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Hements in Estuarine Water with Go- precipitation Pre- concentration
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Abstract : A method for the deterni nation of rare earth elements(REES) in estuari ne water by i nductively cour
pled plasma mass ectrometry (ICP- MS using In(OH) s co-precipitation for pre- concentration has been de-
veloped. The optimized anount of In®* for the precipitation of the andytesin 1. 0 L water sanple was 80 g
at pH 9.5. The recoveries were 88. 9% 106. 9% by spiking 5 200 ng REEs standardsinto 1. O L water
sample. The blank values of the developed method ranged from 0. 04 ng- L ~*for To to 10. 17 ng- L ~*for
La. The detection limitsof the REES ranged from 0. 17 ng- L "*('Yb) to 1. 46 ng- L "*(La) and the relative
dandard deviationswere 1.2% 11.7% (n=3). The developed method has been used for the determina
tion of REEsin Yangze estuari ne weter sarples.

Key words: Estuarine weter ; Rare earth elements; o-precipitation; Inductively coupled plasma mess gec-
trometry
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1.1
Adlent 7500a (Aglent Techrologes, USA) , PHS 3C (
), pH (STANTON, CA90680, USA) , AP-01 , ,
1.2
HAd HNOs, HNOs ; Inds- 4 HO NHQ  NHs-
HO; ; 0.45; m
0.42mol - L°"  HNOs In°" 100 mg- nL "' Inds ; 0.75nmol - L°*
NHQ  NHs- HO- NHQ (NH:- HO NHQ 10 1)
10my- L*, Rh 380y g- L :
0.42nmol - L' HNOs REEs 0.0 20 50 10.0,g-L"" :
Rh 19,9-L"" (HDPE)
1.3
: , ; 20%
(Vmo; V=1 1) 24 h, 10% (Vio;  Via=1 1) 24 h, ,
3 4 0.45; m 1ol - L°" Hd 24h, ,
1.4
ICP- MS ; 1.19 kW, 5L - min*t, 1.16
L- min*, 0.7u, 1.0 mm, 0.8 mm, 1.39 kV,
0.85 kV; 0.1r/s, 0.1s, 3
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1L0L  0.45; m , 0.8nL In*" 100 ng-
mL°t Inds : NHs- H0- NH.Q pH 9.5, , ,
0.5h 0.45, m , pH9.5 NHs- HO- NHQ
,  pHO9.5 0.42mol - L°*  HNO:
150 mL : , :
10 m_ , 50, L 380, g+ L "Rh , 0.42mol-L"" HNOs
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Table 1 Hfectsof In®* content on the recoveries of REEs R %
ot Qoncertration of I’ *p/ (mg- L°Y
otope 25 50 75 100 125 150
By 21.1 95.3 82.7 88.8 82.2 72.0
*La 72.9 80.1 9.6 103.0 89.0 74.5
e 32.9 80.1 82.5 78.2 66. 4 65.0
Y 64.3 95.0 91.6 98.9 90.3 90.1
“Nd 53.3 91.9 88.8 95.0 94.5 90.5
*'an 70.3 97.9 9.7 107.9 101. 2 103.0
e =1] 62.4 95.9 %.8 106. 6 101.9 106. 3
e 66.6 100. 2 94.7 105.1 101.6 95.5
1 70.9 100.9 99.2 107.2 99.2 9.8
163 64.2 101. 4 102.1 108.5 9.6 99.0
o 71.7 103.7 100.9 11.1 101. 3 103.6
= 63.1 102. 7 100. 3 108.8 102.3 110.8
% Tm 73.4 104.3 102.0 109. 3 101. 9 103.3
Yo 64.6 101. 3 99.6 108.7 101.9 104. 7
Ly 73.5 103.8 103.9 111.2 102. 4 105.5
2.4
, 8nmg-L'In*" pH9.5 : :
2 (Blank) ,
0.04(Tb) 10.17(La) ng- L * : La Ce
[14]
(LOD) 10 (n=10
0.0 20 50 10.0y9-L"* 2 ,  0.17(Yo) 1.46(La) ng- L*
[4,9,15]

2
Table 2 Blank va ues and detection linits po/(ng- L
Hement Blank LOD Hement Blank LOD
% 1.39 0. 67 T 0.04 0.19
La 10. 17 1.46 Dy 0.16 0.35
Ce 7.24 0.93 Ho 0.12 0.29
P 1.02 0.19 B 0.19 0.18
Nd 2.31 0.76 Tm 0.14 0.24
am 1.23 0.50 Yo 0.15 0.17
Eu 2.10 0.36 Lu 0.10 0.39
[€))] 0.93 0.57
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Table 3 Cdibration curves of REEsin seawater sanples ud ng sandard addition method and recovery tests
. . Qoncentration in seawnater Added Measured Recovery
Henment uat Qoefficient
ere Equation ident 1 /(gL p/(ng- L) p/(ng LY Rl 9%
Y =0.317 2 x+4.716 0.987 8 75. 76 50.0 120. 19 88.9
La y=0.2894 x+8.8318 0.859 4 42.11 50.0 93. 38 102.5
Ce y=0.2254 x+11.234 0.8727 20.23 50.0 73. 66 106.9
P y=0.3759 x+1.375 0.999 3 4.06 50.0 50. 96 93.8
Nd y=0.0590 x+0.9333 0.988 3 15.83 50.0 62.84 94.0
Sn y=0.0554 x+0.168 1 0.999 5 3.58 50.0 53.64 100.1
Eu y=0.1840 x+0.162 3 0.999 3 3.25 50.0 51. 09 95.7
a y=0.0600 x+0.179 7 0.998 9 5.13 50.0 53.79 97.3
To y=0.3975 x+0.184 1 0.999 6 1.19 50.0 50. 05 97.7
Dy y=0.0958 x+0.249 6 0.999 4 6.81 50.0 56. 02 98.4
Ho y=0.4037 x+0.2121 0.999 7 2.02 50.0 51.83 99.6
E y=0.1334 x+0.2112 0.999 3 6.54 50.0 59. 60 106. 1
Tm y=0.4114 x+0.1091 0.999 3 1.08 50.0 51.13 100. 1
Yb y=0.1297 x+0.177 1 0.999 5 6.23 50.0 56. 08 99.7
Lu y=0.4120 x+0.104 1 0.9995 1.18 50.0 52.28 102.2
3 , (0.0 200.0ng- LY
( La Ce ), ,
( 88.9% 106.9% )
2.6
( ) 4
(RD) , 3
11. 7%,
4
Table 4 Determination resuts of REEsin ssanater sanples
oncentrationp / (ng- LY RD
Hement 1 2 3 Average s/ %
Y 64. 02 62. 89 62. 56 63.16 1.2
La 37.90 29.98 35. 00 34.29 11.7
Ce 56. 35 52.87 64.07 57.76 9.9
P 6. 58 6.23 7.39 6.73 8.8
Nd 18. 14 15.31 18.10 17.18 9.4
Sn 4.55 5.00 3.98 4.51 11.3
Eu 3.60 3.80 3.60 3.67 3.2
a 5.30 5.28 5. 44 5.3 1.6
To 1.50 1.59 1.52 1.54 3.1
Dy 5.60 5.50 5.40 5.50 1.8
Ho 2.08 2.10 1.9 2.03 5.4
= 6. 40 5.40 5.50 5.77 9.6
Tm 1.36 1.50 1.28 1.38 8.1
Yo 5. 88 5.48 5.39 5.58 4.7
Lu 1.36 1.49 1.37 1.41 4.9
2.7
5 0. 012

292my- gt
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Table 5 Andyticd resutsof sanplesfrom Yangize estuary p/(ng- LY

Hement DM 011 H15 C605 H19 10 Z001
Y 35.88 27.73 42.06 43.52 35.16 43.53 46. 86
La 54.89 5.87 19.19 14. 94 30.14 19.30 15.03
Ce 73.10 10. 14 37.03 23.76 24.31 16. 40 14. 92
P 9.47 2.55 5.61 3.63 3.78 2.81 3.29
Nd 38.02 9.83 21.59 14.72 16.92 11. 02 13. 00
am 8.25 2.75 5.15 3.90 3.81 3.15 3.57
Eu 2.62 0.85 1.23 1.33 1.42 0.82 0.64
a 9.11 3.60 5.84 4.77 5.12 3.76 4.57
To 1.53 1.31 1.35 1.18 0.34 0.98 1.31
Dy 6.70 3.30 5.98 5.01 5.35 4.52 5.46
H 1.21 0.76 1.26 1.21 1.12 1.09 1.28
Er 3.44 2.27 3.68 3.58 3.81 3.43 4.82
Tm 0.49 0.41 0. 60 0.60 0.43 0.58 0.62
Yb 2.64 1.88 2.87 3.01 3.00 2.73 3.55
Lu 0.42 0.39 0. 60 0. 60 0.40 0.58 0.71

(1]
(2]
(3]
(4]

[5]

[6]
(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

ICP- MS

PANGX, LID C, PENGA. Application rare-earth dementsin the agricuture of China and its environmenta behavior in il [J].
Environmentad Sctience and Roll ution Research, 2002, 9(2) : 143 - 148.

. [M]. : , 1995. 13- 55.
BENDER M L. Trace dements and ocean cherristry[J]. Nature, 1982, 296(18) : 203- 204.
SHABANIMB , AKAG T, SHIMIZU H. Deternination of trace lanthan des and yttriumin seawater by i nducti vely coupled plasma
mMBss ectrometry ater preconcentration with solvent extraction and back-extraction[J]. And Chem, 1990, 62: 2709 - 2714.
FIGUEIREDOA M G, MORAESN M P, SHIHOMATSU H M. A conparionaof INAA and high performance li quid chromatography
for the deternmination of rare earth eemrentsin geologcd materids[J]. Journd of Radioandytica and Nuclear Cherristry, 2000,
244(3) : 615- 618.
, , . ICP- MS [J]. , 1997, 16
(3 : 69- 72.
, , . 14 [J1. , 1998, 17
(4) : 68- 70.
SHABANI M B, AKAG T, MASUDA A. Preconcentration of trace rare- earth éenents in ssawater by conplexation with bis(2-
ethyl hexyl) hydrogen phosgphate and 2-ethyl hexyl di hydrogen phogphate adsorbed on a Cis cartri dge and deterni nation by i nductively
coupled plasma mass spectronetry[J]. And Chem, 1992, 64: 737 - 743.
ZHANG TH, SHAN X Q, LIU R X. Preconcentration of rare earth eementsin seawater with poly(acrylami nophogphonic dthio-
carbarmete) chelating fiber prior to deternination by inductively coupled plasma mess spectrometry[J]. And Chem, 1998, 70:
3964 - 3968.
HIRAIDEM, ITO T, BABA M. Mutidement preconcentration of trace heavy meta sin water by coprecipitation and flotation with
i nd um hydrox de for i nducti vely coupled plasma - atonic errisson spectromretry[J]. And Chem, 1980, 52: 804 - 807.
WENB , SHAN X Q, XU S G Preconcentration of ultratrace rare earth éementsin seaweater with 8- hydroxyqui noli ne i mnohilized
polyacrylonitrile hollow fiber membrane for determination by inductively coupled plasma mass spectromretry[J] . Andyst, 1999,
124: 621 - 626.
WILLIE SN, STURGEON R E. Determination of trangtion and rare earth demrentsin seawater by flow i rjection i nductively cour
pled plasma time-of -flight mass gpectrometry[J]. Spectrochim Acta, 2001, 568 : 1707 - 1716.
KUMAGAI H, YAMANAKA M, SAKAI T. Deterrination of trace metasin sea-water by i nductively coupled plasma mass spec
trometry interfaced with an ion chrometogrgphic separation system: effectiveness of nitrilotriacetate chelating redn as the column
stationary phase for preconcentration and €linination of metrix effects[J]. J And Atom Spectrom, 1998, 13(6) : 579- 582.
YING M, LI B. Deternmination of rare earth dements in human hair and wheat flour reference meterid s by inductively coupled
plasma mess gectromretry and with dry ashing and microwave dgestion[J]. Spectrochm Acta, 1998, 53B: 1447 - 1454.

, , . - [J]. , 1997, 16: 201 -
205.



