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A B S T R A C T

The evaluation of glassy carbon (GC) electrodes modified with a Nafion (Nf) film and doped with nanoalloys (Nys)
deposits of Ag–Hg and Ag–Bi and their application to determination of Cd (II) and Pb(II) in marine sediments, is
described. Deposited Ag–Hg and AgBi Nys have a size of approximately ~80 nm dispersed and embedded inside
the booths of the Nf net, while other of them remained on Nf net surface. For the AgBiNysNf-GC electrode, a
detection limit (DL), 3 s criterion, slightly higher than for the AgHgNysNf-GC modified electrode was obtained.
Accuracy of measurements was asserted by comparison with quantification of Cd and Pb in three sets of marine
sediments samples previously analyzed by inductively coupled plasma optical emission spectroscopy (ICP-OES).
The values of the standard deviation and the coefficients of variation are very low, and also comparable between
the different determinations.
1. Introduction

Sedimentation is defined as the process by which a solid material in
suspension and in motion is deposited. Characteristic examples of this
phenomenon occur when a solid material in suspension transported by a
stream of water is deposited at the bottom of a river, sea, ocean, artificial
channel, or a device specially built for this purpose [1]. Heavy metals
comprise a category of pollutants of great interest for the study of coastal
waters, due to their highly recognized toxic effects at different levels of
biological organization, as well as their rates of anthropogenic mobili-
zation towards the sea, which in some cases equal or exceed natural
mobilization [2]. The chemistry of heavy metals in aquatic environments
is a product of the equilibrium between various components; the most
important of all is water followed by aquatic sediments. Marine sedi-
ments are one of the main reservoirs of heavy metals, therefore consti-
tuting the secondary pollution source in the marine environment [3].
High concentrations of heavy metals present in surface sediments of
coastal areas, altered by anthropogenic activities, are closely related to
the particles' size and the amount of organic matter present in the sedi-
ment, changing the ecological and biogeochemical balance of the
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ecosystem [4]. In this sense, the determination of metals in marine sed-
iments is a good indicator of the origin of pollutants in the environment
and the impact that these can produce on marine biota [5]. Heavy metals
are easily transported to coastal areas, in suspended material, through
rivers as the primary means of transport [6]. Hence, coasts influenced by
rivers are one of the most sensitive ecosystems to be affected by heavy
metals, which, when in contact with the marine area, undergo processes
that allow their accumulation in sediments, whose bioavailability has a
direct action on the aquatic species that accumulate high concentrations
with chronic effects on their populations. In Ecuador, various ecosystems
are affected by the pressure of human activities, generating a great
environmental problem of contamination with heavy metals, especially
in coastal marine ecosystems. These ecosystems have great importance
for being generators of biomass of species of great nutritional value,
which tend to become contaminated by the sedimentation of pollutants;
that has biomass as its final destination. In particular, the Bajo Alto
commune, in the southern province of El Oro, Machala-Ecuador, is home
to about 450 families, most of whom live from fishing. The problem is
that this site, with great tourist potential, has the hydrographic influences
of the Jubones, Guayas and Pagua rivers, all three of great importance
y 2021
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due to their flow, extension of the basin and the agricultural and mining
activities that take place around them. Due to these anthropogenic ac-
tivities, there could be presence of heavy metals in the sediments of the
study area, which could cause environmental damage to the mangrove
ecosystem and to the inhabitants of the commune and fauna that inhabit
this place. Because of its persistence in the environment, toxicity and
ability to be incorporated into the food chain [1], heavy metals such as
cadmium (Cd) and lead (Pb) are considered serious pollutants of aquatic
ecosystems. They also cause serious damage at the cellular level, given
their ability to denature proteins and be assimilated by phytoplankton
and filtering organisms.

Many catastrophic events for human health have occurred due to Hg,
Cd and Pb poisoning resulting from seafood ingestion, which has
increased interest in monitoring heavy metals in the marine environ-
ment. The main thing to face this problem is understanding the physical,
chemical, and biological behavior of metals in marine systems and using
this knowledge to propose research programs when pollution problems
arise [7]. For this, sensitive, versatile and portable analytical methodol-
ogies and techniques are needed that are easy to use and access for the
personnel who measure the metal content in this type of sample.
Therefore, the main interest of the present research was the electro-
chemical determination by Anodic Stripping Voltammetry (ASV) of Cd
and Pb in marine sediment samples using vitreous carbon electrodes
mediated with Nafion films which contain Hg–Ag and Bi -Ag nanoalloy.
In most cases, Hg film based sensors are preferred due to their excellent
characteristics for stripping [8, 9, 10]; however, their toxicity makes
them unsuitable for designing this type of device [11]. Bi has been pro-
posed as a metal alternative to the Hg to produce friendlier electrodes.
Bi-modified electrodes, a more environmentally friendly element, have
been reported as an alternative material due to their electrochemical
attractiveness, characteristics that include reproducible stripping
behavior, wide linear range, and good signal/background ratio [12, 13].
On the other hand, Bi nanoparticles have proven to be highly sensitive
and reliable modifiers for detecting heavy metal traces when used in
conjunction with ASV. In the present work, we compare the use of the
AgHgNysNf-GC and AgBiNysNf-GC modified electrodes to determine Cd
and Pb in samples of superficial marine sediments of the Lower
Alto-Ecuador commune.

2. Experimental

2.1. Reagents

Nafion, 5 % (w/w), from Aldrich; BiNO3⋅5H2O (98 %), Cd(NO3)2
(99.5 %), Pb(NO3)2, 99.5 %, and H2O2, 6 % (w/w) from Merck; AgNO3
(99.8 %), HNO3 (65 %), CH3COOH (99.8 %) and ethanol (99.8 %), were
purchased from Riedel-de Ha€en; KOH (87.8 %) from J.T. Baker; NaOH
(98 %) from Eka Nobel; CH3COONa (98 %), dimethylformamide (DMF)
from Sigma and marine sediment reference material PACS-2 (National
Research Council of Canada). Solutions for the electrochemical experi-
ments were prepared using distilled/deionized, 18 MW cm�1, Millipore
water.

2.2. Instrumental

Princeton Applied Research, Galvanostat/Potenciostat (273A model)
controlled by the 270/250 Research Electrochemistry Software 4.23, a
reaction cell (15 mL) with one compartment and three electrodes. Elec-
trochemical impedance spectroscopy (EIS) measurements were carried
out using Bio-Logic SP200 Potentiostat interfaced to a computer system
with EC-Lab software V11.26.The modified electrodes were used as
working electrodes, Ag/AgCl electrodes as reference, and platinum wires
were the counter electrodes. Atomic absorption experiments were carried
out using inductively coupled plasma optical emission spectroscopy (ICP-
OES). Determinations were achieved by means of a PerkinElmer, model
Optima 2100DV, computer-controlled by the Win Lab 32, software 5.00.
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Scanning electron microscopy (SEM) was performed using a PHENOM
PROX tabletop scanning electron microscope, and for force microscopy
(AFM) analyses, A PARK SYSTEMS equipment (NX10) was used.

2.3. Preparation of modified electrodes

Previously reported procedure was followed [14a, 14b, 15]: GC
electrodes were firstly polished using number 2000 sandpaper and af-
terward using spreads of aluminium oxide powder, with decreasing
particle size 1.0 μm, 0.3 μm and 0.05 μm, on a billiard table cloth. After
polishing, the GC electrode was submerged in an ultrasonic bath con-
taining distilled/deionized water for 5 min to get rid of any aluminium
oxide particle loosely adhered to the GC. Five microliters of a 1 % Nf
solution were cast on the GC electrode, then 3 μL of pure DMF were
added. DMF was evaporated by heating at 30 �C with an air gun (elec-
trode rotation speed: 50 rpm); then, the modified electrode was sub-
merged, for 60 min, in aqueous solutions containing 85% Ag, 15% Hg or
85% Ag and 15% Bi. Afterward, the modified electrode was washed with
distilled/deionized water. Then the metallic ions trapped in the Nf net
were reduced by Coulombimetry in HNO3 aqueous solution containing 1
mol L�1 KNO3 and 0.1 mol L�1 at -1.2 V for 300 s.

2.4. Sample treatment

The research was carried out on the beach of Bajo Alto, which has an
extension of 20 km, belongs to the Tendales parish of the El Guabo
canton, 10 km from the cantonal head along the Barebones road. For this,
1 Kg of sediment was taken in triplicate at a depth of 3 m (17 M 0622165
9656403,1.94 Km South), being then stored in polyethylene bags with
airtight closure, previously washed with 1 % HNO3.The samples treat-
ment of the marine sediment from Comuna de Bajo Alto Oro province,
Ecuador and samples of standard reference material was carried out ac-
cording to what was reported by Ordo~nes et al. [16]. Briefly: 0.5000 g
(�0.0001 g) test sample was dissolved with 5 mL of HNO3:HF:HClO4
(3:3:1) solution using 800 W microwave power for 20 min; then the
resulting solutions were evaporated to a volume of 1 mL and finally
brought to 25 mL with 0.05 M HCl solution. Standard addition curves for
the quantification of Pb and Cd were used.

2.5. Determination of Cd (II) and Pb (II) by ASV

Pre-concentration step [14a, 14b]: 0.1 mol L�1, pH 4.5, acetate buffer
solution and Cd (II) and Pb (II) standard solutions were used, the reaction
cell was purged with Ar flow (20 mL min�1) during 5 min. With
continuous agitation -1.2 V potential for 100 s was applied. Differential
pulse voltammetry (DPV): scanning at 20 mV s�1 from -650 to -350 mV
was used for the re-dissolution step. After each concentration/stripping
cycle, the electrode was cleaned by application of a -200 V potential for
15 s.

2.6. Cd (II) and Pb (II) determination by ICP-OES

Analytical conditions [14b]: fuel Ar; nebulization flow 8 mL⋅min�1;
wavelength Cd 228,502 nm and Pb 217 nm; cleaning step: 15 s; cali-
bration mode standard. Linear dynamic range for both metals 10–120 μg
L�1. All measurements were triplicate.

3. Results and discussion

3.1. Modified electrode's characterization

We have reported [14b], that the responses of the AgHgNysNf-GC and
AgBiNysNf-GC modified electrodes agree with the response of conven-
tional Ag–Hg electrodes and Ag–Bi electrodes respectively, indicating
that both metals form amalgams with Ag on the surface of the modified
electrodes. SEM images of both characters (Figure 1a) show white spots



Figure 1. a) SEM micrographs of the Nf film covering the GC
electrode after reducing, 60 min, the metallic ions trapped in the Nf
film by Coulombimetry. Reproduced from Ref. 14b with permission
from the Royal Society of Chemistry, b) SEM micrographs of Nf film,
without the nanoalloys, covering the surface of the GC electrode, c)
AFM images of the AgBiNysNf film at the GC electrode. Reproduced
from Ref. 14b with permission from the Royal Society of Chemistry,
d) AFM images scan region 5 mm, showing the average thickness of
nanoalloy of the AgBi nanoparticle. Reproduced from Ref. 14b with
permission from the Royal Society of Chemistry, e) Elemental
analysis and results of mapping of the AgHgNysNf/GC modified
electrodes, f) Elemental analysis and results of mapping of the
AgBiNysNf/GC modified electrodes.
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(~80 nm), nanoalloy particles inside the Nf film net. Figure 1b, shows a
micrograph of the Nf film without metal nanoalloy, where the dark cir-
cles (~900–950 nm in diameter) were associated with empty spaces of Nf
net. On the other hand, AFM images (Figure 1c) showed, that the Nf film
rough surface has a value Ra of 140 nm and the average thickness of
nanoalloy is 25 nm and 14 nm for Ag–Bi and Ag–Hg, respectively,
Figure 1d [14]. Nf film's roughness modified with Ag–Hg nanoalloys is
higher than with Ag–Bi nanoalloys and the Ag–Hg nanoalloys are thinner
than the Ag–Bi, which we have associated with rearrangement of the Nf
film as a consequence of the presence of nanoalloys. Figures 1e-f sum-
marizes the elemental analysis of the modified electrodes, together with
the results of mapping, where the presence of the expected elements in
the composition of the modified electrodes is evidenced.

Electrochemical impedance spectra (EIS), from 0.1 Hz to 1� 10�5 Hz
and an applied sinusoidal perturbation of 10 mV, in the presence of
dissolved oxygen were recorded. Figure 2 shows impedance spectra at
-1.0 V (reduction of oxygen potential) for bare GC electrode, AgBiNysNf-
GC and AgHgNysNf-GC modified electrodes. At bare GC electrode (curve
a), the electron transfer resistance (Rct) at high frequency is smaller than
that of the modified electrodes. Nf immobilization at the GC (curve b)
produced a larger semicircle, which can be due to the limitations
imposed to charge transfer by the polymer coating [15, 17]. When the
bimetallic deposits were formed at the Nf/GC modified electrodes, this
has an interesting effect on the shape of the impedance plots and Rct
values (Figure 2 b-c). Higher impedance values were obtained at
AgHgNfNysNf-GC than at AgBiNysNf-GC electrode. The AgBiNysNf-GC
electrode has a lower Rct than the AgHgNfNysNf-GC. According to
Brett et al. [18], the structure of polymer-coated in HgNfNysNf composite
should be considered as we have corroborated [15]. The nanoparticles
mercury at the AgHgNfNysNf-GC modified electrode could be a collec-
tion of nano-droplets, closely spaced. The Nf film adheres to the GC
surface between the droplets, distorting the Nf film, which may explain
differences between the spectra for AgHgNfNysNf-GC electrode and
AgBiNfNysNf-GC electrode. The EIS spectra reveal that the bimetallic
particles in the Nf film activate the coating towards electrochemical
processes with resistance to electrons lower than that of the Nf/GC
electrode.
3.2. Modified electrodes optimization

3.2.1. Effect of Nf film thickness
Nf film thickness can be controlled by adding to the GC electrode a

given volume of solutions containing different Nf concentrations [14a].
We added fixed volumes of solutions containing Nf concentrations in the
Figure 2. Nyquist plots: (a) GC, (b) AgBiNysNf/GC, (c) AgHgNysNf/GC and (d)
Nf/GC. Frequency range from 0.1 Hz to 1 � 105 Hz, potential of -1.0 V, acetate
buffer (pH 4.5) solution in the presence of dissolved oxygen.
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range 0.5–2.5 % (w/v). Film thickness INa, can be calculated by the for-
mula INa ¼ mNa/πR2dNa; where mNa is the mass of Nf deposited on the
electrode; dNA is the density of the Nf film (1.58 g cm�3) and R is the
radius of the glassy carbon electrode (1.5 mm). With the addition of 5 μL
of solutions containing 0.5, 1.0 and 2.5, % w/v Nf and a volume of DMF
of 3 μL, films with the following thickness 2.24, 4.47 and 11.19 μm, were
obtained, respectively. Nf films 2.24 μm thick and 11.19 μm gave origin
to modified electrodes with impaired performance. This can be under-
stood considering that very thin Nf films, besides being very fragile, do
not provide enough space for suitable nanoparticle accommodation, and
thick Nf films tend to crack due to contraction forces in the polymer.
Electrodes covered with the 4.47 μm thick Nf film were stable and
resistant. Experiments also showed that in an electrode with a very thin
Nf film (Figure 3A-a and B-a), the stripping potential for Pb is displaced
100 mV towards the more negative values with respect to the values
obtained with electrodes covered with 4.47 μm thick films (Figure 3A-b
and B-b). For the case of thick films (Figure 3A-c and 3B-c), signals were
broader than with the other films, with a higher probability of over-
lapping with signals of possible interfering ions (i.e., Cd, Cu, Fe, etc.).
This fact suggests that the film has become an active and separate entity
that interacts with the analytes. These results could be associated with
the higher current flow resistance offered by, the thicker Nf films than the
thinner ones. This shows that Nf films actively interact with the analytes
through their capacity to retain the analyte on the electrode surface. The
most symmetrical stripping signals were obtained with electrodes
covered with 4.47 μm thick Nf films.

3.2.2. Analyte pre-concentration potential and pre-concentration time
Effect of the pre-concentration potential for simultaneous stripping of

Cd and Pb was studied in a potential range -0.8 V to -1.3 V, selected
taking into consideration that effective metal pre-concentration is ach-
ieved applying potentials at least 0.3–0.5 V above the reduction poten-
tials of the metal. Given the results reported by Valera et al. [14a, 14b],
-1.2 V was chosen as the stripping potential for pre-concentration of
metals.

The amount of Cd and Pb preconcentrated was found at the
AgHgNysNf-GC and at the AgBiNysNf-GC electrodes as a function of time
by applying a potential of -1.2 V to a 50 μg L�1 Cd (II) þ Pb (II) solution.
Accumulation was estimated by measuring the stripping charge (μC) for
each metal (Figure 4). Increased amounts of each analyte at the modified
electrode surface was found from 20 to 200 s. Saturation of the electrodes
surface after 200 s was found. A time of 100 s, as pre-concentration time
for all measurements were selected. At 100 s, the modified electrodes'
sensitivity is similar or better than that reported in the literature with
other electrodes after 150 s accumulation times [19, 20, 21, 22, 23, 24,
25, 26, 27], which means that the new electrodes are could save analysis
time.

3.2.3. Interferences effects
In this work, the modified electrodes' selectivity was estimated by

adding excesses of various possible interfering metal ions. Figure 5
shows, the DPASV peak current comparison of Cd (II) and Pb (II) in the
absence (I0) and presence (I) of interfering metal ions. We considered
that a decrease of up to 10 % of the relative response in the interferer's
presence can be considered acceptable. Co (II), Cr (III), Cr (VI), Fe (II) and
Ni (II) ions did not significantly affect the (I0/I) ratio. The most accen-
tuated interference was provided by Fe (III) and Cu (II) ions, result that
we have associated to surface oxide formation, formation of intermetallic
compounds, or competition toward active sites on the electrode surface
[28, 29].

3.3. Analytical figures of merit

Figure 6 depicts the voltammograms (a and b) and the calibration
curves (c and d), for simultaneous stripping of Cd and Pb at the
AgBiNysNf-GC and AgHgNysNf-GC modified electrodes. Unlike previous



Figure 3. Displacement of the Pb signal at modified electrodes AgHgNys-Nf/GC (A) and AgBiNys-Nf/GC (B), covered with 4.47 μm thick films (A-b and B-b), towards
more negative potentials going from a thicker film of 11.19 μm (A-c and B-c) to a thinner one (A-a and B-a) of 2.24 μm.

Figure 4. Charge versus analyte preconcentration time. Determination of 50
μg⋅L�1 Pb(II) by ASV.
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works, we found [14], that nanoalloys of a size of 80 nm at
AgBiNysNf-GC electrode the LDs calculated (3s criterion) were 0.60 μg
L�1 for Cd (II) and 0.36 μg L�1 for Pb (II), n ¼ 8, and at AgHgNysNf-GC
were 0.09 μg L�1 for Cd (II) and 0.19 μg L�1 for Pb (II). Both analytes
respond to quite different potentials at this electrode. The surface satu-
ration process for both electrodes is very similar since the linear range
obtained is the same for both electrodes. At AgHgNysNf-GC the sensi-
tivity for Pb was higher than for Cd. According to the results obtained by
Figure 5. Effect of interfering ions (200 μg⋅L�1 each interfering metal) in
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AFM, the presence of alloyed AgHg nanoparticles increased the rough-
ness of the AgHgNf-GC modified electrode (Figure 1c-d). This could
result in a higher stripping response and generated a lower limit of
detection.

Precision measurements of these modified electrodes were reported
in previous works [14, 15]. The relative standard deviation (RSD) values
of the twenty consecutive determinations of each metal indicated very
good precision values range from 1 to 4 [30], meaning that the electrodes
are mechanically very resistant and the surface modifying Nf film is
strongly adhered to the GC electrode. This allows the operation of these
electrodes to be very reproducible. At least 20 consecutive de-
terminations can be performed with a single electrode.

Amounts of Cd and Pb of the PACS-2 reference material measured
from three different digestions and in turn three replicates of each so-
lution (mean � standard deviation) were 1.984 � 2.5 mg kg�1 Cd and
178.04 � 1.8 mg kg�1 Pb, results that are in good agreement with the
certified values 2.11 � 0.15 mg kg�1 and 183 � 8 for Cd and Pb,
respectively. The Student's t-test showed that at 95 % confidence, there
are no significant differences between the concentration reported for the
reference material and that found using themodified electrodes proposed
in this article.

Table 1 shows the comparison between AgHgNysNf-Gc and
AgbiNysNf-GC electrodes and other electrodes reported in the literature.
It can be seen that our results are consistent with other reports, indicating
that the electrodes coating can be used to sense Cd and Pb
simultaneously.
3.4. Determination of Cd and Pb in marine sediments samples

Following our main objective, the modified electrodes were applied
for the determination of Cd and Pb in surface marine sediments samples
the Pb (a) and Cd (b) determination (50 μg⋅mL�1 in solution). n ¼ 6.



Figure 6. Anodic stripping voltammograms and the calibration curves of Pb(II) and Cd(II) at concentrations between 10-120 μg L�1 at: a, c) AgHgNys-Nf/GC and b, d)
AgBiNys-Nf/GC. Reproduced from Ref. 14a with permission from NovaSinergia.

Table 1. Comparison of performance of the modified electrodes with other electrodes reported in the literature.

Modified Electrode Pb detection limit (μg L�1) Cd detection limit (μg L�1) References

AgHgNysNf-GC 0.19 0.09 This work

AgBiNysNf-GC 0.36 0.60 This work

GR/L-cys/Bi/SPE 0.56 0.98 [31]

GQDs–NF/Gc 8.49 11.30 [20]

GSH/AuNPs/NH2-rGO 0.38 0.09 [21]

Hg–Bi/PDAAQ/GC 3.19 � 10�4 0.11 [32]

Nafion-Bismuth/Nitrogen/NMC/GC 0.05 1.5 [27]

FeNi3/CuS/BiOCl/CPE 0.1 0.4 [33]

Table 2. R % in the ASV simultaneous determination of Cd and Pb in marine sediments samples. Concentration metal added 50 μg L�1.

AgBiNysNf-GC electrode AgHgNysNf-GC electrode

Metal Metal found (μg L�1) Metal detected (μg L�1) R% Metal found (μg L�1) Metal detected (μg L�1) R%

Cd(II) 59.89 � 2.12 11.73 � 2.77 96.32 62.05 � 3.43 10.79 � 2.66 102.52

Pb(II) 69.39 � 2.04 19.02 � 2.15 100.74 72.13 � 1.91 19.48 � 2.92 105.03

Table 3. Comparison of Pb(II) and Cd(II) concentration values found in marine sediments samples by ASV using the AgHgNysNf-GC electrode with values found by ICP-
OES.

Metal Found by ASV (mg L�1) Found by ICP (mg L�1) Relative error, (%)

Pb(II) 19.48 � 2.92 20.47 � 0.025 -3.32 � 0.06

Cd(II) 10.79 � 2.66 11.38 � 0.099 -5.18 � 0.04

Table 4. Comparison of Pb(II) and Cd(II) concentration values found in sediments samples by ASV using the AgBiNysNf-GC electrode with values found by ICP-OES.

Metal Found by ASV (mg L�1) Found by ICP (mg L�1) Relative error, (%)

Pb(II) 19.02 � 2.17 18.65 � 0.022 1.98 � 0.07

Cd(II) 11.73 � 2.77 11.17 � 0.053 5.02 � 0.01

D. Valera et al. Heliyon 7 (2021) e07120
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collected from Comuna de Bajo Alto, El Oro province, Ecuador. Samples
were doped with 50 μg L�1 of both, Cd (II) and Pb (II), and analyzed
following the analytical protocol described in section 2.5. ASV method-
ology accuracy was checked by calculation of percentages of recovery (R
%) of the two analytes, expressed as relative error, R (Table 2), and by
comparison of ASV results with those obtained by inductively coupled
plasma optical emission spectroscopy (ICP-OES) (Tables 3 and 4), section
2.6.

Table 2 shows that for both modified electrode, determination of Pb
can be achieved with R % within 96–105 % and that the sample matrice
do not represent a limitation in the simultaneous quantification of Pb and
Cd.

Using the AgHgNysNf-GC electrode (Table 3), the relative error per-
centages obtained by comparison between both methodologies, ICP-OES
and ASV, range between around -5% for the determination of Cd, and
about -3% for the determination of Pb. These results say that both
methodologies are appropriate for the simultaneous determination of Cd
or Pb in marine sediments samples with acceptable accuracy. Similar
results were obtained at the AgBiNysNf-GC modified electrode (Table 4).
Regarding precision at both electrodes, expressed as relative standard
deviation, RSD, it is clear that ICP-OES measurements are more repro-
ducible than the ASV ones. The high temperatures in the core of the Ar
plasma and the relatively large way the sample travels before reaching
the observation zone guarantee that practically all the sample matrix is
destroyed, freeing the measurements from most matrix effects. This is
one reason why the ICP-OES technique has been taken as a reference for
heavy element determination in complex matrix samples. Compared to
the ASV ones, higher reproducibility of the ICP results was expected in
accordance with the mentioned characteristics advantages of this tech-
nique. All the values obtained by ASV at AgHgNpNf-GC electrode are
below those of ICP-OES; this implies that we always have errors by
default which we can associate with the matrix effect at AgHgNysNf-GC
electrode. However, on the electrode, this effect seems to have less
influence.

4. Conclusion

Results show that the new electrodes could be useful for Pb and Cd
determination in marine sediments samples with acceptable accuracy
and precision. The ASV technique with the new electrodes again offers a
faster, lower cost, more mobile, and easier to operate alternative. We
consider the AgHgNysNf/GC electrode to be a good alternative. Although
it still contains Hg, the amount of mercury is infinitesimally lower than
that in a massive Hg electrode, so the electrode can be considered
friendly to people and the environment. The alloyed combination in the
bimetallic modified electrodes, taken as a unique entity, shows analytical
characteristics not shown by any of the metals on their own. This is a very
interesting area of research within electrochemistry that could deal with
the nanoalloys' optical, catalytic and magnetic properties.
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