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Abstract

This study aims to comprehend the competitive and non-competitive adsorption/desorption of phosphorus
fertilizer and dimethoate insecticide in clay soil and clay loam soil. Characterization of the examined soils was
the first step in the process, which was followed by agrochemical non-competitive adsorption, competitive
adsorption, and desorption from the soil samples. Dimethoate was more absorbed than phosphorus, according
to non-competitive experiments. The addition of phosphorus considerably reduced the dimethoate's adsorption
capacity on the soils under test. The adsorption rates of dimethoate and phosphorus decreased to 7.21-7.82%
and 9.59-9.02%, respectively, in the presence of both phosphorus and dimethoate in the clay and clay loam
soils. Compared with adsorption, the desorption of the tested agrochemical into CaCl; resulted in low values.
These results highlight the environmental and public health importance of competition among agrochemicals.
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Introduction

Complex phenomena that are impacted by numerous
mechanisms determine how agrochemicals behavior and end
up in the environment (Abdel-Raheem et al., 2023a, b; EI-
Aswad et al., 2024a, b; Abd Ul-Malik et al., 2024; Ibrahim et
al., 2024). The adsorption/desorption process is one crucial
one (Fouad et al., 2024a). Therefore, precise estimations of
the environmental load of agrochemicals and the successful
application of remediation techniques depend on a basic
understanding of adsorption/desorption mechanisms (Sebaiy
et al., 2024; Ogbeh et al., 2025). The concentration of each
agrochemical in the solution as well as the sorbent's relative
sorption affinity determine how much the sorption behavior

is impacted by multiple solute interactions (Ayenew and
Getu, 2025). Adsorption isotherms offer useful data for
analyzing how agrochemicals interact with soil, forecasting
their  bioavailability, and determining their final
environmental destiny (Davari et al., 2015; Drar et al., 2023;
Fouad et al., 2024b, c; Fouad et al., 2025).

There are many publications concerning the adsorption
behavior of individual agrochemicals on clays, clay minerals
and soils (Bao et al., 2013). Nevertheless, the competitive
sorption of agrochemicals has only been covered in a small
number of publications (Helios-Rybicka and Wajcik, 2012).
Consequently, additional study is required to comprehend the
competitive adsorption of agrochemicals in various soil types
(Jalali and Moradi, 2013). In actual soil settings, different
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contaminants are frequently found in combinations (Bao et
al., 2013; Fouad and Abdel-Raheem, 2024). The destiny and
movement of fertilizers and pesticides in soil, as well as their
availability to plants, can be significantly influenced by
competitive adsorption and desorption (Jalali and
Moharrami, 2007; Bao et al., 2013; Wang et al., 2020; Abd-
Eldaim et al., 2023; Fouad et al., 2024d, e). According to
studies, coexisting chemicals may have an impact on
pesticide adsorption on soil because they vie for the same
adsorption sites (Jin et al., 2013; Wang et al., 2020). When
there are insufficient adsorption sites in the soil and two or
more pesticides are present, competitive adsorption occurs at
the water-solid interface (Pateiro-Moure et al., 2010; Wang
et al., 2020). Consequently, competitive sorption, as opposed
to phase partitioning, is a feature of surface adsorption in
diluted systems (Pateiro-Moure et al., 2010).Furthermore,
overlap in the range of sites that the solutes can occupy also
leads to competitive adsorption (Pateiro-Moure et al., 2010).
Competitive adsorption may be crucial to the fate and
movement of pollutants in soil because of the variety and
complexity of organic molecules found in the natural
environment (Sipos, 2009).

The spread of pesticides and fertilizers is a common
practice in agriculture to combat pests and improve soil
properties, thus increasing plant growth (Conde-Cid et al.,
2019). Organic and inorganic fertilizers can be introduced
into the soil during pesticide application (Agbenin and Olojo,
2004). The ability of soils to selectively retain metals is
essential for their availability and movement within the soil
profile, which can contaminate groundwater (Agbenin and
Olojo, 2004). In a copper—calcium system, copper was sorbed
selectively. A system containing copper and cadmium
decreased zinc adsorption, especially at pH < 6.5. Similarly,
for pH values between 5 and 6, copper sorption decreased
when zinc and cadmium were present. Harter (1992) found
that the presence of nickel did not reduce copper adsorption,
most likely due to the fact that copper retention processes are
more complex than those of nickel. Copper is selectively
sorbed from the calcium solution, while cobalt and nickel vie
for sorption sites in soil.

Dimethoate is contact and systemic organic
thiophosphate compound that is effective against a broad
range of insects, such as mites, aphids, leafhoppers, beetles
and weevils, when it is applied to a wide range of crops.
American Cyanamid introduced and patented it in the 1950s
(Ahmad, et al., 2022). Dimethoate is acetylcholinesterase
inhibitor that disables cholinesterase, and exposure to
dimethoate occurs via inhalation, ingestion or/and contact
(Qin et al., 2025). Mostly used as foliar sprays, dimethoate is

Soil Environ. 44(1): 01-07, 2025

made as emulsifiable concentrates or wettable powders. It
degrades somewhat quickly and is easily absorbed and
disseminated throughout plant tissues. Due to its high
solubility in water and low adsorption in soil, dimethoate is
comparatively nonpersistent yet extremely mobile in the
environment (Van Scoy et al., 2016).

Since dimethoate and phosphorus can be introduced into
the soil together through the application of inorganic
fertilizer, organic manure, or pesticides, information on their
adsorption from solutions in which both are present must be
added to the individual adsorption/desorption characteristics
summarized above in order to properly evaluate the
environmental threat posed by dimethoate and phosphorus,
or their availability. It is commonly known that the addition
of a second adsorbate reduces adsorption. Therefore, the
objective of this work is to study the noncompetitive
adsorption/desorption and competitive adsorption/desorption
of dimethoate pesticide and phosphorus fertilizers in clay and
clay loam soils, which, to best of our knowledge, represents
original research not previously performed.

Materials and Methods
Soils

The soils used were clay and clay loam agricultural soils
sampled at 0-25 cm depth from Alexandria Governorate,
North Egypt. Samples were collected from the upper layers
(0-25 cm) of soil profiles from different locations. This soil
has not been treated with dimethoate and phosphorus. The
soil was allowed to air dry before being extensively
homogenized and sieved at a particle size of less than 2 mm
to exclude the coarser fraction (EI-Aswad et al., 2023). The
soil properties were determined according to conventional
methods (Table 1).

Table 1: Physicochemical characteristics of the studied soils
Sample 1D Al A2

Texture class Clay soil Clay loam
soil
Com'g"tes 31.2642900/30.0050364  31.1006/5804
EC (dS m™) 2.06 1.32
pH 8.22 8.25
OM (%) 1.26 331
CaCO0s (%) 15.47 787

Agrochemical

The optimum value of Amax IS Shown in Figure 1B and
Figure 2B. The concentration of the agrochemical was
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determined using the k value, which was found to be the slope
of the standard curve.

Adsorption tests

According to the OECD, the competitive and
noncompetitive adsorption of dimethoate and phosphorus at
room temperature was assessed in a batch equilibrium
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system. To determine the proper soil-solution ratio (1:10), 2
g of soil samples were weighed into 75mL glass bottles for
dimethoate and/or phosphorus and corrected with 10 mL
CaCl; (0.01 M) (Fouad et al., 2024f). The agrochemical was
added in amounts equal to 1, 10, 20, 30, 40, 50 pg g* dry
weight soil. For 24 hours, the samples were shaken at 23+2°C
and 175 revolutions per minute. The materials were then
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Figure 1: Spectral-density curve (A) and calibration-density curve (B) of dimethoate
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Figure 2: Spectral-density curve (A) and calibration-density curve (B) of phosphorus
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Figure 3: Non-competitive (A) and competitive (B) adsorption/desorption isotherms of dimethoate and phosphorus in clay soil
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centrifuged for 10 minutes at 4000 rpm. Then, using a UV-
Vis spectrophotometer, the amounts of phosphorus and
dimethoate in the supernatant were measured. Each of the
aforementioned dimethoate and phosphorus concentrations
was gathered and combined to create a combination of
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Figure 3A shows the isotherms of the
adsorption/desorption of dimethoate and phosphorus alone
into the clay soil. Notably, the adsorption and desorption
isotherms were greater for dimethoate than for phosphorus in
the clay soil, and there were no significant differences in the
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Figure 4: Non-competitive (A) and competitive (B) adsorption/desorption isotherms of dimethoate and phosphorus

in clay loam soil

Clay soil

Clay loam soil

Figure 5: Percentages of non-competitive and competitive adsorption—desorption in the tested soils

dimethoate + phosphorus for the purpose of binary mixture
adsorption. After that, the samples were combined with soil
and put through tests of competitive adsorption. The
agrochemical concentration differential between the original
and final equilibrium solutions was used to compute the
quantity of dimethoate and phosphorus retained by the
adsorbent.

Results and Discussion
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adsorption and desorption isotherms for phosphorus. The
adsorption and/or desorption isotherms of dimethoate in
presence of phosphorus at concentrations of 1, 10, 20, 30, 40,
and 50 pg mL? in clay soil are shown in Figure 3B. When
phosphorus was added, dimethoate's adsorption ability on
clay soil dramatically dropped. Adsorption and desorption
isotherms were greater for each of the two agrochemicals as
the added concentration increased, with the highest
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adsorption and desorption values corresponding to the
highest agrochemical doses added. As shown in Figure 4, in
comparison to the single system, the combined system's
dimethoate and phosphorus adsorption capability on the clay
soil was noticeably lower. This demonstrates that the
adsorption of phosphorus and dimethoate on the soil has a
competitive interaction. This resulted from the two
agrochemicals competing for the same soil adsorption site
(Wang et al., 2020). In line with our findings, Fouad et al.,
(2024f) found that in a coexisting system, imidacloprid and
KNO3 adsorption on soils decreased. Furthermore, in clay
soil, dimethoate's influence on phosphorus adsorption was
significantly weaker than that of coexisting phosphorus. This
might be explained by the fact that phosphorus has a higher
potential to adsorb on soil than dimethoate. Stronger
competition for binding to the soil's adsorption site resulted
from phosphorus's higher adsorption affinity.

Adsorption-desorption isotherms of dimethoate and
phosphorus in clay loam soil were obtained when dimethoate
and phosphorus were present in a single system, as shown in
Figure 4A. In the clay loam soil, more dimethoate was
adsorbed than phosphorus was. To create various starting
concentrations of the mixture, varying amounts of dimethoate
and phosphorus solutions were combined, all maintaining a
consistent soil-to-liquid ratio (1:10). Figure (4B) displays the
competitive adsorption isotherms of phosphorus and
dimethoate from binary combinations. When phosphorus was
added, dimethoate's adsorption ability on clay loam soil
dramatically dropped. The adsorptive and/or desorption of
dimethoate  decreases with increasing  phosphorus
concentration. Consistent with our results, the adsorption of
chlortetracycline, oxytetracycline and tetracycline (Conde-
Cid et al., 2019), propiconazole and difenoconazole (Wang
et al., 2020) into the soil decreased in the combined system.
Additionally, the adsorption of dimethoate and phosphorus
was relatively similar in the tested soils when the
agrochemicals were added at low doses. However, at a certain
concentration, the differences became evident, with
phosphorus being the least adsorbed in noncompetitive
adsorption and dimethoate being the least adsorbed in
competitive adsorption. Polar compounds generally have a
higher competitive power than nonpolar or low-polarity
compounds (Bao et al., 2013).

As illustrated in Figure 5, the combined system's
dimethoate and phosphorus adsorption capacity on the two
soils was noticeably less than that of the single system. The
adsorption isotherms of dimethoate and phosphorus in the
combined system decreased to 7.21% and 2.66% and 7.82%
and 4.98% into clay and clay loam soils, respectively. The
desorption of phosphorus was much easier than that of

dimethoate in the tested soils, which may be due to the
chemical composition. The desorption rates of dimethoate
and phosphorus into CaCl, were low: approximately 9.55,
8.85, 6.19, and 7.18% and 2.66, 4.98, 9.14, and 8.68% for
noncompetitive and competitive clays in clay and clay loam
soils, respectively. Desorption tests were conducted by
substituting any other agrochemical for CaCl, in order to
evaluate the capacity of agrochemicals to displace one
another. These results suggest that the adsorption of
phosphorus and dimethoate on the soil has a competitive
connection, and that competitive adsorption becomes more
pronounced as the cosolute concentration rises (Wang et al.,
2020). This resulted from the two agrochemicals competing
for the same soil adsorption site (Xing et al., 1996; Wang et
al., 2020). Put another way, through competitive adsorption,
the presence of agrochemicals reduces the adsorption
capacity of other agrochemicals on soil.

Conclusions

The fate and movement of pollutants in the environment
are significantly influenced by the agrochemicals' adsorption
in soils. In this research, the adsorption and/or desorption of
dimethoate and phosphorus alone and in combination were
investigated into clay soil and clay loam soil. The adsorption
capacity of dimethoate was much greater than that of
phosphorus on same tested soil in the individual systems. The
agrochemical's competitive adsorption trials demonstrate its
capacity to displace one another from its adsorption sites: the
concentration of the adsorbed dimethoate pesticide dropped
as the phosphorus fertilizer competitor's applied
concentration rose. These results should be taken into account
when pesticides and fertilizers are added to the soil together.

References

Abd Ul-Malik, M.A., A. Abdou, M.R. Fouad, A.S.N Alkamali,
and S.A.A. Abdel-Raheem. 2024. Synthesis, spectral
characterization and molecular docking studies of some
thiocarbohydrazide-based Schiff bases with pyrazole
moiety as potential anti-inflammatory agents. Current
Chemistry Letters 13(4):683-694.

Abd-Eldaim, F.A., K.Y. Farroh, F.S. Safina, M.R. Fouad, O.S.
Darwish, S.S., Emam, and K.Y. Abdel-Halim. 2023.
Phytotoxic effects of imidacloprid and its nano-form on the
cucumber plants under greenhouse condition and their
toxicity on HepG2 cell line. Archives of Phytopathology
and Plant Protection 56(19):1467-1486.

Abdel-Raheem, S.A., M.R. Fouad, M.A. Gad, A.M.K. El-Dean,
and M.S. Tolba. 2023a. Environmentally green synthesis
and characterization of some novel bioactive pyrimidines
with excellent bioefficacy and safety profile towards soil

Soil Environ. 44(1): 01-07, 2025



Adsorption/desorption of pesticide and phosphorus fertilizer in different textured soils

organisms. Journal of Environmental Chemical
Engineering 11(5):110839.

Abdel-Raheem, Sh.A.A., A.M. Drar, B.R.M. Hussein, and A.H.
Moustafa.  2023b. Some  oxoimidazolidine  and
cyanoguanidine compounds: Toxicological efficacy and
structure-activity relationships studies. Current Chemistry
Letters 12:695—704.

Agbenin, J.0., and L.A. Olojo 2004. Competitive adsorption of
copper and zinc by a Bt horizon of a savanna Alfisol as
affected by pH and selective removal of hydrous oxides and
organic matter. Geoderma 119(1-2):85-95.

Ahmad, S., AP. Pinto, F.I. Hai, M.E.-T.Il. Badawy, R.R.
Vazquez, T.A. Naqvi, and H.J. Chaudhary. 2022
Dimethoate residues in Pakistan and mitigation strategies
through microbial degradation: a review. Environmental
Science and Pollution Research 29(34):51367-51383.

Ayenew, B., E. Getu. 2025. Pesticide Residues, Glyphosate
Adsorption and Degradation Characteristics in Ethiopian
Agricultural  Soils.  Environmental Health Insights
19:11786302241311679.

Bao, Y.Y., Y. Wan, Q.X. Zhou, W.M. Li, and Y.X. Liu. 2013.
Competitive adsorption and desorption of oxytetracycline
and cadmium with different input loadings on cinnamon
soil. Journal of Soils and Sediments 13:364-374.

Conde-Cid, M., G. Ferreira-Coelho, A. Nufiez-Delgado, D.
Fernandez-Calvifio, M. Arias-Estévez, E. Alvarez-
Rodriguez, and M.J. Ferndndez-Sanjurjo.  2019.
Competitive adsorption of tetracycline, oxytetracycline and
chlortetracycline on soils with different pH value and
organic matter content. Environmental Research
178:108669.

Davari, M., R. Rahnemaie, and M. Homaee. 2015. Competitive
adsorption-desorption reactions of two hazardous heavy
metals in contaminated soils. Environmental Science and
Pollution Research 22:13024-13032.

Drar, AM., Sh.A.A Abdel-Raheem, A.H. Moustafa, B.R.M.
Hussein. 2023. Studying the toxicity and structure-activity
relationships of some synthesized polyfunctionalized
pyrimidine compounds as potential insecticides. Current
Chemistry Letters 12:499-508.

El-Aswad, A.F., M.R. Fouad, and M.I. Aly. 2023. Assessment
of the acute toxicity of agrochemicals on earthworm
(Aporrectodea caliginosa) using filter paper contact and
soil mixing tests. Asian Journal of Agriculture 7(1):14-19.

El-Aswad, AF., M.R. Fouad, and M.l. Aly. 2024a.
Experimental and modeling study of the fate and behavior
of thiobencarb in clay and sandy clay loam soils.
International Journal of Environmental Science and
Technology 21(4):4405-4418.

Soil Environ. 44(1): 01-07, 2025

El-Aswad, A.F., M.R.Fouad, M.E.I. Badawy, and M.l. Aly.
2024b. Modeling study of adsorption isotherms of
chlorantraniliprole and dinotefuran on soil. Current
Chemistry Letters 13(3):503-514.

Fouad, M. R., A.F. EI-Aswad, M.I. Aly, and M.E.T. Badawy.
2024e. Environmental impact of biochar and wheat straw
on mobility of dinotefuran and metribuzin into soils. Asian
Journal of Agriculture 8(1):57-63.

Fouad, M.R., AF. El-Aswad, and M.l. Aly. 2024c.
Mathematical models of the adsorption-desorption kinetics
of fenitrothion in clay soil and sandy clay loam soil. Current
Chemistry Letters 13(4):641-654.

Fouad, M.R., A.F. EI-Aswad, and M.I. Aly. 2024d. Uptake and
Translocation of Fenitrothion and Thiobencarb in Rice
Plant under Laboratory and Filed Conditions. Korean
Journal of Environmental Agriculture 43:188-199.

Fouad, M.R., AF. El-Aswad, and M.I. Aly. 2025. Tracking
movement dynamic of fenitrothion and thiobencarb in rice
paddy using a field lysimeters at different levels of soil
depth. Current Chemistry Letters 14(3).

Fouad, M.R., A.F. EI-Aswad, M.E. Badawy, and M.I. Aly.
2024a. Effect of soil organic amendments on sorption
behavior of two insecticides and two herbicides. Current
Chemistry Letters 13(2):377-390.

Fouad, M.R., AF. El-Aswad, M.E.I. Badawy, and M.1. Aly.
2024b. Impact of organic amendments addition to sandy
clay loam soil and sandy loam soil on leaching process of
chlorantraniliprole insecticide and bispyribac-sodium
herbicide. Current Chemistry Letters 13(2): 277-286.

Fouad, M.R., and S.A. Abdel-Raheem. 2024. An overview on
the fate and behavior of imidacloprid in agricultural
environments. Environmental Science and Pollution
Research 1-11.

Fouad, M.R., F.A. Abd-Eldaim, B.R. Alsehli, and A.S. Mostafa.
2024f. Non-competitive and competitive sorption of
imidacloprid and KNO3 onto soils and their effects on the
germination of wheat plants (Triticum aestivum L.). Global
NEST Journal 26: 1-8.

Harter, R.D. 1992. Competitive sorption of cobalt, copper, and
nickel ions by a calcium-saturated soil. Soil Science Society
of America Journal 56(2):444-449.

Helios-Rybicka, E., and R.Wo&djcik. 2012. Competitive
sorption/desorption of Zn, Cd, Pb, Ni, Cu, and Cr by clay-
bearing mining wastes. Applied Clay Science 65:6-13.

Ibrahim, S.M., A.S. Abdelkhalek, Sh.A.A. Abdel-Raheem, N.E.
Freah, N.H. El Hady, N.K. Aidia, N.A. Tawfeq, N.L
Gomaa, N.M. Fouad, H.A. Salem, H.M. lbrahim, and M.M.
Sebaiy. 2024. An overview on 2-indolinone derivatives as
anticancer agents. Current Chemistry Letters 13:241-254.



Aly, Dyaa, Mokhtar, Khaled, Abdallah, Bandar, and Mohamed

Jalali, M., and F. Moradi. 2013. Competitive sorption of Cd, Cu,
Mn, Ni, Pb and Zn in polluted and unpolluted calcareous
soils.  Environmental Monitoring and Assessment
185:8831-8846.

Jalali, M., and S. Moharrami. 2007. Competitive adsorption of
trace elements in calcareous soils of western Iran.
Geoderma 140(1-2):156-163.

Jin, X,, J. Ren, B. Wang, Q. Lu, and Y. Yu. 2013. Impact of
coexistence of carbendazim, atrazine, and imidacloprid on
their adsorption, desorption, and mobility in soil.
Environmental Science and Pollution Research 20:6282-
6289.

Ogbeh, G.0., A.O. Ogunlela, C.0O., Akinbile and R.T. lwar.
2025. Adsorption of organic micropollutants in water: A
review of advances in modelling, mechanisms, adsorbents,
and their characteristics. Environmental Engineering

Research 30(2).
Pateiro-Moure, M., M. Arias-Estévez, and J. Simal-Gandara.
2010. Competitive and non-competitive

adsorption/desorption of paraquat, diquat and difenzoquat
in vineyard-devoted soils. Journal of Hazardous Materials
178(1-3):194-201.

Qin, W., H. Tian, X. Feng, and Z. Tang. 2025. Iron and copper
codoped carbon nanodots as oxidase mimics and
fluorescent probes for detection of phenol and dimethoate.
Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy 125794.

Sebaiy, M.M., S.M. EI-Adl, A. Nafea, A.A. Mattar, M.A.
Abdul-Malik, A.A. Abdel-Raheem, and S.S. Elbaramawi.
2024. Review: Instrumental Analytical techniques for
Evaluating some Anti-infective Drugs in Pharmaceutical
Products and Biological Fluids. Current Chemistry Letters
13(3):491-502.

Sipos P. 2009. Single element and competitive sorption of
copper, zinc and lead onto a Luvisol profile. Central
European Journal of Geosciences 1:404-415.

Van Scoy, A., A. Pennell, and X. Zhang. 2016. Environmental
fate and toxicology of dimethoate. Reviews of
Environmental Contamination and Toxicology 237:53-70.

Wang, F., D. Cao, L. Shi, S. He, X. Li, H. Fang, and Y. Yu. 2020.
Competitive adsorption and mobility of propiconazole and
difenoconazole on five different soils. Bulletin of
Environmental Contamination and Toxicology 105:927-
933.

Xing, B., J.J. Pignatello, and B. Gigliotti, 1996. Competitive
sorption between atrazine and other organic compounds in
soils and model sorbents. Environmental Science &
Technology 30(8):2432-2440.

Soil Environ. 44(1): 01-07, 2025




