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Preface 
 

 

In 1998, the Danish Parliament initiated the Danish Pesticide Leaching Assessment 

Programme (PLAP), which is 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. The programme has now been prolonged 

three times, initially with funding from the Ministry of the Environment and the Ministry 

of Food, Agriculture and Fisheries for the period 2002 to 2009, and presently with funding 

from the Danish Environmental Protection Agency (EPA) for the period 2010 to 2018. 

Additionally, funding for establishing a new test field (with a basal till overlaying chalk) 

designated to be included in the monitoring programme for 2016-2018 was provided in 

the Danish National Budget for the fiscal year of 2015. The establishment of said new 

test field was, however, delayed and not initiated until the autumn of 2016. Therefore, the 

present report does not include any data from this field.  

The work was conducted by the Geological Survey of Denmark and Greenland (GEUS), 

the Department of Agroecology (AGRO) at Aarhus University and the Department of 

Bioscience (BIOS) at Aarhus University, under the direction of a management group 

comprising Annette E. Rosenbom (GEUS), Walter Brüsch (GEUS), Preben Olsen 

(AGRO), Lis Wollesen de Jonge (AGRO), Carsten B. Nielsen (BIOS), Steen Marcher 

(Danish EPA) and Anne Louise Gimsing (Danish EPA). 

Lea Frimann Hansen (Danish EPA) charis the steering group, and the members are Steen 

Marcher, Anne Louise Gimsing, Hans Martin Kühl (Danish EPA), Claus Kjøller, Annette 

E. Rosenbom (GEUS), Erik Steen Kristensen (AGRO) and Christian Kjær (BIOS). 

This report presents the results for the period May 1999ïJune 2015. Results including 

part of the periode May 1999ïJune 2014 have been reported previously (Kjær et al., 2002, 

Kjær et al., 2003, Kjær et al., 2004, Kjær et al., 2005c, Kjær et al., 2006, Kjær et al., 

2007, Kjær et al., 2008, Kjær et al., 2009, Rosenbom et al., 2010b, Kjær et al., 2011, 

Brüsch et al., 2013a, Brüsch et al., 2013b, Brüsch et al., 2015 and Brüsch et al., 2016). 

The present report should therefore be seen as a continuation of previous reports with the 

main focus on the leaching risk of pesticides applied during the monitoring period 2013-

2015.  

The report was prepared jointly by Annette E. Rosenbom (GEUS), Nora Badawi (GEUS), 

Frants von Platten-Hallermund (GEUS), Lasse Gudmundsson (GEUS), Eline Bojsen 

Haarder (GEUS), Preben Olsen (AGRO), Finn Plauborg (AGRO) and Carsten B. Nielsen 

(BIOS). While all authors contributed to the whole report, authors were responsible for 

separate aspects as follows 

¶ Pesticide and bromide leaching: Annette E. Rosenbom, Eline Bojsen Haarder and 

Preben Olsen. 

¶ Agricultural management: Preben Olsen. 

¶ Soil water dynamics and water balances: Annette E. Rosenbom, Finn Plauborg and 

Carsten B. Nielsen. 

¶ Pesticide analysis quality assurance: Nora Badawi. 
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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 and/or their degradation products (metabolites) under field conditions. The 

objective of the PLAP is to improve the scientific foundation for decision-making in the 

Danish regulation of pesticides. The specific aim is to analyse whether pesticides applied 

in accordance with current regulations will result in leaching of the pesticide and/or its 

degradation products to groundwater in unacceptable concentrations. 

 

Compared to earlier PLAP-reports, this report presents the new results of the monitoring 

period July 2013ïJune 2015 comprising 9622 single analyses conducted on water samples 

collected at the five PLAP-fields: two sandy fields (Tylstrup and Jyndevad) and three 

clayey till fields (Silstrup, Estrup and Faardrup). In this period, PLAP has evaluated the 

leaching risk of 15 pesticides and 22 degradation products after applying the maximum 

allowed dose of the specific pesticide in connection with a specific crop. The 37 

compounds include 7 compounds not evaluated in PLAP previously (marked in red in 

Table 0.1).  

 

Highlights from the monitoring periode July 2013ïJune 2015 are: 

 

¶ The degradation product of many triazole-fungicides, 1,2,4-triazole, can be 

detected in groundwater in concentrations above 0.1 µg/L 

Leaching of the degradation product 1,2,4-triazole was evaluated in connection 

with the use of tebuconazole against fungus in winter wheat on the two sandy 

fields Tylstrup and Jyndevad and the two clay till fields Estrup and Faardrup. The 

studies show that 1,2,4-triazole can leach to the groundwater in concentrations of 

up to 0.26 µg/L. A general decreasing level of concentration with depth indicated 

a shallow source. With the exception of Faardrup, having an unmeasured 

backgroundlevels in the drainage, 1,2,4-triazole was detected in water samples 

from one meter depth and/or groundwater before spraying with tebuconazole. At 

Estrup the background concentrations were above the regulatory limit of 0.1 µg/L. 

For this reason, at the two sandy fields and Estrup it is not possible to fully relate 

the detections to the specific application of tebuconazole, since they may be 

influenced by other sources such as prior use of other fungicides. 

 

¶ Long-term leaching of the degradation product CGA 108906 generate test in 

the National Groundwater Monitoring and the Waterworks Drilling Control  

CGA 108906 is a degradation product of metalaxyl-M, which was used against 

fungus (blight) in potatoes in 2010 on the two sandy PLAP-fields. CGA 108906 

is still being detected in groundwater samples from these fields in concentrations 

up to 0.34 µg/L (Table 0.1). Metalaxyl-M and its two degradation products CGA 

62826 and CGA 108906 were included in PLAP because the EU-admission 

directive for metalaxyl-M from 2002 presented material revealing pronounced 

leaching of the two degradation products. At the national approval of metalaxyl-

M in Denmark in 2007 the Danish EPA was aware of the degradation products 

and asked for test in potatoes in PLAP as soon as possible with regard to the 

planned crop rotation. After the first years of detections in PLAP, metalaxyl-M 
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was banned in Denmark in December 2013 and was recently included in the 

revised analysis program of the National Groundwater Monitoring and for 

drinking water wells in the Waterworks Drilling Control. In the latter, CGA 

108906 is already the second most frequently detected compound. Results from 

PLAP were also send to EFSA in connection with the re-evaluation of metalaxyl-

M in EU. 
 

¶ The number of detections of the degradation product CyPM exceeding 0.1 

µg/L in the groundwater is increasing 

CyPM is a breakdown product of azoxystrobin used against fungi in winter wheat 

in Silstrup in both 2013 and 2014 and Estrup in 2014. In this context CyPM is 

detected in 112 out of 115 water samples collected from drainage at the two fields 

in concentrations up to 1.0 µg/L. Unlike all previous PLAP-studies, where 1800 

analyzes of groundwater samples only revealed one detection of 0.1 µg/L, the 

above mentioned applications of azoxystrobin resulted in CyPM being detected 

in the groundwater above 0.1 µg/L in three cases following the use in 2013 and in 

13 cases following the use in 2014. 9 of the 13 detections were from Silstrup. Half 

of the 13 CyPM detections were collected from new horisontal wells in 2 m depth 

which became operational in early 2012. Possible causal relationships to these 

findings are under evaluation in PLAP. 

 

¶ Bentazon, glyphosate and AMPA are still detected in relatively high 

concentrations at 1 m depth without resulting in detections exceeding 0.1 

µg/L in the groundwater 

The leaching of the three compounds bentazon, glyphosate and its degradation 

product AMPA in relatively high concentrations through the variably-saturated 

zone seems still not to pose at treath to groundwater.  

 

 

Throughout the monitoring period (1999-2015) 110 pesticides and/or degradation 

products (48 pesticides and 62 degradation products) have been analysed in the PLAP, 

which comprises five agricultural fields (1.2 to 2.4 ha) grown with different crop. The 62 

degradation products originate from 35 pesticides of which three have not themselves 

been analysed in PLAP (fludioxonil, mancozeb and tribenuron-methyl). Of the 51 

pesticides (48+3), 15 resulted in detections of the pesticide or its degradation product in 

groundwater samples in concentrations exceeding 0.1 µg/L. All of these 15 pesticides 

resulted in detections in samples from 1 m depth (from drains or suction cups) exceeding 

0.1 µg/L. Only 4 of the 15 pesticides resulted in detections indicating a relatively high 

long-term leaching risk through sandy soils (metalaxyl-M, metribuzin, rimsulfuron and 

tebuconazole), whereas the others plus tebuconazole revealed a certain leaching risk 

through fractured clay tills (azoxystrobin, bentazone, bifenox, ethofumesate, fluazifop-P-

butyl, glyphosate, mesotrione, metamitron, propyzamide, pyridate, terbuthylazine). The 

following 11 pesticides did not result in any detection in water samples collected from 

the variably-saturated zone (via drains and suction cups) or saturated zone (via 

groundwater well screens situated at 1.5-4.5 m depth): Aclonifen, boscalid, chlormequat, 

cyazofamid, florasulam, fludioxonil, iodosulfuron-methyl-natrium, linuron, thiacloprid, 

thiamethoxam and tribenuron-methyl. Additionally, 18 pesticides resulted in detections 

in water samples from 1 m depth (drains or suction cups) but in yearly average 

concentrations not exceeding 0.1 µg/L and from groundwater but in low concentrations.  
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Table 0.1 15 pesticides and 22 degradation products have been analysed in PLAP in the period July 2013-June 2015 

of which 7 compounds have not been tested in PLAP before (in red). The number of water samples analysed collected 

from the Variably-saturated Zone (VZ; drains and suction cups), Saturated Zone (SZ; groundwater screens) and 

irrigated water (Irrigation) are presented together with the results of analysis on samples from VZ and SZ given as 

number of detections (Det.), detections >0.1 µg/L and maximum concentration (Max conc). For water used for 

irrigation, the detected concentration in µg/L is presented in brackets. (-) indicate no detections. 

Pesticide Analyte Numbers of samples Results of analysis 

  from VZ SZ 

  VZ SZ Irrigation Det. >0.1 

µg/L 

Max 

conc. 

Det. >0.1 

µg/L  

Max 

conc. 

Aminopyralid Aminopyralid 115 219 1 (0.05) 0 0 - 2 0 0.06 

Azoxystrobin Azoxystrobin 115 268  29 1 0.11 8 0 0.03 

 CyPM 115 268  112 42 1.00 81 16 0.52 

Bentazone Bentazone 146 395 1 (-) 90 6 2.8 35 0 0.05 

Bromoxynil Bromoxynil 41 129  0 0 - 0 0 - 

Clomazone Clomazone 81 184 1 (-) 0 0 - 0 0 - 

 FMC 65317 81 184 1 (-) 0 0 - 0 0 - 

Difluf enican Diflufenican 98 200  29 12 0.49 0 0 - 

 AE-05422291 98 200  0 0 - 0 0 - 

 AE-B107137 96 218  18 0 0.088 3 0 0.03 

Fluazifop-P-buthyl TFMP 68 224  2 0 0.022 0 0 - 

Fludioxonil CGA 192155 55 254 3 (-) 0 0 - 0 0 - 

 CGA 339833 55 243 3 (-) 0 0 - 0 0 - 

Flupyrsulfron -methyl Flupyrsulfron -methyl 21 148 1 (-) 0 0 - 0 0 - 

 IN-JV460 21 148 1 (-) 0 0 - 0 0 - 

 IN-KC576 21 148 1 (-) 0 0 - 0 0 - 

 IN-KY374 21 148 1 (-) 0 0 - 0 0 - 

Foramsulfuron Foramsulfuron 8 39  2 0 0.03 0 0 - 

 AE-F092944 8 39  0 0 - 0 0 - 

 AE-F130619 8 39  0 0 - 0 0 - 

Glyphosate Glyphosate 232 267  65 12 0.32 26 0 0.05 

 AMPA 116 266  98 12 0.21 18 0 0.055 

Ioxynil Ioxynil 41 129  0 0 - 0 0 - 

Mancozeb EBIS 37 177 2 (-) 0 0 - 0 0 - 

Mesotrione Mesotrione 49 203 1 (-) 6 6 3.30 3 1 0.13 

 AMBA 49 203 1 (-) 1 0 0.02 0 0 - 

 MNBA 49 203 1 (-) 6 1 0.46 1 0 0.02 

Metalaxyl-M Metalaxyl-M 96 314 2 (-) 1 0 0.014 53 1 0.11 

 CGA 108906 95 314 2 (0.029; -) 61 7 0.20 208 24 0.34 

 CGA 62826 95 314 2 (0.071; -) 29 2 0.12 93 1 0.15 

Metrofenone Metrafenone 97 175  0 0 - 0 0 - 

Propyzamide Propyzamide 27 101  0 0 - 0 0 - 

 RH-24580 27 101  0 0 - 0 0 - 

 RH-24644 27 101  0 0 - 0 0 - 

 RH-24655 27 101  0 0 - 0 0 - 

Prosulfocarb Prosulfocarb 56 128 1 (-) 1 0 0.03 4 0 0.032 

Tebuconazole 1,2,4-triazole 98 313 1 (-) 68 38 0.43 149 25 0.26 

Subtotal  2490 7105  618 139  684 68  

Total   9622        

 

 

The results of the PLAP-monitoring in the period May 1999ïJune 2015 have contributed 

to the regulatory work in different manners, some of which are summarized in the 

following examples: 
 

¶ Clay till soils are more vulnerable to leaching compared to sandy soils 

Both the number of detections at 1 m depth (water from suction cups and drainage) 

and in groundwater reveal that more pesticides and/or their degradation products 

leach through the clay till than the sandy soils, which makes them more vulnerable 
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to leaching. Long-term leaching of degradation products in high concentrations is 

detected at the sandy fields, whereas both pesticides and their degradation 

products are found to leach more dynamicly/momentarily through the clay till 

fields due to the presence of biopores and fractures. The aim of including the new 

clay till field (Lund) in PLAP is to contributed to an improved understanding of 

the vulnerability of clay tills and hereby improve the early warning in relation to 

leaching through these. 

 

¶ Degradation products can leach in concentrations exceeding 0.1 µg/L in up 

to five years after application  

PLAP results indicate that the pesticide metribuzin applied to potatoes is retarded 

in the plough layer and then very slowly released and degraded to diketo-

metribuzin. This compound leaches over a long period to the groundwater, and is 

detected in concentrations exceeding 0.1 µg/L for up to five years after 

application. This type of long-term leaching is not possible to capture with the 

current description of sorption incorporated in models, but the conservative 

Danish approach to modelling assures that compounds with a high leaching risk 

are banned. New guidance on how to more accurately describe this type of 

sorption will be available next year. 

 

¶ Pesticide degradates like TFMP, often being more soluble than the pesticide, 

have a relatively high leaching potential especially associated with heavy 

precipitation events shortly after the application 

After four applications of fluazifop-P-butyl, where the dose for the two latter was 

reduced by regulation, the climate within the first week after application was 

imperative for the numbers of detections of TFMP. To be able to assess the risk 

of leaching it is therefore important to make use of updated and relevant climate 

data in regulatory models. Denmark is working to improve this in the EU. Today 

data from the period 1961-1990 is applied.  

 

¶ The very toxic degradation product nitrofen can be formed in soil after 

application of bifenox 

Detections of nitrofen in water from drainage resulted in the Danish EPA 

announcing bifenox to be banned in Denmark. The manufacture immediately 

removed bifenox from the Danish market before the banned was finally issued in 

Denmark. 

 

¶ The degradation potential in the plough layer is crucial for the leaching risk 

of pesticides and their degradation products  

An example of this is MCPA. MCPA does not leach to the groundwater given 

significant microbiological degradation in the plough layer. MCPA was only 

detected once; in a groundwater sample collected shortly after a significant rain 

event.  

 

Results covering the period May 1999ïJune 2014 have been reported previously (Kjær et 

al., 2002, Kjær et al., 2003, Kjær et al., 2004, Kjær et al., 2005c, Kjær et al., 2007, Kjær 

et al., 2008, Kjær et al., 2009, Rosenbom et al., 2010b, Kjær et al., 2011, and Brüsch et 

al., 2013a, Brüsch et al., 2013b, Brüsch et al., 2014, Brüsch et al., 2015, Brüsch et al., 

2016). The present report should therefore be seen as a continuation of previous reports 

with the main focus on the leaching risk of pesticides applied during July 2013-June 2015. 
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All reports and associated peer-reviewed articles can be found at: 

www.pesticidvarsling.dk. 
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1 Introduction 

There is a public concern in Denmark about pesticide contamination of our surface waters 

and groundwater. Pesticides and their degradation products have increasingly been 

detected in groundwater during the past decade and are now as revealed by the Danish 

National Groundwater Monitoring Programme (GRUMO, Thorling et al., 2015) present 

in much of the Danish groundwater.  

 

The detection of pesticides in groundwater over the past 25 years has fuelled the need for 

enhancing 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 

groundwater, is largely based on data from modelling, laboratory or lysimeter studies. 

However, these types of data may not adequately describe 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 transformation and leaching. This is 

of particular importance for silty and clay till 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 present in Denmark (Kördel, 1997; Jacobsen and Kjær, 

2007; Rosenbom et al., 2015).  

 

The inclusion of field studies, i.e. test plots exceeding 1 ha, in risk assessment of pesticide 

leaching to groundwater is considered an important improvement to the risk assessment 

procedures. For example, the US Environmental Protection Agency (US-EPA) has since 

1987 included field-scale studies in its risk assessments. 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 on 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 leaching 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 with the purpose of 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 otherwise approved 

pesticides leach in unacceptable concentrations. The programme focuses on pesticides 

used in arable farming and PLAP monitors leaching at five agricultural test fields 

representative of Danish conditions. To increase this representability a new clay till field 

will be included in PLAP from 2017. 
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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 to the 

groundwater 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 EPA on the basis of 

expert judgement. At present, 51 pesticides and 62 degradation products have been 

included in the PLAP. All the compounds analysed since 1999 are listed in Appendix 1. 

 

 
Figure 1.1. Annual net precipitation across Denmark (http://www2.mst.dk/Udgiv/publikationer/1992/87-503-9581-

5/pdf/87-503-9581-5.pdf in Danish) and the geographical location of the five PLAP fields: Tylstrup  (sandy), Jyndevad 

(sandy), Silstrup (clay till), Estrup (clay till) and Faardrup  (clay till) included in the monitoring programme of 1999-

2015 and the new PLAP field Lund (clay till) to be included in PLAP from 2017. It can be seen that the span in net 

precipitation observed in Denmark is well represented by the PLAP fields.    
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Soil type and climatic conditions are considered to be some of the most important 

parameters controlling pesticide leaching. The PLAP encompassed today five fields 

representative of the dominant soil types and the climatic conditions in Denmark (Figure 

1.1). The groundwater table is shallow at all the fields, thereby enabling pesticide leaching 

to groundwater to be rapidly detected (Table 1.1). Cultivation of the PLAP fields is done 

in line with conventional agricultural practice in the area. The pesticides are applied at 

maximum permitted doses and in the manner specified in the regulations. Thus any 

pesticides or degradation products appearing in the groundwater downstream of the fields 

can be related to the current approval conditions and use pertaining to the individual 

pesticides.  

 

Results and data in the present report stem from the five test fields that were selected and 

established during 1999. Monitoring was initiated at Tylstrup, Jyndevad and Faardrup in 

1999 and at Silstrup and Estrup in 2000 (Table 1.1). The sixth PLAP field at Lund has 

not yet been fully established. 
 

 

Table 1.1. Characteristics of the five PLAP fields included in the PLAP-monitoring for the period 1999-2015 (modified 

from Lindhardt et al., 2001).  

 Tylstrup Jyndevad Silstrup Estrup Faardrup 

Location Brønderslev Tinglev Thisted Askov Slagelse 

Precipitation1) (mm/y) 668 858 866 862 558 

Pot. evapotransp.1) (mm/y) 552 555 564 543 585 

Width (m) x Length (m) 70 x 166 135 x 180 91 x 185 105 x 120 150 x 160 

Area (ha) 1.2 2.4 1.7 1.3 2.3 

Tile drain 

Depths to tile drain (m) 

No No Yes 
1.1 

Yes 
1.1 

Yes 
1.2 

Monitoring initiated May 1999 Sep 1999 Apr 2000 Apr 2000 Sep 1999 

Geological characteristics      

ï Deposited by Saltwater Meltwater Glacier Glacier/meltwater Glacier 

ï Sediment type Fine sand Coarse sand Clayey till Clayey till Clayey till 

ï DGU symbol YS TS ML ML ML 

ï Depth to the calcareous matrix 

 (m depth) 

 

6 

 

5ï9 

 

1.3 

 

1ï42) 

 

1.5 

ï Depth to the reduced matrix (m)  >12 10ï12 5 >52) 4.2 

ï Max. fracture depth3) (m) ï ï 4 >6.5 8 

ï Fracture intensity 3ï4 m depth 

 (fractures/m) 

ï ï <1 11 4 

ï 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      

ï DK classification JB2 JB1 JB7 JB5/6 JB5/6 

ï Classification Loamy sand Sand Sandy clay loam/ 

sandy loam 

Sandy loam 

 

Sandy loam 

 

ï Clay content (%) 6 5 18ï26 10ï20 14ï15 

ï Silt content (%) 13 4 27 20ï27 25 

ï Sand content (%) 78 88 8 50ï65 57 

ï pH 4ï4.5 5.6ï6.2 6.7ï7 6.5ï7.8 6.4ï6.6 

ï TOC (%) 2.0 1.8 2.2 1.7ï7.3 1.4 

1)Yearly normal based on a time series for the period 1961ï90. The data refer to precipitation measured 1.5 m above ground 

surface. 
2)Large variation within the field. 
3)Maximum fracture depth refers to the maximum fracture depth found in excavations and wells. 
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Field characterization and monitoring design are described in detail in Lindhardt et al. 

(2001). The present report presents the results of the monitoring period May 1999ïJune 

2015, but the main focus of this report is on the leaching risk of pesticides applied during 

July 2013ïJune 2015. For a detailed description of the earlier part of the monitoring 

periods (May 1999ïJune 2014), see previous publications on http://pesticidvarsling.dk/-

publ_result-/index.html. Within the PLAP the leaching risk of pesticides is evaluated on 

the basis of at least two years of PLAP monitoring data. 

 

For some pesticides the present report must be considered preliminary because they have 

been monitored for an insufficient period of time.  

 

Hydrological modelling of the variably-saturated zone at each PLAP field supports the 

monitoring data. The MACRO model (version 5.2), see Larsbo et al. (2005), was used to 

describe the soil water dynamics at each field during the entire monitoring period from 

May 1999ïJune 2015. The five field models have been calibrated for the monitoring 

period May 1999ïJune 2004 and validated for the monitoring period July 2004ïJune 

2015.  

 

Scientifically valid methods of analysis are essential to ensure the integrity of the PLAP. 

The field monitoring work has therefore been supported by intensive quality assurance 

entailing continuous evaluation of the analyses employed. The quality assurance 

methodology and results are presented in Section 7. 
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2 Pesticide leaching at Tylstrup 

2.1 Materials and methods 

2.1.1 Field description and monitoring design 

Tylstrup is located in northern Jutland (Figure 1.1). The test field covers a cultivated area 

of 1.2 ha (70 m x 166 m) and is practically flat, with windbreaks bordering the eastern 

and western sides. Based on two soil profiles dug in the buffer zone around the test field 

the soil was classified as a Humic Psammentic Dystrudept (Soil Survey Staff, 1999). The 

topsoil is characterised as loamy sand with 6% clay and 2.0% total organic carbon (Table 

1.1). The aquifer material consists of an approx. 20 m thick layer of marine sand sediment 

deposited in the Yoldia Sea. The southern part is rather homogeneous, consisting entirely 

of fine-grained sand, whereas the northern part is more heterogeneous due to the intrusion 

of several silt- and clay-lenses (Lindhardt et al., 2001). The overall direction of 

groundwater flow is towards the west (Figure 2.1). During the monitoring period the 

groundwater table was approx. 2.6ï4.8 m b.g.s. (Figure 2.2). A brief description of the 

sampling procedure is provided in Appendix 2 and the analysis methods in Kjær et al. 

(2002). The monitoring design and test field are described in detail in Lindhardt et al. 

(2001). In September 2011, the monitoring system at Tylstrup was extended with three 

horizontal screens (H1) 4.5 m b.g.s. in the South-Eastern corner of the field (Figure 2.1). 

A brief description of the drilling and design of H1 is given in Appendix 8.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1. Overview of the Tylstrup  field. The innermost white area indicates the cultivated land, while the grey area 

indicates the surrounding buffer zone. The positions of the various installations are indicated, as is the direction of 

groundwater flow (arrow). Pesticide monitoring is conducted monthly and half-yearly from suction cups and selected 

vertical and horizontal monitoring screens as described in Appendix 2, Table A2.1. 
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2.1.2 Agricultural management 

Management practice during the 2014-15 growing seasons is briefly summarized below 

and detailed in Appendix 3 (Table A3.1). For information about management practice 

during the previous monitoring periods, see the previous monitoring reports (available at 

http://pesticidvarsling.dk/publ_result/index.html).  

 

Having been ploughed on 26 February 2014, a crop of potatoes (cv. Kuras) was planted 

on 15 April 2014. Prior to planting the tubers had been treated with fludioxonil and its 

degradation products CGA 339833 and CGA 192155 were included in the monitoring 

programme. The final ridges were formed during planting, and were sprayed with the 

herbicide clomazone the following day. On 15 May and 22 May 2014 the herbicide 

rimsulfuron was sprayed. Neither clomazone nor rimsulforon were included in the 

monitoring programme.  

 

The potatoes were irrigated a total of 5 times: 24 mm/ha on 13 June, 20 June, 4 July and 

23 July 2014 and 30 mm/ha on 30 July 2014. The fungicide mancozeb was sprayed 8 

times between 26 June and 25 August 2014, and its degradation product EBIS was 

included in the monitoring. On 12 September 2014 107.1 hkg/ha of tubers were harvested 

(100% dry matter). 

 

Liming of the field was done 15 September 2014 using 4 t/ha of lime. Having been 

harrowed and stubble cultivated the field was sown with winter wheat (cv. Mariboss). 

The wheat, emerging 2 October 2014, was sprayed with the herbicide flupyrsulfuron on 

30 October and the fungicide tebuconazol on 14 November 2014. Spraying with 

flupyrsulfuron was repeated on 9 April 2015. The degradation product 1,2,4-triazole of 

tebuconazole was included in the monitoring but not the degradation products IN-KC576, 

IN-KY374 and IN-JV460 of flupyrsulfuron-methyl. 

 

On 14 May 2015 fluroxypyr and florasulam was used against weeds and prothioconazol 

against fungi ï none of these were monitored. A final application of prothioconazol was 

done 12 June 2015. 

 

2.1.3 Model setup and calibration 

The numerical model MACRO (version 5.2 Larsbo et al., 2005) was applied to the 

Tylstrup field with a model domain covering the soil profile to a depth of 5 m b.g.s., 

always including the groundwater table. The model was used to simulate water and 

bromide transport in the variably-saturated zone during the full monitoring period May 

1999ïJune 2015 and to establish an annual water balance.  
 

Compared to Brüsch et al. (2016), one additional year of ñvalidationò was added to the 

MACRO-setup for the Tylstrup field. The setup was therefore calibrated for the 

monitoring period May 1999-June 2004 and ñvalidatedò for the monitoring period July 

2004-June 2015.  

 

Daily time series of the groundwater table measured in the piezometers located in the 

buffer zone, soil water content measured at three different depths (25, 60 and 110 cm 

b.g.s.) from the two profiles S1 and S2 (Figure 2.1) and the bromide concentration 

measured in the suction cups located 1 and 2 m b.g.s. were all used in the calibration and 

validation process.  
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Data acquisition, model setup, and results related to simulated bromide transport are 

described in Barlebo et al. (2007). 

2.2 Results and discussion 

2.2.1 Soil water dynamics and water balances 

The model simulations were generally consistent with the observed data, thus indicating 

a good model description of the overall soil water dynamics in the variably-saturated zone 

(Figure 2.2). The overall trends in soil water saturation were simulated successfully 

except for the summer period of 2014. Here the model was not able to capture the drop 

in soil water at all depths (Figure 2.2B-E). During the last eight hydraulic years, excluding 

spring 2013, the level of water saturation at 25 cm b.g.s. was overestimated and the initial 

decrease in water saturation observed during the summer periods at 25, 60 and 110 cm 

b.g.s. was less well captured. 

 

The dynamics of the groundwater table were to some extent captured even though the 

groundwater table declined approx. 0.5 m in the summer period 2014 without it being 

captured by the model (Figure 2.2B). 

 

The resulting annual water balance is shown for each hydraulic year of the monitoring 

period (JulyïJune) in Table 2.1. In the recent hydraulic year, July 2014ïJune 2015, 

precipitation and the actual evapotranspiration were in the high end of the range observed 

since the monitoring began at the field, leaving the groundwater recharge/percolation and 

level being high compared to the other hydraulic years (Figure 2.2A-B). The monthly 

precipitation pattern for this year was medium to high except for July when compared to 

earlier years. October 2014 was the wettest October (182 mm) and July 2014 was the 

second driest July (41 mm) ever monitored within PLAP (Appendix 4). As was needed 

in June 2014, the field was irrigated a total of three times in July 2014 (2 x 26 mm and 30 

mm). 

 
Table 2.1. Annual water balance for Tylstrup  (mm y-1). Precipitation is corrected to soil surface according to the 

method of Allerup and Madsen (1979).  

Period Normal 

precipitation2) 

Precipitation Irrigation 

 

Actual 

evapotranspiration 

Groundwater 

recharge3) 

01.05.99ï30.06.991) 120 269 0 112 156 

01.07.99ï30.06.00 773 1073 33 498 608 

01.07.00ï30.06.01 773 914 75 487 502 

01.07.01ï30.06.02 773 906 80 570 416 

01.07.02ï30.06.03 773 918 23 502 439 

01.07.03ï30.06.04 773 758 0 472 287 

01.07.04ï30.06.05 773 854 57 477 434 

01.07.05ï30.06.06 773 725 67 488 304 

01.07.06ï30.06.07 773 1147 59 591 615 

01.07.07ï30.06.08 773 913 126 572 467 

01.07.08ï30.06.09 773 1269 26 600 695 

01.07.09ï30.06.10 773 867 27 424 470 

01.07.10ï30.06.11 773 950 57 506 501 

01.07.11ï30.06.12 773 923 24 501 446 

01.07.12ï30.06.13 773 803 0 528 275 

01.07.13ï30.06.14 773 852 48 440 460 

01.07.14ï30.06.15 773 1064 78 562 581 
1)Accumulated for a two-month period. 2)Normal values based on time series for 1961ï1990.  
3)Groundwater recharge is calculated as precipitation + irrigation - actual evapotranspiration. 
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Figure 2.2. Soil water dynamics at Tylstrup : Measured precipitation, irrigation and simulated percolation 1 m b.g.s. 

(A), simulated and measured groundwater table GWT (B), and simulated and measured soil water saturation (SW sat.) 

at three different soil depths (C, D and E). The measured data in B derive from piezometers located in the buffer zone. 

The measured data in C, D and E derive from TDR probes installed at S1 and S2 (Figure 2.1). The broken vertical line 

indicates the beginning of the validation period (July 2004-June 2015). 
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2.2.2 Bromide leaching 

Bromide has now been applied three times (1999, 2003 and 2012) at Tylstrup. The 

bromide concentrations measured until April 2003 (Figure 2.3, Figure 2.4 and Figure 2.5) 

relate to the bromide applied in May 1999, as described further in Kjær et al. (2003). 

Leaching of the bromide applied in March 2003 is evaluated in Barlebo et al. (2007). 

Bromide applied late August 2012 show an expected time delay from the suction cups 1 

m b.g.s. to 2 m b.g.s. (Figure 2.3) and in the monitoring wells M3, M4, M5 (Figure 2.4) 

and H1 (Figure 2.5). 

 

 

 
 

Figure 2.3. Measured bromide concentration in the variably-saturated zone at Tylstrup . The measured data derive 

from suction cups installed 1 m b.g.s. and 2 m b.g.s. at locations S1 (A) and S2 (B) indicated in Figure 2.1. The green 

vertical lines indicate the dates of bromide applications.  
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Figure 2.4. Bromide concentration in the groundwater at Tylstrup.  The data derive from monitoring wells M1 and 

M3ïM5. Screen depth is indicated in m b.g.s. The green vertical lines indicate the dates of bromide applications. 

 

 

 

 
 

Figure 2.5. Bromide concentration in the groundwater at Tylstrup.  The data derive from the horizontal monitoring 

well H1. The green vertical line indicate the date of bromide application. 
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2.2.3 Pesticide leaching 

Monitoring at Tylstrup began in May 1999 and encompasses the pesticides and 

degradation products shown in Appendix 7. Pesticide applications during the latest 

growing seasons are listed in Table 2.2 and are, together with precipitation and simulated 

precipitation, shown in Figure 2.6. 

 

It should be noted that precipitation in Table 2.2 is corrected to soil surface according to 

Allerup and Madsen (1979), whereas percolation (1 m b.g.s.) refers to accumulated 

percolation as simulated with the MACRO model. Pesticides applied later than April 2015 

are not evaluated in this report and they are not included in Figure 2.6, but such 

compounds are nevertheless listed in Table 2.2. 

 

The present report focuses on the pesticide applied from 2013 and onwards, while the 

leaching risk of pesticides applied before 2013 has been evaluated in previous monitoring 

reports (see http://pesticidvarsling.dk/publ_result/index.html). 

 

 

 
 

 

Figure 2.6. Application of pesticides included in the monitoring programme, precipitation and irrigation (primary axis) 

together with simulated percolation 1 m b.g.s. (secondary axis) at Tylstrup  in 2013/2014 (upper) and 2014/2015 

(lower).  
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Table 2.2. Pesticides analysed at Tylstrup . For each pesticide (P) and degradation product (M) the application date 

(appl. date) as well as end of monitoring period (End mon.) is listed. Precipitation and percolation are accumulated 

within the first year (Y 1st Precip, Y 1st Percol) and first month (M 1st Precip, M 1st Percol) after the first application. 

Cmean refers to average leachate concentration [µg/L] at 1 m b.g.s. the first year after application. See Appendix 2 for 

calculation method and Appendix 8 (Table A8.1) for previous applications of pesticides.  

Crop  Applied 

product 

Analysed 

pesticide 

Appl. 

date 

End 

mon. 

Y 1st 

precip. 

Y 1st 

percol. 

M 1st 

precip. 

M 1st 

percol. 

Cmean 

Winter wheat 2008 Amistar Azoxystrobin(P) Jun 08 Jun 11 1316 662 141 0 <0.01 

    CyPM(M) Jun 08 Jun 11 1316 662 141 0 <0.01 

  Folicur EC 250 Tebuconazole(P) Nov 07 Mar 10 1133 461 69 43 <0.01 

  Stomp Pendimethalin(P) Oct 07 Dec 09 1032 415 36 26 <0.01 

Spring barley 2009 Amistar Azoxystrobin(P) Jun 09 Jun 11 909 475 138 11 <0.01 

    CyPM(M) Jun 09 Jun 11 909 475 138 11 <0.01 

  Basagran M75 Bentazone(P) May 09 Jun 12 996 488 133 22 <0.01 

Potatoes 2010 Fenix Aclonifen(P) May 10 Jun 12 958 491 62 12 <0.01 

  Titus WSB PPU(M) May 10 Dec 12 958 491 62 12 0.01- 

0.02**  

    PPU-desamino(M) May 10 Dec 12 958 491 62 12 <0.01 

  Ranman Cyazofamid(P) Jun 10 Jun 12 981 499 128 17 <0.01 

  Ridomil Gold 

MZ Pepite 

Metalaxyl-M(P) Jul 10 Mar 15 934 514 127 43 <0.01 

    CGA 108906(M) Jul 10 Mar 15 934 514 127 43 0.03- 

0.12**  

    CGA 62826(M) Jul 10 Mar 15 934 514 127 43 <0.01- 

0.02**  

Spring barley 2011 Bell Boscalid (P) Jun 11 Dec 12 959 467 106 20 <0.01 

Spring barley 2012 Fox 480 SC Bifenox(P) May 12 Dec 12 803 338 100 23 <0.02 

  Bifenox acid(M) May 12 Dec12 803 338 100 23 <0.05 

  Nitrofen(M) May 12 Dec12 803 338 100 23 <0.01 

 Mustang forte Aminopyralid(P) May 12 Apr 15  852 335 121 22 <0.02 

Winter  rye 2012 Boxer Prosulfocarb(P) Oct 12 Mar 15 507 285 79 49 <0.01 

Potatoes 2014 Maxim 100 FS 
Fludioxonil(P) 

CGA 339833(M) Apr 14 Jun 15* 1178 699 86 17 <0.03 

  CGA 192155(M) Apr 14 Jun 15* 1178 699 86 17 <0.01 

 Dithane NT  
Mancozeb(P) 

EBIS(M) Jun 14 Mar 15 1134 654 93 34 <0.02 

Winter wheat 2014 Orius 200 EW 

Tebuconazole(P) 

1,2,4-triazole(M) Nov 14 Jun 15* 598 403 105 80 <0.01 

Systematic chemical nomenclature for the analysed pesticides is given in Appendix 1. 
*Monitoring continues the following year.  
**If difference between S1 and S2. 

 

Aminopyralid  was applied on spring barley in May 2012. In the monitoring period there 

have been no detections in the variably-saturated zone, two detections (0.027 and 0.058 

µg/L) in groundwater samples collected from the lowest upstream screen M1.4 and one 

detection in the water samples collected from the water used for irrigation. The three 

detections were obtained from water samples collected more than a year after the 

application of aminopyralid on the field. These detections clearly indicate no leaching of 

aminopyralid through the field, but a contribution from other fields via groundwater and 

irrigated water (0.05 µg/L). This monitoring ended in April 2015 (Table 2.2).  

 

Prosulfocarb was applied on winter rye October 2012. There were four detections in 

groundwater, and all were below 0.1 µg/L. Prosulfocarb was detected in one sample (0.03 

µg/l) in the variably-saturated zone. This monitoring ended in Marts 2015 (Table 2.2). 
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Fludioxonil  was applied on potatoes in April 2014. The degradation products of 

fludioxonil CGA 339833 and CGA 192155 were not detected during the monitoring 

period and the monitoring of these compounds is expected to end in April 2016. 

 

Leaching of metalaxyl-M  applied in potatoes in July 2010 was minor at Tylstrup 

compared to Jyndevad. The compound was only detected in four samples collected from 

the variably-saturated zone with concentrations ranging from 0.018 to 0.03 µg/L (Figure 

2.7B) and the groundwater sampled from two screens in the upstream well M1.3 and 

M1.4 (Figure 2.8B) indicating a metalaxyl-M contribution to the deeper groundwater 

underneath the PLAP-field from application on upstream neighbouring fields, where both 

metalaxyl and metalaxyl-M have been applied (Brüsch et al., 2013, Appendix 7). 

Background concentrations of metalaxyl-M and its two degradation product CGA 108906 

and CGA 62826 in the water samples collected before application of metalaxyl-M at the 

PLAP-field added with the outcome of a tracer test are supporting this. Before application, 

all three compounds are detected in water from the upstream well M1 and neither 

metalaxyl-M nor CGA 62826 was detected in any samples collected from the wells 

situated downstream the field (Figure 2.8B-D). The results of the tracer test show that 

water sampled in M1 had not infiltrated at the PLAP field, but originated from the 

upstream neighbouring fields. This background concentration of CGA 62826 in the 

groundwater is also detected (0.071 µg/L) in the irrigation water of September 2014, 

which is pumped from the groundwater. 

 

CGA 62826 and CGA 108906 were, however, frequently detected in water samples 

collected from suction cups installed in 1 and 2 m depth. Within the first year after 

application, CGA 108906 was detected in samples from 1 m depth in average 

concentrations exceeding 0.1 µg/L (Table 2.2 and Figure 2.7B and D). From the fall 2011 

the CGA 108906 detections in 1 and 2 m depth was quite similar in concentration level 

at both S1 and S2 ï a level that slowly ceased. An intens rain event of 45 mm on 15 

August 2014 seemed to result in an increase of the CGA 108906 concentration in both 

depths at S1 and S2. Such an increase was not detected for CGA 62826, which was only 

detected in water from 1 m depth at S2 after 2011. The water from this sampling point 

contained both degradation products at the same concentration level (0.035 µg/L) when 

the monitoring ended in Marts 2015 (Figure 2.7D). This long-term presence of CGA 

62826 at 1 m depth at S2 could be the cause of the higher concentration level in CGA 

108906 detections at S2 than S1 from the end of 2011 to the end of the monitoring. This 

apparent long-term leaching of CGA 62826 at S2 in 1m depth seems to be reflected in the 

detections in groundwater collected from the nearest well M5 at 4-5 m depth (Figure 

2.8C) as the only well with CGA 62826 detections downstream the PLAP-field. 
 

During the period April 2010 to June 2015, CGA 108906 was detected in 82% of the total 

506 analysed water samples from Tylstrup: One sample of the irrigated water had no 

detection, the 153 samples from the variably-saturated zone had 84% detections and the 

352 samples from the saturated zone showed 82% detections. In 13% of the groundwater 

samples, which were found to be collected only from vertical screens, concentrations 

exceed 0.1 µg/L having a maximum concentration of 1.5 µg/L (Figure 2.8D). The 

maximum concentration level detected in water collected from the horizontal 

groundwater screens of H1 only reached 0.099 µg/L since sampling was only initiated in 

Marts 2012 (Figure 2.8), which was some months after a pulse of CGA 108906 had been 

detected in samples from 1 and 2 m depth at both S1 and S2 (Figure 2.7) and the 

downstream vertical screens. 1% (4/352) of the 13% (47/352) groundwater samples were 
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collected from the screens of the upstream well M1. Here samples were collected from 

the three lowest screens M1.2, M1.3 and M1.4 with a level of detections being 17%, 11% 

and 94%, respectively. These detections were primarily appearing in the beginning of the 

period except for samples taken from M1.4 at 5-6 m depth where detections were present 

over the whole monitoring period. This clearly indicates the earlier mentioned 

groundwater contribution of CGA 108906 from upstream fields, which was present 

before the metalaxyl-M application at the PLAP field in June 2010. With a background 

concentration of CGA 108906 ranging from 0.02ï0.3 µg/L, detected in the vertical 

groundwater monitoring wells, it is difficult to determine, whether the elevated 

concentrations observed in the downstream monitoring wells are due to the metalaxyl-M 

applied on the PLAP field in 2010 or to applications on the upstream fields. Detections 

of CGA 108906 in water from suction cups and the horizontal well H1 (Figure 2.7 and 

2.8), which is situated just beneath the fluctuating groundwater, clearly indicate that CGA 

109806 does leach through the PLAP field in high concentrations and hence contribute to 

the detections in water samples from the vertical groundwater screens downstream the 

PLAP-field. 



25 

 

 
 

 

Figure 2.7. Metalaxyl-M , CGA 62826 and CGA 108906 detections in variably -saturated zone at Tylstrup : 

Precipitation, irrigation and simulated percolation 1 m b.g.s. (A) together with measured concentration of metalaxyl-

M, CGA 62826 and CGA 108906 (µg/L) in suction cups installed at location S1 at 1 m b.g.s. (B) and 2 m b.g.s. (C) 

and location S2 at 1 m b.g.s. (D) and 2 m b.g.s. (E). The green vertical lines indicate the date of pesticide application. 
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Figure 2.8. Metalaxyl-M , CGA 62826 and CGA 108906 detections in saturated zone at Tylstrup : Precipitation, 

irrigation and simulated percolation 1 m b.g.s. (A) together with measured concentration of metalaxyl-M (B), CGA 

62826 (C) and CGA 108906 (D) (µg/L) in horizontal (H) and vertical (M) monitoring wells. The green vertical lines 

indicate the date of pesticide application.  

 

 

Mancozeb was applied on potatoes in June 2014. The degradation product from 

mancozeb, EBIS, was not detected in any of the 106 samples collected. Given no 

detections the monitoring period it is expected to end in June 2016. 

 

Tebuconazole was applied on winter wheat in November 2014. Only the degradation 

product 1,2,4-triazole was included in the monitoring programme, since tebuconazole 

itself has been tested at Tylstrup before with only low detections in the groundwater zone. 

In the very short monitoring period from November 2014 until July 2015 4% (1/24ï0.01 

µg/L, Figure 2.9) of the samples collected in the variably saturated zone had detections 
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of 1,2,4-triazole, whereas 40% (27/67) of the groundwater samples had detections. 10% 

(7/67) of the groundwater samples with detections (max. 0.02 µg/L) were collected at the 

upstream well M1. Two of these detections from M1 were obtained before the 

tebuconazole application. This was also the case for one detection at M3.4 (0.02 µg/L) 

and M5.3 (0.03 µg/L) (Figure 2.9C). Having this background concentration before 

application and concentration level of 0.02 µg/L in water collected from the lowest screen 

in the upstream well M1 makes it difficult to interpret the 1,2,4-triazole contribution from 

the tebuconazole application at the PLAP-field to the groundwater underneath. Detections 

of up to 0.03 µg/L in water collected from the horizontal screens of H1, which is situated 

just below the fluctuating groundwater, indicated a contribution from the field. This is 

however not supported by the one detection in water from S1 at 1 m depth indicating 

negligible leaching of 1,2,4-triazole through the variably saturated zone (Figure 2.9B).   

 

 

 
 

Figure 2.9. 1,2,4-triazole detections at Tylstrup: Precipitation, irrigation and simulated percolation 1 m b.g.s. (A) 

together with measured concentration of 1,2,4-triazole detections in the variably saturated zone (B; water collected 

from suction cups at S1 and S2 in 1 and 2 m depth) and saturated zone (C; Water collected from horizontal (H) and 

vertical screens (M)). The green vertical lines indicate the date of pesticide application.  
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Pesticide leaching at Jyndevad 

2.3 Materials and methods 

2.3.1 Field description and monitoring design 

Jyndevad is located in southern Jutland (Figure 3.1). The field covers a cultivated area of 

2.4 ha (135 x 180 m) and is practically flat. A windbreak borders the eastern side of the 

field. The area has a shallow groundwater table ranging from 1 to 3 m b.g.s. (Figure 3.2B). 

The overall direction of groundwater flow is towards the northwest (Figure 3.1). The soil 

can be classified as Arenic Eutrudept and Humic Psammentic Dystrudept (Soil Survey 

Staff, 1999) with coarse sand as the dominant texture class and topsoil containing 5% 

clay and 1.8% total organic carbon (Table 1.1). The geological description points to a 

rather homogeneous aquifer of meltwater sand, with local occurrences of thin clay and 

silt beds.  

 

A brief description of the sampling procedure is provided in Appendix 2 and the analysis 

methods in Kjær et al. (2002). The monitoring design and field are described in detail in 

Lindhardt et al. (2001). In September 2011, the monitoring system was extended with 

three horizontal screens (H1) 2.5 m b.g.s. in the South-Eastern corner of the field (Figure 

3.1). A brief description of the drilling and design of H1 is given in Appendix 8.  

 

2.3.2 Agricultural management 

Management practice during the 2014-15 growing seasons is briefly summarized below 

and detailed in Appendix 3 (Table A3.2). For information about management practice 

during the previous monitoring periods, see previous monitoring reports available on 

http://pesticidvarsling.dk/publ_result/index.html. 

 

The field was ploughed on 26 March 2014 and planting of potatoes (cv. Oleva) was done 

on 15 April 2014. At deliverance the tubers had been treated with the fungicide imazalil, 

but this compound was not included in the monitoring programme. Fludioxonil, a 

fungicide, was sprayed onto the potato seed tubers during planting and the two 

degradation products CGA 339833 and CGA 192155 were included in the monitoring 

programme. Final ridges were formed during the planting. Glyphosate and clomazone, 

both herbicides, were applied on 30 April 2014. Only clomazone and its degradation 

product FMC 65317 were included in the monitoring programme. An additional 

herbicide, rimsulfuron, was used on 6 May 2014. The potatoes emerged on 14 May, and 

on 27 May 2014 rimsulfuron was used for the second time. In earlier PLAP data it was 

found that degradation products of rimsulfuron leach to the groundwater. Supported by 

these detections and the fact that one of the degradation products was persistent, the use 

of rimsulfuron was banned by the Danish EPA. However, in 2014 the Danish EPA issued 

a time-limited permit for the use of rimsulfuron in potatoes between 15 March 2014 and 

12 July 2014, and has done so repetedly since then. Rimsulfuron was, however, not 

included in the monitoring programme. The fungicide mancozeb was used 8 times. The 

first application occurred on 12 June 2014 and the last on 14 August 2014. Cyazofamid, 

another fungicide, was used on 30 July 2014 and 7 August 2014. On two occasions (18 

and 27 June) the pesticide acetamiprid was used. Mancozeb, cyazofamid and acetamiprid 
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were not included in the monitoring. The field was irrigated 5 times using 20 mm on 14 

June and 25 mm on 19 June, 21 July, 29 July and 4 August 2014. Potatoes were harvested 

on 28 August 2014 with a yield of 144.4 hkg/ha (100% dry matter).  

 

Having been harrowed twice winter wheat (cv. Mariboss) was sown on 18 September 

2014, emerging 26 September 2014. The herbicide flupyrsulfuron was applied twice, on 

22 October 2014 and 20 March 2015. The fungicide tebuconazole was applied on 11 

November 2014. The degradation products IN-KC576, IN-KY374 and IN-JV460 of 

flupyrsulfuron and 1,2,4-triazole of tebuconazole were included in the monitoring. 

 

Fungicides were further applied on 8 May 2015, using a mixture of epoxiconazole and 

pyraclostrobin, and on 17 June 2015 using prothioconazole. Prothioconazole and 

pyraclostrobin, were not included in the monitoring. During this monitoring period the 

winter wheat was irrigated 27 mm/ha on 11 June and 30 mm/ha on 30 June 2015. 

 
 

Figure 3.1. Overview of the Jyndevad field. The innermost white area indicates the cultivated field, while the grey 

area indicates the surrounding buffer zone. The positions of the various installations are indicated, as is the direction of 

groundwater flow (by an arrow). Pesticide monitoring is conducted monthly and half-yearly from selected horizontal 

and vertical monitoring screens and suctions cups as described in Table A2.1 in Appendix 2. 
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2.3.3 Model setup and calibration 

The numerical model MACRO (version 5.2, Larsbo et al., 2005) was applied to the 

Jyndevad field covering the soil profile to a depth of 5 m b.g.s., always including the 

groundwater table. The model was used to simulate water flow and bromide transport in 

the variably-saturated zone during the full monitoring period July 1999ïJune 2015 and to 

establish an annual water balance. 

 

Compared with the setup in Brüsch et al. (2016), a year of ñvalidationò was added to the 

MACRO-setup for the Jyndevad field. The setup was hereby calibrated for the monitoring 

period May 1999-June 2004, and ñvalidatedò for the monitoring period July 2004-June 

2015. For this purpose, the following time series were used: groundwater table measured 

in the piezometers located in the buffer zone, soil water content measured at three 

different depths (25, 60 and 110 cm b.g.s.) from the two profiles S1 and S2 (Figure 3.2), 

and the bromide concentration measured in the suction cups located 1 and 2 m b.g.s. 

(Figure 3.3). See Figure 3.1 for location of individual sample points. Data acquisition, 

model setup as well as results related to simulated bromide transport are described in 

Barlebo et al. (2007). 
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Figure 3.2. Soil water dynamics at Jyndevad: Measured precipitation, irrigation and simulated percolation 1 m b.g.s. 

(A), simulated and measured groundwater table, GWT (B), and simulated and measured soil water saturation (SW sat.) 

at three different soil depths (C, D and E). The measured data in B derive from piezometers located in the buffer zone. 

The measured data in C, D and E derive from TDR probes installed at S1 and S2 (Figure 3.1). The broken vertical line 

indicates the beginning of the validation period (July 2004-June 2015). 


