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1 Introduction

Copper is applied extensively to protect a number of crops, including vines/grapes, citrus
and other fruits, against fungal attack. In contrast to biodegradable organic chemicals,
metals such as copper cannot be degraded in the environment and so can potentially remain
as contaminants in the environment for extended periods of time. Metals can undergo
processes such as ‘aging’ in certain environmental compartments, such as soils, that reduce
their bioavailability and toxicity, but typically a significant proportion of the metal remains in a
potentially bioavailable form for extended periods. There is thus a need to assess the
potential ecological risks of the ongoing use of copper as a fungicide.

This study has been commissioned by the European Copper Task Force (ECTF) to assess
the potential risks of the current and future use of copper as a fungicide. Using a set of
typical copper application rates, and a set of scenarios covering a representative range of
soil types across Europe, we have simulated copper accumulation in soils, surface waters
and sediments using an intermediate complexity dynamic model (the IDMM) designed
specifically for the long term behaviour of metals. Predicted copper concentrations over time
have been compared with Predicted No Effect Concentrations for soil, waters and sediments
to assess the current potential risks, and the prospects for the future development of risk
under a scenario of continued copper application have been assessed.

2 Methods

2.1 Intermediate Dynamic Model for Metals
2.1.1 Soil module

The Intermediate Dynamic Model for Metals (IDMM) is an intermediate complexity model for
the simulation of metal accumulation in soils and leaching to surface waters. The model
computes metal pools in soils, and leaching fluxes to surface waters, on an annual timestep,
in response to metal inputs to the soil surface. Within each soil layer, three metal pools are
simulated: dissolved, labile particulate and aged particulate. Particulate metal may be
associated either with the soil solids or with solids suspended in the soil porewater.
Processes simulated comprise equilibrium solid-solution partitioning of labile metal,
exchange of soil-bound metal between labile and aged pools, equilibrium speciation of metal
in the soil porewater, removal of metal following uptake into the harvestable parts of crop
plants, and weathering of metal from ‘inert’ mineral forms into the labile pool. Two soil layers
(topsoil and subsoil) of user-defined depth can be simulated. Water entering the topsoil by
precipitation or irrigation can leach either laterally to surface water or vertically to the subsoil
layer. From the subsoil layer water may percolate vertically to groundwater or leach to
surface water. Metal associated with water percolating to groundwater is considered ‘lost’
from the system. Metal movement within the soil and to surface waters may occur in one of
three forms: dissolved metal, labile metal adsorbed to suspended matter in the porewater,
and aged metal in suspended matter. Concentrations of suspended matter in the porewater
moving within and out of the soil are specified as driving variables. On each annual timestep,
labile adsorbed and aged metal pools in each soil layer are calculated. A fuller description of
the model is given in a previous report ™,
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2.1.2 Surface water and sediment module

In the previous risk assessment of metal inputs to soil using the IDMM™, PECs for surface
water and sediment were calculated by simply taking the annual mean of daily predicted
values for dissolved and suspended particulate copper in the waterbody under simulation.
While this approach follows the standard EU Risk Assessment practice of considering the
sediment contaminant concentration to be equal to that of the suspended sediment,
consideration of the long-term dynamics of the system leads to the conclusion that a more
complex model that explicitly simulates the transfer of copper to bottom sediments is
required. Therefore, the original surface water model has been developed to simulate the
dynamics of sediment more realistically than was previously the case.

Surface water dissolved copper, and copper concentrations in freshwater sediments, are
calculated by assuming that water leaching from the soil layers (soilflow) enters a waterbody
of defined volume, along with a constant baseflow assumed to represent upstream flow and
seepage from deep soil and groundwater to surface water. The amount of soilflow varies
daily and is input as a driving variable, while the concentration of copper in soilflow is
assumed constant over each year. Within each annual timestep, surface water
concentrations of metal and suspended particulate matter are computed daily by mixing
baseflow and soilflow with the water present in the waterbody. The baseflow is assumed to
have a copper concentration of 10"°M and a suspended sediment concentration of 15 mgl/l.
Redistribution of copper between dissolved, labile particulate and aged particulate forms in
the suspended sediment is first calculated using WHAM/Model VI and the kinetic aging
model used in the soil model. This step assumes that the organic carbon content of the
suspended sediment is 5%, in accordance with EU Risk Assessment guidelines®. The loss
of suspended sediment particles and associated copper from the water column by settling is
then simulated using the fractional settling of suspended sediment on each daily timestep.
The fractional settling is calculated daily, from the calculated velocity of water through the
waterbody and assuming a particle settling velocity of 1 metre per day; thus, the settling rate
varies with the discharge of water from the soil; high discharge will give a lower settling rate.
The sediment PEC is taken as the mean concentration of copper (mg/kg dry weight) in the
top 5¢cm of the settled sediment. Fluxes of dissolved and suspended particulate copper in the
waterbody outflow are computed assuming the daily outflow to equal the daily inflow.

In application, the surface water model is initially run to steady state (constant sediment
copper concentration over time) using the steady state concentrations of copper in the
soilflow and the fixed, constant concentration of copper in the baseflow. Following attainment
of steady state the model is then run dynamically to simulate change over time. In practice,
the steady state copper concentrations in the surface water (dissolved) and sediment varied
with the scenario, waterbody and attenuation option used. In order to provide a more
consistent basis for assessing the potential risks resulting from copper input over time, the
steady state contributions to the copper concentrations were discounted in calculating the
PECs. Instead, the predicted increases only in dissolved and sediment copper, resulting
from inputs to the soil, were taken. ‘Background’ concentrations of copper in dissolved form
and in sediment were then added to the predicted increases. Concentrations of 0.85 ug I"*
dissolved copper and 21 mg kg d.w.™ sediment copper were chosen, based on the findings
of the EU copper Voluntary Risk Assessment!®. These concentrations were preferred to the
‘ambient’ concentrations in European surface waters and sediments presented in the Risk
Assessment, since it is considered unlikely that the waterbodies being simulated would be
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impacted by anthropogenic inputs other than those simulated, i.e. atmospheric deposition
and fertiliser application to the catchment.

In the previous application of the IDMM to metal leaching from agricultural soils, a ‘worst
case’ for metal losses in sediment due to erosion was simulated. This assumed that (i) metal
concentrations in eroding soil particles were enriched by a factor of five over the bulk soil
metal concentration, and (ii) that particles eroding from the topsoil into vertical drainage to
the subsoil are transported to surface water or groundwater in the lateral runoff from the
subsoil, rather than being trapped in the subsoil. This simulates the rapid vertical transport of
particles in soil pipes or cracks. Metal associated with particles transported into groundwater
is assumed to be ‘lost’ from the system and not considered further. This approach is also
adopted in the current work.

2.2 Model application

The IDMM is applied by initially calculating the metal present in the soil (dissolved, labile
particulate and aged particulate) under ‘pristine’ steady state conditions (i.e. where the
annual input and output fluxes in each soil layer balance. The model then simulates metal
dynamics forward in time from this ‘pristine’ state, in response to changes in metal inputs
(e.g. from atmospheric deposition and application of fertilisers/fungicides), soil pH, and the
mass of harvestable plant removed annually.

2.2.1 Modelling scenarios

For this work, the model has been applied to the ten soil-water scenarios used by the FOrum
for Co-ordination of pesticide fate models and their USe.(FOCUS) for risk assessment of
pesticides!™, and previously used for risk assessment of copper and zinc in animal
manures. The characteristics of the soils and surface waters in each scenario are given in
Appendix 1. Basic soil characteristics (e.g. site density, pH, organic matter and clay content)
are based on measurements at the sites. Surface water characteristics are not based on site
measurements, but are interpolated from spatial measurements of surface water quality in
the FOREGS geochemical baselines database®. Inputs of copper via atmospheric
deposition, fertiliser use and application as a fungicide are considered. Temporal patterns of
inputs due to atmospheric deposition and fertiliser use previously computed were used in
this study. Four application rates of copper as a fungicide were simulated: 2, 4, 6, and 8 kg
per hectare per annum. In running the scenarios, it was assumed that all input copper
(regardless of source) was fully labile and entered the topsoll, i.e. interception of applied
copper by plant surfaces and subsequent removal by harvesting was negligible. In terms of
copper entering the soil system, the simulated input rates therefore represent ‘worst case’
scenarios for the actual field application rates.

The FOCUS scenarios comprise six ‘drainage’ scenarios D1-D6, and four ‘runoff’ scenarios
R1-R4. Drainage scenarios represent locations where water transfers to surface water are
dominated by vertical drainage to drain depth followed by lateral drainage to surface water.
Surface runoff and losses to groundwater are minimal. These scenarios were simulated
using a topsoil layer of 30cm depth and subsoil extending from 30cm to the drain depth,
which varied among scenarios. The two soil layers have their own physicochemical
characteristics such as bulk density and porewater pH. Runoff scenarios represent locations
Vertical drainage to the subsoil and groundwater occurs, but is assumed not to contribute to
metal transport to surface waters. Runoff scenarios were simulated using a topsoil layer
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5cm deep and a subsoil layer 25cm deep, both having the same physicochemical
characteristics.

Surface water concentrations in the FOCUS scenarios are calculable for up to three types of
waterbody: stream, pond and ditch, depending upon the specific scenario. Streams are
simulated in scenarios D1, D2, D4, D5 and R1 to R4. Ponds are simulated in scenarios D4,
D5 and R1. Ditches are simulated in scenarios D1 to D3 and D6. The three types of
waterbody differ in their dimensions, water volume and the daily volume of baseflow entering
the system. The larger this volume, the higher the settling rate of suspended sediment and
the smaller the loss of metal through surface discharge away from the water body. Ponds
have the highest volume (900m?®) followed by ditches and streams (30m?°).

2.2.2 Crops

Each FOCUS scenario has an associated set of crops. For this study, the IDMM was set up
to simulate metal removal in the following crops: grapes/vines, apples, oranges, olives and
hops. The computation of the annual removal of copper in crops is described in Appendix 2.
In practice, initial simulations showed that the choice of crop had a negligible effect on the
computed metal concentrations, i.e. metal removal by cropping was essentially identical
regardless of the crop simulated. Therefore, for simplicity, all the results presented here are
for simulations using apples as the crop, with the exception of scenario D6 where grapes are
used (since apples are not a crop listed for this scenario).

2.2.3 Attenuation of runoff

In order to simulate the influence of topsoil runoff attenuation through the use of vegetation
strips, the fluxes of water and eroded particles to surface water may be empirically
decreased by fixed proportions. In this study, we used three options for attenuation in the
runoff scenarios:

¢ No attenuation;

e Presence of 10m wide vegetation filter strips, reducing water fluxes by 60% and
eroded patrticle fluxes by 85%;

e Presence of 20m wide vegetation filter strips, reducing water fluxes by 80% and
eroded particle fluxes by 95%;

The latter two attenuation scenarios are those used by FOCUS to simulate mitigation effects
in pesticide risk assessment.

For the drainage scenarios, a scenario of ‘no attenuation’ only was run.

2.3 Risk assessment

The IDMM calculates annual concentrations of metal in the 0-30cm soil layer, in surface
waters (dissolved phase) and in the bed sediments of the receiving waterbody. Risks were
assessed by comparing modelled concentrations of metals with Predicted No Effect
Concentrations (PNECs) The PNECs are listed in Appendix 3.

Soil PNECs were calculated using a Microsoft Excel spreadsheet tool produced by Arche
Consulting, Ghent, Belgium. The tool calculates soil PNECs for copper, largely following the
methodologies in the copper EU Risk Assessment (RAR)®. Fuller details may be found in an
earlier report!.,
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Site-specific surface water PNECs were calculated using a Microsoft Excel spreadsheet tool
produced by Watts & Crane Associates, UK. The tool calculates PNECs using empirical
equations fitted to outputs of the tools used to calculate site—specific PNECs in the Cu RAR.
The water quality parameters required for PNEC calculation are the pH, calcium and DOC
concentrations.

A sediment PNEC was obtained from the EU Copper Risk Assessment. The PNEC is
expressed in terms of the concentration of copper per unit mass of organic matter in the
sediment. Since in this work the sediments were assumed to all have the same organic
matter content of 5%, the PNEC is the same (87 mg kg d.w.™) for all the scenarios.

Soil additions of copper as a fungicide are assumed to start in 2010. Predicted
concentrations of copper in the topsoil (0-30cm), surface water (dissolved) and sediment are
presented and compared with Predicted No Effect Concentrations for these compartments.
The effects of runoff attenuation in runoff-dominated scenarios are also simulated as before.

Characteristics of the exposure scenarios, and the site-specific PNECs used, are given in
Appendices 1-3. Three sets of PNECs for dissolved copper in surface waters were used:
site-specific values calculated based on the calculation methodology presented in the copper
EU Risk Assessment, a ‘reasonable worst case’ PNEC of 6.8 ugl* from the same
document, and a proposed EU regulatory acceptable concentration (RAC) of 9.5 pg I™".

3 Results

Initial modelling indicated that removal of copper in crops had a negligible effect on
accumulation. Therefore simulations were done with one crop type (apple) for each scenario,
with the exception of scenario D6 where grapes were simulated.

Tables of predicted copper concentrations in topsoil, surface water and sediment for the
present day and 2020, 2030 and 2060 are given in Appendices 1-3. Charts showing the time
trends in copper concentrations are presented in Appendices 4-5 and charts illustrating the
influence of attenuation measures on predicted surface waters and sediments in the runoff
scenarios are presented in Appendix 9.

The assessment indicated that over the period 2010-2060, copper concentrations increased
steadily in response to inputs, with no sign of inputs and outputs to the topsoils balancing
(steady state). Since copper is retained strongly by soil, the increase in topsoil concentration
at a given point in time in response to input is closely related to the cumulative input to that
point.. For a long-term assessment further ageing of soil residues and their availability for
run-off/drainage as well as removal by transfer to the base sediment need to be considered
further.

3.1 Topsoil concentrations and risks

Predicted concentrations of copper in topsoils do not vary greatly across the scenarios at a
given point in time for a given application rate. Variations in the concentrations are due
largely to variations in soil bulk density, with soils of lower bulk density tending to have
higher copper concentrations. This is due to (i) the strong retention of copper by sail,
meaning that variations in loss fluxes across the scenarios are not greatly important for soil
accumulation, and (i) the fact that a lower bulk density soil will tend to show higher
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concentrations of a strongly retained contaminant, simply because there is less solid matter
per unit area to intercept the contaminant.

The site-specific PNEC is a function of the soil pH, organic matter and clay content. Lower
PNECSs are calculated for soils having low pH and low concentrations of organic matter and
clay. So the acidic, low clay soil at D3 is predicted to the most intrinsically sensitive of those
simulated here, while the D2 soil, having circumneutral pH and a high clay content, is
predicted to be the least intrinsically sensitive.

In the current assessment inputs commence at the present day (taken to be 2010), therefore
PNEC exceedence at the present day can only occur in response to the other contamination
sources considered (atmospheric deposition and fertiliser application). No exceedence of the
PNEC was found at the present day. Nor was any PNEC exceedence predicted for the years
2020 or 2030, regardless of the copper input rate. In 2060, exceedences were predicted in
scenarios D3, D4, D6, R1, R2, R3 and R4 in response to an input rate of 8 kg Cu ha™* a™, in
scenarios D3, D4, D6, R1, R3 and R4 in response to an input rate of 6 kg Cu ha™ a*, and in
Scenarios D3, R1 and R4 in response to an input rate of 4 kg Cu ha™ a*. An input rate of
2 kg Cu ha* a™* was predicted not to cause PNEC exceedence in any scenario in 2060.

3.2 Surface water concentrations and risks

In contrast to the soils, the pattern of PNEC exceedences for waters varies among
scenarios, and among the different waterbodies simulated in each scenario. In part this is
due to the wide variation in site-specific PNECs, from 1.3 pg I in D6 to 47.0 pg I'* in D4, but
is also due to the variation in predicted surface water concentrations. Of the types of
waterbody simulated, ponds are the most sensitive and streams the least sensitive, relative
to the other types. This reflects the lower flushing rate of ponds compared to ditches and
streams, which allows contaminant concentrations in the water column to build up over time
in response to continually increasing fluxes from the soil.

The predicted surface water dissolved copper concentrations are assessed against three
types of PNEC.:

i.  Site-specific PNECs calculated using a Microsoft Excel spreadsheet tool produced by
Watts & Crane Associates, UK. The tool calculates PNECs using empirical equations
fitted to outputs of the tools used to calculate site—specific PNECs in the Cu RAR.
The water quality parameters required for PNEC calculation are the pH, calcium and
DOC concentrations;

i. A ‘reasonable worst case’ PNEC of 6.8 ug I™;

ii. A proposed EU regulatory acceptable concentration (RAC) of 9.5 pg I,

No exceedence of any surface water PNEC after 10, 20 or 50 years of application was
predicted to occur in scenarios D1 (stream and ditch), D3, D4 (stream and pond), D5
(stream and pond), D6, R1 (stream), R3 or R4. In scenarios D2 (stream and ditch) and R2,
exceedences were predicted only after 50 years of application. In both of these scenarios,
exceedence of the site-specific PNEC only was predicted, in response to input rates of 6 and
8 kg Cu ha™ a™. In contrast to the other scenarios, exceedences of the site-specific PNEC
were predicted to occur in scenario R1 pond after 10 years of application, in response to
input rates of 6 and 8 kg Cu ha™ a™. After 20 years of application, all input rates were
predicted to result in exceedence of the site-specific PNEC and input rates of 6 and 8
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kg Cu ha™ a® were predicted to cause exceedence of the reasonable worst case PNEC.
After 50 years of application, input rates of 4, 6 and 8 kg Cu ha™ a™ were predicted to cause
exceedence of the reasonable worst case PNEC and the proposed EU RAC on top of the
exceedence of the site-specific PNEC in response to all the input rates.

3.2.1 Distribution of copper in surface waters

Appendix 10 shows predicted distributions of copper among its different forms in surface
waters, for the year 2030 and an input rate of 8 kg Cu ha™ a*. The distribution of copper is
largely dominated by particulate and dissolved organic matter (DOM)-bound forms although
there are some small contributions from inorganic dissolved complexes, particularly in D5,
D6 and R1. The proportion of free copper ion is consistently below 0.5%, which is typical for
this strongly complexing metal.

The greatest variation in the distribution across the sites is that between the sediment and
DOM-bound forms. Sediment bound copper is predicted to vary between 50 and 95% of the
total, and DOM-bound copper between 4% and 50%. Since the suspended sediment is
assumed to have the same composition in all the scenarios, the distribution of copper
between sediment and dissolved organic matter is largely determined by the concentration
of DOM (Appendix A, (ii), expressed as dissolved organic carbon). The three scenarios
where DOM is highest (D1, D3 and D4) all show a relatively high proportion of copper in the
DOM-bound form, and corresponding low proportions of suspended sediment-bound copper.

Predictions of copper distribution were also done for the other loading rates (data not
shown). There is negligible influence of loading rate on the predicted distributions.

3.3 Sediment concentrations and risks

The sediment PNEC was not predicted to be exceeded after 50 years of application in
response to any input rate. In a number of the scenarios the predicted increase in sediment
copper concentration was small (<5 mg kg d.w.™) in relation to the background concentration
of 21 mg kg d.w.™. Generally, ditches, and particularly ponds, showed greater sensitivity to
inputs than streams. This reflects the nature of the predicted sediment settling in the ponds,
where settling was predicted to be complete under all baseflow and soilflow conditions, with
the exception of R1 pond where incomplete settling was predicted in response to soilflow
events. The highest predicted risk characterisation ratio (RCR) was 0.63, in R1 pond after 50
years of application at a rate of 8 kg Cu ha™ a™.

3.4 Effects of attenuation in runoff scenarios

Attenuation was observed to result in greater proportional declines in predicted surface
water and sediment copper in those scenarios predicted to be relatively more sensitive to
unattenuated inputs. This was because the predicted copper concentrations were not greatly
elevated above the background in the relatively less sensitive scenarios, so there was less
scope for reductions in predicted concentrations. For surface waters, the proportional decline
in predicted copper concentrations, relative to the unattenuated scenarios, was on average
19% for 10m wide VFS and 25% for 20m wide VFS in 2030, for an input rate of 8 kg Cu ha™
a’*. The proportional decline in predicted concentrations due to attenuation was observed to
be lower in response to a lower input rate; at 2 kg Cu ha™ a*, the predicted proportional
declines in 2030 were 8% for 10m wide VFS and 12% for 20m wide VFS. Predicted
sediment concentrations were also reduced when attenuation was simulated. The
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proportional decline in predicted concentration, compared to the simulations where
attenuation was not considered, was on average 10% for 10m wide VFS and 12% for 20m
wide VFS in 2020, for an input rate of 8 kg Cu ha™ a™. The proportional decline in predicted
concentration increased with input rate: for the same year and the lowest loading rate the
proportional declines were 5% and 6% respectively, for 10m wide and 20m wide VFS.

Since potential risks up to 50 years after commencement of inputs were predicted only for
scenarios R1 pond and R2 stream (for surface waters only), the pattern of exceedence was
only predicted to be altered by attenuation in these scenarios. No exceedence of any PNEC
was seen for R2 when attenuation was simulated. Exceedences for R1 pond remained, but
were generally reduced in magnitude. Attenuation did not impact the exceedence of the site-
specific PNEC in 2020 in response to input rates of 6 or 8 kg Cu ha™ a™. Attenuation using
20m wide, but not 10m wide, VFS limited the exceedence of the site-specific PNEC in 2030
to input rates of 6 or 8 kg Cu ha™ a™. In 2060, exceedence of the reasonable worst case
PNEC was limited to input rates of 6 or 8 kg Cu ha™ a® when 20m VFS were simulated.
Also, no exceedence of the proposed RAC was predicted in 2060 whereas in the absence of
attenuation exceedence was predicted in response to input rates of 2 kg Cuha'a™ or
higher.

4 Discussion

e Application of copper as a fungicide is predicted to result in gradual copper
accumulation in topsoils and increases in copper concentrations in the water column
and sediments of receiving waters. Accumulation over any number of years was
predicted to occur at a more or less constant rate in response to a constant annual
application rate. In the longer term it is reasonable to assume that accumulation in
topsoil would continue in response to a continuous, constant input rate. The future
rate of transfer to surface waters is less certain since there is a lack of knowledge
regarding the long term ageing behaviour of copper. The aging model included in
the IDMM is based on relatively short-term experiments (2 years) and predicts that
aging is essentially complete after 12 months. There is currently limited evidence for
the progress of aging over longer time periods. Ma et al!? found that two
circumneutral vineyard soils from lItaly, subjected to copper inputs for 80 years and
having total copper concentrations of 207 and 389 mg kg d.w.™, had about 30% of
the total copper present in labile form, a lower proportion of the total copper than
was predicted by the IDMM in any soil simulated in this study. There is thus the
possibility that longer term (decadal) aging may restrict copper fluxes to surface
waters to a greater degree than the IDMM predicts.

¢ Risks due to topsoil accumulation are predicted to be driven largely by the intrinsic
sensitivity of the soil to copper (i.e. the PNEC), since accumulation rates are similar
for the soils simulated. Risks are predicted to be generally low for inputs commencing
in 2010.

o Potential risks to soil in responses to inputs starting in 2010 are not predicted by
2020 or by 2030. Risks are predicted in seven of the scenarios by 2060.

e Risks due to increasing copper concentrations in the water column of receiving
waters are predicted to vary with the intrinsic sensitivity of the waterbody, which
comprises the chemical sensitivity (the PNEC) and the tendency for the waterbody to
retain contaminants, which is related to its flushing time. Ponds have the longest
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flushing time and are thus predicted to be more sensitive to contamination than
ditches and streams.

No risk to surface waters by 2020 or 2030 is predicted with the exception of the R1
pond scenario. Predicted risks by 2060 are confined to scenarios D2 stream, D2
ditch, R1 pond and R2 stream. Exceedence of the proposed EU RAC is seen only for
R1 pond in 2060 at the three highest input rates.

No potential risks to sediments prior to 2060 are indicated. This is in contrast to the
previous simulation of copper inputs to soils®, and results from the description of
sediment behaviour implemented in the IDMM for this study. In particular, dilution of
bottom sediment by settling of suspended particles from the baseflow, during periods
of low soilflow, is predicted to restrict accumulation of added copper in bottom
sediments.

Simulation of attenuation in the runoff scenarios indicated that attenuation
(vegetation filter strips) should cause declines in the surface water and sediment
concentrations, with greater declines seen for higher loading rates. The extent to
which this attenuation reduces the predicted concentrations to below the PNEC
depends on the magnitude of the predicted concentrations and (for surface waters)
the PNEC chosen. In the R1 pond scenario, where exceedence of PNECs in 2030
and 2060 remains extensive, RCRs are mostly between one and five when 20m wide
VES are simulated.

Assuming that the application rates and the timescale of application simulated here
are reasonable, application of copper over the next 10-50 years, in locations where
application has not previously occurred, may cause some potential risks to sails,
surface waters and freshwater sediments. The degree to which risk is predicted is
highly dependent on the nature of the scenario, with R1 pond proving to be
particularly sensitive. However, this should ideally be verified against field data for
locations with well-characterised soils and known histories of copper application.
Since copper is known to be strongly retained in soils following input (e.g. ) and
thus to remain in soils for long periods of time following application, management of
the potential risks to soils, surface waters and sediments due to copper use as a
fungicide would be optimally done by considering also its bioavailability in the
different compartments.
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Appendix 1:Characteristics of the FOCUS scenarios

(i) general and soils

Scenario Country Latitude Longitude Mean Bulk density
Temperature gcm? pHss %OM %clay Texture Crops simulated
(°C)
D1 Sweden 58.33 13.05 6.1 1.35 7.7 4.0 47  Silty clay Apples
D2 UK 51.65 -1.63 9.7 1.25 7.7 4.8 55 Clay Apples
D3 Netherlands  51.53 5.87 9.9 1.35 6.0 4.6 3 Sand Apples
D4 Denmark 55.62 12.08 8.2 151 7.4 2.6 12 Loam Apples
D5 France 47.45 0.97 11.8 1.56 7.1 3.8 20 Loam Apples
D6 Greece 3838  23.10 16.7 135 79 24 30 Clayloam Grapes, olives,
oranges
R1 Germany 49.00 8.67 10.0 1.43 78 24 13 Siltloam ﬁggfs’ grapes,
R2 Portugal 41.18 -8.07 14.8 1.20 54 6.8 13 Sandy loam Apples, grapes
R3 Italy 44.50 11.40 13.6 1.46 8.3 2.0 34 Clay loam Apples, grapes
R4 France 43.50 3.32 14.0 1.52 87 12 25 Sandycly Apples, grapes,
loam olives, oranges
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(ii) surface waters

2 (Na, Mg, Ditch Stream Pond

Scenario Country pH DOCmg I*? K, Ca) baseflow baseflow baseflow
ueq It® mm a* mm a™* mm a*

D1 Sweden 6.4 14.6 0.55 8.4 12.0
D2 UK 8.3 3.6 6.86 1.1 0.2
D3 Netherlands 7.4 10.1 4.31 84.2
D4 Denmark 7.6 19.0 4.15 38.8 0.3
D5 France 8.0 2.8 6.38 27.1 0.3
D6 Greece 8.1 0.8 5.53 42.1
R1 Germany 7.9 1.6 4.37 70.1 1.1
R2 Portugal 6.5 24 0.95 102.2
R3 Italy 8.3 1.7 6.74 27.8
R4 France 8.1 1.6 1.43 70.4

& dissolved organic carbon.

® sum of the concentrations of the major cations sodium, magnesium, potassium and calcium.
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Appendix 2: Computation of copper removal in harvestable plant
material

Plant yields

The plants to be simulated for each scenario are given in the table below.

Scenario  Country Crop
Apples Grapes Oranges Hops  Olives

D1 Sweden v - — — _
D2 UK v - - - -
D3 Netherlands v - - - _
D4 Denmark v - - - -
D5 France v - — - —
D6 Greece - v v - v
R1 Germany v v - v -
R2 Portugal v v - - _
R3 Italy v v - - -
R4 France v v v — v

Available data on yields of the harvestable parts of plants in the relevant countries were
obtained from the Food and Agriculture Organisation of the United Nations statistical
database (FAOSTATM). Starting years for which yield data were available are listed below
(all records are up to 2009):

Scenario  Country Plant
Apples Grapes Oranges Hops  Olives

D1 Sweden 1985 - - - -
D2 UK 1961 — - - -
D3 Netherlands 1984 - - - -
D4 Denmark 1985 - - - -
D5 France 1961 - - - -
D6 Greece — 1961 1961 — 1985
R1 Germany 1985 1961 — 1961 -
R2 Portugal 1961 1961 - - -
R3 Italy 1961 1961 - - -
R4 France 1961 1961 1961 - 1961

Time trends of plant yields were calculated as follows:

1. Period covered by FAQ vield data (1961-2009 or 1985-2009). Either a linear trend in

yield over time, or no trend, was assumed. If a significant increase or decrease in
yield occurred during the period, a linear trend was used, which was found to
adequately describe the trend in all cases. Where no trend was apparent the mean
yield value for the period was used.

Period from 1700 to 1961 or 1985. The trend in yield was assumed to follow that of

European per capita Gross Domestic Product (GDP), such that
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GDP,,
Yldyr = Yldp_yr . W
p_yr

where YId is the yield (tons fresh weight ha™), GDP is the known GDP and the
subscripts ,, and , ,, refer to the year for which the yield is being calculated and the
first year for which FAO data are available. The time trend in per capita GDP was
taken from 1,

Copper content of harvestable parts of plants

Copper contents of the harvestable parts of plants, with the exception of hops, were taken
from the USDA National Nutrient Database for Standard Reference™. The copper content of
hops was taken from Vinas et al, 20022, The copper contents used are given in the table
below:

Crop Copper content g (ton fresh weight)™
Apples 0.29
Grapes 1.27
Oranges 0.57
Hops 2.04%
Olives 2.51

2 Calculated from a copper content of 13.6 g (ton fresh weight)*, assuming a water content of 85% by weight.
Annual copper removal in the harvestable parts of plants

Annual copper removal (g ha™ a?) is simply calculated as the copper concentration in the
plant harvest (g (ton fresh weight)™) multiplied by the plant yield (tons fresh weight ha™ a™).
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Appendix 3: Predicted No Effect Concentrations (PNECs) for copper in
topsoils, surface waters and sediments

Scenario PNECs
Soll Water Sediment

Hgg' uglt ug g*

D1 139 30.1 87
D2 157 1.9 87
D3 55 17.4 87
D4 67 47.0 87
D5 97 4.1 87
D6 94 1.3 87
R1 64 3.0 87
R2 98 4.0 87
R3 90 2.4 87
R4 62 4.1 87
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Appendix 4: Tables of predicted copper concentration in topsoils,
surface waters and sediments, and Risk Characterisation Ratios (RCRs),
in the absence of runoff attenuation

Predicted concentrations and RCRs are presented for the present day and for the years
2020, 2030 and 2060. Units of predicted concentrations are pg g™ for soils, pg I'* for waters

and pg g™ for sediments. The RCR values are listed below the predicted concentrations.
Values greater than or equal to one, indicating a potential risk, are highlighted in bold.
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Table A4-1. Predicted copper concentrations and RCRs for scenario D1.

Copper application rate kg ha™ a™

2 4 6 8
soil
esentday 98 98 98 9.8
P Y 018 018 018  0.18
103 108 113 118
2020 007 008 008 008
152 207 261 315
2030 011 015 019 023
350 602 853 1105
2060 025 043 061 079
water - stream
esentday 09 09 09 0.9
P Y 003 003 003 003
1.0 1.0 1.1 1.2
2020 003 003 004 004
1.0 1.2 1.3 1.4
2030 003 004 004 005
1.2 1.6 1.9 2.2
2060 004 005 006 007
water — ditch
esentday 09 09 09 0.9
P Y 003 003 003 003
1.0 1.1 1.1 1.2
2020 003 004 004 004
1.1 1.2 1.4 15
2030 004 004 005 005
1.3 17 21 25
2060 004 006 007 008
sediment — stream
esentday 209 209 209 209
P Y 024 024 024 024
209 210 211 215
2020 023 024 024 025
211 213 215 221
2030 024 025 025 025
224 230 239 253
2060 026 026 027 029
sediment — ditch
esentday 218 218 218 218
P Y 025 025 025 025
220 221 223 224
2020 025 025 026 026
224 229 234 239
2030 026 026 027 027
240 276 302 329
2060 029 032 035 038
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Table A4-2. Predicted copper concentrations and RCRs for scenario D2.

Copper application rate kg ha™ a™

2 4 6 8
soil
esentday 254 254 254 254
P Y 017 017 017 017
314 372 431 490
2020 020 024 027 031
368 480 592 704
2030 023 031 038 045
531 80.2 1074 1345
2060 034 051 068 086
water - stream
esentday L0 10 1.0 1.0
P Y 052 052 052 052
11 11 1.2 1.2
2020 055 058 061 064
11 12 1.3 15
2030 059 065 071  0.77
13 16 1.9 2.2
2060 069 085 101  1.17
water - ditch
esentday 1O 10 1.0 1.0
P Y 054 054 054 054
11 12 1.3 1.3
2020 059 062 066  0.70
12 13 15 1.7
2030 063 071 079  0.88
15 1.9 2.3 2.7
2060 077 098 119  1.40
sediment - stream
esentday 232 232 232 232
P Y 027 027 027 027
233 236 237 238
2020 027 027 027 027
238 244 247 250
2030 027 028 028  0.29
260 281 298 315
2060 030 032 034 036
sediment - ditch
esontday 283 283 283 283
P Y 032 032 032 032
288 298 301 303
2020 033 034 035 035
305 323 333 343
2030 035 037 038  0.39
377 445 501 556
2060 043 051 058 064
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Table A4-3. Predicted copper concentrations and RCRs for scenario D3.

Copper application rate kg ha™ a™

2 4 6 8
soil
present day 11.3 11.3 113 11.3
0.21 0.21 o0.21 0.21
2020 16.7 221 275 32.9
0.30 040 0.50 0.60
2030 216 319 423 52.6
0.39 058 0.88 0.96
2060 36.3 61.3 86.4 1115
0.66 112 157 2.03
water - ditch
present day 0.9 0.9 0.9 0.9
0.05 0.05 0.05 0.05
2020 1.1 1.2 14 15
0.06 0.07 0.08 0.09
2030 1.2 15 1.8 2.1
0.07 0.09 0.10 0.12
2060 1.6 2.3 3.0 3.7
0.09 0.13 0.17 0.21
sediment - ditch
present day 229 229 229 22.9
0.26 0.26 0.26 0.26
2020 235 237 24.0 24.2
0.27 0.27 0.28 0.28
2030 245 255 26.6 27.6
0.28 0.29 0.31 0.32
2060 299 358 417 47.6
0.34 041 0.48 0.55
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Table A4-4. Predicted copper concentrations and RCRs for scenario D4.

Copper application rate kg ha™ a™

2
Soil
esentday 62 6.2 6.2 6.2
P Y 009 009 009 0.09
111 159 208 256
2020 017 024 031 038
155 247 340 433
2030 023 037 051 065
287 512 736 96.1
2060 043 076 1.10  1.43
water - stream
esentday 09 0.9 0.9 0.9
P Y 002 002 002 002
1.0 1.0 1.1 1.2
2020 002 002 002 002
1.0 1.2 1.3 1.4
2030 002 002 003 0.03
1.2 16 1.9 2.3
2060 003 003 004 005
water - pond
esentday 09 0.9 0.9 0.9
P Y 002 002 002 002
1.4 1.3 1.4 1.6
2020 003 003 003 003
1.6 1.6 1.9 2.1
2030 003 003 004 005
2.0 25 3.2 3.9
2060 004 005 007 008
sediment - stream
esentday 2L 211 211 211
P Y 024 024 024 024
211 212 212 212
2020 024 024 024 024
212 213 214 216
2030 024 025 025 025
217 223 229 236
2060 025 026 026 027
sediment — pond
esentday 212 212 212 212
P Y 024 024 024 024
213 213 214 214
2020 025 024 025 025
215 217 219 221
2030 025 025 025 025
226 238 249 261
2060 026 027 029  0.30
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Table A4-5. Predicted copper concentrations and RCRs for scenario D5.

Copper application rate kg ha™ a™

2
soil
esentday 8 9.6 9.6 9.6
P Y 010 010 010 0.10
142 189 236 283
2020 015 020 024 029
185 274 364 454
2030 019 028 038 047
312 529 747 96.4
2060 032 055 077 099
water - stream
esentday 09 0.9 0.9 0.9
P Y 021 021 021 021
0.9 0.9 1.0 1.0
2020 022 023 024 024
0.9 1.0 1.1 1.1
2030 023 024 026 028
1.0 1.2 1.4 1.6
2060 025 030 034 038
water - pond
esentday 09 0.9 0.9 0.9
P Y 021 021 021 021
0.9 0.9 1.0 1.0
2020 022 022 023 024
0.9 1.0 1.1 1.1
2030 022 024 026 028
1.0 1.2 1.4 1.6
2060 025 030 034 039
sediment - stream
esentday 209 209 209 209
P Y 024 024 024 024
209 210 210 210
2020 024 024 024 024
210 211 212 212
2030 024 024 024 024
214 218 223 22.7
2060 025 025 026 0.26
sediment — pond
esentday 208 208 208 208
P Y 024 024 024 024
209 210 211 212
2020 024 024 024 024
212 216 220 225
2030 024 025 025 026
231 255 27.9 303
2060 027 029 032 035
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Table A4-6. Predicted copper concentrations and RCRs for scenario D6.

Copper application rate kg ha™ a™

2 4 6
soil
esentday 247 247 247 247
P Y 027 027 027 027
298 349 401 452
2020 032 037 043 048
344 442 540 638
2030 037 047 057 068
483 720 957 1194
2060 051 077 1.02 127
water - ditch
esentday 08 08 08 0.8
P Y 065 065 065 065
09 09 09 0.9
2020 066 067 069 0.70
09 09 09 1.0
2030 068 070 073 075
09 10 1.1 1.2
2060 072 078 085 093
sediment — ditch
esentday 21 211 211 211
P Y 024 024 024 024
214 214 216 217
2020 024 025 025 025
217 224 231 236
2030 025 026 027 027
240 284 320 354
2060 028 033 037 041
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Table A4-7. Predicted copper concentrations and RCRs for scenario R1.

Copper application rate kg ha™ a™
2 4 6 8

Soil

15.0 15.0 15.0 15.0
present day

0.23 0.23 0.23 0.23
20.4 25.9 31.3 36.7

2020 032 040 049 057

253 357 460 563
2030 040 056 072 088
2060 390 649 898 1148

0.62 1.01 1.40 1.79

water - stream
0.9 0.9 0.9 0.9
029 029 0.29 0.29

present day

09 10 11 11

2020 031 034 035 037

10 11 12 13

2030 033 037 041 044

12 1.4 1.6 1.9

2060 039 047 055  0.62
water - pond

contday 14 14 14 1.4

P Y 046 046 046 046

25 35 45 55

2020 085 118 150  1.82

36 55 74 93

2030 119 1.84 247 3.0

2060 65 112 159 207

2.16 3.73 5.30 6.89

sediment - stream
21.6 21.6 21.6 21.6
0.25 0.25 0.25 0.25

21.6 21.9 22.0 221

present day

2020 0.25 0.25 0.25 0.25

22.0 22.6 23.0 23.3
2030 0.25 0.26 0.26 0.27
2060 24.1 26.5 28.6 30.7

0.28  0.30 0.33 0.35

sediment - pond
23.3 23.3 23.3 23.3
0.27 0.27 0.27 0.27

23.5 24.4 24.7 25.1

present day

2020 0.27 0.28 0.28 0.29

24.9 26.8 28.2 29.5
2030 0.29 0.31 0.32 0.34
2060 32.3 40.5 47.7 54.7

0.37 0.47 0.55 0.63
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Table A4-8. Predicted copper concentrations and RCRs for scenario R2.

Copper application rate kg ha™ a™
2 4 6 8

soil
8.3 8.3 8.3 8.3
0.08 0.08 0.08 0.08

14.3 20.4 26.5 32.5

present day

2020 015 021 027  0.33

197 313 428  54.3
2030 020 032 044 055
2060 358 635 911 1188

0.37 0.65 0.93 121

water - stream
0.9 0.9 0.9 0.9
021 021 0.21 0.21

11 14 1.6 1.8

present day

2020 028 035 040  0.46

14 18 2.3 28
2030 034 046 058  0.69
2060 20 32 43 56

0.51 0.79 1.09 1.39

sediment - stream
21.2 21.2 21.2 21.2
0.24 0.24 0.24 0.24

21.3 21.4 21.6 21.7

present day

2020 0.24 0.25 0.25 0.25

21.7 22.2 22.6 23.1
2030 0.25 0.25 0.26 0.27
2060 24.0 26.5 29.0 31.4

0.28 0.30 0.33 0.36
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Table A4-9. Predicted copper concentrations and RCRs for scenario R3.

Copper application rate kg ha™ a™
2 4 6 8

soil
30.9 30.9 30.9 30.9
0.34 0.34 0.34 0.34

359 409 459 50.9

present day

2020 040 045 051 057

404 499 594 689
2030 045 055 066  0.77
2060 530 76.8 997 1226

060 0.8 111 1.36
water - stream

esent da 09 09 09 0.9
P Y 037 037 037 0.37
09 09 1.0 1.0

2020 038 039 040 0.41
09 10 1.0 1.1

2030 039 041 042 0.44
2060 1.0 11 1.2 1.3

041 0.45 0.49 0.53

sediment - stream
24.5 24.5 24.5 24.5
0.28 0.28 0.28 0.28

25.1 25.2 25.3 25.4

present day

2020 0.29 0.29 0.29 0.29

25.9 26.4 26.9 27.3
2030 0.30 0.30 0.31 0.31
2060 29.3 32.2 35.0 37.7

0.34 0.37 0.40 0.43
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Table A4-10. Predicted copper concentrations and RCRs for scenario R4.

Copper application rate kg ha™ a™

2 4 6 8
soil
esent da 198 198 198  19.8
P Y 032 032 032 032
25 29 34 39
2020 040 047 055 063
29 38 47 57
2030 047 061 076 0091
42 64 86 109
2060 068 104 139 175
water - stream
esent da 0.8 0.8 0.8 0.8
P Y 020 020 020 020
0.8 0.9 0.9 0.9
2020 021 021 021 021
0.9 0.9 0.9 0.9
2030 021 021 022 022
0.9 0.9 1.0 1.0
2060 021 022 023 024
sediment - stream
esent da 209 209 209 209
P Y 024 024 024 024
209 209 210 211
2020 024 024 024 024
210 212 213 216
2030 024 024 025 025
218 227 236 246
2060 025 026 027 028
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Appendix 5: Tables of predicted copper concentration in topsoils,
surface waters and sediments, and Risk Characterisation Ratios (RCRs),
with attenuation due to 10m wide vegetation filter strips (runoff
scenarios only)

Predicted concentrations and RCRs are presented for the years 2020, 2030 and 2060. Units
of predicted concentrations are pg g™ for soils, pg I'* for waters and pg g™ for sediments. The
RCR values are listed below the predicted concentrations. Values greater than or equal to
one, indicating a potential risk, are highlighted in bold.
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Table A5-1. Predicted copper concentrations and RCRs in waters for scenario R1,

simulating VFS of 10m width.

Copper application rate kg ha™ a™

2 4 6 8
water - stream

2020 o0 om o0m 033
2030 g5 03 034 036
2000 oa o037 o o
water - pond

2020 §h6 oee  tap 16
2030 1%00 1{420 15.'724 2%26
2000 ' Jm zap 361
sediment — stream

200 052 %035 o oz
200 050 0o 055 025
o S B4 M
sediment - pond

200 052 G35 028 o028
2090 5l 035 o 026
2000 050 058 ose o030
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Table A5-2. Predicted copper concentrations and RCRs for scenario R2, simulating
VES of 10m width.

Copper application rate kg ha™ a™

2 4 6 8
water - stream

2020 0% a0 038 036
2030 0% oas  ouz  ous
2000 0% oea  oss  obr
sediment - stream

220 0G4 02 o024 024
2090 053 Goe  oss o5
o B3 a2
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Table A5-3. Predicted copper concentrations and RCRs for scenario R3, simulating
VES of 10m width.

Copper application rate kg ha™ a™

2 4 6 8
water - stream

2020 0% o3 038 o038
2030 03 oas 030 030
2000 0% oud oz o
sediment - stream

2000 50 036 os8 006
wo BB B B
2000 0% 039 os0 09
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Table A5-4. Predicted copper concentrations and RCRs for scenario R4, simulating
VES of 10m width.

Copper application rate kg ha™ a™

2 4 6 8
water — stream

2020 02 ox om om
2030 09'291 09'291 o().égl 09'291
2000 0o1 o021 oz o2
sediment - stream

220 034 024 o024 024
wo B W w22
2000 053 Goe o025 os6
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Appendix 6: Tables of predicted copper concentration in topsoils,
surface waters and sediments, and Risk Characterisation Ratios (RCRs),
with attenuation due to 20m wide vegetation filter strips (runoff
scenarios only)

Predicted concentrations and RCRs are presented for the years 2020, 2030 and 2060. Units
of predicted concentrations are pg g™ for soils, pg I'* for waters and pg g™ for sediments. The
RCR values are listed below the predicted concentrations. Values greater than or equal to
one, indicating a potential risk, are highlighted in bold.
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Table A6-1. Predicted copper concentrations and RCRs in waters for scenario R1,
simulating VFS of 20m width.

Copper application rate kg ha™ a™

2 4 6 8
water - stream
0.9 09 09 09
2020 453 030 031 031
0.9 00 10 1.0
2030 0.30 031 032 032
2060 1.0 10 11 11

0.32 0.34 0.36 0.38
water — pond

21 27 32 36
2020 0.71 089 1.05  1.20

27 37 45 52
2030 499 123 149  1.74
- 4.2 61 77 93

1.41 2.03 2.58 3.10
sediment — stream
21.4 21.4 21.4 21.4

2020 0.25 025 025 025

215 216 217 218
2030 0.25 025 025 025
2060 22.2 227 232 237

0.25 0.26 0.27 0.27
sediment — pond
21.2 21.2 21.2 21.2

2020 0.24 0.24 0.24 0.24

21.3 21.3 21.4 215
2030 0.24 0.25 0.25 0.25
2060 21.7 22.1 22.5 22.9

0.25 0.25 0.26 0.26
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Table A6-2. Predicted copper concentrations and RCRs for scenario R2, simulating
VES of 20m width.

Copper application rate kg ha™ a™

2 4
water - stream

2020 0% o2 o030 o032
2030 g% 03 036 o
2000 o34 ous o83 obr
sediment — stream

220 G54 024 o024 024
200 Goi 055 o025 02
o B3 B @ ms
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Table A6-3. Predicted copper concentrations and RCRs for scenario R3,

simulating VFS of 20m width.

Copper application rate kg ha™ a™

2 4 6 8
water - stream

2020 0w oar  o0ar 0%
2030 09'397 09'397 o().égs 09:398
2000 03 030 o040 ol
sediment - stream

2000 58 G5a  oss o006
2090 %0 G2 ose 026
wo B2 mp e %2
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Table A6-4. Predicted copper concentrations and RCRs for scenario R4,

simulating VFS of 20m width.

Copper application rate kg ha™ a™

2 4 6 8
water — stream

I VR YR
2030 09'281 09'291 o().égl 09'291
2000 0o1 o021 oz o2
sediment - stream

220 034 024 o024 024
wo B e w o
2000 054 G5 oss o3
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Appendix 7: Charts of copper concentrations in topsoils, surface waters
and sediments, in the absence of vegetation filter strips
Charts show the evolution of predicted copper concentrations from 2000 (representing pre-

contamination conditions) to 2060. Concentrations resulting from specific application rates
are denoted as follows on the charts:

2kg Cuha'a® Solid green line

4 kg Cuha'at Dashed yellow line

6 kg Cuha'a® Dash-dot orange line
8 kg Cuha'a® Dash-dot-dot red line

On each chart, the relevant copper PNEC is indicated by a solid horizontal blue line. On the
chart displaying the simulations of surface water concentrations, the ‘reasonable’ worst case’
PNEC of 6.8 pg I'* copper is displayed as a dashed horizontal blue line, and the proposed
EU RAC of 9.5 ug I is displayed as a thick red line.
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Figure A7-1. Topsoil copper accumulation for scenarios D1 to D6.
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Figure A7-2. Topsoil copper accumulation for scenarios R1 to R4.
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Surface water dissolved Cu (ug/l)

Surface water dissolved Cu (ug/l)

Surface water: D1-stream

Surface water: D1-ditch
inputs starting 2010

inputs starting 2010 B
=2
3
30 S 30
2
107, 3 10
6 T C 6
7]
4 w4
| — .o S ]
2 — —_—— e —. 8 2
0 : ‘ ‘ ‘ ‘ s O
2000 2010 2020 2030 2040 2050 2060 'g 2
7

Surface water: D2-stream

Year

Year

000 2010 2020 2030 2040 2050 2060

Surface water: D2-ditch
inputs starting 2010

inputs starting 2010 )
=

12 S 10
10 2
8 | =

_____________ S 6
6 i)
©

4
4 ]
©

2 1 = 3 2]
R I _ == o

0 : : : : : S o
2000 2010 2020 2030 2040 2050 2060 ‘g
(7]

Year

Surface water dissolved Cu (ug/l)

20

15

10 A

0

2000 20

Surface water: D3-ditch
inputs starting 2010

Year

Year

10 2020 2030 2040 2050 2060

2000 2010 2020 2030 2040 2050 2060

Figure A7-3. Copper surface water concentrations for scenarios D1-D3.
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Figure A7-4. Copper surface water concentrations for scenarios D4-D6.
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Figure A7-5. Copper surface water concentrations for scenarios R1-R4.
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Figure A7-6. Copper sediment concentrations for scenarios D1-D3.
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Figure A7-7. Copper sediment concentrations for scenarios D4-D6.
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Figure A7-8. Copper sediment concentrations for scenarios R1-R4.
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Appendix 8: Charts of copper concentrations in topsoils, surface
waters and sediments, in the presence of 10m and 20m vegetation
filter strips

Charts show the evolution of predicted copper concentrations from 1850 (representing pre-
contamination conditions) to 2060. Concentrations resulting from specific application rates
are denoted as follows on the charts:

2 kg Cu ha-1a1 Solid green line

4 kg Cu ha-1a-1 Dashed yellow line

6 kg Cu ha-1a-1 Dash-dot orange line
8 kg Cu ha-1a-1 Dash-dot-dot red line

On each chart, the relevant copper PNEC is indicated by a solid horizontal blue line. On the
chart displaying the simulations of surface water concentrations, the ‘reasonable’ worst case’
PNEC of 6.8 ug I'* is displayed as a dashed horizontal blue line, and the proposed EU RAC
of 9.5 ug I'* is displayed as thick red line.
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Figure A8-1. Surface water copper concentrations for scenarios R1 to R4,
assuming VFS of 10m width.
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Figure A8-2. Sediment copper concentrations for scenarios R1 to R4,

assuming VFS of 10m width.

Page 50 of 58



Surface water dissolved Cu (ug/l)

Surface water dissolved Cu (ug/l)

10
A
| 7
8 A
________ 7\__/__
6 1 /////’
- _
4 // //
/////
5 | /2
0 : : : : :
2000 2010 2020 2030 2040 2050 2060

Surface water;: R2-stream

10

2 4

0

2000 20

Surface water: R1-pond
10m VFS, inputs start 2010

Year

10m VFS, inputs start 2010

_— R

Year

10 2020 2030 2040 2050 2060

Surface water dissolved Cu (ug/l)

Surface water dissolved Cu (ug/l)

10

2 4

0

2000 20

Surface water: R1-stream
10m VFS, inputs start 2010

10 2020 2030 2040 2050 2060

Year

Surface water: R3-stream

10

2 4

0

2000 20

10m VFS, inputs start 2010

10 2020 2030 2040 2050 2060

Year

Surface water: R4-stream

10m VFS, inputs start 2010

10

2 4

0

Surface water dissolved Cu (ug/l)

2000 2010 2020 2030 2040 2050 2060

Figure A8-3. Surface water copper concentrations for scenarios R1 to R4,
assuming VFS of 20m width.

Page 51 of 58




Sediment Cu (ug/g dw)

Sediment Cu (ug/g dw)

Sediments: R1-stream
10m VFS, inputs start 2010

Sediments: R1-pond
10m VFS, inputs start 2010

100 —~ 100
3
©
80 1 o 80
g
60 | = 60
=
(3}
40 = 40
[}]
20 | E 20
©
[}]
0 : : : : : » 0 : : : : :
2000 2010 2020 2030 2040 2050 2060 2000 2010 2020 2030 2040 2050 2060
Year Year
Sediments: R2-stream Sediments: R3-stream
10m VFS, inputs start 2010 10m VFS, inputs start 2010
100 —~ 100
3
©
80 | o 80
g
60 | = 60
=
(3]
40 A = 40 A
[<}]
20 | o E 20 -
©
(]
0 : : : : : » 0 : : : : :
2000 2010 2020 2030 2040 2050 2060 2000 2010 2020 2030 2040 2050 2060
Year Year
Sediments: R4-stream
10m VFS, inputs start 2010
—~ 100
3
e}
K=y 80 1
2
N 60 4
=
(3}
s 40
Q
E 2
©
(]
" 0

2000 2010 2020 2030 2040 2050 2060

Year

Figure A8-4. Sediment copper concentrations for scenarios R1 to R4,

assuming VFS of 20m width.
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Appendix 9: Charts of copper concentrations in surface waters and
sediments, illustrating the influence of simulating vegetation filter
strips

Charts show the predicted copper concentrations in either surface waters or sediments in
2030, under the three scenarios for the simulation of vegetation filter strips (VFS):

No VFS: Unshaded (white) bars
10m wide VFS: Light shaded (grey) bars
20m wide VFS: Dark shaded (dark grey) bars
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Figure A9-1. Predictions of copper concentrations in surface waters of the runoff

scenarios in 2030.
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Appendix 10: Table and charts of the predicted distribution of
copper in surface waters in 2030

The charts show the predicted distribution of copper in surface waters of each scenario in
2030, in response to a loading rate of 8 kg Cu ha™ a™. Four forms of copper are identified in
the charts: free ion, dissolved inorganic complexes, dissolved organic complexes and in
suspended sediment.

Free ion: white bars

Dissolved inorganic complexes: black bars
Dissolved organic complexes: light grey bars
Suspended sediment: dark grey bars

Table A10-1. Predictions of the distribution of copper in surface waters in 2030 in
response to a loading rate of 8 kg Cu ha™ a™.

FI = free ion; DI = dissolved inorganic complexes; DO = dissolved organic complexes;
SED = suspended sediment-bound. The values are percentages of the total surface water
copper.

no attenuation 10 m wide VFS 20m wide VFS
Fl DI DO SED FI DI DO SED FI DI DO SED

Ditch <0.1 0.1 49.8 50.1
Stream | <0.1 0.1 49.9 50.0
Ditch <0.1 03 142 855
Stream | <0.1 0.3 146 85.1
D3 Ditch <0.1 05 315 68.0
Pond <0.1 0.2 442 556
Stream | <0.1 0.2 448 55.0
Pond <0.1 0.6 114 88.0
Stream | <0.1 0.6 114 88.0
D6 Ditch <0.1 09 42 949
Pond <0.1 0.9 76 918 |<0.1 05 75 920 |<01 05 74 920
Stream | <0.1 33 89 878 [<01 24 86 89.0 |[<0.1 20 85 895
R2 Stream 0.2 04 16.1 833 0.1 03 157 838 |<0.1 0.3 154 84.1
R3 Stream | <01 03 80 917 |<0.1 03 7.9 918 |<01 03 79 919
R4 Stream | <01 0.1 73 926 |<0.1 01 73 926 |<01 01 7.3 92.6

D1

D2

D4

D5

R1
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Figure A10-1. Predictions of the distribution of copper in surface waters in 2030 in
response to aloading rate of 8 kg Cu ha™ a™.

Page 57 of 58



References

! FOCUS, 2001. FOCUS Surface Water Scenarios in the EU Evaluation Process under
91/414/EEC. Report of the FOCUS Working Group on Surface Water Scenarios, EC
Document Reference SANCO/4802/2001-rev.2. 245 pp.

% Tipping, E. 1998. Humic lon-Binding Model VI: An improved description of the interactions
of protons and metal ions with humic substances. Aquat. Geochem. 4: 3-48.

® European Commission. 1996. Technical Guidance Document in support of Commission
Directive 93/67/EEC on risk assessment for new and existing substances and Commission
Regulation (EC) No 1488/9 on risk assessment for existing substances, Part Il. Office for
Official Publications of the European Communities, Luxembourg, 504pp.

* Monteiro, S.C., Lofts, S., Boxall, A.B.A., 2010. Pre-Assessment of Environmental Impact of
Zinc and Copper Used in Animal Nutrition. Scientific / technical report submitted to the
European Food Safety Authoirty (EFSA), October 2010.

® http://www.gst fi/foregs/geochem/

® European Union Risk Assessment Report. Voluntary Risk Assessment of Copper, Copper
Il Sulphate Pentahydrate, Copper(l)Oxide, Copper(l)Oxide, Dicopper Chloride Trihydroxide.

" Ma, Y.B., Lombi, E., Oliver, .W., Nolan, A.L., McLaughlin, M.J., 2006. Long-Term Aging of
Copper Added to Soils. Environ. Sci, Technol., 40, 6310-6317.

® Tipping, E., Lawlor, A.J., Lofts, S., Shotbolt, L., 2006. Simulating the long-term chemistry of
an upland UK catchment: Heavy metals. Environ. Pollut., 141: 139-150.

® http://faostat.fao.org/

B Huffmann, W.E., Orazem, P.F., Agriculture and Human Capital in Economic Growth:

Farmers, Schooling and Nutrition. In: Evenson, R.E., Pingali, P.L. (eds). Handbook of
Agricultural Economics, Volume 3: Agricultural Development: Farmers, Farm Production and
and Farm Markets.North Holland, Amsterdam, NL, 2007.

Y http://www.ars.usda.gov/main/site_main.htm?modecode=12-35-45-00/

2 Vinas P., N. Aguinaga, Lopez-Garcia |., Hernandez-Cordoba M. 2002. Determination of
cadmium, aluminium and copper in beer and products used in its manufacture by
electrothermal atomic absorption spectrometry. Journal of AOAC International, 85, 736-743.

Page 58 of 58



