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The formation of the signal of the blank as well as of the analytical signal for the atomic absorption
spectrometry with the electrothermal atomization is along with the electronic properties of the
detection and registration equipment of the spectrometer, similarly conditioned by the purity of
the used chemicals as well as by the spectrochemical matrix effects. Each signal is the complex
one, and it is composed of the element-specific component and the component conditioned by the
background. The detailed study of such complex signals is necessary as these conditions influence
the evaluation parameters of the method, especially the detectability and the analytical calibration.
The analytical calibration for the determination of the trace elements in water matrixes itself is
significantly conditioned by the presence of the major and minor element components in the analyzed

waters.

Detectability of atomic absorption spectrometric
determination by the flame atomization of the actual
trace elements in the waters such as Cd, Cr, Cu, Fe,
Mn, and Mo was valuated [1] in the concentration val-
ues range from 0.1 to 1.3 mg dm~3 Such limits of the
detection p(Xy,) are still useable from the viewpoint of
the classification of the extent of pollution of surface
waters [2], however they are not satisfactory from the
standpoint of the river and especially drinking waters
classification of the extent of pollution [3]. Application
of the combination of the AAS method with the elec-
trothermal atomization (ETA) in W-tube (4, 5] repre-
sents significantly more advantageous conditions from
the standpoint of the detectability of the actual trace
elements. The principal optimization condition for the
AAS-ETA application was the shift of the above de-
fined concentration range up to the area from 1 to 10
pg dm~3 and attainment of the values of the limits of
detection in the range from 1 to 0.1 pg dm™3

At the same time is was necessary to verify experi-
mentally the matrix effects nature which is caused by
the main components of the waters, namely the salts
of Ca and Mg and by some minor cationic components
as Nat and K1, or even Fe3t As the above element
components with the cationic nature are bound on

* For Part I see Ref. [1].

the anions, it was necessary to pay attention also to
the anions effects, as those of C1~, NO3 and partially
SO2~ on the matrix effects formation. as well as on
the signals formation of the blanks. The influence of
the carbonate and hydrogencarbonate anions is neg-
ligible for the low thermal stability of those anions.
The present study is rather complex from the stand-
point of experiments as the signals of the blanks are
conditioned even by the degree of purity of all chemi-
cals applied in the given problem modelling. Thus the
problem represents a synergism of the matrix effects
impact and influence of the undesirable pollutants.

The part of the complex optimization of the AAS-
ETA method is the selection and application of the
spectrochemically active modifiers as well [6]. It is of
interest that just the presence of Mg salts, most fre-
quently of magnesium nitrate [7, 9, 10], and phosphate
[7, 8, 11] induces the positive stabilization effect in the
atomization process. Such a fact is welcome for the
analysis of the trace elements in the drinking waters,
while these waters contain relatively constant, with
time slightly alternating amount of Mg salts. Such a
fact enables the autostabilization of the atomization
complex process when analyzing the samples of the
drinking waters.

**Presented at the 2nd European Furnace Symposium, St. Petersburg, May 1996, Russia.
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Table 1. Experimental Conditions of AAS-ETA Determinations of Elements

Parameter/Unit Cd Cr Cu Pb

Wavelength/nm 228.8 357.9 324.7 217.0

Width of slit/mm 0.03 0.04 0.03 0.02

Time of resolution/ms 6

Conc. range of the calibration/(ug dm=3) 1—10

H; flow rate/(dm® min~1!) 8.2

Ar flow rate/(dm3 min—1) 2.0

Volume of analyte/dm3 10—%

I. Drying temperature/°C 110 130 130 130

I. Time of drying/s 25 25 25 5

II. Drying temperature/°C 180 230 195 220

II. Time of drying/s 25 25 25 5

I. Time of pyrolysis/s 10

II. Pyrolysis temperature/°C 470 490 490 340

Temperature of atomization/°C 2020 2300 2200 1800

Time of atomization/s 2 1 2 1

Gradient/(°C ms~1) 20

Temperature of cleaning/°C 2280 2420 2320 2080
EXPERIMENTAL the precision of the concentration determination. Sim-

The entire analytical process was realized by a
combination of AAS 1N (Zeiss, Jena) instrument and
atomizer WETA 82 [12]. The registration of the out-
put analytical signal as well as its time resolution was
controlled by the A /D transducer, linked with the PC:
PP06 and recorder [4]. In such a manner the time res-
olution of the analytical signal with 6 ms is obtained.
The final experimental conditions are given in Table 1.
For all experiments the high purity laboratory chem-
icals from Merck, Darmstadt were exclusively used.

RESULTS AND DISCUSSION

The optimization of AAS-ETA determination of
trace elements in drinking water is preferentially ori-
ented on the elements as Cd, Cr, and Cu [13]. Next,
analyzed were the possibilities of the determination of
Sb and Pb. The determinations of As and Hg were
eliminated from this project while their determina-
tion by the flameless methods meets the requested de-
tectability and precision under the conditions of high
element selectivity [14].

The experiments confirmed [13] that it is of sig-
nificance to apply two separate phases of the analyte
drying with two temperature regimes, and at the same
time two phases of the thermal destruction with differ-
ent temperatures and time characteristics, thus from
the standpoint of the determination of concentration
precision s(px ), as well as from the standpoint of val-
ues of limits of detection p(Xy,). The proposed experi-
mental conditions show obviously the element-specific
nature. The special attention was paid to the experi-
mental conditions optimization for Cd determination.
In this case the increase of the thermal destruction
temperature above 500°C gives the significant reduc-
tion in detectability with the simultaneous increase in
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ilarly, even the prolongation of the time of the ther-
mal destruction over 10 s worsened the entire set of
the analytical determining parameters. Finally, in ac-
cordance with the Cd thermal properties the temper-
ature of the atomization was adjusted to 2020°C. As
a result of the above adjustments of the experimental
couditions it was sufficient to apply the temperature
of 2250°C to 2300°C when cleaning the W-tube, and
this fact influences positively their lifetime. The Sb
determination was carried out according to the opera-
tional conditions for Cd. The experimental conditions
for Cr meet the conditions for the determination of
elements such as Co, Ni, and V

The assumed matrix effects were simulated with
the modelling solutions. First of all the chlorides of Ca.
Mg, Fe. Na, and I\ were added to the deionized water.
Along with the chlorides the influence of the nitrates
and sulfates was observed. Waters can be potentially
contaminated by the industrial waste water having a
higher nitrates content and the rain waters are always
contaminated with “acid rains” in which the anionic
part is preferentially formed by sulfates ions. The con-
centration of the individual cationic components was
chosen on two levels, the lower, p/(mg dm~3): Ca 50,
Mg 10, Na 100, X 10, Fe 0.5 (set A), which mod-
elled the state in the drinking waters composition and
ten times higher (set B), which modelled contamined
river waters; in both cases anionic components of con-
centration Cl 285, NO3 500, SO4 389 were used. The
occurrence of the so-called false analytical signals was
observed in the model solutions, mainly for Cd and
Pb. The false signals of other analytical elements were
studied earlier [13].

However, the false signals were observed when Cd
and Pb hollow cathodes were used in solutions con-
taining major and minor cationic and anionic compo-
nents. In case of dosing the deionized water into the
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Fig. 1. The time-resolved analytical signals of the Cd hollow cathode discharge lamp with 1. deionized water in the W-tube, 2.

addition of HCI, 3. HNOg, 4. H2SOy4.
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Fig. 2. The time-resolved analytical signals of the Pb hollow cathode discharge lamp with 1. deionized water in the W-tube. 2.
addition of HCI, 3. HNQga, 4. H250y4, 5. deionized water and KCl added into the W-tube.

W-tube exclusively. even in the case of Cd (Fig. 1) and
Pb (Fig. 2) hollow cathode application no disturbing
signals occurred. It is a proof of the fact that the W-
tube was prepared with no disturbing memory effects.

The time dependence of the analytical signal when
HCI was added to the deionized water (Fig. 1) con-
firms that when Cd hollow cathode was used, an inex-
pressive broadened maximum was present (0.02 A4).
When HNOj3; was added, the above maximum was
more expressive (0.03 A) and finally when HySO4 was
added the compact significant maximum having the
value of 0.045 4 was gained. When the thermody-
namic data [15] are taken into consideration, it is ob-
vious that the value of AGSgg (kJ mol™!) for the ion
Cd?* is —78, for the ion (CdCl)* —220, (CANO3)*
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—187, and finally for CdSO4 even —835. That is why
the minimum concentration of Cd?* was already man-
ifested by the most expressive compact maximum
when H>SO4 was added.

Completely different was the structure of the time-
resolved analytical signals in the case of the blanks ob-
servation (false analytical’signals) when the Pb hollow
cathode was used. When HCI was added to the deion-
ized water. the significantly developed time depen-
dence of the analytical signal with high fluctuations
was observed (Fig. 2). The structured, highly fluctu-
ating analytical signal was formed even in the case
when HNO3; or H»SO4 were added. The similar struc-
tured and time-decomposed signals were observed in
the case of Cr and Sb hollow cathodes application [13].
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Fig. 3. Calibration curves of the Cd spectral line with addition
of Ca in mg dm~3: @ 0, m 50, A 500.

The common feature of these fluctuated and time-
resolved signals is that their maximum value does not
excess the value of 0.03 A. This enables to apply the
correction for the background or for the blank also in
the case of the analytical calibration.

The addition of the inorganic cationic components
either does not cause the formation of the structured
time-resolved spectrum or if so, this is slightly signif-
icant only (Fig. 2). The significant contaminations of
the compounds applied for the matrix modelling of the
major and minor elements of the river and drinking
waters form an exception. These should be examined
in advance by the blanks for their contamination [13].

The matrixes were observed when the individual
major and minor cationic components were added.
These components were added in the form of the chlo-
rides. The chlorides of the matrix cationic components
were selected in accordance with the above experi-
ments for the anions impact on the analytical signals.
The matrix elements were added in two significantly
different concentrations for the matrix effect study on
the model mixture of the drinking water as well as
highly polluted river water.

The most expressive cationic matrix effects were
obtained in case of the analytical element Cd, and
in this case the concentration range from 1 to 10 ug
dm=3 was observed. When the major matrix element
Ca (Fig. 3) was added, the corresponding calibration
curves curvatures were different, however, their tra-
Jectories were always under the level of the calibration
curve for Cd aqueous solution. In the case of the ad-
dition of the minor matrix element Mg (Fig. 4) in the
framework of the standard deviation of the individ-
ual experimental points, the course of the calibration
curve for Cd aqueous solution was practically identi-
cal with the course of the Cd curve when 10 mg dm~3
of the element were added. The course of this curve
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Fig. 4. Calibration curves of the Cd spectral line with addition
of Mg in mg dm~3: @ 0, m 10, A 100.
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Fig. 5. Calibration curves of the Cd spectral line with addition
of Na in mg dm~3: @ 0, m 100, A 1000.

when 100 mg dm~2 of Mg were added was significantly
different. Addition of the minor matrix element Na in-
duced the most significant matrix effects. The courses
of all three calibration curves were significantly differ-
ent (Fig. 5). On the contrary, the addition of a minor
matrix element such as K (Fig. 6) practically does not
cause any matrix effects for the calibration curves in
the range of the standard deviations of the individ-
ual experimental points identical from the viewpoint
of statistics. Addition of the minor matrix element Fe
gives rise again to the significant and rather nonuni-
form matrix effects (Fig. 7). Finally, the simultaneous
addition of the matrix elements such as Ca, Mg, Na,
K, and Fe showed (Fig. 8) that their complex matrix
effect is similarly identical for the set of the matrix
elements A and B. However, this means that it is not
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Fig. 6. Calibration curves of the Cd spectral line with addition
of K in mg dm~3: @ 0, m 10, A 100.
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Fig. 7. Calibration curves of the Cd spectral line with addition

of Fein mgdm~3: @ 0,m 0.5, A 5.

necessary to operate with two matrix mixtures differ-
ent in concentration from the standpoint of the ana-
lytical calibration. When the A set of the matrix ele-
ments was used, the risk of the false disturbing signals
occurrence is lower.

The matrix effects of other analytical elements as
Cr, Cu, Sb, and Pb were significantly less important
and it was confirmed that it is sufficient to model the
matrix A by the set of the matrix elements and that
Mg is also a spectrochemically active additive [7, 10].
In the case of the analytical element Cr (Fig. 10) the
linear graphs were obtained and with the analytical
element Cu (Fig. 9) the linear graph was obtained in
the case of A set of the matrix elements addition only.
The analytical calibration of Sb and especially Pb rep-
resented significant complications. The area under the
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Fig. 8. Calibration curves of the Cd spectral line with addition
of matrix elements. ® No addition, m A set, A B set.
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Fig. 9. Calibration curves of the Cu spectral line with addition
of matrix elements. ® No addition, A A set.

peak, in compliance with the results of Krakovskd and
Pulis [16], was shown to be as absolutely inconvenient
metrologic parameter. At the same time, the shift of
the maxima on the time-resolved Pb signals was ob-
served (Fig. 11). Especially maxima, obtained under
the lower concentration values than 20 ug dm=3, were
gradually shifted to the value of 0.12 s and on the con-
trary, the maxima for the concentration values higher
than 20 pg din~3 were shifted to the lower values than
0.09 s. In all cases, the values of the absorbance max-
ima were used in the final calibrations exclusively.
After the matrix effects tests and after the analyt-
ical calibration, the values of the relative precision of
the concentration determination s(px ;), as well as the
values of the detection limits p(Xy) were determined.
The formulations canonized by IUPAC were applied
[17] as well as the proposal given in [18], which respect
the measurements in the repeated spectra. Therefore
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Fig. 10. Calibration curves of the Cr spectral line with addi-
tion of matrix elements. ® No addition, A A set.

it was possible to apply the results of the repeated
blanks for the determination of the values of the de-
tection limits. Relative precision of concentration de-
terminations and limits of detection of Cd, Cr, Cu,
and Pb was s(px +)/% 1.7,1.8,8.1, 5.7 and p(X)/(ug
dm~3) 0.1, 0.6, 0.3, 0.9, respectively.

CONCLUSION

The set of the experimental results can be fi-
nally characterized in the following manner. The an-
ion components added to the analytes in the form of
HCI, HNOj3, H3SO4 when the Cr, Cd, Cu, Sb, and
Pb hollow cathode discharge lamps are used show
for the blanks the significantly different behaviour of

the time-resolved analytical signals. The relationships
A = {(t) for the radiation of the Cr and Pb hollow
cathode discharge lamps when the analyte is present
in the form of the deionized water exclusively, show
the absorption fluctuations related to the time depen-
dences of the signal and of the background as well.
On the contrary, the relationships A = {(¢) show the
false analytical signals only rarely for Cd and Cu hol-
low cathode discharge lamps and all the time with no
significant absorption fluctuation nature.

The correction for the background for the analyti-
cal calibrations in both cases was needed, moreover
sufficiently efficient. The analytical calibration was
carried out for the first time for the aqueous solu-
tions of the analytical elements and then even after
the gradual addition of the individual major and mi-
nor matrix elements of the drinking and river waters.

The forms of the graphical description for Cd as
analytical element were always of nonlinear nature.
The addition of the matrix elements shifted the ana-
lytical calibration curves for Cd always under the level
of the curves for the aqueous solutions. When the solu-
tions contained Cr, Cu, and Pb and matrix elements,
the linear relations were obtained, however, only in
the case of the correction with respect to the blanks.
When Pb was considered, the maximum of the time-
resolved analytical signals, in relation to its analytical
concentration, was gradually shifted to the lower time
values.

Also the relative precision of the concentration de-
terminations and the limits of detections were derived
from the analytical calibrations. These parameters as
a whole, confirmed the suitability of the ETA-AAS
method application when WETA was used for the
analysis of highly pure river water and drinking water.
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Fig. 11. The time-resolved analytical signals of the element Pb. 1. p(Pb) 10 ug dm=3; 2. p(Pb) 25 pg dm—3
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