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INTRODUCTION

Tellurium is a rare trace element
and used as an additive to improve
alloys. Powdered tellurium is
employed as a secondary vulcaniz-
ing agent in various kinds of rub-
bers (natural rubber and
styrene-butadiene rubbers) since it
reduces curing time and endows
the rubbers with increased resis-
tance to heat and abrasion. Due to
its photoelectric properties,
tellurium and its compounds are
also employed in the semiconduc-
tor and electronic industries (1).
Because of the extremely low levels
of tellurium in various matrices, a
sensitive method is required for its
determination. 

In the past years, several meth-
ods have been developed for the
determination of Te at low concen-
trations, among them anodic strip-
ping voltammetry (2–4), inductively
coupled plasma optical emission
spectrometry (ICP-OES) (5,6),
inductively coupled plasma mass
spectrometry (ICP-MS) (7,8), and
electrothermal atomic absorption
spectrometry (ETAAS) (8–11).

Electrothermal atomic absorp-
tion spectrometry appears to be
one of the most attractive
approaches for trace element deter-
mination (12–14). However, the
direct determination of ultratrace
amounts of elements by ETAAS is
usually difficult owing to an insuffi-
cient instrument detection power.

ABSTRACT

A procedure for the determi-
nation of traces of total tellurium
is described which combines
electrothermal atomic absorption
spectrometry (ETAAS) with pre-
concentration of the analyte by
coprecipitation. The samples,
each spiked with lanthanum
nitrate (20 mg L–1), are
introduced into the Amberlite
XAD-4 resin, and mixed with
ammonium buffer (pH 9.1). Tel-
lurium is preconcentrated by
coprecipitation with the gener-
ated lanthanum hydroxide pre-
cipitate. The precipitate is
quantitatively collected in the
resin, and subsequently eluted
with 5% (v/v) nitric acid. The
determination is developed with
ETAAS. 

Considering a sample
consumption of 25 mL, an
enrichment factor of 10 was
obtained. The detection limit
(3σ) was 0.04 µg L–1 and the pre-
cision (relative standard devia-
tion) was 3.5% (n=10) at the
10-µg L–1 level. The calibration
curve, using the preconcentra-
tion system for tellurium, was
linear with a correlation coeffi-
cient of 0.9993. Satisfactory
results were obtained for the
determination of tellurium in the
standard reference material NIST
1643d Trace Elements in Water
and in a tap water sample.

Consequently, preconcentration
procedures, such as ion exchange,
adsorption, solvent extraction and
coprecipitation, are often needed
before ETAAS determination.

Separation and preconcentration
techniques using sorption extrac-

tion (2–4), solvent extraction (10),
ion exchange (9), and coprecipita-
tion (6) have been employed for
the preconcentration of tellurium
in batch and flow injection modes. 

The use of a knotted reactor
(KR) as collector for precipitates
has been found feasible in flow
injection (FI) on-line precipitation-
preconcentration systems. Besides,
using KR, stainless-steel filters and
packed-bed filters have also been
used to retain precipitated
compounds (15–17). Although XAD
adsorption resins have been
employed in on-line preconcentra-
tion systems for retaining soluble
complexes (18–20), in a previous
work we have reported the use of
XAD-7 resin as a filter packing to
retain Pb-diethyldithiocarbamate
precipitate (21).

In the present work, a method
for the preconcentration of
tellurium and its determination by
ETAAS is proposed. Tellurium was
preconcentrated by coprecipitation
with lanthanum hydroxide using a
packed-bed filter with Amberlite
XAD-4 resin packing. The method-
ology was applied for the analysis
of tellurium in the standard refer-
ence material NIST 1643d Trace
Elements in Water and in tap water.

EXPERIMENTAL

Instrumentation

The measurements were
performed with a Shimadzu Model
AA-6800 atomic absorption spec-
trometer (Tokyo, Japan), equipped
with a deuterium background cor-
rector, a Model 6500 electrother-
mal atomizer, and an ASC-6100
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min–1 loading flow rates,
respectively, was loaded by means
of peristaltic pump into the
column. The sample and buffer
streams merged at a point about
1 cm upstream of the column. The
precipitate, which is formed instan-
taneously after the merging point,
was collected on the XAD-4 resin.
The effluent emerging from the
resin was discarded. The coprecipi-
tated analyte was eluted from the
resin with nitric acid up to a final
volume of 2.5 mL. 

After the preconcentration step,
50 µL of the analyte solution was
automatically introduced into the
graphite tube by means of the fur-
nace autosampler. Then, the
autosampler arm was moved back
to the wash position and the atom-
ization program was started. The
absorbance measurements (peak
height) were proportional to the
tellurium concentration in the sam-
ple, and were used for all measure-
ments. With respect to the
characteristic mass for tellurium,
the manufacturer does not report
any value for this analyte. The char-
acteristic mass obtained in our labo-
ratory was 20 pg.  

Lanthanum nitrate solution (0.5%
m/v) was made by dissolving 0.66 g
of lanthanum nitrate hexahydrate in
100 mL of ultrapure water.

The buffer solutions used were
in all instances 0.2 mol L–1 ammo-
nium chloride, adjusted to the
appropriate pH (9.0–9.2) by addi-
tion of 0.2 mol L–1 ammonia; the
optimum pH was found to be 9.1.

Ultrapure water (18 MΩ cm–1)
was obtained from an EASY pure
RF (Barnstedt, Dubuque, IA, USA).

All solvents and reagents were of
analytical reagent grade or better,
and the presence of tellurium was
not detected in the working range.

Sample Pretreatment

Water samples were filtered
through a 0.45-µm pore size mem-
brane filter. An appropriate amount
of 0.5% lanthanum nitrate solution
was added (so that each sample
solution contained a final concen-
tration of 20 mg L–1 lanthanum
nitrate) and then acidified to pH 3.0
with 0.1 mol L–1 hydrochloric acid.

Operational Procedure

A 25-mL sample and buffer solu-
tion at 5.0 mL min–1 and 1.0 mL

autosampler. Wall atomization with
standard high-density graphite
tubes (Shimadzu-Tokyo-Japan) was
used. Some experiments were
developed comparing the perfor-
mance of high density graphite
tube, pyrolytic graphite tube, and
graphite tube with L’vov platform.
Best results were obtained with the
high density graphite tube. The use
of a matrix modifier was not neces-
sary because with the furnace pro-
gram used there were no analyte
losses. The introduction of oxygen
was not necessary due to the sim-
plicity of the matrix under study.
A tellurium hollow cathode lamp
(Hamamatsu Photonics K.K., Japan)
was employed as the radiation
source. 

The instrument settings and fur-
nace program are detailed in Table
I. A Minipuls™ 3 peristaltic pump
(Gilson, Villiers-Le-Bell, France) was
used. A home-made microbore glass
column (50 mm length; 3 mm inter-
nal diameter) fitted with porous 25
µm glass frits was used as the resin
holder. Pump tubes, Tygon® type
(Ismatec, Cole-Parmer Instrument
Company, Niles, IL, USA), were
employed to propel the sample,
reagent, and eluent. 

Reagents

Amberlite XAD-4 resin (Rohm &
Haas, Philadelphia, PA, USA) was
used. The particle size was
between 20 and 50 mesh with a
surface area of 450 m2 g–1. Before
use, the surface of the resin was
activated by immersion in a solu-
tion of 4 mol L–1 methanol/hydro
chloric acid (1:1). Subsequently,
the metal impurities were removed
by further washing with 2 mol L–1

HCl solution.

Tellurium standard solution was
prepared by appropriate dilutions
of a 1000 mg L–1 stock solution
(Merck, Darmstadt, Germany)
immediately before use.

TABLE I
Instrumental Operating Parameters and 

Furnace Temperature Program for Te Determination

Parameters

Wavelength 214.3 nm
Spectral Bandpass 0.2 nm
Lamp Current 14 mA
Background Correction Deuterium Lamp  

Furnace Program

Stage Temp. (ºC)               Time (s) Argon Gas Flow 
Ramp         Hold (L min–1)

Drying 120 30 - 0.10
250 10 - 1.0

Pyrolisis 600 - 20 1.0
600 - 5 0.0

Atomization 2500 - 3 0.0 (Read)

Cleaning 2600 - 2 1.0
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RESULTS AND DISCUSSION

Effect of pH and Lanthanum
Concentration

Preliminary experiments showed
that the pH and the lanthanum con-
centration in the sample were criti-
cal for the precipitation reaction
itself and the subsequent recovery
of tellurium. Measured on standards
all containing 10 µg L–1 of tellurium,
the absorbance remained almost
constant in the pH ranges of
9.0–9.2. The results obtained are
shown in Figure 1. Moreover, the
lanthanum nitrate concentration
was within the range: 15–30 mg
L–1. In the present work, 20 mg L–1

lanthanum nitrate and a pH of 9.1
were selected for subsequent stud-
ies. These results are in agreement
with those obtained by Tao et al.
(15) who used knotted reactors for
the determination of Se .

Selection of Resin 

A resin Amberlite XAD-4 packing
filter allowed the tellurium present
in the samples to be efficiently pre-
concentrated. This might have been
due not only to retention by filtra-
tion of the precipitate, but also pos-
sibly due to adsorption effects of
the precipitate on the resin surface.
The resin size constitutes an impor-
tant parameter, since it must allow
appropriate precipitate retention
with low hydrodynamic
impedance. The particle size used
in this work (20–50 mesh) permit-
ted us to obtain optimum retention
(95%) at sample flow rates of 5 mL
min–1.

Sample Loading Rate

The sample flow rate through
the column is one of the steps that
controls the  preconcentration
time. In this study it was verified
that with flow rates up to 5.0 mL
min–1 there is no effect on analyte
recovery, which under optimum
conditions is 95%. Figure 2 shows
that at higher flow rates the recov-
ery decreases. 

Fig. 1. Effect of pH of loading solutions. Sample loading volume 25 mL, 
loading flow rate 5 mL min–1, elution flow rate 1.5 mL min–1, 
Te concentration 10 µg L–1, lanthanum nitrate concentration 20 mg L–1.

Fig. 2. Analysis of sample loading rate. Sample loading volume 25 mL, 
elution flow rate 1.5 mL min–1, Te concentration 10 µg L–1, 
lanthanum nitrate concentration 20 mg L–1.
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Effect of Eluent

A satisfactory eluent should
effectively dissolve the precipitate
with a discrete volume in order to
obtain a better enrichment factor.
Nitric acid turned out to be a good
eluent for the tellurium coprecipi-
tate with lanthanum hydroxide. It
was found that 5% (v/v) nitric acid
was the minimum concentration
necessary to obtain best response.
The optimum flow rate of the elu-
ent used was 1.5 mL min–1. 

Interference Studies

The proposed coprecipitation
system can tolerate the presence of
ions at the concentration levels that
may be found in natural water sam-
ples. Thus, Cu2+, Zn2+, Cd2+, Ni2+,
Co2+, Mn2+, and Fe3+ could be toler-
ated up to at least 2500 µg L–1.
Commonly encountered matrix
components, such as alkali and
alkaline earth elements, are not
retained on the column.

Analytical Performance

The time required for the pre-
concentration of 25 mL of sample
(5.0 min, flow rate of 5 mL min–1),
elution (1.7 min, flow rate of 1.5
mL min–1), and conditioning (0.2
min) was about 6.9 min. Addition-
ally, the time required for the
ETAAS determination was about 1.0
min, resulting in a sample through-
put of seven samples per hour.

A 10-fold total enrichment factor
for a sample volume of 25 mL was
obtained with respect to the
tellurium determination by ETAAS
without preconcentration.

The relative standard deviation
(RSD) for 10 replicates containing
10 µg L–1 of Te was 3.5%. The cali-
bration curve was linear, with a
correlation coefficient of 0.9993.
The detection limit (DL), calculated
as the amount of Te required to
yield a net peak equal to three
times the standard deviation of the
background signal (3s), was 0.04 µg
L–1.

In comparison to our method,
the procedure of multiple
injections would be too time-con-
suming. Besides, it would require
10 injections of 50 µL each to
obtain a signal comparable with
that of the preconcentation proce-
dure. On the other hand, we
believe that a drying stage would
be indispensable in order to inject
500 µL due to the limited capacity
of the graphite tube (approximately
100 µL). 

Recovery and Validation Studies

Since tellurium was not detected
in the tap water samples, we spiked
the samples with a known quantity
of tellurium and applied the pre-
concentration procedure. 

In order to evaluate the tellurium
recovery of this method, 250 mL of
tap water sample was collected in
our laboratory and divided into 10
portions of 25 mL each. The pro-
posed method was applied to six
portions and the average quantity
of tellurium obtained was taken as
the base value. Then, increasing
quantities of tellurium were added
to the other sample aliquots and
tellurium was determined by the
same method. The results obtained
were between 95–102 % (Table II).
Even though the method of stan-
dard addition is not as useful as the
method of validation; it is consid-
ered as a method of validation (22). 

Additionally, the proposed
method was applied to a standard
reference material, NIST SRM
1643d Trace Elements in Water,
with a reference tellurium content
of 1.0 µg L–1. The density of the
SRM 1643d sample at 22ºC was
1.016 g mL–1. Using our method,
the tellurium concentration found
in this SRM was 1.1 ± 0.1 µg L–1. 

CONCLUSION

Although the proposed method-
ology was not completely
automated, the on-line preconcen-
tration system increases the speed
of the preconcentration and analy-
sis process.

The preconcentration procedure
with lanthanum hydroxide using a
packed-bed filter with Amberlite
XAD-4 resin packing and coupled
to ETAAS allowed better detection
limits, approximately 10-fold, in
comparison to tellurium determina-
tion without preconcentration. The
recovery studies performed indi-
cate that the method shows good
reproducibility and accuracy.
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TABLE II
Recovery Study

Aliquots Base Value      Te Added         Te Found          Recovery
(µg L–1)           (µg L–1)            (µg L–1)                 (%)a

1–6 – 0.0 0.0 –

7 0.0 1.0 0.95 95.0

8 0.0 2.0 1.98 99.0

9 0.0 3.0 3.06 102.0

10 0.0 5.0 5.0 100.0

a 100 x [(Found-Base)/Added].
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