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Preface 
 
 
 
 
In 1998, the Danish Parliament initiated the Danish Pesticide Leaching Assessment 
Programme (PLAP), an intensive monitoring programme aimed at evaluating the leaching 
risk of pesticides under field conditions. The Danish Government funded the first phase of 
the programme from 1998 to 2001, while the Ministry of the Environment and the Ministry 
of Food, Agriculture and Fisheries are funding a prolongation from 2002 to 2009. 
 
The work was conducted by the Geological Survey of Denmark and Greenland (GEUS), 
the Faculty of Agricultural Sciences (DJF) and the National Environmental Research 
Institute (NERI) under the direction of a management group comprising Jeanne Kjær 
(GEUS), Walter Brüsch (GEUS), Ole Hørbye Jacobsen (DJF), Preben Olsen (DJF), Ruth 
Grant (NERI), Christian Ammitsøe (Danish Environmental Protection Agency) and Steen 
Marcher (Danish Environmental Protection Agency). From 2007 Ole Hørbye Jacobsen was 
replaced by Lis Wollesen de Jonge (DJF). 
 
This report presents the results for the period May 1999–June 2006. Results covering part 
of the period (May 1999–June 2004) have been reported previously (Kjær et al., 2002, 
Kjær et al., 2003, Kjær et al., 2004 and Kjær et al., 2005). The present report should 
therefore be seen as a continuation of previous reports with the main focus being on the 
leaching risk of pesticides applied during 2003 and 2004.  
  
The report was prepared jointly by Jeanne Kjær, Heidi C. Barlebo, Trine Henriksen, 
Annette Rosenbom, Per Nygaard and Lasse Gudmundsson (all GEUS), Preben Olsen and 
Finn Plauborg ((DJF) and Ruth Grant (NERI). While all authors contributed to the whole 
report, the aspects for which authors were mainly responsible are as follows: 
 
• Pesticide and bromide leaching: Jeanne Kjær and Preben Olsen  
• Soil water dynamics and water balances: Annette Rosenbom, Heidi C. Barlebo, Finn 

Plauborg and Ruth Grant  
• Pesticide analysis quality assurance: Trine Henriksen  
 
 
 
Jeanne Kjær 
July 2007 
 



 

 



 

 

Summary 
 
 
 
 
In 1998, the Danish Parliament initiated the Pesticide Leaching Assessment Programme 
(PLAP), an intensive monitoring programme aimed at evaluating the leaching risk of 
pesticides under field conditions. The objective of the PLAP is to improve the scientific 
foundation for decision making in the Danish registration procedures for pesticides. The 
specific aim is to analyse whether pesticides applied in accordance with current regulations 
leach to the groundwater in unacceptable concentrations. The programme presently 
evaluates the leaching risk of 31 pesticides applied at five agricultural sites ranging in size 
from 1.1 to 2.4 ha. The results so far show that: 
 
• Of the 31 pesticides applied, six (clomazone, desmedipham, linuron, metsulfuron-

methyl, triazinamin-methyl and triasulfuron) did not leach during the current monitoring 
period.  

 
• The monitoring data indicate pronounced leaching of 11 of the applied pesticides and 

three of their degradation products. Thus ethofumesate, bentazone, pendimethalin, 
propyzamid, glyphosate and its degradation product AMPA, metamitron and its 
degradation product metamitron-desamino, azoxystrobin and its degradation product 
CyPM, as well as the degradation products of metribuzin, terbutylazine, pirimicarb and 
rimsulfuron, leached through the root zone (1 m b.g.s.) in average concentrations 
exceeding the maximum allowable concentration of 0.1 µg/L. Except for a degradation 
product of metribuzin and rimsulfuron leaching was mainly confined to a depth of 1 m, 
where pesticides were frequently detected in samples from suction cups and drainage 
systems. Only the metribuzin degradation product was detected beneath this depth at 
average concentration exceeding 0.1 µg/L. 

 
• The monitoring data also indicate leaching of an additional 14 pesticides, but not in 

high concentrations. Thus, although the concentration exceeded 0.1 µg/L in several 
samples, the average leaching concentration (1 m b.g.s.) did not. 

 
The PLAP initially evaluated the leaching risk at six agricultural sites representing a range 
of Danish soil and climate conditions. Monitoring at the Slaeggerup site was terminated on 
1 July 2003, and results from that site are not included in the present report. For the 
monitoring results from this site see Kjær et al. (2004). The pesticides were all applied at 
the maximum permitted dose. In order to describe water transport a bromide tracer was 
applied to the fields. Bromide and pesticide concentrations are measured monthly in both 
the unsaturated and the saturated zones, and weekly in the drainage water. This report 
presents the monitoring results from the five agricultural sites at which monitoring 
presently is performed and covers the period May 1999–June 2006. The main focus is on 
evaluating the leaching risk of the pesticides applied during 2003 and 2004. The report 
should be viewed as an interim report because not all of the pesticides applied have been 
monitored for at least two consecutive years.  
  
 



 

 

 
 
 
 



 

 

Dansk sammendrag 
 
 
 
 
I 1998 vedtog Folketinget at iværksætte projektet ”Varslingssystem for udvaskning af 
pesticider til grundvandet” (VAP). VAP er et omfattende moniteringsprogram, der 
undersøger udvaskning af pesticider under reelle markforhold. Programmet har til formål at 
undersøge, om godkendte pesticider eller deres nedbrydningsprodukter – ved regelret brug 
– udvaskes til grundvandet i koncentrationer over grænseværdien, for herigennem at udvide 
det videnskabelige grundlag for danske myndigheders (Miljøstyrelsens) procedurer for 
registrering af sprøjtemidler. 31 stoffers udvaskningsrisiko undersøges således på fem 
marker af en størrelse på mellem 1,1 og 2,6 ha. De hidtidige resultater viser at: 
 
• Af de 31 pesticider, der er blevet udbragt, blev de seks (clomazon, desmedipham, 

linuron, metsulfuron-methyl, triazinamin-methyl og triasulfuron) ikke fundet udvasket i 
løbet af perioden 1999–2006.  

 
• 11 af de udbragte stoffer, eller nedbrydningsprodukter heraf, gav anledning til en 

markant udvaskning. Ethofumesat, bentazon, pendimethalin, propyzamid, glyphosat, 
dettes nedbrydningsprodukt AMPA, metamitron, dettes nedbrydningsprodukt 
metamitrnon-desamino, azoxystrobin, dettes nedbrydningsprodukt CyPM, samt 
nedbrydningsprodukter fra henholdsvis metribuzin, terbutylazin, pirimicarb og 
rimsulfuron blev udvasket fra rodzonen (1 m.u.t.) i gennemsnitskoncentrationer over 
grænseværdien på 0,1 µg/L. På nær gældende metribuzins og rimsulfurons 
nedbrydningsprodukter var udvaskningen primært begrænset til 1 m.u.t., hvor stofferne 
hyppigt blev fundet i prøver udtaget i sugeceller og dræn. Markant udvaskning under 
denne dybde blev kun observeret for metribuzins nedbrydningsprodukt, som i større 
dybder blev fundet i gennemsnitskoncentrationer over 0,1 µg/L. 

 
• Andre 14 stoffer gav anledning til udvaskning. Selv om flere af disse stoffer ofte blev 

fundet i koncentrationer over 0,1 µg/L, var der ikke tale om, at udvaskningen som 
årsmiddel oversteg grænseværdien på 0,1 µg/L. 

 
VAP-programmet omfattede oprindeligt seks marker placeret så de repræsenterer 
forskellige typer geologi og tillige tager hensyn til de klimatiske variationer i Danmark, 
specielt hvad angår nedbørforhold. Monitering på den ene forsøgsmark (Slæggerup) 
stoppede 1 juli 2003. Resultater fra denne mark er ikke inkluderet i denne rapport, men kan 
findes i Kjær et al. (2004). De anvendte pesticider bliver udbragt i maksimalt tilladte doser. 
Bromid anvendes som sporstof for at beskrive vandtransporten. Bromid- og 
pesticidkoncentrationer bliver analyseret månedligt i prøver udtaget i den umættede og 
mættede zone og ugentligt i prøver af drænvand. I denne rapport præsenteres 
moniteringsresultaterne for de fem områder for perioden maj 1999-juni 2006, primært med 
fokus på pesticider udbragt i 2003 og 2004. En del af stofferne har kun været inkluderet i 
moniteringsprogrammet i én udvaskningssæson, og for disse er det derfor for tidligt at 
konkludere noget endeligt. 
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1 Introduction 

There is growing public concern in Denmark about pesticide contamination of our surface 
waters and groundwater. Pesticides and their degradation products have increasingly been 
detected in the groundwater during the past decade and are now present in much of the 
Danish groundwater. Pesticides and their degradation products have so far been detected in 
45% of all screens monitored under the Danish National Groundwater Monitoring 
Programme (GRUMO) (Jørgensen, 2005).  
 
Due to the increasing detection of pesticides in groundwater over the past 10 years the 
desire has arisen to enhance the scientific foundation for the existing approval procedure 
for pesticides and to improve the present risk assessment tools. A main issue in this respect 
is that the EU assessment and hence also the Danish assessment of the risk of pesticide 
leaching to the groundwater is largely based on data from modelling, laboratory or 
lysimeter studies. However, these types of data may not suffice to adequately characterize 
the leaching that may occur under actual field conditions. Although models are widely used 
within the registration process their validation requires further work, not least because of 
the limited availability of field data (Boesten, 2000). Moreover, laboratory and lysimeter 
studies do not include the spatial variability of the soil parameters (hydraulic, chemical, 
physical and microbiological soil properties) affecting pesticide leaching. This is of 
particular importance for silty and loamy soils, where preferential transport may have a 
major impact on pesticide leaching. In fact, various field studies suggest that considerable 
preferential transport of several pesticides occurs to a depth of 1 m under conditions 
comparable to those pertaining in Denmark (Kördel, 1997).  
  
The inclusion of field studies, i.e. test plots exceeding 1 ha, in risk assessment of pesticide 
leaching to the groundwater is considered an important improvement in risk assessment 
procedures. For example, the US Environmental Protection Agency (US-EPA) has included 
field-scale studies in its risk assessments since 1987. Pesticides that may potentially leach 
to the groundwater are required to be included in field studies as part of the registration 
procedure. The US-EPA has therefore conducted field studies of more than 50 pesticides 
(US Environmental Protection Agency, 1998). A similar concept has also been adopted 
within the European Union (EU), where Directive 91/414/EEC, Annexe VI (Council 
Directive 97/57/EC of 22 September 1997) enables field study results to be included in the 
risk assessments. 

1.1  Objective  
In 1998, the Danish Government initiated the Pesticide Leaching Assessment Programme 
(PLAP), an intensive monitoring programme aimed at evaluating the leaching risk of 
pesticides under field conditions. The PLAP is intended to serve as an early warning system 
providing decision makers with advance warning if approved pesticides leach in 
unacceptable concentrations. The programme focuses on pesticides used in arable farming 
and monitors leaching at five agricultural test sites representative of Danish conditions. 
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The objective of the PLAP is to improve the scientific foundation for decision making in 
the Danish registration and approval procedures for pesticides, enabling field studies to be 
included in risk assessment of selected pesticides. The specific aim is to analyse whether 
pesticides applied in accordance with current regulations leach at levels exceeding the 
maximum allowable concentration of 0.1 µg/L. 

1.2 Structure of the PLAP  
The pesticides included in the PLAP were selected by the Danish Environmental Protection 
Agency on the basis of expert judgement. At present, 31 pesticides and several of their 
degradation products are included in the PLAP. All the compounds analysed are listed in 
Appendix 1.  
 

100 km
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5. Faardrup
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Figure 1. Location of the PLAP sites Tylstrup, Jyndevad, Silstrup, Estrup and Faardrup. Monitoring at 
Slaeggerup was terminated on 1 July 2003. 
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Soil type and climatic conditions are considered to be some of the most important 
parameters controlling pesticide leaching. The PLAP initially encompassed six test sites 
representative of the dominant soil types and the climatic conditions in Denmark (Figure 1). 
Monitoring at the Slaeggerup site was terminated on 1 July 2003, and results from that site 
are not included in the present report. For the monitoring results from this site see Kjær et 
al. (2003). The groundwater table at all the sites is shallow, thereby enabling pesticide 
leaching to the groundwater to be rapidly detected (Table 1). Cultivation of the PLAP sites 
is in line with conventional agricultural practice in the vicinity. The pesticides are applied 
in the maximum permitted dosage and in the manner specified in the regulations. Hence 
any occurrence of pesticides or degradation products in the groundwater downstream of the 
sites can be related to the current approval conditions pertaining for the individual 
pesticides. The PLAP was initiated in autumn 1998. The five test sites encompassed by the 
present report were selected and established during 1999. Monitoring was initiated at 
Tylstrup, Jyndevad and Faardrup in 1999, and at Silstrup and Estrup in 2000 (Table 1).  
 
Table 1. Characteristics of the five PLAP sites (modified from Lindhardt et al., 2001). 
 Tylstrup Jyndevad Silstrup Estrup Faardrup
Location Brønderslev Tinglev Thisted Askov Slagelse 
Precipitation 1) (mm/y) 668 858 866 862 558 
Pot. evapotransp.1) (mm/y) 552 555 564 543 585 
W x L (m) 70 x 166 135 x 184 91 x 185 105 x 120 150 x 160
Area (ha) 1.1 2.4 1.7 1.3 2.3 
Tile drain No No Yes Yes Yes 
Monitoring initiated May 1999 Sep 1999 Apr 2000 Apr 2000 Sep 1999
Geological characteristics      
– Deposited by Saltwater Meltwater Glacier Glacier/meltwater Glacier 
– Sediment type Fine sand Coarse sand Clayey till Clayey till Clayey till
– DGU symbol YS TS ML ML ML 
– Depth to the calcareous 
 matrix (m b.g.s.) 

 
6 

 
5–9 

 
1.3 

 
1–4 2) 

 
1.5 

– Depth to the reduced matrix (m b.g.s.)  >12 10–12 5 >5 2) 4.2 
– Max. fracture depth 3) (m) – – 4 >6.5 8 
– Fracture intensity 3–4 m depth 
(fractures/m) 

– – <1 11 4 

– Ks in C horizon (m/s) 2.0·10-5 1.3·10-4 3.4·10-6 8.0·10-8 7.2·10-6 
Topsoil characteristics      
– DK classification JB2 JB1 JB7 JB5/6 JB5/6 
– Classification Loamy sand Sand Sandy clay loam/ 

sandy loam 
Sandy loam 

 
Sandy 
loam 

 
– Clay content (%) 6 5 18–26 10–20 14–15 
– Silt content (%) 13 4 27 20–27 25 
– Sand content (%) 78 88 8 50–65 57 
– pH 4–4.5 5.6–6.2 6.7–7 6.5–7.8 6.4–6.6 
– TOC (%) 2.0 1.8 2.2 1.7–7.3 1.4 
1) Yearly normal based on a time series for the period 1961–90. The data refer to precipitation measured 1.5 
m above ground. 
2) Large variation within the field. 
3) Maximum fracture depth refers to the maximum fracture depth found in excavations and wells. 




















































































































































































































































