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A separation±preconcentration method utilising a mercapto-modi®ed silica microcolumn was developed for the

determination of trace amounts of Te(IV) and Te(VI) in waters by hydride generation atomic absorption

spectrometry. Bottled drinking water, tap water and sea-water samples were spiked with sub-ng ml21

concentrations of Te(IV) and the spiked solutions were subjected to the mercapto-modi®ed silica microcolumn

separation and enrichment procedure. The spike recovery values varied between 86 and 114%. In addition to

spike recovery experiments, accuracy was also veri®ed via the analysis of a certi®ed reference material. The

limit of detection for Te(IV) in sea-water with a preconcentration factor of 50 was 0.037 ng ml21. The capability

of the microcolumn enrichment scheme for on-line sample processing via ¯ow manifolds was demonstrated. A

detailed interference study was performed.

Introduction

Tellurium is regarded as a rare, non-essential element and is
known to be toxic to humans.1 It has found many applications
in metallurgical processes, glass manufacturing, pharmaceu-
tical processes and also in the rubber and plastics industry. It is
also used in electronics as a semiconductor.

Tellurium concentrations in agricultural, geological and
environmental samples are usually at trace levels (vng l21),2

while on some occasions as much as 0.17 mg l21 total Te was
observed in sub-marine hydrothermal waters.3 Determination
of tellurium in almost any environmental sample requires an
enrichment step prior to instrumental measurement because of
these very low concentrations. The most commonly used
separation and enrichment techniques include ion exchange4

and chelating materials,5 and coprecipitation procedures.3,6,7

In many of the methods used for tellurium determination,
atomic absorption spectrometry is used such that tellurite is
reduced to its hydride using a hydride generation system
followed by either atomisation in the ¯ame using heated quartz
tubes5,8 or in situ trapping in a graphite tube prior to
atomisation.6,9,10 Developments in hydride generation and in
situ trapping techniques in the graphite furnace can be found in
ref. 11 and 12. Electrothermal atomic absorption spectrometry
(ETAAS) has been employed for Te determination in various
samples generally after an enrichment step with solvent
extraction.13±15 In addition to atomic absorption spectrometry
(AAS), other atomic spectrometric techniques, such as
inductively coupled plasma-optical emission spectrometry
(ICP-OES),16±18 and inductively coupled plasma-mass spectro-
metry (ICP-MS),19±21 have been applied to the determination
of Te and hydride generation has generally been the method of
choice for sample introduction in these studies. Alternative
applications using chromatographic, ¯uorimetric, electroche-
mical and spectrometric detection systems in the determination
of Te have been outlined in ref. 2.

Use of enrichment techniques, in many cases, also allows the
separation of the analyte from the sample matrix, thus

minimising interference effects in the ®nal detection step. A
notable enrichment and separation method for the determina-
tion of arsenic, antimony, selenium and tellurium in water has
been suggested by Yu et al.5 The selectivity of thiol cotton
towards lower and higher oxidation states of the elements
mentioned was used for separation and enrichment. The
procedure was successfully employed to determine ng l21

concentrations of As, Sb, Se and Te in natural waters. The
spike recoveries were in the range 90±110%.

It is generally necessary to determine the concentration of the
various oxidation states of tellurium since the behaviour of the
element depends on the chemical form and the oxidation state
rather than its total concentration.

The aim of this study was to develop a rapid and sensitive
enrichment procedure using a microcolumn of mercapto-
modi®ed silica for the determination of tellurium in natural
waters by hydride generation atomic absorption spectrometry
(HGAAS). The heart of the enrichment procedure is the use of
mercapto-modi®ed silica, developed by Howard et al.,22 which
has been shown to be an ef®cient separation and preconcen-
tration material for arsenite from samples that also contain
arsenate and organoarsenic compounds. The ef®ciency of the
mercapto-silica has also been tested and shown to be successful
in the determination of some metals in natural waters.23 The
second feature of the proposed method is the use of
microcolumns of mercapto-silica in the enrichment step. The
advantages of using microcolumns in the determination of
various species can be found elsewhere;24±27 they include the
use of moderate sample volumes (5±100 ml) rather than
applying relatively large amounts of samples (w1 l), suitability
of methods for ®eld sampling, ease of transportation,
preservation of the analyte species in their original forms
(matrix isolation, separation) and reduction in both sample size
and sampling time. The ef®ciency of the proposed method was
tested by application to a reference material and also through
spike recovery experiments.

Another objective of this study was to show the possibility of
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using the proposed methodology in the determination of
tellurium species for future on-line preconcentration systems.

Experimental

Reagents and materials

Unless stated otherwise all reagents were of analytical reagent
grade. Glassware and plastic containers were cleaned by
soaking in dilute nitric acid (1z9) and rinsed with distilled
water prior to use. Tellurium atomic absorption standard
solution supplied by Aldrich (Milwaukee, WI, USA) was used
as the tellurite standard solution and tellurate stock solution
was prepared from telluric acid, H2TeO4?2H2O (AnalaR
Grade; BDH, Poole, Dorsot, UK), by dissolution in de-ionised
water. Standards with lower concentrations were prepared, by
appropriate dilutions, from stock solutions in 2.0 M HCl with
18 MV de-ionised water obtained from a Millipore (Bedford,
MA, USA) Milli-Q water-puri®cation system. Silica gel (60±
80 mesh; Merck, Darmstadt, Germany) was used in the
preparation of mercapto-modi®ed silica. Sodium tetrahydro-
borate (NaBH4) was a ®ne-granuled product (w96%, Merck).
PTFE tubing for the preparation of microcolumns was
supplied by Alltech Associates/Applied Science (Carnforth,
Lancashire, UK).

Instrumentation and apparatus

An atomic absorption spectrometer, Philips Pye Unicam
(Cambridge, UK) PU 9200, with an air±acetylene ¯ame and
a 50 mm burner slot was used in all measurements. A Philips
Pye Unicam PU 9390 electrothermal atomisation unit with a
GF90 graphite furnace head was employed in the ETAAS
measurements. A Unicam Te hollow cathode lamp was
operated with a maximum current of 6 mA and a wavelength
of 214.3 nm was used in the measurements. A deuterium
hollow cathode lamp was used for background correction.

A schematic representation of the hydride generation
apparatus used is shown in Fig. 1. Plastic centrifuge tubes
(25 ml) were used as reaction vessels. Tygon tubing was used in
all connections. The reaction vessels containing the acidi®ed
standards and samples were placed over the lifting platform. A
gas-tight connection was provided between the reaction vessel
and the rubber stopper holding a Y-shaped glass tube which
was used for introduction of nitrogen and injection of NaBH4

solution via a plastic injector through a gas-tight rubber
septum. The carrier gas stream and the hydrogen telluride
formed on injection of the NaBH4 solution were transferred to
a quartz T-tube (12 cm68 mm id) placed over the air±acetylene
burner head.

Preparation of mercapto-modi®ed silica microcolumns

Mercapto-modi®ed silica was prepared by mixing silica gel with
3-mercaptopropyltrimethoxysilane under controlled condi-
tions. Five grams of silica gel (60±80 mesh, Merck) were
washed with 100 ml of acetic acid (0.01 M) under vacuum for
10 min. Silica gel particles were then ®ltered through a pump
and transferred to a ¯ask containing 25 ml of toluene. With
vigorous magnetic stirring, 3.0 ml of 3-mercaptopropyltri-
methoxysilane (Alfa Products, Ward Hill, MA, USA) were
added slowly to prevent self-polymerisation. Then, 0.15 ml of
concentrated acetic acid was added dropwise and the mixture
was stirred overnight. Before re¯uxing the mixture at 60 ³C for
2 h with magnetic stirring, another 0.15 ml portion of acetic
acid was added. Finally, silica gel particles were ®ltered using a
vacuum pump and washed well with toluene before being left
overnight in an oven at 80 ³C. Mercapto-modi®ed silica, thus
prepared, was used as the packing material in the preparation
of microcolumns. The mercaptosilica particles, having sizes
between 100 and 150 mm, were packed into 4 cm PTFE tubing
(3 cm active length, 1 mm id); pieces of sponge at both ends
were used to keep the packing material tightly packed. The
sponge size was minimal so as not to cause any column back-
pressure.

Operating procedures

Use of microcolumn and HGAAS measurements. Sample
solutions were passed through the microcolumns at a ¯ow rate
of 3.0 ml min21 for the deposition of the analyte, using a
peristaltic pump (Gilson Minipuls 3, Villiers-le-Bel, France).
Potassium iodate solution (0.025 M KIO3 in 2.0 M HCl) was
used as the eluent at a ¯ow rate of 1.0 ml min21. For each
measurement, 1.0 ml of the eluate was placed in the reaction
vessel of the hydride generation system and hydrogen telluride
generated by the injection of 1.0 ml of 1% m/v NaBH4 was sent
to the atomiser and measured. Operating parameters for the
microcolumn-HGAAS system are given in Table 1.

Interference studies. The general sequence of experiments
followed in interference studies is outlined in Fig. 2. A 100.0 ml
solution containing 1.0 ng ml21 tellurite and the interferent
metal ion at a selected concentration was prepared in de-
ionised water and loaded onto the mercaptosilica microcolumn
with a ¯ow rate of 3.0 ml min21 (STEP A). The ef¯uent was
discarded. The microcolumn was then eluted with 5.0 ml of the
eluent (0.025 M KIO3 in 2.0 M HCl) at a ¯ow rate of
1.0 ml min21 (STEP B). Therefore, a Te concentration of
20.0 ng ml21 was expected to be measured at the end of the
procedure if the recovery was 100%. A 3.0 ml aliquot of the
eluate (ROUTE 1) was analysed by HGAAS (STEP C) and the
percentage recovery of the microcolumn methodology was
calculated from the Te concentration found. If the recovery of
Te was found to be 100¡10%, it was concluded that the
element of interest did not cause any interference on the Te

Fig. 1 Schematic illustration of the hydride generation apparatus.

Table 1 Operating parameters

HGAASÐ
Carrier gas (N2) ¯ow rate 2.0 l min21

Sample volume 1.0 ml
HCl concentration 2.0 M
NaBH4 concentrationa 1% m/v (aqueous calibration)

2% m/v (for KIO3 solutions)
NaBH4 volume injected 1.0 ml

Microcolumn preconcentrationÐ
Length of column 3 cm
Deposition ¯ow rate 3.0 ml min21

Elution ¯ow rate 1.0 ml min21

Eluent 0.025 M KIO3 in 2.0 M HCl
aNaBH4 solutions contained 0.1% m/v NaOH for stabilisation.
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signal under these conditions. If the recovery was less than
90%, the remaining 2.0 ml of the eluate (ROUTE 2) were
analysed by ¯ame AAS (STEP D) to determine the concentra-
tion of the interferent. A Te concentration of 20.0 ng ml21 was
prepared in the eluent (0.025 M KIO3 in 2.0 M HCl) containing
also the interferent whose concentration was the same as that
found in the eluate (STEP D). The Te signal of this solution
measured with HGAAS (STEP E) was compared with the Te
signal obtained from a 20.0 ng ml21 tellurite standard prepared
in the eluent (0.025 M KIO3 in 2.0 M HCl). If the two signals
were the same, indicating that the presence of the interferent
did not have any effect on hydride formation, it was concluded
that the low recovery was a consequence of the mercaptosilica
microcolumn working inef®ciently (available active sites on the
surface had been occupied by the interferent species). When a
reduction in the HGAAS signal of Te in the presence of the
interferent (STEP E) was observed as compared with the Te
signal obtained from the standard Te solution, it was dif®cult
to be sure about the source of the interference, and the
magnitude of the signal reduction was helpful in the decision.

Method validation and spike recovery experiments. A certi-
®ed reference material (CRM), Trace Metals in Drinking

Waters (Cat. No. CRM TMDW, Lot # 818921) supplied by
High-Purity Standards (Charleston, SC, USA), was employed
for method validation. A 10.0 ml aliquot of this solution was
loaded onto the mercaptosilica microcolumn at a ¯ow rate of
3.0 ml min21. After washing the column with 1.0 ml of high-
purity water, the species retained by the microcolumn were
eluted with 5.0 ml of the eluent (0.025 M KIO3 in 2.0 M HCl) at
a ¯ow rate of 1.0 ml min21. The eluate was analysed by
HGAAS for its Te concentration.

Three different water samples were used for recovery tests:
bottled drinking water, tap water and sea-water. Aliquots of
100.0 ml from each of the water samples were spiked with
1.0 ng ml21 tellurite and applied to separate microcolumns of
mercaptosilica. After loading the analyte, each microcolumn
was washed with high-purity water and then eluted with 5.0 ml
of eluent. The concentration of Te in each of the eluents was
determined by HGAAS and the percentage spike recovery in
each sample was calculated. Similar experiments were repeated
with a lower concentration of Te(IV) spike and a larger volume.
This time, 250.0 ml aliquots of water samples were spiked with
0.1 ng ml21 Te(IV) and the enrichment procedure was applied
to each sample as described previously.

Results and discussõon

The ®rst part of this work was concentrated on the
optimisation of measurement conditions for tellurium deter-
mination with the HGAAS system. The second part was
concerned with the assessment of the performance of
mercaptosilica towards tellurium species, namely tellurite and
tellurate. Microcolumns packed with mercaptosilica were used
for separation and enrichment of tellurite species from sample
matrices. In addition, the possibility of the determination of
tellurate after its conversion to tellurite was investigated. The
®nal part was the application of the proposed methodology to a
certi®ed reference material to test the ef®ciency of microcolumn
preconcentration. A detailed interference study was also
performed in order to make a better evaluation of the method.

Optimisation of HGAAS measurements

Hydride generation methods have been widely used in atomic
spectrometry due to their simplicity, high sensitivity and
speciation capability. The technique has also been used in the
determination of tellurium in environmental samples,5,6,9,17

usually after a suitable preconcentration step. Although the
necessary conditions for Te determination have been studied
extensively in these applications, initial studies in the present
work concentrated on the optimisation of HGAAS measure-
ments since a different enrichment procedure and different
chemicals were used. The ®rst parameter was the acidity of the
sample since hydride generation strongly depends on the acid
concentration. Among various acids, HCl has been almost
universally accepted and therefore it was used throughout this

Fig. 2 Strategy followed in the interference studies (Cu2z was chosen
as an example).

Fig. 3 Change in HGAAS signal of 20.0 ng ml21 tellurite as a function
of HCl concentration (1.0 ml of 1% m/v NaBH4 solution was used).
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study. The change in absorbance signal of 20.0 ng ml21 tellurite
as a function of HCl concentration is shown in Fig. 3. As can be
seen, 2.0 M HCl gave the best signal and this concentration was
used throughout unless stated otherwise. This value is in
accordance with the acidity employed in many of the studies in
the literature.5,6 The use of higher acid concentrations has been
suggested by some workers to lower the extent of interference
due to an increase in the solubility of the reduced metal
species.28,29 In addition to the reduction of interferences at high
concentrations of HCl, in this study it was especially important
to ascertain whether a sensitive measurement could be
performed in 6.0 M HCl since the sample solution was treated
with an equal amount of concentrated HCl for Te(VI)ATe(IV)
conversion. During the experiments, it was observed that the
reduction was accomplished without any apparent problems.
As can be seen in Fig. 3, the sensitivity obtained in the range
0.5±10.0 M HCl is satisfactory. This ®nding demonstrated that
the samples and standards could be prepared in 6.0 M HCl
without a signi®cant loss of sensitivity. The other parameters
such as percentage and volume of NaBH4 solution, carrier gas
(N2) ¯ow rate, and sample volume were also optimised. The
optimum values are given in Table 1 and the HGAAS
performance data are given in Table 2. With the optimised
conditions, the calibration plot was linear up to 50.0 ng ml21

tellurite and the 3s detection limit of the system without
preconcentration was 1.83 ng ml21. Moreover, there was a
linear increase in absorbance with increase in the sample
volume which was varied between 0.5 and 3.0 ml; a sample
volume of 1.0 ml was used in all measurements.

Performance of mercaptosilica towards Te(IV) and Te(VI) species

Uptake of mercaptosilica as a function of pH and HCl
concentration. The suitability of mercaptosilica to enrich As,22

Se30 and Ge31 has been shown previously. Knowing that
mercaptosilica is selective for the lower oxidation states of the
species, namely arsenite and selenite, the initial studies were
concerned with the assessment of the behaviour of the material
towards tellurite and tellurate species. For this purpose,
standard solutions of 30.0 ng ml21 each of Te(IV) and Te(VI)
were prepared in various concentrations of HCl and pH buffer
solutions. Five millilitre aliquots of the standards were passed
through separate columns and the collected ef¯uents were
analysed by HGAAS. For Te(VI), the eluted solution was mixed

with an equal amount of concentrated HCl and boiled for
10 min to reduce Te(VI) to Te(IV), since only the latter can be
reduced to hydrogen telluride by NaBH4. The percentage
uptake of mercaptosilica towards Te(IV) and Te(VI) as a
function of pH and HCl concentration is shown in Fig. 4. As
can be seen, the uptake of neither species is pH- or acidity-
dependent in the range of 6.0 M HCl to pH 12.5. Tellurite is
taken up by mercaptosilica at all pH and acidity values whereas
tellurate is not taken up at any pH or acidity. However, the
determination of Te(VI) by the proposed methodology is
possible after a pre-reduction step. The sensitivity of the
HGAAS technique for Te(VI) is actually reduced 2-fold since all
the samples should be diluted 1z1using concentrated HCl to
give a ®nal solution of 6 M HCl. The recovery results for Te(IV)
and Te(VI) solutions are summarised in Table 3. The data
presented in Table 3 demonstrate that speciation analysis for
Te(IV) and Te(VI) is possible using the analytical method
described.

Elution studies. In the search for a suitable eluent, two
different strategies were tried to elute the collected species from
the mercaptosilica microcolumn which was loaded with 5.0 ml
of 40.0 ng ml21 tellurite: the ®rst approach was to try to ®nd a
suitable complexing agent that was capable of removing the
adsorbed species from mercaptosilica. Various complexing
agents, namely HBr (1.0±3.0 M), KBr (0.02±0.08 M), KI (0.01±
0.06 M), KF (0.03±0.17 M), EDTA (0.005±0.03 M) and I2

(0.008±0.04 M) were tried with a volume of 2.0 ml. None was
successful in removing Te from mercaptosilica although these
materials are accepted as good complexing agents for Te
species in solution. The second approach was to oxidise the
Te(IV) species adsorbed and to convert them to Te(VI) which is
not adsorbed by the mercaptosilica. Among the various
oxidising agents, namely Ba(ClO4)2 (0.005±0.03 M), KMnO4

(0.01±0.06 M), HNO3 (1.0±3.0 M, conc.), HClO4 (1.0±3.0 M,
conc.), H2O2 (1.0±3.0 M, conc.), KIO3 (0.01±0.05 M) and
K2Cr2O7 (0.01±0.04 M); concentrated H2O2 was found to elute
about 50% of Te retained by the microcolumn. Potassium
dichromate (0.01 M K2Cr2O7 in 2.0 M HCl) removed retained
Te from the microcolumn quantitatively. The disadvantage of
using this eluent was that it was necessary to use a pre-
reduction step on the eluate prior to instrumental measurement
to convert the previously oxidised Te species to the Te(IV) form.
This pre-reduction step is time consuming and also causes a 2-
fold dilution with the addition of concentrated HCl and this is a
drawback, especially in an enrichment study of this type.

The solution to this problem was to use another strong
oxidant, KIO3. The retained Te species were quantitatively
desorbed from the microcolumn using 2.0 ml of 0.025 M KIO3

in 2.0 M HCl. Potassium iodate eluted Te species from the
column very ef®ciently; in addition, it was possible to quantify
Te in KIO3 solution directly. In other words, the HGAAS

Table 2 HGAAS performance data

Calibration response curvea y~0.0237z0.0088x (r~0.9995)
Calibration response curveb y~0.0306z0.0091x (r~0.9905)
Limit of detectionc 1.83 ng ml21

Relative standard deviationd 5.1% (5.0 ng ml21)
1.8 % (40.0 ng ml21)

aFor aqueous calibration (standard solutions in 2.0 M HCl; 1.0 ml of
1% m/v NaBH4 used). bFor Te species eluted from the microcolumn
(in 0.025 M KIO3 and 2.0 M HCl; 1.0 ml of 2% m/v NaBH4 used).
cBased on 3 s, without preconcentration. dn~3.

Fig. 4 Percentage uptake of mercapto-modi®ed silica for Te(IV) and
Te(VI) as a function of pH and HCl concentration. (&) Te(IV) ($)
Te(VI). The values for Te(IV) have a 2±5% RSD; those for Te(VI) were
below the detection limit.

Table 3 Recovery results for Te(IV) and Te(VI)a

Te(IV) added/
ng ml21

Te(VI) added/
ng ml21

Sample pre-
treatmentb

Te found/
ng ml21

Recovery
%

30.0 Ð No 29.5¡0.7 98¡2
Ð 30.0 No 0 0
Ð 30.0 Yes 29.8¡3.2 99¡11
30.0 30.0 No 30.5¡2.1 102¡7
30.0 30.0 Yes 57.6¡6.6 96¡11
aSample and eluent volumes were 5.0 ml; results are given as (mean
value¡standard deviation); n~3. bSample solution (5.0 ml) was
mixed with concentrated HCl (5.0 ml) and boiled for 10 min for
Te(VI)ATe(IV) conversion.
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signal was ef®ciently obtained without any need for pre-
reduction. Therefore, it was concluded that KIO3 was able to
elute the analyte in the Te(IV) form. Since there was apparently
no oxidation of the analyte, it is possible that potassium iodate
was destroying the mercaptosilica by oxidising the SH
functional groups and thus releasing the analyte species. This
situation restricts the use of microcolumns to a single loading
only; however, since a relatively small amount of mercapto-
silica, approximately 0.02 g, is used in a microcolumn, the
related cost is not signi®cant. Owing to the presence of excess of
KIO3, an oxidant, the only difference was the use of twice the
concentration of NaBH4 as that used for aqueous solutions;
during the construction of the calibration plot, 1.0 ml of 1.0%
m/v NaBH4 solution was used whereas 1.0 ml of 2.0% m/v
reductant was employed for Te species after the elution step
because of the oxidising nature of KIO3. The linear regression
equations for calibration plots for Te(IV) concentrations
ranging from 2.5 to 40.0 ng ml21 in 2.0 M HCl and for the
eluted Te species (in 0.025 M KIO3, 2.0 M HCl) are given in
Table 2. Slopes and therefore calibration sensitivities are quite
similar for these calibration plots.

It was also found that, depending on the sample volume,
¯ow rates varying between 1.0 and 5.0 ml min21 can be used
during deposition without any recovery loss as the kinetics of
the reaction between mercaptosilica and Te(IV) species is very
fast; however, 3.0 ml min21 was selected as the optimum. A
¯ow rate of 1.0 ml min21 was applied for elution to allow
suf®cient time for the eluent to effect a complete removal.

Tellurite capacity of mercaptosilica. The capacity of mer-
captosilica for Te(IV) was assessed by passing known concen-
trations of the species through a ®xed amount of mercaptosilica
packed in a microcolumn. A solution containing 1.0 mg l21

Te(IV) was passed through a microcolumn (0.02 g mercapto-
silica) at a ¯ow rate of 3.0 ml min21. The ef¯uent was analysed
for Te at several stages of loading. It was observed that a
maximum of 130 mg of Te(IV) could be loaded onto the
microcolumn. After this point, the ef¯uent contained detect-
able Te. These results correspond to a column capacity of
6.5 mg Te(IV) per gram of mercaptosilica.

A similar experiment was also performed using bare silica
instead of mercapto-modi®ed silica to see whether any uptake
was taking place. It was found that bare silica does not retain
Te(IV) species under the speci®ed conditions. Hence, it was
concluded that all uptake was due to mercapto active sites.

Interference studies

A detailed study was carried out to examine the effect of
possible interferences in Te determination and preconcentra-
tion. Both hydride-forming elements and some transition
metals were selected as potential interferents. Hydride-forming
elements were expected to cause a suppression effect on the
tellurium signal for two reasons: ®rstly, they are also retained
by mercaptosilica,22,30,31 possibly lowering its ef®ciency; and
secondly, they may cause gas phase interferences in the
atomiser due to either consumption of hydrogen radicals by
accelerating their decay or causing analyte atoms to decay
faster, thereby leaving fewer free atoms in the optical path.32 In
addition to hydride-forming elements, interference effects of
some transition metals were also tested since the presence of
some metal ions in the sample has been shown to cause both
liquid phase and gas phase interferences in the determination of
hydride-forming elements by AAS.29 Furthermore, it has
previously been shown that mercaptosilica removes divalent
cations of Cd, Cu, Pb and Zn from aqueous solutions.23

Therefore, it was assumed that if the sample contained any of
these metals, they would be retained by the mercaptosilica. In
addition, some of the retained metals could also be eluted from
the microcolumn since 2.0 M HCl was shown to elute

approximately 55% of the retained metals23 and 0.025 M
KIO3 in 2.0 M HCl was used for the elution of Te species.

For these reasons, it was decided to perform a detailed
interference study in order to differentiate between the
interference caused by the reduction in ef®ciency of the
mercaptosilica microcolumn to retain Te species from the
solution, and the liquid and/or gas phase interferences caused
by the other volatile hydrides and metal ions in the hydride
generation step. The results obtained from the interference
study are summarised in Table 4. The term ``interference''
stands for a negative interference in all cases.

As can be seen from Table 4, arsenite and germanate cause
no interference either in the microcolumn preconcentration
step or during hydride generation at any concentrations of the
interferent whereas selenite, Agz and Cu2z show both types of
interference at all concentrations investigated.

For In3z, Fe3z and Pb2z, no interference is observed in the
hydride generation step at any concentration. However, when
their concentrations are 1000 ng ml21 (1000 times the con-
centration of Te in the solution), they cause interference in the
preconcentration step. This was the case for almost all the
interferents investigated; if the concentration of any species
which is also retained by the mercaptosilica increases beyond
the capacity of the microcolumn, the mercapto active sites are
occupied by the interferent species in addition to tellurite;
therefore, some of the tellurite leaves the microcolumn without

Table 4 Summary of interference studiesa

Element

1000 ng ml21 500 ng ml21 100 ng ml21

Column Hydride Column Hydride Column Hydride

Arsenite N N N N NE NE
Germanate N N N N NE NE
Selenite I I I I I I
Sn2z I N I N I N
Sb(III) I I I I N N
In3z I N N N NE NE
Pb2z I N N N NE NE
Bi(III) I NR I NR I NR
Fe3z I N N N N N
Cd2z I N I N N N
Co2z I N I N I N
Ni2z I I I N I N
Zn2z I N I N I N
Cu2z I I I I I I
Agz I I I I I I
a100.0 ml of 1.0 ng ml21 Te(IV) containing interferent species were
loaded onto mercaptosilica microcolumns and after elution with
0.025 M KIO3 in 2.0 M HCl, the eluents were analysed for their Te
concentration. I: Interferes (causes more than 10% suppression of
analyte signal); N: no interfererence; NE: not examined; NR: no
result.

Table 5 Composition of the certi®ed drinking water sample useda

Element
Concen-
tration Element

Concen-
tration Element

Concen-
tration

Aluminium 120 Copper 20 Selenium 10
Antimony 10 Iron 100 Silver 2
Arsenic 80 Lead 40 Sodium 6000
Barium 50 Lithium 20 Strontium 250
Beryllium 20 Magnesium 9000 Tellurium 3
Bismuth 10 Manganese 40 Thallium 10
Cadmium 10 Molybdenum 100 Vanadium 30
Calcium 35 000 Nickel 60 Uranium 10
Chromium 20 Potassium 2500 Zinc 70
Cobalt 25 Rubidium 10
aTrace Metals in Drinking Waters, Cat. No. CRM TMDW, Lot #
818921, High-Purity Standards, Charleston, SC, USA
(concentrations~ng ml21¡0.5%).
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being retained. In such a case, an increase in the microcolumn
length (use of more mercaptosilica) may solve the problem. The
interference effect of Cd2z is another example of this type, but
because of the selectivity differences, Cd2z does not cause any
interference when its concentration is as low as 100 ng ml21

(still 100 times the concentration of Te) whereas this
concentration for some other metal ions restricts the avail-
ability of mercapto functional sites for Te species, resulting in
lower recoveries.

The behaviour of Sn2z, Co2z, Ni2z and Zn2z is very similar
in that they do not cause a suppression in the Te signal when
measured by HGAAS. However, they reduce the ef®ciency of
the mercaptosilica microcolumn by occupying the available
sites. Mercaptosilica retains Sb(III) also and if the concentration
of Sb(III) is at least 500 ng ml21 (500 times the concentration of
Te), interference occurs because of low recovery.

As a result of the interference studies, it can be stated that the
use of mercaptosilica microcolumns provides a good precon-
centration route for the determination of tellurium in a sample
solution which does not contain elevated concentrations of
selenite, Agz, Cu2z, Sn4z, Co2z, Ni2z and Zn2z.

Method validation and analytical performance

A Te concentration of 3.15¡0.03 ng ml21 was found in the
reference solution (CRM, Trace Metals in Drinking Waters)
and was compared with the certi®ed value, 3 ng ml21. The
student's t-test was applied at the 95% con®dence level and no
difference was found between these two results. The composi-
tion of the certi®ed drinking water sample used is given in
Table 5. It should be noted that in the presence of fairly high
concentrations of some major cations such as Ca2z, Mg2z,
Kz and Naz, no interference was observed. Some interferents
which showed a suppressive effect over a wide range of
concentrations (Table 4) did not interfere in this experiment;
namely Se(IV or VI), Sn2z, Bi(III), Co2z, Ni2z, Zn2z, Cu2z and
Agz. Therefore, these species do not interfere at concentra-
tions below 100 ng ml21, even when they are together; in other
words, no cumulative effect was observed. On the other hand,
As(III or V), Sb(III or V), Pb2z, Fe3z and Cd2z were not
expected to interfere; indeed they did not show any interference
effect. This result demonstrated the applicability of the
mercaptosilica microcolumn preconcentration methodology
to the determination of Te in waters.

Another test of the ef®ciency of the microcolumn precon-
centration scheme was performed through spike recovery
experiments. The results are given in Table 6. As can be seen,
the enrichment procedure worked well for all three samples
with spike recovery values around 100%. These results
indicated that the mercaptosilica microcolumn preconcentra-
tion scheme can be applied successfully to the determination of
tellurium in various water samples. Quantitative recovery
values, especially in sea-water, demonstrated the ef®ciency of
mercaptosilica in rejecting the sea-water matrix ions, thus
allowing the separation and preconcentration of tellurite in the
presence of such a complex matrix. The accuracy of some

HGAAS measurements was tested by analysing the same
samples by electrothermal AAS and almost identical results
were obtained, as shown in Table 6.

Conclusions

It has been shown that mercapto-modi®ed silica is an ef®cient
preconcentration material for the determination of tellurium
species in waters by HGAAS. When it is considered that
various preconcentration methods which work ef®ciently with
synthetic solutions are not readily applicable to real situations,
mercapto-modi®ed silica offers a real advantage in this respect;
it can be employed in the separation and preconcentration of
tellurium from several water samples including sea-water, a
rather dif®cult matrix.

The methodology described is capable of speciation and
matrix elimination in addition to preconcentration of tellurium
from natural waters. While it has been demonstrated that the
determination of Te(IV) is feasible in both freshwater and sea-
water, further work is required for the validation of Te(VI)
determination in sea-water.

The suitability of the microcolumn method to ¯ow injection
systems makes the development of on-line preconcentration
systems for ®eld use possible. Regarding the sample through-
put, although the ¯ow rate of 3 ml min21 would be limiting,
parallel processing by use of multi-channel pumping is
technically possible and desirable.

It is important to preserve the species as they are in the
sample, during the period between sampling and analysis; this
can be accomplished by using mercapto-modi®ed silica
columns. Therefore, these columns can have the function of
preserving the original valency, as much as sampling and
preconcentration, as regards Te(IV).

Mercapto-silica microcolumns can also be used with more
sensitive techniques such as ICP-MS with even lower volumes.
In this case, elimination of the matrix and separation of the
analyte species would be suf®cient for quanti®cation.
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