024) 0. 026 6.6 6.5 0.022 -7.5 3.3 — — —
GBWO07309  0.4420.07 0. 45 3.1 7.5 0. 40 -9.2 7.0 0.42 -4.0 4.6
Yb  GBWO07401 2.720.3 2.61 -3.4 4.8 2.53 -6.3 6.1 2.98 10. 4 3.8
GBW07120 0. 15%0.05 0.14 -4.2 3.9 0. 14 -10.3 5.5 0.16 7.4 6.4
GBW07309 2.820.3 2.93 4.6 3.8 2.65 -5.5 5.2 3.06 9.4 5.1
Lu  GBWO07401  0.41x0.04 0. 44 6.3 4.8 0. 40 -3.8 4.7 0. 43 5.2 8.0
GBWO07120  0.023+0.007  0.020 2.7 7.4 0. 020 -8.7 4.5 — — —
GBWO07309  0.45+0. 03 0. 48 6.2 3.6 0. 41 -9.7 3.0 0. 41 -9.7 3.0
Y  GBWO07401 25+3 26.4 5.7 7.9 23.0 -8.0 5.2 26. 4 5.6 5.2
GBW07120 1.920. 4 1.99 4.5 6.0 1. 69 -11.2 3.9 2.02 6.0 4.9
GBW07309 27+2 26.0 -3.7 2.8 25.7 -5.0 3.9 25.2 -6.7 3.5
TE =" TR LR R,

HH % 4 AT, 3 oy 3 0 5 1Y) 1) 5 HE A0 T 7
TR WA X R 2 (RE%) 439 -6.5 ~ 6.6,
-11.2~3.6.-9.7~12.7, K5 % & (RSD%) %+ |
2.4~8.8.2.8~8.2.2.4~9.4 i )£ DZ/T 0258—
2014( 2 HAR X I b Bk fb 27 8 A KIS (1:250 000) )

MIESR, (HASTE Y2 WD-XRF 1 BRI 2T
BRI HAE % B UL T 000 0 e R 4% A O i 1CP -
MS & HIZ 3 4 PR, S At iEY it GBW 07120
KI5 - IC R AR EE AL T WD-XRF 75K
BRI (A T 58 I WD-XRF 3552 2K H BR
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(14) BEL ) AN i Iz FH I3 o AR A1 %) b B R

12 4 WA, R % LS i 1CP —MS 3 X 1k
T 0 3 P 0 2 e R AL W R R (N o &5
SAHRIE AR AR, JE IR AR L e R R E Y
b, U BH R B[R] %) = e R R RS, it ) 0
S LIRS A AR R 1 0T 2R SEUIRIR 2 A YV
ALY, BARR T ERR A Ak RSB T IO G
HAEFAT DA SR E 2 (R SRR AN S Bl
IR TR e L R E WA T S, T
MELE RAmAE "™ 28 b Ak, % 58 5] M i ke 5 Fh
X Em AR R A AR R B 1CP-MS YA
B B S BSR4 R AT 43 A KA o Y DXk
T N £ 4 R AT 5
2.5 WA ICP-MS &[T SR

J T BUERRIE ICP-MS 324 S2Pr TAE Ryl 47
PE XN SIS LR L 2 4 g SRR T
DX P IR 42204 1) X A 25 b T 9 A v 800 N iy
AT RE , B 20 AR S —HER, 2t 40 ditik, &
HEUAEA—AE AR HEY BT GBW 07105 1E R Wi f
RS T W 8] R A WA B s {4
TARIEAE LTIl Ze 2 N, D)3 BH I i 45 SR T 5 4K
I R OB S S ol Sl N i Eo e s B 2 e
EA G, B AT, 38 W, 40 S HER Y
GBW 07105 1 15 /N Fis 4 o0 K 4= 3B 12 i oK
B 141 T GBW 07105 H 4 MRFRICEK B 5
HillE, AT AR L AREITTE La Sm Tm Y B2

72

(a)La

1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40
H

(b)Sm
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(EH A AR, EXAREEH %)

TERZHE e DS H A B A A4
LN BT TCP—MS 35 REAS Bl 2 I a0 A2t Y
ES‘RO

BTN A A 114 DX el S 3 A A 22 4 T b
1255, R T 3 S8 AL BN BRI - 1CP - MS | 51 Hs %5 1A 1R
7 -1CP-MS FIH# K K A ~WD-XRF 3 Fh 20 Hr 7 30
E T KRV RS AR 15 Fhfs Lot R,
7o TR 2 AL Y i —1CP — MS ¥ F A 1 BR B 8 00 T Wb
ICP-MS EHIB R A WD-XRF ;3 FhJy gl 2
) [ G AR A T A 0 28 A AR VR 22 ( RE %) DK
R (RSD% ) Y93 /& DZ/T 0258—2014( £ H Fx IX.
I R AL 2 R A BT (1:250 000) Y AU ER . B6E T
B 1CP-MS YA 7E LR TAE i ml 474, U 5
IR FUSAH, Bl A AT 43 B R o A DX bt 5 A
BMZ & RIS,

FETER LS, OB A R - WD —-XRF 2% B 8K T
JERLIEER I HORE %5 B2 L T 0800 F1 4% A IR 1 1CP—
MS ¥ fH2 A2 20k BR e 4 BR il AS B Rz A 1 D3k
i - S AT 4 b SR i s Q% T W 45 0 52 2 Y
FARER R T - 1CP - MS J: AR MESE 2T T
AR EEA PRI 25 38 A 7 A o0 28 D e 45 SR
WAL TAREE L,



- 250 -

S 3k

[1] EARl, F#0. M e R BRI [ M A5 BR 2
1989.76-88.

[2] Smith M P, Moore K,Kavecsdnszki D et al.From mantle to critical
zone ; A review of large and giant sized deposits of the rare earth el-
ements[ J].Geosci Front,2016,7(3) :315-334.

[3] Ak, T, Fh A 45 F RN A 45 B A & S i il
FERR B A 1S AR TR —DUR R B R A AR ()]
Wi, 2014,33( 1) : 12-19.

[4

[

Karakas S Y, Gaga E O, Dogangiin A, et al.Determination of major
and rare earth elements in bastnasite ores by ICP-AES[ J]. Anal
Lett,2004,37(13) :2701-2709.

W/ N B2 AR W, S BB S T ot - U A AR B T IR S
ENE 24 By R ER LT R [J] 06480 81,2011,31(3) ;
11-16.

[6] Wiethan B A, Nascimento P C, Colim A N, et al.Determination of

[5

[

rare earth elements in vatural water samples by rapid sequential
high-resolution continuum source flame atomic absorption spectrom-
etry (HR CS FAAS) and inductively coupled plasma-mass spec-
trometry (ICP-MS) [J].Anal Lett,2019,52(13) :2057-2068.
BT , BRBELL, SR My W B AR = X SRR DO 5 L I E Ml
BOtE it PRS2 [ )] R0, 2019,39(9) :39-45.

[ 8] Nakayama K,Nakamura T.X-ray fluorescence analysis of rare earth

[7

[

elements in rocks using low dilution glass beads [ J ]. Anal Sci,
2005,21(7) :815-822.

(9] JAIE>%, XIASHE  HEFERA. B ICP-MS TR %E A A1 R bl P i 4

[l

(k3% 243 W)

[6] Spilker B, Randhahn J, Grabow H et al.New electrochemical sensor
for the detection of hydrogen sulfide and other redox active species
[J].Journal of Electroanalytical Chemistry,2008,612 (1) ;121-
130.

[7

[

Radford K J, Cutter G A.Determination of carbonyl sulfide and hy-
drogen sulfide species in natural waters using specialized collection
procedures and gas chromatography with flame photometric
detection|[ J] . Analytical Chemistry,1993,65(8) :976-982.
[ 8] Ishigami M, Hiraki K, Umemura K, et al. A source of hydrogen
sulfide and a mechanism of its release in the brain[ J ].Antioxidants
and Redox Signaling,2009,11(2) :205-214.
[9] Zhang C,Wei L,Wei C,et al.A FRET-ICT dual-quenching fluores-
cent probe with large off-on response for H,S: Synthesis, spectra
and bioimaging [ J ]. Chemical Communications, 2015, 51 (35):
7505-7508.
[10] Olson K R.Is hydrogen sulfide a circulating * gasotransmitter” in

vertebrate blood [ J ]. Biochimica et Biophysica Acta, 2009, 1787

FAX AL L

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[11]

[12]

[13]

[14]

[15]

F41EFE3H

47 28 AR ITE [ 1] B4, 2010,31(2) :120-124.
REAT, TN, EI L0055 B — i B 1 45 0 T I B i i )
AR A R L OTR [J].06 &5, 2016,36(7) -
39-45.

TR TR A, 55 T HRRIE A4 2R ~1CP - MS [7] il &
HuJSTRE f R £ % 46 AT [ ] BT ,2016,37(2) : 186~
192.

Masson P, Dalix T.Comparison of open digestion methods for the
determination of rare earth elements in plant samples by ICP-MS
[ J].Commun Soil Sci Plan,2016,47(16) :1866—1874.

Navarro M S, Andrade S, Ulbrich H, et al.The direct determination
of rare earth elements in basaltic and related rocks using ICP-MS;
Testing the efficiency of microwave oven sample decomposition pro-
cedure[ J].Geostand Geoanal Res,2008,32(2) :167-180.
AR, 255, A (e T A - P S 5 5 B T A B
SE MR P TR L) ] e i i aE 41, 2016, 35 (2) :235-
240.

BRI, BT AN, A6 TR R MO e S 2 P ¥ R~ ICPMS
SE TR R £ TR (1] A, 2014,33(2) 1 186-191.
A, R S, TG A6 T 286 P At — PR 5 45 o TR 5
T SE SR A T R TR AT BT R UR L] AT,
2018,37(6) :40-46.

XIBEEE 78/ NHT WK S RE R 6 B & T X R DL IR0
SEMFPETURRY) K R VT A A3 ERE S b 15 A TR
[T].184: /M7 ,2018,38(5) : 11-16.

UK HELEL B A 55 B T IR T R R B I [ M ] e e
LT A, 2005 :147-151. 1

(7) :856-863.

Zhou X, Lee S,Xu,Z C,et al.Recent progress on the development
of chemosensors for gases[ J].Chemical Reviews,2015,115(15):
7944-8000.

Yin J,Hu Y, Yoon J.Fluorescent probes and bioimaging: Alkaliam-
teals, alkaline earth metals and pH[ J].Chemical Society Reviews,
2015,44(14) .:4619-4644.

Zhao C, Zhang X, Li K, et al. Forster resonance energy transfer
switchable self-Assembled micellar nanoprobe : Ratiometric fluores-
cent trapping of endogenous H,S generation via fluvastatin-
stimulated upregulation[ J].Journal of American Chemical Society,
2015,137(26) :8490-8498.

He L,Lin W,Xu Q,et al.A new strategy to construct a FRET plat-
form for ratiometric sensing of hydrogen sulfide[ J].Chemical Com-
munications,2015,51(8) :1510-1513.

Chao W,Lv W,Zhen X, et al. A FRET-based fluorescent probe for
imaging H,S in living cells[ J].Tetrahedron Letters, 2013, (54) :
6937-6939.1



