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ELECTROFLOCCULATION: A PROMISING TECHNIQUE TO
TREATMENT WASTEWATER FROM CASSAVA PROCESSING

ELETROFLOCULACAO: UMA TECNICA PROMISSORA PARA
TRATAMENTO DE AGUAS RESIDUAIS DO PROCESSAMENTO DA
MANDIOCA

Geisi Aparecida Zang Fabricio’
Leandro Fleck?

Izabel Melz Fleck®

Tiago Zoz*

Abstract: The processing of cassava generates effluents with harmful properties to
the environment. In this context, the study aimed to optimize the electrochemical
treatment of wastewater from cassava starch production. The experimental module
contains a reactor containing the sacrificial electrodes and the liquid effluent. The
effects of electrochemical process reaction time and amperage applied to the system on
pH variation, color, and turbidity removal were evaluated using a CCRD. A quadratic
mathematical model was generated for color and turbidity removal, validated with a
95% confidence interval. The highest turbidity removal occurred under the conditions
of 1.05 A and 17.50 minutes, and the lowest (67.94%) occurred under the conditions
of 1.05 A and 30.00 minutes. The analyzed factors did not significantly influence
turbidity removal. For the color, it was observed that in the condition of 0.10 A and
17.50 minutes, occurred the lowest removal (57.40%), and in the conditions of 1.05
A and 17.50 minutes, occurred the highest removal (86.78%). The electric current
density and the hydraulic detention time (quadratic terms) significantly influenced
the color removal efficiency, which is the mathematical model statistically significant.
When applied to real conditions, the model described the color removal efficiency
satisfactorily, presenting an error of 1.05%. The electrochemical tests raised the pH
of the effluent. It is concluded that the system employed responded satisfactorily to
the objectives of the present study, and the electro-flocculation is a promising alter-
native to the conventional treatments of wastewater from cassava starch production.
Keywords: Liquid effluent; mathematical modeling; environmental pollution;
electrochemical treatment.

Resumo: O processamento da mandioca gera efluentes com propriedades nocivas ao
meio ambiente. Nesse contexto, este estudo teve como objetivo otimizar o tratamento
eletroquimico de dguas residuais provenientes da produgdo de fécula de mandioca.
O médulo experimental é constituido por um reator que contém os eletrodos de sa-
crificio e o efluente liquido. Os efeitos do tempo de reagio do processo eletroquimico
e da amperagem aplicada ao sistema sobre a variagdo do pH, da cor e a remogdo de
turbidez foram avaliados utilizando um DCCR. Foi gerado um modelo matemdtico
quadrdtico para remogdo de cor e turbidez, validado com intervalo de confianca de
95%. A maior remogdo de turbidez ocorreu nas condigées de 1,05 A e 17,50 minutos,
e a menor remogdo (67,94%) ocorreu nas condigoes de 1,05 A e 30,00 minutos. Os
fatores analisados ndo influenciaram significativamente a remogdo de turbidez. Para
a cor, observou-se que, na condigdo de 0,10 A e 17,50 minutos, ocorreu a menor remogao
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(57,40%); enquanto, nas condigées de 1,05 A e 17,50 minutos, ocorreu a maior remogao
(86,78%). A densidade de corrente elétrica e o tempo de reagdo (termos quadraticos)
influenciaram significativamente na eficiéncia de remogdo de cot, sendo o modelo ma-
temdtico estatisticamente significativo. Quando aplicado em condigées reais, o modelo
demonstrou a eficiéncia de remogdo de cor de forma satisfatoria, apresentando um
erro de 1,05%. Os testes eletroquimicos elevaram o pH do efluente. Conclui-se que o
sistema empregado respondeu satisfatoriamente aos objetivos do presente estudo, sendo
a eletrofloculagdo uma alternativa promissora aos tratamentos convencionais de dguas
residudrias da produgdo de fécula de mandioca.

Palavras-chave: Efluente liquido; modelagem matemdtica; poluicdo ambiental;
tratamento eletroquimico.



Geisi Aparecida Zang Fabricio; Leandro Fleck;
Izabel Melz Fleck; Tiago Zoz.

INTRODUCTION

Cassava is a plant of great global importance, widely consumed
in various cultures around the world, being widely cultivated in
Latin America, Africa, Asia, and some parts of Oceania, such as
Papua New Guinea (Maung, 2017). On the African continent,
the cassava crop plays a crucial role in combating hunger and
ensuring food security, especially in sub-Saharan regions, with
high consumption for human food in countries such as Nigeria,
Congo, Tanzania, Ghana, Mozambique, and Angola (FAO, 2018).
On the Asian continent, cassava is widely consumed in India,
Indonesia, Philippines, Thailand, and Vietnam (FAO, 2013). In
Thailand, cassava is used to produce bioethanol in addition to
human consumption (Sriroth et al., 2019). In Latin America,
cassava and its derivatives, especially cassava flour, are essential
and traditional foods for many countries and cultures, including
Brazil, Colombia, Paraguay, Venezuela, Argentina, and Mexico
(FAO, 2020). Cassava is grown in all states and is relevant in
human and animal food, besides being used as a raw material
base in several industrial processes (Cardoso, 2005).

As a consequence of the industrial processing of cassava,
serious environmental problems can be originated, considering
that even small factories, such as flour mills and flour houses,
can produce relevant quantities of solid (bark and bagasse) or
liquid (manipueira - a liquid residue obtained from the cassava
industrialization) waste (Camargo et al., 2008).

Even with adverse characteristics to the ecosystem, the
final discharge of effluents from cassava starch industries is
mostly made in water bodies near the industrial units or on
the ground, being able to cause contamination in groundwater
and rivers. If not treated properly, this effluent may offer toxic
potential to the environment due to free cyanide, a compound
existing in the plant cells of the roots, which is toxic to animals
and humans (Santos, 2016). Additionally, it presents high rates
of organic matter, and its disposal in the open air or waterways
can result in various environmental damages (EPAGRI, 2019),
such as eutrophication from excess nutrients.

Due to the environmental impacts of liquid effluents, the
search for the development of alternative wastewater treatment
systems has been carried out as a way to reduce the impacts caused
to the natural environment (Wang et al., 2012), among which is
the electro-flocculation (Natal et al., 2020; Grecco et al., 2022).

Electro-flocculation consists of the deposition of coagulants
in situ by electrolytic oxidation reactions of conductor and semi-
conductor metals (Santos ef al., 2022). The treated effluent runs
between electrodes, usually aluminum and/or iron plates, arranged
together in vertical or horizontal flow instigated by the constant
electric current supplied by a self-regulating source (Loureiro, 2008).

Paschoal and Tremiliosi-Filho (2005) state that in electro-
-flocculation, there is no addition of flocculants, which avoids the
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generation of residual sludge. It is an electrochemical treatment
based on gases, oxygen, and hydrogen formation, where the
flocculant additives change. The process consists of four stages,
these being: (1) generation of small gas bubbles; (2) contact be-
tween the bubbles and the suspended particles; (3) adsorption
of the small gas bubbles on the surface of the particles; and (4)
rising of the particle/bubble assembly to the surface. Thus, all
suspended matter is electro flooded, clarifying the treated liquid.
On the surface, a layer of foam is created, which involves the
floated particles that are easily removed.

Briefly, according to Cerqueira et al. (2011), in the elec-
trochemical process of wastewater treatment using aluminum
electrodes, oxidation occurs at the anode (Equation 1), which
undergoes hydrolysis (Equation 2) with the formation of the
coagulant agent AI(OH)s.

Al > AP+ (aq) + 3e-
Eq. (1)

Al(H20)6** > AI(OH)s¢s) + 3H*3H20
Eq. (2)

In addition to forming the coagulant agent, electro-flocculation
generates microbubbles of gas (Equation 3), which are responsible
for the flotation of oils, greases, and other particulate compounds.

3H20 + 3e > 3/2H2 + 30H" (cathode)
Eq. (3)

In this context, the present study aimed to evaluate the use of
electro-chemical treatment of wastewater from cassava starch
production as an alternative to conventional treatments.

METHODOLOGY
Experimental Module

The experimental module consists of a reactor operating in
batch mode, using a benchtop system (1 L beaker) containing
the aluminum sacrificial anodes, 9 cm long and 5 cm wide, spa-
ced 1 cm apart, and the liquid effluent to be electrochemically
treated. The electrodes, separated by a plastic insulator, were
connected to a direct current source to make the electrolytic
process possible, as shown in Figure 1.
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Figure 1 - Experimental module used in the treatment of wastewater from cassava starch production
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Source: adapted from Prieto et al. (2024).

Wastewater

The liquid effluent for the electrochemical trials was collected from a cassava starch industry in Mato Grosso do Sul/Brazil in the
Cone-sul region. After collection, the effluent was stored at -5 °C, so the physical-chemical characteristics were not altered until
used in the experimental tests.

Treatment design and parameters analyzed

The effects of electric current density (amperage) and hydraulic detention time (minutes) on the removal efficiency of color, turbidity,
and pH variation were evaluated using a Central Composite Rotatable Design (CCRD)), i.e., a factorial scheme of treatments, compo-
sed of 4 axial trials, 4 factorial trials, and 4 repetitions at the central point, totaling 12 trials, according to coded and actual conditions
presented in Table 1. It should be noted that the actual values of the coded variables were determined from preliminary analyses.

Table 1 - Real and coded values of the variables in the CCRD used in the treatment of wastewater from

cassava starch production with electro-flocculation

Electric current density (C.I) Hydraulic detention time (HDT)
Encoded Real (A) Encoded Real (min)
-1 0.38 -1 8.63
+1 1.72 -1 8.63
-1 0.38 +1 26.37
+1 1.72 +1 26.37
-1.41 0.10 0 17.50
+1.41 2.00 0 17.50
0 1.05 -1.41 5.00
0 1.05 +1.41 30.00
0 1.05 0 17.50
0 1.05 0 17.50
0 1.05 0 17.50
0 1.05 0 17.50

Source: research data.
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The electrical conductivity of the effluent was adjusted before each
experimental trial to 2.5 O)/cm to ensure system efficiency. Different
concentrations of sodium chloride (NaCl) were added as needed.

After each experimental trial, the electro flocculated ef-
fluent remained at rest on the bench for 30 minutes for flota-
tion/sedimentation of impurities present in the liquid effluent.
After this period, the samples were collected for physical-che-
mical analysis. The effluent sample was collected from the
center of the electrochemical reactor, with the aid of a hose
adapted to a syringe, without agitation.

Color removal efficiency analyses followed method 2120B
(APHA, 2012). The turbidity removal efficiency was evaluated
using a benchtop turbidimeter, and pH variation was evaluated
using a digital benchtop pH meter. All analytical determinations
were performed in triplicate, and only the mean values of these
measurements were considered.

Generation of mathematical models

For each response variable (color and turbidity removal), a quadratic
mathematical model representative of the process was generated,
obtained from the statistical adjustment of the results corresponding
to all the trials of the treatment design. The coded mathematical
model, adjusted from the experimental data, is shown in Equation 4.

Response variable = ai+ a2C.I + asC.I?> + a«aHDT + asHDT? +
as (I.C) (HDT)
Eq. (4)
a = coefficients fitted from the experimental data.
C.I = coded value of the electric current density.
HDT = coded value of the hydraulic detention time.

ISSN 2238-5630
Brasilia-DF, v. 14, n. 1, janeiro-abril de 2025

Validation of the proposed
mathematical models

The statistical significance of the mathematical models originated
in the system was tested by analysis of variance (ANOVA) with a
95% confidence interval. Subsequently, the mathematical model
representing the color removal efficiency was validated based
on efliciency data obtained in an experimental validation trial
conducted under experimental conditions within the limits in
which it was generated.

RESULTS AND DISCUSSION
Turbidity removal efficiency

Table 2 shows the turbidity removal efficiency in the different
experimental conditions of the studied factors: electric current
density and hydraulic detention time. It is observed that the
highest turbidity removal occurred in the center point condi-
tions (1.05 A and 17.50 minutes), with an average removal in
these tests of 69.27%. On the other hand, the lowest turbidity
removal, 67.94%, occurred in the conditions of 1.05 A and 30.00
minutes. It is emphasized the low variability between the effi-
ciencies obtained in the different experimental conditions, which
indicates that in the studied range of independent variables,
their influence on the efficiency of the system does not present
statistical significance.

Table 2 - Turbidity removal efficiency in the treatment of wastewater from cassava starch production with electro-flocculation

Electric current density (C.I) Hydraulic detention time (HDT)
Removal (%)

Encoded Real (A) Encoded Real (min)
-1 0.38 -1 8.63 69.01
+1 1.72 -1 8.63 70.00
-1 0.38 +1 26.37 69.12
+1 1.72 +1 26.37 69.12
-1.41 0.10 0 17.50 69.24
+1.41 2.00 0 17.50 68.59
0 1.05 -1,41 5.00 68.45
0 1.05 +1,41 30.00 67.94
0 1.05 0 17.50 69.03
0 1.05 0 17.50 70.03
0 1.05 0 17.50 69.23
0 1.05 0 17.50 68.80

Source: research data.
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Modenes et al. (2017) applied the electro-flocculation tech-
nique to treat poultry slaughterhouse effluents; a complete fac-
torial design with three independent variables (electric current,
pH, and electrolysis time) was used. The maximum turbidity
removal efficiency that the authors found was 99.96%, a value
higher than that in the present study.

Orssatto et al. (2016) verified that electro-flocculation is a
good option for treating effluents from industrial laundries since
it presents high DQO, color, and turbidity removal. Thus, it is
possible to enable the reuse of the treated effluent, either in the
first rinse in the washing processes or for other less noble uses. The
best experimental condition observed was 20 V for the potential
difference and 20 minutes for the hydraulic detention time.

Cerqueira (2006) showed the best results in pollutant remo-
val efficiency (93.00% for turbidity) using aluminum electrodes
under 3 A current intensity, 10 min operation time, 0.5 cm
distance between electrodes, and initial pH 5.

In its study, Nascimento (2018) concluded that optimi-
zing the electro-flocculation process through factorial planning
allowed satisfactory efficiency in clarifying surface spring water
so that the results acquired for color and turbidity fell within the
potability standards established by legislation. It also demons-
trated that the efficiencies in removing turbidity and color of the
water depended significantly on the three factors considered:
conductivity, electrolysis time, and pH of the water, which are
of great importance for the process. The aluminum electrodes
proved very efficient, reaching 100% for color removal and
93.00% for turbidity removal.

Table 3 shows the effects of the factors studied (electric
current density and hydraulic detention time) on the response
variable (turbidity removal efficiency). For turbidity removal,
none of the factors and the interaction between them was con-
sidered statistically significant because the p-value obtained is
higher than the adopted significance level of 95%.

Table 3 - Effects analysis for turbidity removal in the treatment of

wastewater from cassava starch production with electro-flocculation

Factor Effect p-value
Average 69.270 0.000
CI(L) 0.018 0.969
CIl1(Q) 0.026 0.961
HDT (L) 20.373 0.442
HDT (Q) -0.699 0.219
L. Currentx HDT -0.495 0.469

Source: research data.
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The electric current density (linear and quadratic terms) posi-
tively affected the dependent variable; that is, at higher electric
current intensities, there is a greater probability of greater tur-
bidity removal. However, the HDT (linear and quadratic terms)
and the interaction between the factors presented a negative
effect, with a significance level of 95%.

In the Pareto Chart (Figure 2), the standardized effect es-
timate that each independent variable exerts on the response
variable are represented, with a statistical significance of 95%
(p < 0.05). It is possible to observe that none of the controlled
factors (independent variables) significantly affected turbidity
removal efficiency. However, even not being significant in the
confidence interval of 95%, it is evident that the HDT exerted
greater influence on the process evaluated.

Figure 2 - Pareto chart of turbidity removal in the treatment of was-

tewater from cassava starch production with electro-flocculation

Hydraulic detention time (Q) -1.37211

(2)Hydraulic detention time (L)

-822232

1Lby2L 171822

Electric current density (Q) 0506871

(1) Electric current density (L) 0405843

p=.05

Source: prepared by the authors based on research data.

None of the factors were analyzed, and the interaction between
them significantly influenced the removal of turbidity for the
electrochemical treatment of wastewater from cassava starch
production since the p-value obtained is greater than the sig-
nificance level adopted, 5% (Table 4).

These results corroborate the discussion in Table 2, where
the low variability between the turbidity removal efficiencies
obtained by the electrolytic system was evidenced. However, it is
emphasized that these conclusions apply exclusively to the ope-
rating ranges of the independent variables applied to the system.
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Table 4 - Analysis of variance for Turbidity removal in the treatment of wastewater from cassava starch

production with electro-flocculation

Factor Sum of Squares Degrees of Freedom Mean Square p-value
CI(L) 0.0007 1 0.0007 0.969
CI(Q) 0.0011 1 0.0011 0.961
HDT (L) 0.2780 1 0.2780 0.442
HDT (Q) 0.7742 1 0.7742 0.219
CIxHDT 0.2450 1 0.2450 0.469
Residue 2.4673 6 0.4112
Total 3.7663 11

Source: research data.

Table 5 shows the summary of the Analysis of Variance (ANOVA) for the statistical validation of the mathematical model proposed

for turbidity removal, which is not statistically significant.

Table 5 - Statistical validity of the proposed mathematical model for turbidity removal in the treatment of wastewater from cassava

starch production with electro-flocculation

Source of Variation Sum of Squares Degrees of Freedom Mean Square p-value
Regression 1.2990 5 0.2598 0.685
Residue 2.4673 0.4112
Total 3.7663 11

Source: research data.
Color Removal Efficiency

Table 6 shows the efficiency of color removal for the different
experimental design tests. In 0.10 A and 17.50 minutes, the
lowest color removal occurred among all experimental tests
performed, 57.40%. On the other hand, the highest color removal
occurred in the conditions of 1.05 A and 17.50 minutes, 86.78%.

Modenes et al. (2017), when applying the electro-floccu-
lation technique in the treatment of poultry slaughterhouse ef-
fluents, using a complete factorial design with three independent

variables, obtained 100% of color removal in the conditions of
2 A, pH equal to 10, and electrolysis time of 80 minutes. The
higher percentage of color removal can be justified by the higher
amperage and electrolysis time than those in the present study.

It is also observed that in all tests conducted in the central
point condition (1.05 A and 17.50 minutes), the color removal
efficiency was similar, which was expected, since the tests were
conducted under the same experimental conditions, proving that
the experiment and the results obtained are reliable, presenting
low variability.

Table 6 - Efficiency for color removal efficiency in the treatment of wastewater from cassava starch production with electro-flocculation

Electric current density (C.I) Hydraulic detention time (HDT) Removal (%)
Encoded Real (A) Encoded Real (min)
-1 0.38 -1 8.63 69.27
+1 1.72 -1 8.63 57.77
-1 0.38 +1 26.37 70.05
+1 1.72 +1 26.37 63.78
-1.41 0.10 0 17.50 57.40
+1.41 2.00 0 17.50 60.15
0 1.05 -1.41 5.00 59.69
0 1.05 +1.41 30.00 71.45
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Electric current density (C.I) Hydraulic detention time (HDT) Removal (%)
Encoded Real (A) Encoded Real (min)

0 1.05 0 17.50 81.24

0 1.05 0 17.50 84.27

0 1.05 0 17.50 86.22

0 1.05 0 17.50 86.78

Source: research data.

As shown in Table 7, HDT and electric current density (quadratic
terms) significantly negatively affect the dependent variable since
the p-value obtained in both cases is lower than the adopted sig-
nificance level of 95%. In theoretical terms, the effect of a factor
can be understood as the variation caused in the response, when
we go through all the levels of that factor, independently of the
other factors (RODRIGUES; IEMMA, 2014). In this context, the
significant results obtained indicate that in higher conditions
of electric current density and hydraulic detention time there
is a tendency for the system efficiency to reduce.

Table 7 - Effects analysis for color removal in the treatment of was-

tewater from cassava starch production with electro-flocculation

Factor Effect p-value
Average 84.62 0.000
CI(L) -3.48 0.294
CIl(Q) -24.40 3x104*
HDT (L) 5.86 0.101
HDT (Q) -17.56 0.002*
CIxHDT 2.62 0.563

Source: research data. *Statistically significant with a 95% confidence interval.

In the Pareto Graph for the color removal efficiency (Figure 3),
it is possible to observe that the electric current density (Q) and
the hydraulic detention time (HDT) exerted a significant effect
on the color removal efficiency. However, the electric current
density (Q) influenced the evaluated process more.

13

Figure 3 - Pareto chart of color removal in the treatment of was-

tewater from cassava starch production with electro-flocculation

Electric current density (Q) -7.19

Hydraulic detention time (Q)

(2)Hydraulic detention time (L) 1.936354

(1) Electric current density (L) -1.151

1Lby2L 6118795

p=.05

Source: prepared by the authors based on research data.

The proposed mathematical model, representative of the process
for color removal, is presented in Equation 6. The coefficients
were estimated by multiple linear regression analysis using the
least squares method. The non-significant terms were maintained
in the mathematical model to ensure that the model is robust to
variations in the conditions imposed by the operating conditions
of the electrochemical reactor. Furthermore, maintaining all terms
in the mathematical model ensures that the loss of information of
practical relevance is avoided, in addition to enabling the capture
of the complete dynamics of the treatment system employed.

CR=84.62-1.74CI-12.20 CI*+2.93 TDH - 8.78 HDT* +
1.31 CIxHDT

Eq. (6)

CR: Color removal (%)
C.I: coded value of the electric current density.
HDT: coded value of the hydraulic detention time.

The electric current density (Q) and the hydraulic detention
time (Q) significantly influenced the efficiency of color remo-
val for electrochemical treatment of wastewater from cassava
starch production because the p-value was less than the adopted
significance level of 95%.
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Table 8 - Analysis of variance for color removal in the treatment of wastewater from cassava starch production with electro-flocculation

Factor Sum of Squares Degrees of Freedom Mean Square p-value
CI(L) 24,197 1 24,197 0.294
CI(Q) 944,556 1 944,556 3x10**
HDT (L) 68,483 1 68,483 0.101
HDT (Q) 489,431 1 489,431 0.002*
CIxHDT 6,838 1 6,838 0.563
Residue 109,588 6 18,2647
Total 1643.093 11
Source: research data.

*Statistically significant with a 95% confidence interval.

Table 9 summarizes the Analysis of Variance (ANOVA) for the statistical validation of the mathematical model proposed for color
removal, which is statistically significant. In practical terms, it is understood that the mathematical model can be applied to the

simulation of future scenarios, simulating the color removal efficiency of wastewater from cassava starch production within the
range of the independent variables in which it was generated.

Table 9 - Statistical validity of the proposed mathematical model for color removal in the treatment of wastewater from

cassava starch production with electro-flocculation

Source of Variation Sum of Squares Degrees of Freedom Mean Square p-value
Regression 1533.51 5 306.70 0.0018*
Residue 109.59 18.27
Total 1643.10 11
Source: research data.

Figure 4 - Response surface for color removal efficiency in the

treatment of wastewater from cassava starch production with

electro-flocculation

—_
=
g

53

-
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Collor removal efficiency (

Source: prepared by the authors based on research data.

CXRRR

*Statistically significant with a 95% confidence interval.

Table 10 shows the predicted and observed efficiencies for the

removal of color, according to an experimental test conducted

in triplicate in the optimal operation conditions of the elec-
tro-flocculation system (1.05 A and 17.50 min). The proposed
mathematical model described the color removal efficiency
satisfactorily, presenting an error of 1.05%. Based on this result,

it is possible to infer that the mathematical model generated for
color removal presents high predictive capacity and can be used
to simulate real situations for the electro-flocculation technique
applied to treating wastewater from cassava starch production.

Table 10 - Experimental validation of the proposed mathematical

model for the treatment of wastewater from cassava starch

production with electro-flocculation

o~ Parameter Expected Observed Error (%)
Efficiency (%) | Efficiency (%)
Color 84.62 83.74 1.05

Source: research data.
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Influence of electro-flocculation on pH

Table 11 shows the behavior of the pH of the wastewater from cassava starch production after undergoing electrochemical treat-
ment in different experimental conditions. In the condition of 2.00 A and 17.50 minutes, it is possible to observe the lowest pH
(4.42) among the electrochemical tests performed. On the other hand, the highest pH (5.42) was observed in the conditions of

1.05 A and 17.50 minutes.

Table 11 - Variation of pH according to the different experimental conditions for the treatment of wastewater

from cassava starch production with electro-flocculation.

Electric current density (C.I) Hydraulic detention time (HDT) pH variation
Encoded Real (A) Encoded Real (min)

-1 0.38 -1 8.63 4.50
+1 1.72 -1 8.63 4.66
-1 0.38 +1 26.37 4.59
+1 1.72 +1 26.37 4.92
-1.41 0.10 0 17.50 4.48
+1.41 2.00 0 17.50 4.42
0 1.05 -1.41 5.00 4.72
0 1.05 +1.41 30.00 5.10
0 1.05 0 17.50 5.08
0 1.05 0 17.50 542
0 1.05 0 17.50 5.40
0 1.05 0 17.50 5.38

Source: research data.

The pH of the raw effluent, without the application of the elec-
trochemical treatment, is 4.38, which shows that performing the
electrochemical tests using aluminum electrodes raises the pH
of the effluent. Furthermore, adequate wastewater treatment is
necessary to comply with CONAMA Resolution 430/2011, which
defines effluent discharge conditions as pH between 5 and 9.

In this context, Crespilho et al. (2004) state that electro-floccula-
tion has the property of increasing the pH value of the eftluent after
its treatment if the effluent has acidic characteristics, which is mainly
due to the principle that electro-flocculation produces OH- ions.

The electric current density and the hydraulic detention
time (quadratic terms) significantly negatively affect the pH
variation (Table 12).

Table 12 - Analysis of effects for the pH change in the treatment of

wastewater from cassava starch production with electro-flocculation

Factor Effect p-value
Average 5.32 0.000
CI(L) 0.10 0.356
CI(Q) -0.88 2x10#*
TDH (L) 0.22 0.071
TDH (Q) 0.42 0.011*
C.IxTDH 0.09 0.575

Source: research data. *Statistically significant with a 95% confidence interval.
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Based on the results obtained, we can observe that electrofloccu-
lation is a promising and alternative technique to the traditional
treatment of cassava effluent, which usually involves micro-
biological processes, whose efficiency is directly influenced by
environmental factors, demand large areas for the installation of
the treatment system and high time of microbial action (Colin
et al., 2006; Fleck et al., 2017; Fleck et al., 2018).

As an advantage of electro-flocculation, we can highlight
the possibility of applying the technology anywhere, regardless
of climatic conditions. In addition, when compared to traditional
chemical coagulation, electro-flocculation avoids the generation of
chemical compounds that are harmful to health (Silva et al., 2020),
besides reducing the formation of residual sludge (Crespilho;
Rezende, 2004), which can be understood as an environmental
liability of great relevance when not properly managed.

CONCLUSIONS

Electrochemical tests increase the pH of the effluent from the
processing of cassava starch. For turbidity, it was observed that the
controlled independent variables did not significantly influence the
system efficiency. However, the greatest turbidity removal occurs
close to the central point for the reaction time and in conditions
greater than the central point for electric current density.
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The greatest color removals are obtained close to the central
point conditions and the mathematical model representative of
the process can be used to simulate color removal efficiencies
of wastewater from the processing of cassava starch, within the
limits of the independent variables in which it was generated.

In conclusion, the system used satisfactorily met the objecti-
ves of this study and that the electro-flocculation shows itself as
a promising alternative to conventional wastewater treatments,
being efficient, requiring simple and easy-to-operate equipment,
and limiting the use of chemicals harmful to the ecosystem.

REFERENCES

APHA- Standard Methods for the Examination of Water and
Wastewater. American Public Health Association, American
Water Works Association, Water Environment Federation, 22a
ed. Washinton, DC - EUA, 2012.

BRASIL. Conselho Nacional do Meio Ambiente. Resolugio
CONAMA n° 430, de 13 de maio de 2011. Dispde sobre as
condic¢des e padrdoes de lancamento de efluentes, comple-
menta e altera a Resolu¢do n° 357, de 17 de marc¢o de 2005,
do Conselho Nacional do Meio Ambiente-CONAMA. Diério
Oficial da Unido, Brasilia, DF, 16 maio 2011. pag. 89.

BURNS, A.; GLEADOW, R.; CLIFF, ].; ZACARIAS, A.; CA-
VAGNARO, T. CASSAVA: The Drought, War and Famine Crop
in a Changing World. Sustainability 2010, 2, 3572-3607. DOI:
https://doi.org/10.3390/su2113572.

CAMARGO, K. F; LEONEL, M.; MISCHAN, M. M. Produgao
de biscoitos extrusados de polvilho azedo com fibras: efeito de
parametros operacionais sobre as propriedades fisicas. Ciéncia
e Tecnologia de Alimentos, Campinas, v. 28, n. 3, p. 586-591,
2008. DOI: https://doi.org/10.1590/S0101-20612008000300013.

CARDOSO, E. Uso de manipueira como biofertilizante no
cultivo do milho: avaliagao do efeito no solo, nas aguas sub-
terraneas e na produtividade do milho. 2005. Dissertacido
(Mestrado em Ciéncias Ambientais) — Universidade do Extremo
Sul Catarinense. Cricitima, 2005.

CERQUEIRA, A. A. Aplica¢io da técnica de eletrofloculagio
no tratamento de efluentes téxteis. Dissertacio (Mestrado em
Quimica). Curso de P6s-Graduagdo em Quimica, Universidade
do Estado do Rio de Janeiro, 2006.

CERQUEIRA, A. A;; MARQUES, M. R. C; RUSSO, C. Avaliagio
do processo eletrolitico em corrente alternada no tratamento
de dgua de producdo. Quimica Nova, v. 34, n. 1, p. 59-63, 2011.
DOI: https://doi.org/10.1590/S0100-40422011000100012.

16

ISSN 2238-5630
Brasilia-DF, v. 14, n. 1, janeiro-abril de 2025

COLIN, X.; FARONET, J. L.; ROJAS, O.; ALAZARD, D. Anae-
robic treatment of cassava starch extraction wastewater using
a horizontal flow filter with bamboo as support. Bioresource
Technology, v. 98, p. 1602-1607, 2006. DOI: https://doi.or-
/10.1016/j.biortech.2006.06.020.

CRESPILHO, E N.; REZENDE, M. O. O. Eletroflota¢io: Prin-
cipios e Aplicagdes. Editora Rima, Sdo Carlos, 12 Ed., 96 p, 2004

CRESPILHO, E. N.; SANTANA, C. G.; REZENDE, M. O. O.
Tratamento de efluente da industria de processamento de coco
utilizando eletroflota¢do. Quimica Nova, v. 27, n. 3, p. 387-392,
2004. DOL: https://doi.org/10.1590/50100-40422004000300005.

EPAGRI. Tratamento de efluentes transforma residuo toxico
dos engenhos de farinha de mandioca em adubo. 2019. Dispo-
nivel em: https://www.epagri.sc.gov.br/index.php/2019/10/22/
modelo-de-tratamento-de-efluentes-desenvolvidos-com-o-
-apoio-da-epagri-possibilita-que-engenhos-de-farinha-de-man-
dioca-trabalhem-sem-causar-impactos-ao-meio-ambiente/.
Acesso em: 13 fev. 2024.

FAO - Save and Grow Cassava, 2013. Disponible online: https://
www.fao.org/3/i3278e/i3278e00.pdf.

FAO - The cassava transformation in Africa, 2018. Disponible
online: https://www.fao.org/3/a0154e/a0154e02.htm.

FAO- CASSAVA IN LATIN AMERICA AND THE CARIBBE-
AN - RESOURCES FOR GLOBAL DEVELOPMENT, 2000.
Disponible online: https://www.fao.org/3/y5271e/y5271e04.htm.

FLECK, L.; TAVARES, M. H. F; EYNG, E.; ORSSATTO, E. Op-
timization of the nitrification process of wastewater resulting
from cassava starch production. Environmental Technology,
v. 40, n. 25, p. 3318-3327, 2018. DOI: https://doi.org/10.1080/
09593330.2018.1472300.

FLECK, L.; TAVARES, M. H. f; EYNG, Eduardo; ANDRADE,
M. A. M; FRARE, L. M. Optimization of anaerobic treatment
of cassava processing wastewater. Revista Engenharia Agrico-
la, v. 37, n. 3, p. 574-590, 2017. DOI: https://doi.org/10.1590/
1809-4430-Eng.Agric.v37n3p574-590/2017.

GRECCO, L. H. A;; SOUZA, B. C. A,; ZANONI, M. V. B. Ele-
trocoagulacdo/eletrofloculagdo para tratamento de dguas resi-
dudrias: eletrodos ndo convencionais e acoplamento de técnicas.
Quimica Nova, v.45, n.4, p. 410-423, 2022. DOI: https://doi.
org/10.21577/0100-4042.20170846.



ELECTROFLOCCULATION: A PROMISING TECHNIQUE TO
TREATMENT WASTEWATER FROM CASSAVA PROCESSING

LAHAI M. T,; EKANAYAKE, L. J.; KROMA, ]. P. C. 2013. In-
fluence of canopy structure on yield of cassava cultivars at various
toposequences of an inland valley agro ecosystem. Journal of
Agricultural Biotechnology and Sustainable Development. v.
5,1n. 3, p. 36-47, 2013. DOL https://doi.org/10.5897/JABSD10.006.

LOUREIRO, L. R. Caracterizagao do chorume segundo al-
guns parametros e aplica¢ao do método de eletrofloculagao.
Monografia (Graduagdo em Quimica). Universidade Federal
do Espirito Santo, 2008.

MAUNG AYE, TIN. 2017. Cassava cultivation in Asia .In: Clair,
Hershey (Ed). 2017. Achieving sustainable cultivation of cas-
sava Volume 1: Cultivation techniques. Burleigh Dodds, 424
p. (Burleigh Dodds Series in Agricultural Science). Burleigh
Dodds, Part. 2, No.5.

MODENES, A. N.; ESPINOZA-QUINONES, E. R.;; YASSUE,
P. H; PORTO, T. M.; THEODORO, P. S. Aplicagido da técnica
de eletrocoagulacdo no tratamento de efluentes de abatedouro
de aves. Engenharia Sanitaria e Ambiental, v. 22, n. 3, p. 571-
578,2017. DOL: https://doi.org/10.1590/S1413-4152201775999.

NASCIMENTO, R. C. Tratamento de agua para consumo hu-
mano utilizando processo de eletrocoagulacio. 2018. Trabalho
de Conclusao de Curso (Engenharia Ambiental). Universidade
da Paraiba - Centro de Tecnologia Civil e Ambiental, 2018.

NATAL, J. P. S;; REIS, A. V,; SILVA, M. T,; VELHO, L. E M.
Eletrofloculagao seguido pela adi¢do de moringa oleifera para o
tratamento de efluentes de vinhaca. Revista Ibero-Americana
de Ciéncias Ambientais, v.11, n.6, p. 583-589, 2020. DOL: http://
doi.org/10.6008/CBPC2179-6858.2020.006.0047.

ORSSATTO, E; EWERLING, A.; DOMINGUES, M. D. A
EYNG, E.; TAVARES, M. H. E Tratamento de efluente de uma
lavanderia industrial por meio da eletroflocula¢io: uma opgido
para o reuso. Espacios, v. 37, n. 11, 2016. https://www.revista-
espacios.com/al6v37n11/16371107.html.

PASCHOAL, E M. M.; TREMILIOSI-FILHO, G. Aplicagdo
da tecnologia de eletrofloculagdo na recuperagdo do corante
indigo blue a partir de efluentes industriais. Quimica Nova, v.
28, n. 5, 2005, p.766-772. DOLI: https://doi.org/10.1590/S0100-
40422005000500006.

PRIETO, P. L. S.;; FERREIRA, E. S.; FLECK, I. M.; ZOZ, T.;
FLECK, L. Estudo da configura¢do 6tima de eletrodos utilizados
em processo de eletrofloculacdo. Holos Environment, v.24,
n.1, p. 46-61, 2024. https://doi.org/10.14295/holos.v24i1.12509

17

RODRIGUES, M. R.; IEMMA, A. F. Experimental design and
process optimization. 2a. ed. Sdo Paulo: 2014.

SANTOS, D. V. Tratamento de efluente de fecularia utilizando
coagulacao/floculagio e separagciao por membranas. 2016.
Dissertagdo (Mestrado em Engenharia Quimica) — Universi-
dade Estadual do Oeste do Parana —-Centro de Engenharias e
Ciéncias Exatas, 2016.

SANTOS, M. A; BARROS, E M,; CASTRO, S. S.; ORSSATTO, E
Optimization of effluent treatment from healthcare waste incinera-
tion by electrocoagulation with iron electrodes. Ambiente & Agua,
v.17,n.5, p. 1-12, 2022. https://doi.org/10.4136/ambi-agua.2834

SILVA, A. P; ARGONDIZO, A; SEKI, C. C. Utilizagao de ele-
trodo de leito fixo no tratamento de efluente téxtil por eletro-
coagulagdo. Brazilian Journal of Development, v. 6, n. 3, p.
11728-11735,2020. DOL: https://doi.org/10.34117/bjdv6n3-147.

SRIROTH, K., PIYACHOMKWAN, K., WANLAPATTIT, S. AND
OATES, C.G. (2000), Cassava Starch Technology: The Thai Expe-
rience. Starch/Stérke, 52: 439-449. DOL: https://doi.org/10.1002/
1521-379X(200012)52:12<439::AID-STAR439>3.0.CO;2-E.

WANG, W; XIE, L; LUO, G; ZHOU, Q; LU, Q. Optimization of
biohydrogen and methane recovery within a cassava ethanol
wastewater/waste integrated management system. Bioresource
Technology, v. 120, n. 1, p. 165-172, 2012. DOI: https://doi.
org/10.1016/j.biortech.2012.06.048.



