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Executive summary

e Areas with high vulnerability of IPU and Mecoprop-P entering streams during
peak drainflow after pesticide application are in the western, northern and south

eastern parts of the catchments.

e The majority of soils in high risk areas are impermeable with slow, often
impeded vertical drainage. The climate the western part of the catchment also
increases the run-off risk because it is wetter. Soils wet-up more rapidly in the
autumn and the larger amount of excess rainfall during the winter period

facilitates run-off.

Background to the surface water model and vulnerability map

The surface water vulnerability maps of the catchment is based on model estimations
of the amount of pesticide draining from the field to which it is applied to any adjacent
ditches or streams. The model uses information on local soil, rock and climatic
conditions, combined with pesticide-specific data on representative application rate,

how strongly it is held within the soil and how quickly it breaks down.

The soils data

The soil data used are the National Soil Map (NatMap) and spatial polygons of soil
associations and the proportion of specific soil series that comprise the polygon.
Mapping is at a scale of 1:250,000. Data from soil properties are used to derive a ‘soll
runoff potential’ class based on its hydrological response to rainfall (as indicated from
its Hydrology Of Soil Types — HOST — class; Boorman et al., 1995) and its organic
matter and clay content as it determines soil adsorption potential. The methods for

allocating soils to a runoff potential class are described in Hollis, 1991.

The climatic data

The climatic parameter used by the model is the duration of the climatic field capacity
period (FC Days). This is used to determine the average length of time between
pesticide application and the rainfall event that triggers soil drainage. Data on FC days
at 5 km x 5 km grid resolution has been calculated for England & Wales as a
component of the ‘agro-climatic databases (Jones & Thomasson, 1985) held in the
NSRI/ Defra Land Information System (LandIS).



The pesticide data

The pesticide fate model used requires information on how quickly the compound
breaks down in the soil (the pesticide half life in soil, or Ty,;) and how strongly it is held
within the soil against drainage (the soil sorption coefficient, normalised for organic
carbon content, or Koc). Realistic ‘best-case’ values for Koc (maximum sorption) and
T12 (Minimum half life) were derived from data held within the NSRI — Severn-Trent
Water Catchment Information System (CatchlS, Breach et al, 1994). These data
comprise a realistic range of values for the Koc and half life of individual compounds
compiled from various published sources and verified with the companies who

registered the compounds for use in the UK.

Chemical Koc Ty
Atrazine 174 17
Chlorotoluron 384 30
Diuron 534 30
Isoproturon 235 13
MCPA 60 6
Mecoprop-P 40 7
Propyzamide 990 16
Simazine 377 20
Trietazine 400 50

The pesticide fate model

The pesticide fate model used to produce the vulnerability maps is based on an
adaptation of the Surface Water Attenuation Model (SWAT) (Brown & Hollis, 1996).

The model predicts the average pesticide concentration entering streams in the peak
drainage from fields following the first rainfall event to initiate drainage after pesticide
application. This concentration is calculated by assuming that, during the rainfall event,
all rainwater interacts with the upper part of the topsoil by displacing and mixing with
the mobile water fraction. It is this displaced and diluted soil water fraction that moves
rapidly to streams, either via surface flow or through the soil fissure/macropore systems
and field drains, if present. During this process, some additional attenuation of
pesticide is likely to occur as a result of sorption onto soil aggregate surfaces. The

predicted drain concentration is thus calculated from the predicted solute concentration



within the upper 1 mm of soil at the time of the rainfall event adjusted using a dilution
factor to account for displacement and mixing by rain and a partition factor to account

for pesticide sorption during transport to drains.

Pesticide concentration in the topsoil water fraction during the runoff event

The concentration of pesticide in the topsoil water fraction is calculated using the
Attenuation Factor concept. The model assumes that as soon as it impacts at the soil
surface, the applied pesticide penetrates to a depth of 2 mm and then begins to move
down through the topsoil. The depth to which the pesticide penetrates during the time
between application and the rainfall event that initiates run-off (time, t) is calculated
from the length of this time, the average soil water flux during this time (assuming the
soil is at or near to field capacity) and a pesticide-specific retardation factor that takes
into account sorption and volatilisation during pesticide flow. The average pesticide
solute concentration within this depth is then calculated from the initial mass of
pesticide impacting at the surface divided by the total water content of the topsoil within
the calculated depth of solute penetration, multiplied by an attenuation factor that takes
into account the degradation that has occurred during the solute transport time (t).
These calculations assume a first order degradation relationship with the pesticide half
life and also include a time-dependent increase in sorption. The mass of pesticide
impacting at the surface is calculated from the pesticide application rate adjusted to

take into account any likely crop interception.

pesticide

application
Application rate - loadings

h Application date — timing and transport

Y Pesticide characteristics:
Sorption coefficient (Koc) - how strongly pesticide is bound to soil
Half life (t/2) — how quickly the compound breaks down

O Concentration in surface ‘primed’ for movement

initiated by rainfall event — continues to degrade
if no precipitation occurs

Period between pesticide application and the first rainfall event initiating runoff



The interval between pesticide application and initiation of run-off is a function of both
soil type and climate. Soil types determine the amount of rainfall that is necessary to
initiate run-off and climate determines the relative frequency of such an event. Using
the Hydrology of Soil Types (HOST) classification, soils are grouped into five classes
(S1 to S5) according to their predicted Standard Percentage Run-off (SPR) value. Soils
with the highest SPRs require only small volumes of rain to initiate run-off whereas
those with the lowest SPRs require large volumes of rain. Rainfall volumes of 5, 7, 10,
18 and 20 mm have been selected to reflect the increasing infiltration capacity of soil
classes with increasingly lower SPRs. By statistical analysis of daily weather data sets,
the average return periods for each of these rainfall events within each climatic area
defined by the duration of their field capacity period, has then been calculated. These
calculated return periods range from 1 to 10 days for S1 soils with greater than 50 %
SPR, to 12 to 115 days for S5 soils with less than 10 % SPR. These values are used
within the model to define the average time duration between pesticide application and

the first rainfall event that initiates run-off.
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Output from the model

The model calculates the pesticide concentration for each of the individual soil series
that are defined by the soil spatial data. The calculated pesticide concentration is thus
assumed to apply to all the area represented by the soil series. The calculated value
represents the concentration of pesticide draining from individual fields which
contributed to the surface water network. Because of the uncertainties relating to the
derivation of input parameters to the model and the fact that concentrations of pesticide
draining from individual fields are likely to be subject to dilution and dissipation within
the surface water network, the predicted concentrations are not treated as absolute
values but are translated into one of three relative risk categories: Low, Medium or

High. The range of concentrations associated with each class is as follows:

Low 0—1pgl?
Medium 1.01 -4 pug It
High > 4 ug I

Interpretation of the map
When interpreting the maps it is important to remember certain assumptions on which
the risk assessment is based.

1. The mapped areas are independent of land use and crop data. The map

represents the combination of soil and climate characteristics that produce

vulnerable situations with high runoff potential giving rise to enhanced pesticide



concentration in drainage waters at ‘edge of field’. Therefore, the model
assumes that the pesticide is applied over the whole area (unless it non-
agricultural eg ‘urban’ or ‘upland peat’) and gives vulnerability should the
pesticide be applied to the specific area. Assessment of actual cropping and
land use should be sought from agronomists in the catchment and used in

association with the vulnerability maps.

As the maps are based on the National Soil Map at 1; 250,000, care should be
taken when extrapolating the assessment to specific smaller scale areas (eg.
fields) within the map units displayed on the map. For smaller scale areas more
detailed characterisation of soil types within certain fields would need to be

undertaken.

As climate data is indicative of meteorological conditions over long-term periods
it represents areas of agroclimatic significance that determine appropriate
cropping and land use. The climatic data used to in the model to determine
events that trigger drainage is representative of ‘average’ conditions determined
from long-term data. Consideration of weather patterns in a specific timeframe
within the catchment and observations of drainflow should also be taken into
account. There are likely to be some years when drainage is triggered sooner
(eg. because of a particularly wet late summer and early autumn) than the
period used in the model (giving higher concentrations) as well as some years

when it is triggered later (giving lower concentrations).

The assessment only takes into account diffuse agricultural sources and
assumes best practice. It does not take into account point sources, non-

agricultural sources or inputs from bad practice.

The map is thus simply a generalised vulnerability assessment that attempts to

integrate the inherent local environmental risk factors (soil and climate) with the risks

attached to the pesticide characteristics and the time of application. The risk classes

used also try to take into account attenuation of the edge-of field concentrations during

transport through the catchment surface water network. Taking into account these

assumptions therefore, the classes can be interpreted as follows:

Low risk (coloured blue) indicates that if the pesticide is used on the licensed crops
in these areas, the amount draining to surface waters in most years is unlikely to

give water quality problems at the abstraction source.

Medium risk (coloured orange) indicates that if the pesticide is used on the

licensed crops in these areas, then, in some years the amounts draining to surface



waters are likely to give intermittent local water quality problems at the abstraction

source, at least over the late autumn and winter periods.

e High risk (coloured red) indicates ‘hot-spot’ areas within the catchment where the
combination of soil rock and climatic conditions create particularly vulnerable
environments. If the pesticide is used on the licensed crops in these areas, then it is
very likely that the amounts subsequently draining to surface waters will give
intermittent water quality problems at the abstract source over the late autumn,

winter and, possibly, the spring periods.

Interpretation of differences in the vulnerability maps

High risk

Western part of catchment

Soils in this area consist of fine loamy Brown Podzolics or typical brown earths (Manod
and Milford/Denbigh associations, respectively), and although are typically well drained
they are shallow and therefore have moderate runoff potentials. The climatic data
indicates soils have a long field capacity period (approx 250-300 days per annum) and
are therefore wet for long periods of the year. Soils in this area generally wet-up in
early autumn (mid to late September) and do not experience moisture deficits until late
spring or early summer late May to early June). The climatic conditions therefore
generate greater potential for surface water runoff and risk than in drier areas on the
same soil types. However, due to these agroclimatic constraints it is unlikely that this

part of the catchment is under an arable system.

Northern part of catchment

Soils in this area consist of fine silty and fine loamy slowly permeable surface water
gleys over heavy subsoils and surface water gleys over till (Stanway/Pinder and Clifton
associations respectively). These soils are impermeable and have high runoff potential
and little rainfall is required to flush the pesticide into the surface water system via

bypass flow.

South eastern part of the catchment



Soils in this area consist of fine loamy stagnogleyic argillic brown earths over slowly
permeable clayey subsoils (Whimple association), slowly permeable clayey soils over
mudstone (Worcester association) and loamy, fine silty slowly permeable stagnogleys
over heavy subsoils (Barsey and Stanway associations). The impermeability of these
soils leads to seasonal waterlogging and high runoff potential during the field capacity
period. Although the soils are wet for less time of the year that other parts of the
catchment (field capacity approx 150-175 days), their impermeability means that only
small a amount of rainfall during the FC period is required to move pesticide into

surface waters via bypass flow.

Moderate Risk

The majority of soils in moderate risk areas are loamy brown earths over clayey
subsoils (e.g. Barton, Rowton, Escrick and Bromyard associations) with slowly
permeable subsoils giving rise to some seasonal waterlogging. These soils have
moderate impermeability and absorption capacity and hence moderate run-off
potential. The moderate areas are concentrated in the upper parts of the catchment
where field capacity and excess winter rainfall is higher compared with the lower end of
the catchment. Although these soil types exist in the lower part of the catchment (low
risk areas) the greater longevity of field capacity and larger amounts of rainfall during
the field capacity period enhances the flushing of the pesticide through the soil in

moderate risk areas.

Low risk areas

Soils with large organic matter contents (such as the humic stagnogleys in the western
part of the catchment) have high absorption capacity and hence are low risk. Other sail
types are similar to the moderate risk areas but have fewer field capacity days and

lower rainfall amounts reducing the likelihood of IPU flushing through bypass flow.
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