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ICP-MS 1 T R L VG W Z TR
G e R W= RS A 3 s I8 - AR (11~
FARHERE R 58 (HML) B fifi H13E— 2D 48 & T ICP-MS
FER IR A 2 LR (358 e Hr 4k 9 58 1, 1
PEHERE 2R S8 B BC A5 W RE 7 AT T 25 ), A
SR JFH A7 B 1 2 — S0 IR T R/ 2R Tl B T A A o
FEPRAL S IR 451 i Ll I, DL Ge \Rh Re MRS N
i, R He Blf 8452 X0 B 22 5 25 - X5 RE I T R
()T, ICP-MS Wl T LI F TR Y T 1 16 Fifs
FIUE I E SRR AEY) BRI 1 7 v 0 HER 22
FaRE

1 SZEE A

L1 R

BRAE TS UL 78 53 B rh AUl AR 9 26 % DL |
R, HHZK TS GB/T 6682 BLE R — 2K, 1
Sefdi A IEAR HEIE ., Sc.Y.La, Ce Pr.Nd,Sm,
Eu.Gd Th Dy Ho .Er Tm Yb Lu bRiEfH & (FE %
TEMFIERE) : 100 we/ml; L3 2% H B2k ic i -5
R R — B R B ICP-MS bR #E R (0,
20 ng/mL,50 ng/mL, 100 ng/mL, 500 ng/mL),
SRS A3 MrFR T 5 ( GSS17) Mk RT3 43
MIARAED) 5T (GSD11 ) ¥4 ¢l vl [ it J5 ) 2 B b Bk 4
I ER L 2E DA 5T BT, R R L TSR | U JRUR
BRI i SR | i ST Bl (R R AL 7 A R
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R A R A R, o BE 55 1Y 2R 05 2 M HE B
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1.2.2 AU TAESMF

PR JERORE 5 55 8 AR BT S < SRR 1. 55 kW,
FAL SR 1,05 L/min, i B # 1. 00 L/min,

AHRFHE 15.0 L/min, i< HE 3.5 mL/min;
FEMMAETIEEE 0.3 /s, W& 07 200 Bk, FLp 1) [A]
MO 1s~0.3 s; REERIE 8.0 mm ; REEHE J514E ; it
AFRIERGE, MBI TAESEOLE 1,

R MBEEBLIESH

Table 1 Parameters of microwave digestion instrument

Heating up Target Soaking
Stage
time/min temperature/ C time/min
1 5 120 5
2 5 150 5
3 5 190 30

1.3 REHE

FRIGRAAE 0. 1000 g T LB H i b, i 3 mL
TR ,2 mL ZUHRUAR , T T A A% 3 1 THIRLRR 7 3
AL, A5 BUE I ARAS, N 0.5 mL = &R T
P EEAME R, 1 mL RIS RS, BB E
50 mL BURL UL A T K E 25, 3850, T R 5 A5 R
D, [ B AR 25 1

2 R 536
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TH RS SR AR T, >R PR T 5 A% 1 Bk W] J5
SR T, RN R F R TR
[ R AR e R, BRI 2,
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Table 2 Isotope selection

Elements Mass number Elements Mass number
Se 45 Gd 157
Y 89 Th 159
La 139 Dy 163
Ce 140 Ho 165
Pr 141 Er 166
Nd 146 Tm 169
Sm 147 Yb 172
Eu 153 Lu 175
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ICP-MS M EM +Iu B LR F &4t h
PECHFENZEFTIRETRER L TR
(LREE) 5 0 5 H JE % £ )5 ¥ & F LREEO" 8¢
LREEOH X{ # A £ 0 R 114, LA & Ba JE LI £
JEF B XM LT R A T, Rl EXT Eu TR
AR T S,

T8/ S I it A SR A SR I R 22 i B T
PBA RO, AR R 8 T %
AR, 70 70 22 19 R MU 2 T 2k, e
UK, W HE S RE B A9 R T 153 5 1T 4 3k
AR, B TR AT R KU B (ARl oo R
1) RIBUE TR AR 2 | (RS 1 BRI AN 1 7 Hr 22
K, SRS T AEZAA A 3 mL/min ~5 mL/min
B, 300 25 11 5 4% 70 R AR VT 7 A B A S Tl
N, SERFRRREN 3.5 mL/min B, KFB5>
JTCRET BT, B B A i A
2.3 HBANERE

TR 5 4% %% PR AN B0k R S ] 9 e X 45T
R RN O, FRECE Ty 0.1 g b fE W i
GSS17, 43 5k FH N iR MR 7 X i, — A%
P A R BT R UG SR 3 b (10 mL, B
H) L1 mL AR, 1 mL EhAR 2 mL SRR, 47 B 5
T, THPWR E 160 CHE#E 2 hy 2B . 7
L3Ry vk o HoA 4% S 06y vk A7 A BRI 5E
ZER P 3, ERF N H T R IEE T A T Rl
SEAE TR T i, 5P e — 3, X &l T
FEHL AR b T A, B DU S R 8 AN R R
s T AN 785 S0 5 25 WA
2.4 SRBAE

TR e S 56 v 3 B 2 A AL AV R FR T R
PR, 2 00 o R P i SRR AR, A R A L AE
3 mL~5 mL {0 B XRS5 SR R s g,
AR S RS, B S M TR RELS S,
UL FH 5 0T 0 M 5 WA R o X A TR i 7
ARBIAFHEEATIESE, B 5T SR FH B X
SYTCRIMEGRASEN . o35 FRECE T3 0. 1000 g

PRIEI BT GSD11, #e e 56 7 1k V5 A o, SRR
FHE4YHIM 0.5 mL 1.0 mL. 1.5 mL 2.0 mL, H:Ath
s AT e SR LK 4, NERPATLLE
HE TR BB A v S R R RO o T i S 52
4 HIEWOZEDR &N 1.0 mL~2. 0 mL i}, 40 %
AR 2 B e T AR, DRI TR T e 45 2. 0 mL,
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Table 3 Determination results of different

digestion methods

Standard Determination values/ ( ug/g)
Elements value/ Low-pressure Microwave
(pg/g) closed digestion digestion
Se 5.1 3.6 4.9
Y 12.7 11.1 12.2
La 14.0 11.3 15.2
Ce 25 12 27
Pr 3.2 2.4 3.1
Nd 12.4 9.2 12.2
Sm 2.4 2.0 2.5
Eu 0. 66 0.55 0. 68
Gd 2.2 1.8 2.4
Th 0.37 0.29 0.36
Dy 2.3 1.8 2.2
Ho 0. 46 0.38 0.45
Er 1.3 1.2 1.4
Tm 0.23 0.18 0.20
Yb 1.5 1.3 1.4
Lu 0.24 0.18 0.20

2.5 R LN R

TEAL AR R AR S0 25T, 43 B 0~ 500 ng/mL
bR HERS W RE T e R AR 26, 25 W%
ZEDZE 10 WK, LA 3 4528 bR i O 25 1 H 58 0 4
B AR5 ATRN, BT A R4 BT e 3 5 045 5 5 B
E%F 0 ot Ok B R R ARG R, MO R
r>0. 9997 K HiFR A 0. 004 pg/g~0.04 ng/g.
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Table 4 Influence of hydrofluoric acid 0. 62% ~ 4. 41% , X E % (AlgC) ¥J/NTF 0.06, %
dosage(n=2)/ (pe/g) U7 o SRR T
Amount of HF/mlL
Elements Standard value
1.0 1.5 2.0 EX *ﬁ'ﬂﬂﬁ/(pg/g)
Se 7.4 7.2 7.2 7.2
. 7 5 " 0 Table 5 Detection limits of the method/ ( pg/g)
La 30 31 31 31 Internal
Ce 8 37 37 37 Elements standard Linear equation Gorrelation Detection
Pr 7.4 7.0 7.0 6.9 coefficient  limits
Nd 27 25 25 25 elements
Sm 6.2 6.2 6.1 6.1 Se Ge y=15.4735x+1. 0563x107*  0.9999 0. 040
Eu 0. 60 0. 60 0. 60 0.61 Y Ge y=87.2653x+1.5837x107*  0.9997 0. 035
Gd 5.9 6.2 6.2 6.3 La Rh y=10. 7791x+5. 6012% 107 0.9999 0. 007
Th 1.13 1.13 1.13 1. 14 Ce Rh 9/:11.7503x+1.4182><1075 1. 0000 0.070
Dy 7.2 7.5 7.4 7.5 Pr Rh y=12. 5405x+2. 3590% 107 0.9999 0. 009
Ho 1.4 1.4 1.4 L5 Nd Re  y=4.3473x+3.9247x10°°  0.9999  0.015
Er 4.6 4.6 4.6 4.7 Sm Re  y=3.5804x+5.5771x1077  1.0000  0.010
Tm 0.74 0.74 0.74 0.74 Fu  Re y=13.8281x 1.0000  0.007
b 31 52 52 33 Gd Re y=5.1368x 1. 0000 0.012
Lu 0.78 0.77 0.78 0.76
Th Re y=29.9794x+7. 8424x107¢ 1. 0000 0. 006
Dy Re y=7.3450x+1. 1171% 107¢ 1. 0000 0. 006
2.6 *%zu?gﬂ;u ;Eﬁﬁl#i Ho Re y=29.4976x 1. 0000 0. 006
Er Re r=10. 0394x+5. 6206x1077 1. 0000 0. 009
HE S50 7 v [ SRR ME DI GSS17,GSDI Tn Be  ye310o06e22028x10% 10000 0,007
R TR AT 5 UOFATINE , IR 45 R Shn i Yb Re  y=7.1396x+1.1258x10°°  1.0000  0.008
{EHCXULO Hﬂ%‘:{ 6 ﬁ%ﬂ, 16 ﬁfﬁiﬁ%‘?ﬂ"]{mfﬁﬁ'ﬁﬁi Lu Re y=22.9828x+8.9579x107%  1.0000 0. 004
F6 FAEBBEREWE(n=5)/(nys)
Table 6 Detection accuracy and precision of the method(r=5)/( pg/g)
GSS17 GSD11
Elements
Standard value Determination values RSD/ % AlgC Standard value Determination values RSD/ % AlgC
Se 5.1+0.5 4.9 2.04 0.017 7.4+0.4 7.2 0.62 0.013
Y 12.7+0. 8 12.2 0.93 0.016 43+5 43 0. 83 0. 004
La 14.0+0. 3 15.2 3.74 0. 036 30+2 31 1.73 0.016
Ce 25+2 27 2.32 0.029 58+4 57 1. 40 0. 005
Pr 3.2+0.2 3.1 2.82 0. 008 7.4+0.5 6.9 1. 83 0. 029
Nd 12.4+0.4 12.2 4.41 0. 008 27+2 25 2.16 0. 027
Sm 2.4+0.1 2.5 3.42 0. 024 6.2+0.3 6.1 1.41 0. 006
Eu 0. 66+0. 05 0. 68 1.23 0.014 0. 60+0. 06 0.61 4.02 0. 007
Gd 2.2+0.1 2.4 2.67 0.033 5.9+0.4 6.3 1.21 0.028
Th 0.37+0. 03 0. 36 2.78 0.012 1. 13+0. 09 1. 14 1.47 0. 002
Dy 2.3+0.2 2.2 1.24 0.022 7.2+0.6 7.5 0. 63 0.016
Ho 0.46+0. 04 0.45 1.57 0.010 1.4+0.2 1.5 2.28 0.027
Er 1.3+0. 1 1.4 2.17 0.033 4.6+0.5 4.7 1.43 0.012
Tm 0.23+0.02 0. 20 2.68 0. 052 0.74+0.09 0.74 1.13 0. 001
Yb 1.5+0. 1 1.4 2.41 0.031 5.1+0.6 5.3 0. 83 0.014
Lu 0.24+0.02 0. 20 2.68 0. 008 0. 78+0. 06 0.76 1. 49 0. 009




%6 PUIE S E TR

T A% 2 TR it — PR R 15 55 8 1 R I LS RC AR P s 1R 123

SR P IR — S 9 A 1R 1A % T BT e - S RN
FRUIRE S, R FH A 0 T HERE R GE /Y 1CP-MS, L) Ge |
Rh Re JiIRA WAL IE, R He filfi 3 #5TH bR £
JEF B X RN T R T, T - e
(16 FhFE +IC3 . AR 0T 29T RN B JE] A
f2 ) AL $E T T AT AR BRAOR  FEARBUAS , A ih 2k
LMERT, T VAt PR O % B2 S5 48 bR 240 0 2 43 B
BUR A TR RR 2 A = S UT AR AR b
FICEME

SE 3k :

[1] REEAE, TN, EIL00 24 2150, T 20, 7
I — FLBAI A S5 B IR BT R A RH T A
i £ IC R[] 164 0H1,2016,36(7) : 39-45.
WuBC,YaYH, Yan HL, Li Y H, Yuan HY, Wang
J M. Determination of rare earth elements in tungsten ore
and molybdenum ore by inductively coupled plasma mass
spectrometry with alkali fusion[J]. Metallurgical Analy-
sis,2016,36(7) : 39-45.

[2] #T0g, s R0 0], R 0. BB & & 8 TR IS
(ICP-MS) 32 72 Hit i KF f o 25 s + o0 28 4L 4l
[J]. P EIHHrE,2016,6(4) : 20-25.
Dai X F, Dong L M, Jiang Z M. Determination of heavy
rare earth element, Th and U in geological samples by in-
ductively coupled plasma-mass spectrometry[ J]. Chinese
Journal of Inorganic Analytical Chemistry,2016, 6(4):
20-25.

[3] #AHETS, BESCR SLR/ N, EHE X R R, BRI, 22

BT oAbk, DURRYA T - B B S B TR R SIS S

MEH G T ZMouR[T]. 0Pl =, 2016, 35
(11): 1312-1316.
HuY Q, Cheng W C, Zhi Y C, Wang Y B, Zhao L C,
Wei L, Li Z Y, Zhang J L. Simultaneous determination
of 11 elements in chromites by inductively coupled plas-

ma-atomic emission spectrometry with HCI-HNO,-HF-

HCIO, digestion method[ J]. Chinese Journal of Analysis
Laboratory ,2016,35(11) ;

BG VLI, TGN R0, A, T, 5% R BXL. W
PRV — FLBRR &  B T T Bk 2 s A 1S

MEITE[T]. Bk, 2022,41(5) . 789-797.

1312-1316.

Zeng ] P, Wang J S, Zhu Y, Zhang N, Wang N, Wu L
Y, Wei S. Determination of 15 rare earth elements in ura-
nium ore by open acid dissolution-inductively coupled
plasma-mass spectrometry[ J |. Rock and Mineral Analy-
sis,2022,41(5) :789-797.
BB, K 22 MG, U B, BRI KRR, 2.
TR A5 B T M DU b SRR TR 2R OT R
[J]. ik %= ,2005,24 (8) : 58-61.
Zhang X Q, Yi Y, Jiang Y M, Su'Y Q, Tong Y D, Liu
Y L, Li X. Determination of multielements in geological
samples by inductively coupled plasma mass spectrometry
[J]. Chinese Journal of Analysis Laboratory, 2005, 24
(8): 58-61.
R R INVLE, B3 VPR IR A B P
o — FELJEEORI 13 20F 2 7 AR ik DU AR A 4 4 v 40
Fiisie TC R [ 1], 09 # A Bk AL 2
(3): 527-533.

R, 2016, 35

MaSF, ZhuY, Sun HB, Wang L, XuJ Y, Wen H L.
Determination of 40 elements in lead sulfide ores by in-
ductively coupled plasma mass spectrometry with pressur-
ized acid digestion of samples[ J]. Bulletin of Mineralo-
gy, Petrology and Geochemistry,2016,35(3) ; 527-533.
F03k, B, IMES REF RS, £ dLk

P B A B IR BRI E R L A 15 Fb G
TUER - PURN A AL BEVE R LL B[], At 2014, 33
(1) 12-19.

WuST, Wang Y P, Sun D Z, Wen H L, Xu C X, Wang
W. Determination of 15 rare earth elements in rare earth
ores by inductively coupled plasma-atomic emission spec-
trometry: A comparison of four different pretreatment
methods[ J]. Rock and Mineral Analysis,2014,33(1) .

12-19.



124 [T o5 46 3
[8] 2B, TVE KGN, NESE, T4, RERE, k. 1 Simultaneous determination of 50 elements in marine
PR VA — H B B 5 B T IR S [R) s 0 5 b SR o5 sediments by microwave digestion ICP-MS[J]. Marine
iR 1 28 M RIT R[], A5, 2021, 40 Environmental Science,2021,40(4) :611-618,624.
(3) :340-348. [13]  kbss, T3, %5, TEB. SOk MM - BB G 5
Gong C, Ding Y, Lu HC, Bu D L, Wang L H, Xiong BARBE R E RS PM2. s R &Rt E[)]. &
T, Zhang Z X. Simultaneous determination of 28 ele- Hride6 = ,2017,36(7) :841-844.
ments including rare earth elements by ICP-MS with five- Zhang M H, Wang L, Xu R, Wang ] M. Determination
acid dissolution[ J]. Rock and Mineral Analysis, 2021, of metalelements in PM2. 5 by inductively coupled plas-
40(3) ; 340-348. ma mass spectrometry and microwave digestion [ J].
(9] #a/hmi,Z=/Nt, ARk Ak, B RE 7 5 BB A S T Chinese Journal of Analysis Laboratory, 2017,36(7) ;
RFSENE S 7 PR T REm ] R ES 841-844.
Hr,2016,36(7) : 56-62. [14] 0K, KRB ZMA phiede, o Ak, b R R
Yang X L, Li X D, Zou D H. Influence of sample disso- TC. 1 FERAE A R G - E BRI B A R
lution method on determination of rare earth elements in T #E AT R TR &R )] 6% 5
bauxite by inductively coupled plasma mass spectrometry T4 ,2022,42(6) 1 1822-1826.
[J]. Metallurgical Analysis,2016,36 (7): 56-62. Wang B, Zheng S F, Li W C, Zhong K H,Gan J L,
[10] ZEBEZ, BB, &0 spkds, T atss. Sk M i - o Yang Z M, Song W Y. Determination of rare earth ele-
B B A S B TR BRI e e 8 Fh & JE T ments in imported copper concentrate by inductively
1], A8, 2022,41(3) :374-383. coupled plasma mass spectrometry with high matrix in-
Li X Y,Wang Y, Jin C,Zhang L J,Wang J Q. Determi- jection system[ J]. Spectroscopy and Spectral Analysis
nation of 8 metal elements in soil by high-resolution in- 2022,42(6) :1822-1826.
ductively coupled plasma-mass spectrometry with micro- [15] FHLLEE, 20K, EhopioR. r Joohl & 45 2 - (4 5T o v )
wave digestion[ J]. Rock and Mineral Analysis, 2022, FE I I AUORE W R [ ], 3 A ik 56 &, 2005, 24
41(3) :374-383. (10) :80-83.
[11] MR BB A, Bl s i — R & S5 T 1A Yang H X, Li B, Ma X R. Determination of boron in
JEF RS B A e 8 Fh e 4 R U R (Y it blood and sperm by inductively coupled plasma mass
[J]. BA9 —fh 220 W, 2019,55( 1) :63-67. spectrometry (ICP-MS)[J]. Chinese Journal of Analy-
Yang Y Q, Zhao C P, Zhao J. Determination of eight sis Laboratory,2005,24( 10) :80-83.
heavy metal elements in soil by microwave digestion in- [16] THATRE, e, BRI, FE 28 &, BT, Al B
ductively coupled plasma atomic emission spectrometry G BB TR BTG 1 RE G KRR P 20 R e BTOC R
[J]. Physical Testing and Chemical Analysis ( Part B: [J]. 9645007 ,2017,37(12) ; 15-21.
Chemical Analysis) ,2019,55(1) :63-67. GuX Q, Shi Y H, Qiu L, Tang BY, Qin H Q, Yang
[12] THSE, 206, BAaen, 0, B 7 IA. Bk - K. Determination of twenty impurity elements in nanom-

ICP-MS [l S8 i A DA ) h 50 FhOTZE[T]. WevE
BERlF 2021,40(4) :611-618,624.

Wang J H, Li Z S, Huang J S, Yang F, Yang X J.

eter silica fume by inductively coupled plasma mass
spectrometry [ J ]. Metallurgical Analysis, 2017, 37
(12):15-21.



55 6 1 X B R — S SRR A% 2R TR i it — PR R 15 55 8 1 B I LSRN L AR P O s 10 R 125

Determination of Rare Earth Elements in Soil and Sediments by Microwave Digestion-inductively

Coupled Plasma Mass Spectrometry with HNO,-HF

LIU Lu"?, MENG Jian-wei'*, LIU Ai-qin'*, ZHANG Ning'*" , GE Min"?, LI Long-fei', ZOU Jia-jie'

(1. Hebei Research Center for Geoanalysis, Baoding 071051, China;

2. Key Laboratory of Mineral Resources and Ecological Environment Monitoring Hebet Province, Baoding 071051, China)

Abstract: As strategic national mineral resources, rare earth elements are prioritized in the national soil background sur-
vey program. Consequently, the development of analytical methods enabling rapid and accurate determination of rare earth ele-
ments in soils and sediments is of critical importance. A method for the determination of rare earth elements in soil and sedi-
ments by microwave digestion-inductively coupled plasma mass spectrometry with HNO;-HF was proposed. The samples were
completed decomposed by a mixture acid of 3 mL HNO,- 2 mL HF in microwave digestion tubes for 0. 1000 g of sample. The
microwave digestion instrument is programmed to rise temperature (5 min to 120 °C, keep for 5 min; 5 min to 150 °C, keep
for 5 min; 5 min to 190 °C, keep for 30 min). The optimization experiment results showed that the best amount of hydrofluoric
acid was 2 mL. The removal of HF was required, with Ge ,Rh Re as the mixed internal standard elements, using He collision
mode to eliminate the interference of polyatomic ions, the sample solution was directly determined by inductively coupled plas-
ma mass spectrometry which was equipped with HF-resistant injection system. The correlation coefficients of the calibration
curves for all 16 rare earth elements were greater than 0. 999 7, with detection limits ranging from 0. 004 pg/g to 0. 04 pg/g.
The rare earth elements in the certified reference materials were analyzed in accordance with the established experimental
methodology. The measured values fell within the acceptable error range of the certified values, with relative standard devia-
tions (RSD, n=5) ranging from 0.62% to 4.41%. The logarithmic concentration difference (AlgC) remained consistently
below 0. 06, confirming the accuracy and reliability of the analytical method.

Key words : microwave digestion; inductively coupled plasma mass spectrometry; rare earth elements; soil; sediment





