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Abstract 
 
Understanding mechanisms involved in the formation and the fate of pesticide non-extractable 
residues (NER) in soil could improve the assessment of pollution risks. The aim of this study was to 
evaluate the long and short terms effects of compost on the mineralisation of pesticide NER. An 
incubation was performed using 5 different 14C-pesticide NER previously formed on soil amended 
with or without compost and mixed soil with or without new compost. Total and 14C-CO2 were 
monitored during 386 days. Results showed that the mineralization of pesticide NER still occurs more 
than 10 years after they have been formed. When fitting mineralization curves with non-linear model, 
we calculated that only a small labile fraction (<10%) is degraded within 2 months. The other fraction 
is degraded more slowly than the soil organic matter (>35 years). The addition of compost had only an 
effect when it occurred at the same time as pesticide application but not thereafter.  
 
Introduction  
 
The formation of pesticide non-extractable residues (NER) in soil is an important process and should 
be taken into account when assessing pollution risks [1]. The first consequence of NER formation is a 
decrease in the availability of pesticide residues with a concurrent increase in their persistence in soil. 
The extent of the reversibility between unavailable and available forms of NER is likely to play an 
important role in the long-term fate of pesticides. Only few studies using 14C-or 13C-radiolabelled soil 
NER have shown that, upon reincubation, NER of different xenobiotics can be mineralised [2,3]. One 
of the key factors controlling the fate of the pesticide in soil is the organic matter (OM). It has been 
shown that compost addition to soil decreased pesticide mineralisation and favoured the formation of 
NER [4]. However, the addition of compost may also enhance old NER mineralisation trough the 
addition of nutrients and microorganisms, or through potential priming effect [5]. The main objective 
of this study was to assess the long and short terms effects of compost on the mineralisation of 
pesticide NER and that of the SOM. Compost may alter NER mineralisation depending if they are 
added in the same time as pesticide in soil or much later, when NER are already formed. 
 
Material and Methods  
 
Labelled pesticides NER samples 
 
The 14C-labelled pesticide NER were obtained from a previous study [4]. Briefly, five 14C-labelled 
molecules (atrazine, simazine simazine, pendimethaline, metsulfuron-methyl and 2,4-dichlorophenoxy 
acetic acid) were incubated in the dark at 28°C for 250 days with fresh soil with or without 30%  
(weight/weight) of urban compost.  The soil (Typic Eutrochrept) was sampled in the surface layer (0-
20cm) of a bare experimental plot located at Grignon (France). It had pH 7.3 with 22% clay, 73% silt, 
5% sand, 1.08% organic C and 0.13% organic N. The urban compost was formed from the organic 
fraction of the municipal solid household wastes. The windrow fermentation lasted six weeks and was 
followed by seven months of maturation. The compost pH was 8.5 and organic C and N represented 
16.9 and 1.3% of dry compost respectively. At the end of the incubation, each sample of soil and soil-
compost mixtures was extracted during 24h with methanol by an end-over-end shaking. The non-
extractable radioactivity was measured by scintillation counting of the 14C-CO2 evolved after 



combustion of the solid residues (Table 1). Before being used in the present study, all soil samples 
were stored dried for about 10 years in the dark at room temperature.  
 
Soil and compost 
 
The fresh soil (Typic Hapludalf) used in our study was very similar to that used in the experiment of 
Barriuso et al. [4]. Samples were collected in March in the surface layer (0-25cm) of an experimental 
plot located at Feucherolles, near Grignon (France). It had pH 6.9 with 17% clay, 76% silt, 7% sand, 
0.89 % organic C and 0.11% organic N (percentages expressed on a dry weight basis). After being 
collected, the soil was sieved (5mm) and stored for 2 weeks at 28°C in the dark at 80% of the water 
holding capacity (0.19 g.g-1 dry equivalent soil). The biowaste compost used was composed of 80% 
of green waste and 20% of kitchen wastes [6]. The windrow fermentation lasted 90 days and was 
followed by 6 months of maturation. The compost characteristics were similar to that used in Barriuso 
et al. [4]: pH was 8.5 and organic C and N represented 18.1 and 1.9 % of dry compost respectively.  
 
Re-incubation of the 14C-NER samples 
 
Before the re-incubation, the replicate samples of the previous experiment were pooled and the non-
extractable radioactivity was measured on 10 replicates as mentioned before. The amounts of 
radioactivity in soil and soil-compost mixture are presented in table 1. We set up an incubation with a 
5x2x3 factorial design in which each of the 5 different pesticide NER, initially formed in a soil 
amended or not with compost (Treatment 1), was incubated with or without 2 different doses of new 
compost (Treatment 2). The Treatment 1 was prepared as followed:  1.5g of soil samples (“Soil”) or 
soil-compost mixture samples (“Mix”) containing each 14C-NER were mixed with 18.5g of fresh soil 
(weight/weight). The Treatment 2 was prepared as followed: each sample was then added with either 
10% (C10) or 20% (C20) of compost (equivalent to the amount of soil organic carbon), corresponding 
to 1 and 2 fold the amendment in the field. Here, the control samples for Treatement 2 (C0) were not 
amended with compost. After readjusting the soil humidity to 100% of the water holding capacity 
(0.23 g.g-1 dry equivalent soil), all samples were put in a sealed 500-ml jars a flask of water (10mL) to 
limit evaporation and a flask of NaOH solution (1M, 10mL) to trap CO2 evolved. All microcosms 
were incubated for 386 days at 28°C in the dark.  All treatments were realized in triplicates. 
 
Table 1. Initial concentration of pesticides applied to soil and mix, NER amounts after 225 days of 
incubation (*, data from Barriuso et al. [4]) and radioactivity measured before the re-incubation. 
 

 

 Initial concentration* NER (% initial amount)* Radioactivity (Bq.g-1 Soil) 

  (µg.g-1 Soil or Mix) Soil Mix (Soil+Compost) Soil Mix (Soil+Compost) 

Atrazine 0.34 10.4±0.6 55.3±3.2 450.9±9.6 431.0±5.9 

Simazine 0.18 20.3±3.3 44.2±5.8 328.8±7.6 321.1±6.7 

Pendimethaline 0.12 45.4±0.6 53.2±1.2 111.6±1.1 101.9±8.3 

2.4-D 0.49 44.9±0.5 55.6±5.9 182.7± 6.4 156.9±3.9 

Metsulfuron 0.35 47.8±0.5 46.0±1.9 52. 3±1.4 33.9±4.3 

 
 
Total and 14C-CO2 measurements  
 
At each date of sampling (after 7, 14, 21, 42, 62, 101, 150, 217, 298, 386 days of incubation), 5mL of 
NaOH solution were used to measure 14C-CO2 evolved by liquid scintillation counting (LSC) with a 
Tricarb 1900 TR counter (Packard) using Packard Ultima Gold XR as scintillation cocktail. The other 
5mL of NaOH solution were used to measure the total CO2 evolved using the colorimetric method at 
550 nm on a continuous flow analyzer (Skalar, Breda). At each sampling date the traps were replaced, 
the air inside the jar renewed and the water capacity of soil samples readjusted by weighting. Results 
were expressed in percentage of initial 14C radioactivity of initial C content.  
 



Statistical analysis 
 
Non linear regression used to fit cumulative amounts of CO2 or 14C-CO2 were performed with 
SigmaPlot 11.0 (Systat Software, Inc.). Significant differences of the kinetics coefficients among 
samples were tested by a two-way ANOVA followed by all pairwise multiple comparison procedures 
(Holm-Sidak method with overall significant level = 0.05) which was performed with SigmaStat 3.5. 
(Systat Software, Inc.). 
 
Results 
 
SOM mineralisation 
 
The SOM mineralization curves (data not shown) were fitted (r²=0.99, P<0.001) with a first order 
kinetic equation with 2 compartments: y=a(1-e-αt)+b(1-e-βt), where a and b are the mineralization 
potentials (a+b=100% SOM) and α and β the first order rate constants, respectively for the two 
compartments of the SOM. The overall means for all treatments were a=0.97%, α-1=4.8 days and β-1= 
33 years. The ANOVA showed that soil samples mixed with old compost had a significantly 
(P<0.001) higher proportion of labile C (a) than soils without old compost (means of 1.1 and 0.9% of 
the SOM, respectively). The mean residence time of the labile pool (α-1) was significantly (P<0.001) 
higher for the soil mixed with old compost (5.2 days) than without (4.5 days). A significant interaction 
(P=0.048) was found between the effect of old compost and that of the new compost. On the contrary, 
the mean residence time of the non-labile pool (β

-1) was significantly (P<0.001) lower for the soil 
mixed with (32.5 years) than without (33.7 years) old compost. A significant interaction (P=0.026) 
was found also between the effect of old compost and that of the new compost. Irrespectively of 
presence of old compost, the addition of new compost increased significantly (P<0.001) the labile pool 
from 0.91% up to 0.98% of the SOM with C10 and up to 1.02% with C20. The addition of new 
compost increased significantly (P=0.002) mean residence time of the labile pool (α

-1) from 4.4 days 
to 4.9 days with C10 and to 5.2 days with C20. On the contrary,  it decreased significantly (P<0.001) 
the mean residence time of the non-labile pool (β

-1)  from 33.5 years down to 33 years with C10 and 
32.7 years with C20. 
 
NER mineralisation 
 
The cumulative amounts of 14C-CO2 evolved for each pesticide are shown in Figure 1. All 
mineralisation curves were fitted (r²>0.97, P<0.001) with a first order kinetic equation with 2 
compartments: y=a(1-e-αt)+b(1-e-βt), where a and b are the mineralization potentials (a+b=100% NER) 
and α and β the first order rate constants, respectively for the two compartments of the initial amount 
of NER.  
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Figure 1. Mineralisation kinetics of pesticides NER formed either in a soil (Soil, down triangle) or a mix of 
soil and compost (Mix, up triangle) and incubated in fresh soil without (white triangle), with 10% (+C10, 
grey triangle) or with 20% (+C20, black triangle) of compost.   



 
The ANOVA performed on kinetics parameters estimated by non-linear models showed significant 
differences among pesticide NER. The highest rate of mineralisation of the labile pool (a) was 
observed for metsulfuron (>10% of initial NER) and the lowest for simazine and pendimethaline (<5% 
of initial NER). The lowest turnover rate of the labile pool (α-1) was measured for 2,4-D (<20 days) 
and the highest for atrazine (>50 days). The lowest turnover rate of the non-labile pool (β-1) was for 
found for metsulfuron and 2,4-D (<40 years) and the highest for atrazine (>180 years). These data 
suggest that NER are more recalcitrant to biodegradation than the SOM. 
 
A significant effect of the initial compost addition was found on NER mineralization, depending on 
the nature of the NER. While the mix of soil and compost significantly increased NER mineralisation 
of 2,4-D, metsulfuron and metsulfuron, the opposite effect was observed for simazine and atrazine. 
The addition of new compost at the beginning of the incubation had no significant effect on the 
mineralisation of NER.  
 
Conclusion and perspectives  
 
This study confirms that the mineralization of pesticide non-extractable residues in soil is still possible 
more than 10 years after they have been formed. We calculated that only a small fraction is degraded 
within approximately one month (2 for atrazine). The most important fraction is degraded more slowly 
than the soil organic matter (more than 150 years for atrazine).  The addition of compost had only an 
effect when it occurred at the same time as pesticide application but not thereafter. These results 
suggest that organic amendments possibly change the nature of NER which then alter their 
degradability. More research is needed in order to characterise NER compounds as well as soil 
microbial potential degraders. 
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