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Determination of 16 rare earth elements and Th and U in soil and sediment by
ICP-MS under atmospheric pressure sulfuric acid system

LIAO Shuhuan' ZHAO Zhinan' YAN Dong’ WU Jiangang'
(1. Guangdong Environmental Monitoring Center, Guangzhou, 510308, China;
2. Agilent Technologies (‘China)/Co, Ltd., Guangzhou, 510613, China)

Abstract: An ICP-MS detection method for atmospheric pressure sulfuric acid digestion system was established and
applied to the determination of rare earth elements in 52 solid standard materials (including 27 kinds of GSS soil and
25 kinds of GSD water sediment ). The pretreatment time of this method is about 12 hours. Under the optimized test
conditions, the average recovery rate of 936 effective data of 16 rare earth elements and thorium (Th) and uranium (U)
is 92% , and the recovery rate is 90%—110% which is accounted 91.1% for all data. The relative average standard
deviation was less.than 5.0% ,/and the test was repeated 35 times with RSD < 3%. The method has the advantages of
low cost, large throughput and simple operation, and the reaction system is at a normal pressure and low temperature. It
is safe and suitable for'the ‘analysis and testing of large-volume and multi-type soil and water sediment samples.

Keywords : atmospheric pressure sulfuric acid digestion, icp-ms, rare earth elements, oxide interference.

T EF HREER  BEER L0 IR G4 RO S8R 22 H 8l A SRIE TR A 3R PR A+
JCEEBAERE N R S A AR IR BT A AR X 4 [ - RS SR ST A T A R e R A N A I H L R e —Fh A B
TR [ b 26 33 R TR T s 00 & By AR A8 s gt

FI AR o0 3RE A A A B 22 2R B o | DA B I 0 TR I 6k L B e T gk ik, P b I bR o DZ/T 0279.32—
2016,DZ/T 0279.33—2016 43 3I5% FH T S 2 FIPA 31 TR v, B 5 1E GB/T 17417.1-2010 XF T4 - AU HTAL 3%
TR, T I T PR 2 T A P 5 22 0 TR 5 2 e 0 ML %) it S 5 VS A9 3, R o 0 R o T A
JEER: B o A M AR R ER AR i A B 2, £ K i A BT[] R ARG AT A BRSO A R R T e 2 Tt
FEEER A T, 1 HL R G i v %) 4 8 v G , (LA P Ay et A VA R I 0 6 D AR TG | 7 28 4 o R D0 T AR 105 AR A8 T T A o
J5 1, B T e IR V) R 40 0, LB BB % 8—10 MRER Y | LSRR B P ULE I AN 524 B

B A S5 S TR BV (1CP-MS) SEfBH S RUE , SE M Rl , vT S 200 R W A BT 4800 s B 712 1 T 38
BEAYHTA T T s ER AR B SE (HMI) B I #E— T R T ICP-MS 75K IR H 52 2 B0 (4 + 38 ) 43 B 4B sk o ik
AR T RO R e R BT, DU DR AR A TR N, W ARV E S IR SR S BOR SR A HMI



i

1k 39 %

pS

272 78

(9 TCP-MS 73 #r i ik J 1) - SEFnTLRR ).

1 3LIEER4 ( Experimental section)
L1 A 5

7700X ICP-MS ( Agilent, 3£ [F) ; Milli-Q #B4E7K 4k B4 B (Merck , 5 [#) ; EG37a Plus B3R ( LabTech, W E ) ; 14322
— 3BT R (Sartorius, 2 ) ; R LE SR (IR S fb 2= B A R AR, D) RIS RE (7 M AL hE)
PRAERRR () MAART T ED s IR R AimR iR () Mk 2=lR) T, ) ; Accu-Standard 250 E IR A FR A TR (Accu-
Standard , 3% [ ) ; GSS L3 UEFRUEY) T ; GSD 7K R ULAR A A TE AR 40 S5 ( v ) it J5 ) 2 e b 3ok 47 2l K A 2 48 255 F 5
B, ).
1.2 ICP-MS TAEZS%L

FIH ICP-MS A MIERVERAE 4k T HMI #50F ICP-MS (9 TAES B, Ik 1 .

R1 ICP-MS THESH
Table 1 ICP-MS operating parameters

HMI #55K
SHITh R 1550 W RFERIE 8 mm
Fibfn Mira Mist ( PTFE) RAEHE Pt
FE R 2C T Pt
FAb AR 0.65 L+min™! AR 4.6 mL-min"!
T B UL A 0.45 L+min™! KED 4

1.3 #¢ S b3

HERIFRER 0.2500+0.0003 g +398/ 7Kk ZRUTFMIAE S T 50 mL BUUIRZ I, ] 4 38 20K IR ke &5, 2 3im A
8.0 mL 7K 2.0 mL &R 2.0 mL (1+1) B2 )5 M 55 5 T i AR 1007°C (B HU s B A ) TUH 7 30 min 5, FHEE
180 °C LK 6 h. L R 5 U5 1 35 B F 240 C LR b EFR ORrlEE 1 h )5 4l 0.5 mL(1+1) SRR THE 2 300 °C (HH3R
e FAR FRIRLEE ) AT BMIRSE 4 TIH (29 4.5 h) 2 BN 10 mL(1+1) E/KH 3552 1, A HUS TF 35 5 31 il gtk &
X% 50.0 mL. JH -0 HB 4l K B B S A5 DU
1.4 FRifEh4k

JH 1.0% BRE R C e B2 433914 0.50.,1.00,5:00,10.00 ,30.00,50.00 ,100.0 wg- L™ AF T 70 LU K24 (Th) Fidh (U) IR
BRI 5.0% BRI Y 208 (% Ge ,Rh, Re ) AR,

2 R 57t (Results and discussion )
2.1 HAbFEAE H

ARSI SR T 5 ANRE SN ] DL 4 B9 8RR 5 B s AR A A 45 2R AN 38 2 TR, 5 4 S g e [) £ 285 S [m]
eI HE 88%+—1009% 2011 , 16 h LA L WA it S5OR B ], T LA [T Ac 58 45 155 2] 95% —100% Z [A] A SE B i 2435 M 6 h iR
o7 i [

R 2 RS ANIR] S ] PR AT 2 [l i BAm e 22 (% )

Table 2 Average recovery rate and standard deviation obtained from different reaction times

S st ] GSS-3 GSS-25 GSD-14
1h 90.9+9.5 95.6+5.8 94.5+9.4
3h 88.8+14.2 98.9+6.7 95.8+8.8
6h 97.0+8.2 96.9+7.0 99.3+8.1
12 h 97.8+8.2 100.0+6.7 99.0+8.0
24 h 95.4+8.1 96.6+6.0 95.3+10.7

2.2 THEHE

AR SEE PR AT R LT R P, 2 TR B ENICE Bu, 2 Ba ALY T BRI AR U RS R,
A5 1] (156/140) = 0.15% ,0.50% . 1.00% .1.50% LA K 2.00% (LEL WS 120 s 15 HBORE-FE- 2148 ) F % GSS-3
T Eu A Ea' P TIR, LRI SZ A TS O, 45 RN 1 BR.

L 1 AT, XS4 LA A0 T8 e A2 40 A 0 T D0 dud 28 W03 25 SR A vy, o o o T oS 23 i 55 K LA 1L
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2.3 SRRk SR
E i A O R 2 TR LA R AR HEIE 45 2 A AL (E, 2 RE 16 FhAG o0 LLURAR (Th) Al (U ) A0 &4,
JF HARYE TUPAC XK H BREGHFLE , ML D.L=K'S,/k( K" ARYE— 1 B {5 /K 0052 1 R 50, TUPAC U6 itk 2 A ik

UK =338, .28 AL YA S ROPRME IR 22 ; k- R 2R A R 30) THT SR I PR K = 3, 4551403 3.

2.4 JTILAEWIE

AR RN 2 FiR A bRvERE SN B (A, 450 52 Fp - HERE S 936 K A MG R 819%—117% , F351E R
92% , HA AR 95% L ERY & R 71.3% ,90% LA b R 91.1%, 85% LA b (5 b N 97.3%. 4% 78 AR - X An e fn 22
5.0% , 3L 16 Fp#i 702 DUSAR (Th) 1l (U) (4 TSGR 25 1 3EARAEUE S BT 7R 228 0 B N B /N T 5.0% 1%
LB PR F5 (RS 8 5 e
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Fig.1 Comparison of recovery rates of Sc¢ andEu in GSS-3 at different oxide ratios

R3 TR BB A RS

Table 3 Mass selection and detection limit results

JLE 7R K i BRZ( mg-kg™!) JLE PR KPR/ (mg-kg™")
Sc# Ge” 0.037 Th!5 Rh!*® 0.006
Y® Ge™ 0.007 Dy'® Rh!® 0.006
Lal® Rh'® 0.008 Ho'® Rh!® 0.005
Cel®0 Rh!% 0.012 Er'®® Rh!® 0.006
pri4 RR103 0.006 T 62 Rh'% 0.005
Nd'46 Rh!®3 0.014 Yb'7? Rh!'% 0.007
Sm'¥ Rh103 0.005 me Rh'% 0.005
Eu'! Rh!% 0.005 Th22 Rh'% 0.021
Gd' Rh!03 0.006 e Re!® 0.007
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Fig.2 Distribution of recovery rates of reference elements for 52 standard soils and stream sediments
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IR EPE
ARICRFHE HMI A9 1CP-MS, R T I #e e v, 76 52 AR S P BENLIHER 1 07 35 B E Wk, LA E HMI

WU ICP-MS (e e v, 25 RN 3e 4 iR BEM P& 0 R 1 BSCRTE 93%—113% 2 8], RSD <3% , il -{f 5 2 A A 14
MAERANST  IE 2 B Bk e k.

R4 GSD-12 HELE 35 LAY RSD L2 [l 4
Table 4 RSD and recovery rate of 35 consecutive tests of GSD-12

IR RSD/% [/ % JLH RSD/% I/ %
Sc# 3.00 93 Tbh'? 1.12 99

Y 0.98 104 Dy'63 0.87 103
La' 0.77 99 Ho'® 0.95 112
Ce'®0 0.66 106 Er'® 0.77 106
pr'4! 0.80 104 Tm'® 1.22 102
Nd'e 1.00 99 Yb!72 1.11 109
Sm'!¥? 1.34 104 Lu'? 1.39 106
Eu®! 1.75 103 Th>»? 0.67 107
Gd" 0.79 103 U»s 0.63 113

3

#512 ( Conclusion)

AT R R R R 2R (R RIR+ E KRR ) T % ICP-MS Bl 1 27 Fh 133 J2 25 Tk R TR WrAR dE Y B 7E4591E

ST INIRORS B B B RAR T, A RICT 24 1 RS TR P 42 T 1 A BRAR AR RS e AR ] R 2 7 e R, 48 A T
B RWAR R A T AR, B2 4 3l T Ot ik 22 2R Y - S 5Kk R DU RE 2 A I, Sy LS AN [ Fh 2R 3R 05
T IERK RO S O L oT LR T 2%
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