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ABSTRACT
In this work, the degradation of Remazol Yellow Gold RNL-150% and Reactive Turquoise Q-G125 were
investigated using AOP: photolysis, UV/H2O2, Fenton and photo-Fenton. It was found that the photoFenton process employing sunlight radiation was the most efﬁcient, obtaining percentages of
degradation above 87%. The ideal conditions for the degradation of the dyes were determined from a
factorial design 23 and study of the [H2O2] ([H2O2] equal to 100 mg·L1); [Fe] equal to 1 mg·L1 and pH
between 3 and 4. In the kinetic study, a degradation of more than 97% was obtained after 150 min for
the chromophoric groups and 91% for the aromatic compounds. The experimental data obtained
presented a good ﬁt to the nonlinear kinetic model. The model of artiﬁcial neural networks multilayer
perceptron (MLP) (4-11-5) using the software Statistica 8.0 enabled the modeling of the degradation
process and showed a better prediction of the data. The toxicity to the seeds of Lactuca sativa and
the bacteria Escherichia coli and Salmonella enteritidis allowed to evaluate the effectiveness of the
process. The results of this study suggest that the use of photo-Fenton process with sunlight
radiation is an effective way to degrade the dyes under study.
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INTRODUCTION
Efﬂuents from textile industries are a source of environmental concern in terms of toxicity and persistence
of their substances (Le et al. ). These efﬂuents contain
a variety of organic pollutants, including dyes, which
are generated from different operations of the textile process, such as washing, bleaching and dyeing (Ozturk et al.
).
Synthetic dyes have a variety of chemical structures and
compositions that can be toxic (Divya et al. ). These
compounds have been highlighted as dangerous substances,
since they are stable to light and heat, being considered
recalcitrant and resistant to biodegradation (Ertugay &
Acar ). The presence of dyes in the receptor bodies
affects the absorption and reﬂection of sunlight through
water, reducing the solubility of oxygen and threatening
doi: 10.2166/wst.2018.251

Downloaded from http://iwaponline.com/wst/article-pdf/2017/3/812/253288/wst2017030812.pdf
by guest

the photosynthetic activity of aquatic plants and algae
(Mane & Vijay Babu ). Moreover, synthetic dyes emitted
with industrial efﬂuents have a bioaccumulative effect, causing short term damage to the environment (Barros et al.
). Thus, these efﬂuents must be treated before they are
released into the environment.
Many research methods for the removal of synthetic
dyes, including the physical and biological have been proposed. In the physical methods, the pollutants are
transferred from one phase to another without any degradation, and there is a need to treat the solid residue
generated (Shu et al. ). Biological methods have not
been shown to be effective in the degradation of these compounds due to their resistant and stable biodegradation
structures (Annadurai et al. ). Therefore, the use of a
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more efﬁcient process is necessary for the degradation of
these pollutants.
In this context, advanced oxidative processes (AOP)
have been emerging as effective and consolidated technologies for the treatment of efﬂuents for the removal of
non-treatable organic pollutants by means of conventional
techniques (Fahimirad et al. ).
Lima et al. () evaluated the application of the process (UV/H2O2) in the degradation of commercial blue
Azo dye 5G using UV-H2O2 with a discoloration of 91.8%
after 30 min of treatment. Sreeja & Sosamony () used
the photo-Fenton process to investigate the treatment of synthetic textile wastewater, achieving 82% of color removal.
Ertugay & Acar () investigated the degradation of
Direct Blue 71 by Fenton process and obtained 94% dye
removal after 20 min of reaction.
In order to evaluate the efﬁciency of these treatments, it
is also important to perform toxicity tests, since the toxicity
of the textile efﬂuents is associated with the dyes and their
degradation products (Punzi et al. ). It is also essential
to verify the adjustment of experimental data to mathematical modeling using both kinetic models and empirical
models, such as artiﬁcial neural networks (ANNs).
Eskandarloo et al. () predicted the degradation efﬁciency of Fuchsin Acid (AF) and Malachite Green (MG)
dyes using ANN for the hybrid process UV/Fe2þ/H2O2/
TiO2-SiO2. Speck et al. () compared the predictive
capacity of the response surface methodology (RSM) and
ANN in the modeling of photo-Fenton degradation of Rhodamine B dye (Rh-B). Thus, more detailed studies on AOP
are needed since many variables and responses are involved
in these processes.
The present work was developed with the purpose of
evaluating the AOP in the degradation of the azo textile
dyes Remazol Yellow Gold 150% and Turquoise Reactive
QG 125. For this, studies were carried out on the variables
involved in the process, as well as the suitability of existing
kinetics models and proposition of a mathematical modeling using ANN.

METHODOLOGY
Dyes
Remazol yellow gold RNL-150% (RYG) (CI name: Reactive
Orange 107; CAS number: 90597-79-8/12220-08-5) and Turquoise reactive Q-G125 (TR) (CI name: Reactive Blue 21;
CAS number: 12236-86-1/73049-92-0) dyes were supplied
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by DyStar and Texpal companies, respectively. The working
matrix was prepared from an aqueous solution containing
the textile dyes under study at the concentration of
50 mg·L1 of each dye.
Reagents
All reagents used throughout this study were analytical
grade and without further puriﬁcation. Ferrous sulfate heptahydrate (FeSO4.7H2O, 99.9% purity, Vetec) was used as
the source of iron and hydrogen peroxide (H2O2, 30% v/v,
Química Moderna) as an oxidizing agent. The pH of the solutions were adjusted using H2SO4 1 mol·L1 (97% purity,
Merck). All solutions were prepared with deionized water.
Analytical method
A UV/visible spectrophotometer (Thermoscientiﬁc, Genesys
10S) operating in wavelength range between 190 and
1,100 nm was used to determine the characteristic wavelengths (λ) of each dye studied. The quantiﬁcation of the
compounds before and after the degradation process was
performed based on the construction of analytical curves
(for each selected λ), with a linear concentration range of
2 to 100 mg·L1, from stock solutions of each dye at the concentration of 100 mg·L1. Then, the limits of detection
(LOD) and quantiﬁcation (LOQ) and coefﬁcient of variation
(CV) were determined according to Cgcre ().
Evaluation of degradation by different processes
In order to identify the type of AOP that has the highest
degradation efﬁciency of the dyes under study, the following
processes were tested: photolysis, UV/H2O2, Fenton and
photo-Fenton. The degradation tests were carried out on
benchtop photochemical reactors, the ﬁrst one using light
bulb (OSRAM) with a power of 300 W (Santana et al.
) and the second equipped with three UV-C lamps,
arranged in parallel, with a power of 30 W (Zaidan et al.
), and also the solar radiation. For each case, the emission of photons was measured using a radiometer
(Empórionet).
The tests to evaluate the different processes were carried
out under the following conditions: iron concentration
([Fe] ¼ 5 mg·L1); concentration of hydrogen peroxide
([H2O2] ¼ 50 mg·L1), pH between 5 and 6 (natural solution)
and an exposure time of 1 h. For the experiments, beakers
with 100 mL capacity were used, to which 50 mL of the mixture containing the two dyes were added.
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An estimation of the dye conversion (discoloration efﬁciency) was also performed based on Equation (2).

Selecting the most efﬁcient AOP in the degradation of the
dyes from the previous study, a factorial design 23 was carried out with central point, to evaluate the inﬂuences of
the variables [H2O2] (100, 150 and 200 mg·L1), [Fe] (1, 3
and 5 mg·L1) and pH (3–4, 4–5 and 5–6) on the process
and to deﬁne the working conditions. The tests were performed in random order and the central point in triplicate,
totaling 11 experiments.
The response used to determine the efﬁciency of the process was the percentage of degradation of the dyes. The
calculations of the effects of the factors and the interactions
between them with their respective standard errors were
made according to Barros Neto et al. (), using Statistica
for Windows 8.0 software.

Optimization of the hydrogen peroxide concentration
With the results of the factorial design, the optimization step
of the variable [H2O2] was carried out. This step had the
objective of reducing costs, based on the necessary use of
the reagent without excess. The evaluation was carried out
in the time of 1 h at the best level of [Fe] and pH found in
the factorial design and by varying the [H2O2]: 50, 80, 100,
120, 140, 150, 180 and 200 mg·L1.



Cf
X ¼ 100 1 
C0

(2)

in which X is the conversion (%), C0 and Cf are the initial
and ﬁnal concentrations of the solution (mg·L1),
respectively.
Artiﬁcial neural network modeling
The neural network was implemented through Statistica 8.0
software in order to model the data obtained experimentally.
Two different networks were tested: multilayer perceptron
(MLP) and radial basis function (RBF). The activation functions employed were identity, logistics, hyperbolic and
exponential, with a limited amount of neurons in the
hidden layer between 3 and 15 and with a maximum of
1,000 interactions. Sampling was performed randomly by
the software with percentages of train, test and validation
of 70%, 15% and 15%, respectively. The input data for the
neural network were: time (min), pH, [H2O2] (mg·L1) and
[Fe] (mg·L1); and the output data were: percentage of
degradation at the λ of 239, 339, 411, 625 and 661 nm. At
the end, Statistica 8.0 retained only the 10 best ANNs and
the two best ones were chosen according to the linear
regression coefﬁcient (R2).

Kinetic study and modeling
Seeds toxicity
Optimized the working conditions, the kinetic study of the
degradation of the dyes was carried out in the following
times: 25; 35; 45; 55; 65; 75; 85; 100; 120 and 150 min.
The assays were performed at a temperature of 25 ± 1  C,
at a pressure of 1 atm, for 1 L of the dye solution, and
10 mL aliquots removed.
Then, the adjustment of the experimental data obtained
to the kinetic model proposed by Chan & Chu (), presented in Equation (1), was veriﬁed.

C ¼ C0 1 

t
ρ  σt


(1)

in which C is the concentration of the dye (mg·L1) after a
time of t (min) and C0 is the initial concentration of the
dye (mg·L1). The parameters ρ and σ represent the reaction
kinetics (min) and the oxidative capacity of the system
(dimensionless), respectively.
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The toxicity tests were performed under the same conditions
of the kinetic study, after submission of the dye solution to
the radiation for 100 min. The toxicity evaluation consisted
in the exposure of lettuce seeds (Lactuca sativa) to different
concentrations of the solution containing the dyes. Concentrations of the solution were used without treatment and
after treatment, the latter in the following percentages:
100, 70, 50, 10, 5 and 1%. Ten seeds were added together
with 2 mL aliquots of each solution. All analyses were performed in triplicate.
In the sensitivity tests, the negative and positive controls
were, respectively, water and 3% boric acid solution, in
volumes equal to that of the mixture. The temperature
range used in the toxicity tests was 25 ± 1  C, with the
Petri dishes being kept in an environment with no light for
a period of 120 h. After that period, the number of seeds
that germinated in the positive and negative controls was
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evaluated, and compared to the germinated quantity in the
concentration of each plate. Afterwards, root growth was
observed, whose radical size was measured with the aid of
a pachymeter.
Thus, the relative growth index (RGR) and the germination index (GI) were calculated, as shown in Equations (3)

Figure 1
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and (4), respectively (Young et al. ).
RLS
(RLC)

(3)

RGR(SGS)
(SGC)

(4)

RGR ¼
GI ¼

Pareto charts for the λ: (a) 239 nm, (b) 339 nm, (c) 411 nm, (d) 625 nm and (e) 661 nm.
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in which RLS is the total root length in the sample; RLC, the
total root length in the negative control; SGS, the number of
seeds germinated in the sample; and SGC the number of
seeds germinated in the negative control.

Figure 2
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For a better evaluation of the toxicity of the compounds under study, another study was carried out
against two bacteria using the same conditions of the test
with the seed.

Cube graphs for the λ: (a) 239 nm, (b) 339 nm, (c) 411 nm, (d) 625 nm and (e) 661 nm.
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Bacteriological toxicity
The microbiological toxicity test was performed with the
untreated and post-treatment dye solutions (1%, 5%, 10%,
50%, 70% and 100%) before and after the dilution of 1:10
(101) in sterile ultrapure water. Each sample (450 μL) was
incubated for 24 h at 36  C with the suspension of Escherichia coli UFPEDA 224 and Salmonella enteritidis
UFPEDA 414/MM 6247 (50 μL; 105 UFC·mL1em NaCl
0,15 mol·L1) and Mueller Hinton broth medium (100 μL).
The negative control corresponded to bacterial cells treated
with sterile ultrapure water. Before and after the incubation
period, the contents of each treatment were transferred
to 96-well microtiter plates for reading at 600 nm (DO600)
to determine the growth percentage that was compared to
the negative control. In addition, aliquots of the treatments
were seeded in Petri dishes containing Mueller Hinton
Agar (MHA) medium for evaluation of cell viability after
48 h of incubation at 36  C. Each assay was performed in triplicate and three independent experiments were performed.

RESULTS AND DISCUSSION
Dyes identiﬁcation
Samples were read in a UV-Vis spectrophotometer and
allowed to verify the λ of maximum absorbance of RYG
and TR dyes. Five λ of maximum absorbance were found:
239, 339, 411, 625 and 661 nm. The ﬁrst one refers to the
aromatic groups and the others to the chromophoric
groups. From the construction of the analytical curves for
each identiﬁed wavelength were obtained: LOD < 0.13
mg·L1, LOQ < 0.49, as well as CV less than 2.42 and r
equal of 0.99.
According to CGCRE (), correlation coefﬁcients (r)
higher than 0.90, indicates a good linearity of the method.
As well, the values of coefﬁcients of variation that were
smaller than 2.5% show a good precision of the methodology used. According to Harris (), the lower the value
of the CV, the more precise will be the series of measures.
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UV-C and a variation of 2.06 × 104 to 12.16 × 104 W·m2
for radiation solar.
The photolysis and UV/H2O2 processes failed to promote the degradation of the studied dyes (less than 5%). It
was found that the Fenton and photo-Fenton processes
using UV-C radiation were not efﬁcient in the degradation
of the dyes. The percentages of degradation values for
these processes were between 3.54 and 70.52% and 68.13
and 93.57%, respectively. Comparing the photo-Fenton process using solar radiation and sunlight, there was a
percentage difference of 3.86% and 5.32% in relation to λ
625 and 661 nm, respectively. However, for the λ of 239,
339 and 411 nm, this percentage difference was less than
1.3%. Thus, the photo-Fenton process using sunlight radiation was selected for subsequent studies, since there is no
dependence on the variation of the climatic conditions
and its behavior was analogous to solar radiation.
Factorial design
The main and the interaction effects with their respective
standard errors were calculated with a conﬁdence level of
95%. The Pareto charts for each wavelength are shown in
Figure 1. The effects that are considered statistically signiﬁcant correspond to the bars that extend beyond the line
p ¼ 0.05.
When analyzing the Pareto charts, it was possible to
verify that, for the λ of 411, 625 and 661 nm, all the main
and the interaction effects were statistically signiﬁcant for
a 95% conﬁdence level. For the λ of 339 nm all the main
and interaction effects were statistically signiﬁcant at a
95% conﬁdence level minus the interaction effect [H2O2]
vs pH. However, it was necessary to generate the response

Evaluation of the degradation employing different AOP
The efﬁciency of the process was measured in terms of the
percent degradation of the aqueous solution containing the
dyes. The photon emissions of each reactor were equal to
a 4.00 × 106 W·m2 for sunlight, 1.44 × 103 W·m2 for
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Optimization of [H2O2]. Conditions: [Fe] of 1 mg·L

, pH 3–4 and time of 1 h.
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(a) Adjustment of the experimental data. (b) Experimental values versus values predicted for all λ studied.

surface graph, since the interaction effect between the three
factors was signiﬁcant. For the λ of 239 nm only the main
effects [Fe] and pH and interaction [Fe] vs pH and [H2O2]
vs pH were statistically signiﬁcant at a 95% conﬁdence
level. For a better understanding of the effects of each of
the studied variables, the cube graphs were generated
(Figure 2).
The analysis of Figure 2 allowed to verify that for the
wavelength equal to 625 and 661 nm the best working conditions were obtained by combining the lower levels of [Fe]
and pH, with the highest level of [H2O2]. For the λ equal to
441, 339 and 239 nm it was veriﬁed that greater percentages of degradation were obtained in the condition of
the central point. However, it was observed that for the λ
of 411 nm the difference between the percentages of degradation for the center point and the point where there was a
greater degradation of the groups seen at 625 and 661 nm
is less than 0.2%. Thus, aiming at a greater discoloration of
the aqueous solution containing the dyes and considering
that there was no signiﬁcant interaction effect between
[H2O2]-[Fe] and [H2O2]-pH for λ equal to 239 and
339 nm, a univariate study of [H2O2] was performed,
since the obtained results demonstrate that varying the
concentration of this reagent does not inﬂuence the degradation of the λ studied.

Optimization of hydrogen peroxide concentration
The results of the hydrogen peroxide concentration optimization study are presented in Figure 3.
It can be seen from Figure 3 that the increase of [H2O2]
contributes positively to the color degradation up to the
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concentration of 100 mg·L1. From this concentration, the
values of the percentages of degradation were constant or
decreased. Thus, this [H2O2] was used in the later trials.
Mousavi et al. () studied the inﬂuence of [H2O2] on
Rhodamine B dye degradation and also found that increased
[H2O2] contributed positively to the color removal. The percentage of dye degradation, at the same time conditions
(60 min) and [H2O2] (100 mg·L1), but for an initial dye concentration of 100 mg·L1, was 55%. Sreeja & Sosamony
() argued that the increase in [H2O2] leads to a higher
rate of mineralization of the dyes studied.
Kinetic study and modeling
With the best working conditions for the degradation of the
dyes under study (sunlight, [H2O2] equal to 100 mg·L1, [Fe]
equal to 1 mg·L1 and pH between 3 and 4), the kinetic
study was performed.
The adjustment of the experimental data to the kinetic
model, referring to the temporal advance of the concentration along the oxidation reaction and a comparison
between the experimental data and the data predicted by
the model through a residue diagram, are shown in Figure 4.
Table 1

|

Kinetic and conversion parameters

λ (nm)

X (%)

1/ ρ

1/σ

R2

239

91

0.057

1.03

0.99

339

97

0.028

1.39

0.95

411

99

0.095

1.09

0.99

625

98

0.065

1.12

0.99

661

98

0.086

1.08

0.99
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Linear regressions of the model MLP 4-11-5 for each λ: (a) 239 nm, (b) 339 nm, (c) 411 nm, (d) 625 nm (e) 661 nm.

From Figure 4(a), it can be veriﬁed that the photoFenton process ﬁt well with the non-linear kinetic model
proposed by Chan & Chu (). In the ﬁrst 35 min, a
higher rate of degradation occurred, stabilizing after
75 min. It was also found that after 85 min the degradation
was greater than 95% for all λ, except for 239 nm, which
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was 82%, and reaching 91% in 150 min. The residue diagram (Figure 4(b)) reached a good linear regression
coefﬁcient with a bisector of 0.985.
The conversion data and kinetic parameters of the oxidation reaction obtained from Equations (1) and (2) can
be seen in Table 1.
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From Table 1, it was veriﬁed that linear regression
coefﬁcient (R2) were above 0.95, indicating a good ﬁt to
the proposed model. The reaction rate (1/ρ) was higher
at the wavelength of 411 nm, characteristic of the RYG
dye, obtaining a faster decrease ratio of this compound,
as observed in Figure 4. However, the λ of 339 nm

Figure 6

|
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characteristic of the TR dye was the one that presented
the highest oxidative capacity of the system (1/σ). These
results are in agreement with Paulino et al. (), which
state that the higher the ratio 1/ρ, the faster the rate of
decrease of the compound studied and when t tends to
inﬁnity and the value of the constant 1/σ is equal to the

Linear regressions of the model MLP 4-7-5 for each λ: (a) 239 nm, (b) 339 nm, (c) 411 nm, (d) 625 nm and (e) 661 nm.
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Number of germinated seeds, root growth, RGR and GI

Average number
germinated seeds

Sample

M ± SD (cm) of
the root growth

RGR

GI (%)

Water

10.00

7.77 ± 1.43

1.00

100.00

SBT

7.67

6.90 ± 0.95

0.89

68.11

SAT 1%

10.00

7.07 ± 2.25

0.91

90.99

SAT 5%

9.33

7.70 ± 0.35

0.99

92.53

SAT 10%

9.00

7.87 ± 0.81

1.01

91.16

SAT 50%

8.33

6.30 ± 0.75

0.81

67.60

SAT 70%

8.00

3.10 ± 2.59

0.40

31.93

SAT 100%

8.00

3.80 ± 2.91

0.49

39.14

SBT, solution before treatment; SAT, solution after treatment; M, mean; SD, standard deviation; RGR, relative growth index; GI, germination index.

maximum oxidation capacity of the process at the end of
the reaction.
Artiﬁcial neural network modeling
After the simulations performed by Statistica 8.0 software, it
was veriﬁed that the RBF model did not present a good
adjustment of the experimental data. However, the best
results were obtained when applying the MLP model:

Table 3
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MLP (4-11-5) and MLP (4-7-5). Figures 5 and 6 show the
linear regressions of each model.
The analysis of Figures 5 and 6 allowed to verify that the
experimental data are adequate to the data simulated by
ANN, obtaining a linear regression coefﬁcient above 0.9, as
recommended by Cgcre (), for both models employed:
between 0.9484 and 0.9710 for the MLP (4-11-5) and
0.9084 and 0.9791 for the MLP (4-7-5), indicating that the
MLP model (4-11-5) shows a higher accuracy.
Seeds toxicity
The efﬁciency of the treatment was evaluated by the toxicity
of the substances that are formed after submission to AOP
under the same treatment conditions described in the kinetic
study, using lettuce seeds, Lactuca sativa. For this, the
number of seeds that germinated was counted and then the
root growth study was carried out, as well as, was observed
the RGR and the GI. The results are presented in Table 2.
It can be observed from the analysis of Table 2 that the
degradation products interfered in the germination and root
growth of Lactuca sativa seeds, since the values obtained for
the negative control (water) were higher. However, it was
observed that samples after treatment at concentrations of
1–50% approached the negative control.

Percentage of cell growth and viability after treatment

Escherichia coli

Salmonella enteritidis
Growth

M ± SD (DO600)

Sample

Growth

(%)

M ± SD (DO600)

(%)

Viability

0.271 ± 0.0012

100.0

þ

Water

0.124 ± 0.013

100.0

SBT

0.179 ± 0.01

144.3

0.256 ± 0.0024

94.5

þ

SAT 1%

0.09 ± 0.009

72.6

0.302 ± 0.0025

111.4

þ

SAT 5%

0.099 ± 0.011

79.8

0.293 ± 0.0004

108.1

þ

SAT 10%

0.096 ± 0.0007

77.4

0.262 ± 0.0011

96.7

þ

SAT 50%

0.005 ± 0.005

4.0

0.006 ± 0.003

2.2



SAT 70%

0.004 ± 0.006

3.2

0.002 ± 0.008

0.7



SAT 100%

0.001 ± 0.008

0.8

0.003 ± 0.00

1.1



SAT (101)

0.111 ± 0.012

89.5

0.281 ± 0.007

103.7

þ

SAT 1% (10 )

0.055 ± 0.007

44.3

0.281 ± 0.0095

103.7

þ

SAT 5% (101)

0.079 ± 0.0012

63.7

0.304 ± 0.001

112.2

þ

1

1

SAT 10% (10 )

0.069 ± 0.0085

55.6

0.28 ± 0.0024

103.3

þ

SAT 50% (101)

0.115 ± 0.005

92.7

0.27 ± 0.003

99.6

þ

1

SAT 70% (10 )

0.142 ± 0.006

114.5

0.279 ± 0.0095

102.9

þ

SAT 100% (101)

0.126 ± 0.00

101.6

0.248 ± 0.004

91.5

þ

SBT: solution before treatment; SAT: solution after treatment; M: mean; SD: standard deviation.
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According to Young et al. (), it is considered that an
inhibition of the growth when any of the RGR result is
below 0.80. Based on this and according to the results presented in Table 2, it was possible to verify that the treated
solution showed no toxicity at concentrations below 50%.
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Bacteriological toxicity
After the incubation of the samples for 24 h at 36  C, the
count of the CFU·mL1 in relation to the initial inoculum
was performed. Then, the percentage of bacterial growth
was determined for each of the bacteria under study and
the results are presented in Table 3.
The samples after 50, 70 and 100% of degradation
showed toxicity to the bacteria Escherichia coli and Salmonella enteritidis, because there was no growth in the petri
dishes after 48 h of incubation, indicating a bactericidal
effect. However, when the sample was previously diluted
(1:10) in sterile water, this bactericidal effect was not
observed and the cells remained viable, indicating a dosedependent effect.
The presence of toxicity evidenced by the tests using the
seeds of Lactuca sativa and the bacteria Escherichia coli
and Salmonella enteritidis, even after treatment, may be
due to the formation of intermediate compounds that may
present higher toxicity than the initial compound.

CONCLUSION
The present study allowed veriﬁcation that the photo-Fenton
system using sunlight radiation presented efﬁciency above
90% in the treatment of aqueous solution containing the textile dyes Remazol Yellow Gold RNL-150% and Turquoise
Reactive Q-G125. From the kinetic study, it was also
observed that after 150 min a degradation of more than
97% was reached for the chromophoric groups and 91%
for the aromatic compounds. The kinetic study showed
that the photo-Fenton process was well suited to the nonlinear kinetic model, reaching correlation coefﬁcients
above 0.95. From the modeling by ANNs it was veriﬁed
that the MLP model (4-11-5) presents a better prediction
of the experimental data. The toxicity test allowed to verify
that in dilutions greater than 50% there is no impairment
of both the root growth of the Lactuca sativa seeds, as
well as of the bacteria Escherichia coli and Salmonella
enteritidis; indicating that after the disposal, the receptor
body should not undergo changes in its biota.
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