ICP EADITEICEDAERAPLVELE LI UVHMERTEED

FOHESLPESC T FETT S22 8 75:(2005)

@D

3

FERARY FILIEE RS THEE

EAHAT )

Non-spectral matrix interferences with determination of minor and trace elements in limestone
by inductively coupled plasma atomic emission spectrometry

Michihisa UEMOTO

Abstract Non-spectral matrix interferences with determination of minor and trace elements in

limestone by inductively coupled plasma atomic emission spectrometry (ICP-AES) have been investigated.

Limestone contains calcium in a major quantity, which is one of the most potent elements causing matrix

effects. A direct nebulization technique was used after digesting samples with acids. Eliminating spectral

interferences, minor amounts of iron, aluminum, magnesium, and phosphorus and trace ones of manganese,

zing, copper, cadmium, lead, chromium, and vanadium were determined through the use of a calibration

method with a matrix matching procedure. They were also determined without matrix matching one for

comparison, and furthermore internal standard methods were investigated. The analytical values were

elucidated in view of the spectral lines measured, where signal enhancements were observed for all kinds

of elements when atomic lines were selected, its attenuation occurred when ionic ones were selected. This

suggests that high energy ionic lines were attenuated, whereas low energy atomic lines were enhanced in

the presence of calcium. As the interference behavior is still obscure, matrix matching procedure seems

indispensable for complete removal of the matrix effect.

Keywords ICP-AES, Matrix, Interference,

1. #E

FEMES T T A< oME (Inductively  Coupled
Plasma Atomic Emission Spectrometry; ICP-AES) i3, ZAf#
HEIC Z W AU BT O EE T O = 3L X — AN
DEBICMHES, BRIEOF KRG 2R Lo g4 -l
IO IEOOLE S TH D, MEMIKEICL Y
MENTEBOYWEETHLT VI LT T XL, HE
W DD 72N R—=F VR EIC LY XA F Iy s Ly
DRV, B4 7 BB - R Eh A 12 L W £ < O T D ppm
(ug cm®)-sub ppm D ERE TRIETRETH 5, 72 Kk
DOFEEALTEY, WIAWDEFICER L TWHWDLIREDN
R ERSIIELEZ L ). BEEONN— Ry =T 0
BSHLHREELL, BHUCGDbE TEEEZHOL XD L
PHERES N TWD Y, MEEESEICE VLT, Rk
ALY T BT KD AORE O L EE FEA SO R AN AR 43 D RE BT K
LB PRI, OV T M B AIRIC & > TRA[ R 72
{LFEHFIE LS 2 5,

UM v — T

Calcium, Limestone

Dk O KREEZ AT S ICP-AES Th BN, KT
BEODIZE, BEAXT MG EORELE LTo
HFEERS () w7 RA) ICX D TFWEHOEENR
AIRTHD, v U v 7 AR L OREIIFEEHZ LY
KRELSBRDD, KE Rk o2 2 oRET
X OREIT RN/ NS <, EERRETI, B R
BICHBREOREOT VI VERBITEST LAY LA
BILEN~Y MY v 7 ZREMRTHOICK L, LEMEHC
MbaRECIX, v~ ) v 7 AREFI—RICEI LN
2 ThHD, b v 7 RAXBART FILTFEIZON
TIE, SRR EHEOERIZLY, HHWVITEZEESN
WICB T 2REBEEORRICLY, & DEEOKBIZ
BThs, FEMHTHBICHONTY, BB THIITHE
YEIC XY BIRIE S Il TcE 5, Lol b v
AN XL BIEART M AYED T IOV TIEIHNIE — &I
T, TR HEEZ2REHC AT S - IR 4 i
THZELICLBAMERE (R MNY v 7 Ay T U Tk)
oD WVITHEERINEICIL O RIX R b7, 22O T ¥
DRRE 2~ M) v 7 AR —VHICERL T, BAICK



FOHESLPESC B FEFTT S22 8 75:(2005)

S TIEHBENRT A—F — L FilibT5 2 ENLEITRD
D, AT FAEDO~ R v 7 ATHRICHET S HED
FEAEE, TARYBRBILHERT VI ) LR TR
2 ORI A A {9 5 st FE (easily ionizable element;
EIE)ICOWTOMRBY THHR, b THL I 7 A
HiVE BURE 0D FE BE RSy D 75 D TUEARBfE = K L F — A3 LR
RELFHOBRENRE LW ERHBNATEY, TxY
YA a—A 7 (EHFMBYE) 1L B8 LWBREF S
Ronsds D, RFETHE, ERETHLAKATO
DEBLIOMEBR S TEOTREZBEL T, ERHTHD
NV T NOFWEEET AT,

2. EBE

2.1 ICP EANDITEE

i L7ZICP-AES D — R =7 O S L iES&t%
Table 1 IZ/RT, AHEREIL, =Y = Nde 7Y XA
LTV T R—=F v —F L — M ORTICTREE SRR
Z, MBI BRERET 2 EENT TN T, &OMEE L
ERMEORBEMEL WIHK T2 EFELITE XL B E
B M E B OBETH 5D,

Table 1 Instrument description and standard operating

conditions.
ICP-AES instrument Leeman Labs.,PS-1000UV
RF Power 1.0 kW at 40.68 MHz
Torch Fassel Type
Gas Flow Rate

Coolant 12 1 min?

Auxiliary 0 1lmin?
Nebulizer Hildebrand Grid

Gas pressure applied to the grid
40 psi(pound-force per squared inch) which
corresponds to 2.8x10° Pa
Spray chamber Scott double-pass type
Solution delivery ca. 1.2 mlmin!
Spectrometer  Modified Czerny-Turner mounting
with echelle grating and prism,
fixed optics
0.75 m
0.0075 nm at 200 nm

60 mm (entrance)

Focal length
Resolution
Slit width
30 mm (exit)
Viewing height 3-4 mm above the load coil

Viewing type radial position
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sample (159
in borosilicate glass beaker
15 ml HCI (1+1)
H,0

digestion

15 ml HCIO, conc.

fuming (10 min.)
‘ 4 ml HNO,(1+1)
fuming (10 min.)

filter paper No.5B
washing with warm HCI (1+100)

filtration
filtrate residue
dissolution
dil. HC1 ashing
in Pt crucible

stock solution

ﬁ heating
1000 °C, in furnace

dilution determination (100 ml) (60 min.)
with ICP-AES
weighing (1)
determination Fe, Al, Mg, P,
with ICP-AES Mn, Zn, Cu, Cd, Pb,
Cr,V dryness
[ e ] S mitiF

0.5 or I ml HCIO,

heating
1000 °C, in furnace
(10min.)

weighing (2)

Fig.1 Analytical Procedure for determination of major,

minor, and trace elements in limestone.
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sample 239

in borosilicate glass beaker
1 g KCIO,

H,0

digestion

dryness
5 ml HCI (1+1)
30 ml H,0

filtration

filter paper No.6

washing with warm H,0

! \

filtrate residue
concentration discard
stock solution (50 ml)

in borosilicate volumetric flask

determination

with ICP-AES

Fig.2  Analytical Procedure for determination of total

sulfur in limestone.
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Table 2 Analytical results of all components in limestone

CaO

Si0,

Fezog

ALO,

MgO

P,05

this work 54.7

the average*

0.69

0.16

0.21

0.38

0.014
54.8+0.7 0.64=0.06 0.14x0.01 0.26+0.07 0.36%x0.04 0.007+0.002 0.004=0.003

(m=S.D.) (unit; mass fraction(%))
Mn Zn Cu Cd Pb Cr \%

this work 27 25 1.2 1.0 0.9 1.9 5.3

the average* 24+3 13+6 1.9+1.2 0.6x0.2 0.54=+0.05 1.6=0.8 2.2+0.5

(m=S.D.)

(unit; mass fraction(ppm))

*The average values are obtained from the interlaboratory collaborative testing

Table 3 Analyses of minor and trace components in limestone using the matrix-matching calibration method.

run

element atomic/ionic* A /nm | 1st  2nd 3rd | average RSD (%)

(minor components in the unit of mgg™)
Fe II 259.940| 1.09 1.10 1.10 1.10 0.5
Fe II 238.204( 1.10 1.10 1.08 1.10 1.2
Al I 308.215( 1.07 1.11  1.07 1.08 2.2
Mg II 279.553| 2.35 235 243 2.38 1.9
P I 213.618] 0.062 0.059 negativg 0.061 4.4

(trace componnents in the unit of ugg )
Mn II 257.610| 31.9 25.8 28.1 28.6 11
Zn I 213.856| 24.3 15.9 25.8 22.0 24
Cu I 324.754| 1.4 0.9 negativg 1.2 26
Cd II 214.438| 0.9 1.1 1.2 1.0 18
Pb II 220.353| 0.3 1.4 negativg 0.8 97
Cr II 206.149| 1.9 1.9 negativd 1.9 2
\Y II 309.311| 5.3 5.3 4.9 5.2 4

*I and II denote atomic and ionic emmision lines respectively.

Table 4 Analyses of minor and trace components in limestone using a simple calibration method without matrix matching.

run
element 1st 2nd 3rd average RSD (%)
(minor components in the unit of mgg?)
Fe 0.90 0.90 0.90 0.90 0.4
Fe 0.89 0.90 0.92 0.90 1.6
Al 1.24 1.27 1.22 1.25 2.0
Mg 1.91 1.92 1.97 1.94 1.5
P 0.075 0.074 negative] 0.075 1.0
(trace componnents in the unit Ofpggl)
Mn 27.0 22.2 23.3 24.1 10
Zn 20.8 13.0 22.3 18.7 27
Cu negative negative 2.4 2.4 -
Cd 0.7 0.8 1.1 0.8 25
Pb 0.1 0.1 negative| 0.1 0
Cr 3.5 2.6 2.1 2.7 26
\% 2.2 1.3 1.4 1.6 29

All analytical lines were identical to those listed in Table 3.
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Table5 Analyses of minor and trace components in limestone using an internal standard method
measuring a line of Au (Au I 242.795).

run

element 1st 2nd 3rd average RSD (%)

(minor components in the unit of mgg-Y)
Fe 0.90 0.90 0.91 0.90 0.8
Fe 0.88 0.92 0.94 0.91 3.0
Al 1.23 1.27 1.15 1.22 54
Mg 1.89 1.92 1.94 1.92 1.4
P 0.071 0.074  negative| 0.073 2.7

(trace componnents in the unit of ugg-1)
Mn 26.8 22.4 23.8 24.3 9
Zn 20.7 13.9 22.4 19.0 24
Cu negative negative 3.1 3.1 -
Cd 0.6 0.8 1.2 0.9 37
Pb 2.6 1.7 2.1 2.1 20
Cr 2.4 2.7 1.7 2.3 22
A% 1.7 1.1 1.4 1.4 23

All analytical lines were identical to those listed in Table 3.

Table6 Analyses of minor and trace components in limestone using an internal standard method
measuring a line of Au (AuI 197.819).

run

element 1st 2nd 3rd average RSD (%)

(minor components in the unit of mgg-1)
Fe 0.90 0.91 0.91 0.91 0.5
Fe 0.88 0.90 0.90 0.90 1.3
Al 1.36 1.42 1.28 1.35 5.0
Mg 1.87 1.94 1.93 1.91 1.8
P 0.077 0.074  negative| 0.075 3.1

(trace componnents in the unit of ugg-1)
Mn 26.1 21.7 22.3 23.4 10
Zn 214 14.2 22.5 19.3 23
Cu negative negative 34 34 -
Cd 0.5 0.8 1.0 0.8 31
Pb 2.6 14 1.7 1.9 30
Cr 3.2 2.8 2.4 2.8 15
\% 2.0 1.2 1.8 1.6 25

All analytical lines were identical to those listed in Table 3.
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Table7 Comparison of the data expressed as the ratios of the each different set of analytical values
over those with matrix-matching method.

(simple calibration)/ |(IS**, AuI242.795 nm)/ [(IS**, Aul197.819 nm)/
element atomic/ionic (MM*) (MM*) (MM*)

Fe II 0.82 0.82 0.83
Fe II 0.82 0.83 0.82
Al I 1.15 1.12 1.25
Mg II 0.81 0.81 0.81
P I 1.23 1.20 1.25
Mn II 0.84 0.85 0.82
Zn I 0.85 0.86 0.88
Cu I 2.00 2.58 2.83
Cd II 0.81 0.83 0.74
Pb II 0.16 2.57 2.32
Cr I 1.42 1.19 1.46
Vv II 0.31 0.27 0.32

*MM; matrix-matching calibration method

**S; internal standard method
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