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AGROINDUSTRIAL WASTE APPLICATION FOR DRUGS BIOSORPTION!
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PARA A BIOSSORCAO DE FARMACOS
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ABSTRACT

Currently, one of the main focuses globally is the stability of the environment for future generations. For this
to be possible, it is necessary to preserve natural resources, such as water, as it is essential for the continuity
of life on the planet. However, due to the massive increase in residual water and the improper consumption of
medications, which are generally not fully metabolized, being excreted inappropriately, becoming an environ-
mental liability. In this context, several treatment techniques have been used to promote the correct disposition
for this wastewater, highlighting the adsorption process due to its ease, low cost, and the possibility of using
alternative materials (biosorbents). Thus, the present work aims to present a bibliographic review of a qualita-
tive and exploratory character on the application of agro-industrial residues, as alternative materials, for the
removal of medicines, through a study of adsorption equilibrium, using the Langmuir, Freundlich, Temkin and
Sips isotherms and adsorption kinetics, using the Pseudo-First-Order, Pseudo-Second-Order and Elovich mod-
els. Therefore, research demonstrated positive results in the removal of organic pollutants such as the industrial
use of cork and peach kernel for the removal of paracetamol, where a Q_, 0f 200 and 113 mg g' was obtained
for Langmuir , n of 3.1 and 2.4 for Freundlich agreeing with the same, and having an optimal Pseudo-Second-
Order kinetics of R? of 0.999 for both, therefore, with this article it was possible to verify the use of several
biosorbent in the removal of the mentioned drugs previously.
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RESUMO

Atualmente, um dos principais focos globalmente é a estabilidade do meio ambiente para as geragoes futuras.
Para que isso seja possivel, é preciso preservar os recursos naturais, como a dgua, que é essencial para a
continuidade da vida no planeta. Porém, devido ao aumento maci¢o da agua residual e ao consumo inadequado
de medicamentos, que geralmente ndo sdo totalmente metabolizados, sendo excretados de forma inadequada,
tornando-se um passivo ambiental. Nesse contexto, diversas técnicas de tratamento tém sido utilizadas para
promover o correto descarte dessa dgua residudria, destacando-se o processo de adsor¢do pela facilidade,
baixo custo e possibilidade de utilizagdo de materiais alternativos (biossorventes). Assim, o presente trabalho
tem como objetivo apresentar uma revisdo bibliogrdfica de carater qualitativo e exploratorio sobre a aplica¢do
de residuos agroindustriais, como materiais alternativos, para a remog¢do de medicamentos, por meio de um
estudo de equilibrio de adsorg¢ao, utilizando os modelos de equilibrio de Langmuir, Freundlich, Temkin e Sips
e cinética de adsor¢do, utilizando os modelos Pseudo-Primeira-Ordem, Pseudo-Segunda-Ordem e Elovich.
Portanto, pesquisas demonstraram resultados positivos na remog¢do de poluentes organicos como o uso
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industrial de cortiga e carogo de péssego para remogdo de paracetamol, onde foi obtido um Q . de 200 e 113
mg g para Langmuir, n de 3,1 e 2,4 para Freundlich estando de acordo com o mesmo, e tendo uma cinética
de Pseudo-Segunda-Ordem otima de R* de 0,999 para ambos, portanto, com este artigo foi possivel verificar
o uso de diversos biossorventes na remog¢do dos farmacos citados anteriormente.

Palavras-chave: Adsor¢do, Ibuprofeno, Paracetamol,; Cinética; Isotermas.

INTRODUTION

The permanence time of environmental stability and its hydric resources is extremely neces-
sary to the continuity of life on our planet. Environmental preservation is being supported by our at-
titudes on how not to waste environmental resources and the compliance of human actions to reduce
the pollutants made on methods of production (SANTA et al., 2021) The performance of industry
it’s the author of the huge scale of toxic waste to the human wealth, fauna, and flora. In general, this
sludge is fluids that must be handled previously which depends a lot on which chemical compounds
are found in it before being released on natural sources like water (PRIYA et al., 2021).

Moreover, agro-industrial waste usually is solid and on average, where the incorrect desti-
nation of this debris can become a possible harmful substance to the environment (MARTINEZ-
BURGOS et al., 2021). Brazil is the third largest worldwide producer of fruits with around 45
million tons a year, indicating around 65% are internally consumed and 35% are intended for the
external market (DA SILVA; CASTANEDA-AYARZA, 2021). For instance, many works have
been carried out to promote a new destiny to this waste, such as reusing and transforming it into
new technology.

In parallel, Brazil has a serious problem with self-medication, mainly analgesics (paracetamol,
ibuprofen, and sodium diclofenac), because of ease of acquisition without medical prescription for
the population (GAMA; SECOLI, 2020). Moreover, these drugs end up not being fully absorbed by
the human body being so end up discharged in hydro bodies without appropriate treatment (RATHI;
KUMAR; SHOW, 2021). Among techniques of water treatment, the adsorption process comes as
an alternative, because there are some advantages such as easy operation, low cost, and the possi-
bility to use of adsorbent, for example, agro-industrial waste (BOTELLO-GONZALEZ; DAVILA-
GUZMAN; SALAZAR-RABAGO, 2021). Thus, the adsorption process has been used effectively on
organic pollutant removal, with the utilization of alternative material (waste) (THUE et al., 2018; DA
SILVA; DOS SANTOS, 2017). Being so, some agro-industrial waste has been used such as biosorbent,
for example, olive biomass (RODRIGUES et al., 2020), sugar cane biomass (KARRI; SAHU;
MEIKAP, 2020), rice husk (ALVER; METIN; BROUERS, 2020), grape biomass (SHAHRAKI;
SHARIFIFARD; LASHANIZADEGAN, 2018), banana husk (OLUWATOYIN; OLALEK AN, 2021),
soya husk (BANU; KARTHIKEYAN; MEENAKSHI, 2019), corncob (SUN et al., 2021), wheat straw
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(CAQ et al., 2019), coffee husk (TRAN et al., 2020) and orange biomass (KADAM et al., 2020), to the

removal of pollutants on wastewater, in majority organic pollutants such as drugs, dyes and pesticides.
Therefore, this work aims to present a critical analysis of studies using agro-industrial residues

in the drug adsorption process, evaluating the parameters of equilibrium models and adsorption kinetics.

MATERIALS AND METHODS

The present work consists of an exploratory and qualitative bibliographic review that en-
compasses the use of agro-industrial waste to remove drugs in the process of adsorption. Thus, it
was realized researches using the Science Direct platform (www.sciencedirect.com), with keywords
“adsorption”; with “drugs” (paracetamol; sodium diclofenac and ibuprofen), during the period of

2018-2021, where were found around 6,237 articles, according to Figure 1.

Figure 1 - Bibliographic research about drugs adsorption during the period of 2018- 2021.

I Paracetamol
[ Ibuprofen
Sodium Diclofenac
1100
- 1021
1000 -
900 -
800 782
700 -

633
577

Articles

2018 2019 2020 2021
Years

Source: Author’s Construction

According to the Figure 1, it was possible observed that there are many studies related to
the adsorption process and drugs, mainly with ibuprofen. Moreover, a significant increase in pub-
lications, highlighting 60.20, 61.30 and 90.60% to studies with paracetamol, ibuprofen and sodium

diclofenac, respectively.
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PARACETAMOL

The paracetamol (acetaminophen) is an analgesic and antipyretic, derived by p-aminophenol,
where were introduced such as a substitute for acetanilide. Moreover, when this is managed, the drug
comes across to the liver and becomes p-aminophenol that will be metabolized on the brain and sent
to the renal, where will be the way to distribute to the rest of the body such as an analgesic effect.
After being absorbed by the organism, around 90% of the medicine can be recovered in the urine on
the first day of use (DUBRAY; MAINCENT; MILON, 2021).

In parallel, paracetamol research indicates there are small detectable amounts in sewage treat-
ment plants (STPs) on the range of pg L' until mg L, which becomes relevant for the process of decon-
tamination for being defined like an emerging micropollutant (MOJIRI ef al., 2020). Figure 2 shows the

chemical molecular structure of paracetamol, and Table 2 exposed the main properties of itself.

Figure 2 - Chemical structure of paracetamol drug.
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Table 2 - Main properties of paracetamol drug.

molecular formula  weight molecular (g mol™) solubility (mg I'") A (nm)

‘max

C,H,NO, 151.16 14 257
Source: Beyer, Day and Price (2001).

SODIUM DICLOFENAC

Sodium Diclofenac is one of the AINES (anti-inflammatory nonsteroidal) more used analge-
sics medicines, anti-inflammatory e anti-febrile (SAAD et al., 2021). For is one effective inhibitor of
the oxygenasis cycle, where it is used to relieve pain and inflammatory diseases, especially rheuma-
toid arthritis, osteoarthritis, bursitis, tendonitis, surgical pain and spondylitis (ATZENI; MASALA;
PUTTINI, 2018) However, there are studies showing the presence of sodium diclofenac on the aquatic
environment, since this is consumed in large quantities with a low rate of removal by conventional
treatments used in sewage treatment plants (SHAKEEL et al., 2014; QUESADA et al., 2019). It does
not have adverse effects in therapeutics dosages, however, when overloaded, it can form ulcers, bleeding
and hepatic disease (STULTEN, 2008). With a large amount of the drug in the environment, occasionally

may occur intoxication, which can lead to health problems as vomit, gastrointestinal hemorrhage,
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diarrhea, dizziness, tinnitus, or convulsions. In the case of severe intoxication, acute kidney and liver
insufficiency may occur. Figure 3 shows the chemical structure of sodium diclofenac, and Table 3
exposed the main properties of itself.

Figure 3 - Chemical structure of sodium diclofenac drug.
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Table 3 - Main properties of sodium diclofenac.

molecular formula  weight molecular (g mol?) solubility (mg I'") A (nm)

‘max

C,H, CLNO,Na 296.20 237 275
Source: Sotelo ef al. (2014).

IBUPROFEN

Ibuprofen is an anti-inflammatory nonsteroidal and has analgesic and antipyretic effects
(PAROLINI, 2020), showing the combination with two active principles used to relieve rheumatic
pain (ATZENI et al., 2021). Moreover, it is easy to get without a medical prescription and is not
on the list of pharmaceutical assistance (RENAME) (BEHERA; OH; PARK, 2012). Moreover, the
abundance of this drug in the environment leads to intoxication that causes health problems such
as anemia, hypersensitivity, dermatology problems such as photosensitivity and ocular effects as
blurry diplopia (HUSSAIN et al., 2021) Figure 4 shows the chemical structure of ibuprofen and the

Table 4 exposed the main properties of itself.

Figure 4 - Chemical structure of ibuprofen drug.
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Source: Author’s Construction.

Table 4 - Main properties of ibuprofen drug.

molecular formula  weight molecular (g mol?) solubility (mg I') A (nm)

‘max

C,H,0, 206.29 21 220
Source: Behera, Oh and Park (2012).
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BIOSORPTION PROCESS

Normally the use of biosorbents requires the preparation of the same (biochar), with this bio-
char the biosorption process normally lasts between 120 to 180 minutes, where samples are collected
at predetermined times, right after using a photometer spectrum to observe the absorbance at each
collected point, therefore, isotherms are used for the study of adsorption and kinetic models to verify

how fast the adsorption process happens (HUSSAIN et al., 2021).

Biosorption equilibrium

In the study of the adsorption equilibrium, Langmuir, Freundlich, Sips and Temkin isotherms
are used most, which require Ce which is the concentration of the adsorbent in the liquid phase equi-
librium adsorbed, thus it is possible to identify the characteristics of the adsorption process as shown
in Table 5. Thus, Table 5 shows the bibliographic study about the main methods to identify the adsorp-

tion equilibrium process in relation to the isotherm’s models.

Table 5 - [sothermal models and their equations with descriptions of their variables.

Model Equation Comments Reference
i . Qmax * Ce Langmuir’s isotherm defends the idea that the biosorbents have an active site LANGMUIR
angmuir = —
= e 1+ k, +C, for each molecule of the adsorbate, so an adsorption occurs in a monolayer. (1918)
The Freundlich isotherm, on the other hand, defends the idea that the biosor-
. 1 L FREUNDLICH
Freundlich =k % C.MF bent has an active site for more than one molecule of the adsorbate, there-
qe F*Cle (1926)

fore the adsorption occurs in a multilayered form.

Gmax * (ks * C;)™  The Sips isotherm consists of the union of the Langmuir and Freundlich

Sips = SIPS (1948
s e 1+ (kg *xC,)" isotherms, therefore if the value of #_is equal to 1 it is equal to Langmuir ( )
The Temkin isotherm is normally used in the adsorption of gases, which de-
, RT . . , TEMKIN
Temkin qe = s *In(ks * C,) fines whether the adsorption occurs physically (<20 kJ mol™") or chemical (1941)
(>20 kJ mol ™)
Where:

q,: quantity of molecule adsorbed in equilibrium with solution per unit mass (mg of adsorbate g of adsorbent™);
q,,;,. Mmaximum amount of molecule adsorbed in solution per unit of mass to form a complete monolayer of adsorption
(g of adsorbate g of adsorbent™);

k,: Langmuir constant (L mg);

Ce: concentration of the adsorbent in the liquid phase equilibrium adsorbed (g L);

k,: Freundlich constant;

n,: represents the degree of heterogeneity of the system, ranging from 1 to 10;

k,: Sips isotherm constant, with the adsorption energy (L mg™ );

n, represents the degree of heterogeneity of the system, ranging from 0 to 1;

k,: is the bonding equilibrium constant (L mg™);

b: is the heat of adsorption (kJ mol-1);

R: is the universal gas constant (8,314 J K™ mol ');

T: is the temperature (K).
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Moreover, Figure 5 shows us the behavior of isotherms in a generic way, making it possible to

graphically identify when the adsorption becomes favorable or unfavorable.

Figure 5 - Adsorption isotherms correlating equilibrium concentration (mg L") and adsorbed capacity (mg g).
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Source: Author’s Construction.

Biossorption Kinetic

The kinetic models describe how fast the reaction occurs, among the most common models
are pseudo-first-order (PFO), pseudo-second-order (PSO) and Elovich (ELO), when PFO is more
favorable, this means that there is an excess of reagent (FARID et al., 2018), on the other hand for
PSO the adsorption rate depends on the amount of the chemical species adsorbed on the surface of
the adsorbent and the amount adsorbed at steady state (HUBBE; AZIZIAN, DOUVEN, 2019) while
for the ELO with the increase of the mass of the smaller adsorbate will be its constant (o) (BERNAL,;
GIRALNDO; MORENO-PIRAJAN,2021).

BIOCHAR

Biochar is an activated carbon from biomass residual, which shows high porosity and surface
area, with properties attributed to its surface, including the removal of impurities dissolved in solu-
tion (RAVENNI et al., 2020). Moreover, it is synthesized by the activation/carbonization process.
However, this thermic decomposition has the following limitations, such as (HUANG et al., 2020): (a)

oxygen concentration: environment; (b) temperature rate: 500 °C and, (c) time of pyrolysis:5 hours.
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RESULTS AND DISCUSSION

BIOSSORPTION EQUILIBRIUM

Table 6 and Table 7 show some studies using different biosorbents to organic pollutants re-

moval through the adsorption equilibrium using different isotherm models, such as Langmuir and

Freundlich (Table 6) and Temkin and Sips (Table 7).

Table 6 - Equilibrium adsorption to drug removal using Langmuir and Freundlich isotherms.

. Langmuir Freundlich Reference
b Biosorvent Drug T ) - Q K K
ru ° )
© @y g b ; '
(mg g-l) (L mg-]) (Ll/rl.mgl-]/n-g-l)
ZOLTOWSKA-
Ibuprofen CM (0.2) 1 25-40 4-6 0.4 0.002 1.9 5.5
AKSAMITOWSKA et al. (2018)
WASAB
Ibuprofen 20 -45 15-45 2-6 12.7 0.08 0.6 1.3 CHAKRABORTY et al. (2018)
(0.03-0.45)

Ibuprofen CM (0.3) 30 25 6.0 70 - 0.2 5.2X10° PHASUPHAN et al. (2019)
Paracetamol IC (0.1) 120 30 7.5 200 0.4 3.1 55.7 CABRITA et al. (2010)
Paracetamol PS (0.1) 120 30 9.0 113 0.05 2.4 15.4 CABRITA et al. (2010)

Sodium

] COC(0.2) 0.15-0.30 15-50 7.0 0.1 185.9 0.2 0.1 MAIA et al. (2019)
Diclofenac

Sodium

) PCSP (0.2) 100 349 6.6 493.8 0.006 0.6 11.8 LU et al. (2020)
Diclofenac

CM - modified chitin; WASAB - apple tree wood biochar activated with steam;
IC - industrial cork; PS - peach kernel; commercial organoclay;

CMW - modified chitosan residue, COC - commercial organoclay, PCSP - poly (vinyl alcohol)/chitosan/amino-grafted

silica@polyethylenimine, Q . - Maximum adsorption; K, - Langmuir constant, K, - For the Freundlich.

According to Table 6, for the ibuprofen drug, Q_. ranged 0.40 - 12.66 mg g' using CM and

WASAB, respectively, that is, going to meet Langmuir and for Freundlich the only was from CM,

since the value of » must be between 1 and 10. For paracetamol, both biosorbents IC and PS were

favorable for both Langmuir and Freundlich, and for sodium diclofenac only PCSP was favorable for

Langmuir and none for Freundlich.

Table 7 - Relation of the drugs using Temkin and Sips isotherms.

Biosorvent drugs T Temkin Sips
Drug . . o pH k, b Qi K, Reference
(mg L) (mgL")  (°C) " " 1 1
(Lmgh)  (kJmol’) (mgg’) (Lmg?) i
Sodium ZOLTOWSKA-
. COC (0.2) 0.15-0.30 50 7.0 7.73 167.71 0.170 36.282
Diclofenac AKSAMITOWSKA et al. (2018)
Sodium
. COR (10) 100 25 6.0 - - 109 0.014 ZHUANG et al. (2020)
Diclofenac
Ibuprofen CP (300) 10-50 25 3-12 0.08 1058.02 0.923 0.475 KHADIR et al. (2020)
THAKUR; SHARMA; MANN
Paracetamol RHA (100) 100 25 8 7.41 2.39 - -

(2020)

CP -Cellulosic Poly (ppy-Ani), RHA - rice husk ash, COR - Covalent Organic Frameworks
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In Table 7, it is possible to observe that RHA was the only one that obtained physical adsorption
according to Temkin due to the low energy adsorption (<20 kJ mol™), and for Sips, the COC was the
one with the highest maximum capacity (Q_, ), furthermore, research has shown the lack of research of

these isotherms with the above drugs, due to the Temkin isotherm being generally used for gases.

ADSORPTION KINETICS

The kinetic study will be essential to determine the speed at the adsorption process occurs,
being possible to verify the mechanism and the main kinetic parameters. Thus, pseudo-first order (PFO),
pseudo-second order (PSO) and Elovich (ELO) models are mainly models used in kinetic adsorption
studies. Table 8 shows the main kinetic parameters used in the study of some drugs, such as ibuprofen,

paracetamol and sodium diclofenac.

Table 8 - Kinetic studies conducted with drugs (ibuprofen, paracetamol and sodium diclofenac).

Kinetic
Drugs Comments Reference
model
Study in relation to ibuprofen removal where was used WASAB for
PFO and i . CHAKRABORTY
Ibuprofen adsorption the same (15 and 30 mg L), where was obtained R? the
PSO et al. (2018)
PFO 0.859 and PSO 0.900.
This study relation shows the utilization the CM to removal
Ibuprofen ] ) ) ] o PHASUPHA;
. PFOand  ibuprofen and sodium diclofenac, using PFO and PSO kinetics for
and Sodium . . PRAPHAIRAKSIT;
. PSO evaluation, where was obtained to PFO a R? the 0.138 and 0.124 and
Diclofenac IMYIM (2019)
PSO R? the 0.999 for both
Study in relation to paracetamol removal where was used IC and
Paracetamol PSO PS for adsorption the same (120 mg L), the R? for PSO obtained CABRITA et al. (2010)
was the 0.999
Study in relation to ibuprofen removal where was used coconut husk
PFO, PSO  activated (ACH) for the same, using PFO, PSO and ELO kinetics,
Ibuprofen . BELLO et al. (2020)
an ELO where was obtained to PFO a R? the 0.937, for PSO a R? 0.993 and

for ELO a R? the 0.865

We can see in table 7 that the kinetics was not favored by CM, due to its R? being close to 0,
in general, the PSO was favorable for the drugs due to its ideal concentration together with the pH,

which was adjusted to give the zero charge point (pH,.,).

CONCLUSION

Therefore, with the present work it was possible to identify the variability of the applicability
of agro-industrial residues that can be used as biosorbents for the removal of drugs, in the removal
of ibuprofen the biosorbent that had more prominence was the CM due to obtaining a monolayer

adsorption by Freundlich with an n value of 1.9, in the case of paracetamol both IC and PS obtained
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good Q__ of 200 and 113 respectively and n values of 3.1 and 2.4 thus being an adsorption by multi
and monolayer, finally for sodium diclofenac obtained the better Q  with the use of PCSP being
493.8 and an n below 1, thus, a multilayer adsorption, in general the studies with Temkin mostly had
a chemical adsorption due to having an energy greater than 20 kJ mol"! except for the use of the RHA
biosorbent and for the Sips parameters, the best Q__was using the COR biosorbent to remove sodium
diclofenac. the kinetics showed that PSO presented the best results in the biosorption of drugs, due
to its concentrations being ideal and in agreement with the pH. Therefore, it is possible to identify a
series of applications of alternative materials in the removal of organic pollutants, proving to be very

sustainable and ecologically correct for these materials.
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