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Abstract: This article aims to investigate in detail to what extent surfactants affect the determination of
cadmium by anodic stripping voltammetry. In recent years, the production and use of surfactants have
been steadily increasing, so that their concentration in environmental water samples is rising. At the
same time, it is known that organic compounds, such as surfactants, often hinder the voltammetric
determination of trace elements by stripping. Non-ionic (Triton X-100, Brij 35, Tween 20, Tween 60,
Tween 80), cationic (CTAB, CTAC, DTAB, HPC) and anionic (DSS, SDS) compounds were selected to
investigate the effect of surfactants on the voltammetric signal of cadmium. At the same time, the extent
to which the addition of Amberlite resins to the analysed solution eliminates the interfering effect of
surfactants was tested. Three types of Amberlite resins XAD-2, XAD-7 and XAD-16 were selected for
the study and the ratio of resin weight to solution volume was determined. Finally, the determination
of cadmium in surfactant-enriched environmental samples was carried out. The recoveries obtained
between 95.5 and 107%, with RSD between 3.4 and 6.2%, confirm the validity and correctness of the
proposed procedure All measurements were carried out by anodic stripping voltammetry using a
CNTs/SGC electrode modified with a bismuth film as the working electrode.
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1. Introduction

Contaminants in environmental water samples can have different chemical characteristics and, in a
preliminary classification, they can roughly be divided into organic, inorganic and metal species
pollutants (Bruzzoniti et al., 2000). Monitoring each of them is necessary for full control and estimation
of the quality of natural water samples. Unfortunately, the determination of one of them is very often
disturbed by another one. In this paper attention will be focused on the influence of surface active
substances on trace cadmium determination.

Cadmium is one of the most serious metallic threats to the environment and humans. It is found in
all components of the environment, including natural waters, soils, and plant and animal organisms.
To make matters worse, this element has a long half-life and once it enters the environment, it is not
degraded and remains in constant circulation. It is highly toxic even at low concentrations due to its
rapid movement in the trophic chain, soil-plant-human, easy absorption and bioaccumulation in living
organisms (Hasanuzzaman et al., 2019). Cadmium poisoning is a very common and serious problem. It
causes cardiovascular dysfunction as well as damage to human organs such as the kidneys, liver, lungs,
pancreas and testes. This element impairs the functioning of the immune system and is also a cause of
oxidative stress and inflammation, so it can promote the development of cancer. It increases the risk of
lung, kidney, liver, testicular and prostate cancer. In extreme cases, poisoning by this metal leads to
respiratory failure and death (Genchi et al. 2020; Satarug et al., 2003). According to the recommendations
of the FAO/WHO, the tolerable consumption of cadmium by an adult is 25 ng/kg of body weight per
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month, and the permissible dose is 0.8 ng/kg of body weight per day (WHO 2011) (WHO Technical
Report Series 960, 2011).

Not surprisingly, the determination of cadmium is one of the most important issues in analytical
chemistry. This is also reflected in the number of procedures described in the literature and dedicated
to the determination of cadmium by various methods. One of the first-choice methods for cadmium
analytics is voltammetry, which offers a number of advantages such as, first and foremost, a low
detection limit and, at the same time, relatively low instrument cost, as well as speed and simplicity of
measurement. This is confirmed by the number of publications devoted to the development of newer
and better voltammetric cadmium determination procedures [Abdel and Mahmoud, 2023; Ahmed et
al., 2023; Bu et al., 2020; Karazan and Roushani, 2023; Rahim and Mahmoud, 2023; Rojas-Romo et al.,
2020; Tapia et al., 2023; Thanh et al., 2019; Wang et al., 2022; Zarei et al., 2022]. And the number of such
publications is constantly increasing, demonstrating voltammetry as the method of first choice and the
need for further improvements. Unfortunately, one of the main disadvantages of voltammetric methods
is the interference associated with the presence of surfactants, which can cause a reduction or complete
loss of signal of the labelled ion, making analysis impossible [Grabarczyk and Koper, 2022; Hoyer and
Jensen, 2003; Kubiak and Wang, 1989].

Surfactants are characterized by a specific structure consisting of hydrophobic elements and a
hydrophilic part thanks to which they reduce the surface tension of liquids. Owing to this property,
surfactants exhibit many useful functions as washing agents, wetting agents, dispersing agents, foaming
agents, solubilizing agents, emulsifying agents and others. The diversity of the structure of surfactants
determines the wide range of their applications. They are compounds used, for example, as ingredients
in detergents and cosmetics, including personal care products such as liquid soaps, shower gels,
shampoos and toothpastes. Thanks to their remarkable properties, surfactants are also widely used in
the production of paper, food products, paints and varnishes, as well as in the metallurgical,
agrochemical, pharmaceutical, mining, textile, construction and many other industries [Chen et al,,
2005; Haiyan, 1997; Li, 2007; Liu et al. 2009; Schramm et al., 2003]. Such widespread use of surfactants
is linked to their ubiquity in environmental waters. This, in turn, as mentioned earlier, can contribute
to making voltammetric determination of cadmium difficult or impossible [Batley and Florence, 1976;
Mackay, 1994; Maleki et al., 2005; Wang and Den-Bai 1984].

The problem of interference in voltammetry caused by surfactants is well known, but nevertheless
often overlooked in the determination procedures described in the literature. Also in the case of the
voltammetric determination of cadmium, the influence of surfactants was not investigated in the vast
majority of procedures, while as regards the determination of environmental samples, a time-
consuming mineralization of real samples before the actual measurement is often recommended. One
important factor influencing the extent to which surfactants interfere with voltammetric determination
is the type of electrode acting as the working electrode. Mercury-based electrodes are very sensitive to
the presence of surfactants in the sample, as surfactants readily adsorb to the mercury surface blocking
the surface. In addition, mercury as a toxic material is being eliminated from voltammetric procedures
and replaced by other more environmentally friendly materials. One of the most common replacements
for mercury electrodes in voltammetric analysis today are bismuth electrodes, which were introduced
by Wang in 2000 [Adamczyk et al., 2022; Bobrowski et al., 2010; Krdlicka et al., 2014; Wang et al., 2000;
Wasag and Grabarczyk, 2016; Wegiel et al. 2017]. Since then, a number of procedures using bismuth
electrodes as working electrodes for cadmium accumulation have also been developed in anodic
stripping voltammetric (ASV) analysis of cadmium. Unfortunately, none of these works examined how
the cadmium signal is affected by surfactants [Grabarczyk et al., 2023; Karazan and Roushani, 2023;
Rojas-Romo et al., 2020; Thanh et al., 2019; Wang et al., 2022].

Therefore, the aim of the research carried out in this work is to investigate in detail to what extent
surfactants affect the cadmium signal in a voltammetric procedure using a bismuth based electrode. A
wide range of anionic, cationic and non-ionic surfactants was used in the research, such as anionic
surfactants: 1-dodecanesulfonate (DSS), sodium dodecyl sulfate (SDS), cationic surfactants:
dodecyltrimethylammonium bromide (DTAB), cetyltrimethylammonium bromide (CTAB),
cetyltrimethylammonium chloride (CTAC), and hexadecylpyridinium chloride (HPC), and non-ionic
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surfactants: Triton X-100, Brij 35, Tween 20, Tween 60, and Tween 80, to obtain the widest possible
spectrum of research.

Another aim of this study was to propose a simple and quick procedure for the determination of
trace amounts of cadmium in the presence of high concentrations of surfactants. For this purpose, three
types of Amberlite type resins (XAD-2, XAD-7, XAD-16) were tested, which, introduced directly into
the measuring cell, remove surfactants from the sample solution, increasing the sensitivity of cadmium
determinations in the presence of even high concentrations of surfactants. The permissible
concentrations of different surfactants that do not interfere with the cadmium signal were investigated
as a function of the mass of resin introduced into the sample solution. The adsorptive properties of
microreticular adsorbents, especially Amberlite XAD resins to collect organic substances are commonly
known [Lepane 1999; Estevez et al. 1995]. XAD resins adsorb organic matter mainly by hydrophobic
bonding, however, the exact mechanism of adsorption is unknown. Most XAD resins are nonpolar and
XAD-7 is the only "moderately polar" XAD resin now available. [Janos 2003].

The study was carried out using the ASV method with a CNTs/SGC electrode modified with a
bismuth film. The electrode was based on spherical glassy carbon (SGC) microparticle powder and
multiwall carbon nanotubes (CNTs), which gave it unique properties mainly related to the lowering of
the detection limit due to the use of carbon nanomaterials with a large specific surface area [Ahammad
et al., 2009; Britto et al., 1996; Kaliyaraj Selva Kumar et al., 2022; Nemcova et al., 2012; Wang and Yue,
2017]. The novel CNTs/SGC electrode was in situ modified with a bismuth film with simultaneous
accumulation of cadmium in metallic form on it. As demonstrated in the paper [Grabarczyk et al., 2023],
the procedure for the determination of Cd(Il) based on this electrode, in addition to its low detection
limit, is characterized by a wide range of linearity and high selectivity to many foreign ions. In our
study, we investigated in detail the effect of a wide range of surfactants on the voltammetric cadmium
signal obtained by the ASV method using the electrode described above.

2. Materials and methods
2.1. Instrumentations

The voltammograms were recorded using a pAutolab analyzer (Utrecht, The Netherlands) with a
personal computer operated by GPES 4.9 software. The electrochemical cell consisted of a carbon
nanotubes/spherical glassy carbon (CNTs/SGC) electrode as the working electrode, Ag/AgCl
(saturated NaCl) as a reference electrode and a platinum wire as an auxiliary electrode. The CNTs/SGC
was fabricated as described in the paper [Grabarczyk et al., 2023]. Each day before measurements, the
electrode was polished with a 0.3 um aluminum oxide suspension on a Buehler polishing pad for 30 s
and then immersed in an ultrasonic bath for 30 s.

2.2. Reagents

A stock standard solution of Cd(II) with a concentration of 10-°* mol L was prepared from a standard
solution of 1 g L! acquired from Fluka (Buchs, Switzerland). The 1 mol L acetate buffer pH =3+ 0.1 (1
mol L) was prepared from Suprapur CHs;COOH and NaOH obtained from Merck. Triton X-100,
sodium dodecyl sulfate (SDS) and cetyltrimethylammonium bromide (CTAB) were purchased from
Fluka (Buchs, Switzerland). Dodecyltrimethylammonium bromide (DTAB) was obtained from Sigma.
Cetyltrimethylammonium chloride (CTAC) and sodium 1-dodecanesulfonate (DSS), Brij 35 and
hexadecylpyridinium chloride (HPC), Tween 20, Tween 60 and Tween 80 were obtained from Sigma-
Aldrich (St. Louis, USA). Amberlite XAD-2, XAD-7 and XAD-16 obtained from Sigma was washed four
times in water and dried at a temperature of 50 °C. All solutions were made using triply distilled water.

2.3. Procedure

The voltammetric measurement parameters were adopted as in literature data [Grabarczyk et al., 2023].
The analyzed sample or the standard solution containing 50 pL of 1 x 10-> mol L-* Cd(Il), and optionally
a surface active substance, was pipetted into a voltammetric cell containing 1 mL of 1 mol L acetate
buffer pH=3, 313 pL of 1 g L-! Bi(NOs); and the total volume of the solution was finally made up to 10
mL. The voltammetric measurement was carried out according to the following scheme: activation of
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the electrode at a potential of -2.0 V for 3 s followed by an accumulation stage at -0.9 V for 50 s. During
this time, the formation of a bismuth film and the simultaneous accumulation of cadmium as a result of
its reduction to metallic form take place. Then, after a 5 s rest time, a voltammogram was recorded, as a
result of the potential change from -1.0 V to -0.4 V, and the peak visible on the voltammogram at a
potential of approximately -0.75 V, corresponding to the oxidation of Cd(0) to Cd(Il), was directly
proportional to the content of Cd(II) ions in the solution. After each measurement, an electrochemical
cleaning process of the CNTs/SGC electrode was carried out by applying a potential of 0.2 V to the
electrode for 20 s to remove residual metals. To eliminate interference from surfactants, 0.3 g of resin
was additionally introduced into the prepared solution in the voltammetric cell, as described above,
and the sample was stirred for 3 minutes before voltammetric measurement.

2.4. Preparation of real samples

Real sampes, such as Lake Zemborzyce and Ciemiega river water from the outskirts of Lublin, were
collected into clean polypropylene bottles and analyzed after minor pretreatment consisting of
successive filtration through the Whatman filter No 1 (Sigma-Aldrich) and a 0.45 pm cellulose acetate
membrane filter in the Sartorius device. Tap water and rain water were analysed with no pretreatment.
Recovery tests were carried out for samples spiked with standard solutions of Cd(Il) and different
surfactants, which were added to the water samples approximately two hours before analysis.

3. Results

Studies of the influence of surfactant substances on the voltamperometric cadmium signal were carried
out using more than a dozen surfactants divided into anionic, cationic and non-ionic species. In
addition, in the case of surfactants causing interference by suppressing the cadmium signal, a procedure
was used to lessen the interference. For this purpose, the addition of Amberlite type resin to the
voltammetric cell was used and the effects of the mass of resin were investigated to ensure the most
effective elimination of these interferences.

3.1. Effect of non-ionic surfactants

Triton X-100, Brij 35 and three kinds of Tween (Tween 20, Tween 60, Tween 80), as representatives of
non-ionic surfactants, were chosen. Triton X-100 (mixture of octylphenol ethoxylates) is a high-purity
liquid, water-soluble non-ionic surfactant, available commercially, which has come to be recognized as
a standard among similar products. Triton X-100 is widely used in many commercial and industrial
products as a detergent substrate, in textile and fiber production due to its superior wetting ability and
excellent grease and oil removal from hard surfaces. Given its widespread use, Triton X-100 is released
into the environment in relatively large quantities [Chen et al., 2005; Haiyan, 1997; Li, 2007; Liu et al.
2009]. Brij 35, which is a non-ionic surfactant, is the commercial name for dodecyl-poly-ethylene-oxide-
ether containing poly-ethylene-oxide chains as the hydrophilic part and n-alkyl chains as the
hydrophobic part forming micelles in water. If another solvent (e.g. alcohol) is added to the binary Brij
35/water system, then microemulsions with many interesting properties are obtained. The system has
practical applications in cosmetics, pharmaceuticals, paints, cleaning, and biotechnology [Gergely and
Madarasz, 2006]. Non-ionic surfactants Tweens, due to their stability and comparative non-toxicity, are
often used as detergents and emulsifiers in many household and pharmacological applications. They
are used in cosmetics to solubilize essential oils into water-based products and in the pharmaceutical
and food industry [Cortes et al., 2021]. Taking this into account, Triton X-100, Brij 35 and Tweens were
chosen to study the effect of non-ionic surfactants on the voltammetric cadmium signal.

At the beginning, the impact of these non-ionic surface active substances on the Cd(Il) voltammetric
signal was studied using a standard procedure, as described in Section 2.3, and the obtained results are
presented in Fig. 1. The action of surface active substances is accepted to correspond to the action of
Triton X-100 in the concentration range from 0.2 to 2 mg kg? [Cosovic and Vojvodic, 1982]. Therefore,
in this study investigating the effect of individual surfactants on the voltamperometric cadmium signal,
their concentrations in this range were used, while in some cases even above 2 mg L. It could be seen
that in the presence of 2 mg L of Triton X-100, Tween 80, Tween 60 and Tween 20, the signal of
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cadmium was suppressed to about 20%, 40%, 55% and 65%, respectively, relative to the signal recorded
in the absence of surfactants (Fig. 2). In the case of Brij 35, its concentration of 1 mg L-! did not interfere
with the cadmium signal and only at its concentration of 2 mg L did the cadmium signal decrease to
85%. To summarize the effect of the non-ionic surfactants on the cadmium signal, it can be concluded
that none of the tested non-ionic surfactants affects the cadmium signal in concentrations up to 0.1 mol
L1, while at a concentration of 2 mg L, its value decreases in the range of 85 to 15%.
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Fig. 1. The relative signal of 1 x 10-> mol L-* Cd(II) in the presence of non-ionic surface active substances: Triton X-
100 (a), Tween 80 (b), Tween 60 (c), Tween 20 (d), Brij 35 (e)
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Fig. 2. The voltammograms of 1 x 10-5 mol L1 Cd(II) recorded in the absence (a) and presence of 2 mg L non-
ionic surface active substances: Brij 35 (b), Tween 20 (c), Tween 60 (d), Tween 80 (e), Triton X-100 (f)

3.1.1. Reduction of interferences from non-ionic surfactants

In order to reduce interference from the non-ionic surfactants, it was proposed to use the adsorption
properties of Amberlite resins. Three types of Amberlite resins, XAD-2, XAD-7 and XAD-16, were
chosen for the study. As demonstrated in preliminary experiments, Cd(Il) ions present in the samples
at acetate buffer pH=3 do not adsorb onto these types of resins, so these resins could be added directly
to the voltammetric cell. Surfactants, on the other hand, readily adsorb onto resins under these
conditions and their amount in the solution is thus significantly reduced. As a result, they interfere
much less with the analytical cadmium signal. In order to select the optimum mass of resin to be
introduced into the voltammetric vessel, the following experiments were carried out. 10 mL standard
solutions containing 5 x 108 mol L1 Cd(II), 0.1 mol L acetate buffer pH=3, 1.5 x 104 mol L Bi(NOs);
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and the following different masses of resins: 0.05, 0.1, 0.15, 0.2, 0.25 and 0.3 g, were prepared.
Subsequently, 5 mg L of the surfactants Triton X-100, Brij 35, Tween 20, Tween 60 or Tween 80 was
introduced into these solutions, a voltammetric measurement was carried out for each of them after 3
min of stirring, and it was observed how the cadmium signal changed. The results obtained are
presented in Figs. 3A-E, which show the relative cadmium signals (calculated relative to the cadmium

1

1+

c
§ ] Triton X-100 (A)
] b
T 08+
<
S
© 4
=
5
= 0.6 1
L
2 ] a
=}
<
@
= 04
0.2
0 : : : . . \
0 0.1 0.2 0.3
mass of resin / g
l -—
E c
g 1 Tween 60 (C)
<
S 08
S
=]
E 4
=
20
“ 0.6 1
L
2
&=
= 1 a
@
i
0.4 —
0.2
b
o : : : . . \
0 0.1 0.2 0.3
mass of resin / g
l -—
£
=
E 4
=
x
>
5 0.8
=
s
2P B
w
@
2
= 0.6
=
1=
0.4 —
E
0.2 T
0

g c
=
E 1 Tween 80 (B) b
3
o 0.8
B
° a
= J
=
o0
2 06
o
2
s 4
°
ot
0.4
0.2
0 : : : . . \
0 0.1 0.2 0.3
mass of resin / g
19 c
5
‘E 1 Tween 20 (D)
<=
S 08
S
)
E 4
=
2
“ 0.6
L
2
=}
= J
o
=
0.4
0.2
3
0 ; : ; ; , \
0 0.1 0.2 0.3
mass of resin/ g
¢ - =
a .
Brij 35 (E)
T T T T 1
0.1 0.2 0.3

mass of resin / g

Fig. 3. The relative signal of 1 x 10-> mol L-* Cd(II) in the presence of 5 mg L-! Triton X-100 (A), Tween 80 (B),
Tween 60 (C), Tween 20 (D), Brij 35 (E) after mixing with different masses of resins: XAD-2 (a), XAD-16 (b), XAD-

7(c)



7 Physicochem. Probl. Miner. Process., 59(4), 2023, 170717

signal obtained in the absence of surfactants) as a function of the mass and type of resin introduced into
the voltammetric cell. As can be seen, the cadmium signal increases with increasing resin weight in the
cell, indicating that surfactant-induced interference is eliminated to a greater extent with increasing
resin weight. For all the non-ionic surfactants tested, the best results in interference elimination were
obtained using Amberlite XAD-7 resin, as in the presence of even 5 mg L of these surfactants the
introduction of 0.3 g of Amberlite XAD-7 resin into the solution completely eliminates interference and
the cadmium signal obtains its appropriate value. A slightly weaker efficiency in interference removal
was obtained for XAD-16 resin; the addition of 0.3 g of this resin ensures that the cadmium peak obtains
its correct magnitude in the presence of 5 mg L-! Brij 35, Tween 20, Tween 60 and Tween 80, while in
the case of Triton X-100 the cadmium peak is only reduced by 15%. The weakest performance in
interference removal was observed for XAD-2 resin since in the presence of 0.3 g of this resin, the correct
cadmium peak is obtained in the presence of 5 mg L Brij 35, Tween 20, whereas in the case of Tween
60, Tween 80 and Triton X-100 the cadmium peak is decreased by 10%, 20% and 50%, respectively.

3.2. Effect of cationic surfactants

As regards cationic surfactants, they are widely used in cosmetic chemistry products such as soaps, hair
conditioners, shampoos and other hair products. Due to the fact that they are effective antimicrobial
agents, cationic surfactants are also widely used as disinfectants and antiseptics as well as in germicidal
and disinfectant products. Owing to their positive charge, cationic surfactants strongly adsorb onto
negatively charged slurry, soil and sediment surfaces, which is also used in practice. Such widespread
use of cationic surfactants demonstrates that these substances should be present in many elements of
the environment [Rhein, 2007]. Well-known synthetic cationic surfactants such as cetyltrimethyl-
ammonium bromide (CTAB), cetyltrimethylammonium chloride (CTAC), dodecyltrimethylammonium
bromide (DTAB) and hexadecylpyridinium chloride (HPC) are one of these, and it is for this reason that
they were chosen to study the effect of cationic surfactants on the voltammetric signal of cadmium.

The effect of these cationic surfactants on the voltammetric signal of Cd(II) was investigated using a
standard procedure and the results are shown in Figure 4. The measurements were carried out without
adding resin to the solution. It could be seen that the cadmium signal disappears in the presence of
already 1 mg L' CTAB, 1.5 mg L' CTAC and 2 mg L' DTAB. For HPC, the cadmium signal decreases
to about 20% in its presence at a concentration of 2 mg L.
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Fig. 4. The relative signal of 1 x 10-5 mol L1 Cd(Il) in the presence of non-ionic surface active substances: CTAB
(a), CTAC (b), DTAB (c), HPC (d)
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3.2.1. Reduction of interferences from cationic surfactants

In order to reduce interference from the cationic surfactants, identically to the non-ionic ones, the
addition of Amberlite type resins, that is, XAD-2, XAD-7 and XAD-16, to the voltammetric cell was
used. A series of measurements were carried out using different masses of the resins (0.05, 0.1, 0.15, 0.2,
0.25 and 0.3 g) introduced into solutions containing 5 x 108 mol L* Cd(II), 0.1 mol L acetate buffer
pH=3, 1.5 x 104 mol L Bi(NOs); and 2 mg L of the surfactant CTAB, CTAC, DTAB or HPC. For each
of the surfactants introduced into the solution, a voltammetric measurement was carried out after 3 min
of stirring and it was observed how the cadmium signal changed. The results obtained are presented in
Figure 5A-D. It is clear that, as with the non-ionic surfactants, the cadmium peak increases with
increasing resin mass in the solution and for 0.3 g of resin (both XAD-2, XAD-7 and XAD-16) in the
presence of 2 mg L1 DTAB and HPC, the cadmium peak reaches the value as in the absence of
surfactants. This means that in this case the interference was completely eliminated by mixing the
sample with the resin. In the presence of 2 mg L-* CTAB and CTAC in the solution, the addition of 0.3 g
of XAD-7 resin also completely eliminates interferences and the cadmium peak reaches the correct
value. In the case of XAD-16 resin, the cadmium peaks are reduced by about 5% and 10% in the presence
of CTAC and CTAB, respectively. In the case of XAD-2 resin, on the other hand, the cadmium peaks are
smaller by about 25% and 40% in the presence of CTAC and CTAB, respectively. In summary, it can be
concluded that, as in the case of interference from the non-ionic substances, in the case of the cationic
surfactants the best interference removal is also achieved by mixing the sample with XAD-7 resin, it is
slightly weaker in the case of XAD-16 resin, while XAD-2 resin is the least effective in removing
interference from cationic surfactants.
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3.3. Effect of anionic surfactants

Sodium 1-dodecanesulfonate (DSS) and sodium dodecyl sulfate (SDS) were chosen to investigate the
effect of anionic surfactants on the voltamperometric cadmium signal. They were selected for this study
because they are well-established commercial anionic synthetic surfactants. They are commonly used
as an ingredient in household and personal care products, for example in liquid detergents and
concentrated shampoos, as well as in specialized applications such as textile and leather auxiliaries,
metal cleaning preparations, steam jets, and pickling bathes [Williams, 2007].

At the beginning, the impact of these anionic surface active substances on Cd(II) voltammetric signal
was studied using a standard procedure, as described in Section 2.3. The measurements were carried
out without adding resin to the solution. When investigating the effect of DSS and SDS on the
voltammetric cadmium signal, it was found that the presence of these surfactants in the analyzed
sample at concentrations up to 2 mg L did not affect the peak current of cadmium. Therefore, it was
assumed that the anionic surfactants did not cause interference and in this case it was not necessary to
add Amberlite resin to the solution.

4. Application

The ASV procedure for cadmium determination using the CNTs/SGC electrode modified with a
bismuth film as the working electrode and Amberlite XAD-7 to eliminate surfactant-induced
interference was carried out on environmental water samples. The real samples selected for testing were
further enriched with cationic, anionic and non-ionic surfactants. Studies on the recovery of cadmium
from real water samples were conducted using the standard addition method following prior addition
of specific concentrations of Cd(Il) to the samples. The recoveries obtained between 95.5 and 107%,
shown in Table 1, confirm the validity and correctness of the proposed procedure and the possibility of
determining Cd(Il) in real samples where anionic, cationic and non-ionic surfactants are present in high
concentrations.

Table. 1. Analysis of surfactant-enriched real samples. The samples were examined using the standard addition
method and were diluted five times

Sample added surfactant Cd(I) Cd(Ir) Recovery  RSD
added found (%) (n=3)
name concentration (mg L-1) (nmol L-1) (nmol L1) (%)
Lake Triton X-100 3 20.0 214 107 4.7
Zemborzyce CTAB 2 40.0 38.2 95.5 6.2
Ciemiega Tween 20 3 20.0 20.6 103 53
river water CTAC 2 40.0 41.1 103 4.8
Tap water Tween 60 3 20.0 19.3 96.5 3.7
DTAB 2 40.0 40.8 102 5.8
Rain water Tween 80 3 20.0 20.8 104 3.4
DSS 2 40.0 394 98.5 5.1

5. Conclusions

For the first time, the effect of a wide range of surfactants on the voltammetric cadmium signal was
investigated in great detail. All measurements were carried out using the ASV method with a
CNTs/SGC electrode modified with a bismuth film as the working electrode. This electrode was
selected from among the electrodes used in cadmium determination as one of the electrodes acceptable
in the laboratory environment, in contrast to the most commonly used mercury electrodes, at the same
time providing a wide range of linearity and a low detection limit for cadmium. The effects of the
selected synthetic surfactants were investigated in the range of their concentrations from 0.2 to 2 mg kg-
1, which corresponds to the action of surfactants present in real environmental samples. The anionic
surfactants were found to have no effect on the cadmium signal, while cationically charged surfactants
had the most interfering effect. In the case of the non-ionic and cationic surfactants causing a decrease
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in the cadmium peak, a procedure of mixing the analyzed samples with Amberlite resins, such as XAD-
2, XAD-7 and XAD-16, was used. It was shown that the best effect in removing interference was
demonstrated by XAD-7 resin, slightly weaker by XAD-16 resin, while XAD-2 resin exhibited the
weakest effect in removing interference. 0.3 g of resin added per 10 ml of solution was chosen as the
optimum mass of resin. When 0.3 g of XAD-7 resin was introduced into the analyzed solution, the
voltammetric cadmium signal was not affected in the presence of 5 mg L-! of the non-ionic surfactants
and 2 mg L1 of the cationic surfactants. Cadmium recoveries from surfactant-enriched environmental
water samples were investigated to confirm the validity of the proposed procedure and its practical use.
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