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L"), $hF8 (6 mol « L ') F1 0.05 mol « L' (pH 4. 60) NH,
AC bW 18. 2 MQ + em 19 Milli-Q B 4K BL i . {5
FE R A7 VRE 8 0 Fh RO A 3R A B (3 [ SPEXD, A i i K
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A FEDTECH], PURIR LB BT R 10 pg « LY, AR A DL
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3 mL 3 mol « L™ A AL B2 K IR bk e Tl 8 AR R & . W BT Ik
BR B 1A TR 5 A AR 1 AR 0% T 50 miL Al K 0 vk TR 4R
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10 pg « LT WFRHEVE T (R 36 Ba F1 BT A REEs) 7 b B &
il . 7E B EEL 220 4L, B HE<T0.5 cps, WK A + 7T F [
fEROY, *La, " Ce, "' Pr, "*Nd, "Sm, “*Eu, " Gd,
19 Th, %Dy, % Ho, Er, ' Tm, "> Yb, " Lu, JIji it 2
FEEZ THAMFEAMZN T " Nd(Ba* 0"), " Eu(Ba'’
0'"), "Gd(La™ 0", Ce'" 0, Pr'' 0"), " Th(Nd'" O,
Pri'O%), % Dy (Nd'® O, Nd'** O, Sm'7 0"), ' Ho
(Sm'™0"), " Er(Sm" 0", Nd'" 0'""), ' Tm(Eu"* O"),
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Eu, Dy, Gd Fl Tb SIC R AR 1, W0 76 1 2R 88 1 ) fig
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Table 1 Operation conditions of an ICP-MS
instrument (Elan 9000)
Parameters Operating conditions
RF power 1100 W
Plasma gas(Ar) flow 13.5 L » min !
Auxiliary Gas flow 0.75 L ¢ min~!
Nebulizer Gas flow 0.8 L » min~!
Lens voltage 6V
Scan mode Peak Hopping
Sweeps/Reading 20
Reading/Replicates 1
Replicates 3
Dwell time 50 ms

A5 A N 1 K AR R W Na©, KT, Ca®' Al
Mg [ J5 B 4 B 43 ik 10. 74, 0.79, 0.42 F11.30 g+ L',
T e A, W B R AR B R R YRR S . R WS Tk
I (n="5) Na™, K7, Ca™" Fl Mg™" [ Jii i ¥ ¥ CF- {4
AR AR UE R 22D 43 5] K (4.01 £0.77), (0.38£0.08),
(0.6240.08)F1€0.27+£0.05) mg+ L', Na", K", Ca’" Hil
Mg i £ B 2 2 B K 99.96% ., 99.95%, 99.85% Fi
99. 97 %6, K fih v 1 S A A M T A 3 B2 35 B ICP-MS 1Y ) 3
FOR o ARMEVE WD Ba BYMARYE BE 10 pg - LY, KFEZ 5
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LD pge L', R Ba fEZERGT R RA KA, IR
1 Ba (W VR S 26 #0203 A 5
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i L ABERE AR . MmN EGRINER LR E
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W W EOTRM FEAEE T LR S G . EE
AR 103 2 v R R AN S AR i IDA ML 2 — 2R S T A
EDTrA(Z Zje = L W) JE AR i3 e VR A . AT 2 2 &
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B 1 b 2% K A v A AL A 1) 25 B R T A S L AR AR R G
., UV M UV/H, O, J& % Wy L BRI R B0 7. 1
UV il 13 ] » em™ B (RGBS ] 10 min) , KIIA H, O,
LR KT DOC () & BR ALK 25% ;5 Hy O, Jbr ¥k B h
100 mg « L', DOC [y L BRak ik 63% . £ UV il
26 J + cm” I CBESFIT (] 20 min) . AR A H, O, 1% 80 F /K
i DOC B ZEBRRAUN 39% ;s Ho O, iiAR#JE S 100 mg « 17!
it DOC Y 25 BRa ik 85 % . 78 UV il il 39 J » cm “ At
CRRS I ] 30 min) ., FRANA H, O, 8 T /K& DOC #4925
BB K 50% 5 Hy O, ARk BE R 100 mg » L™ A DOC 1y %

0.5 mg+ L'ty HEAKTAHRMEEME, H O, 2
AR, FE AN KL AE ] T R DUAE ROR e A Bk C -
OH), -« OH M% L J5 i {7 &5 35 3. 06V, A LLIE SR WL
iy C—H 1 C—C 8, M mdRA HLY 0 BEff . B, UV/
H, O, XA ML 0 L BRBCR LA ] UV Bl B2 s, W 1
Jp IR A B2 R R BT (] 20, 76 pH 4. 66 1), Zid A
TR EE P & 0 R IR (n=3) 1 97% ~101% 2
[ 5 A Sk P o o 5  HR 45 £ 00 2 IIIBCR (n=3) (U 65 %
~83%, it A B S, A oc & R E 17% ~
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Fig. 2 Effect of the UV/H, 0, Oxidation

on the recovery of REEs
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94%~1012% 2 [f]; pH & 4. 66 B, S #i 70 2 19 Jin bz [0
BAEITY~10120 2 18] 5 pH Jy 4.50 B, Fr A5 #r 4 7€ % bz Al
WA 9520 ~101%0 2 [i] 5 24 pH Jy 4. 06 fif, La 1 Ce 1 bg [l
WCRAET 9026, FoAAR 002 A ks FCRAE 90%6 A by X
pH=C3. 50 I, JiF 4 Fi £ 70 % B9 0 b ] 05 38 30 B K &5 9024 DU
T, o La i Ce AR IR FEARE 700 LT . FL, pH
4.603-0. 10 w] DAJE Jy & 4L #E S i e A pH &1
2.4 TH.KRER. BRERMEIIRERE

ARSI HIAL B 5 k25 5 N, BRVETR oA, AR T UE R
SR HFRIEE Y BRASAE STT RAFE 120 min S8 AL, & L0 R
B H =10 B BT W EEAE 0. 34~22. 0 ng « L' Z ] (3% 2),
AR5 S 0 3k A e P 2 oI, B AOK . lifk HINO, 553511
o REEs 100 5 W BEARAIR » 75 B 2 2 /K AR Vi i A5 - AN 2%
A B STk . B A X R A FHEAT 10 Y, 1A L 3 A
B AR 22 15 B K 4 B (detection limit, DL) . A~ [R5 + 7602
G BRANE], AC R AR I RTE 0. 34~12. 9 ng « L' 2Z ], A
J5 B bR P BT T E AR A 10 pg o LT
AR R 00 MR FICRLE 97 %6 ~101 % Z i) HIXE
R ER 22 (relative standard deviation, RSD)TE 1. 98 % ~4. 02%
Z I,
2.5 BRAKEHERHNSTER

AT 5 PR 4R 1 7K R 2 R AT 45 30T 1 ¥ K L ] T K R I8
K s 43 BIRAE T BNV O H VI R0 P RO AR A . AE M
FORBEER e &S, A 1 mL 10 pg» L' Tm fER N
o A B 5 o A B Dl i SR, R G0 i b e i 3R 9896 ~
101% 2 0] . 3 YOFATHE S A X AR R 22 <5 % . s R

x2 REZA. KUK, MEEMENRERE
Table 2 Procedural Blank, detection limit, recovery

and relative standard deviation

Element (n]gﬁlilr}li1 ) (ng[?liff1 ) Rccoﬂvcry RSIE/,%

(n=10) (n=10) 1 =9
Y 7.30 1. 16 101 1. 98
La 18.2 6. 26 101 2.39
Ce 22.0 12.9 101 4.02
Pr 1. 69 1.27 101 3. 06
Nd 9.49 5. 40 100 2.43
Sm 3.53 2.50 98 2.22
Eu 1.22 1. 68 97 2.73
Gd 3.30 1. 88 97 2.41
Th 0. 64 3. 34 100 2.76
Dy 6. 19 2.12 99 1. 98
Ho 2.31 1. 65 98 2.57
Er 2.49 3.49 97 3.62
Tm 0. 34 0. 34 97 2.19
Yb 2.75 3.27 97 2. 06
Lu 2.63 1. 58 98 2.63

AR (2 3L K T KRR K s o Rk G A
+2 FRER 2%, n=3){H1E (0. 182£0. 02) ~ (47. 6949. 24) ng +
L2206, e R R EEARIC A2 50 8. AREZEAE R K
bR TR E 2 R A NI S FE s KA R

AP

R3 HERPOVNEER

Table 3 Determination results of samples

Costal water Estuary water

Saline lake water

Costal water Estuary water  Saline lake water

Element J(ng » L1 J(ng+ L) J(ng+ L1 Element /(ng+ L1) J(ng+ L) /(ng+ L1
Salinity 28.1%, 6. 1%, 7. 6%, Eu 0.27+0.02 0.90+0. 11 0.53+0. 04
DOC 3.5mg+ L! 16.5 mg+ L! 10.3 mg+ L7! Gd 2.374+0.22 4.78+0.42 1.9340. 15
Y 17.84+1.06 32.23£3.01 12.10%+1. 15 Tb 0.29+0. 02 0.61£0.07 0.2840.02
La 23.7742.20 31.4642.02 18.42+1.67 Dy 1.9740. 11 4.00£0. 41 1.2940.08
Ce 9.6940. 94 47.6949. 24 40.2943.92 Ho 0.54+0. 04 0.93=+0. 10 0.26+0.02
Pr 1.294+0.13 3.8040. 33 2.07+0.18 Er 2.68+0.19 3.31%+0. 39 2.59+0.23
Nd 16.51+1. 34 25.68+2.50 22.40=+1.90 Yb 2.314+0.15 4.70+£0.65 2.50%0. 21
Sm 1. 1340. 09 3.49+0. 29 1.9940.17 Lu 0.44-+0. 03 1.1440.13 0.64+0.05

U T AR IO LI, RO B K T 55 9% 0 K B R AL K

3 45 i 32 N A 1 )5 T 3 26 A i 7K A AT i b A (R R 2 A R

M T AL T AR, AR A i LU R
AP E S KA. HBCRA R I, A BF 58 8 i
UV/H, O, BALE L BRK P A BLY . AU T H LY
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Determination of Rare Earth Elements in High-Salt Water by ICP-MS
After Pre-Concentration Using a Chelating Resin
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1. Tianjin Key Laboratory of Water Resource and Water Environment, Tianjin Normal University, Tianjin 300387, China

2. Key Laboratory of Marine Chemistry Theory and Technology. Ministry of Education, Ocean University of China. Qingdao
266100, China

Abstract Based on inductively coupled plasma mass spectrometry (ICP-MS), a novel method for the accurate determination of
ultra-trace rare earth elements (REEs) in high-salt surface water was established. The interfering with organic matter in the
surface water was eliminated by UV/H, O,. The concentration of REEs in surface water is at the ng « L™ 'level, making the
quantitative determination of dissolved REEs very difficult. The matrix effect of ICP-MS is serious when the total dissolved solid
concentration is higher than 1 g + L™'. Moreover, nebulizer, sampler cone, and skimmer Cone may be blocked in the process of
measuring. Therefore, it is necessary to remove salt from the water when the concentration of REEs in high-salt water is
determined. REEs in water is needed to preconcentrate before measurement. However, the concentrations of organic matter are
usually high in the surface water. The complexation of organic matter can lead to a fraction of REEs during -pre-concentration.
The preconcentration of dissolved REEs is also a challenge. In this work, H, O, was added to the sample before the
preconcentration. The sample was subsequently irradiated with a digester, which destroyed the organic ligands of REEs. The
dissolved organic carbon (DOC) concentration in water could be reduced to approximately 0.5 mg « L', The REEs in water
were pre-concentrated through a Nobias PA1 chelating resin column. Proceed as follows: initially, the preconcentrated system
was respectively rinsed with HNO; , pure water, and NH,; AC solution in sequence at a flow rate of 2. 2 mL » min ' to remove
the possible residual REEs. Then, the column was respectively rinsed with NH, AC solution, sampler, and NH, AC solution in
sequence at a flow rate of 2. 0 mL « min~' to preconcentrate REEs and remove the loaded salts. Finally, the REEs were eluted
with HNO; at a flow rate of 0. 7 mL * min ' and analyzed by ICP-MS. A '"In internal standard was used to correct instrument
fluctuation and matrix effect. Results showed that the procedural blanks. detection limits, and relative standard deviations
(RSD) of the REEs were 0. 34~12.9 and 0.34~22.0 ng « L™!, and <5% (n=05), respectively, at a pH of 4. 61+0. 1. All
REEs could be quantitative, and their recoveries were 97 % ~101%. The results from applying this method to coastal water,
estuary water, and saline lake water showed that the recoveries of Tm internal standard were 98% ~101% ., and RSD of the

samples (n=3) were <<5%. It indicates that the method is suitable for analysing REEs in high-salt surface water.

Keywords Chelating resin; Inductively coupled plasma-mass spectrometry; Organic matter; High-salt water; Rare

earth elements
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