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ABSTRACT

Access to water is fundamental for several sectors, such as human supply, irrigation, livestock, transport, energy,
and manufacturing. However, the growing consumption associated with population increase, socio-economic
and technological development, urbanization, and climate change, has substantially changed the availability
and quality of this resource, mainly due to wastewater with dyes. Thus, the present study aims to evaluate the
adsorption capacity of the tilapia fish scales (FS) as a biosorbent in removing the methylene blue dye (MB).
The adsorption tests were carried out in batch mode, evaluating the effect of the MB concentration (10 - 40
mg L), through the study of equilibrium, considering the Langmuir and Freundlich adsorption isotherms and
kinetic adsorption of pseudo-first-order (PFO) and pseudo-second-order (PSO), with the biosorbent concentra-
tion of 0.7 g L', It was observed that the more significant removal was achieved at 10 mg L' of MB (50.87%).
Regarding the kinetic and equilibrium adsorption, all systems showed considerable adjustment to the PFO
model and Freundlich isotherm model, respectively, coming into equilibrium after 15 minutes. Therefore, it
is emphasized that the fish scale waste has great potential for application as a biosorbent to remove synthetic
dyes, meeting the theme of sustainable development.
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RESUMO

O acesso a dgua ¢ fundamental para diversos setores, como abastecimento humano, irrigagdo, pecudria,
transporte, energia e manufatura. No entanto, o crescente consumo associado ao aumento populacional,
desenvolvimento socioeconomico e tecnologico, urbaniza¢do e mudangas climaticas, tem alterado
substancialmente a disponibilidade e qualidade desse recurso, principalmente devido aos efluentes com
corantes. Assim, o presente estudo tem como objetivo avaliar a capacidade de adsor¢do das escamas de
tilapia (FS) como biossorvente na remog¢do do corante azul de metileno (AM). Os testes de adsor¢do foram
realizados em modo descontinuo, avaliando o efeito da concentragdo de AM (10 - 40 mg L"), por meio
do estudo de equilibrio, considerando as isotermas de Langmuir e Freundlich e a cinética de adsor¢do de
pseudo-primeira ordem (PPO) e pseudo-segunda ordem (PSO), com concentrac¢do de biossorvente de 0,7 g
L. Assim, observou-se que a maior remog¢do foi alcancada com 10 mg L' de AM (50,87%). Em relagcdo a
adsor¢do cinética e de equilibrio, todos os sistemas apresentaram consideravel ajuste ao modelo PPO e ao
modelo isotérmico de Freundlich, respectivamente, entrando em equilibrio apos 15 minutos. Por conseguinte,
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ressalta-se que o residuo de escama de peixe tem grande potencial de aplicagdo como biossorvente para
remocdo de corantes sintéticos, atendendo ao tema do desenvolvimento sustentavel.

Palavras-chave: Biossor¢do, Equilibrio, Cinética, Desenvolvimento Sustentavel.

INTRODUTION

The great increase in the world population in the last decades, added to the growing develop-
ment of new products and technologies, has generated a very great need for water consumption by
the population in general, but by industries (CICEK, 2003). These high-water resources consumption
leads to a large generation of wastewater contaminated with a variety of products, such as heavy metals,
organic dyes, and inorganic residues (FIGUEIREDO et al., 2020; KAMOUN et al., 2020; KESKIN
et al., 2021). A dye widely used in the textile industry is methylene blue (MB) (C,H (CIN,S), evaluated
as a basic type of dye, with a heterocyclic aromatic molecular structure (OZACAR; SENGIL, 2003).
Methylene blue is a cationic dye belonging to the class of dyes called thiazine (PANG et al., 2017;
VINOD et al., 2010). In addition, MB is responsible for causing harmful effects on human health and
the environment (ANFAR et al., 2017), but it is industrially distributed in the dyeing of cotton and silk
fabrics (HAMEED et al., 2007).

To reduce environmental impacts and deal with the increase in water resources contamination,
numerous researchers have been looking for solutions to remove or immobilize these contaminants
(AHMED et al., 2017; AHMED et al., 2021; BHATNAGAR et al., 2011; CHAI et al., 2021; XU et al.,
2021). Among these, the use of adsorbents for the capture of compounds, such as organic dyes, can
be highlighted. These methodologies are favorable, as they do not generate toxic by-products, and
low-cost sorbents of natural origin (biosorbents) can be used, such as rice husks, clays, agro-indus-
trial residues, biomass, and fish scales (CHOWDHURY et al., 2012; DUARTE NETO et al., 2018;
EL MOUHRI et al., 2021; KONGSRI et al., 2013; PAL; MAITL2020; VIGNESHWARAN et al.,
2021). Fish scales are waste from the fishing industry and correspond to about 4% of the waste generated
by this industry (HUANG et al., 2011; LV et al., 2021), which is considered an environmental hazard
without application in other industries. In addition, it is worth noting that the fish-derived food market
has grown at high speed in recent decades (COPPOLA et al., 2021) Fish scales are materials that have
their composition structures derived from calcium phosphates (hydroxyapatite) and collagen, which
makes it possible the exchange of ions and the adsorption of different compounds to its structure
(ATHINARAYANAN et al., 2020; HUANG et al., 2011).

Therefore, to contribute to the reuse of discarded waste and, at the same time, make it use-
ful for the removal of organic pollutants, the present work aims to evaluate the efficiency of methy-

lene blue dye adsorption in an aqueous solution, using tilapia fish scales as biosorbent. Furthermore,
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determine the parameters of the Langmuir and Freundlich isotherms to identify the best model that

fits the experimental data, as well as the kinetic parameters.
MATERIALS AND METHODS

MATERIALS

For the adsorption experiments, methylene blue (MB, Neon, PA, Brazil) was used as adsor-
bate in a batch regime. The concentration was evaluated at 10, 20, 30, and 40 mg L. The concentra-
tion of the MB solution was measured based on the constructed calibration curves with an adsorption
wavelength of 666 nm. Fish scales (FS) from Oreochomis niloticus were collected manually at room
temperature (25 £+ 2 °C), washed in distillate water to remove impurities, and then dried in a muffle
furnace (60°C for 4 h). Thereafter, the FS was ground in a ball mill (CT- 241 Mill), using alumina
spheres (Al,O,), for 15 min and sieved (#45 - Dp <2 mm).

ADSORPTION EQUILIBRIUM

The adsorption tests were evaluated in a batch regime (DOGAR et al., 2010). A volume of 100
mL of the four MB solution previously prepared was analyzed, using 0.7 g L' of FS to each one, for
210 min, under a magnetic stirrer (150 rpm). At pre-set time intervals (0, 5, 15, 30, 45, 60, 75, 90, 120,
150, 180, and 210 min), 2 mL samples were taken, filtered (0,22 um, Millex GP), and analyzed by a
UV-vis spectrophotometer (Cary 100Scan, United States), to calculate the amount of MB adsorbed.
A duplicate analysis was conducted. The removal percentage of the MB - R(%), the maximum

adsorption capacity (q,), the Langmuir (Qeq,L)’ and Freundlich (Qeq,F) isothermal models are presented

in Equations (1)-(4), respectively (CHEN; WANG, 2007).

R(%) = COC_OCt.mo (1)
g =071 @

o KL C
Qeq.t = le+K—LLqu 3
Qeq,r = Kg- Céq 4)

Where: C,the initial MB dye concentration (mg L™); C,the MB dye concentration at time t (mg L™);
V' is the solution volume (L); m is the mass of adsorbent (g); O, is the maximum adsorption capac-

ity, related to the monolayer adsorption capacity (mg g'); K, the Langmuir constant (L mg"); K, the
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Freundlich constant [(mg g"') (mg L)', Ceq is the equilibrium concentration of the solute in solution
(mg L1); and 1/n the heterogeneity factor (dimensionless).

An essential characteristic to be evaluated in the Langmuir isotherm is the separation factor
or equilibrium parameter (R) indicating the isothermal shape and behavior allowing the determina-
tion if the isothermal is favorable, linear, or if the process is irreversible, according to Equation (5)
(NASCIMENTO et al., 2014):

1

R =——
LT 14KL.C (5)

Where: R > 1: favorable adsorption; R, : linear; 0 <R < 1: favorable adsorption; and R, = 0: irrevers-

ible process.
ADSORPTION KINETICS

Kinetics models were used to evaluate the main mechanism of the adsorption process (Chemical
reaction, diffusion-controlled and mass transfer), highlighting the pseudo-first-order (PFO) and

pseudo-second-order (PSO), according to Equations (6) and (7), respectively (ONAL 2006):

q: = q1 [1 — exp(—k;.1)] (6)
t
U= Aldd + /) M

Where:

q,: theoretical value of adsorption capacity, considering a pseudo-first order (mg g™);

k : kinetic constant of pseudo-first order (min™);

q,: theoretical value of adsorption capacity, considering a pseudo-second order (mg g');
t: time (min™')

o 3 -1 -l
k : kinetic constant of pseudo-second order (g mg"' min™).

STATISTICAL ANALYSIS

The kinetic parameters were determined by adjusting the models to the experimental data,
using non-linear regression. The values were obtained using Statistic 10 (StatSoft, United States),

considering the Quasi-Newton methods.
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RESULTS AND DISCUSSION

ADSORPTION TESTS AND ADSORPTION CAPACITY

Table 1 presents the results of the removal percentage of the MB, R (%), as a function of
the adsorbate concentration. It is possible to conclude that as lower the solution concentration, the
higher is the adsorption capacity. Moreover, the maximum adsorption capacity (q,), increases with
the adsorbate concentration in the solution (Figure 1), in agreement with the literature (PATHANIA
et al., 2017). The concentration and the contact time between adsorbent and adsorbate are important
information for the treatment of wastewater by adsorption. The quick remotion of the adsorbate and
the achievement of equilibrium in low concentrations in a short period indicate that the adsorbent is
efficient (MALL et al., 2006). According to Figure 1, above 30 min, the value of the maximum ad-

sorption capacity (q,) is constant to all concentrations of MB evaluated, indicating its quality.

Table 1 - Removal percentage of the MB as a function of the adsorbate concentration.

Initial dye concentration (mg L) Removal percentagem R (%)
10 50.8647 £+ 0.05
20 43.8701 £ 0.04
30 40.4497 £+ 0.05
40 34.9731 +0.03

Source: Author’s construction

Figure 1 - Maximum adsorption capacity of MB (Jusing FS, to different concentrations of MB.

20 - L . S L

A—A—A—A—h——— A A A—— A

.

o090 08— —@—®

é a—s—8—a—a—8—a——8—10
5 / ——d0mg L
/l —dh—30mgL
—@—10mgl
—l— 10 mgl
1] n 1 L 1 " L n 1 "
0 50 100 150 200 250
Time (min)
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ADSORPTION EQUILIBRIUM

Table 2 presents the equilibrium constants to the Langmuir and Freundlich isotherms.

Considering the Langmuir isotherm, the maximum adsorption capacity (Q_ ) was found among
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1.353 and 2.759 mg g'. For all concentrations of MB evaluated it is possible to admit that the
adsorption is favorable, considering the value of equilibrium parameter (K, ), which must be between
0 and 1 (NASCIMENTO et al., 2014).

It is important to highlight that the Langmuir isotherm is based on the movement of the
molecules in the adsorbent surface, providing a uniform distribution (monolayer and homogeneous),
where the adsorption occurs in specific sites and without particle interaction (CHEN; WANG, 2007).

The Freundlich isotherm is the best isotherm model, presenting the highest R% compared to
the Langmuir isotherm, indicating multilayer adsorption (physical adsorption) in non-uniform sites,
characteristic of heterogeneous systems (GUPTA et al., 2009). Evaluating the parameter n, from
Friedman isotherm, which determines the adsorption intensity, values among 0 and 10 can be found,

suggesting favorable adsorption (NASCIMENTO et al., 2014).

Table 2 - Parameters obtained considering Langmuir and Freundlich isotherms with FS (0,7 g L").

MB MB MB MB
Isothermal model Parameter
(10 mg LY (20 mg L) (B0 mg L) (40 mg L")
Q,,. (mggh) 1.353 £0.05 2.018 £0.05 2.759 £0.05 2.296 = 0.05
. K (Lg" 0.245 £ 0.05 0.105 £ 0.05 0.066 + 0.05 0.043 £ 0.05
Langmuir
R, 0.289 £ 0.05 0.322 +£0.05 0.431 £0.05 0.536 £ 0.05
R? 0.903 0.929 0.935 0.901
. n 0.499 £+ 0.05 0.4402 + 0.05 0.369 = 0.05 0.278 £0.05
Freundlich
R? 0.976 0.984 0.982 0.973
Source: Author’s construction
ADSORPTION KINETIC

Figure 2 presents the adsorption kinetic of the MB into different concentrations (10 mg L™ to
40 mg L") using the FS. The adsorption is quick and in 15 min the equilibrium is reached to all
concentrations evaluated. Moreover, there is a proportionality between the adsorbate concentration
and the adsorption capacity (q,) what can be attributed to the reduction in the adsorption sites
unoccupied and due to the diminution in the concentration gradient. The adsorptions capacities are
almost constants after 30 min. Pseudo first- order (PFO) and pseudo second-order (PSO) models

were evaluated and the results are presented in Figure 2 (a) and (b), respectively.
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Figure 2 - Adsorption kinetic of methylene blue (MB) for
(a) pseudo first-order (PFO) and (b)pseudo second-order (PSO)
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Table 3 presents the kinetic parameters obtained considering PFO and PSO models. Considering

the R?, the PFO presents the best fit to experimental data, which indicates that this is the best model to

represent the adsorption kinetic. Therefore, we can suggest that the adsorption process occurs through

the electrostatic interaction, reversibly, suggesting physical adsorption. Besides, this model establishes

that the adsorption velocity is proportional to the number of free sites, typical of a physisorption process

(MIMURA et al., 2010).

Table 3 - Kinetic parameters to MB adsorption using FS (60 mg L).

Model Concentration (mg L) q, (mgg™) k, (min™) R?
10 7.2235 0.0686 0.9829
20 12.6355 0.0647 0.9752

Pseudo first-order (PFO)

30 17.3556 0.0986 0.9979
40 20.1446 0.0777 0.9919

Concentration (mg L) q,(gmg'g") k, (g mg"' min™) R?
10 7.9136 0.0127 0.9601
Pseudo second-order (PSO) 20 13.8783 0.0068 0.9489
30 18.6200 0.0082 0.9737
40 21.9237 0.0052 0.9614

Source: Author’s construction

CONCLUSION

In this work, the adsorption of methylene blue using fish scales as biosorbent. Considering the

results evaluated, it is possible to conclude that the FS can be used as a biosorbent in nature to remove

35
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the methylene blue from wastewater to the concentrations evaluated. The best removal potential was
reached at a concentration of MB of 10 mg L' with adsorption of 50.87%. The equilibrium data were
adjusted to Langmuir and Freundlich isotherms which confirmed that the adsorption is heterogeneous
and occurs considering the physical-chemical interactions. The Freundlich isotherm was the best to
represent the experimental data, considering the R2. The pseudo first-order is the best to represent the
kinetics of the adsorption process. Therefore, the fish scales present potential as an alternative biosor-

bent to wastewater treatment to the methylene blue dye.

ACKNOWLEDGEMENT

We thank the Franciscan University (UFN) for the support and assistance to carry out the

present work.

REFERENCES

AHMED, M. B., ZHOU, J. L., NGO, H. H., GUO, W., THOMAIDIS, N. S., XU, J. Progress in the
biological and chemical treatment technologies for emerging contaminant removal from wastewater:

A critical review. Journal of Hazardous Materials, v. 323, p. 274-298, 2017.

AHMED, S. F., MOFIJUR, M., NUZHAT, S., CHOWDHURY, A. T., RAFA, N., UDDIN, M. A,
INAJAT, A., MAHLIA, T.M.I., ONG, H.C., CHIA, W.Y., SHOW, P.L. Recent developments in physical,
biological, chemical, and hybrid treatment techniques for removing emerging contaminants from

wastewater. Journal of Hazardous Materials, v. 416, p. 125912-125934, 2002.

ANFAR, Z., EL HAOUTI, R., LHANAFI, S., BENAFQIR, M., AZOUGARH, Y., EL ALEM, N.
Treated digested residue during anaerobic co-digestion of Agri-food organic waste: Methylene blue

adsorption, mechanism and CCD-RSM design. Journal of Environmental Chemical Engineering,
v. 5, p. 5857-5867, 2017.

ATHINARAYANAN, J., PERIASAMY, V. S., ALSHATWI, A.A. Simultaneous fabrication of carbon
nanodots and hydroxyapatite nanoparticles from fish scale for biomedical applications. Materials
Science and Engineering C, v. 117, p. 111313-111324, 2020.

BHATNAGAR, A., KUMAR, E., SILLANPAA, M. Fluoride removal from water by adsorption-A
review. Chemical Engineering Journal, v. 171, p. 811-840, 2011.



Disciplinarum Scientia. Série: Naturais e Tecnoldgicas, Santa Maria, v. 23. n. 3. p. 29-39, 2022, 37
CHAI W. S., CHEUN, J. Y., KUMAR, P. S., MUBASHIR, M., MAJEED, Z., BANAT, F., HO, S-H,

SHOW, P.L.A review on conventional and novel materials towards heavy metal adsorption in waste-

water treatment application. Journal of Cleaner Production, v. 296, p. 126589-126604, 2021.

CHEN, H., WANG, A. Kinetic and isothermal studies of lead ion adsorption onto palygorskite clay.
Journal of Colloid and Interface Science, v. 307, p. 309-316, 2007.

CHOWDHURY, S., DAS SAHA, P.,GHOSH, U. Fish (Labeo rohita) scales as potential low-cost
biosorbent for removal of malachite green from aqueous solutions. Bioremediation Journal, v. 16,

p. 235-242, 2012.

CICEK, N. A review of membrane bioreactors and their potential application in the treatment of

agricultural wastewater. Canadian Biosystems Engineering, v. 45,p. 37-49, 2003.

COPPOLA, D., LAURITANO, C., PALMA ESPOSITO, F., RICCIO, G., RIZZO, C., DE PASCALE,
D.Fish waste: From problem to valuable resource. Marine Drugs, v. 19, p.116-154, 2021.

DOGAR, C., GURSES, A., ACIKYILDIZ, M., OZKAN, E. Thermodynamics and kinetic studies of
biosorption of a basic dye from aqueous solution using green algae Ulothrix sp. Colloids and Surfaces
B: Biointerfaces, v. 76, p. 279-285, 2010.

DUARTE NETO, J. F,, PEREIRA, I. D. S., DA SILVA, V. C,, FERREIRA, H. C., NEVES, D. G. A,,
MENEZES, R. R. Study of equilibrium and kinetic adsorption of rhodamine B onto purified bentonite
clays. Ceramica, v. 64, p.598-607, 2018.

EL MOUHRI, G., MERZOUKI, M., KACHKOUL, R., BELHASSAN, H., MIYAH, Y., AMAKDOUF,
H., LAHRICHI, A. Fixed-bed adsorption of tannery wastewater pollutants using bottom ash: An
optimized process. Surfaces and Interfaces, v. 22, p. 100868-100876, 2021.

FIGUEIREDO, V. M., LOURENCO, J. B., DE VASCONCELLOS, N. J. S., DA SILVA, W. L.
Preparation, characterization and photocatalytic activity of activated charcoal from microalgae for

photocatalytic degradation of rhodamine B dye. Ceramica, v. 66, p. 367-372, 2020.

GUPTA, V. K., MITTAL, A., MALVIYA, A., MITTAL, J. Adsorption of carmoisine A from wastewater
using waste materials-Bottom ash and deoiled soya. Journal of Colloid and Interface Science,
v. 335, p. 24-33, 2009.



38 Disciplinarum Scientia. Série: Naturais e Tecnologicas, Santa Maria, v. 23. n. 3. p. 29-39. 2022.

HAMEED, B. H., AHMAD, A. L., LATIFF, K. N. A. Adsorption of basic dye (methylene blue) onto

activated carbon prepared from rattan sawdust. Dyes and Pigments, v. 75,p. 143-149, 2007.

HUANG, Y. C., HSIAO, P. C., CHAI, H. J. Hydroxyapatite extracted from fish scale: Effects on
MG63 osteoblast-like cells. Ceramics International, v. 37, p. 1825-1831, 2011.

KAMOUN, N., HAJJEJI, W., ABID, R., RODRIGUEZ, M. A., JAMOUSSI, F.Elaboration and
properties of low-cost ceramic microfiltration membrane from local Tunisian clay for wastewater

treatment. Ceramica, v. 66, p. 386-393, 2020.

KESKIN, B., ERSAHIN, M. E., OZGUN, H., KOYUNCU, I.Pilot and full-scale applications of
membrane processes for textile wastewater treatment: A critical review. Journal of Water Process

Engineering, v. 42, p. 102172-102181, 2021.

KONGSRYI, S., JANPRADIT, K., BUAPA, K., TECHAWONGSTIEN, S., CHANTHALI, S. Nanocrys-
talline hydroxyapatite from fish scale waste: Preparation, characterization and application for selenium

adsorption in aqueous solution. Chemical Engineering Journal, v. 215-216, p. 522-532, 2013.

LV, S.,HU, L., XIA, C., CABRERA, M. B., GUO, Y., LIU, C., YOU, L. Recycling fish scale powder
in improving the performance of asphalt: A sustainable utilization of fish scale waste in asphalt.
Journal of Cleaner Production, v. 288, p. 125682-125695, 2021.

MALL, I. D., SRIVASTAVA, V. C., AGARWAL, N. K. Removal of Orange-G and Methyl Violet
dyes by adsorption onto bagasse fly ash - Kinetic study and equilibrium isotherm analyses. Dyes and
Pigments, v. 69, p. 210-223, 2006.

MIMURA, A. M. S., VIEIRA, T. V. DE. A., MERTELLI, P. B., GORGULHO, H. F. Utilization of rice
husk to remove Cu*", AI**, Ni** and Zn** from wastewater. Quimica Nova, v. 33, p. 1279-1284, 2010.

NASCIMENTO, R. F. DO, LIMA, A. C. A. DE, VIDAL, C. B., MELO, D. DE Q., RAULINO, G. S.

C. Adsorption: theoretical aspects and environmental applications. 1. ed. Fortaleza: Imprensa, 2014.

Onal, Y. Kinetics of adsorption of dyes from aqueous solution using activated carbon prepared from

waste apricot. Journal of Hazardous Materials, v. 137, p. 1719-1728, 2006.



Disciplinarum Scientia. Série: Naturais e Tecnoldgicas, Santa Maria, v. 23. n. 3. p. 29-39, 2022, 39
OZACAR, M., & SENGIL, 1. A. Adsorption of reactive dyes on calcined alunite from aqueous
solutions. Journal of Hazardous Materials, v. 98, p. 211-224, 2003.

PAL, D., MAITI, S. K. An approach to counter sediment toxicity by immobilization of heavy
metals using waste fish scale derived biosorbent. Ecotoxicology and Environmental Safety, v. 187,
p.109833-109840, 2020.

PANG, J., FU, F,, DING, Z., LU, J., L1, N., TANG, B. Adsorption behaviors of methylene blue from
aqueous solution on mesoporous birnessite. Journal of the Taiwan Institute of Chemical Engineers,
v. 77, p. 168-176, 2017.

PATHANIA, D., SHARMA, S., SINGH, P. Removal of methylene blue by adsorption onto activated
carbon developed from Ficus carica bast. Arabian Journal of Chemistry, v. 10,p. S1445-S1451, 2017.

VIGNESHWARAN, S., SIRAJUDHEEN, P., KARTHIKEYAN, P., MEENAKSHI, S. Fabrication
of sulfur-doped biochar derived from tapioca peel waste with superior adsorption performance for

the removal of Malachite green and Rhodamine B dyes. Surfaces and Interfaces, v. 23, p. 100920-
100929, 2021.

Vinod, K. N., Puttaswamy, Ninge Gowda, K. N. Os(VIII) as an efficient homogeneous catalyst for
the oxidative decolorization of methylene blue dye with alkaline chloramine-T: Kinetic, mechanistic,
and platinum metal ions reactivity studies. Industrial and Engineering Chemistry Research, v. 49,
p- 3137-3145, 2010.

XU, X., ZHANG, L., JIAN, Y., XUE, Y., GAO, Y., PENG, M., JIANG, S., ZHANG, Q. Influence of
wastewater treatment process on pollution characteristics and fate of microplastics. Marine Pollution

Bulletin, v. 169, p. 112448-112456, 2021.



