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1 INTRODUCTION 

Agroindustries involved in olive-oil and wine production are important activities around the world,   particularly in 

the Mediterranean basin, where these crops are of great social, economic and environmental importance. The 

current trend is to focus on developing agricultural practices that reduce human health and environmental risks and 

on producing inputs for these agrosystems. Mediterranean soils have low organic carbon content. The 

incorporation of agroindustrial waste could represent an appropriate management practice to improve soil quality, 

cut production costs and to control spread of agrochemical substances to hydric resources. However, these wastes, 

which contain their own toxic substances as well as microorganisms, cannot be applied directly to the soil. Our 

research group has succeeded in valorising these wastes through the use of vermicomposting processes (Nogales et 

al., 2005; Melgar et al., 2009). The vermicomposts obtained conform to legal standards governing organic 

fertilizers (BOE, 2005). 

Soil sorption controls the amount of pesticides that can be released and consequently degradation and 

lixiviation levels (Fernández Bayo et al., 2008). The pesticide sorption process has therefore been widely studied 

under different soil conditions in order to control its spread in the environment (Romero et al., 2001; Koskinen et 

al., 2002; Fernández-Bayo et al., 2009). However, the sorption of pesticide metabolites has received less attention 

(Locke et al., 2007; Albers et al., 2008). Although metabolites appear in soils at low ratios, they can have a high 

nontarget toxicity (Tixier et al., 2002). 

This study focuses on the possible role of vermicompost from agroindustrial waste used as organic soil 

amendment in controlling pesticide metabolites availability in the environment. The sorption study provided in this 

paper differs from the literature as the soil samples used were previously amended and incubated several times in 

order to simulate agricultural practices. Vermicompost obtained from alperujo (Va) and vine shoots (Vs) were 

selected, since these biowastes are generated in huge quantities in the olive-oil and wineries industries, and their 

disposal represents a major environmental problem (Inbar et al., 1992; Chapman et al 2001; Nogales and Benitez, 

2006). The N-demethyl diuron metabolites were applied as model herbicide residues, since a wide range of major 

commercial herbicides contain chlorinated anilines with similar structural components e.g. acylanilide, N-

Phenylurea and carbamyl derivatives (Lange et al., 1998). 

 

2  MATERIALS AND METHODS 

2.1  Chemicals 

Diuron (D) (N´-(3,4-dichlorophenyl)-N,N-dimethylurea)  and its N-demethyl metabolites, DCPMU, DCPU and 

DCA (Figure 1) with purity rates of over 97.5% were supplied by Dr. Ehrenstorfer (Augsburg. Germany). 
DiuroKey

®
 (80% p/p) from Industrial Química Key. S.A. was also assayed. Analytical grade sulphuric acid 96%  

from Panreac and HPLC-grade acetonitrile from Scharlau Chemie  (Barcelona, Spain)  were used. 

 

 

 

 

FIGURE 1  Chemical structures of diuron and their N-demethyl metabolites (DCPMU and DCPU) and 

3,4-dichloroaniline (DCA). 
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2.2  Pesticide sorbents 

Vermicompost was obtained with Eisenia andrei at pilot scale and characterized following established methods 

(Romero et al., 2006). Its main properties are shown in Table 1. 

Soil samples from the top 20 cm were air-dried and sieved through a <2 mm mesh. Unlike the sorption 

studies described in the literature, where the soil is simultaneously amended and treated with pesticides, the soil 

samples were previously 5%-amended (d.w.) with the two vermicompost types, incubated for 3 months and then 

air-dried. This procedure was carried out twice to simulate agronomic practices. After incubation, the unamened 

soil (SP) and vermicompost-amended soils (SP2Va and SP2Vs) were analysed in triplicate using validated 

methods (M.A.P.A. 1986). Their main properties are shown in Table 1. 

 

TABLE 1    Properties of the unamended soil (SP), alperujo (Va) and vine-shoot (Vs) vermicomposts and 

the soil amended twice with these vermicomposts. 

Sample Sand 

g kg
-1

 

Silt 

g kg
-1

 

Clay 

g kg
-1

 

pH TOC 

g kg
-1

 

N 

g kg
-1

 

TEC 

g kg
-1

 

AH 

g kg
-1

 

C/N 

 

HR 

% 

Soil (SP) 111 488 401 8.4 14 2.6 6.2 4.9 5.5 44 

Va    8.6 292 20 201 75 15 69 

Vs    7.3 295 26 247 146 11 84 

SP2Va    8.2 33 3.4 10.6 6.9 9.8 32 

SP2Vs    7.9 37 5.5 10.5 6.8 6.7  28 

TOC:total organic carbon, TEC:total extractable carbon, AH: acid humic, HR:humification rate = (TEC/TOC)x100 

 

2.3  Sorption-desorption studies  

Batch sorption-desorption experiments using the model herbicide diuron and its N-demethyl metabolites DCPMU, 

DCPU and 3,4-Dichloroaniline (DCA) were carried out on unamended (SP) and vermicompost-amended soil 

samples (SP2Va y SP2Vs). Unamended soil samples (SP) and samples amended with each vermicompost (SP2Vs 

and SP2Va), in duplicate, were placed in 50 mL glass tubes and supplemented with 20 mL of aqueous standard 

solutions of the chemicals at 1, 2, 3, 4 and 5 mg l
-1

. The tubes were agitated on a rotary shaker for 24 h at 20±1ºC 

to achieve equilibrium, centrifuged at 3000 rpm for 20 min and the supernatant filtered by 0.45 µm for HPLC 

analysis. The standard solution without added waste was run in parallel as a control. The amounts of pesticide 

adsorbed were calculated on the basis of the difference between the supernatant concentrations in each sample and 

the control. Blanks containing no pesticide were used in each case.  

 

3  CHEMICAL ANALYSIS 

A High Performance Liquid Chromatograph (Agilent Series 1100,Germany) equipped with diode array detector 

was used. A Zorbax Rx-C8 2.1 x 150mm analytical column packed with diisopropyl n-octyl (5µm) and a guard 

cartridge Eclipse XDB-C8 (2.1 x 12.5mm i.d.) packed with the same material were used. The operating conditions 

were as follows: flow rate 0.2 mL min
-1

; column temperature 40ºC; injection volume 10µL. The mobile phase was 

40:60 (v/v) acetonitrile/acidified water (pH 3) with 0.005M sulphuric acid. The detection wavelength selected was 

254nm. The retention times for diuron, DCPMU, DCPU and DCA, were 7.94, 6.23, 4.81 and 8.75 min, 

respectively. The detection limits were under 0.07 mg l
-1

 in all cases. 

 

4 RESULTS AND DISCUSSION 

The sorption-desorption isotherms of unamended and amended soil samples fit the Freundlich model in most cases 

(R
2
 > 0.92). In all cases, the Freundlich exponents (1/nads) were less than 1, indicating saturation of the sorption site 

by the concentration. In the diurokey
®
 sorption process of unamended and amended samples, the 1/nads values 

increased with the addition of the vermicomposts Va and Vs, indicating an adsorption mechanism through a 

partition process of diuron molecules in the vermicompost-amended soil samples. Nevertheless, in the soil samples 

treated with the metabolites DCPMU and DCPU, the increase in the exponent was only observed in the soil 

amended with the alperujo vermicompost. The exponent remained unchanged in soil samples treated with the 
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DCA metabolite. The desorption exponents (1/ndes) changed for diurokey
®
 and its metabolites, as described for 

1/nads, with the DCA metabolite showing the lowest values.   

TABLE 2   Sorption-desorption Freundlich parameters (1/n and Kf) and determination coefficients (R
2
) 

determined for unamended soil (SP) and soil amended twice with alperujo (SP2Va) and vine-

shoot  (SP2Vs) vermicomposts. 

  Sorption paramenters  Desorption parameters   

Chemicals Soils  kfads ±ES 1/nads±SE R
2
ads  kfdes ±SE 1/ndes±SE R

2
des  AHI 

 SP   7.40±0.44 0.75±0.09 0.896  10.29±0.06 0.39±0.01 0.992  0.52 

Diurokey
®
 SP2Va 13.09±0.43 0.90±0.04 0.983  14.34±0.25 0.45±0.05 0.915  0.50 

 SP2Vs 16.62±0.92 0.83±0.06 0.965  17.12±0.14 0.47±0.01 0.990  0.57 

 SP 11.68±0.16 0.66±0.01 0.996  13.95±0.01 0.19±0.01 0.970  0.29 

DCPMU SP2Va 18.77±0.37 0.70±0.02 0.996  17.98±0.19 0.15±0.01 0.935  0.21 

 SP2Vs 23.18±0.29 0.67±0.05 0.963  19.20±0.23 0.12±0.01 0.910  0.18 

 SP 12.21±0.18 0.65±0.01 0.996  13.81±0.14 0.24±0.01 0.961  0.37 

DCPU SP2Va 19.12±0.37 0.71±0.01 0.997  17.58±0.23 0.16±0.02 0.919  0.23 

 SP2Vs 22.54±1.41 0.69±0.06 0.956  17.94±0.28 0.09±0.15 0.792  0.13 

 SP 9.48±0.09 0.69±0.01 0.997  13.09±0.04 0.11±0.00 0.984  0.16 

DCA SP2Va 21.26±0.33 0.69±0.01 0.998  18.72±0.06 0.02±0.00 0.872  0.03 

 SP2Vs 23.07±0.96 0.69±0.04 0.979  19.11±0.11 0.04±0.04 0.911  0.06 

  

Sorption-desorption constants compared with the Kruskal-Wallis statistical test were significantly 

different at level of 90%. In the unamended soil samples SP, Freundlich sorption coefficients (kfads), indicating 

the soil sorption affinity of pesticide residues, reveal significantly higher soil retention of the metabolites than 

diuron, with the DCPMU and DCPU metabolites showing the highest Kfads values.  Although the Kfdes values for 

the metabolites were also significantly higher than those for diuron, no significant differences were found between 

metabolites (Table 2). In the amended soil, the Kfads for diuron and the DCPMU and DCPU metabolites increased 

almost doubled with the addition of the vine-shoot vermicompost Vs and to a lesser extent for Va. Nevertheless, 

for the DCA metabolite, the vermicomposts addition led to a more than 2-fold increase in Kfads. The Kfdes 

desorption coefficient values determined for all the metabolites were similar to that for diuron. The apparent 

hysteretic indices (AHI) for soil samples SP, SP2Va and SP2Vs revealed a more reversible process for the 

DCPMU and DCPU metabolites (<0.37) than for diuron (>0.50). The lowest AHI values were found for the most 

toxic metabolite DCA. 

The similar sorption-desorption parameters for DCPMU and DCPU metabolites can be explained by the 

similarity of their properties, with these molecules only showing a different structure in relation to the N-

methylurea group. The relatively higher sorption of DCA in unamended and vermicompost –amended soils could 

be due to its higher lipophilicity.  In relation to the contribution of soil properties to the amount of chemical 

sorbed, it is clear that the TOC values were significantly higher for the amended soils (Table 1). The differences 

observed between the vermicomposts must be due to the nature and origin of the wastes used. The higher 

increment in Kfads observed for diurokey and the methabolites in the winery vermicompost-amended soil (SPV) 

compared with soil SP2Va could be explained, as reported Romero et al. (2006), by the higher lignin content of Vs 

(255 g kg
-1

) compared with Va (200 g kg
-1

) and by the humification process of this waste in the soil (Table 1). 

Albers et al., (2008) found that DCA can be covalently bound to humic substances, while Still et al., 1986 indicate 

a preferential binding of DCA to lignin. 

The type of binding found between these metabolite molecules and the soil components must be 

stronger in relation to the DCA metabolite, since parallel extraction studies of unamended and vermicompost-

amended soil samples reveal significantly lower extraction efficiency for the DCA compared to DCPMU, DCPU 

and diuron, and even lower levels in the amended soils (Fernández Bayo et al., 2009). This could explain the 

lowest AHI values obtained for the DCA metabolite and indicates this metabolite´s much lower availability in the 

vermicompost- amended soils.  
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5 CONCLUSIONS 

The addition of alperujo and vine-shoot vermicompost as soil organic amendments could represent a sustainable 

waste management practice, helping to minimize the diffusion of pesticide residues in soils and the toxicological 

risks of their metabolites, avoid disposal problems and reduce input costs in these agricultural systems. The dose 

of vermicomposts assayed as soil organic amendments was 4 time with respect to the German regulation but it is 

an acceptable agronomic dose in Mediterranean soils with low organic carbon content, and taking into account, 

moreover, the non-phytotoxic effects of the vermicomposts applied. 
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