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ABSTRACT

Removal of Oxytetracycline (OTC), which is in the antibiotic group with toxicological
effects for aquatic ecosystems, is very important due to its negative effects on flora and fauna.
Adsorption process, which is one of the most effective methods for removing pharmaceutical
pollutants, is an economical and environmentally friendly method. For this reason, in this study,
biosorbent obtained from pine tree (Pinus nigra Arn.) waste cone powder (Pn-wcp), which is a
low-cost and easily available waste material, was used. The results obtained from the batch
adsorption experiments were tested with 4 different kinetic and isotherm models and various
error functions were used to determine the most appropriate model. In order to optimize the
variables in the adsorption system, contact time and initial OTC concentration factors were
investigated. In addition, fourier transform infrared spectroscopy (FTIR), scanning electron
microscope (SEM) and energy dispersive X-ray (EDX) images of raw and OTC-loaded Pn-wcp
were examined. In this study, the most appropriate kinetic model was determined as Pseudo
second order (PSO) with 0.999 R’ value and Freundlich isotherm model with 0.998 R’ value. In
addition, the maximum adsorption capacity (gmax) Was calculated as 67.51 mgOTC/gPn-wcp.
The results show that Pn-wcp is a sustainable environmentally friendly biosorbent for OTC
removal.
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1 INTRODUCTION

Antibiotics are used to control bacterial infections in humans and agriculture [1]. With
the development of aquaculture and animal husbandry in the world, the use of oxytetracycline
(OTC), a type of antibiotic, has increased excessively [2]. Only a small amount of tetracyclines
used in treatment can be metabolized or absorbed by humans and animal [3]. Residues of these
antibiotics reach the recipient environment and accumulate there, and this accumulation can
lead to the emergence of resistant strains with antibiotic resistance [4], [5]. For this reason,
antibiotics pose a potential threat to human health through biomagnification and drinking water
use [6]. Antibiotics with toxicological properties for flora and fauna are frequently detected in
surface waters because conventional wastewater treatment processes cannot adequately remove
many of them [7]. Studies have detected OTC as the most abundant antibiotic in two large rivers
in the Pearl River System in China, with concentrations of up to 2030 ng/L in water and 2100
ng/g in sediment [8]. The presence of antibiotics that have the potential to reach the recipient
environment creates problems due to their possible potential effects on the ecosystem. For these
reasons, their elimination is of great importance The development and use of useful water
treatment technologies are essential for the removal of these drugs, which have ecotoxicological
properties and cause antibiotic resistance in aquatic ecosystems [9] Different removal methods
are used for OTC removal from aquatic environments. Various treatment processes such as
aerobic systems [10], ozonation [11], electrochemical processes [12], UV degradation [13],
adsorption [14], [15] have been frequently applied for OTC removal. Among the alternative
methods for OTC removal, the adsorption process is used intensively due to its effectiveness,
cheapness, environmental friendliness, and less toxicity [16]. Recently, researchers have been
interested in producing low-cost and effective new biosorbents, especially from by-products or

waste products obtained from industrial or agricultural processes [17].

In this study, waste pine cones were used to investigate OTC biosorption from aqueous
solutions in a batch system. Also 4 different kinetic and isotherm models were tested and
various error functions were used to determine the best-fit model. Additionally, pH, contact
time and initial OTC concentration factors were investigated to optimize the variables in the
adsorption system. Furthermore, FTIR and SEM-EDX images of raw and OTC-loaded pine
cone biosorbent were investigated. The results indicate that the biosorbent obtained from waste

pine cones is an environmentally sustainable material for OTC removal from aqueous solutions.

70



T. Turna / BEU Fen Bilimleri Dergisi, 14 (1), pp. 69-87, 2025

2 MATERIAL AND METHOD

2.1 Chemicals

In experimental studies, Pan Trivalent injection solution (Zoetis, Tiirkiye) was used as
OTC source. 1 mL of the solution is equivalent to 30 mg Oxytetracycline hydrochloride. 0.1 M
NaOH and 0.1 M H2SO4 were used to adjust the pH during the adsorption process.

2.2 Preparation of Pn-wcp

The pine cones used in the study were obtained from the area given in the location details
(37.910665-40.275318) of Dicle University Campus (Diyarbakir/Tiirkiye). Pine cones that had
fallen under the trees were collected seasonally. The pine cones were first washed with tap water
3 times to remove impurities (mostly leaves and sand), then passed through pure water and
dried in sunlight. The dried pine cones were first broken with a pestle and then ground in a
laboratory mill. After the process, they were passed through 75-micron sieves and stored for

use in experiments.

2.3 Adsorption studies

Adsorption studies were carried out at 25+2 °C and 200 rpm in an orbital shaker
(Heidolp, Unimax1010, Germany). Batch adsorption experiments were carried out in the pH
range of 3-10 and especially concentrated at pH 5.0 0.5, where OTC has a maximum water
solubility [18]. In the wavelength scan, the abs value of the OTC solution with a concentration
of 6.6 mg/L and a pH value of 5 was measured as 0.226. The full wavelength scan is presented
in Figure 1. OTC stock solution with a concentration of 1000 mg/L was prepared and necessary
dilutions were made from the obtained solution to create a calibration curve on a UV-Vis

spectrophotometer (Hach DR6000, Germany).

When creating the calibration curve of OTC, necessary dilutions were made from the
stock solution. 50 mg/L intermediate stock mixture was obtained, and 2/3 ratios were prepared
from 9 different solutions until the ratios reached 2.055 mg/L and the calibration curve was
obtained in the spectrophotometer. The equation is y = 0.0291x + 0.0087 (R*:0.999). The
absorbance of the OTC solution was carried out with a UV-Vis spectrophotometer at a
maximum wavelength of 354 nm to determine the concentration [19]. In a study where OTC
removal was performed with activated carbon, it was reported that OTC measurement with UV-

Vis peaked in the pH range of 3.68-8.57 and at wavelengths of 354-366 nm [20].
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Figure 1. Wavelength scanning results of 6.6 mg/L OTC solution.

MS-Excel program was used in the model calculations of the study and graphics were

created with Origin Pro 8.5. Additionally, equations 1 and 2 were used to evaluate the results
obtained in each experiment.

Co—C,
R(%) = 22— x 100

Co (1)
Co—Coy XV
q. = (0—)X 2)
m

Here, R represents the % removal efficiency, Cp (mg/L) is the initial OTC concentration,
Ce (mg/L) 1s the equilibrium concentration of OTC, g.is the equilibrium adsorption capacity, V
(L) is the volume of OTC solution, and m (g) is the amount of Pn-wcp.

2.4 Impact of environmental factors

The effect of time and initial concentration on the adsorption of OTC molecules onto
Pn-wcp was tried to be determined. In order to determine the effect of time, 50 mL of OTC
solution with an initial concentration of 75 mg/L was taken and 50 mg Pr-wcp was added to it.
In the experiment carried out at room temperature and pH 5.0 +0.5, samples were taken at
certain time intervals and OTC concentrations were measured. On the other hand, in order to
determine the effect of initial OTC concentration on adsorption, OTC solutions were added to

7 different tubes with volumes of 10 mL under the same conditions, with initial concentrations
ranging from 10.13 to 116.76 mg/L.

2.5 Kinetic and isotherm studies

For kinetic studies, a 50 mL solution with a concentration of 50 mg/L was prepared from

the stock OTC solution. 50 mg of Prn-wcp was added to the solution and samples were taken
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with a 0.45-micron syringe filter at certain times in the orbital shaker and the concentration was

found at the specified wavelengths in the UV-Vis spectrophotometer.

For isotherm studies, experiments were carried out by adding 10 mg of Pn-wcp to each
of 7 different falcon tubes with a volume of 10 mL, with initial OTC concentrations ranging
from 10.13 to 116.76 mg/L. Pseudo first order (PFO), PSO, Intra-particle diffusion and Elovich
models were used for kinetic models and interpreted with Freundlich, Langmuir, Temkin and
Dubinin-Radushkevich models for isotherm models. The equations used are presented in Table

1.

Table 1. Kinetic and isotherm models used in OTC adsorption on Pn-wcp.

Model Equation References
2 PFO qr = qo(1—e™1%) [21]
]
£ PSO g = —ef2t [21]
o 1+ gkt
£ Intra-particle diffusion q: = Kigt*'? + C [22]
= Elovich q: = Pln (aft) [22]
" Freundlich qe = KFCel/n [23]
)
= . QmaxKLCe 1
= L = = 23
g angmur e=T7K.C "~ 1+a, [23]
=
S . RT
= Temkin qe = Bln(ArC,) B = — [24]
: br
= Dubinin-Radushkevich Je = qse—szz [24]

The terms ¢, and g. specified in the table indicate the amount of OTC removed per unit
Pn-wcp (mg/g) at a time t and under equilibrium, respectively. The term k; (min™) indicates the
PFO, the term k> (g/mg.min) indicates the PSO and Kj; indicates the Intra-particle diffusion
model constant. o (mg/g.min) indicates the Elovich initial adsorption rate and the term £ (g/mg)
indicates the desorption constant. In the section where isotherm models are explained, g. (mg/g)
indicates the amount of OTC adsorbed at equilibrium, C. (mg/L) indicates the OTC
concentration at equilibrium and gma (mg/g) indicates the maximum adsorption capacity. Ky
(mg/g) (L/mg) is the Freundlich constant //n, n is the dimensionless constant and indicates the
adsorption density. The terms K; (L/mg) and a, are the Langmuir constant. R; represents the

dispersion constant. In addition, B in the Temkin model represents the model constant, br
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(J/mol) represents the heat of adsorption, 7' (K) represents the temperature, and R (8.314
J/molK) represents the universal gas constant. In the Dubinin-Radushkevich isotherm model, ¢

represents the Polanyi potential, and kp represents the model constant.

2.6 Error functions

The use of error functions is extremely important in the evaluation of the adsorption
process. Different error functions are usually used to minimize the error distribution between
the adsorption experimental data and the isotherm correlations. In order to minimize the error
distribution, it is achieved by finding the minimum value of certain error functions or by
maximizing them, depending on the definition of the error function used. For this reason, it is
very important to choose an error function in order to evaluate the most suitable isotherm that
best explains the experimental equilibrium data [25]. The error functions and equations used in

the study are presented in Table 2.

Table 2. The error functions and equations used in the study.

Function Definition Equation References
Error Sum of Squares (SSE) SSE = Z(Qe,cal — Qeexp)®
n
Sum of Absolute Errors (SAE) SAE = Zi=1|qe,exp — qe,cal 0261, [27]
1 n
Average relative errors (ARE) RAE = —Z Jecal — Aeexp
n & de,exp
i=1
Hybrid fractional error function 1 Z Qeexp — Ye,cal
HYBRID = 2
(HYBRID) N-—-P Qe,exp [27]
Marquardt's percent standard deviation — 2
(MPSD) MPSD — \/Zl(Qe,exp N‘Ij,c;l)/‘le,exp| [26]
. . 2 2 (Qe,exp - qe,cal)2
Non-linear Chi-Square test (X*) Xe = [26], [27]

de,cal

In order to evaluate the adsorption results, different error function models were used to
examine the kinetic models. Five error analysis methods were used to determine the kinetic
model parameters in the study. These are Sum of Absolute Error (SAE), Marquart's percent
standard deviation (MPSD), sum of squared errors (SSE), hybrid fractional error function
(HYBRID), mean relative error (ARE) and Nonlinear Chi-Square (X°) error functions.
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3 RESULTS AND DISCUSSION
3.1 Characterization results

3.1.1 FTIR results

FTIR spectra of raw Pn-wcp before the reaction and OTC-loaded Pn-wcp after the

reaction are presented in Figure 2. Functional groups are seen between both cases.
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Figure 2. FTIR diagram of Pn-wcp before and after reaction.

In the spectrum of the raw adsorbent, characteristic absorption bands are observed at
wavelengths of 523 cm™, 789 cm™', 1014 cm™, 1258 cm ™, 1608 cm™, 2032 cm™, 2338 cm™,
2846 cm™ and 3190 cm™. These bands indicate the presence of functional groups (such as
hydroxyl, carbonyl, and carboxyl groups) on the surface of the adsorbent. Especially the bands
around 1608 cm™ indicate the C-O and C=C stretching, and therefore the presence of lignin,

cellulose, and other organic components [28].

Aliphatic C—H stretching vibration is found as a very weak peak at 2846 cm!, while the
asymmetric vibration of CH> group belonging to aliphatic cellulose vibration is seen at 3190
cm ' [29], [30]. The bands between 523 and 1014 cm™! represent -C—N— and —C—C- stretching,
respectively [31]. After OTC adsorption, the obvious changes in the spectrum indicate that there
is a chemical interaction on the surface of the adsorbent. Especially, the obvious changes in the
regions of 1258 cm™, 1608 cm™ and 2846 cm™ may indicate that OTC interacts with the
adsorbent surface and is probably held by hydrogen bonds or Van der Waals forces.
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3.1.2 SEM and EDX results

The SEM imaging technique is an important tool for characterizing active sorptive
surface areas and basic physical properties of biosorbent surfaces. It helps in morphological
characterization by providing information about particle shape and size distribution. The
surface morphology of Pn-wcp was imaged before and after adsorption and is presented in
Figure 3. When Figure 3-a is examined, it is seen that Pn-wcp exhibits a rough, irregular,
heterogeneous structure. This structure creates the necessary areas for the biosorption of OTC.
In the image obtained after adsorption (Figure 3-b), the pores are partially filled, and the

roughness is reduced.

The possible reason for this situation is that OTC molecules are adsorbed on the surface
and pores. When the EDX graphs given in Figure 3 are examined, the changes after adsorption
and the differences in element ratios support the successful adsorption of OTC molecules [32].
It can be said that especially oxygen groups play an active role in the process and are connected

to the surface with the carbon-based structure of OTC.
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Figure 3. (a) SEM and EDX images of Pn-wcp before (b) and after reaction.
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3.2 Adsorption Results

3.2.1 Effect of contact time on removal efficiency

The results obtained from the studies conducted to determine the effect of time on the

adsorption of OTC molecules onto Prn-wcp particles are presented in Figure 4.
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Figure 4. Effect of time on the adsorption of OTC molecules onto Pn-wcp particles.

According to Figure 4, the removal efficiency in the 1% minute was 3.8%, while it
reached 10.5% in the 5" minute and 21.6% in the 45" minute, and the efficiency increase
decreased in the following minutes. When the g7 values were examined, it was determined as
2.85 mg/g in the 1% minute, 7.90 mg/g in the 5™ minute and 16.22 mg/g in the 45" minute.
Similarly, the increase rate slows down considerably in the following minutes. Accordingly, the
removal efficiency increases with the increase in the contact time of OTC particles and OTC
molecules on Pn-wcep. The results showed that there was a rapid adsorption in the first minutes,
then it gradually increased with increasing contact time until equilibrium was reached. When
Figure 4 is examined, the gradual increase that started rapidly slowed down for a certain period

and then reached equilibrium. The probable reason for this is that the sorption areas become

close to saturation [33].
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3.2.2 Effect of initial concentration on removal efficiency

The results obtained from the experiments conducted to determine the effect of initial

OTC concentration on the adsorption of OTC molecules onto Prn-wcp particles are presented in

Figure 5.
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Figure 5. Effect of initial OTC concentration on the adsorption of OTC molecules onto Pn-
wcep particles.

When Figure 5 is examined, when the initial OTC concentration is 10.13 mg/L, the
removal efficiency is calculated as 19.55%, when the OTC concentration reaches 35.90 mg/L,
the efficiency reaches 21.56%, and when the initial OTC concentration is 116.76 mg/L, the
efficiency is calculated as 26.17%. When the removal efficiencies per unit adsorbent are
examined, the initial OTC concentrations are calculated as 1.98, 7.74 and 30.56 mg/g at 10.16,
35.90 and 116.76 mg/L, respectively. Accordingly, the increase in the OTC change in the
medium causes an increase in the adsorption capacity in the removal efficiency. When the
literature is examined, it was reported that the removal efficiency increased with the increase
in OTC concentration in the adsorption study of OTC hydrochloride on magnetic zeolite/Fe3O4
particles[34].
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3.2.3 Adsorption Kkinetics

Adsorption kinetic models are very important for evaluating the performance of the
adsorbent and investigating the adsorption mass transfer mechanisms [35]. In this study, the
results obtained from 4 different kinetic models were compared with each other and presented
in Table 3. In addition, the graphs obtained from the linearized forms of each model equation
are also presented in Figure 6. The numerical values obtained in the laboratory environment
during the adsorption of OTC molecules by Pn-wcp particles were tested with PFO, PSO,
Elovich and Intra-particle diffusion models, respectively. In addition to these, the change graph
comparing the numerical values obtained from the applied kinetic models with the amount of
pollutant removed by the unit adsorbent (g;) obtained in the experimental studies is given in

Figure 7.

Table 3. Summary of the calculated kinetic models for the adsorption of OTC onto Pn-wcp.

Intra-Particle

Kinetic models PFO PSO Elovich . .
Diffusion

Parameters k1=0.052  k>=0.011 p=0317 ki=1.321
qge=17.834  a=9.377 a=15.295

R’ 0.987 0.999 0.958 0.784
SSE 50.704 0.875 9.432 55.758
SAE 16.810 1.665 8.719 21.222
ARE 33.70 247 12.38 39.94

HYBRID 47.184 1.614 4.942 26.204
MPSD 0.993 0.960 0.970 0.987
X 6.746 0.102 0.797 8.394

When Table 3 is examined, the R values of the PFO, Elovich and Intra-particle diffusion
models were calculated as 0.987-0.958 and 0.784, respectively, while the R’ value of the PSO
model was calculated as 0.999. The evaluation of error functions in the selection of the most
appropriate model is very important in terms of the accuracy of the result. The lower the error
value obtained in the model, the better the performance of the estimated model [36]. When the
SSE value, which is the sum of the squares of the difference between the amounts of pollutants
removed per unit adsorbent (g c.s) obtained from the examined kinetic models and the results
obtained from the adsorption process (ge,exp), 1S €xamined, it is seen that the PSO kinetic model
has the smallest value (0.875). Again, in the SAE value, which is the sum of the absolute value
of the difference between the batch adsorption experimental results and the model results, the

PSO kinetic model is the lowest with the value of (1.665).
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Figure 6. Regression curves, a) PFO, b) PSO, c) Elovich, d) Intra-Particle Diffusion.
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Figure 7. Graph of q: values versus time.
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When the ARE value obtained from the absolute value of the difference between the
model and adsorption experiments divided by the experimental results is examined, it is
understood that the PSO kinetic model is the lowest with the value of (2.47). In the HYBRID
value obtained as a result of the g ca division of the SSE values, the lowest value is again in the
PSO model with the value of (1.614) and in the MPSD value, which is the error calculation

made regarding the geometric error distribution, (0.960).

When different literature studies were examined, it was stated that the PSO kinetic
model was the model that best explained the process with the value of R?: 0.999 in the study on
OTC adsorption using pine cone biochar modified with MnO, [32]. Similarly, in the study on
the removal of tetracycline from water with activator agents using activated carbon obtained
from pine cones, it was reported that the PSO model was the model that best explained the
adsorption process with the value of R’: 0.994 [38]. In a different study, it was stated that the
removal of tetracycline with pine cone biochar prepared by hydrothermal pretreatment with
KOH solution was aimed, and the adsorption process was similarly suitable for the PSO model
[39]. When the obtained R’ values and error functions were evaluated together, it was seen that
the PSO kinetic model was the most suitable model to explain the process among these 4

models.

3.2.4 Adsorption isotherms

The application of adsorption isotherms is very important to explain the interaction
between the adsorbate and the adsorbent of any system. The parameters obtained from the
modeling of isotherm results provide important information for the appropriate analysis and
design of the adsorption system [40]. In this study, Freundlich, Langmuir, Temkin and Dubinin-
Radushkevich isotherm models were used to interpret the data obtained from the experiments
conducted for the adsorption of OTC molecules onto Pn-wcp particles. The results obtained
from the models are presented in Table 4. In addition, the graphs obtained from the linear forms
of each model are presented in Figure 8 (a), (b) (c) and (d). In addition, the comparison graph
of gt values against C, values, in which the isotherm models used are compared, is given in

Figure 9.
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Table 4. Summary of isotherm models calculated for the adsorption of OTC molecules onto

Pn-wcep.
Isotherms  Freundlich Lang_gmuir Temkin Dubinin-Radushkevich
Parameters kr=0.176 kr=0.004 Br=0.216 kp=129.041
I/m=1.153 R, =0.8 kr=0.102 gs = 14.354
Gmax = 67.512 E=0.131
R’ 0.998 0917 0.831 0.682
SSE 0.752 266.363 88.122 332.334
SAE 1.605 27.367 21.668 31.770
ARE 3.3 31.1 75.1 58.3
HYBRID 0.07 31.07 23.34 14.74
MPSD 0.930 0.988 0.986 0.981
X 0.056 10.681 13.846 16.446

When Table 4 is examined, the R’ values of the Langmuir, Temkin and Dubinin-
Radushkevich models were calculated as (0.917), (0.831) and (0.682), respectively, while the
R? value of the Freundlich model was found to be 0.998. In the evaluation made with error
functions, when the SSE, SAE, ARE, HYBRID, MPSD and X values were examined, they were
calculated as (0.752), (1.605), (3.3), (0.07), (0.930) and (0.056), respectively. When similar
literature studies were examined, the isotherm model in the study on the adsorption of quinolone
antibiotics in water with activated carbon was defined as the Freundlich isotherm [41]. In the
study carried out by Alnajrani and Alsager for the removal of antibiotics from aqueous
environments, they reported that the Freundlich model with the highest R? values represented
the process in the best way [42]. As a result, when both R’ values and error functions are
evaluated together in our study, it is seen that the adsorption of OTC molecules on Pn-wcp

particles conforms to the Freundlich isotherm model.

82



T. Turna / BEU Fen Bilimleri Dergisi, 14 (1), pp. 69-87, 2025

a)1,61 = Logge b)
Linear Fit of Sheet1 Log ge . 036 = gelCe
14 , Linear Fit of Sheet1 ge/Ce L]
¥ 0,34
-
1,2 a
. 0,32 b4
1,0 n
)
o . 30,30+ e
Do Equation ~ y=a+b S " [Equation y=a+b'
S s Weight No Weighting o Weight No Weighting
2% |Daecu 000128 0,28 4 A4 Residual  6,39326E4
0.6+ U g,
- Pearson's r 009:“8; 026 -/ z Pearson's r 0,96497
Adj. R-Squar . AR i Adi. R-S: 0,0174
0,44 Value  Standard Err : = Value  Standard Err
Intercept <0,7553 0,02599 » Intercept 0,2503 0,0067
- Logge Slope 1,15256 0,01764 0,244 9e/Ce Slope 00037  4,5096E-4
0.2 L) ¥ ¥, v L X T T T T T T T T v T 1
08 1,0 12 14 1,6 18 2,0 0 5 10 15 20 25 30 35
LogCe qe (mg/g)
C)35- % d) = Inge
Linear Fit of Sheet1 qe 3,54 - Linear Fit of Sheet1 In ge
304 Equation y=a+bx L Equation y=a +‘b‘x.
Weight No Weighting 3.04 Weight No Weighting
25| Residual 88,12212 ; " £eskiool 149580
T sumof Sumof
Pearson's r 0,92728 25 ‘» Pearson's r -0.85775
20 4 Adj. R-Squar 0,83181 g Adj. R-Squar 068287
= Value |Standard Err “m > Value  Standard Err
E<) Intercept 257485 6,90168 8 2,01 B S ies Intercept  2,66405  0,26175
£ 15 ae Slope 1127083 2,03495| - = Slope -29,040 7,78374
L] =
(] 3 [ ]
1,54
Y 104
- -
5 . 1,0 s
"
= e L
04 0,54
: § T T T T T T T T T T
Y] 25 3,0 35 4.0 45 0,00 0,02 0,(34 0,06 0,08
InCe £

Figure 8. Regression curves (a) Freundlich, b) Langmuir, c¢) Temkin, d) Dubinin —

Radushkevich.

35+ :
—a— Experimental
| e Freundlich
304 | —a— Langmuir A
1| v Temkin G
25 |_—#—Dubinin - Radushkevich " .
20+
CIN P
£ "] ™
T 10-
5
04
4 v
T T L T T 2. T ¥ T 1) T L) T L T E 1
0 10 20 30 70 80 90 100

40 50 60
Ce (mg/L)

Figure 9. Graph of change of qt values against C. values.

83



T. Turna / BEU Fen Bilimleri Dergisi, 14 (1), pp. 69-87, 2025

3.2.5 Comparison of the study and the results obtained with the literature.

When the studies in the literature (Table 5) are examined, the maximum adsorption
capacity was determined as 90.9 mg/g in a study where OTC was removed from an aqueous
solution with activated sludge. The maximum adsorption capacity was determined as 598 mg/g

in a study where OTC was removed with activated carbon obtained from mesoporous lignin.

Table 5. Comparison of the obtained values with the literature.

Type of Adsorbent origin G Reference
pollutant (mg/g)
OTC Activated sludge 90.9 [43]
OTC Lignin-based carbon with mesoporous 598 [44]
OTC Lanthanum modified magnetic humic acid ~ 23.43 [45]
OTC Hydroxyapatite 291.32 [33]
OTC Pn-wcps 67.51  This study

The maximum adsorption capacity was determined as 23.43 mg/g in a similar study
where OTC was removed with lanthanum modified magnetic humic acid. In another adsorption
study where OTC was removed from an aqueous solution with hydroxyapatite, the maximum
adsorption capacity was reported as 291.32 mg/g. In our study, the maximum adsorption

capacity was found as 67.51 mg/g.

4 CONCLUSION AND SUGGESTIONS

In this research study, low-cost biosorbent obtained from waste pine cones was used for
OTC removal from aqueous solutions in laboratory scale. 4 different kinetic and isotherm
models were investigated in bulk adsorption studies. In addition, FTIR and SEM-EDX images
were examined to investigate the morphological properties of raw and loaded Pn-wcps to
support the adsorption mechanism. In the evaluation of the obtained results together with error
tests, the most suitable kinetic and isotherm models were found to be PSO (R’: 0.999) and
Freundlich (R’ 0.998), respectively. On the other hand, gm« Wwas calculated as 67.51
mgOTC/gPn-wep. When the optimization studies carried out around pH 5.0 +£0.5 were
evaluated, it was found that the gradual increase that started rapidly slowed down for a while
and then reached equilibrium. In addition, the increase in OTC concentration in the medium
caused an increase in removal efficiency and adsorption capacity. This study may be an example
of different combination studies that can be applied in the removal of broad-spectrum OTC,
which is used very intensively in the world, from aquatic environments in order to reduce the

possible harmful effects on the environment after its use.
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