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A Method for Determination of Soluble Rare Earth Elements in Soils
by Inductively Coupled Plasma-atomic Emission Spectrometry

Cao Xinde Zhao Guiwen Zha Lixin Fang Nenghu Wang Jianfei
(Dept. of Chem. , Univ.of Science and T echnology of China, Hefei 230026)

Abstract A method was described for the determination of soluble rare earth elements
(SREESs) in soils by inductively coupled plasma-atomic emission spectrometry (ICP-AES) . Sepa—
ration and preconcentration of SREEs from extraction solutions of soils were achieved with
M gCl> as a carrier at pH= 10—11. T he influences of pH and M gCl2 on SREEs recovery were in—
vestigated. M atrix components of Ca”,Na", Mg2+ and Ac were removed to minimize interfer—
ences and improve sensitivities. T he recoveries of SREEs are 88%—110% . Results of sample
determination are satisfactory-

Keywords soluble rare earth elements( SREEs), soil, coprecipitation and separation, inductive—
ly coupled plasma-atomic emission spectrometry(ICP-AES).
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MgCl , Mg (1) 1CP/ 6500
s (PE ). 1.
(2) NaOH, NaAc, HAc, HCI,
1 MgClz, ( ).
1.1 1.0mg/ ml ,
1
1) 1)
/ nm /pg® g / nm / pg® o
0. 65kW La 398. 85 0. 007 Dy 353. 17 0. 003
15L/ min Ce 418.66 0.03 Ho 345. 60 0. 003
0. 3L/ min Pr 417.84 0.03 Er 369. 27 0.01
1. OL/ min Nd 406. 11 0.02 Tm  313.13 0. 004
15mm Sm 442. 43 0.02 Yb 328. 94 0. 0009
1. 4ml/ min Eu 381.97 0. 001 Lu  261.54 0.001
ls Gd 342.25 0.01 Y 371. 03 0. 0007
24 . 10 Th 350. 92 0.01 Se 361.38 0. 0007
1lg 10ml
Imol/L. ; Ca
R .ICPAES
12 [12.13]
(1)SREEs , H= 11
p
(20 ), 1-5 pH4. 8NaAc— MgCl ,
HAc , 30min( 1860r/ ,Mg™
mln) ) s L4l ) ’ Na+ ’ AC_ )
Caz+ Mg2+ ,
(2) 10g Fe''  Al™
S50ml, 10mg MgClz2, 2. 5m120% s ,
. 4%NaOH pH= 11, Na“,Ca™ Mg”
, , , 2 Ca,Mg,Na REE
( 0.45um) , 2% Ca Mg) Na' Z REE?
NaOH 2, 3, / ug® ml™ 400 80 1500 4
Na+,Mg2+,Caz+ , Ymol/ L ! pg® ml™ ! 18.2 17.7 8.5 4.08
HCl ( ) % 95.45 77.87 99.43 102
D) D) | ~ 5 7
Imol/L HCI 0ml,  ICP-AES. 1CPAES :
3 SREE Ca,Na, Mg !
2
2.1 Ca Na Mg Ca Na Mg
' Jeml 1370 1439 745 330 1399 47.6
pH4.8 NaAc-HAc furm26.1 3.9 29.5 140 3.2 29.2
Ca” ,Mg” ,Na' Ac % 92.95 99.71 60.40 95.76 99.77 38.24
ICP-AES REEs 1) ICP-AES
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pH
2 Mgclz
1 pH 1.La2.Ce 3.Pr 4. Nd 5.Sm 6. Eu 7.Gd 8. Tm 9.Y
4
lue I ug / g /% I / ug /%
La 11. 88 2.16 14.2 99.07 La 47. 45 10. 78 57.78 95. 88
Ce 13. 64 2.37 15.74 88.61 Ce 53.43 11. 86 63.78 87.26
Pr 2.32 2.74 4.90 94. 16 Pr 6.53 13.70 18. 68 88. 68
Nd 6.52 2.50 9.17 106 Nd 34. 40 12. 51 46. 33 97.76
Sm 1. 64 1.55 3.05 91 Sm 5.50 7.73 13.60 104. 8
Eu 0.43 1.36 1.68 91.91 Eu 2.55 6. 80 8. 68 90. 15
Gd 1. 69 1.56 3. 10 90. 38 Gd 6. 00 7. 80 13.03 90. 13
Tm 0. 068 1.20 1. 19 93.50 Tm 1. 00 6.01 6.70 94. 84
Y 5.58 1. 66 7.39 109 Y 32.35 8.30 40.75 101.2

S REg 4673 171 63.52  98.19 S g 2011 8550 28139 93.91
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10g 50ml, ICP-AES \ (
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(87%—109% ) ,
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HCLHNO: lug/gla e 119 La 4.75
( 3) ) Ce 1.36 Ce 5.34
0 0.8 / Pr 0.23 Pr 0. 65
’ - Smol/ L Nd 0. 65 Nd 3.41
) ) ’ Sm 0.16 Sm 0.55
, Eu 0. 043 Eu 0.26
Imol/L HCI Gd 0.17 Gd 0. 60
Th 0.01 Th 0.10
Dy 0.23 Dy 0.65
10.0 Ho 0. 008 Ho 0.078
9.8 Er 0.007 Er 0.16
- Tm 0. 0068 Tm 0.10
9. 6f
g | o HNO; Yb 0.023 Yb 0.15
EE 9.4 ° HCI Lu 0. 007 Lu 0.02
0. 56 3.24
9.2 Y Y
Se 0.013 Se 0.048
90— o s 7.0 REE 4.67 REE 20. 11
c/mol-L_‘ z SRE El) 4. 67 20.11
> sREE2 502 21.07
3 HCL, HNOs  lug/ gla % 7.7 47
1) ICP-AES 2) 7]
2.6
2 2 -
Na+,Ca+,Mg+ Ac 3
? f—
SREE. 4 5, SREEs
2
: ( ) SREEs |
2
20 8%.
lw [
iio 4 o ﬁ*ﬁi B B
= . HON :
-+ 2 ’ s
3
¥ 1
&
S . .
La Pr Sm Gd Dy Er Yb
Ce Nd Fu Tb Ho Tm Lu
1 Essington M C et al. . Aplication of Trace Rare Earth Ele—
ments in Agriculture- Soil Sci- Soc- Am. J. , 1990, 54: 385
4 2 . 1987, 8(4): 42



70

19

L1995 13(1): 74

,1991,10(6) : 73

,1993,21(3): 370
, 1994, 25(3): 138

, 1992,24(4):219

Walsh J N. The Simultaneous Determination of the Ma—
jor, Minor and Constituents of Silicate Rocks Using ICP-
AES. Spectrochim. Acta, 1980, 35(2): 107

Hoyd M A, Floyd M A, Fassal V A. Com puter-Controlled
Scanning M onochromator for the Determination of 50 El-
ements in Geochemical and Environmental Samples by
ICP-AES. Anal. Chem. , 1980, 52( 13):2168

Mclaren J W, Berman S S. Simultaneous Deter mination of

Major, Minor and Trace Elements in M arine Sediments by

11

12

14

15

ICP-AES. Anal. Chem., 1981, 53(12) : 1802
Crock J G, Lichte F E et al.. Determination of REEs in
Geological Samples by ICP-AES. Anal. Chem., 1982, 54:
1329
Larson G F, Fassal V A Zr. Coprecipitation for Simulta—
neous M ultielement Determination of Trace Metals in
Seawater by ICP-AES. Applied Spectrosc. , 1976, 30: 385
Maessen ' J M J, Balke ] and MdeBer ] M. Preservation
of Accuracy and Precision in the Analytical of Low Power
ICP-AES. Spectrochim- Acta- part B, 1982, 37(6): 517
Buchanan A S, Hannaker P.Inductively Coupled Plasma
Spectrometric Determination of Minor Elements in Con—
centrated Brines Following Precipitation. Anal. Chem.,
1984, 56: 1379
Slanley E C. Multielement Analysis of 54 Geochemical
Standard Samples by ICP-AES. Geostandards Newslet—
ter, 1981, 5(2): 133
ICP-AES
, 1986, 14(7) : 486

(L3F65M)

10

11

12

illuminated titanium dioxide. J. Catal. Lett., 1990, 4:
345354

Dibble L A et al. . Fluidezed Bed Photocatal ytic Oxidation
of Trichloroethylene in Contaminated Airstreams. Envi—
ron.Sci. T echnol. , 1992, 26: 492—495

Nimbles M R et al..Direct Mass Spectrometric Studies of
the Destruction of Hazardous Wastes. 2. GasPhase Pho—
tocatalytic Oxidation of Trichloroethylene Over TiO;:
Products and Mechanism. Environ. Sci. T echnol. , 1993,
27: 7132—740

Yamazki-Nishida S et al.. Photocatalytic degradation of
trichloroethylene in the gas phase using titanium dioxide
pellets. J. Photochem. photobiol. A: Chem., 1993, 70:
95—9

14

(),1993 22(4):59—62
Peral J et al. . Heterogeneous Photocatalytic Oxidation of
Gas—Phase Organics for Air Purification: Acetone, |-Bu-
tanol, Butyraldehyde, Formaldehyde, and m—Xylene Oxi-
dation. J. Catal., 1992, 136: 554—565
Yunfu Sun et al..Evidence for aSurface Dual HoleRadi-
cal Mechanism in the TiO, Photocatalytic Oxidation of
2, 4-Dichlorophenoxyacetic Acid. Environ. Sci. Tech-
nol., 1995, (29) : 2065—2072
Mao Y et al. - Identification of Organic Acids and Other
Interminates in Oxidative Degradation of Chlorinated
Ethanes on TiO, Surfacesen Route to M ineralization. A
Combinated Phtocatalytic and Radiation Chemical
Study- J- Phys. Chem -, 1991, (95): 10080—10089



