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 Executive Summary 

 
This is the final report of Project DWI70/2/286 - Assessing the likelihood of selected 
veterinary medicines reaching drinking water. 
 
Human exposure to veterinary medicines may occur through the consumption of drinking 

water abstracted from surface or groundwater sources that are vulnerable to potential 

contamination by veterinary medicines.  A recent DWI project (70/2/235) used a number of 

worst case assumptions to confirm safe levels of intake via drinking water for most veterinary 

medicines. It also identified 10 compounds (altrenogest, apramycin, cefapirin, dicyclanil, 

florfenicol, lincomycin, luprostiol, sulfadiazine, acetylsalicylic acid and monensin1) where 

intake may be close to or above the acceptable daily intake (ADI).  This project further 

assessed the potential risk posed by these 10 compounds by generating more realistic 

estimates of human exposure through drinking water sources by refining: 

 active substance property information 

 veterinary medicine usage and loads applied to agricultural land 

 simulation modelling, by employing a catchment-based simulation modelling 

approach 

1 As a poultry feed additive.  Subsequent to the start of this project monensin was authorised 
for use in cattle in 2013 which is not covered by this risk assessment. 
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The approach taken in this project sub-divided the project into three work packages with 

seven key tasks, namely: 

 

Work Package 1 – Catchment Selection 

 Screening Selection of Surface and Groundwater Catchments.   

 Final Selection of Surface and Groundwater Catchments.     

Work Package 2 – Model Parameterisation and Setup 

 Collation of Selected Compound Properties.   

 Collection of Regionally Biased Selected Compound Usage Regimes.   

 Development of Catchment Specific Selected Compound Loads.   

Work Package 3 – Environmental Modelling and Risk Assessment 

 Catchment Environmental Fate Modelling.   

 Refinement of Risk Assessments.   

 

Work Package 1 – Catchment Selection 

The screening phase of the catchment selection identified between 11 and 18 surface and 

groundwater catchments for each of the animal groups.  From these the final four 

groundwater and four surface water catchments were selected, one for each animal type 

(cattle, sheep, poultry and pigs).  This process ensured that the final catchments were both 

vulnerable to leaching and runoff while having high animal manure and veterinary medicine 

pressures. 

 
Work Package 2 – Model Parameterisation and Setup 

There was variable success in improving the compound properties for the ten compounds 

collated for the simulation modelling.  A freedom of information request to the Veterinary 

Medicines Directorate (VMD) yielded limited amounts of data, however, the key variables for 

five of the compounds (apramycin, dicyclanil, florfenicol, lincomycin and sulfadiazine) were 

adequately characterised.  Acetylsalicylic acid was characterised largely using literature 

sources while monensin was characterised using EFSA evaluations.  Key gaps were thus 

present for altrenogest, cefapirin and luprostiol with all values being estimated as no 

additional data was forthcoming from industry sources.   

 

For each livestock type, a number of veterinary practices were consulted regarding their 

usage of the ten compounds.  The cattle practices covered over 100% of the total number of 

cattle in the catchments (owing to some treating animals on farms both inside and outside 

the catchment), while the pig and poultry practices covered 25% and 55% of the national 

animal totals, respectively. When considering just broilers, which receive the majority of the 

compounds under consideration, the poultry practices covered 69% of the total population.  
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For dicyclanil usage in sheep, data on the sale of ectoparasiticides of large agricultural 

supply chains that covered the selected catchments was analysed. 

Single integrated usage regimes were calculated from the survey returns for each 

compound, livestock group and mode of administration.  Of all the compounds surveyed for, 

only acetylsalicylic acid was not used by any of the practices for any of the animals.  In 

general, there was not much seasonal variation in the use of any of the compounds, but 

where such variation existed it was accounted for in the modelling. The catchment specific 

loads of each veterinary medicine were calculated through integrating the usage survey 

results with the manure production, handling and spreading modelled using Manures-GIS.  

The final calculated annual applications were small, being less than 1 g/ha. 

 

Work Package 3 – Environmental Modelling and Risk Assessment 

For both the surface water and groundwater catchments the maximum daily/annual 

predicted environmental concentrations for each of the representative catchments and 

compounds did not exceed the lowest acceptable daily intake concentrations for the three 

age classes for either the conventional or advanced water treatment options.  The fact that 

these maximum modelled concentrations were low is unsurprising given the low application 

rates of veterinary medicines spread into the environment.  In order to ensure that the 

maximum annual predicted environmental concentration for groundwater did not exceed the 

toxicological threshold for an individual crop/soil combination within the catchments, these 

were extracted for a high usage compound (sulfadiazine) and high toxicity compounds 

(luprostiol and altrenogest).  Similarly, these concentrations for specific soil and crop 

combinations do not exceed the most sensitive toxicological end points.   

 

The modelled concentrations were typically a factor of several hundred to several tens of 

thousands below these toxicological thresholds.  There are also additional factors which 

provide further margins of safety: 

 There is an additional safety factor of 10 fold given that the ADI thresholds were 

based on 10% of the ADI concentration; 

 The modelling did not take account of any metabolism of the compounds in the 

animal.  In the case of monensin there is an additional safety factor of 5 if this is 

considered.     

 The modelling considers that veterinary medicines spread into the environment either 

through excretal returns or used as a fertiliser are immediately available for transport 

in water leaching to groundwater, or agricultural drains, or running off as surface 

runoff.  However, they are not necessarily available for leaching or runoff as they are 

a component of an organic manure.  Using the fraction of compound expected to 

leach from dung using the equations that underpin VETCALC, a model that may 
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used in higher veterinary medicine environmental risk assessments, it is likely that a 

further safety factor of 3 to 10 is available.  

 It should also be borne in mind that the groundwater PECs are for the base of the soil 

profile (0.5 to 1.5 m depending on the soil) and that there would likely be additional 

attenuation of the compounds through adsorption, dissipation and degradation while 

moving through the unsaturated vadose zone en route to groundwater. 

 
Conclusions and Further Research 

Based on the results of this study it is concluded that the ten compounds investigated are 

not expected to impact on drinking water quality under realistic worst case conditions in real 

world catchments.  The study reflects agricultural practice and authorisation of veterinary 

medicines at the outset of the project and it is recognised that practices and authorisations 

may change over time.  Water companies should continue to review risks on a case by case 

basis to account for local circumstances and changes. A further area of research would be to 

review the assessment in the future to account for any changes in practice or usage that 

may have occurred. 
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2 Introduction 
 

Human exposure to veterinary medicines may occur through the consumption of drinking 

water abstracted from surface or groundwater sources that are vulnerable to potential 

contamination by veterinary medicines.  A recent DWI project (70/2/235) used a number of 

worst case assumptions to confirm safe levels of intake via drinking water for most veterinary 

medicines. It also identified 10 compounds (altrenogest, apramycin, cefapirin, dicyclanil, 

florfenicol, lincomycin, luprostiol, sulfadiazine, acetylsalicylic acid and monensin2) where 

intake may be close to or above the acceptable daily intake (ADI).  This project further 

assesses the potential risk posed by these 10 compounds by generating more realistic 

estimates of human exposure through drinking water sources by refining: 

 active substance property information 

 veterinary medicine usage and loads applied to agricultural land 

 simulation modelling employing a catchment-based approach 

This study sought to refine the risk from use of these compounds arising from veterinary 

medicine sources and not emissions to surface or groundwaters from uses as a human 

pharmaceutical (through sewage treatment effluent or sewage sludge spread to land) or any 

other uses. Human pharmaceutical have been considered in other DWI reports e.g. DWI 70-

2-213 and DWI 70-2-231. Similarly, usage in, and possible exposure from, the dominant 

animal types (cattle, sheep, pigs and poultry) were considered while usage in companion 

animals (cats, dogs and horses), aquaculture or any other off-label veterinary usage was 

not.  This study only considers diffuse losses of compound through runoff and drainage from 

agricultural fields as a function of good agricultural practice and not from farm point sources 

like hard standings connected to drains or leaking slurry pits, as these are difficult to quantify 

fully and may be almost stochastic in nature.  The 10 selected compounds are currently 

authorised for use on pigs, poultry, cattle and sheep for a variety of routes of administration 

(See Table 1).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 As a poultry feed additive.  Has subsequently been approved for use in cattle in 2013 
which is not covered by this risk assessment. 
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Table 1: Summary of authorised uses and routes of administration considered 
within this project (VMD, 2012). 

 
Active Substance Pigs Cattle Poultry Sheep 
Altrenogest O    
Apramycin O O O  
Cefapirin  IM, IU   
Dicyclanil    PO 
Florfenicol I, O I   
Lincomycin O, I IM, OL O  
Luprostiol I I   
Sulfadiazine I, O  O, IM, I O  
Acetylsalicylic Acid O    
Monensin   O†  
O – Oral; IM – Intramammary ; IU – Intrauterine ; PO – Pour-On; I – Intramuscular ; † Approved as a feed additive only 
OL – off label as a footbath; 
 

3 Approach 
 

The approach taken in this project sub-divided the project into three work packages with 

seven key tasks, namely: 

 

Work Package 1 – Catchment Selection 

1. Screening Selection of Surface and Groundwater Catchments.  The aim of this task 

was to rank and select candidate groundwater and surface water catchments for use 

in the catchment risk assessments through consideration of risk factors which would 

make them suitable.   

2. Final Selection of Surface and Groundwater Catchments.  The aim of this task was to 

select a single representative catchment for each animal group (pigs, poultry, sheep, 

cattle) for characterisation and risk assessment for surface water (4 separate 

catchments) and groundwater (4 separate catchments).   

Work Package 2 – Model Parameterisation and Setup 

3. Collation of Selected Compound Properties.  The aim of this task was to source up to 

date, and potentially improved compound properties, for the simulation modelling. 

4. Collection of Regionally Biased Selected Compound Usage Regimes.  The aim of 

this task was the collection of usage regimes (extent of use, the application rate, the 

application type and the application timing) for each of the active substances, 

focussing on the regions where the selected catchments are located. 

5. Development of Catchment Specific Selected Compound Loads.  The aim of this task 

was to develop monthly loads of the selected compounds applied to each crop-soil 

combination in each catchment through integrating the compound properties, usage 

regimes and animal manure storage/handling datasets. 
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Work Package 3 – Environmental Modelling and Risk Assessment 

6. Catchment Environmental Fate Modelling.  The aim of this task was to simulate 

predicted environmental concentrations of each active substance in raw water 

abstractions from the four surface water and four groundwater catchments. 

7. Refinement of Risk Assessments.  The aim of this task was to refine the risk 

assessments in the event that task 6 demonstrates raw water predicted 

environmental concentrations above the acceptable daily intake values defined in the 

previous project.     

Each of these tasks is described in more detail in the ensuing sections. 

 

3.1 Screening Selection of Surface and Groundwater Catchments 
 

This section describes the screening approach used to select the real world ‘realistic worst 

case’ catchments that were to underpin the risk assessment framework used in this project.  

The aim was to select 10 to 20 catchments for each animal type (pigs, poultry, cattle and 

sheep) for both groundwater and surface water bodies (20 to 40 catchments per animal 

type).  These candidate catchments were then considered further in task 2 where the final 

catchments were selected.  The selection process sought to consider: (i) the pressure being 

exerted on the surface and groundwater bodies through manure loads and veterinary 

medicine usage, (ii) the significance of potential pollutant pathways leading to veterinary 

medicines entering drinking water sources, for example through surface runoff, and (iii) other 

ancillary factors that required consideration, like current Water Framework Directive 

designations indicating pressures and impacts. 

 

3.1.1 Surface Water Bodies 
 

Boundaries for the Water Framework Directive (WFD) surface water catchments integrated 

with the Catchment Abstraction Management (CAM) Assessment Point (AP) catchments 

were supplied by the Environment Agency (EA).  A list of Drinking Water Protected Areas 

(DrWPAs) was obtained from the Environment Agency’s Internet site (Environment Agency, 

2011). The two datasets were linked and the Safeguard Zone (SGZ) for each DrWPA was 

defined as the entire upstream area of the DrWPA catchment, using the catchment attribute 

information about upstream catchments contained in the WFD CAM boundary data.  Results 

were checked manually and remaining queries about the accuracy of the defined SGZs were 

resolved in discussion with the EA (G. McMellin, pers. comm.).   

 

Each surface water DrWPA (and its SGZ) catchment was ranked using a suite of risk 

factors, including: 
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• Runoff vulnerability index (See Figure 1a) developed for the Chemicals Regulation 

Directorate (CRD) to assess possible exposure of surface water bodies to surface 

runoff of pesticides.  This index incorporated precipitation amount, precipitation 

intensity, slope and soil factors in its construction (Hughes et al., 2009). 

• Drainflow risk index (See Figure 1b) developed for the CRD to assess possible 

exposure of surface water bodies to drainage through subsurface agricultural drains.  

This index incorporates the extent of soils requiring drainage, the prevalence of 

agricultural field drains and modelled drainflow volumes/days (Hughes et al., 2012). 

• In the absence of readily available veterinary medicine usage/sales data broken 

down by region and animal type, regional expenditure on vets and veterinary 

medicines was extracted from the Defra Farm Business Survey 2010/2011 for each 

robust farm type (See Table 2).  This is a proxy variable used for cattle and sheep 

catchment selections only to provide a regional weight for usage of veterinary 

medicines.  For poultry and pigs the national survey data collected during this study 

was used.  See information Box 1 for further details.   

• Total annual loads of manure in each animal group applied through managed farm 

yard manure, slurry and in-field excretal returns as defined by the ADAS Manures 

GIS software (ADAS, 2008; See section 2.5 for further information).  This software 

and underpinning database is a unique spatially and temporally distributed database 

of manure applications and in-field excretal returns across a range of agricultural land 

uses, and is based on high resolution agricultural census datasets and expert 

interpretation of national manure management practice surveys.  It was specifically 

constructed to facilitate a range of simulation modelling activities associated with 

manure management and loadings applied to agricultural land of manure-borne 

nutrients, pathogens and chemicals in support of government policy advice 

requirements.  This assessment included specialist industry knowledge, such as: 

o the ratio of indoor to outdoor animals 

o the ratio of dairy to beef cattle 

o sector specific manure management practices (e.g. regions where much of 

the poultry muck is incinerated rather than spread to land) 

• Environment Agency Water Framework Directive (WFD) catchment characterisation 

scores. 

• A number of auxiliary datasets including the Less Favoured Area and Nitrate 

Vulnerable Zone (NVZ) boundaries (both published by Defra at www.magic.gov.uk). 

For Wales, Less Favoured Area boundaries published by the Welsh Assembly were 

used.  The NVZ’s were included as within these zones regulations limit total manure 
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applications and define closed periods during risky runoff and leaching periods.  The 

total area of each of these within each catchment was calculated. 

 

Total manure loadings for each DrWPA catchment (including its safeguard zone) were 

calculated by intersection of the catchment boundaries with the Manures GIS data (which is 

expressed at 1 x 1 km).  A similar process was followed to obtain summaries of the runoff 

vulnerability index and the drainflow risk index.  All data were normalised by the total area of 

the catchment to obtain objective metrics. The first selection of candidate catchments was 

carried out based upon rankings of the key input variables using their percentile value within 

the total distribution of catchment values. The aim of this ranking was to obtain a pre-

selection of between 10 and 20 catchments which could be considered to represent the 

‘realistic worst case’ in England and Wales for the risk of contamination of surface water 

DrWPAs from veterinary medicines associated with animal manures, for each livestock 

group.  The process was as follows, for each animal group: 

 

Cattle and Sheep  While manure loads were developed for beef and dairy 

animals separately, these were grouped for the cattle category as there was a good 

correspondence between the amounts of beef and dairy manures produced within the 

DrWPA catchments (See Figure 2).  Catchments were included in the candidate 

selection if: 

o Manure inputs were greater than the 75th percentile, and 

o Runoff and Drainflow Vulnerability Index values were greater than the 40th 

percentile, and 

o The catchment area was greater than 20 km2. 

 

Pigs and Poultry  The analysis concentrated on animals which are 

conventionally reared (i.e. indoor pigs and poultry).  For poultry, manures generated by 

laying hens and layer breeders were not taken into account as these poultry groups 

typically did not receive any of the compounds under study. While the manures 

generated by outdoor pigs were calculated separately, the total manure figures were 

used in the analysis as (i) they make up only a small amount of the total manure 

production (typically ~10% of pigs) and (ii) there is a good correspondence between the 

number of outdoor pigs and the total number of pigs in a catchment (See Figure 3).  

 

Pig and poultry production in England and Wales is much more localised than that of 

grazing livestock, and is often associated with arable areas with free-draining soils (see, 

for example, Figure 4). As such, inclusion of the criteria for drainflow vulnerability 

resulted in the selection of none of the catchments on the Eastern side of the country, 
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where the highest intensity of pig and poultry production is located. Therefore, the criteria 

for the selection of catchments were amended for these livestock groups. Catchments 

were included in the candidate selection if: 

o Manure inputs were greater than the 90th percentile (taking account of more 

localised patterns of livestock production), and 

o Runoff Vulnerability Index values were greater than the 40th percentile 

(ignoring the Drainflow Vulnerability Index), and 

o The catchment area was greater than 20 km2. 

 

 
(a)      (b) 

Figure 1: Maps depicting the (a) surface runoff vulnerability weighted for water 
body prevalence (Hughes et al., 2009) and (b) drainflow vulnerability 
(Hughes et al., 2012) indices; used in the screening selection of 
candidate catchments.  
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Table 2: Estimated annual expenditure on veterinarians and veterinary medicine 
for cattle and sheep (after Defra Farm Business Survey 2010/2011) 
expressed as £ per livestock unit. 

 

Region 
Cattle Sheep 

Lowland (£/LSU) LFA (£/LSU) Lowland (£/LSU) LFA (£/LSU) 
North West £57.46 £47.98 £30.53 £47.98 
NE & Yorks/Humber £51.12 £35.71 £34.04 £35.71 
 North East n/a £33.26 n/a £33.26 
 Yorkshire & the  
 Humber n/a £39.23 n/a £39.23 

East Midlands £46.60 £30.78 £34.13 £30.78 
West Midlands £39.40 £29.33 £23.56 £29.33 
East of England £52.37 n/a £20.54 n/a 
South East (& London) £46.75 n/a £25.60 n/a 
South West £46.18 £30.41 £28.01 £30.41 
Wales £39.10 £37.45 £24.35 £32.42 

Abbreviations: LFA – Least Favoured Areas; LSU – Livestock Unit 
 
 
 
 
 
 

Information Box 1 
Statistics on veterinary medicine expenditure and number of livestock units (LSUs) for 

cattle and sheep were obtained from the Farm Business Surveys for England and Wales 

for the year 2010, by region and farm type. Unsuppressed figures were available by 

Government Office Region. The total expenditure on veterinary medicines for each 

region and farm type was proportioned across the cattle and sheep LSUs present in that 

region and farm type. Figures for total expenditure per LSU for each region in lowland 

and ‘least favoured area’ (LFA) areas for cattle and sheep were then estimated by 

combining the values for the relevant farm types and dividing these by the total LSU for 

each livestock type. The estimated figures are given in Table 2. Note that figures for 

lowland farms in the North East and Yorkshire / Humber regions were suppressed; for 

these an overall figure for the amalgamated region was used. No LFA expenditure is 

available for East of England and Kent due to the absence of LFAs. 
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Figure 2: Relationship between the production of beef manure and dairy manure 

in the DrWPA catchments.  Note that both axes are log scale. 
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Figure 3 Relationship between the estimated production of outdoor pig manure 

and pig manure from all pigs (indoor and outdoor) in the DrWPA 
catchments.  Note that both axes are log scale. 
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(a)           (b) 
Figure 4 Contrasts in the distribution of (a) cattle and (b) pig manure loads returned to agricultural land across England and 

Wales. Figures are totals for each 1 km2 grid cell. 
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3.1.2 Groundwater Bodies 
 

The process followed for the selection of groundwater catchments was comparable to that 

used for the surface water catchments. Groundwater catchment boundaries were received 

from the EA (G. McMellin, pers. comm.).  All aquifers in England and Wales are designated 

as DrWPAs, regardless of the productivity of the aquifer (EA, 2008).    Each groundwater 

DrWPA catchment was ranked using a suite of risk factors, including: 

 

• Groundwater leaching vulnerability index as defined by a spatially-distributed 

groundwater leaching modelling framework (Tier 3b Modelling Approach – FOCUS, 

2009) developed and employed by ADAS as a higher tier groundwater risk 

assessment refinement for regulatory pesticide submissions in the UK (Hughes, 

G.O., 2011 – Unpublished Research).  This index incorporates precipitation amount 

and soil factors in its construction (See Figure 5a). 

• Groundwater designation maps developed by the EA to align their groundwater 

protection policy with the Water Framework Directive which divides underlying strata 

into principal aquifers, secondary aquifers and unproductive aquifers.  A 

hydrogeology dataset published by the British Geological Survey (BGS, 2011) was 

therefore used to identify the most productive aquifers for inclusion in this project 

(see Figure 5b). 

• The presence of significant public water supplies in the groundwater drinking water 

protected areas.  An Environment Agency dataset defining over 2000 source 

protection zones for public water supplies was used for this purpose. 

• In the absence of readily available veterinary medicine usage/sales data broken 

down by region and animal type, regional expenditure on vets and veterinary 

medicines was extracted from the Defra Farm Business Survey 2010/2011 for each 

robust farm type (See Table 2).  This is a proxy variable used for cattle and sheep 

catchment selections only to provide a regional weight for usage of veterinary 

medicines.  For poultry and pigs the national survey data collected during this study 

was used.  See information Box 1 for further details.   

• Total annual loads of manure in each animal group applied through managed farm 

yard manure, slurry and in-field excretal returns as defined by the ADAS Manures 

GIS software (ADAS, 2008; See section 2.1.1 and 2.5 for further information).   

• A number of auxiliary datasets including the Less Favoured Area and Nitrate 

Vulnerable Zone (NVZ) boundaries (both published by Defra at www.magic.gov.uk). 

For Wales, Less Favoured Area boundaries published by the Welsh Assembly were 
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used.  The NVZ’s were included as within these zones regulations limit total manure 

applications and define closed periods during risky runoff and leaching periods.  The 

total area of each of these within each catchment was calculated. 

 

Total manure loadings for each DrWPA catchment were calculated by intersection of the 

catchment boundaries with the manures GIS data at 1 x 1 km.  A similar process was 

followed to obtain summaries of the groundwater vulnerability index and the total area of 

each aquifer type (highly productive, moderately productive and low productivity).  All data 

were normalised by the total area of the catchment to obtain objective metrics while the 

areas of each aquifer type in each catchment were expressed as a percentage of the total 

catchment area. The first selection of candidate catchments was carried out based upon 

rankings of the key input variables using their percentile value within the total distribution of 

catchment values. The aim of this ranking was to obtain a selection of between 10 and 20 

catchments which could be considered to represent the ‘realistic worst case’ in England and 

Wales for the risk of contamination of groundwater DrWPAs from veterinary medicines 

associated with animal manures for each livestock group.  The process was as follows for 

each animal group: 

 

Cattle  Manures from beef and dairy cattle were grouped for the cattle 

category as there was a good correspondence between the amounts of beef and dairy 

manures produced within the DrWPA catchments (as shown previously for surface water 

in Figure 2). Catchments were included in the selection when: 

o Manure inputs were greater than the 75th percentile, and 

o Groundwater Risk Index was greater than the 40th percentile, and  

o The area of moderate- and high productivity aquifer in the catchment 

exceeded 50%, and 

o The catchment area was greater than 20 km2. 

 

Sheep  The analysis for sheep was identical to that for cattle, with the 

exception that the groundwater risk index threshold was set at greater than the 25th 

percentile. The reason for this is that sheep are generally kept in areas with less 

permeable soils, which have a lower groundwater risk index. 

 

Pigs and Poultry The analysis concentrated on animals which are conventionally reared 

(i.e. indoor pigs and poultry). For poultry, manures generated by laying hens and layer 

breeders were not taken into account as these poultry groups did not receive any of the 

compounds under study. While the manures generated by outdoor pigs were calculated 
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separately the total manure figures were used in the analysis as (i) they make up only a 

small amount of the total manure production (typically ~10% of pigs) and (ii) there is a 

good correspondence between the number of outdoor pigs and the total number of pigs 

in a catchment (as shown previously for surface water in Figure 3). 

 

Pig and poultry production in England and Wales is much more localised than that of 

grazing livestock. Therefore, the criteria for the selection of catchments were amended 

for these livestock groups.  

 

Catchments were included in the selection when: 

o Manure inputs were greater than the 90th percentile (taking account of more 

localised patterns of livestock production), and 

o Groundwater Risk Index values were greater than the 40th percentile, and  

o The area of moderate- and high productivity aquifer in the catchment 

exceeded 50%, and 

o The catchment area was greater than 20 km2. 

 

 
 
(a)      (b) 
Figure 5: Map depicting (a) the groundwater vulnerability index and (b) aquifer 

types (after BGS, 2011) used in the screening selection of candidate 
catchments.  
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3.2 Final Selection of Surface and Groundwater Catchments 
 

The selection of the final eight catchments (a surface water and groundwater catchment for 

each of the four animal types) selected for use in the risk assessment framework is detailed 

in this section.  Firstly, detailed maps of the candidate catchment locations were circulated to 

ADAS experts on cattle (Elwyn Rees), sheep (Kate Phillips and Mair Morgan), pigs (David 

Moorhouse) and poultry (Jason Gittins) production. The experts were asked to identify the 

catchments they considered important and typical production areas for their livestock type, 

and also to comment where they felt a catchment was less suitable for inclusion in the final 

selection, for example owing to an uneven distribution of animals in the catchment.  

Secondly, the ADAS risk assessment modelling specialists undertook their own independent 

selection of catchments considering: 

 The original percentile scores for manure loading, risk indices, and for groundwater 

the area under a moderately- or highly productive aquifer. 

 Distribution of aquifer types within each catchment (groundwater catchments only). 

 The spatial distribution of livestock and risk indices within each catchment. 

 Availability of suitable streamflow data accounting for major abstractions, inter-basin 

transfers and return flows (surface water catchments only). 

 The presence of significant reservoirs/lakes that affect/attenuate the streamflow 

(surface water catchments only). 

 

The ranked selections and reasons for exclusion from the two groups were collated and 

compared (See Section 4 and Appendix 1).  For surface water, final catchments for each 

livestock type were selected that had the highest combined percentile scores (manure 

loading, drain flow risk index, runoff vulnerability score) and were identified by the expert 

consulted as a key area, and for which reliable flow data were available. While the drainflow 

risk index had not been a factor considered for the initial selection of the catchments for pigs 

and poultry, it was taken into consideration where catchments were otherwise similar in their 

characteristics. 

 

For groundwater, the highest scoring catchment in terms of manure loading, groundwater 

vulnerability index and percentage of land over aquifers was selected if it was also identified 

by the relevant expert as a key area. The percentage of the aquifer that was classed as 

‘highly productive’ was also taken into consideration as a factor (See Section 4 and 

Appendix 1). 
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Finally, agricultural practices within the selected catchments [for cattle and sheep] were 

discussed with local catchment experts working in these catchments (ADAS Agronomists 

and Consultants; Rivers Trusts) to ensure that there were no confounding factors that would 

make these catchments unsuitable, for example a major import/export of manure.   

 

3.3 Collation of Selected Compound Properties 
 

The compound properties for the 10 selected compounds included in this study were 

sourced from a variety of sources, namely: (i) requested from the Veterinary Medicines 

Directorate (VMD) under a freedom of information (FOI) request, (ii) extracted from peer 

reviewed literature and regulatory agency technical reports or (iii) derived using statistical 

modelling approaches using EPI Suite v4.1 downloaded from the United States 

Environmental Protection Agency (USEPA).  The VMD FOI request was discussed with and 

submitted to the VMD in July 2012.  An additional avenue to fill data gaps identified following 

the VMD FOI request was to request this data directly from pharmaceutical companies. 

 

3.4 Collection of Regionally Biased Selected Compound Usage Regimes 
 

The veterinary medicine usage data was collected using a series of semi-structured 

interviews with veterinary practices appropriate for each of the animal groups.  For the cattle 

sector these comprised general farm animal veterinary practices that operate in and around 

the selected catchments.  In contrast, the pig and poultry sector in England and Wales is 

supported mainly by a small number of specialist private veterinary practices (less than 10 in 

number) rather than receiving input from general farm animal vets, and it was these 

specialist practices that were consulted.  These interviews elicited the following information 

for each animal group: 

 

• Proportion of flock/herd typically treated on each occasion 

• Typical number of treatments per year 

• Typical number of doses in each treatment  

• Recommended dose rate 

• Specific life stage when treated 

• Typical months when treatment takes place 

 

The veterinary survey results were cross-checked against manufacturers’ recommendations 

by the project veterinarian and animal specialists and where queries remained these were 

resolved through discussion with the veterinary practices.  From these results, an integrated 
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monthly usage pattern for each compound and animal group was developed. The 

calculations took account of the number of animals cared for by each practice to weight the 

contributions of the practices in the estimation of the percentage of animals treated and the 

monthly treatment patterns. To calculate the average dose rates, the doses used by each 

practice were weighted with the actual number of animals treated with that compound in that 

animal group by each practice. The doses took account of all routes of administration and of 

body weights. In order to reflect the realistic worst case, the body weights of the animal 

groups at treatment were assumed to be those at the top end of the category (e.g. growing 

pigs of 30 – 50 kg were assumed to weigh 50 kg at treatment). However, account was taken 

of weight gain during any relevant withholding period that might apply to medication 

administered to animals reared for slaughter. 

 

For poultry, explicit account was taken of the ages of the animals at treatment, as there is a 

very rapid weight gain in this livestock group that could lead to an overestimation of the 

compound loads if the assumption was made that they were administered to adult animals. 

Feedback from the veterinary practices showed that the three compounds under 

consideration are only given in the early live stages of the poultry and this was reflected in 

the dosage rates. For monensin, which is administered as a feed additive, the total food 

intake over the treatment period was estimated using published figures for Ross 308 broiler 

chickens (See www.aviagen.com).  

 

Two of the compounds under study are administered externally, and here the calculations 

followed a different methodology. Lincomycin is used off-label as a foot bath treatment in 

cattle. By using the total amount of lincomycin prescribed by each practice for this purpose, 

along with the number of beef and dairy cattle cared for by each practice, an average dose 

rate for lincomycin per cow was derived. Owing to the fact that any remaining compound in 

the footbath solution is disposed of into the slurry store (E. Rees, pers. comm.), the 

assumption was made that 100% of the lincomycin used for this purpose remains contained 

within the manure system, either through disposal or through trampling and washoff in the 

manure. This average rate per cow was therefore used as a straight input into Manures-GIS.   

 

For dicyclanil usage in sheep, data on the sale of ectoparasiticides of large agricultural 

supply chains that covered the selected catchments was analysed. The total proportion of 

ectoparasiticides sold that contained the compound was calculated. Two national sheep 

experts, who are both actively farming sheep, estimated the seasonal distribution of blowfly 

treatment in sheep and lambs (K. Phillips, pers. comm., M. Morgan, pers. comm.) based on 

their knowledge of the industry, assuming one annual treatment for adult ewes and one 
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annual treatment for all lambs with a small number of lambs receiving a second treatment 

later in the season (September and October).  From this the total number of adult sheep and 

lambs treated with the products containing the compound in each catchment could be 

estimated.  The total load of the compound was calculated taking account of the 

recommended dosage rates, and assumed a 5% excretion of the active compound (See 

Appendix 2). A precautionary assumption that this load is excreted onto grass in its entirety 

was made despite small numbers of sheep or lambs being treated while they are indoors (M. 

Morgan and K. Phillips, pers. comm.).  No account was taken of potential wash-off of 

dicyclanil from fleece after treatment by rain, since no literature could be found to inform the 

likelihood of this happening or the fraction washed off.   

 

3.5 Development of Catchment Specific Selected Compound Loads 
 
The ADAS Manures-GIS software (ADAS, 2008) was set up to operate with the latest 

available 1 km resolution June agricultural census data, which was from June 2010. The 

dataset had been developed into the ADAS Land Use Database 2010, using the 

methodology described by Comber et al., 2008.  Manures-GIS has the facility to remove a 

proportion of broiler and turkey litter for incineration by three power stations (in Thetford, Eye 

and Fife) run by Energy Power Resources Ltd. (EPR Ltd.).  Following discussions with 

ADAS specialists and EPR Ltd. an approach was developed to reflect more accurately the 

localised intake of poultry litter by the three power stations.  Firstly, Manures-GIS was run 

without accounting for any poultry litter incineration, after which the output was post-

processed to remove the required annual litter intake for each of the power stations, using 

only broiler and turkey litter from the counties from which intake actually originates according 

to EPR Ltd. In total, 484,000 tonnes of litter is removed from the system in this way each 

year in England and Wales and this volume was entirely accounted for using this 

methodology.  Total annual manure loadings for each animal group (dairy and beef cattle, 

sheep, pigs and poultry) were estimated using the Manures-GIS (MGIS) system. The results 

from MGIS, which are produced on a 10 x 10 km grid, were redistributed across the 1 x 1 km 

grid squares of the ADAS land use database based on the distribution of agricultural land in 

the squares, according to the land use the manures were allocated to by MGIS. The results 

of this analysis (total manure loadings) were used in the catchment selection (see section 

2.1). 

 

For modelling the compound loadings in the focus catchments, a much more detailed 

approach was adopted. Region-specific models for MGIS were developed for the focus 

catchments. These models took account of regional variations in the handling of cattle and 
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pig manure (solid farmyard manure (FYM) versus slurry), and of the regional differences in 

the proportion of pigs kept outdoors. Data were supplied by national experts K. Smith and D. 

Moorhouse (pers. comm.) and were based on results from the 2010 Farm Practice Survey, 

interpreted specifically for this project. Table 3 shows the regional figures for outdoor pig 

rearing that were used. As can be seen from this data, practices are very different between 

breeding pigs and their offspring, and growing and fattening pigs, which has a direct impact 

on the compounds going to different land uses from these life stages. Outdoor pig rearing is 

prevalent and even dominant in some regions like the East and South, while in the North and 

West it tends to be more localised, depending on climate and soil conditions (D. Moorhouse, 

pers. comm.). Fattening pigs are generally kept indoors, but up to 10% of this group is 

reared outside in the East.  Table 4 summarises the regional splits in the handling of 

manures as farm yard manure versus slurry, where it will be noted that fairly large regional 

variations might be present. 

 

From the regional models, individual models for each compound were created for the 

relevant catchments, using the monthly usage pattern for each compound derived from the 

usage survey results. Monthly doses per animal were calculated, integrating the usage 

regimes for all routes of administration, and associated with the relevant animal group or life 

stage inside the models. Manures-GIS was run with these models using the 2010 ADAS 

land use database, and results for compound loadings were extracted and redistributed 

across the 1 km2 ADAS Landuse database. The finalised loads were then summarised for 

each catchment by target land use and the modelling soil groups for input into the MACRO 

and PRZM models. 

 

Table 3: Regional figures for outdoor pig production used in the 
parameterisation of Manures-GIS models (after Defra Farm Practices 
Survey 2010,  
http://archive.defra.gov.uk/evidence/statistics/foodfarm/enviro/farmpract
ice/documents/FPS2010.pdf ). 

 

 Region Percentage of pigs kept outdoors 
Breeding pigs Fatteners 

North East 49.5 5.0 
North West & Merseyside 18.5 1.9 
Yorkshire & The Humber 10.3 1.1 
East Midlands 40.1 5.0 
West Midlands 41.8 5.1 
East of England 62.2 7.5 
South East 58.2 10.2 
South West 70.6 9.5 
All farms 42.0 5.0 
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Table 4: Regional figures for the percentage of manure handled as farm yard 
manure and that handled as slurry (Data taken from Defra project 
AC0114). 

 

Region 
Dairy cattle Beef cattle 

% Farm Yard 
Manure % Slurry % Farm Yard 

Manure % Slurry 

North East 58.8 41.2 85.1 14.9 
North West 18.3 81.7 61.3 38.7 
Yorkshire and the Humber 40.3 59.7 82.8 17.2 
East Midlands 42.3 57.7 89.9 10.1 
West Midlands 39.9 60.1 86.3 13.7 
East of England 69.0 31.0 90.4 9.6 
South East 55.0 45.0 91.8 8.2 
South West 37.0 63.0 85.1 14.9 
Totals 35.2 64.8 83.0 17.0 

 

Any required removal from the system (whether through incineration or degradation during 

storage) was carried out offline on the results of the MGIS models. Broiler litter for 

incineration was removed using proportions calculated for each catchment from data 

generated during the screening stage above, while degradation of Monensin and Florfenicol 

during manure storage was calculated on the catchment level results. Figures on the 

proportion of poultry litter stored, and the storage time of all manures were provided by K. 

Smith (unpublished data), and were based on results from Defra project AC0114.  It was 

assumed that the incinerated broiler litter formed part of the ‘unstored’ portion of broiler litter, 

and account was taken of this when calculating the storage time of the remaining litter. 

 

3.6 Catchment Environmental Fate Modelling  
 
The catchment environmental fate modelling was conducted using the ADAS Catchment 

Chemical Environmental Risk Assessment Modelling Framework.  An implementation of this 

framework has been used:  for the evaluation of agri-environment schemes on water quality 

with respect to pesticides and veterinary medicines for the Welsh Assembly Government; in 

the development of the Chemicals Regulation Directorate (CRD) Minor Uses Screening Tool 

designed for the regulatory evaluation of minor uses of pesticides (Defra Project PS2238); 

Water Company catchment management option appraisal and cost effectiveness 

evaluations for water quality undertakings, current AMP programmes and future AMP 

budgeting.   
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The ADAS Catchment Chemical Environmental Risk Assessment Modelling Framework is a 

flexible, source apportioned, spatially explicit implementation of a suite of chemical fate 

models used in regulatory environmental risk assessments for pesticide and veterinary 

medicine exposure to surface and groundwater for submissions conducted under the EC 

Plant Protection Products (PPP) Directive (1107/2009) and Veterinary Medicines Directive 

(2001/82/EC as amended by 1004/28/EC).  These models describe the primary exposure 

pathways to surface and groundwater:  (i) The FOCUS surface water (FOCUSSW) approach 

for the spray drift pathway which is underpinned by the Ganzelmeier/Rautmann spray drift 

equations, (ii) PRZM for the surface runoff pathway and (iii) MACRO for the drain flow 

exposure pathway.  MACRO was used to calculate water and pesticide leachate to 

groundwater for drained soils while PRZM was used to derive leachate to groundwater from 

all other soils.   

 

These regulatory chemical fate models are underpinned by an extensive 1 km resolution 

environmental database describing model inputs such as soil, cropping, slope, drainage 

density, drain prevalence and surface runoff connectivity.  The models are parameterised 

using Chemicals Regulation Directorate and EC regulatory guidance and existing UK 

regulatory scenarios which were either modified to be relevant to the UK, or developed 

specifically for the UK by ADAS (e.g. UK FOCUS Scenarios – Defra Projects PS2220 and 

PS2229; Minor Uses Catchment Screening Tool – Defra Project PS2238).  The models 

assume good agricultural practice and predict daily mass losses of chemical compounds (in 

this instance veterinary medicines) and associated sediment and runoff water volumes, to 

surface water from agriculture for combinations of crop-soil-climate-topography within 

designated catchments for a suite of user defined chemical compounds.  The usage of these 

chemical compounds is typically defined through user surveys of farmers and/or their 

agronomists (in this instance of specialist and farm practice veterinarians), along with their 

attitudes to risk factors, like spraying when rainfall is imminent, mitigations and the barriers 

to their uptake, as well as farm specific practices.  A schematic of the ADAS Catchment 

Chemical Environmental Risk Assessment Modelling Framework is provided in Figure 6.  

The daily losses of chemical compound to surface waters are diluted into observed daily 

stream flows to determine daily catchment concentrations.  These daily modelled 

concentrations underpin a range of reports summarising the modelled catchment 

concentrations (e.g. maximum, minimum, median) and the exceedance of set regulatory 

thresholds; be these drinking water standards or acceptable daily intakes (e.g. number of 

exceedances summarised by month or season).  For groundwater, total annual pesticide 

losses to groundwater are diluted into total annual volumes of water leaching to 

groundwater. These annual modelled groundwater concentrations likewise underpin a range 
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of reports summarising the modelled catchment concentrations and the exceedance of set 

regulatory thresholds, be these drinking water standards or acceptable daily intakes. 

 

 
(a) 

 
(b) 
Figure 6: Schematic of the ADAS Catchment Pesticide Environmental Risk 

Assessment Modelling Framework outlining the inputs, models and 
outputs for (a) surface water and (b) groundwater. 
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3.6.1 Environmental Database  
 

The environmental database summarises a range of the inputs which drive the modelling 

framework.  The primary inputs include soils, cropping, animal distributions, extent of drains 

and proximity of crops to surface water.   

 

Soils  The soils scheme developed by Hughes and Hollis (unpublished research) for 

use in regulatory projects, such as the Chemicals Regulation Directorate’s Minor Uses 

Screening Tool, was used for this work.  The extent of the 19 soil groups in this risk 

assessment modelling framework were defined using the NSRI’s Natmap1000 soil dataset 

(Soil Survey Staff, 1983), as illustrated in the example in Figure 7.    

 
(a)       (b) 

Figure 7: Illustration of the spatial extent of the dominant soil classes in the (a) 
cattle surface water catchment and (b) the pig groundwater catchment 
used in the MACRO and PRZM simulation modelling. 

 

Cropping The simulation models are centred on harvest year 2010, when a complete 

agricultural census was undertaken, with the crop extents being taken from the ADAS 2010 

land use dataset.  An example crop distribution is provided in Figure 8. 

 

Extent of Drains The extent of agricultural drainage in each catchment was defined 

using the most recent analysis of the extent of agricultural drains (Anthony et al., 2012) in 

each MAFF drainage district.   
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Proximity of crops to surface water  The connectivity of surface runoff with surface 

water bodies is defined through the proportion of arable land proximate (<5 m) to surface 

water and was defined through spatial assessment of field proximity to surface water bodies 

(see Defra Project PS2238 Final Report). 

 

 
(a)       (b) 

Figure 8: Illustration of the spatial extent of (a) the permanent grass in the cattle 
surface water catchment and (b) all agricultural land in the pigs and 
poultry groundwater catchment.   

 

Geology The presence or absence of aquifers was defined using a hydrogeology 

dataset published by the British Geological Survey (BGS, 2011).  In the event non-aquifer 

occurs in the groundwater protected area, contributions to groundwater from the 1 km grid 

squares in these portions of the DrWPA were excluded from the groundwater concentration 

calculation.   

 
3.6.2 Weather  
 

The MACRO and PRZM models were setup to run with 6 years of daily weather data for 

model spin-up and then 50 years (1961-2010) of daily weather data, akin to the FOCUSSW 

modelling (FOCUS, 2001).  This daily weather data was supplied by the Met Office for a 

suitable MORECS grid square within each of the catchments and included the variables 

required to run simulation models using Penman-Monteith evapotranspiration equations.  

While the practice data only relates to a single year, the use of multiple years’ worth of 
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weather data allows for the inter-annual variation as a function of the weather to be 

accounted for.  While limited extents of some crops may be irrigated in some catchments, 

like potatoes in East Anglia, this was not considered within this evaluation. 

 

3.6.3 Pesticide Fate Models  
 
The FOrum for Co-ordination of pesticide fate models and their Use (FOCUS) surface water 

(FOCUSSW) MACRO v4.4.2 model was used to define drain flow fluxes while the FOCUSSW 

PRZM v1.1.1 model was used to define surface runoff fluxes (FOCUS, 2001).  The 

modelling followed the standard FOCUS approach used in the evaluation of pesticides 

seeking registration for use in the EU using standard FOCUS defaults where appropriate 

(See Table 5).   

 

Soils   The soils parameters required by PRZM v1.1.1 and MACRO v4.4.2 

(FOCUS, 2001) were derived from/according to HSE CRD guidance (Beulke et al., 2002), 

PRZM guidance documents (Carsel et al., 1984; Carsel et al., 1998) and MACRO guidance 

documents (Jarvis, 1994; Jarvis et al., 1997; Stenemo and Jarvis, 2002; Stenemo and 

Jarvis, 2003; Jarvis et al., 2007) using soil property data taken directly from SEISMIC v2.0.6 

(Hallett et al., 1995).  Individual MACRO parameters were derived using the methods 

outlined below: 

 

• CTEN – (Beulke et al., 2002) using horizon clay content from SEISMIC 

• TPORV, WILT, RESID, GAMMA – SEISMIC; 

• XMPOR – Fitted Mualem Van Genuchten (MVG) curve to water release data in 

SEISMIC using SEISMIC MVG parameters and determined XMPOR at CTEN 

(Beulke et al., 2002); 

• FRACMAC and ASCALE - (Beulke et al., 2002); 

• ZLAMB – Fitted Brooks Corey curve to water release data in SEISMIC as well as 

XMPOR and determined ZLAMB by optimising the fit in accordance with Beulke et 

al., (2002); 

• KSM – Calculated using variables described above and the equation provided in 

Beulke et al., (2002); 

• KSATMIN – using equations provided in Beulke et al., (2002) adjusted for soil 

structural development according to Stenemo and Jarvis (2003); 

• ZN - (Beulke et al., 2002) implemented within the Footprint framework to determine 

values between the end members and for exceptional values (Jarvis et al., 2007); 
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• ZP and ZA - (Beulke et al., 2002); 

• WATEN - (Jarvis et al., 1997) 

 

The number of soil layers were defined according to the FOCUS Groundwater I (FOCUSGW) 

guidance (FOCUS, 2000) resulting in 22 layers for each soil profile.  The degradation rate 

within each soil layer was calculated using the standard guidance from FOCUSSW (FOCUS, 

2001) and modified for depth in accordance with the FOCUSGW (2000) guidance.  The lower 

boundary condition was set according to that summarised in Table 6.  Tile drainage systems 

appropriate to each soil class for each climate region (see Table 7) were determined using 

drainage design principles (Castle et al., 1984) and climate region averages of one day 

design rainfall defined for agroclimatic areas of England and Wales (Smith and Trafford, 

1976).  These design spacings are in line with published values (Ragg et al., 1984) except 

for soils where mole drains would be expected in addition to the tile drains.  The wider tile 

drain spacing and deeper drain depth values used for the Hanslope and Denchworth soils, 

as opposed to the narrower mole drain spacings (2 m) and shallower mole drain depths 

(0.55 m) used in FOCUSSW and the UK higher tier drainflow scenarios, were deemed 

acceptable, as they more appropriately represent the landscape effects of differential mole 

drain practices and survival as well as the means by which “drains” are represented in 

MACRO.  The 2012 Defra Farm practice survey indicates that 17% of holdings (not land 

area) have never repeated their moling and 37% have not renewed their mole drains for 

more than 6 years (6% for more than 11 years), and that between 2 and 4% of drained 

arable land (the area within individual fields rather than the whole field) has been directly 

affected by poorly functioning drains in the last 3 years.  PRZM typically predicts losses via 

surface runoff and shallow sub-surface pathways such that there might be an overlap 

between the outputs from the two models.  In order to account for this, the hydrological 

group of each drained soil was adjusted in an attempt to remove the subsurface flow 

component and assess surface runoff alone (Centofanti et al., 2008; Reichenberger et al., 

2008). 
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Table 5: Model defaults used in the MACRO and PRZM models 
 

Variable Value 
Dispersivity (cm) (DV) 5 
Mixing depth (mm) (ZMIX) 0.1 
Initial pesticide concentration (mg m-3) (SOLINIT) 0 
Pesticide concentration at bottom boundary (mg m-3) (CONCIN) 0 
Critical air content for transpiration reduction (m3 m-3) (CRITAIR) 0.05 
Excluded pore volume (m3 m-3) (AEXC) 0 
Site Parameter Value 
Pesticide concentration in rainfall (mg m-3) (CONC) 0 
Rainfall correction factor (RAINCO) 1 
Snowfall correction factor (SNOWCO) 1 
Rainfall intensity (mm h-1) (RINTEN) 2 
Snowmelt factor (mm oC d-1) (SNOWMF) 4.5 
Albedo (ALBEDO) 0.25 
Wind Measurement height (m) (ZMET) (ZWIND) 10 

 Reference temperature for degradation coefficients (ºC) (TREF) (TBASE) 20 
Evaporation depth during fallow period (cm) (ANETD) 15 
Surface condition after harvest (ICNAH) [set to residue] 3 
Manning’s roughness coefficient (-) (MNGN) 0.1 
Reflectivity of soil surface to long wave radiation (fraction) (EMMISS) 0.96 
Substance Parameter Value 
Crop uptake (-) (FSTAR) (UPTKF) 0 
Q10 factor for degradation rate increase, temperature increases by 10 °C (-) (QFAC) 2.58 
Exponent for moisture correction of degradation rate (EXPB) (MSEFF)  0.7 
Reference soil moisture for moisture correction of degradation rate (-) (MSLAB) 100 
Diffusion coefficient for the pesticide in air (cm2 d-1) (DAIR) 4300 
Henry’s Law constant of the pesticide (-) (HENRYK) 0 
Enthalpy of vaporization of the pesticide (kcal mol-1) (ENPY) 22.7 
Freundlich exponent (-) (FRNDCF) (FREUND) 1 
Vapour phase pesticide degradation rate constant (d-1) (DGRATE) 0 
Diffusion coefficient in free water (m2/s) (DIFF) 4.98E-10 
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Table 6: Lower boundary condition and the PRZM hydrological grouping for the 
19 soil classes.   

 

Representative 
Soil Bottom Boundary Condition 

PRZM Soil 
Hydrologic 

Group 

Blewbury Unit Hydraulic Gradient A 
Wick Unit Hydraulic Gradient A 
East Keswick Unit Hydraulic Gradient B 
Newport Unit Hydraulic Gradient A 
Carstens Unit Hydraulic Gradient B 
Arrow Zero Flow B 
Kexby Zero Flow A 
Teme Zero Flow BC 
Rivington Unit Hydraulic Gradient B 
Malham Unit Hydraulic Gradient B 
Peaty† Zero Flow D 
Blackwood Zero Flow A 
Ardington Percolation rate - water table height B 
Hanslope Percolation rate - water table height B 
Bromyard Percolation rate - water table height B 
Dunkeswick Percolation rate - water table height C 
Andover Unit Hydraulic Gradient B 
Denbigh Zero Flow BC 
Denchworth Zero Flow C 

† Peaty not modelled in MACRO – assumed zero PPP leached to drains owing to high OC content 
 

Table 7: Agricultural drain depth (m) and spacing (m) for the 5 drained soil 
classes for each rainfall region with accompanying map outlining the 
regions. 

 

Soil 
Model 
drain 
depth 

(m) 

Model drain spacing (m) 

South 
West 

South 
East 

Central 
West 

Central 
East 

North 
West 

North 
East 

Blackwood 0.9 30 37 32 43 30 35 
Hanslope 0.8 16 19 16 22 15 18 
Bromyard 0.8 26 32 27 37 25 30 
Dunkeswick 0.8 11 13 11 15 11 11 
Denchworth 0.8 6 8 6 9 6 7 

 

Crops  For the modelling, each crop treated with manures was assigned a model 

crop, the parameters for which were taken from standard FOCUSSW scenarios representing 

UK conditions, namely the D2 surface water scenario (FOCUS, 2001) and the Okehampton 

groundwater scenario (FOCUS, 2000) as well as the FOCUSSW UK scenarios (Price et al., 

2006; Price et al., 2007) and expert assessment for crops not covered within these, or those 

that required alteration for UK conditions (See Table 8, Table 9 and Table 10).   
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Table 8: Summary of the dominant crops extracted from the ADAS land use 
database for circa 2010 and their model crops 

 

Major Crop Model Crop 
Winter wheat or barley Winter Cereal 
Spring wheat or barley Spring Cereal 
Oats Winter Cereal 
Potatoes Potatoes 
Sugar beet Sugar Beet 
Winter Oil Seed Rape Winter OSR 
Spring Oil Seed Rape Spring OSR 
Field Beans Field Beans 
Peas dry Legumes 
Maize Maize 
Root fodder crops Sugar Beet 
Other crops for stock feeding Winter Cereal 
Temporary/Permanent grassland Grass 
Rough grassland Grass 
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Table 9: Example of the model crop parameters employed in the MACRO model 
for the dominant crops 

 

Variable Winter 
Cereal 

Spring 
Cereal 

Winter 
OSR 

Spring 
OSR 

Sugar 
Beet Potatoes Field 

Beans Legumes Maize 

Radiation attenuation factor 
(ATTEN) 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 

Transpiration adaptability 
factor (BETA) 0.1 0.2 0.1 0.1 0.2 0.5 0.5 0.5 0.2 

Max. Interception capacity 
(mm) (CANCAP) 3 2 3 2 2 2 2 2 3 

Leaf development factor, 
growth (CFORM) 2 2 2 1.7 1.7 1.7 1.7 2 1.7 

Leaf development factor, 
senescence (DFORM) 0.2 0.3 0.2 0.2 1 0.3 0.3 0.3 0.3 

Max. Crop height (m) 
(HMAX) 0.8 0.8 0.7 0.7 0.6 0.6 0.6 0.6 1.8 

Green leaf area index at 
harvest (LAIHARV) 2 2 2 2 5 2 3 2 2 

Maximum leaf area index 
(LAIMAX) 6 4 5 4 5 4 4 4 5 

Leaf area index on 
ZDATEMIN (LAIMIN) 1 0.01 1 0.01 0.01 0.01 1 0.01 0.01 

Root depth on ZDATEMIN 
(m) (ROOTINIT) 0.2 0.01 0.2 0.01 0.01 0.01 0.1 0.01 0.01 

Root depth (m) (ROOTMAX) 0.75 0.75 1.1 1.1 0.8 0.5 0.8 0.8 1.1 
% roots in top 25% of root 
depth (RPIN) 60 60 60 60 67 75 67 67 67 

Min. stomatal resistance (s 
m-1) (RSMIN) 50 50 40 40 40 40 40 40 60 

Ratio evaporation of 
intercepted water to 
transpiration (ZALP) 

1 1 1 1 1 1 1 1 1.5 

Crop height on specified day 
(m) (ZHMIN) 0.2 0.01 0.2 0.01 0.01 0.01 0.1 0.01 0.01 

Max. leaf area development 
day (IDMAX) 181 179 166 196 196 196 180 181 222 

Emergence day (IDSTART) 298 105 253 120 100 120 316 120 125 
Harvest day (IHARV) 219 227 196 232 298 244 248 227 263 
Intermediate crop 
development day 
(ZDATEMIN) 

94 106 94 121 101 121 94 121 126 

Proportion extractable 
micropore water exhausted 
before reduction in 
transpiration (FAWC) 

0.8 0.65 0.8 0.8 0.65 0.5 0.5 0.5 0.65 
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Table 10: Example of the model crop parameters employed in the PRZM model for 
the dominant crops 

 

Model Crop Winter 
Cereal 

Spring 
Cereal 

Winter 
OSR 

Spring 
OSR 

Sugar 
Beet Potatoes Field 

Beans Legumes Maize 

Pan evap factor, (PFAC) 0.84 0.92 0.78 0.9 0.93 0.94 0.89 0.96 0.94 
Canopy interception 
(CINTCP) 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.3 

Maximum rooting depth 
(AMXDR) (cm) 110 110 110 110 80 50 80 80 110 

Maximum coverage 
(COVMAX) 90 90 90 90 90 80 80 85 90 

Maximum height 
(HTMAX) 100 110 140 140 40 100 150 100 250 

Emergence date (1) 2510 1504 1009 3004 1004 3004 1211 3004 0505 
Intermediate crop date 
(ZDATEMIN) (2) 0404 1604 0104 0105 1104 0105 0104 0105 0605 

50% crop cover date (3) 1705 3005 1504 3005 3005 1506 3004 3005 1506 
Mature Date (4) 3006 2806 1506 1507 1507 1507 2906 3006 1008 
Harvest Date (5) 0708 1508 1507 2008 2510 0109 0509 1508 2009 
Fallow Date (6) 0109 0109 0108 0109 0111 1509 1509 0109 0110 
USLEC (1) 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 
USLEC (2) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
USLEC (3) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
USLEC (4) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
USLEC (5) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
USLEC (6) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

 

3.6.4 Streamflow and Groundwater Dilution  
 
The pesticide fate models were used to determine the daily fluxes of pesticide to surface 

water in each catchment.  They were not used to determine the catchment flows as this 

would not account for non-agricultural sources of surface water as well as abstractions and 

return flows.  The volumes of water available on each day for the dilution of pesticide fluxes 

into surface waters in each of the four catchments were compiled from readily available 

gauged daily stream flow data sourced from the National River Flow Archive (See Table 11).  

No attempt was made to represent the impacts of flow and chemical attenuation owing to the 

reservoirs in the catchment as their impact is low.  The presence of reservoirs in each 

catchment and their impacts on flow were a consideration in the catchment selection 

process (See Tables in Appendix 1). 

 

For groundwater an annual groundwater predicted environmental concentration was 

calculated using the approach of FOCUS (FOCUS, 2009), (i.e. the total annual flux of 

compound lost from the base of the soil is diluted into the total water percolating out of the 

base of the soil horizon each year).  To account for non-agricultural areas contributing fluxes 
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of water, the total flux of agricultural water to groundwater was increased proportionally 

depending on the area of non-agricultural land.   

 

Table 11: Summary of the gauging stations used to define the daily flows for the 
four surface water catchments 

 

Catchment Number and 
Associated Animal Type Gauging Station(s) Period of 

Record Missing Data 

25 Cattle Gunnislake (47001) 1980 - 2010 None 

29 Sheep 

Montford (54005), Hookaford 
(54018) and Yeaton (54020) 
combined cover most of the 
catchment 

1964 - 2010 1984 - 1986 
(Hookaford) 

6 Pigs Buttercrambe (27041)  1973 - 2010 None 

2 Poultry Butts Bridge (55021) 1969 - 2010 1982 - 1984, July 2007 
(14 days) 

 
3.7 Refinement of Risk Assessments 
 
The catchment and groundwater predicted environmental concentrations calculated will be 

subjected to water treatment.  The water treatment removal efficiencies defined in the 

previous DWI project (70/2/235) defined for a conventional and an advanced water treatment 

process will be applied to the predicted environmental concentrations.  The treated water 

predicted environmental concentration was compared with the acceptable daily intake (ADI) 

toxicological endpoints outlined in the previous project (see DWI 70/2/235) and the risk 

assessment repeated (see Table 12). 
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Table 12: Summary of the water treatment removal efficiencies, Acceptable Daily Intake (ADI) values (after DWI 70/2/235) and 
acceptable modelled water concentrations using defined body weights and water consumption rates (WHO, 2008) and a 
an ADI threshold of concern of 10%. 

 

Active Substance 
Removal Rate 
(%) with std 
treatment 

Removal Rate (%) 
with advanced 

treatment 
ADI (μg/kg 

bw/day) 

Conventional Removal Advanced Removal 

Acceptable 
Water Conc 
Adult (μg/L) 

Acceptable 
Water Conc 

Toddler 
(μg/L) 

Acceptable 
Water Conc 
Infant (μg/L) 

Acceptable 
Water Conc 
Adult (μg/L) 

Acceptable 
Water Conc 

Toddler 
(μg/L) 

Acceptable 
Water Conc 
Infant (μg/L) 

Acetylsalicylic Acid 7.5 72 8.3 26.92 8.97 5.98 88.93 29.64 19.76 
Altrenogest 10 81 0.04 0.13 0.04 0.03 0.63 0.21 0.14 
Apramycin 10 93 40 133.33 44.44 29.63 1714.29 571.43 380.95 
Cefapirin 10 93 2.54 8.47 2.82 1.88 108.86 36.29 24.19 
Dicyclanil 10 96 7 23.33 7.78 5.19 525.00 175.00 116.67 
Florfenicol 7.5 63 3 9.73 3.24 2.16 24.32 8.11 5.41 
Lincomycin 10 81 10 33.33 11.11 7.41 157.89 52.63 35.09 
Luprostiol 10 63 0.2 0.67 0.22 0.15 1.62 0.54 0.36 
Monensin 10 100 3.45 11.50 3.83 2.56 n/a n/a n/a 
Sulfadiazine 10 75 20 66.67 22.22 14.81 240.00 80.00 53.33 
 Assumptions: Adult body weight 60kg with 2L water consumption; Toddler body weight 10 kg with 1L water consumption; Infant body weight 5 kg with 0.75 L water consumption  
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4 Results 
 

The results from the three work packages and seven tasks are outlined in this section of the 

report.  The sub-section structure mirrors that of section 2. 

 

4.1 Screening Selection of Surface and Groundwater Catchments 
 

The screening phase identified between 11 and 18 surface and groundwater catchments for 

each of the animal groups.    

 

4.1.1 Surface Water Bodies 
 

The initial catchment selections for surface water drinking water protected areas is shown in 

Figure 9 while Table 13 gives a breakdown of the animal groups for which each catchment 

was selected. Between 13 and 18 candidate catchments were selected for each of the 

animal groups.  A number of the catchments contribute to the upstream area of other 

selected DrWPA catchments, and an overview of these overlaps is also provided in Table 

13.   

 

4.1.2 Groundwater Bodies 
 
The candidate groundwater drinking water protected area catchments selected are shown in 

Figure 10 while Table 14 provides a breakdown of the animal groups for which each 

catchment was selected.  Between 11 and 14 candidate catchments were selected for each 

of the animal groups. 
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Figure 9: Map of the candidate surface water drinking water protected area 

catchments selected. 
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Table 13: Candidate surface water drinking water protected area catchments 
selected for the four different livestock groups. 

 
Catchment 
Number 

Includes 
Catchments 

Target animal group 
Cattle Sheep Pigs Poultry 

1    X  
2   X  X 
3  X    
4    X  
5 4   X  
7  X    
8 9 X    
9  X  X  
10    X X 
11    X  
13    X X 
14    X X 
15    X X 
16    X X 
17    X X 
18 17   X X 
19    X X 
22  X    
23 24 X   X 
24  X    
25  X    
26  X    
27  X    
28  X X  X 
29  X X   
30 29    X 
31 2, 32, 33, 42  X  X 
32 33, 42  X   
33 42  X   
34   X   
35   X   
36  X    
37  X    
38  X X   
39   X   
40  X X   
41  X    
42   X   
43 39 X X  X 
44     X 
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Figure 10: Map of the candidate groundwater drinking water protected area 

catchments selected. 
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Table 14: Candidate groundwater drinking water protected area catchments 
selected for the four different livestock groups. 

 

Catchment Number Target animal group 
Cattle Sheep Pigs Poultry 

1 X X   
2  X   
3  X   
4 X X   
5 X X   
6   X X 
7   X  
8   X  
9   X  
10   X X 
11  X   
12  X   
13   X  
14   X X 
15   X X 
16   X X 
17   X X 
18    X 
19    X 
22 X   X 
23 X    
24 X  X  
26 X   X 
27 X    
28  X   
29 X X   
30 X    
31 X X  X 
32    X 
33  X   
34 X   X 
35  X   
36 X    
37    X 
38  X   
39  X   
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4.2 Final Selection of Surface and Groundwater Catchments 
 

The full set of candidate catchments and the factors considered in the selection of the final 

catchments as well as an overview of the decision making are outlined in Appendix 1 

(Section 6.1).  The final catchment selections are listed in Table 15 and illustrated in 

Figure 11.   

 

There were three candidate catchments for the cattle surface water catchment.  Two were 

smaller catchments located in Pembrokeshire, Wales, while the third was a much larger 

catchment located in the South West of England.   The larger catchment located in the South 

West of England was preferred owing to its size which ensures that a larger range of 

environmental conditions are sampled, in particular, the potential for exposure of surface 

water bodies through surface runoff.  While there were several candidate catchments for the 

sheep surface water catchment located in Wales and the North of England, many of these 

had very uneven distributions of sheep or specific sub-sector bias towards upland hill farms.  

The final catchment selected was considered to have high sheep pressures, have a good 

mix of upland and lowland enterprises and have a good range of vulnerable exposure 

pathways.  There were six candidate catchments for the pig surface water catchment which 

met most of the criteria that we were looking for.  Of these a number were limited by no, or 

poor quality, streamflow data.  The catchment chosen, located in the North East, was clearly 

the best with both high manure loads as well as runoff and drain risk scores.  There were 

several good candidate catchments for the poultry surface water catchment all with high 

manure loads from a range of poultry applied to suitably vulnerable agricultural land.  Of the 

three catchments which were evenly matched the one with the highest manure load was 

preferred.    

 

Table 15: Summary of the real world realistic worst case drinking water protected 
area catchment selections for use in the simulation modelling (cf 
Figure 11). 

 
Livestock Type Selected Catchment Number (Name) 

Surface Water Groundwater 

Cattle 25 (Tamar) 1 (Eden Valley and Carlisle Basin 
Permo-Triassic sandstone aquifers) 

Sheep 29 (Severn upstream of Shrewsbury) 1 (Eden Valley and Carlisle Basin 
Permo-Triassic sandstone aquifers) 

Pigs 6 (Derwent) 15 (Broadland Rivers Chalk & Crag) 
[16** (Cam and Ely Ouse Chalk)] 

Poultry 2 (Lugg) 15 (Broadland Rivers Chalk & Crag) 
** this catchment was also explored as it offered a more locally intense distribution of animals within the catchment to that of 
catchment 15 where the distribution was more even.
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Figure 11: Final selections for ground and surface water drinking water protected 

area catchments for use in the simulation modelling. 
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There were 5 candidate catchments for the cattle groundwater catchment when one 

considered all of the factors, in particular, the groundwater vulnerability scores and the 

presence of highly productive aquifers and drinking water abstraction.  The catchment 

selected is in the North West of England and has high cattle pressure from both dairy and 

beef enterprises, highly vulnerable soils and extensive exploitation of the aquifer.  While the 

selection of this catchment might be counter intuitive, with the expectation that one in the 

South of England where groundwaters are a key element of water supply would be selected, 

this is not the case.  The objective of this work package was to pick a real world catchment 

where the risk of drinking water sources being potentially contaminated by veterinary 

medicines is high and this catchment meets this objective more readily than others in the 

South of England where the pressure from cattle and groundwater vulnerability is often much 

lower.   

 

There were four possible candidate catchments for the sheep groundwater catchment which 

met most of the criteria that we were looking for.  Of these there was only one catchment 

located in the North West which had high sheep pressure, high groundwater vulnerability, 

had extensive high productivity aquifers and well exploited for drinking water.  Coincidentally, 

this catchment is the same catchment as that selected for the cattle groundwater catchment.  

While this overlap in suitable catchments for the groundwater risk assessment was 

unexpected it is entirely plausible and the catchments selected are believed to represent real 

world realistic worst case catchments. 

 

There were five good candidate catchments for the pig groundwater catchment which all met 

the selection criteria in different ways.  The deciding factors were overlap between the pig 

production areas in the catchments with vulnerable groundwater/ source protection zone 

areas and the ratios of outdoor and indoor pigs.  Two catchments were excluded despite 

their apparent suitability owing to there being little overlap between the areas of pig 

production and the areas of vulnerable groundwater and source protection zones within the 

catchments.  The catchment selected had high levels of manure load from a mix of indoor 

and outdoor pigs (but largely outdoor pigs which produce higher loads of key compounds of 

concern, like sulfadiazine) and good catchment vulnerabilities.   

 

The poultry catchment was selected from 6 possible catchments which all broadly met the 

criteria.  The catchment selected combined high levels of manure load with high levels of 

intrinsic groundwater vulnerability.  While it had slightly lower levels of highly productive 

aquifer it is dominated by moderately productive aquifers that are extensively exploited for 

groundwater.  
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4.3 Collation of Selected Compound Properties 
 

The properties for the selected compounds collated for the simulation modelling along with 

the source from which they were derived are summarised in Table 16.   The VMD FOI 

request yielded variable amounts of data, however, the key variables for five of the 

compounds (apramycin, dicyclanil, florfenicol, lincomycin and sulfadiazine) were adequately 

characterised.  Acetylsalicylic acid was characterised largely using literature sources while 

monensin was characterised using EFSA evaluations.  Key gaps were thus present for 

altrenogest, cefapirin and luprostiol with all values being estimated.  While requests for data 

were submitted to Pharmaceutical companies these three compounds were all approved at 

Phase I of the EU risk assessment process and as such there would not have been a 

regulatory need to generate these data.  Feedback from the companies suggests that this is 

indeed the case and that additional data from this source is unlikely. 

 

The degrees to which each of the compounds are metabolised by each of the animals are 

summarised in Appendix 2.  These figures were extracted from the European Medicines 

Agency (EMEA) Maximum Residue Level (MRL) summary reports available from 

http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/landing/vet_mrl_search.jsp.  

Following an evaluation of the data it is proposed that the modelling be undertaken 

assuming 0% metabolism (i.e. 100% excretion) in the first instance and that should a 

compound fail the catchment risk assessment these data be used to justify a higher value if 

one is indicated.  The exception to this would be monensin given that the EFSA Scientific 

Panel on Additives and Products or Substances used in Animal Feed defined this value for 

use in their risk assessment, being 80% metabolised, or 20% excreted (EFSA, 2004; EFSA, 

2011). 
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Table 16: Summary of the compound properties collated for the simulation modelling (Properties highlighted in green were sourced 
from the Veterinary Medicines Directorate Freedom of Information request, those in orange were estimated using EPI Suite v4.1 and 
those with no highlighting were sourced elsewhere and are referenced accordingly). 

 

Compound 
Molecular mass Water Solubility Vapour Pressure Koc Soil Half Life Manure Half Life Log Octanol-Water Partition Coefficient 

g/mol mg/L at 25°C Pa at 25°C L/kg days days - 
Acetylsalicylic Acid 180.16 4600 [2] 3.36E-003 [0] 10 [4] 90 ‡RB [12;13] 20.3 1.19 [1] 
Altrenogest 310.44 23.31 1.04E-06 577.3 3000 ‡NRB [13] - 3.71 
Apramycin 539.59 1.00E+06 2.24E-22 464680.7†{3} >365 - -8.12 
Cefapirin 423.46 1028 1.92E-13 45 180 [9] - -1.15 [3] 
Dicyclanil 190.21 9.00E-05 7.31E+04 136.4†{4} 1.5 - -0.51 
Florfenicol 358.21[5] 1246.67†{3} 5.40E-07 27.8†{13} 6.7†{11} 0.13†{3} 0.37 [5]; 0.4 (VMD FOI) 
Lincomycin 406.54 92.19 1.79E-15 89.3†{3} 4.4†{7} >160 [6] 0.406 [7] 
Luprostiol 444.96 6.4 2E-015 16 90 ‡RB [13] - 3.27 
Monensin 670.89 4.8 [10] 6.89E-21 311 [10] 2.3 [10] 22 [10;11] 2.8 to 4.2 [10] 
Sulfadiazine 250.28 206 1.33E-09 73.6†{3} 4.3†{4} - -0.09 [1]; <1 (VMD FOI) 

‡Assumed based on biodegradability; RB – Readily Biodegradable; NRB – Not readily biodegradable; † Average value; {n} number of values used to calculate the mean value – geometric mean for 
half lives and arithmetic mean for all others. 

[0] EPI Suite v4.1 Experimental database [reference not stated] 
[1] Hansch. C., Leo, A., Hoekman, D., 1995. Exploring QSAR. Hydrophobic, Electronic, and Steric Constants. ACS Professional Reference Book. Washington, DC: American Chemical Society. 
[2] Yalkowsky, S.H. & Dannenfelser, R.M., 1992  Aquasol Database Of Aqueous Solubility. Version 5. College Of Pharmacy, University Of Arizona - Tucson, AZ. PC Version. 

[3] Sangster, J., 1994.  LOGKOW Databank. A databank of evaluated octanol-water partition coefficients (Log P) on microcomputer diskette. Montreal, Quebec, Canada: Sangster Research 
Laboratories. 

[4] Bottoni, P., Caroli, S., Barra, A., 2010. Pharmaceuticals as priority water contaminants. Toxicological and Environmental Chemistry 92 (3), 549–565. 
[5] NADA, 2007.  Environmental Assessment For Aquaflor For Freshwater -Reared Salmonids. NADA 141-246. 122pp. 

[6] Kuchta, S.L., Cessna, A.J., 2009. Lincomycin and spectinomycin concentrations in liquid swine manure and their persistence during simulated manure storage. Arch. Environ. Contam. Toxicol. 
57, 1–10. 

[7] VMD, 2006.  Published FOI Request.  Downloaded from www.vmd.defra.gov.uk/pdf/ati/ATI0035.pdf March 2012. 
[8] Thiele-Bruhn, S. 2003. Pharmaceutucal antibiotic compounds in soils–a review.   J. Plant Nutr. Soil Sci. 166:145–167 
[9] DWI Project 70/2/235 
[10] EFSA, 2011.  Scientific Opinion on the safety and efficacy of Coxidin® (monensin sodium) as a feed additive for chickens reared for laying.  EFSA Journal 9 (12): 2442. 
[11] Dolliver, H.A.S., Gupta, S.C., Noll, S., 2008. Antibiotic Degradation during Manure Composting. J. Environ. Qual. 37: 1245-1253. 
[12] Richardson, M.L. and Bowron, J.M., 1985.  The fate of pharmaceutical chemicals in the aquatic environment. Journal of Pharmacy and Pharmacology 37:1-12. 
[13] European Commission, 2003.  Technical Guidance Document on Risk Assessment (TGD), Part II Environmental Risk Assessment, EUR 20418 EN/2, 337pp. 
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4.4 Collection of Regionally Biased Selected Compound Usage Regimes 
 

For each livestock type, a number of veterinary practices were consulted regarding their use 

of the focus compounds (See Table 17). For cattle, the practices consulted were active 

within the catchments selected for this study, while for the pig and poultry industries, which 

are served by only a small number of veterinary practices, the aim was to cover a 

representative percentage of the animal population. When the survey results were analysed 

it became clear that there was very little regional variation in practice between the two cattle 

catchments, and so the results from those surveys were pooled. The cattle practices 

covered over 100% of the total number of cattle in the catchments (owing to some farms 

having land both inside and outside the catchment), while the pig and poultry practices 

covered 25% and 55% of the national animal totals respectively (Table 17). When 

considering just broilers, who receive the majority of the compounds under study, the poultry 

practices covered 69% of the total population. 

 

Table 17: Number of practices and proportion of animals covered by the survey of 
veterinary medicine usage for cattle, pigs and poultry. 

 
Animal type Number of practices surveyed Percentage of animals covered 

Cattle 7 (14†) 118% [1] 

Pigs 4 (6†) 25% [2] 

Poultry 2 (4†) 55% (69% of broilers) [2] 

[1] Percentage of the catchment total (2010 census figures) 
[2] Percentage of the national total (2010 census figures) 
† Number of practices asked to participate 

Note For dicyclanil usage in sheep data on the sale of ectoparasiticides was sourced from large agricultural 
supply chains that covered the selected catchments 

 

Usage regimes were calculated as described in section 2.4. In many cases the dose used 

for the individual compounds was identical across the practices and followed a standard 

recommended dose, while in some cases (especially for the antibiotics) the dose varied 

depending on whether the compound was administered on its own or as part of a mixture 

with other medicines. Of all the compounds surveyed for, only acetylsalicylic acid was not 

used by any of the practices.  The usage figures derived in this project are shown in 

Table 18. In general there was not much seasonal variation in the use of any of the 

compounds, but where such variation existed it was accounted for in the modelling. From the 

data in Table 18, a single integrated usage regime for each compound, by livestock group, 

was calculated for use in MGIS. 

 

DWI70/2/286 FINAL REPORT   47 



Table 18: Usage regimes for all compounds used in the modelling. 
 

A. Altrenogest 
Livestock 
sector Animal group Dose rate Body weight used 

Proportion of animals 
treated 

Pigs Maiden gilts 360 mg [5] 
Dose unrelated to 
weight 58.1% [1]; 51.2% [2] 

     
B. Apramycin 
Livestock 
sector Animal group Dose rate Body weight used 

Proportion of animals 
treated 

Pigs Piglets < 8 kg 37.5 mg/kg [1] 8 kg 2.9% [1] 
Pigs Weaners 8-32 kg 64.6 [1]; 78.9 [2] mg/kg 32 kg 12.6% [1]; 23.5% [2] 
Poultry Broiler chicks 48 mg/kg [6] 0.72 kg 13% 
     
C. Cefapirin 
Livestock 
sector Animal group Dose rate Body weight used 

Proportion of animals 
treated 

Cattle Adult beef cows 500 mg [3] 
Dose unrelated to 
weight 0.49% [3] 

Cattle Adult dairy cows 500 [3]; 1200 mg [4] 
Dose unrelated to 
weight 3.3% [3]; 0.47% [4] 

     
D. Dicyclanil 
Livestock 
sector Animal group Dose rate Body weight used 

Proportion of animals 
treated 

Sheep Ewes & rams 1750 [10]; 450 [11] mg  Total dose for animal  38% [12]; 28% [13]  
Sheep Lambs 1000 [10]; 250 [11] mg  Total dose for animal  52% [12, 13]  
     
E. Florfenicol 
Livestock 
sector Animal group Dose rate Body weight used 

Proportion of animals 
treated 

Cattle Adult dairy cows  40 mg/kg 600 kg 0.15% 
Cattle Adult suckler cows   40 mg/kg 500 kg 0.06% 

Cattle 
Replacement dairy 
heifers > 12 months 40 mg/kg 350 kg 4.3% 

Cattle 
Store and finishing 
stock > 12 months 40 mg/kg 350 kg 1.4% 

Cattle 
All cattle 3 to 12 
months 40 mg/kg 250 kg 4.9% 

Cattle 
Calves <3 months – 
artificially reared  40 mg/kg 100 kg 2.1% 

Cattle 
Calves <3 month – 
suckled  40 mg/kg 100 kg 1.7% 

Pigs Sows & Gilts  30 mg/kg [5] 250 [8]; 120 [9] kg 0.01% [1, 5]; 0.39% [2, 5] 

Pigs Weaners 8-32kg 
34 [1, 5]; 60 [2, 5]; 50 [6] 
mg/kg 32 kg 

1.2% [1,5]; 0.19% [2, 5]; 
11.5% [1, 6]; 0.60% [2, 6] 

Pigs Growers 32-50kg 
34.9 [1, 5]; 60 [2, 5]; 50 [1, 
6] mg/kg  50 kg 

0.67% [1,5]; 0.04% [2, 5]; 
2.9% [1, 6] 

Pigs Finishers 50-100kg +  32.2 mg/kg [1, 5] 82 kg 1.2% [1,5] 
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F. Lincomycin 
Livestock 
sector Animal group Dose rate Body weight used 

Proportion of animals 
treated 

Cattle Adult beef cows 500 mg [4] 
Dose unrelated to 
weight 0.14% [4]  

Cattle Adult dairy cows 334 [7]; 500 [4] mg 
Dose unrelated to 
weight 100% [7]; 3.5% [4]  

Pigs Sows & Gilts  30 [5]; 12 [1, 6] mg/kg 250 [8]; 120 [9] kg 1.9% [1, 5]; 0.75 [2, 5]  

Pigs Weaners 8-32kg 
33.3 [5, 1]; 50 [5, 2]; 31.3 
[6, 1]; 23.3 [6, 2] mg/kg 32 kg 

0.74% [1, 5]; 0.19 [2, 5]; 
2.4% [1, 6]; 2.2% [2, 6] 

Pigs Growers 32-50kg 
30 [5]; 28.7 [6, 1]; 16.7 [6, 
2] mg/kg 50 kg 

2.5% [1, 5]; 0.19% [2, 5]; 
1.4% [1, 6]; 0.55% [2, 6] 

Pigs Finishers 50-100kg +  30 [5]; 29.4 [6, 1] mg/kg 82 kg 3.7% [1, 5]; 0.37% [2, 5] 
Poultry Broilers 50 mg/kg 0.072 kg 65% [1] 
Poultry Turkeys 150 mg/kg 0.12 kg 26.5% [1] 
     
G. Luprostiol 
Livestock 
sector Animal group Dose rate Body weight used 

Proportion of animals 
treated 

Pigs Sows & Gilts  7.5 mg 
Dose unrelated to 
weight 4.9% [1]  

     
H. Monensin 
Livestock 
sector Animal group Dose rate Body weight used 

Proportion of animals 
treated 

Poultry Pullets (<16 weeks)  248 mg  
Integrated dose for life 
stage  2.5% [1] 

Poultry Broilers  149 mg  
Integrated dose for life 
stage  80% [1] 

     
I. Sulfadiazine 
Livestock 
sector Animal group Dose rate Body weight used 

Proportion of animals 
treated 

Cattle Adult dairy cows  48.4 mg/kg 600 kg 0.83% 
Cattle Adult suckler cows   59.5 mg / kg 500 kg 0.79% 

Cattle 
Replacement dairy 
heifers > 12 months 52.3 mg/kg 350 kg 0.91% 

Cattle 
Store and finishing 
stock > 12 months 52.4 mg/kg 350 kg 0.92% 

Cattle 
All cattle 3 to 12 
months 57 mg/kg 250 kg 1.1% 

Cattle 
Calves <3 months – 
artificially reared  48.1 mg/kg [5]; 1367 mg [6]  

100 kg [5]; Dose 
unrelated to weight [6] 0.021% [5]; 1.8% [6] 

Cattle 
Calves <3 month – 
suckled  62.5 mg/kg [5]; 1284 mg [6] 

100 kg [5]; Dose 
unrelated to weight [6] 0.059% [5]; 2.2% [6] 

Pigs Sows & Gilts  37.5 mg/kg 250 [8]; 120 [9] kg 0.91% [1] 
Pigs Piglets<8kg 29.7 [1]; 37.5 [2] mg/kg 8 kg 0.57% [1]; 2.8% [2] 

Pigs Weaners 8-32kg 
47.8 [5, 1]; 388 [6, 1]; 350 
[6, 2] mg/kg 32 kg 

0.16% [5, 1]; 9.0% [6, 1]; 
25.2% [6, 2] 

Poultry Pullets (<16 weeks) 75 mg/kg 0.13 kg 0.5% [1] 
Poultry Broilers 75 mg/kg 0.17 kg 2.5% [1] 
Poultry Turkeys 75 mg/kg 0.13 kg  1.5% [1] 
Poultry Ducks 75 mg/kg 0.07 kg  1.5% [1] 
[1] indoors [8] sows 
[2] outdoors [9] gilts 
[3] intra-unterine [10] Novartis Clik 
[4] intra-mammary [11] Novartis Clikzin 
[5] injected [12] Eden catchment 
[6] oral [13] Vyrnwy catchment 
[7] footbath  
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4.5 Development of Catchment Specific Selected Compound Loads 
 

The catchment specific loads of each veterinary medicine were calculated through 

integrating the usage survey results with the manure production, handling and spreading 

modelled using Manures-GIS.  An example of the structure of a Manures-GIS model is 

shown in Figure 12, in this case for cattle.  Figure 13 illustrates how the model has been 

used to process Manures-GIS input (total cattle numbers over 12 months) into output 

(sulfadiazine loading in September) for sulfadiazine in the surface water catchment selected 

for cattle. In order to generate the results in Figure 13, models for pigs and poultry were also 

run. The pattern of compound use closely follows the livestock distribution, although in some 

areas (notably the West of the catchment) there appears to be a higher level of sulfadiazine 

usage than expected from the cattle numbers alone and is driven by the contribution from 

other livestock types such as pigs and poultry.  An annual total derived from the monthly 

loads in each of the focus catchments for each compound are shown in Table 19.  It will be 

noted that the annual applications are small, being less than 1 g/ha. 

 
Figure 12:  Example of the cattle model in Manures-GIS for a single catchment. 
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(a)       (b) 

 
(c)       (d) 
Figure 13: Example 1 km resolution data layers for modelling sulfadiazine loadings 

in the surface water catchment for cattle, namely (a) total cattle 1 year 
old and over and (b) sulfadiazine loadings to all landuses from all 
livestock types in September (mg) and the groundwater catchment for 
pigs and poultry, namely (c) total pigs and (d) sulfadiazine loadings to 
all winter arable crops from all livestock types in September.   
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Table 19:  Estimated total annual loadings (mg ha-1) of all compounds, by 
catchment and livestock group. 

 

Compound Catchment 
Total loading (mg ha-1 year-1) 

Cattle Pigs Poultry Sheep 
Altrenogest Pigs Surface Water 1 (SW 6) N/A 5.7E-01 N/A N/A 
Altrenogest Pigs Surface Water 2 (SW 1) N/A 8.7E-01 N/A N/A 
Altrenogest Pigs Groundwater 1(GW 15) N/A 4.4E-01 N/A N/A 
Altrenogest Pigs Groundwater 2 (GW 16) N/A 9.5E-01 N/A N/A 
      
Apramycin Poultry Surface Water N/A N/A 1.2E+01 N/A 
Apramycin Poultry Groundwater N/A N/A 7.7E+00 N/A 
      
Cefapirin Cattle Surface Water 5.8E+00 N/A N/A N/A 
Cefapirin Cattle Groundwater 6.7E+00 N/A N/A N/A 
      
Dicyclanil Sheep Surface Water N/A N/A N/A 1.3E+02 
Dicyclanil Sheep Groundwater N/A N/A N/A 7.6E+01 
      
Florfenicol Cattle Surface Water 3.7E+02 5.6E+00 N/A N/A 
Florfenicol Cattle Groundwater 3.4E+02 1.1E+01 N/A N/A 
Florfenicol Pigs Surface Water 1 (SW 6) 1.5E+02 9.6E+01 N/A N/A 
Florfenicol Pigs Surface Water 2 (SW 1) 1.9E+02 9.9E+01 N/A N/A 
Florfenicol Pigs Groundwater 1 (GW 15) 6.3E+01 7.5E+01 N/A N/A 
Florfenicol Pigs Groundwater 2 (GW 16) 4.2E+01 1.0E+02 N/A N/A 
      
Lincomycin Cattle Surface Water 1.1E+02 1.3E+01 3.3E+00 N/A 
Lincomycin Cattle Groundwater 1.1E+02 1.4E+01 2.3E+01 N/A 
Lincomycin Pigs Surface Water 1 (SW 6) 4.2E+01 1.0E+02 1.2E+01 N/A 
Lincomycin Pigs Surface Water 2 (SW 1) 5.4E+01 1.1E+02 2.0E+01 N/A 

Lincomycin Pigs Groundwater 1 / Poultry Groundwater (GW 
15) 1.1E+01 1.1E+02 5.4E+01 N/A 

Lincomycin Pigs Groundwater 2 (GW 16) 7.6E+00 8.1E+01 4.0E+01 N/A 
Lincomycin Poultry Surface Water 5.1E+01 6.4E+00 7.6E+01 N/A 
      
Luprostiol Pigs Surface Water 1 (SW 6) N/A 3.9E-02 N/A N/A 
Luprostiol Pigs Surface Water 2 (SW 1) N/A 5.7E-02 N/A N/A 
Luprostiol Pigs Groundwater 1 (GW 15) N/A 2.0E-02 N/A N/A 
Luprostiol Pigs Groundwater 2 (GW 16) N/A 4.6E-02 N/A N/A 
      
Monensin Poultry Surface Water N/A N/A 7.7E+01 N/A 
Monensin Poultry Groundwater N/A N/A 6.4E+01 N/A 
      
Sulfadiazine Cattle Surface Water 2.4E+02 2.0E+01 4.2E-01 N/A 
Sulfadiazine Cattle Groundwater 2.5E+02 3.1E+01 2.4E+00 N/A 
Sulfadiazine Pigs Surface Water 1 (SW 6) 1.2E+02 3.0E+02 1.4E+00 N/A 
Sulfadiazine Pigs Surface Water 2 (SW 1) 1.5E+02 3.6E+02 1.9E+00 N/A 

Sulfadiazine Pigs Groundwater 1 / Poultry Groundwater (GW 
15) 4.7E+01 3.4E+02 5.7E+00 N/A 

Sulfadiazine Pigs Groundwater 2 (GW 16) 3.6E+01 2.9E+02 5.1E+00 N/A 
Sulfadiazine Poultry Surface Water 1.8E+02 2.3E+01 7.2E+00 N/A 
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4.6 Catchment Environmental Fate Modelling  
 

The surface water models predict daily environmental concentrations of raw water at the 

abstraction point for each day of each year simulated (at least 30 years – see Table 11).  

The maximum of these daily predicted environmental concentrations across all simulation 

years for the surface water catchment modelling are summarised in Table 20.  The daily 

groundwater model outputs are summarised to produce annual average predicted 

environmental concentrations of raw groundwater for each of the 50 years simulated.  The 

maximum of these 50 annual groundwater predicted environmental concentrations are 

summarised in Table 21.  For both the surface water and groundwater catchments these 

daily/annual maximum predicted environmental concentrations for each of the representative 

catchments and compounds did not exceed (See Table 12) the lowest acceptable daily 

intake concentrations (0.03 µg/L) for the three age classes for either the conventional or 

advanced water treatment options.  The fact that these maximum modelled concentrations 

are low is unsurprising given the low application rates of veterinary medicines spread into 

the environment (See Table 19).   

 

Table 20:  Summary of the maximum daily predicted environmental concentration 
(PEC) for each surface water catchment and compound. 

 
Surface Water Catchment Compound Maximum Daily PEC (ug/L) 
Cattle Cefapirin 6.27E-04 
Cattle Florfenicol 3.28E-03 
Cattle Lincomycin 1.56E-03 
Cattle Sulfadiazine 3.29E-03 
Pigs Altrenogest 4.55E-05 
Pigs Florfenicol 1.47E-03 
Pigs Lincomycin 1.01E-02 
Pigs Luprostiol 3.18E-06 
Pigs Sulfadiazine 2.36E-02 
Poultry Apramycin 1.82E-05 
Poultry Lincomycin 2.61E-02 
Poultry Monensin 8.01E-03 
Poultry Sulfadiazine 8.83E-03 
Sheep Dicyclanil 7.54E-05 
 

In order to ensure that the maximum annual predicted environmental concentration did not 

exceed the toxicological threshold for an individual crop/soil combination within the 

catchments these were extracted for a high usage compound (sulfadiazine) and high toxicity 

compounds (luprostiol and altrenogest).  The sulfadiazine in the pig and poultry 

catchment 15 results are presented in Table 22 by way of example.  It will be noted that the 

highest maximum PEC for a single soil/crop combination is 0.05 μg/L which is still a factor of 
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100 below the most sensitive toxicological threshold for this compound.  This finding holds 

for the other two high toxicity compounds where the safety factor is typically a factor of 50 to 

200 below the most sensitive toxicological threshold for these compounds. 

 
Table 21:  Summary of the maximum annual predicted environmental 

concentration (PEC) for each groundwater catchment and compound. 
 
Groundwater Catchment Compound Maximum Annual PEC (ug/L) 
Cattle Cefapirin 1.07E-03 
Cattle Florfenicol 1.75E-02 
Cattle Lincomycin 9.59E-03 
Cattle Sulfadiazine 1.85E-02 
Pigs 15* Altrenogest 1.39E-04 
Pigs 15 Florfenicol 7.68E-03 
Pigs 15 / Poultry Lincomycin 4.69E-03 
Pigs 15 Luprostiol 5.65E-06 
Pigs 15 / Poultry Sulfadiazine 1.38E-02 
Pigs 16** Altrenogest 4.26E-04 
Pigs 16 Florfenicol 1.75E-02 
Pigs 16 Lincomycin 7.40E-03 
Pigs 16 Luprostiol 1.86E-05 
Pigs 16 Sulfadiazine 5.25E-02 
Poultry Apramycin 1.72E-25 
Poultry Monensin 2.73E-07 
Sheep Dicyclanil 5.79E-04 
* Catchment 15 ** Catchment 16 
 
Table 22:  Summary of the maximum sulfadiazine annual predicted environmental 

concentration (PEC) for each soil in Catchment 15, the pig and poultry 
groundwater catchment. 

 

Soil Group Soil area 
(ha) 

Sulfadiazine 
Maximum 
PEC (μg/L) 

Maximum 
PEC Year 

Winter Wheat 
Maximum 

PEC 

Winter 
Wheat 

Maximum 
PEC Year 

Spring 
Barley 

Maximum 
PEC (μg/L) 

Spring 
Barley 

Maximum 
PEC Year 

WICK 79,748  0.014 2005 4.18E-03 2003 9.81E-03 1998 
NEWPORT 5,084  0.019 2005 0.0102 2002 0.023 1997 
DUNKESWICK 19,426  1.94E-04 1996 2.90E-04 1996 1.53E-04 1986 
BROMYARD 922  2.71E-05 1983 1.50E-05 1995 3.41E-05 1983 
BLACKWOOD 2,658  3.61E-07 1994 8.41E-07 1994 1.22E-07 1994 
HAFREN 5,796  3.94E-03 1989 2.67E-04 2006 3.39E-04 2010 
DENCHWORTH 12,689  3.31E-04 1995 2.46E-04 1995 1.35E-04 1995 
HANSLOPE 4,488  8.47E-04 1995 5.55E-04 1995 1.50E-03 1996 
KEXBY 103  0.026 2005 0.010 2003 0.014 2004 
EAST 
KESWICK 1,111  0.041 2005 9.12E-03 2003 0.050 2005 
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(a)      (b) 
Figure 14: Map of the maximum annual (a) sulfadiazine and (b) altrenogest 

predicted environmental concentration for all crops and soils groups in 
Catchment 15, the pig and poultry groundwater catchment (See also 
Table 22). 

 

4.7 Refinement of Risk Assessments 
 

The maximum daily surface water and annual groundwater predicted environmental 

concentrations (PEC) for each of the representative catchments and compounds did not 

exceed the acceptable daily intake concentrations (See Table 12) for the three age classes 

for either the conventional or advanced water treatment options.  The modelled 

concentrations were typically a factor of several hundred to several tens of thousands below 

these toxicological thresholds (See Table 23 and Table 24).  These orders of magnitude of 

safety are increased 10 fold if one considers that the ADI thresholds were based on 10% of 

the ADI concentration.      
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Table 23:  Summary of the maximum daily predicted environmental concentration 
(PEC) for each surface water catchment and compound compared with 
the most sensitive Acceptable Daily Intake concentration (See Table 12) 
and the resulting safety factors. 

 
Surface 
Water 
Catchment 

Compound 
Maximum 

Daily 
PEC 

(ug/L) 

Acceptable Water 
Concentration 

(Conventional Treatment) 
for Infant (μg/L) 

Safety Factor 
Safety 

Factor  + 
ADI Safety 

Factor 
Cattle Cefapirin 6.27E-04 1.88 2999 29989 
Cattle Florfenicol 3.28E-03 2.16 658 6581 
Cattle Lincomycin 1.56E-03 7.41 4750 47500 
Cattle Sulfadiazine 3.29E-03 14.81 4495 44955 
Pigs Altrenogest 4.55E-05 0.03 660 6599 
Pigs Florfenicol 1.47E-03 2.16 1467 14667 
Pigs Lincomycin 1.01E-02 7.41 734 7336 
Pigs Luprostiol 3.18E-06 0.15 47146 471465 
Pigs Sulfadiazine 2.36E-02 14.81 628 6278 
Poultry Apramycin 1.82E-05 29.63 1628968 16289680 
Poultry Lincomycin 2.61E-02 7.41 284 2839 
Poultry Monensin 8.01E-03 2.56 319 3195 
Poultry Sulfadiazine 8.83E-03 14.81 1677 16773 
Sheep Dicyclanil 7.54E-05 5.19 68819 688194 
 
The modelling did not take account of any metabolism of the compounds in the animal (See 

Appendix 2 – Summary of the Metabolism Data) primarily as this data is typically incomplete 

for these purposes.  Monensin is the only compound where an agreed metabolism figure is 

available, as this has been agreed within the EU evaluation process.  In this instance the 

maximum excretion is 20% of the parent (including metabolites) and as such there is an 

additional safety factor of 5 for this compound.  In addition, the modelling considers that 

veterinary medicines spread into the environment either through excretal returns or used as 

a fertiliser are immediately available for transport in water leaching to groundwater or 

agricultural drains or running off as surface runoff.  However, they are not necessarily 

available for leaching or runoff as they are a component of an organic manure.  If one 

determines the fraction of compound expected to leach from dung using the equations that 

underpin VETCALC (Mackay et al., 2005) then it is clear that for most of these compounds 

that they will not be readily available to leach or runoff (See Table 25).  In addition, it should 

be borne in mind that the groundwater PECs are for the base of the soil profile and that there 

would likely be additional attenuation of the compounds through adsorption, dissipation and 

degradation while moving through the unsaturated vadose zone en route to groundwater. 
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Table 24:  Summary of the maximum annual predicted environmental 
concentration (PEC) for each groundwater catchment and compound 
compared with the most sensitive Acceptable Daily Intake concentration 
(See Table 12) and the resulting safety factors. 

 

Groundwater 
Catchment 

Compound 
Maximum 
Daily PEC 

(ug/L) 

Acceptable Water 
Concentration 

(Conventional Treatment) 
for Infant (μg/L) 

Safety 
Factor 

Safety 
Factor  + 

ADI Safety 
Factor 

Cattle Cefapirin 1.07E-03 1.88 1752 17518 
Cattle Florfenicol 1.75E-02 2.16 123 1234 
Cattle Lincomycin 9.59E-03 7.41 772 7723 
Cattle Sulfadiazine 1.85E-02 14.81 801 8011 
Pigs 15 Altrenogest 1.39E-04 0.03 217 2166 
Pigs 15 Florfenicol 7.68E-03 2.16 281 2812 
Pigs 15 / 
Poultry Lincomycin 4.69E-03 7.41 1581 15814 

Pigs 15 Luprostiol 5.65E-06 0.15 26553 265533 
Pigs 15 / 
Poultry Sulfadiazine 1.38E-02 14.81 1071 10707 

Pigs 16 Altrenogest 4.26E-04 0.03 70 705 
Pigs 16 Florfenicol 1.75E-02 2.16 124 1237 
Pigs 16 Lincomycin 7.40E-03 7.41 1001 10013 
Pigs 16 Luprostiol 1.86E-05 0.15 8071 80708 
Pigs 16 Sulfadiazine 5.25E-02 14.81 282 2821 
Poultry Apramycin 1.72E-25 29.63 1.73E+26 1.73E+27 
Poultry Monensin 2.73E-07 2.56 9388322 93883215 
Sheep Dicyclanil 5.79E-04 5.19 8961 89609 
* Catchment 15 ** Catchment 16 
 
 
Table 25:  Summary of the calculated percentage compound leached from dung 

(after Mackay et al., 2005). 
 

Compound Koc 
(L/kg) 

Dairy Cow 
Percentage Leached 

from Dung (%) 

Beef Cow 
Percentage 

Leached from Dung 
(%) 

Sheep 
Percentage 

Leached from 
Dung (%) 

Acetylsalicylic Acid 10 61.8 56.9 - 
Altrenogest 577.3 2.7 2.2 - 
Apramycin 464680.7 0.003 0.003 - 
Cefapirin 45 26.5 22.7 - 
Dicyclanil 136.4 10.6 8.8 2.5 
Florfenicol 27.8 36.8 32.2 - 
Lincomycin 89.3 15.3 12.9 - 
Luprostiol 16 50.3 45.2 - 
Monensin 311 4.9 4.1 - 
Sulfadiazine 73.6 18.0 15.2 - 
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5 Summary and Conclusions 
 
Human exposure to veterinary medicines may occur through the consumption of drinking 

water abstracted from surface or groundwater sources that are vulnerable to potential 

contamination by veterinary medicines.  A recent DWI project (70/2/235) used a number of 

worst case assumptions to confirm safe levels of intake via drinking water for most veterinary 

medicines. It also identified 10 compounds (altrenogest, apramycin, cefapirin, dicyclanil, 

florfenicol, lincomycin, luprostiol, sulfadiazine, acetylsalicylic acid and monensin) where 

intake may be close to or above the acceptable daily intake (ADI).  This project further 

assessed the potential risk posed by these 10 compounds by generating more realistic 

estimates of human exposure through drinking water sources by refining: 

 active substance property information 

 veterinary medicine usage and loads applied to agricultural land 

 simulation modelling, by employing a catchment-based simulation modelling 

approach 

 

The approach taken in this project sub-divided the project into three work packages with 

seven key tasks, namely: 

 

Work Package 1 – Catchment Selection 

 Screening Selection of Surface and Groundwater Catchments.   

 Final Selection of Surface and Groundwater Catchments.     

Work Package 2 – Model Parameterisation and Setup 

 Collation of Selected Compound Properties.   

 Collection of Regionally Biased Selected Compound Usage Regimes.   

 Development of Catchment Specific Selected Compound Loads.   

Work Package 3 – Environmental Modelling and Risk Assessment 

 Catchment Environmental Fate Modelling.   

 Refinement of Risk Assessments.   

 

Work Package 1 – Catchment Selection 

The screening phase of the catchment selection identified between 11 and 18 surface and 

groundwater catchments for each of the animal groups.  From these the final four 

groundwater and four surface water catchments were selected, one for each animal type 

(cattle, sheep, poultry and pigs).  This process ensured that the final catchments were both 

vulnerable to leaching and runoff while having high animal manure and veterinary medicine 

pressures. 

DWI70/2/286 FINAL REPORT   58 



 
Work Package 2 – Model Parameterisation and Setup 

There was variable success in improving the compound properties for the ten compounds 

collated for the simulation modelling.  A freedom of information request to the Veterinary 

Medicines Directorate (VMD) yielded limited amounts of data, however, the key variables for 

five of the compounds (apramycin, dicyclanil, florfenicol, lincomycin and sulfadiazine) were 

adequately characterised.  Acetylsalicylic acid was characterised largely using literature 

sources while monensin was characterised using EFSA evaluations.  Key gaps were thus 

present for altrenogest, cefapirin and luprostiol with all values being estimated as no 

additional data was forthcoming from industry sources.   

 

For each livestock type, a number of veterinary practices were consulted regarding their 

usage of the ten compounds.  The cattle practices covered over 100% of the total number of 

cattle in the catchments (owing to some treating animals on farms both inside and outside 

the catchment), while the pig and poultry practices covered 25% and 55% of the national 

animal totals, respectively. When considering just broilers, which receive the majority of the 

compounds under consideration, the poultry practices covered 69% of the total population.  

For dicyclanil usage in sheep, data on the sale of ectoparasiticides of large agricultural 

supply chains that covered the selected catchments was analysed. 

Single integrated usage regimes were calculated from the survey returns for each 

compound, livestock group and mode of administration.  Of all the compounds surveyed for, 

only acetylsalicylic acid was not used by any of the practices for any of the animals.  In 

general, there was not much seasonal variation in the use of any of the compounds, but 

where such variation existed it was accounted for in the modelling. The catchment specific 

loads of each veterinary medicine were calculated through integrating the usage survey 

results with the manure production, handling and spreading modelled using Manures-GIS.  

The final calculated annual applications were small, being less than 1 g/ha. 

 

Work Package 3 – Environmental Modelling and Risk Assessment 

For both the surface water and groundwater catchments the maximum daily/annual 

predicted environmental concentrations for each of the representative catchments and 

compounds did not exceed the lowest acceptable daily intake concentrations for the three 

age classes for either the conventional or advanced water treatment options.  The fact that 

these maximum modelled concentrations were low is unsurprising given the low application 

rates of veterinary medicines spread into the environment.  In order to ensure that the 

maximum annual predicted environmental concentration for groundwater did not exceed the 

toxicological threshold for an individual crop/soil combination within the catchments, these 
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were extracted for a high usage compound (sulfadiazine) and high toxicity compounds 

(luprostiol and altrenogest).  Similarly, these concentrations for specific soil and crop 

combinations do not exceed the most sensitive toxicological end points.   

 

The modelled concentrations were typically a factor of several hundred to several tens of 

thousands below these toxicological thresholds.  There are also additional factors which 

provide further margins of safety: 

 There is an additional safety factor of 10 fold given that the ADI thresholds were 

based on 10% of the ADI concentration; 

 The modelling did not take account of any metabolism of the compounds in the 

animal.  In the case of monensin there is an additional safety factor of 5 if this is 

considered.     

 The modelling considers that veterinary medicines spread into the environment either 

through excretal returns or used as a fertiliser are immediately available for transport 

in water leaching to groundwater, or agricultural drains, or running off as surface 

runoff.  However, they are not necessarily available for leaching or runoff as they are 

a component of an organic manure.  Using the fraction of compound expected to 

leach from dung using the equations that underpin VETCALC, a model that may 

used in higher veterinary medicine environmental risk assessments, it is likely that a 

further safety factor of 3 to 10 is available.  

 It should also be borne in mind that the groundwater PECs are for the base of the soil 

profile (0.5 to 1.5 m depending on the soil) and that there would likely be additional 

attenuation of the compounds through adsorption, dissipation and degradation while 

moving through the unsaturated vadose zone en route to groundwater. 

 
Conclusions and Further Research 

Based on the results of this study it is concluded that the ten compounds investigated are 

not expected to impact on drinking water quality under realistic worst case conditions in real 

world catchments.  The study reflects agricultural practice and authorisation of veterinary 

medicines at the outset of the project and it is recognised that practices and authorisations 

may change over time.  Water companies should continue to review risks on a case by case 

basis to account for local circumstances and changes. A further area of research would be to 

review the assessment in the future to account for any changes in practice or usage that 

may have occurred. 
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 Appendices 
 
7 Appendices 
7.1 Appendix 1 – Summary of the Factors Appertaining to the Selection of the Final Catchments from the Candidate Catchments 
 
Tables 5.1.1 - Cattle Surface Water Catchments 
 

Map/Catchment 
Number  

All Cattle 
Manure Risk 

Percentile 

Dairy 
Cattle 

Manure 
Risk 

Percentile 

Beef Cattle 
Manure 

Risk 
Percentile 

Drain Risk 
Score 

Percentile 

Runoff 
Risk Score 
Percentile 

Cattle 
Expert 

Catchment 
Selection 

EA Diffuse 
Risk Class 

EA 
Ecological 

Status 
Reason for Exclusion 

25 97 93 100 90 86 2 At Risk Moderate CHOSEN 

38 90 92 88 93 65  At Risk Moderate Lower risk scores particularly runoff risk; Not flagged as 
key area by expert 

36 99 99 94 96 52 1 At Risk Moderate Smaller catchment size; low runoff risk score 

24 85 81 90 93 62 2 At Risk Moderate Included in 23 (backup catchment) 

23 91 90 91 85 62 2 At Risk Good 
Selected as the backup should Catchment 25 be 
found to be unsuitable during the consultation with 
the local catchment experts. 

26 96 96 77 64 76  Not 
Assessed Moderate Lower risk scores; Not flagged as key area by expert 

37 100 100 99 85 50 1 At Risk Moderate Smaller catchment size; low runoff risk score 

41 77 78 74 75 74  At Risk Moderate Complicated hydrology; Lower risk scores in particular the 
manure risk score; Not flagged as key area by expert. 

29 85 83 86 67 70  At Risk Moderate Lower risk scores; Not flagged as key area by expert 

28 76 65 85 63 75  At Risk Good Lower risk scores; Not flagged as key area by expert 

40 75 80 54 74 62  At Risk Moderate Lower risk scores; Not flagged as key area by expert 

27 84 88 76 43 79  At Risk Poor Complicated hydrology; Lower risk scores; Not flagged as 
key area by expert 

7 98 96 96 25 73  At Risk Moderate Heavily regulated flows; Low drain risk score; Not flagged 
as key area by expert. 

22 86 94 56 41 65  At Risk Poor Lower risk scores; Not flagged as key area by expert 

8 87 85 88 46 54  At Risk Moderate Flow data not readily available; Lower risk scores; Not 
flagged as key area by expert. 

9 82 82 84 60 42  At Risk Moderate Lower risk scores; Not flagged as key area by expert 

3 89 89 82 27 65 3 At Risk Moderate Lower risk scores particularly drain risk; Some very large 
reservoirs 

43 83 89 73 42 54 3 At Risk Moderate Flow data not readily available; Lower risk scores; 
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Map/Catchment 
Number Gauging Lakes BFI AAR Mean 

Flow Q95 
Factors 

affecting 
runoff 

FARL 

25 Gunnislake 47001. One reservoir in catchment from 1989. Yes Roadford reservoir to the 
north-east. 0.46 1251 22.38 2.12 SRPEI 0.993 

38 Glan Teifi 62001 covers most. Reservoir. Yes right at the top 0.54 1377 28.76 3.06 SP 0.995 

36 Canaston Bridge 61002 covers most. Large reservoir. Yes 0.55 1457 6.04 1.06 SRPE 0.967 

24 Woodmill 45003 covers much of this. Yes one large lake at the top 0.54 985 3.74 1.02 PGEI 0.993 

23 Thorverton 45001 and woodmill 45003 cover much of this. Yes; Wimbleball lake. 0.51; 
0.54 

1295; 
985 3.74 1.98; 

1.02 
SRPGEI; 

PGEI 
0.985; 
0.993 

26 Pen Mill 52006. Reservoir. Yes 0.42 904 2.52 0.33 SPG 0.965 

37 Prendergast mill 61001 covers most. No 0.63 1305 5.44 0.76 PEI 0.996 

41 Ebley Mill 54027 covers about half. Looks pretty complcated. One small lake 0.87 860 2.5 0.77 PEI 0.95 

29 Montford 54005, Hookaford 54018 and Yeaton 54020 combined cover 
most. Yeaton gw abstraction. 

Yes; this has Lake Vyrnwy and 
another large reservoir in it. 

0.48; 
0.51; 
0.65 

1184; 
766; 767 

43.3; 
1.72; 
1.60 

5.82; 
0.24; 
0.40 

SRPE; 
N; GEI 

0.977; 
0.991; 
0.954 

28 Knightsford Bridge 54029 covers most. Natural catchment. No 0.55 839 17.26 1.97 N 0.994 

40 Caton 72004 covers most. Water transfers to Wyre No 0.32 1525 35.36 3.17 SRP 0.997 

27 Nothing straightforward. could use Bath Ultrasonic 53022 with Bitton 
53017 and compton Dando 53004. Note large reservoir on 53004 Yes N/A N/A N/A N/A N/A N/A 

7 Marston on Dove 28018 covers majority. Regulated catchment. Yes right at the top of the 
catchment 0.6 953 14.02 3.55 SRPG 0.976 

22 Throop Mill 43007. Surface and groundwater abstractions for drinking 
water. No 0.65 877 13.81 2.6 PGE 0.988 

8 St Marys Bridge 28085 is just downstream and may be suitable although 
has extra trib. Yes 0.63 1007 17.38 4.53 SRPGEI 0.949 

9 Matlock 28011 covers majority. Catchment with reservoirs Yes 0.64 1119 12.99 3.28 SRPGEI 0.947 

3 Sheepmount 76007 covers most. Reservoirs Yes some very large ones 0.49 1199 51.88 9.67 SP 0.971 

43 Pont-y-Capel 67008, Bowling Bank 67025 cover about 2/3 but nothing 
for east side of catchment. Yes, loads N/A N/A N/A N/A N/A N/A 

 
Table Codes (http://www.ceh.ac.uk/data/nrfa/data/data_holdings.html) 
 
BFI:     The Base Flow Index is a measure of the proportion of the river runoff that derives from stored sources. 
AAR:     Average Annual Rainfall 
Mean Flow:    Mean gauged flows at a gauging station.   
Q95 (the 5 percentile flow):   The flow in cubic metres per second which was equalled or exceeded for 95% of the flow record. 
FARL:    The Flood Attenuation by Reservoirs and Lakes (FARL) index provides a guide to the degree of flood attenuation attributable to reservoirs and lakes in the catchment 

above a gauging station.   
 
Factors Affecting Runoff 
N Natural, i.e. there are no abstractions and discharges or the variation due to them is so limited that the gauged flow is considered to be within 10% of the natural flow at, or in excess of, the Q95 

flow.  
S Storage or impounding reservoir.  Natural river flows will be affected by water stored in a reservoir situated in, and supplied from, the catchment above the gauging station. 
R Regulated river.  Under certain flow conditions the river will be augmented from surface water and/or groundwater storage upstream of the gauging station. 
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P Public water supplies.  Natural runoff is reduced by the quantity abstracted from a reservoir or by a river intake if the water is conveyed outside the gauging station's catchment area. 
G Groundwater abstraction.  Natural river flow may be reduced or augmented by groundwater abstraction or recharge. This category includes the diminishing number of catchments where mine-

water discharges influence the flow regime. 
E Effluent return.  Outflows from sewage treatment works will augment the river flow if the effluent originate from outside the catchment. 
I Industrial and agricultural abstractions.  Direct industrial and agricultural abstractions from surface water and from groundwater may reduce the natural river flow.  
H Hydro-electric power.  The river flow is regulated to suit the need for power generation; catchment to catchment diversions may also significantly affect average runoff.  
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Tables 5.1.2 - Sheep Surface Water Catchments 
 

Map/Catchment 
Number 

Manure 
Load Score 

Drain Risk 
Score 

Percentile 

Runoff Risk 
Score 

Percentile 
EA Diffuse Risk 

Class 
EA Ecological 

Status 
Sheep Expert Catchment 
Selection Reason for Exclusion  

2 91 80 68 At Risk Good 2 Spatial Data and Expert opinion - sheep concentrated in 
one part of the catchment.  

42 98 80 60 Probably At Risk Moderate 2 Flow data not readily available. 

38 78 93 65 At Risk Moderate   
Spatial Data and Expert opinion - sheep concentrated in 
one part of the catchment. Lower manure risk score; Not 
flagged as key area by expert. 

35 83 91 60 At Risk Moderate  
Spatial Data and Expert opinion - sheep concentrated in 
one part of the catchment. Lower manure risk score; Not 
flagged as key area by expert. 

34 84 92 56 At Risk Moderate  
Spatial Data and Expert opinion - sheep concentrated in 
one part of the catchment. Lower manure risk score; Not 
flagged as key area by expert. 

29 90 67 70 At Risk Moderate 
1 - Hill upland and lowland 
mix; dense area of sheep; only 
bit of arable.  

 CHOSEN  

33 97 68 58 At Risk Poor  3 Flow data not readily available. 

31 89 59 71 At Risk Poor  
Spatial Data and Expert opinion - sheep concentrated in 
one part of the catchment; Not flagged as key area by 
expert. 

32 96 62 61 At Risk Good  Expert opinion - do not believe there are so many sheep 
in this catchment; Not flagged as key area by expert. 

40 81 74 62 At Risk Moderate 
3 - Not sure quite as dense but 
known problems with dip getting 
into water. 

More complicated hydrology; Lower manure risk score. 

39 94 77 46 Probably At Risk Moderate 2 - Not sure if as dense as hill 
area. Heavily regulated flow.  

28 76 63 75 At Risk Good  
Spatial Data and Expert opinion - sheep concentrated in 
one part of the catchment. Lower manure risk score; Not 
flagged as key area by expert. 

43 75 42 54 At Risk Moderate  
Expert opinion - do not believe there are so many sheep 
in this catchment. Lower manure risk score; Not flagged 
as key area by expert. 
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Map/Catchment 
Number Gauging Lakes BFI AAR Mean 

Flow Q95 
Factors 

affecting 
runoff 

FARL 

2 Butts Bridge 55021 No 0.69 926 5.61 1.02 P 0.992 

42 Nothing useful.        

38 Glan Teifi 62001 covers most. Reservoir. Yes right at the top 0.54 1377 28.76 3.06 SP 0.995 

35 No but could subtract Felin Mynachdy 60002 flows from Nantgaredig 
60010. 

Yes; one reservoir at top of 
catchment. 

0.42; 
0.46 

1651; 
1596 

11.46; 
39.42 

0.98; 
4.14 N; RP 0.997; 

0.984 

34 60010 Tywi at Nantgaredig covers most. Yes; one reservoir at top of 
catchment. 0.46 1596 39.42 4.14 RP 0.984 

29 Montford 54005, Hookaford 54018 and Yeaton 54020 combined 
cover most. Yeaton gw abstraction. 

Yes; this has Lake Vyrnwy 
and another large reservoir in 
the upper reaches. 

0.48; 
0.51; 
0.65 

1184; 
766; 767 

43.3; 
1.72; 
1.60 

5.82; 
0.24; 
0.40 

SRPE; 
N; GEI 

0.977; 
0.991; 
0.954 

33 No other than Belmont 55002 downstream. Yes 0.46 1248 47.33 6.12 S 0.967 

31 Redbrook 55023 covers most. Yes; four large reservoirs 0.54 1035 74.01 11.41 SPE 0.979 

32 Belmont 55002 covers most; Three Elms 55031 can supplement. Yes; four large reservoirs 0.46; 
0.56 

1248; 
704 

47.33; 
0.22 

6.12; 
0.02 S; I 0.967; 

0.955 
40 Caton 72004 covers most. Water transfers to Wyre No 0.32 1525 35.36 3.17 SRP 0.997 

39 Manley Hall 67015 just downstream. Could subtract Brynkinalt Weir 
67005. Heavily regulated. Yes loads N/A N/A N/A N/A N/A N/A 

28 Knightsford Bridge 54029 covers most. Natural catchment. No 0.55 839 17.26 1.97 N 0.994 

43 Pont-y-Capel 67008, Bowling Bank 67025 cover about 2/3 but nothing 
for east side of catchment. Yes, loads N/A N/A N/A N/A N/A N/A 

Table codes – see table 6.1.1 above. 
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Tables 5.1.3 - Pig Surface Water Catchments 
 
Map/Catchment 
Number 

Manure 
Load 
Score 

Drain Risk 
Score 
Percentile 

Runoff Risk 
Score Percentile 

EA Diffuse 
Risk Class 

EA 
Ecological 
Status 

Pig Expert Catchment Selection Reason for Exclusion  

19 99 10 97 At Risk Poor mix indoor and outdoors No gauging station 

15 100 4 96 At Risk Moderate mix indoor and outdoors No gauging station 

10 95 19 92 At Risk Poor indoor pigs mainly but fewer pigs than other 
catchments No gauging station; Expert opinion 

13 91 9 94 At Risk Moderate Low density for pigs No reliable gauging data; Expert opinion; 
Lower manure risk score. 

11 90 15 90 At Risk Moderate indoor pigs mainly but fewer pigs than other 
catchments Low pig manure score; Expert opinion 

5 98 23 81 At Risk Moderate mix indoor and outdoors No gauging station 

17 96 7 79 Not Assessed Bad mainly outdoors with indoors Complicated hydrology 

6 98 25 77 At Risk Moderate mix indoor and outdoors. Thinks this is a 
good choice; evenly spread CHOSEN 

18 96 5 78 Not Assessed Poor mainly outdoors with indoors Complicated hydrology 

1 97 20 74 At Risk Moderate indoor pigs mainly; only eastern half but 
very dense BACKUP 

4 96 27 61 Probably At 
Risk Moderate mix indoor and outdoors No gauging station 

14 100 8 54 At Risk Moderate mainly outdoors with indoors Complicated hydrology; Lower runoff risk 
score. 

16 97 4 41 At Risk Moderate mainly outdoors with indoors Gauging station does not reflect catchment 
hydrograph; Low runoff risk score. 

9 91 60 42 At Risk Moderate IGNORE; Not enough pigs. Expert opinion; Low runoff risk score; lower 
manure risk score. 
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Map/Catchment 
Number Gauging Lakes BFI AAR Mean 

Flow Q95 
Factors 
affecting 

runoff 
FARL 

19 No gauging station No N/A N/A N/A N/A N/A N/A 

15 Needham 34006 covers about half the catchment. Ellingham Mill 34013 not 
found in register. No 0.47 608 1.81 0.3 RI 0.998 

10 No gauging station One small lake N/A N/A N/A N/A N/A N/A 

13 Thornborough 33005 covers about two-thirds however unreliable from 1979 
onwards so no flows. One small lake N/A N/A N/A N/A N/A N/A 

11 Claypole 30001 covers most. Modified flows through Rutland water. Yes - Rutland Water 0.68 626 1.85 0.35 RPE 0.975 
5 No gauging station No N/A N/A N/A N/A N/A N/A 

17 Costessey Mill 34004. EA don't recommend use but it seems calculated flows 
are available. One small lake 0.74 691 4.05 1.29 GI 0.93 

6 Buttercrambe 27041 is main one; Sandhills bridge 27044 to supplement. No 0.69; 
0.44 

773; 
663 

16.69
; 0.4 

4.13; 
0.04 RPI; EI 0.994; 

0.997 

18 Costessey Mill 34004 and Costessey Park 34005 cover most of this. One small lake 0.64; 
0.74 

674; 
691 

0.34; 
4.05 

0.08; 
1.29 GI 0.973; 0.93 

1 Skelton 27009 and Huntinton 27083 cover most. Yes 0.44; 
0.45 

913; 
642 

49.97
; 0.78 

7.49; 
0.06 

SRPGI; 
EN 

0.983; 
0.990 

4 No gauging station No N/A N/A N/A N/A N/A N/A 

14 33106, 33206 (published as 33006) and 33029 cover much of the catchment. 
Denver Complex 33035 is complex and should be treated with 'great caution'. Two small lakes 0.82; 

0.84 
666; 
647 

1.83; 
0.50 

0.47; 
0.05 PGEI; GI 0.946; 

0.991 
16 Horstead Mill 34019 but 'hydrograph closely reflects mill gate operation'. Yes, at outflow N/A N/A N/A N/A N/A N/A 
9 Matlock 28011 covers majority. Catchment with reservoirs Yes 0.64 1119 12.99 3.28 SRPGEI 0.947 

Table codes – see table 6.1.1 above. 
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Tables 5.1.4 - Poultry Surface Water Catchments 
 

Map/Catchment 
Number 

Manure 
Load Score 

Drain Risk 
Score 
Percentile 

Runoff Risk 
Score 
Percentile 

EA Diffuse 
Risk Class 

EA Ecological 
Status Poultry Expert Catchment Selection Reason for Exclusion  

10 
                                      
100  

                                  
19  

                                    
92  At Risk Poor Good catchment No gauging station 

2 
                                      
100  

                                  
80  

                                    
68  At Risk Good 

Lots of broilers; not so much in the way 
of turkeys Chosen 

15 
                                        
99  

                                    
4  

                                    
96  At Risk Moderate Good catchment Lower drain risk score; incomplete flow data 

23 
                                        
96  

                                  
85  

                                    
62  At Risk Good Good catchment Could be backup 

17 
                                        
98  

                                    
7  

                                    
79  

Not 
Assessed Bad Good catchment Lower Drain risk score; Query over hydrology 

31 
                                        
97  

                                  
59  

                                    
71  At Risk Poor Good catchment 

Could also be backup but covers most of 
Wales; also much lower drain risk score. 

18 
                                        
98  

                                    
5  

                                    
78  

Not 
Assessed Poor Good catchment 

Lower Drain risk score; Very small; 
Encompassed by 17. 

14 
                                        
96  

                                    
8  

                                    
54  At Risk Moderate Large poultry area; also some turkeys 

Complicated hydrology; Lower Drain risk 
score 

43 
                                        
92  

                                  
42  

                                    
54  At Risk Moderate Good catchment 

Lower Drain risk score; Lower Manure load 
score; incomplete flow data 

13 
                                        
93  

                                    
9  

                                    
94  At Risk Moderate Quite a few broiler units; could be good No reliable flow data; Lower Drain risk score 

30 
                                        
90  

                                  
38  

                                    
71  At Risk Moderate Good catchment 

Flow heavily regulated; lower Manure load 
score 

16 
                                        
94  

                                    
4  

                                    
41  At Risk Moderate Good catchment 

No reliable flow data; Lower Drain risk score; 
Lower Runoff risk score 

19 
                                        
93  

                                  
10  

                                    
97  At Risk Poor Good catchment No gauging station 

28 
                                        
91  

                                  
63  

                                    
75  At Risk Good Good catchment Lower Manure load score 

44 
                                        
91  

                                  
36  

                                    
77  At Risk Moderate Not so many poultry No gauging station 
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Map/Catchment 
Number Gauging Lakes BFI AAR Mean 

Flow Q95 
Factors 

affecting 
runoff 

FARL 

10 no One small lake N/A N/A N/A N/A N/A N/A 

2 Butts Bridge 55021 No 0.69 926 5.61 1.02 P 0.992 

15 
Needham 34006 covers about half the catchment. Ellingham Mill 
34013 not found in register. No 0.47 608 1.81 0.3 RI 0.998 

23 Thorverton 45001 and woodmill 45003 cover much of this. Yes; Wimbleball lake. 
0.51; 
0.54 

1295; 
985 3.74 1.98; 

1.02 
SRPGEI; 

PGEI 
0.985; 
0.993 

17 
Costessey Mill 34004. EA don't recommend use but it seems 
calculated flows available. One small lake 0.74 691 4.05 1.29 GI 0.93 

31 Redbrook 55023 covers most. Yes; four large reservoirs 0.54 1035 74.01 11.41 SPE 0.979 

18 Costessey Mill 34004 and Costessey Park 34005 cover most of this. One small lake 
0.64; 
0.74 

674; 
691 

0.34; 
4.05 

0.08; 
1.29 GI 0.973; 

0.93 

14 

33106, 33206 (published as 33006) and 33029 cover much of the 
catchment. Denver Complex 33035 is ... well ... complex and should 
be treated with 'great caution'. Two small lakes 

0.82; 
0.84 

666; 
647 

1.83; 
0.50 

0.47; 
0.05 PGEI; GI 0.946; 

0.991 

43 
Pont-y-Capel 67008, Bowling Bank 67025 cover about 2/3 but 
nothing for east side of catchment. Yes, many N/A N/A N/A N/A N/A N/A 

13 
Thornborough 33005 covers about two-thirds however unreliable 
from 1979 onwards so no flows. One small lake N/A N/A N/A N/A N/A N/A 

30 
Bewdley 54001 covers most; Flow attenuation through Shropshire 
groundwater and other schemes. Yes 0.53 924 61.22 10.67 SRPGEI 0.973 

16 
Horstead Mill 34019 but 'hydrograph closely reflects mill gate 
operation'. Yes at outflow N/A N/A N/A N/A N/A N/A 

19 no No N/A N/A N/A N/A N/A N/A 

28 Knightsford Bridge 54029 covers most. Natural catchment. No 0.55 839 17.26 1.97 N 0.994 

44 no #N/A #N/A #N/A #N/A #N/A #N/A #N/A 

Table codes – see table 6.1.1 above. 
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Table 5.1.5 - Cattle Groundwater Catchments 
 

Map/Catchment 
Number   

All Cattle 
Manure 

Risk 
Percentile 

Beef Cattle 
Manure Risk 

Percentile 

Dairy 
Cattle 

Manure 
Risk 

Percentile 

Groundwater 
Risk Score 
Percentile 

Percentage of 
Catchment 

Underlain by 
Productive 

Aquifer 

Percentage of 
the Catchment 
Aquifer that is 

Highly 
Productive 

Source 
Protection 
Zone Area 

(km2) 

Cattle 
Expert 

Catchment 
Selection 

EA 
Groundwater 
Body Status 

 Reason for Exclusion  

1 93 98 90 91 91 64 84.5 3 Poor CHOSEN 

4 90 99 86 87 90 - 84.2  Good 
No high productivity aquifer; 
Not flagged as key area by 
expert. 

5 98 100 95 76 99 1 20.7  Good 

Lower GW risk score; Low 
percentage on high aquifer; 
Not flagged as key area by 
expert. 

22 77 79 76 99 91 - 48.6 1 Poor 

Cattle concentrated at one 
end of the catchment; Edge 
effects in catchment shape; 
Low overall manure risk; No 
high productivity aquifer; 
Lower exploitation for drinking 
water. 

23 97 95 96 91 96 10 25.5  Good 

Edge effects in catchment 
shape; Very low percentage 
high productivity aquifer; Not 
flagged as key area by 
expert. 

24 80 64 85 98 98 91 758.8  Poor 
Lower density of cattle; Not 
flagged as key area by 
expert. 

26 81 60 87 75 97 93 514.1  Poor 

Lower density of cattle; Cattle 
concentrated at one end of 
the catchment; Not flagged as 
key area by expert. 

27 78 71 81 84 78 61 243.5  Good 
Not flagged as key area by 
expert; Lower manure risk; 
Lower area on aquifer 

29 80 84 76 52 97 55 17.5  Good 

Lower manure risk; Lower 
GW risk score; Small 
catchment size; Not flagged 
as key area by expert. 

30 82 51 89 47 92 100 198.3  Poor 
Low GW risk score; Lower 
manure risk; Not flagged as 
key area by expert. 

31 85 77 87 53 99 5 8.7 2 Poor 

Small catchment size; very 
small percentage on high 
productivity aquifer; Low 
exploitation for drinking water. 

34 75 69 78 65 80 68 390.8  Poor Not flagged as key area by 
expert; Lower manure risk; 
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Lower area on aquifer 

36 88 91 88 94 70 - 40.2  Good 
No high productivity aquifer; 
Not flagged as key area by 
expert. 

DWI70/2/286 FINAL REPORT   72 



Table 5.1.6 - Sheep Groundwater Catchments 
 

Map/Catchment 
Number 

Sheep 
Manure 

Risk 
Percentile 

Groundwater 
Risk Score 
Percentile 

Percentage 
of Catchment 
Underlain by 
Productive 

Aquifer 

Percentage of the 
Catchment Aquifer 

that is Highly 
Productive 

Source 
Protection 
Zone Area 

(km2) 

Sheep Expert 
Catchment 
Selection 

EA Groundwater 
Body Status  Reason for Exclusion  

1 85 91 91 64 84.5 4 Poor CHOSEN after discussion with 
experts 

4 90 87 90 0 84.2 3 Good 

Possible Alternate Catchment - 
Lower overall score; no high 
productivity aquifer; smaller 
catchment size. 

5 87 76 99 0 20.7 2   Good Lower overall and GW risk score; 
no high productivity aquifer. 

29 97 52 97 55 17.5  Good 
Small catchment size; Lower GW 
risk score; Not flagged as key area 
by expert. 

31 78 53 99 5 8.7  Poor 
Lower manure risk; Not flagged as 
key area by expert; Lower GW risk 
score. 

12 91 39 100 1 16.4 1   Poor Low, localised GW risk score. 

28 84 43 100 0 2.7  Poor 
Low GW risk score; Lower manure 
risk; Not flagged as key area by 
expert. 

3 88 40 96 1 2.0  Good Low GW risk score; Not flagged as 
key area by expert. 

35 83 35 100 0 0.0  Poor 
Lower manure risk score; Low GW 
risk score; Not flagged as key area 
by expert. 

38 76 37 100 0 16.4  Poor 
Lower manure risk score; Low GW 
risk score; Not flagged as key area 
by expert. 

39 81 31 100 1 28.8  Poor 
Lower manure risk score; Low GW 
risk score; Not flagged as key area 
by expert. 

11 79 30 100 1 1.7  Good 
Lower manure risk score; Low GW 
risk score; Not flagged as key area 
by expert. 

33 94 34 77 1 32.0  Poor 
Low GW risk score; Lower 
percentage underlain by aquifer; 
Not flagged as key area by expert. 

2 91 33 78 0 87.8 3 Good 
Low percentage underlain by 
aquifer; no high productivity 
aquifer; Low GW risk score. 
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Table 5.1.7 - Pig Groundwater Catchments 
 

Map/Catchment 
Number 

Pig Manure 
Risk 

Percentile 

Groundwater 
Risk Score 
Percentile 

Percentage of 
Catchment 

Underlain by 
Productive 

Aquifer 

Percentage of the 
Catchment 

Aquifer that is 
Highly Productive 

Source Protection 
Zone Area (km2) 

Pig Expert 
Catchment Selection 

EA Groundwater 
Body Status  Reason for Exclusion  

24 94 98 98 91 759 outdoor and indoor; 
really not very much Poor Lower manure score; expert 

opinion. 

15 97 72 100 43 1048 
mainly outdoor with 
some indoor; 
heartland of pig 
production 

Poor CHOSEN 

14 97 71 99 98 124 mainly outdoor with 
some indoor Poor catchment size 

13 92 74 100 83 94 mainly outdoor with 
some indoor Poor catchment size 

16 96 58 100 96 2427 
mainly outdoor with 
some indoor; 
heartland of pig 
production 

Poor 
BACKUP; High GW risk 
coincides with high pig 
numbers 

7 100 52 100 100 356 indoor pigs only Poor indoor pigs only; Lower GW risk 
score. 

10 100 54 97 100 183 mainly indoor with 
some outdoor Poor Lower GW risk score 

8 96 64 90 0 184 mainly indoor with 
some outdoor Poor No high productivity aquifer; 

Lower GW risk score 
6 92 48 98 100 771 indoor pigs only Poor Low GW risk score 

17 97 49 92 13 796 mainly outdoor with 
some indoor Poor 

Low GW risk score; catchment 
size; low percentage high 
productivity aquifer 

9 99 62 73 98 1 mainly indoor with 
some outdoor Good Lower percentage aquifer. 
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Table 5.1.8 - Poultry Groundwater Catchments 
 
 

Map/Catchment 
Number 

Poultry 
Manure 

Risk 
Percentile 

Groundwater 
Risk Score 
Percentile 

Percentage 
of Catchment 
Underlain by 
Productive 

Aquifer 

Percentage of the 
Catchment 

Aquifer that is 
Highly Productive  

Source 
Protection 
Zone Area 

(km2) 

Poultry Expert Catchment 
Selection 

EA Groundwater 
Body Status  Reason for Exclusion  

                                  
22  

                                    
84  

                                                  
99  

                           
91.2  

                                         
-    49 

Processing unit Exeter; free 
range inc. broilers and layers. Poor 

Lower manure risk score; no 
high productivity aquifer 

                                  
15  

                                    
95  

                                                  
72  

                           
99.9  

                                      
42.6  1048 Expert really likes this one Poor Chosen 

                                  
26  

                                    
92  

                                                  
75  

                           
97.5  

                                      
90.8  514 

Big laying unit; reasonable 
amt broilers.  Poor Expert opinion 

                                  
14  

                                    
87  

                                                  
71  

                           
98.8  

                                      
96.4  124 

Expect lots of poultry inc 
some turkey; but localised. Poor 

Lower GW risk score; Lower 
manure risk score 

                                  
31  

                                    
95  

                                                  
53  

                           
98.8  

                                        
4.7  9 This would be good Poor 

Lower GW risk score; very low 
% high productivity aquifer 

                                  
16  

                                    
88  

                                                  
58  

                           
99.8  

                                      
95.4  2427 

Expect lots of poultry inc 
some turkey; but localised. Poor 

Lower GW risk score; Lower 
manure risk score 

                                  
10  

                                    
88  

                                                  
54  

                           
96.7  

                                      
96.7  183 

Doesn't think that many 
poultry present Poor 

Expert opinion; Lower manure 
risk score; Lower GW risk score 

                                  
37  

                                    
98  

                                                  
36  

                           
99.3  

                                      
93.8  144 

Poultry processing plant so 
lots of broilers Good Lower GW risk score 

                                  
18  

                                    
91  

                                                  
42  

                           
98.5  

                                      
93.9  300 

Could be pretty good; some 
ducks; broilers but also 
layers. Not first choice. Poor 

Expert opinion; Lower manure 
risk score; Lower GW risk score 

                                    
6  

                                    
81  

                                                  
48  

                           
98.1  

                                      
97.9  771 Not so many poultry present Poor 

Lower manure risk score; Lower 
GW risk score 

                                  
34  

                                    
82  

                                                  
65  

                           
79.9  

                                      
54.4  391 Not so many poultry present Poor 

Lower manure risk score; Lower 
aquifer coverage 

                                  
17  

                                    
84  

                                                  
49  

                           
92.2  

                                      
12.2  796 Not so many poultry present Poor 

Lower manure risk score; Lower 
GW risk score 

                                  
32  

                                    
93  

                                                  
29  

                           
93.5  

                                      
89.2  219 This would be good Poor Lower GW risk score 

                                  
19  

                                    
83  

                                                  
26  

                           
65.8  

                                         
-    0 

Quite a few broiler units; 
could be good. Good 

Lower GW risk score; very low 
% high productivity aquifer 
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7.2 Appendix 2 – Summary of the Metabolism Data 
 

Active Substance Animal Route of 
Administration 

Time 
(Hours or 

Days) 
Total Excretion % % in Urine % in 

Faeces Comments 

Altrenogest 

Rats O 24h 80 20 60  

Pigs O NS NS 20/60 NS Excretion data are limited. 

Horses O 24h 97 44 53  
Selected 

Pigs O - 100 40 60  

Acetylsalicylic 
Acid 

Pigs O NS NS NS NS Orally administered medicated premix is rapidly absorbed with an 
absorption half life of 0.9hrs and half life of elimination of 4.2 hrs. 

Goats IV 
O NS 67.9Par/34.6Met 

30.2Par/71.7Met   90% excreted as sodium salicylate (parent) was in urine 

Cattle IV/O NS 54Par/49.9Met   90% excreted as sodium salicylate (parent) was in urine 
Selected 

Pigs O - 100 90 10  

Apramycin 

Rats O 
SC NS 100 

100 
0.5 
7 

99.5 
93 Poor absorption following oral administration 

Dogs NS NS NS 0.3 - 10 NS Poor absorption following oral administration 
Selected 

Pigs/Cattle/Poultry O - 100 5 95 Excretion is almost entirely Parent (>90%) 

Cefapirin 

Dogs IV 8h NS 98 NS Excreted as cefapirin and its desacetyl derivative in a 1:2 ratio 

Humans IV 6h NS 93 NS  

Cattle IM 
IU NS NS NS NS 

IM and IU usage of benzathine cefapirin resulted in low plasma cefapirin 
levels.  After IV administration high levels of cefapirin were found in 
urine.  No cumulative studies of cefapirin were presented and it seems 
the key route of elimination in cows is in urine although the total 
excretion rate was not stated for the urinary route and the data were 
presented in such a way that this could not be determined. 

Selected 
Cattle 

IM 
IU - 100 

100 
2† 

100 
0† 
0 † 98% IM in milk 

Dicyclanil 

Rats O 7d/9d 93/96 75/77 18/19 50 to 55% of excreted was as a secondary propionic acid amide found in 
urine.  Unchanged dicyclanil ranged between 2 and 7%. 

Sheep PO 7d NS but max 4 NS NS 4% dermal absorption over 7 days with radio activity reported in urine 
and faeces 

Selected 
Sheep PO - 4 2 2 Mode of action on ectoparasites in unknown. 

 

Florfenicol 

Pigs O 
I 

3 to 19d 
12d 

80-91.45 
67.81 

60.8/69.5 
54.9 

19.2/22 
12.9 

The parent was the major fraction (45-60%) followed by florfenicol amine 
(11.2 to 17%) and florfenicol oxamic acid (<10%). 

Rats NS NS NS 63-71 NS Main elimination route is urine 

Cattle I NS NS NS NS Fraction absorbed was 75% 
Selected 

Pigs/Cattle 
O 
I 

- 
- 

92 
70 

70 
55 

22 
15  
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Active Substance Animal Route of 
Administration 

Time 
(Hours or 

Days) 
Total Excretion % % in Urine % in 

Faeces Comments 

Lincomycin 

Humans O 24h 47 7 40  

Dogs O 48h 91 14 77 

Main excretion pathway for humans and lab animals is faeces; Main 
component of urine following O & I to humans and dogs and IV 

administrations to rats is parent; Rats dosed orally it is lincomycin 
sulphoxide; Rats faeces from IV is 40% parent and 60% metabs. 

Poultry O 3d 75    

Cattle 
NS 
IV 
IM 

NS NS 
32 
1.5 
NS 

NS 
% in urine regardless of route of administration; 85 to 95% of IM 

eliminated in milk. 
 

Pigs NS NS NS NS NS 

Kuchta et al., 2009 reported 15% of dose administered to pigs left in 
slurry on application to land.  Kuchta and Cessna (2009) showed 

lincomycin is relatively stable in slurry so most of this must be as a result 
of metabolism in the pigs. 

Selected 
Pigs 

Poultry 
Cattle 

O 
I 
O 
IM 

- 
- 
- 
- 

- 
- 

75 
95$ 

- 
- 
- 

5$ 

- 
- 

75 
- 

$ in milk 

Luprostiol 

Rat O,I,IV 24h majority 66 33 Only a small fraction is excreted (faeces and urine) as the parent (2-3%). 

Ponies I 8h NS 68.7 NS 50-60% as parent in urine 

Pigs I 24h 
48h 

84 
89 

66.5 
67.7 

17.5 
21.3 

After 8 hours 40% in urine is parent while 100% in faeces is less polar 
metabolite. 

Sheep I 24h NS 72.7 NS at 8 hours 70-80% parent with less polar metabolite increasing with time 

Goat I 24h 76* 69* 18* 
* As reported even though they don’t add up – suspect 87% excreted 

over longer than 24 hours for which 76% reported.  90% of excretion is 
metabs. 

ALL I 24 80-100%   Rapid absorption and excretion.  In lactating cows a small fraction 
excreted in milk 

Selected 
Pigs/Cattle I - 90 60 30  

Sulfadiazine NS NS NS NS NS NS  

Monensin‡ 
Chickens NS 24h 

5d 
61-83 
85-94 1 96 

Urinary excretion is negligible; Parent and M2 metabolite are 10-20% in 
excreta while remaining metabs each <10% (EFSA, 2004 – elancoban). 
In turkeys 7-8% of radioactivity in excreta was parent; EFSA 2004 ERA 

used 20% parent plus metabs; 
Selected Poultry O - 20 0 20  

O – Oral; IV – Intravenous; SC – Subcutaneous; IM – Intramammary ; IU – Intrauterine ; PO – Pour-On; I – Intramuscular ;  
NS – Not Stated; Par – Parent; Met – Metabolite;  
‡ Taken from EFSA 2004 for Elancoban rather than the EMEA MRL reports; 
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