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EMSURE); ( SPEC 2mol/L);
10.00 10.00
RF (W) 1550 mg/L ’ mgL
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Fig. 1 Flow chart of rare-earth element pre-concentration in seawater by a solid-phase extraction device
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Tab.2 Content of main matrix elements in the solutions to be tested after solid-phase extraction treatment

Na K Ca Mg
1 38.59 1.38 214.02 42.23 0.33
2 46.67 1.67 225.44 45.01 0.36
3 56.40 2.04 299.83 58.41 0.47
4 51.98 1.78 249.10 50.06 0.40
2.1.2 pH 130
120 -
= La
pH s pH 110 —o— Ce
100 - —A— Ilz]rd
pH 90 -~ Sm
23 45 6 7 8, pH < s0f 3 Gd
M o701+ —o—Tb
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H 30k —x— Lu
P ’ ’ 20F
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> pH T2 3 4 s 6 7 s 9 10
4.0~8.0 , 14 >90%, pH
ME-1 ’ 3 pH 14
pH>7 > Fig. 3 Effect of pH value on the enrichment of 14 rare earth
, , pH 4.0~7.0 elements
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Fig. 4 Effect of sample flow rate on the enrichment of 14
rare earth elements
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Fig. 5 Effect of nitric acid eluent concentration on the en-
richment of 14 rare earth elements

2.2 MEFFEEHEH
2.2.1

2.4) )

7 (n=7), S
MDL=8*%(,.1, 0.99) ( f(6,0.99=3.143),
MQL=3MDL"* 3

, 14
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Tab.3 Method detection limit and method quantification limit of 14 rare earth elements (ng/L)

139La 140Ce 141Pr 144Nd ISZSm 153Eu

158Gd 159Tb 162])y 165H0 166Er 169Tm 174Yb 175Lu

S 0.045 0.052 0.065 0.042 0.016 0.018
MDL  0.141 0.163 0.204 0.132 0.050 0.057
MQL 0.424 0.490 0.613 039 0.151 0.170

0.035 0.010 0.023 0.017 0.044 0.038 0.006 0.008
0.110 0.031 0.072 0.053 0.138 0.119 0.019 0.025
0.330 0.094 0.217 0.160 0.415 0.358 0.057 0.075
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Fig. 6 Standard recovery and RSDs of rare earth elements
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process results
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Determination of trace rare earth elements in seawater by
ICP-MS with solid-phase extraction treatment off-line

LIU Yao, SONG Jin-ming, LIN Qiang, YU Ying, SUN Ling-ling, WEN Ting-yu
(Analytical Center of Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)
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Abstract: In this paper, by optimizing the measurement conditions and comparing methods, we determined the
presence of 14 trace rare earth elements in seawater by inductively coupled plasma mass spectrometry with
solid-phase extraction treatment off-line. The seawater was pumped into a VAC ELUT SPS24 solid-phase extraction
device after adjusting the pH value. The removal rate of the main matrix elements in seawater was higher than 97%.
We determined the optimum conditions for solid-phase extraction to be of 4.0-7.0 pH value, 2 mL/min sample flow
rate, and 1 mol/L nitrate elution concentration. The recovery rate by this method was in the range 83%—108%, and
the relative standard deviations (RSDs) were less than 10%. The detection limit of 14 rare earth elements was in the
range 0.057-0.613 ng/L. The method proposed in this paper is consistent with the iron hydroxide co-precipitation
method for rare earth elements enrichment. The proposed method has high accuracy, good precision, and simple

operation, which will meet the requirements for the determination of rare earth elements in seawater.
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