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Table 1 Working parameters of the ICP-MS instrument
TAESH BE A TAHESH B
PIES 1350 W M5 = kg
BES (A FiE 13.0 L/min ERE/ € 50
BB (Ar) R 0.7 L/min || 455 B2 i) /3 & 10 ms
AR (Ar) Jiie 0.8 L/min (|55t B TE 1B 4L 3
RAEHE(ND) FLA2 1.0 mm SR AR (A] 20 s
W (NDLZE 0.7 mm B TAEM  27.12 MHz

XGY - 1011A BYJ5 256 a4 ([ BBk
=t Hi Bk P BR T 27 S A 0 5 T ) o O
il 25 O BAAR KT o

ETHOS TOUCH 7 % % W % AL (& K A
Milestone 28 7] ) . 2% T 1FE 2 ¥, [ 2 T4 4 R
2450 MHz, HiJE 220 V, 312K 2.5 kW,

1.2 filbsdia i i3 265

AR IERE A 75 :p (Se) =100. 0 pg/mL, GBW
(E)080136 (RHITH ARYE S 5 A R A F]) o

TAREE U A:p(Se) =2.0 wg/mL, 53 HL
FRUEL I A B HIAREL JEE K BLp(Se) =0.
10 pg/mL],

SYIbR e I A T B B ICP — MS bRk TAE
VW 0.005 ,0.010.,0. 050 pg/mL,

SR E T P TR B L HG — AFS ArifE T4
VW 0.0125 0. 025 .0.050 0. 100 pg/mL,
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B3R AN & i 8 w7

WA K (2l i ) 2 42 1 Ak 2 3 0 A B

wED .

KCHEFRRT 18 MQ -« em, H [E RN R VE
K EARAH) .
1.3 FEmpjAbRR

e HE S AR MEY) i GBW 10010 ~ GBW 10016,
A3 IR FH 28 B0 0 0 3 A vk (R TR — = SRR TH
fiff ) 0 v 2285 DAY S0 M i EA TR A B % P LA
S Ay 3SR B HG — AFSH'Y T ICP — MSHT2 R 47
5
1.3.1  fiffiR — S AR ek T

VERIFRERL 0. 5000 ¢ A7EH) i GBW 10010 ~ GBW
10016 4355 A 50 mL BEEHEAR i A30 mLk
1%, 55 1R, 26 et A AR T 28 150°C 3
A, FRRRE R 72 2 B ISR 2 s
FhEn R R B % 270°C , FRATR AL 2 5 mL
JEBUR A, B3 2 50 mL 8, K E RS .
SYHUS mL EWE] 10 mL s i K E 5 B4,
FEA)JE I ICP — MS B 45230 7 6 1) 75 2t 5 oK 7 4% 1)
WAL H] 50 mL YB3 mL 250K, 5
FE L, & 4 IR L A IGIR T 2 270°C 0, fF
AR B vk LS AR BAE 5 mL UK, BCR
10 mL 50% £hR 52 25 25 mL, P24 o H), FR A T s
5 HG — AFS Mg & 5. B 10 425 FUBSAR,
SRE S TR AR B I 5 7S P
1.3.2 5 H 2% AR i e

HERR AR HL 0. 5000 g 5 4 it GBW 10010 ~
GBW 10016, 43 51 A S T i A N RE b o A 10
mL YRANTR , 5 DI FESE A SMRE, 47 B T O AR S
B AT A P42 2 B BRI T I

2 PR

Table 2 Procedure of the microwave digestion

g ?ﬁ%ﬂjl‘ﬂ TH fifp Ky T fifp U3
t/min P/W 0/°C
1 5 1000 140
2 10 1000 190
3 15 1000 200
4 20 - -

T B e 13 P TR %0 et /s A REE R PEE IR T
40°C P T PAURE , Ko 1 A A RO WU 5 51) 50 mL 25
R KERERES . ST S mL 3] 10 mL H
@E P KERBZIE, F55)5 1 ICP - MS FHIE
BRER5 d  FE R AR VIR AE R 1) 50 mL BEREHEM A,
A3 mL R, o LRI, B T 4l e pua L
RIELTH 2 270°CHE0, 1o o SR B e 1 M0 i P il (AR
£ 5 mL AR, BUCR 10 mL 50% EhRE 2 2 25 ml,
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Table 3 Analytical results of Se in solutions prepared with two

pretreatment methods by HG-AFS

w(Se)/(png-g ")

ﬁgﬁﬁ T RE, MR,

7 i i PR
GBW 10010 0.055 0.058 0.062
GBW 10011 0.049 0.049 0.053
GBW 10012 0.015 0.018 0.021
GBW 10014 0.178 0.186 0.200
GBW 10015 0.080 0.087 0.092
GBW 10016 0.085 0.092 0.098

PR 7 1 ) 2 B RE A, FHHG — AFS 0 5E 1Y
ZSEMEILER 4o T L A IR Ak A ot o o
R AR B IEGRAR D B b s AR A s TR R -
o SRR NI R AR b e T30 R, PR AR AESE
— TS R R RIANEE , M BRI AR AT et

# 4 HG - AFS P Sl IH I i T i A v (i
Table 4 The blank values of Se in solutions prepared with two
pretreatment methods by HG-AFS

w(Se)/(pg-g™")

il 5
PRI A A B oI A A i U
BLI 0.0127 0.0011
BL2 0.0108 0.0012
BL3 0.0096 0.0014
BIA 0.0116 0.0012
BL5 0.0097 0.0017
BL6 0.0092 0.0010
BL7 0.0091 0.0015
BL8 0.0109 0.0010
BL9 0.0116 0.0018
BLI10 0.0100 0.0014
BLI11 0.0110 0.0016
BLI2 0.0123 0.0015

2.2 ICP - MS M WiRhi i 5 bl e i g bl
SRR — 1o R N TR i R oG L A Bz o
P55 5 AR dh 8, i BEJ ) 1CP - MS AT
TRE BIAS R LI 5 IR 45 SRR W - (Rl i it 19
BRI E A5 R TR T A AU AE A, I ELA AR AR
N0 R TR T A PO AE o T 10 1O A T 368 05 T o PO
ABGUE o 0 T BRI AL, PN 25 RAH 240
BOR, FESR PRI A AER R Y . {H 1CP - MS
A E S Rk 2 R AT HG - AFS Bl E2s 2R

#5  1CP - MS g WIRNIIR 5 IR i v
Table 5 Analytical results of Se in solutions prepared with two

pretreatment methods by ICP-MS

PR HEY) 5 w(Se)/(pg g™ ")
S WA TR AR E O BRI AR

GBW 10010 0.067 0.060 0.062
GBW 10011 0.059 0.052 0.053
GBW 10012 0.025 0.019 0.021
GBW 10014 0.232 0.192 0.200
GBW 10015 0.099 0.089 0.092
GBW 10016 0.105 0.093 0.098

PRI A 75 12 TCP = MS & 1 28 F(E (WL 3%
6) A HRIE R o TR i Ak B A 25 3 B 00 2 (AR
AT LI 5 45 SR ARG 5 TR 32 7 gk Ak BE 1 =3 1
M (R, I E S RBARATRE . X 2R
T AR AL PR i N S I A /D i R R AT T A, sk
O T D TR 00 S SRS R 1 i 3 G ) 15790 FH R i
HA—SUIr A iy im0 25 B o R B I i Ak 21
PR s ) DR R L 8 32 T i, T A 2k 7 o 0 R 5 52 Wi
B30 BB FEAR T AE R 2 LR

4 6 1CP — MS I Ple {4 e A0 T R RO R 25
Table 6 The blank values of Se in solutions prepared with two

pretreatment methods by 1CP-MS

w(Se)/(ng-g ")

Bt 4
LIRS O R
BL1 0.0107 0.0009
BL2 0.0108 0.0009
BL3 0.0096 0.0009
BIA 0.0116 0.0012
BL5 0.0097 0.0011
BL6 0.0092 0.0009
BL7 0.0091 0.0012
BL8 0.0109 0.0010
BL9 0.0116 0.0013
BL10 0.0112 0.0010
BLI1 0.0120 0.0010
BL12 0.0123 0.0014




14

KA, 45 R A — PR 5 2 S 1 DR I A DM A A R R R I PR T 5

$33 %

2.3 AR PRI JT R

M bR 4 2R [ I i D i A T i A S
B S5 RRW ARG B R R, T s T
AR, (1 A o ) 3 A 1o R b ORGPl P 2
W 3 ~5 R @B B 1 h 24,0k
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SEPERNER PERR L T HG - AFS, R M AS S04 )
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2.4 JiiEKBeR

FHE SRR GO T i — ICP — MS A R 403 12
ANFATZS FURE S T2 H v G $9A PR3 A 5K
LOD =30/K( o Jg 12 Y E KRR E 25 , K Jobr ifi
AR T 7 A BR 0 0. 01 pe/g. %7
ok R AR a8 0 A A S R ) A A R .
HG - AFS fA R AL B 12 ASFAT28 RS, I E 25 B
RE G PR 7 VA R 9 0. 03 pe/g. 4K, ICP

— MS B R L HG - AFS {46 H FRAK .
2.5 JiikUERHEROR &

VER PR B MEY) it GBW 10010 ~ GBW 10016 4%
0.5000 g, >R FHI#aRz R — ICP — MS RFRIME 12 ¥, UL
T, I E LS R 7, 5286 % B, GBW 10010 ,GBW
10011 GBW 10012 py Tt /b Bk 5, KZ ROt R
Fr R, I E AR TRAR/ N, RS AAR N Bl
EARBA, (A % 5 (RSD) /38R AT LL/NT 4% 5 1] GBW
10014 .GBW 10015 .GBW 10016 1) F:4& T3 80 &8 K T
GBW 10010 .GBW 10011 .GBW 10012, X & A g
OISR, E CCT B R, XA e 4
BEIHER, BRI, A A B AR (R A 25 SRR
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Table 7 Analytical results of Se in the standard materials

- -
FRUEY) I w(Se)/ (g g ) AR % RSD/%
%5 -2 7E (E PREE
GBW 10010 0.065 0.062 0.26 1.1
GBW 10011 0.057 0.053 -0.24 1.2
GBW 10012 0.019 0.021 0.29 2.4
GBW 10014 0.213 0.200 0.16 2.4
GBW 10015 0.087 0.092 -0.48 3.1
GBW 10016 0.101 0.0980 0.18 1.0

2.6 SEhRrEM AT

O FH 5 114 e T 5 P RCIBE T i TGP = MIS T3,
XHIE AT 400 PEKREHF S A5 53 FIR A
PEAT T 00T, 4 H A SE B I A5 R FH P Bt R, 3%
8 B T A 10 PRRE AR IO IR SR o

28 SKBRAEMIR S HTE R

Table 8  Analytical results of Se in real samples

LIRRESE w(Se)/(pg-g™) || FPFEES w(Se)/(pg-g™")
IRFERFSE 1 0.035 K B3 2 0.256
IKAEHFEE 2 0.046 B KBRS 3 0.241
IKFEAFSL 3 0.058 21 0.085
IKAEHFEE 4 0.064 ZEH 2 0.074
B KEE 3 1 0.187 203 0.068

3 5k

Xt TG 5 AR R B AR A4 A A A, AS S R
JHITF RV T it PR IR i 1 3%, HG — AFS Al
ICP — MS PRl E £ AR PEFT 3 H i B, B 7 >R AL
PR 1CP — MS J7 3% 523 1 Gl A A9 o 1 00 5
B fi 1ICP - MS J7 3% By kst FR O 0. 01 pe/g,
EEE(RSD,n =12) /NF 4% 1 HG — AFS J5 %11
Kt R 0. 03 pe/g, K (RSD) /NT 10% |, iR
T ICP — MS J7 iAW AR 1R BR, $2 8 1 I e
R

AR SR FH G0 T A B A AL PR L), ok 1 i
F AR bt R T R R AR S SR A T 9 i
e AR FAY FT AL BELSS (8] 4 | 2 A FSEAR o A0 55 (L v 14 )
AL, AL T 1CP — MIS 0 5 A i Xt £ 100 75 T ) 1 56
R (B R, AT AR D o7 I 05 T i - HG -
AFS TRE 7 i R H RS2 31 3] 247 A 8 2 R e 1 52
HREZE TR

M FLEYI R AL R B 2, ARl il I e 1k T 22
T3 90) , ARME FH — b 07 125 000 5 T A 2R B A R ot , 7E 1B
O B S AR DS A RE AL AR T AR A SE BT
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Determination of Trace Selenium in Biological Samples by Inductively
Coupled Plasma-Mass Spectrometry with Microwave Digestion

FENG Yong-ming' , XING Ying-xiang'* , LIU Hong-qing' , ZHANG Yong®
(1. Anhui Research Institute of Geological Experiment, Hefei 230001, China
2. ThermoFisher Scientific ( Shanghai) Corporation, Shanghai 201206, China)

Abstract ; Hydride Generation-Atomic Fluorescence Spectrometry ( HG-AFS) with wet digestion is classical method
to determine the trace element selenium in biological samples. The analytical requirements cannot be met by low
resolution HG-AFS and wet digestion processing and carries the additional disadvantages of high quantities of
reagent consumption, lengthy processing time and production of high background values. Accelerating digestion
processing time and reducing the amount of reagent consumption have been considered as prerequisites for
increasing detection limit and resolution of selenium. In this article, samples were analyzed by HG-AFS and
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) after two different sample pretreatments of wet digestion
and microwave digestion. The method of ICP-MS with microwave digestion was established through these contrast
tests. The results indicate that microwave digestion can reduce digestion time, decrease reagent consumption and
lower background in high-pressure sealed conditions. Detection limits of HG-AFS and ICP-MS are 0.03 pg/g and
0.01 wg/g, respectively. In addition, according to the determination for national standard reference samples,
relative standard deviations of HG-AFS and ICP-MS are less than 10% and 4% , respectively. Obviously, low
detection limits and improved accuracy and precision can been acquired by direct analysis with ICP-MS. The
established method is simple to operate and can been conducted for the rapid determination of trace selenium in
various biological samples.

Key words: biological samples; trace selenium; wet digestion; microwave digestion; Hydride Generation-Atomic

Fluorescence Spectrometry ; Inductively Coupled Plasma-Mass Spectrometry



