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Abstract

Non-spectral interference of easily ionized elements (EIEs) as chlorides and Al as AICI; and AI(NO,), on the emission
of Call 393.367 nm, Ca1422.673 nm, CaOH 554 nm and 622 nm were studied in a medium power radiofrequency ca-
pacitively coupled Ar plasma (275 W, 27.12 MHz) with single (SRTrfCCP) and double ring electrode (DRTrfCCP). The
mechanisms of interferences were explained based on the matrix energy demand (MED) supposing the local thermal
equilibrium (LTE) in plasma, emphasizing also processes contrasting with this model. Matrix effects were found to be
dependent on the coupling geometry of the rf power to the torch, observation height, emitting Ca species and EIEs ma-
trix nature but independent from Al as regards its salt origin. The magnitude of the matrix effects was correlated with the
electron number density and the discharge temperature. The optimization of the observation height and use of the DRT
geometry allowed the reduction of EIEs and Al matrix effects on the emission of Ca species compared to SRT. The best
Ca detection limits in SRTrfCCP were at CaOH 622 nm (106450 ng ml™"), while in DRTrfCCP at Ca I 422.673 nm
(92-145 ng ml™).

Keywords: Radiofrequency capacitively coupled plasma, optical emission spectrometry, non-spectral interference, Ca

determination

1. Introduction

Although more than 60 years passed since the begin-
ning study about the possibility to use the radiofrequency
capacitively coupled plasmas (rfCCPs) in spectrochemical
analysis,' these have returned in the attention of analytical
community as a result of their advantages: low power and
gas consumption, good sensitivity for a number of analyti-
cal applications, low cost and easy operation. RFCCPs can
be developed in different geometries® within a large ran-
ge of power (5-300 W) at atmospheric pressure with gas
consumption between 5 mL min~' — 1 L min~". The versa-
tility of the rfCCPs for spectrochemical analysis has been

proven for liquid'®'? and direct conductive or non-conduc-

tive solid samples.'>'* The advantages associated to sensi-
tivity in the analysis of clinical microsamples by electrot-
hermal vaporization without digestion," the specificity as
detector in gas chromatography for organometallic'® and
toxic halogenated compounds,'’""? and the possibility to
interface with vapor generator for Hg, Sb and As determi-
nation by emission® were emphasized in the literature.
Despite these advantages, the non-spectral interferences of
easily ionized elements (EIEs) represent a certainty in low
and medium power rfCCPs and consequently they have
been extensively studied.'® '>2-° Besides the capability in
multielemental determination, a spectral source should be
free from spectral and non-spectral interferences in order
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to be considered as ideal for optical spectroscopy. When
such interferences are present, it is important to recognize
and control their extent. Non-spectral interferences di-
rectly affect the analyte signal either by altering atoms
concentration in the plasma or changing the plasma cha-
racteristics or both in some cases.*

The rfCCP torch with single or double ring electro-
de (SRTrfCCP and DRTrfCCP) operated at 275 W develo-
ped in our laboratory?’ has proved to be a valuable tool in
the multielemental determination by optical emission
spectrometry (OES) of environmental, biological and su-
perconducting materials.'>*>* Besides the relatively
good excitation capability, the SRTrfCCP was recently re-
ported for the first time as a promising atomization cell for
Cd fluorescence spectrometry.®

Determination of elements by OES and the associa-
ted non-spectral interferences in low and medium power
plasmas have been extensively studied in the literature rat-
her at the atomic lines than at ionic lines and molecular
bands. For this kind of plasmas it appears as useful to ex-
plore the determination of some analites at their molecular
bands, since low/medium power plasma sources are not
capable to dissociate refractory compounds. From the
fundamental perspective, the objective of this study was to
provide an almost complete picture of the non-spectral in-
terferences in OES in a medium power plasma source due
to EIEs and Al on Ca atomic and ionic lines, and molecu-
lar bands and the linkage to the discharge characteristics.
Calcium was selected in the study as it develops relatively
easily atomic and ionic but also refractory molecular spe-
cies and exhibits both ionization and solute vaporization
interferences. The mechanism of non-spectral interferen-
ce of EIEs as LiCl, NaCl, KCI and of aluminium as AICl,
and AI(NO,), on the optical emission at Ca I1 393.367 nm,
Ca1422.673 nm and molecular bands CaOH 554 and 622
nm was studied in Ar SRTrfCCP and DRTrfCCP operated
at 275 W. The investigated matrix effects were explained
based on the matrix energy demand (MED)* supposing
the local thermal equilibrium (LTE)*’ in plasma and corre-
lated with the discharge temperature considered to be the
rotational temperature of OH species (T, ) and electron
number density (n,), respectively. The interferences were
also correlated with torch configuration, observation
height in the plasma and nature of Ca species in order to
achieve the best figures of merit for Ca determination by
OES using rfCCP with ring electrodes. This study is a
matter of significant relevance for analytical practice of
Ca determination, since EIEs and Al are present in a wide
variety of natural matrices.

2. Experimental

2. 1. Stock Solutions and Reagents

Stock solutions of Ca, Na, Li, K and Al (1000 pg
mL™") in 1 % (v/v) HNO, 69 % were prepared starting

from p.a or purum p.a Ca(NO,), - 4H,0, NaCl, LiCl, KCl,
AlCIL, - 6H,0 and AI(NO,), - 9H,0. Solutions of 10 ug m-
L' Ca in the presence of 0—500 ug mL™" Li, Na, K and Al
were used in the evaluation of non-spectral interferences.
Argon (5.0 quality) from Gas SRL Cluj-Napoca, Romania
was used as plasma support gas.

2. 2. Instrumentation

Measurements were performed by interfacing the rf-
CCP generated in two geometric configurations (SRT,
DRT) with two spectrometers. A multichannel spectrome-
ter equipped with a photodiode array detector (PDA) was
used in the study of non-spectral interferences and limit of
detection. A high-resolution scanning spectrometer was
used to record the OH spectra and evaluate the ionic-to-
atomic emission ratio of Ca species in the study of physi-
cal characteristics of plasma. The experimental set-up of
the DRTrfCCP interfaced with the multichannel spectro-
meter is presented in Figure 1 and Table 1. A detailed dra-
wing of the torch in the SRT and DRT version was previ-
ously presented.”’
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Figure 1: Block diagram of the experimental set-up of DRTrfCCP-
OES equipped with PDA multichannel spectrometer

3. Results and Discussion

3. 1. Discharge Characteristics

The discharge temperature considered to be the
rotational temperature (T, ,) of molecular radicals was de-
termined from the negative slope of the Bolzmann plot us-
ing spectral data for OH band emission given in Table 2.%®

The lines were selected from the R branch in the ori-
gin vicinity of the OH molecular band 308.90 nm (A", v
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Table 1: Instrumentation and operating conditions of spectrometric systems (INCDO-INOE 2000, Re-
search Institute for Analytical Instrumentation, Cluj-Napoca, Romania)

Equipment Characteristics
Plasma power supply Rf Generator, 275 W, free-running oscillator, 27.12 MHz
Plasma torch Ar capacitively coupled plasma (0.4 L min~') with central Mo

tubular electrode (i.d. 3.5 mm) connected to the rf generator and
operated in two configurations:
(a) coaxial with single ring electrode (SRT) at 5 mm above the
tubular electrode
(b) coaxial-annular with double ring electrode (DRT) spaced at
60 mm
Sample introduction system Concentric pneumatic nebulizer equipped with peristaltic pump
and Scott spray chamber. Sample intake into the core of the
plasma through the tubular electrode (1 mL min™!, 5 %
nebulization efficiency).
Optics for the study of Multichannel spectrometer equipped with PDA detector,
non-spectral matrix effect Paschen-Runge mount, 200-1100 nm spectral range, 95 mm
focal length, 133 grooves mm™' grating blazed at 330 nm, 8 nm
spectral bandpass. PDA detector type S3904-512Q MOS linear
image sensor, 512 photodiodes, 25 x 2500 um sensitive area.
Optics for the study 190-800 nm high-resolution scanning spectrometer, 1 m Czerny-
of physical characteristics Turner mounting, 2400 groves mm™' grating blazed at 330 nm,
20 pm slits width, EMI 9781R photomultiplier tube.

Table 2: Spectral data for OH band emission®

1 Spectroscopic 3

A(nm) E,;(eV) v, (cm™) Sy branch -3
=]

307.114 4.453 35913.21 53.2 R,(14) T
307.303 4.512 36394.95 57.2 R,(15) é’.
307.437 4.064 32778.99 12.8 R,4) o
307.703 4.047 32643.83 9.1 R,(3) El
o

B

g

=0— X1, v = 0) as they provide a better quantify uncer- T
o]

tainty in T, measurement for several reasons. Their fre-
quency uncertainty is lower than for lines belonging to the
P branch, and the lines having high and low rotational
quantum numbers are less prone to self-absorption, and
consequently their intensities can be more accurately mea-
sured. Moreover, the narrow spectral range of the selected
lines eliminates the need of emission signal correction ac-
cording to the detector response curve, which could be a
source of uncertainty in the temperature measurement.

The n, was estimated from the Ca ionic-to-atomic
intensities ratio and Boumans and De Boer*® equation va-
luable in the LTE model. Data for n, measurement are gi-
ven in Table 3.4

The dependence of the T, , of OH species and n, on
the observation height in SRTrfCCP and DRTrfCCP in the
presence and absence of 100 ug mL™' Na as NaCl is

Log electron number density (cm™)

0 4 8 12 16 20 24 28 32
Observation height (mm)

Table 3. Spectroscopic data for Ca lines*’

Line A (nm) E,, (eV) E, (eV) gA 108 (s7) Figure 2: Rotational temperature of OH species (a) and electron
C 122673 5030 611 6.54 number density (b) in SRT rfCCP in the absence (A) and presence

al 67 9 1 : of 100 pg mL"' Na matrix (B), and DRTHCCP in the absence (C)
Call 393.367 3.152 _ 5.88 and presence of 100 ug mL™' Na matrix (D).
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shown in Figure 2ab. The error bars of T, , correspond to
an uncertainty of + 50 K calculated from the standard de-
viation of the slope in the Bolzmann plot, while the error
bars for n, are related to the uncertainties of T, and ionic-
to-atomic Ca emission intensities ratio.

Figure 2 indicates a dependence of the discharge
temperature and n, on the torch coupling geometry and a
distribution of these parameters over the height in plasma,
respectively. The plasma in the DRT configuration is hot-
ter than in the SRT one, which is reflected in the higher
rotational temperature of OH species both in the absence
and presence of NaCl matrix. Even considering the uncer-
tainty in temperature measurement, a cooling of the SRT
plasma up to 16 mm height in the presence of NaCl is a
certainty caused by the additional energy consumption by
the matrix. In the DRT geometry the cooling occurs only
below 4—6 mm. The electron number density is two orders
of magnitude greater in the DRT plasma than in the SRT
one as a consequence of the higher density of ionic spe-
cies, which results in a higher ratio of Ca ionic-to-atomic
emission intensities. Due to the more evident drop in tem-
perature and the larger decrease of n_ in the SRT plasma
when introducing NaCl solution, one can expect that the
matrix effect on the emission of different Ca species to be
more prominent than in the DRT plasma configuration.

3. 2. Matrix Effects of EIEs

The non-spectral matrix effects of NaCl in SRT and
DRT plasmas versus observation height are shown in Fi-
gure 3a,b.

In the SRT plasma, the greater matrix effect of NaCl
on the emission intensity occurs for observation heights
below 22 mm as a result of plasma cooling and decrease
of n.. The depressive effect on the emission of ionic (cur-
ve A) and atomic species (curve B) and the enhancing one
on that of CaOH molecular species (curves C, D) suggest
that in the presence of NaCl matrix the SRT plasma is no

25

Matrix effect

0 4 8 12 16 20 24 28 32
Observation height (mm)

longer capable to accomplish the atomization of Ca com-
pounds and excitation of its atoms and ions. Also, a re-
combination of Ca atomic and ionic species with OH radi-
cals in the gaseous phase is favorized by lower temperatu-
re.*! Therefore, the EIE matrix effects in the SRT plasma
could be explained using the LTE model and taking into
account MED.

According to Figure 3b, there are two distinct zones
along the DRT plasma in relation with the trend of the ma-
trix effect, which shows the different involvement of ma-
trix in the process of atomization-ionization equilibrium
and excitation of the analyte species. In the zone below 6
mm, the enhancing matrix effect is more obvious for the
molecular bands (curves C, D) than for ionic and atomic
lines (curves A, B). The mechanisms governing the
processes in the lower zone of DRT plasma are similar to
those in SRT and could be explained by the LTE approach
and MED of a particular interferent. In this region, a frac-
tion of the plasma energy is spent for the vaporization and
excitation of EIEs, in agreement with a previous report of
Cordos et al.,”” who found at 6 mm height the emission
maximum of these elements. Consequently, the atomi-
zation degree of Ca molecular species decreases due to
plasma cooling in the presence of the matrix. The trend of
the matrix effect at viewing heights above 6 mm can be
neither explained using LTE approach nor correlated with
MED of EIEs.

The non-spectral matrix effects of NaCl up to 500
ug mL™' Na in SRT (curves A1-D1) and DRT (A2-D2)
plasmas on Ca emission are shown in Figure 4. A similar
behavior was observed in the presence of LiCl and KClI,
respectively. The increasing matrix effect up to 50 ug
mL~" Na or K and 25 pug mL™" Li on the emission of all Ca
species in the SRT plasma can not be explained based on
MED. Experiments revealed a vertical distribution of the
emission intensity of Ca species controlled by the EIE
matrix concentration contrasting to the phenomenon in in-
ductively coupled plasma (ICP).** In these diluted ma-

25

Matrix effect
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Observation height (mm)

Figure 3: Matrix effect of 100 ug mL™' Na on Ca emission vs. observation height in SRT plasma (a) and DRT plasma (b) for Ca II 393.367 nm (A);

Ca1422.673 nm (B); CaOH 554 nm (C) and CaOH 622 nm (D).
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trices the maximum emission occurs at lower observation
height compared to matrix absence. The behavior is due to
the diffusion interference, by which a concomitant with
volatility greater than that of the analyte induces the in-
creases of the vaporization speed of the solid particles and
results in the development of molecular and atomic vapor
cloud at lower heights in the plasma.*?

1.3
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Figure 4: Effect of NaCl matrix concentration on Ca emission in
SRT plasma (dotted line) and DRT plasma (solid line). A1, A2 — Ca
11393.367 nm; B1, B2 — Ca1422.673 nm; C1, C2 — CaOH 554 nm
and D1, D2 — CaOH 622 nm

For EIE levels over 50 pg mL™ Na or K and 25 g
mL™" Li, the maximum of the emission signal of Ca spe-
cies shifts up as the matrix concentration increases, parti-
cularly at atomic and ionic lines. The reason is the supple-
mentary MED causing a cooling of the SRT plasma, a de-
crease of n,and recombination of Ca atoms with OH radi-
cals. The result is the depressive matrix effect on the ionic
(curve A1) and atomic emission (curve B1) and an increa-
sing effect on the molecular bands (curves C1, D1).

Unlike SRT, in the DRT plasma, two trends can be
observed depending on the matrix concentration. For con-
centrations below 100; 150 and 350 ug mL™" Li, Na and

K, the matrix effects do not obey the LTE model and the
observed changes in the emission intensity can not be cor-
related with MED. Several additional mechanisms might
be invoked to explain the increase of the atomic and ionic
emission and the decrease of the molecular one. One rea-
son could be the increase of the electrons energy through
the direct charge transfer from an Ar ion to EIEs atom
when an energy of 10.4-11.5 eV is gained. It corresponds
to the difference between the ionization energies of Ar
(15.76 eV) and EIEs (4.35-5.40 eV) respectively (Eq.1)
and is carried off by a medium energy electron.

Me+ Ar™ +e, > Me" + Ar+e”
AE =104-11.5eV 3)
Me = Li,Na,K

Therefore a high-energy electron is gained at the ex-
pense of a medium energy electron and the phenomenon
is consistent with the observation that the introduction in-
to the plasma of a solution of 100 ug mL™" Na causes no
overall increase in n_ in the DRT plasma. The high-energy
electrons are able to ionize and excite Ca ions by direct
collision, since the energy demand for Ca ionization and
excitation is only 9.26 eV. Consequently, the maximum
emission of Ca species occurs at lower heights in the pre-
sence of EIEs matrix than in its absence. The processes
were observed in non-LTE plasmas and a detailed dis-
cussion can be found in the literature.*?

For concentrations over 100; 150 and 350 pug mL™
Li, Na and K the emission at atomic and ionic line decrea-
ses, while at molecular bands it increases, as also obser-
ved in the SRT plasma (Figure 4). Since the depressive ef-
fects in the DRT plasma are lower, the operation in this
geometry can tolerate higher amounts of EIEs, without af-
fecting stability and analytical capability. In both plasma
geometries, the magnitude of the depressive effect on ato-
mic and ionic emission and of the increasing effect on mo-
lecular emission caused by a high EIEs concentration cor-
relates inversely with MED assimilated with the lattice
energy (kJ mol™): 842 for LiCl, 774 for NaCl and 730 for
KC1).* In a recent study, Simon et al.** reported that the
use of double ring electrode in DRT spaced at 60 mm eli-
minated the depressive matrix effects of Ca and Sr on Bi,
Cu and Pb atomic emission and improved the detection li-
mits up to 3 fold compared to SRT. Results showed also
that higher the energy demand to atomize and excite
analyte and matrix, the shorter must be the distance bet-
ween the ring electrodes to reduce the depressive effect.

3. 3. Solute Vaporization Interference

The matrix effect of 100 ug mL™" Al as AICl, on Ca
emission signal for different observation heights in SRT
and DRT plasmas is presented in Figure 5. The influence
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of AICl, and AI(NO,), matrices up to 500 pg mL™" Al is
shown in Figure 6. In both plasma geometries, Al induces
a depression of emission signal of all Ca species caused
by the chemical processes occurring mostly in solid phase
and lesser in the gaseous one. According to the literature,
the chemical interference between Al and Ca is the result
of the development in solution of calcium aluminates,
which generate mixed oxides (CaO - AL,O, and 2CaO -
Al,O,) with high MED and low atomization degree in the
atomization source.**

0.5

Matrix effect

0 ————t——t————t———

0 4 8 12 16 20 24 28 32

Observation height (mm)

Matrix effect

0 4 8 12 16 20 24
Observation height (mm)

Figure 5: Matrix effect of 100 uyg mL™" Al as AICI, on Ca emission
vs. observation height in SRT plasma (a) and DRT plasma (b) for
Call393.367 nm (A); Cal422.673 nm (B); CaOH 554 nm (C) and
CaOH 622 nm (D).

The development of Ca—Al compounds with volatility
lower than that of the analyte translates the emission maxima
of Ca species towards higher observation heights compared
to those in the absence of the matrix. The depressive effect
caused by secondary chemical processes in the Ca—Al mixtu-
re diminishes with increasing observation height as a result
of an improved atomization efficiency of refractory com-
pounds in accord with the enhanced temperature in plasma.
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Figure 6. Effect of matrix concentration of AIC, (a) and AI(NO,),
(b) on Ca emission in SRT plasma (dotted line) and DRT plasma
(solid line). A1, A2 —Ca 11 393.367 nm; B1, B2 — Ca1422.673 nm;
Cl1, C2 —CaOH 554 nm and D1, D2 — CaOH 622 nm

Also, in the DRT plasma of higher temperature, the
Al matrix effect is two times lower than in SRT, which
means an improved atomization capability of plasma in
two-ring electrode geometry. A similar depressive effect
of Al on Ca was reported in other low power plasma
sources, such as capacitively microwave plasma (CMP)*
and microwave induced plasma (MIP),* insufficiently en-
ergetic to dissociate refractory compounds with high
MED. In the hotter ICP the Ca—Al interference is ne-
gligible.¥

Data have shown (Figure 6) that the chemical inter-
ferences of Al as nitrate or chloride salts on Ca emission
are of comparable magnitude, meaning that the atomiza-
tion processes are similar involving stages with compa-
rable MED, as previously reported.*

3. 4. Figures of Merit

The limits of detection of Ca (30 criteria) at the op-
timum observation height in SRT and DRT plasmas us-
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Table 4: Limits of detection (LOD, 30 criteria) for Ca determination in the absence and presence of NaCl (100 ug mL™' Na), AICI; and AI(NO,),

(100 pg mL™" Al).

A (nm) Matrix SRT Plasma DRT Plasma
LOD LOD,_ .. Optimum LOD LOD,_ ... Optimum
(ng mL™) LOD, .. observation (ng mL™) LOD,,,.. observation
height (mm) height (mm)

Call Water 1600 1 28 250 1 16
393.367 NaCl 1640 1 28 210 0.84 14
AlCI, 4140 2.60 32 360 1.44 18
AI(NO,), 4230 2.65 32 370 1.48 18
Cal Water 310 1 24 100 1 14
422.673 NaCl 320 1 24 100 1 10
AICI, 775 2.50 28 145 1.45 16
AI(NO,), 790 2.55 28 145 1.45 16
CaOH Water 290 1 24 230 1 12
554 nm NaCl 230 0.80 22 210 0.90 8
AICI, 930 3.20 28 385 1.7 16
AI(NO,), 940 3.25 28 385 1.7 16
CaOH Water 130 1 24 100 1 12
622 nm NaCl 106 0.80 22 92 0.92 8
AlCI, 430 3.30 28 170 1.7 16
AI(NO,), 450 345 28 170 1.7 16

ing the PDA multichannel spectrometer in the absence
and presence of 100 pg mL~! Na and Al are presented in
Table 4.

The limit of detection for Ca depends on coupling
geometry of the radiofrequency power to the plasma
torch, nature of emitting Ca species and matrix. In the
SRT geometry the best detection limit of 106-450 ng
mL™" Ca and the highest calibration sensitivity were ac-
hieved at CaOH 622 nm molecular band regardless the na-
ture of the matrix. The calibration curve plotted at CaOH
622 nm over the concentration range 1-100 pg mL™' Ca
provided the best correlation coefficient (0.999) and a re-
lative standard deviation of the slope of 1 %.

In the DRT plasma, the optimum working wave-
length was Ca I 422.673 nm for which the best detection
limit (92-145 ng mL™") was achieved. The correlation
coefficient of the calibration curve plotted at this wave-
length was 0.999, while the relative standard deviation of
the slope 1.3 %. Within the dynamic range, the precision
of Ca determination (n = 5) was 2.9-4.9 %. In the presen-
ce of AICI; and AI(NO,); the calibration sensitivity de-
creased as a result of the depressive effect. In such condi-
tions, the limit of detection increased 2.5 times at ionic
and atomic lines and 3.5 times at molecular bands in the
SRT geometry and only 1.5 and 1.7 times respectively, in
the DRT geometry.

4. Conclusions

A complete picture of the non-spectral interferen-
ces in a medium power plasma source with single or

double ring electrode due to EIEs and Al on Ca determi-
nation by OES at atomic and ionic lines and molecular
bands has been established. It has been shown that the in-
troduction of an interferent causes shifts in analyte emis-
sion maps in both plasma geometries as well as a de-
crease in the electron number density and gas temperatu-
re, especially in the SRT configuration. The matrix ef-
fects of EIEs and Al in the studied plasma are dependent
on the coupling geometry of the rf power and the viewing
height. The approach of the DRT configuration and the
optimization of the observation height allowed the reduc-
tion of interferences caused by the studied matrices. The
LTE model and MED apply to explain interference of
high levels of EIEs, while the model fails for low concen-
trations. The mechanism of chemical interference of Al
on Ca emission is independent from the nature of the Al
species as it involves processes with similar energy de-
mands. The studied rfCCP could be a valuable spectral
source for Ca determination by OES in EIEs and Al ma-
trices at the molecular band CaOH 622 nm in the SRT
and Ca [ 422.673 nm in the DRT geometry, respectively.
The source is attractive in view of its low power require-
ments, reduced gas consumption and good stability in the
presence of concentrated matrices, and can be the basis
for manufacturing a cheep plasma spectrometer.
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Povzetek

Preucevali smo ne-spektralne interference lahko ionizirajocih elementov (EIE) kot kloridov in Al kot AICL, in AI(NO,),,
na emisijo Ca II 393,367 nm, Ca 1 422,673 nm, CaOH 554 nm in 622 nm v radiofrekven¢nem kapacitivno sklopljenem
argonskem plazemskem viru srednje moci (275 W, 27,12 MHz) z enojno (SRTrfCCP) in dvojno prstanasto elektrodo
(DRTrfCCP). Mehanizme interference smo razlozili na podlagi energijskih potreb matrice, pri ¢emer smo predvideli lo-
kalno termicno ravnoteZje v plazmi. Opazili smo, da so ucinki matrice odvisni od sklopitvene geometrije med radiofrek-
vencno tuljavo in baklo, od visine opazovanja, identitete sevajocih Ca zvrsti in narave EIE matrice, hkrati pa neodvisni
od izvora Al soli. Velikost u¢inka matrice smo korelirali z elektronsko gostoto in temperaturo razelektritve. Z optimiza-
cijo smo lahko omejili vpliv EIE in Al, ter viSine opazovanja. Najboljsa meja detekcije za Ca pri SRTrfCCP je CaOH
622 nm (106-450 ng ml™"), medtem ko je pri DRTrfCCP Ca I 422.673 nm (92-145 ng mI™).
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