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In the present paper the influence of HCI, HNO;, H;PO,, and H,SO, on
the determination of Cd, Cr, Cu, Pb, and Zn has been evaluated. At higher
acid concentrations a partial elimination of their depressive influence on the
intensity of spectral lines can be achieved by an appropriate choice of the
observation height, different from its commonly used value (optimized for
the maximum signal to background ratio).

It is true that the detection limit is worsened by the procedure, but at the
claim for accurate determinations of contents exceeding considerably the
limit of detection it does not play primary role. Experimentally obtained
results were checked by the analysis of attested reference geological mate-
rials.

The described method enabling a lowering of the interference of acid
matrix is not pretentious concerning the duration of the analysis and it does
not require any additional sample treatment.

Optical emission spectroscopy with inductively coupled plasma (OES-ICP)
belongs at present to mostly used multielement procedures for the analysis of
aqueous solutions. In spite of the fact that the first papers [I—3] devoted to
analytical applications of the method referred the absence of interferences, in
later ones [4—38], manyfold and complex interelement interferences were stated.
Even the presence of common mineral acids showed an influence on the intensity
of analytical signals and so on the reliability of the gained analytical resulits. It
was found that the presence of mineral acids caused generally a depression of
analytical signals corresponding to the analyzed elements [9—12].

Maessen [9] studied the influence of different HCI, H,SO,, HNO, concentra-
tions on the intensity of spectral lines for some elements, using various kinds of
nebulization of sample and controlled uptake rate. Changes in the magnitude of
the influence caused by acids cannot be explained only by changes in viscosity
of solution, but they are closely connected also with excitation conditions in the
plasma. Small differences in the used plasma power, as well as changes of the
observation height show a considerable influence on the interference of acids
[13, 11]. An opposite influence of acids, i.e. an enhancement of the signal is
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connected with “adaptation’ properties of acids. It means that a time has to be
allowed for to ensure stable conditions of the system: nebulizer, spray chamber
and injector; this time varies for samples containing different concentration and
different kind of acid. So, e.g. for samples with a content of 0.05—20 % HCI the
“adaptation time” corresponds to ca. 3—5 min [9].

Several methods were proposed for performing a correction of the influence
of mineral acids on the analytical results obtained using aqueous solutions. The
majority of them claims, however, long-lasting procedures.

A simple and commonly used procedure consists in the simulation of the
composition of the sample solutions by the composition of reference calibration
solutions [14, 15].

Methods based on the use of internal reference elements can improve the
short-time precision, the instrumental drift, as well as the compensation of the
matrix influence [16—19]. Unfortunately, the use of this technique is restricted
by the fact that the precision and accuracy are influenced by different action of
the basic composition of samples, therefore a simple criterion for the choice of
internal reference elements and their appropriate spectral lines cannot be easily
defined. It means that apart from instrumental restrictions and long duration of
analyses, the choice of one or more internal reference elements for 50 or more
analytical spectral lines represents a complex problem [20].

The standard addition technique can also be applied for correction of matrix
interferences, but it is time-consuming. Its promising variation’ designed as
“generalized standard addition method” needs extended data and calculations
[21].

All listed methods make, however, the sample preparation longer and/or
complicated. There are therefore efforts to work out procedures for the correc-
tion of matrix, inclusive acid interferences which would enable the analysis of
any type of samples by the use of only one set of calibration solutions ensuring
accurate results. Botto [22] proposed a method for correction of matrix, or acid
and salt interferences in OES-ICP based on the measurement of a hydrogen
spectral line as reference. The procedure needs neither a use of specially added
internal reference elements, nor exact matrix simulation or standard additions.

In the present work we endeavoured a quantitative evaluation of the in-
fluence of the mineral acids HCI, HNO,, H,SO,, and H,PO, on the determina-
tion of some elements and to suppress or correct these interferences by the
change of the observation height as indicated in [23, 24].

Experimental

The following instruments were used for the measurements:
Spectrometer Plasmakon S 35 (Kontron, FRG), sequential, with grating 2400
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lines mm™'; Ar/Ar plasma: power 1.25kW, flow rate of cooling gas 14.6 dm*min~",
of plasma gas 0.5dm’min~', of carrier gas 1.5dm’min~'; sample uptake rate
1.0cm’ min ™'

, controlled by peristaltic pump; concentric glass nebulizer (type B, Mein-
hard).

A double-beam atomic absorption spectrometer, model 380 (Perkin—Elmer) was
used with radiation sources: hollow cathode lamps (Cu, Cr), electrodeless lamps (Pb, Cd,
Zn), with standard one-slot burner with acetylene—air flame and pneumatic nebulizer
(uptake rate 7.5cm*min~").

The wavelengths of spectral lines used at the measurement by the OES-ICP and by
the AAS are listed in Table 1.

Table 1

Measured spectral lines

El A/nm

EHnEn, OES-ICP AAS
cd 214.438* 228.80
Cr 205.552* 357.87
Cu 324.754 324.75
Pb 220.353* 283.31
Zn 213.856 213.96

*Jon lines.

Basic solutions were prepared in concentration ¢ = 1 pgem™ of the given element
(Pb in concentration 10pgem™) from the following compounds: CdSO,, K,CrO,,
CuSO, 5H,0, Pb(NO,),, and ZnSO,. All reagents were of anal. grade purity. The
referred concentrations of the investigated elements were chosen so that the precision of
their determination expressed by the relative standard deviation was for each element less
than 1 % [25].

The measured solutions were adjusted with the addition of concentrated acids (anal.
grade purity): HNO; (65 %), HCI1 (37 %), H,SO, (96 %), and H;PO, (85 %) in volume
V/em®: 0.5, 1.0, 5.0, 10.0, 20.0, and 50.0 in 100cm’ of solution.

The following samples were analyzed: Czechoslovak attested reference material
1-03-010 zinc concentrate (Banska Stiavnica; w;: 50.29 % Zn, 9.68 % Fe, 0.35% Cd,
0.58 % Cu) and Czechoslovak attested reference material 1-01-016 pyrite concentrate
(Banské Stiavnica; w;: 38.96 % Fe, 0.73 % Pb, 2.49% Zn, 7.25% SiO,, 0.32% Cu),
products of the Institute for Ore Research, Prague.

Sample decomposition

Sample (5g) was treated with concentrated HCI (50 cm®), after addition of KClO,
solution (5 %, 1 cm’) and boiling of the mixture another 1 cm? of the KCIO, solution was
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added. After the removal of chlorine by its boiling off, 10 % KI (2cm®) was added,
filtered and brought to 500 cm® by redistilled water.

For the analysis 25 cm’ of the sample solution and 2.5 cm® of concentrated HCI, resp.
HNO;, H,SO, or H;PO, were added into four beakers. The solutions containing different
acids were evaporated on water bath practically to dryness, 2.5 cm® of the corresponding
concentrated acid were again added and the volume was brought to 100 cm® by redistilled
water. The prepared solutions contained 5cm?® of different concentrated acids in 100 cm®
of solution.

Results and discussion

The presence of mineral acids in analyzed solutions causes a depression of the
spectral line intensity of measured elements. The depression is manifested on
spectral lines of both, atomic and ionic character.

The depression of spectral line intensity can be caused by a lowered analyte
concentration in plasma resulting from changes in density and viscosity of the
measured solutions evoked, as compared with aqueous solutions, by different
contents of mineral acids. These changes can be partly eliminated by ensuring
a constant volume supply of the sample to the nebulizer [9, 14]. We therefore
worked only with the use of peristaltic pump.

The presence of mineral acids in analyzed solutions gives rise to different
effects occurring in the plasma, resulting in the majority of cases in a depressive
influence on the spectral line intensity of different elements. Many interferences
are influenced e.g. by the type and construction of generators. It was found that
acid interferences are manifested more at instruments having generators work-
ing on frequencies about 50 MHz and less at ones working with the frequency
of 27.12 MHz [26, 27].

Till the recent time a quantitative expression of acid interferences or a full
compensation of their different demonstrations by simple changes of experi-
mental conditions has not been possible. The use of internal reference elements
has also not been able to eliminate various interferences of acids. It therefore
was necessary to perform a quantitative evaluation of interferences caused by
different mineral acids and to study the possibilities of their elimination using
the given experimental arrangement and special working conditions.

Different acid interferences (mainly of depressive character) are connected
also with the lowering of the plasma temperature caused by energy losses
corresponding to the atomization of acid molecules [26, 27].

We solve the problem of elimination of acid interferences. The graphical
presentation of axial profile scans of spectral line intensity (Fig. 1) shows that
the maximum intensity depression with the growing acid content is observed at
the most commonly used observation height corresponding to the maximum
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signal to background ratio (SBR) resulting in the best detection limit, whereas
the wings of the mentioned profiles are less interfered. We used this fact and
worked at observation height at which the differences between the observed
axial profiles of spectral line intensities are lower (4 optimized). This procedure
enables so a partial elimination of acid interferences as shown for Cu in Fig. 2.

In the case of copper, the correction procedure gives acceptable results for the
addition of concentrated HCI, HNO,, and H;PO, to 20 cm?, resp. 10 cm® H,SO,
in 100 cm® of the analyzed solutions.
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Fig. 1. Influence of the HNO, content on the ¥ |

axial intensity profile of the spectral line with :

A(Cu) = 324.754nm at observation height A. |
V(conc. HNO,)/cm® in 100cm’® of solution: 0 L } l
1.0.5, 2.1, 3.5, 4. 10, 5. 20, 6. 50. o(Cu) = 2 20 opt. 40

=1 Hg f_:m_3 h/mm

For cadmium the interference of HCl, HNO;, and H;PO, can be eliminated
by the optimization of the observation height to the volume of 10cm® of
concentrated acid in 100 cm’ of the final solution. For higher acid contents only
partial effect can be achieved (the depression is lowered by 8—10 % as com-
pared with the measurement at the observation height corresponding to the
max. SBR). For higher contents of H,SO, the procedure is unsuitable.

At the determination of chromium the interference of HCl, HNO,, and
H,PO, can be practically eliminated by the change of the observation height to
the acid content of 10cm?® in 100cm® At higher acid contents the depressive
influence is lowered by 10—15 % as compared with the measurement at the
max. SBR. For solutions containing H,SO, the procedure is unsuitable.
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The influence of acid concentration on the related intensity of the investi-
gated Pb spectral line sho s only a small efficiency of the correction procedure.
For amounts of concentrated acids higher than 20 cm? in 100 cm? of solution the
improvement corresponds to about 5 %.

In the case of zinc the greatest spectral line intensities can be found, unlike
to the other investigated elements, with addition of HNO; and not HCI. By the
change of the observation height the depressive influence of acids can be lowered
for volumes of HCl and H;PO, higher than 10cm?® in 100cm’® of solution by
10—20 %.
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Fig. 2. Influence of the added amount of acid (in 100 cm® of solution) on the intensity of the spectral
line with A(Cu) = 324.754nm at the observation height corresponding to max. SBR (a) and at the
optimized observation height (b).

1. HCI; 2. HNO;,; 3. H;PO,; 4. H,SO,.

The obtained graphical dependences of related intensities of the investigated
spectral lines on the added content of one type of acid show that up to the
addition of Scm® of any used concentrated acid in 100cm® of the solution
(except H,SO,) no significant change in the signal value is caused. The intensities
are related to the spectral line intensity measured in the solution containing
5cm? of concentrated HCI in 100 cm?® which value is taken as equal to one. The
interference of different acids (5cm® in 100 cm?) is presented for Cu in Fig. 3.
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Similar situation was found also for Cd, Cr, Pb, and Zn. The presented results
were obtained with model solutions (one element in one acid).

The depression of the intensities in the presence of mineral acids was obser-
ved on spectral lines of atomic and ionic character of the investigated elements.
At the same addition of concentrated acids their depressive influence ranges as
follows: HCI, HNO,, H,PO,, H,SO, (for Zn: HNO,, HCI, H,PO,, H,SO,). This
experimental result is in accordance with other published statements [9, 10, 14,
26, 27] but the quantitative evaluation of the observed interferences depending
on several factors, as listed in the introduction, is different. Owing to the fact
that the quantitative level of mineral acid interferences depends also on the used
instrumentation (type of generator, optics, nebulizer, efc.) it is necessary to
perform their investigations separately for each experimental arrangement.

Fig. 3. Bar diagrams of related intensities
(A(Cu) = 324.754nm) in different acids (5cm’
of concentrated acid in 100cm® of solution) at
the observation height corresponding to max.
SBR [0 and at the optimized observation

height HCL HNO;  H4PO,  H,SO,

?
/
/
/
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7
/
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In order to check the reliability of the discussed procedure enabling the
elimination of acid interferences, in the following part of the paper we applied
the gained results to the analysis of real samples.

In the first case the prepared solutions contained 5cm’ of different con-
centrated acids in 100 cm® of solution and were analyzed by AAS and OES-ICP
(at the optimized observation height) using calibration solutions prepared with
the same addition of hydrochloric acid. The results are in Tables 2 and 3. On
the basis of these results it is possible to conclude that the presence of 5cm?® of
concentrated HCl, HNQO,, and H,;PO, in 100 cm® of the solutioh corresponding
also to real samples does not cause any significant depression of spectral line
intensities and consequently, for the determined elements any deterioration of
the accuracy of the gained results. As a consequence of restricted solubility of
corresponding salts, in the case of H,PO, and H,SO, additions, considerably
lower values for Pb, as compared with HCl and HNO;, were found.

Using the same calibration solutions (i.e. Scm® of concentrated HCI in
100 cm®) the above-mentioned attested reference materials containing an addi-
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Table 2

Czechoslovak attested reference material 1-03-010 zinc concentrate

Addition w(Cd)/% w(Cu)/% w(Pb)/%
S5cm’ AAS OES-ICP AAS OES-ICP AAS OES-ICP
HCI 0.34 0.34 0.57 0.56 1.50 1.50
HNO, 0.34 0.34 0.58 0.56 1.52 1.50
H,PO, 0.32 0.32 0.57 0.56 0.50 0.45
H,SO, 0.31 0.31 0.55 0.54 0.14 0.14
Recommended value 0.35% 0.58% —

Table 3

Czechoslovak attested reference material 1-01-016 pyrite concentrate

Addition w(Zn)/% w(Cu)/% w(Pb)/%
5cm’ AAS OES-ICP AAS OES-ICP AAS OES-ICP
HCl 2.48 2.48 0.31 0.30 0.73 0.72
HNO, 2.48 2.50 0.31 0.30 0.71 0.72
H,PO, 245 245 0.29 0.28 0.40 0.40
H,SO, 2.47 2.26 0.26 0.26 0.18 0.20
Recommended value 2.49% 0.32% 0.73%

Table 4

Czechoslovak attested reference material 1-03-010 zinc concentrate

Addition w(Cd)/% w(Cu)/% w(Pb)/%
20cm’® max. SBR  hopt. max. SBR hopt. max.SBR  hopt
HCl 0.30 0.34 0.50 0.56 1.40 1.52
HNO, 0.30 0.32 0.50 0.56 1.40 1.50
H,PO, 0.27 0.30 0.49 0.54 0.27 0.27
H,SO, 0.20 0.20 0.40 0.40 0.10 0.10
Recommended value 0.35% 0.58 % 1.5 %"

a) Value of AAS.

tion of 20 cm® of concentrated acid in 100 cm® of solution were also analyzed.
The results are in Tables 4 and 5. As proved by model solutions, at this acid
content already considerably lower spectral line intensities were found. In spite
of that fact it can be stated that the differences between the recommended values
and results obtained by the measurement at the observation height optimized
for the suppression of acid interferences are lower than in the case when the
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Table 5

Czechoslovak attested reference material 1-01-016 pyrite concentrate

Addition w(Zn)/% w(Cu)/% w(Pb)/%
20cm’ max. SBR hopt. max. SBR  hopt. max. SBR  hopt.
HCl 1.86 2.22 0.25 0.30 0.61 0.70
HNO, 2.00 2.38 0.23 0.29 0.62 0.72
H,PO, 1.70 2.02 0.20 0.26 0.30 0.40
H,SO, 1.20 1.33 0.18 0.18 0.08 0.12
Recommended value 2.49 % 0.32% 0.73 %

measurements were performed at the observation height corresponding to the
max. SBR, leading to the best detection power. It means that the acid inter-
ference can partly be eliminated by this procedure also at such extreme con-
ditions. It is true that the procedure causes a deterioration of the detection
power which circumstance however does not play any primary role, if accurate
determination of concentrations the values of which considerably surpass detec-
tion limits is claimed.

Conclusion

Experimentally determined suitable observation height enables to correct in

a given extent interferences of different matrices (HCl, HNO,, H,PO,, but
H,SO, only in some cases, e.g. for Cu), as well as of different concentrations of

acids present in analyzed solutions. Consequently, samples containing an addi-
tion of some of the investigated acids can be after a suitable choice of observa-
tion height analyzed with the use of calibration solutions prepared in another
acid.

To obtain accurate results, the sample preparation (decomposition of solid
samples and following treatment) has to be performed so, lest the analyzed
solution should contain more than 10cm?® of concentrated acid in 100 cm?

The presented procedure for the elimination of acid interferences has no
special claims on the duration of analyses and needs neither supplemental
treatment of samples, nor simulation of basic composition and it makes possible
to analyze samples prepared in different manner using just one set of calibration
solutions.
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