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ABSTRACT 

Intensive application of pesticides in the agricultural sector and for domestic purposes has resulted in increased usage over the years. Pesticides are used to control 
pest, diseases and weeds in agricultural and urban areas, but their persistence in the environment has resulted in human poisoning, health risk problem and 
environmental pollution due to their ability to permeate the soil surface, groundwater systems and water surface bodies. 

Sorption of two organophosphorus pesticides: Diazinon and Clorpyriphos was studied in a soil (S) and in soil modified with clay addition. Soil Alhue, VI region, 
Chile, was spiked with 1% of either Montmorillonite (M) or Kaolinite (K) (S1). In addition, organic matter (OM), in the soil was eliminated and this soil (S2), was 
spiked again, with 1% of both clays. Batch sorption and kinetics experiments were conducted to obtain the retained amounts onto the soil samples. Pesticides were 
quantified by high performance liquid chromatography (HPLC). The results showed that for both pesticides the sorption order is: S1-M ˃ S1-K > S1. For soil without 
OM (S2) the order is the same, although the adsorption was lower. The adsorption isotherms were expressed by the Langmuir and Freundlich models. The negative 
Gibb’s free energy change (ΔG°) values obtained suggest that the adsorption of both pesticides, is an exothermic process.  

Clay addition to the soil, increased the adsorption processes, generating an increase in the amount of pesticide retained in the soil and partially avoiding possible 
contamination of the aquifers. The difference found in relation to the behavior of both clays on the soil, can be explained considering its structure and its octanol-
water partition coefficient (kow). 

Keywords: Soils; Diazinon; Chlorpyrifos; clay; sorption constant (Kd); Langmuir and Freundlich models.

1. INTRODUCTION 

Intensive application of pesticides in the agricultural sector and for domestic 
purposes has resulted in increased usage over the years. Pesticides are used to 
control pest, diseases and weeds in agricultural and urban areas, but their 
persistence in the environment has resulted in human poisoning, health risk 
problem and environmental pollution due to their ability to permeate the soil 
surface, groundwater systems and water surface bodies1.  

When pesticides are introduced into the environment through spraying on 
crops, droplets of pesticides fall on the soil, plant and water. Hence, it is 
important to understand the mechanism of interactions than occur between 
pesticide compound and their behavior in the environment. The fate and mobility 
of pesticides in the environment involve complex mechanism that are influenced 
by many processes, including volatilization, leaching, and sorption/desorption, 
as well as chemical and biological degradation. Of these processes, sorption is 
the key process in soil because detoxification mechanism, such as degradation, 
metabolism, microbial uptake and mobilization, involve only the nonsorbed 
fraction of molecules 2-5. The extent of sorption depends on various soil 
properties, including organic matter, amount and type of clay, ion exchange 
capacity and pH. Moreover, various physical-chemical parameters of these 
compounds, such as water solubility and octanol-water partition coefficient, also 
play an important role in determine sorption extent 6,7 . 

Pesticide sorption or binding in the soil has been characterized by determining 
partition of the pesticide between soil and solution resulting in pesticide sorption 
coefficient (Kd) 8,9 . The soil sorption coefficient, kd, describes the distribution 
of pesticides between the water phase and soil particles and is one of most 
important input parameters of mathematical models predicting the fate of 
pesticides in environments. It has been shown that sorption-desorption capacity 
of pesticides in soils depend on the type of soil, temperature, pH and properties 
of pesticide itself 10-12. Generally, it has been found that adsorption of pesticides 
is positively correlated with octanol-water partition coefficient and negatively 
correlated with their water solubility 13 . 

The sorption interaction of pesticide in soil may involve either the mineral or 
organic components, or both. In soil that have organic matter levels (˃5%), 
pesticide adsorption depend on organic matter content, the nature of organic 
matter having little influence on the on the adsorption processes 14-18 . In soils 
with low organic matter contents, the adsorption of pesticide often depends on 
active compounds of the inorganic fraction, which is dominantly the clay 
fraction. An increase in clay content result increasing adsorption of pesticide 4, 7, 
19- 20. Sorption-desorption isotherms are usually described by linear models 
Langmuir and/or Freundlich models. 

Organophosphorus pesticides (Ops) are the chemical compounds most used in 
the world, representing between 30% and 40% of insecticide sales in the planet 
23,22. These compounds less persistent than organochlorine pesticides have a 
higher acute toxicity, with their biocide action affecting a large diversity of 
organism, and  have a low cost, all of which favors their use to control various 
species that affect food-relevant crops as well as some vectors that represent risks 
to human health.  

Chlorpyrifos and Diazinon pesticides, hydrophobic compounds when applied 
to soils with a content of organic matter greater than 2%, adsorption occurs 
mainly due to organic matter acts as a means partition; several authors 8, 23-24, 
consider that there are limitations to attribute to organic matter as the only 
responsible for the adsorption of polar compounds. Several authors, working 
adsorption of organic compounds with polar, ionic or ionizable features, found a 
higher correlation between adsorption and clay content of soils than with organic 
matter content. They shows how soil use affects the adsorption of pesticides and 
their metabolites associated with organic matter 25. 

In this work we propose to study the influence of organic matter and clay 
addition in the adsorption of Chlorpyrifos and Diazinon in soil, two 
Organophosphorus pesticides, very used in Chile. 

2. MATERIALS AND METHODS 

2.1 Soil samples   

Samples of Alhue soil from VI region, General Libertador Bernardo 
O`Higgins, Chile, was used in this study. Samples of soil (0-10 cm) were air 
dried and sieved (2 mm) before using. The physical and chemical properties of 
soil were determined by described methods 27. 

2.2 Reagents and material 

The pesticides chosen for this study were Chlorpyrifos and Diazinon both 
pesticides were purchased from Aldrich Chemical Company Inc. whit reported 
purity > 98%. Stock solutions 100 mgL-1 of each pesticide standard was prepared 
by dissolving the weighed in acetonitrile (Merck HPLC grade). Working 
standard mixed solutions were prepared weakly by diluting each individual stock 
solution with acetonitrile and storing at 4°C. All reagents used were of analytical 
grade, like acetonitrile, Calcium Chloride (CaCl2), Chlorhydric acid (HCl), 
Hydrogen Peroxide (H2O2), were procures from Merck (Darmstadt, Germany). 
Purifies water was prepared using a Milli-Q purification system (Simplicity) for 
HPLC analysis. Clays used were Kaolinite (Al2O3 · 2SiO2 · 2H2O) and 
Montmorillonite 10K (SiO2/Al2O3) (Sigma-Aldrich). The pesticides studied and 
some of their physical-chemical properties are presented in table 1. 
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Table 1: Selected properties of pesticides investigated 28. 

 
2.2 Samples of soil preparation 

2.2.1 Elimination of organic matter 

The organic matter was removed from the soil by oxidation with H2O2. For 
this, soil samples of 20 ± 0.01g were taken in 250 mL Erlenmeyer flasks, 100 
mL of water was added and then 40 mL 1 N HCL. It was stirred and the solution 
was heated. Then, was added 10 mL of 30% H2O2, and was digested with careful 
heating. Finally, 5 mL of H2O2 is added to complete the digestion. The 
suspension was centrifuged, the supernatant was separated and the soil was 
allowed to dry in Petri dishes. The absence of carbon in the dry sample was 
checked by Walkley and Black method 27 . 

2.2.2 Clay addition    

To soil samples with MO (S1) and without MO (S2), kaolinite and 
Montmorillonite clays were added according to the following scheme: 

S1K    99.00 g ± 0.01 g + 1.00 g ± 0.01 g of Kaolinite 

S1M 99.00 g ± 0.01 g + 1.00 g ± 0.01 g of Montmorillonite 

S2K 99.00 g ± 0.01 g + 1.00 g ± 0.01 g of Kaolinite 

S2M 99.00 g ± 0.01 g + 1.00 g ± 0.01 g of Montmorillonite 

2.3 Determination of contact time.       

The time in which the pesticide is applied to the soil reaches equilibrium 
between the different phases, that is, the time at which the concentrations of 
pesticide adsorbed to soil or dissolved in the solution remains constant. This step 
is necessary to validate the subsequent adsorption isotherm studies in which is 
required a periods of continuous stirring of set soil-pesticide, which must be 
greater than time needed to reach equilibrium. For this purpose 1 gram of each 
soil type was weighed separately in 20 mL conical centrifuge bottles containing 
10 mL of each pesticide solution 100 mgL-1. The mixtures were shaken on a 
horizontal orbital shaker at 100 rpm time intervals were 3, 6, 12, 24, 48,and 72 
hours. Next, the suspensions were centrifuged at 3500 rpm for 15 min and the 
supernatant sieved 0.22 µm filter (PVDF) in a syringe filter (1.5 mL) before 
injected into HPLC for its quantification.   

2.4 Adsorption Isotherms  

Once the equilibrium time was determined, the adsorption process was studied 
through experiments in Batch. Adsorption of pesticides in soil was performed by 
weighing 1.0 g of each soil type:  S1; S2; S1K; S1M; S2K; S2M. A set of 11 
polyethylene bottles was prepared, to which 1.000 ± 0.001 g of the different soil 
samples, then was added 10 mL of 0.01M CaCl2 solution and zero of the pesticide 
solutions, labeled as bottle 1, up to 0 mL of 0.01M CaCl2 and 10 mL of the 
pesticides labeled as bottle 11. Samples were stirred at 100 rpm with an orbital 
shaker, during 48 hours, time determined previously. 
After stirring, the entire supernatant was transferred to 15 mL centrifuge tubes, 
which were centrifuged at 3500 rpm for 15 min. After time, the supernatant is 
filtered with 0.22 µm pore PVDF filters and stored refrigerated for further HPLC 
analysis. The study was done in duplicate. 

2.5 Chemical analysis. 

The determination of Chlorpyrifos and Diazinon was carried out with the help 
of a high performance liquid chromatography device with diode array detector 
(HPLC - PDA) WATERS 1525 BINARY HPLC Pump. Column: Atlantis C18, 
5.0 µm (Waters); Detector: Photodiode Arrangement, PDA (Waters 2996); 
Injection volume: 20 µL; flow 1.0 mL / min. 

Compositions of mobile phases for the different compounds: 

• Chlorpyrifos: Acetonitrile / water pH = 3.0 (H3PO4) 80/20 v / v; Injection 
volume: 20 µL, λ = 220 nm; 

• Diazinon: Acetonitrile / water / 70/30 v / v; Injection volume: 20 µL, λ = 
232nm. 

2.6 Data processing  

2.6.1 Elovich model 

This process allows determining the amount of adsorbate that is recovered in 
a set time 29 . To apply the model, the adsorbed concentration (Cs exp.) is plotted 
as a function of Ln of the stirring time (Ln (t)), from which a logarithmic equation 
(equation 5) is applied from which the value of Cs. 

Cs = 1 / b Ln (ab) + 1 / b Ln (t)  (eq. 1) 

Through this model it is possible to establish whether the experimental and 
theoretical data obtained have a correlation. To determine if the adjustment made 
by the kinetic model is good, analyze two experimental parameters: R2 > 0.8 and 
relative error (RE) <10%, 

2.6.2 Adsorption parameters  

Soil sorption was characterized by the partition constant (kd) mL/μg) 30, 31. The 
adsorption coefficient (kd) was defines by Equation 2.  

kd = Cs/Ce    (eq. 2) 

The linear or distribution coefficient (Kd) is related to soil organic carbon (OC) 
and soil organic matter (OM) by the following equations 32, 33 .  

%OC=%OM / 1.724 (eq. 3) 

KOM= 100 × Kd / (%OC) (eq. 4) 

KOC=100 Kd / (%OC) (eq. 5) 

2.6.3 Gibbs or free energy change 

The standard Gibbs or free energy change of adsorption (ΔG) from the 
Freundlich isotherm can be calculated using the following relation 32, 33 .  

ΔG = - RTLnKOM  (eq. 6)  

Where, R is the gas constant (8.31 J K-1 mol-1), and T is the Kelvin temperature 
(303 K). 

Pesticides chemical structure 
molecular weight 

(g·mol-1) 
log Kow 

solubility in water 
(mgL-1) 

Vapor preasure 
(mm Hg) 

Diazinon 

 

304.35 3.69 60 9.0 x10-6 

Clorpiryfos 

 

350.59 4.70 1.05 1.0x10-5 
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2.6.4 Adsorption models 

- Langmuir model.  

This model can be applied to pesticides in soils, and determines the saturation 
of the available sites 34.  

The expression for the model is given by the following equation: 

Qo = Ce / (Cs) = 1 / bXm + Ce / Xm         (eq. 7) 

Where, Cs (mgg-1) is the amount of pesticide adsorbed per unit mass of 
adsorbent, Ce (mgL-1) is the equilibrium solution concentration, Xm is the 
adsorption capacity and b is a constant related to the energy of link between 
adsorbent and adsorbate  35 . 

The Langmuir parameter (RL), calculated through the affinity constant (b), is 
also called: “equilibrium parameter” or “separation factor”, where depending on 
the value of RL, the equation is as follows: 

𝑅௅ =
ଵ

(ଵା௕ )
                             (eq. 8) 

C = 10 mgL-1, maximum adsorption concentration and b is the binding energy 
associated with adsorbent and adsorbate. Adsorption can be classified as: 
irreversible, if RL = 0; favorable, if 0 <RL <1; linear, if RL = 1; unfavorable, if 
RL> 1 36 . 

- Freundlich model.      

The pesticide concentration in the soil and soil solutions were fitted to the 
linearized Freundlich sorption isotherm Equation (9). 

ln Cs = ln kd + 1/n ln Ce  (eq. 9) 

 Where Cs in the concentration of pesticide adsorbed in soil (mgkg-1), Ce is the 
concentration of pesticide in soil solution (mgmL-1); and kd are constant. The 
value 1/n is the energy distributions of the adsorption site   37 . 

3. RESULTS AND DISCUSSIONS  

     The main physical-chemical properties of the soil are given in table 2 

Table 2. Physicochemical properties of soil Alhue. 

pH CE [dS/m] CO (%) CIC (cmol/kg) Texture (%) 
    Sand Silt clay 

6.36 ± 0.14 0.13 ± 0.01 1.98 ± 0.04 6.27 ± 0.08 76.77 22.19 1.56 

The texture of soil was classified as sandy. The soil was acid to neutral with 
pH 6.36. The OC content and CIC are lower in relation with others agricultural 
soils. 

3.1 Equilibrium time.  

The equilibrium time for the two pesticides in soil with clays addition are 
shown in the next figures. 

 

 

Figure 1. Pesticides concentration adsorbed by soil and soil modified with 
clays at different time intervals, a) Clorpyriphos; b) Diazinon. 

Figure 1 shows the concentration of both pesticides adsorbed by the soil at 
different time intervals. The adsorption equilibrium times of both pesticides in 
the soil were characterized by an initial rapid adsorption, which eventually 
reached a constant, and this could be due to the limited surface area on the soil 
particles for pesticides adsorption. The adsorption kinetics exhibited two distinct 
stages, a very rapid adsorption at the initial stages (within 10 hours, Clorpyriphos 
˃ Diazinon), followed by slow adsorption. After 30 hours shaking in the soil, the 
adsorption of Diazinon and Clorpyriphos became very slow and reached a 
constant after achieving equilibrium between the soil matrix and solution. 

3.2 Elovich model 

There are several models to determine the kinetic adsorption process; one of 
them is the Elovich kinetic model that is applied to heterogeneous solid-liquid 
adsorption systems. This model is suitable for general applications that have 
chemistry kinetics.  

To determine if the adjustment made by the kinetic model is good, analyze two 
experimental parameters: R2 > 0.8 and relative error (RE) <10%, which 
difference between experimental values and those obtained from the model, that 
is, difference of the measured value and the theoretical value divided by the exact 
value 38 . The correlation values obtained by applying equation 1 and the relative 
error values (RE) are shown below (eq. 1).  

Table 3. Values of ARE (relative error) and R2 (correlation coefficient) for 
Chlorpyrifos and Diazinon in soil and soil modified with clays. 

Soil samples ARE (%) R² 

S1-Clor 3.9 0.98 

S1K-Clor 1.9 0.94 

S1M-Clor 2.1 0.97 

S1-Diaz 3.5 0.99 

S1K-Diaz 3.8 0.99 

S1M-Diaz 2.7 0.79 

 
In general, looking at table 3, a good fit of the model is found for all the systems 

under study, except for Diazinon with Montmorillonite (S1M-Diaz) (R² = 0.79). 

3.3 Sorption isotherms  

Sorption of pesticides is generally evaluated by the use of sorption isotherms 
19, 39 - 41. Batch equilibrium is a common technique used to determine soil sorption 
of pesticides. In a batch equilibrium technique, a series of solutions containing 
the pesticide to be tested at different concentrations are prepared. The solutions 
are then mixed with known amount soil and shaken until equilibrium is achieved. 
The concentration of the chemical in the solutions is then measured and a 
difference in the mass of the pesticide between at the start and at equilibrium is 
assumed to be due to adsorption by the soil particles.  
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Then, the amount of pesticide adsorbed per unit weight of soil is calculated for 
each initial concentration of the pesticide (Ca- Ce). A relationship is then 
established between the pesticide concentration at equilibrium and the adsorbed 
concentration of the pesticide by the soil 42. A sorption isotherm shows a 
relationship between the amounts of pesticide adsorbed per unit weight of the 
soil (Cs) and the pesticide concentration in the solution at equilibrium (Ce).                          

The empirical classifications of sorption isotherms are divided into four main 
classes according to shape of the sorption isotherm. The S-type isotherms are 
common when the solid has a high affinity for the solvent.  

The initial direction of curvature in the S-type isotherm indicates that 
adsorption becomes easier as concentration increases. The L-type isotherm 
represents a relatively high affinity between the solid and solute in the initial 
stages of the isotherm. As more sites in the substrate are filled, it becomes 
increasingly difficult for the pesticide to find available sites for sorption to take 
place. The C-type isotherm is depicted by a pesticide that penetrates into the soil 
more readily than water molecules. The H-type isotherm is quite uncommon and 
occurs only when there is a very high affinity between a pesticide and the soil 43.  

 

Figure 2. Adsorption isotherms in soils and soils modified with clays, with OC (S1) and without OC (S2). 

Given the shape and curvature of the isotherms are classified as type C 
isotherms, characterized by a constant contribution of the affinity between 
pesticides and soil functional groups present in the soil organic matter for S1M-
Clor, S2M-Clor, S1M-Diaz and S2M-Diaz. Although a slight tendency to type S 
isotherm is observed for the case of the S1-Clor, S2-Clor, S1K-Clor, S2K-Clor, 
S2-Diaz, S1K-Diaz and S2K-Diaz, indicating that the adsorption between the 
pesticide, water and previously adsorbed molecules is relevant in this process. 

Looking at Figure 2, it is possible to infer that for Chlorpyrifos the adsorption 
order is on the soil with organic matter (S1) is: S1M-Clor ˃ S1KClor >S1Clor. 
In the case of soil without organic matter (S2), the order of adsorption is the same 
only that the concentration of the adsorbed compound is lower; clearly showing 
the clay influences this process, although the interaction of the pesticide with the 
organic matter is also important. In the same way it is possible to observe the 
same behavior with Diazinon in the soil with organic matter but the adsorption 
is lower. 

The most frequently used isotherms for pesticides sorption are the Freundlich, 
Langmuir, and linear isotherms 44, 45 . 

3.3.1 Langmuir Model.     

The Langmuir isotherm model corresponds to a monolayer adsorption. The 
adsorbed amount increases until a limit value corresponding to the surface 
coating by a monolayer is reached. The Langmuir adsorption equation was 
initially derived from the adsorption of gases by solids using the following 
assumptions: (i) the energy of adsorptions is constant and independent of surface 
charge; (ii) adsorption is on localized sites and there is no interaction between 
adsorbate molecules; and (iii) the maximum adsorption occurs as a complete 
monolayer. 

The following table shows the Langmuir parameters for the Chlorpyrifos and 
Diazinon adsorption process (eq. 4). 
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Table 4. Langmuir parameters for Clorpyriphos and Diazinon in soil samples. 

Soil samples Q0(mgg-1) b(mgL-1) RL R2 

S1-Clor 0.16 0.40 0.20 0.98 

S1K-Clor 0.12 0. 27 0.27 0.97 

S1M-Clor 0.05 0.25 0.29 0.99 

S2-Clor 0.39 0.24 0.07 0.95 

S2K-Clor 0.10 0.55 0.06 0.99 

S2M-Clor 0.10 0.61 0.14 0.96 

S1-Diaz 0.11 0.61 0.06 0.99 

S1K-Diaz 0.09 0.84 0.11 0.98 

S1M-Diaz 0.06 0.44 0.19 0.99 

S2-Diaz 0.38 0.09 0.03 0.95 

S2K-Diaz 0.20 0.31 0.07 0.98 

S2M-Diaz 0.18 0.70 0.12 0.99 

According to Table 4, all RL values would adjust to a favorable adsorption, 
having an R2 ˃ 0.95 (eq. 5). In addition, the maximum adsorption capacity 
parameter (Qo) can be observed 46, which is related to the area occupied by a 
mono molecular layer of adsorbate. In this case, for Chlorpyrifos, it is observed 
that Q0 is S1M-Clor < S1K-Clor < S1-Clor. Therefore, it is inferred that the area 
of the mono molecular layer is smaller as the clay is added; this is because when 
the clay is added to the soil, it changes its mechanism of adsorption, which could 
best be described with another kinetic model. The same effect occurs by 
eliminating organic matter from the soil. 

For Diazinon, according to table 2, there is a favorable adsorption for all cases, 
because the Langmuir RL parameter varies between 0-1, where all cases have an 
R2 greater than or equal to 0.95. In the same way it is possible to observe the 
same behavior as Chlorpyrifos, whereas the clays are added the area of the mono 
molecular layer decreases, obtaining: Q0 is S1M-Diaz < S1K-Diaz <S1-Diaz, 
both for soil and soil without MO. 

3.3.2 Freundlich model 

The empirically derived Freundlich equation has been used to describe the 
adsorption of pesticides by soil, organic matter and clay minerals 41.  One way to 
analyze the application of the Freundlich model is through the adsorption 
intensity constant (nf) and the adsorption capacity constant (Kf), parameters that 
correspond to the slope and the intercept of the straight line equation 
respectively. If nf  > 1, the adsorption is considered favorable 47, and if R2 is 
greater than 0.95 according to the linearized equation. The Freundlich constant 
Kf determines the adsorbate-adsorbent affinity, in which the higher Kf the greater 
the affinity 48 (eq. 6). 

The Freundlich model applied to Chlorpyrifos and Diazinon with and without 
OC is shown below. 

Table 5. Freundlich parameters for Clorpyriphos and Diazinon in soil samples.  

As observed in Table 5, the values that can be explained by the Freundlich 
model, except S2M-Clor and S1-Diaz with R2 ˂ 0.95. All other results fit this 
model. Adsorption intensity nf, turned out to be favorable for all the cases they 
adjusted, because they are values > 1. It should be noted that when adding 
Kaolinite and Montmorillonite to the soil, the adsorption intensity is greater. 

With regard to the adsorption capacity constant Kf, the results obtained for soil 
are greater than for those of soil without OC (S2), that is, the pesticide would be 
more strongly retained by having organic matter. This parameter is also increased 
when the clays are added, from which it can be inferred that the adsorption 
capacity of the soil increases. 

Long Yu et al. (2005) 49, conclude that the behavior of Chlorpyrifos in the 
adsorption processes is controlled by the content of OC and its octanol/water 
partition coefficient. These compounds may form hydrogen bonds with soil 
humic substances and sulfur, oxygen and nitrogen, latter atoms favors a high 
coefficient (close to 1) in the intensity of Diazinon adsorption, gives larger size 
and a high electron affinity that does not allow to determine at tendency to about 
the adsorption intensity coefficient. This also indicates that the Chlorpyrifos 
pesticide will have less intensity to penetrate the reactive sites of the organic 
matter, while for Diazinon be facilitated. 

3.3.3 Kd and Koc parameters 

The distribution coefficients (Kd) and adsorption (Koc) provide information 
regarding the interaction between adsorbate and adsorbent. The distribution 
coefficient (Kd) represents the mobility of compounds in soils, indicating the 
ability of the soil to retain a compound. On the other hand, the adsorption 
coefficient (Koc) indicates a greater or lesser affinity of the pesticides with the 
organic fraction of the soil; a high Koc indicates that the pesticide is firmly fixed 
in the matter organic soil, so a small amount of the compound could be mobilized 
to surface waters or aquifers. The values obtained are shown in the following 
table: (eq. 2; eq. 3). 

Table 6.  Kd and Koc parameters for Chlorpyrifos and Diazinon in soil 
samples. 

Kd for all studied soil samples were ranged from 4.93 to 15.61 for Clorpyrifos, 
while Kd for Diazinon ranged from 2.66 to 9.38. For both pesticides Koc ranged 
from 1.34 to 788 signifying that Clorpyriphos and Diazinon has little to no 
leaching potential which is depending on soil type 33, 50. Usually values of Koc 
and Kom below 500 specify minimum or no adsorption at all of a pesticide to the 
soil indicate high probability of runoff or leaching. Pesticides have been 
categorized into three classes based on Koc by Shan et. al i.e. very high mobility 
group having koc values less than 50, high to medium mobility group having 
Koc values 150 to 500 and low mobility group having Koc values more than 500 
33. Values of these two parameters strongly dependents on nature and properties 
of soil.  

In relation to the value of Kd, both for the interaction of Chlorpyrifos and 
Diazinon with both clays, the same order is found in the soil with and without 
organic matter, that is, S1M Clor or Diaz > S1K will be retained better in soils, 
because it is much more lipophilic than Diazinon. 

Soils Kf nf R2 

S1-Clor 7.29 0.51 0.99 

S1K-Clor 11.4 0.83 0.95 

S1M-Clor 26.8 0.97 0.95 

S2-Clor 2.22 0.31 0.98 

S2K-Clor 7.87 0.87 0.95 

S2M-Clor 11.9 0.10 0.92 

S1-Diaz 5.06 0.69 0.89 

S1K-Diaz 9.79 0.52 0.99 

S1M-Diaz 18.9 0.06 0.98 

S2-Diaz 1.52 0.41 0.98 

S2K-Diaz 3.58 0.55 0.95 

S2M-Diaz 6.20 0.96 0.99 

Soil samples Kd Koc 

S1-Clor 4.93 249 

S1K –Clor 6.08 370 

S1M –Clor 15.61 788 

S2-Clor 1.31 - 

S2K- Clor 3.11 - 

S2M-Clor 5.43 - 

S1-Diaz 2.66 134 

S1K-Diaz 5.60 283 

S1M-Diaz 9.38 474 

S2-Diaz 0.92 - 
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Therefore, for Chlorpyrifos and Diazinon, both pesticides are adsorbed even 
though the organic matter has been removed from the soil. And when adding clay 
minerals, both to soil and soil without organic matter, it can also be seen that 
there is an increase in the amount of pesticide adsorbed. In relation to the constant 
koc, a similar behavior is observed, in addition of Montmorillonite favors the 
adsorption process S1- Clor or Diaz > S2-Clor or Diaz. The difference observed 
in the behavior of both clays, could be explained, because Diazinon has a Kow 
less than Chlorpyrifos (Log (Kow) Diazinon = 3.7 <Log (Kow) Chlorpyrifos = 
4.7). That is, since the Kow is lower, it is inferred that Chlorpyrifos. 

Koc determined for Chlorpyrifos and Diazinon in andic soils were recorded 
between 8444 - 9943 and 5800 - 6300 respectively 51, literature values of 6070 
to 1000 for Chlorpyrifos and Diazinon soil with organic matter not greater than 
2% are reported, The high absorption coefficient with both pesticides in andic 
soils is highlighted and high values of Koc registered representing a high Kd and 
therefore such a high concentration of pesticides adsorbed to the soil as reported 
in soils 52 with high organic matter content. This makes us think that our 
experimental values are not in agree with the values reported and given the 
specific characteristics of these soils. This can explain the composition given by 
extracts of organic matter in different state of humification on profile at different 
depths, high level of transformation of organic matter and environmental 
equilibrium conditions, physical and chemical of the area, which makes it work 
as a retainer, regulator and debugger all types of organic and inorganic 
compounds arriving there by natural phenomena or human activities. 

3.3.4 Gibbs free energy change 

In the next table is show the free energy change values of soil samples  

Table 7. ΔG° values for Chlorpyrifos and Diazinon in soil samples. 

Soil samples ΔG° Koc 

S1-Clor -4.93 249 

S1K –Clor -6.08 370 

S1M –Clor -15.61 788 

S1-Diaz -2.66 134 

S1K-Diaz -5.60 283 

S1M-Diaz -9.38 474 

The negative ΔG° (Gibbs free energy change) values obtained in the present 
study indicate that the adsorption of Clorpyriphos and Diazinon onto soil samples 
is a spontaneous process and that the adsorption was an exothermic process. The 
negative ΔG° values indicate that the H bonds were the main interaction in the 
adsorption process in the soil 12 .  

Organic pesticides can generally be classified as cationic, anionic, or non-
ionic. Particularly, in the case of Chlorpyrifos and Diazinon, both pesticides 
belong to the category of non-ionic 53 . 

Generally, the interactions between pesticides and clays are by ion exchange 
or the difference in polarity between atoms of metallic origin and pesticides 54 . 
Therefore, the interactions with the inner layers of the 2 : 1 clays, as is the case 
of Montmorillonite, with which there is a considerable increase in the adsorption 
of pesticides with respect to the soil alone, will be a direct coordination with the 
nitrogen atom contained in the rings of both organophosphorus pesticides, with 
the Mg+2 atom of clay 55, 56 . This coordination is given by a dipole induced by the 
Mg+2 atoms to the nitrogen heteroatoms found in the rings. 

The mechanism of pesticides with Montmorillonite clay would be of the 
dipole-induced dipole type. 57-59 . For Kaolinite, it has a similar effect, because it 
has the octahedral alumina layer 60, 61 on one of the faces, where aluminum atoms 
(Al+3) induce a dipole-induced dipole effect just like Montmorillonite. 62--64 . 

4. CONCLUSIONS 

A study of adsorption of two organophosphorus pesticides, Clorpyriphos and 
Diazinon in a soil Alhué VI region of Chile, modified with 1% of Kaolinite or 
Montmorillonite was conducted.  

Adsorption of Chlorpyrifos and Diazinon pesticides in this type of soil occurs 
in maximum after 30 hours due to the low concentration of organic matter. 

Of the two isotherm models applied, Langmuir and Freundlich, for both 
isotherm was found to best fit the experimental data as indicating from the high 
values of the correlation coefficients (R2). 

 Based on values of Kd and Koc estimated, all the pesticides have low 
absorptivity in the soil samples and therefore, will probably display a high 
mobility. 

 Clay addition to the soil, increased the adsorption processes, generating an 
increase in the amount of pesticide retained in the soil and partially avoiding 
possible contamination of the aquifers. 

 
The elimination of organic matter from the soil demonstrated its importance in 

the adsorption process, since even when adsorption occurs due to the presence of 
clays, it decreases markedly. 

With the objective of assessing the environmental risk of such compounds and 
their residues, further studies should be conducted to evaluate their toxicological 
effects on soil organisms in similar soil conditions. 
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