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2 2k Octopole reaction cell inductively coupled plasma mass spectrometer (ORC-ICP-MS)E ©|-8-3}¢] -
& BuAE 3 Zu|Ee) m,:g]w(se)_ Aekslgeh, eI H2 ARESEo 24 Fnjgk A oA]
A TR} ol TEF I Aol o8 TAEE EAES] WE @A s Al ASHATE Normal
modedl] BIS|A H, cell gas mode= A+ HEAS A FIANHLH, -F EFAIFS] BF Ftel
Hlal g e A= W 102.7%= oF7- =27 UekstaL, 53] 8 F e gholl e Al 5041 7.6%°1 30T
Abstract: The determination of trace selenium in milk powder has been studied by octopole reaction cell(ORC)-
ICP-MS. The interferences by polyatomic ions and other concomitant molecular species could be removed
remarkably by using H, as reaction gas in ORC. Compared to the normal mode (no cell gas), the H, cell
gas mode improved the accuracy and precision. The quantitative result was average 102.7% and it was slightly

higher than certified standard value of milk powder and the RSD was 7.6%.
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o] A F& Tfdte BLo EF
25 BN AW 24 HitstE g
A7l Z8-& 81 H2ode w3, ¢, blol g
4 o A B A8 a3 e
A FAlo] AR ok v HFAEQL
(50~200 pg/d)e] &S =Hste] FYL
< AF 548 Y7 = gt

AE T HEeE 3FE F5
A AEA = A
A DA As, Sed 22 dAe
Ao SHAGANME 2 T
(ng~pg)>-= EA317] wEol
<ol At} AAZA AHEEE W
i3 (Electrothermal Atomic Absorption Spectrometry,
ETAAS), 43244 X553 Hydride
Generation Atomic Absorption Spectrometry, HGAAS),
FEAEe 2w 2 ZFEA H(Inductively Coupled
Plasma-Mass Spectrometry, ICP-MS) 2 FAJ 2} ®A}
3} HA¥H(Neutron Activation Analysis, NAA) 5]
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AT e fFeddEetiant AN S ©l
&t delwS G IS ICP-MS9| A5 AA5
FEFH oY A dEetint ApTEEay T v
aste] Thela FAIEAF B2 HE, 22aL F
e s Y e A 2 o a9
U ICP-MSE 24Fe] B 714 sjdaoF H& &3
&zl glom ol T2 B Y daet &
7 EA S TR o TAHEE A FEE
E F ok iR EuE 4 a3EL 27)9
S0E m2olA AAE] 71Esta glor !t AA7A
T olgd #AHS sidsk] s Aok = A

93 Yok HEAT Fehanh ARRAEel 24
3= M4 &35S =A ¥ BF3H 7Hd(non-

spectroscopic interference)@} 2~ EH
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G Qom, W Bt e Aurdel Bgsie B
gyl EAshs AR Pt BRIl 27
&8 W] BE B2E Mol AR EY P
N B o e £42 fEdle s v s
e S 244, 13 Feknh ol A ol
8 @ 4 9E HAEE] TFEL EAY 49 4
she B4 WY a3 o83t A PaAPS
A U o2 11y 5 BT ol 7t
He BEFE A7Pgol EA94 4y 5O 3

g & ok e 29EY 4l B9 AR

of 2Aste FEdasdl o 2AEY HH o 9
3 =] wite AR AAE, e aaskE A,
A7171E S 5o wHos 2PN did TE
A2E Re] AAFA g oL s & glom,
ICP-MSeI A ZA A3 7h4 asete & &
o & o3 2 EY 749 FH 9L 2
FE 2 e FAYLLERTYH T E 5F

o ofd mY mY ¥

(]

4 93] AAHE EANG sEgE FY
AFE 2= B4 shekged o g 4o, YArcCr,
PAsheltt. ol g A} 3}ekge| ofgk 1HL ol
ZepanlRRE o2& A, YAn’, ¥Seh), AR
(e, “Ar'°0", *Feyolrt A& vl (e, “ArPNa’,
Scutyell o8 BT o)BH o7 shest £4) 38}
Zo o3t TS Y 5 I o W Ee] dAl A
257 9t} o] W ol mathematical corrections,
aerosol desolvation, matrix elimination, cool plasma
conditions 2! high-resolution spectrometer®] ARE 50|
Art.

2319 mathematical correction> 2313+ A2 &
ANE Ha g 5 A9 wjdo] 5348 7
S U 4 QUThS W 252 spray chamber
A 8}+= aerosol desolvation LR Q1 AF &
ICP-MS AH|o|A] @o] ARSI glovt &3 A A}
3 9S4 aerosole] B E&S S7HA717] 930
ultrasonic aerosol generation ©|\} 7}¥ 18|31 Jzt
A 5 A FHES AT OEHR 7] B
w ARE-S] B W RE] Sk 3 dae] &

it Lo fo

g F2E 4 3t} Cool plasma conditionsS] 73-$-
ol RE=A Aol A FRA ARSI AR TR

staL Ewe] v AlRe] 79 wjEe] Za m&ol
Hojx] o] 23tE BAYAS 257t AT ZH )
A QRS0 BAYAE] B o= EXT
Z3g-oll vt 4dstA o]&4 4 Ath® High resolution
mass spectrometeri= AFg= A ICP-MS9} ¥]w5te] 7}
ol wiel 25 ahen B3 WA Hege) 7
e A3 AAB 8= 2 10,000 m/Am o]
el A Halleg ghaoforgitt?

2 dAFoME olEd A A 9@ S8 3F
Aol S sdstal A A AFALH B
=0]7] 93l octopole reaction cell(ORC)®] 2+
ICP-MSE ©]-&3to] ¢f 2% F2 Adw(Seys
ZFaldth. ORC 71&2 2 1097 AAAE 2 3
AR T LA AR B4 $8HA e 7]
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7] A2 3]Atell uwlgl DRC(dynamic reaction cell),
ORC(octopole reaction cell) T+ ORS(octopole
reaction system) 522 &3 Qi) ©]2 ¥ ORC 7]
%2 ICP-MS AH| 9] 7|22l Z42 X 3HHA
interface®} quadrupole mass analyzer A}o]ol multi-
pole ion guide¥S olF= FF BLE o|FofA 3
S)7F 2 cellS YIAAIA 2 ko7 W3R E
FA3 o] 7HA cell Sto2 FUHE o]LE
I A FE3IL NS doglomH S fd
e 38t AA EElde 71selth Cell ISE
FUE = SRSTEEE FATEA] AFEo] QWA o
2 77 AR E AR, EH 02 AMHE Vs
He, H,, NH3, CH4 o]t} o83 7}AE o] 83t
W] 9018 A A= ¥8le A 37HAE reaction,
collision dissociation % kinetic energy discrimination
5ol Jow ZAE Y& o7 ERFE =
AA| 8] AT AP

B Ao M= 8Se, 3Seo] 4] Aol s
E O] 2E(AE YArPAr, PAr)S A A 37
TPER A ARt HA 20E 89
, T 7HEAE] A Bl o§k A 3ke) vlaLsted
=AE T 3 ARl AEE(Se) AR A
2 AEsGh. 783 ORCICP-MSE
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2.1. 717]

B ol ARE-E ICP-MSE Agilent 7500C(Agilent
Technology, Tokyo, Japan)& AM&-3} 9™, 1|9 &
= TA3L ol Wi H =Rl AAIF] YERFQITE
ICP-MS2] A& FUF= 5FF EF7](concentric
nebulizer)2} W§ 7+ ©]F EF AR (cooled double-pass
spray chamber)Z g =o] oM A& 9 =&
AFs HEZE ALY 0.1l mL/minZ 3k, YA
sampler$} skimmer cone2 AFE3} T ORC 7tA2E
£ 99.9999%°] IFE HyE AHEEtem, T f
FAE ol &35t 2F3AL 94 #H2 2H S WA
a17] 913l 2Rl S AT

ORCE &3t o] 252 ti°] ORC 7k 7h
2 Qe EA g BETEES vEEEa A2 vhS-
55 st 2 A3 QA AEE ol
7 ol &0 tis) 2 ER W&
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wEtA] o]t EAE FA38E7] 918l octopolet
quadrupole mass AFo]o|A ORCE 5343+ o] & &
L AUAE Zte o2& A A7) S8 “potential
energy barrier”’ 2 ©] 43 tE!"” Octopole biasE Q,=
-13.2 V& 3178 38}3L quadrupole biasE Q= -16~5 VE
ZAFAA 2% o F2H7F Aot e 208 3
o} Atk HH 21L& 9~ -11.5 VolH, ICP-
MSe| 2HE 27E Table 19 2.2F319T)

TH/ 2 AR AAZE FF) AME wlo]la=
I} 238l ZA= CEMAFS] MARS X& AH&-38IAHH

22. Al <

2 A3 Eitez A8H HES KantoAh
(Japan)9] ultra-pure gradeE AHE-3loH, 348 4
S 9% HFEZE NIST(National Institute of
Standards & Technology)©] SRM 1549 Non-Fat Milk
PowderE AH&-3tATh A3 A& 93 delw
EFENL SpexAhe] EFEAE EF LY I mg/Le
3|3t ARt A H AHA AHEE S
T specific resistance7} 182 MQ/em  ©]7<]
Millipore Mill-Q systeme &3 & o] 245 A-&-3}

ATt

23 A8 ¥
NISTO| 4] F94 ¢ SRM -f &2 A5 ¢F 02 g&

Table 1. Optimun instrumental conditions for ORC-ICP-MS
operation

Plama parameters

Rf power 1500 W
Plasma gas flow rate 15 L/min
Auxiliary gas flow rate 1 L/min
Carrier gas flow rate 1 L/min

Nickel, 1 and 0.4 mm id
Optimised for best sensitivity
of 10 g/Lii, Co, Y and Tl 1%
(v/v) HNOs solution

Sampler and skimmer
Ton lens setting

Reactional/collision cell

parameters
H, gas flow rate 4 mL/min
Octapole bias -13 Vv
0, bias -11.5 vV
Data acquisition parameters
Points per peak 3
Integration time (per point) 0.3s
Replicates 3
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Table 2. Microwave digestion parameters

First digestion program

Step Type Temp. (°C) Power (%) Ramp (min) Dwell (min)
1 Time to temp 140 60 10 10
2 Time to temp 160 60 10 20
3 Cooling - - - 30

Secondary digestion program

Step Type Temp. (°C) Power (%) Ramp (min) Dwell (min)
1 Time to temp 140 60 10 10
2 Time to temp 180 60 10 20
3 Cooling - - - 30

125mL ¥]7 ¢ ¥ Ak 10mLE 7}H3F & 344 7F
B3 7hEste] Ealetitt B2 &9 e E ¢4s
23l gh oy S0 mL F¥ EFeAe] {73 ﬁ**ﬂvl

g ol2FE FR vlolaZ g Ao A F
wﬂw FL3A ANBE FHI T Table 2<>ﬂ ura}
W Rl Z2 e s F AR Eslskih ¢
As] A7MA Wzk & £l 898 50 mL 3 &2}
230 &7 F BA7A & o]24=2 FITh 99
T 7K S o83t 7+t 5o AlEE A A
Fatden, AA2E vzl A|5498 ORC-ICP-MS
£ ol&3ted ol2AM7E AT HAFAL
SPEX Al#F E3HEA 8 RF LN o] &3l &%
Aoz 3434 0.1, 05, 1.0, 5.0, 10 ng/mLe] %
=2 F34 ARSI

=

3. &x ¢ nE

=l

3.1. AR FXZ|

AEE A Aelstr] flste] drtxor 712 33}
W 54 3ol ol &Ho] e et H2olle
vlo] A2y} HaHo] 3= o] &5 ) _tﬂl:ﬂ-}\‘] o)
A Al e P40 B4 £243
olZL& v} FaRo] AHEHIL e zt -v—sﬁ‘?é"’ﬂ 2l
o Ades Ao wet ol AFE WL
s238P e 7 oFe HEsA rrdses 9
W 94e] Edo] BAE & ARt wlo]lA R &
aie] A4 2HdE 7] ol A Zafjstnz o]z
DR Ea) 5y Ao £AL

=
)
A=

d

T
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o

=

%% 4o ©f

S Ed 7
7HA AL ek e El—lmﬂE =l
(ng~pg) <=2 A Aol vhola =} £e87)
o] W+ 3:‘*}01 % A7t FFeke] 288 &
23sPHE = AG(CV, %) 7S YERN7| =

P

o ¢

2

e} olel @ Ae AR BTN AHEE
A4 2 g71de 48 5 ole 29le] A8sE 2
o AT, de) & AT 433
nlo] st RaME AHgate] A Melshgon ol
azst pael A5 blel ke Z2age B
s AlRE A3 Balstel Hoie A Akl &
g Fa3) 3.

N

3.2. Reaction/colision condition Z|%s}

ICP-MSZ ©] 83+ A| 5 24 A dAHE=E &
AEY el grrel 27 ojed BA oleF
(polyatomic ion species), 2 F=Q &0 2]t o]
29 A4 Solt}t. AaF PFl= Table 39 UeRA
A3} 7o) #2} o] 2] 2HER H ogh 7Hy
HAlo] B EITH E3] BSed} 0S¢ P4 AL
YA EAu])Eo] AT YAFPAr, YA*Are]
w7} Alzbete] Auld o w Ay =4 Al AR E
A Ztnk. wEkA olel s Wl a]le AAB] 9
Sk ORCY] Z270& A 38 Hart st

Ay JFA A 24 ol2F 2 3=

o

Table 3. Natural abundance of the six stable selenium isotopes
and potential isobaric and interfering polyatomic
ions

Abundance
Isotope Interferences
Atom(%) Mass(%)
"Se 0.87 0.83  BArArt, "Ge+
Se 9.41 9.00 “Ar*Ar+, 3¥Ar,*, "Ge*
"Se 7.63 743  YAfCr

7Se 2378 2347 “ASSA, Ky
803e 4963 5021 “Ar*
40Ar2H2+ 82K1,+

SZSC 867 906 4°Ar42Ca+, 81BrH+

Analytical Science & Technology
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Zoof] o8t EAfol 2 AAS AAS] S8 w-g 7t
rRE FAH)E AT Fa 7hme] A4S o}
23 Zg2vE Y fEEHE Arf, ArC, ArO",
An', Gf, Ny'9 22 38E& AA3A AlAs =
Aog defA lon, 53] YAre A9 2X10°
count per second(cps)? A 2 cpsE HA A FHAA]
4 4 Johal A HAT Cell ol A 9] vE-g-2
et P,

Ar’ +H, - ArH' + H(H atom transfer)

Ary +H, — ArH" + Ar+ H(H atom transfer)

Ar + H, - H; + Ar(charge transfer)

fleb e M-S B3 An', ArE dASA g4
AQomA, 2AEY S DoslE 821e AAY
G Qlth B ol @B g AR A ik T
#7222 A4 Al FRFE FYAAA >

A 7r29 FYES AABE] Z7HA 71 miz 40,
4

80(“Ar, “ArPAre] 2~ EY A|7|E =H59ow
a2 ARE Fig 19] JERRAT 4 7129] o] F
JbabA A Bzl o] &F 9] A7)7 AA e A Pasta
o A2 0o 7t FEHA] Dol e AL &
Ak
m/z=78
2.E+08
g
1.E+08
E 9.E+07
g 6.E+07 |
3.E+07 |
0.E+00 = = ==
0 2 4 6

Hydrogen gas(mL/min)

m/z=80
300000

200000

Intensity(cps)

100000

0 5= =

0 1 2 3 4 5 6
Hydrogen gas(mL/min)

Fig. 1. Reduction of count rates at m/z 78, 80 with increasing
H, gas flow in distilled water.
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3.3. #X¥FMe| H|m

B AFoE A dA WA E = B 2919
g3E vwsh7] 98 collision cell 2 AFE-3l= ORC
mode$} AHE-SHA] 22 normal modedl| Al zHzhe] AA
FHS A4 A tHFig 2). ORC mode] 739 #2¢
o] 2% AHE Ao AAstY w2 v A AVlE
YE L 9o, m/z 77, 78 2 80 R A FH o=
R, el 0.99 ©]’Fe] =2 A4 48 YeRf ATt v
Mol normal mode?] 7% m/z 77%to] W& npgr A
A 718 JER AL m/z 78, 809 ¢ tieHs] =& v}
S B olelgt v Al7)e] Frhe o
oA AF3e A o] &2 ZehinmpollA fitE=
3k (YAPRAY, YAMAr Ol 93 7Hd ol o] gt
32 TR EXgts Adlge] v o3
Al 2 g o 24 A dde 2AE
o

T 7P A B e GeiA Yol A
% APl ol AgEE 2HEHeln B AT
SNt A Fohehe Age ehiA et
St Be 2qEQA skl Ad A

34. EEANZS| Se E4

SFe A ORCY HAZAL AA B m/z 78 2=
ERJMoM EFAEE o835l g AL A
#g 39tk 28] 3L normal modedll A Q] Az} v
at7) S8l 7P 29 EY Welrt A2 miz 77 29 E
HS Mg sle] ORC modedt FLaHA =24 38t]om
1 As Table 49 8.°F3ISITE ORCE AHS-5HA] 9
£ normal moded| A& F AA ] WY 25 BF A
59 BF g st oA o® =4 S8
o, s7e] A5 o] A= RSD(%) kol 27.0,
27.8%% AFgo] FA ettt

ICP-MSE= F4 oM SA el st vid &
Hz AA gz 2 FFS g =0]7] 98
HE WEEFE o3 A vlay Al5e] F¢
oA FaskE WAy, B Ad Sv)eh e W
ol &-ate] WA BAALE 9FH o7 Fes}

Y2 ALgTE T ol g d WY S AMEEA

& i o o
jin'

Rz Mo

2
- =
LyelA = mid a3 2 B X7 dAE 5
AFoME Ay F FA ol AMEE= m/z 77
HEH A¢ vjd a7t gle AHIAY A4
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77Se 77Se
60 60
o
50 |
— 400 |
2” g
g =
g 2
5 g
20 y = 51.383x + 4.3492 £ a0
R = 0.994 y = 50.571x + 19.116
100 R® =0.9973
0
0 - 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Conc. (ng/mL) Conc. (ng/mL)
78Se
78Se
2000
7000
1600 6000
— 5000
& 1200 2 0
O Q
= © 4000
i 2
3 &0 2 3000
= 2 y =191.8x + 4513.1
y= 15:.18x +2.6262 = 200 R® = 0.9963
40 R® =0.9975
1000
od 0
0 2 4 6 8 10 12 0 2 4 6 8 10
Conc. (ng/mL) Conc. (ng/mL)
80Se 80Se
4000 6.00E+06
3500
crgﬂ_,‘g/ﬂ
3000
,g 250 'g 4.00E+06
K2 S
2 2000 2
2 y = 326.9x + 437.42 2
£ 150 2 _ 3 = 29833x + 5E+06
b= R" =0.9985 £ 200648 e T
1000 )
5010
0 0.00E+00
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Conc. (ng/mL) Conc. (ng/mL)

(a) (b)

Fig. 2. Comparison of calibration curves for Se isotopes (a) H, gas mode, (b) Non-gas mode.

Aol BlerAl o] Z71E Holx] ekgko} AA| A& BAS YJeERE RSDE oF 20% oAt =& e
o] BA AL Arzt A7 AFE BAjfol 9l Yehfo] 4zt 204 d4de] whlES & 5= gl

VAPClol| 98 714 o] TAE S B 4 o) g ORC modeo] 4 2] 23 ZE-E normal mode$} H] 3}
53] Rk o] dae] ol 1% o3l AF o AJuldez 7Hd S v de s ¢ 5+ 3
A5 A YACCl 93 ¢ 2 0AE e A o} YoM AFIAH A} 7FHo|(reaction/collision

o PR, X A7 ARHE BE ke MEsl condition HA3h) WS 7i2el Gl ela] B o] &
o Z570] 1520 W) ARE Aglor] A A T WAT FEALG oF BAlo|&MAFCH,

Analytical Science & Technology



Octopole Reaction Cell©] &2+ ICP-MS¢]| o] ¢ -7 5 A w2 J=&F 209

Table 4. Comparison of analytical data for SRM 1549 Non-Fat Milk Powder

H, mode Non-gas mode
Microwave . Microwave . Certified
L wet ashing L wet ashing
digestion digestion value

1 0.117 0.186 0.130 0.184 0.11£0.01
2 0.115 0.147 0.190 0.233
3 0.112 0.144 0.223 0.142
4 0.099 0.128 0.187 0.177
5 0.122 0.142 0.114 0.108
Average 0.113 0.150 0.169 0.169
SD 0.009 0.022 0.046 0.047
RSD (%) 7.64 14.54 26.99 27.8
Recovery (%) 102.7 136.2 153.4 153.4

WAPSAF, PAMANS] FHS A A Ao
W 2AEY 2HS AAT 5 Aok Axe el
H|aol| A= mlo] AR 0} Fafjo] BF 3kt Bl aLsto]
o 2 A3 AU S YERIAT

4.

[

=
—

L
uk

gl

B A= ORCICP-MSE ©]8-3}e]
NE F IuFe Agw JES A Fs9
21 normal mode2} ORC moded| 4] =43} 01,
AF}E B)wste] ICP-MS 23 A oA D=
A Aol sl AL 28]a o A9E BEuE
A1E A 89 B4 o] ORC-ICP-MS®] -840 o3t
ARSI T} 2 A2 AT
2 A 7} o A normal mode®] A$- FUH o2 T}
2HEART 7Hdo] e m/z 77 2HEHNE
1A AlEe] B AE Clo oF FEU2 Al
Aad A Jelgew, o A3 gFEH] B3
Y3 vl wate] 1.5~2.0 vle] =& AFE AT
Ocotopole reaction cell& AF&-3 H, modeo| A=
ICP-MSE ©o] &3t Sr & A& EAdA aAE 5
BE B2} o] &FH FEAL ) AHE 24
o] &9 7+ dAS aHH R A|ASY FoH,
I A3 B3 A 4] A= RSD(%) #el 7.6%
9} 380 102.7%= St E A3 S doj B
FEY ZAHME -3 A DAL Vel
ATk

A Z & ORC-ICP-MSE o] 82 7|& HAolA 7t
A d8es E007] A% o7 A [AAE 2 FR

Ho] o]g &L Alsla Al&ea Hesie g

= A3E IS S Ao Ay, g
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o
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