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A b s t r a c t

the laboratory studies of pesticides involves a number of ways and methods. it has become especially important 
nowadays when pesticides is common for people to use. the increasing risk of these chemicals has forced the 
Legislating Authorities in France to set up recommendations on the use of pesticides and established Ecophyto 2018 
program. this paper and research are the part of an interdisciplinary project funded by cPEr (contract between the 
state and region), FEDEr and the région Auvergne. 
the objective of this research is to characterize the fate of 3 herbicides (tembotrion, s-metolachlor, nicosulfuron) 
belonging to different chemical families on soil from Limagne region in France. the author have performed the 
experiments with the dry samples of soil which were polluted in the laboratory by spraying pesticide solutions. the 
work focused on one of the main processes governing the adsorption on surface of solid phase. the results of the 
research shown that the impact of pesticides is greatly dependent on their family origin as well as on the environmental 
conditions and the type of soil. Further studies have to be carried out to better understand actions and behaviour of the 
pesticides in the soil.
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s t r e s z c z e n i e
Naukowe badania pestycydów obejmują wiele sposobów i metod badań laboratoryjnych. są one szczególnie istotne 
w dzisiejszych czasach, kiedy popularne stało się stosowanie pestycydów. wzrost zagrożenia tymi substancjami, zmusił 
organy prawa we Francji do utworzenia zaleceń dotyczących ich stosowania i wprowadzenia programu Ecophyto 2018. 
Artykuł i przedstawione w nim badania są częścią interdyscyplinarnego projektu sponsorowanego przez cPEr 
(umowa między Państwem i regionem), FEDEr i région Auvergne. 
celem badań jest scharakteryzowanie losów 3 herbicydów (tembotrion, s- metolachlor, nikosulfuron), należących do 
różnych rodzin chemicznych w glebie z regionu Limagne we Francji. Autor prowadził badania na glebie zanieczyszczonej 
roztworami pestycydów. badania te skoncentrowane były na jednym z głównych procesów dotyczących adsorpcji na 
powierzchni fazy stałej. wyniki badań pokazały, że wpływ pestycydów jest znacznie uzależniony od ich pochodzenia 
chemicznego, jak również od warunków środowiskowych i gleby.  Dalsze badania powinny być prowadzone w celu 
lepszego zrozumienia działania i zachowania pestycydów w glebie.
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1. Introduction 

one of the main processes governing the dissemination and fate of pesticides in agricultural 
soils is adsorption on surface of the solid phase. these interactions play a key role not only in 
the transport of pesticides but also in their biodegradation, by acting on their bioavailability 
and on the microbial metabolic activity. therefore the understanding and measurement of the 
pesticide retention and degradation are the key steps in risk assessments of their persistence 
and contribution to pollution [10]. 

the objective of laboratory studies was to characterise the fate of 3 pesticides belonging 
to different chemical families in soils from Limagne region. Nicosulfuron (sulfonylurea), 
s-metolachlor (acetanilide) and tembotrione (triketone), known to be usually applied 
sequentially during the growing season of maize [4, 13, 14, 16]. soil from Limagne region 
(Auvergne, France) was formed under continental climate, very cold in winter, very wet during 
the spring thaw and very hot and dry in summer. that soil was classified as Vertisol which is very 
fertile and lead to high production yields [3, 9]. that is why monitoring the fate of pesticides 
in this area is a major environmental and health concern. in order to better understand the 
mechanism involved in transfer/transformation processes of pesticides, research was carried 
to identify the role of the soil component on the different pesticide adsorption. Laboratory 
microcosm experiments were conducted to assess the dissipation of each pesticide in this soil. 

2. Materials and methods

2.1. Preparation of soil sample

samples were separated into 3 fractions depending on their size by physical treatments 
(50 µm < Φ < 500 µm; 2 µm < Φ < 50 µm; Φ < 2µm) according to the procedure described 
on Figure 1. bulk soil (air-dried and sieved at 2mm) was used.

Fig 1. steps of the soil fractioning [17]
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30 g of soil were put into container and cover sample with 2L of water. Fraction obtained 
contained carbonates and organic matter. water was removed every 8 hours by special pipe 
and a vacuum pump and moved to the other container. cacl2 1N was put to accelerate 
settling. After 1 week the fraction <0.5 mm was placed in a plastic pot and an ultrasonic 
bath for 15 minutes and sow in 50 µm and 5µm sieve. the fraction < 2 µm should be 
washed to remove cl-ions made during the addition of cacl2 1N. it was centrifuged twice 
during 15 minutes and speed 4000 rpm. the samples were placed in a crystallizer and dried 
at 38°c.

2.2. stability of pesticides

three different solution pesticides of tembotrione, nicosulfuron, s-metolachlor with the 
same concentration (100 µM) were prepared. the solutions were kept 7 days in infors Ht 
Multitron incubator. they were shaken with a speed 140rpm in 27°c under lights simulating 
the solar spectra. Every day solutions were weighted. Distilled water was  given in amount 
which disappeared from the flask. 1ml of solutions were taken by automatic pipette and moved 
into the eppendorf. the solutions were weighed again. New weight was recorded. samples 
were frozen at –20°c until HPLc analyses.

2.3. Microcosms

six microcosms were prepared, two for 
each pesticide with two moisture contents (25 
and 35%). therefore six different solutions 
of pesticides: tembotrione 35% (142 µM) and 
25% (200 µM), nicosulfuron 35% (142 µM) 
and 25% (200 µM), s-metolachlor 35% (142 
µM) and 25% (200 µM) were prepared. Each 
one was sprayed on 200g of air-dried and sieved 
bulk soil into different containers. control 
of water content was checked every week, 
the day before sampling (Fig. 2). soil (3.5 g) 
was contaminated with 1.5 mL of pesticide at 
different concentrations in centrifuge tubes. 
After 15 minutes (t0) and 20 hours (t20), 20 mL 
of solvent was added and the suspension was 
shaken for 24 h. After centrifugation (1200 rpm 
for 15 min), supernatants were put in a freezer 
(–20°c) until HPLc analyses (Fig. 2.). the same 
protocol was carried out with a soil samples of 
each microcosm once a week (samples taken in 
triplicate) and extracted with ultra pure water for 
tembotrione and nicosulfuron and a mixture of 
MeoH/H2o 4/1 for s-metolachlor [11]. 

Fig. 2. Microcosm experiments on the 
example of tembotrione [17]
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2.4. sorption experiment-kinetics

1 g of dry soil with 3mL of Volvic® water (natural mineral water from France) was 
used. the soil samples were shaken (Heidolph reax2) for 12 hours in 20°c before the day 
of experiment. the supernatant was removed after centrifugation (thermo kr22i Jouan) at 
12000 rpm for 15 min. 3 mL of pesticide solution in distilled water (pH = 6) was pipetted into 
the container. the samples were shaken again for 1/2, 1, 1 1/2, 2, 3, 4, 6, 8, 20 and 24 hours 
in 20°c. centrifugation was used again. HPLc analysis of supernatant was conducted. Each 
measurement was performed three times.

2.5. sorption experiment-isotherms

the author prepared various concentrations solution of pesticide were prepared (10 µM, 
20 µM, 30 µM, 50 µM, 70 µM, 10 0µM). the process of preparing samples is the same like 
in adsorption kinetics.

1 g of clay was used and preconditioning with 3 mL of Volvic water (natural mineral 
water from France). samples were shaken (Heidolph reax2) for 12 hours in 20°c before the 
day of experiment. centrifugation (thermo electron corporation kr22i Jouan) 12000 rpm 
for 15 min was used. then supernatant was removed. 3mL of various concentrations solution 
pesticide were pipetted into the 6 containers. samples were shaken in 20°c for 4 or 6 hours 
according to the pesticide studied. HPLc analysis of supernatant was conducted. Each 
measurement was performed three times.

3. Results

the results of pesticide stability showed that a strong decrease of s-metolachlor was 
observed within the first day. Almost 70% has disappeared. tembotrione and nicosulfuron 
were stable.

Fig. 3. Photostability of tembotrione, s-metolachlor and nicosulfuron (100 µM) [17]
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the results of pesticide dissipation in microcosms are presented on Fig 4. 

Fig. 4. Dissipation of (A) tembotrione, (b) nicosulfuron and (c) s-metolachlor in microcosms with 
25% () and 35% () soil moisture [17]

Nicosulfuron is persistent as the final concentration after 69 days of incubation is the 
same as the initial one. tembotrione dissipated very slowly but a decreasing tendency of its 
concentration is observed with time. the less persistent herbicide is nicosulfuron as 50% 
and 70% have disappeared within 69 days of incubation for 25 and 35% of soil moisture, 
respectively [10].

Fig. 5. Adsorption kinetic of pesticides Fig 6. Adsorption isotherms of pesticide  in soil [17] in soil [17]
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kinetics studies showed a quick adsorption, and equilibrium soon reached which is 
shown on the graphs (Fig. 5). the graph of tembotrione adsorption kinetics shows that the 
most stable time of adsorption is 6 hours and for nicosulfuron and s-metolachlor is 4 hours. 
After that time concentration of the analytes did not change. 

The results of pesticide adsorption isotherms showed that tembotrione displays the lowest 
adsorption capacity and s-metolachlor displays the greater adsorption behavior (Fig. 6).

4. Discussion

Degradation is the process of pesticide breakdown after application. this can be done by 
microorganisms, chemical reactions and light or photodegradation [2,6 ]. s-metolachlor and 
nicosulfuron have the potential to move into the water due to their highwater solubility [12]. 
these three pesticides are quite stable under those conditions (temperature, light, humidity). 
Degradation from irradiation was comparatively slow. the contribution of a photolytic 
mechanism of degradation is therefore limited. Moreover, no other chemical degradation 
was observed (hydrolysis).

the dissipation could be observed due to sorption process on soil particles or organic 
matter and/or to biodegradation by microorganisms present in soil. to discriminate both these 
processes and to understand better the role of the different components of soil, adsorption 
experiments were carried out with each pesticide.

kinetics studied showed that the diffusion through the heterogeneous matter and 
accessibility to the adsorption sites are high. consequently, 4h and 6h of pesticide/soil contact 
time were chosen for adsorption isotherm experiments [1, 5, 8].

Adsorption coefficients (Kd) of the 3 herbicides adsorbed on soil from Limagne region 
follows the variation: Kd (s-metolachlor) > Kd (nicosulfuron) > Kd (tembotrione). the same 
behavior is observed than reported in the literature [7, 15]. the most soluble herbicide, 
tembotrione displays the lowest adsorption capacity. because of the negative charge of its 
ionic form, interaction of tembotrione with surface of metal oxides, carbonates and clays is 
unfavorable. Differently, s-metolachlor displays the greater adsorption behavior. Due to its 
low solubility and its high KOC, this herbicide has a greater tendency to be adsorbed by the 
soil organic matter. this is probably the reason why, it has great capability to be immobilized 
on Limagne Vertisol. the major components are soil organic matter and clays. in Vertisols, 
clays mineral is vermiculite, which is very specific.

5. Conclusion

in summary, the present results show that the fate of pesticides is greatly dependent on 
their chemical structure and corresponding physico-chemical properties as well as on the 
environmental conditions and type of soil. in this soil, our work focused on one of the main 
processes governing the fate of pesticide: adsorption/desorption with solid particles that was 
studied in detail but also on a global view of the pesticide dissipation under environmental 
conditions. tembotrione, s-metolachlor and nicosulfuron were not strong adsorbed by 
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the soil. the results showed that s-metolachlor had the highest percentage of adsorption. 
Nicosulfuron and tembotrione that were much less sorbed were found to be respectively, 
persistent and slightly dissipated in soil. we can then assume that biodegradation by soil 
microorganisms, known to be another important dissipation process in the soil, is not very 
active for both these pesticides under theconditions used in the experiments. to conclude, 
Further studies have to be carried out to better understand actions and behaviour of the 
pesticides in the soil.
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