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ABSTRACT 

In the present work changes in the adsorption of four 14C-labelled pesticides -diazinon, acephate, atrazine 

and ethofumesate- on a sandy loam soil, induced by application of anionic, cationic and nonionic suffactants - 

tetradecyitrimethylammonium bromide (TDTMA), sodium dodecyl sulphate (SDS) and polyoxyethylene 

sorhitanmonooleate (Tween 80)-, were determined using a batch equilibrium method. Three concentrations of 

each surfactant were used: lower, equal to or higher than the critical micellar concentration. The increases or 

decreases in the values of the Freundlieh constant K for adsorption of the different pesticides by soil in the 

experiments revealed that the bebaviour of pesticides in soil-water systems with micelle-forming surfactants 

mainly depends on the degree of hydrophohicity of the pesticide and the type of surfactant, as well as on the 

concentration of surfactant in the system. Copyright © 1996 Elsevier Science Ltd 

INTRODUCTION 

The use of surface-active agents, or surfactants, as detergents, emulsifiers and wetting agents in industrial 

and household activities has increased considerably in recent years and their use as adjuvants in pesticide 

formulations is currently very common (1,2). Much attention has been paid to the study of the effects of 

surfactants on the behaviour of hydrophobie organic compounds (HOCs) when both coexist in soil as a result of 

human activities and to the investigation of the possible application of surfactants for chemical remediation of 

contaminated soils and sediments. However, so far little has been published on surfactants and pesticides. 

Surfactants are amphiphilic substances characterized by having two different moities, one polar and the other 
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nonpolar, at opposite ends of a single molecule. The polar moitie is hydrophilic or lipophobic, and the nonpolar 

one hydrophobic or iipophilic. The nonpolar end is generally a long-chain hydrocarbon, which may be linear, 

branched, or aromatic (1). As from a high concentration, known as the critical miceliar concentration (cmc), 

surfactants form self-aggregates (micelles). Such micelles act as colloids and can strongly enhance the apparent 

solubility of HOCs, especially anionic and nonionic surfactants (3-6), extracting them from soils and sediments. 

This increase in apparent solubility may represent an important tool for the chemical remediation of contaminated 

soils and sediments (7-9). By contrast, other types of surfactants, above all cationic ones, may be retained by soil 

colloids and may enhance HOC adsorption, with a potential increase in the formation of bound residues (10). 

The adsorption and mobility of organic pesticides in soils depend on the ionic or neutral character of the 

molecule, on its water solubility and its polarity as well as on the content and nature of the colloidal fraction of 

the soil, clay and organic matter (11,12). However, the presence or addition of surfactants to water or soil, in 

agreement with the foregoing, may also change the adsorption and mobility of these compounds in the soil phase 

(13,14). 

In the present work, the changes in the adsorption of four pesticides -diazinon, acephate, atrazinc and 

ethofumesate- on a sandy loam soil, induced by application of anionic, cationic and nonionic surfactants, were 

determined in bath adsorption experiments. The effect of the surfactants was studied at three concentrations: the 

critical micellar concentration (cmc), twenty-fold higher (20 cmc), and ten-fold lower (cmc/10). 

MATERIALS AND METHODS 

Soil 

The soil material used was from an Eutric Cambisol (A h horizon) from a north-west area of Salamanca 

(Spain). It contained 0.77 g 100 g-I of organic matter, 18.1% clay, 15.5 % silt and 66.4 % sand. Illite, kaolinite 

and montmorillonite were the dominant clay-minerals, pH (H20) was 7.5 and the cation-exchange capacity 9.40 

cmol c kg -l. 

Surfactants 

The surfactants employed were the cationic tetradecyltrimethylammonium bromide (TDTMA), the anionic 

sodium dodeeyl sulphate (SDS) and the nonionic polyoxyethylenc sorbitanmonooleate (Tween-80). These 

compounds were purchased at reagent grade purity from Aldrich Chemical Co. (Milwaukee, WI) and were used 

without further treatment. The cmc of the three surfactants are 0.10 g L "t, 2.38 g L "1 and 0.04 g L "l, 

respectively. The three surfactants were studied at three concentrations: the critical micellar concentration (cmc), 

twenty-fold higher (20 cmc), and 10-fold lower (cmc/10). 

Pesticides 

Table 1 shows the common and chemical names together with some of the characteristics of the pesticides 

studied. All four compounds are neutral and represent different groups of compounds: triazines (atrazine); 

organophosphorus (diazinon, acephate); benzofuranyl aikanesuifonates (ethofumesate). The solubility of these 
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pesticides ranges from sparingly soluble (atrazine and diazinon) to completely soluble (acephate). The 

octanoi/water partition coefficient (log Kow), which indicates the degree of hydrophobicity of the molecule, is 

higher for diazinon; it decreases in the case of atrazine and ethofumesate and is very low for acephate. 

The 14C-labelled pesticides were supplied by the following manufacturers: atrazine by Amershan International 

(Buckinghamshire, UK), diazinon by International Isotopes (Munich, Germany), acephate by Chevron Chemical 

Co (Richmond, CA) and ethofumesate by Schering Agrocbemicals Ltd (Essex, UK). 

Table 1. Selected properties of the chemicals 

Common name Chemical name Water solubility Kow 

/zg mL "1 

Diazinon O-O-diethyl O-2-isopropyl- 40 3.30 

methylpyrimidin-4yl phosphorothioate 

2-chloro-4-ethylamino-6 30 2.50 

isopropylamino 1,3,5-triazine 

O-2-ethoxy-2,3-dihydro-3,3- 110 2.70 

dimethyl-benzofuran-5yl 

methanesulphonate 

O,S-dimethyI-N-acetyl- 650 103 -1.11 

phosphoramidothioate 

Atrazine 

Ethofumesate 

Acephate 

Adsorption experhnents 

Adsorption isotherms were obtained using a batch equilibrium method, with 14C-labelled pesticides. One gram 

(for acephate and diazinon) or five grams (for ethofumesate and atrazine) of air-dried soil (<  2 ram) were mixed 

with 10 mL of surfactant solution containing 5, 10, 15, 20 or 25 ~g mL "1 of the pesticide and a solution activity 

of 100 Bq mL "1, in 30 mL stoppered centrifuge tubes. Samples were equilibrated by shaking for 16 h in a 

mechanical shaker thermostatted at 20"C, which time had previously been confirmed to be sufficient for 

equilibrium to be reached. Following equilibration, the suspensions were centrifuged for 30 rain at 3300 rpm. 

To determine the pesticide concentration in equilibrium, a 1.0 mL aliquot of clear supernatant solution was mixed 

in minivials with 4.5 mL of scintillation liquid (Ecoscint A. National Diagnostics, Atlanta) and the 14C activity 

(desintegrations per minute) was determined on a Beckman LS 1800 scintillation counter (Beckman Instruments 

Inc. Fullerton, CA). All measurements were carried out in duplicate. The equilibrium solute concentration in the 

solid phase was calculated as the difference between the initial pesticide concentration and the equilibrium 

concentration, according to the following expression: 

x / m  = (C o - C , )v /w  

w h e r e x / m  is the concentration in soil (~g g-l), Co is the initial concentration in solution ~g  mL-l), C e is the final 

concentration in solution (~g mL'l), v is the solution volume, and w is the weight of the soil. 
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RESULTS AND DISCUSSION 

In all cases, the adsorption data were described by the empirical Freundlich adsorption equation 

logx/m = I o g K +  n l o g C  e 

where x /m  is the concentration of the adsorbate per unit of adsorbent (~g g-l), Ce is the adsorbate concentration 

in solution after equilibration flag mL "1) and K and n are constants relative to the affinity of the adsorbent for the 

adsorbate and to the degree of curvature of the isotherm, respectively. 

Tables 2-4 show the values of the Freundlich constants for the adsorption of the pesticides studied by the soil 

in aqueous medium (K) and in surfactant-water medium (Ks). Figs. 1-3 show all the adsorption isotherms. 

In general, r 2 values were greater than 0.98 and n values were close to unity. The constant n denotes the 

extent to which adsorption depends on the pesticide concentration. However, normally the application of 

surfactants at any concentration does not affect n significantly, except at the cmc of TDTMA, which increases 

n for acephate (from 0.93 to 1.26) and for ethofumesate (from 1.03 to 1.31). 

The adsorption coefficient (K) for the soil studied was 0.72 for acephate; 9.95 for diazinon; 0.68 for atrazine 

and 0.89 for ethofumesate. 

Effect of TDTMA 

In the presence of a low TDTMA concentration (cmc/10), the Ks adsorption constant decreases with respect 

to that obtained in surfactant-free system for diazinon and atrazine, both pesticides being sparingly soluble in 

water. The degree of decrease is very similar in both cases. The Ks values were 81% (diazinon) and 95% 

(atrazine) of the corresponding K values. In the adsorption of ethofumesate, a moderately soluble pesticide, the 

K value increases to 155%. The Ks value for acephate decreases, being 54% of the K value. 

At concentrations below the cmc, the surfactant molecules are in solution in the form of monomers. 

According to the data found in the literature, at these levels surfactants may increase the apparent solubility of 

sparingly soluble organic compounds, although this effect is lower than that of surfactants in micellar form (3,15). 

This has been demonstrated in particular for DDT in submicellar solution of the cationic surfactant trimethyl 

ammonium bromide (3). 

Thus, pesticides may be adsorbed by monomers previously adsorbed by the soil via cation-exchange or by 

monomers in solution. In the case of the two sparingly water-soluble pesticides, the Ks values indicate that both 

of them are adsorbed by monomers in solution, decreasing the adsorption of the pesticide by the soil. 

Ethofumesate, more soluble in water, seems to be adsorbed by the surfactant previously adsorbed by the soil. 

Acephate, a highly water-soluble pesticide, should not be adsorbed either by monomers in solution nor by 

molecules adsorbed by the soil, which -additionally- must occupy the active sites of natural soil, making its 

surface more hydrophobic and hence causing K to decrease. 

Upon increasing the surfactant concentration in the solution (cmc), the amount of surfactant adsorbed by the 

soil must be greater; together with ther fact that the adsorption capacity of TDTMA in monomer form in solution 

cannot be very high, this means that the K values increase for diazinon and atrazine and to a greater extent for 
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0 emdlO cmc 20 cmc 

K n Ks n Ks n Ks n 

Diazinon 9,95 0.91 8,09 1.01 12.96 0.91 15,39 0.88 

Atrazine 0,68 0.81 0,65 0.86 0.75 0.78 2.46 0.90 

Ethofumesate 0,89 1.03 1,37 0.91 2,59 1.31 136.8 1.09 

Acephate 0,72 0.93 0,39 1.12 0,14 1.26 0.93 1 06  
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Figure 1. Adsorption isotherms of pesticides by soil in the presence of TDTMA 
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ethofumesate. The Ks values represent 130% and 110% for diazinon and atrazine, respectively, and 291% for 

ethofumesate with respect to the K values. 

In the case of acephate, for the above reason when the amount of surfactant adsorbed onto the soil is 

increased, adsorption is reduced, the Ks value being 19% of the K value. 

For a TDTMA concentration in the system of 20 cmc, the constant K continues to increase for the three 

sparingly or moderately soluble pesticides, the increase in the case of ethofumesate being dramatic. As reported 

above, this more soluble pesticide must only be adsorbed by monomers in the soil (hemimicelles) at such a high 

surfactant concentration and the other two must be distributed among the monomers adsorbed by the soil and the 

micelles in solution. Logically, the Ks values of diazinon and atrazine would tend to be higher than those of 

ethofumesate if they were only adsorbed by the surfactant of the soil and not by the micelles in solution. 

The distribution of the pesticides studied in the soil-water-TDTMA system is related to the surfactant 

concentration in water and the solubility of the pesticides. The more hydrophobic compounds (diazinon and 

atrazin¢) are adsorbed by the surfactant of the water and soil. The moderately hydrophobic compound 

(ethofumesate) seems to be adsorbed by the soil and the most soluble pesticide (acephate) is not adsorbed either 

by the surfactant of the water or by that of the soil. 

Adsorption studies conducted on the pesticides studied in the present work in a soil-water system have shown 

that the soil organic matter is the essential parameter governing the adsorption of diazinon and atrazine (16,17), 

while the clay content is the main parameter in the adsorption of acephate (18). With respect to ethofumesate, 

the organic matter content is the main parameter governing the adsorption of this pesticide by soils with an 

organic matter content > 2 % and the clay content is the main parameter in soils with organic matter content 

<2% (19). 

The strong adsorbent capacity of organic matter derived from quaternary ammonium cations adsorbed by soils 

and clays has been demonstrated by different authors studying tile adsorption of hydrophobic organic compounds 

in general (20,21) and of hydrophobic pesticides in particular (22,23). Slinchez-Camazano and Siinchez-Martin 

(24) found that the adsorbent capacity of organic matter derived from hexadecyltrimethylammonium and 

dodecyltrimethylammonium by soils for azinphosmethyi was 5-10 times greater than that of humic acids; 10-20 

times greater than that of soil organic matter and 20-50 times greater than that of octanol. These authors also 

observed that the organic matter derived from these organic cations has a low capacity to adsorb dichlorvos. 

Azinphosmethyl is a dithiophosphate organophosphorus pesticide very similar in structure and its properties to 

diazinon. Dichlorvos is a phosphate organophosphorus pesticide very soluble in water, like acephate. 

Effect of SDS 

Following the addition of SDS to the soil-water-pesticide system, the values of the K constant of pesticide 

adsorption by the soil decrease as a function of the surfactant concentration for the two less soluble pesticides, 

diazinon and atrazine; up to 80% (cmc/10), 55 % (cmc), and 0% (20 cmc) for diazinon and up to 94 % (cmc/10), 

60% (cmc) and 0% (20 cmc) for atrazine. 

The decrease in the K constant is due to the adsorption of the pesticide present in the aqueous solution by 
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Table 3. F3reuaKgleh constants for the adsorption of pestiddes by soil in the presence of SDS 

0 c m d l 0  cmc 20 cmc 

K .n Ks n Ks n Ks n 

Diazinon 9.95 0.91 7.96 1.00 5.44 0.90 0 

Atrm~ne 0.68 0.81 0.64 0.95 0.41 0.93 0 

Ethofumesate 0.89 1.03 1.02 0.99 1.59 0.90 0 

Acephate 0.72 0.93 0 0 0 
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Figure 2. Adsorption isotherms of pesticides by soil in the presence of SDS 
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SDS monomers of the solution for concentrations lower than or equal to the cmc. At the 20 cmc surfactant 

concentration, all the pesticide is adsorbed by the surfactant micelles in solution. 

Following the addition of the surfactant to the ethofumesate-soil-water system, the K value increases up to 

115% (cmc/10) and up to 179% (cme) and decreases to 0% (20 cmc). The results obtained show that 

ethofumesate is adsorbed, at least in part, by the surfactant adsorbed by the soil. Despite its anionic character, 

it has been shown that SDS is adsorbed by soils and clays (25,26). 

In the presence of a high concentration of SDS -20 cmc- ethofumesate, although moderately soluble, is 

adsorbed by the micelles, being divided between the water and the micelles and not being adsorbed by the soil 

at all. 

Owing to its polar nature and its high degree of solubility, acephate must remain in the aqueous medium in 

the presence of the three surfactant concentrations and is not adsorbed either by surfactant in monomer form or 

micellar form, not by the soil whose surface becomes more or less hydrophobic owing to surfactant addition. 

Effect of Tween 80 

The addition of Tween 80 at low concentrations (cmc/10) to the soil-diazinon or atrazine-water systems gives 

rise to increased K values. Ks represents 106% of the K value for diazinon and 120% for atrazine.The presence 

of the surfactant at a concentration equal to that of the cmc produces a slight decrease in the K value of diazinon 

(Ks=98% of K) and a slight increase in the value of atrazine (Ks=I07% of K). In the presence of high 

surfactant concentrations -20 cmc- the K values increase for both pesticides: up to 143% for diazinon and 127% 

for atrazine. 

These results show that at low surfactant concentration~ both pesticides, are adsorbed by the monomers 

adsorbed in the soil. Very similar behaviour is seen when the concentration is equal to the cmc. The adsorption 

of nonionic surfactants by clays and soils (26, 27) and the effect of the presence of these surfactants on the 

adsorption of HOCs in soils (8, 15, 28) are also well documented in the literature. At a high concentration of 

Tween 80, atrazine adsorption continues to increase slightly, even though most of it is adsorbed by micelles in 

solution, and the same is true for diazinon. Similar behaviour was reported by Sun et al. (8) for the adsorption 

of 1,2, 4-trichlorobenzene, an HOC with a solubility of 18 mg L "l, in the presence of the nonionic surfactant 

Triton X-100 at concentrations lower, equal to or higher than the cmc. 

The K values, of ethofumesate also increase in the presence of the three concentrations of surfactant to a 

greater extent than those of the less soluble pesticides (169%, 171% and 194%), pointing to the greater 

preference for adsorbed surfactant than for surfactant in monomer or micelle form. 

In general, the K constant of adsorption of acephate by soil decreases. As in the case of the other two 

surfactants, owing to its high water solubility, this pesticide will not be adsorbed by Tween 80 in solution and 

its adsorption by the soil decreases because some of the active sites for adsorption are occupied by the surfactant, 

making its surface more or less hydrophobic. 
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0 c m d l 0  cmc 20 cmc 

K n Ks  n Ks  n Ks  n 

Diazinon 9.95 0.91 10.55 0.90 9.70 0.95 14.20 0.93 

Atrazine 0.68 0.81 0.82 0.84 0.73 0.92 0.86 0 85 

Ethofmmesate 0.89 1.03 1.50 0.91 1.52 0.93 1.73 0.96 

Acephate 0.72 0.93 0.62 0.74 0.85 0.97 0.64 102 
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Figure 3. Adsorption isotherms of pesticides by soil in the presence of Tween 80 
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CONCLUSIONS 

The results obtained imply that as well as on the type of surfactant (cationic, anionic or nonionic) the 

behaviour of pesticides in soil-water systems with micelle-forming surfactants mainly depends on (i) the degree 

of hydrophobicity of the pesticide and (ii) the surfactant concentration employed; that is, above or below the 

critical micellar concentration (at which the surfactant micelles begin to form in solution). In this sense, it is 

necessary to take into account the importance of the partition process of the pesticide molecules in the system 

(soil-solution with surfactant-micelles and surfactant-monomers) for each surfactant concentration. Although the 

increase in the apparent water solubility of hydrophobic organic compounds (HOCs) due to the application of 

surfactants is generally accepted, the effect of the addition of surfactant to soil-water-HOC systems on the 

distribution coefficient of the compound is extremely complex. The results obtained are interesting in the sense 

that they afford basic data for the possible use of surfactants for solving problems of soil contamination by 

pesticides. They also show that it is necessary to choose a surfactant and its concentration suitable for the nature 

of the pesticide. 
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