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ABSTRACT

A study was undertaken to ascertain the analytical capabilities of L-methionine immobilized
on controlled pore glass for Sb preconcentration and speciation. A fully automated on-line
system, implemented with hydride generation (HG) and inductively coupled plasma opti-
cal emission spectrometry (ICP OES), was used. Sb(IIl), at pH 10 was selectively retained in
the column containing the immobilized aminoacid, while Sb(V) was not retained at all. A
30% HCI solution was used as eluent agent. Prior to total Sb determination, a pre-reduction
step with thiourea was necessary. An on-line pH adjusting and pre-reduction of Sb(V) was
achieved in a fully automated system. The detection limit for the preconcentration of 10 mL
of an aqueous solution was 70ngL~! with a relative standard deviation of 2%. An enrich-
ment factor of 20 was achieved when 10mL of sample was passed through the system,
reaching a throughput of 23 samples per hour. The method was successfully applied to the
determination of Sb(IIl) and total Sb in urine.

© 2007 Published by Elsevier B.V.

1. Introduction

[3]. In spite of this, Sb has been much less studied than As
and much less is known about its environmental fate and

Antimony is an element that raises much concern from both
environmental and human health standpoints. The poten-
tially harmful effects of Sb have been recognized by health
authorities to such an extent that this metalloid has been
listed as a priority pollutant by the US Environmental Pro-
tection Agency and by the German Research Community
[1,2]. It is a non-essential element for life, and it has chem-
ical and toxicological properties similar to that of arsenic
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significance.

Among several industrial applications of Sb compounds,
antimony trioxide (Sb,03) is largely employed in the produc-
tion of glassware and ceramics. Several Sb compounds are
used as additives to metal coatings and to rubber, and oth-
ers are added to textiles as flame retardant [4]. Lead-battery
workers are exposed to antimony trioxide and stibine (SbHj3),
resulting in elevated Sb concentrations in their urine [5]. The
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determination of Sb in urine is important to study the level of
exposure in workplaces.

In general, only limited information is available to accu-
rately assess the impact of Sb on human health. As with other
elements, the toxicological and physiological behaviour of Sb
depends on its oxidation state. Elemental Sb is more toxic
than its salts, and generally trivalent Sb compounds exert a
ten times higher acute toxicity than pentavalent Sb species
[4]. Subchronic toxicity of Sb on different tissues of rats after
a 90-day exposure via drinking water was also observed [6].

In contrast, pentavalent Sb is used as an antiparasitical
drug for the treatment of patients with leishmaniasis. One
effective way of monitoring the administration of Sb(V) in
these patients is through its determination in urine [7]. In
this context, the development of new methods for its deter-
mination in this kind of samples becomes a matter of major
relevance.

Krachler and Emons [2] reported the first study on the
determination of Sb species in urine coupling on-line high
performance liquid chromatography (HPLC) to an inductively
coupled plasma mass spectrometry (ICP-MS) instrument. An
ultrasonic nebulizer (USN) was used to improve sensitiv-
ity. Detection limits ranging from 8-20ngL~! were achieved
for different Sb species. Only trimethylantimony dichloride
(TMSbCl,) at 0.09 wgL~! was detected in non-exposed persons,
while in exposed persons, Sb(Ill), Sb(V) and TMSbCl, were
detected, Sb(V) being the predominant species.

Lietal. [3] combined an on-line cloud point extraction (CPE)
method with electrothermal vaporization inductively coupled
plasma optical emission spectrometry (ETV-ICP OES), which
allowed reaching a limit of detection of 0.09 pgL~1. Sb(V) was
the only species detected in human urine samples at a con-
centration of 0.94 pgL~1.

Overall reference concentrations for Sb in urine as reported
in the literature are in the range 0.10-1.8 pgL -1 [8]. In this con-
text, the expected levels of Sb species in urine are far below
those achieved directly by inductively coupled plasma opti-
cal emission spectrometry (ICP OES) and the detection power
had to be improved by introducing a preconcentration step.
Although hydride generation (HG) associated with ICP OES
or graphite furnace-atomic absorption increases its detection
power, it is not sufficient for Sb determination in urine. This
situation is more difficult when the identification of Sb species
is required.

Novel materials have been proposed and successfully
employed for the preconcentration and/or speciation of differ-
entanalytes [9,10]. The development of on-line systems for the
preconcentration and separation of trace metals has promoted
the investigation of a variety of immobilized chelating agents
ranging from the well characterized 8-hydroxyquinoline to
more heterogeneous binding agents such as algae, bacte-
ria and metal-binding proteins. Peptides, aminoacids and
polyaminoacids have been immobilized onto controlled pore
glass [11-14] and in all instances they have proven to be
effective metal chelators [11-16]. Malachowski and Holcombe
compared the metal binding capabilities of poly-L-glutamic
acid and poly-L-aspartic acid [17].

In this work, we exploit the capabilities of L-methionine
immobilized on controlled pore glass (CPG) and packed in
a minicolumn for the on-line selective preconcentration of

Sb(IlI), followed by HG-ICP OES detection. By on-line adjusting
the solution pH in the preconcentration step, it was possi-
ble to retain selectively Sb(IlI). Thiourea was added to convert
Sb(V) to Sb(Ill) and total content of Sb was determined in
a fully automated system. To the best of our knowledge,
it is the first time that L-methionine immobilized on CPG
is employed for the identification and quantification of Sb
species.

2. Experimental

2.1. Apparatus

Measurements were performed with a sequential ICP spec-
trometer Baird ICP 2070 (Bedford, MA, USA). The ICP operating
conditions are listed in Table 1. The flow injection (FI) sys-
tem used is shown in Fig. 1. A Minipulse 3 peristaltic pump
Gilson (Villiers-Le-Bell, France) was used. Sample injection
was achieved using a Rheodyne (Cotati, CA, USA) Model
50, four-way rotary valve. The hydride generator unit used
was from PS Analytical Ltd. A Watson Marlow 303X peri-
staltic pump controlled the flow rate of reagents. About
60 mg of L-methionine immobilized in CPG (as it is described
in Section 2.3) was loosely packed into an empty conical
micropipette tip made of polypropylene. To avoid loss of
filling when the sample solution passed through the coni-
cal minicolumn, a small amount of quartz wool was placed
at both ends of column. A conical shaped column (40 mm
length, 4.5 mm internal upper-diameter and 1.5 mm internal
lower-diameter) was used to give better performance when
samples were introduced at thin end during loading, and
later eluted from the same end into the ICP OES. In addition,
the conical shape allows a higher enrichment factor due to
a diminution of the dispersion. It was then connected to a
peristaltic pump with PTFE tubing to form the preconcentra-
tion system. Tygon-type pump tubing (Ismatec, Cole Parmer,
Vernon Hills, IL, USA) was employed to propel the sample,
reagents and eluent. The Sb 217.581nm spectral line was
used.

2.2. Reagents

Unless otherwise stated, the chemicals used were of analyti-
cal grade, and therefore no further purification was required.
A 0.6% (w/v) sodium borohydride solution (Aldrich Chemical
Co. 98%) was prepared in 0.5% (w/v) sodium hydroxide solu-
tion and was filtered through Whatman No. 42 filter paper to
remove undissolved solids. This solution was prepared daily.

Table 1 - ICP instrumental parameters

RF generator power (kW) 1.0
Frequency of RF generator (MHz) 40.68
Plasma gas flow rate (L min—1) 8.5
Augxiliary gas flow rate (L min~?) 1
Carrier gas flow rate (mLmin~?) 90
Observation height above load coil (mm) 15

Analytical line: Sb (nm) 217.581
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Fig. 1 - Schematic diagram of the instrumental set up. S, sample (flow rate: 3.0 mL min—1); B, buffer; R, reductant/water; E,
eluent (flow rate: 1 mL min~1); RC, reaction coil; W, waste; P1, Py, P3 and P4, peristaltic pumps; M, minicolumn packed with
L-methionine immobilized on CPG; V; and V3, injection valves. Valve positions: (a) sample loading; (b) injection.

To prepare the Sb(Ill) standard stock solution at
1000mgL~!, 0.1334g of antimony potassium-(C) tartrate
salt (A.R., BDH) were dissolved in 1000 mL of a 3.0mol L~! HCl
solution. For the 1000mgL~! Sb(V) standard stock solution,
1.05mL of SbCls (99.999%, Alfa) was added to a 1000 mL
volumetric flask and made to volume. This solution was
5molL-! in HCL

Thiourea (99% pure) was obtained from Sigma-Aldrich
Laboratories (St. Louis, USA). L-Methionine was obtained
from Fluka A. G., (Switzerland). Controlled pore glass
(CPG, pore diameter 240/%, mesh size 240-400), 8-
aminopropiltriethoxysilane and glutaraldehyde were supplied
by Sigma (St. Louis, USA).

2.3.  Immobilization procedure

A 0.2g portion of L-methionine was suspended in 15mL
of 0.1molL-! phosphate buffer at pH 7.0. Silanisation of
the CPG using 8-aminopropyltriethoxysilane and the use of
the bifunctional property of glutaraldehyde to prepare the
glutaraldehyde-treated CPG was the same as used previously
[18]. Glutaraldehyde allows that L-methionine binds to CPG,
acting as a cross linker. The glutaraldehyde-treated CPG was
filtered and washed with ultrapure water. To the beaker con-
taining the L-methionine solution, 1.0g of the treated glass
was added and N, was flushed for 15 min. The mixture was
kept at4°C for 24h under a N; atmosphere and then air-dried
filtered. Fig. 2 shows the support after the immobilization pro-
cess of the L-methionine by scanning electron microscopy
(SEM).

2.4. Evaluation of the retention step

Antimony retention and filling flow rate were studied off-line.
About 10 mL of an aqueous solution containing Sb(III) or Sb(V)
buffered to different pHs were loaded on the column filled with
L-methionine immobilized on CPG at a flow rate of 2mL min~1.
Finally, the retained metalloid was eluted with 2.5 mL of HCI
at different concentrations. Prior to hydride generation, the
final acid concentration was adjusted to 30%, leaving a final
volume of 5mL. Antimony concentration was determined by
HG-ICP OES. Recoveries were calculated against the theoretical
concentration.

2.5. Sample preparation

Urine samples were collected and stored in Sb-free polyethy-
lene containers without adding preservatives and were filtered
through a 0.45pm pore size membrane. Samples were ana-
lyzed immediately to avoid possible species transformation
or interconversion, as reported by Lindemann et al. [19].

2.6. Procedure for the preconcentration and separation
of Sb(IlI) and Sb(V)

FI system used for preconcentration, separation and subse-
quent determination of Sbis shown in Fig. 1. Before loading the
sample, the column was conditioned for preconcentration at
the optimized pH (valve V; in position B) with B (NH3). A fixed
volume of sample was then loaded onto the conical minicol-
umn (M) with valve V1 in position S, valve V, in position (a).
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Fig. 2 - Electron micrographs of L-methionine immobilized on CPG at different magnifications: (a) 500x; (b) 2400x; (c) 5200 x.

Prior to Sb total determination, a pre-reduction step was
necessary. This was achieved by injecting a thiourea solu-
tion as reductant agent (R) (2mol L~ thiourea +4mol L~! HCI)
with pump P,. The acid, in excess, was neutralized with NH3
(c) (B), to reach the optimized pH (pH 10) for loading. The
reductant agent (R) and buffer (B) were injected at a flow
rate of 1mLmin~!; sample (S) was injected at a flow rate
of 3mLmin~}; leaving a net sample flow rate of 5mLmin~1.
For Sb(Ill) determination, the above procedure was followed,
but the reductant was changed by ultrapure water in order
to reproduce the flow rates of total Sb preconcentration and
determination.

Finally, valve V, was switched to the injection position (b)
and the Sb retained in the minicolumn was eluted with the
eluent E at a flow rate of 4.5 mLmin~1. After that, the eluted
Sb(III) was merged with a pump tubing containing 30% HCl ata
flow rate of 4.5 mLmin~?; leaving a net flow rate of 9mL min—?!
(4.5mLmin~? of eluent+4.5mLmin~! 30% HCI) prior to the
hydride generation process. After this, it was introduced into
the hydride generator and subsequently to the ICP torch. The
process (including analytical determinations) was completed
in no more than 3min for 10mL of sample. This fully auto-
mated system avoided excessive manipulation of the sample

conducting to reduce or eliminate contamination and improv-
ing sample throughput.

3. Results and discussion
3.1.  Parameters affecting Sb(Ill) preconcentration

Commercially available single amino acids and biohomopoly-
mers consisting of a single type of amino acid were
successfully attached to solid supports for elemental binding
studies [16]. These studies reported that immobilized amino
acids and peptides have high capacity for metal cations and
metal oxoanions retention, being selective and showing spe-
cific chelation of target elements. This selectivity is primarily
based on the side group functionality of the amino acid.

In order to optimize the sorption conditions for the
retention of Sb on L-methionine/CPG, the intensity of Sb
signal was monitored by ICP OES as a function of the pH of
the solution that passed through the conical minicolumn.
Between pH 3 and pH 11, a maximum retention of Sb(IlI)
is observed in Fig. 3. This feature is an advantage of the
method because a strict control of the pH was not necessary
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Fig. 3 - Dependence of Sb(III) retention on pH of loading
solution. Volume of sample: 10 mL; Sb concentration:
0.5mgL-1.

during the preconcentration step. At lower pH values the
binding is lower, which is attributed to the protonation of
the aminoacid. In the reduction step, a 30% HCI solution was
added, and due to the high acidity generated, NH4OH was
merged in the flow injection analysis (FIA) system to reach an
adequate alkaline media prior to Sb(IlIl) retention. For further
experiments pH 10, obtained with NH3/NH4* buffer, was used
to achieve retentions close to 100%. On the other hand, Sb(V)
was not retained on the L-methionine/CPG at any pH value.
The species of Sb(Ill) present in solution at this pH value,
which could be interacting with L-methionine, are hydroxo-
complexes and oxo-complexes, such as SbO,~ and Sb(OH)4~
[20]. It is plausible to think that an electrostatic interaction
between L-methionine and Sb species may occur [21].

Leyden et al. [22] reported that alkoxysilanes immobi-
lized onto CPG are useful for oxoanion removal. For this
reason, the sorption capacity of CPG, including silanisation
and glutaraldehyde treatement, for Sb(Ill) retention without
L-methionine was tested and no retention was observed,
concluding that only L-methionine was responsible for Sb
retention.

The sample flow rate through the column packed with
CPG/aminoacid is an important parameter to optimize, since
this is one of the steps that controls the time of analysis. We
could verify that with flow rates up to 5.0 mL min~?, there was
no effect on the analyte recovery (98-100%). Higher flow rates
were avoided because the recovery decreased and the back-
pressure generated could damage the FI system. This is an
important point, because a flow rate of 5mLmin~! allowed (i)
the on-line pre-reduction and pH adjusting steps, (ii) subse-
quent elution of the retained analyte, prior to hydride gener-
ation. In addition, a better sampling throughput is reached.

3.2. Elution

The type and acid concentration is important for an easy
and quantitative elution of the species. This fact permits to
enhance the preconcentration ratio and to achieve complete
column regeneration. Miller et al. [23] demonstrated that acids
cause a reversible change in the tertiary structure, which pro-
vide efficient and rapid release of the metal from the binding
cavity.

After some screening experiments with different inorganic
acids, HCl was chosen as eluent. Antimony signal was mon-
itored by ICP OES up to HCl concentrations close to 30%. We
could verify that the recoveries increased with HCl concen-
trations up to at least 30% (v/v). Malachowski and Holcombe
[16] also observed that while the cation metals are easily
stripped from a CPG/aminoacid column, the oxoanions are
not removed as easily. Higher concentrations were not tested
because the maximum recoveries were achieved and to avoid
irreversible damages to the column even when the substrate
resulted to be chemically and mechanically stable. The same
column was used during the development of this study.

The elution of the retained analyte was made at a flow rate
of 4.5mLmin~1, then it linked with HCl 30% at a flow rate of
4.5mLmin~? (Fig. 1), obtaining a final flow rate of 9mL min~!
and a final acid concentration of 30%, prior to hydride gener-
ation.

3.3. Study of possible interferents

The effects of potential interference species at the concen-
tration levels at which they may occur in the studied sample
were tested. As(III), Cr(I1I), Cr(V1), Cu(II), Fe(III), Ni(II), Se(VI) and
V(V) were tolerated up to at least 1000 ugL~1. Other concomi-
tant elements such as alkali and alkaline elements were not
retained on the immobilized L-methionine under the work-
ing conditions. Since anions may also impact Sb binding,
the effect of Cl~, CO32~ and SO42~ were evaluated and we
observed that they were tolerated up to at least concentrations
of 2500 ugL~1. This fact evidences that CPG/L-methionine has
the greatest capacity for Sb(lll). These characteristics of the
system are important because it avoids that possible com-
ponents of urine could interfere in the determination of Sb
species.

3.4. Performance of the system

The overall time required for the on-line reduction and pre-
concentration of 10 mL of urine sample (2 min, at a flow rate of
5mLmin~?!), elution (0.16 min, at a flow rate of 45mLmin~1),
and washing and conditioning (0.4 min) was about 2.6 min;
hence, throughput was approximately 23 samples h~!. The
calibration graph using the preconcentration system for Sb
was linear with a correlation coefficient of 0.9993 from concen-
trations close to the detection limit up to at least 100 pgL~1.
The detection limit (LOD) was calculated as the amount of Sb
required to yield a net peak that was equal to three times the
standard deviation of the background signal (30). As the pre-
concentration of Sb is regarded, the detection limit depends,
among others, on the sample volume loaded onto the column.
Itresulted to be 70 ngL~! when 10 mL were passed through the
column. The overall procedure exhibited good repeatability of
measurements as shown in Table 2, where the relative stan-
dard deviations (R.S.D.s) turned out to be better than 2% at
low Sb concentrations. A concentration efficiency of 7.5 min~!
was achieved. According to Fang [25], the concentration effi-
ciency (CE) is used for the evaluation and comparison of the
efficiency of various systems. CE is defined as the product
of the enrichment factor EF and the sampling frequency in
number of samples analyzed per minute, expressed in min—1.
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Table 2 - Recovery data. Recovery is expressed as percentage

Aliquot Base value (ugL™?) Sb(I1I) added (ugL~1) Sb(I1l) found (ngL—?) Total Sb found (ugL~?) Recovery (%)?
1 0.42 0.5 0.90 - 96.0
2 0.42 1.0 1.42 = 100.0
3 0.42 5.0 5.43 - 100.2
4 0.65 0.5 - 1.14 98.0
5 0.65 1.0 - 1.63 98.0
6 0.65 5.0 - 5.66 100.2

2 100 x (found — base)/added.

Therefore, if f is the sampling frequency expressed in sam-
ples analyzed per hour, CE=EF x (f/60). Table 3 summarizes
the analytical performance of the system.

A comparison of our detection limit (70ngL~!) with that
recently reported by Li et al. [3] (90ngL~1), who employed an
on-line cloud point extraction combined with ETV-ICP OES for
inorganic Sb speciation, evidences a slight improvement.

3.5. Recovery study

Unfortunately, there are no standard reference materials with
a certified content of individual species of Sb available. In this
case, a recovery study can be considered as a validation alter-
native. Urine samples were spiked with 0.5, 1.0 and 5.0 ugL~?
of Sb to calculate Sb recovery. Human urine was divided in
portions of 10mL each. The proposed method was applied
to six portions (three for total Sb and three for Sb(Ill)). Base
value was established and increasing quantities of Sb(IIl) were
added to the other aliquots of the sample and the analyte was
determined by the same method. As shown in Table 2, the
recovery values were close to 100% for Sb(Ill). The results were
compared with the t-test and no significant differences were
observed at 95% confidence level.

3.6. Analysis of real samples

The method was applied to antimony determination in urine
samples. Concentrations were in the range 0.40-0.44 pgL~!
for Sb(lll) and 0.62-0.68 pgL~! of Sb(V). These results were
obtained by the standard addition method and are shown in
Table 2.

The urine of normal individuals may contain from 0.35
to 1.8ugL~! of Sb [24]. According to Caroli et al. [8], the
overall reference concentrations for Sb in urine are in the

Table 3 - Analytical performance of the preconcentration
system

Preconcentration time (s) 120
Calibration range (ngL—?) ~LOD-100
Sample consumption (mL) (sample flow 10
rate=5mLmin?)
Sample throughput (samples h=1) 23
Relative standard deviation (%) (n=6, at 1.1-1.5
1.0 pgL~! Sb(II)-Sb(V) level)
Detection limit (ngL-1) 70
Enrichment factor (EF) 20
Concentration efficiency (CE) (min~?) 7.5

range 0.19-1.8 pgL~1. Krachler and Emons [2] found levels of
total Sb <0.12 pgL~! for non-exposed persons. For exposed
individuals, they reported concentrations of 8.3+0.3 ugL™!
and 5.1+0.4ugl-1. A comparison of our results with those
reported above, indicates that the samples analyzed corre-
spond to non-exposed persons, even when they work in an
industrial area.

4, Conclusions

The determination of Sb(Ill) and Sb(V) in urine samples is a
difficult task, especially due to the high chloride concentra-
tion that can severely hamper chromatographic separations.
In this context, we propose a simple, sensitive and reliable
method using L-methionine immobilized on CPG for Sb pre-
concentration and speciation that allows the determination
of individual inorganic species of this metalloid in exposed
and non-exposed person.

An issue that arose during this study was the need for
improving the detection limit for Sb species due to the low
expected levels for this element in human urine. This prob-
lem was solved by using ICP OES in a fully automated on-line
preconcentration system. The on-line combination of FI, HG
and ICP OES for Sb determination allowed reaching a detection
limit of 70ngL~1.

The detection power afforded by this analytical approach
was adequate for the selective and reliable determination of
Sb species in human urine with a retention efficiency for
Sb(1ll) of 96-100% and a throughput of 23 samples h~'. The
reproducibility of the whole procedure (at 1 pgL~?) using six
measurements was satisfactory.

The achievements of this study indicate that the method is
a valid alternative to other methods for detecting Sb species
at expected levels in urine, avoiding complex sample pre-
treatment and excessive preconcentration time, which in turn
may result in possible changes of relative concentration of
individual Sb species, contamination or loss of the analytes.

To the best of our knowledge, it is the first time that CPG/L-
methionine is used for Sb preconcentration and speciation
analysis. The possibility of using other aminoacids should be
also investigated and compared. Work is now progressing in
this direction.
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