
 
 

 

Environment  
 
 
 

 

The transfer of pesticides into watercourses  
varies depending on soil type  

Results from 10 experimental campaigns  
 
In order to adjust crop protection programmes and preserve water quality, as well as to improve our 
understanding of the mechanisms resulting in pesticide transfer from a field, ARVALIS–Institut du végétal has 
been carrying out experiments since 1994 on four very different sites. Soil and climate have a huge impact on the 
scale of transfer and solutions will therefore be region specific.  
 

GLOSSARY 
- Half-life shows, in days, the 

time required for 50% of the 
active ingredient in contact with 
the soil to be degraded.  

- Koc: The organic carbon 
partition coefficient between 
water and soil media, or Koc, 
represents the ability of an 
active substance to fix itself 
onto the clay-humus 
combination.  

 
 
 
 
 
 
 

 In all tables, each case scenario 
corresponds to a different mode of 
transfer (drainage or run-off) during 
one cropping campaign. 

 
Between the 1993-94 and 2002-03 campaigns, over 7000 analytical samples were examined, to 
detect the presence of active ingredients in the fields of the four experimental stations concerned: La 
Jaillière (North-West), Parisot (South-West), Le Magneraud (Centre-West) and Geispitzen (North-
East). Located almost at the four corners of the country, the soil at each of those sites is typical of 
soils in that region: water logging soils, deep boulbènes (very silty capping soils in South-Western 
France), shallow clayey-calcareous soils and silty capping soils. 
Each field was isolated in terms of water circulation and equipped with instruments to study transfers 
through drained and run-off water. At Le Magneraud, the study focussed on leaching, using lysimetric 
squares.  
The detection work concentrated on 27 herbicides (atrazine, DEA, DIA, isoproturon, diflufenican, 
aclonifen, alachlorine, metolachlorine, acetochlorine, metazachlorine, trifluralin, pendimethalin, 
napropamide, linuron, bromoxynil, flufenacet, isoxaflutole, prosulfocarb, 
bentazone, dimethenamid, metsulfuron, sulfosulfuron, iodosulfuron, sulcotrione, mesotrione, 
nicosulfuron, prosulfuron), 8 fungicides (chlorothalonil, flusilazole, epoxiconazole, azoxystrobin, 
kresoxim-methyl, difenoconazole, prochloraz, cyprodinil), 3 insecticides (lindane, tau-fluvalinate, 
deltamethrin) and one molluscicide (methiocarb). Some active ingredients were studied in one field or 
lysimetric square over one campaign and others in 2, 3, 4, 5 or 6 fields over periods covering from 
one to nine campaigns. The results have helped categorize active ingredients according to their 
ability or inability to be transferred through run-off, drainage or leaching over the campaign during 
which they were applied, or even the following one, as well as the frequency of their transfer in 
different conditions.  

Active ingredients not 
detected - La Jaillière (tab. 1) 
Active 

Ingredient 
Number of case 

 scenarios studied 
tau-fluvalinate  14 
prochloraz 4 
isoxaflutole  6 
deltamethrin  2 
bromoxynil 2 
flufenacet  2 
nicosulfuron  3 
sulcotrione  4 
mesotrione 3 
methiocarb  4 

 
The study carried out at La Jaillière (North-West) focussed on transfer through both drained and run-
off water. It revealed that a number of active substances were not detected and that others carry a 
low risk of transfer. This helped create three groups: active ingredients that were “not detected or 
present in very small amounts”, active ingredients “with a moderate level of transfer” and active 
ingredients “with a higher risk of transfer”. 
 
 
Active ingredients not detected or present in very small amounts 
 
This first group comprises 10 active ingredients (table 1). When applied in winter, during periods of 
heavy rain, or prior to light spring rain, their presence was never detected in water. In the case of 
spring applications, no traces were found in the autumn after the start of the rainy season. Another 15 
active ingredients were also put in this category (table 2), as they were only rarely detected 
(chorothalonil and kresoxim-methyl for instance), and their transfer was often due to heavy storms 
just after their application. Others, such as trifluralin, pendimethalin, napropamide, linuron and 
metazachlorine are applied long before the soil might get water-logged.  
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The study carried out at La Jaillière 
shows that 10 of the active ingredients 
applied were never detected. Another 
15 show a very low incidence of 
detection. 
 
 
 
 
 

 
At Le Magneraud, lysimetric squares 
helped the study of transfer through 
percolation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
They have time to be absorbed into the clay-humus combination, or even to be degraded before the 
return of heavy rain. Sulfonylureas tend to be mobile, but the fact that very low rates are used greatly 
reduces their transfer. Finally, the application of herbicides to maize in spring is rarely followed by 
heavy water flow. Therefore, only traces are detected in the autumn when the rainy season and run-
off resume.  

Active ingredients with moderate level of transfer * - La Jaillière (tab. 2) 

Active ingredients 
Case 

scenarios 
studied 

Cases with 
detections 

WAC** 
drained water 

(µg/l) 

Flow drained 
water 

(mg/ha) 

WAC** 
run-off water 

(µg/l) 

Flow 
run-off water 

(mg/ha) 
metazachlorine 2 2 0.00 2.60 0.28 2.74 
kresoxim-methyl 22 5 0.10 35 0.35 25 
chlorothalonil 22 4 0.02 58 1.08 457.42 
difenoconazole  4 2 0.26 416 0.00 2 
alachlorine  4 3 0.00 0 0.00 5 
metolachlorine  3 3 0.01 26 0.02 4 
acetochlorine 9 1 0.04 3.34 0.00 0 
trifluralin 6 4 0.01 51 0.04 31 
pendimethalin 6 4 0.01 45 0.08 11 
metsulfuron 4 3 0.13 36.03 0.03 2 
dimethenamid 4 3 0.00 9.28 0.02 47.35 
flupyrsulfuron 1 1 0.18 48.50   
linuron  2 2 0.04 62 0.04 5 
napropamide 2 2 0.06 104 0.25 20 

* WAC and flow of biggest transfer levels are given here - ** Weighted Average Concentration. 
 
 
Active ingredients with moderate level of transfer  

 
The group of active ingredients “with moderate level of transfer” comprises 4 fungicides and 
2 herbicides (table 3). Those substances show low levels of transfer in the spring, following 
heavy storms, but are very often found in water flow the following autumn. Such transfers 
may be minimal, but they can also lead to flows registering hundreds of mg/ha, or even 
more, and they are often detected.  
For instance, when applied to spring pulses, aclonifen is regularly detected in spring as well 
as in autumn. Conversely, when applied to maize, it is rarely detected and transfer levels 
are low. Because of its high Koc, this active substance tends rather to be transferred 
through run-off water.  
 
Bentazone, on the other hand, with a lower Koc, tends to be transferred through drained 
water. When applied to maize, this substance is detected the following autumn in rain water 
flow. 

 
 
Active ingredients “with a higher risk of transfer”  
 
Active ingredients “with a higher risk of transfer” are atrazine, isoproturon, diflufenican, prosulfocarb 
and aclonifen, when the latter is applied in autumn (table 4). However, those herbicides behave very 
differently from one another and this deserves a more detailed explanation.  
 
Although atrazine is no longer on the market, it is interesting to try and understand the way it is 
transferred. When applied to maize at the end of April/beginning of May, when drained or run-off 
water only occurs after rare and violent storms, it is mainly transferred during the following winter: 91 
to 99% of transfers occur through drained water and over 90% through run-off water in fields with no 
drainage system.  
 
Spring transfer through run-off water in drained fields very much depends on the intensity of rain 
storms. Some years, the level of transfer in spring is higher than the following winter. But this type of 
transfer is still limited compared with transfer through drained water: with the exception of one 
campaign with very low levels of transfer, run-off flow ranged from 0 to 16% of total transfers. In well 
drained fields, the solution lies in choosing substances which do not tend to disperse and with a short 
half-life*, as well as in creating buffer zones.  
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Active ingredients with moderate level of transfer* - La Jaillière (tab. 3) 

WAC* 
drained water  

(µg/l) 
Flow drained water 

(mg/ha) 
WAC* 

run-off water 
(µg/l) 

Flow run-off water  
(mg/ha) Active 

 ingredients 

Case 
 scenarios 

studied 
Cases  

withdetections 
Min. Max. Min. Max. Min. Max. Min. Max. 

flusilazole 41 32 0.00 0.12 0.01 270.18 0.00 0.99 2.55 327.29** 
azoxystrobin 22 12 0.00 1.16 8 203 0.03 5.85 8 458 
epoxiconazole 33 15 0.00 0.49 24 203.39 0.00 0.73 1 1194.52** 
bentazone 8 6 0.05 0.21 32.37 415 0.01 0.05 0.56 24.75 
aclonifen*** 22 14 0.01 0.59 18.80 79.24 0.07 1.90 1.20 860.62 

* Weighted Average Concentration - ** Field with no drainage system - *** applied in spring. 
 

Active ingredients “with higher risk of transfer”* - La Jaillière (tab. 4) 

WAC* 
drained water  

(µg/l) 
Flow drained water 

(mg/ha) 
WAC* 

run-off water 
(µg/l) 

Flow run-off water  
(mg/ha) Active 

 ingredients 

Case 
 scenarios 

studied 
Cases  

withdetections 
Min. Max. Min. Max. Min. Max. Min. Max. 

atrazine 38 36 0.004 1.87 7.32 4684.12 0.04 3.50 3.28 3143.05 
isoproturon 41 41 0.17 24.74 181.09 31829.29 0.23 26.21 31 10806 
diflufenican 57 52 0.00 0.88 65.56 1969.88 0.00 1.95 0.08 1815.31 
prosulfocarb 12 12 0.01 4.09 17 10587 0.02 8.53 8 3571 
aclonifen** 2 2 0.59 3247 0.61 140 

* Weighted Average Concentration - ** applied in autumn. 
 
 

 
The risk of transfer is lower in 
average clayey-calcareous soils than 
in well drained fields in Western 
France.  

 
 
 
 
 
 
 
 
 

 
Results obtained at Le Parisot show much lower levels of atrazine transfer through drained water. 
They range from 184 to 505 mg/ha, depending on the campaign. It is worth noting that in a field 
where herbicides were applied to the row, with hoeing between rows, concentration in water flow 
ranged from 68 to 277 mg/ha. With min till it ranged from 107 to 497 mg/ha. 
 
Isoproturon behaves very differently: its transfer only occurs over a 10 to 20 week period following 
its application. Generally, concentration in the first instances of water flow are high and decrease 
rapidly during subsequent rainfall.  
 
According to the measurements taken, the flux of isoproturon varies greatly from year to year. It 
fluctuated between 181 and 31829 mg/ha in drained water and between 31 and 10806 mg/ha in run-
off water. Such a discrepancy is mainly due to the spraying period of this herbicide in relation to the 

water flow and rate of application. Transfer levels are high when isoproturon is applied at the 
beginning or during the rainy season, or just before it, or when it coincides with the occurrence of run-
off water. When applied one or a few weeks before the start of the rainy season, or a long time before 
or after the occurrence of run-off water, levels of transfer are low, or even extremely low. Therefore, 
when applied before the start of the rainy season, its flow varied between 316 and 2005 mg/ha, 
whereas it ranged from 6837 to 31829 mg/ha when applied during the rainy season. This exceptional 
level of flux was the result of an application at the beginning of February during the very wet 1999-
2000 campaign. 
 
Transfers of this type of products can be effectively limited by carefully choosing the spraying period 
and rate of application. If this is not possible, a different active ingredient should then be used.  
 
When applied a few weeks prior to the rainy season at a rate of 156 g/ha, the flux of diflufenican 
ranged from 66 to 131 mg/ha. During the rainy season, the same rate resulted in a flux ranging from 
405 to 1970 mg/ha. In the case of run-off, there were no significant differences whether the 
applications were carried out close to or long before or after water flow. This is most probably due to 
fact that the half-life of this active ingredient is much longer than for isoproturon. Moreover, 
diflufenican remains localised on the surface due to its high Koc. Transfers of diflufenican through 
drained water are much lower than isoproturon transfers.  
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In Alsace (Geispitzen), high rainfall 
in May and June often resulted 
in run-off.  
 
 
 
 
 
 
 
 
 
 
 
 

The five active ingredients classed as 
presenting a higher risk of transfer behave 
very differently from one another. 
 
 

 
One of the characteristics of diflufenican is that its concentration does not peak at any 
particular point. Unlike isoproturon or atrazine, the diflufenican concentrations measured in 
the first instances of water flow were generally low in µg/l. Its long half-life means that 
diflufenican concentrations are detected throughout the whole campaign, sometimes even 
during the following campaign, but they are close to or lower than 0.1 µg/l. 
 
Applied as part of a 20 g/ha broadleaf herbicide, this substance was not detected in the 
water flow which occurred six weeks after its application. Using this type of herbicide 
instead of commercial specialist grass weed killers should reduce transfers. In the case of 
diflufenican-based commercial dedicated grass killers, very early applications, before soils 
become waterlogged, also offer a valuable solution, as is the establishment of buffer zones.  
 

 
 

rosulfocarb was applied at a rate of 2000 g/ha in 1999 and 800 g/ha in 2001. It caused 

he behaviour of this herbicide confirms how important the spraying period of the product is in 

clonifen applied to winter peas in November, showed fairly significant transfer levels whereas when 

 the results obtained at La Jaillière helped gain a better understanding 

he risk of transfer in clayey-calcareous soils (such as those at Le 

oil type and climate have an impact on the level of transfer that occurs, 

P
very low levels of flow in drained water (17 and 31 mg/ha) as well as in run-off water (9 and 
8 mg/ha), in spite of the fact that the water flow occurred one and six weeks after spraying. 
In February 2001, in the middle of the rainy season with drained and run-off water flowing, 
a rate of 3200 g/ha resulted in a flow of 3502 mg/ha in drained water and 1840 mg/ha in 
run-off water. In February 2001 again, a rate of 1600 g/ha resulted in a transfer of 2510 
mg/ha in drained water and 733 mg/ha in run-off water. In December 2002, an application 
carried out at the beginning of the month (after recording a flux of drained water of 80 mm) 

resulted in transfers of 10587 mg/ha from a 3200 g/ha rate and 4310 mg/ha from a 1600 g/ha rate. In 
the case of run-off, the higher rate resulted in the transfer of 3571 mg/ha and the lower rate in the 
transfer of 401 mg/ha.  
 
T
relation to the water status of the soil at the time of application. It also confirms the impact the rate 
has on the level of transfer. Solutions to limit its transfer are similar to those suggested for isoproturon 
and diflufenican.  
 
A
used to control weeds in spring peas, transfer levels were lower. Here again, the spraying period, 
close to water flow occurrences, is responsible for high transfer levels. Very low alachlorine transfer 
levels were recorded at Le Parisot: between 25 and 161 mg/ha in a ploughed field, 11 and 12 mg/ha 
with no-tillage and 10 and 14 mg/ha with herbicide localised on the row.  
 

 
Impact of soil and climate on transfer levels  
 
If
of pesticide transfers, those obtained at Le Magneraud emphasised 
again that we should refrain from generalising and applying those results 
to very different soil conditions.  
 
T
Magneraud), seems much lower than in water logging soils found in 
Western France.  
 
S
and regional solutions should therefore be sought.  
 
 

 
 
 

The risk of transfer in average clayey-calcareous soils is lower than 
in well drained fields in Western France, including in the case of 
winter applications. This means that in regions where this type of 
clayey-chalky soil is very common, the main cause of water 
pollution could be point pollution.  
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At Geispitzen, the buffer zones reduced 
run-off by 50%. 
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For instance, at Le Magneraud, the total flux of water measured after application in 2001-02 and 
2002-03 (100 mm and 180 mm) did not result in any transfer of diflufenican (applied at a rate of 156 
g/ha). Conversely, a transfer of 140 mg/ha of isoproturon (applied at 1250 g/ha) was recorded. 
No transfer of iodosulfuron or metsulfuron was recorded at the end of the winter, nor of nicosulfuron, 
sulcotrione, aclonifen and isoxaflutole at the beginning of summer. However, two flows of 
metolachlorine were recorded, one of 90 mg/ha (summer water flux of 25 mm after application) and 
another of 2 mg/ha (water flux of 6 mm). 
Tests to detect those herbicides were then carried out at the start of the rainy season the following 
autumn, but none were detected. Likewise, systematic testing for spring fungicides applied to wheat 
(cyprodinil, epoxiconazole, azoxystrobin, kresoxim-methyl and prochloraz) did not produce any 
positive results.  
Why such little transfer? With similar soil water holding capacity, the clay and organic matter content 
of clayey-calcareous soils probably helps to boost adsorption. In addition, when pesticides are 
applied in autumn and winter, some percolation has already occurred. The soil water holding capacity 
has been exceeded many times and the clay is swelling throughout the profile: there is no longer any 
preferential flow and vertical water flow is similar to that of deep silts.  
The data obtained in Geispitzen (silty capping soils of the Sundgau), confirm those obtained at La 
Jaillière. In maize, in 2001, run-off water (17.23 mm/ha) measured after applying herbicides, resulted 
in a transfer of 185 mg/ha of atrazine applied at 1000 g/ha and of 308 mg/ha of alachlorine applied at 
2160 g/ha. In 2002, run-off levels varied greatly between cases, ranging from 4.69 mm (ploughed 
field), to 3.64 mm (ploughed field and 12 m grass margin) and 2.10 mm (min till). With min till, the flux 
due to run-off water was 80% lower than in the ploughed field. In the ploughed field, alachorine 
applied at a rate of 2160 g/ha resulted in a flux of 36.9 mg/ha. Bromoxynil applied at a rate of 300 
g/ha produced a flux of 138.1 mg/ha and prosulfuron applied at a rate of 15 g/ha produced a flux of 
14.9 mg/ha. 
Taking the herbicide residue flux as a whole, grass margins have reduced Horton run-off by 50%.  
 

 
Moving the date of application 
 
The first conclusion to draw is that a certain number of active 
substances have not been detected and that others carry a low 
risk of transfer. The second conclusion is that the risk of transfer 
in clayey calcareous soils is lower than in the well drained fields 
in Western France, including in the case of winter applications. 
This means that in regions where this type of clayey-clacareous 
soil is very common, the main cause of water pollution could be 
point pollution.  
The discrepancy noted in levels of transfer, sometimes for the 
same substance, in different soil and climatic conditions, 
indicates that this should be researched further. It will help 
acquire very valuable knowledge which in turn will help give 
relevant regional recommendations depending on soil type and 
climate, as well as focus the attention on metabolites of active 
substances. The solutions mentioned above, designed to 
minimise transfers, are linked to good agricultural practices, well 
thought out application timings and improvements to fields and 

countryside. In the case of the La Fontaine du Theil catchment area for instance, this proved very 
successful in rapidly reducing water pollution. ■ 
 
 
 
 
 

These are the results of experiments carried out on the ARVALIS-Institut du 
végétal sites for the “Agricultural practices and water quality” Scientific 
Interest Grouping (“Pratiques culturales et qualité des eaux”) which includes 
ARVALIS-Institut du végétal, CETIOM, Cemagref, INRA,’ESA, the University 
of Angers and the DGFAR (equiv. HSE) of the Department of ’Agriculture. 
The sites of La Jaillière (North-West), Parisot (Centre-South) and Le 
Magneraud (Centre-West) are supported by their local councils. Geispitzen 
(North Eastern France) is operated in collaboration with ’ARAA and 
Syngenta. 
Experiments started in 1994 at la Jaillière, 1996 at Parisot, 1998 at Le 
Magneraud and 2001 at Geispitzen. 
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