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Abstract

Emerging contaminants constitute a set of substances that are released into
the environment for which regulations are currently not established for their
environmental monitoring, being antimony one of them. A new methodology
for Sb(III) traces monitoring by solid surface fluorescence is proposed. The
metal was complexed with alizarine (Az) as fluorosphore reagent in alcaline
medium in presence of the bile salt sodium cholate. To isolate the analyte of
matrix constituents, a preconcentration/separation strategy on filter paper
was introduced prior to determination step. The solid surface fluorescence
was measured A, = 450 nm and A, = 363 nm using a solid sampler holder.
Under optimal conditions, the limits of detection and quantification of pro-
posed methodology were 0.08 and 0.24 pg-L™', respectively, showing a linear
range from 0.24 to 304.4 ug-L™" with good sensitivity and adequate selectivity.
It was applied to the Sb(III) traces determination present in drinking water
and beverages samples packaged in polyethylene terephthalate (PET) bottles
widely consumed in Argentina. The combination of a preconcentration step
on common filter paper and the inherent sensitivity of photoluminescent
methods have permitted to achieve sensitivity similar to atomic spectrosco-
pies using a lower price instrument typical in control laboratories. Precision
and accuracy were tested with excellent agreement. Results were truenessed
by ETAAS with satisfactory concordance.
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1. Introduction

One of the most relevant fields of Analytical Chemistry is the metal traces quan-
tification with clinical and toxicological impact. The development of faster, safer
and ecological extraction procedures is associated to traces analysis. It is in this
context that new surfactants extraction schemes have been proposed as ecologi-
cal procedures in replacement of traditional liquid-liquid extraction [1]. Surfac-
tants are non-volatile and non-flammable substances that allow to carry out a
safer sample handling and to obtain quantitative analytes recuperations. These
surface-active compounds have been used in cloud point extraction (CPE),
which has shown to be a powerful and very useful extractive technique [2] [3].

Surfactant mediated extractions (SME), also known as cloud point (CPE),
coacervate, aqueous two phase surfactant or supramolecular extractions, among
others, have become a popular approach to enrich and/or recover metal ions as
well as organic compounds from aqueous (or solid) matrices [4] [5] [6] [7]. SME
can be employed for samples with complex matrices due to the possibilities of
manipulating and chemically modifying the matrix during the phase separation
preconcentration step.

Solid phase extraction (SPE) is an alternative rapid, simple, more environ-
mentally-friendly, and economic pre-concentration step, which has advantages
over the traditional liquid-liquid extraction. SPE followed by Electro thermal
atomic absorption (ETAAS), inductively coupled plasma optical emission spec-
trometry (ICP-OES) or mass spectrometry inductively coupled plasma
(ICP-MS) determination step has shown to be suitable for traces metals analysis
(8] [9].

Investigators are interested in improving the selectivity of the sorbents used in
SPE. Several solid materials, such as silica gel, exchange resins, aluminum oxide,
poly (vinylalcohol), C18 membranes, cyclodextrines, filter papers, and nylon
membranes, among others, have been successfully employed as solid supports
[10].

Emerging contaminants constitute a set of substances that are released into
the environment for which regulations are currently not established for their en-
vironmental monitoring [11]. Antimony (Sb) has recently been incorporated
into this group of substances due to this element is present in polyethylene te-
rephthalate (PET) recipients in which drink waters, fruit juices, soft drinks are
commercialized [12].

Bach et al in 2012, published a critical review of chemicals found in PET bot-
tled waters and their toxicological assessment, where Sb was noted as clearly mi-
grating from the PET plastic into the water [13]. If good, it can be demonstrated
that several conditions increase the possibility of Sb migration (low pH, outdoor
sunlight irradiation, in-car storage, cooling, heating and microwave treatment)
[13] [14] [15], however, no conclusive information has been offer respect to the
incidence of each particular factor. Clearly, only a small fraction of the antimony

in PET plastic bottles is released into the water. Even so, the use of alternative
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types of plastics that do not leach antimony should be considered [14].

Antimony trioxide is used as a catalyst in the manufacture of PET plastics [3]
[4] containing > 100 mg/kg of Sb. These facts have caused the highest levels of
human exposure to Sb, up to 10 ug-L™" [16].

The growing popularity of bottled waters, as well as the use of PET bottles
during the last four decades replacing gradually PVC and glass bottles, increases
the severity of this emerging contaminant. Sb exhibits marked toxicity causing
damages to human health, depending on different factors such as feeding and
occupation. Among the pathologies linked to exposure to this metal, we can
mention: gastrointestinal, cardiac and pulmonary disorders, eye and skin irrita-
tion, among others [17].

The reference methods for quantifying Sb traces are atomic spectrometry,
among them we can mention: graphite furnace atomic absorption spectrometry
(GFAAS), inductively coupled plasma optical emission spectrometry (ICP-OES),
mass spectrometry inductively coupled plasma (ICP-MS), atomic generation of
hydride fluorescence spectrometry (HG AFS) [18] [19] [20] [21] [22]. However,
in many cases, the low levels of toxic metal are incompatible with instrumental
sensitivity. Added to this, high prices and expensive instrumental inputs consti-
tute a major constraint for many control laboratories.

In our laboratory, we have developed new analytical methodologies for quan-
tification of several toxic metals in biological (urine, saliva, blood) and food
samples (beverages, wine, cereals) using different extraction strategies and ana-
lytecomplexation followed by the subsequent quantification by molecular fluo-
rescence [3] [7] [23] [24].

The aim of this work is to offer an alternative analytical method for Sbquanti-
fication in drinking waters and beverages samples in PET packed by solid sur-
face fluorescence (SSF), based on the formation of a fluorescent association with

the fluorophore alizarin (Az).

2. Material and Methods
2.1. Instruments

A Shimadzu RF-5301 PC spectrofluorometer (Shimadzu Corporation Analytical
Instrument Division, Kyoto, Japan) equipped with a 150 W Xenon lamp and
solid sample holder with a GF-UV35 filter was used for SSF measurements.
Measurements of Sb were performed with a Shimadzu Model AA-6800
Atomic Absorption Spectrometer (Tokyo, Japan) equipped with a deuterium
background corrector, EX7-GFA electrothermal atomizer and ASC-6100 auto-
sampler. L’vov graphite tubes (Shimadzu, Tokyo, Japan) was used in all experi-
ments. Antimony hollow-cathode lamps (Hamamatsu, Photonics K., Japan)
were employed as radiation sources. Wave length used was 217.6 nm (Slit
Width: 0.5 nm). The ETAAS temperature program for Sb quantification in sam-

ples is shown in Table 1.
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Table 1. ETAAS operating conditions and furnace temperature program for Sb quantifi-

cation.
Ste Temperature Ramp Hold Argon Gas Flow
P §o) (Cs ® (L-min")
150 20 - 0.1
Drying

250 - 10 0.1

600 10 - 1.0

Pyrolysis 600 - 10 1.0
600 - 3 0.0*

Atomization 2400 - 2 0.0°*
Cleaning 2500 - 2 1.0

* = data adquisition.

Adjustments of pH were carried out using Orion Expandable Ion Analyzer
pH-meter (Orion Research, MA, USA) Model EA 940 with a combined glass
electrode.

Blue ribbon filter papers (FP) (Whatman, England) 2 - 5 um pore size and 4.5

cm diameter were used in sorption studies.

2.2. Reagents

Stock solutions of Sb(IIT) were prepared by dilution of 100 pg-mL™" standard so-
lution plasma-pure (Leeman Labs, Inc., Hudson, NH, USA). The standard stock
solution was stored in a glass bottle at 4°C in the dark. Lower concentration
standards were obtained weekly by dilution of the stock solutions.

Solution of 1,2-dihydroxyanthraquinone (Alizarin, Az) 1 x 10~ mol-L™
(E-Merck, Darmstadt, Germany) was prepared by dissolving appropriate
amounts of the reagent in ethanol (Sigma Chemical Co., St. Louis, MO, United
States) and was kept in the refrigerator (4°C) for one week.

Tris-(hydroxymethyl)-aminomethane (Mallinckrodt Chemical Works, St Louis,
USA) 1 mmol-L™!, sodium tetraborate (Merck & Co., Inc.) 1 mmol-L™!, potassium
phthalate acid (Merck & Co., Inc.) 1 mmol-L™" and acetic acid/acetate (Mal-
linckrodt Chemical Works) buffer solutions were prepared.

Surfactant solution of sodium dodecyl sulfate (SDS, Tokyo Kasei Industries)
2 x 107> mol-L™}, sodium cholate (NaC) (C,,H;NaOs, Sigma Chemical Co.) 1 x
10~ mol-L™" and cetyltrimethylammonium bromide (CTAB) (Chuo-Ku, Tokyo,
Japan) 1 x 107> mol-L™".were prepared using an adequate weight of reagent and

dissolving them in ultrapure water.

2.3. Sample Collection and Treatments

The samples of mineral waters, flavored waters and drinks were purchased in
supermarkets and chosen taking into account the most consumed by the Argen-
tine population. Samples were selected taking into account the main products

consumed by segments of the population with different dietary requirements
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due to their age and lifestyle. In order to guarantee representative samples, a
randomize strategy sampling was used; three examples of the same brand for
each product were acquired. Entire products were homogenized and reserved for
sample preparation. Mineral water, flavored waters (grapefruit flavors, tropical
fruits, lemonade and apple flavor), beverages (cola drink, lemon drink, tonic
water and hydrating drinks) were diluted and directly analyzed for Sb(III) quan-
tification.

All the samples packed in PET were opened, half of the volume was discarded
and they were left at rest (with lid) at room temperature, exposed to light and to
ambient temperature changes for 6 months in total. The determinations of Sb

(TIT) were carried out at times 0, 3 and 6 months of rest [25].

2.4. General Procedure

A 250 pL Az solution (1 x 107° mol-L™"), Sb (III) sample/standard (0.36, 0.48 and
0.72 pg-L™), 100 pL sodium borate buffer (0.1 mol-L™', pH 10.7), and 100 pL
NaC (1 x 10~ mol-L™") were placed in a volumetric flask. The mixture was di-
luted to 10 mL with ultrapure water and was filtrated across blue ribbon FP us-
ing a vacuum pump and dried at room temperature. Sb(III) was determined on
the solid support by SSF at A, = 450 nm and A, = 363 nm, using a solid sample
holder (Figure 1).

2.5. Interferences Study

Different amounts of foreign ions, which may be present in samples, (1/1, 1/10,

1.2

[Sb (ID)]

e
%0

Relative Fluorescence
=}
o

e
>

0.2}
A

M0 445 450 455 460 465 470 475 480 485 490
Wavelength (nm)

Figure 1. Solid surface fluorescence of Sb(III)/Az quantification. A: filter paper. B: filter

paper with Az + NaC. C: Idem B with Sb(III) 0.36 pg-L™". D: Idem B with Sb(III) 0.48

pg-L7". E: Idem B with Sb(III) 0.60 pg:L™". F: Idem B with Sb(III) 0.72 pg-L™". Conditions:

Aew = 450 nm; A =363 nm; C,, =5 x 107 mol-L™, Cy,c =2 X 107 mol-L™; Cy s sodium bo.

=1 x 10 mol-L™}, pH 10.7. Other experimental conditions are described under pro-

exc

rate

cedure.
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1/50 and 1/100 Sb(III)/interferent ratio) were added to the test solution con-
taining 0.60 pg-L™' Sb(III) and the General Procedure was applied.

2.6. Dilution Test

In order to establish the proper volume of each sample for realizing Sb(III) de-
termination, several sample volumes were assayed. The adequate dilution for
each sample was that signal which intensities fall into the linearity range of the
developed methodology. Dilution test was assayed of 100 pL to 0.025 pL de-
pending on the sample characteristics. These dilution factors were adopted for
the following studies. Sb(III) contents were determined by the proposed metho-

dology, employing the obtained volume samples through test dilution.

2.7. Accuracy Study

Volumes of 0.050 mL of water and beverages samples were spiked with increas-
ing amounts of Sb(III) (0.36 and 0.72 pg-L™"). Antimony contents were deter-
mined by proposed methodology.

2.8. Precision Study

The repeatability (within-day precision) of the method was tested for water and
beverages samples replicate samples (n = 4) spiked with 0.36 and 0.72 pg-L™' of
Sb(IIT) and metal contents were determined by proposed methodology.

2.9. Trueness

Sb(III) contents in water and beverages samples were determined by ETAAS,

using operational conditions previously consigned in apparatus item.

3. Results and Discussion

Anthraquinones are the largest group of natural quinones and are the basis of a
variety of natural colorants. Az is a mordant type dye and due to the a-OH
group can react with metal ions forming complexes whose color vary with the
cation nature and work conditions [26] [27].

To study the possibility of evaluating the content of antimony as a Sb(III)/Az
association in drinking waters and beverages samples, due to the low concentra-
tion levels, a separation/preconcentration step is necessary. An extraction stage
in solid phase (SPE) was introduced before the instrumental determination of Sb
(IIT) by SSE. The SPE offers a double beneficial effect; on the one hand, it pro-
duces the preconcentration of the analyte, due to its retention in a small area of
the solid support and, on the other, the selectivity is improved by isolation of
analyte of the sample complex matrix, removing possible interferences.

To establish the best conditions to analyte quantification, the experimental
parameters that influence the SPE procedure and the SSF determination were
studied and optimized.

Systems were prepared containing Az solution and increasing concentrations
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of Sb (IIT) at pH 10.7 using sodium borate buffer; they were filtered through sol-
id support, dried to room temperature and SSF signal of each system was deter-
mined using a solid sampler holder. It was evidenced that the SSF of the fluoro-
phore was exalted in the presence of Sb(III) as the concentration of the metal
was increased.

Retention of the Sb(III)/Az association was studied using different solid sup-
ports. In any of the studied solid supports, the Sb(III)/Az was not retained or an
adequate signal of system was not observed; in Table 2, the obtained results are
shown. The retention levels for each analyzed support were verified by measur-

2.

ing SSF intensity at A,,, = 450 nm, using a A, = 363. The best results regarding
sensitivity and reproducibility were obtained using blue ribbon filter papers.
Thereby, this support was selected to the following assays.

The next optimized parameter was the pH of the aqueous systems. The pH
value of the aqueous systems containing a constant concentration of Sb (III) was
adjusted between 2.5 and 12, by adding a solution of suitable buffer. Figure 2
shows the results of this study. The highest emission for Sb(III)/Az was obtained
at pH 10.7. Subsequently, the sodium borate buffer concentration was tested
from 5 x 10 mol-L™" to 0.1 mol-L™' to obtain the maximum fluorescent signal. A

buffer concentration of 1 x 10 mol-L-' was chosen as optimal.

Table 2. Study of retention of Sb(IIT)/Az on different types of membranes.

Type of Membrane Observations

Cellulose acetate

(Whatman)
Pore size: 0.45 pm
Teflon
(Millipore)
Pore size: 1 ym
Mixed esters
(Schleicher & Schuell)
Pore size: 0.45 pm
Filter paper
(S&S)
Black ribbon
Nylon
(Millipore)
Pore size: 0.45 ym
Filter paper
(S&S)

Blue ribbon

Az retention: (+)

Sb(III) retention: (+/-)

Az retention: (—)

Sb(III)) retention: (—)

Az retention: (+)

Sb(III)) retention: (—)

Azretention: (+/-)

Sb(III)) retention: (—)

Azretention: (+)

Sb(III) retention: ()

Azretention: (+)

Sb(III)) retention: (+)

Conditions: A, = 450 nm; A, = 363 nm; C,, = 5 X 107 mol-L ™, Cy,c = 2 X 10~ mol-L ™ Cyyrer sodium borate = 1 X
10 mol-L™, pH 10.7. Other experimental conditions are described under procedure.
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Figure 2. Influence of pH on Sb(III)/Azdetermination. Conditions: A, = 450 nm; A, =
363 nm; C,, = 5 x 107 mol-L™, Cyc = 2 X 107° mol-L™ C,ier sodium borte = 1 X 107
mol-L™!, Cgyqm = 0.60 pg-L™". Other experimental conditions are described under proce-
dure.

The concentration of the chelating reagent was also studied keeping a con-
stant concentration of the metal and varying the concentration of Az between 1
x 107 to 1 x 107° mol L™". The concentration of 2.5 x 10”7 mol-L™" was selected as
optimal, which is high enough to guarantee an excess of Az with respect to the
expected Sb(III) contents in studied samples (Figure 3).

It is well known that the use of surfactants in molecular fluorescence provides
some advantages that improve the determination of the analyte under study. In
this way, micellar media have shown to be effective to minimize intermolecular
interactions between the analyte and sample matrix constituents. Additionally,
the photophysical properties of the fluorescent solutes can be altered in the mi-
cellar medium improving the fluorescent sensitivity [28].

Like traditional surfactant micelles, bile salt (BS) micelles present unique
properties that can be used in chemical analysis and separation science applica-
tions; between others the ability to solubilize selectively solutes, alter the rate and
equilibrium of chemical processes, modify the effective microenvironment such
as polarity, viscosity and surface tension of bound solutes [29].

In contrast to synthetic surfactants (e.g. Triton X-110, Triton X-114, SDS), BS
micellar solutions are much easier to work with since they are former and scatter
light to lesser extent, which is beneficial in spectroscopic measurements [30].
The BS aggregation behavior is also different from that observed for synthetic
surfactants. Namely, they exhibit a sequential aggregation pattern and their mi-
celle aggregation number is typically much less than that of other micelles.

The effect of different surfactants in the SPE for the quantification of the
Sb(III)/Az by SSF was studied. Obtained results put in evidence that the bile
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Figure 3. Effect of Az dye concentration on the Sb(III). Conditions: A, = 450 nm; A . =

363 nm; Cy,e = 2 X 107° mol- L™ Cyygrer sodium borate = 1 X 107 mol-L™", pH 10.7, Cigyqpp) =
0.60 pg-L™". Other experimental conditions are described under procedure.

salt NaC (1 x 10 mol-L™") increased the fluorescent intensity of Sb(III) associa-

tion.

4. Analytical Parameters

Table 3 summarizes the studied experimental variables, the optimal values for
separation/determination of Sb(III)/Az on FP and analytical parameters for the
new proposed methodology. The limit of detection (LOD) was calculated as 3.3
s/m [31], where s is the standard deviation of 10 successive means of the blank
and m is the slope of the calibration curve (calibration sensitivity). The limit of
quantification (LOQ) was calculated as 10 s/m. The range of linearity was eva-
luated by checking the linear regression coefficient (R?) of the calibration curve.
The linearity of the calibration curve was considered acceptable when R* >
0.9998.

Table 4 summarizes the main characteristics of calibration plot of proposed
methodology and of other instrumental conventional methodologies for quanti-
fication of Sb(III) traces. These methods present high degree of accuracy and
repeatability and a short time of analysis. However, in many cases the low levels
of toxic metal are incompatible with instrumental sensitivity. Added to this, high
prices and expensive instrumental inputs constitute a major constraint for many
control laboratories.

The application of luminescent methods to antimony traces determination
has shown several analytical advantages such as high sensitivity, proper selec-
tivity and dynamic wide range when they have been associated to separa-
tion/preconcentration/sensitization steps. Additionally, the proposed metho-
dology presents the advantage of a significant lowest standard deviation, the
simplicity and low cost of equipment, versatility in sample application, as well as

the low consumption of reagents. With regard to the disadvantages of the
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Table 3. Optimal experimental conditions and analytical parameters for Sb(III)-AZ de-

termination.

Parameters

Studied Range

Optimal Conditions

Type of membrane

pH
Concentration buffer
Concentration Az

Concentration NaC

Nylon, cellulose acetate,
esters, teflon, filter paper

3-12
1x107%-0.1 mol-L™!
1x107°-1x10° mol-L™
1x107°-1x 107 mol-L™

Filter paper
(blue ribbon)

10.7
1 x 10 mol-L!
2.5% 107 mol-L™*
1x 107 mol-L™*

LOD - 0.08 pgL™!

LOQ - 0.24 ug-L™!

LOL - 0.24 - 304.4 pgL!
R? - 0.999

Table 4. Analytical parameters of methodologies for Sb(III) determination in samples of
different nature.

Method Comments Reference

RSD =2.1% - 2.5%

LOD = 120 pgL-1

LOQ = 250 pgL-1 [16]
r2 =0.9987

Sample: beverages

UA-IL-DLLME-ICP-OES

Linear range = uninformed - 200 ppm

ETAAS [17]

Samples: solid of environmental interest
LOD =0.28 pg:L™"
LOQ = 0.96 pg-L™
RSD =2.8%
Sample: hair

HG-AFS. [18]

LOD = 0.01 - 0.03 pg-L™
ICP-MS RSD = 10% [19]
Sample: single whiskers

Linear range = 30 ng-L™" - 10.0 pg-L™
RSD < 5%
HG AFS LOD =9 ngL™ [20]
LOQ =30 ng-L™
Sample: natural water

LOD = 0.08 pug-L™
LOQ =0.24 pg-L™!
Linear range = 0.24 - 304.4 ug-L™! -
R*=0.999
Sample: waters and beverages

This method

method, we can mention the selectivity and the analysis time, which is not a time

involved in a drying stage.

Interferences Study

The effect of foreign ions on the recovery of Sb(III) was tested. An ion was con-

sidered as interferent when it caused a variation in the SSF signal of the sample
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greater than £5%. The assayed ions for interferences study were selected consi-
dering nature of the analyzed sample. Figure 4 shows the obtained results for
assayed ions. These results demonstrate that, at optimal experimental condi-
tions, even large amounts of some common ions do not interfere with the de-
termination of Sb(III) trace levels, confirming the selectivity of the developed
method.

5. Applications

To establish the applicability of proposed method at real-world samples, it was
applied to Sb(III) quantification in drinking waters and beverages samples
packed in PET recipients. Different sample aliquots were spiked with increasing
amounts of Sb(IIT) (0.36 to 0.72 pg-L™"). The results obtained showed an ade-
quate precision (see Table 5 and Table 6).

Table 5. Recuperation studies by antimony determination in water samples packaged in
PET bottles.

Propose Methodology ETTAS
Sb(III) Added

Sample (ugL™) Sb(III) Found Recovery Sb(II) Found ~ RE%*
+ SD (pg-LY) (%, n = 4) + SD (pg-LY)
- 0.93 £ 0.03 -
1 0.36 1.278 £ 0.02 98.71 - -
0.60 1.522 £ 0.07 99.14
- 0.77 £ 0.05 -
2 0.36 1.134 £ 0.04 100.52 0.75 £ 0.09 2.60
0.60 1.381 £ 0.03 101.43
- 1.88 +0.02 -
3 0.36 2.231 £0.09 99.52 1.93 + 0.03 2.59
0.60 2.474 £ 0.07 99.68
- 1.32 £ 0.04 -
4 0.36 1.685 +0.03 100.38 1.41 £ 0.04 6.38
0.60 1.914 £ 0.03 99.55
- 0.65 = 0.03 -
5 0.36 1.008 + 0.06 99.70 0.70 + 0.001 7.14
0.60 1.239 +£0.08 98.31
- 1.13 £ 0.07 -
6 0.36 1.476 £ 0.05 98.76 1.11 £ 0.03 1.77
0.60 1.738 £ 0.04 100.70
- 1.06 £ 0.06 -
7 0.36 1.431 £ 0.03 101.03 1.12 £ 0.02 5.36
0.60 1.654 £ 0.02 99.43
- 1.45 +0.09 -
8 0.36 1.807 £ 0.01 99.79 - -
0.60 2.055 +0.04 100.34

*%RE = 100 X (|measured value — actual value|)/actual value. 1 - 8: mineral water samples of differences
marks.
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Table 6. Recuperation studies by antimony determination in drinks samples packaged in

PET bottles.
Propose Methodology ETTAS
Sample SbI A_?ded RE%*
(ug-L™) Sb(III) Found Recovery Sb(III) Found
+ 8D (ug'L™) (%, n=4) +SD (ugl™)
- 2.04 £0.01 -
1 0.60 2.632 £ 0.03 99.61 2.15 £ 0.001 5.11
0.72 2.748 £ 0.05 99.41
- 1.39 £ 0.06 -
2 0.60 1.987 +£0.02 100.52 1.30 £ 0.02 6.47
0.72 2.105 £ 0.08 101.43
- 1.98 + 0.03 -
3 0.60 2.587 £ 0.06 99.78 1.84 £ 0.003 7.07
0.72 2.703 £ 0.06 100.15
- 2.22 £ 0.06 -
4 0.60 2.830 £ 0.02 100.45 2.50 + 0.04 11.2
0.72 2.943 +£0.07 100.13
- 0.33 +0.03 -
5 0.36 0.679 £ 0.01 96.66 0.303 £ 0.07 8.18
0.48 0.803 + 0.04 97.87
- 0.16 + 0.04 -
6 0.36 0.523 +£0.02 101.87 O -
0.48 0.644 £ 0.05 102.50
- 1.06 £ 0.02 -
7 0.36 1.411 +0.05 99.15 1.10 £ 0.02 3.63
0.48 1.537 £ 0.01 99.72
- 1.45 +0.04 -
8 0.36 1.804 + 0.07 99.59 - -
0.48 1.919 +0.07 99.24
- 3.23 £0.03 -
9 0.60 3.841 +£0.02 100.34 3.15+0.07 1.54
0.72 3.955 +0.09 100.15
- 291 +0.01 -
10 0.60 3.501 +£0.02 99.69 3.02 £0.01 3.64
0.72 3.647 £0.03 100.58

*%RE = 100 x (|measured value — actual value|)/actual value. 1 - 4: flavored water without carbonated (fla-
vors: 1: grapefruit, 2: tropical fruits, 3: lemonade and 4: apple). 5 - 8: flavored water carbonated (flavors: 5:
lemon-lime; 6: cola; 7: tonic and 8: orange. 9 and 10: hydrating drinks (flavors: 9: apple; 10: orange).
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Figure 4. Study of cation interferences of Sb(III) quantification. %SDs (I-I) have been in-
cluded for each interferent. Interferent/Sb(III)mole ratio (100/1). Conditions: A,,, = 450
exe =363 nm; C,, =5 x 107 mol- L™, Cyyc = 2 X 107 mol-L ™% Cyugrer sodium borate = 1 X
10™* mol-L™, pH 10.7, C(gqyy, = 0.60 pg-L™". Other experimental conditions are described
under procedure. 1: Sb(III) = 0.60 pg-L™%; 2: Idem 1 in presence of Na (I); 3: Idem 1 in
presence of K (I); 4: Idem 1 in presence of Mg (II); 5: Idem 1 in presence of Cd (II); 6:
Idem 1 in presence of Pb (II); 7: Idem 1 in presence of Zn (II); 8: Idem 1 in presence of Ni
(II); 9: Idem 1 in presence of Ca (II); 10: Idem 1 in presence of T1 (I); 11: Idem 1 in pres-
ence of Al (IIT); 12: Idem 1 in presence of Fe (III).

nm; A

Repetitivity of the assay was evaluated by repeating the analysis four times for
each sample. Table 5 shows the recovery results achieved. The results obtained
indicate that the proposed method is suitable for Sb(III) determination in stu-
died samples.

As there are not Certified Materials available, to check the accuracy of the
proposed method, studied samples were analyzed by electrothermal atomic ab-
sorption spectrometry (ETAAS), using the instrumental conditions cited in Ta-
ble 1. Results obtained for replicate samples (n = 4) with proposed method and
ETAAS technique were statistically compared (t-test) and no significant differ-
ences (p = 0.05, DF = 3) were observed.

Sbanalyte, which can have both acute and chronic toxicity effects, is regulated
in drinking waters in different countries such as United States, Canada, Europe,
and Japan at action levels ranging from 2 to 6 pg-L™" [32]. Nevertheless, in our
country, current legislation does not yet regulate antimony concentrations in

beverages intended for human consumption.

6. Conclusion

Although atomic spectroscopies are the most important techniques for metal
traces analysis, they require specialized and very expensive instruments. The
continued importance and employment in work areas of Sb and its toxicity in
environmental health has demanded the development of simple and rapid ana-
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lytical methods for its determination. Developed methodology proposes the an-
timony traces determination based in the formation of the association
Sb(III)/Az. Solid phase extraction strategy demonstrated efficacy to preconcen-
tration/eliminate possible interferents. This method constitutes a green alterna-
tive to traditional preconcentration methods, showing advantages such as lower
cost (associated with the use of filter paper as a solid support for the analyte re-
tention), operator and environment safety, use of non-polluting solvents and
operational simplicity. The level of sensitivity attained was comparable to those
of atomic spectroscopies. The good tolerance at common constituents suggests
high selectivity and versatility of the new method. Precision and accuracy were
tested with excellent agreement. Results were truenessed by ETAAS with satis-
factory concordance. The method developed was successfully applied to Sb(III)
quantification in drinking water and beverages samples packaged in PET bottles
widely consumed in Argentina. Considering the toxicity of the metal studied, the
need to minimize its presence in drinking for human consumption and the ab-
sence of legislation that regulates the content of Sb, we emphasize the impor-
tance of informing and raising awareness among the population about the pre-
cautions to be taken once the PET containers are opened. Namely, consume in a
short time, keep refrigerated until the contents of the package are finished and

avoid direct exposure to sunlight.

Acknowledgements

Authors gratefully thank to Instituto de Quimica San Luis—Consejo Nacional
de Investigaciones Cientificas y Tecnolégicas (INQUISAL-CONICET, Project
11220130100605CO) and Universidad Nacional de San Luis San Luis (Project
PROICO 02-1016) for the financial support.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-
per.

References

[1] Wilson & Wilson’s (1996) Comprehensive Analytical Chemistry. In: Pramauro, E.
and Pelizzetti, E., Eds., Surfactants in Analytical Chemistry: Applications of Orga-
nized Amphiphilic Media, Elsevier, Amsterdam, Volume 31, Chapter 4.

[2] Luconi, M., Olsina, R., Ferndndez, L. and Silva, M. (2006) Determination of Lead in
Human Saliva by Combined Cloud Point Extraction-Capillary Zone Electrophoresis
with Indirect UV Detection. Journal of Hazardous Materials, 128, 240-246.
https://doi.org/10.1016/j.jhazmat.2005.08.007

[3] Talio, M., Luconi, M., Masi, A. and Fernandez, L. (2009) Determination of Cad-
mium at Ultratrace Levels by CPE-Molecular Fluorescence Combined Methodolo-
gy. Journal of Hazardous Materials, 170, 272-277.
https://doi.org/10.1016/j.jhazmat.2009.04.101

[4] Watanabe, H. and Tanaka, H. (1978) A Non-Ionic Surfactant as a New Solvent for
Liquid-Liquid Extraction of Zinc(II) with 1-(2-pyridylazo)-2-naphthol. 7alanta, 25,

DOI: 10.4236/ajac.2019.109026

390 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2019.109026
https://doi.org/10.1016/j.jhazmat.2005.08.007
https://doi.org/10.1016/j.jhazmat.2009.04.101

M. C. Talio et al.

(7]

(10]

(11]

[13]

(14]

[15]

[16]

(17]

585-589. https://doi.org/10.1016/0039-9140(78)80151-9

Jia, G., Li, L., Qiu, J., Wang, X., Zhu, W, Sun, Y. and Zhou, Z. (2007) Determina-
tion of Carbaryl and Its Metabolite 1-Naphthol in Water Samples by Fluorescence

Spectrophotometer after Anionic Surfactant Micelle-Mediated Extraction with So-
dium Dodecylsulfate. Spectrochimica Acta Part A, 67, 460-464.
https://doi.org/10.1016/j.saa.2006.08.003

Sosa Ferrera, Z., Padron Sanz, C., Mahugo Santana, C. and Santana Rodriguez, J.J.
(2004) The Use of Micellar Systems in the Extraction and Pre-Concentration of
Organic Pollutans in the Environmental Samples. Trends in Analytical Chemistry,
23, 469-479. https://doi.org/10.1016/S0165-9936(04)00732-0

Talio, M.C,, Luconi, M., Masi, A. and Fernandez, L. (2010) Cadmium Monitoring in
Saliva and Urine as Indicator of Smoking Addiction. Science of the Total Environ-
ment, 408, 3125-3132. https://doi.org/10.1016/j.scitotenv.2010.03.052

Karbasia, M., Jahanparast, B., Shamsipur, M. and Hassan, J. (2009) Simultaneous
Tracemultielement Determination by ICP-OES after Solid Phase Extraction with
Modified Octadecyl Silica Gel. Journal of Hazardous Materials, 170, 151-155.
https://doi.org/10.1016/j.jhazmat.2009.04.119

Juleiman, S., Hu, B., Huang, C. and Zhang, N. (2008) Determination of Cd Co, Ni
and Pb in Biological Samples by Microcolumn Packed with Black Stone (Pierre
Noire) Online Coupled with ICP-OES. Journal of Hazardous Materials, 157,
410-417. https://doi.org/10.1016/j.jhazmat.2008.01.014

Peralta, C., Fernandez, L. and Masi, A. (2010) A Novel Application of Immobiliza-
tion on Membranes for the Separation and Spectrofluorimetric Quantification of
Amiloride and Furosemide in Pharmaceutical Samples. Analytica Chimica Acta,
661, 85-90. https://doi.org/10.1016/j.aca.2009.12.015

Thomaidis, N.S., Asimakopoulos, A.G. and Bletsou, A.A. (2012) Emerging Conta-
minants: A Tutorial Mini-Review. Global NEST Journal, 14, 72-79.
https://doi.org/10.30955/gnj.000823

Richardson, S.D. (2010) Environmental Mass Spectrometry: Emerging Contami-
nants and Current Issues. Analytical Chemistry, 82, 4742-4774.
https://doi.org/10.1021/ac101102d

Bach, C., Dauchy, X., Chagnon, M.C. and Etienne, S. (2012) Chemical Compounds
and Toxicological Assessments of Drinking Water Stored in Polyethylene Tereph-
thalate (PET) Bottles: A Source of Controversy Reviewed. Water Research, 46,
571-583. https://doi.org/10.1016/j.watres.2011.11.062

Westerhoff, P., Prapaipong, P., Shock, E. and Hillaireau, A. (2008) Antimony
Leaching from Polyethylene Terephthalate (PET) Plastic Used for Bottled Drinking
Water. Water Research, 42, 551-556. https://doi.org/10.1016/j.watres.2007.07.048

Welle, F. and Franz, R. (2011) Migration of Antimony from PET Bottles into Beve-
rages: Determination of the Activation Energy of Diffusion and Migration Model-
ling Compared with Literature Data. Food Additives & Contaminants Part A, 28,
115-126. https://doi.org/10.1080/19440049.2010.530296

Richardson, $.D. and Ternes, T.A. (2011) Water Analysis: Emerging Contaminants
and Current Issues. Analytical Chemistry, 83, 4614-4648.
https://doi.org/10.1021/ac200915r

Sundar, S. and Chakravarty, J. (2010) Antimony Toxicity. [nternational Journal of
Environmental Research and Public Health, 7, 4267-4277.
https://doi.org/10.3390/ijerph7124267

DOI: 10.4236/ajac.2019.109026

391 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2019.109026
https://doi.org/10.1016/0039-9140(78)80151-9
https://doi.org/10.1016/j.saa.2006.08.003
https://doi.org/10.1016/S0165-9936(04)00732-0
https://doi.org/10.1016/j.scitotenv.2010.03.052
https://doi.org/10.1016/j.jhazmat.2009.04.119
https://doi.org/10.1016/j.jhazmat.2008.01.014
https://doi.org/10.1016/j.aca.2009.12.015
https://doi.org/10.30955/gnj.000823
https://doi.org/10.1021/ac101102d
https://doi.org/10.1016/j.watres.2011.11.062
https://doi.org/10.1016/j.watres.2007.07.048
https://doi.org/10.1080/19440049.2010.530296
https://doi.org/10.1021/ac200915r
https://doi.org/10.3390/ijerph7124267

M. C. Talio et al.

(18]

(19]

(20]

(23]

(24]

[25]

[26]

[29]

Biata, N.R., Nyaba, L., Ramontja, J., Mketo, N. and Nomngongo, P.N. (2017) De-
termination of Antimony and Tin in Beverages Using Inductively Coupled Plas-
ma-Optical Emission Spectrometry after Ultrasound-Assisted Ionic Liquid Disper-
sive Liquid-Liquid Phase Microextraction. Food Chemistry, 237, 904-911.
https://doi.org/10.1016/j.foodchem.2017.06.058

De Moraes Flores, E.M., Pereira dos Santos, E., SmaniotoBarin, J., Zanella, R., Luiz
Dressler, V. and Figueiredo Bittencourt, C. (2002) Determination of Antimony (III)
and Total Antimony by Hydride Generation Atomic Absorption Spectrometry in
Samples of Injectable Drugs Used for Leishmaniasis Treatment. Journal of Analyti-
cal Atomic Spectrometry, 17, 819-823. https://doi.org/10.1039/b203166¢

Cardozo, M.C., Cavalcante, D.D., Silva, D.L.F., Do Santos, W.N.L. and Bezerra,
M.A. (2016) Multivariate Optimization of a Method for Antimony Determination
by Hydride Generation Atomic Fluorescence Spectrometry in Hair Samples of Pa-
tients Undergoing Chemotherapy against Leishmaniasis. Anais da Academia Brasi-
leira de Ciéncias Academia Brasileira de Ciéncias, 88, 1179-1190.
https://doi.org/10.1590/0001-3765201620150250

Filatova, D.G., Zhukova, A.A. and Podol’ko, E.V. (2012) Determination of Anti-
mony and Tin in Tin Dioxide Whiskers by Inductively Coupled Plasma Mass Spec-
trometry. Journal of Analytical Chemistry, 67, 950-954.
https://doi.org/10.1134/S1061934812100036

Dos Santos, G.S., Silva, L.O.B., Santos Junior, A.F., da Silva, E.G.P. and dos Santos,
W.N.L. (2018) Determination and Environmental Impact Assessment of Inorganic
Antimony Species in Natural Waters Using Hydride Generation Atomic Fluores-
cence Spectrometry (HG AFS). Journal of the Brazilian Chemical Society, 29,
185-190. https://doi.org/10.21577/0103-5053.20170129

Talio, M.C., Acosta, M.G., Acosta, M., Olsina, R. and Fernandez, L.P. (2015) Novel
Method for Determination of Zinc Traces in Beverages and Water Samples by Solid
Surface Fluorescence Using a Conventional Quartz Cuvette. Food Chemistry, 175,
151-156. https://doi.org/10.1016/j.foodchem.2014.11.082

Talio, M.C., Kaplan, M., Acosta, M., Gil, R.A., Luconi, M.O. and Fernandez, L.P.
(2015) New Room Temperature Coacervation Scheme for Lead Traces Determina-
tion by Solid Surface Fluorescence. Application to Wines Produced in Argentina.
Microchemical Journal, 123, 237-242. https://doi.org/10.1016/j.microc.2015.06.014

Andra, S.S., Makris, K.C., Shine, J.P. and Lu, C. (2012) Co-Leaching of Brominated
Compounds and Antimony from Bottled Water. Environment International, 38,
45-53. https://doi.org/10.1016/j.envint.2011.08.007

Kunkely, H. and Vogle, A. (2007) Fluorescence of Alizarin Complexone and Its
Metal Complexes. Inorganic Chemistry Communications, 10, 355-357.
https://doi.org/10.1016/j.inoche.2006.11.020

Sun, C, Li, Y., Qi, D,, Li, H. and Song, P. (2016) Optical and Electrical Properties of
Purpurin and Alizarin Complexone as Sensitizers for Dye-Sensitized Solar Cells.
Journal of Materials Science. Materials in Electronics, 27, 8027-8039.
https://doi.org/10.1007/s10854-016-4799-4

Acosta, M.G., Talio, M.C., Luconi, M.O., Hinze, W.L. and Ferndndez, L.P. (2014)
Fluorescence Method Using On-Line Sodium Cholatecoacervate Surfactant Me-
diated Extraction for the Flow Injections Analysis of Rhodamine B. Talanta, 129,
516-522. https://doi.org/10.1016/j.talanta.2014.06.014

Hinze, W.L. (2000) Bile Acid/Salts Surfactant Systems. Second Edition, JAI Press,
Stamford.

DOI: 10.4236/ajac.2019.109026

392 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2019.109026
https://doi.org/10.1016/j.foodchem.2017.06.058
https://doi.org/10.1039/b203166c
https://doi.org/10.1590/0001-3765201620150250
https://doi.org/10.1134/S1061934812100036
https://doi.org/10.21577/0103-5053.20170129
https://doi.org/10.1016/j.foodchem.2014.11.082
https://doi.org/10.1016/j.microc.2015.06.014
https://doi.org/10.1016/j.envint.2011.08.007
https://doi.org/10.1016/j.inoche.2006.11.020
https://doi.org/10.1007/s10854-016-4799-4
https://doi.org/10.1016/j.talanta.2014.06.014

M. C. Talio et al.

(30]

(31]

(32]

McGown, L.B., Meyerhoffer, S., Hertz, P. and Li, G. (2000) Luminescence Mea-
surements in Bile Salt Micelles. In: Hinze, W., Ed., Bile Acid|Salt Surfactant Sys-
tems, Organized Assemblies in Chemical Analysis, JAI Press, Stamford, 167-186.

Gupta, V.B. and Shrivastava, A. (2011) Methods for the Determination of Limit of
Detection and Limit of Quantitation of the Analytical Methods. Chronicles of
Young Scientists, 2, 21-25. https://doi.org/10.4103/2229-5186.79345

Richardson, S.D. and Ternes, T.A. (2014) Water Analysis: Emerging Contaminants
and Current Issues. Analytical Chemistry, 86, 2813-2848.
https://doi.org/10.1021/ac500508t

DOI: 10.4236/ajac.2019.109026

393 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2019.109026
https://doi.org/10.4103/2229-5186.79345
https://doi.org/10.1021/ac500508t

	New Analytical Methodology for Sb(III) Traces Quantification as Emergent Contaminant in Drinks Packaged PET Samples by Solid Surface Fluorescence
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Instruments
	2.2. Reagents
	2.3. Sample Collection and Treatments
	2.4. General Procedure
	2.5. Interferences Study
	2.6. Dilution Test
	2.7. Accuracy Study
	2.8. Precision Study
	2.9. Trueness

	3. Results and Discussion
	4. Analytical Parameters
	Interferences Study

	5. Applications
	6. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

