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# E: BN AL A S AR5 1% 1k (inductively coupled plasma mass spectrometer, ICP-MS)ill & &
i TP CER R AR, PP ALE A TP TR S REIE TR A . B BRI 8 FIORIR R [
FARUEY) A R ARSI RE o SE 0 A5 EE ATk, RIS *0Se VARSI H AR, SR FIRE A I A P bs Al
5% N EER AL S5 T X RE S A0 o0 28 B s aEA TR o S A X EEE SR, A BTt As B ke S il T R A o
XPE R EEANAROTR S T SR W R R A R ARSI ol DA SR T, W)
S A S DR T T e R R O 3 A 15 55 ;. LA 5.00~100.00 pg/L 3 FBI P 42 B KA A 26 1 56 2R (1r°=0.999),
Kt BR 7 0.002 mg/kg; BB KK . TR G R IR B TR SRR R, R R RO ISR £ SR
A 1.472 mg/kg, BRG] AR E TS RO 0.123 mg/kg, PR TS P R e
0.169 mg/kg. 451 TEALMIAY 6 S b, IR RHFIE | S22 K S0t A A R A ot v B ARG A, Gk
PN B N =gEi

KRR A SRS AR B AR Tk

Optimization of determination conditions of selenium in food by inductively
coupled plasma mass spectrometry

ZHAO Chen-Xi, GAO Jia, FU Zhi-Bin, CHANG Feng-Qi’

(Hebei Provincial Center for Disease Control and Prevention, Shijiazhuang 050021, China)

ABSTRACT: Objective To optimize the conditions for the determination of selenium in foods by inductively
coupled plasma mass spectrometry (ICP-MS), and to investigate and analyze the selenium content in foods in Hebei
Province. Methods Eight national reference materials with different matrices were selected as the test samples, and
the experimental conditions were optimized. At the same time, *°Se was selected as the test target. The selenium
content in the samples was determined under the optimized conditions of collision mode, internal standard and 5%
isopropanol. By comparing the results, the content of selenium in dietary samples of Hebei province was analyzed to
provide guidance for residents to supplement selenium through diet. Results The matrix interference could be
effectively reduced by using collision mode and internal standard addition method, and the signal intensity of

selenium could be greatly improved by adding isopropanol; the linear range was 5.00-100.00 p g/L (r* = 0.999), and
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the limit of detection was 0.002 mg/kg. The highest content of selenium in nuts and seeds was 1.472 mg/kg, the

highest content of soybean was 0.123 mg/kg, and the highest content of duck meat was 0.169 mg/kg. Conclusion

Among the 6 kinds of food tested, the selenium content in nuts and seeds, beans and bean products, meat and meat

products is relatively high, and the selenium deficient people can increase their consumption appropriately.

KEY WORDS: selenium; inductively coupled plasma mass spectrometry; optimization
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M 1817 4EEA, AMTXERAF R WA Foo R 2K
MR ICE B RIS BB AT B SRR, WiT
REHUE . PR MAT YR . BRAETEIhAE . BUEAL . IR
SR AR A S R v PR A 8 g 4 T A P A5 3 ok b 22
AT . L TG R e A YR B IhRE, R TR
HEMAH N YR DT M EER LRz P B
KRN B Z TR 228 40 ZRE0, ol . K8
TS G R A A S AT HAfC
KIS E SRR TG EARAS, T A i AT
50~250 pg/d, il 7 i LR (46 ST ) H 800 pg/d™. P
S AR A FR T 2 R AR T

H Ak i) 5 gk 2R 2, a0 etk
PN B e B Y | R R A S TR R

(inductively coupled plasma mass spectrometer, ICP-MS)!'? |

SN LA OLREE | s A 55 B T R R DL
5 o Herp U I ST AT R 2 8 T v
BEECA) iz, T H AL R T2 % p R PR E
B TR TOERA AR B, T R R AR A AR
Do X TR A A AGIN, P SR 45 268 1 7 PR B S
i, JFHAE S S TS U A RN A 20 R, 2

MCEEH EMEM S HERIR TS THL, %0
TR EA “Se. "°Se. ""Se. *Se. ¥Se LK ¥Se,
I HEA SRR, ERPRERE, SEa R
BEA, JF HAFAE ) Kr, Ar ZIRF B FHTI0. BT,
AHFFERH ICP-MS Kl AE i Hp (G 28, I A BAE
i B AR I ST A7 AR ) 2 T T ) R, [ s 4 5 il i A
S I St (T 2 T S L S BT A 55 oA AR R o
FHeo IEH R TSGR, ERNIERFIMAZ
TS A P R R 0] LA SR AT 4 5 S o B, LAt —
P2 = AT R R AR o AR SCIRI B X 8 AN [ 3 i (L 4%
MR BRSE . IS )7 A Y R AR R T A (R
FFAGIN, LB R T 35 A6 I 2% 12 X5 S (] o 349 T ok 3
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1.1 E5RF

iCAP Q Hi Bl & 45 & A B [ (32 [ Thermo A H]);
MARSS T T X (ZE 1E CEM 22 H); GM20 Eai iR s
HLAEE Retsch 23 #)); DTD-20 HER{L AL A S @R A
FR/ZN]); BAS2223S T43 2 —KF-(fii [ Sartorius 23 #).

TR (65%, srHrat, i Bk T Al); SN R g A,
b atil SR A W], TR (CL3-19IMKBY1, 3 [H
PE A H]); L KRFRUEY) B (GBW10012), I Fg/INEARMEY) R
(GBW10046) ., ZM-FriEYI BT(GBW10016) ., it AruEY)
JE(GBW10020), B F1RARMEY) I(GBW10014) . X AR
Y 5 (GBW10018) . ki DI br #E ¥ 5 (GBW10024) . J& ff
(GBW1005 1)(|H FARHER BT 0); =4k (d ELIR).
1.2 HmRESHHE

AR SEBG BT R U B SR R E T AR RE BE .
AR 4 AT KR B i 5T dy . el fr, Horp
AIEREHE . RNE. KR B, BERKE, 52K
T2 R PR R R A, SRR i 369 1
1.3 BIERE
1.3.1 AFEHRATA

EK . FEIFEFRAEYIR 0.3~0.5 g T THEAH A ™,
BN 7 mL R, #FEIR, H, TN, e A,
B, AR, T 120 °C &P P EAFVNT 1 mL,
BUE TR, FZEKERZE 10mL, H ICP-MS &,
132 #Hsara

IURE ST B RSy, BT RTF 500 g, FHWR
PEIRSIPLEAFIRS], BORSIFERR Y 0.3 g T TRk i
BN, A7 mL iR, #EER, TNk, KH, HE
il s R, AR LR 1, e R B, AR
X, 1E 120 °C &4 FHBREEFV/NF 1 mL, B F=E,
FHZEMKEAZE 10 mL, £, f,

®1 WKHBRER

Table 1 Microwave digestion procedure

/W EJHEE/min REREEZ/SC BREERE] /min
1600 10 100 20
1600 10 150 20
1600 10 180 40
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1.4 {UERFH

ICP-MS iU, PLEvsfEiER, s KH# 10 min, [
PG TR, EEAMUER R . B . PR L
HL A SRR R A A AR A I R, B SR I 2 A tn e 2
JirR o

1.5 RERIESRERE

S B AR AR TR R T SR L, LS 1 B E T R
XESEY T T, IR TR S0 SCRAE dh TR S b B,
PRAERE b B2 — P8, B3O e A B TR 50 5 0 2 1R K e o
THIERET, B AR A G g S R R EA T A R
di s CEATRESR ORI R B A BOAGI, A AR 5
Xk SR AT ARSI, AR S T A 0 A AR BICE] | e
MR CAGI, TN 5% 5 PN TV W S A D 2 PR B e %, )
SE AN R ST i, (RGN 45 53 B VA

1.6 HELIEBS 5

W 5E 4 RNy Excel Bdin)F, R SPSS Soit#fit
ATEAE AL B

2 FER5HH

RSt brg s

62 RS T F5 & e 2%, K vh s D0 4 ) 437 R
A Se. ""Se. "*Se. ¥Se LI K #2Se, Hh AR KA N PSe,
B2 Ar ) B Ar, 76 m/z=80 Ab R T4, T 7"Se.”Se
SZZEFET YACCL LK A BTN R
8Se . MSe. *2Se 433 i 1 1E 7 78 Se=—0.0304348xKr
805e=—0.195652x*Kr. ¥Se=—1.0087x**Kr #ATHKIIE, Hlifi
B NE A S NREER, 3R 3 FoR, e N &
AN EATRT, EEWE 6 &K, tafEdztagsm
S SRR A B Rl A X 10 435 SR v . e A AT AR T
e, I Hik#R 6K 2Se 5 *2Se 10 H bR G AL S Y
EEVEEE . A ARG IER, At R AR
Xof B DURE S AR R 2R A [ A R 4 7Se . T¥Se
$2Se, AN ZE T LEAREEIE R N SRR, AT
JREEEL *Se ., *'Se. *2Se A B MR £ R AER P T AH
Xt KR S EAR AR R B TR A 78Se . REfERSUT
VeI AL ""Se . *7Se AT LAASF HERG ARG I 25 R

2.1

&2 ICP-MS (&Y
Table 2 ICP-MS instrument conditions

FAEGR B /mm HE 35 /(1/s) FALRFE/(L/min)  HHEIRFE/(L/min) A HIS R 3 /(L/min) BEAY
5 40 0.985 0.8 14 1550
3 RNRAHIE S (mg/kg)
Table 3 Selection of detection mode(mg/kg)
PRl ECY SN
FRUER BT (3 R )
"Se Se 80Se 2Se "Se Se %Se 82Se
£ K(0.013~0.029) 0.009+0.006  0.018+0.007 —0.062+0.015 0.002+0.004 0.021+0.007 0.002+0.002 0.008+0.006 0.020+0.007
WR/NFZ(0.05~0.07)  0.026£0.012  0.030+£0.010 —1.112+0.218 0.036£0.010 0.039+0.009 0.025+0.007 0.061%0.008 0.059+0.009
Z511(0.09~0.106) 0.116+£0.008  0.144+0.026 —14.173+1.407 0.076+0.010 0.098+0.007 0.119+0.011 0.100+0.006 0.114+0.012
FHAE T (0.14~0.20) 0.340+0.078  0.627+0.015 —25.997+1.879 0.090+0.009 0.157+0.015 0.162+0.018 0.162+0.013 0.173+0.008
5 [132(0.17~0.23) 0.301+0.065 0.646+0.156 —1.119+£0.059 0.196+0.019 0.139+0.010 0.156+0.012 0.181+0.010 0.206+0.013
X514 (0.43~0.55) 0.289+0.011  1.181+£0.599 —37.322+2.031 0.535+0.008 0.487+0.010 0.521+0.028 0.498+0.021 0.496+0.029
R DL(1.2~1.8) 1.312+0.052 1.709+0.073 —1.017£0.195 1.300+0.063 1.957+0.117 1.562+0.012 1.550+0.015 1.664+0.118
FF(1.25~1.83) 1.688+0.106 2.405+0.345  0.171+0.014 1.651+0.132 1.454+0.126 1.451£0.096 1.515+0.141 1.608+0.137
A I B A 3 2 2 0 4 5 4 7 7
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AR SLIG RO E KR UE AN S 5807, AAEY) . K
A, ShPINESE, SRR 4, PRI S 56 o flf i
R BRI T, 8 Ge 114 AR LA/ 3 57 1 T4,
BEEIWE 6 1K, BOREH, 45R%E 4 iR,

HFWoTZ MR Z M AT E, 355 R A
PR L AEAR O AIG, TR e J3E AT A AR RS 28 SR AN R
PRAE, AN 4 PR, B8R SSe Ml AN H AR, R FH Al AR
FEIA AR, AR KBRS R 0 HERS SR FRAR . 7ELL BA
W25 B L RSP 5% SN EER, E RAG I 2% 5
e 5 Fon, HERREEU]RAR S, DL I mERT TR B AR
ab AT DU ) — 2 R3S a5 5 R B VR A

IR LA FE 5 4% YSe /E KGN H b, SR A AR S
T IFRF 5% 57 PR B TR 4 Tl k2 56 o3 T8 1 iR Al 5
SURAE,

2.2 FREMZRZLMTER . HXAREGENEE
RFNEZR

TERR I | mg/L AIAT TR A,
TR B BTN 0.00, 5.00. 10.00. 20.00. 50.00 .
100.00 ng/L BIFRAERE M . 76 b b scoe 2T, ik
S RFMLMCR, St HR Y=205.263X + 1788.176,
AHKE R B r’=0.999, T AT IE 28 FkEG 11 ¥k, BU3 1%
FRuEdw 25 R R A 0.002 mg/kg, T REUE .
2.3 [ERERFNEEE

A3 590 ek AS TR B v 40 o 00 A7 b (el e 52 56, o [ml
i ZAE 90.41%~108.14% = 8], AH % ¥ i I 2=
standard deviation, RSD)<9%, 15i B J5 2 viEHG Al 58, K5 %6 /&
IEJO /n%ﬁﬂi‘?6ﬁﬁﬂ<c

FH 2% il BR 15 02

(relative

R4 RIEIARAEY B EY S (mg/kg)
Table 4 Effect of internal standard on the detection of standard material(mg/kg)

A IR PR
PRI BT (5 T )

7Se Se 805 825e "Se 8Se 803e 825e
FK (0.013~0.029)  0.020+0.008 0.019+0.008 0.008+0.005 0.106£0.013 0.019+0.007 0.008+0.005 0.008+0.004 0.020+0.007
WE/NZE  (0.05~0.07)  0.026£0.016 0.030+0.009 0.030£0.010 0.059£0.008 0.040+0.010 0.030+0.009 0.060+0.010 0.056+0.004
Z%11(0.09~0.106) 0.238+0.088 0.080+0.010 0.068+0.009 0.155+0.017 0.098+0.007 0.103+0.005 0.099+0.007 0.116+0.009
HHA I (0.14~0.20) 0.417+0.089 0.173+0.014 0.175+0.011 0.233+0.085 0.15+0.015 0.166+0.013 0.174+0.016 0.179+0.011
5 F132(0.17~0.23) 0.118+0.026  0.152+0.020 0.178+0.006 0.201+0.017 0.118+0.030 0.248+0.011 0.181+0.009 0.199+0.014
X4 (0.43~0.55) 0.487+0.039 0.625+0.074 0.482+0.010 0.638+0.020 0.486+0.010 0.510+0.038 0.487+0.035 0.496+0.030
B3 01(1.2~1.8) 1.47240.169 1.596+0.122 1.568+0.199 1.519+0.074 2.450+0.590 1.502+0.057 1.491+0.022 1.591+0.080
WIF(1.25~1.83) 1.659+0.067 2.398+0.409 2.305+0.220 2.584+0.363 1.581+0.101 1.657+0.206 1.632+0.159 1.508+0.137

AN AR A 4 3 4 3 5 4 7 7

RS FAEEITHIT RGN ERE NS (mg/ke)

Table 5 Effect of isopropanol on the accuracy of selenium

detection(mg/kg)
4
FRUER) BT (7% 1 F) — —
AT RN BE JIA 5% 5P
FK  (0.013~0.029) 0.012 0.004 0.015 0.014

R 6 MIREYLIEIELER (n=6)(%)
Table 6 Results of standard addition recovery experiment (N=6) (%)

FRAER) 5T SEI AR [l i RSD
5P N 91.14 8.8
B 1132 99.20 7.4
XA 90.41 6.1
Ji W 108.14 4.4
i 98.02 2.7

24 FAEIBERPHETRHOTESH

SR 6 RIEHEMIEATREM, Z5RINEE 7 iR, BF
Feahi R, R & S LPFERROR, R 7 WA
TG B BT Sy 1 IR oK 286> 5 208 R Sl > PR B PR ol
>R > SRS KR

L8 8 S o B e ST o1 N £ 20 X L
I it B HL At SR AR, O &5 o oAy oAt > I il > A6 AR
HlE>SA A, 3R 8 Fin . Hh sy i R,
RN 1472 mgkg, TFOER. RTRZ, SESIN:
0.493 mg/kg A1 0.166 mg/kg.

T2 28 K ) R Dt R Ry >4
&, N 9 FR . Hoh /NS IRG (0 EAIK
b A R BGR O 0.123 mg/kg.

7N

o>

kil \ﬁ
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Table 7 Comparison of selenium content in 6 dietary samples

FE b 44 B HE b HRTG Y 5 R/ (mg/kg) B/ (mg/kg) A /%
Bk 63 0.016 ND"~0.086 36.5
AT 74 0.052 ND"~0.244 4.05
[oE <y & Xii I 70 0.109 ND'~0.417 423
PR A o] 51 0.108 0.004~0.355 0.00
KR 47 0.007 ND"~0.033 27.3
IR IR KPS 64 0.125 ND "~1.472 4.69

TE: *ND AU AR

R8 AMBREFAHRPHETRENIE

Table 8 Selenium content in 4 kinds of nut samples

RN BRI O R (mg/kg) RAR I R%
AEA= i 0.073 12.5
A b 0.049 12.5
JRF-iil i 0.166 0.00
FoAth 0.212 0.00

R9 IMEARHNSIWIENSE

Table 9 Selenium content in 3 Kinds of bean samples

FE AL 2R B b AR Y 5 B/ (mg/kg) KA /%
FAVINA 0.081 0.00
W 0.123 6.90
535 0.116 435

A e A Tl it it RO RTG 5 A 25 SR An sk 10 R H
rh S P e S AT R A 0.169 mg/kg, T 2F A P 2 G i BRI
5 0.025 mg/kg, PSR SSAES TRE A ELAA R T >
XSG R>HE >4 >, o A= 25 i A il Y 1
AR T A 4 Flr,

10 AKAH@ERTHEIESE

Table 10 Selenium content in meat samples

AN Rt Y 5/ (mg/kg)
X4 0.159
XA 0.133
41 0.083
8 A 0.169
A 0.025
A 0.112

IKIRAE A HERAE 57 0, RAGHI AN 22.2%, Kol & it
BIARAG, Foral & Bl M4+, ok 0.033 mg/kg.

ARG AT BESE . R . T2 R B A R
PR A THE S BORAG 50, S5 RN3 11 s, B8 S
sy PEKTF 0.05, UilIfiE . HHE, G . ARIE 4
Hu T Z A 85 3 SOl A A R R 2 R, (B 2K K
Sl PP PAE/NT 0.01, W 4 HiTh 2 A
EMER.

F11 4LEAHRNIESHMBREER
Table 11 Kruskal-Wallisjian test results of 4 dietary samples
ETE il Zz p
fied 6.543 0.088
FRE 4364 0.255
G 16.477 0.000
PR R 1A il i 15.210 0.000

3 HFH5iTie

AMIFFE R FH LR B 55 B IR TR X 8 FhAS [l Bk
o P ) AR A G 2 A TR I, I X e R £ S
B A T R SRS D S5 (R A TG S S R, e 2R FH il A5
SRS I AR SR B AR 0T T4, 38 2 i A R DI B = il o
RAF558 B AL R A DU A v B o FHAS ) 35 5 1) |1 R b
YIRTHEAT I, RS R S5 S EV) G 8, Mot R MR
HBR A 0.002 mg/kg, ARt RAF, r*=0.999. KL
b 1 HRL SRR A B M T AT b 4 AR TR it X AR
PR i, A5 AR IR . HRHS . RE . AKIE 4 i
TR S AR B ] i () T S 2P 2 5, 0 2 0 Wl A R PR
Wkl Z 2SR, BRI, S G 6 AR
T A il G B AR, 0P BIA ARE, A0S 2 I ta
FoIFOR., EE . WA RS RKZHEY, Lt
FEH S IGER AL
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