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meltwater sand are present. Dislocated Oligocene clay and silt are present in the till

along the southern rim of the test field. The site is situated in an area of glaciotectonic

thrust faults and the coastal cliff east of the site contains dislocated Palaeocene and Oli-

gocene deposits deformed by glaciers from the NNE and N.

The geophysical mapping is in good accordance with the well data and the field can be

described as homogeneous.

A geological-pedological model comprised of the four units described below has been

established on outcrop and borehole data and is illustrated in Figure 5.6.

Unit 1: Topsoil. 0–0.5 m b.g.s.

The dark grey brown to black sandy clayey topsoil (sandy clay loam/sandy loam) con-

tains humus (1.9-2.4 % TOC) and numerous burrows and roots. The unit is also heavily

fractured by vertical desiccation fractures. It is an Ap horizon and the material is non-

calcareous. The saturated hydraulic conductivity ranged from 10-6–10-4 m/s.

Unit 2: Noncalcareous oxidized clay till. 0.5–1.3m b.g.s.

The oxidized yellow brown clay till is penetrated by roots and burrows mainly in the

upper part. The till is generally noncalcareous but some spots at the site are calcareous.

Several horizontal-subhorizontal fractures are present. The till is weathered and the B

horizon consists of Bv and Bt with clay illuviation in the lower part. The saturated hy-

draulic conductivity ranges from approx. 10-5–10-4 m/s.

Unit 3: Calcareous oxidized clay till. 1.3–3.5 m b.g.s.

The brown and light yellow brown clay till is oxidized and calcareous (C- horizon). The

till contains small vertical and subvertical fractures which decreases in amount with

increasing depth. Additional sparse horizontal to subhorizontal fractures occur in this

unit. Dislocated Oligocene clay and silt are included along the southern rim of the site.

Saturated hydraulic conductivity values range from 10-7–10-5 m/s

Unit 4: Calcareous reduced clay till. 3.5–13 m b.g.s.

The olive grey clay till is calcareous and contains chalk and chert gravel. Only very few

vertical fractures exist at this depth while horizontal and subhorizontal fractures are

more abundant.

Other deposits

At the southern end of the field, dislocated Oligocene clay and silt layers are found in-

terbedded in the clay till. Since the clast fabric in the clay till indicates a deformation

from the north, it is likely that the dislocated Oligocene layers strike approx. 90 and dip
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towards the north. The clay content of these layers ranges from 20–30% and the silt

content from 40–80%. The TOC content is 1.0–2.1%.

Regional aquifer

The sparse well data available for the area reflect the fact that there is no primary aquifer

below the Silstrup site. However, the chalk is found at a depth of at least 100 m.

5.4 Site 4: Estrup

This test field is situated west of Vejen in central Jutland. It covers an area of 1.26 ha

and the width of the buffer zone is 10 m towards the north and west, 5 m towards the

south (where the railroad is) and 15 m towards the east. All installations are shown in

Figure 5.7.

Instrumentation

Four wells each containing three piezometers were installed in the buffer zone. Each

cluster consists of three 0.5 m long screens distributed over the depth interval 1.5–21.9

m b.g.s. Based on the groundwater potential in the piezometers in autumn 1999 it was

concluded that the direction of groundwater flow is to the northeast. The monitoring

wells were therefore placed such that 6 of the 7 clusters were located downstream of the

test field. Each cluster contained four separate 1 m long screens covering the depth in-

terval 1.5–5.5 m b.g.s.

The drainage system was established in 1965. It is thought to be constructed of 6.5 cm

drains. To prevent water outside the test field from entering the drainpipes in the test

field, a cut-off drain was installed along the south and east boundary of the site. The

monitoring chamber was placed in the northeastern corner of the site. A 85 m long pipe

running 1–2 m from the edge of the ditch collected discharge from the two 8 cm pipes

that originally led to the ditch. Water from the main drainage system was conveyed to

the monitoring chamber by a 5 m long pipe. The two branches join as a T-junction right

outside the chamber.

Two groups of suction cups, TDR-probes and Pt-100 sensors were installed at the

northeastern corner of the site, their positions being determined by that of the drainwater

monitoring chamber.

Due to the prevailing geological conditions, only one of two planned horizontal wells

were installed. Three 18 m screen sections and four 1 m bentonite seals were installed
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3.5 m b.g.s. beneath the northeastern corner (H1). The samples are collected from the

southern end of the well. A second attempt was made to drill a horizontal well from a

position 7 m west of M2 to 13 m north of M6, but the borehole had to be abandoned

after 15 m of drilling in sand.

Geology

The Estrup site is located west of the Main Stationary Line of the Weichselian Glacia-

tion and the clay till that dominates the site is therefore Saalian. The site has a complex

geological structure comprising a clay till core with deposits of different age and com-
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position (Figure 5.8). At the southern rim of the site, shallow Post-Glacial peat is de-

positedupon a meltwater clay above the till. In the northwestern corner, a Saalian melt-

water sand basin with intercalation of till and silt layers is present. Along the eastern rim

of the area there is a small meltwater sand body. In the northeastern corner, a small la-

custrine basin filled with clay and gyttja rests on the clay till. The age of the deposits

could be Weichselian Interstadial or Eemian Interglacial. Small bodies of black mica-

( )

Figure 5.8. A geological model for the Estrup site.
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ceous clay (not shown on Figure 5.8) with a high content of organic material are consid-

ered to be glacially dislocated Miocene sediments.

The soil profiles developed in the clay till at the site are classified as Pseudogleytypiles-

sive, whereas the soil profiles in the meltwater sand are classified as Lessive Pseu-

dogleytypipodsol.

The Estrup site is heterogeneous with different lithologies of Saalian, Weichselian and

Post-Glacial ages. The long exposure of the sediments to weathering during the glacial-

interglacial-glacial cycle has resulted in pedological development of acidification, de-

calcification and transport of fines and organic matter resulting in leached upper hori-

zons.

The clay and sand till body is the most important lithology as regards the geological

model. It is difficult to incorporate all the lithologies in one single model, and a geologi-

cal-pedological clay till model has therefore been established and relationships to the

other sediments are mentioned. The four units of the model are described below and a

conceptual 3-D model is illustrated in Figure 5.8.

Unit 1: Topsoil. 0-0.4 m b.g.s.

The topsoil consists of very dark greyish brown clay and clayey sand (sandy loam) with

a TOC content between 1.7 and 7.3%. It is an Ap horizon and is noncalcareous. The

saturated hydraulic conductivity ranges from 10-6–10-4 m/s.

Unit 2: Noncalcareous clay till. 0.4–1.0 to 4.0 m b.g.s.

The yellow brown clay till is noncalcareous and oxidized. Root channels reach down to

a depth of 2 m in this zone and occur together with randomly oriented small desiccation

fractures. From 2.0 to 4.0 m the fractures are still randomly oriented, but systems of

small vertical fractures and horizontal-subhorizontal fractures also occur. A few large

fractures are found. The till is heavily weathered and has an upper BE-horizon with clay

evaluation , a middle Bt horizon with clay and Fe and Mn oxide illuviation, and a lower

C horizon. The saturated hydraulic conductivity is 10-7–10-5 m/s. Other sediment bodies

present at the site are in contact with unit 2 and may influence the upper part of the hy-

draulic system of the Estrup site.

Unit 3: Non calcareous/calcareous clay till. 4–=approx. 12 m b.g.s.

The light yellow to brown grey sandy clay till is oxidized. The calcareous content varies

through the unit due to the occurrence of chalk rafts. Abundant large vertical fractures

and horizontal fractures occur and form a three-dimensional pattern. The saturated hy-
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draulic conductivity ranges from 10-9–10-7 m/s. The meltwater sand bodies are in con-

tact with unit 3.

Unit 4: Calcareous clay and sand till. >12 m b.g.s.

This unit consists of alternating reduced calcareous grey clay till and sandy till beds with

some sand veins.

Other deposits

In addition to the deposits included in the clay till model, the site also includes the fol-

lowing:

 Noncalcareous Saalian meltwater sand in the northeastern corner of the site. A gla-

cial raft of Miocene micaceous clay with a TOC content of 10% is found in the

southeastern corner at a depth of approx. 2 m.

 South of the site 2 m of Post-Glacial peat was found with a TOC content of 50% and

no CaCO3. East of the site there is a 5 m thick glaciofluvial sand body with a clay

till bed. Northwest of the site there is a 7 m thick sequence of glaciofluvial sand with

clay till and silt beds.

Regional aquifer

The regional aquifer is located approx. 20 m b.g.s. and consists of meltwater sand.

5.5 Site 5: Faardrup

This test field is situated at Faardrup south of Slagelse on Zealand. It covers an area of

2.33 ha and the width of the buffer zone is >11 m towards the north, 12 m towards the

west (where the road adds another 4 m to the buffer zone), 17 m towards the east and

>11 m towards the south. All installations are shown in Figure 5.9.

Instrumentation

Four clusters of piezometers were installed in each corner of the test field, in the buffer

zone. Each cluster consisted of three 0.5 m long screens distributed over the depth inter-

val 1.5–13.2 m b.g.s. Based on the ground water potential in the piezometers during

summer 1999 it was concluded that the direction of groundwater flow was towards the

west. The monitoring wells were then placed such that 6 of the 7 monitoring well
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clusters were located downstream of the test field. Each cluster contained four separate

1 m screens covering the depth interval 1.5–5.5 m b.g.s.

The drainage system at Faardrup was installed in 1944. The map from 1944 shows a

traditional systematic drainage system. The drainage water from the test field and the

adjacent fields is collected in a 15 cm main drain that runs along the western side of the

area. The drainage system in the test field is a “herringbone system” with a collector

drain that runs down westwards from the hills to the east, crosses the middle of the field

and ends in the 15 cm main drain. All the drainpipes are clayware – 5.5 cm i.d. laterals

and 6.5 cm and 10 cm i.d. collector drains. The monitoring chamber was placed in the

northwestern corner of the site.

To isolate the test field drainage system, two cut-off drainpipes were installed. South of

the test field there is a smaller, independent drainage system which also exited at the top

end of the 15 cm main in the southwestern corner of the experimental field. This system

was disconnected at this point and the water lead downstream via a new watertight pipe

installed along the western boundary, parallel to the old main. A second cut-off drain

made of perforated, corrugated pipes with an envelope of gravel was installed to the

north and the east of the test field to prevent water from running into the test field from

its upstream side. All the existing drains intersected were closed off with a brick to-

wards the experimental field, and their upstream parts were connected to the new drain-

pipe via a T-junction.

Two groups of suction cups, TDR-probes and Pt-100 sensors were installed at the

northwestern corner of the site, their positions being determined by that of the drainwa-

ter monitoring chamber.

Two horizontal sampling wells were installed at Faardrup. Both wells were planned to

consist of five 18 m screens separated by 1 m long bentonite seals, total length 96 m,

including a 1 m bentonite seal at each end. Due to technical difficulties, however, H1

only consists of three 18 m long screens separated by 1 m bentonite seals.

H1 was drilled under the northeastern corner of the field. The overall drilled length is

160 m, of which 120 m lie beneath the test field. The screens are positioned from 3.35

to 3.70 m b.g.s. The samples are collected from the northern end of H1. Well H2 inter-

sects the southwestern corner of the field. The overall drilled length is 158 m, of which

110 m lies beneath the test field. The screens are positioned from 3.2 to 3.7 m b.g.s. The

samples are collected from the northern end of H2.
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Figure 5.10. A geological model for the Faardurp site.
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Geology

The Faardrup site is dominated by Weichselian clay till deposits more than 18 m thick

and overlying a regional meltwater sand aquifer. The till deposits are covered by a

clayey topsoil 0.3-0.4 m thick. The upper part of the till is classified as sandy-clayey till

as the clay content is about 12%. This part is heavily weathered, bioturbated and frac-

tured. The underlying clay till consists of an upper oxidized unit down to 4.1 m b.g.s.

and below a  reduced unit. Borehole information shows that the clay till body contains

small channels or basins consisting of meltwater clay and sand (Figure 5.10).

The two of the soil profiles developed in the more or less clay-rich till are classified as

Pseudogleytypilessive and one as Degralessive.

The geophysical data are in accordance with the well and outcrop data and the test field

can be described as relatively homogenous representing the variability of the till plain. A

geological-pedological model for the clay till has been established consisting of the 4

units described below. A conceptual 3-D model is illustrated in Figure 5.10. The melt-

water sand and clay layers are not included in the model.

Unit 1: Topsoil. 0–0.4 m b.g.s.

The dark brown topsoil consists of clay and sand (loam/sandy loam) with TOC content

between 1.2-1.8% and is an Ap horizon, of sandy loam. The material is noncalcareous.

The deposits contain numerous wormholes and root channels. Saturated hydraulic con-

ductivity ranges from 10-6–10-3 m/s.

Unit 2: Noncalcareous sandy clay till. 1.1–1.8 m b.g.s.

The yellow brown sandy-clayey till with sand lenses is oxidized and noncalcareous.

Numerous burrows and roots are present but decrease in number with increasing depth.

Vertical fractures (desiccation cracks) occur through the whole unit. The till is heavily

weathered, often with an upper BE horizon showing eluviation of clay and a lower Bvt

horizon showing illuviation of clay and Fe and Mn oxides. The saturated hydraulic con-

ductivity of the till is relatively high (compared to till deposits), ranging from 10-5–10-3

m/s.

Unit 3: Calcareous clay till. 2–4.2 m b.g.s.

The olive brown and yellow clay till is oxidized and calcareous. Few deep roots pene-

trate down into this unit. The unit is dominated by a network of fractures: Numerous

horizontal to subhorizontal fractures, many small fractures and few large fractures

penetrating down to at least 5 m b.g.s., i.e. into Unit 4. The saturated hydraulic conduc-

tivity ranges from 10-6–10-5 m/s in the upper part (1.5m) and 10-9 m/s in the lower part.



52

Unit 4: Reduced clay till. 4–>18 m b.g.s.

The olive grey reduced clay till with sand lenses and layers of sandy till is calcareous.

The till contains few large subhorizontal fractures crossed by few large vertical fractures

that can be followed into unit 3. The saturated hydraulic conductivity is 10-9 m/s at 5.0

m b.g.s.

Other deposits

Well M6 contains a sequence of glaciofluvial sand, silt and clay 5 m thick that appears

to be an infilled erosive channel. There is good reason to believe that glaciofluvial

sediments of the same origin can be found under the topographic depression in the east-

ern part of the field.

Regional aquifer

The regional aquifer is located approx. 15–25 m b.g.s. beneath the clay till. According to

local water well data, it consists of meltwater sand and gravel.

5.6 Site 6: Slaeggerup

This site is situated at Slaeggerup northeast of Roskilde on Zealand. It covers an area of

2.17 ha and the width of the buffer zone is >12m towards the northwest and northeast,

and >10 m towards the southwest and southeast. All installations are shown in Figure

5.11.

Instrumentation

Four wells each containing three piezometers were installed in the buffer zone. Each

cluster consists of three 0.5 m long screens distributed over the depth interval 2.0–13.5

m b.g.s. Based on the groundwater potential in the piezometers in summer 1999 it was

concluded that the direction of the shallow groundwater flow is towards the northwest,

following the topography. The monitoring wells were thus placed such that 6 of the 7

clusters were located downstream of the test field. Each cluster contained four separate

1 m long screens covering the depth interval 1.5–5.5 m b.g.s.

The exact age of the drainage system is unknown, but the system is shown on a map of

several other drainage systems dated 1963. The systems exit to a ditch, a small stream

running 30-40 meters from the eastern boundary of the experimental field. The drainage

materials used are traditional clayware – 5.5 cm i.d. laterals and 8 cm and 10 cm i.d.

main drains. The field is systematically drained. The spacing between the field drains
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(laterals) is 20 m. Since the field has a hilltop on the middle, the field drains are con-

nected to a main drain on either side of the hill.

The monitoring chamber was placed in the northeastern corner of the site. Along the

northwestern side of the test field a new PE pipe was installed to connect the two main

drains to the monitoring chamber. The main pipe on the southwestern side of the hill has

side drains attached from both sides. Eight drains approaching from the west were cut

off along the western border of the field by a new main drain laid parallel to the old

main drain at a distance of 8 m.

Two groups of suction cups, TDR-probes and Pt-100 sensors were installed at the

northeastern corner of the site, their positions being determined by that of the drainwater

monitoring chamber.

Two horizontal monitoring wells were installed at the site each containing three 18 m

screens separated by 1.0 m bentonite seals. Well H1, which intersects the northern cor-

ner of the field, was installed 3.5 m b.g.s. Well H2 was installed in the western corner.

During the process of drilling the well, upward transport of drill water was recorded in

two places, one approx. 32 m from the southwestern boundary and 5 m east of the well

trajectory and the other approx. 48 m from the southwestern boundary and 9 m east of

the well trajectory. When the PVC liner was drawn out of the well, a far larger force

than usual was needed, thus indicating the presence of a gravel/boulder bed in the well

path with hydraulic contact to the surface in the well path. The screens of well H2 were

also installed 3.5 m b.g.s.

Geology

The Slaeggerup site consists of Weichselian glacial deposits. Layers of clay and sand till

dominate. Meltwater clay, sand and gravel cover the till in the main part of the area and

clay till is only present just below the topsoil in the southeastern corner of the site. A

meltwater lacustrine basin on the top of the tills is filled lowermost with a sand-gravel

body having an erosive base, and uppermost by a clay veneer that is only missing to the

east (Figure 5.12).

The three soil profiles at the site are classified as Brunjordstypilessive.

A geological-pedological model has been established consisting of the six units de-

scribed below. A conceptual 3-D model is illustrated in Figure 5.12.
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Figure 5.12. A geological model for the Slaeggerup site.
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Unit 1: Topsoil. 0–0.3 m b.g.s.

The topsoil is a very dark grey brown clay (loam and sandy loam) containing 1.0-1.7%

TOC. It is noncalcareous and contains small roots and burrows. It is an Ap horizon. The

saturated hydraulic conductivity ranges from 10-6–10-4 m/s.

Unit 2: Meltwater clay. 0.3–1.8 m b.g.s.

The meltwater clay is up to 1.8 m thick and overlies meltwater sand and gravel (unit 3,

below) with a gradational boundary. The clay content is 40-55%. In the lower part of

unit 2 the clay is commonly sandy and strongly silty whereas it is weakly sandy and silty

in the upper part. Small roots, wormholes and vertical desiccation fractures are com-

mon. The clay is strongly calcareous except down to approx. 0.7 m b.g.s. where it is

noncalcareous. Down to approx. 0.7 m b.g.s. the clay has a yellow brown colour indi-

cating oxidized conditions whereas greyish colours in deeper levels indicate reduced

conditions. The soil horizon consists of a Bv or a Bvt with clay illuviation and Fe and

Mn oxide nodules. The saturated hydraulic conductivity in the horizons ranges from 10-

5- 10-4 m/s.

Unit 3: Meltwater sand and gravel. 0.3–2.5 m b.g.s.

The meltwater sand and gravel erosively overlies a clay till (unit 4, below). The deposits

are up to 1.8 m thick and consists of gravelly sand with scattered stones overlaid by al-

ternating beds of sand, silt and clay. The sand beds are commonly cross laminated

whereas the clay and silt beds are horizontally laminated. Small vertical and horizontal

fractures are abundant in the clay and silt beds. The colours of the sediments are gener-

ally yellow brown and light yellow brown indicating oxidized conditions. The soil hori-

zon is a Cc with unweathered sediments. The unsaturated hydraulic conductivity ranges

from 10-7- 10-5 m/s.

Unit 4: Oxidized/reduced clay till.0.3–7 m b.g.s

The calcareous, sandy clay till contains lenses of silt and sand. The clay till is yellow

brown and oxidized down to 3.5 m, where it gradually changes into a reduced environ-

ment. The clay till has large vertical tectonic fractures and some horizontal-sub-

horizontal fractures. The CaCO3 content is 20–30% and the TOC content ranges from

0.06-0.6%. The saturated hydraulic conductivity is approx. 10-8-10-9m/s.

Unit 5: Reduced sand and clay till. 4.7–>14 m b.g.s.

The unit is at least 8.5 m thick. It consists of a strongly sandy clay till overlaid by a sand

till. Lenses of meltwater sand and clay are common. The till deposits are calcareous and

have greyish colours indicating reduced conditions. However, locally the sand till has a

light yellowish brown colour in its uppermost part indicating oxidized conditions. The



57

TOC content in the till deposits ranges from 0.08-0.13%. The saturated hydraulic con-

ductivity is approx. 10-8 m/s in the sand till. Based on water well data the till deposits

rest directly upon Danian limestone, which forms the regional aquifer at a depth of ap-

prox. 15-20 m b.g.s.

5.7 Comparison of the sites

The six sites were selected on the basis of the available information on the pedology and

geology of the sites. The key data on the six sites is summarized in Table 5.1.

The total organic carbon (TOC) content of the topsoil at the sites ranges from 1.5 to 2%

except at Estrup, where it varies markedly from 1.7 to 7.3% within the test field.

The sandy sites – Tylstrup and Jyndevad – represent two different types of sandy soil.

The soil at Jyndevad is coarse-grained sand, with a low content of clay and silt, whereas

that at Tylstrup is fine-grained sand with some silt and hence is characterized as a loamy

sand. The two soils also different as regards pH. Thus the pH is 4-4.5 at Tylstrup but

around 6 at Jyndevad. The saturated hydraulic conductivity is one order of magnitude

higher at Jyndevad than at Tylstrup. The upper part of the groundwater is aerobic at both

sites.

Of the four sites dominated by clay till, the clay content of the topsoil is lowest at Faar-

drup (14–15%) and highest at Silstrup and Slaeggerup (18–26%). Soil texture varies

considerably within each site, both horizontally and vertically. The clay content is

shown versus depth for two to three profiles per site in Figure 5.13. Considerable varia-

tion with depth is seen at Estrup and Silstrup. In some parts of the Estrup site the clay

content is as much as 50%.

The saturated hydraulic conductivity in the C horizon is approx. 10-5–10-6 m/s at the

three clay sites (Silstrup, Faardrup and Slaeggerup), but two orders of magnitude lower

at Estrup.

At Silstrup, Faardrup and Slaeggerup the calcareous matrix is located 1 m b.g.s., and the

reduced matrix occurs 4 to 5 m b.g.s. At Estrup the calcareous matrix is located from 1–

4 m b.g.s., and the reduced matrix occurs at more than 5 m b.g.s.

The fracture intensity at 3–4 m b.g.s. is 0–4 fractures m-1 at Silstrup and Faardrup com-

pared with the much higher figure of 11–12 fractures m-1 at Estrup and Slaeggerup. The
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maximum depth of the fractures is 4–5 m b.g.s. at Silstrup and Slaeggerup, but more

than 5.5 m b.g.s. at Estrup and 8 m b.g.s. at Faardrup.
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Table 5.1. Key data for the six selected sites encompassed by the Danish Pesticide

Leaching Assessment Programme.

Name Tylstrup Jyndevad Silstrup Estrup Faardrup Slaeggerup

Location Brønderslev Tinglev Thisted Vejen Slagelse Roskilde

Precipitation, mm/ya 668 858 866 862 558 585

Potential evaporation,

mm/y

741 742 785

B x L, m 70 x166 135 x 184 91 x 185 120 x 105 160 x 150 165 x 130

Area, ha 1.1 2.4 1.7 1.3 2.3 2.2

Tile drain no no yes yes yes yes

Depth to ground wa-

ter, m

3-4 1-2

Deposited by Saltwater Meltwater Glacier Glacier/

meltwater

Glacier Glacier

Soil type Fine sand Coarse sand Clayey till Clayey till Clayey till Clayey till

DGU-symbol YS TS ML ML ML ML

Topsoil characteris-

tics

–USDA-classifica

tion

Loamy sand Sand Sandy clay

loam/sandy

loam

Sandy loam Sandy loam Loam/sandy

loam

 – DK-classification JB2 JB1 JB7 JB5/6 JB5/6 JB7

 – Clay content, % 6 5 18–26 10–20 14–15 20–24

 – Silt content, % 13 4 27 20–27 25 25–33

 – Sand content, % 78 88 8 50–65 57 41–54

 – pH 4–4.5 5.6–6.2 6.7–7 6.5–7.8 6.4–6.6 6–6.3

 – TOC, % 2.0 1.8 2.2 1.7–7.3 1.4 1.4

Subsoil characteris-

tics

Ks, in C horiz., m/sb 2.0·10-5 1.3·10-4 3.4·10-6 8.0·10-8 7.2·10-6 3.1·10-6

Depth to the calcare-

ous matrix, m b.g.s.

 6 5–9 1.3 1–4c 1.5 0.7

Depth to the reduced

matrix, m b.g.s.

>12 10–12 5 >5c) 4.2 3.7

Max. fracture depth in

excavation and wells

m b.g.s.

– – 4 >6.5 8 4.7

Fracture intensity

3–4 m depth

(fractures m-1)

– – <1 11 4 11

a) Mean precipitation for the period 1961–90 in the region where each site is located.

b) Determined on large soil samples (6,280 cm3).

c) Large variation within the field
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6. Pesticide selection

The purpose of the Danish Pesticide Leaching Assessment Programme is to assess the

risk of leaching among pesticides approved for use in Denmark. In 1998, 72 pesticides

were approved for use in the cultivation of plants, not counting fungicides for use on

seed corn. Pesticides used in forestry, fruit growing and horticulture are not encom-

passed by the programme. As it is not possible to include all 72 of these pesticides in the

programme, 18 of the 72 pesticides have been selected for study during the first three

growing seasons by the Danish Environmental Protection Agency on the basis of expert

judgement.

Based on the 18 selected pesticides, four different crop rotations were established in-

volving three crops. Two of the crop rotations were for sandy soils and two for clayey

soils (Table 6.1).

Table 6.1. Crop rotations.

Clayey soil Sandy soil

Year C1 C2 S1 S2

1 Beets Spring barley 1 Potatoes Winter rye

2 Spring barley 1 Peas Spring barley 2 Maize

3 Winter wheat Winter wheat Winter rye Spring barley

To run these four crop rotations it was necessary to add a further six pesticides to the

programme to give 24 pesticides in all (Table 6.2 and Figure 6.1). The sorption coeffi-

cient Koc and degradation rate DT50 given for each pesticide in Table 6.2 are median

values where possible or otherwise the midpoint between the minimum and the maxi-

mum value.

The reasons for selecting the specific pesticides are explained below.

Bentazone

Bentazone is considered to be highly mobile in the soil under Danish conditions. For

this reason the permitted dose was reduced to 300 g active ingredient per ha in 1996.

Bentazone was included in the programme to evaluate whether the reduction in the per-

mitted dose is adequate.
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Table 6.2. Pesticides encompassed by the Danish Pesticide Leaching Assessment Pro-
gramme.
Pesticides,
common names

Type1 Product name
 in Denmark

Se-
lected

by
DEPA2

GRUMO
3

Consump-
tion in

1998, ton-
nes4

Treated
area in
1998,

1,000 ha5

Koc

l/kg
DT50

days

Bentazone H Basagran 480 x X 69 11 136 526

Bromoxynil H Oxitril x X 80 200 37110 108

Desmedipham H Betanal Optima 0.9 1.3 3707 497

Dimethoate I Dimethoat 400 x X 37 82 307 167

Ethofumesate H Betanal Optima 0 22 54 1507 377

Fenpropimorph F Tilt Top x X 219 292 3,7007 677

Flamprop-M-
isopropyl

H Barnon Plus x 12 20 4008 1169

Fluazifop-P-
butyl

H Fusilade X-tra x 6.2 23 308 58,9

Fluroxypyr H Starane 180 x 31 222 627 277

Glyphosate H Roundup x X 618 491 3.4006 166

Ioxynil H Oxitril x 0 81 202 27810 3810

Linuron H Afalon 8.0 7.3 2337 1317

Mancozeb F Dithane DG x (X) 294 196 >2.0009 118

Metamitron H Goltix WG x X 189 54 2076 146

Metribuzin H Sencor WG X 5.3 22 168 838

Metsulfuron-
methyl

H Ally x 0,8 132. 566,8 456

Pendimethalin H Stromp SC x X 374 294 7256 346

Phenmedipham H Betanal Optima 31 43 8267 457

Pirimicarb I Pirimor G x X 5.7 44 8217 1087

Propiconazole F Tilt Top x 0 41 324 6886 967

Pyridate H Lentagran 13 15 57

Terbuthylazine H Gardoprim 500W x X 42 52 2208 738,9

Triasulfuron H Logran 20 WG x 0,3 64 96 199

Tribenuron-
methyl

H Express x 1.5 207 678 78,9

1) H: herbicide, I: insecticide, F: fungicide.
2) Pesticide selected by the Danish Environmental Protection Agency (DEPA).
3) Pesticide included in the Danish National Ground Water Monitoring Programme (GRUMO), X: de-

tected in Danish groundwater, 0: Not detected ( GEUS, 2000).
4) Amount used in Denmark in 1998 in the cultivation of plants expressed in 1,000 kg active ingredient

(Miljøstyrelsen, 1999).
5) Estimated area treaed in 1998 with the pesticide, 1,000 ha (Miljøstyrelsen, 1999).
6) Lindhardt et al., 1998
7) Linders et al., 1994
8) Roberts, 1998
9) Tomlin, 1997
10) Miljøstyrelsen
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Figure 6.1. Structure of the selected pesticides.
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Bromoxynil

Based on the sorption and degradation properties, the pesticide is considered to be im-

mobile. It was selected for inclusion in the programme because it is used on large areas

and primarily in autumn, which increases the risk of leaching in Denmark.

Desmedipham

Desmedipham is one of the active ingredients of the product Betanal Optima, which is

used to control weeds in beet crops. The compound itself is not expected to leach be-

cause of hydrolysis. Knowledge of the fate of the degradation products is insufficient,

however.

Dimethoate

Dimethoate was the most used insecticide in Denmark in 1998 in terms of quantity, and

the second most used in terms of treated area. The compound was selected for inclusion

in the programme because it is considered to be mobile.

Ethofumesate

Ethofumesate is also an active ingredient of the product Betanal Optima, and is consid-

ered to be reasonably mobile in soil under Danish conditions.

Fenpropimorph

Fenpropimorph was the second most used fungicide in Denmark in 1998. The com-

pound is expected to sorb strongly to the soil and hence is not considered to be mobile.

Some studies indicate that fenpropimorph is degraded in soil by oxidation of the tertiary

butyl group to cis-4-[3-[4-(2-carboxypropyl)-phenyl]-2-methylpropyl]-2,6-

dimethylmorpholine, called "fenpropimorph acid". This degradation product is expected

to be mobile in soil under Danish conditions.

Flamprop-M-isopropyl

Flamprop-M-isopropyl is considered to be reasonably mobile in soil under Danish con-

ditions because of its low degradation rate. The major degradation product is expected

to be the carboxylic acid flamprop-M, which is also considered to be mobile in soil un-

der Danish conditions.

Fluazifop-P-butyl

Degradation of fluazifop-P-butyl occurs rapidly in soil, the major transformation prod-

uct being fluazifop-P. Fluazifop-P is considered to be mobile in soil under Danish con-

ditions.
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Fluroxypyr

Fluroxypyr is used on relatively large areas in low dose. It was selected for inclusion in

the programme because it is considered to be mobile, which is the reason for selecting it

to the programme.

Glyphosate

Glyphosate is expected to be immobile based on its sorption and degradation properties.

It was selected for inclusion in the programme because of the large amount used. It is

the most used pesticide in crop production in Denmark in terms of both quantity and

applied area.

Ioxynil

Based on the sorption and degradation properties ioxynil is considered to be relatively

immobile. It was selected for inclusion in the programme because it is used on large

areas and primarily in autumn, which increases the risk of leaching in Denmark.

Linuron

Linuron was included in the programme because it is used for weed control in potatoes.

Consumption in Denmark only amounts to a few thousand kg per year. Based on its

properties and low degradation rate it is expected to leach out of the root zone.

Mancozeb

Mancozeb is a dithiocarbamate that is readily hydrolysed in neutral and alkaline soil and

further degraded into ETU (ethylenethiourea). ETU is highly mobile. It is uncertain

whether ETU is persistent in subsoil. The dose of mancozeb used in potatoes is ex-

tremely high compared to other pesticides, as much as 20 kg per ha per year being used

in some years. Mancozeb was included in the programme because of the high dosage

and uncertainty as to whether ETU is persistent in subsoil.

Metamitron

Metamitron was the fourth most used herbicide in Denmark in 1998 in terms of quantity

used. It is applied in relatively high doses and is considered to have "medium" mobility

in soil. Metamitron is very rapidly degraded on the soil surface and in water by photode-

composition, resulting in desamination to desamino-metamitron (3-methyl-6-phenyl-

1,2,4-triazin-5-one).

Metribuzin

Metribuzin is used in relatively small quantities in Denmark. Based on its properties it is

expected to leach out of the root zone. Metribuzin is degraded by desamination to form
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desamino-metribuzin (6-tert-butyl-4,5-dihydro-3-methylthio-1,2,4-triazin-5-one) or

diketo-metribuzin (4-Amino-6-tert-butyl-4,5-dihydro-1,2,4-triazin-3,5-dione). This are

further transformed to desamino-diketo-metribuzin (6-tert-butyl-4,5-dihydro-3-

methylthio-1,2,4-triazin-3,5-dione). All of these degradation products are expected to be

mobile.

Metsulfuron-methyl

Even though the total amount used in Denmark is low, the area treated with metsulfu-

ron-methyl is relatively high because the compound, like the other sulfonylureas, is ap-

plied in low doses (10–20 g per ha). Metsulfuron-methyl degrades in soil by cleavage of

the sulfonylurea linkage to yield methyl 2-(aminosulfonyl)benzoate and 4-methoxy-6-

methyl-2-amino-1,3,5-triazine as the major degradation products. The latter is called

triaziamin. Laboratory tests indicate that triazinamin can be persistent in soil. It is for

this reason that metsulfuron-methyl was included in the programme.

Pendimethalin

Pendimethalin sorbs strongly to soil, for which reason it is not considered to be mobile.

It was included in the programme because of its extensive use. It was the third most

used herbicide in 1998 in terms of both quantity used and treated area.

Phenmedipham

Phenmedipham is also an active ingredient of the product Betanal Optima. The com-

pound itself is not expected to leach because of relatively rapid hydrolysis. In alkaline

soils, hydrolytic degradation of phenmedipham results in MHPC (N-

(3hydroxyphenyl)carbamate) as an intermediate and 3-aminophenol as the end product.

Knowledge of the fate of these degradation products is insufficient.

Pirimicarb

Pirimicarb was the second most used insecticide in 1998 in Denmark. Pirimicarb is ex-

pected to be moderately mobile, but the documentation is considered to be incomplete.

When slow degradation occurs in soil, the major degradation product is dimethyl-

pirimicarb (2-(methylamino)-5,6-dimethyl-4-pyrimidinyl-dimethylcarbamate).

Propiconazole

Propiconazole was the most used fungicide based on treated area in 1998. The com-

pound is considered to be moderately mobile. The degradation product 1,2,4-triazole is

mobile.
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Pyridate

Pyridate was selected for the programme because of uncertainty of the mobility of the

principal degradation product, 3-phenyl-4-hydroxy-6-chloropyridazine.

Terbuthylazine

Based on the sorption and degradation properties of terbuthylazine it is expected to be

mobile. Lysimeter studies indicate leaching of a number of degradation products.

Triasulfuron

See metsulfuron-methyl.

Tribenuron-methyl

Tribenuron-methyl is included in the programme for the same reasons as metsulfuron-

methyl and triasulfuron. Tribenuron-methyl is the most used sulfonylurea. Tribenuron-

methyl degrades rapidly in acidic soil by hydrolysis and forms triazine-methyl (4-

methoxy-6-methyl-2-methylamino-1,3,5-triazine).
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