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An inductively coupled plasma mass spectrometer with an ion-trap mass spectrometer was used
for the determination of Fe and Se in biological samples. The spectral interferences of Aro”,
MP,°O 7, PCPCly " and S°05" on ®Se”, *Se” and ¥Se” were eliminated by optimizing the ion
level and FNF (filtered noise field) function of 3DQMS (three dimensional quadrupole mass
spectrometer). As a result of decreasing “’Ar,”, a linearity of 7 orders of magnitude from 100
ppt to 100 ppm and a limit of detection of 11 ppt were achieved at *'Se. The spectral interfer-
ences of Ar'°O”, *Ca’®O", "Br'H" and *Br'H" decreased by using the CID (collision induced
dissociation) function of 3DQMS. The optimum conditions of CID obtained from the signal
intensity and the isotopic ratio of Fe and Se were 0 V and 500 ms. Under the optimum condi-
tions of the ion level, FNF and CID, Se in human urine standard materials (NIES CRM 18 and
Seronorm 2524) was determined; the analytical results showed good agreement with reference
values within the analytical error, and a recovery of 101% could be attained for Fe in human
urine standard material (Seronorm 2524). The developed method enabled us to determine Se
and Fe in biological samples by using the most abundant isotopes of ’Fe and *'Se.

Keywords : inductively coupled plasma; ion-trap mass spectrometer ; spectral interferences; bio-

logical samples ; ICP-3DQMS.

e = HIREETH % &\ B D 5.
o HEHLDT NV —TIE, ICPMSICA T Y b5y FRO=

FLMG T 7 A ERmaHEt (ICP-MS) X, IR#HIPHD
JCHE EIKE L UK RO T & B M & LT, MiEk
b5, PEMRRESE, BREINT 2 SRk 4 2B BV ORI
LTwa., LPL%a2s, kAo T2 I EARE &
GHTEE (QMS) Tid, AXZ VTR ZT B THEEIE
MICERT A2 LDVHETH L L, HOL LR
TRV DAF VETH S ICP OEH), +7 74—
DEBROEED F1) 7 b OREECTREAGE O R AR 5T

U gk AR AR RIS AL SR 112-8551
1-13-27

WRUHR SO X A& H

KocW ERE RHE (3DQMS) ZHWvwA Z &2k,
A2 bT7y TNTHRBERER OIS S E S Z L TANRY
FVTFHBOKRATRETH S L, EREID QMS &It
R, EAEE R FANAR AT RETH 5 2 &V & FHI L
T&7-.

fEH L7-24E 1, 3DQMS 28w 5t Tw % H 37 P-5000
RUE R SHTEE ICP-3DQMS TH B, A4+ ¥ b T v TRE R
GHRHIAERI A A+ VAT O R GHETE LTRELT
&7275, BORIZ7 o TR A F+ ¥ O ~OIEH b Biad &
NHEIZ o TETHDLY O fF v bgy TR RS



374 BUNSEKI

MrEtid, A3 v Z2BHCLVFFEOLEMICH LADL L
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AFAVH - AV —T =R, A F VX - A4 F Vi
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R ENBD, COFEMEFMPTALI LIZEI->TAr 44
> % 3DQMS WE D HLHERRT 5 2 LS TE 5.
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40 DL RICEEET AT LICE Y, Ar 4 4 ¥ & 3DQMS N
POPERRTZ LT, ArilERDOART P IVFHOMIKIC
D735, Table 1IIRT X I, TNENDOGH HIYIT
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VIERAEATH FNF & B b L g, oA BHIeHE s
RIS E 5T, SDQMSINTA F ¥ OIUD A&, BT
Ao, PO, 7—u Y RNOEEE 2T, SHENIT
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Table 1 Operating conditions for ICP-3DQMS instru-
ments

Instrumental parameters

RF power 1400 W
plasma Ar flow 14 1 min "'
auxiliary Ar flow 1.2 1 min"!
nebulizer Ar flow 1.3 1 min"'
up-take rate 0.4 ml min "'

buffer gas He
buffer gas pressure 2.5 kg f/cm’

internal standard 59Co, B
measurement times 5 times
Ion trap parameters )

ShFe 8()Se
ion level 42 amu 56 amu
filtered noise field 55.5~56.5 amu 79.6~80.5 amu
FNF voltage 4.4V 5.0V

Table 2 Spectral interferences on the determination
of Fe and Se in biological samples by ICP-MS

Isotope Abundance, % Interferences
54Fe 585 44]Ar]4N, ?'yHArl(iO’ 4lPCa14N
ﬁﬁFe 9175 40Ar160’ 40Calﬁo
“Fe 2.12 YAr'°0O'H, *Ca'®0'H
58Fe 028 44]Ar](iOIH]H’ 44]Ca1601H1H
"Se 0.89 Cly, “Ar’'S
Qe 9.36 %ArmAr, ‘%ArggAr, 40Ar36S, BIPQHN
77Se 763 44]Ar37CL 41)Arf‘6Ar1H
"Se 23.78 BArAr, 7'P,'°0
e 49.61 YAr'Ar, #s"°0;, '"H"Br
x2se 8.7% 12035(:12’ 3481603’ 4“AI"21H2, 1HxlBr

FOWMBEELNTHEHBILL SHNTE A F 34 U
M HRICHREDOWEIC DA > TLFE . Table 11IRT &
912, FNF & 2N Eh oo H eI U ol 2 il 12
L 7.

2-3 BIEEF

2-3-1 FEAE  Se HHEEW (1000 ppm, SPEX #) R
O Fe BEHEREE (1000 ppm, BIHILEER) &, WHKIZT
0.1 M ICHEL L 72 HNO; (70%, BT T3, BR bR
TAHMWL 7.

JRHD Fe LU Se # EmT HBICHEL 25 AT |
VT #% Table 2 13/RF. I d RAFAMAKILIZIRKE W
PFe T2 LTt YAr'°07, *Ca*0", —77, Tse”, ¥Se”,
2Ge I L TIE, A ZE L *'P°0", "Br'H”,
BrH T, PS"°0,7, “CPCL TR ED AT MV EAHIE
L, WAIMREIZBI A Ca, Br, P, SKUTClDHE
JEIXZENZ 100, 10, 610, 1100 KT 4000 ppm FLE T
HBEDT, ZNEFNOTLHEDOWE L B L CER L -k

WA, HH : ICP-4 4 ¥ b T v 7 MS &5 AEKKE O Fe KU Se lIERED ZXZ M VT HOEIR 375

Table 3 Matrix solutions prepared for this study

Element Conc./ppm Interferences
Ca  (CaCOs) 100 “ca'o
S (H2504) 1100 3251603’ f€4sl(i03
Br  (KBr) 10 "H"Br, 'H"'Br
C,Cl (HCL, CHsCOOH) 4000, 4300 2Pl
p (HsPO,) 610 p,'°0

RZEMEL (Table 3), BERPO~ MY v 7 ZATLHRIZ
RSB AT PIVTHRORBICET 2 9efro72. £
7z, 0.1 MIZFHB L7z HNOs & 22k & LT, “Ar'°O7,
YA DANRT PVF OIS 5 FERE T 72

2:3-2 REME  HVEEWEIZ, NIES CRM 18
human urine (National Institute for Environmental Studies,
Tsukuba, Japan), Seronorm trace elements human urine
2524 (Sero As, Bllingstad, Norway), NIST bovine liver SRM
1577 a (National Institute of Standards and Technology,
Gaithersburg, MD, USA) T 5%.

2:3:3 EFETLLE FEAREF D 7512 1%, Milestone
MLS 1200 ¥ 4 7 107 = — 73 %% (Milestone,
Sorisole, Ttaly) & HHIERY 7 I 7Vt oL F L »
(PTFE) &z VT, BE@HRBODHEIT- 72, A
fEHEY)E Td % NIST SRM 1577 ##) 0.25 g 0 x H & L,
HEPICANIZ. 3ml ® HNOs & 1 ml @ H,0, & 2,
mE7a 7 sz iGH Lz, oo 7ra s 7 s1%, (1)
250 W, 5min (2) OW, 1min (3) 250 W, 5min (4)
400 W 5 min, (5) 600 W, 5min & 7z, MM, B
(2 & o T L 2BBHE I Z 50 ml DR ) AF L ¥ DOFEL:
WL, WEHETHEEZMA 2%, 0.1M HNO; 12T, &
10 g WAL 7.

b RECHEY) T d A NIES CRM 18 JZ U Seronorm
2524 IFFEWIFICHMIL T b LB, #MAKEZ MR TH
fip L7z, WERSESCEZMA, TR 55RO 10 512
L7z,

3 RRKOEE

3+1 Se |[CBAT 3 AT MIVTFHOER

3°1°1 Ar, DR kMO QMS 2R LTV 23
HP-4500 (Agilent Technologies, Tokyo, Japan) T 2Z%#ER
ZUELBEOYAANRY MV E Fig. 1(a) \RT. fEk
R QMS THOLNII ZAARZ PV T, 79 A<ikRN
D YA LR END 4X10°cps LWV FEHICKE R E -
7 D3 S 7.

FEEIC 3SDQMS TZEMRERZ J5E L 72BN < A AT F v
% Fig. 1(b) \Z/RF. 3DQMS THRLMNIZXAANRY bV
i, YA RS DANRY PVTFHBIENY 275y Y FLA
VTHD (10 cps FEEE) . “Ary” 2K L 7245, YSe” 12
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Fig. 1 Comparison of blank (0.1 M HNOs) spectra obtained by ICP-QMS and ICP-3DQMS

(a): ICP-QMS (HP4500); (b): ICP-3DQMS
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Fig. 2 Matrix effect on the background signal intensity (without Se; trap-
ping time: 500 ms; accumulation times: 100 times)

cm/2=78;@: m/2=80;@: m/z= 82

BS54+ 3y 7L T3 100 ppt~ 100 ppm @ 7 1572
THMELEL I LA TE. ZOBROM LADKRRI,
HREOHRITNE O 2 B 72, 4 OISR LS &
7z (100 ppt~10 ppb, 100 ms; 100 ppb~1 ppm, 10 ms;
10 ppm, 1ms; 100 ppm, 0.1 ms). F7z, HHRYHE 11
ppt Z i L7z,

PAr BT 5 TN, A 4 Y LAV LU ENF Okl
fL2f7) SEICEDERBT 5 LT, A F LN
KOVFNF 2 #ICRET 22 812k, A+¥ Ty 7
WIZAD “Ar" 2R L7228, A4 5y FHTNY
77— HALDWRITEY VA BIRBELIZZ LD,
VA " BFEAERE SN G ot ELONS.

3:1:2 RYBMVYIADPSRTBEIANY MILTFH

Fig. 212, Se ZMET HBICHE L 22 L F A 4+ v &
KT 5 EhEhoHzlE L zBO m/2 =178, 80,
82 DIEFMEZIRT. T OBEMWIC Se FEHFTN TRV,
Br # &L HEHIBWT, “Br'HY, ¥Br'H "®A~RY b
TWEMR L7, F72, o< M) v 7 ZATEDPLD AN
7 MIVFHHE R L NV TR E L THER SN 2o 7.
BrH 225D AR M VFHIE, Ny o275 v FHLE
FEEE LT, m/2=80T2ppb, m/z2=82T 11 ppb THho
7z.

P,0", SOs", CCly 1%, 8B T-LLETHEK S CTuv Tl
ZEWHFESK E Wz, A+ v ERY ALBIC Ny 77—
HATH5DHe £ IFITRALIHERMELZ L EZON
5. BriZ#EHE$ 5 BrH D AXRZ F VT 5542 13K
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Fig. 3 Selenium isotope ratio as a function of CID

time (CID: 0V; Se: 10 ng gfl; trapping time: 500

ms; accumulation times: 50 times)

(a): 80/78; (b): 82/78; [l: without Br; @:
-1

g DBr

10 ug

T& o2 M E LT, 2FFTHIKI LTV 7201
ZEWIHRE VNS &, BT CB E R Sk o7k
EZobNb.

313 CID #8EIC & B BrHT DAY MIVTF$OER
%Se, ¥Se 1% BrH ' ® A~NXY MV T2 KW T 5 72
B2 3DQMS O CID FRE % Fv 72,

Fig. 312 CID 12X % BrH 75D AT bV F ¥R
ZRY. AEERTIE, CIDOBESFOVOEE, SHHEHM
TEDWEDNE o 727280, T OMEZ R#EMEE LCHA
L7:. CIDEH Oms D& X, Br &5 ATV ARFHE,
BrH D ET Br # & ATV R WRE oMK L ) K
ELoTwh, ThiE m/2=80 & 82128V T “Br'H”
EVBIH AR ENRTWA 2O TH S, CID i EEL
THZEICE) BrH AREEL, FhEholfAkti—
T HMENICH S, BrH DA L CID RIS L T
%. CID B 500 ms ® & &, BrH & T2 EEL, Z
NZENORBICBIT % Se DR ARITRD Bv—3E R
L7z, 2OL&DCID 50V, 500ms # flvTlk MR
BHREWE PO Se DERSITEIT) L L L.

3:1°4 CID#EZHAVEEZEENEHD Se DEE
Table 4 |2 CID #1T- 72B3I2 BT B EHEYE H o Se Dl
ERERERT. Se DEREIZOVTIE, WEEHED:T 5 [
DWEZ Y R L 72RO P & FRERAEZ R L TH 5.
HEMPE I, & MR (CRM1: NIES CRM 18 2 U° CRM 2:
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Table 4 Determination of Se in biological certified
reference materials

Found/ng g~ .
Reference/ng g
without CID with CID
CRM 1 21.9%£0.8 12.8 +0.8 149+23
CRM 2 71.7+1.1 60.7+ 1.5 59.0 £5.0
CRM 3 1050 * 30 — 1100 £ 100

CRM 1: Seronorm trace elements human urine 2524 (10-fold
dilution); CRM 2: NIES CRM 18 human urine (10-fold dilu-
tion); CRM 3: NIST SRM 1577 bovine liver (40-fold dilu-
tion); CID: 0 V, 500 ms; Trapping time: 500 ms;
Accumulation times: 30 times

Seronorm 2524), M O°LLEE @ 72 12 24 BT i B2 3 Wy 2
(CRM3: NIST SRM 1577) % l\v:7z. CRM1, 2 ® Se ®
ERAEIZ, 3DQMS @ CID HfigZ 52 &2k ), 2
fili & FREHPHN T —F L7z, —7J7, CRMS 0T isis ety
HiE, Se DBEINKEL, HEND BrOBREL/HINVE
¥, CIDHELTHET 5 LAMFETH - 7.

3+2 Fe |\ZBAT 5 2N MIVTFHOER

3:2:1 3DQMS ZFAWV\ T Fe 2 AIE Y ZIRICHIBEE LD
AR MIVFHE A0S D ARY VT BROEE
D7z, R vz, 72, YCa0 T b D AR
7 PVTHOMERD DI, RPICETN TS Ca Dk
FE&Z LTI L7 Ca 100 ppm & Z Hv 72, 3SDQMS
IZE o TRONIZY AAXRY MU% Fig. 4 1IRT.

YA D AR MVTFHIE, Ny 7 7Ty v MY
& LT 15 ppb, “Ca®O " ®AXRZ M VT, Ny s
779y FHYREE L T45ppb ThHo7z. £72, Ca
100 ppm (& % M58 L 72BR1C1E, m/z =57 12 Ca'OH "
bR SNz, “Ar0TE E BT, Cad B D PCa O A
HWEDOWEL 72> TnAb7280, 3DQMS O CID Ktz v
7z,

3-2:2 CID #BEIC L B ArOt & CaOT DK Fig. 5
2 CID 12X % PAr°0" & “Ca"* 0" DRIk 2 R, HiEdhix
55, BT CID R TH L. 7L —DFEHRIT Fe
100 ppb, 7 L — @ m#tT 23, 72, Bo%EH,
Fe 100 ppb IZ Ca 100 ppm % & &AM, Lo R, Ca
100 ppm #HH E > TV 5.

CID B[] 0ms D & &, Ca Z &L ilkHE YCa'®O" H34k
WENTWDE0, CaxHATYRVAEOETIHE X
DI K& HhoTWAD, CIDEEIZELT A LICLY
“Ca O HEHEL, ENETNOETIREIX T A6
H 5. CID K] 500 ms D & &, “Ca 0" &+ fREEL,
ZNZNORENIBIT S Fe DEFHERDINY 7 75
Y FOEGMELRD R—HER L7

Fig. 612, 2ZiBRfH, Fe 100 ppb, Ca 100 ppm KU Fe
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Fig. 4 Mass spectra obtained by ICP-3DQMS (trapping time: 50 ms; accu-

mulation times: 100 times)

(a): blank (0.1 M HNOs); (b): 100 pg g ' Ca;

100ug g ' Ca
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Fig. 5 Signal intensity of Fe as a function of CID time
(CID: 0V; trapping time: 50 ms; accumulation times:
100 times)

: blank (0.1 M HNO;); --@--: 100 ug g ' Ca;
:100ng g ' Fe; —@—: 100 ng g ' Fe + 100 pg
-1
g Ca

100 ppb + Ca 100 ppm % #I5€ L 72B£® CID 217> TWi
WEHETHE Lo~ A ZAXY bV E CID DR 4A:
TH5bH 0V, 500 ms DEFTHELNITAARY PIVER
F. CID %479 2 & T, YCa®O" FREEKKLTWDH T
ERRTHNG., T2, BEEL7: YCa°0 " ® ) B 20%
A YOCAOH IZEML LT A T 2R L. oKX
D, “Ca®0" O>—EIL, BHEROKEEKIET S LT
WL LR EZEZONL. 29 LTHELN CID &t
0V, 500 ms & Tt MREEAEYE D Fe O % =547

: blank (0.1 M HNO3); @:

oz ke L7

3:2:3 CID#EZHVAEEZEYEHRD Fe DEE
Fe DIEFENEIEEINT WD L MROEEYERTIZAD
%, FMORL R EERRLIDBRMEN Lo 72720
2, Fe OUIMEBNNGEE: % 1T > 7=,

Table 5 |2 Seronorm 2524 H10 Fe Ol @5 2 777,
Fe OEREIIOWTIE, WEHEDT 5 o], BEEEZIME T
5I, &t 10 MOWEZHED KL 2L & 0P fE & Ak
AEZRLCTHS. —J, BINEBRIZOWTIE, WD
TH5RONEZKEYEL 72 L & O Pl & AR % R
LTH5.

WA EBROKE R, CID 2479 2 & T Ar'f0" &
“CaO DT W OB ERE L, HIERIZIT 100% % EH
THIENTE. ZOLMBTER LT Fe DIRNEIL 73.6
ppb & oiz. F72, TOBROGHEOREEX, Theth
31% & 51% ToH o7z, RMENEROK R E, Ko
Fe DM IEAHEAY 15~ 157 ppb T 5 Z & 2 S0 HIZZ Y
RIETHDLEELEZOND.

4 H B

SDQMS DA F ¥ LNV & FNF 2 b4 5 2 £ 12 &
D, Se™, %Se™, MSeT T 5 PO, *Ar,”,
2S00, T BPCTCL T D AR PVFHIMEIRTE 2. L
ML, PFe I35 YAr'07, YCa'®0", J O ¥se”,
¥Se 295 PBr'H', YBr'H TO A7 MVFENE, 5%
IR T E o 72,

Z 2T, 3DQMS @ CID g2 flifi$ 52212k D,
“Ar0*, “Ca0 " RO Br'HY, UBr'H T®ARZ ML
R L 72, Fe B U Se D55 50 EE K ORI A 53k
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Fig. 6 Mass spectra obtained by ICP-3DQMS (trapping time: 50 ms; accumu-

lation times: 100 times)

(a): without CID; (b): with CID 0V, 500 ms;

100 ug g ' Ca; : 100 ng g ' Fe;

Table 5 Determination of Fe in Seronorm trace ele-
ments human urine 2524 and recovery test

without CID with CID
Fe concentrattion
+ +
Before addition/ng g_l 90.5% 4.0 73629
Added/ng g™’ 20 20
After addition/ng g~ ' 1172+ 2.6 93.8 £2.2
Recovery, % 133 101

CID: 0V, 500 ms; Trapping time: 100 ms; Accumulation
times: 30 times

72 CID OIHESZMIE 0V, 500 ms TH - 7.

A4 ¥ LX), FNF LU CID OEEEOT T, bk
PREEHEY)E (NIES CRM 18 K U Seronorm 2524) 1@ Se
R LR, AP TSEMEE KL T,
v MREEHEYE (Seronorm 2524) H1® Fe O RINMHIILE
B AT o 7285, 101% ORIE 1525 2 LR TE 7.

KiEEH WD Z LT, AREET D Fe KLU Se ICHT
AR MVTFHOKEEREE L, AEEET O Fe K
O Se % RERFMLARIL O3 b K & v PFe B U ¥Se & T
EETHIENTE .

X (73

1) N. Furuta, A. Takeda, ]J. Zheng, T. Nabeshima:
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A% by TRERGHRN R L CW 5 FEEE 79 A~ ZRCMEMRERSHE 2 VT, ARR
B D Fe U Se ICHT 5 AXRY MVFHEMIEL, EARFEE D Fe LT Se DM AT 72, =KoLl
FERE RSN (3DQMS) D4 F ¥ L X)L & filtered noise field (FNF) #RE% R#{Ls5 212X b,
Se”, ¥Se”, PSelZHE B A", MPS0O", TS0 KO PCYCL T DAY FVTFHIMEIRTE 2. YA
AR L7245, YSe BT A5 4F I v 27 LY DI 100 ppt~100 ppm D 71F72T, MEEAIE 11 ppt
R L7z, 3SDQMS @ collision induced dissociation (CID) #feZ i3 2 2 &i2& by, “Ar'°07,
“Ca"0 RO Br'H, YBr'H D AR VT EH KL L7z, Fe KU Se DIF 5 M EE K ORI AR A & 3K 6
72 CID D #ESEME 0V, 500ms THo72. 4 F ¥ L)L, FNF KO CID DRSO T T, b bIRiEidE
WE (NIES CRM 18 K UF Seronorm 2524) H1® Se % g L7o#G %, fEfifiN cERMEE —F L. £/,
t MREEEYE (Seronorm 2524) H1 D Fe DIRIMIEINEER %217 > 72458, 101% OBIREZHSL Z AT
o, REEMCLZ LT, BRI D Fe LU Se % RARFEMARIL DI b K & v PFe KU *Se 2 HwT
ERTHIENTE.



