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Abstract

Perlite was used for monocrotophos (MCP) adsorption from waste effluents. The surface and functional groups were
characterized via spectrometric routes. The concentrations of 12, 20, 28, and 36 µg/mL were prepared, and equilibrium

was reached in 120 minutes for the 12 µg/mL MCP-containing sample. The equilibrium took place in 220 min for the

remaining samples. Langmuir, Freundlich, and Jovanovich were the isotherms used for explaining the adsorption. The
monolayer capacity was 78.2 mg/g at 50°C. The n constant of the Freundlich isotherm (approximately 1.29 at 50°C)

supported chemisorption (n > 1). Pseudo-first- and pseudo-second-order mechanisms were applied to the system.

Comparing the experimental and calculated capacity deviations of the first- and second-order models, the first-order
model showed better average values,  with 0.1467 instead of 0.2224. The pseudo-first-order model governed the

adsorption reaction, and the inner-pore adsorption mechanism (Weber-Morris kinetic model) was also investigated. The

Weber-Morris constant was 0.33  mg/g.min1/2
  at 50°C. The film and pore diffusion behavior were explained. The

adsorption process was also analyzed. The Gibbs energy was calculated as -2276 J/mol. It was an indicator of the feasible
adsorption nature.

Categories: Chemical Thermodynamics and Separation Processes, Environmental Engineering, Environmental Engineering and
Sustainability

Keywords: boyd, ftir, perlite, kinetic, thermodynamic

Introduction

Fresh water resources of the world have been lessening because of the careless use by human beings. There are many

reasons for this situation, including environmental and global changes. The contamination by various organic pollutants

and heavy metals is rather dangerous because of their possible effects and carcinogenic nature [1,2]. The surface and
ground waters of the world are contaminated due to the high toxicity and nonbiodegradability of these pollutants.

Therefore, the importance of fresh water quality is essential for life [3].

Monocrotophos [dimethyl (E)-1-methyl-2-(methylcarbamoyl)vinyl phosphate, MCP] is an organophosphorus pesticide. It
is employed for controlling insects in vegetable crops [4]. MCP is extremely toxic, causing severe effects on the

eyes, nerves, and the human body [5,6].

Various techniques have been developed in order to get rid of these undesired effects [7-9]. These methods include
physical or chemical treatments [10]. Another method is based on the effect of light [11].
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Various researches published about the removal of contaminants. Meimand et al. studied the sulfur dioxide adsorption

by iron oxide nanoparticles@clinoptilolite/HCl composite [12]. Rajabş et al. published a paper related to the adsorption of
petrochemical organic pollutants from industrial process streams [13]. Shi et al. studied the adsorption of MO and 2,4-D

by green-synthesized bamboo hydrochar. The Langmuir isotherm supported the adsorption, and the monolayer capacity

of the material was found to be 1088.51 and 731.73 mg/g for MO and 2,4-D Na, respectively [14]. Clebot et al. published a
paper on the adsorption of two herbicides,  2,4-D and acetochlor,  and three insecticides, namely,  cypermethrin,

dimethoate,  and imidacloprid. The adsorption isotherms of the pesticides showed sigmoidal curves,  revealing a dual

adsorption effect. Vermicompost-containing biomixtures showed the highest adsorption capacity for acetochlor (7129-
7394 mg/kg) and cypermethrin (5950-6190 mg/kg), and the lowest adsorption for dimethoate (520-1409 mg/kg) [15].

Yang et al. studied the adsorption of neonicotinoid pesticides on typical soil minerals. Those pesticides have the potential

to pollute the ground and groundwater resources. The maximum adsorption capacity was found at a 0.005-40 solid-to-

liquid ratio. The Na+, K+, and Ca soil minerals exert a substantial influence on the adsorption capacity of clayey soil. The

adsorption followed a first-order kinetic model, and the Freundlich isotherm represented the data very well
[16].  Aluminosilicates and silica-containing materials have a large surface area, pore width,  and functional groups

[17]. This paper presents a comprehensive study of the adsorption kinetics and thermodynamics of MCP under different

experimental conditions using waste effluent.

Materials And Methods

Materials

Monocrotophos (C7H14NO5P  (CH3O)2PO-OC(CH3)=CHCO-NHCH3; 98%) was  procured from the Agriculture Provincial

Directorate of Forestry in Istanbul, Turkey. Perlite obtained from Bartın, Türkiye, has a clay composition. The particle size
was 250-mesh. Clayey ingredients are beneficial in agricultural applications [18]. Some  mineral components may be

helpful for pollutant remediation. It was dried in an oven before the experimental trials. The structural composition is

presented in Table 1.

Conten

t

B2O3 SO4
2- CaO Na2O SiO2 MgO SrO Al2O3 Fe2O3 As2O3 Heat

loss

wt, % 14 2 13.53   6.87 13.8 11.8 1.15 0.94 0.35 0.0018 35.5582

TABLE 1: Perlite chemical constituent

The surface morphology of the clayey sample was examined using a JEOL JSM-5410LV scanning electron microscope

(SEM). A UV spectrophotometer (UV-150-02) operating at 396 nm and a WTW pH meter were employed. FT-IR spectra

were recorded using an Optima SP 300 over the wavenumber range of 4000-450 cm-1.

Batch adsorption studies

A stock solution of 100 ppm was prepared, and the experimental samples were diluted with distilled water.

The experimental parameters were pH (1.0-7.0), initial MCP concentration (12-36 µg mL-1), contact time (1-3 h) and

temperature (20-50°C).

Adsorbent availability were determined below (Equation 1).
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where q is the sorption capacity (mg g−1); C0 and Ce are the initial and residual concentrations (mg L−1) ; V is the volume

(L); and m is the amount of the adsorbent (g)

Experimental data

Langmuir, Freundlich and Javanovich isotherms were tested.

Langmuir isotherm is (Equation 2) [19]:

  

where qe and Ce were defined. b is constant (g/mg).

Freundlich isotherm is represented as (Equation 3) [20]:

 

where n and KF values are isotherm constants. KF is the adsorbent capacity.

Jovanovich [21] is at below Equation (4), The constants are found from the slope and intercept.

 

Where qmax (mg/g) and Kj (l/g) are the maximum adsorption capacity and the Jovanovich isotherm constant,

respectively.

The pH of the solution was monitored using 0.1 N HCl or 0.1 N NaOH solutions. Some kinetic models and Boyd plot have
been used.

Lagergren Equation (5) is as follows [22]:

where k1 is the first rate constant (min−1).

Pseudo-second order model is presented as [23] (Equation 6):

 

where k2 is the second rate constant (g mg−1 min−1).

Intraparticle diffusion model [24] is given as Equation (7)
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where kid (mg/g min0.5) and C (mg/g) are rate constant, and boundary layer constant, respectively.

Boyd plot was applied [25] to understand the inner particle diffusion mechanism.

 To compute Bt, the related arrangements were performed, and the kinetic expression becomes:

 

where Bt is a constant and F is the fractional attainment of equilibrium at time t time (Equation 10).

 

Thus, Bt vs time relationship gives Boyd plots.

Thermodynamic parameters

The thermodynamic parameters were shown shown below [26].

 

where qe/Ce is called the adsorption affinity. ΔG° shows spontaneity in the case of negative values [27]. The constants are

calculated from the defined values (Table 2).

Plot Relationship Slope Intersect

First order Log(qe-q) vs t k1 qe cal

Second order t/qt vs t qe calc k2

Intraparticle diffusion qt vs t0.5 kid  C

Thermodynamic values Log(qe/Ce) vs 1/T ΔH° ΔS°

TABLE 2: Relationships of the axes of the values
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Results And Discussion

Clayey sample characterization

Fourier-transform infrared spectroscopy (FTIR) spectra were recorded using the Attenuated Total Reflectance (ATR)

technique with an 8 cm−1
 resolution and 100 scans. Figure 1 and Table 3 depict the functional groups.

FIGURE 1: FTIR spectra of the samples (a) raw (P), (b) MCP-adsorbed P sample

FTIR, Fourier-transform infrared spectroscopy; MCP, Monocrotophos
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Functional groups Wave number

C-O stretching of mineral parts (MCP) 530, 650, 795 (a), 535 (b) cm-1

CaO or MgO -with H [28] 611, 770 (b) cm-1

[BO4]- interaction and B-O with B2O3 805 (a)  cm-1

C-O stretching organic complex [29] 1027 (a) cm-1

tetrahedral SiO4-H complex [30] 1031, 1100 (b) cm-1
  

CH2/CH3 group of MCP 1540 cm-1 (b)

[BO3]-triangular complex 1510–1540 (a and b) cm-1

C=C stretching MCP, B2O3 group [31] 1631 (a), 1637 cm-1 (b)

Aliphatic CH [32] 2926 (a), 2952 cm-1(b)

OH stretching  of primer alcohols [33] 3621 cm-1
  (a),  3622 cm-1  (b)

Amine interaction [34] 3421(a) cm−1, 3422 (b) cm−1

TABLE 3: Functional groups of the samples

SEM images of the (P) before (a), and after the experiment (b) are seen in Figure 2, respectively. The presence of more

pores on the P surface in Figure 2(b) supports the adsorption process. The surface area and pore volume were 288.15

m2/g and 78.24 cm3/g, respectively. 
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FIGURE 2: SEM images of the adsorbent: (a) raw P and (b) MCP-adsorbed P at a magnification of 350x

SEM, Scanning Electron Microscopy; MCP, Monocrotophos

Effect of pH

The pH results indicated that the maximum uptake was at pH 1 (Figure 3) between the positive clay surface and negative
MCP molecules. The results were affected by the surface charge of the clay [35]. Adama and Al-Shammari reported similar

behavior for 2,4-D adsorption by activated carbon [36].

FIGURE 3: Relationship between pH and adsorption percentage
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Stable state

The slight leachate of MCP (Figure 4) is due to the empty sites on the adsorbent. The available sites were filled with the

MCP entities over time. During the first 30-40 min, MCP was transported to the macropores of the adsorbent. This is a
surface reaction. Later, the molecules filled the inner and smaller pores of the clayey adsorbent. The results were similar to

those reported in the organophosphate pesticide literature [37].

FIGURE 4: Contact time effect

Figure 5 shows the pesticide adsorption via perlite. As shown, the adsorption capacity was increased with the pesticide

concentration from 12 to 36 µg/L at 20°C. The equilibrium times were 120 and 220 min for 12 µg/L and the remaining
concentrations, respectively. The adsorbent capacity was increased from 0.3 mg/mL to 0.8 mg/mL. The concentration

increase is important in the adsorption phenomenon. This is similar to the findings reported in [38].
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FIGURE 5: Steady state of experiments, pH = 1

Effect of temperature

The temperature effect was studied between 20°C and 50°C (Figure 6). The maximum adsorption capacity was at 50°C,
but the increase in temperature was not significant. This is due to the endothermic nature of the adsorption process. The

thermodynamic approach was in good agreement with this observation. This is similar to the findings reported in the

study [38].

FIGURE 6: Temperature effect on MCP adsorption

MCP, Monocrotophos
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Equilibrium studies

Both Langmuir (Figure  7) and Freundlich isotherms (Figure  8) showed the best fit for the adsorbent (Table 4). The

Freundlich isotherm assumes a heterogeneous nature, while the Langmuir isotherm exhibited a homogeneous structure
of the adsorbent. Freundlich constants were indicators of physical adsorption due to the n > 1 factor. The monolayer

adsorption capacity (q₀) increased with an increase in temperature. Langmuir and Freundlich constants were also in good

agreement with the increase in temperature.

FIGURE 7: Langmuir plot
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FIGURE 8: Freundlich plot

The Jovanovic isotherm (Figure 9) is very similar to the Langmuir, considering a monolayer and no lateral interactions. The

high R² values (0.989 and 0.934 at 20°C for the Jovanovic and Langmuir isotherms, respectively) support this observation,

as shown in Table 4 [39].
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FIGURE 9: Javanovich plot
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Langmuir isotherm 20°C 30°C 40°C 50°C

q0 (mg/g) 0.1025 ± 0.0031 0.2065 ± 0.0040 0.5075 ± 0.0050 0.7821 ± 0.0053

b (L/mg) 9.6525 11.8920 17.8649 19.7620

R2 0.934 0.985 0.993 0.990

Freundlich isotherm        

KF mg/g (L/mg)1/n 7.2862 ± 0.1401 6.7858 ± 0.1344 2.0536 ± 0.1233 1.0782 ± 0.1122

n 0.3364 0.5290 1.0798 1.2864

R2 0.986 0.987 0.993 0.932

Javanovich isotherm        

qmax (mg/g) 0.3092 ± 0.0035 0.3166 ± 0.0039 0.3501 ± 0.0042 0.3708 ± 0.0045

kj 0.908 0.870 0.742 0.671

R2 0.989 0.988 0.991 0.993

TABLE 4: Adsorption isotherm constants

Table 5 shows the maximum monolayer capacities of adsorbents. The clay (perlite) has a very large adsorption capacity

compared with other adsorbents. It is a natural resource and is also relatively cheap.
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Adsorbent Qmax (mg/g) Pollutant Ref

Azardirachta Indica biochar 79.40 mg/g Bentazone [40]

P-dopant biochar 79.6 mg/g Triazine [41]

nnamon carbon 12.37 mg/g chlorpyrifos [42]

Eluthrilithe Activated with

ZnCl2 at 700°C

32.10 mg/g MCPA [43]  

Bismuth oxide nanoparticle 27.38 mg/g Quetiapine [44]

Palygorskite OP1CEC   12.24 mg/g 2,4-D [45]

Clinoptilolite rock 5.60 µg/g 4.99 µg/g Lindane Aldrin [46]

Micelle-clay Cloisite 30B 8.32 mg/g 3.47 mg/g Chlorpyrifos Penconazole [47]

Perlite 10.25-78.21 mg/g (20°C-50°C) MCP This study

TABLE 5: Adsorbent adsorption capacities

MCP, Monocrotophos

Kinetic studies

Table 6 represents the kinetic constants. The pseudo-first-order model (Figure 10) exhibited the best fit due to the high R²

value and close adsorption capacities. The adsorption was rather rapid at the beginning of the adsorption process. This
indicates the surface interaction between MCP and the adsorbent. As shown in Table 6, the deviation values of the

second-order model are larger than those of the first-order model. There are complex interactions in the pores. Figure 11

shows the pseudo-second-order trend of MCP adsorption. Basic blue-3 adsorption and poly(sodium 4-styrenesulfonate)
(PSS) plus ethyl-4-hydroxybenzoate (EP) adsorption followed pseudo-second-order adsorption kinetics [48], but 2,4-D

removal and Congo red adsorption followed first-order kinetics [49,50]. High correlation coefficients for the intraparticle

diffusion model validated the model for the adsorbent (Table 7). The MCP adsorption was found to occur very rapidly
with intraparticle diffusion (Figure 12). The deviation was also closely related to the calculated data (Table 7).
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FIGURE 10: Pseudo first-order kinetic plots for 12 µg/mL MCP

MCP, Monocrotophos
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FIGURE 11: Pseudo second-order kinetic plots for 12 µg/mL MCP

MCP, Monocrotophos
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FIGURE 12: Weber Morris plot (intraparticle diffusion)

Co (µg/mL) Pseudo first-order kinetic Pseudo second-order kinetic

qe,exp

(mg/g)

qe,cal (mg/g) k1 (1/min) R2 qe,cal (mg/g) k2 (g/mg

min)

R2

12 0.465 0.5750 ± 0.11 0.401 0.9468 0.06720 ±

0.3978

247.5248   0.9812

20 0.63 0.4631 ±

0.1669

0.271 0.9814 0.6686 ±

0.0386

2.2660   0.9778

28 0.795 0.6853 ±

0.1097

0.2449 0.9246 0.5916 ±

0.2034

3.3625   0.9904

36 0.81 0.6097 ±

0.2003

0.2224 0.9103 0.5603 ±

0.2497

11.3254   0.9891

TABLE 6: The kinetic parameters
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Co (µg/mL) Pseudo first-order kinetic Pseudo second-order kinetic

qe,exp

(mg/g)

qe,cal (mg/g) k1 (1/min) R2 qe,cal (mg/g) k2 (mg/g

min1/2)

R2

12 0.465 0.5750 ± 0.11 0.401 0.9468 0.06720 ±

0.3978

247.5248   0.9812

20 0.63 0.4631 ±

0.1669

0.271 0.9814 0.6686 ±

0.0386

2.2660   0.9778

28 0.795 0.6853 ±

0.1097

0.2449 0.9246 0.5916 ±

0.2034

3.3625   0.9904

36 0.81 0.6097 ±

0.2003

0.2224 0.9103 0.5603 ±

0.2497

11.3254   0.9891

TABLE 7: Weber-Morris coefficients for 12 µg/mL MCP

MCP, Monocrotophos

Boyd plot (Figure 13) was also applied to investigate the intraparticle diffusion phenomenon [29]. A straight line through

the origin is shown for IPC; otherwise, there is a film diffusion effect [51]. The plots did not pass through the origin (Figure
13) and showed both effective film and intraparticle diffusion mechanisms. The surface interaction (film diffusion-lateral

line trend) and inner pore interactions (straight line trend) both supported this fact.
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FIGURE 13: Boyd plot

Thermodynamic studies

Figure 14 shows the thermodynamic relationship. The process (Table 8) was spontaneous due to the negative ΔG° values.

This fact indicated the feasibility of the clayey adsorbent for the adsorption process. It is quite effective and relatively

cheap compared with other adsorbents such as activated carbon. The positive ΔH° values indicated endothermic
adsorption. The adsorption reaction for the endothermic processes could be due to the increase in temperature, which

increased the rate of diffusion of the adsorbate molecules across the external boundary layer and into the internal pores

of the adsorbent particle, owing to the decrease in the viscosity of the medium [52]. The positive ΔS° values indicated
increased randomness at the solid/solution interface. Entropy increased with increasing temperature. This is similar to the

findings reported in [53,54]. The paper by Dhaif Allah et al. reports negative ΔH° and ΔS° values [55].

How to cite this article:
Gülen J, Karademir S, Karpuz Ö (October 13, 2026) Adsorptive Removal of Monocrotophos via Low Cost and Natural
Adsorbent. Cureus J Eng 3 : es44388-026-00322-0. DOI https://doi.org/10.7759/s44388-026-00322-0 Page 19 of 24

Adsorptive Removal of Monocrotophos via Low Cost and Natural Adsorbent

https://assets.cureusjournals.com/artifacts/upload/figure/file/55219/lightbox_8a219980420a11f1af10bd56165735fa-Boyd-plot.png
https://assets.cureusjournals.com/artifacts/upload/figure/file/55219/lightbox_8a219980420a11f1af10bd56165735fa-Boyd-plot.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


FIGURE 14: Plot of log(qₑ/Cₑ) versus 1/T

 

T(K) ΔH° (J/mole) ΔS° (J/mole) ΔG°(J/mole)

293 47144.09 168.67 -2276.22

303 51999.19 174.31 -3962.92

313 56838.29 179.95 -5649.62

323 61685.39 185.59 -7336.32

TABLE 8: Thermodynamic values

Conclusions

MCP adsorption experiments were performed at temperatures of 20, 30, 40, and 50°C with 12, 20, 28, and 36 µg/mL

concentrations. The adsorbent material was natural perlite, which has a porous nature. The maximum removal (55%) and
uptake (0.465 mg g⁻¹) of MCP were achieved via perlite with a concentration of 12 µg/mL MCP at room temperature.

Langmuir and Freundlich isotherms showed a good relationship. The Jovanovic isotherm also showed a high regression
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coefficient. The monolayer capacity was 78.2 mg/g at 50°C. First- and second-order mechanisms were compared. First-

order kinetic constants were found as 0.401 (0.9468), 0.271 (0.9814), 0.2449 (0.9246), and 0.2224 (0.9103) min⁻¹. The first-
order kinetic model provided a better fit. IPD and film diffusion mechanisms were effective in the adsorption process.

Film diffusion and pore diffusion were explained via the Boyd plot. The Boyd plot did not pass through the origin, which

supported this behavior. The enthalpy, entropy, and Gibbs free energy values were found as 47,144.09, 168.67, and
−2,276.22 J/mol, respectively. The thermodynamic calculations indicated that adsorption was feasible and spontaneous

in nature. The outlook for perlite as an adsorbent is optimistic, suggesting its feasible applications and enhancing its

widespread applications.

Additional Information

Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the work.

Concept and design:  Jale Gülen, Sevda Karademir

Critical review of the manuscript for important intellectual content:  Jale Gülen

Supervision:  Jale Gülen

Acquisition, analysis, or interpretation of data:  Ömer Karpuz, Sevda Karademir

Drafting of the manuscript:  Ömer Karpuz, Sevda Karademir

Disclosures

Human subjects: All authors have confirmed that this study did not involve human participants or tissue.

Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:

Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work.

Financial relationships: All authors have declared that they have no financial relationships at present
or within the previous three years with any organizations that might have an interest in the submitted
work.

Other relationships: All authors have declared that there are no other relationships or activities that
could appear to have influenced the submitted work.

Data Availability Statements

The datasets (and/or code) supporting this study are available from the corresponding author upon reasonable request.

Acknowledgements

This study was supported by the research fund of Yıldız Technical University (YTU BAPK 27-07-01-09). Sevda Karademir:
Funding acquisition, investigation, formal analysis, writing—original draft. Ömer Karpuz: Investigation, formal analysis,

writing—original draft.

References

1. Pasgar A, Nasiri A, Javid N: Single and competitive adsorption of Cu2+ and Pb2+ by tea pulp from aqueous solutions.
Environmental Health Engineering and Management. 2021, 9:65-74. 10.34172/ehem.2022.08

How to cite this article:
Gülen J, Karademir S, Karpuz Ö (October 13, 2026) Adsorptive Removal of Monocrotophos via Low Cost and Natural
Adsorbent. Cureus J Eng 3 : es44388-026-00322-0. DOI https://doi.org/10.7759/s44388-026-00322-0 Page 21 of 24

Adsorptive Removal of Monocrotophos via Low Cost and Natural Adsorbent

http://www.icmje.org/coi_disclosure.pdf
https://dx.doi.org/10.34172/ehem.2022.08
https://dx.doi.org/10.34172/ehem.2022.08


2. Rajabi S, Maleky S, Hashemi H, et al.: Chitosan-modified magnetic carbonaceous adsorbent derived from Liquorice ash for nitrate
removal from drinking water: RSM-CCD optimization, isotherms, and kinetics studies. Journal of Water Process Engineering. 2026,
86:109892. 10.1016/j.jwpe.2026.109892

3. Mohanty A, Das P, Devi N: Removal of heavy metal Co(II) using Trioctylphosphine Oxide as an Extractant. Cureus Journal of
Engineering. 2025, 2:10.7759/s44388-024-02512-0

4. Bhalerao TS, Puranik PR: Microbial degradation of monocrotophos by Aspergillus oryzae. International Biodeterioration &
Biodegradation. 2009, 63:503-508. 10.1016/j.ibiod.2008.11.011

5. Rahman MF, Mahboob M, Danadevi K, Saleha Banu B, Grover P: Assessment of genotoxic effects of chloropyriphos and acephate
by the comet assay in mice leucocytes. Mutation Research - Genetic Toxicology and Environmental Mutagenesis. 2002, 516:139-
147. 10.1016/s1383-5718(02)00033-5

6. Chakravarthi BK, Naravaneni R, Philip GH, Reddy CS: Investigation of monocrotophos toxic effects on human lymphocytes at
cytogenetic level. African Journal of Biotechnology. 2009, 8: 2042-2046.

7. Banasiak LJ, Van der Bruggen B, Schäfer AI: Sorption of pesticide endosulfan by electrodialysis membranes. Chemical Engineering
Journal. 2011, 166:233-239.

8. Abolghasemi S, Nasiri A, Hashemi M, Rajabi S, Rahimi F: Magnetic nanocomposites: innovative adsorbents for antibiotics removal
from aqueous environments-a narrative review. Applied Water Science. 2025, 15:30. 10.1007/s13201-025-02360-1

9. Nasiri A, Gharaghani MA, Yazdanpanah G, Mahdizadeh H, Amirmahani N: Facile, fast, and green synthesis of
CoFe₂O₄@CMC/cysteine as a novel magnetic nanobiocomposite adsorbent for tetracycline removal from aqueous media. Journal
of Polymers and the Environment. 2025, 33:4212-4236. 10.1007/s10924-025-03629-x

10. Al-Muhtaseb AH, Ibrahim KA, Albadarin AB, Ali-khashman O, Walker GM, Ahmad MNM: Remediation of phenol-contaminated
water by adsorption using poly(methyl methacrylate) (PMMA). Chemical Engineering Journal. 2011, 168:691-699.
10.1016/j.cej.2011.01.057

11. Maldonado MI, Malato S, Pérez-Estrada LA, Gernjak W, Oller I, Doménech X, Peral J: Partial degradation of five pesticides and an
industrial pollutant by ozonation in a pilot-plant scale reactor. Journal of Hazardous Materials. 2006, 138:363-369.
10.1016/j.jhazmat.2006.05.058

12. Meimand MM, Jafari AJ, Nasiri A, Malakootian M: Sulfur dioxide adsorption by Iron Oxide Nanoparticles@Clinoptilolite/HCl.
Journal of Air Pollution and Health. 2020, 10.18502/japh.v5i2.4239

13. Rajabi S, Hashemi H, Samaei MR, Nasiri A, Azhdarpoor A, Yousefinejad S: Enhanced sonophoto-catalytic and adsorption
capabilities of Fe3O4@MC/MWCNT-CuO/Ag for petrochemical organic pollutants degradation from industrial process streams.
Arabian Journal of Chemistry. 2024, 17:105994. 10.1016/j.arabjc.2024.105994

14. Shi YH, Zhang Q, Guo JZ, Li B: Green synthesis of poly[2-(dimethylamino)ethyl methacrylate] functionalized bamboo hydrochar for
dual applications: anionic pollutant adsorption and pH/ionic-responsive pesticide carrier. Journal of Cleaner Production. 2026,
543:147595. 10.1016/j.jclepro.2026.147595

15. Clebot AC, Magni FV, Repetti MR, Zalazar CS, Fernandez ME: Adsorption, degradation, and synergistic effects of pesticides in
biomixtures containing vermicompost from agricultural and urban waste. Journal of Water Process Engineering. 2025, 77:108384.
10.1016/j.jwpe.2025.108384

16. Yang J, Chen A, Zhu S, Shang C, Yang Z, Cao L, Bai M: Adsorption behavior of neonicotinoid pesticides on typical soil minerals.
Journal of Environmental Chemical Engineering. 2025, 13:116939. 10.1016/j.jece.2025.116939

17. Li Y, Li L, Yu J: Applications of zeolites in sustainable chemistry. Chem. 2017, 3:928-949. 10.1016/j.chempr.2017.10.009

18. Onishi BSD, Ferreira CSR, Urbano A, Santos M: Modified hydrotalcite for phosphorus slow-release: kinetic and sorption-desorption
processes in clayey and sandy soils from North of Parana state (Brazil). Applied Clay Science. 2020, 197:105759.

19. Langmuir I: The adsorption of gases on plane surfaces of glass mica and platinum. Journal of the American Chemical Society.
1918, 40:1361-1403.

20. Freundlich HMF: Over the adsorption in solution. Journal of Physical Chemistry. 1906, 57:385-471.

21. Jovanović DS: Physical adsorption of gases. Kolloid. Zeitschrift. Zeitschrift. Polymere. 1969, 235:1203-1213. 10.1007/BF01542530

22. Ebelegi AN, Ayawei N, Wankasi D: Interpretation of adsorption thermodynamics and kinetics. Open Journal of Physical Chemistry.
2020, 10:166-182. 10.4236/ojpc.2020.103010

How to cite this article:
Gülen J, Karademir S, Karpuz Ö (October 13, 2026) Adsorptive Removal of Monocrotophos via Low Cost and Natural
Adsorbent. Cureus J Eng 3 : es44388-026-00322-0. DOI https://doi.org/10.7759/s44388-026-00322-0 Page 22 of 24

Adsorptive Removal of Monocrotophos via Low Cost and Natural Adsorbent

https://dx.doi.org/10.1016/j.jwpe.2026.109892
https://dx.doi.org/10.1016/j.jwpe.2026.109892
https://dx.doi.org/10.1016/j.jwpe.2026.109892
https://dx.doi.org/10.7759/s44388-024-02512-0
https://dx.doi.org/10.7759/s44388-024-02512-0
https://dx.doi.org/10.1016/j.ibiod.2008.11.011
https://dx.doi.org/10.1016/j.ibiod.2008.11.011
https://dx.doi.org/10.1016/s1383-5718(02)00033-5
https://dx.doi.org/10.1016/s1383-5718(02)00033-5
https://dx.doi.org/10.1016/s1383-5718(02)00033-5
https://scholar.google.com/scholar?q=intitle:Investigation%20of%20monocrotophos%20toxic%20effects%20on%20human%20lymphocytes%20at%20cytogenetic%20level
https://scholar.google.com/scholar?q=intitle:Investigation%20of%20monocrotophos%20toxic%20effects%20on%20human%20lymphocytes%20at%20cytogenetic%20level
https://www.sciencedirect.com/science/article/abs/pii/S1385894710010399
https://dx.doi.org/10.1007/s13201-025-02360-1
https://dx.doi.org/10.1007/s13201-025-02360-1
https://dx.doi.org/10.1007/s13201-025-02360-1
https://dx.doi.org/10.1007/s10924-025-03629-x
https://dx.doi.org/10.1007/s10924-025-03629-x
https://dx.doi.org/10.1007/s10924-025-03629-x
https://dx.doi.org/10.1016/j.cej.2011.01.057
https://dx.doi.org/10.1016/j.cej.2011.01.057
https://dx.doi.org/10.1016/j.cej.2011.01.057
https://dx.doi.org/10.1016/j.jhazmat.2006.05.058
https://dx.doi.org/10.1016/j.jhazmat.2006.05.058
https://dx.doi.org/10.1016/j.jhazmat.2006.05.058
https://dx.doi.org/10.18502/japh.v5i2.4239
https://dx.doi.org/10.18502/japh.v5i2.4239
https://dx.doi.org/10.1016/j.arabjc.2024.105994
https://dx.doi.org/10.1016/j.arabjc.2024.105994
https://dx.doi.org/10.1016/j.arabjc.2024.105994
https://dx.doi.org/10.1016/j.jclepro.2026.147595
https://dx.doi.org/10.1016/j.jclepro.2026.147595
https://dx.doi.org/10.1016/j.jclepro.2026.147595
https://dx.doi.org/10.1016/j.jwpe.2025.108384
https://dx.doi.org/10.1016/j.jwpe.2025.108384
https://dx.doi.org/10.1016/j.jwpe.2025.108384
https://dx.doi.org/10.1016/j.jece.2025.116939
https://dx.doi.org/10.1016/j.jece.2025.116939
https://dx.doi.org/10.1016/j.chempr.2017.10.009
https://dx.doi.org/10.1016/j.chempr.2017.10.009
https://www.sciencedirect.com/science/article/abs/pii/S0169131720303240
https://www.sciencedirect.com/science/article/abs/pii/S0169131720303240
https://scholar.google.com/scholar?q=intitle:The%20adsorption%20of%20gases%20on%20plane%20surfaces%20of%20glass%20mica%20and%20platinum
https://www.scirp.org/reference/referencespapers?referenceid=857464
https://dx.doi.org/10.1007/BF01542530
https://dx.doi.org/10.1007/BF01542530
https://dx.doi.org/10.4236/ojpc.2020.103010
https://dx.doi.org/10.4236/ojpc.2020.103010


23. Ho YS, McKay G: Kinetic models for the sorption of dye from aqueous solution by wood. Process Safety and Environmental
Protection. 1998, 76:183-191. 10.1205/095758298529326

24. Weber WJ, Morris JC: Kinetics of adsorption on carbon from solution. Journal of the Sanitary Engineering Division. 1963, 89:31-58.

25. Boyd GE, Adamson AW, Myers LS: The exchange adsorption of ions from aqueous solutions by organic zeolites. Journal of the
American Chemical Society. 1947, 69:2836-2848. 10.1021/ja01203a066

26. Vahidhabanu S, Swathika I, Adeogun AI, Ramakrishnan R, Ramesh Babu B: Biomass-derived magnetically tuned carbon modified
Sepiolite for effective removal of Congo red from aqueous solution. Desalination and Water Treatment. 2020, 184:326-339.
10.5004/dwt.2020.25319

27. Ho YS, Ofomaja AE: Biosorption thermodynamics of cadmium on coconut copra meal as biosorbent. Biochemical Engineering
Journal. 2006, 30:117-123. 10.1016/j.bej.2006.02.012

28. Mohammed Salman K, Renuka CG: Modified sol-gel technique for the synthesis of pure MgO and ZnO nanoparticles to study
structural and optical properties for optoelectronic applications. Materials Today: Proceedings. 2023, 89:84-89.
10.1016/j.matpr.2023.05.483

29. Ozturk G, Silah H: Adsorptive removal of Remazol Brilliant Blue R from water by using a macroporous polystyrene resin: Isotherm
and kinetic studies. Environmental Processes. 2020, 7:479-492. 10.1007/s40710-020-00429-4

30. Sadrara M, Khanmohammadi Khorrami M, Towfighi Darian J, Bagheri Garmarudi A: Rapid determination and classification of
zeolites based on Si/Al ratio using FTIR spectroscopy and chemometrics. Infrared Physics & Technology. 2021, 116:103797.
10.1016/j.infrared.2021.103797

31. Yang Y, Wang W, Zhou L, Zhong X, Si X, Lin H, Liu X: Influence of B2O3 on viscosity and structure of the CaO-Al2O3-waste
electrolyte (WE) based melt. Ceramics International. 2023, 49:25312-25318. 10.1016/j.ceramint.2023.05.067

32. Doymaz İ, Gülen J, Pişkin S, Toprak S: The effect of aqueous and various acid treatments on the removal of mineral matter in
asphaltite. Energy Sources. 2007, 29:337-346.

33. Gülen J: Mineral matter identification in Nallıhan lignite by leaching with mineral acids. Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects. 2007, 29:231-237. 10.1080/009083190965514

34. Szymańska-Pulikowska A, Wdowczyk A, Wiercik P: Analysis of changes on substrates filling constructed wetland systems after
landfill leachate treatment - FTIR study. Journal of Cleaner Production. 2023, 411:137336. 10.1016/j.jclepro.2023.137336

35. Tan IAW, Ahmad AL, Hameed BH: Adsorption isotherms, kinetics, thermodynamics and desorption studies of 2,4,6-trichlorophenol
on oil palm empty fruit bunch-based activated carbon. Journal of Hazardous Materials. 2009, 164:473-482.
10.1016/j.jhazmat.2008.08.025

36. Adam OEA, Al-Shammari AS: Preparation and characterization of activated carbon from Balanites aegyptiaca seed shell for the
removal of 2,4-dichlorophenoxyacetic acid herbicide from aqueous solution. Desalination and Water Treatment. 2023, 315:314-
326. 10.5004/dwt.2023.30138

37. Senthilkumaar S, Krishna SK, Kalaamani P, Subburamaan CV, Subramaniam NG, Kang TW: Kinetic approach for the adsorption of
organophosphorous pesticides from aqueous solution using “waste” jute fiber carbon. Journal of Chemistry. 2010, 7:S511-S519.
10.1155/2010/947070

38. Gülen J, Karpuz Ö: A concise approach for interpreting the removal kinetic of 2,4-D by carbonized peanut shell. Journal of
Dispersion Science and Technology. 2024, 47:971-980. 10.1080/01932691.2024.2428347

39. Mutegoa E, Malima NM, Hilonga A, Njau KN: Effect of mixing ratios of natural inorganic additives in removing ammonia and
sulfide in the liquid phase during anaerobic digestion of slaughterhouse waste. Materials Today Chemistry. 2021, 20:100415.
10.1016/j.mtchem.2020.100415

40. Ponnam V, Katari NK, Mandapati RN, Nannapaneni S, Tondepu S, Jonnalagadda SB: Efficacy of biochar in removal of organic
pesticide, Bentazone from watershed systems. Journal of Environmental Science and Health, Part B. 2020, 55:396-405. 10 1080
03601234 2019 1707008

41. Liang W, Wang B, Cheng J, Xiao D, Xie Z, Zhao J: 3D, eco-friendly metal- organic frameworks@carbon nanotube aerogels
composite materials for removal of pesticides in water. Journal of Hazardous Materials. 2021, 401:123718.

42. Rissouli L, Benicha M, Chafik T, Chabbi M: Decontamination of water polluted with pesticide using biopolymers: adsorption of
glyphosate by chitin and chitosan. Journal of Materials and Environmental Sciences. 2017, 8:4544-4549.

How to cite this article:
Gülen J, Karademir S, Karpuz Ö (October 13, 2026) Adsorptive Removal of Monocrotophos via Low Cost and Natural
Adsorbent. Cureus J Eng 3 : es44388-026-00322-0. DOI https://doi.org/10.7759/s44388-026-00322-0 Page 23 of 24

Adsorptive Removal of Monocrotophos via Low Cost and Natural Adsorbent

https://dx.doi.org/10.1205/095758298529326
https://dx.doi.org/10.1205/095758298529326
https://doi.org/10.1061/JSEDAI.0000430
https://dx.doi.org/10.1021/ja01203a066
https://dx.doi.org/10.1021/ja01203a066
https://dx.doi.org/10.5004/dwt.2020.25319
https://dx.doi.org/10.5004/dwt.2020.25319
https://dx.doi.org/10.5004/dwt.2020.25319
https://dx.doi.org/10.1016/j.bej.2006.02.012
https://dx.doi.org/10.1016/j.bej.2006.02.012
https://dx.doi.org/10.1016/j.matpr.2023.05.483
https://dx.doi.org/10.1016/j.matpr.2023.05.483
https://dx.doi.org/10.1016/j.matpr.2023.05.483
https://dx.doi.org/10.1007/s40710-020-00429-4
https://dx.doi.org/10.1007/s40710-020-00429-4
https://dx.doi.org/10.1007/s40710-020-00429-4
https://dx.doi.org/10.1016/j.infrared.2021.103797
https://dx.doi.org/10.1016/j.infrared.2021.103797
https://dx.doi.org/10.1016/j.infrared.2021.103797
https://dx.doi.org/10.1016/j.ceramint.2023.05.067
https://dx.doi.org/10.1016/j.ceramint.2023.05.067
https://dx.doi.org/10.1016/j.ceramint.2023.05.067
https://www.researchgate.net/publication/245326477_The_Effect_of_Aqueous_Caustic_and_Various_Acid_Treatments_on_the_Removal_of_Mineral_Matter_in_Asphaltite
https://www.researchgate.net/publication/245326477_The_Effect_of_Aqueous_Caustic_and_Various_Acid_Treatments_on_the_Removal_of_Mineral_Matter_in_Asphaltite
https://dx.doi.org/10.1080/009083190965514
https://dx.doi.org/10.1080/009083190965514
https://dx.doi.org/10.1016/j.jclepro.2023.137336
https://dx.doi.org/10.1016/j.jclepro.2023.137336
https://dx.doi.org/10.1016/j.jclepro.2023.137336
https://dx.doi.org/10.1016/j.jhazmat.2008.08.025
https://dx.doi.org/10.1016/j.jhazmat.2008.08.025
https://dx.doi.org/10.1016/j.jhazmat.2008.08.025
https://dx.doi.org/10.5004/dwt.2023.30138
https://dx.doi.org/10.5004/dwt.2023.30138
https://dx.doi.org/10.5004/dwt.2023.30138
https://dx.doi.org/10.1155/2010/947070
https://dx.doi.org/10.1155/2010/947070
https://dx.doi.org/10.1155/2010/947070
https://dx.doi.org/10.1080/01932691.2024.2428347
https://dx.doi.org/10.1080/01932691.2024.2428347
https://dx.doi.org/10.1016/j.mtchem.2020.100415
https://dx.doi.org/10.1016/j.mtchem.2020.100415
https://dx.doi.org/10.1016/j.mtchem.2020.100415
https://dx.doi.org/10%201080%2003601234%202019%201707008
https://dx.doi.org/10%201080%2003601234%202019%201707008
https://dx.doi.org/10%201080%2003601234%202019%201707008
https://dx.doi.org/10%201080%2003601234%202019%201707008
https://www.sciencedirect.com/science/article/abs/pii/S0304389420317040
https://www.sciencedirect.com/science/article/abs/pii/S0304389420317040
https://scholar.google.com/scholar?q=intitle:Decontamination%20of%20water%20polluted%20with%20pesticide%20using%20biopolymers%3A%20adsorption%20of%20glyphosate%20by%20chitin%20and%20chitosan
https://scholar.google.com/scholar?q=intitle:Decontamination%20of%20water%20polluted%20with%20pesticide%20using%20biopolymers%3A%20adsorption%20of%20glyphosate%20by%20chitin%20and%20chitosan


43. Belaroui LS, Ouali A, Bengueddach A, Lopez Galindo A, Peña A: Adsorption of linuron by an Algerian palygorskite modified with
magnetic iron. Applied Clay Science. 2018, 164:26-33. 10.1016/j.clay.2018.03.021

44. Dedecan T, Baylan N, İnci İS: Bismuth oxide nanoparticles as a promising adsorbent for removal of quetiapine: synthesis,
characterization, and application. Journal of Chemical Technology & Biotechnology. 2024, 99:2617-2629. 10.1002/jctb.7742

45. Xi Y, Megharaj M, Naidu R: Adsorption of the herbicide 2,4-D on organo-palygorskite. Applied Clay Science. 2010, 49:255-261.
10.1016/j.clay.2010.05.015

46. Sprynskyy M, Ligor T, Buszewski B: Clinoptilolite in study of lindane and aldrin sorption processes from water solution. Journal of
Hazardous Materials. 2008, 151:570-577. 10.1016/j.jhazmat.2007.06.023

47. Suciu NA, Capri E: Adsorption of chlorpyrifos, penconazole and metalaxyl from aqueous solution by modified clays. Journal of
Environmental Science and Health, Part B. 2009, 44:525-532. 10.1080/03601230902997543

48. Gülen J, Küçük İ, Saygı Yalçın B, Çelik SE, Özgür M: Ultrasonic supported dye removal by a novel biomass. Zeitschrift für
Physikalische Chemie. 2022, 236:1651-1670. 10.1515/zpch-2022-0035

49. Gülen J, Aslan S: Adsorption of 2,4-dichlorophenoxyacetic acid from aqueous solution using carbonized chest nut as low cost
adsorbent: Kinetic and thermodynamic. Zeitschrift für Physikalische Chemie. 2019, 234:461-484. 10.1515/zpch-2019-0004

50. Mohan D, Singh KP: Single- and multi-component adsorption of cadmium and zinc using activated carbon derived from bagasse
—an agricultural waste. Water Research. 2002, 36:2304-2318. 10.1016/s0043-1354(01)00447-x

51. El-Kamash AM, Zaki AA, Abed El Geleel M: Modeling batch kinetics and thermodynamics of zinc and cadmium ions removal from
waste solutions using synthetic zeolite A. Journal of Hazardous Materials. 2005, 127:211-220. 10.1016/j.jhazmat.2005.07.021

52. Gülen J, Deler Ö: The potential capability of treated perlite for removal of penta chloro nitrobenzene. Zeitschrift für Physikalische
Chemie. 2024, 238:1103-1121. 10.1515/zpch-2023-0321

53. Wang S, Zhu Z: Effects of acidic treatment of activated carbons on dye adsorption. Dyes and Pigments. 2007, 75:306-314.
10.1016/j.dyepig.2006.06.005

54. Ilgen O, Tümkor E: Kinetics, equilibrium and thermodynamic studies on removal of oleic acid from sunflower oil onto Amberlyst
A21. Periodica Polytechnica Chemical Engineering. 2023, 67:407-415. 10.3311/ppch.21743

55. Dhaif Allah MAH, Taqui SN, Taqui US, et al.: Water footprint management in textile industry through Acid Blue 113 remediation
using halloysite nanoclay as a sustainable adsorbent. Scientific Reports. 2025, 15:13698. 10 1038 41598-025-96580-9

How to cite this article:
Gülen J, Karademir S, Karpuz Ö (October 13, 2026) Adsorptive Removal of Monocrotophos via Low Cost and Natural
Adsorbent. Cureus J Eng 3 : es44388-026-00322-0. DOI https://doi.org/10.7759/s44388-026-00322-0 Page 24 of 24

Adsorptive Removal of Monocrotophos via Low Cost and Natural Adsorbent

https://dx.doi.org/10.1016/j.clay.2018.03.021
https://dx.doi.org/10.1016/j.clay.2018.03.021
https://dx.doi.org/10.1016/j.clay.2018.03.021
https://dx.doi.org/10.1002/jctb.7742
https://dx.doi.org/10.1002/jctb.7742
https://dx.doi.org/10.1002/jctb.7742
https://dx.doi.org/10.1016/j.clay.2010.05.015
https://dx.doi.org/10.1016/j.clay.2010.05.015
https://dx.doi.org/10.1016/j.jhazmat.2007.06.023
https://dx.doi.org/10.1016/j.jhazmat.2007.06.023
https://dx.doi.org/10.1080/03601230902997543
https://dx.doi.org/10.1080/03601230902997543
https://dx.doi.org/10.1515/zpch-2022-0035
https://dx.doi.org/10.1515/zpch-2022-0035
https://dx.doi.org/10.1515/zpch-2019-0004
https://dx.doi.org/10.1515/zpch-2019-0004
https://dx.doi.org/10.1515/zpch-2019-0004
https://dx.doi.org/10.1016/s0043-1354(01)00447-x
https://dx.doi.org/10.1016/s0043-1354(01)00447-x
https://dx.doi.org/10.1016/s0043-1354(01)00447-x
https://dx.doi.org/10.1016/j.jhazmat.2005.07.021
https://dx.doi.org/10.1016/j.jhazmat.2005.07.021
https://dx.doi.org/10.1016/j.jhazmat.2005.07.021
https://dx.doi.org/10.1515/zpch-2023-0321
https://dx.doi.org/10.1515/zpch-2023-0321
https://dx.doi.org/10.1016/j.dyepig.2006.06.005
https://dx.doi.org/10.1016/j.dyepig.2006.06.005
https://dx.doi.org/10.3311/ppch.21743
https://dx.doi.org/10.3311/ppch.21743
https://dx.doi.org/10.3311/ppch.21743
https://dx.doi.org/10%201038%2041598-025-96580-9
https://dx.doi.org/10%201038%2041598-025-96580-9
https://dx.doi.org/10%201038%2041598-025-96580-9

