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APRESENTAÇÃO

O E-book: “Química: Discutindo a Vida Moderna e o Meio Ambiente” em seu volume 
I é composto por dezoito trabalhos científicos em forma de capítulos que buscam apresentar 
e promover a discussão em relação à busca por alternativas e soluções que visem ampliar 
o aproveitamento de matéria-prima de origem vegetal que são tratados como resíduos e 
até passivos ambientais. Neste sentido, a incorporação de materiais lignocelulósicos (rico 
em fibras, vitaminas e outros nutrientes) como matéria-prima na composição de outros 
alimentos vem sendo cada vez mais investigado e aplicado tanto na nutrição animal quanto 
na humana. Além disso, a biomassa vegetal vem sendo estudada para: (i) produção de 
materiais e utensílios com propriedades semelhantes às encontradas em matérias-primas 
virgens provenientes de fontes não renováveis e que causam grandes impactos ao ambiente 
tanto em sua extração quanto no descarte após sua utilização; (ii) produção de combustíveis 
oriundos de fontes renováveis e que causam menor impacto ao meio ambiente; (iii) materiais 
com alta capacidade de remoção de poluentes presentes em diferentes matrizes aquosas e 
com enorme potencial para serem utilizados tanto em substituição quanto na complementação 
de etapas convencionais de tratamento de água e esgoto.

Neste contexto a busca por novos materiais; tecnologias que proporcionam maior 
rapidez, menor consomem de reagentes, reaproveitamento de materiais, solventes menos 
tóxicos e produzidos a partir de fontes renováveis vêm ganhando cada vez mais espaço e 
se constituindo na chamada Química Verde.

No entanto, apesar de todos os esforços que vem sendo feitos nos diferentes 
setores da industria, pesquisa e tecnologia na busca por processos ecologicamente mais 
corretos e sustentáveis, o estilo de vida da população fundamentado no consumo além da 
necessidade vem ocasionando inúmeros impactos ambientais tanto a biota aquática quanto 
aos diferentes ecossistemas do planeta Terra, tendo nos recursos hídricos o principal meio 
de propagação de substâncias provenientes de inúmeras fontes, em especial pelo sistema 
de saneamento básico e pela aplicação de pesticidas nas atividades agropecuárias.

Neste contexto, inúmeras técnicas de detecção e quantificação em escala traço (ng 
a µg L-1) vem se destacando pela miniaturização ou capacidade de detectar e quantificar 
inúmeras classes de compostos (resíduos de fármacos, pesticidas, drogas ilícitas, hormônios, 
dentre outros) que se constituem em uma classe de substâncias na qual não se conhece os 
possíveis efeitos deletérios a médio e longo prazo para a saúde humana e do ambiente.

Com o intuito de colaborar tanto na divulgação quanto na disseminação de 
novos conhecimentos, a Atena Editora organiza e publica trabalhos de alta relevância, 
disponibilizando de forma gratuita em diferentes plataformas de busca e pesquisa. 

Cleiseano Emanuel da Silva Paniagua
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ABSTRACT: This work describes methodologies 
for detection of metals Cu2+, Fe2+ and Zn2+ that 
went electroanalytical measured by using anodic 
stripping voltammetric technique coupled with 
square wave voltammetry (ASV/SWV). Having 
been boron doped diamond (BDD) as the working 
electrode. The methodology developed for the 
detection of the metals has been produced 
through a voltammetric study parameters which 

were optimized to obtain low values   for the Limits 
of Detection (LD). With this purpose the main 
parameters found were: potential deposition 
(Edp): -0.2 V for Cu2+, -1.8 V for Zn2+ and 0.2 V 
for Fe2+. These potentials were scheduled for 
a deposition time of 180 s. Frequency values 
were: 60 Hz; 70 Hz and 70Hz for Cu2+, Zn2+ and 
Fe2+, respectively. After parameters optimization, 
calibration curves were constructed for each 
metal and LD was calculated which resulted in 
0.005; 0.16 and 0.12 ppm for Cu2+, Fe2+ and Zn2+, 
respectively. The methodology was applied in 
water samples taken from three different points of 
the Amazon Basin called “Igarapé do Quarenta” 
located in the industrial district of Manaus-AM. 
The analysis showed good repeatability and low 
error when validated from the results obtained by 
atomic absorption spectroscopy (AAS). 
KEYWORDS: BDD, Electroanalitycal, Metals 
Detection, Water Treatment, Amazon Basin.

DETECÇÃO ELETROANALÍTICA DE 
CU2+, FE2+ E ZN2+ COM ELETRODO DE 
DIAMANTE DOPADO COM BORO NA 

BACIA AMAZÔNICA
RESUMO: Este trabalho descreve metodologias 
eletroanalíticas para a detecção de metais Cu2+, 
Fe2+ e Zn2+ utilizando a técnica da voltametria de 
redissolução anódica acoplada com voltametria 
de onda quadrada (VRA/VOQ). Tendo o 
diamante dopado com boro (DDB) como o 
eletrodo de trabalho. A metodologia desenvolvida 
para a detecção dos metais foi desenvolvida por 
meio do estudo dos parâmetros das técnicas 
voltamétricas, os quais foram otimizados para 
obtenção de baixos valores para os Limites de 

http://lattes.cnpq.br/3273084621532688
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Detecção (LD). Com este fim, os principais parâmetros encontrados foram: Potencial de 
deposição (Edp): -0,2 V para Cu2+, -1,8 V para Zn2+ e 0,2 V para Fe2+. Esses potenciais foram 
utilizados com um tempo de depoimento de 180 s. Os valores de frequência foram: 60 Hz; 
70 Hz e 70Hz para Cu2+, Zn2+ e Fe2+, respectivamente. Após a otimização dos parâmetros, 
foram construídas curvas de calibração para cada metal e calculado o LD que resultou em 
0,005; 0,16 e 0,12 ppm para Cu2+, Zn2+ e Fe2+, respectivamente. A metodologia foi aplicada 
em amostras de água colhidas de três pontos diferentes do Igarapé do Quarenta localizado na 
Bacia Amazônica, no distrito industrial de Manaus-AM. A análise mostrou boa repetibilidade e 
baixo erro quando validada a partir dos resultados obtidos pela espectroscopia de absorção 
atômica (EAA).
PALAVRAS-CHAVE: DDB, Eletroanalítica, Detecção de Metais, Tratamento de Águas, Bacia 
Amazônica.

1 |  INTRODUCTION
Electroanalytical Techniques has been widely used in many knowledge areas as 

biological (PUNDIR & ZHANG, 2016; THAPLIYAL, et al., 2015; LU, et al., 2018), environmental 
(CAROLIN, et al., 2017; LE, BECHELANY & CRETIN, 2017), food (MALEKZAD, et al., 
2017; ISAAC, et al., 2006), and inorganics (KEMPAHANUMAKKAGARI, et al., 2017; 
BERCHMANS, et al., 2012). The interest in electroanalysis arises by the fact such a 
technique provides exceptionally low detection limits. A significant feature is related to the 
fact of electroanalytical techniques establish direct relationships between the concentration 
of the analyte and any electrical property as: current, potential, conductivity, resistance, or 
charge.

For detecting metals, the Anodic Stripping Voltammetry (ASV) has stood out among 
the other voltammetric techniques because it includes a preconcentration step consisting 
of the deposition of the analyte on the surface of the electrode when subjected to a specific 
deposition potential. After the deposition, the electrochemical system is placed at rest and 
then the analyte is quantified through the obtained current in the metal stripping for the 
solution.

Some researchers have already performed works using the ASV. (ARMSTRONG, et 
al., 2010) conducted individual and simultaneous determination of lead, cadmium and zinc 
using the ASV. The limits of detection were 93, 54 and 396 ng.L-1 for Pb2+, Cd2+ and Zn2+ 
respectively.

Copper analyses were performed by (NDLOV et al., 2012). The analysis involved 
a -500 mV deposition step under agitation followed by ASV coupled with Square Wave 
Voltammetry (ASV/SWV). After the optimization of electrochemical parameters the obtained 
detection limit was 94 µg.L-1.

(TRINDADE, et. al., 2012) employed ASV to determine simultaneously Zn2+, Pb2+ e 
Cd2+ on gasoline. The limits of detection were 0.24 µg.L-1 for zinc, 8.58 µg.L-1 for cadmium 



 
Química: Debate entre a Vida Moderna e o Meio Ambiente Capítulo 15 169

and 0.13 µg.L-1 for lead. A voltammetric study with ASV/SWV for detection of zinc was 
carried out by (LANGELOTH, et.al, 2010) where they obtained 5 ppb detection limits (LD).

(ASHRAFI & VYTRAS, 2012) have developed two new procedures to determine 
Cu2+ using ASV. In the first procedure was used a -1.2 V potential deposition during 120 s 
with 25 Hz frequency. It was obtained for this a method a detection limit of 1.45 ppb. In the 
second procedure, pyrocatechol was used as a chelating agent, being the same previous 
parameters used for ASV. The LD was 1.10 ppb. Both processes were verified in river water 
sample and gave comparable results to the Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS).

It is notorious the relevance and effectiveness of the ASV for quantification of multiple 
analytes in different ways, however, consider only such factors, it is not enough to perform 
this procedure, you must take into consideration the used working electrode. 

Boron doped diamond (BDD) electrodes has been featured in several research 
(VASCONCELOS, et al., 2016; GARCÍA-MONTOYA, et al. 2015; CHATTERJEE, et al. 2014;  
ZANIN, et al., 2014; ANDRADE, et al. 2014; Hopper, at al., 2014) due to advantages such 
as high corrosion resistance, wide working potential window, high chemical inertness, low 
dissolved oxygen sensitivity, residual current small and stable, reproducible electrochemical 
activity, and high electrical conductivity (YU, et. al, 2013). Among the existing working 
electrodes, the BDD is the less used for metal detecting with ASV technique what will be the 
subject of study in this paper.

2 |  EXPERIMENTAL PROCEDURE

2.1 BDD Electrode
The working electrode used in this work was formed by a microcrystalline BDD film 

growth on a plate-shaped titanium (Ti) substrate by Hot Filament Chemical Vapor Deposition 
(HFCVD) technique. The experimental conditions used for the BDD film deposition on such 
substrate were: substrate temperature (measured by a thermocouple inside the substrate) 
was 650 °C, total pressure inside the reactor chamber of the 40 Torr and deposition time 
of 10 h. BDD films were obtained from a 1.0 vol. % H2/CH4 mixture and boron was added 
from an additional H2 source forced to pass through a bubbler containing B2O3 (30000 ppm) 
dissolved in CH3OH. For all experiments H2 and B2O3/CH3OH/H2 flows were controlled to 
obtain the desired B/C ratio in CH3OH.

2.2 Electrochemical Measurements
The electrochemical measurements were carried out using a three-electrode 

electrochemical cell being the Ag/AgCl (3.0 mol.L-1 KCl solutions) the reference electrode, 
a network of Platinum semi-circular was used as counter electrode and BDD as the 
working electrode. Before each measurement, the solutions were previously deoxygenated 
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with gaseous N2 for at least 180 s. The experiment was carried at room temperature. All 
measurements were performed in an AUTOLAB model PGSTAT 302N controlled by the 
NOVA software.

To find the better electroanalytical methodology for Cu2+, Fe2+ and Zn2+ metal detection 
on BDD surface, the experimental parameters of the ASV/SWV technique were studied. It is 
understood as ASV/SWV parameters variables (deposition potential, frequency, amplitude 
among others) that possibly will influence the current signal obtained during such tests. With 
this purpose each ASV/SWV parameter was varied taking as selection criterion of results 
the voltammetric profiles and current intensities of the peaks. 

This study was performed using 1 mol.L-1 KCl solution as supporting electrolyte. This 
supporting electrolyte was chosen since it performed the more intensity current against 1 
mol.L-1 CH3COOH; H2SO4 and H3PO4 solutions (result not shown) for the detection of the 
metals studied in this work. All solutions used were prepared with analytical grade reagents. 
Before each experiment the BDD electrode was electrochemically cleaned in 0.5 mol.L-1 
H2SO4 solution by Cyclic Voltammetry (CV). The CV scanning potentials were scanned from 
-2 V up to 2 V for 30 minutes in a scan rate of 100 mV.s-1.

After this study, the better ASV/SWV parameters were used to produce analytical 
curves (by the standard addition method) of Cu2+, Fe2+ and Zn2+ metal ions to apply the 
electroanalytical methodology for detection of these metal ions in real samples.

2.3 Water Sampling and Analysis 
Fresh water samples were collected at three different points of the “Igarapé do 

Quarenta”, at the Amazon Basin, with the following Cartesian Coordinates: Point 1: 
3°06’58.92’’S and 59°58’29.91’’O; Point 2: 3°07’09.23’’S and 59°58’43.18’’O; Point 3: 
3°07’00.58’’S and 59°58’27.87’’O. Such samples were collected in previously clean, sterile 
plastic bottles with 10% HNO3 solution and stored in the refrigerator for a maximum of seven 
days.

 After sampling the Cu2+, Fe2+ and Zn2+ metal ions concentrations were 
electrochemically determined by the optimized electroanalytical methodology. The results 
obtained for the real samples with the ASV/SWV method, have been validated by Atomic 
Absorption Spectroscopy (AAS) in a Perkin Elmer equipment model SIMAA 6000. Before the 
AAS analyse the samples were treated by acid digestion process. For such procedure, 5 mL 
of concentrated and distilled HNO3 were inserted into 45 mL of water samples individually. 
Subsequently the samples were placed in the microwave oven MARS model SW846-3015 
for 1 h.

The results obtained for metals ions concentrations by AAS and ASV/SWV 
methodologies were compared and analysed statistically from the respective means and 
standard deviations.
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3 |  RESULTS AND DISCUSSION

3.1 Study of the Electroanalytical Parameters of the ASV/SWV
The effect of deposition potential applied during ASV/SWV analysis for Cu2+, Fe2+ 

and Zn2+ metal ions was studied. For each metal ion the appropriated range of deposition 
potential were analysed. All measurements were carried out in standard 1 mmol.L-1 metal 
solution in 1 mol.L-1 KCl as the supporting electrolyte. The deposition time used was 180 s. 
Results are presented in Fig. 1.

Figure 1:  Relationship between deposition potential and peak current obtained in standard 1 
mmol.L-1 metals ions solution in KCl 1 mol.L-1 for Cu2+ (A), Fe2+ (B) and Zn2+ (C).
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From the analysis of the voltammograms in Fig. 1A, the best voltammetric profile and 
current signal for Cu2+ was obtained with deposition potential of -0.2 V, which shows that 
the analyte reduces to a greater extent in this potential. (ASHRAFI & VYTRAS, 2012) has 
developed a new procedure for the determination of copper in water by ASV/SWV using 
carbon paste electrode coated with an antimony film. In that work they found deposition 
potential of -0.5 V, which is close from the values found in our work.

Figure 1B shows the study of deposition potential for Fe2+ that was carried out by 
varying this potential in the range of -0.2 up to 0.2 V in 1 mmol.L-1 Fe2+ solution in  1 mol.L-1 

KCl. The better voltammetric profile was observed in -0.1 V, where it was registered the 
highest intensity of current.

The study of the deposition potential for Zn2+ was conducted varying the deposition 
potential in the range of -1.8 up to -1.0 V in 1 mmol.L-1 Zn2+ standard solution in 1 mol.L-1 KCl. 
The analysis in Fig. 1C allows inferring that the potential of deposition -1.8 V has the best 
current and best voltammetric profile. (LANGELOTH, et.al, 2010) used BDD to determine 
zinc by ASV/SWV in ammonia buffer solution. The authors used Edep = -1.4 V. Therefore, 
to the same analyte deposition potential can vary according to the used electrode or array, 
however, these values are approximate. It is clear at this point the electrode material 
influence on the electroanalytical parameters. This justifies the study on BDD electrode 
parameters.

The effect of the frequency was studied for each metal, in the range of 8 up to 100 
Hz. The deposition potential used were: Edep (Cu) = -0.2 V, Edep (Zn) = -1.8 V and Edep (Fe) = 
-0.1 V. The results obtained are shown in Fig. 2.
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Figure 2: Relationship between frequency and the peak current obtained in standard 1 mmol.L-1 
metals ions solution in in KCl 1 mol.L-1 for Cu2+ (A), Fe2+ (B) and Zn2+ (C).

 
As can be seen in Figure 2A, the voltammograms obtained by ASV/SWV for Cu2+ 

as a function of frequency variation demonstrate that with the increase in the value of the 
frequency, there is a proportional increase in peak current and the potential displacement 
to less negative peak. However, frequencies above 90 Hz did not significantly influence the 
signal strength. 

The increased frequency is associated with potential sweeps occurring at higher 
speeds, this fact can be harmful for analysis, because the peak displacement can undermine 
the selectivity of the method. Similar fact was noted by (YAMADA, et al., 2008) during a 
voltammetric study of inorganic species of As3+ and As5+ where scan speeds affected the 
species stripping. The author noted that the arsenic deposited on the electrode surface was 
not completely oxidized causing distortion in the form of peak current. 

From the aforementioned considerations 60 Hz it was chosen as working frequency 
for analysis of Cu2+ ions as frequencies above this value provides the offset of the current 
peaks to less negative potentials. The same considerations were considering choosing the 
ideal frequencies for Fe2+ and Zn2+ metal ions (Fig. 2B and 2C, respectively) detection. The 
ideal frequency 70 Hz was found for both metal ions. Values above this have not shown 
significant power increases.
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Figure 3: Dependence of the peak current with the amplitude for Cu2+ (A), Fe2+ (B) and Zn2+ (C) 1 
mmol.L-1 in KCl 1 mol.L -1 solutions.

The last parameter to be optimized has been the amplitude, which was varied in the 
range of 10 up to 100 mV. The potential of deposition used were: Edep (Cu2+) = -0.2 V, Edep 
(Fe2+) = -0.1 V and Edep (Zn2+) = -1.8 V. The time of deposition was 180s, teq = 60 s, f (Cu2+) 
= 60 Hz and f (Fe2+ and Zn2+) = 70 Hz.

In Figure 3 is shown the square wave voltammograms of 1 mmol.L-1 solutions of Cu2+ 

(Fig. 3A), Fe2+ (Fig. 3B) and Zn2+ (Fig. 3C), respectively for different values of amplitude. 
It is observed that amplitude increase provides the linear increase in peak current. It was 
selected to use 70, 80 and 90 mV for (Cu2+), (Fe2+) and (Zn2+) respectively in the subsequent 
experiments.

The set of the best parameters resulted in electroanalysis methodology used for the 
construction of analytical curves as well as the detection of metals (Cu2+, Fe2+ and Zn2+) in 
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real samples. Table 1 summarizes the voltammetric parameters used in the methodology 
developed.

Electroanalytical Parameters Cu2+ Fe2+ Zn2+

Deposition Potential (Edep) (V) -0.2 0.2 -1.8

Deposition Time (tdep) (s) 180 180 180

Equilibrium Time (teq) (s) 60 60 60
Frequency (f) (Hz) 60 70 70
Amplitude (a) (mV) 70 90 80

Table 1: parameters of the ASV/SWV used for detection of Cu2+, Fe2+ and Zn2+ ions in the water 
samples of the “Igarapé do Quarenta” of the Amazon Basin.

3.2 Analytical curves and detections of Cu2+, Fe2+ and Zn2+ in real samples by 
AAS and ASV/SWV

After collection, samples of water were subjected to analysis of Cu2+, Fe2+ and Zn2+ by 
AAS with graphite furnace. Previously, the samples underwent acid digestion and filtration 
process. The results obtained by AAS are given in Table 2.

Sample [Cu2+] (ppm) [Fe2+] (ppm) [Zn2+] (ppm)
Point 1 4.75 ±  0.15 1.16±  0.01 0.78 ±  0.02
Point 2 4.77 ±  0.02 0.62 ±  0.01 0.71 ±  0.01
Point 3 3.13 ±  0.02 1.62 ±  0.02 0.74 ±  0.01

Table 2: Results of analysis of samples of water from the “Igarapé do Quarenta” by Atomic 
Absorption Spectroscopy.

After the obtainment of the best electroanalytical parameters, analytical curves of 
each metal (Figure 4 insets) were built, by the method of standard addition by adding aliquots 
of 100 µL of the solution of metal 1 mmol.L-1 in 50 mL of 1 mol.L-1 KCl solution. Figure 4 
inserts (A: for Cu2+, B: for Fe2+ and C: for Zn2+) shows that the peak current has increased 
proportionately with the increase in concentrations of each metal. By these analytic curves 
and considering the equations (1) and (2), the limits of detection (LD) and quantification 
(LQ) were calculated.

LD = 3Sb/B (1)                                            LQ = 10Sb/B (2)

The LD and LQ values obtained for Cu2+ in the concentration range studied were 
0.005 ppm and 0.017 ppm respectively. (ASHRAFI & VYTRAS, 2012) obtained a limit of 
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detection for Cu2+ of 0.001 ppm also using ASV/SWV but used a carbon paste electrode 
coated with film of antimony. (NDLOV et al., 2012) performed copper analysis by ASV/SWV 
and found detection limit 0.094 ppm using exfoliated graphite electrode modified with cobalt 
oxide. There is no works in the literature on the detection of Cu2+ in water using DDB by 
ASV/SWV. The Brazilian National Council of the Environment (CONAMA) states that the 
limit of acceptable Cu2+ in drinking water is 0.009 ppm.

Lines for the analytical curves of Fe2+ and Zn2+ are shown in Figures 4 B and 4C inserts, 
respectively. The LD and LQ found for Fe2+ were 0.16 ppm and 0.53 ppm, respectively and for 
Zn2+ 0.12 ppm and 0.4 ppm respectively. CONAMA’s requirement establishes the threshold 
for these metal ions of 0.3 ppm for Fe2+ and 0.18 ppm for Zn2+ in water. Therefore, the LD 
and LQ in the methodology developed covers satisfactorily the requirements of CONAMA.

Figure 4: current signals found for metals analysis in real water samples triplicates in the Igarapé do 
Quarenta: (A) Cu2+, (B) Fe2+ and (C) Zn2+. Insets: analytical curves obtained for standards: Cu2+ solution 
(A) in KCl 1 mol.L-1, Edep = -0.2 V, deposition time = 180 s, teq = 60 s, f = 60 Hz, a = 70 mv; Fe2+ solution 
(B) KCl 1 mol.L-1. Edep = 0.2 V, deposition time = 180 s, teq = 60 s, f = 70 Hz, a = 90 mv and Zn2+ solution 

(C) in KCl 1 mol.L-1, Edep = -1.8 V, deposition time = 180 s, teq = 60 s, f = 70 Hz, a = 80 mv.
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The results of the measurements for ASV/SWV are demonstrated in Figure 4 which 
records the current signals obtained in triplicate on water sample collected in point 1 of the 
“Igarapé do Quarenta”. As can be seen in this Figure 4A, the current signs showed values 
whose arithmetic mean was 3,82 x 10-5 A. To apply such value in the equation of the line 
found for Cu2+ (Figure 4a insert) it is an established fact that such matches current value 
1.58 ppm, but worth pointing out that such samples were diluted by a factor of 3X, because 
the high concentration of this metal in the sample was outside the points of analytical curve 
built for Cu2+.

In this way, the concentration found to Cu2+ in point 1 was 4.74 ppm. AAS value 

found was 4.75 ppm. The measure carried out by ASV/SWV had a percentage error 0.21% 

from the value measured by atomic absorption is a technique quite widespread on metal 

detecting.

Figure 4B shows the analysis of Fe2+ ions sample in this same spot. By applying the 
equation of the line built the corresponding value for the concentration of such Fe2+ ions 
were 1.10 ppm. As shown in Table 3 the value found for this metal by atomic absorption 
was 1.16 ppm resulting in a 5.2% percentage error. Following this procedure, the Figure 4C 
shows the analysis for Zn2+ ions sample by ASV/SWV at the point 1 found 0.77 ppm for this 
metal ion. By AAS it was found 0.78 ppm. The founded error was 1.3%. The results of the 
analysis for the remaining points are found in Table 3.

Sample
[Cu2+] (ppm) [Fe2+] (ppm) [Zn2+] (ppm)

AAS | ASV/SWV AAS | ASV/SWV AAS | ASV/SWV

Point 1 4.77 | 4.74
Error % = 0.63

0.62 | 0.61
Error % = 1.61

0.71 | 0.72
Error % = 1.40

Point 2 3.13 | 3.03
Error % = 3.20

1,62 | 1,60
Error % = 1,23

0,74 | 0,73
Error % = 1,35

Point 3 4.75 | 4.74
Error % = 0.21

1.16 | 1.10
Error % = 5.17

0.78 | 0.77
Error % = 1.28

Table 3: Comparison between the results of the analyses of Cu2+, Fe2+ and Zn2+ by ASV/SWV 
and AAS of the water samples of the “Igarapé do Quarenta” in Amazon Basin.

The repeatability was a studied at point 1 of sample collection. The analysis was 

carried out from eight successive oxidation current measures with the electrode immersed 

in the solution, the voltammograms for Cu2+ ion solution can be seen in Figure 5.
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Figure 5: Repeatability test performed in water sample in the “Igarapé do Quarenta” Amazon 
Basin. in KCl 1 mol.L-1. Edep = -0,2 V, tdep = 180 s, teq = 60 s, f = 60 Hz, a = 70 mv.

As you can verify in Table 3, was found a variation of 3.20 x 10-5 ±  0.02 with relative 

standard deviation (RSD) of 2.36 x 10-3 %. There was a slight variation on the values of the 

potential; however, it did not compromise the definition and resolution of the peaks.

4 |  CONCLUSIONS
The analysis of the results allows to conclude that the use of ASV/SWV with DDB as 

working electrode, is a promising alternative for detecting Cu2+, Fe2+ and Zn2+ in water. This 

electroanalytical methodology provides low detection limits and acceptable analytical errors 

when compared with the technique of AAS.
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