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Inductively coupled plasma mass spectrometry (ICP-MS) offers a powerful multielement analytical
method. Polyatomic interferences, however, are a major problem for the analysis of some elements. For
example, 40Ar160+, “APCl" and 4(’A'rf cause overlap interferences when detecting 56Fe+, As" and SOSe+,
respectively. To address this issue, we studied low-pressure helium-ICP-MS, where a highly energetic heli-
um plasma was generated with an rf power of 500 W in a water-cooled plasma torch. A sampling orifice
Different sample-introduc-
tion techniques were also developed for extending the scope of the proposed method. A liquid sample,
for example, was first converted into tiny droplets with an ultrasonic nebulizer and then desolvated in a
heater. The resulting dry aerosol was successfully introduced in the low-pressure helium plasma through a
PTFE capillary tube. A small amount of sample was transported to the plasma after electrothermal vapor-
ization on a tungsten filament. Other sampling techniques examined include hydride generation and
laser ablation. The detection limits were measured based on 36 for a large range of elements in the peri-
odic table. Improved lower detection limits were obtained for halogens, C, Cr, Fe, Se, and so on. The
diagnosis of helium plasma with a Langmuir probe indicated that the plasma temperature was higher than

was fabricated from an aluminum metal to minimize the background spectra.

the conventional argon plasma, which may contribute to an enhancement of the detectability. The analyt-
ical capability of the proposed ICP-MS was demonstrated by analyzing different types of certified reference
materials.

Keywords : ICP-MS; helium plasma ; trace analysis ; electrothermal vaporization ; laser ablation.
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Fig. 1 Schematic of the instrumental configuration
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Fig. 2 Schematic diagram of water-cooled plasma torch
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Fig. 3 Sample introduction to an ICP-torch
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Fig. 5 Generation of volatile hydrides
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Fig. 6 Block diagram of laser ablation system
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Fig. 7 Background mass spectra for atmospheric-
pressure argon-ICP-MS
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Fig. 9 Background mass spectra for nickel (a) and
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Fig. 10 Mass spectra for iron and selenium
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Fig. 12 Langmuir probe for diagnosis of plasma
H H
Li «—t— Element ¢
Conventional L > 0027
argon [CP-MS 005 «— Nebulizer -
Li Be ' method B C N 0 F Ne
0.027 | 0.05 0.0 5\ Low-pressure 0.1 -
005 | 0.05 : . 1 1X10*
helium-ICP-MS
0.05 | 0.016 I~ 1 23
ETV
Na Mg Al si P S cl Ar
0.03 0.018 0.015 5 5 - —
0.05 | 0.06 67 600 13 |4x10°| 50
0.03 | 007 4x10° | 57 0.6 300 24
K Ca Sc Ti \Y% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
- 0.5 | 0.015 | 0.011 | 0.008 | 004 | 0.006 | 0.58 | 0.005 | 0013 | 004 | 0.035 | 0.009 | 0.013 | 0.031 | 037 -
0.2 2 0.02 | 0.16 | 0.009 | 0.008 | 0.004 | 0.02 | 0.006 | 003 | 003 | 002 | 0.005| 0.009 | 003 | 0.17 02
0.1 03 | 009 | 008 | 0009 | 0.006 | 0.007 | 002 | 0.009 | 002 | 0016 | 003 | 0.007 | 0.008 | 0.004 | 0.09 | 0.13
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
0.005 | 0.003 | 0.004 | 0.005 | 0.002 | 0.006 0.009 | 0.005 | 0.012 | 0.002 | 001 | 0012 | 0032 | 08
0.005 | 0.003 | 0.009 | 0.009 | 0.006 | 0.003 0.006 | 0.009 | 0.008 | 0.007 | 002 | 002 | 002 | 009
0.007 | 0.002 | 0.009 | 002 | 004 | 003 0.009 | 0.009 | 0.009 | 0.009 | 0.009 | 0.02 | 002 | 005
Cs Ba La Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi
0.002 | 0.006 0.005 | 0.002 | 0.007 0.005 | 0.005 | 0.018 | 0.003 | 0.01 | 0.004
0.009 | 0.007 0.006 | 0.008 | 0.009 0.009 | 0.009 | 0.03 | 0.008 | 002 | 0.005
0.007 | 0.008 0.05 | 0.04 - 0.008 | 0.005 [ 0.06 |'0.009 | 001 | 0.007
Fig. 13 Detection limits (ng ml™") obtained by ICP-MS

BN THEI LR,

K pg~fg 1EL 7.
4-3 RETEH

FEXTHE T RIZS < OTHELS

BEHEF R, AErERNICT I ATICEATAIL
NTELzD, FARICHTIEEIOWTHET S LT
&5, LoL, ABOHBEED 03 mlmin ' D7z, &

BEIFRONESTIZIZEIVOIEIANELTWSE., —F,
ETVICE DB OoNLEFTIE, FEIEIERD THBIER
Thb7D, 2nRULOWETIE, BOHEIAMIEL
T L7z Shud, WMEBRERSATEO n/z OEBR
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Table 1 Simultaneous determination of four ele-
ments
Group No. Analyte isotope RSD (%, n =5)
*Cr 9.8
. “Mn 8.2
Fe 8.3
¥Co 10.0
“Cr 10.2
5 *Mn 10.3
"cd 8.6
“*ph 10.2
*Cr 11.1
3 “Fe - 10.5
: ¥Co 10.8
*%ph 9.3
»Cr 8.8
4 "As 9.0
Mcd 11.1
25p, 8.1
“Cr 9.7
5 Fe 9.3
“As 7.9
“ph 10.6
¥Co 11.2
6 "As 10.7
Mcd © 105
28pp, 9.4

TIVT 45 A FETVERELELY. ZoFECLD,
BEORGERESELS R Y, 470F T TORMEIEI
Lotz o, WERKIET V7 Y —HERICE X
472, Cr, Mn, Fe, Co, As, Cd, Pb ® 7 THRIZDT,
4 LRI HE 21T o 72/ R % Table 1137, HEHD
HEWIZEWEE (P°Cr, ®Mn, *Fe KU ¥Co) 75 KEL
R TWBEAE (PCo, ™As, "Cd LU *Pb) T TOHOW
FThOMAGHLEIIZBWTYH, MEBEZEL) %L
ERTER, LIL, iEZREzsnELXTLE, 50
BHRMEEIREKETL, ANEERZ (RSD) iF 30% L
LiZo7e.

5 5 H B

5.1 LB EBD As DEE"

Bk, WBARSICERTAZI L HBE L, ABENRET
ol &b, REHEACHNEEET WS E, B
WzEoHrFY s ra—rvoBET VR4 VL VAR
DIEFIRE B 720, ETV ZHVTHEZIT- 72,

BHEOKREET VT > ICP-MS TIZ, B HET 5
&AM AR L, PAsT (RMEARTEAE L 100%) DE
BERITET L, WEAY YA ICP-MS TlE, CHIZERL
TenNw 2 75 FHPEHTES7-% (Fig. 14), As DE
BRI R 072, AsORESMEICRIZTAFEEA 8
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4 ~
L 100 ng As ml™ in pure water
2 -
1 -
2 0
O 4
vo L
- 3 100 ng As ml"
> r in 3w/v% NaCl soln.
= 2+
Z L
L2 1+
B L
= 0
B a4
w -
3 3w/v% NaCl soln.
2 -
l I
0 T T T
0 100 200 300 400
Time / ms
Fig. 14 Profiles of transient arsenic signals
Table 2 Signal intensities of arsenic (100 ng ml™") in

the presence of different chlorides

Chloride (3 w/v%) Relative intensity of "As

Pure water 1.00
NaCl 1.60
KCl 0.82
MgC12 0.71
CaCly 0.70
NH,Cl 0.75

w/v%) DEBERHRIL A, Table 2R T X1,
Na i IETHRELENSE, —F, oty 3Rd 3¢
F2. T, BRTE11BEOESHEMTH-72. & B,
Na (2 & % As DHEFRIZKEEANT 7 5 ICP-MS® T
BN EhTWa.

52 KEKPFOFOEE™

BWEANY YA ICP-MS LY, FORBKEERDEEIC
HolzZ ks, ETVERAVTAKERIIEINSLFOE
BErkA7z. £3, "FTORBEHEEICKITT Na DFEIC
DWTHET L7z, BEMREIE NaOBmE & bicHKkT 2
A5, bugml ' BLETIRSML, —EL Aot —F, Mg,
K, Call2WTiz& 42550 ug ml™ ' 47 LT HEEIdA
otz Lo T, MEREREOERERIZ, Nat
10ugml ' & %5 X ICHARLA. £, KEKPICEE
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Table 3 Analytical results for certified reference
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Table 4 Analysis of certified reference human hair

riverine water samples
Concentration/ng ml ' Concentration in sample/pg g~
Element” : Element” :
g Determined e 1b) Determined
+
Certified (£2 o) (n=5 *0) Certified (n=6, =0)
Cr 0.14 £ 0.02 0.13 £ 0.02 Cr 91 =33 94£6
Fe 6.9 0.5 6.2+ 0.5 Mn 11.2+0.3 9.5+ 0.7
Cu 0.88 £0.03 0.82 £0.07 Fe 580 = 10 580 = 30
As ‘ 0.28 £ 0.04 0.32 £0.01 As 0.31 £0.02 0.27 £0.02
Pb 0.026 = 0.003 0.04 £ 0.02 Se 2.00 £0.08 1.9£0.2
) e 56 65 7 208 Mo 6.6+0.2 6.2£0.8
a) Analyte isotopes: “Cr, "Fe, "'Cu, “As and “"Pb cd 0.521 = 0.094 0.51 % 0.05
Pb 33.0=x1.2 31£2

N5 NaldlH 10ugml ' LT THD7720, NaZihmlL
BED 10pug ml FHEIC R 2 X ) ICHHB L, S EIR
0.19+0.0lpugml™ ' THY, MEF ZRHEL BEICHE
T&/.

5+3 AJIKOIFY

R H WG KEERE (HARSITEEEA,
JAC 0081) DG EFT-7:. EEUNESISHELTEN D
o72lz®, 7V —YNYFHNTI0RBICERBHEELIT- 7.
Y, £ETLZNaR® CaDBBEEZARLLT A, 10pg
ml ' FCORFREFCEELEZ o, o7z, LiL
AREBRTHWZ2MIIKRRHE, BRI OBELZKEL
BRTHY, BEMEZRAS L. ZRIPWHTHICLS
BOLEZOR, BHREO In % ARERICERYE LT
WT 2 LI VMIETE, SRR RIEEE & b
{2, Table $IZ/RT.

5-4 EEEERHOMTY

FTIVT 45 A ETIVERHOT, HEEERH (10~
200 um, JKEf, BCR CRM 397) D% TEFEMGATZ R
Az, BHF 10 mg % 14 mol 1 FER 200 W & 30% B
KFEK 200 ZHCTIEGEE, KEMATiml &L
72 COBWEYTNT 4T A MU T2o08E,
3 475C%F (Cr, Mn, Fe X U'Pb) # R L7z, FHICL
THEIZ4LHE (As, Se, Cd KU Mo) 2ELZ. 5
N7z HfE Rk % Table 4 18T, Aiid, 1 BIOPEIICE
THRAEVHAIBETHY, EIZCr, Fe, As, Se # ARY
MIEEZTHILRSERTELI LN, RBED
BONI-BEELABOGITICBIN 2 FELELRLTHS
3. ;
kB, BEOKRRKET VI ICP-MS (ETV Z2#HH) %
HAWTAs RO Se DER DAT- 727, EHFIL As 0.30
ugg ' BUSe20ugg kA, RAME LKL
h%, FPMARTEIEL DK E WV YSe " IZANRY P UBES ST
Az, PSe' FWET HLEMND - 7.

a) Analyte isotopes: 2Cr, ®Mn, *Fe, "As, *Se, ®*Mo, '""Cd
and *®Pb. b) =2 ¢ for Se, Cd and Pb; =g for Cr, Mn, Fe,
As and Mo.

5:5 #MEFOHF

LA/ICP-MS Z Fi\V THMH AMB TR OL TR AR E
BEITo 7. RBREZHASN—/S—THEL, =¥/ —
VR TBERESRE, T7L—Ya VAR, &L
NEeEZERTT30~40Torr i2L, 79X b—F&
BEg, B2 02mm s TRPEZEHP LRSS L —F
— (15Hz, 150 m]) % 30s BE L7z, £ U2RBRAE,
FYVX—HAZIDICP b—FICEALL. 2B, &
FEABEOWHEIT MY v 7 XD Fe #NE#E LT o
72, SO, *Fe’ (GAEH 91.66%°") DEFHREIIED
TREWD, “Fe' (219%) DT & 7.

Fig. 1512 C, Si, P RU'S OMEME/RT. WEHI,
AARSMEDOERELT Y — X A (1622, 1632, 164-2)
ROMBES > ) — X (512-6) ZHWTIER L7, &b,
SilZDWTIX ®Si™ (AL 92.18%) B3 Fe* 12X D FHE L
WFBEZI 2720, USiT (4.71%) RHEIE L7,

WO D12, KFE LA/ICP-MS I2& - TE O #
K% Fig. 16 IZ7R"7. C, Si, PRU'SDERIX, KEAES
WCHET S BCY, "Ny, "NPOH RO 0, 2k hFEL
KEEBsh, EBEVHEETZR3ATERICE 72, BiCC
BNy 7759 FHEKREL, A4 LKWz,
BELESHREILLOBICRASHE N 2o/ 2
SIRKEL "0, E—27D&ELY &2#IT L0, “S" %l
EL72DS, ZNTOREBRIMER TE LD o7, SieP
WZOWTHZENEN0.15% KT 0.01% LT ORETIEE
BTEXLho7.

LA/BENY 7 A ICP-MS 12X o TH 7= g K
(JSS 5122 BT 513-2) DIAT#ER % Table 51/RT. &
WL hiX, ®ROKRKIE LA/ICP-MS TEEDHEEL C
RSHLeHBEUIIERTEILDTE, ZOHNHHE
R E LK —FK L. REORBTER (30) &, C
20, Si100, P0.5, S2, Cr0.5, Mn 0.3, Ni0.8, Cu0.4
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Fig. 15 Calibration graphs obtained by LA/low-pressure helium-ICP-MS
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Fig. 16 Intensity ratios obtained by conventional LA/ICP-MS

pgg ' THY, A= BHERNRSAGSHIEDICHRTC
RS OBMHE TRRIZRRE B, FOMDITEIZOWTIE

BN RELZBLIENTE.

SHREBORENL LS

O, BEFFAFT VOEREMZ LI LIZL VELRDLKE
DI EDHETE 5. ASFTEZRBORLIASBETSH
D, BIEL7-RE2 Ly b LTHS 25 BRI H &R
PELND 720, SRORBORESTEEINATERTH

Vol. 53

(2004)

D, RWHETOL 2 TOMEEERSH & ENOICHIHET

&5.

6

ARFSCTIHBENY 7 & ICP-MS & F 72 54T & 2
FAOBREBRICOVWTHERE. KSR TT A<+ —F
DEAN, BROGWETE DA V& —7 2 — ZAHHE 0R#E{L
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Table 5 Analytical results (n = 5) for certified reference steel samples
Concentration, %
Flement” JSS 512-2 ' JSS 513-2
. Determined Determined
i .
Certified (n=5, +c) Certified (n=5, +)
C 0.086 0.086 £ 0.006 0.16 0.17 £0.01
Si 0.14 0.16 £0.02 0.25 0.24 = 0.04
P 0.011 0.012 £ 0.001 0.012 0.013 £ 0.001
S 0.011 0.012 = 0.001 0.010 0.010 £ 0.001
Cr 0.036 0.034 = 0.003 1.16 1.14 £0.04
Mn 0.41 0.41 £ 0.02 0.79 0.77 £ 0.05
Ni 0.031 0.032 £ 0.002 0.13 0.014 = 0.001
Cu 0.067 0.067 = 0.003 0.071 = 0.003

a) Analyte isotopes : 12C, 2"Si, 3'P, g 52Cr, 55Mn, ®Ni and ®Cu
Y P

EEDIL, FYESY—A V¥ —T 2 —AEFVBEER
FHEAEZ B2 CHR L, BERSIIGERN LA, B,
ETV R LA ZEANY 7 & ICP-MS LA EHLEDL I LI
LY, MAERBRLERABOSTEE LTOERLER
ML HEE L CHEEZRRR SR O 5 217\,
WRTREFBREBLIENTES.

BWIEANY 7 A ICPMS I E L, BEOKRFET VIV
ICP-MS THIER L KRBT ENBHREICHETE S
O, WE, R, ERHEBEENRE LELEWSEICS
HAT22LNTE, SHBOBELIEEIHEINS.
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L3 =1

BEORKRET NI VFHEREEG T I AREESIE (ICP-MS) Tid, 7TV Iy RRABSIGER L 72N
VIS Y AR P WVIZEBERPE, ROAF VLBEEOBVILEOREARARS LIELIZHELE &
5. BHETIE, TRhODOMEBRIT L7720, WEANY 7 L ICP-MS 2 2R R CISHO™m A S5 L 72,
Thbb, BEDTIATI—F2KERIIEZ, A V5T 2—XWEF|PLT NI =T L8UIEZ, ¥
SRIBEAGL, BEL2RBELL. T2, FYEF)V AV — T2 —A%HALBEELATIA -
AFLERBEL, BHRAHNEZRETO 7 I ARICREICEATES LHIT LA, HIZ, BHAME, KEL
WREERFL—F =T 7L —a VX BRREAEDRE L, RikgK, M, BHEABZ 0o
CIBHL, ToRRAEEEFL..
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