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ABSTRACT 

In this work, the potential of peach pit biosorption in the removal of the drug metformin 

hydrochloride from water is evaluated. Experiments are carried out in a closed batch 

system to evaluate the effect of the solution pH (2–10), temperature (25, 35 and 45 °C), 

stirring (100, 150 and 200 rpm) and chemical treatments. During the study, biosorbent 

characterization, kinetic tests, equilibrium tests and thermodynamic parameter 

calculations are performed. The operating conditions that show the best results for both 

the raw biosorbent and the biosorbent submitted to acid, basic and acid followed by basic 

treatments with removal capacities of 3.17, 10.83, 18.10 and 49.14 mg g-1, respectively, 

are pH 7, 25 °C and 100 rpm, which result in an equilibrium time of 12 h. In the kinetic 

study, the pseudo-second-order model represents the best fit for the experimental data, 

while the Langmuir model best represents the equilibrium data. The biomasses submitted 

to chemical treatments show a significant increase in drug removal capacity related to the 

raw biosorbent, with the best maximum absorption of 82.54±1.34 mg g-1 achieved after 

the application of the acid followed by basic treatment. These results show that peach pit 

has potential to be used as a low-cost biosorbent to remove drugs from water. 
 

 
INTRODUCTION 

The worldwide environmental impact and large 

number of emerging contaminants detected in surface 

waters have become major global concerns. Such 

contaminants come, in general, from industrial waste that 

generates serious problems of water pollution for containing 

elements, which above certain concentrations can be toxic 

to humans and the environment. The presence of drugs, 

pesticides and hormones in water can generate high risks to 

human health due to their accumulation, as they can, in 

addition to changing the normal level of hormones in 

humans and animals, create microbial resistance to drugs 

(Jean et al., 2012; Álvarez-Torrellas et al., 2016; Bartrons 

& Penuelas, 2017). In recent years, the significant increase 

in the consumption of these compounds and their effects on 

the ecosystem and human body have received significant 

attention, particularly regarding their effective elimination. 

Metformin hydrochloride, a potent anti-

hyperglycemic agent that is currently recommended for oral 

therapy in the treatment of type 2 diabetes, is an example 

drug that is introduced into the environment in greater 

volumes, since a large part of the medication ingested by an 

individual gets excreted in urine, unchanged or slightly 

modified, as a result of incomplete absorption by the human 

body. Drug residues, which are not metabolized by the 

human body and, thus, excreted in urine, are discharged into 

domestic sewage and then sent to the sewage treatment units 

of sanitation companies, where no specific treatment for this 

type of substance (Niemuth et al., 2015) is provided. In 

addition, drug residues may come from effluents from 

pharmaceutical industries, which due to the lack of specific 

legislation requiring maximum disposal concentrations, 

discharge residues into the environment without proper 

treatment. Thus, the limit concentrations of toxicity may be 

exceeded (Larsson, 2014). 
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Bearing in mind that conventional treatments are not 

able to remove or degrade these pollutants efficiently, 

treatment technologies are required (Carmalin & Lima, 

2018). Among the various possible techniques, adsorption 

methods are very popular and effective due to their 

environmental and economic benefits (Módenes et al., 

2015a; Inyang & Dickenson, 2015; Tan et al., 2015; 

Rigueto et al., 2020). 

Bioresidues from the agricultural and food industries 

have been used as potential biosorbents in the treatment of 

water and effluents (Espinoza-Quiñones et al., 2010; 

Módenes et al., 2015a; Módenes et al., 2015b; Scheufele et 

al., 2016; Ribeiro et al., 2018; Shakoor et al., 2019; 

Scheufele et al., 2019; Bazarin et al., 2019; Módenes et al., 

2019), due to them being natural resources, as well as 

renewable and economically viable (Rezaee et al., 2008). 

However, further research is needed to explore different 

biosorbents, as well as their efficiency in the drug 

adsorption process. 

Peach pit, a residue from peach processing, has been 

applied as an adsorbent in the removal of textile dyes 

(Muñoz-González et al., 2008; Markovic et al., 2015; Yan 

et al., 2018), metals (Maldonado et al., 2016; Yan et al., 

2018) and drugs (Conrado, 2019; Álvarez-Torrelas et al., 

2015). In addition, this biosorbent has been shown to be an 

excellent alternative of treatment to minimizing the impact 

caused by the discharge of effluents, with its use promoting 

the use of solid waste, which is often discarded in the 

environment due to its slow decomposition and high stiffness.  

In this sense, the objective of this study is to use a 

solid agricultural and industrial residue with peach pit to 

remove metformin hydrochloride from water by evaluating 

the appropriate operational parameters (pH, temperature 

and stirring) for both the raw biosorbent (RW) and the 

biosorbent submitted to acid (AT), basic (BT) and acid 

followed by basic (ABT) treatments. Additionally, a 

thermodynamic, kinetic and equilibrium study is performed, 

which provides estimations of some of the main kinetic and 

equilibrium models found in the literature. 

 

MATERIAL AND METHODS 

Residue from peach processing 

The Agate peach variety used by peach processing 

agribusinesses in the southwestern region of Paraná, Brazil, 

undergoes the process of cutting and ginning during the 

production of peaches into syrup and jelly. The peach pit 

discarded in this process was collected and dried for 2 

months in open air. After this period, it was washed with 

running water, rinsed with distilled water, dried in an oven at 

40 °C, crushed and sieved to a particle size of 0.04 to 1 mm. 

Analysis and preparation of solutions and biomass 

The solutions were prepared from the dissolution of 

the pharmaceutical ingredient (metformin hydrochloride) in 

distilled water. The drug concentration analyzes were 

performed using ultraviolet-visible (UV-Vis) 

spectrophotometry in a 200 to 700 nm range (Shimadzu, 

Model UV 1800). To determine the concentration of the 

drug solution, a calibration curve was constructed with 

concentrations from 2 to 20 mg L-1 ( AbsConc 131.12=

; R2 = 0.998), which is linearly related to the concentration 

of the drug solution with the corresponding absorbance. 

Chemical treatment of peach pit 

The acid treatment was carried out by adding 10 g of 

the ground peach pit in 1 L of 1 mol L-1 phosphoric acid 

solution, with the temperature controlled at 80 °C and 100 

rpm stirring with a magnetic stirrer for 30 min. A similar 

procedure was performed for the basic treatment, in which 

a 1 mol L-1 sodium hydroxide (NaOH) solution was 

maintained under stirring of 100 rpm (magnetic stirrer) at 

room temperature for 30 min. After each chemical treatment 

(acid and basic), the solid part was separated from the 

liquid, rinsed with distilled water until reaching neutral pH 

and then dried in an oven (at 100 and 40 °C for the acid and 

basic treatments, respectively). In addition, a basic 

treatment was carried out on a portion of the biomass treated 

with phosphoric acid. 

Determination of point of zero charge (pHpzc) 

The pHpzc of the biosorbent is an important resource 

to understand the adsorption process. This parameter 

corresponds to the pH at which the surface charge of the 

biosorbent is zero. According to Davranche et al. (2003), the 

surface of the material can present a positive, negative or 

zero charge, based on the pH of the surrounding solution, 

and may behave like an anion or cation exchanger. Cation 

adsorption is favored at pH > pHpzc, while anion adsorption 

is favored at pH < pHpzc. 

To determine the pH at which the surface charge of 

the biosorbent was zero (pHpzc), the methodology proposed 

by Davranche et al. (2003) and described in detail by 

Módenes et al. (2013) was used. Based on this 

methodology, two flasks containing a suspension of 5 g of 

adsorbent and 100 mL of NaNO3 (0.1 mol L-1) were 

prepared. Both suspensions were then titrated, one with 

HNO3 (0.1 mol L-1) and the other with NaOH (0.1 mol L-1). 

The amount of acid and base necessary to reach each pH 

value (in a pH range between 2 and 12) was recorded. The 

net charge on the biosorbent surface was calculated 

according to [eq. (1)]: 

   
S

BA

C

HOHCC
q

+− ++−
=                          (1) 

Where: 

AC  and BC  - acid and base concentration (mol L-1), 

respectively; 

SC  - mass per volume of biosorbent in solution (g L-1), 

[
−OH ] and [

+H ] - hydroxyl and hydrogen ions in 

solution (mol L-1), respectively. 

 

Scanning electron microscopy 

To assess the biomass surface morphology of RW, 

AT, BT and ABT, scanning electron microscopy analyzes 

were obtained using a Hitachi 3000 digital microscope, 

which consists of the emission of an electron beam by a 

capillary filament of tungsten by applying a potential 

difference. For such analyzes, the biosorbent was 

previously dried at 100 °C, placed on a copper strip and 

subsequently introduced into the equipment to generate the 

images that were enlarged 1000 times. 

http://www.usp.br/nanobiodev/wp-content/uploads/MEV_Apostila.pdf
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Fourier transform infrared (FTIR) spectroscopy 

To verify possible changes in the functional groups 

caused by the chemical treatment and/or by the adsorption 

process, FTIR analyzes were performed in both the RW and 

treated samples, before and after the adsorption of the drug. 

The KBr tablet methodology was used, with lozenges 

prepared by the homogeneous mixing and grinding of 1 mg 

of sample and 99 mg of KBr in a mortar previously dried at 

105 °C. Pasturing was carried out with the gradual 

application of an 8-ton pressure to the mixture for ~5 min. 

Using a PerkinElmer model Frontier IR system, FTIR 

spectra were obtained in the range of 4000 to 400 cm-1 with 

a resolution of 4 cm-1. 

 

Preliminary tests 

A set of tests were carried out to evaluate the best 

operating conditions for the pH (4–10), sorption 

temperature (25, 35 and 45 °C) and stirring (100, 150 and 

200 rpm) in the adsorption of metformin hydrochloride 

(Table 1). Furthermore, adsorption tests were carried out to 

verify the effect of chemical treatments on the peach pit 

sorption capacity to adsorb the drug. 

 

TABLE 1. Experimental design to evaluate the influence of 

pH, temperature (oC) and stirring (rpm) parameters. 

Test 
Parameters 

pH Temperature (oC) Stirring (rpm) 

1 4 25 100 

2 5 25 100 

3 6 25 100 

4 7 25 100 

5 8 25 100 

6 9 25 100 

7 10 25 100 

8 7 25 100 

9 7 35 100 

10 7 45 100 

11 7 25 100 

12 7 25 150 

13 7 25 200 

Preliminary tests were performed in duplicate, with 

the addition of a mixture of 0.25 g of biosorbent to 50 mL 

of the drug solution with an initial concentration of 100 mg 

L-1 in 125 mL flasks under constant stirring (100 rpm) at a 

controlled temperature for a period of 24 h. After this 

contact period, the adsorbent solution was separated by 

centrifugation at 3000 rpm for 10 min. The determination of 

the initial and post-adsorption concentrations of the solution 

was performed by UV-Vis spectrophotometry at a 

wavelength of 233 nm (USP, 2012).  

The amount of drug adsorbed by the biosorbent was 

calculated from the mass balance described in [eq. (2)]: 

( )
m

VCC
q

−
= 0                                                   (2) 

Where: 

( )tq  - amount of adsorbed drug (mg g-1); 

0C  and C  - initial and final concentration (mg L-1), 

respectively; 

V - volume of solution (L), 

m  - adsorbent mass (g). 

 

The results were evaluated by means of the analysis 

of variance (ANOVA), considering the independent 

variables of pH, temperature and stirring, as well as the 

dependent variable removal percentage. Statistically 

significant differences were investigated at a 95% 

confidence level. For such analyzes, the StatSoft® Inc. 

Statistica software was used. 

Kinetic tests 

Kinetic tests were performed using the peach pit 

(RW, AT, BT and ABT). Based on the results obtained with 

the preliminary tests, the most appropriate operational 

conditions for the kinetic study were determined. Therefore, 

under such sorption conditions (pH 7, 25 °C and 100 rpm), 

mixtures of 0.25 g of biosorbent and 50 mL of drug solution, 

with initial concentrations of 100 and 400 mg L-1, were 

prepared in Erlenmeyer flasks. The mixtures were kept 

under constant stirring on an orbital shaking table at a 

controlled temperature of 25 °C for 24 h. Aliquots (vials) 

were withdrawn at predetermined time intervals (1 to 1440 

min) for further analysis with the UV-Vis spectrophotometer. 

Equilibrium tests 

Equilibrium tests were performed in triplicate under 

the same operational conditions used in the kinetic tests. In 

addition, for the ABT sample, equilibrium tests were 

performed at 25, 35 and 45 °C. The tests were carried out in 

batches, in Erlenmeyer flasks with a mixture of 0.25 g of 

biosorbent and 50 mL of drug solution, with 

concentrations ranging from 5 to 800 mg L-1, and with a 

contact time of 24 h. 

 The adsorption capacity of the peach pit was 

determined in the equilibrium study and the data were 

further used to adjust isotherm models usually used to 

express the properties between the adsorbent surface and the 

affinity with chemical species. 

Kinetic modeling 

For the adsorption kinetics, the mass transfer 

between the solid and liquid phases can be described by the 

pseudo-first-order model proposed by Lagergren 

(Lagergren, 1898; Ho & McKay, 1999), given in [eq. (3)], 

where the rate of adsorption is directly proportional to the 

difference between the current and equilibrium 

concentrations. If the adsorption depends on the adsorbent-

adsorbate interaction, then the process is described by the 

pseudo-second-order model (Ho & McKay, 2000; Ho, 

2004), given by [eq. (4)], where the amount of adsorbate 

removed is proportional to the square of the difference 

between the saturation concentration and the drug 

concentration in the adsorbent.  

( )tk

eq eqq 11 −−=                                         (3) 
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Where: 

1k  - velocity constant (h-1), 

eqq and ( )tq  - drug removal capacity in the 

equilibrium and during time t (h), respectively. 

 

tkq

tkq
q

eq

eq

2

2

2

1+
=                                               (4) 

Where: 

2k  - velocity constant (g mg-1 h-1). 

 

To verify the possibility that intraparticle diffusion 

is the mechanism responsible for the diffusion of the drug 

adsorption process, a model proposed by Weber & Morris 

(1963), dependent on the square root, was applied, as 

described in [eq. (5)]. Usually, this model shows three 

different regions that correspond to the stages of external 

diffusion, macropores and micropores. 

Ctkq dif +=                                               (5) 

Where: 

difk - intraparticle diffusion rate constant 

(mg g−1 h−1
2⁄ ); 

t - contact time, 

C  - constant related to the diffusion resistance. 

 

Equilibrium modeling 

Based on the relation between the adsorption 

capacity of the biomass and the equilibrium concentration, 

the data were evaluated using isotherm models usually 

applied to biosorption studies, which allow for the 

evaluation of the nature of the adsorption process. The 

equations and parameters of the mentioned models are 

demonstrated as expressed by eqs. (6) - (11):  

Langmuir (1916):  

eq

eq

eq
bC

bCq
q

+
=

1

max
                           (6)  

 

Freundlich (1906): ( )neqFeq Ckq =                           (7) 

 

Redlich & Peterson (1959): g

eqrp

eqrp

eq
Ca

Ck
q

+
=

1
          (8) 

 

Temkin (1981): ( ) ( )eqTeq Cbkbq lnln +=            (9) 

Dubinin (1960):








































+

=
2

max,

1
1lnexp

eq

sDR

DR

eq

C
RT

q
q



                 (10) 

 

Toth (1971): 

( )( ) TT nn

eqT

eqTT

eq

Cb

Cbq
q

1

max

1+

=                   (11) 

Where: 

qmax - maximum capacity of drug adsorption by the 

Langmuir isotherm (mg g-1);  

qeq - equilibrium capacity of drug adsorption (mg g-1);  

Ceq - equilibrium concentration (mg L-1);  

b - the ratio between the adsorption and desorption 

rates (mg L-1);  

kF - Freundlich constant (mg g-1);  

n - constant that characterizes the adsorption 

intensity;  

krp and arp - Redlich-Peterson parameters, with the 

respective units L g-1 and mg L-1, respectively;  

g - exponent of Redlich-Peterson (dimensionless), 

which must be ≤ 1; maximum capacity of drug 

adsorption by the Langmuir isotherm (mg g-1);  

B - constant that represents the adsorption heat;  

kT - bonding equilibrium constant (L mg-1);  

qmax,DR - maximum capacity of drug adsorption by 

the Dubinin-Radushkevich isotherm (mg g-1);  

βsDR - represents the activity coefficient according to 

the sorption average energy (mol2 kJ-2);  

R - constant of ideal gases (8.314 K-1 mol-1);  

T - temperature (K);  

bT - Toth constant (L mg-1);  

nT - homogeneity parameter, which ranges from 0 to 1. 

 

The estimation of the equilibrium and kinetic model 

parameters was performed by applying the nonlinear 

identification procedure in Origin® 8.0 Pro software. 

Thermodynamic parameters 

After performing the analysis of the temperature 

effect, the process adsorption thermodynamics were 

verified. For this analysis, the Gibbs energy (ΔG°), enthalpy 

(ΔH°) and entropy (ΔS°) of the system were evaluated. The 

variation in the Gibbs free energy is given by [eq. (12)]: 

( )eq

o KRTG ln−=                              (12) 
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Where: 

R - ideal gas constant (8.314 mol-1 K-1); 

 T - system operating temperature (K); 

Keq - equilibrium constant.  

 

The relation between the three parameters is given 

by [eq. (13)]: 

ooo STHG −=                                         (13) 

 

According to [eq. (13)], the intersection and slope of 

a line with the ordinate axis provide the enthalpy and 

entropy values, respectively. 

RESULTS AND DISCUSSION 

Determination of pHpzc 

The behavior of the surface net electrical charge of 

the biosorbent (RW, AT, BT and ABT), as a function of pH 

(Figure 1), showed a zone of neutral net surface charge for 

RW, BT and ABT in a pH range between 6 and 8. For AT, 

the same pattern occurred at pH ~3, according to Figure 1. 

The pH values identified below the pHpzc suggest that the 

surface of the adsorbent behaves as a positive net surface 

charge (anion adsorption), while for pH values above 

pHpzc, the adsorbent surface is negative (cation adsorption) 

(Oliveira et al., 2018). 

 

 

FIGURE 1. Behavior of the net electrical charge for the RW, AT, BT e ABT biosorbent as a function of pH. 

 

Scanning electron microscopy 

With the images obtained from the scanning electron 

microscopy analysis, shown in Figure 2, it is possible to 

analyze the texture and roughness characteristics of the 

materials. It is observed that the biomass surfaces for both 

raw and modified by chemical treatments are irregular      

and have excellent porosity. It can also be seen that after  

chemical treatments (Figures 2(b)-(d)), the structure of the 

biosorbent subjected to BT and ABT presented a more 

irregular and heterogeneous surface morphology. This may 

cause an increase in the capacity of adsorption of the 

material, since the aim of the activation is to remove 

compounds that may obstruct the pores, as well as increase 

the specific surface area in the material. 
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FIGURE 2. Micropraphs obtained for biomass with 1000 times magnification: (a) RW, (b) AT, (c) BT and (d) ABT. 

 

FTIR analysis 

The possible functional groups present in the 

structure of the peach pit were characterized by FTIR 

analysis in the range of 4000–450 cm-1. Figure 3 shows the 

spectra in a range from 2000 to 800 cm-1, where the main  

chemical bonds of the functional groups were identified. 

The structural properties present in the peach pit for both 

raw and after chemical treatments are located in the 

region of 1800–900 cm-1, where there is evidence of 

organic leaching. 
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FIGURE 3. Typical infrared spectrum for a samples before and after adsorption process (a) RW, (b) AT, (c) BT and (d) ABT. 
  

 

 

 
 

 

 

At 1740 cm-1, there are considerable changes in the 

spectra of the biomass submitted to chemical treatments 

when compared to the raw biosorbent, which indicate 

carboxylic groups or correspondences for aldehyde, ketone 

and esters (C=O). For AT, the intensity of the 1740-cm-1 

bands was lower when compared to the ones from the raw 

biosorbent, which also happened to BT and ABT, although 

in greater intensity, since the bands reduced significantly or 

even disappeared. This phenomenon suggests the 

hydrolysis of esters and amides to carboxylic acid groups 

(Pilon & Lavoie, 2011). 

According to Chen et al. (2015), the change in the 

range of 1640–1600 cm-1 may be linked to aromatic, 

carboxylic and alkenes groups (C=O and C=C), while a 

change in the peak at 1384 cm-1 suggests stretching of 

nitrates (N-O). Likewise, the range between 1265 and 1220 

cm-1 can be attributed to vibrations from phenolic groups, 

carboxylic acids, amines and amides (C-O and C-N). 

Furthermore, it is possible to identify the stretch at 1270 

cm-1 (C-O-C) and esters at 1225 cm-1. 

The absence of the C=O peak at 1740 cm-1 in the 

spectrum after the adsorption process may be associated 

with the formation of hydrogen bonds after the adsorption 

of metformin. According to Zhu et al. (2017), this suggests 

that the formation of 𝜋 − 𝜋 interactions and hydrogen bonds 

may be the main adsorption mechanism. 

Preliminary tests 

The influence of initial pH in the process of 

metformin hydrochloride adsorption was evaluated through 

pre-tests by comparing seven pH values (4, 5, 6, 7, 8, 9 and 

10) at 25 °C and 100 rpm (tests 1–7 described in Table 1) to 

evaluate the response that the change in the initial pH 

generates in the removal capacity for the biosorbent (RW, 

AT, BT and ABT). After analyzing the results from Table 

2, pH 7 was chosen to be used in further tests, since values 

close to neutral provided a slightly higher removal capacity, 

so no adjustments were necessary. 

In the analyzes related to temperature variation at pH 

7 and 100 rpm (tests 8–10 described in Table 1), the 

adsorption process was evaluated at 25, 35 and 45 °C for 

RW, AT, BT and ABT. The removal of the drug showed 

better results at 25 °C (Table 3) and this temperature was 

used in further tests. 

The evaluation of the adsorption process stirring was 

carried out at 100, 150 and 200 rpm (pH 7 and 25 °C), 

according to tests 11–13 presented in Table 1. It was found 

that the stirring did not significantly influence the 

adsorption process for any biomass evaluated (RW, AT, BT 

and ABT), with removal capacities of 2.92, 6.83, 8.81 and 

14.97 mg g-1, respectively. Therefore, 100 rpm was used for 

milder stirring and easier operation. 

By means of the ANOVA, it was observed that the 

effect of the temperature was significantly different for all 

biosorbents tested (RW, AT, BT and ABT) at a 95% 

confidence level. In contrast, the stirring speed did not have 

a significant influence on the removal, from a statistical 

point of view, for the biomasses that underwent the 

chemical treatments. Thus, the response surfaces (Figure 4) 

were built for the percentage of drug removal as a function 

of the initial pH of the solution and temperature. 
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TABLE 2. Effect of pH in the adsorption process (Cinitial= 100 mg L-1, T= 25°C, 100 rpm, t= 24 h). 

RW AT BT ABT 

pHinitial pHfinal q(mg g-1) pHinitial pHfinal q(mg g-1) pHinitial pHfinal q(mg g-1) pHinitial pHfinal q(mg g-1) 

4,07 6,88 2,14 ± 0,11 4,03 3,82 6,40 ± 0,32 4,01 7,8 8,38 ± 0,42 4,03 7,64 13,06 ± 0,65 

4,95 7 2,47 ± 0,12 5 4,26 6,85 ± 0,34 5,08 7,75 10,26 ± 0,51 5 8,01 16,32 ± 0,82 

5,94 7,01 2,52 ± 0,13 6,05 4,33 6,88 ± 0,34 6,02 7,81 10,72 ± 0,54 6,05 8 16,77 ± 0,84 

7,04 7 2,63 ± 0,10 6,95 4,45 7,16 ± 0,36 6,93 7,7 11,57 ± 0,58 6,95 7,9 17, 70 ± 0,85 

8,01 6,98 2,45 ± 0,12 8,14 4,52 6,99 ± 0,35 7,96 7,59 10,03 ± 0,50 8,14 7,74 16,20 ± 0,81 

9,03 7 2,51 ± 0,13 9,09 4,5 6,91 ± 0,35 9,09 7,66 9,63 ± 0,48 9,09 7,97 16,00 ± 0,82 

10,12 6,96 2,38 ± 0,12 10,02 4,51 6,50 ± 0,32 10,03 7,5 9,31 ± 0,47 10,02 7,87 15,44 ± 0,77 

 

TABLE 3. Effect of the temperature in the adsorption process (Cinitial= 100 mg L-1, 100 rpm, t= 24 h). 

Temperature (Co) 
q(mg g-1) 

RW AT BT ABT 

25 2,54 ± 0,10 6,33 ± 0,21 12,45 ± 0,36 17,14 ± 0,27 

35 2,33 ± 0,12 5,62 ± 0,01 11,93 ± 0,39 15,69 ± 0,39 

45 2,01 ± 0,12 5,57 ± 0,23 10,29 ± 0,09 13,01 ± 0,18 

  

 

FIGURE 4. Response surface for the percentage of removal as a function of the pH and temperature for biosorbents (a) RW,     

(b) AT, (c) BT and (d) ABT. 
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Overall, it is noted that greater drug removal 

capacities can be reached with pH values close to 7 at ~25 °C. 

For the stirring speed, since there were no significant 

differences, 100 rpm was used for further experiments. Thus, 

the preliminary tests indicated that the operating conditions 

that favor the removal process, among the conditions 

evaluated, are pH 7, 25 °C and stirring at 100 rpm. 

Kinetic tests 

The evaluation of biosorption kinetics for peach pit 

(RW, AT, BT and ABT) was carried out with initial 

concentrations of 100 and 400 mg L-1 under the most 

favorable sorption conditions for the removal of the drug 

(pH 7, 25 °C and 100 rpm). Under such conditions, the 

balance occurred at ~8 h, which is a relatively short time. In 

addition, ABT showed a significant reduction in the 

equilibrium time (2 h) and an increase in the adsorption 

capacity, as shown in Figure 5. 

 

 

FIGURE 5. Kinetic data for the process of drug adsorption: (a) Cinitial=100 mg L-1, pHinitial=7, T=25 °C and 100 rpm;                         

(b) Cinitial=400 mg L-1, pHinitial=7, T=25 °C and 100 rpm. 

 

The values of the adjusted parameters of the kinetic 

models are listed in Table 4. Among the evaluated models, 

the pseudo-second-order model was the one that best fit the 

experimental data, according to the correlation coefficients 

(R2), for the two concentrations evaluated (100 and 400 mg 

L-1) and for RW, AT, BT, and ABT. According to Ho & 

McKay (1999), the adjustment takes place by the pseudo-

second-order model because it considers a chemisorption step 

controlling the process and depends on the amount adsorbed 

on the surface of the adsorbent and in the state of equilibrium.  

In the analysis of the kinetic data by the intraparticle 

diffusion model for the biosorption process, it was found 

that there is an influence of the chemical treatment of the 

biomaterial and the concentration of the drug in the solution, 

as shown in Figure 6. It is possible to observe sections that 

present multilinearities, revealing different adsorption 

zones with different slopes (Módenes et al., 2015b). Three 

mass transfer zones were established for the tests (100 and 

400 mg L-1). A higher diffusion rate was identified in the first 

zone (Zone I), that is, the first phase of drug sorption occurs 

on the outer surface of the biosorbent. In Zone II, gradual 

adsorption occurs with mass transfer in the macropores. In 

Zone III, adsorption occurs in the micropores and is 

characterized by intraparticle diffusion. This is followed by 

the final equilibrium phase. Each zone was linearized by the 

values of  difk and C , according to Table 5.
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TABLE 4. Values of the adjusted parameters of the adsorption kinetic models. 

Initial  

concentration 
Kinetic models 

Adjustable  

parameters 

Biosorbent 

RW AT BT ABT 

100 mg L-1 

Pseudo-first order 

qe (mg g-1) qm 

k1(h-1) 

R2 

3,04 ± 0,08 

0,87 ± 0,08 

0,9669 

6,08 ± 0,12 

0,48 ± 0,03 

0,9860 

11,77 ± 0,14 

10,07 ± 0,83 

0,9745 

17,51 ± 0,18 

14,81 ± 1,18 

0,9761 

Pseudo-second order 

qe (mg g-1) 

k2 (g mg-1 h-1) 

R2 

3,29 ± 0,04 

0,38 ± 0,03 

0,9946 

6,91 ± 0,16 

0,08 ± 0,01 

0,9875 

12,14 ± 0,14 

1,45 ± 0,15 

0,9789 

18,05± 0,08 

1,35 ± 0,06 

0,9960 

400 mg L-1 

Pseudo-first order 

qe (mg g-1) qm 

k1(h-1) 

R2 

3,17 ± 0,07 

1,47 ± 0,15 

0,9610 

10,58 ± 0,49 

1,13 ± 0,21 

0,8743 

18,11 ± 0,20 

14,33 ± 1,17 

0,9789 

47,33 ± 1,09 

6,19 ± 0,80 

0,8987 

Pseudo-second order 

qe (mg g-1) 

k2 (g mg-1 h-1) 

R2 

3,31 ± 0,10 

0,80 ± 0,16 

0,9662 

11,37 ± 0,53 

0,16 ± 0,04 

0,9077 

18,61 ± 0,27 

1,31 ± 0,18 

0,9888 

49,75 ± 0,27 

0,19 ± 0,01 

0,9844 

 

 

 

 

 

FIGURE 6. Evaluation of kinetic data by the intraparticle diffusion model for drug adsorption by the biosorbent (a) RW, (b) AT, 

(c) BT and (d) ABT. 

 

By comparing the raw biomass (~3.17 mg g-1) with 

the ones after the treatments, it was verified that ABT 

provided a significant increase in the drug removal capacity 

of the biosorbent (~49.14 mg g-1), both on the surface and 

in the pores, i.e., in the three mass transfer zones.  

Equilibrium tests 

The adsorption equilibrium data for the biosorbent, 

shown in Figure 7a, were obtained according to the most 

favorable conditions obtained in the preliminary tests. To 

evaluate the model that adequately describes the adsorption  

process under study, the Langmuir (1916), Freundlich 

(1906), Redlich & Peterson (1959), Temkin (1981), 

Dubinin-Radushkevich (1960) and Toth (1971) isotherms 

were used. The values of the adjusted parameters are shown 

in Table 6. The model that best fit the experimental data was 

the Langmuir isotherm, which provided the highest 

correlation coefficient (R2) for all treatment conditions, 

suggesting that the drug adsorption occurs in the monolayer, 

with a homogeneous surface. 
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TABLE 5. Parameters of the intra-particle diffusion model for drug adsorption in the concentrations of 100 and 400 mg L-1. for 

the RW. AT. BT and ABT biosorbent. 

Initial 

concentration 
Diffusion zone 

Adjustable  

parameters 

Biosorbent 

RW AT BT ABT 

100 mg L-1 

 

Zone I 

kdif (mg g-1 h1/2) qm 

C1(mg g-1) 

R2 

3.05 ± 0.39 

0.05 ± 0.17 

0.9685 

2.72 ± 0.35 

-0.22 ± 0.31 

0.9074 

21.28 ± 1.75 

0.11 ± 0.53 

0.9670 

32.31 ± 3.45 

1.10 ± 1.04 

0.9456 

Zone II 

kdif (mg g-1 h1/2) qm 

C2(mg g-1) 

R2 

1.32 ± 0.08 

1.07 ± 0.07 

0.9895 

1.51 ± 0.36 

1.81 ± 0.70 

0.8489 

4.34 ± 0.26 

7.90 ± 0.20 

0.9854 

3.58 ± 0.74 

14.23 ± 0.50 

0.9806 

Zone III 

kdif (mg g-1 h1/2) qm 

C3(mg g-1) 

R2 

0.56 ± 0.17 

2.06 ± 0.25 

0.8285 

0.49 ± 0.03 

4.28 ± 0.09 

0.9912 

0.93 ± 0.21 

11.35 ± 0.26 

0.9009 

0.58 ± 0.11 

16.74 ± 0.13 

0.8771 

Equilibrium qe (mg g-1) 2.81 6.38 11.80 17.84 

400 mg L-1 

 

Zone I 

kdif (mg g-1 h1/2) qm 

C4(mg g-1) 

R2 

3.01 ± 0.16 

0.06 ± 0.11 

0.9893 

5.85 ± 1.05 

0.78 ± 0.58 

0.8820 

38.98 ± 4.90 

0.03 ± 1.20 

0.9396 

76.25 ± 2.21 

0.43 ± 0.59 

0.9974 

Zone II 

kdif (mg g-1 h1/2) qm 

C5(mg g-1) 

R2 

2.29 ± 0.63 

0.88 ± 0.78 

0.8575 

5.66 ± 0.33 

0.77 ± 0.41 

0.9867 

4.32 ± 0.63 

15.03 ± 0.45 

0.9578 

24.11 ± 1.57 

21.43 ± 0.84 

0.9909 

Zone III 

kdif (mg g-1 h1/2) qm 

C6(mg g-1) 

R2 

0.57 ± 0.30 

3.28 ± 0.51 

0.5763 

2.03 ± 0.50 

6.42 ± 0.89 

0.8861 

1.38 ± 0.08 

17.50 ± 0.08 

0.9936 

8.46 ± 0.21 

36.71 ± 0.25 

0.9988 

Equilibrium qe (mg g-1) 3.17 10.83 18.10 49.14 

 

 

FIGURE 7. Langmuir isotherm adjusted to the equilibrium data of drug adsorption: for (a) RW, AT, BT and ABT biosorbents 

under the following conditions pHinitial=7.0, T=25 °C, 100 rpm and 24h; (b) for the ABT biosorbent at 25, 35 and 45 °C.
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It can be seen from the equilibrium data (Figure 7a) 

that ABT presented a higher adsorption capacity compared 

to RW, AT and BT. The treatment presented in this work 

(ABT) increased the maximum biomass adsorption capacity 

from 5.19 ± 0.34 to 82.54 ± 1.34 mg g-1, according to the 

qmax parameter obtained from the fit of the Langmuir 

isotherm to the experimental data. Such an improvement 

can be attributed to the renewal of the organic surface by the 

treatment performance, as well as the increase in the 

specific area and volume of the micropores. This result 

agrees with the micrographs obtained from scanning 

electron microscopy, which suggest that, after the treatment, 

the surface of the biosorbent presented more irregular and 

heterogeneous characteristics. 

Since the ABT was the one that provided the highest 

adsorption capacity, according to Table 6, as confirmed by 

the preliminary and kinetic tests, it was used to evaluate the 

equilibrium at three temperatures (25, 35 and 45 °C). The 

results are shown in Figure 7b. All equilibrium models were 

evaluated for the three temperatures used and the 

parameters estimated are shown in Table 7. According to 

the correlation coefficient (R2), the Langmuir model was the 

one that best fit the experimental data for all temperatures 

evaluated. According to the estimated parameters (Table 7), 

as well as the data presented in Figure 7b, the best 

adsorption performance occurred at 25 °C, reaching 82.54 

± 1.34 mg g-1.  

TABLE 6. Values of the adjusted parameters of the adsorption equilibrium models. 

Isotherms 
Adjustable 

parameters 

Biosorbent 

RW AT BT ABT 

Langmuir 

qmax (mg g-1) 5,19 ± 0,34 10,11 ± 0,39 20,09 ± 0,69 82,54 ± 1,34 

b (L mg-1) 3,7.10-3 ± 5.10-4 0,03 ± 0,01 0,01 ± 1,9.10-3 0,02 ± 8.10-4 

R² 0,9798 0,9416 0,9798 0,9926 

Freundlich 

kF (L-1) 0,11 ± 3,6.10-4 1,91 ± 0,43 2,05 ± 0,48 6,99± 0,73 

n 1,82 ± 0,19 3,79 ± 0,59 2,81 ± 0,35 2,55 ± 0,12 

R² 0,9321 0,8291 0,918 0,9668 

Redlich Peterson 

krp (L g-1) 0,01 ± 1,2.10-4 0,21 ± 0,05 0,25 ± 0,04 1,74 ± 0,15 

arp (L mg-1) 0,01 ± 1.10-4 0,01 ± 0,01 0,01 ± 5,4.10-3 0,05 ± 0,01 

b (L mg-1) 1,53 ± 0,23 1,11 ± 0,09 1,09 ± 0,10 0,87 ± 0,03 

R² 0,9785 0,9402 0,9701 0,9917 

Temkin 

b (L mg-1) 0,93 ± 0,07 1,5342 ± 0,16 2,46 ± 0,30 11,96 ± 0,66 

kT (L mg-1) 0,06 ± 0,01 0,9575 ± 0,47 1,42 ± 0,85 0,59 ± 0,12 

R² 0,9331 0,8512 0,808 0,9137 

Dubinin 

Radushkevich 

qmax,DR (mg g-1) 3,32 ± 0,12 8,73 ± 0,31 16,55 ± 0,58 65,12 ± 2,74 

βsDR (L mg-1) 9,5.10-7 ± 1,3.10-7 5,1.10-8 ± 1,3.10-8 1,8.10-7 ± 3,6.10-8 1,1.10-7 ± 2,2.10-8 

R² 0,9527 0,8957 0,9428 0,9527 

Toth 

qmaxT (mg g-1) 3,6508± 0,1744 9,3870 ± 0,4418 18,4290 ± 1,08 102,17 ± 6,52 

bT (L mg-1) 3,7.10-4± 2.10-4 0,02 ± 4,7.10-4 0,01225 ± 2,1.10-3 0,02 ± 2.10-3 

nT 2,46 ± 0,55 1,58 ± 0,52 1,37 ± 0,35 0,64 ± 0,06 

R² 0,9705 0,9411 0,9792 0,9919 
  

Thermodynamic parameters 

The estimation of the thermodynamic parameters 

(ΔG°, ΔH° and ΔS°) of the biosorption process was 

evaluated for ABT at 25, 35 and 45 °C. The Gibbs energy 

was determined by [eq. (12)], where the thermodynamic 

equilibrium constant (Keq) was approximated by adjusting 

the Langmuir isotherm (b). The variation in enthalpy and 

entropy was determined from the slope and intersection 

with the ordinate axis, respectively, as given by [eq. (13)]. 

The negative values found for the Gibbs free energy 

(-19.40, -19.24 and -20.62 kJ mol-1 for 25, 35 and 45 °C, 

respectively) indicate that the adsorption process was 

spontaneous. The adsorption reaction was exothermic 

according to the negative enthalpy (-1.55 kJ mol-1), while 

the value lower than 40 kJ mol-1 indicates that the 

adsorption process is of a physical nature. Both conclusions 

agree with the results obtained by Zhu et al. (2017). The 

entropy, which is related to the system order after the 

adsorption process, presented a negative value (-59.06 kJ 

mol-1), indicating a decrease in randomness at the 

solid/solution interface, i.e., the accommodation of the drug 

occurs in more ordered layers of the surface. 

 

CONCLUSIONS 

According to the equilibrium data obtained, the 

highest adsorption capacity was observed for ABT, with the 

maximum capacity to remove 75.04 mg g-1 when compared 

to RW (3.59 mg g-1). From the kinetic study, it was found 

that the removal process is fast, reaching equilibrium after 

~12 h, following the pseudo-second-order kinetic model for 

all tests performed (RW, AT, BT and ABT). Through the 
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intraparticle diffusion model, it was found that the 

variations in the mass transfer zones were proportional to 

the variation in the concentration of the drug. In addition, it 

appears that after the treatment of the biomass, the increase 

in the ability to remove the drug was proportional both on 

the surface and in the pores. 

 

TABLE 7. Values of the adjusted parameters of the equilibrium adsorption models for the ABT. 

Isotherms 
Adjustable  

parameters 

Temperature 

25 oC 35 oC 45 oC 

Langmuir 

qmax (mg g-1) 82,54 ± 1,34 30,88 ± 0,53 42,25 ± 1,32 

b (L mg-1) 0,0151 ± 1.10-4 0,0110 ± 0,00 0,0146 ± 0,00 

R² 0,9926 0,9955 0,9872 

Freundlich 

kF (L-1) 6,92± 0,73 2,80 ± 0,54 3,03 ± 0,65 

n 2,55 ± 0,13 2,66 ± 0,25 2,48 ± 0,23 

R² 0,9668 0,9443 0,9382 

Redlich Peterson 

krp (L g-1) 1,74 ± 0,15 0,37 ± 0,02 0,36 ± 0,03 

arp (L mg-1) 0,05 ± 0,01 0,01 ± 1.10-3 1.10-3± 1.10-4 

b (L mg-1) 0,87 ± 0,03 1,12 ± 0,04 1,16 ± 0,08 

R² 0,9917 0,9945 0,9813 

Temkin 

b (L mg-1) 11,96 ± 0,66 3,97 ± 0,38 5,71 ± 0,58 

kT (L mg-1) 0,59 ± 0,12 0,99 ± 0,42 0,55 ± 0,22 

R² 0,9137 0,8639 0,8505 

Dubinin Radushkevich 

qmax,DR (mg g-1) 65,12 ± 2,74 24,44 ± 0,94 31,87 ± 1,43 

βsDR (L mg-1) 1,1.10-7 ± 2,2.10-8 1,5.10-7 ± 2,7.10-8 1,9.10-7 ± 4,1.10-8 

R² 0,9527 0,9343 0,9428 

Toth 

qmaxT (mg g-1) 102,17 ± 6,52 27,94 ± 0,60 37,5505 ± 1,4524 

bT (L mg-1) 0,02 ± 2.10-3 0,01 ± 6.10-4 0,01 ± 7.10-4 

nT 0,64 ± 0,06 1,42 ± 0,13 1,47 ± 0,22 

R² 0,9919 0,9945 0,9829 

For the equilibrium data, the Langmuir isotherm was 

the one that best fit the experimental data for all the 

operating temperatures evaluated, suggesting that the 

biosorption of the drug occurs in monolayers with qmax 

estimated for ABT as 82.54 ± 1.34 mg g-1. As for the 

proposed biomass treatment, compared to RW, there was an 

increase in the removal capacity of 2, 4 and 16 times after 

the AT, BT and ABT treatments, respectively. Therefore, 

the proposed chemical treatment allows the peach pit to pass 

from an agricultural residue to an efficient biosorbent to be 

used in the removal of drugs. 
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