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Abstract

In this study, in order to eliminate the drawbacks of elution step and to reach higher enrichment factors, a novel preconcentration/separation
technique for the slurry analysis of sorbent loaded with lead prior to its determination by electrothermal atomic absorption spectrometry was
described. For this purpose, at first, lead was collected on ethylene glycol dimethacrylate methacrylic acid copolymer (EGDMA-MA) treated
with ammonium pyrolidine dithiocarbamate (APDC) by conventional batch technique. After separation of liquid phase, slurry of the sorbent was
prepared and directly pipetted into graphite furnace of atomic absorption spectrophotometer. Optimum conditions for quantitative sorption and
preparation of the slurry were investigated. A 100-fold enrichment factor could be easily reached.

The analyte element in certified sea-water and Bovine-liver samples was determined in the range of 95% confidence level. The proposed technique
was fast and simple and the risks of contamination and analyte loss were low. Detection limit (38) for Pb was 1.67 ug1~".

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The determination of heavy metals including lead are of con-
siderable analytical interest particularly in biological and envi-
ronmental samples including water, soil and plant, etc. Lead is an
abundant toxic metal for biologically and environmental, have
no function in body. Most significant lead sources are lead-based
gasoline additives to improve the number of octane, lead-based
dyes, lead-soldered canned boxes, pesticides, batteries, ceramic
glazes and industrial pollution. Since lead is a non-essential
and highly toxic element, its existence in any sample is never
wanted at all concentrations even at ultra-trace levels. Thus, its
determination at concentrations as low as possible is important
and provides a basis for the diagnosis of clinical disorders and
intoxication as well as for monitoring environmental pollution.

Electrothermal atomic absorption spectrometry (ETAAS) is
animportant tool for the determination of trace and heavy metals.
However, when the concentration of the analyte is too low to be
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determined directly and/or interferences due to matrix cannot be
eliminated, the use of a separation/preconcentration technique is
anecessity. For this purpose, the most commonly and practically
applied method is the collection of the analyte on a sorbent using
different materials such as polymeric resins, silica, activated
carbon with or without chelating groups and subsequently its
elution by means of a convenient reagent [1-9]. Elution causes
loss of time, contamination, high blank values and highly influ-
ences the quality of analytical data such as recovery, precision,
enrichment of analytes, etc. It should be fast, complete and repro-
ducible. The reagents used for elution may decrease the life
time of graphite tubes. Therefore, the elution step determines
the appropriateness of the method including fastness, easiness,
accuracy (or recovery) and precision very strongly.

Nukatsuka et al. proposed a solid-phase extraction system
in which cellulose nitrate resin after loaded with thallium was
suspended in a small volume of aqueous solution and directly
introduced into the furnace [10].

The introduction of solid samples as their suspensions
directly into graphite furnace (slurry technique) has many advan-
tages in AAS. In slurry method, solid samples are first finely
ground, slurried with an appropriate liquid mostly adding sur-
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factants, e.g. Triton-X 100, homogenously mixed manually or
using tools such as ultrasonic agitation and finally pipetted into
the furnace by means of a micropipette or autosampler. In this
technique, duration of sample preparation is very short and only
very small amounts of reagents are used. In addition, the enrich-
ment factor can be adjusted by modifying the volume of the
suspension. The smaller the volume of suspension, the greater
the enrichment factor are attained. Therefore, ultra-trace con-
centrations can be detected. However, to obtain a homogeneous
and stable slurry, which influence directly accuracy and preci-
sion, many experimental parameters such as particle size, solid
to total slurry volume, addition of stabilizing, etc. should be
optimized [11-17].

In this study, in order to eliminate the elution step and thereby
to avoid its drawbacks, the slurry of the sorbent loaded with lead
by batch technique was directly introduced into the graphite
furnace. For this purpose, the analyte element was sorbed
on ethylene glycol dimethacrylatemethacrylic acid copolymer
(EGDMA-MA) treated with ammonium pyrolidine dithiocar-
bamate (APDC) by batch technique. After separation of the
liquid phase, the sorbent loaded with analyte element was slur-
ried appropriately and pipetted directly into graphite furnace.
The effects of experimental parameters on the sorption of ana-
lytes as well as optimum conditions to obtain a homogeneous
and stable slurry were investigated.

2. Experimental
2.1. Apparatus and reagents

A Perkin-Elmer 3030 Zeeman Atomic Absoption Spec-
trophotometer equipped with a HGA-600 graphite furnace was
used for the determination of analyte element. Pyrolytic graphite
coated tubes with pyrolytic L'vov platforms were used through-
out this work. The wavelength was set to 283.3 nm. Nitrogen was
used as the purge gas. Actually argon is more frequently used
than nitrogen, because there is a possibility that nitrogen may
produces CN bands which may cause recombination process
with the analyte before or during atomization step. However,
since the purge gas flow was interrupted during atomization
step, there is no probability of analyte cyanide formation during
atomization step. On the other hand, at low pyrolysis tempera-
tures lead cyanide is not formed. Graphite furnace programme
for the determination of lead is given in Table 1. As can be
seen from the table, after the atomization step, a high tempera-

ture (2650 °C) was applied to clean the platform thermally and
thereby to prevent any deposition of organic material from the
organic material. In addition, during the analysis, absorbances
for the empty furnace, standards and samples were re-checked
often to see if there is a change.

The pH of the samples were adjusted by 0.01 mol I~ NH4;OH
or 0.01 mol1~! HNOj3 and controlled using WTW pH 340-
A/SET2 pH meter.

All chemical were of analytical reagent grade (Merck,
Germany). Stock solution (1000mg1~") of Pb was prepared
from Titrisol concentrates (Merck) and further diluted with
distilled—deionized water daily. EGDMA-MA was synthesized
in the laboratory as described elsewhere [18].

Ammonium pyrolidine dithiocarbamate was purchased
from Fluka whereas sea-water (CRM-SW) and Bovine Liver
(CRM-BL) certified reference materials were bought from
High-Purity Standards (USA). Samples were introduced
into graphite furnace manually as 10wl with a Eppendorf
micropipette. Results were given as the averages of at least
three independent replicate analyses.

2.2. Procedure for slurry sampling

Atfirst, EGDMA-MA, used as the sorbent, was finely ground
and sieved as 50 mesh. The sorbent was washed three times
with 0.1 mol1~! NaOH; then three times with 0.1 mol1~! HCI
and finally three times with distilled water which was enough to
obtain analyte-free washings and then dried at 100 °C overnight.
We used 10ml of each reagent for about 1 g of sorbent. After
three times of washing with water, slurry blanks of the sor-
bent prepared were completely free from the analyte. Instead
of preparing the stock of EGDMA-MA modified with APDC,
we preferred to prepare the sorbent daily. For this purpose, 50 mg
of sorbent was treated with 10 ml of 0.05% (w/v) APDC and the
liquid phase was removed by vaporization. In order to collect the
analyte elements by batch technique, 50 mg of sorbent treated
with APDC was weighed precisely and mixed with 40 ml of sam-
ple solution containing minimum 0.001 mg1~! Pb. The pH of
the solution was adjusted to 6.5 and shaken for 5 min. The solid
part was precipitated by centrifugation for 5 min at 1000 rpm.
The supernatant was removed by decantation. The sorbent, col-
lecting the analyte element, was washed with water a few times
to remove the matrix traces and washing water was removed
by decantation, too. The slurry of the sorbent carrying analyte
element (minimum 0.001 mg1~! Pb) was prepared in 400 wl of

Table 1

Graphite furnace programme for the determination of Pb

Step no. Furnace temperature (°C) Time (s) Internal gas flow (ml min~! Read
Ramp Hold

1 110 10 15 300 -

2 150 5 15 300 -

3 400 10 20 300 -

4 1800 0 6 Stop *

5 2650 1 5 300 -

6 20 2 6 300 -

* Atomization step. Atomic absorption is read.
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1% Triton X-100 and further homogenized manually in a vial
by stirring with micropipette tip just before each sampling. The
slurry was then pipetted manually with 10 pl of pipette into the
graphite furnace and atomized applying the graphite furnace
programme given in Table 1.

3. Results and discussion

In the proposed technique, the slurry of sorbent collecting the
analyte element was introduced into ETAAS without elution.
First of all, quantitative sorption of analyte element 0.1 mg1~!
for Pb onto the sorbent is a prerequisite which depends on the
pH of the sample, sample volume, amount of sorbent, shaking
time, addition of chelating agent (if necessary), etc. In addition,
the success of the slurry technique necessitates a careful selec-
tion of solid-phase material, convenient mixing and addition of
surfactants, optimization of particle size and the slurry concen-
tration (solid mass to slurry volume ratio). Thus, in order to
obtain quantitative recovery and high precision, both sorption
and slurry parameters were carefully optimized.

In this study, the slurries were pipetted manually which is
actually not common in graphite furnace applications, once that
the autosampler is used just for avoiding losses in precision as
well as to precisely delivery the drop on the platform surface.
Manual sampling into graphite tube really needs care, experi-
ence and skilfulness so that the absorbances and peak shapes of
repetitive pipettings for the same solution are always as good as
those obtained using autosamplers. This may be seen even more
problematic with slurry injection. Therefore, the many slurry
conditions (particle size of the solid material, the volume of the
slurry and the ratio of the slurry volume to solid-phase amount,
etc.) were carefully optimized to obtain a homogenous and
durable slurry as well as its perfectly and repetitively pipettings.

After each injection we controlled the place of sample drop
in the platform and observed its drying with a special mirror. In
case of any problem during injection, the furnace programme
was stopped and injection was repeated after thermally cleaning
the tube. However, since the injections in previous studies
were performed manually, above-mentioned problems were
hardly occured [19]. In addition, the depth of the injection
hole of graphite furnace used in this study is appropriate to
the manual pipettings successfully which is not appropriate at
recent instruments. Due to the risk of clogging of autosampler
tip and its capillar tubes, we preferred manual pipetting rather
than using an autosampler for slurry analysis. In addition,
special tools for the homogenization.

3.1. Optimization of parameters for sorption

3.1.1. Effect of pH and chelating agent

One of the most important parameters for the quantitative
sorption is the pH of sample. In order to improve the sorption
properties of a sorbent, it is mostly modified with a chelating
agent. For this purpose, EGDMA-MA was treated with APDC
as described in Section 2. Although the sorption of 0.1 mg1~!
analyte element on untreated EGDMA-MA was not complete,
quantitative retention for the analyte was obtained after modify-
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Fig. 1. Effect of pH of sample on the sorption of lead with APDC (analyte
concentration: 0.1 mg1~'; sample volume: 40 ml; sorbent: 50 mg).

ing the sorbent with APDC. As can be seen from Fig. 1, when
the pH of solution was adjusted at pH > 6.5, the analyte element
could be quantitatively retained on the sorbent.

3.1.2. Effect of amount of sorbent

In order to optimize the sorbent amount, the effect of different
amounts of EGDMA-MA on the sorption of analyte element was
investigated. From a series of experiments, it was found that the
analyte (0.1 mg1~! Pb) was quantitatively sorbed using 50 mg of
EGDMA-MA treated with APDC (Fig. 2). This value was also
chosen critical parameter throughout the experimental works.

3.1.3. Effect of sample volume

The effect of sample volume on the sorption of analyte ele-
ment using 50 mg of EGDMA-MA treated with APDC at pH 6.5
was investigated between 20 and 100 ml. If the sample volume
were between 20 and 40 ml, quantitative sorption was obtained
whereas at sample volumes higher than 40 ml, sorption was
decreased. Prolonged shaking time was not helpful in this mat-
ter. On the other hand, if the amount of sorbent is higher than
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Fig. 2. Effect of amount of sorbent (EGDMA-MA) on the sorption of lead with
APDC (analyte concentration: 0.1 mg1~!; sample volume: 40 ml; pH: 6.5).
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Table 2
Effect of foreign ions on the sorption of Pb (analyte concentration: 0.1 mg1~!;
sorbent: 50 mg; sample volume: 40 ml; pH: 6.5; number of repetitions: 3)

Species Added as Concentration of the Retention (%)
diverse ion (mg1~1)
Na* NaCl 4800 100
NaNO3 400 98
NapSO4 1950 108
K* KCl 325 105
Mg?* MgCly 380 108
Ca? CaCl, 220 100
Fe?* Fe(NO3)3 35 105
Cu?* CuSO4 25 100
Cl— NaCl 7200 100
KCl 275 105
CaCl, 380 100
MgCl, 1120 108
NO3— NaNO3 1100 98
Fe(NO3)3 115 105
S0, Na; SOy 4050 108
CuSOy4 35 100

50 mg, a durable homogeneous suspension for slurry analysis
could not be obtained using Triton X-100 and by stirring. In this
case, a better mixing for homogenization with special tools is
needed. Consequently, in all experiments, sample volume did
not exceed 40 ml.

3.1.4. Effect of foreign ions

The effect of various foreign ions on the sorption of analyte
element was investigated. For this purpose, eight different chem-
ical species were added to the test solution containing Pb and the
retention of analyte element was found. The results are shown
in Table 2. Obviously, EGDMA-MA could be successfully used
for the determination of Pb in the presence of foreign ions at
their concentrations given in the table. The concentrations of for-
eign ions are above of those in most commonly studied samples
having very heavy matrices, e.g. sea-water, serum.

3.2. Effects of total slurry volume on homogeneity of slurry

The effects of total slurry volume on the analytical results
were investigated and the results in the presence of Triton X-
100 are given in Table 3. Since the slurry was not stable in the
absence of dispersant, Triton X-100 was necessarily added into

Table 3

The effect of total slurry volume on recovery of Pb (final analyte concentra-
tion: 0.1 mg 1!, sorbent: 50 mg; sample volume: 40 ml; pH: 6.5; number of
repetitions: 3; the slurry was prepared in 1% of Triton X-100)
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Fig. 3. Atomic absorption (—) and background (- - -) profiles for 1.0 ng of lead
in 10 pl slurry pipetted three times manually.

the all solutions. When the slurry was prepared in 400 wl of 1%
Triton X-100, quantitative recoveries (>97%) was obtained. By
considering these results, all samples were prepared in 1% Triton
X-100 as 400 pl. As mentioned previously when the sample
volume was taken up to 40 ml and final slurry volume was 400 1,
an enrichment factor of 100 was obtained. Although the addition
of universal modifier of the mixture of 0.2 mg NH4H,PO4 and
0.01 mg Mg(NO3), for Pb was hardly improved the analytical
data, all analyses were performed using modifiers to prevent any
possible interference.

3.3. Validation of the method

The peaks of the three repetitive pipettings for the slurry of
the sorbent loaded with lead were given in Fig. 3. Obviously, the
peak shapes are smooth and reproducible as well as the preci-
sions throughout this study were satisfactory which shows that
the manual injection was successful and free of problems. To
validate the method in different matrices, the lead was deter-
mined in sea-water (CRM-SW) and Bovine-liver (CRM-BL)
certified reference materials after suitable enrichment. The ana-
lytical results are given in Table 4. For the samples having lower
concentrations of analytes, the much higher enrichment fac-
tors needed can be obtained by using higher sample volumes
and lower slurry volumes. However, it should be noted that
the simplicity of this method without needing special tools is

Table 4
Recoveries for Pbin sea-water (CRM-SW) and Bovine-liver (CRM-BL) certified
reference materials (sorbent: 50 mg; sample volume: 40 ml; pH: 6.5; number of

Total slurry volume (jul) Recovery (%) repetitions: 3; the slurry was prepared in 1% of Triton X-100)
200 67 Sea-water (pgkg™!) Bovine-liver (ugl1™!)
400 97 . - , -
600 91 Certified value Found Certified value Found
800 62 4.0 3940.2 3.0 29+40.1
1000 55

2 Mean £ 95% confidence limits.
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valid only in a limited range of experimental parameters given
above. If the conditions had to be changed significantly for
much higher enrichment factors, e.g. much more sample vol-
umes and lower slurry volumes had to be applied, experimental
parameters proposed in this study might not be sufficient for
quantitative sorption and successful slurry analysis. In this case,
the experimental factors for higher sample volumes and lower
slurry volumes should be re-arranged such as using special tools
for much effective mixing of slurry (ultrasonic blades, etc.),
prolonged shaking time for quantitative sorption, higher con-
centrations of surfactants for the durability of a homogeneous
slurry, etc. Almost no background value was observed which
indicates that the matrix was successfully separated as well as
the sorbent itself does not cause any spectral interference. There
are no significant differences between mean values of the analyte
element found as the average of three replicate determination and
their certified values in the 95% confidence level. This obviously
shows that after optimization of experimental conditions, the
analyte element in different heavy matrices was quantitatively
sorbed on EGDMA-MA treated with APDC and the sorbent
collecting the analytes was successfully analyzed with slurry
analysis. The calculated detection limit for lead using sample-
matching blanks was 1.67 pg1~!, according to the 3o concept
for the described method. It can be seemed that the lead quan-
tification in sea-water is questionable, once that such result is
lower than the LOQ, which is 5.6 j.g -1, according to the 100
concept However, we enriched the sample, the concentration
of the analyte in the final concentrated slurry was much higher
than LOQ.

4. Conclusion

The described method using EGDMA-MA as a sorbent and
its directly introducing into the furnace as slurry without elution
combines the advantages of batch enrichment/separation method
and slurry analysis. The proposed technique is simple, fast and
cheap. The elimination of elution step reduces the time required
for analysis. The risk of contamination from eluents especially
acids, apparatus and the laboratory atmosphere is lower. The last
but not least, superior preconcentration factors can be achieved
by adjusting the volume of the suspension, appropriately. For the
samples studied, the enrichment factor could be easily increased
up to 100 times. In fact, if necessary, much higher enrichment
factors can be easily obtained for lower analyte concentrations.

On the other hand, since the described method is combination
of sorption and slurry techniques, in the beginning, many exper-
imental parameters had to be necessarily optimized for precise
and quantitative sorption of analytes as well as preparation of
homogeneous slurry and its reproducibly pipetting. Therefore,
the choice of sorbent is very critical with respect to sorption
and slurry analysis. EGDMA-MA after treated with APDC is
suitable both for sorption and slurry analysis. It does not cause
any spectral and non-spectral interferences, easily dispersed in
dilute Triton-X solution, a homogeneous and durable slurry can
be obtained without using special tools and extra effort.

In spite of various parameters to be optimized, it can be
concluded that the proposed technique can be effectively and

practically used for the preconcentration and separation of lead
prior to their determination by ETAAS.
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