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e of ZxIz HleA o AstZ 2 FH(ORC ICPMS; Octapole Reaction Cell Inductively Coupled Plasma
Mass Spectrometry)ol| 4] & 9]¢ 4~ 3] 4] ITF Y AdlEs Jgs] £48 SE7IA= et ¢4
7F g A& 0|%a 22 SE54EE 40 mL min'! 0]Qlth ORCE thl 4 o] 23185 E529] 7HdS S8 3| AlAs o
Almmj Eg Ao BHFo] 2= 4-F-, T=7I1A1Q1 Holl o8l BrH 7} A/ =] o] m/z 80, 820]] W3l & =3ith. BF9] 5}
ahx] A7 )9 o} ol Fseo] ABAYIo) et +5kH BAS LT FAAL HAWE Attt 4w
ASsH7] fotel 2217 EENIST SRM 1566, 1567) E43%F 23}, £2 X EE oL, o] & HF o2 AAA Q]
TF FY A ES 245t Aiket A, wn] 0.034£0.001 pg g, FH| 0.059+0.0025 pg g, S| 0.029+0.0014 pg g’
T8 22 0.034+0.002 pg g'S Ak AE 4o gt 34 (36)%= 0.012 ng g! o] T}

A%
ZHIOL: AR, T3 ICPMS, 59194 3140, 2812 1Y, 38, BB 1447

ABSTRACT. The concentration of selenium in grain samples was determined using isotope dilution method in ORC-ICPMS.
The experimental conditions were optimized to H, mode and the flow rate was 4.0 mL min™’. ORC in H, mode proved to
eliminate most of polyatomic interferences except BrH" when Br is present in sample matrix. Chemical removal of Br was
very difficult and the mathematical correction was successfully employed. The fraction of BrH" generated from Br at the cur-
rent experimental condition was 14.1%. The signal on m/z 82 was corrected and calculated for isotope dilution. The analytical
reliability of the propose method was successfully evaluated by analyzing the certified standard reference material NIST SRM
1566 and 1567. The method was applied to real samples and the results are 0.034+0.001 ug g for white rice, 0.059+0.0025
ug g for brown rice, 0.029+0.0014 pg g™ for black rice, and 0.034+0.002 pg g for barley. The detection limits (35) for Se
was 0.012ng g
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=3 ik SR ek kS A F s gy &5, UEY oAl AXT} Al7l= AE HAZFREH(ETAAS; electro-
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Table 1. Isotopic Abundances of Se isotopes and potential spec-
troscopic interferences in ICPMS

Isotope abunI(\iI:nthl:zasl %) Potential Interference
I 0.89 O, AR, PGe
7650 936 BAMAL, BAPBAL, OAPSST, 3P, 4N
7'Se 7.63 YAPTCI PArCAr'HY
78ge 23.78 BAFMAL 3P, 60"
%0Se 4961 “Ar,", 'HBr", *Kr*
82ge 873 12C35C]2+’ 34SI603+, 40 Arz'Hf, HglKr+, IR
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ICPMS+= ORC7} #2b=El AgilentAH(Tokyo, Japan)2] W
g 7500ceS /\}9-;}9\'11 hot plasma mode®] shield torch

£ ARE-3F AT oF 212 99.995% <= (Samsung Oxygen,
Chungbuk, Korea)& A3+ a1, 4 2 A2 v Agujc)
1 ng ¢! tuning 89N (Li, Y, T, and Ce)S A}-g3}o] 2 A3}
sholth. Apo] A4T BE 7T ANE F 2esE
A, Az510] AHSHTh. Aok A0 AHEE SR
Millipore Direct-Q System(Millipore, USA) 2. 2 18.2 MQ9]
ZeE ARSI AL, BE A9R2 1= PE(Polyethylene)
HiLElEE Blo|A S ARt BE 2 Vs HA] e
AlFE2 7Hett & A ¢k E4F Ee o9t 5Y
g eER AlEFS ARESHRAL, ARl AHEE Al &

10.1120.02 mg g')E 2% HNOso| & Algsl i}, 24t
o Aup FE A ALe] 2% 99.999%9] A ZRE DAL
(10%)y 2ol #38] AME8EAL HoOrm & -HHE=A|
R O] AR FF 31%E Al E&8f ol A&ttt 59
U434 AR AH A spike= *2Se enriched isotope
(Oak Ridge Material Lab, USA)S A}8-3}51th(*?Se > 97.17
£0.12). EFE2-2 NIST SRM 1567(wheat flour 1.1+0.2 ug
g2} NIST SRM 1566 (oyster tissue 2.06£0.15 ng gHE A}
&L AAXN R STEAGAA AuE FF(H],
du], Zu|, Be)E Axg § 2usleto] Ag-seith

A @Ol A e|sholok FESHA Sk 1 5 3 4 9)
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A2 st WA ARE 0.5~1.0 g 7} F]5}o] Teflon
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ST 120°C~140 °C A =S §X5FHA] hot plateo] A 54|
7t A= 7t B A FH T 3417 e &, Hy0, 3.0 mLE
7heke] 2417 A= o 7hd Al 7] AL A2 71A] A8 AL,
2% AALO 7 &3] th3 TE|(PVDF syringe filter, 13 mm,
0.45 um, Whaman)S A-8-510] 23] Belalolch. A4
Ao AMEH EEEHLS Se HEGHOoZHE LAY

= 3| 4shgit



474 =4

Ay

At YA A4S AR wjofl ICPMS 71719
A 2AE ZaL FA Sk AL - FastER A
e AA2AS AL [FA S AR SFITE H E 7]
7|20E Hep Aeshal A4 vt w2 205 HA R
Alg 24 Ao A H A2 AS 2L 771 & A R
o WA Azom A3 21e 22 5 A pElm
ahetn] B 55 WAl A = 7hd, T12]al SBR(signal
to background ratio)S 13t H AL E A& 5F3ct. o

[e)

ofo o
1=
o
fu
N
N
10
ﬂ
i)
=
m
Wl
BN
i)
_O|L

dex71°| tuning
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oM (2% HNO3)T} Se 10 ng g'2] AZ A7) & F7|H o2 1

YE ] sto] QY3 HQlokal wekd wio] AlRE 24
ahsict.

H %] IDMS(isotope dilution mass spectrometry)2 2]-8-3}
7] Aol Sed| 7t &9l dael thak 4= 3HA (limit of detection,
LOD)E =43}, 772415 (external curve calibration)
O 2 AR FHQ FEE ST o] E HIF R
9 B AR of| ARG E = F O FRIHAL A A|
719] vl&o] 1o ZHste s Edtaljof & A= o] A
spike §o10] e ARt FUALE spike T
0%, WFo| o] TN LS F23 E50| FUT}. Se
=8N} spike 8N 9] T H4H]E 22135}, mass bias
corrections ~3J5}R Tt Al2s ZFHzE ABAI7F 03%/
point, ¥H5-31= 33], m/z 74-83 7}A] &4 skt F&7
Ao 35&E0 wef A2 7t gefA=d Hy modeo] 4]
SEEEQ AT vRghe] vl Y HAE A 2y,
Table 2. Optimized ICPMS operating conditions using H, as col-
lision gas(H> mode)

N

Plasma
RF Forward Power 1450 \Y
Carrier Gas 0.85 L min™
Makeup Gas 0.20 L min’!
Nebulizer Flow Rate 0.8 mL min’!
Collision/reaction cell
H, 4.0 mL min!
Cell Entrance -26 \%
QP Focus -8 \Y
Cell Exit -38 v
OctP RF 180 \Y%
OctaP Bias -18 v
QP Bias -15 A%
Total analysis mode
Isotopes 74,76,77,78,79,80,81,82
Integration time 0.3 s/point
points/mass 3
Repetition 3
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2 Abgstel BAsH WelE AAS D oAk Hom L 4
sk B WS o]-8-5}o] interferenceE H Y3 F Y
& 549 e 48,

Fig. 12 SE71AE AH§oHA] &2 YRR Eo) A 9] &=
428k Se 10 ng g'ol] m/Zo]| Tt AT A 715 YERd Z o]
ok Al i) A2 A 3 mizo A S E
M 2SO s el AAEdae EXRE YE
W Aolth. M EY A7} gl B2 A
AR EHE ASA 7= Argk B H 3ekE
2 A5 914 A oA s Yol Lka ik,
Al YRt ol A o] A E ekt 3
AR 0 A7) Qe AR A5 4 ot

Fig. 2+ S=71A1E& dF 22 A}-8-3F He modeo] 4] 9]
Se 10 ng g'of A2l m/Z vs S ULATA7] 2o 2 &
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Ariol LT RS & 4 AUtk sHAINE oF 2] = m/z 80, 82
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Fig. 1. Mass spectrum of 10 ng g Se in Ar ICPMS without any
collision gas(no-gas mode). Three lines for each mass indicate
measured intensities while the truncated box is for natural abun-
dances. It shows significant deviations from the spectral inter-
ferences especially on 76 and 80 mostly due to Ar,".
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Fig. 2. Mass spectrum of 10 ng g"' Se when He is used as a col-
lision gas. Measured intensities(three lines) are matched close,
but not exactly, to the natural isotope abundances. The signal is
also quite reduced compared with the one in no-gas mode.
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Fig. 3. Mass spectrum of 10 ng g Se when H, is used as a col-
lision gas. Measured intensities match well with the natural iso-
topic abundances and the signal is not reduced much.
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Fig. 4. Mass spectrum of 100 ng g Br in H, mode. BrH* gen-
erated from the reaction Br + H, is shown on 80 and 82.
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Table 3. Fraction of BrH generated by Br+H, under the current
experimental conditions
Br Intensity(cps) Fraction
(ngg) mz79 80 81 82 80/79  82/81
10 7,259 1,030 7,507 982  0.141 0.131
100 66,136 9,280 68,798 8,854 0.141 0.129
1000 644,429 90,890 670,314 93,843 0.141 0.140
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7] wj o]} Table 3014 H.oi5o0] Bro] FEE 10ng ¢!
o141 1,000 ng g 7H%] WS} 7| A PBrof A “Bri’ 44
f Bge 2ASllRE 14.1%7} B o] AL Wgow
B A Me)E Atk chil 1A 917 ICPMS 4
gjo} 2o whet g 4= 9lrk,

82Gen = ¥2Ser - Mc (“Brr X *'Bry / “Bry)

th, $Sey = Net ¥Se cps
82Ger = Raw *2Se cps
"Brg = Raw "Br cps
Brx = ”Br Natural abundance
81Bry = *'Br Natural abundance
Mc = Correction factor

B AL ALgte] MAlEel 2 BNL B A
AS 3 Ak, Seo] f5fo] Hy modeo] 4] 0.012 ng g

AEUAS A9 USeBALu]7E 23.78% 2A
Se] 49.61% Tk A9k miz 786 4] 7HI T} HhEgro]
oz o AL AEWAS Holre WdlE A%
91 a AgsHert.
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Table 4. Analysis of NIST SRMs(Wheat flour NIST1566 and Oys-
ter tissue NIST 1567)

Material Certified value (ng g')  Found® (ugg')
NIST SRM1566 2.06+0.15 2.02,+0.025
NIST SRM1567 1.10+0.20 1.205+0.015

“mean + SD, repetition n =3

Table 5. Concentrations of Se measured in grains of Korea

o

Sample Found Conc. (ug g")
White Rice 0.0340 £ 0.001¢
Brown Rice 0.056g = 0.0025

BlackRice 0.0283 £ 0.0014

Barley 0.034,+£0.0015

mean + SD, repetition n =3
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