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H RO B 25 8 1 B 5 (ICP-MS) ] £ 90 % [ i 1k
F140T , ELEAG MR B s RS %% B 4 et BRI S5
AT AR ]

2 5 10T PR T 2 2, BRI R AT T
fife , AR 0 2R A B R AT T S Sl 2
H R FH P Ak 3 a0 A 1) T 2 R P o e v I T
(R 7 TR A B ) T AR SR AR Al KR
SEARA 235 W5 A0 2 1 A B A DU i 4
JEICE Kfi +oe R Y %0y PR R B AL PR A
S, PRI S0 B 7 LU A R AS [ i Ak B 9 1
Bl sk, {7 I PR R TR MR Oy s, o AR
i 1 IC R I E BN R LS IR

1 M5 F &

1.1 RFIFA{L 2.

HSHR (P44l ) , 26 (A T K ( Promega ) , 1738 (R
S 15 PR RIR A FRERR Y R (Jb a2 R
AW W RS ERER VW, 0N 3% RIS, ¥ 10T
# 4% La Ce Pr.Nd .Sm Eu.Gd . Th Dy .Ho Er Tm.
Yb Lu.Y, & G RN 1000 pe/mL) , HaliK,
iCAP Qc HUEBGHE & 45 25 I BT 156 AL (3€ [ Ther-
mo Fisher) ,SQP J3H7r K- (12 FE L2 HT) 45
1.2 EERFIHIESH

0. 02% 5 1 K B il . #ERFRE 0. 020 ¢
fifi K, a4k 2 100. 0 g 585MRE 214 M . 2%HNO,

+0. 002% Triton X-100 & A ¥ 19 BT 1 . ¥ 5 FR X
14.0 g ¥ HNO,(68%) , i 47K 2 520.0 g, HFHIA
10.0 WL Triton X-100, FE/MA IR 215 H .
1.3 HmurahE

1301 IRV 12

WERA I 0.5 mL 4 I A & T B 2E L 48
TNARASIR 2 mL BCE 12 h BEME, 5K IE
frE g E W, ERE, H 3% MRIERERE
10 mL J& 3250 Ja EHLIGR, R A e BE 3 Ty v
YEZS EREA AT RE i SINBRRE &

1.3.2 FHfE:

BL0.5 mL A HFEAS, A 1 mL 0. 02% & 1 /i
K IZURE%5 20 s, 47 ClHEIE 3 h, B EEZE W,
A 3.5 mL 12%HNO, +0. 002% Triton X-100 & & ¥
oA fa ELA T, AR SS ARG P AT AR AL
JFRFE
1.4 WRAERTIBEHET

W IR T F IR B AR MEW , BRI 5 ng/L,
20 ng/L .50 ng/L .80 ng/L 100 ng/L 500 ng/L HFn
HER ST E | 2 bRt 42
1.5 #H&illE

A KRR RRE ST, XA 1Y 25 045 B i 47 )
e (AR RUE ALY UL S PR AR 4 T4
Frrl GBS E F AR ZOR G, RIASHOILE 1,0 In
BNBR , 730 I E A RS R 2 R A

%1 ICP-MS {UEFTIEHH
Table 1 Working conditions of ICP-MS instrument

Sampling Atomization chamber Auxiliary gas Measurement Peristaltic Scanning
Parameter Power
depth temperature flow rate mode pump speed mode
Value 5 mm 2.70 C 0.8 L/min Standard 1550 W 40 r/min Jumping peak

1.6 HEEZEEMNE

S35 RE A T AL B v B A R A 4 20
U, At AR 7 35 1) RE X s o i 22 , 3155007 10
B, AR

RSD = (SD/X) x100% (1)

U RSD S AHXS BR i fi 22 ; SD W bR f 22 ;X it
AR,
1.7 FEKGHRNE
J7 5 B A B2 AR TUPAC 2 ST
CL=3SD/S (2)
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S5 R 0 A S ok R >

P CL AR A e B 5 SD Ry 2s (AR ME R 22 5 S
BRE T A M SRR 0 FE P R
1.8 FiRERENE

TS IARAE &, TH S AR RLISCR  BFA0 )y 3 o
W, HEAX R,

TR ] I 8 = (AR A b I A A — B 5 D
{EL) /AT i (3)

2 HR5iE®

2.1 AEMEEEE

&M LT R bR L 3 R SR 2, 45
L 15 M TR AnEth R L MG B R (8K
T0.999, AT LA ITCRIEWE 0~500 ng/L HA R
UL Pk,

R2 BIRNFGEHEFEREEEXRBRE
Table 2 Rare earth element standard curve equation

and linear correlation coefficient value

Element Sandard curve equation R
La y=992. 3x 0.9994
Ce y=1110. 8x 0. 9992
Pr y=912. 9x 0. 9998
Nd ¥=390. 9x 0. 9999
Sm y=163. 4x 0. 9998
Eu ¥=620. 3x 0. 9999
Gd y=281.7x 0. 9996
Th y=1151. 1x 0. 9999
Dy y=902. 4x 0. 9998
Ho y=1204. 9x 0. 9999
Er y=561. 6x 0. 9998
Tm y=1267. 9x 0. 9999
Yb y=306. 2x 0. 9999
Lu y=1244. 4x 0. 9993
Y y=548. 9x 0. 9994

2.2 FHiEHREHE

R T AT 2 TR P R A R ) i AR A M B R
ALY o, A ENEAL R B, RIEE RS
SRR T RTAL R J7 v | SCHRHR 18 A R TH itk A P A

an, WURE R R AR, Y ARG % B8 v, i PR
G, MERARE 3 A4 B La R T AR T
S A S B0 A 3 (03 W 5 (E= 1 A
PRSI, HAC S P RE S S TR MR &, SR Ak
SRR AL FR P-4 Rl A BRI B T 2R 10 by, TN Ak
Ab RS FIRE S AN 1, R BT DU AL 3RS AR S
R EA BN G, R R E 2R, X2
PRI Ay Tt 9 A7 2 ) P 2 T Bl K s o s 0 R 2 1 g
HEE T A R /N o IR B R, (EL Il v
AR R A3, AN R SR I DA R AR
A5 X B3 T AR 1 A A, A SR AE BE TR
mm A TR DRI 1) FH B A B S R o S B R £
OB, BT ICP-MS 238 i 45 B 1A i iR A
FRONAE A A H B SR AR I 45 2 - HA IR v
K 10000 K™ i AF o A it (0 A B 2% K A 7%
R S LB B SO SE A A I A TR YRR
BITHEAT O 0 R IR ot v R S 0 TN 235 T
i 00 F G 5 BTl A2 R RE R IS 2Eis H
ICP-MS 7 B, AR B A I 25 ) ik BA AE 55 A g A
FE N, T S o5 AL AR AT I R, XA B AT B 4G
PR — AN T Al 7R T AR O Ak B
[E%E P TEE 3 h,

a b

Lo

t
r

a KU IR T AL B i 5 b - B V6 AL B AR
1 AiEEHR
a; Water bath heating digestion treatment of the sample;
b: Enzyme digestion treatment of the sample

Fig. 1 Samples after pre-treatment
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2.3 FHEKHR
& 3 MW RN 7 ik Ak B ofn R4S 2 5 I RE 4

o pl TR A PR R 3k T R ARl TR —
ANFE S BT LR A 5 2 A g B AN TR] X 02 i
NEA R 22 5 S 500, midE kR, R3]
N RS TR B R, BTN E B 15 A
Fis £ CR G HAE 1 ng/L~100 ng/L JEHE P, 5 3k
P 25 FARARE S A ST AR E TR
B B, S5 5 2= 3 i 7 i Ak vk SRR H R GE

FEI7E 0. 0116 ng/L~0. 1771 ng/L, /K IR 14 1k
2 AR BRI 7E 0. 0130 ng/L~0. 1284 ng/L,
PR U0 Y i b R A BB LRI, S A i
FEIR M T TR , JE— L HEAT PR 5
1 B — 5 1= o0 R AR PR L g AT T R R £
it 914 A 2 A6 BR7E 0. 0116 ng/L~0. 1628 ng/L Z
(], 3% 38 I T 7K ¥ n #4027 46 75 0. 0155 ng/L ~
0. 1284 ng/L, X FEM H M5, B TH L5k H R
DU EEAIR

x3 AHAENRBZEESKRUR

Table 3 Precision and detection limit of the two methods

Acid digestion

Enzyme digestion

Measured  Spiked Detection Blank  Measured  Spiked Detection Blank
Element RSD/ Recovery/ RSD/ Recovery/
value/ value/ limit/ value/ value/ value/ limit/ value/
% % % %
(ng/L)  (ng/L) (ng/L) ng (/L) (ng/L) (ng/L) ng

La 32.58 80.94 4.6 0. 0327 96.73 6.95 52.21 107. 89 3.1 0.0221 111.37 1.53
Ce 32.80 78. 47 4.9 0.0337 91.34 4.47 78.31 129.95 3.9 0. 0268 103. 28 2.64
Pr 9.67 53.84 3.6 0.0155 88.34 7.87 22.84 72.34 2.7 0.0116 99. 00 2.28
Nd 22.37 62.49 5.3 0.1162 80.24 2.48 92.17 145. 14 2.9 0. 0636 105. 95 0. 64
Sm 5.63 57.39 5.6 0. 1284 103. 51 7.15 19.37 67. 46 7.1 0. 1628 96. 19 3.26
Eu 4.43 59.69 5.7 0. 0364 110.53 5.09 8.31 58.76 7.5 0. 0479 100. 89 1. 65
Gd 6.00 66. 20 4.0 0. 0552 120. 40 9.90 54.35 101. 02 7.8 0. 1076 93.34 2.39
Th 2.20 42.23 5.0 0.0130 80. 05 6.01 9.36 65.78 14.9 0. 0387 112. 84 0.93
Dy 0.99 55.96 5.0 0. 0657 109. 94 3.14 3.40 54. 67 8.1 0. 1064 102. 54 0.51
Ho 1. 69 43.07 6.1 0. 0151 82.76 1.88 1.90 51.95 22.8 0. 0564 100. 09 0.31
Er 2.43 57.47 7.6 0.0732 110. 08 7.44 10. 53 61.48 10.5 0.1011 101. 90 1.35
Tm 1.49 45.49 9.0 0.0212 87.99 0. 81 1.03 50.25 30.5 0.0718 98.45 0.21
Yb 1.88 50. 68 6.9 0. 0675 97.61 5.09 5.72 55.72 18.1 0. 1771 100. 01 0. 64
Lu 1.36 44.19 8.5 0. 0204 85.67 0.77 1.15 50.03 45.8 0. 1100 97.75 0.19
Y 14.23 58.93 4.6 0. 0330 89.41 5.09 32.62 85.94 3.1 0. 0222 106. 64 1.65

T A I E (RO 5E (B34 5 AT SURE 25 R F- M, B i A 445 50 ng/L

2.4 AEMBEZEESZ=AME

FHARE X A 9 s 26 A7 12t 5 5 KG9 32, 3k 3
JE7R 6T W AR T R, B R b 0 R X A A
LEVEHTE 2. T% ~7. 1% 2 6], T i + i 4H Xt A o
TRZETE 3. 1% ~45. 8% Z [a], Ui B X F 52 76 + 19
T 7 6 3 A 12 A 6T A 1 i 25 AT, NG 8 B AT
2 T A 5 118 AF X A o O 22 98 L FE 3. 6% ~ 9. 0%

Z I8, BEBA % J7 B X 00 15 A 1 o0 R ok Ul
AT A o i 22 0 L A, 38 T 15 AP R oo =R
B, K I BRR AR  ZS FE AE 0. 77 ng ~
9.90 ng, Ifij A I8 1k 2 A 5 =5 HEFE 0. 19 ng ~
3.26 ng Z A, 3 WG I AL A o s P E G, B
Sl s I PRGN == /i D O K (i U i v
Eu.Th. Dy .Ho Er %,
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2.5 FERERE

FIHTIAR ECRA AN 7 i R TERA T, A3 3
KV IR T ALV 8 b [ A6 8 R 80. 05% ~
120. 40% , BEHH A& 25 1Y AR 8] IsC3R= J0 L 7E 93, 34% ~
112. 84% , M VECHE T LAAS WG 5 325 b 24 17
FE R T 0 R Y HAA B B R £ A e

ASBI ST b G35 P A AN ) i Ak BB 7 325 A6 0l
WP TR AR R B HOE VS, BRI ALk
T AL 18 T PR B TR BRI, R
THACTEE T % 58 42, B RE AR BRI ) 45 1<, #2
VRS 2%, IR 5 Rt & i ke vh 15 Fh s e R Y
RN 5 B TH P05 == FELAR, T P 1a] e, 384 fig 5
(R S AL AN 58 4, 1 T A0 B AR i DR 0 5 L
Lo ity & AR AR Lo AIIE .
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Comparative Study on Pretreatment Methods of Rare Earth Elements in Blood Samples

SHI Xue-min', HUANG Wen-liang® , XUE Bing', LI Hao-yu', WANG Su-hua'” , YIN Hai-jing'
(1. School of Public Health, Baotou Medical College, Baotou 014040, China

2. Baotou Solid Waste Supervision Center, Baotou Environmental Protection Bureau, Baotou 014040, China)

Abstract: By comparison of the advantages and disadvantages of different pretreatment methods, an accurate method for the
determination of trace rare earth elements in whole blood was established. Enzyme digestion and acid digestion were selected as
pretreatment methods, and 15 rare earth elements in whole blood were determined by ICP-MS. The result shows that the 15 rare
earth elements determined by the two methods were linear in the range of 0~500 ng, and the linear correlation coefficients were
all more than 0.999. The sample treated by enzyme digestion method was not completely digested, the detection limit was
0.0116 ng/L~0. 1771 ng/L, the recovery range was 93. 34% to 112. 84%, and the blank value was between 0. 19 ng~3.26 ng.
The relative standard deviations of light rare earth and heavy rare earths determined by enzyme digestion method are 2. 7% ~
7.5% and 3. 1% ~45. 8%, respectively. The sample treated by acid digestion method was completely digested in transparent so-
lution, and the detection limit was 0. 0130 ng/L~0. 1284 ng/L., with elative standard deviation between 3. 6% and 9. 0%, the
recovery range of 80.05% and 120.40%, and the blank value between 0. 77 ng~9. 90 ng. Both acid digestion method and en-
zyme digestion method are suitable for the determination of 15 trace rare earths in blood. Acid digestion method has the advanta-
ges of complete digestion, long treatment time and complex operation, so it is suitable for the determination of rare earth ele-
ments in large quantities of blood samples. Enzyme digestion method has the advantages of short digestion time and simple opera-

tion, but the sample treatment is not complete, so it is suitable for rapid determination of a small number of samples.

Key words:enzyme digestion;acid digestion; ICP-MS; rare earth elements





