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SIMULTANEOUS ENRICHMENT OF Cd,
Pb, Ni, AND Al AND THEIR
DETERMINATION IN WATER
BY STAT-FAAS

Mehmet Yaman

Firat University, Science and Arts Faculty,
Department of Chemistry, Elazig, Turkey

ABSTRACT

Toxic metals such as Cd, Pb, Ni and Al were determined in
drinking, dam lake, stream and lake water by using flame
atomic absorption spectrometry (FAAS) after enrichment. In
the enrichment procedure, their chelates with cupferron were
preconcentrated on activated carbon. For increasing the
sensitivity of cadmium and lead, slotted tube atom trap
(STAT) was used as accessory in the FAAS. 150 fold pre-
concentration was achieved.
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INTRODUCTION

The determination of toxic metals such as cadmium, lead, nickel and
aluminum in drinking water is becoming increasingly important. Although
reports of weak carcinogenity activity of Cd are inconclusive', measure-
ments of this element in food, biological and environmental samples is still
used for exposure monitoring because of its very toxic effects. Because the
highly toxic cumulative poison of Pb in humans and animals?, the allergenic
and in some of its compounds even a carcinogenic effects of Ni® and the
potential link between high Al contents in tissue and various neurodegen-
enerative disorders such as Alzheimer’s disease*, the determination of these
metals in the water, food and other environmental samples is of consider-
able current interest. They may enter the organism via the alimentary and/or
respiratory tract’, so the main non-occupational sources of these metals are
food, drinking water and air. On the other hand, the concentration of these
toxic metals in natural waters such as sea, river and lake is also important as
these elements at high concentrations may affect health, and can become
concentrated in fish and mollusks, both important components of human
diet. Even the concentrations of these elements were very low, their de-
terminations are still important because they will accumulate in the receiver
ambience with time. Therefore, analytical control of these elements in nat-
ural and polluted water is becoming a popular topic.

The most frequently used analytical method for these elements is
probably electrothermal atomic absorption spectrometry (ETAAS)®. But,
the necessity of the chemical modifier use because of interference problems
in ETAAS has drawn much attention to the use of atom trapping techniques
to increase the sensitivity of conventional atomic absorption spectrometry
(AAS).

Solvent extraction is widely used in AAS when the concentration of
the analyte element is too low to permit direct determination or when the
matrix is very complex and the resulting interference cannot be controlled.
But the phase separations were unsatisfactory for a ratio greater than 30 and
the procedure was, therefore, of restricted use'®. Chelation and adsorption
on activated carbon do not have these limitations and the separation effi-
ciency is high!'™'*.

In this study, toxic metals described above were determined
in drinking, dam lake and lake water by using flame atomic absorption
spectrometry (FAAS) after enrichment. For Cd and Pb determination,
Slotted Tube Atom Trap (STAT)-FAAS was used. In the enrichment pro-
cedure, the chelates of metals with cupferron were preconcentrated on
activated carbon.
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EXPERIMENTAL

Apparatus and Reagents

An ATI UNICAM 929 Model flame atomic absorption spectro-
photometer (AAS) equipped with ATI UNICAM Hollow cathode lamps
was used for the determinations. The optimum conditions for FAAS are
given in Table 1. A slotted tube atom trap (STAT) was used to increase the
sensitivity of FAAS. The pH was measured with an EDT GP 353 ATC pH
meter. In the enrichment procedure Snijders magnetic stirrer with heater and
a Hettich EBA III centrifuge were used.

Unless stated otherwise, all chemicals used were of high-purity
reagent grade. Throughout all analytical work, doubly distilled water was
used. All glass apparatus have been kept permanently full of 1M nitric
acid when not in use. Concentrated nitric acid (65%, Merck) was used for
elution of metals on the activated carbon. Stock solutions of metals
(1000mgL~") were prepared by dissolving their nitrate compounds in
1.0 mol L™! nitric acid. A solution of 1% m/v LaCl; was used as the STAT
coating material.

A buffer solution of pH 5.0 0.2 was prepared by adding 0.1 mol L~!
NaOH solution to 0.1 mol L™" sodium citrate solution. A solution of 0.3%
N-nitrosophenylhydroxylamine (cupferron) was prepared by dissolving 0.3 g
of reagent in 100 ml of ethyl alcohol. Preparation of activated carbon sus-
pension was described elsewhere'?.

Procedure

Four tap, one lake, one dam lake and two stream water samples were
collected in sealed polyethylene containers which were washed in 1% HNO;

Table 1. Operating Parameters for FAAS

Parameter Pb Al Ni Cd
Wavelength, nm 217.0 309.3 232.0 228.8
HCL current, mA 9.5 9.5 14.5 7.5
N,O flow rate, L/min — 4.7 — —
Acetylene flow rate, L/min 0.6 42 0.6 0.6
Air flow rate, L/min 4.0 - 4.0 4.0

Slit, nm 0.5 0.5 0.2 0.5




03:10 30 January 2011

Downl oaded At:

766 YAMAN

solution. After filtration, if necessary, 2ml of concentrated HNO; was ad-
ded to each one samples. A 300 ml portion of water sample was transferred
to the beaker. For the chelation and adsorption on activated carbon, the
steps of enrichment were as follows:

The pH was adjusted to 5.0 £0.2 by adding HNO3z and NaOH at the
necessary concentrations. The buffer solution of 40 ml, cupferron solution of
40 ml and the activated carbon suspension of 5ml were added and the pH of
the solution was adjusted again, as necessary. The mixture was stirred
mechanically for 45 minutes and filtered through a filter paper (Advantec
Toyo 5B white ribbon). The residue was dried at 105°C for 1h. Con-
centrated nitric acid (5ml) was added to the residue in a glass beaker and
evaporated to dryness. Then, 2.0ml of 1.5mol L~! HNO; was added and,
after centrifuging twice, the clear solution was separated for measurements.
The Cd, Pb, Ni and Al content of the solutions obtained was determined by
means of the STAT-FAAS (for Cd and Pb) and FAAS. So, 150 fold en-
richment was achieved.

RESULTS AND DISCUSSION

The parameters that are thought to affect the enrichment and mea-
surement steps in the analytical scheme were taken from the previous
work'!7718 a5 described above at heading “Procedure”. In these pa-
pers'*!17=18 " cupferron had been found as the best chelating reagent, and
optimum pH had been found to be 5.0+0.2

Chelation and adsorption on activated carbon was chosen as an en-
richment method because high separation efficiency is obtained when the
metal ions were encapsulated in organic structures prior to the adsorption
step. Particularly, if the complexing agent has an aromatic structure, 7-
orbital overlap interaction between the aromatic structures of the molecule
and the activated carbon surface is possible, resulting in larger adsorption
energy. Therefore, cupferron, which has an aromatic structure, was used as
a chelating reagent.

Calibration curves for Cd, Pb, Ni and Al was obtained by using 300 ml
of solutions in concentration ranges of 0.05—0.8, 1.0—10.0, 1.0—15 and
4.0—50 pg L', respectively. To identity of calibration solutions to water
matrix, major components of the water were added to the calibration so-
lution as 50mgl~! for Ca and 25mgl~' for Mg. The optimised enrichment
procedure (from the Ref. 14, 17—18) was applied to these solutions (at pH
5.0 +0.2). The clear solutions were analysed by means of STAT-FAAS for
Cd and Pb and direct FAAS for Ni and Al. The graphs obtained were
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rectilinear in the concentration range of described above and the equations
of the curves was as follows:

Y = 78.441X +0.0833 R>=0.99 for Cd
Y = 8.4023X 4+ 0.9492 R?>=0.99 for Pb
Y =5.7077X + 0.7538 R>=0.99 for Ni

Y = 0.5803X +0.3868 R?>=0.99 for Al

Accuracy and Applications

To establish the validity of the method, recoveries of the studied
metals from water samples fortified with these elements were determined.
It was found that the added Cd, Pb, Ni and Al were recovered at least
86% 92%, 91% and 94%, respectively. The effect of contamination was
eliminated by subtracting the values obtained for blanks. Adsorption loss
can be excluded as the procedure was followed in exactly the same way,
using the same glassware and the same reagents that were used throughout.
Therefore, the effect of contamination or adsorption may be reliably
overlooked.

In addition, to overcome enhancement or suppression due to the
presence of major components of the water matrix, calibration solution were
performed within the sample matrix itself. Standard additions of Cd, Pb, Ni
and Al to a water sample were made and the samples were analysed by using
STAT-FAAS and FAAS after enrichment procedure. The slopes of the
calibration graphs obtained using Cd, Pb, Ni and Al standard solutions
were compared with the slopes obtained by the standard additions method.
The results are shown in Figs. 1, 2, 3 and 4. These results indicate the ab-
sence of chemical interferences, hence it is not necessary to apply the stan-
dard additions method to water samples, when the proposed enrichment
method was used for the studied elements in natural water.

The proposed enrichment method was applied to six tap, one lake, one
dam lake and two stream water samples. The results obtained were given in
Table 2. The given values are the means of four separate portion of the same
sample obtained from different location.

The mean Cd concentration for all studied water was in the range
of 0.06—0.22 ug 1-'. The mean values for Pb, Ni and Al concentrations of
all studied waters were in the range of 1.1—6.0; 1.0—15; 20—130pug 17!,
respectively.
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Table 2. Concentrations of Cd, Pb, Ni, and Al in Various Natural Waters

Source of Water Cd Pb Ni Al
Hazar lake 0.06 +£0.01 1.54+0.20 15+14 55+2.8
Keban dam lake 0.06 £0.01 1.5+0.16 20£0.2 20+1.8
Sakabasi stream 0.06 £0.01 2.6+0.24 1.0£0.15 130+9
Sivrice stream 0.14+0.02 2440.21 8.0£1.1 75+6
Karagali potable 0.06 £0.01 1.1£0.18 50+£0.9 80£6
Elazig tap 0.06 +0.01 1.1£0.19 5.0£0.8 25+2.0
University tap 0.22+0.02 6.0+1.0 50+1.0 29+2.1
Sakabasi tap 0.06 £0.01 2.6+0.25 1.0£0.16 50£3.5

The results are mean values as ngml~'; n™*.

CONCLUSION

An attempt was made to simultaneous enrichment of Cd, Pb, Ni and
Al in water and their determination by STAT-FAAS and FAAS. The ob-
tained Cd and Pb concentrations in studied waters were significantly lover
than the maximum admissible concentrations of 50 and 5pgl™" in potable
waters, respectively'®. Because the tendency is for a reduction of these limits,
the more sensitive analytical techniques must be developed. In this study 150
fold preconcentration was achieved and this rate can increased depending
on first and final volume.
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