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ABSTRACT 

The adsorption of methomyl (S-melhyl N-(methylcarbamoyloxy) thioacetimidate) by 14 soil samples 

of Southern Spain with different eharaeteristies has been investigated studying the correlation between 

adsorption and soil properties and the effect of methomyl concentration and soillsolution ratio on adsorption 

of melhomyl by soils. Adsorption has been expressed as the soil-water distribution coefficient Kd. Kd values 

slight1y decreased when soillsolution ratio and methomyl concentration increased. These values indicated that 

methomyl is adsorbed weakly in soils. Kd values were compare<! with the soil properties by simple and 

multiple regression analysis. A highly significant correlation between Kd and soil organic matter and clay 

content was observed in every experimental condition. Adsorption of methomyl by elay minerals (two 

montmorillonites, hectorite, ilIite and kaolinite) and by humie acid has been ínvestigated as well. The higher 

adsorption coefficíents values obtained with humic acid indicated greater affinity of methomyl molecules for 

the organic fraetíon of soils. Kd data obtained with clay minerals indicate that methomyl is adsorbed not only 

on the external surfaces of the c1ay minerals but also in the interlamellar space of lhe swelling minerals. 
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INTRODUCTION 

Adsorption phenomena of pesticides by soils is one of the most important obstacles for lheir biological 

aetivity in the soil (OSGERBY, 1970). As the extent of adsorption ¡nereases, the coneentration of the pestieide 

in the soil water and in the soíl air decreases, and eonsequently the rate of any coneentration-dependent process 

sueh as biological efficaey decreases (BAILEY and WHITE, 1964; OSGERBY, 1970; MERSIE and POY, 



1985; WALKER and WELCH, 1989). Soil adsorption of pesticides also affects their transport, mobility and 

degradability (BAILEY and WHITE, 1970; CALVEf, 1989; GRAHAM-BRYCE, 1981; JURY et al., 1987; 

WALKER and WELCH., 1989), making it an important process in contamination of soils and water. 

Numerous studies and revíews have examined soíl properties affecting !he distribution of pesticides 

between soluble and adsorbed forms, in order to predict adsorption from the known properties of soils. Soil 

clay content (WEBER et al., 1986; HERMOSIN et al., 1987; SANCHEZ-CAMAZANO and SANCHEZ

MARTIN, 1988; HERMOSIN and CORNEJO, 1989) and soil organic matter content (LAMBERT, 1968; 

KARlCKHOFF et al., 1979; REDDY and GAMBRELL, 1987; CHIOU, 1989; SANCHEZ-MARTIN and 

SANCHEZ-CAMAZANO, 1991 and COX et al .• 1992) are specially important in nonionic pesticide adsorption 

by soils because of !heir high surface areas and active adsorption sites. 

The literature shows !hat the adsorption of pesticides by soils is not only dependent on physica1 and 

chemica1 properties of the adsorbate and adsorbent, but has been shown in many cases to be affected by 

experimental variables (HAMAKER and THOMPSON, 1972) such as pesticide concentration and soillsolution 

ratio. The amount of pesticide adsorbed usually increases with pesticide concentration (GILES et al., 1960). 

While some authors reported that sorption was independent of soil concentration (Van GENUTCHEN et al., 

1977; BOWMAN and SANS, 1985), others reported that adsorption increases when adsorbent concentration 

decreases (HAMAKER and THOMPSON, 1972; VOlCE, 1983; KOSKINEN and CHENG, 1983). 

The objetives of this study were to investigate the role of selected physico-chemica1 properties of some 

Spanish soils and soil components, such as c1ay mineral s and humic acid, and experimental variables on the 

distribution of methomyl between dissolved and solid phases using a batch equilibration procedure. 

MATERIAL AND METHODS 

The pesticide selected was !he insecticide methomyl (S-methyl N-(methylcarbamoyloxy) 

thioacetimidate). 

The methomyl used was the high purity compound obtained from Riedel (pestanal). This insecticide is 

a crystaline solid of melting point 78-79° C, V.p. 6.65 mPa at 25° C and water solubility al 25° C 58 g/Kg 

(WORTHING and HANCE, 1991). This insecticide is used as foliar spray and also as soil treatment. As soil 

treatment it is taken up by roots and traslocated. 

The 14 soil samples selected for this study are different horizons of 9 types of soils located in Southem 

Spain, in an intensively cultivated area surrounding the Doñana National Park (Figure 1). The soils sampled 

were air dried and sieved to pass a 2 mm mesh and stored in a refrigerator. Their physico-chemical properties 



Figure 1. Area of study with indication of sample sites 
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were determined by the usual methodology (HERMOSIN et al, 1987) and the cIay mineralogy by X-ray 

díffraction on oriented specimen (HERMOSIN et al, 1987). 

Soils were equilibrated with methomyl initial solution concentration (Ci) 20 ILM and 50 ILmM. In both 

cases 0.01 M ClzCa was use<! as solvent, in order to promote flocuIation and to have a constant background 



electrolite concentration. Soil/solution ratios were 1:5 (2 g/lO mi) and 1:2 (5 g/lO mi). The suspensions were 

shaken for 24 hours at constant temperature (22 ± 2° C) and centrifuged at 12000 rpm at the same 

temperature. The equilibrium concentration (Ce= ",mole/L) of methomyl for each soil sample was measured 

in the supernatant using a reverse phase hígh performance liquid chromatography (HPLC) method in a Waters 

600 E liquid chomatograph fitted with a 486 UV absorbance detector. The following conditions were used: 

Nova-Pak column of 150 mm length x 3.9 mm i.d.; column packing, C18; flow rate, 1 mUmin; eluent system, 

90: 10 water-acetonitrile mixture; wavelenght, 232 nm. AH determinations were carried out in triplicates. The 

difference between methomyl initial solution concentration and equilibrium concentration was assumed to be 

adsorbed. 

The amount of pesticide adsorbed has been expressed as the soil-water distribution coefficient Kd: 

Cs (¡.tmole adsorbed/Kg $Oíl) 
Kd= ---------

Ce (¡.tmole dissolvedlL soJution) 

Simple and multiple regression anaJysis between Kd and soil properties were used to evaluate the factors 

affecting methomyl adsorption. 

Adsorption of methomyl by clay mineraJs and humic acid has aJso been studied. The mineraJs used, 

supplied by the clay mineraJ repository of The Clay MineraJ Society, were: 1) Three smectites: two 

montmorillonites-SWy and SAz- and the trioctahedraJ smectite hectorite (SHCa-I), 2) IllUe-05 and 3) Kaolinite 

(KGa-2). The humic acid used in the present study has been supplied by Fluka ChemiKa. Samples of SWy 

montmorillonite were saturated with K+, Na+, Cal+, Mgl+ and Fe3+ by treating the < 2 ",m fraction three 

times with a 1 N solution of the respective chloride salts, and then washed unti! CI-free. Humic acid samples 

were saturated. following tha same procedure, with Ca2+ and Fe3+. Adsorption experiments were done under 

the same conditions as those used in the soils, except for the amount of adsorbent used, which was 100 mg and 

10 mg for clay mineraJs and humic acid, respectively. 

RESULTS ANO DISCUSSION 

Soil characleristics. Physico-chemicaJ properties, clay mineralogy and classification are given in Table 1. It 

can be seen that the organic matter content (O.M.) of these soils is slightly poor (0.5-2.5 %) whereas the clay 

content is generaJly high (20-67 %). It is worthwhile to consider the illitic character of the soil clays for further 

discussions. 

Adsorption by soils. Kd vaJues for methomyl at the soil/solution ratios and initial solution concentration (Ci = 
¡..tmoJe) studied for each soil are summarized in Table 2. Increasing soil/solution ratio from 1:5 to 1:2 slightly 

decreased Kd mean vaJues from 0.75 to 0.64 (Ci= 20 J.LM) and from 0.53 to 0.47 (Ci= 50 ",M) respectively. 

This is in agreement with other studies (VOlCE et al., 1983; KOSKlNEN and CHENG, 1983). Changes in 



Table l. Se1ected physicochemica1 properties, clay mlneralogy and c1asslflcatlon of the so11s studled. 

Sample 5011 Type Depth pH X OM X Clay % nlite % Kaolinlte % Montmor111on. C.E.e:t 
(cm) 

1 Sa10rthidic F1uvaquent 0-20 7.5 1.67 67.7 37.2 16.9 11.5 17.5 

2 Salorthldlc F1uvaquent 120-160 7.3 1. 95 62.7 34.5 10.6 11.3 18.4 

3 Xerofluvent 0-20 7.6 1.67 57.0 31.9 10.8 14.2 19.6 

4 Xerofluvent 50-80 7.6 0.78 32.3 16.1 11.0 4.8 18.8 

5 Xerof1uvent 5-20 7.7 2.50 44.3 29.2 7.1 8.0 19.2 

6 Xerof1uvent 70-90 7.9 0.59 29.9 17 .0 5.1 7.8 10.1 

7 Typic Rhodoxeralfs 5-20 7.9 1.24 20.4 12.4 4.5 3.5 9.0 

8 Typlc Rhodoxeralfs 30- 7.5 0.54 37.5 15.0 7.5 15.0 19.6 

9 Pa1exera1f 0-30 6.6 1.64 12.4 2.6 9.8 0.0 4.2 

10 Palexeralf 50-100 5.3 0.29 24.1 19.1 5.0 0.0 5.7 

11 Chromoxerert 0-30 7.7 1.92 44.7 14.4 9.9 24.8 21.5 

12 Entic Pe110xererts 0-25 7.6 2.05 52.3 18.8 15.7 17.8 28.5 

13 Fraglxeralf 0-20 7.2 0.99 22.5 11.2 3.3 7.8 11.9 

14 Typlc pe110xerert 20-50 7.1 1. 33 65.1 22.1 7.2 35.8 31.8 

+ mequiv/1OO g 



adsorption coefficients due to changes in soil/solution ratios have been attributed to differences in dispersion 

of soil agregates (GROVER and HANeE, 1970). In suspensions of lower soillsolution ratios there will be 

greater dispersion and, in consequence, higher adsorption. However, the differences between Kd values for 

the two concentrations studied and same soiUsolution ratio are not important in any case studied, indicating 

a low affinity of methomyl for studied soils. Table 2 also shows the effect of methomyl initial solution 

concentration (ei) on Kd values. For the 2 soillsolution ratios studied, Kd values decreased when ei increased 

from 20 14M 10 50 14M, because the increment in es values when ei increases 1S smaller than the increment 

in methomyl equilibrium concentration. 

Table 2. Distribution coefficients (Kd = JLmolelKglJLmolelL) for methomyl initial solution concentration 20",M 

and 50 14M varying soiUsolution ratio. 

ei:=: 20 14M ei= 50 14M 

Soil SoiUsolution ratio SoiUsolution ratio 
Sample 

1:5 1:2 1:5 1:2 

1.69 1.62 1.30 1.00 

2 1.22 0.95 0.90 0.74 

3 1.46 1.46 0.98 0.92 

4 0.31 0.33 0.15 0.11 

5 1.42 1.24 0.79 0.76 

6 0.18 0.20 0.22 0.19 

7 0.56 0.44 0.39 0.45 

8 0.35 0.22 0.26 0.19 

9 0.33 0.27 0.32 0.20 

10 0.08 0.05 0.07 0.06 

11 0.80 0.62 0.49 0.39 

12 0.90 0.83 0.62 0.59 

13 0.78 0.47 0.39 0.36 

14 0.50 0.54 0.42 0.40 

Means 0.75 0.66 0.52 0.45 



To detennine the influenee of $OH properties on the ad$Orption of methomyl, simple and multiple linear 

regression analysis were performed. Simple correlation coefficients (r) between Kd and physicochemicaI 

properties of the 14 $OH samples are given in Table 3. Best fit multiple regression equations relating Kd for 

methomyl at eaeh experimental condition to soil properties are given in Table 4. Organie matter (COX et al., 

1992). clay and illite contents gave the highest simple and multiple correlation coefficients in every 

experimental conditions, indicating that the retention of methomyl by soils is detennined mainly by the.se 

eomponents of the colloidal fraction of soils. 

Table 3. Simple correlation coefficients (r) between Kd and sorne soil properties varying methomyl initial 

solution concentration (Ci) and soill$Olution ratio. 

Ci= 20 p.M Ci= 50 p.M 

Parameter soil/$Olution ratio soil/solution ratio 

1:5 1:2 1:5 1:2 

O.M. 0.75+++ 0.72+++ 0.70+++ 0.73+++ 

Clay 0.68+++ 0.74+++ 0.73+++ 0.71+++ 

Illite 0.77+++ 0.80++++ 0.80++++ 0.80++++ 

Montmorillonite 0.20 0.22 0.21 0.23 

C.E.C. 0.36 0.40 0.36 0.38 

pH 0.38 0.38 0.34 0.39 

+ + + + significant at < 0.001 level 

+ + + significant at 0.01 10 0.001 leveI 

No correlation between Kd and soil montmorillonite eontent was observed, in spite of the sorption 

eapacity of this mineral for methomyl, as will be shown below. This could be consequence of the homogeneus 

eomposition of the clay fraetion of the soils in which the illite fraetion is predominant (r= 0.81 was found 

between soil clay content and ¡!lite content). On the other hand. the high correlation observed between Kd 

values and soil illite content could also indicate that this mineral is present in these soíls in a very altered form 



(MORENO et al., 1980) giving rise to higher surface areas and cation exchange capacities than the pure 

compound normally has. 

Table 4. Best fit multiple regression equations relating Kd to soil properties for each experimental condition. 

Regression equation Corre1ation coefficient 

Cj:= 20 ¡.LM: 

- Soillso1ution ratio l/S 

Kd= -OA14+0AI8(%O.M.)+0.030(%ll1ite) R= 0.92++++ 

Kd= -0.284+0.419(% O.M.)+O.Ol1(%Clay) R= 0.83++++ 

- Soillso1ution ratio 1/2 

Kd= -Q.454+0.356(%O.M.)+O.031(%illite) R= 0.94++++ 

Kd= -Q.420+0.380(%O.M.)+O.013(%Clay) R= 0.85++++ 

Ci= 50 p.M: 

- SoilJ salution ratio 1/5 

Kd= -0.267+0.246(%O.M.)+0.022(%IlIíte) R= 0.92++++ 

Kd= -O.219+0.240(%O.M.)+0.010(%Clay) R== 0.83++ ++ 

- Soillsalution ratio 1/2 

Kd= -o.232+0.236(%O.M.)+0.018(%Dlite) R= 0.94++++ 

Kd -O. 182+0.230(%O.M.)+0.008(%Clay) R= 0.83++++ 

+ + + significant at 0.01 to 0.001 leve! 



Adsorption by pure soO components. Taking into account the aboye results and considerations, Kd values 

for soil active components such as clay mineral s and humic acid were determined. The clay minerals chosen 

were representative of a11 mineral components of the clay fraction of these soils (Table 1) and humic acid was 

eh osen as representative of one of most active components of soil organic matter. TabIe 5 gives these values 

for three smectites (SWy-Ca2+, SAz and SHCa-l), illite, kaolinite and humic acid and 50 ILM methomyl initia1 

soIution concentration. This Table a1so summarizes the surface properties of the clay minerals studied. 

Table 5. Distribution coefficients Kd ClLmole/Kgl J,Lmole/L for adsorption of methomyl (Ci = 50 ¡.tM) by 9Swy

Ca2 + and SAz montmorilIonites, SHCa-l hectorite, illite, kaolinite and humic acid sampIes and cation exchange 

capacity (C.E.C.), layer charge and externa! (N:J and total (glycerol) surface area of the minerals. 

Sample Kd C.E.C.- Layer chargeb Surface area(m2/g)' 
(meq/1oog) (moUunit cell) N2 Glycerol 

SWy-Ca2+ 9.58 76.4 0.68 31.8 662 

SAz 4.5 120.0 1.13 97.4 820 

SHCa-l 9.43 43.9 0.31 63.2 486 

Illíte 1.56 26.6 1.45 101.0 -100 

Kaolinite 0.5 3.3 0.00 23.5 25 

Humic acid 399.45 

o Van Olphcn ,nd Fripiat. 1979. 

b Total charge calculat:d (rom lolal chemical a,,"lyala 

(Ia)'nes 000 Bo)'d. 1991). 

Kd values obtained for humic acid samples were much higher than those obtained for the clay mineral 

sampIes, indicating that organic matter has much greater affinity for methomyl than c1ay minerals, eventhough 

the high water solubility of the pesticide. Table 5 also shows greater adsorption of methomyl on smectites than 

on the other two minerals, because of the higher C.E.C. and surface area, that make this mineral very active 

in soil adsorption processes (BAILEY and WHITE, 1970). This suggested that methomyI molecules could 

adsorb not only on the externa! surface of the day mineraIs but also on the interlamellar space of the smectite, 

because of the swelling properties of these minerals which have internal surfaces accesible to organic polar 



molecules (MORTLAND, 1970). The Kd values obtained for the different srnectites with different layer charge 

seem to confirm that methornyI adsorption occurred at the interlamellar spaces of these mineraIs. Kd values 

increased when the layer charge of the smectite decreased (Table 5). This is because the opening of the silicate 

layer is much easier. Similar results were reported by Hermosín et al., 1991 for maleic hidrazide adsorption 

on different montmorillonites. 

Kd values for homoionie montmorillonites at 50 f'M methomyl ¡nitial solution concentration are reported 

in Table 6. Ionic potentials of the exchangeable cations in the samples and the pH found in the suspensions of 

methomyl solution-c1ay are given in thís Table. Kd values for homoionic montmorillonites decreased as the 

ionic potential of the exchangeable cation inereased, except for the SWy-Fe3+ sample. The inerease in Kd 

values when the ioníe potential of the exehangeable cation decreases indicates also interlamellar adsorption 

(HERMOSIN et al., 1991; SANCHEZ-MARTlN and SANCHEZ-CAMAZANO, 1991) of methomyl. The 

adsorption of polar molecules at the interlamellar spaces of the montmorillonite is facilitated by the low ionic 

potential of the exchangeable eation. This parameter determines the attraetion layer-cation-layer and the energy 

of the polar molecule-cation bond. As the ionie potential decreases, the opening of the silieate layer is easier 

and the substitution of the hidration water molecules associated to the exehangeable cations by methomyl is 

facilitated (HERMOSIN et al., 1991; SANCHEZ-MARTlN AND SANCHEZ-CAMAZANO, 1991). The 

exeeption in this behaviour is the SWy-Fe3+ sample. The higher Kd values obtained could be due to the low 

pH found in the suspension, whieh suggests that the montmorillonite sample is not homoionic (H+/Fe3+ 

montmoriIlonite). At this pH, methomyl moleeules eould be more positively eharged, with cationic eharaeter, 

whieh can also explain this greater adsorption. The higher adsorption found for the potassium sample could 

also explain the high adsorption eapacity of the soils rieh in altered i\Iite, whieh is a potassium saturated 

mineral. 

An apparent contradiction seems to occur between the methomyI adsorption results obtained for soil 

clays and the corresponding for "pureO c1ay minerals. Table 3 shows a good correlation coefficient (r) between 

Kd and soil ¡!lite content and a poor r between Kd and soil montmorillonite content. Meanwhile, Kd values 

for every smectite studied are higher than for ¡lIite (Table 5). However it is neccesary to take into account the 

high ¡¡¡¡te content and low smectite content in these soils. Moreover, these iIlitic soils seem to be weathered 

(ARAMBARRI and TALIBUDEEN, 1987) and have an important swelling character like smectites, and hence 

a higher surface area and C.E.C .. 

Table 6 shows the distribution coefficieots for the adsorption of 50 f'M methomyl solution by humic 

acid (HA) and HA saturated with Ca2+ and Fe3+ samples. Kd values for cation saturated humic samples were 

much lower than those obtained for the HA sample. In the humic acid, the inorganic exchangeable cation 

substitutes the hidrogen atom of the acidie (COOH or fenolic OH) groups forming salts whieh lower the 

effective hydrophobic surface area (WERSHA W, 1986). On the other hand, the blocked COOH or OH groups 

of the HA make them enabJe to bind methomyl molecules by H-bonds as usual in this type of adsorption 



(WEED and WEBER, 1975; SENESI and TESTINI, 1980; MAQUEDA et al., 1983). These results seem lo 

indicate that retention of methomyl by humic acid occurred by hydrophobic and H-bond forces. 

TabIe 6. Distribution eoefficients Kd (p.mole/Kg/"molelL) for adsorption of methomyl (Ci = 50 "M) by humic 

acid (HA) and homoionic samples of HA and SWy montmoriUonite, ionie potential of the saturating cation and 

pH of the methomyl-montmoriUonite suspensions. 

Cation lonie. pHof 
Sample Kd SampIe Kd PotentiaI suspension 

(nm' l ) 

HA 399.45 SWy-Mg2+ 6.27 27.8 6.7 

HA-Ca2+ 181.78 SWy-Ca2+ 9.58 20.2 6.9 

HA-Fel+ 142.21 SWy-Na+ 17.49 9.8 4.4 

SWy-K+ 46.67 7.3 5.5 

SWy-Fel+ 57.TI 40.6 2.5 

• Spooito. 1934. 

CONCLUSIONS 

The results of this study showed that the retention of methomyl by the soils studied is determined mainly 

by soil organic matter and cIay content, specially illite because of its high content and alteration degree. 

Distribution coefficients Kd slightIy deereased when, soillsoIution ratio inereased from 115 to 1/2 and when 

methomyI initial soIution concentration increased from 20 "M to 50 "M. The adsorption of methomyl by pure 

soil components indicated greater affinity of methomyl for humic acid than for clay minerals. Kd values for 

the adsorption of methomyl were much greater for the untreated humie aeíd samples !han for the cation 

saturated samples. The study of the adsorption of methomyl by clay mineral s indicated greater adsorption of 

the pesticide on smeetites, which inereased as layer eharge and ionie potential of the saturating cation 

deereased, indicating that adsorption may occur in the interlamellar space of these minerals. 
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