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 Executive Summary 

This is the final report of Project WT1246 - Understanding changes in pesticide usage to inform water company 
risk assessments. 
 
The Drinking Water Inspectorate (DWI) is the independent regulator of water quality with the responsibility for 
ensuring that consumers receive safe, clean drinking water. The DWI responsibilities include a research 
programme to underpin policy decisions and evaluating pesticide monitoring strategies of water companies. 
There have been several changes in the regulations governing pesticide approvals and usage in recent years 
which are likely to change pesticide availability and usage in the future which may impact on water monitoring 
strategies. 
 
The overall objective of this research is to examine how regulatory changes at European and national level will 
impact on future pesticide usage, and how in turn, this will impact on water monitoring strategies.  
  
Specific objectives were to: 

1. Describe current usage and recent trends in pesticide usage in England and Wales 

2. Describe recent and future regulatory changes and their potential impacts and the timings of those 
impacts 

3. Develop a series of scenarios to estimate the possible range of impacts of recent and future regulatory 
changes might have on pesticide usage 

4. Based on the knowledge of pesticide properties, estimate how usage might affect concentrations in raw 
water and identify any pesticides that are likely to exceed 0.1µg/l in source waters in the future 

5. Assess the likely removal of pesticides identified in (4) by existing drinking water pesticide removal 
processes. 

Trends in Pesticide Usage 
Pesticide Usage Survey data from 1990 to 2010, along with other pesticide usage data from other sources, were 
analysed to provide insight into changing patterns of usage in agriculture, horticulture and amenity sectors.   
 
One of the major drivers of pesticide usage in England and Wales is the area of crops grown.  The predominant 
crops grown that have large quantities of pesticides use are cereals, especially wheat, and oilseed rape.  
Changes in the pesticide usage on these crops can have widespread impacts across the country.  If a pesticide is 
approved for use in these crops it has the potential to be used across a large area. In contrast, there are some 
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crops with a relatively low area, but have high pesticide usage such as many horticultural crops, and may 
therefore have a very localised impacts. 
 
Analysis of trends in pesticide usage show that: 

• There have been some significant changes in crop areas over the last 20 years with increases in oilseed 
rape and maize.  This has resulted in gradual increases in use of the pesticides that are approved for use 
on these crops.  There was a large increase in wheat area in 2008, due to the removal of set-aside, and 
this coincided with a peak in use of wheat pesticides. This increase in pesticides was in part due to the 
area, but also due to a very wet autumn period.  

 
• There has been a reduction in the weight of total pesticides used since 1990 (from 28 M kg active 

substance in 1990 to 15.1 M kg active substance in 2010), although there are occasional peaks in use 
that coincide with cropping changes, e.g. in 2008 there was an increase that coincided with the increased 
wheat area. The reduction in use of sulphuric acid for potato desiccation accounts for almost half of this 
reduction (6.8 M kg). 

 
• The have been a number of new active substances that have been introduced over the last 20 years that 

have had fairly rapid increases in use.  This includes the introduction of; 
o Iodosulfuron-methyl-sodium + mesosulfuron-methyl for grass weed control in wheat, 

introduced in 2003, used on over 1M spray ha by 2010.  These active substances are used at a 
low rate and therefore only 3,000 kg and 12,000 kg active substance respectively were required 
to treat this area. 

o Flufenacet for grass weed control, used in cereals.  Introduced in 2002, used on 1M spray ha by 
2010, with 251,000 kg active substance used. 

o Epoxiconazole a cereal fungicide. Introduced in 1995 and over 4M spray ha treated (with up to 
70% of the cereal crop area treated and over 45% of the crop receiving two or more 
applications).  In total 197,000 kg active substance was used in 2010. 

o Prothioconazole a fungicide with widespread use in cereals and oilseeds.  Introduced in 2006, 
used over 3.7M spray ha of wheat treated and over 400,000 spray ha of oilseeds treated by 
2010.  About 25% of crops received at least two applications.  In 2010 there were almost 300,000 
kg active substance used. 

 
• As new active substances with greater efficacy have been introduced to the market they have replaced 

older active substances that were no longer as effective.  Active substances that have seen declining use 
during the survey period include; 

o Isoproturon (IPU) a herbicide used in cereal crops.  At its peak in 1999 IPU was used on 3.5M 
spray ha of cereals (3.5 M kg active substance), as resistance developed and more effective 
active substances, such as iodosulfuron-methyl-sodium + mesosulfuron-methyl, became 
available, use gradually declined with about 1.5M spray ha treated in 2008 (using 1.5 M kg active 
substance), prior to its withdrawal. 

o Azoxystrobin a fungicide used in cereals arrived on the market in about 1997, by 2000 almost 
2M spray ha of wheat were treated with 225,000 kg active substance.  But as disease resistance 
started to develop and new stobulurin fungicides, such as pyraclostrobin, came to the market, 
its use declined to just under 500,000 spray ha treated in 2010 with 140,000 kg active substance. 

o Dimethoate, an insecticide used in a range of crops including cereals.  At its peak in 1996 
112,000 kg dimethoate was used on 0.5M spray ha of crops, but as resistance developed (such 
as in the peach potato aphid) its use declined with only a small area of crops treated in 2010. 

o Mecoprop a herbicide has been replaced by the new formulation mecoprop-p.  The total weight 
of product used has declined (by almost 50%) since 1990 partly as a result of the introduction of 
diflufenican in the early 1990s and flufenacet in the early 2000s 

 
• During the survey period a number of important active substances have been withdrawn from the market.  

Analysis of the impact of withdrawal of widely used active substances shows that; 
o Isoproturon (IPU), a herbicide used in cereals, was withdrawn from the market in the UK in 2007 

with final use in 2009.  In the following survey year (2010) there were notable increases in the 
use of diflufenican (increasing from 30% cereal area treated to 65% cereal area treated, with 
83,000kg active substance)) and chlorotoluron (increasing from 7% cereal area treated in 2008 
to 12% cereal area treated with 580,000 kg active substance in 2010). 

o Trifluralin, a herbicide used in both cereals and oilseeds, was withdrawn at the same time as 
IPU.  The changes in cereal herbicide use were also in part in a response to the loss of trifluralin.  
In oilseeds there was a noticeable increase in the use of metazachlor (to 260,000 kg active 
substance), propyzamide (to 180,000 kg active substance)and glyphosate (650,000 kg active 
substance), although given that there is only a single survey that has taken place since the 
withdrawal it is difficult to see if this is a continuing trend.   
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o Atrazine, a herbicide used in maize was withdrawn in 2007.  Immediately following its withdrawal 
there was an increase in use of terbuthylazine (from nothing in 2008 to 50,000 spray ha treated, 
with 18,000 kg active substance in 2010) and mesotrione increasing from less than 10,000 
spray ha treated in 2008 to almost 100,000 spray ha treated with 7,800 kg active substance in 
2010.   

 
Review of legislative changes and their potential impacts 
There are a number of pieces of legislation that impact on the availability of pesticide active substances to the UK 
market.  Some legislation has a direct influence on the availability of active substance through controlling whether 
or not an active substance is approved.  The current approvals legislation Regulation (EC) No. 1107/2009 is 
expected to bring about the loss of about 20 active substances that are currently used in the UK market when 
there approvals are due for renewal.  The losses that might cause significant shifts in pesticide usage would be 
the loss of pendimethalin (herbicide) and epoxiconazole (fungicide).  These active substances both have 
important uses on a large area of arable crops and therefore there is expected to be a large shift to other active 
substances if or when these products are withdrawn from the market. 
 
There is legislation aimed at protecting water which has an indirect influence on pesticide active substances 
through putting limitations on the levels that can be present in water (Drinking Water Directive (DWD) Council 
Directive 98/83/EC and Water Framework Directive – 2000/60/EC (WFD)).  Although the legislation can not 
directly bring about the withdrawal of active substances the fact that active substances cause problems in water is 
taken into account at re-registration.   
 
There are a number of important active substances that are currently being detected in water at levels that are 
causing concern.  These are mainly herbicides (for weed control) and a molluscicide (for slug control).  The three 
major active substances affected are propyzamide (herbicide), carbetamide (herbicide) and metaldehyde 
(molluscicide).  These active substances are all being targeted through the Voluntary Initiative and in the case of 
metaldehyde also by the Metaldehyde Stewardship group ‘Get Pellet Wise’ campaigns, with the aim of improving 
farmer awareness over the problems caused by these active substances and the ways to minimise the risk of 
these active substances getting into water.  Ultimately it may not help water quality if too many active substances 
are lost, as this increases the risk of a larger area of crops being treated with a smaller number of active 
substances, therefore increasing the risk of high concentrations of an alternative active substance being detected 
in water.  However, wider availability of chemical options with a combination of improved risk mitigation, reduced 
rates or restricted timing could reduce the overall amount of any single active substance used and result in overall 
reduction of levels in water.   

Scenario selection 
Based on the trends in pesticide usage and the potential legislative impacts on pesticide usage in the future a 
series of groups were developed to identify potential future changes in pesticide use.  These groups were then 
modelled through a simple modelling process to determine their initial impact before being refined.  The refined 
scenarios were then run through the full modelling process.   
 
The final scenarios selected for further analysis were: 

• Scenario 1 - Replacement of selected triazoles (bixafen, carbendazim, cyproconazole, epoxiconazole, 
flusilazole, metconazole, prochloraz, propiconazole, tebuconazole) with prothioconazole.  (High risk, 
within 10 years) – based on active substances that are expected to fail to meet the requirements of new 
approvals legislation  

• Scenario 2 - Replacement of mancozeb with folpet, fenamidone and thiophanate methyl. (High risk, 
within 10 years) as above but for non triazoles fungicides 

• Scenario 3 - Replacement of pendimethalin with alternatives chlorotoluron, diflufenican, flupyrsulfuron, 
prosulfocarb, tri-allate. (High risk, within 10 years) as above but herbicides 

• Scenario 4 - Replacement of selected herbicides (2,4-D, bentazone, carbetamide, chlorotoluron, MCPA, 
mecoprop-P and propyzamide) with aminopyralid, clopyralid, florasulam, flufenacet, fluroxypyr, MCPB, 
metazachlor, pendimethalin, triclopyr [This scenario would be accompanied by a change in crop area as 
oilseed rape production is reduced on heavier soils].  (Medium risk 0-5 years) based on active 
substances that are repeatedly detected in water 

• Scenario 5 - Replacement of metaldehyde with ferric phosphate and methiocarb. (Medium risk 0-5 
years) as above. 

• Scenario 6 - Replacement of chlorothalonil with folpet. (Medium risk – 5 years) active substances 
currently identified as potential priority substances or potential UK specific pollutants 

• Scenario 7 - Replacement of a wide range of fungicides (difenoconazole, fluquinconazole, myclobutanil, 
penconazole, prochloraz, propiconazole, prothioconazole, tetraconazole, triadimenol, triticonazole, folpet, 
thiram) with alternates (azoxystrobin, pyraclastrobin, bixafen, fluxapyroxad, isopyrazam, picoxystrobin, 
boscalid, cymoxanil, fludioxonil, metalaxyl) based on active substances that may fail endocrine disruptor 
criteria under new approvals legislation, depending upon the final definition used 
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Analysis 
The impacts of the seven identified scenarios on surface water and groundwater drinking supplies was assessed 
using a screening pesticide fate modelling framework that ADAS employ for water companies designing their 
water quality compliance monitoring programmes.  The modelling framework considers not only the cropping, 
soil/geology and weather characteristics of each drinking water protected area but also the compound properties 
and the changes in cropping, compound and usage regimes defined by the scenarios.   
 
The simulation modelling of the seven scenarios for surface waters produced estimates of potential risk, or the 
likelihood of a pesticide being detected in source waters above 0.1ug/L. For two scenarios there was a small 
reduction in potential risk and for a third scenario potential risk was largely be the same, with one compound 
simply replacing the other. While there was a small increase in potential risk associated with two scenarios and a 
small to moderate increase associated with a further two.  The increases in potential risk are generally small 
relative to current use within the baseline with the exception of a small number of compounds, for example 
aminopyralid, folpet and azoxystrobin.   
 
With respect to groundwater the simulation modelling suggests that there is little or no impact on potential risk 
owing to the scenarios with five indicating no change while for two scenarios there is a small reduction in potential 
risk.   
 
 

Table 1  The expected probability of removal by GAC for the identified pesticides 

Identified Pesticide Anticipated Removal Probability 
Aminopyralid High 
Azoxystrobin Very high 
Clopyralid Low 
Chlorotoluron High 
Flufenacet Very high 
Flupyrsulfuron-methyl High 
Fluroxypyr High 
Fluzapyroxad Very high 
Folpet Very high 
MCPB High 
Metazachlor Very high 
Prosulfocarb Very high 
Thiophanate-methyl Very high 
Triclopyr Very high 

 
The probabilities of removal shown in the above table relate to the expected removal from a well designed and 
well operated GAC installation.  The removal effectiveness of GAC for a particular compound cannot be easily 
predicted due to the many factors that influence its removal e.g. carbon type, presence of other pesticides and 
organic content of the water.  For example, a compound that is very well removed would be expected to be 
removed by a well designed and well operated GAC installation, to concentrations at or below the limit of 
detection of that particular pesticide and within the regeneration timescale of the carbon column i.e. no 
breakthrough of the pesticides would be expected in the times between regeneration for a particular column.  
Correspondingly, an increase in the background concentration of a particular pesticide entering the plant would 
be expected to be effectively removed.  Some breakthrough may occur, but the degree of which depends on the 
inlet concentration and remaining adsorptive capacity of the carbon. 
 
There are several methods available for the removal or reduction of pesticide concentrations in treatment of 
drinking water with granular activated carbon (GAC) perhaps the simplest and most commonly used method.  
While there is little published data regarding removal of many of the higher potential risk scenario compounds 
using GAC there are a series of “rules of thumb” that can be used relating to the compounds molecular 
weight/size, solubility and hydrophobicity.  The additional consideration of the impacts of GAC removal as part of 
water treatment moderates the simulation results even further with almost all of the compounds where there is an 
increased potential risk that might exceed the drinking water PCV having at least a high probability of being 
removed by GAC. The notable exception is clopyralid which is known to be poorly removed by conventional water 
treatment processes.  
 
The results from this study suggest that the impacts on drinking water quality of changing pesticide availability as 
a result of regulation are likely to be fairly small and most likely dealt with by conventional water treatment 
processes, in particular GAC, where increases in potential risk are suggested.  However, it should be noted that 
these results are limited to a small suite of scenarios that are by necessity founded on assumptions of what 
pesticide users might do in the event of a range of products becoming unavailable, the modelled fate of pesticides 
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in the environment as predicted by simulation models with their concomitant uncertainty and estimates of removal 
by GAC largely derived through expert assessment.   

Conclusions 
There is a great deal of uncertainty over the withdrawal of pesticide active substance from the market.  Where 
active substances have been identified as at risk from legislative changes chemical companies that currently have 
a good market for that active substance will make every effort to retain the approval, with further research and 
evidence developed to support their case.  However, these active substances are the ones that there is the 
greatest risk of withdrawal, even if it may take place over a longer period.  When it comes to active substances 
that are being detected in water there is even more uncertainty over whether or not the active substance will be 
withdrawn.  Once an active substance is withdrawn there are typically a range of options that a farmer might take 
in order to maintain the profitability of his crop.  This report has aimed to capture the most likely option that the 
majority of farmers will take and worked out where the greatest impact to water quality might come.   
 
There will be a range of impacts on surface and ground water drinking water sources owing to changes in usage 
brought about by changes in regulation.  Across the seven scenarios investigated through simulation modelling 
there was a range of results from a small decrease in potential risk to a small to moderate increase in potential 
risk.  However, for most there was little or no change in potential risk, either as there was little risk in the first 
place or the current potential risk is simply replaced by that from another compound.  Consideration of the 
potential removal of higher risk compounds, that the simulation modelling suggests might exceed the drinking 
water PCV, by water treatment like GAC further moderates any increased potential risk with almost all 
compounds having at least a high probability of being removed by GAC.   
 
It should also be noted that while existing water treatment technologies may effectively deal with any changes in 
risk owing to changes in pesticide approvals, there is currently a move within the industry towards finding more 
sustainable and lower carbon footprint solutions to water treatment, often through exploring catchment 
management approaches.  The withdrawal of large numbers of compounds and increasing use and dependence 
on others may make the attainment of these aspirations more difficult.      

Suggestions: 
It is emphasised that to estimate the true removal potential of GAC for different pesticides, then actual testing 
should be performed. 

7.  
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Introduction 
This is the final report of Project WT1246 Understanding changes in pesticide usage to inform water company risk 
assessments. 
 
The Drinking Water Inspectorate (DWI) is the independent regulator of water quality with the responsibility for 
ensuring that consumers receive safe, clean drinking water. The DWI’s responsibilities include a research 
programme to underpin policy decisions and evaluating pesticide monitoring strategies of water companies. 
There have been several changes in the regulations governing pesticide approvals and usage in recent years 
which are likely to change pesticide availability and usage in the future which may impact on water monitoring 
strategies. 
 
The overall objective of this research is to examine how regulatory changes at European and national level will 
impact on future pesticide usage, and how in turn, this will impact on water monitoring strategies.   
 
Specific objectives are to: 

1. Describe current usage and recent trends in pesticide usage in England and Wales 

2. Describe recent and future regulatory changes ,their potential impacts and the timings of those impacts 

3. Develop a series of scenarios to estimate the possible range of impacts of recent and future regulatory 
changes might have on pesticide usage 

4. Based on the knowledge of pesticide properties, estimate how usage might affect concentrations in raw 
water and identify any pesticides that are likely to exceed 0.1µg/l in source waters in the future 

5. Assess the likely removal of pesticides identified in (4) by existing drinking water pesticide removal 
processes. 

1. Work Package  1: Des cribe  the  curren t us age  and  
recen t trends  in  pes tic ide  us age  in  England  and Wales  
In this section of the report pesticide usage over the last 20 years is described using information available from 
the Pesticide Usage Surveys and other data sources where available and appropriate.   

1.1 Background 
Pesticides are used in UK agriculture to protect crop plants from yield and quality losses as a result of weeds, 
pests, diseases and physiological problems such as lodging or sprouting.  A pesticide product as used by the 
farmer contains at least one, but sometimes multiple active substances that have to be approved by an EU 
member state approvals authority  the actual product used has to be approved by the UK approvals authority – 
the Chemicals Regulation Directorate (CRD).  Measures of usage are usually of the active substance (a.s.). 
 
Measuring pesticide usage 
Measures of usage can be either of the weight of active substance (tonnes) used in total nationally, by crop or by 
treated hectare (kg/ha).  The area treated in hectares (ha) is also a useful indicator of changing practices or 
trends.  The estimate of total usage in England and Wales are produced based on surveys of selected farms 
conducted by the Pesticides Usage Survey Group (PUSG). 
 
Pesticides approved for use in the UK 
There are about 270 active substances approved for use in the UK in 2012 across all crops. These can be 
categorised as herbicides – for weed control (including crop desiccation), fungicides – for disease control, 
insecticides – for pest control (including molluscides for slug control), or plant growth regulators – for crop 
management such as lodging control in cereals or sprout suppression in potatoes.  
 
Crop Areas 
The usage of pesticides is related to the crop area. Land use in England and Wales is dominated by permanent 
grassland which covers over 51% of the agricultural area. The cropped area is approximately 4.7 Mha, of which 
54% is cereals, 13% temporary grassland, 15% oilseed rape and 3% horticulture (Figure 1).  Pesticide use varies 
for different crops with intensive use on horticulture and potato crops (with up to 14 applications per year), and 
low intensity use on grassland (often no applications or only spot treatments each year). Cereals and oilseeds are 
typically sprayed 5-6 times per year. 
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The geographic distribution of crops will also have an impact on intensity of pesticide use in a particular region. 
Horticulture and potatoes both have high pesticide usage and are often geographically concentrated which means 
that they can both have local pesticide impacts. 
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Figure 1 Trends in cropping in UK (Source Defra June Census) 

 
Over 60% of the cropped area is planted in the autumn (winter wheat, winter barley, winter oats, winter oilseed 
rape, winter field beans).  Winter crops tend to be higher yielding than spring crops and are also easier to 
establish on heavier soil types.  Therefore there is both an economic and practical reason for a high proportion of 
the crops grown in England and Wales to be winter crops.  This is significant for pesticide applications, as there is 
a higher potential for water pollution when active substances are applied when soils may become saturated.  
 
In 2011 the cropping in England and Wales was predominantly cereal based, with over 54% of the cropped area 
used for cereals (Figure 2).  Oilseeds, predominantly oilseed rape were grown on 15% of the cropped land and 
temporary grassland accounted for 13%.  Roots (potatoes and sugar beet), stock feed crops (turnips, mangolds 
etc), protein crops (field peas and beans), and horticulture were each grown on 3-5 % of the cropped land.  There 
was just 3% of the cropped land left fallow.  1 
 

Cereals
54%

Fallow
3%

Temporary grassland
13%

Horticulture
3%

Stockfeeding
4%

Roots
5%

Protein
3%

Oilseeds
15%  

Figure 2 Proportion of crops grown in England and Wales (Source Defra June Census 2011) 
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There are regional differences in cropping with the majority of wheat and oilseeds grown in the southern and 
eastern regions (Figure 3a), while there is a higher proportion of grassland grown in the West and Wales (Figure 
3b). 
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Figure 3 Proportion of crops grown in the English regions and Wales a) wheat 1.8M hectares and b) 

temporary grassland 0.7M hectares 

Data sources 
The key sources of information used in this report are the CRD Pesticide Usage Surveys which are undertaken 
on a rolling programme for different crops, every 2 years for arable crops and every 4 years for horticulture, 
grassland and other crops. These are based on detailed surveys of samples of farmers with the crops and 
estimated for regional and national usage. The data for intervening years is carried forward from the most recent 
survey year without any adjustment for changes in crop area or other factors such as changes in approvals, 
particular pests or diseases etc. Identifying total pesticide use in any one year is therefore an amalgamation of 
actual surveys from the particular year plus figures from previous surveys for crops not surveyed that year.  Data 
collection and analysis timescales means that these are often at least 12 months out of date before publication, 
but they do give a guide to usage in the year in which they were based. . Data is collected based on the harvest 
year of the crop, so for a winter arable crop data collection would start pre-drilling in the autumn, through until the 
following harvest in the summer.   
 
Other information is available on sales data from the Crop Protection Association, although this does not cover all 
companies and is often at an aggregated scale with no breakdown by active substance. 
 

1.2 Pesticide Usage Analysis - Overview 

1.2.1 Total pesticide usage in England and Wales 
Most pesticides used in plant protection are used in the agricultural and horticultural sectors, although a small 
proportion of usage occurs in the amenity and industrial sectors.  This report focuses on changes in the 
agricultural sector, which dominates usage in England and Wales. 

Total pesticide by weight, pesticide type  
Figures from the Crop Protection Association (CPA) are available based on total sales by pesticide type, and 
have the advantage that they are published annually, although they do not provide detailed breakdown by active 
substance. These figures cover most (but not all) major pesticide manufacturers, and are related to the calendar 
year of sale, not necessarily year of use. The figures from CPA show the total pesticide sales (by weight of active 
substance) in agriculture and horticulture was around 20 M kg in 2009, dropping from a peak in 2007 of 27 M kg, 
(Figure 4).  These figures differ from the estimated usage figures available through the Pesticide Usage Survey 
which shows use of 19 M kg for 2008 dropping to about 15 M kg in 2010 (Figure 5). There was not an arable 
survey in 2007 to validate the peak observed in the CPA data.  Total sales and usage may not be equivalent but 
are useful values in understanding the pesticide treatment levels being used countrywide. The challenge with 
sales data is that it is captured in the year of sale, and not necessarily in the year of use so changes in 
applications caused by weather may not be reflected in sales data if products remain in store unused for a period. 
 
There are limitations to the interpretation of this data.  The data is an amalgamation of Pesticide Usage Survey 
data from different crops, which are conducted in different years and at different frequency.  In non-survey years, 
the most recent figures are used, so it is not a true reflection of total usage for any year. 
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Figure 4 Crop protection association figures for total pesticides sales for the sectors tonnes active 

substance Source – Pesticides Forum Annual report 2010 
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Figure 5  Pesticide usage by weight and pesticide type (from Pesticide Usage Surveys) nb the Pesticide 

Usage Survey data is collected on a 2 yearly basis for arable crops and 4 yearly basis for other crops, making 
year on year comparisons more difficult. 

 
 

Bearing in mind the limitations, analysis of Pesticide Usage Survey data for total weight applied by pesticide type 
shows that the greatest weight of pesticides used are herbicides (7.5 M kg, in 2010) followed by fungicides (5.5 M 
kg in 2010).  By weight, the insecticides and molluscicides make up a very small proportion of usage.   
 
The trend in fungicide use in recent years is for lower weight applied.  This is due to adoption of new chemistry 
with lower application rates, although annual variations in disease incidence may also have an impact.  
 
Herbicides have a significant proportion of the total weight applied with around 7.5 M kg applied.  There was a 
noticeable drop in the weight of herbicide active substances being applied between 2008 and 2010 (when the 
most recent arable survey was undertaken). More detailed examination of the reasons for these changes is 
provided in later sections.  
 
In addition to the main pesticide types above, if the use of sulphuric acid is included in the total pesticide usage in 
England and Wales the total weight of active substances applied in 1990 was 28 M kg, of which 6.8 M kg were 
sulphuric acid.  By 2010 the usage of sulphuric acid in England and Wales had dropped to zero and the total 
pesticide usage was 15.1 M kg.  The reduction in sulphuric acid use in potatoes accounts for just over half of this 
reduction. Diquat has partially replaced sulphuric acid as a desiccant for potatoes in recent years.  
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Figure 6 Total pesticide usage by weight and pesticide type (including sulphuric acid) nb the Pesticide 

Usage Survey data is collected on a 2 yearly basis for arable crops and 4 yearly basis for other crops, making 
year on year comparisons more difficult 

 

Areas treated by pesticide type 
The area treated in the PUS information is often higher than the area of crop due to multiple treatments.  For 
example cereals typically have 2-4 fungicide applications, often with more than one active substance each time.  
A single active substance may be applied to an area greater than the total area of a crop due to multiple 
applications.  This means that if 1 hectare is treated twice with a substance it is classed as two spray ha treated.  
 
The trend in area sprayed from the Pesticide Usage Surveys (Figure 7) indicates that there is an increase for 
fungicides, herbicides and plant growth regulators, and a variable but more static picture for insecticides and 
molluscicides. 
 
Fungicides account for the largest area sprayed with around 34M spray ha in 2010.  Herbicides were applied to 
22M spray ha, while growth regulators and insecticides were applied to 5-6M spray ha. 
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Figure 7 Area of crop treated by pesticide type – all crops (Source: PUS database) 
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1.2.2 Pesticide usage by active substance 
Arable pesticide usage 
Focusing on the arable sector which accounts for the largest area of cropped land and a significant proportion of 
pesticide usage in terms of weight of active, the past 3 survey years (2006, 2008 and 2010) were compared (this 
data set was available for the UK, so includes Scotland).   
 
In terms of weight of active substance applied chlormequat, a plant growth regulator, has the highest usage with 
over 2.5 M kg applied (Table 2).  This active substance is used in cereals to shorten the height of the crop and 
reduce the risk of lodging. It is a relatively old active substance, and is applied at relatively high rates (with 
maximum dose of 1.6 kg a.s./ha).  This is followed by chlorothalonil a broad spectrum fungicide at around 1.5 M 
kg applied.  Of the other active substances in the top 15 in 2010, there were nine herbicides (including 
glyphosate, pendimethalin, chlorotoluron and propyzamide), and 4 fungicides (including prothioconazole 
and epoxiconazole).   
 
Notably there are some key new entrants into the top 15, namely chlorotoluron which has more than doubled in 
weight used since 2008, due almost entirely to being an alternative to isoproturon which was withdrawn in 2009. 
Flufenacet and prosulfocarb have also increased in usage due to the resistant black-grass and strategies centred 
around using robust chemistry and multiple active substances with different modes of action.  
 
Similarly, there have been some declines in usage, such as mancozeb, used in potatoes and vegetable crops for 
disease control, due to alternative active substances being available.  
 
Some active substances have remained variable in their usage. In 2006 and 2008, the molluscicide metaldehyde 
was in the top 15 by weight, but in 2010, a dry autumn and introduction of the Metaldehyde Stewardship Group 
campaign to raise awareness over the concerns of metaldehyde reaching water meant there was relatively low 
slug pressure and consequent application rates. Prior to their withdrawal in 2009, isoproturon and trifluralin two 
herbicides used predominantly in cereals, were also in the top 15 as they were both used at high application 
rates.   
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Table 2 Top 15 pesticides applied to arable crops in the UK by weight in the last 6 years 
(Numbered active substances are the top 15 active substances used in 2010, additional 
active substances are included that were in the top 15 from previous years) 

 Active 
Substance 

 2010 
tonnes 
applied 

2008 
tonnes 
applied 

2006 
tonnes 
applied 

Main crop Trend 

1 Chlormequat +/-
chloride 

Growth 
regulator 

2,427 2,952 2,577 Cereals Static 
 

2 Chlorothalonil Fungicide 1,597 1,731 1,464 Cereals, beans, 
horticulture 

Static 

3 Glyphosate Herbicide 1,473 1,479 1,425 Many Slight Increase 
4 Pendimethalin Herbicide 992 1,129 861 Cereals and 

horticulture 
Slight Increase 

5 Chlorotoluron Herbicide 640 367 247 Cereals Increasing – 
since IPU 
withdrawal 

6 Mancozeb Fungicide 578 782 895 Potatoes and 
horticulture 

Decreasing 

7 Prosulfocarb Herbicide 561 356 3 Cereals Increasing – 
black-grass 
control 

8 Mecoprop-P Herbicide 344 431 411 Cereals and 
grassland 

Static 

9 Metazachlor Herbicide 276 246 221 Oilseeds Slight Increase 
10 Prothioconazole Fungicide 276 288 183 Cereals and 

oilseeds 
Static 

11 Flufenacet Herbicide 244 150 99 Cereals Increasing – 
black-grass 
control 

12 Epoxiconazole Fungicide 197 219 151 Cereals Static 
13 Propyzamide Herbicide 191 159 125 Oilseeds and 

horticulture 
Increasing 

14 Tebuconazole Fungicide 185 180 143 Cereals Slight increase 
15 Metamitron Herbicide 184 158 148 Sugar beet Slight increase 

 Fenpropimorph Fungicide 168 256 201 Cereals Variable 
 Metaldehyde Molluscicide 158 466 262 Oilseed rape, 

potatoes, cereals, 
horticulture 

Variable 

 Isoproturon Herbicide Withdra
wn 

1,536 1,950 Cereals Withdrawn 

 Trifluralin Herbicide Withdra
wn 

877 708 Cereals  Withdrawn 

 
 

1.3 Pesticide usage analysis – Detailed 
Pesticide usage data was compared over a period of 20 years from 1990 to 2010 for individual crops to identify 
trends.  There are over 270 active substances that are currently approved for use, and significantly more were 
available in 1990.  Where there were key trends in use, such as trends in herbicide usage following the 
withdrawal of key active substances, other herbicide active substances that were used as replacements were also 
investigated to understand trends in use. 
 

1.3.1 Pesticide usage by crop and pesticide type - Herbicides 
The major application periods for herbicide are autumn for winter crops, and late winter or spring for winter and 
spring crops. Weeds can be grouped into grass weeds and broadleaved weeds. The main problem grass weeds 
are black-grass, wild oats, rye-grass and bromes, but volunteer cereals growing in other crops are also a target. 
There are a wide range of broadleaved weeds, but the most damaging to yield and quality are cleavers, although 
others, such as cranesbill and chickweed, in high populations can have a detrimental effect. 
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In total about 20 million spray ha were treated with herbicides between 2008 and 2010, increasing from about 13 
million spray ha in 1990 (Figure 8).  However due to changes in the types of active substance used, e.g. a move 
away from IPU used at high rates per hectare to sulfonyl ureas used at low rates of active substance per hectare 
the total weight of herbicide active substances used in all crops in the UK has reduced from 11,000 tonnes in 
1990 to 6,800 tonnes in 2010. Figure 8 describes data given in Appendix 1. 
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Figure 8 Total area treated with herbicides for all crops (Spray ha) – main herbicides focused on in 

this analysis shown, with total herbicides marked with black line – see appendix for 
dataset. Source pesticide usage surveys 

 
It should be noted that the pesticide usage surveys for different crops take place in different years.  Arable crops 
are reported every two years, where as some of the horticultural crops are reported on a four yearly cycle.  This 
analysis focuses on crop groups which are usually surveyed at the same time, so the data is more consistent, 
although the gaps between survey years means that results should be seen as snap shots rather than true 
trends.  

Cereal Herbicides 
There are currently about 2.5M hectares of cereals grown in England and Wales, with the majority (1.8M 
hectares) being winter wheat and most of the rest being a combination of winter barley (0.3M hectares), spring 
barley (0.3M hectares) and small areas of oats, triticale and other cereals.  There tends to be higher herbicide 
usage in the winter cereal crops compared to the spring crops due to the problems of black-grass.  In winter crops 
there are two main application timings one in the autumn (October) and one in the spring (April/May) (Figure 9 in 
red), while for spring crops there is a single peak of application in spring (May/June) (Figure 10 in red). 
 

 
Figure 9 Timing of pesticide application in wheat (harvest year 2010) - Source Pesticide Usage Survey 

(Arable 2010) 
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Figure 10 Timing of pesticide application in spring barley (harvest year 2010) - Source Pesticide Usage 

Survey (Arable 2010) 

 
In 2010 there were just over 3 M kg of herbicide active substance applied to cereal crops, down from almost 8 M 
kg of herbicide active substance used in 1990 (Figure 11).  During this period the largest proportion of herbicide 
use by weight was of isoproturon, accounting for 40% of the weight applied in 1990.  However, following its 
withdrawal in 2009, the main weight of herbicide active substances came as a result of the use of pendimethalin 
(accounting for 26% of the total weight applied in 2010), chlorotoluron (19%), glyphosate (16%), prosulfocarb 
(12%), flufenacet (8%) and mecoprop-p (8%).  
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Figure 11 Total herbicide usage in cereals, broken down by active substances – broad-leaved weed 

control at the bottom, through general herbicides to grass weed specific herbicides.  NB 
IPU & trifluralin were withdrawn in 2009 and have been placed at the top of the graph.  See 
appendix for data set. Source pesticide usage surveys 

Impact of crop area 
The area of cereals grown in England and Wales has hovered around the 2.3-2.5M ha mark for much of the last 
10 years, however there is a noticeable peak in cereal area in 2008 (2.7M ha), coinciding with the withdrawal of 
compulsory set aside.  Many of the fields that had previously been in set aside were ploughed and put into first 
wheats, causing a temporary surge in the wheat (and therefore cereal) area.  As rotations rebalanced following 
this unusual year, the wheat area dropped accordingly.  There is an increase in the area of crop treated and 
weight of active used for a range of active substances that coincides with this rise in crop area (Figure 12).  The 
following Pesticide Usage Survey (in 2010) detects a drop in usage of some of these active substances that 
corresponds to a decrease in the area of cereals.  Active substances that are showing trends in use relating to the 
area of crop grown in the last 6 years include; 
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• Pendimethalin – 0.76M kg was used on was used on 35% of the cereal area in 2006, this increased to 
1.00M kg used on 44% of the cereal area in 2008 and then dropped back down to 0.79M kg used on 38% 
of the cereal area in 2010. 

 
• Glyphosate – 0.45M kg of glyphosate was used on 24% of the cereal area in 2006, this rose to 0.65M kg 

glyphosate used on 31% of cereals in 2008 (high cereal area and wet harvest year), before dropping 
back to 0.49M kg used on 26% of cereals in 2010.   

 
This demonstrates that crop area can influence the amount of active substance used and area treated.   
 

Impacts of changes in approval and changes in strategy 
Figure 11 shows the weight used and area treated with key herbicide active substances.  In the 1990s 
isoproturon, mecoprop and chlorotoluron were the active substances used at the greatest weight.  By 2010 
the active substances used at the greatest weight were pendimethalin, chlorotoluron and glyphosate, but 
there were also significant increases in the use of prosulfocarb.   
 

• The decline in usage of mecoprop since the early 1990’s is partly due to the development of a new 
formulation which required half the active substance, mecoprop-P, but also the introduction of 
diflufenican in the early 1990s and flufenacet early 2000s.  

• Glyphosate use increased from < 0.25 M kg active substance in 1997 to about 0.5-0.6 M kg active 
substance in 2010.  Glyphosate is used both pre-drilling and pre-harvest, although in wheat (based on 
2008 survey data) just 8% of the crop was treated pre-harvest, compared to 23% treated pre-drilling.  
From 1997, when black-grass resistance started to become apparent, there was an increase in using 
glyphosate to prepare clean seedbeds prior to the sowing of crops, with the area treated also increasing. 

• Pre- and post-emergence herbicide trifluralin – increasing from 0.3M kg active substance used in 1997 
through to about 0.7M kg active substance used in 2008 just prior to its withdrawal from the market. 

• Prosulfocarb –arrived on the market in about 2006 and was used on just a small area of crops in the 
first year, however, it has increased in use over the last few years with over 170,000 spray ha treated in 
2010 with 0.38M kg of active substance.  It is now an established part of black-grass resistance 
management strategies. Its appearance in the top 15 pesticides is in part due to it application at high 
rates (max dose 4 kg a.s. /ha). 

 
The trend in area treated demonstrates the uptake of new active substances that have appeared on the market in 
the last 10 years these include iodosulfuron-methyl-sodium + mesosulfuron methyl (Atlantis) and flufenacet.  
In 2000, no crops were treated with either of these active substances, but by 2010, 46% of cereal crops received 
Atlantis and 50% of cereal crops received flufenacet.   
 

• Post-emergence herbicide iodosulfuron-methyl-sodium + mesosulfuron-methyl (Atlantis) was 
introduced in about 2004.  This herbicide had good activity against black-grass and was rapidly adopted 
by farmers with black-grass resistance problems. By 2010 46% of cereal crops were treated with this 
product.  This product is used as a single spray application and was more reliable than other active 
substances such as isoproturon. The introduction of Atlantis corresponds with the gradual declining use 
of isoproturon through until 2008.  Atlantis has a lower application rate of 12g a.s. /ha and 2.4g a.s. /ha 
respectively for iodosulfuron-methyl-sodium + mesosulfuron-methyl.  Recent development of black-grass 
resistance to Atlantis has driven a further change in strategies on farms with greater emphasis on a wide 
variety of active substances and use of cultural control methods.  

• Pre-emergence herbicide flufenacet was introduced around the year 2000. Its use has gradually 
increased over the last 10 years, with about 0.14M kg applied to 26% of the cereal area in 2008. 
Following the withdrawal of isoproturon and trifluralin, the weight of flufenacet used increased sharply to 
0.23M kg applied to 50% of the cereal area in 2010.  Flufenacet is used at a low rate of active (0.4 kg 
a.s. /ha).  

 
As new active substances have been developed and introduced to the market there has been a change in 
practice, with newer more efficient herbicides replacing older herbicides which may suffer from resistance 
problems.    
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Figure 12 Herbicide use in cereals in England and Wales:  Weight applied (left) & area treated (right).  

(green: Grass herbicides, red/orange broad-leaved weed herbicides, blue: broad spectrum 
herbicides) Source Pesticide Usage Survey – note arable survey carried out every 2 years 

 

Impacts of black-grass control and resistance 
The major weed problem in cereals is control of black-grass (Alopecurus myosuroides) due to development of 
resistance to some pesticides.  This grass weed is estimated to be present in approximately 40% of arable fields 
in the UK2.  It is highly competitive with the crop and as a result if it is left uncontrolled it can cause significant 
yield losses.  The weed is able to produce over a thousand seeds per square metre.  This means that if left 
uncontrolled even small numbers of plants can rapidly form into dense competitive patches.  As a result of the 
competitive nature of the weed and its ability to return a high number of seeds to the seed bank, there is generally 
a zero tolerance for black-grass within the arable rotation.  Problems with black-grass tend to be concentrated 
into the southern and eastern parts of England, where there are a high proportion of farms with winter 
wheat/winter oilseed rape crop rotations and where heavier soils which are not well suited to spring sown crops 
predominate.  Black-grass is autumn germinating, so is less of a problem in spring crops.  Black-grass has 
developed resistance to many of the active substances that are available for its control which has had an impact 
on the way individual active substances have been used. 
 
During the 1990’s the main herbicide that was used in cereals was isoproturon (IPU). This active substance had 
some activity in the control of black-grass, although resistance to this active substance was widespread.  At its 
peak almost 3.5M kg of IPU were used (1999) on almost 3.5M spray ha of cereals, with about 5% of crops 
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receiving multiple applications.  Its use gradually decreased over the next seven years to just under 2M kg of 
active substance.  During this period there was an increase in the level of black-grass resistance and the 
introduction of more effective active substances for the control of black-grass.  IPU continued to be used to target 
other weed problems on farms where black-grass resistance was not a problem.  IPU was withdrawn from the 
market in December 2007, although there was some use reported through until 2008.  IPU was withdrawn from 
the market due to failure by the manufacturers to meet concerns raised in relation to risk to aquatic organisms3.  It 
was considered by the Advisory Committee on Pesticides that there was unacceptable risk to algae, aquatic 
plants and invertebrates such as crustaceans arising from the movement of IPU into surface water via land drains 
under treated areas.  On the basis of the evidence provided by the approval holders it was not considered that 
there was sufficient evidence to demonstrate that IPU can be suitably managed to reduce this risk and therefore 
products containing this active should not be re-registered in the UK.  As a result there was a phase out of IPU 
containing products with a final use up date of June 2009.   
 
As the use of IPU declined from the late 1990s through to 2008 there was a gradual increase in use of alternative 
active substances – for the control of black-grass and a switch to using pendimethalin for the control of annual 
meadow grass.; 
 

• Isoproturon was withdrawn in 2009. Its use had been in decline since its peak usage in the late 1990’s 
due to the introduction of a series of alternative active substances such as clodinafop-propargyl 
(Hawk) and flupyrsulfuron-methyl, (Lexus) and more recently flufenacet (in Crystal and Liberator) and 
iodosulfuron-methyl-sodium + mesosulfuron-methyl (Atlantis). However, following the withdrawal of 
isoproturon, there has been a notable increase in the use of chlorotoluron, despite a decrease in the 
early 1990s when the other products became more popular. The increased use of pendimethalin, can 
also be accounted for partly by the withdrawal of isoproturon, although the increased occurrence of the 
weed cranesbill, also increased its usage 

• Pendimethalin which can be used pre or post-emergence for the control of annual meadow grass and a 
range of broadleaved weeds, also has some activity against black-grass. Its use increased from 0.5 M kg 
active substance used in 1999 to almost 1M kg active substance used in 2008/09.  

 
Broadleaved weed control 
There are some active substances that had seen relatively stable usage for much of the previous period, 
changing only with crop area, that saw a marked increase in use following the withdrawal of IPU and trifluralin. 

• Pre- and post-emergence herbicide diflufenican use was fairly consistent from 1990 through to 2009 at 
typically around 0.3-0.4M kg active substance used on 30-35% of the cereal area.  However with the 
withdrawal of both IPU and trifluralin in 2009 there was a large increase in use seen in 2010 with 0.8M kg 
used on 65% of the cereal area.  This is an active substance that is used at a relatively low (0.1 kg a.s. 
/ha) rate.   

• Post-emergence herbicide chlorotoluron was used on small areas of crops throughout the survey 
period, less than 180,000 ha.  However, following the withdrawal of IPU there was a marked increase in 
area treated (320,000 spray ha) as some farmers switched from IPU to chlorotoluron. 

 
A similar pattern occurs in the use of broad-leaved weed herbicides.  Here the less effective mecoprop and 
MCPA become less used while fluroxypyr use increases.   
 
The weight, area and typical rate of application of the various herbicides discussed in this section is summarised 
in Table 3 based on data the most recent pesticide usage survey data (2010). 
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Table 3 : Herbicide active substances used in cereals (area treated, weight, rate) 

Active Substance Total area of cereals 
treated (spray ha) 

Total weight of active 
used on cereals (kg) 

Average rate of active used 
(kg a.s. /ha) 

Chlorotoluron 327,000 576,000 1.761 
Clodinafop-propargyl 136,000 3,000 0.022 
Diflufenican 1,613,000 83,000 0.051 
Flufenacet 1,236,000 231,000 0.187 
Flupyrsulfuron-methyl 140,000 1,000 0.007 
Fluroxypyr 838,000 96,000 0.115 
Glyphosate 659,000 490,000 0.744 
Iodosulfuron-methyl-
sodium 

1,150,000 3,000 0.003 

Isoproturon* 1,284,000 1,434,000 1.117 
Mecoprop-P 462,000 247,000 0.535 
Mesosulfuron methyl 823,000 13,000 0.016 
Pendimethalin 940,000 794,000 0.845 
Prosulfocarb 168,000 377,000 2.244 
*2008 data 327,000 576,000 1.761 
 
 

Oilseed herbicides 
The area of oilseeds grown in England and Wales has increased greatly since 2004 with a concomitant rise in 
oilseed herbicide use.  The major oilseed crop grown in England and Wales is winter oilseed rape. This crop 
struggles to compete with weeds during its early establishment period (August through September), but it can 
tolerate a level of weeds in the base provided they do not interfere with harvest.  On average, winter oilseed rape 
crops received 3 herbicide applications in 2010, with the main period of application in July, August and 
September (pre-drilling and pre-emergence herbicide applications) (Figure 13).  There are also a key group of 
herbicides that are applied over winter for grass weed control (e.g. propyzamide and carbetamide), and in March 
and April herbicides are applied for broad-leaved weed control. Oilseed rape has an important role in the rotation 
control of grass weeds, especially black-grass, using alternative modes of action to those available in cereals. 
 

 
Figure 13 Timing of pesticide application in oilseed rape (harvest year 2010) - Source Pesticide Usage 

Survey (Arable 2010) 
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Figure 14 Herbicide use in oilseeds in England and Wales:  Weight applied (left) & area treated 
(right).  (green: Grass herbicides, red/orange broad-leaved weed herbicides, blue: broad 
spectrum herbicides) Source Pesticide Usage Survey – note arable survey carried out every 2 years 

 

Impacts of crop area 
Metazachlor (a broad-leaved weed herbicide) use has increased as the area of crop grown has increased.  The 
amount of metazachlor used increased from 82,000 kg active substance applied to 33% of the oilseed area in 
1996 to 169,000 kg applied to 40% of the crop area in 2006.  From 2006 to 2010 there was a marked increase in 
the use of metazachlor with 255,000 kg applied to 76% of the oilseed area in 2010.  This peak in use coincides 
with the withdrawal of trifluralin, a broad-spectrum herbicide.       
 
The herbicide used on the greatest area in the oilseed rape crops is glyphosate.  This herbicide was only used at 
low levels on small areas until 1997.  From 1997 there has been an increase in use of glyphosate from under 
100,000 spray ha treated in 1997 through to 600,000 spray ha treated in 2010.  Glyphosate is used as both a pre-
drilling application for broad spectrum control of weeds on the stubble prior to planting and as a pre-harvest 
desiccant to remove any remaining green material from the crop prior to harvest. It also provides control of any 
weeds that remain in the crop.  Based on the data in the 2008 Pesticide Usage Survey, a recent paper4 
calculated that 64% of oilseed rape crops were treated with glyphosate pre-harvest and just 19% of crops were 
treated with glyphosate pre-drilling.  The increased use of glyphosate, especially in the last 10 years has to a 
great extent mirrored the increased area of oilseed rape grown.  There has also been an increased trend in using 
glyphosate as a pre-harvest desiccant, in preference to swathing the crop.  With an increase in the amount of 
crops that are established using minimum tillage there is also an increasingly important role for glyphosate usage 
in the provision of a clean seed bed prior to drilling.     
 
Prior to its withdrawal in 2009, trifluralin was also used for both grass weed and broad-leaved weed control in 
oilseed rape.  The use of this active showed a gradual increase with increasing crop area reaching a peak of 
0.14M kg applied to 150,000 spray ha of oilseeds in 2008.  Following its withdrawal there was a further increase 
in the area of crop sprayed with metazachlor, propyzamide and glyphosate.  However, there was also an increase 
in the area of oilseed rape grown, so it is not clear which caused the increase in use in 2010.   
 

Impacts of establishment methods and black-grass control 
During the last 20 years there has been a gradual shift from establishing oilseed rape crops using plough based 
cultivation systems, to using non-inversion tillage systems and direct drilling with little or no cultivation, although 
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sometimes with sub-soiling.  With less soil disturbance and a reduction in the number of weed seeds moved down 
through the soil profile there has been a change in strategy for weed control.  
 
The main herbicides available for the control of grass weeds in oilseed rape are propyzamide and carbetamide, 
in addition there are also the ‘fop’s and ‘dims’ a group of grass weed herbicides used mainly for volunteer cereal 
control although they will also control susceptible black-grass populations. Examples of ‘fop’s include fenoxaprop 
and fluazifop-p, and examples of ‘dim’s include sethoxydim and clethodim.  Propyzamide and carbetamide are 
applied when temperatures are cool typically between November and January.  The use of both of these 
herbicides has gradually increased with the area of oilseed rape, changes in cultivation practices and increased 
resistance problems in black-grass.  At present there are almost 250,000 ha treated with a total of just under 
200,000 kg of propyzamide and a further 60,000 ha treated with a total of 120,000 kg of carbetamide.  Both of 
these active substances are most effective when used on soils that have not been cultivated to depth, so the 
increase in non-inversion establishment has supported the use of these active substances.   
 
The weight, area and typical rate of application of the various herbicides discussed in this section is summarised 
in Table 4 based on data the most recent pesticide usage survey data (2010). 
 
Table 4 ; Herbicide active substances used in oilseeds (area treated, weight, rate) 

 

Active Substance Total area of cereals 
treated (spray ha) 

Total weight of active 
used on cereals (kg) 

Average rate of active used 
(kg a.s. /ha) 

Carbetamide 57,892 113,758 1.965 
Glyphosate 608,610 645,646 1.061 
Metazachlor 431,211 255,441 0.592 
Propyzamide 236,042 179,124 0.759 
Trifluralin 1,427 1,036 0.726 
 
 

Maize herbicides 
Maize is a spring sown crop with a specific set of herbicides.  The area of maize grown in England and Wales has 
increased from just under 40,000 ha in 1990 to just over 160,000 ha in 2010.  The main herbicide used in maize 
between 1990 and 2007 was the broad spectrum herbicide atrazine (Figure 15 and Figure 16).  Use in maize 
accounted for 96-99% of all atrazine use in England and Wales, apart from in 1994 when the use dropped to 
90%.  Between 1997 and 2004 about 10% of the treated area was treated twice with atrazine.  The use of 
atrazine gradually increased during the period 1990 to 2007, but this use was largely in line with increasing areas 
of maize being grown.  By 2007 there were almost 130,000 spray ha of maize treated with atrazine, using almost 
130,000 kg of active substance.   
 
During the late 90’s other maize herbicides gradually started to be used with bromoxynil and pendimethalin 
being the most notable.  By 2007 there were about 25,000 ha of maize treated with pendimethalin and 60,000 ha 
of maize treated with bromoxynil.  Following the withdrawal of atrazine there was a noticeable increase in the 
area of maize treated with pendimethalin, rising to 45,000 ha in 2010, using just under 60,000 kg of active 
substance.  At the same time there was a large increase in the use of mesotrione and terbuthylazine  as new 
products were approved. By 2010 there were almost 100,000 ha of maize treated with mesotrione, using 7,800 kg 
of active substance and 50,000 ha of maize being treated with terbuthylazine, using 20,000 kg of active 
substance.  Mesotrione was introduced in 2005 and used on about 5% of the area of maize grown, once atrazine 
was banned, mesotrione became the herbicide of choice and by 2010 it was used on 60% of the maize area,. 
   
In 2009 a few growers started to use flufenacet and isoxaflutole, but at low rates with less than 10,000 kg active 
substance used.   
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Figure 15  Herbicide use in maize and sweetcorn in England and Wales:  total weight applied weight 

of active applied.  Note Forage crops (including maize) were only surveyed one year in four so trends in use 
are more difficult to pick up. 
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Figure 16  Herbicide use in maize and sweetcorn in England and Wales:  total area treated (spray ha).  

Note Forage crops (including maize) were only surveyed one year in four so trends in use are more difficult to 
pick up. 

 
The weight, area and typical rate of application of the various herbicides  discussed in this section is summarised 
in Table 5 based on data the most recent pesticide usage survey data (2010). 
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Table 5 : Herbicide active substances used in maize (area treated, weight, rate) 

Active Substance Total area of cereals 
treated (spray ha) 

Total weight of active 
used on cereals (kg) 

Average rate of active used 
(kg a.s. /ha) 

Atrazine 1,177 1,123 0.954 
Bromoxynil 26,855 8,239 0.307 
Flufenacet 25,082 7,814 0.312 
Isoxaflutole 25,082 1,629 0.065 
Mesotrione 97,202 7,818 0.080 
Pendimethalin 43,887 56,024 1.277 
Terbuthylazine 47,169 18,382 0.390 

 

Grassland herbicides 
There are over 5.5M ha of grassland in England and Wales of which about 700,000 ha is temporary grassland 
under 5 years old and the majority of the rest is permanent pasture.  In addition, there is rough grazing which 
receives few pesticide applications. Pesticide usage on grassland per hectare is not high, with herbicides being 
the main group of active substances used.  The largest area of grassland that is treated is permanent pasture 
with almost 500,000 ha treated in 2009.  Typically when treated two applications of herbicides were used, with an 
average of four active substances applied.  As a result, although 500,000 ha were treated, only about 250,000 ha 
received pesticide applications.  Herbicide usage can be more intensive in newly undersown leys with up to 6 
active substances applied in 1-2 spray applications, but this only occurs on about 100,000 ha. 
 
There has been a noticeable decline in herbicide usage on grassland since 1997 where approximately 900,000 
ha of grass land treated with 1.3M tonnes of active substances compared to 2009 where 660,000 ha were treated 
using 0.6M kg of active substance.  Unlike the cereal and arable crops, which predominate in the south and east, 
grassland in England is concentrated in the north and west, with Wales having a high proportion of grassland 
compared to arable land.  In these regions grass land herbicide usage could be more important than arable 
usage. 
 
In permanent pasture the most commonly used combination of active substances were clopyralid and triclopyr, 
which were used on 113,000 ha.  MCPA was the next most commonly used active with 110,000 ha treated using 
126,000 kg of active substance.  In new leys, directly sown the most commonly used herbicide was glyphosate 
which is used for clearing the ground prior to the establishment of the crop.  In undersown leys the most 
commonly used active substance is MCPA, which was used on 20,000 ha, this active was also widely used in 
grassland 2-5 years old, with a further 14,000 ha treated.  Fluroxypyr, triclopyr and clopyralid are also 
important active substances, used on 15,000-30,000 ha. 
 
The weight, area and typical rate of application of the various herbicides discussed in this section is summarised 
in Table 6 based on data the most recent pesticide usage survey data (2010). 
 
 
Table 6 : Herbicide active substances used in grassland (area treated, weight, rate) 

Active Substance Total area of cereals 
treated (spray ha) 

Total weight of active 
used on cereals (kg) 

Average rate of active used 
(kg a.s. /ha) 

Clopyralid 138,360 23,892 0.173 
Fluroxypyr 73,943 13,673 0.185 
Glyphosate 35,832 44,409 1.239 
MCPA 199,446 191,032 0.958 
Triclopyr 162,349 62,528 0.385 
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1.3.2 Pesticide usage by crop and pesticide type – Fungicides 
Fungicides tend to be applied to larger more established crops, with the majority of fungicide use, especially in 
cereals taking place in the spring rather than the autumn.  This timing of application and targeting at larger crop 
canopies means that fungicide applications generally provide less of a risk to water than some other types of 
pesticide application. 
 
Fungicide usage has increased slightly over the last 20 years with about 19 million spray ha treated in 1990 
compared to about 30 million spray ha treated in 2010 (Figure 17).  As with herbicides the actual weight of active 
substance applied has reduced from about 6,000 tonnes of active substance in 1990 to 4,700 tonnes of active 
substance in 2010, partly as a result of reducing rates, but also through changes in the fungicides applied) 
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Figure 17 Total area (all crops) treated with fungicides spray ha.  Main fungicide used in last 5 years 

shown with line to indicate total fungicide use. 

 
Our assessments focus on the cereal and oilseed rape fungicides.  The key active substances assessed are 
shown in Figure 17 

Cereal fungicides 
Fungicide use has been mostly driven by efficacy of the active substance and development of resistance of the 
target fungal disease to the active substance (Table 7).  For example after azoxystrobin was released in 1998 
the use gradually built up to a maximum of 2M ha treated in 2001, but its efficacy decreased and it was 
supplanted by pyraclostrobin released in that year.  The strobilurins are effective at low rates so that the total 
weight of fungicide applied is half that of herbicides.  There are ongoing resistance challenges with the strobilurin 
group of fungicides; this means that they need to be used in combination with fungicides that act in different ways 
in order to gain control of the disease.   
 
The fungicides that are used on the largest areas are epoxiconazole and prothioconazole.  These fungicides 
are each used on about 3.5M spray ha of cereals.  The use of epoxiconazole increased rapidly from its 
introduction in 1995 to a peak of 4M spray ha treated in 2004.  In 2004 almost 70% of the wheat area was treated 
with epoxiconazole, with 20% of the areas receiving a single application, 35% receiving two applications and 
about 10% receiving 3 or more applications.  In 2005 prothioconazole was introduced, with some farmers making 
a direct replacement of epoxiconazole for prothioconazole, causing a brief reduction in the area of crops treated 
with epoxiconazole, with just 50% of crops treated.  However, by 2008 the area treated with epoxiconazole had 
increased to about 65% of the cereal area, not quite the same level as it was prior to the introduction of 
prothioconazole.  Following the introduction of prothioconazole there were a higher proportion of crops receiving a 
single application (30%) of epoxiconazole, 25% of crops received two applications and about 10% received 3 or 
more applications.  In 2010 just over 60% of the cereal area was treated with prothioconazole, with 35% of crops 
receiving a single application, 25% receiving two applications and a small number receiving three or more 
applications.  There are a number of other azole fungicides that are used in cereals, but these two active 
substances are the most important.   
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The other important fungicide used in cereal is chlorothalonil.  In the 90’s chlorothalonil was used on about 1.5M 
spray ha of cereals.  Following the introduction and widescale adoption of epoxiconazole and to a lesser extent 
azoxystrobin there was a brief reduction in use of chlorothalonil, with less than 0.5M spray ha treated in 2000-
2003.  However as resistance started developing to strobilurins, and due to its largely protective activity, 
chlorothalonil had a resurgence, increasing in use to close to 3M spray ha by 2010.  In comparison to the active 
substances mentioned above, it is used at far higher rates.  In 2010, 1.2M kg of chlorothalonil were applied to just 
under 3M spray ha of cereals.  In comparison just over 200,000 kg of prothioconazole was applied to over 3.5M 
spray ha of cereals in the same year.  Chlorothalonil is also used on a wide range of crops, not just cereals.   
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Figure 18  Cereal fungicide use in England and Wales.  Left weight applied, right area treated.  Blues: 

strobilurins, Oranges: azoles, Greens: others. Source Pesticide Usage Survey – arable crops 
surveyed once in two years. 

 
The weight, area and typical rate of application of the various fungicides discussed in this section is summarised 
in Table 7 based on data the most recent pesticide usage survey data (2010). 
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Table 7 : Fungicide active substances used in cereals (area treated, weight, rate) 

Active Substance Total area of cereals 
treated (spray ha) 

Total weight of active 
used on cereals (kg) 

Average rate of active used 
(kg a.s. /ha) 

prothioconazole 3,708,221 226,046 0.061 
epoxiconazole 3,287,467 183,527 0.056 
chlorothalonil 2,884,990 1,213,119 0.420 
pyraclostrobin 1,337,564 105,921 0.079 
azoxystrobin 661,799 64,865 0.098 
 

Oilseed fungicides: 
The choice of fungicides during the last 20 years has depended mainly on the focus on disease, for example in 
recent years sclerotinia control has become more of a problem in oilseed rape crops than it was 20 years ago.  
Outbreaks of sclerotinia from 2008 onwards, have resulted in more late season application of fungicides and 
probably accounts for the increased use of fungicides in oilseeds (Figure 19).  One of the key fungicides used for 
the control of sclerotinia is boscalid which has seen an increase in use from almost nothing to 200,000 spray ha 
treated over the last 10 years.  
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Figure 19  Oilseed fungicide use in England and Wales.  Left weight applied, right area treated.  

Blues: strobilurins, Oranges: azoles, Greens: others. Source Pesticide Usage Survey – arable crops 
surveyed once in two years. 

 
There are some broad spectrum fungicides that have reduced in use, but still remain approved, as new active 
substances and mixtures have been developed, for example fenpropimorph was widely used in the 1980s and 
1990s, this was gradually superseded by newer azole fungicides, prothioconazole and tebuconazole.  
Prothioconazole was introduced in about 2006 and since then its use has increased with almost 50% of the 
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oilseed rape area treated with this active substance (using almost 40,000 kg of active substance). In total 30% of 
the crops received a single application, with about 20% receiving two or more applications.  Carbendazim has 
also been routinely used during the survey period.   
 

Number of applications 
The number of times a fungicide is sprayed on oilseed crops has increased throughout the period (Figure 20).  In 
1990 just 70% of oilseed rape crops were treated with fungicides, and only 25% were treated more than once.  By 
2010 almost 90% of oilseed rape crops were treated with fungicides and almost 80% of crops were treated with at 
least two fungicide applications, and almost 50% were treated three or more times.  The increased number of 
sprays post 2007 was because of a perceived late risk from sclerotinia in 2007.  Recently fungicide has been 
applied as a routine prophylactic, rather than in response to appearance of sclerotinia on the plant. 

 

 
Figure 20: Number of times an oilseed rape crop is treated with fungicides.  Source Pesticide Usage Survey 

– data collected once in every two years 

 
The weight, area and typical rate of application of the various fungicides discussed in this section is summarised 
in Table 7 based on data the most recent pesticide usage survey data (2010). 
 
 
Table 8:  Fungicide active substances used in oilseeds (area treated, weight, rate) (2010 PUS) 

 

Active Substance Total area of oilseeds 
treated (spray ha) 

Total weight of active 
used on oilseeds (kg) 

Average rate of active used 
(kg a.s. /ha) 

Boscalid 228,193 39,481 0.173 
Carbendazim 279,722 36,116 0.129 
Fenpropimorph 0 0   
Prothioconazole 417,586 38,325 0.092 
Tebuconazole 345,591 38,323 0.111 
 

Fungicide use in other crops 
Potato crops are large users of fungicides, predominantly to protect them against late blight.  The trends in use 
show a gradual decline in the area treated with mancozeb (an active used at a rate of 1.5 kg/a.s. per hectare) 
following and increase in the use of active substances such as fluazinam (0.2 kg a.s. /ha), cyazofamid (0.08 kg 
a.s. /ha), fluopicolide (0.11 kg a.s. /ha) and most recently mandipropamid (0.15 kg a.s. /ha).  The move towards 
using a range of active substances that are active at lower rates means that although the area treated with 
fungicide has increased in the last 20 years, the weight of active substance used has actually declined from a 
high of 1,200 t active substance per year in early 2000, to about 800 t active substance in 2010.  See Figure 21 
and Figure 22 for areas and weights treated over the last 20 years. 
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Figure 21 Area of potatoes (spray ha) treated with fungicide active substances 
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Figure 22 Weight of fungicide active substance applied to potatoes 

 
Table 9 Fungicide active substances used in potatoes (area treated, weight, rate) (2010 PUS) 

Active Substance Total area of 
potatoes treated 
(spray ha) 

Total weight of 
active used on 
potatoes (kg) 

Average rate of 
active used (kg 
a.s. /ha) 

Cyazofamid 221000 28000 0.13 
Cymoxanil 364000 34000 0.09 
Fluazinam 300000 49000 0.16 
Fluopicolide 95000 9000 0.10 
Mancozeb 336000 429000 1.28 
Mandipropamid 121000 18000 0.15 
Propamocarb hydrochloride 146000 133000 0.91 
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Fungicides were used to treat about 196,000 spray ha of maize in 2010, a rise from less than 10,000 spray 
hectares in 1990, reflecting the increase in crop area (see herbicide section).  Grassland, although it makes up a 
large area of land in England and Wales is treated with very little in the way of fungicides.  The main concentrated 
use of fungicides occur in some of the horticultural crops.  These are grown on a relatively small area but can 
have high use per hectare of crop grown (e.g. strawberries).   

1.3.3 Pesticide usage by crop and pesticide type - Insecticides 
Insecticides are often applied at early crop growth stages (to protect small plants from damage) for example 
treatment of wheat bulb fly in January may occur when 50% of the soil is visible.  Once plants are larger and well 
established they are often better able to sustain pest damage without significant yield implications.  However in 
horticulture, insecticides are used through out the growing season to prevent damage to the crop and pest 
contamination of the final produce. 
 
In order to protect particularly small emerging crop plants there are a number of insecticidal seed treatments 
available.  These are applied to the seed prior to drilling.  The proportion of insecticides applied by seed 
treatments averaged just under 15% of area treated until 2005. However, over the last five years there has been 
greater use of seed treatments so that by 2010 the area treated with seed treatments had increased to 28%. 
Seed treatments allow more targeted application of insecticides, but they are prophylactic as they need to be 
applied to seeds before sowing and may not relate to pest pressure.  Seed treatments use neonicotinoids, as 
well as some pyrethroids e.g. tefluthrin.  
 
Cypermethrin is the insecticide that is used over the largest area of crops. At its peak in the late 1990’s almost 
2.5M spray ha were treated using almost 60,000 kg of cypermethrin.  The area treated has gradually declined to 
about 1M spray ha treated with 30,000 kg active substance in 2010 partly due to an increase in the use of seed 
treatments such as Deter.  Whilst usage of cypermethrin has been declining, there has been an increase in the 
use of lambda-cyhalothrin.  Use in 1995 was less than 100,000 spray ha, this has increased to about 1M spray 
ha treated in 2010.  The rate of active substance used for lambda-cyhalothrin is very low at less than 10,000 kg 
needed to treat 1M ha. 
 
Dimethoate, an organophosphate insecticide used to control aphids, had an application peak in the late 1990s of 
almost 150,000 kg active substance.  Towards the end of the 1990’s the main pest that it targeted, peach potato 
aphid (Myzus persicae), gradually developed resistance and as a result the use of this insecticide decreased.  
Dimethoate is no longer recommended for use against peach potato aphids causing a further reduction in use.  
Farmers now use a diversity of insecticides, including pyrethroids, to reduce resistance risks and therefore 
dimethoate use has continued to reduce.  There are also health concerns, primarily the risk of exposure by spray 
operators over using organophosphate insecticides which have reduced their popularity in the market place.  
Cypermethrin use on potatoes has reduced markedly from 3,000 kg applied in 1996 to less than 500 kg in 2010.  
Lambda-cyhalothrin seems to have replaced cypermethrin in both area treated and weight applied, increasing in 
use from 250 kg active substance used in 1996 to just over 1000kg active substance used on over 160,000 ha of 
potatoes in 2010.   
 
Where there are unusual pest events there can be large changes in insecticide use.  For example, there was a 
large peak in insecticide use in 1994/1995 which coincided with a severe outbreak of Orange Wheat Blossom 
Midge in wheat the previous year.  This peak may be a response of farmers to the severe losses in the previous 
year with the aim to protect crops in the following season.  Dimethoate and chlorpyrifos both peaked at the 
same time during 1994/1995, although only chlorpyrifos should have been used to control this pest.  These active 
substances are also used to target wheat bulb fly, so there is the possibility that this was also a bad wheat bulb fly 
year, although there is no evidence from the timing of product sales to indicate this.  The total weight of 
dimethoate used in all crops rose from 110,000 kg to 210,000 kg active substance and chlorpyrifos rose from 
70,000 kg to 175,000 kg of active substance in 1994.  This corresponded with a drop in cypermethrin usage.  
These changes in use are almost entirely accounted for by changes in use on the cereal crop due to increase in 
Orange Wheat Blossom Midge incidence.  
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Figure 23   Insecticides applied to all crops in England and Wales.  Total weight applied (kg).  

Olive/pink: organophosphate, blues: pyrethroids Source Pesticide Usage Survey database – Arable 
crops assessed one in two years, most other crops assessed one in four years. 
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Figure 24   Insecticides applied to all crops in England and Wales.  Total area treated (spray ha).  

Olive/pink: organophosphate, blues: pyrethroids Source Pesticide Usage Survey database – Arable 
crops assessed one in two years, most other crops assessed one in four years. 

 

The weight, area and rate of application of the various insecticides discussed in this section is summarised in 
Table 9 based on data the most recent pesticide usage survey data (2010). 
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Table 10 : Insecticide active substances used in all crops (area treated, weight, rate) 

 

Active Substance Total area of cereals 
treated (spray ha) 

Total weight of 
active used on 
cereals (kg) 

Average rate of active 
used (kg a.s. /ha) 

Cypermethrin 1,229,268 30,011 0.024 
Lambda-Cyhalothrin 1,113,735 6,675 0.006 
Chlorpyrifos 156,017 85,146 0.546 
Tefluthrin 107,725 2,994 0.028 
Dimethoate 46,416 27,944 0.602 
Neonicotinoids 0 0   
 
 

Cereals 
Insecticide usage in cereal has been variable over the last 20 years (Figure 23).  Insecticide usage was at its 
highest in 1990 when 70% of crops were treated with insecticides, with 20% of crops receiving two insecticide 
applications.  In the following five years there was a decline in insecticide usage to just 45% of the cereal area 
being treated.  In 1996 there was a sudden increase in insecticide usage on up to 60% of the crop area, this 
increase corresponds with an increase in chlorpyrifos and dimethoate (discussed earlier).  Usage then 
remained relatively stable at 60-65% of crops treated with insecticides right through until the 2006 survey, with a 
slight trend towards more crops receiving two applications towards the end of this period.  However, both the 
2008 and 2010 surveys show a decrease in the use of insecticides in cereals with just over 40% of the cereal 
area treated in 2010, and only 10% of crops receiving more than one insecticide application.  Both 2008 and 2010 
were low pest incidence years5 with weather conditions that were not suitable for pest migration and 
development.  This is seen in a corresponding decrease in pesticide usage. 

 
Figure 25 Trend in insecticide usage and number of treatments applied – cereals Source Pesticide Usage 

Survey database – arable crops assessed one in every two years 

 
The weight, area and rate of application of the various insecticides discussed in this section is summarised in 
Table 10 based on data the most recent pesticide usage survey data (2010). 
 
Table 11 : Insecticide active substances used in cereals (area treated, weight, rate) 

 

Active Substance Total area of cereals 
treated (spray ha) 

Total weight of active 
used on cereals (kg) 

Average rate of active used 
(kg a.s. /ha) 

Chlorpyrifos 97,542 43,994 0.451 
Dimethoate 41,117 26,074 0.634 
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Oilseeds 
As with cereals the area of crops treated with insecticides has been variable. There was a slightly increasing 
trend between 1992 when 60% of the area was treated, compared to 2006 when almost 85% of the crop area 
was treated, with almost 50% treated 2 or more times.  The trend for decreasing use in 2008 and 2010 that was 
seen in cereals is also present in oilseed, although the reduction is not as marked, with almost 75% of crops 
treated with insecticides in 2010, 40% more than once.   
 

 
Figure 26 Trend in insecticide usage and number of treatments applied – oilseeds Source Pesticide 

Usage Survey database – arable crops assessed one in every two years 
 

Soft fruit 
Although soft fruit accounts for a relatively small proportion of the cropping area in England and Wales they do 
support intensive insecticide use.  Trends are slightly more difficult to pick up than in the arable crops due to 
Pesticide Usage Surveys only being conducted once in every 4 years.  However Figure 25 shows that for 
strawberries there has been an increase in insecticide usage from 65% of the crop treated in 1996 to 85% of the 
crops treated in 2010,  In 1996 30% of the crop was treated just once, with the just over 10% treated three or four 
times.  By 2010 just 10% of the crops were treated once and over 30% of crops were treated more than 4 times.  
Potato aphids, strawberry blossom weevil and vine weevil were all identified as causing increasing problems in 
the crop in 2008 & 20096 which needed repeated treatments to provide control. 
 

 
Figure 27 Trend in insecticide usage and number of treatments applied – strawberries Source Pesticide 

Usage Survey database – soft fruit crops assessed one in every four years 
 

 

1.3.4 Pesticide usage by crop and pesticide type - Molluscicides 
 
Molluscicides are predominantly used to protect young crops from the effects of slugs during establishment.  The 
slugs that are the main target of applications tend to be present in greater numbers during wet years and they can 
move about more easily which influences molluscicide application.  The total area of molluscicide applied to all 
crops in Figure 26 shows reductions in use during and after drier winters.  There is a peak in usage in 2008 when 
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cereal area increased and there was a very wet autumn planting period, increasing perceived slug risk in these 
situations.  In addition, the wet August of 2010 potentially influenced the greater percentage of molluscicides 
applied to oilseeds.   
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Figure 28 Total molluscicide treated area and winter rainfall. Source Pesticide Usage Survey database – arable 

crops assessed one in two years 

 

In wet years where slugs are perceived to be a problem, farmers will make multiple applications of slug pellets to 
a single field, increasing the number of spray ha treated. Figure 27 and Figure 28 show that in both wheat and 
potatoes the total area treated is affected by double applications in wheat and numerous applications in potato.   
 

 
Figure 29 Number of times molluscicides are applied to cereals. Source Pesticide Usage Survey arable crop 

were assessed one in two years. 
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Figure 30:  Number of times molluscicides are applied to potatoes. Source Pesticide Usage Survey arable crop 

were assessed one in two years. 

 
The main molluscicide used in crops is metaldehyde.  This is a mobile molecule which is of concern to water 
quality due to its detection in water (see Section 2).  Present technology is of limited effectiveness in removing it 
from drinking water.  It has gradually been increasing in use.  At its peak in 2008, over 1.4M spray ha of crops 
were treated with 350 tonnes metaldehyde, with 800,000 ha of cereals and 500,000 ha of oilseeds treated (Figure 
29), although this was a peak year for cereals and oilseeds due to the removal of set-aside, combined with a very 
wet autumn.  Between 1994 and 2003 there was a steady increase in use in metaldehyde in oilseed rape to 
150,000 ha treated, which corresponds to an increase in crop area.  After 2003 there is a dip in usage following a 
dry year, this is then followed by a rapid increase in use to the 2008 levels.  By 2010 the area treated had 
dropped back to just over 300,000 spray ha, following a drier year. 
 
Methiocarb is the other main molluscicide used in cropping.  Its use has been fairly consistent over the last 10 
years at 200,000 – 300,000 spray ha treated with 30-40 tonnes of methiocarb, although small peaks in usage (up 
to 57 tonnes) coincide with larger peaks in usage for metaldehyde.  In 2010 the Pesticide Usage Survey started to 
detect small amounts of ferric phosphate being used in cereals, oilseeds and potatoes.  This active substance is 
currently being recommended as an alternative to metaldehyde where water quality is an issue.  
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Figure 31 Area treated with molluscicide in England and Wales.  Green cereal, orange oilseeds, blue 

potatoes.  Solid lines metaldehyde, dashed lines methiocarb, ferric phosphate. Source 
Pesticide Usage Survey database – arable crops assessed one in two years 
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Figure 32 Weight of molluscicides applied in England and Wales (cereals, oilseeds and potatoes 

combined) 

 
The weight, area and rate of application of the various molluscicides discussed in this section is summarised in 
Table 11 based on data the most recent pesticide usage survey data (2010).  This shows that in 2008 there were 
almost 450 tonnes metaldehyde applied following a wet year, where as in 2010, following a dry autumn usage fell 
to about 150 tonnes of active substance.  The weight of methiocarb applied has remained relatively stable over 
the last 20 years at 40-50 tonnes active substance per year. 
 
Table 12   Molluscicide active substances used in all crops (area treated, weight, rate) (based on the 

2010 Pesticide Usage Survey)  

 

Active Substance Total area of cereals 
treated (spray ha) 

Total weight of active 
used on cereals (kg) 

Average rate of active used 
(kg a.s. /ha) 

Metaldehyde 745,891 164,174 0.220 
Methiocarb 282,567 34,187 0.121 
 

1.3.5 Pesticide usage by crop and pesticide type - Growth regulators (PGRs) 
Cereals account for 98% of the area of growth regulator applied to all crops in the UK.  Growth regulators are the 
third largest pesticide input, by weight, for wheat and so are applied over a substantial area of England and 
Wales.  Growth regulators are used to keep the crop short, reducing the risk of lodging (which reduces yield and 
quality) as the crop nears harvest.  Variety choice can have an influence on the need for growth regulators as 
shorter varieties tend to have a lower lodging risk and are therefore less in need of growth regulation.  At present 
the majority of the recommended list varieties have a lodging resistance score of less than 7, so they are 
considered to be at risk from lodging and therefore likely to require PGR treatment.   
 
There are also weather and crop management factors that influence the need for growth regulators.  In mild 
winters or years where there is rapid crop growth in the spring there is a greater need for growth regulators than 
in years where crop growth is slow.  In dry springs such as those seen in 2010 and 2011 crops tend to be shorter 
going into the spring and therefore less in need of regulation than in springs where the growing conditions are 
more ideal.  The dry weather in the spring of 2010 corresponded with a dip in the usage of PGRs.  One of the key 
PGR active substances used is chlormequat which at its peak in 2008 2.7M kg of active used was used on over 
3M spray ha in the last three pesticide usage surveys for cereals (2006,2008 and 2010) chlormequat had the 
greatest use by weight of any active substance.   Due to the fact that chlormequat is applied in spring and targets 
foliage for maximum efficacy, rather than soils, there is a reduced the risk of this active reaching watercourses, as 
compared to pre-emergence herbicides. 
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Figure 33 Area treated with growth regulators in England and Wales Source Pesticide Usage Survey 

database – arable crops assessed one in two years 
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Figure 34 Weight of growth regulators applied in England and Wales (all crops) Source Pesticide Usage 

Survey database – arable crops assessed one in two years 
 
Almost 25% of cereal crops were treated with growth regulators more than once, an increasing trend during the 
study period.   
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Figure 35 Number of times growth regulators were used on cereals in the UK 

 
The weight, area and rate of application of the various PGRs discussed in this section is summarised in Table 12 
based on data the most recent pesticide usage survey data (2010). 
 
Table 13  Major growth regulator active substances used in all crops (area treated, weight, rate) 

 

Active Substance Total area of cereals 
treated (spray ha) 

Total weight of active 
used on cereals (kg) 

Average rate of active used 
(kg a.s. /ha) 

Chlormequat 2,577,313 2,239,987  0.869 
 
 

1.4 Pesticide usage analysis – Specialist areas 
 

1.4.1 Amenity use 
The Pesticide Usage Survey data focuses on the use of pesticide in the agriculture industry.  In 2011 a report was 
released looking at usage patterns within the amenity sector7.  From this report it is possible to get an insight into 
the use of pesticides in the amenity sector and how it has changed since the previous reports in 2005 and 2007.  
In 2005 of the 21.8M kg of active substances that were sold across all sectors in the UK, 0.7M kg were used in 
the amenity sector.  Of the active substances used in the amenity sector, 91% were herbicides.  The amount of 
active substance sold to the amenity sector has remained stable since the 2005 amenity pesticide survey.   
 
Pesticides in the amenity sector are used for a variety of purposes including management of amenity grassland, 
woodland, tree and shrub beds, riparian areas, open water and hard surfaces.  The types of usage, especially 
direct applications to water or applications to hard surfaces, increase the risk of active substances reaching 
watercourses.   
 
The 2007 survey found that glyphosate accounted for 60% of the amenity herbicide usage, with diuron 
accounting for 12% and 2,4-D accounting for 12%.  The herbicide diuron was withdrawn for amenity use in 2007 
and as a result there was a corresponding increase in the use of glyphosate detected in the 2011 report.  Where 
diuron had been used as a residual herbicide in tree and shrub beds dichlobenil was used as an alternative, 
although sometimes it appears that this active was used in combination with glyphosate.  The survey also 
identified that there was reduction in the treatment of tree and shrub beds in general with greater use of mulching. 
 
Fungicide usage, by weight of active substance, was dominated by thiophanate-methyl (25% of non-herbicide 
use) and dichlorophen (18% of non-herbicide use). This has remained stable since the 2006 survey.   
 

1.5 Evaluation of sources of information 
The main source of information on the usage of pesticides in England and Wales are the Pesticide Usage 
Surveys.  The data for these surveys is collected for the UK and reports are published online at the FERA 
website8.  There is a database of information from these surveys that is accessible through the Pesticides Usage 
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Statistics website9.  This database allows the extraction of figures for England and Wales. Usage data availability 
for pesticides is therefore much higher than it is as compared to other groups of chemicals. Despite this there are 
some limitations to the data source that have been identified earlier in the report but these are summarised below; 
 

• The surveys are not carried out on an annual basis.  The arable crops are surveyed every other year on 
the even years and the horticultural crops are surveyed once in four years.  In years where a survey is 
not conducted the most recent survey figures are used.  This means that any annual changes can be lost, 
or exaggerated in the data set. 

• There is no single year in which all crops are assessed at the same time, so there can be shifts in usage 
that relate to crop area or weather factors that might distort figures.   

• The crop area treated is reported in spray ha, this can make it difficult to identify what proportion of the 
crop is actually treated for active substances that are applied in two or more applications.  There is 
information on the database on number of applications, but this is only extractable by individual active 
substance for individual crop group. 

• Crop groups – although the data of the individual crops (e.g. wheat, barley etc) is collected and published 
in the Pesticide Usage Survey reports the database is only able to access the information by crop group, 
hence cereals are reported as a whole, rather than by individual crop in this report.  However, published 
Pesticide Usage Survey reports do have individual crop data and where this information was needed it 
was extracted and is reported in this analysis.   

• The Pesticide Usage Surveys are based on a relatively small sample of farmers (approximately 600 
holdings for the arable 2010 survey) and then scaled up to a national scale.  This gives a reasonable 
representation of larger scale changes but does not pick up small changes. 

 
There are a number of other sources of information that have been called upon for the writing of this part of the 
report; 
 

• Pest, disease and weed incidence reports10 have been produced on an annual basis for CRD.  These 
reports identify the incidence of pests, diseases and weeds during the harvest year.  However they are 
published prior to the Pesticide usage reports, so there is currently no link between the incidence and the 
usage.  This is being revised in a current project. 

• Pesticides forum annual report11 provides trends in pesticide usage and overall indicators of pesticides 
usage.  The current report available is the 2010 report, with the 2011 report due for publication early in 
2012.   

 
Key events 
 
Herbicides, chlorotoluron, pendimethalin and flufenacet use has increased significantly as a result of IPU 
withdrawal in 2009.  With the withdrawal of trifluralin in 2009, metazachlor and diflufenican use has also 
increased. Increased pressure of black grass has led to an increase in pendimethalin, glyphosate and 
prosulfocarb usage. Propyzamide and carbetamide use also increased in OSR, possibly as a result of an 
increase in non inversion tillage techniques. 
 
Fungicides; use of chlorothalonil has increased due to development of resistance to the strobilurin group. In 
OSR, boscalid use has increased in the last ten years due to increased disease pressure from sclerotinia.  In 
addition, fenpropimorph has largely been replaced by newer azole fungicides, prothioconazole and 
tebuconazole. 
 
Insecticides; there has been a gradual decline in cypermethrin usage between 1995- 2010 in part due to 
increased use of Deter seed dressings.  Dimethoate usage peaked in 1996, but as dimethoate is no longer 
recommended to treat peach potato aphids, usage has decreased since this period.  
 
Molluscicides, metaldehyde is the most common molluscicide used, although this is under pressure due to its 
adverse effects on water quality. Methiocarb use has remained relatively constant in the last ten years. 
Detailed data sets for cereal and oilseed herbicides and fungicides are available in appendix 6. 
 
Table 14 Summary of changes seen in key actives and their importance to water. 

Active 
Substance 

Main 
Crops 

Total area 
of main 
crop 
treated 
(spray ha) 

Total 
weight of 
active 
used on 
main 
crop 
2010 (kg) 

Change in 
total weight 
of active 
used since 
2000 (kg 
a.s./year) 

Average 
rate of 
active 
used (kg 
a.s. /ha) 

ADI 
(mg/kg 
BW) 

Leaching 
risk: 
runoff 
risk: 
drainflow 
risk 

boscalid Oilseed 228,000 39,000 introduced in 0.17    
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rape 2004 
carbetamide Oilseed 

rape 
(beans) 

58,000 114,000  108,000  1.97 0.06 H:L:L 

chlorothalonil Cereals 
(beans) 

662,000 1,213,000  1,000,000  1.83 0.015 L:M:L 

chlorotoluron Wheat 327,000 576,000  443,000  1.76  0.04 M:M:M 
cypermethrin Cereals & 

oilseed 
rape 

1,229,000 30,000  11,000  0.02 0.05  L:H:H 

diflufenican Cereals 1,613,000 83,000  32,000  0.05  0.20 L:H:H 
dimethoate   46,000 28,000  141,000  0.61    
fenpropimorph Cereals 756,000 137,000  64,000  0.18    
flufenacet Cereals 1,236,000 231,000  231,000  0.19  0.005 M:L:H 
glyphosate All crops 1,839,000 1,674,000  270,000  0.74  0.3 L:M:M 
metaldehyde Cereals & 

oilseed 
rape 

746,000 164,000  23,000*  0.22 0.02  L:L:L 

metazachlor Oilseed 
rape 

431,000 225,000 170,000  0.52  0.08 H:M:H 

methiocarb Potatoes, 
ceereals 

oilseed 
rape 

  3,000  7,000    0.013  L:L:L 

pendimethalin Cereals 940,000 794,000 159,000  0.84  0.125 L:H:L 
propyzamide Oilseed 

rape 
(beans) 

236,000 179,000 135,000  0.76  0.085 M:M:M 

prosulfocarb Cereals 
(potatoes, 

beans) 

168,000 377,000  Introduced 
in 2006  

2.24  0.005 L:M:M 

prothioconazole Cereals & 
oilseed 

rape 

3,708,000 226,000  Introduced 
in 2007  

0.06 0.05 L:L:L 

tebuconazole Cereals & 
oilseed 

rape 

346,000 131,000  33,000  0.38  0.03 L:M:M 

trifluralin       Withdrawn      
* Note 2010 was a dry autumn with low metaldehyde usage, 2008, a much wetter year had 300,000 kg more 
usage than 2010. 

Future changes 
There are a number of new active substances that have just entered the market or are nearing approval that are 
not covered in the trends discussions above.  The section below summarises some of these active substances 
and gives an indication of their potential impact in the future. 

1.5.1 Weed control   
There are several herbicides about to come to market or in late stages of development.  However, none address 
any major current weed issues, such as black-grass.  They do offer some specific opportunities which are 
outlined below. 

Clearfield® 
The Clearfield oilseed rape production system brings together specific herbicides from BASF and specific 
herbicide tolerant hybrid varieties.  The varieties are bred using a traditional technique used for many years in 
plant breeding.  All the key oilseed rape breeders are developing Clearfield hybrids and in the UK in 2011, the first 
hybrids (PT100CL and PX200CL) were successfully registered by Pioneer, though were not progressed to the 
HGCA Recommended List.  Further Clearfield hybrids are expected to achieve National Listing next season.    
 
The first Clearfield herbicide for the UK (trade name Cleranda) is a combination of metazachlor and 
imazamox and is fully approved for use in Clearfield winter oilseed rape only.  It is critical that Cleranda is only 
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used on hybrids carrying the Clearfield brand, or total crop loss will occur.  Cleranda was first approved for use in 
2011. This active is applied at a maximum dose of imazamox 35g a.s./ha and metazachlor 750g a.s./ha, in a 
single application. 
 
Imazamox is a contact residual acetolactate synthase (ALS) inhibitor.  It is currently approved in combination with 
pendimethalin for use on pulse crops.  It was first authorised for use in 2006 and by 2010 there were 51,000 
spray ha of crops treated with 2,900 kg of active substance.  In comparison, metazachlor is currently used on 
almost 0.5M spray ha of crops, using 295,000 kg of active substance, the majority of this use is already on 
oilseed rape crops.  There are limitations on the use of metazachlor to a maximum dose of 1kg per hectare once 
in three years.  This means that any use of Cleranda will be limited not just by the fact that it can only be used on 
Clearfield winter oilseed varieties, but also it can only be used on crops grown in rotations that are at least three 
years apart.  The expectation would be that this product would replace existing metazachlor applications (i.e. no 
significant increase), but there would be an increase in the use of imazamox.  The rate of uptake will in part be 
dependent upon the success of the varieties and the weed burden in fields.  
 
In addition to the broad-spectrum weed control, key benefits for the grower include control of problem cruciferous 
weeds including charlock, runch and hedge mustard.  The first commercial sales of Clearfield winter oilseed rape 
will be for the 2012 autumn planting season.  Cleranda is expected to be available in a limited volume this year 
and BASF are stressing that when buying seed, the grower should ensure access to the chemical.    

Ethametsulfuron-methyl  
Ethametsulfuron-methyl from DuPont is a post-emergence ALS herbicide currently in trials for the control of 
charlock, dove’s foot crane’s bill, cut-leaved crane’s bill, chickweed and shepherd’s purse plus a range of other 
broad-leaved weeds.  Cranes-bill and charlock are increasing problems in oilseed rape, although there is no 
robust data to indicate the proportion of oilseed rape crops affected by these weeds.  The expectation would be 
that provided the active substance gains approval it will be much in demand in areas where these weeds are a 
problem, possibly up to 50% of the oilseed rape area could be treated.  However at present it has not got 
approval.  Given that ethametsulfuron-methyl is an ALS herbicide it will be used at low rates of active substance 
per hectare and therefore should not pose significant concerns for water, until registration it is not clear what the 
actual rate of application will be but it is likely to be grams per hectare, rather than kilograms.  This active 
substance was submitted for initial registration in September 2012 and the ACP was unable to approve it for 
commercial use due to insufficient data. 
 

Propyzamide + aminopyralid 
This mixture from Dow AgroSciences is currently in trials at a late winter timing and extends the range of broad-
leaved weeds controlled by propyzamide alone, to include poppy and mayweeds. This product is expected to be 
available for use in oilseed rape and could therefore impact on the balance of herbicides that are currently being 
used in this crop.  Propyzamide is currently used on just over 35% of the oilseed area.  The expectation would be 
that when this new product is approved it would replace some of the propyzamide use (so that the effective areas 
treated would remain similar).  However, aminopyralid is not currently approved for use in oilseed rape, it is used 
in grassland and amenity grassland with about 4,800 spray ha treated with 280 kg active substance in 2010.  The 
maximum rate of application of aminopyralid to grassland is 60g a.s. /ha, however the rate for the new product is 
expected to be closer to 15g a.s. / hectare for oilseed rape.   

1.5.2 Fungicides 

Succinate Dehydrogenase Inhibitors (SDHIs) 
The main new fungicide active substances that have become available in the last year are the Succinate 
Dehydrogenase Inhibitors (SDHIs).  These are predominantly cereal fungicides, active substances include: 

• Isopyrazam was first approved for use in cereals in 2010.  The maximum individual dose is 125g a.s. 
/ha, with a maximum of two doses per crop.  In its first year of approval the Pesticide Usage Survey 
showed 28,000 spray ha of cereals were treated with 2,000 kg of active substance.  

• Penthiopyrad is expected to be registered in late 2012. 
• Bixafen was first approved for use in 2010.  The maximum individual dose of 94 g a.s. / hectare with up 

to two applications per crop allowed.  No use was recorded in the 2010 Pesticide Usage Survey. 
• Fluxapyroxad received its first provisional approval in autumn 2011.  It has a maximum individual dose 

125 g a.s. /ha, maximum of two doses per crop. 
 
These active substances are expected to be widely used in wheat.  The introduction of these active substances 
is expected to cause a reduction in the usage of chlorothalonil, perhaps by as much as 20-30%, and reduce the 
use of strobilurins by 30-50%.  Azoles will be used in conjunction with SDHI’s but the efficacy of the SDHI 
partners will most likely reduce azole (epoxiconazole / prothioconazole) usage by 5 or 10%.   
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Folpet 
Folpet was approved for use as a cereal fungicide in 2011.  This multisite septoria protectant may be used 
instead of chlorothalonil, although extensive uptake is not expected.  The maximum individual dose is 750g a.s. 
/ha with up to 3 individual doses allowed per crop.   

1.5.3 Insecticides 

Indoxacarb  
This active substance was introduced to the market in 2007.  It is an insecticide for the control of Lepidoptera 
(including budworm, armyworm, diamondback moth, codling moth and certain leaf rollers) and selected 
Coleoptera (Colorado potato beetle), Hempitera (including tarnished plant bug), Hymenoptera (including species 
of sawfly).  It is available for use on a range of crops including oilseed rape, leafy and fruiting vegetables e.g. 
brassicas, pome and stone fruit and potatoes. The product is currently registered for use for use in greenhouse, 
polytunnel and field conditions.  By 2010 there were almost 4,000 ha of crops treated with 200kg of this active 
substance.   
 
Indoxacarb has a relatively low environmental loading due to low use rate with individual maximum dose rates of 
25 g a.s. /ha for brassicas up to 75 g a.s. /ha for apples and pears with a maximum of 3 applications per crop.  In 
oilseed rape only a single application of 25.5 g a.s. /ha is permitted.  Given that indoxacarb has approval for use 
in oilseed rape it could be used on a large area.  However, to date the Pesticide Usage Surveys have not 
recorded its use in oilseed crops.   

Rynaxypyr 
There is currently no UK approval for this active substance, although there are some European countries (e.g. 
Germany) that have approval for use.  This is an insecticide with novel mode of action, targeting insect ryanodine 
receptors (RyRs).  Rynaxypyr controls nearly all economically important Lepidoptera and selected other pests, 
including Coleoptera, Diptera, Hemiptera and Isoptera. The product works through contact or ingestion (chewing 
insects) by the pest, causing rapid cessation of feeding.  The product is larvicidal and ovicidal, the latter being 
particularly effective when eggs laid on treated surfaces allowing neonates to be targeted as they hatch from 
eggs. The product claims to have strong residual activity as a result of being translaminar, rainfast and resistant 
to photo-degradation. Key crops that are currently treated with the active include leafy and fruiting vegetables, 
pome and stone fruit, potatoes, and turf.  The low recommended use rates of this product reduces environmental 
load.  

Spirotetramat 
This active substance gained approval in 2009.  It is an insecticide active substance that inhibits lipid biosynthesis 
(inhibition of ACCase) and is related to the acaricides spirodiclofen and spiromesifen. This active substance is 
active against sucking pests including aphids e.g. (Dysaphis plantaginea, Aphis pomi), psyllids, scales, 
mealybugs, whiteflies, thrips and root aphids. In the UK there is currently one product approved containing this 
active substance with on label approvals for use on vegetable brassicas.  There are also Extension of 
Authorisation Notices (formerly SOLAs) for use on ornamentals, forestry nurseries, wine grapes, hops and some 
protected leafy vegetables (e.g. lettuce).  The maximum individual does of spirotetramat is 75g a.s /ha, with a 
maximum of two doses per crop permitted.  The total area of crops likely to be treated with this active remains 
small whilst it is limited to horticultural usage. 

1.5.4 Biopesticides 
In addition to the normal pesticides that are available on the market there are a number of biopesticides that are 
approved for use in the UK.  These currently have a relatively small market, predominantly in horticulture, but 
attempts are being made to encourage their uptake.  There is recently completed Defra project PS2810 that 
looked at barriers to the uptake of biopesticides and identified how large the potential market is.  The full project 
reports is available at; 
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&ProjectID=18
053   

http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&ProjectID=18053
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&Completed=0&ProjectID=18053
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2. Work Package 2: Describe recent and future 
regulatory changes and their potential impacts on 
pesticide usage and the timings of those impacts 
In this section of the report the key pieces of legislation that impact on the availability and use of pesticide active 
substances are identified.  The types of impact and active substances affected are also shown along with the 
timing of these impacts (both past and future).  There are a number of pesticide active substances that are 
currently deemed to be at risk of having their approvals withdrawn.  These have been identified, and where 
appropriate potential alternative active substances that may be used in their place have also been identified.  
There are a small number of new active substances and technologies that are expected to appear on the UK 
market with in the next couple of years which have also been identified. 
 

2.1 Overview of regulations governing pesticides 

2.1.1 Direct influence on pesticide availability 

Approvals 
In order for a pesticide active ingredient to be approved for use in the UK it has to have met the criteria set out in 
the approvals legislation.  There have been a number of changes to the approvals legislation that have had direct 
impacts on the availability of pesticides over the last 30 years.  These include the Annex 1 review that took place 
from 1993-2009 under Council Directive 91/414/EEC, which was followed by the introduction of the current 
approvals legislation Regulation (EC) No. 1107/2009 in 2009 (see sections 2.2.1 and 2.2.2).  The implementation 
of both of these pieces of legislation has resulted in the reduction of the availability of pesticide active substances 
on the market, and/or restrictions on the maximum rates of use.  When an active substance gained approval 
under either of the pieces of legislation it was for a set period of time.  Once this period of time ends the pesticide 
active substance has to be re-submitted for approval. This potentially requires the submission of further detailed 
information about the health and safety and environmental implications of the active substance. See section 2.2 
for details of the impacts. 

Usage 
The Sustainable Use Directive (Directive 2009/128/EC) was introduced as part of the EU Thematic strategy on 
pesticides.  This legislation controls the use of pesticide active substances.   

Maximum Residue Levels (MRLs) 
In order to protect human health Maximum Residue Limits have been set for all active substances.  The 
Maximum Residue Level is the maximum concentration of a pesticide residue that is legally tolerated in food or 
feed after it has been properly treated with a pesticide.  The legislation that controls MRLs is Regulation (EC) No 
396/2005, which came into effect on 1st September 2008.  Prior to that there was legislation in place, but it was 
not harmonised across the EU.  This new regulation aims to harmonise and simplify the legislation relating to 
MRLs across the European Union.   

2.1.2 Indirect influence on pesticide availability 

Drinking Water Directive (DWD) 
The DWD (Council Directive 98/83/EC) sets the quality standards for drinking water at the tap.  This includes 
microbiological, chemical and organoleptic parameters, with the general obligation that drinking water must be 
wholesome and clean.  The DWD requires that EU Member States monitor drinking water to ensure that the 
quality standards are being met.  During the monitoring process pesticide active substances are one of the 
groups of chemical contaminants that are assessed. 

Water Framework Directive (WFD) 
The WFD (Directive 2000/60/EC) was adopted in 2000.  This legislation was developed to help tackle water 
pollution within the European Union.  It has the aim of cleaning up polluted waters and maintaining the cleanliness 
of waters that were already considered to be clean.  One of the key objectives of the Directive is for all waters in 
the EU to achieve good status with specific targets to protect the aquatic ecology, specific protection of unique 
and valuable habitats, protection of drinking water resources and protection of bathing waters.  The objective for 
protecting aquatic ecology applies to all water bodies, whilst the other objectives are more specific and only affect 
certain water bodies.   
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In surface water bodies there is a general requirement for ecological protection: ‘good ecological status’ and a 
general minimum chemical standard: ‘good chemical status’ that was introduced to cover all surface water bodies.  
The presumption in relation to ground water is that it should not be polluted at all.  Where pesticides are detected 
in surface water at levels exceeding the chemical standard, or are detected in groundwater, they cause concern 
in relation to the UK’s ability to meet the requirements of good ecological status in the water body.   

2.2 Changes in approvals legislation and impact on pesticide availability 

2.2.1 Annex 1 review 
From 1993 to 2009 Council Directive 91/414/EEC governed the placing of plant protection products on the 
market.  When it was introduced a revision process was started whereby all pesticides, both new and those that 
were already available on the EU market on or before the 25 July 1993, had to be reviewed under modern 
standards to demonstrate that they were without unacceptable risk to people or the environment.  This review 
process covered over 900 active substances that were on the market prior to 1993.  The first stage of the review 
process was a notification of support, i.e. a company that was prepared to pay the costs of supplying the relevant 
information to provide evidence of the active substance meeting the new requirements.  Over 500 products were 
lost at this stage as a result of a lack of support from industry.  Those substances that remained had to have a 
comprehensive data package that provided evidence that they met the requirements of the new directive.  If this 
evidence could not be produced the product had to be removed from the market.  There were a number of active 
substances that were listed for more detailed review.  These active substances were then prioritised into a 
programme of four stages.   
 
Stage 1: The first stage of the review programme started in 1995 and was completed in 2006.  In this stage 90 
active substances were reviewed, these were selected on the basis of health or environmental concerns, residues 
in treated foods and the importance of the substances to agriculture.   
 
Stage 2: In the second stage of the review 143 active substances were listed, of which only 63 were formally 
notified and dossiers completed.  It was only these 63 active substances that went forward for a more detailed 
review whilst the rest were withdrawn from the market.  The Evaluation for these active substances started in 
2002 and was completed in 2007.   
 
Stage 3: In the third stage of the review 426 active substances were initially listed, of which only 163 were 
supported by industry.  Any plant protection products for which no support was given, or which had incomplete 
dossiers supporting them were expected to be withdrawn from the market in July 2003.  However, an extension 
was given to the decision making process to allow time for the completion of these dossiers, first until 2008 and 
latterly until 2009, by which time it was completed.   
 
Stage 4: The fourth stage of the review concentrated on a more diverse range of active substances than the 
mainstream pesticides.   
 
If there was sufficient data to demonstrate that the active substances met all of the requirements of 91/414/EEC 
then they were included on Annex 1 of the approvals legislation.  This Annex 1 list of active substances provided 
a positive list of active substances that were approved for use as plant protection products.   
 
During the course of this revision process for inclusion onto Annex 1 of Directive 91/414/EEC almost 75% of the 
active substances that had been available for use in the EU prior to 1993 were removed from the market.  This 
was either because they failed to meet the requirements of the legislation, or due to the active substances being 
off patent or having a small market and therefore their was no market or funding to justify the research needed to 
provide the data required to meet Annex 1 requirements.  Key active substances used on large areas that have 
been lost include trifluralin (herbicide) and bifenthrin (insecticide).  A longer list of active substances that failed 
to achieve Annex 1 listing in the last 8 years are listed in Appendix 1 - Table 26.  Isoproturon (herbicide) failed to 
gain registration in the UK, although it is still available in the EU. 
 

2.2.2 EU Thematic Strategy on Pesticides 
In 2002 the EU Thematic Strategy on pesticides was introduced.  This is a framework agreement across the 
whole of the EU aimed at standardising the processes surrounding pesticide approvals and use.  Under the EU 
Thematic Strategy the old authorisations Directive (91/414/EEC) was replaced with a new one, Regulation (EC) 
No. 1107/2009.  In addition, there are also changes to the controls over the use of pesticides through the 
Sustainable Use Directive (Directive 2009/128/EC).  It is the changes to the approvals legislation that have the 
potential to have the greatest impact on the availability of pesticide active substances in the future.   
 
The new approvals legislation moves from a risk based approvals system to a hazard based approvals system.  
As a result of this change there are a number of active substances that fail to meet the requirements for approval.  
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There are already some active substances that have failed to gain approval under the new approvals regulation 
(EC) No. 1107/2009, including asulam (herbicide) and chloropicrin (soil sterilant).   
 
Despite the legislation being adopted in 2009 there is still uncertainty over the exact criteria for assessment, 
especially relating to the definitions of endocrine disruptors.  An assessment conducted by the Chemicals 
Regulation Directorate (CRD, formerly PSD) in 200812 identified 20 pesticide active substances that were 
approved for use in the UK at the time of the report that were expected to be at risk of no longer being available to 
the market when their current approval notice ends.  Key UK active substances that are expected to be lost 
include the herbicides pendimethalin and linuron; the cereal fungicide epoxiconazole and the potato blight 
fungicide mancozeb, the full list is in Appendix 2,   
 
In addition to the complete withdrawal of active substances during the registration process it is also possible for 
the approvals authority (Chemical Regulations Directorate, CRD, in the UK) to reduce the rate of the active 
substance that can be used.  The following active substances show some examples of active substances which 
are now limited for use once in three years (in the same field);  
 

• Chloridazon (herbicide – sugar beet) a total of 2.6 kg a.s. /ha  
• Metazachlor (herbicide – oilseed rape) a total of 1.0 kg a.s. /ha 
• Triflusulfuron (herbicide- sugar beet) a total of 60g a.s. /ha. 

 
There are also some active substances for which there have been further restrictions put in place following re-
registration: 
 

• Pendimethalin (herbicide – arable and horticulture) reduced from 2000 g a.s. /ha to 1320 g a.s/ha 
• Linuron (herbicide – potatoes) reduced from 2250 g a.s. /ha to 600 g a.s. /ha 
• Clopyralid (herbicide - cereals & grassland) restricted to use in the spring only 
• Metribuzin (herbicide – potatoes) the highest dose that had been available for use on heavy / organic 

soils was removed. 

2.3 Maximum residue levels (MRLs)  
In the interest of food safety the EU has regulations relating to the maximum residue level (MRL) of pesticides in 
foods.  The current legislation relating to MRLs is Regulation (EC) No 396/2005, which came into effect on 1st 
September 2008.  This legislation aims to harmonise and simplify the MRL legislation across the EU, with the 
ultimate aim of ensuring that all consumers are sufficiently protected from the risks of pesticide residues in the 
food they eat.  The Maximum Residue Level is the maximum concentration of a pesticide residue that is legally 
tolerated in food or feed.  There are MRLs set for both processed and unprocessed foods.  The MRL legislation is 
enforced through taking samples of foods and testing them in laboratories and identifying what pesticides are 
present and at what levels.  If pesticides are found at levels that are of concern for consumers a Rapid Alert 
System for Food and Feed (RASFF) circulates the information and measures are taken to protect the consumer.   
 
Where pesticides are detected at levels that are close to or exceed the MRL this can cause concerns within the 
market place and result in restrictions being placed on the use of certain active substances in order to prevent 
MRL levels from being exceeded.  There are a number of active substances in use in the UK that have raised 
concerns about their potential to be found at levels exceeding MRLs due often to the timing of their application in 
relation to the consumption of the food product (i.e. application timing close to harvest or during storage).  Some 
examples are given below; 
 

• Chlorpropham (CIPC) is a sprout suppressant used in the storage of potatoes.  As part of its approval 
onto Annex 1 a MRL of 10mg/kg was set, which came into force in April 2007.  There are on going retailer 
and market pressures to encourage a reduction in use of this active substance.  In addition, the potato 
industry set up a CIPC Stewardship Group which set limits on its use and acceptable application 
methods.  In 2010 3.3M tonnes of ware potatoes were treated with CIPC (using 31 tonnes of active 
substance), the only other sprout suppressant used was ethylene, which was used on 442,000 tonnes of 
ware potatoes.  This compares with 3.0M tonnes treated in 2006 with 49 tonnes of CIPC, and 98,000 
tonnes of potatoes treated with ethylene.    

 
• Chlormequat chloride is a plant growth regulator that is applied to cereals in the late spring to shorten 

the crop and reduce the risk of lodging.  There were 147,000 spray ha of crops were treated with 
chlormequat in 2010 (but this was a low lodging risk year), 358,000 ha were treated in 2009.  Due to the 
late application timing in relation to harvest of the crop and the chemical characteristics of this active 
substance there is a risk that residues can be detected in the grain at harvest.  Although the grain does 
not necessarily fail MRL levels there are some markets, such as the baby food market, that have stated 
that they will only take grain that has not been treated with chlormequat.  Potential alternatives to 
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chlormequat include trinexapac-ethyl (currently used on over 1M spray ha) and 2-
chloroethylphosphonic acid (used on 277,000 spray ha in 2010 and 573,000 spray ha in 2009).   

 
• Glyphosate is used as a pre-harvest desiccant in cereals.  The late timing of this application means that 

there is a risk that glyphosate residues can be present in the harvested grain.  This means that the use of 
glyphosate as a pre-harvest desiccant is not always appropriate for all markets. 

2.4 Water Quality and impact on pesticide availability 
There is European legislation in place that requires the protection of water, both for drinking through the Drinking 
Water Directive (DWD) Council Directive 98/83/EC and more generally through the Water Framework Directive – 
2000/60/EC (WFD).  These Directives require water bodies to meet standards with regards to the concentrations 
of pollutants in them.  The DWD sets this limit at 0.1μg per litre of water at the tap for a single pesticide active 
substance and 0.5µg/l of total pesticides.  With an aim to reduce the amount of water treatment that is required in 
order to achieve this chemical status, through reducing pollution at source, the WFD sets a similar target level for 
water bodies that are used as drinking water sources, this is the chemical status of the water body.  In addition, 
the WFD sets out requirements for water bodies to meet Environmental Quality Standards (EQS) that also relate 
to the amount and type of pesticides present in a water body.    
 
Under the WFD, legislation has been developed relating to priority substances. The first list of priority substances 
was created in November 2001 and has undergone revision since that time.  These are substances in the field of 
water quality that are identified as posing a significant risk to or via the aquatic environment.  The majority of the 
pesticide active substances that were in this original list have already been withdrawn from the market.   The only 
active substance that is currently classified as priority substances that is also approved for use in the UK is 
chlorpyrifos (insecticide)13.  
 
Prioritisation work has been undertaken at an EU level to identify the next tranche of WFD Priority Substances 
(PSs) and Priority Hazardous Substances (PHSs).  Designated substances are set Environmental Quality 
Standards and these must not be breached in water bodies if ‘good status’ is to be protected.  The prioritisation 
process involved consideration of available EU monitoring data to identify potential exposure along with data on 
the potential hazard in order to identify the potential risk to the aquatic environment.   
 
The pesticides that have been identified for consideration as potential PS include: bifenox (herbicide), 
cypermethrin (insecticide) and terbutryn (algae control).  In addition quinoxyfen (fungicide) has been 
suggested as a new priority hazardous substance.   
 
A similar prioritisation exercise has also been undertaken at a UK level to identify further UK Specific Pollutants 
(SPs) under WFD.   The pesticides being considered are: glyphosate (herbicide); permethrin (revision of current 
EQS, insecticide); methiocarb (molluscicide); carbendazim (fungicide); pendimethalin (herbicide); and 
chlorothalonil (fungicide). 
 
The UK legislation implementing the WFD does not have power to withdraw an active substance, but failure to 
meet the requirements of these regulations can lead to an active substance failing to gain approval at re-
registration, or having its use restricted.  In addition, breaches will lead to consideration of appropriate mitigation 
and catchment management to reduce the levels reaching water.  There are a number of active substances that 
have caused significant concerns in water, due to their persistent presence at levels above threshold levels and 
these have not been approved when resubmitted.  These active substances include those listed in Table 13. 
 



EVID4 Evidence Project Final Report (Rev. 06/11) Page 49 of 89 

Table 15. Active substances that have recently been withdrawn from the UK market that have 
caused water quality issues (*source Pesticide Usage Survey – figures for usage in last survey year prior 
to withdrawal) 

Active substance Main use Date of 
withdrawal 
(Final use) 

Area 
Treated 

(ha)* 

Weight 
applied 

(kg)* 
Asulam Herbicide – bracken control 2011 (2012) 14,000 17,000 

Atrazine Herbicide – maize, amenity 2004 (limited 
uses until 2007) 

128,000 141,000 

Simazine Herbicide - peas and beans 2004 (limited 
uses until 2007) 

138,000 120,000 

Diuron Herbicide - soft fruit and top fruit, amenity 2006 (still being 
reported as used 

in 2010) 

3,900 3,400 

Isoproturon Herbicide - cereals  2007 (2009) 1,411,000 1,537,000 
Trifluralin Herbicide – cereals, oilseeds 2007 (2009) 991,000 897,000 
 

2.4.1 Current pesticides in water 
Recent monitoring data from the Environment Agency shows that there are a number of active substances that 
have been withdrawn that are still being detected in water14.  There are also a number of currently available active 
substances that are being detected in both surface and ground water bodies at above permitted levels, and these 
active substances are likely to be at risk in the future.  If it is not possible to reduce the amounts of these active 
substances being detected in water bodies through stewardship campaigns (see section 2.4.2) and best practice 
there is the possibility that through the approvals legislation limitations will be put on the use of some active 
substances, or approvals may be withdrawn. 

Surface water 
In the 2010 Pesticides Forum annual report there were 71 surface water Drinking Water Protected Areas 
(DrWPAs) in England and Wales that gave rise to concerns that they would be non compliant with chemical 
status required for Article 7 of the WFD as a result of raised pesticide concentrations.  This is equivalent to 11% 
of the surface water bodies designated as DrWPAs.  There were 41 pesticide active substances that were 
identified in the report that were raising concerns in the compliance assessment, of these only eleven occurred as 
a problem in one DrWPA, but the rest appeared at multiple sites.  There were thirteen pesticide active substances 
that were identified across ten or more separate sites.  The active substances that are still approved in the UK are 
listed in Table 16.  Six of the thirteen active substances have already been withdrawn from the UK market (Table 
15). The detection of these active substances either relates to the long term impacts of previous use, or to 
potential illegal use whilst stocks still exist.   
 
Table 16. Seven pesticide active substances identified across 10 or more surface water bodies (in 

2010) that are currently approved for use in the UK.   

Active 
substances 
currently 
approved in the 
UK* 

Main use Area Treated in 
2010 (ha)** 

Weight 
applied in 
2010(kg)** 

2,4-D Herbicide - cereals, grass & amenity 83,000 80,000 
Carbetamide Herbicide - oilseeds & field crops 72,000 143,000 
Chlorotoluron Herbicide - cereals 388,000 640,000 
MCPA Herbicide - cereal and grassland 329,000 255,000 
Mecoprop  Herbicide - cereals and grassland 755,000 415,000 
Metaldehyde Molluscicide - all edible crops 792,000 172,000 
Propyzamide Herbicide - oilseeds and horticultural crops 263,000 199,000 
*Pesticide Forum annual report, **Pesticide Usage Survey data 
 
In addition to the active substances listed above, the following important active substances have been identified 
as putting article 7 compliance at risk in at least 1 water body: captan (fungicide), carbendazim (fungicide), 
clopyralid (herbicide), glyphosate (herbicide), linuron (herbicide), metazachlor (herbicide), MCPB (herbicide) 
and fluroxypyr (herbicide). 
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Groundwater 
The EC Groundwater Directive (80/68/EEC) aims to protect groundwater by controlling the discharges and 
disposal of dangerous substances into groundwater. This Directive will be replaced by the WFD in 2013.  There 
are two types of substances that are controlled under these regulations namely, the hazardous substances which 
are most toxic and must be prevented from entering the groundwater and non-hazardous pollutants which can be 
discharged into ground water but must not cause pollution.  There are a large number of pesticide active 
substances that are classified as hazardous substances under the Groundwater Directive15.  If these substances 
are detected in the groundwater they will cause those water bodies to fail to meet the EC Groundwater Directive 
(80/68/EEC) standards.  
 
Of the groundwater bodies in England and Wales, 16 are risk of failure due to one or more threshold values being 
exceeded by pesticides.  In most of these groundwater sources it is the ‘total’ pesticides levels that are failing, 
although there are seven pesticide active substances that are causing individual non-compliance issues.  Of 
these seven active substances, five have already been withdrawn from the UK market, the two that remain on the 
UK market that are causing ground water concerns are bentazone (herbicide) and mecoprop (herbicide).   

Environmental Quality Standards (EQS) 
There are currently 53 surface water bodies that fail to meet environmental quality standards.  Key pesticides of 
concern for failure to meet EQSs are; cypermethrin (insecticide), diuron*, diazinon*, permethrin*, 
isoproturon*, 2,4-D (herbicide), hexachlorocyclohexane*, dieldrin*, eldrin*.  Those marked with a star are no 
longer available for use in the UK, although they are still being detected.  Not all active substances currently have 
environmental quality standards.  As these are developed there may be an increase in the number of active 
substances that fail to meet these requirements.   

2.4.2 Stewardship campaigns  
In order to tackle the problem of pesticides reaching water there are a number of both government and industry 
lead stewardship campaigns that aim to increase the farmers understanding of the issues surrounding the use of 
pesticides and improve the uptake of best practice. 

Catchment Sensitive Farming (CSF) 
The Catchment Sensitive Farming initiative is a government scheme run between the Environment Agency and 
Natural England (in England) which was set up to tackle diffuse water pollution from agriculture.  The scheme was 
originally set up in 2006 as a 2 year scheme called the England Catchment Sensitive Farming Delivery Initiative, 
this has since been extended and CSF activities are still taking place in 2012.  The scheme covered 40 priority 
catchments where diffuse water pollution has been identified as a problem, of these, 7 catchments were identified 
as having particular problems with pesticides reaching water.  In these seven catchments CSF have worked with 
the Voluntary Initiative and other organisations to provide a combination of one to one advice and farmer or 
adviser workshops to educate and encourage best practice in the application and use of these pesticides.   

Voluntary Initiative  
The Voluntary Initiative16 (VI) was set up by the farming and crop protection industry to minimise the 
environmental impacts of pesticide use.  This programme was originally established in order to avoid the threat of 
a ‘pesticides tax’.  This initiative successfully met the majority of its initial targets by 2006 and has continued as a 
rolling two year programme and has just celebrated its tenth anniversary17.  The aim of the VI is to improve the 
responsible use of pesticides through education to raise awareness of users.  They run a number of campaigns 
such as the ‘H2OK?’ and ‘Every Drop Counts’ campaign highlighting the importance of water protection. 

Product stewardship campaigns 
In addition to the broader messages on improved pesticide practice there are a number of individual active 
substances which companies have set up specific stewardship campaigns for.  These currently include 
metaldehyde and chlorpyrifos, although there have also previously been others such as for isoproturon. 
 
The Metaldehyde Stewardship Group (MSG) was set up in 2009 in response to the detection of metaldehyde in 
water that was abstracted for drinking.  This active substance is a key ingredient that is used in the production of 
slug pellets used across a wide range of arable and horticultural crops.  The MSG brings together manufactures 
of metaldehyde slug pellets (Lonza, Certis, Chiltern Farm Chemicals, De Sangosse, Doff Portland, Frunol Delicia 
and Makhteshim Agan (UK) Limited).  The campaign aims to bring about voluntary changes in practice, such as 
reduced application rates and frequency, and greater accuracy of application.  The idea being that this should 
reduce the amount of metaldehyde that is able to reach water.  For more information see 
www.getpelletwise.co.uk.   
 
The Chlorpyrifos – Say No to Drift was set up by the three major UK approvals holders in 2011.  The campaign 
requires all users to adopt significant changes in practice in order to minimise the risk of chlorpyrifos entering 
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water.  This campaign includes a requirement for all operators to use low drift nozzle technology and extended 
buffer zones between sprayed crop and water courses.  This campaign has been set up as a result of a serious 
threat to its approval at re-registration. For more information see www.saynotodrift.co.uk. 
 
Under the PR14 spending round there is a focus on local stewardship initiatives. Most are in their development 
stages, but may include actions such as increased buffer strips, alternative products and crops.  There are a 
number of local water company initiatives that have been set up.   

2.5 Impacts of changing pesticide availability 
Where pesticide active substances have already been lost farmers and growers have already had to find 
alternative methods of controlling weeds, pests or diseases.  Many of these changes have been identified in the 
section on trends in pesticide use.  This section of the report looks at the key active substances that are currently 
under threat and potential alternative active substances that might be used.  A series of assessments were 
carried out for the Levy Boards to determine what the main impacts of the changing availability of pesticides 
would be and in particular to help them determine research priorities.  As part of this series of work the team 
identified active substances that were at risk, the potential alternative active substances that could be used in 
their place and the cost to industry of loosing a range of active substances.  This cost was calculated in terms of 
reduced yields if the alternatives were not as effective and increased cost if the alternatives were more expensive 
or additional management (e.g. changing cultivations, use of insect barriers etc) was required.  For some of the 
most important active substances that are under threat the importance to the industry has been summarised 
below (using figures from the earlier series of work on pesticides priorities) and potential alternative chemistry has 
been identified that might be used by growers if the availability of the active were to be restricted. 

Herbicides 
•  Pendimethalin is a residual dinitroaniline herbicide that is approved for use in cereals and a wide range 

of other crops including many horticultural crops.  In 2010 over 1.2M ha were treated with pendimethalin, 
of which about 1.0M ha were cereals, 150,000 ha were peas and beans, 5,000 ha were potatoes and 
there rest were a range of horticultural and minor crops.  Previous work indicated that pendimethalin is 
worth £185M18 to the cereal sector from a combination of protecting yield and reduced costs compared to 
alternative active substances or additional cultivations.  It is a valuable herbicide for the control of black-
grass as its mode of action is different to the other herbicides and therefore it has an important role in a 
resistance management strategy.  Alternative pre-emergence herbicides for use in cereals include 
diflufenican, flufenacet or prosulfocarb, but these do not tend to be as effective for providing control.  
Prosulfocarb is a new active to the market with the first recorded use in cereals in 2006 at just 818 spray 
ha.  Over the last five years its use has increased to 172,000 spray ha.  Pendimethalin is also used for 
the control of broad-leaved weeds in brassicas (valued at £3M18 per annum).  In the minor crops the 
challenges of getting approvals for herbicides are greater than cereals due to the relatively small market. 

 
• Propyzamide, carbetamide and metazachlor are the key pesticide active substances that are being 

detected in water at present that could have large scale implications if their use was restricted or even 
withdrawn.  These are all oilseed rape herbicides.  Recent work for HGCA18 indicates that if the use of 
these active substances were to be severely restricted, or even withdrawn from the market, the impacts 
on typical arable rotations of oilseed rape and wheat could be massive.  These active substances are 
important in the control of the major arable weed Alopecurus myosuroides (black-grass), as part of a 
rotation.  In oilseed rape there are few alternative herbicides, as a result of resistance to alternative 
groups of active substances such as the fops and dims (e.g. quizalofop-P-ethyl and cycloxydim).  The 
loss of propyzamide, carbetamide and metazachlor would mean that the ability to control black-grass in 
oilseed rape would be severely impaired and this would have implications for weed burden in the 
following wheat crop.  It was estimated that the cost of the loss of these active substances to the UK 
arable industry could be in excess of £500 million per year in reduced yields and increased costs of 
production.  Black-grass is present in an estimated 40% of arable fields predominantly in the south and 
east of England, so the impacts would be greatest in these areas.  With financial losses this great there 
would need to be a significant readjustment of rotations to enable the control of this problem weed.  This 
is likely to lead to farmers growing alternative break crops such as winter beans or even spring crops, 
which would have different herbicide requirements compared to those used in oilseed rape.  In addition 
there would be increased requirements for cultural control, e.g. more ploughing, which in turn could lead 
to greater sediment loss.  No wide scale assessment has been conducted to look at the wider 
implications of a loss of these active substances.  Instead action is being taken through organisations 
such as the Voluntary Initiative to improve pesticide handling and application on farm to reduce the 
chances of the pesticides reaching water in the first place.   

Fungicides 
• Epoxiconazole is a systemic, protectant and curative triazole fungicide that is used for the control of a 

wide range of diseases in cereal crops. Particular targets include septoria and rusts.  In 2010 over 3.5M19 
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spray ha of crops were treated with epoxiconazole, although as some crops were treated on more than 
one occasion the actual area treated is slightly less.  However, a significant proportion of the cereal crop 
area was treated with this fungicide.  Previous work indicated that the value of epoxiconazole to the 
cereal industry was in the region £45M18 in protected yields and reduced costs.  The obvious alternative 
fungicide that would be used to replace epoxiconazole is prothioconazole.  This is a relatively new 
active ingredient on the market with the first recorded use in 2006.  There are a number of other active 
substances that are available for controlling cereal diseases and these would also be expected to see a 
modest increase in use if epoxiconazole were no longer available.  These active substances include other 
azole fungicides such as cyproconazole, metconazole and tebuconazole to aid in yellow and brown 
rust control, there could also be modest increases in the use of chlorothalonil to aid septoria control.  
The use of strobilurins (e.g. azoxystrobin) has been decreasing over the last 10 years as resistance to 
this group of active substances has increased.  This means that their role in the future may be limited.  In 
2011 a new group of fungicide active substances, the Succinate Dehydrogenase Inhibitors SDHIs, were 
released and these active substances are starting to find a place in the market and could well provide an 
alternative to epoxiconazole if it were no longer available.  There are a range of SDHI mixes with other 
azoles (e.g. bixafen + prothioconaozle), and solo SDHIs e.g. fluoxapyroxad and it is expected that their 
use would increase in the absence of epoxiconazole.  The other SDHI, isopyrazam is currently only 
available in mix with epoxiconazoles, so versions that don’t contain this substance if it is no longer 
available would have to be registered.  However, SDHIs have a single target site mode of action and are 
therefore at risk of resistance developing.  This means that they may provide a short/medium term 
solution, but without careful stewardship their long term effectiveness could be in doubt.  It is therefore 
vital that alternative active substances with which they can be mixed are available.   

 
• The triazoles are a group of active substances that will be affected by the definition of endocrine 

disruptors under the new approvals legislation.  There is the risk that more triazoles could be affected by 
the new approvals legislation once the definition of endocrine disruptors is finally agreed.  This is of 
particular of concern if prothioconazole were to be affected as this is expected to be the main alternative 
for epoxiconazole.  The potential impacts on septoria and yellow rust control in the absence of all 
triazoles could be significant, resulting in an estimated 9.5% reduction in production.  Prothioconazole 
(and other azole chemistry) is also important for the control of phoma leaf spot and light leaf spot in 
oilseed rape and loss of these active substances could reduce production by about 9% or 176,000 
tonnes.  The loss of this group of active substances would put greater pressure on the use of 
chlorothalonil, the strobilurins and new SDHI chemistry. 

 
• Tebuconazole, cyproconazole and metconazole are all azole fungicides that could be affected by the 

change in approvals requirements.  These fungicides were used on over 4.5M ha of crops in 2010, 
predominantly in cereals or oilseeds, but some are also used in horticultural crops.  Metconazole was 
estimated to be worth £8.6M for fusarium control in maize in terms of protecting yield, although used as a 
general fungicide, it does have some action against fusarium,  but only a small area is treated with this 
fungicide.  Tebuconazole is used for disease control in brassicas and was valued at £8.6M18 alternaria 
leaf blight control in carrots is valued £4M, cane spot, cane blight & powdery mildew control in raspberries 
is valued at £6-18M. Although some alternative fungicides are available for certain diseases, they are 
more expensive.  Similar comments to those for epoxiconazole apply for cereals.  See triazoles 
comments below for general impacts triazoles losses. 

 
• Mancozeb is a protective dithiocarbamate fungicide used for the control of late blight in potatoes and a 

range of diseases in horticultural crops.  In 2010 just over 600,000 spray ha were treated with mancozeb, 
of which over half was applied to potatoes as part of a multiple spray programme for late blight control.  
Work on pesticide priorities for the Potato Council calculated that mancozeb was worth approximately 
£28M20 to the potato industry in protecting yield and saving costs.  A similar piece of work for Defra 
identified the key role that mancozeb has in downy mildew control in lettuce.  It was estimated that the 
fungicide was worth £29M in protected yield, quality and reduced costs.   

 
Mancozeb is a key active in late blight resistance management in the potato crop.  There are several 
alternative blight fungicides that do not involve mancozeb - a diversity of active substances are needed 
as 10-12 sprays might be used.  In the absence of mancozeb there could be increased use of; 
cyazofamid, amectoctradin + dimethomorph, fenamidone + propamocarb hydrochloride, 
fluazinam, fluopicolide + propamocarb hydrochloride, mandipropamid.  With these active 
substances available it is not expected that there would be significant loss of control of the disease, 
however there is higher risk of resistance developing in the future. 
 

Insecticides 
• Bifenthrin was a pyrethoid insecticide used to control a range of horticultural crops.  Its approval was 

withdrawn in 2009, with final use up by 2010.  In the absence of bifenthrin many fruit growers have turned 
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to lambda-cyhalothrin to control vine weevil in soft fruit.  In an HDC trial in 2010 it was found that results 
with this active were inconsistent and they are currently recommending that growers do not rely on 
control of adults, but also target the larvae, which do most of the damage in soft fruit.  Lambda cyhalothrin 
is used in blackcurrants (mainly on young or cut down bushes only) for leaf midge control, but it is not 
100% effective.  An application has been made for an Extension of Approval for Movento, 
(spirotetramat) in blackcurrants with a 365 day harvest interval to enable growers to treat cuttings and 
cut down bushes.   

 
• Chlorpyrifos is an organophosphorous insecticide which has important uses in the arable and 

horticultural industry providing control of a wide range of pests over multiple crop types.  In 2010 it was 
used on 163,000 ha, of which 102,000 ha were cereals.  The main pests targeted in cereals are wheat 
bulb fly (WBF) and orange wheat blossom midge (OWBM).  In the absence of chlorpyrifos the main 
insecticide alternatives for controlling OWBM would be lambda-cyhalothrin (currently used on 405,000 
ha of cereals) and thiacloprid (currently used on just 3,000 ha of cereals).  There are also some varieties 
of wheat that are resistant to this pest.  The only spray alternative for WBF control would be dimethoate 
(currently used on 43,000 ha of cereals), but this can only be used as a dead heart spray which is less 
effective than the egg hatch timing that chlorpyrifos is applied at.  In horticultural crops the main 
alternatives to chlorpyrifos would be thiacloprid and lambda-cyhalothrin. In many crops these active 
substances are already being used as part of the spray regime and in the absence of chlorpyrifos may 
not provide complete control of specific pests.  Chlorpyrifos is a relatively cheap active substance and 
therefore growers would have to consider the cost implications of switching to using less effective, more 
expensive active substances.   

 
• Metaldehyde is used for control of slugs in a range of crops including cereals, oilseeds and potatoes.  

Potential alternative active substances would include methiocarb or ferric phosphate.  There is 
currently a push within the industry to encourage the uptake of ferric phosphate as the best alternative, as 
methiocarb if used on a large area, could potentially cause more harm to non-target insects and 
mammals than metaldehyde. 

 

2.6 Summary of legislative pressures on pesticide availability 
There are a number of pieces of legislation that impact on the availability of pesticide active substances to the UK 
market.  Some legislation has a direct influence on the availability of active substance through controlling whether 
or not an active substance is approved or not.  The current approvals legislation Regulation (EC) No. 1107/2009 
is expected to bring about the loss of about 20 active substances that are currently used in the UK market when 
there approvals are due for renewal.  The most critical losses that might cause significant shifts in pesticide usage 
would be the loss of pendimethalin (herbicide) and epoxiconazole (fungicide).  These active substances both 
have important uses on a large area of arable crops and therefore there is expected to be a large shift to other 
active substances if and when these products are withdrawn from the market. 
 
Other legislation is aimed at protecting water and has an indirect influence on pesticide active substances through 
putting limitations on the levels that can be present in water (Drinking Water Directive (DWD) Council Directive 
98/83/EC and Water Framework Directive – 2000/60/EC (WFD)).  Although the legislation can not directly bring 
about the withdrawal of active substances the fact that active substances cause problems in water is taken into 
account at re-registration.  There have been a number of active substances that have recently been withdrawn 
from the market, through the Annex 1 review, that failed partly on concerns of their presence in water e.g. 
trifluralin.  IPU has also been withdrawn from the UK due to concerns over its presence in water, although it 
remains available in the rest of the EU.   
 
In addition, there are other pressures on availability of pesticides all of which will lead to less, rather than more, 
available options.  Such pressures include compliance with MRLs, pressure to minimise residues from food 
companies and the costs of development and maintaining approval for the manufacturers of pesticides. 
 
There are a number of important active substances that are currently being detected in water at levels that are 
causing concern.  The three main active substances affected are propyzamide (herbicide), carbetamide 
(herbicide) and metaldehyde (molluscicide).  These active substances are the focus of measures aimed at 
reducing the risk to water, namely the Voluntary Initiative and the Metaldehyde Stewardship group ‘Get Pellet 
Wise’ campaigns.  The loss of active substances puts increased pressure on water quality.  As active substances 
are removed from the market this increases the risk of a larger area of crops being treated with a smaller number 
of active substances, therefore increasing the risk of high concentrations of any single active substance being 
detected in water.  However, there may be a trend for reduced rates or restricted timing being approved at re-
registration that could reduce the overall amount of active substance used and result in some growers switching 
to alternatives.   
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The number of new active substances coming to the market is very limited and considerably lagging behind the 
number being removed.  There are only a small number of active substances in the process of development and 
nearing registration for the UK market.  These include the Clearfield® technology in oilseed rape that will allow 
the use of imazamox in partnership with other active substances, such as metazachlor on oilseed rape, although 
it will not control the same weeds that propyzamide and carbetamide target.  The SDHI group of fungicides 
provide some alternative chemistry for disease control in cereals.  There is expected to be an increase in use of 
these fungicides over the next few years as farmers become confident in the level of disease control that they 
provide.  They will cause a displacement of some of the current active substances used, but is unlikely to be able 
to completely replace epoxiconazole if it were to be lost.   
 

Is the past a good indication of future? 
From the trends assessment above it is possible to see that there are certain elements of the past changes in 
pesticide use that we can use to guide us in our expectations of future pesticide use.   
 
1. Strong indication that crop area has a big influence on usage for cereals and oilseeds, but this is not the 

same for grassland where application is more incidence/weather related. 
2. The data shows progress of new active substances coming to the market, but their uptake will depend on 

how they are marketed – particularly the price – and the advantages they offer over older products. Some 
pesticides for example are being bought in preference because of the formulations that make them easier 
to mix or are less likely to spill.  
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3. Work package 3: Develop a series of scenarios to 
estimate the possible range of impacts of recent and 
future regulatory changes might have on pesticide 
usage; 

 

3.1 Identification of risk categories for withdrawal 
In WP2 there were a number of active substances that were identified as potentially being at risk of withdrawal 
from the market as a result of either the approvals legislation or due to regular detection in water and therefore 
actions taken under the Water Framework Directive to have the approval reviewed.  These active substances 
have been grouped by likelihood of withdrawal and the timescale over which this might occur. The groups 
established below are based n the available information in spring 2012.   
 
Recent communications with the Chemicals Regulation Directorate Policy Branch lay out their current thinking 
regarding the pressures on active substances (G. Stark, Pers. Comm., 2012): 
 

• The new pesticide authorisation regulation will have the greatest impact although with a fair degree of 
uncertainty; 

• Water legislation is the next most influential as compliance with WFD article 7 and drinking water 
standards results in increasing numbers of priority and hazardous substances being identified; 

• The Sustainable Use Directive should have the smallest impact as its focus is on the product use which 
should aid in reducing detections and pressure under the water legislation; 

 
For this reason we have classified those active substances that have been identified in a 2009 CRD summary 
impact assessment21 as being likely to fail to meet the new approvals criteria as ‘high risk’ although there is a 
great deal of uncertainty over just which active substances will fail when they have their current approval 
renewed.  However, if they do fail the criteria there is a likelihood that when assessed they will not be reapproved 
– hence high risk.  In this same report there were a number of active substances that were identified as potentially 
failing to meet the endocrine disruptor criteria.  These have been categorised as ‘medium risk’ because there is 
even greater uncertainty over whether they will fail to meet the criteria.  It must be pointed out though that this 
information is of a highly uncertain nature at present.  There is currently a CRD research project underway that is 
assessing the Endocrine disrupting potential of 100 active substances, but this was not available during this 
project.   
 
Active substances that have caused multiple article 7 failures under the WFD or that have been identified as 
potential priority substances or potential UK specific pollutants have been classified as having a ‘medium risk’ of 
withdrawal from the market.  There is no clear guidance as to what is likely to happen to these active substances 
if they continue to cause repeated failures, but there is the potential within the Water Framework Directive for 
recommendations to be made that these active substances are reassessed for approval based on concerns 
relating to water.  There are a number of active substances that have caused a single article 7 failure, or may 
have their availability threatened for other reasons (e.g. MRLs) these have been classified as having a ‘low risk’ of 
withdrawal.  In the case of MRLs it is expected that persistent breaches of the MRL limit would result in impacts 
on the individual product, rather than the active, but this still has the potential to impact on use. 
 
Chlorpyrifos is currently under review by CRD in preparation for re-registration there are concerns over the 
impacts of chlorpyrifos in water and its environmental impact.  A number of actions are currently in place to try 
and mitigate its potential impact. Chlorpyrifos has been classed as high risk because the potential environmental 
impact of the active threatens its re-registration.  
 
These groupings are shown in section 3.1.1. Most of the groups contain a large number of active substances 
used across a range of different crops to control different pest problems.  As such modelling of all of these active 
substances would potentially give unclear results.  Therefore the next stage of the process of developing 
scenarios was to identify the most likely replacements for these active substances and identify the changes in 
pesticide loading on the environment, using the pesticide loading calculator.  From this the active substances that 
have the greatest impact on water can be identified.  This narrowed the list of active substances to a level that 
can be effectively modelled.   
 

3.1.1 Group 1 & 2 – High risk – next 10 years 
Active substances have a high risk of withdrawal if they fail to meet the criteria set out for approvals.  There is still 
a great deal of uncertainty over whether or not these active substances will fail to meet the criteria.  These active 

http://www.pesticides.gov.uk/Resources/CRD/Migrated-Resources/Documents/O/Outcomes_paper_-_summary_impact_assessment_(Jan_09).pdf
http://www.pesticides.gov.uk/Resources/CRD/Migrated-Resources/Documents/O/Outcomes_paper_-_summary_impact_assessment_(Jan_09).pdf
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substances are mostly due for re-approval by 2021, so have a relatively long lead in time prior to their likely 
withdrawal.  However there are also separate approval dates for products containing these active substances.  If 
these occur earlier it is possible that certain products containing the active could be withdrawn from the market 
sooner.  The list has been split into triazole fungicides & other active substances (Tables 15 and 16).  The reason 
for likely failure is identified in the criteria failed column, based on data taken from the CRD summary impact 
assessment.  If an active fails on any one criteria it will fail to gain registration (unless granted a derogation under 
Art. 4(7) or used with negligible exposure of humans, where these options are available).  It may be easier to 
demonstrate that active substances which only risk failure on one criterion don’t actually fail on that criterion than 
those with multiple failures, but it is not possible to rank those more or less likely to fail.   
 
 
Table 17  High risk -Triazoles (group 1) 

Active 
substance 

Criteria failed Date 
active 

substance 
approval 
expires 

Area 
Treated 
in 2010 

(ha) 

Weight 
applied 

in 
2010(kg) 

Alternatives 

Cyproconazole Endocrine 2021 1,190,000 54,000 Prothioconazole 
Epoxiconazole Endocrine + R1B 2019 3,296,000 184,000 Prothioconazole 
Fenbuconazole Endocrine 2021  6,500 340 Prothioconazole 
Flusilazole R2 + Endocrine ? 435,000 41,000 Prothioconazole 
Metconazole Endocrine 2017 700,000 24,000 Prothioconazole 
Tebuconazole Endocrine 2019 2,212,000 184,000 Prothioconazole 
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Table 18 High risk - Others (group 2) 

Active substance Criteria failed Date 
active 

substanc
e 

approval 
expires 

Area 
Treated in 
2010 (ha) 

Weight 
applied in 
2010(kg) 

Alternatives (or exclusion) 

Carbendazim M1B / R1B  2014  307,000 43,000 Thiophanate methyl 
Esfenvalerate PBT 2015 111,000 400 Cypermethrin, deltamethrin, 

lambda-cyhalothrin 

Flumioxazin R2 2015 3,000 80 Carfentrazone-ethyl, 
diflufenican, flufenacet, 
flupyrsulfuron-methyl, 
thifensulfuron-methyl, 
imazamox 
 

Linuron R2 + Endocrine 2016 123,000 58,000 Imazamox, isoxaben, 
terbuthylazine 

Mancozeb Endocrine 2016 527,000 611,000 Amectoctradin, cyazofamid, 
dimethomorph, fenamidone,  
fluazinam, folpet, 
mandipropamid, propamocarb 
hydrochloride, thiophanate 
methyl 

Maneb Endocrine 2016 4,500 3,500 Amectoctradin, cyazofamid, 
dimethomorph, fenamidone,  
fluazinam, folpet, 
mandipropamid, propamocarb 
hydrochloride, 

Pendimethalin PBT 2016 1,176,000 1,022,000 Bromoxynil, carbetamide, 
diflufenican, chlorotoluron, 
flupyrsulfuron-methyl, 
prosulfocarb, tri-allate, 
flufenacet, isoxaben, 
isoxaflutole, mesotrione, 
prosulfuron, terbuthylazine 

Quinoxyfen vPvB 2017 34,000 1,700 Cyflufenamid, proquinazid 

R – Toxic to reproduction (R1B – presumed human reproductive or developmental toxicant, R2 – suspected human reproductive or 
developmental toxicant); PBT persistent, bioaccumulating, toxic; vPvB very persistent, very bioaccumulating;  
 

3.1.2 Group 3 – medium risk – present - 5 years 
Active substances have medium risk of withdrawal in short term if there is a chance of withdrawal due to regular 
detection in water.  This may lead to them being added to the priority or hazardous substances lists and ultimately 
withdrawal of their approval.    This list of active substances includes those that have had multiple article 7 
exceedances in recent years.  The timetable for the WFD means that there is the possibility that these 
substances could be reassessed before they are due for renewal, as a result the impact of any potential 
withdrawals could occur sooner than any withdrawals as a result of changing approvals legislation.   
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Table 19  Medium risk - Active substances at risk due to detection in water 

Active 
substance 

Date latest product 
approval expires 

Area 
Treated in 
2010 (ha) 

Weight 
applied in 
2010(kg) 

Alternatives 

2,4-D 2018 (arable) 2021 (amenity) 75,000 71,000 2,4-DB, MCPB 
Bentazone 2015 71,000 49,000 MCPB 
Carbetamide Dec 2021 72,000 143,000 Clomazone, linuron, metazachlor, 

pendimethalin, propyzamide 
prosulfocarb 

Chlorotoluron Dec 2021 327,000 576,000 Flufenacet, pendimethalin 
MCPA Dec 2021 260,000 219,000 Aminopyralid, clopyralid, 

fluroxypyr, triclopyr 
Mecoprop-P  Dec 2021 551,000 311,000 Aminopyralid, clopyralid, 

fluroxypyr, triclopyr, florasulam 
Metaldehyde Dec 2021 746,000 164,000 Methiocarb, ferric phosphate 
Propyzamide Sep 2016 257,000 195,000 Clomazone, linuron, 

pendimethalin, prosulfocarb 
 

 

3.1.3 Group 4 – medium risk – 5 years 
Active substances have a medium risk of withdrawal in the medium term if they have been identified as either 
potential priority substances or potential UK specific pollutants.  Many of the previous active substances classified 
in this way have eventually been withdrawn from the UK and therefore if these active substances do become 
listed there is an increased risk that they may also be withdrawn. The timetable for the WFD means that there is 
the possibility that these substances could be reassessed before they are due for renewal, as a result the impact 
of any potential withdrawals could occur sooner than any withdrawals as a result of changing approvals 
legislation. 
 
Table 20  Medium risk - Potential priority substances or potential UK specific pollutants 

Active substance Date latest product 
approval expires 

Area Treated 
in 2010 (ha) 

Weight 
applied in 
2010(kg) 

Alternatives 

Bifenox Dec 2021 53,000 22,000 dithenamid-p, 
ethametsulfuron-methyl, 
imazamox, metazachlor, 
quinmerac 

Chlorothalonil Dec 2021 3,294,000 1,463,000 Folpet 
Cypermethrin Dec 2021 1,229,000 30,000 Esfenvalerate 

deltamethrin, lambda-
cyhalothrin 

Methiocarb Dec 2021 283,000 34,000 Metaldehyde 
 

3.1.4 Group 5 & 5b – medium risk – 10 years 
Dependent upon the definition of endocrine disrupter used under the approvals legislation there is the potential 
that other active substances could be lost at re-approval under a longer timescale.  If a broader definition of 
endocrine disruptor is taken an increased number of active substances could be affected in addition to the ones 
affected in group 1&2.  These active substances, also identified in the CRD Impact summary report are grouped 
below. 
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Table 21 Medium risk - Triazoles (group 5) 

Active substance Date latest product 
approval expires 

Area Treated 
in 2010 (ha) 

Weight applied 
in 2010(kg) 

Alternatives 

Difenoconazole 2021 142,329  10,474 Azoxystrobin, folpet, 
pyraclastrobin Fluquinconazole 2021 170,809  16,125  

Myclobutanil 2020 55,800 3,528 
Penconazole 2021 24,899  875  
Prochloraz 2021 143,476  7836 
Propiconazole 2021 681,032 41,863 
Prothioconazole 2021 4,136,000 265,000 
Tetraconazole 2021 7,895  261  
Triticonazole 2021 453,900  3,240  
Triadimenol 2018 53,934 2,986 
 
Table 22 Medium risk - Others (group 5b) 

Active substance Date latest 
product 

approval expires 

Area 
Treated in 
2010 (ha) 

Weight 
applied in 
2010(kg) 

Alternatives 

Deltamethrin 2013 107,520 706 Cypermethrin 

Dimethoate 2016 48,264 29,062 Chlorpyrifos, imidacloprid, lambda-
cyhalothrin 

Folpet 2018 0 0 Azoxystrobin, bixafen, fluxapyroxad, 
isopyrazam, picoxystrobin 

Metribuzin 2017 114,290 48,792 Clomazone, flufenacet, prosulfocarb 

Picloram 2018 115,835 2,533 Glyphosate  

Tepraloxydim 2015 168,010 8,746 Cycloxydim 

Thiram 2013 511,394 34,013 Azoxystrobin, boscalid, cymoxanil, 
fludioxonil, metalaxyl, picoxystrobin 

Triflusulfuron 2015 170,110 1,871 Chloridazon, ethofumosate 

2,4-D 2018  75,000 71,000 2,4-DB, MCPA, MCPB 

Carbetamide Dec 2021 72,000 143,000 
Clomazone, linuron, metazachlor, 
pendimethalin, Propyzamide, 
prosulfocarb 

Chlorotoluron Dec 2021 327,000 576,000 Diflufenican, flufenacet 
 
 

3.1.5 Group 6 – high risk – present 
Chlorpyrifos is a UK priority substance.  The approval of chlorpyrifos is currently under review with a number of 
steps being implemented by the producers to demonstrate that the product is safe to use.  The main concerns 
regarding chlorpyrifos and water protection relate to spray drift, rather than run off. 
 
Table 23 High risk - UK Priority Substances 

Active substance Date latest product 
approval expires 

Area Treated 
in 2010 (ha) 

Weight applied 
in 2010(kg) 

Alternatives 

Chlorpyrifos Dec 2021 159,000 85 Thiacloprid 
 

3.1.6 Group 7 – low risk – present – 5 years 
There are a number of active substances that have been detected in water sources at least once and have 
caused article 1 failures, in addition there are active substances that have issues in relation to MRLs or other 
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market influences.  At this level of failure there is unlikely to be a withdrawal of the active substances, but there is 
the potential that their use could be restricted in order to reduce the risk to water. 
 
Table 24 Low risk - Active substances that have a low risk of being lost  

Active substance Date latest 
product 
approval 
expires 

Area 
Treated in 
2010 (ha) 

Weight 
applied in 
2010(kg) 

Alternatives & exclusions 

Chlormequat chloride Dec 2021 2,577,000 2,240,000 2-chloroethylphosphonic acid, 
trinexepac-ethyl 

Clopyralid Dec 2021 
(OSR) ; Dec 

2019 
(grassland) ; 

Jun 2018 
(cereals) 

465,000 49,000 Aminopyralid, thifensulfuron-methyl, 
metamitron, propyzamide 

Fluroxypyr Jun 2024 928,000 111,000 florasulam, mecoprop-p 
Glyphosate Jun 2018 

(arable) ; Dec 
2021 (amenity) 

1,649,000 1,510,000 Diquat, glufosinate ammonium 

MCPB Apr 2016 46,000 40,000 2,4-D, bentazone 
Metazachlor Dec 2021 453,000 271,000 Aminopyralid, carbetamide, 

propyzamide, tri-allate 
 
This group was not taken further due to the low perceived risk of these compounds being lost. 

3.2 Usage Characterisation and Scenario Selection 
Having identified the groups of active substances and their risk of being lost to legislative drivers the next step 
was to narrow these down to groups of active substances that could sensibly be modelled; the scenarios.  When 
modelling what could occur it is important not to have too many variables present which could cause a muddling 
of the message.  This meant that although there are a number of active substances that could be affected by the 
legislative drivers only a proportion of those were taken forward to the next modelling stage.  The process of 
selecting these scenarios was done on the basis of the risk of the active (or its replacement) to water.  This risk 
was calculated using a combination of area treated, application rate and risk to water from the chemical 
properties of the active substance.  In addition the scenarios were developed by grouping actives by target 
organism (i.e. fungicides or herbicides), this then allowed for the development of the scenarios to be taken 
forward to the full modelling stage of the project.  The section below shows the way the scenarios were selected. 
 When assessing the alternatives there are a wide range of things that farmers ‘could’ do if they had to replace a 
lost active substance.  Expert opinion, based on an understanding of the industry and trials information where 
available, was used to identify the most likely alternatives that would be used and what proportion of the treated 
crop would be treated with each.  Hence if a product is a potential alternative, but other better ones exist it was 
assumed that the majority of farmers would opt for the most effective alternative.  If there were any changes in 
use that were small these were also left out of the  
 

3.2.1 Aim and methodology 
The aim of this task was to define the scenarios that would be modelled through considering the pesticides 
identified as being at high or moderate risk of being lost. Group 6 was not considered as the risk to surface water 
posed by this insecticide is largely a function of risk to aquatic life (WFD 0.1 μg/L environmental quality standard 
expressed as a maximum allowable concentration), largely via spray drift, rather than a risk to drinking water (See 
http://www.saynotodrift.co.uk/regulatory-changes/ ).  In addition, the screening modelling framework does not 
consider spray drift as an exposure pathway.  Group 7 were not considered as these are low risk changes. 
 
The scenarios were selected by considering the changes in area treated (ha), weight applied (t), application rate 
(kg/ha) and risk posed to surface and ground water (using measures of pesticide mobility – see below).  The 
areas treated, weight applied and application rates were calculated by applying typical and alternate regional crop 
protection treatment regimes to 2010 landuse statistics for each group of active substances defined in section 3.1.  
The runoff risk index was calculated using the approach of Goss and Wauchope (1990) which assigns three 
levels of risk based on persistence, sorptivity and solubility.  The drainflow risk was calculated according to the 
Chemicals Regulation Directorate approach (CRD, 2006) which uses the organic carbon adsorption coefficient 
and classed into three classes (mobile, moderately mobile and slightly/non mobile).  The groundwater risk was 

http://www.saynotodrift.co.uk/regulatory-changes/
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defined using the groundwater ubiquity score index (Gustafson, 1981) which assigns three levels of risk based on 
the soil degradation rate and organic carbon adsorption coefficient.   
 

3.2.2 Results 
 
Scenarios identified for further analysis 

1. Group 1 - Replacement of selected triazoles (cyproconazole, epoxiconazole, flusilazole, metconazole, 
prochloraz, propiconazole, tebuconazole) with prothioconazole.  (High risk, within 10 years) Triazoles 
selected based on crop target and area used.  It is assumed that providing prothioconazole remained 
available it would be the preferred alternative used by the majority of farmers due to its effectiveness. 

2. Group 2 - Replacement of mancozeb and carbendazim due to risk of endocrine disruption with folpet, 
fenamidone and thiophanate methyl. (High risk, within 10 years) – This scenario concentrates on the 
alternatives that are used in cereals as in the initial assessment of impacts on water it was found that the 
impacts of the potato alternatives were minor, due to the wide range of alternatives available and the 
comparatively small area treated. 

3. Group 2 - Replacement of pendimethalin with alternatives chlorotoluron, diflufenican, flupyrsulfuron, 
prosulfocarb, tri-allate. (High risk, within 10 years) 

4. Group 3* - Replacement of selected herbicides (2,4-D, bentazone, carbetamide, chlorotoluron, MCPA, 
mecoprop-P and propyzamide) with aminopyralid, clopyralid, florasulam, flufenacet, fluroxypyr, MCPB, 
metazachlor, pendimethalin, triclopyr [This scenario would be accompanied by a change in crop area as 
oilseed rape production is reduced on heavier soils].  (Medium risk 0-5 years) – This scenario focused 
on the alternatives used on cereals, oilseeds and grassland as these are the main area of usage.  
Alternatives such as clomazone and linuron are only used on beans and therefore have a small area of 
use. 

5. Group 3 - Replacement of metaldehyde with ferric phosphate and methiocarb. (Medium risk 0-5 years) 
6. Group 4 - Replacement of chlorothalonil with folpet. (Medium risk – 5 years) 
7. Group 5b - Replacement of a wide range of fungicides (difenoconazole, fluquinconazole, myclobutanil, 

penconazole, prochloraz, propiconazole, prothioconazole, tetraconazole, triadimenol, triticonazole, folpet, 
thiram) with alternates (azoxystrobin, pyraclastrobin, bixafen, fluxapyroxad, isopyrazam, picoxystrobin, 
boscalid, cymoxanil, fludioxonil, metalaxyl) (Medium risk – 10 years) 

 
*  In this scenario it was assumed that given the challenges with controlling black-grass on a proportion of fields in the worst affected regions 
their would be some changes in cropping. In the Eastern, East Midlands and South Eastern regions where black grass is difficult to control 
and 40% of crops are treated the WOSR area was estimated to reduce by 20%.  Half of that area was converted to fallow and half to spring 
oilseed rape to aid in the control of black-grass in the following cereal crops.   
 
It was also assumed that given that the use of propyzamide in oilseed rape is important in maintaining control of black-grass in cereal crops 
that the wheat area would also be reduced by the same amount as the OSR area, with this area replaced by spring barley. 
 
So if there were 100000 ha of OSR in the region the changes would look like this; 
 

• 80,000 ha WOSR  
• Fallow + 10,000 ha  
• Spring OSR +10,000 ha  
• Wheat -20,000 ha  
• Spring barley +20,000 ha  

 
We have assumed that 20% of people will stop growing WOSR and either use a fallow or spring OSR crop to act as a break between cereal 
crops 
The remaining 20% of OSR growers (those that use propyzamide or carbetamide) are expected to continue growing OSR but replace the 
second wheat before it with a spring barley crop. 
 
 
See Appendix for details of initial chemical groups assessed and explanation of the groupings. 
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4. Work Package 4: Based on the knowledge of pesticide 
properties, estimate how usage might affect 
concentrations in raw water; Identify any pesticides 
that are likely to exceed 0.1 µg/L in source waters in 
the future; 

 

4.1 Approach 
The changes in pesticide usage and any accompanying cropping implications (e.g. an expansion or reduction in 
crop area) identified for each of the scenarios in WP3 served as inputs to ADAS’ pesticide fate modelling 
framework.  This screening modelling approach is routinely used to guide water company compliance monitoring 
programmes and is suited to the aims of this project.  Changes in pesticide use were calculated by identifying the 
potential alternative actives available in each crop and using expert opinion, based on knowledge of the 
effectiveness of the alternatives to determine what proportion of the currently treated area would be treated with 
each of the alternatives.   

Model Inputs - The properties of the pesticides identified in the scenarios in WP3 were sourced the University of 
Hertfordshire’s Pesticide Properties Database (http://sitem.herts.ac.uk/aeru/footprint/index2.htm).  ADAS have 
developed a large spatial database of cropping in England and Wales (minor and major crops for circa 2010) for 
each 1km grid square which underpins their consultancy and policy advice modelling for diffuse pollutants, 
including pesticides. This novel and unique dataset was used as the baseline to define any changes in crop 
extent as a result of changes in pesticide availability.  Soils data were derived from the national soils database 
NATMAP 1000 with accompanying attribute tables22 (Soil Survey Staff, 1983) while geology data were derived 
from British Geological Survey’s 1:650,000 scale geology map.  The monthly mean climate statistics for each 1km 
grid cell were drawn from the UKCIP baseline 1961-1990 climate dataset while a stochastic weather generator 
was used to generate 30-year time series of daily rainfall for each 1km grid cell across Great Britain23 (Anthony et 
al., 2005).  Using these datasets, combinations of crop-soil and climate are known for each 1km grid square in 
England and Wales.  Surface water catchments used for drinking water supply as well as source protection zones 
(SPZ) for ground water abstraction were drawn from Environment Agency datasets.   

Model Framework - For surface waters, the average concentration of pesticide entering rivers via drain flow and 
surface runoff during the peak flow following rainfall events was calculated using a modified ADAS 
implementation of the SWAT model24 (Brown and Hollis, 1996). The model simulates degradation and vertical 
migration of a pesticide between the time of application and the first rainfall event to cause surface runoff. The 
concentration of pesticide in the runoff was determined by the quantity of pesticide remaining in the top 1mm of 
the soil profile.  The model is sensitive to the degradation rate and sorptivity of each pesticide; to the texture, 
organic matter content and hydraulic conductivity of each soil to which it is applied; and to the frequency and 
magnitude of rainfall events in a locality.  The median of 30 annual maximum values of the mass of pesticide and 
the associated volume of water lost in this peak flow event following application to each crop-soil-climate 
combination for a worst case day within a typical application window was calculated.  For each surface water 
drinking water protected area (and upstream safe guard zone) catchment the runoff volume and total mass loss of 
pesticide in this median of the maximum annual peak events for each 1km grid square was totalled and the 
catchment concentration determined.  As such the surface water results should be considered as a realistic worst 
case scenario of raw surface water abstracted from drinking water protected areas.   

For ground waters, the concentrations of pesticides in soil water leaching to groundwater was estimated for 
Source Protection Zones (SPZs) in England and Wales using a statistical meta-model of the MACRO model25 
(Jarvis, 1994), which predicts the peak flux of pesticide leaving the base of the soil, coupled to an attenuation 
model which considers the fate of the compound as it travels through the unsaturated zone.  The MACRO model 
is a mechanistic, dual porosity, preferential flow pesticide leaching model and is used for regulatory pesticide fate 
submissions prepared under the Plant Protection Products Directive 1107/2009.  The MACRO meta-model 
consists of a series of look-up tables 26(P-EMA, Brown et al. 2003) that have been constructed from results of 
MACRO runs using a range of input parameters for soil, climate and pesticide properties 27(Holman et al., 2004).  
The pesticide concentration leaving the soil substrate as estimated by the MACRO meta-model was multiplied by 
a retardation factor to give the concentration following travel through the unsaturated vadose zone before 
accreting to the water table.  This retardation factor was calculated using the attenuation factor model of Rao et 
al.28 (1985) and Leonard and Knisel29 (1988), which uses an analytical solution of the advection dispersion 
equations30 (Loague et al., 1996).  The parameters required for the four key geologies used in the attenuation 
factor leaching model for the unsaturated zone were drawn from Hollis31 (1990).  The estimated groundwater 
concentrations for each crop/soil combination within a given SPZ were initially combined to calculate an 

http://sitem.herts.ac.uk/aeru/footprint/index2.htm
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integrated area weighted concentration for each SPZ, however, this demonstrated that the changes in pesticide 
usage had almost no impact on groundwater quality.  In order to explore the relative impacts more fully the 
maximum modelled concentration for any given crop/soil combination in each SPZ was used instead.  As such 
the groundwater results should be considered as a worst case scenario. 

The output from the surface and ground water modelling was a predicted environmental concentration (PEC) 
expressed in μg/L for each catchment.  Given the number of surface water and ground water catchments each 
PEC could not be reported, instead, these concentrations were converted into risk classes and the number of 
catchments and area of catchments in each risk class totalled.  Rather than simply report these for above or 
below the drinking water standard of 0.1 μg/L alone four classes were akin to that used in the Water Framework 
Directive (WFD) catchment characterisations of “not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” 
(PAR) and “at risk” (AR) using the drinking water prescribed concentration or value (PCV) of 0.1 μg/L as a 
threshold and an uncertainty factor of 50 above and below this threshold.  The resulting four classes are: 

At Risk (AR): > 5 μg/L 

Possibly at risk (PAR): >0.1 and <= 5 μg/L 

Possibly not at risk (PNAR): > 0.002 μg/L and <= 0.1 μg/L 

Not at risk (NAR): <= 0.002 μg/L 

Using these classes, a modelled catchment concentration of 0.2 μg/L would be classed as PAR while a 
concentration of 5.3 μg/L would be classed as AR.             

4.2 Results 
 
The results from the simulation modelling for the surface water and ground water bodies are presented in this 
section.   
 

4.2.1 Surface Water 
 
The results of the surface water risk assessment are summarised in Table 23 to Table 29.  These results further 
broken down by water company operational area for key scenario compounds where the risks to surface water 
and ground water have increased are provided in Appendix 4.  It is important to note that while the definition of 
risk classes accounts in part for some the model uncertainty it is important to remember that the modelling 
approach utilised is a screening approach and as such it is best to interpret these results in a relative sense and 
assess the change in risk between the current baseline situation and that proposed under the scenario. 
 
Scenario 1 The nine compounds being lost (See Table 23) vary in the risk they pose to drinking water 
protected area surface waters with four (by number/area) having distinctly higher potential risk than that of 
prothioconazole under the scenario with up to ~14%/15% (by number (table a)/area (table b)) of surface water 
drinking protected areas potentially exceeding the PCV (highlighted in grey).  The additional usage of 
prothioconazole results in a small increase in potential surface water risk, ~11%/16% (by number/area), albeit no 
exceedances of the drinking water PCV are simulated.  It is likely that the replacement of a range of fungicides by 
prothioconazole will result in a small reduction in potential risk to surface water. 
 



EVID4 Evidence Project Final Report (Rev. 06/11) Page 64 of 89 

Table 25 Percentage by (a) number and (b) area of surface water drinking water protected areas in 
each risk class as determined by the maximum loss to surface water for each compound 
“lost” and its replacement as defined by scenario 1. 

 
(a) 

Compound Baseline Scenario 1 
AR PAR PNAR NAR AR PAR PNAR NAR 

prothioconazole 0.0 0.0 31.9 68.1 0.0 0.0 42.5 57.5 
cyproconazole 0.0 14.2 52.2 33.6     
epoxiconazole 0.0 4.0 55.8 40.3     
flusilazole 0.0 0.0 16.4 83.6     
metconazole 0.0 0.0 33.6 66.4     
prochloraz 0.0 0.0 39.4 60.6     
propiconazole 0.0 0.0 46.5 53.5     
tebuconazole 0.0 3.5 56.2 40.3     
(b) 

Compound 
Baseline Scenario 1 

AR PAR PNAR NAR AR PAR PNAR NAR 
prothioconazole 0.0 0.0 60.1 39.9 0.0 0.0 75.8 24.2 
cyproconazole 0.0 15.0 79.2 5.7     
epoxiconazole 0.0 2.9 88.4 8.7     
flusilazole 0.0 0.0 13.6 86.4     
metconazole 0.0 0.0 62.6 37.4     
prochloraz 0.0 0.0 70.4 29.6     
propiconazole 0.0 0.0 79.0 21.0     
tebuconazole 0.0 2.8 88.4 8.7     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
 
Scenario 2 The compound being lost, mancozeb, has a higher (by number/area) potential risk to drinking 
water protected area surface waters than the compounds that replace it in the scenario (See Table 24).  The 
additional usage of the three replacement compounds results in additional potential risk to surface water, in 
particular from folpet which is simulated to have ~15% (by number/area) potentially exceeding the drinking water 
PCV.  It is likely that the replacement of mancozeb by fenamidone, folpet and thiophanate-methyl will result in a 
small increase in risk to surface water bodies. 
 
 
Table 26 Percentage by (a) number and (b) area of surface water drinking water protected areas in 

each risk class as determined by the maximum loss to surface water for each compound 
“lost” and its replacement as defined by scenario 2. 

 
(a) 

Compound Baseline Scenario 2 
AR PAR PNAR NAR AR PAR PNAR NAR 

fenamidone 0.0 0.0 20.8 79.2 0.0 0.0 35.4 64.6 
folpet 0.0 0.0 43.8 56.2 0.0 15.0 53.5 31.4 
thiophanate methyl 0.0 0.0 31.4 68.6 0.0 0.0 51.3 48.7 
mancozeb 0.0 0.0 45.6 54.4     
(b) 

Compound 
Baseline Scenario 2 

AR PAR PNAR NAR AR PAR PNAR NAR 
fenamidone 0.0 0.0 37.4 62.6 0.0 0.0 71.6 28.4 
folpet 0.0 0.0 76.1 23.9 0.0 15.4 80.0 4.6 
thiophanate methyl 0.0 0.0 59.2 40.8 0.0 0.0 84.9 15.1 
mancozeb 0.0 0.0 80.9 19.1     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
 
Scenario 3 The compound being lost, pendimethalin, has a low risk to drinking water protected area surface 
waters with all of the compounds that are likely to replace it in the scenario demonstrating a higher potential risk 
(See Table 25).  While the use of chlorotoluron is potentially risky to surface waters with up to ~61%/91% (by 
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number/area) of drinking water protected areas at risk of exceeding the PCV during peak flows the additional 
usage in the scenario only accounts for an increase in this risk of ~12%/6% (by number/area).  This pattern is 
reflected by the other compounds as well where small increases in potential risk are demonstrated across the risk 
classes under the scenario.  It is likely that the replacement of pendimethalin will result in a small to moderate 
increase in risk to surface waters. 
 
Table 27 Percentage by (a) number and (b) area of surface water drinking water protected areas in 

each risk class as determined by the maximum loss to surface water for each compound 
“lost” and its replacement as defined by scenario 3. 

 
(a) 

Compound Baseline Scenario 3 
AR PAR PNAR NAR AR PAR PNAR NAR 

chlorotoluron 8.4 52.7 25.7 13.3 18.6 54.0 17.3 10.2 
diflufenican 0.0 0.0 29.2 70.8 0.0 0.0 31.4 68.6 
flupyrsulfuron methyl 0.0 0.9 60.2 38.9 0.0 15.5 55.3 29.2 
prosulfocarb 0.0 16.4 46.9 36.7 0.0 21.7 49.6 28.8 
triallate 0.0 0.4 40.3 59.3 0.0 0.0 44.2 55.8 
pendimethalin 0.0 0.0 9.3 90.7     
(b) 

Compound Baseline Scenario 3 
AR PAR PNAR NAR AR PAR PNAR NAR 

chlorotoluron 7.8 83.5 8.0 0.7 19.2 77.7 2.6 0.5 
diflufenican 0.0 0.0 57.5 42.5 0.0 0.0 61.0 39.0 
flupyrsulfuron methyl 0.0 1.0 90.4 8.7 0.0 15.5 80.3 4.2 
prosulfocarb 0.0 15.8 75.8 8.4 0.0 29.8 67.1 3.1 
triallate 0.0 0.5 71.8 27.7 0.0 0.0 77.3 22.7 
pendimethalin 0.0 0.0 7.1 92.9     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
 
Scenario 4 Six of the seven herbicides being lost (See Table 26) are potentially quite risky to drinking water 
protected area surface water bodies with between ~52%/80% (by number/area) and ~87%/99% (by number/area) 
simulated to exceed the PCV while for the seventh this is ~8%/6% (by number/area).  The replacement 
compounds vary in their potential risk to surface water but may be equally risky for surface waters, with seven of 
the ten replacement compounds being simulated to be of similar potential risk with between ~51%/86% and 
~94%/99% (by number/area) simulated to exceed the PCV while for an eighth this is ~17%/16% (by 
number/area).  For most of the replacement compounds the extra usage under the scenario results in small 
increases in risk, for example clopyralid has a ~12%/1% (by number/area) increase in risk of exceeding the PCV 
while for others the increase is more marked, for example aminopyralid this increase is ~68%/91% (by 
number/area). 
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Table 28 Percentage by (a) number and (b) area of surface water drinking water protected areas in 
each risk class as determined by the maximum loss to surface water for each compound 
“lost” and its replacement as defined by scenario 4. 

(a) 

Compound Baseline Scenario 4 
AR PAR PNAR NAR AR PAR PNAR NAR 

aminopyralid 0.0 0.0 88.5 11.5 0.0 68.1 29.2 2.7 
clopyralid 2.2 78.8 16.4 2.7 2.2 91.6 4.4 1.8 
florasulam 0.0 0.0 56.2 43.8 0.0 0.0 63.7 36.3 
flufenacet 0.9 46.5 33.6 19.0 0.0 51.3 31.9 16.8 
fluroxypyr 0.0 78.8 18.1 3.1 2.2 82.3 13.3 2.2 
MCPB 0.0 67.3 29.2 3.5 0.0 77.4 19.0 3.5 
metazachlor 1.8 52.7 31.0 14.6 2.7 54.4 29.6 13.3 
pendimethalin 0.0 0.0 9.3 90.7 0.0 0.0 15.5 84.5 
prosulfocarb 0.0 16.4 46.9 36.7 0.0 17.3 45.6 37.2 
triclopyr 0.0 73.5 23.9 2.7 0.0 88.1 10.2 1.8 
2,4-D 0.0 72.6 24.3 3.1     
bentazone 0.4 51.3 32.7 15.5     
carbetamide 0.9 46.5 35.8 16.8     
chlorotoluron 8.4 52.7 25.7 13.3     
MCPA 0.0 86.7 11.5 1.8     
mecoprop-P 18.6 61.1 11.5 8.8     
propyzamide 0.0 7.5 46.0 46.5     
(b) 

Compound 
Baseline Scenario 4 

AR PAR PNAR NAR AR PAR PNAR NAR 
aminopyralid 0.0 0.0 98.8 1.2 0.0 90.5 9.4 0.1 
clopyralid 2.2 96.5 1.2 0.1 2.2 97.5 0.3 0.1 
florasulam 0.0 0.0 88.1 11.9 0.0 0.0 92.4 7.6 
flufenacet 1.0 78.7 19.1 1.2 0.0 85.7 13.2 1.1 
fluroxypyr* 0.0 98.7 1.2 0.1 0.0 0.0 98.6 1.4 
MCPB 0.0 91.0 8.9 0.1 0.0 98.5 1.4 0.1 
metazachlor 2.0 83.9 13.3 0.8 2.0 87.5 9.9 0.7 
pendimethalin 0.0 0.0 7.1 92.9 0.0 0.0 15.4 84.6 
prosulfocarb 0.0 15.8 75.8 8.4 0.0 16.1 75.5 8.4 
triclopyr 0.0 95.8 4.1 0.1 0.0 99.2 0.8 0.1 
2,4-D 0.0 95.6 4.3 0.1     
bentazone 0.6 83.0 15.5 0.9     
carbetamide 1.0 78.7 19.2 1.1     
chlorotoluron 7.8 83.5 8.0 0.7     
MCPA 0.0 99.1 0.8 0.1     
mecoprop-P 19.2 79.5 0.9 0.4     
propyzamide 0.0 6.0 81.3 12.7     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
* in this scenario it was assumed that the area of crops would change in the south and east of England with OSR and winter wheat areas 
reducing in favour of some spring crops and bare fallow.  In this situation the area of certain actives sprayed would decrease (e.g. fluroxypyr) 
even through the rate of application per ha and proportion of crop treated remains unchanged.   
 
Scenario 5 The simulated exceedances of the PCV in drinking water protected area surface water bodies 
from metaldehyde usage are higher ~44%/75% (by number/area) than that for methiocarb as defined in the 
scenario where no exceedances are simulated (See Table 27).  While no exceedances are simulated for 
methiocarb there is an increase in potential risk to surface water with the PNAR risk class increasing from 
~13%/12% to 51%/83% (by number/area).  The replacement of metaldehyde with methiocarb may result in lower 
potential risk to surface waters.  The replacement of metaldehyde by ferric phosphate was not considered as this 
is a naturally occurring compound and not considered to pose any risk to the environment or drinking water32. It is 
also still used on only a small proportion of crops and is not a favoured alternative with farmers.  
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Table 29 Percentage by (a) number and (b) area of surface water drinking water protected areas in 
each risk class as determined by the maximum loss to surface water for each compound 
“lost” and its replacement as defined by scenario 5. 

 
(a) 

Compound Baseline Scenario 5 
AR PAR PNAR NAR AR PAR PNAR NAR 

methiocarb 0.0 0.0 13.3 86.7 0.0 0.0 50.9 49.1 
metaldehyde 0.0 44.2 39.8 15.9     
(b) 

Compound Baseline Scenario 5 
AR PAR PNAR NAR AR PAR PNAR NAR 

methiocarb 0.0 0.0 12.3 87.7 0.0 0.0 83.4 16.6 
metaldehyde 0.0 74.8 24.3 1.0     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
 
Scenario 6 The simulated exceedances of the PCV in drinking water protected area surface water bodies 
from chlorothalonil usage are lower ~45%/77% (by number/area) than that for folpet as defined in the scenario 
where ~61%/91% (by number/area) are potentially at risk (See Table 28).  The additional usage of folpet through 
the withdrawal of chlorothalonil increases the risk of it exceeding the PCV from no exceedances in the current 
practice baseline.  The withdrawal of chlorothalonil is likely to have no effect on exceedances of the PCV with 
folpet likely to simply replace the problem.   
 
Table 30 Percentage by (a) number and (b) area of surface water drinking water protected areas in 

each risk class as determined by the maximum loss to surface water for each compound 
“lost” and its replacement as defined by scenario 6. 

 
(a) 

Compound Baseline Scenario 6 
AR PAR PNAR NAR AR PAR PNAR NAR 

folpet 0.0 0.0 43.8 56.2 3.1 58.0 26.5 12.4 
chlorothalonil 0.0 44.7 38.1 17.3     
(b) 

Compound Baseline Scenario 6 
AR PAR PNAR NAR AR PAR PNAR NAR 

folpet 0.0 0.0 76.1 23.9 2.0 89.4 8.0 0.6 
chlorothalonil 0.0 76.5 22.4 1.1     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
 
Scenario 7 The ten fungicides identified for withdrawal (See Table 29) do not currently pose a major risk to 
drinking water protected area surface water bodies with no simulated exceedances of the PCV or with treatment 
areas so low that they were not modelled (denoted with N/A in the tables).  This picture is largely the same once 
replaced by the six alternate products with only azoxystrobin meaningfully posing a potential risk to exceedance 
of the PCV, ~43%/74% (by number/area).  This risk of exceedance from azoxystrobin has increased with the 
additional usage under the scenario from 11%/10% (by number/area).  The withdrawal of ten fungicides is likely 
to result in a small increased potential risk to surface water bodies. 
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Table 31 Percentage by (a) number and (b) area of surface water drinking water protected areas in 
each risk class as determined by the maximum loss to surface water for each compound 
“lost” and its replacement as defined by scenario 7. 

 
(a) 

Compound Baseline Scenario 7 
AR PAR PNAR NAR AR PAR PNAR NAR 

azoxystrobin 0.0 10.6 52.7 36.7 0.0 42.5 38.5 19.0 
bixafen 0.0 0.0 2.2 97.8 0.0 0.0 16.4 83.6 
fluxapyroxad 0.0 0.0 32.3 67.7 0.0 1.3 54.4 44.2 
isopyrazam 0.0 0.0 4.0 96.0 0.0 0.0 36.7 63.3 
picoxystrobin 0.0 0.0 33.6 66.4 0.0 0.0 53.5 46.5 
pyraclostrobin 0.0 0.0 0.0 100.0 0.0 0.0 4.0 96.0 
difenoconazole 0.0 0.0 4.0 96.0     
fluquinconazole 0.0 0.0 11.1 88.9     
penconazole N/A N/A N/A N/A     
prochloraz 0.0 0.0 39.4 60.6     
propiconazole 0.0 0.0 46.5 53.5     
prothioconazole 0.0 0.0 31.9 68.1     
tetraconazole N/A N/A N/A N/A     
triadimenol N/A N/A N/A N/A     
triticonazole N/A N/A N/A N/A     
folpet 0.0 0.0 43.8 56.2     
(b) 

Compound Baseline Scenario 7 
AR PAR PNAR NAR AR PAR PNAR NAR 

azoxystrobin 0.0 9.9 82.9 7.3 0.0 73.8 25.0 1.2 
bixafen 0.0 0.0 1.7 98.3 0.0 0.0 14.5 85.5 
fluxapyroxad 0.0 0.0 57.7 42.3 0.0 1.6 88.3 10.1 
isopyrazam 0.0 0.0 2.9 97.1 0.0 0.0 65.7 34.3 
picoxystrobin 0.0 0.0 62.6 37.4 0.0 0.0 87.4 12.6 
pyraclostrobin 0.0 0.0 0.0 100.0 0.0 0.0 2.9 97.1 
difenoconazole 0.0 0.0 2.9 97.1     
fluquinconazole 0.0 0.0 9.8 90.2     
penconazole N/A N/A N/A N/A     
prochloraz 0.0 0.0 70.4 29.6     
propiconazole 0.0 0.0 79.0 21.0     
prothioconazole 0.0 0.0 60.1 39.9     
tetraconazole N/A N/A N/A N/A     
triadimenol N/A N/A N/A N/A     
triticonazole N/A N/A N/A N/A     
folpet 0.0 0.0 76.1 23.9     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR); N/A – not modelled owing to low treatment areas. 
 

4.2.2 Ground Water 
 
The results of the ground water risk assessment are summarised in Table 30 to Table 36.  These results further 
broken down by water company operational area for key scenario compounds where the risks to ground water 
have increased are provided in Appendix 5 – Ground water risk by catchment. It is important to note that while the 
definition of risk classes accounts in part for some of the model uncertainty it is important to remember that the 
modelling approach utilised is a screening approach and as such it is best to interpret these results in a relative 
sense and assess the change in risk between the current baseline situation and that proposed under the 
scenario. Therefore the same category boundaries were used to compare to the baseline situation, using the 
output from the model. 
 
Scenario 1 The eight compounds being withdrawn (See Table 30) are not modelled to exceed the ground 
water PCV having between 4%/34% and 45%/90% (by number/area) in the PNAR risk class.  All of these 
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compounds have a higher potential risk to groundwater than that simulated for prothioconazole with no potential 
risk.  It is likely that the replacement of these compounds with prothioconazole will result in a reduced potential 
risk to ground water. 
 
Table 32 Percentage by (a) number and (b) area of groundwater source protection zones in each 

risk class as determined by the maximum loss to groundwater for each compound “lost” 
and its replacement as defined by scenario 1. 

 
(a) 

Compound Baseline Scenario 1 
AR PAR PNAR NAR AR PAR PNAR NAR 

prothioconazole 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
cyproconazole 0.0 0.0 38.3 61.7     
epoxiconazole 0.0 0.0 25.4 74.6     
flusilazole 0.0 0.0 43.9 56.1     
metconazole 0.0 0.0 21.7 78.3     
prochloraz 0.0 0.0 26.9 73.1     
propiconazole 0.0 0.0 26.6 73.4     
tebuconazole 0.0 0.0 45.0 55.0     
(b) 

Compound Baseline Scenario 1 
AR PAR PNAR NAR AR PAR PNAR NAR 

prothioconazole 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
cyproconazole 0.0 0.0 80.9 19.1     
epoxiconazole 0.0 0.0 75.3 24.7     
flusilazole 0.0 0.0 89.3 10.7     
metconazole 0.0 0.0 57.0 43.0     
prochloraz 0.0 0.0 72.0 28.0     
propiconazole 0.0 0.0 60.5 39.5     
tebuconazole 0.0 0.0 89.4 10.6     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
 
Scenario 2 The replacement of mancozeb will result in little if any increase in potential risk to groundwater 
with almost all of them not simulated to pose a potential risk to groundwater (See Table 31).  The increased 
usage of folpet produces a small increase in the PNAR risk class of <1%/24% (by number/area).  It is likely that 
the replacement of mancozeb will have no impact on risk to ground water. 
 
Table 33 Percentage by (a) number and (b) area of groundwater source protection zones in each 

risk class as determined by the maximum loss to groundwater for each compound “lost” 
and its replacement as defined by scenario 2. 

 
(a) 

Compound 
Baseline Scenario 2 

AR PAR PNAR NAR AR PAR PNAR NAR 
fenamidone 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
folpet 0.0 0.0 0.0 100.0 0.0 0.0 0.002 99.998 
thiophanate-methyl 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
mancozeb 0.0 0.0 0.0 100.0     
(b) 

Compound Baseline Scenario 2 
AR PAR PNAR NAR AR PAR PNAR NAR 

fenamidone 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
folpet 0.0 0.0 0.0 100.0 0.0 0.0 23.6 76.4 
thiophanate-methyl 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
mancozeb 0.0 0.0 0.0 100.0     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
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Scenario 3 The replacement of pendimethalin with five alternate herbicides is unlikely to have implications 
for ground water quality (See Table 32).  While chlorotoluron is modelled to exceed the drinking water PCV by up 
to ~20%/74% (by number/area) there is essentially little change in the potential risk between the current baseline 
and that defined for the scenario for the replacement compounds.  The replacement of pendimethalin is thus likely 
to have little implication for the current state of ground water quality.   
 
Table 34 Percentage by (a) number and (b) area of groundwater source protection zones in each 

risk class as determined by the maximum loss to groundwater for each compound “lost” 
and its replacement as defined by scenario 3. 

 
(a) 

Compound Baseline Scenario 3 
AR PAR PNAR NAR AR PAR PNAR NAR 

chlorotoluron 0.0 18.7 24.4 57.0 0.0 20.3 24.7 55.0 
diflufenican 0.0 0.0 12.6 87.4 0.0 0.0 12.9 87.1 
flupyrsulfuron methyl 0.0 0.0 3.4 96.6 0.0 0.0 3.4 96.6 
prosulfocarb 0.0 0.0 1.2 98.8 0.0 0.0 1.2 98.8 
tri-allate 0.0 0.5 23.0 76.5 0.0 0.5 23.0 76.5 
pendimethalin 0.0 0.7 34.1 65.2     
(b) 

Compound Baseline Scenario 3 
AR PAR PNAR NAR AR PAR PNAR NAR 

chlorotoluron 0.0 73.3 13.6 13.1 0.0 74.3 13.5 12.2 
diflufenican 0.0 0.0 54.8 45.2 0.0 0.0 54.8 45.2 
flupyrsulfuron methyl 0.0 0.0 33.3 66.7 0.0 0.0 33.3 66.7 
prosulfocarb 0.0 0.0 26.3 73.7 0.0 0.0 26.3 73.7 
tri-allate 0.0 23.8 47.8 28.4 0.0 23.8 47.8 28.4 
pendimethalin 0.0 24.5 54.7 20.8     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
 
Scenario 4 The replacement of seven herbicides, five of which potentially exceed the PCV by between 
~9%/46% and 19%/73% (by number/area), by ten alternate herbicides, four of which exceed the PCV by between 
~4%/30% and 25%/73% (by number/area), have similar levels of potential risk to ground water source protection 
zones (See Table 33).  The increase in potential risk owing to the increased usage of the replacement 
compounds as part of the scenario only marginally increases the potential risk to ground waters.  As such it is 
likely that the replacement of these herbicides with current alternatives will result in a similar or reduced potential 
risk to ground water.   
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Table 35 Percentage by (a) number and (b) area of groundwater source protection zones in each 
risk class as determined by the maximum loss to groundwater for each compound “lost” 
and its replacement as defined by scenario 4. 

 
(a) 

Compound 
Baseline Scenario 4 

AR PAR PNAR NAR AR PAR PNAR NAR 
aminopyralid 0.0 24.4 58.0 17.6 0.0 24.5 58.0 17.5 
clopyralid 0.0 20.3 49.7 29.9 0.0 20.9 49.9 29.2 
florasulam 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
flufenacet 0.0 0.0 13.1 86.9 0.0 0.0 12.9 87.1 
fluroxypyr 0.0 5.4 43.9 50.8 0.0 4.0 45.0 50.9 
MCPB 0.0 0.2 11.6 88.2 0.0 0.2 11.8 88.0 
metazachlor 0.0 0.0 23.0 77.0 0.0 0.0 23.7 76.3 
pendimethalin 0.0 0.7 34.1 65.2 0.0 0.7 34.2 65.1 
prosulfocarb 0.0 0.0 1.2 98.8 0.0 0.0 1.2 98.8 
triclopyr 0.0 25.9 53.6 20.5 0.0 25.3 54.3 20.4 
2,4-D 0.0 10.1 22.9 67.1     
bentazone 0.0 8.9 61.0 30.1     
carbetamide 0.0 0.5 15.5 84.0     
chlorotoluron 0.0 18.7 24.4 57.0     
MCPA 0.0 16.5 39.8 43.7     
mecoprop-P 0.0 11.6 8.4 80.0     
propyzamide 0.0 0.0 5.4 94.6     
(b) 

Compound 
Baseline Scenario 4 

AR PAR PNAR NAR AR PAR PNAR NAR 
aminopyralid 0.0 71.9 27.2 0.9 0.0 72.5 26.7 0.9 
clopyralid 0.0 67.8 28.4 3.8 0.0 67.8 28.5 3.8 
florasulam 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
flufenacet 0.0 0.0 61.3 38.7 0.0 0.0 60.8 39.2 
fluroxypyr 0.0 32.7 57.4 10.0 0.0 29.5 60.6 10.0 
MCPB 0.0 23.6 25.9 50.5 0.0 23.6 26.0 50.4 
metazachlor 0.0 0.0 71.9 28.1 0.0 0.0 72.0 28.0 
pendimethalin 0.0 24.5 54.7 20.8 0.0 24.5 54.7 20.8 
prosulfocarb 0.0 0.0 26.3 73.7 0.0 0.0 26.3 73.7 
triclopyr 0.0 66.2 32.6 1.2 0.0 73.3 25.6 1.1 
2,4-D 0.0 46.2 28.7 25.1     
bentazone 0.0 55.3 42.5 2.1     
carbetamide 0.0 23.8 37.0 39.2     
chlorotoluron 0.0 73.3 13.6 13.1     
MCPA 0.0 53.7 39.6 6.7     
mecoprop-P 0.0 55.5 10.8 33.7     
propyzamide 0.0 0.0 41.4 58.6     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
Scenario 5 Both metaldehyde and methiocarb are simulated to pose little risk to ground waters and as such 
the replacement of metaldehyde with methiocarb is likely to have little or no impact on ground water quality (See 
Table 34). 
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Table 36 Percentage by (a) number and (b) area of groundwater source protection zones in each 
risk class as determined by the maximum loss to groundwater for each compound “lost” 
and its replacement as defined by scenario 5. 

 
(a) 

Compound 
Baseline Scenario 5 

AR PAR PNAR NAR AR PAR PNAR NAR 
methiocarb 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
metaldehyde 0.0 0.0 5.5 94.5     
(b) 

Compound Baseline Scenario 5 
AR PAR PNAR NAR AR PAR PNAR NAR 

methiocarb 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
metaldehyde 0.0 0.0 37.4 62.6     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
 
Scenario 6 Both chlorothalonil and folpet are simulated to pose little risk to ground waters and as such the 
replacement of chlorothalonil with folpet is likely to have little or no impact on ground water quality (See Table 35). 
 
Table 37 Percentage by (a) number and (b) area of groundwater source protection zones in each 

risk class as determined by the maximum loss to groundwater for each compound “lost” 
and its replacement as defined by scenario 6. 

 
(a) 

Compound 
Baseline Scenario 6 

AR PAR PNAR NAR AR PAR PNAR NAR 
folpet 0.0 0.0 0.0 100.0 0.0 0.0 0.002 99.998 
chlorothalonil 0.0 0.0 0.5 99.5     
(b) 

Compound Baseline Scenario 6 
AR PAR PNAR NAR AR PAR PNAR NAR 

folpet 0.0 0.0 0.0 100.0 0.0 0.0 23.6 76.4 
chlorothalonil 0.0 0.0 23.8 76.2     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
 
Scenario 7 The ten fungicides identified for withdrawal (See Table 36) do not currently pose a major risk to 
ground water source protection zones with no simulated exceedances of the PCV or with treatment areas so low 
that they were not modelled (denoted with N/A in the tables).  This picture is largely the same once replaced by 
the six alternate products with no potential exceedances of the PCV.  The increase in potential risk owing to the 
increased usage of the replacement compounds as part of the scenario only marginally increases the potential 
risk to ground waters.  As such the withdrawal of the ten fungicides is likely to result in no increased potential risk 
to surface water bodies.   
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Table 38 Percentage by (a) number and (b) area of groundwater source protection zones in each 
risk class as determined by the maximum loss to groundwater for each compound “lost” 
and its replacement as defined by scenario 7. 

 
(a) 

Compound 
Baseline Scenario 7 

AR PAR PNAR NAR AR PAR PNAR NAR 
azoxystrobin 0.0 0.0 27.6 72.4 0.0 0.0 34.6 65.4 
bixafen 0.0 0.0 22.9 77.1 0.0 0.0 25.0 75.0 
fluxapyroxad 0.0 0.0 28.2 71.8 0.0 0.0 34.3 65.7 
isopyrazam 0.0 0.0 30.1 69.9 0.0 0.0 31.3 68.7 
picoxystrobin 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
pyraclostrobin 0.0 0.0 1.2 98.8 0.0 0.0 1.0 99.0 
difenoconazole 0.0 0.0 2.5 97.5     
fluquinconazole 0.0 0.0 38.2 61.8     
penconazole N/A N/A N/A N/A     
prochloraz 0.0 0.0 26.9 73.1     
propiconazole 0.0 0.0 26.6 73.4     
prothioconazole 0.0 0.0 0.0 100.0     
tetraconazole N/A N/A N/A N/A     
triadimenol N/A N/A N/A N/A     
triticonazole N/A N/A N/A N/A     
folpet 0.0 0.0 0.0 100.0     
(b) 

Compound Baseline Scenario 7 
AR PAR PNAR NAR AR PAR PNAR NAR 

azoxystrobin 0.0 0.0 76.6 23.4 0.0 0.0 74.1 25.9 
bixafen 0.0 0.0 69.9 30.1 0.0 0.0 75.3 24.7 
fluxapyroxad 0.0 0.0 77.3 22.7 0.0 0.0 79.1 20.9 
isopyrazam 0.0 0.0 77.9 22.1 0.0 0.0 78.5 21.5 
picoxystrobin 0.0 0.0 0.0 100.0 0.0 0.0 0.0 100.0 
pyraclostrobin 0.0 0.0 26.0 74.0 0.0 0.0 25.5 74.5 
difenoconazole 0.0 0.0 30.1 69.9     
fluquinconazole 0.0 0.0 87.2 12.8     
penconazole N/A N/A N/A N/A     
prochloraz 0.0 0.0 72.0 28.0     
propiconazole 0.0 0.0 60.5 39.5     
prothioconazole 0.0 0.0 0.0 100.0     
tetraconazole N/A N/A N/A N/A     
triadimenol N/A N/A N/A N/A     
triticonazole N/A N/A N/A N/A     
folpet 0.0 0.0 0.0 100.0     
“not at risk” (NAR), “possibly not at risk” (PNAR), “possibly at risk” (PAR) and “at risk” (AR) 
 
In summary, the simulation modelling of the seven scenarios for surface waters produced estimates of potential 
risk, or the likelihood of a pesticide being detected in source waters above 0.1ug/L. For two scenarios there was a 
small reduction in potential risk and for a third scenario potential risk was largely be the same, with one 
compound simply replacing the other. While there was a small increase in potential risk associated with two 
scenarios and a small to moderate increase associated with a further two.  The increases in potential risk are 
generally small relative to current use within the baseline with the exception of a small number of compounds, for 
example aminopyralid, folpet and azoxystrobin.   
 
 
With respect to groundwater the simulation modelling suggests that there is little or no impact on potential risk 
owing to the scenarios with five indicating no change while for two scenarios there is a small reduction in potential 
risk.   
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5. Work Package 5: Assess the likely removal of 
pesticides identified in work package 4 by existing 
drinking water pesticide removal processes 

 
Pesticides are currently regulated by the Drinking Water Inspectorate to 0.1 µg/l in the treated water, with the 
exceptions of aldrin, dieldrin, heptachlor and heptachlor epoxide, which are regulated to 0.03 µg/l.  The maximum 
concentration of total pesticides is regulated to 0.5 µg/l. 
 
If pesticides are detected in the raw water entering the treatment works, a treatment process is required to reduce 
the concentration of pesticides in the treated water to less than the regulated value.  Several treatment processes 
are available that will perform this function. 
 

5.1 Methods of Pesticide Reduction in Drinking Water Treatment 
 
There are several methods available for the removal or reduction of pesticide concentrations in treatment of 
drinking water.  As with most drinking water contaminants, the reduction of the contaminant at source is the 
primary objective.  In this case, reduction in pesticide use and catchment management would be the preferred 
options, but many of these are largely out of the control of the water companies.  When pesticide concentrations 
are detected in the raw water approaching or exceeding the regulatory value, removal of these is usually required.  
Blending of raw water sources can be effected, but this generally involves lengthy transfers (particularly in the 
case of surface waters).  Blending of treated water output can also be performed, but is seldom employed in 
surface water treatment plants as it is unlikely that two surface water treatment plants would be in close proximity 
to each other – if this were the case, it would be likely that they would draw water from the same contaminated 
source. 
 
The methods available for the reduction of pesticide concentrations can be divided into adsorption type 
processes, biological type processes, destruction type processes and physical removal processes.  These are: 
 

• Granular activated carbon (GAC) - adsorption 
• Powdered activated carbon (PAC) - adsorption 
• Ozone/GAC – destruction/adsorption/biological 
• Ultraviolet irradiation - destruction 
• Advanced oxidation - destruction 
• Nanofiltration/reverse osmosis – physical removal (size exclusion) 

 

5.1.1 Granular Activated Carbon (GAC) 
GAC is perhaps the most commonly used method for the removal of pesticides during the drinking water 
treatment process.  The GAC is contained within filters (either gravity type or pressure type) and the water passes 
through the filter, with the contaminants being adsorbed onto the surface of the carbon.  The carbon is very 
porous and has a large internal surface area– typical surface area is 1000 m2/g.  The filters are usually arranged 
in parallel, such that they can be operated out of phase to ensure a consistent filtrate quality – if a filter is 
experiencing breakthrough of a particular pesticide, the superior quality effluent of the other filters on-line can be 
used to blend out that from exhausted filters. 
 
The main design parameter for GAC is the empty bed contact time, which is the time the water is in contact with 
the carbon, and is usually in the range 15 – 30 minutes for pesticides.  After a certain period on-line (usually 
between 6 and 12 months), breakthrough of pesticides may occur, and the GAC from the filters needs to be 
removed from the filter for regeneration, to reactivate the pores within the carbon.  This is an expensive, but vital 
part of process operation. 
 

5.1.2 Powdered activated carbon 
The main differences between PAC and GAC are the particle size and the mode of application.  PAC comprises 
very fine activated carbon particles (typical size range 7 – 100 µm), which enables them to be incorporated into a 
slurry for ease of dosing into the water.  The advantage of PAC is that it can be used on a seasonal basis when 
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concentrations of pesticides (or taste and odour causing compounds) are seasonal in nature, or during pollution 
events (such as spillage of pesticides). 
 
The PAC is usually batched as a slurry (approximately 10 % w/v) in batching tanks and dosed into a stirred tank 
to allow effective mixing and contact between the carbon and the water.  Typical PAC doses range from less than 
5 mg/l up to 50 mg/l, depending on the application and target organic.  The carbon is usually removed from the 
water through the clarification process. 
 
The main disadvantage is that PAC is more costly than GAC, as it is single use only, and that it is difficult to react 
to an out-of-season incident of high pesticide concentration in the raw water, whereas GAC provides a permanent 
backstop against such events.  Therefore its use is generally seasonal in nature.  The advantage of PAC is the 
reduced cost of infrastructure compared with that of GAC.  The PAC removes the same compounds as GAC. 
 

5.1.3 Ozone/GAC 
In the ozone/GAC process, ozone is used to break down the organic content of the water (natural organic matter 
and pesticides) into smaller organic compounds.  These smaller organic compounds are used as substrate by 
microbes on the carbon, which assist with the removal of the organic compounds.  In this case, the GAC 
adsorbers are said to be biological.  Although ozone is an expensive form of treatment, the use of it upstream of 
GAC increases the time between regeneration of the carbon and therefore the overall process becomes more 
cost effective. 
 
Applied ozone doses are typically up to 3 mg/l, and require a contact time with the water to allow dissolution of 
the ozone and reaction with the organic compounds (usually around 5 minutes) – this is usually effected in a 
purpose built concrete chamber. 
 
Ozone is a very reactive molecule and its mode of operation is to react with double carbon bonds contained within 
organic molecules.  The ozone has to be generated on demand on-site, by applying electricity through oxygen or 
air – this process contributes to the high operating cost of the ozone system. 
 

5.1.4 UV Irradiation 
UV irradiation is usually used for the disinfection of water and for the inactivation of Cryptosporidium oocysts 
sometimes present in water supplies.  It can also be used for the destruction of pesticides in the treatment of 
water.  As not all pesticides are equally susceptible to UV irradiation, it is only used for reduction of susceptible 
pesticides, such as atrazine, isoproturon and simazine.  Typically, very high UV doses are required which makes 
this an expensive process, and as such its application is limited in drinking water production.  For example, UV 
used in conventional drinking water treatment typically applies a UV dose of 18 mJ/cm2, while that for pesticide 
destruction applies doses of 500 mJ/cm2. 
 

5.1.5 Advanced Oxidation 
Advanced oxidation, the production of highly reactive hydroxide free-radicals (OH), is an effective form of 
reduction of many organic compounds including pesticides.  Free radicals are usually formed by the application of 
UV with hydrogen peroxide or ozone with hydrogen peroxide.  The free radicals are very reactive, and will react 
with many organic molecules, particularly those containing double bonds, resulting in the destruction of many 
pesticides. 
 
The production of free radicals is expensive and requires a large input of energy, and is rarely used for the 
destruction of pesticides in conventional water treatment.  Advanced oxidation is primarily used in effluent re-use 
applications for the destruction of exotic organic compounds which remain after extensive treatment such as 
reverse osmosis or nanofiltration.  The use of advanced oxidation, being a destructive process and not a removal 
process, can result in the formation of other organic molecules which may be more harmful to human health than 
the target molecules themselves.  Complete remineralisation of the organic molecule to carbon dioxide and water 
rarely occurs and in some cases, additional treatment stages (such as GAC) may be required. 
 

5.1.6 Nanofiltration/Reverse Osmosis 
Nanofiltration and reverse osmosis are processes that reduce the concentrations of dissolved solids in water by 
passing the water through a very fine membrane such that size exclusion of molecules occurs.  The process is 
relatively expensive as high pressures are normally required to overcome the osmotic pressure of the water, as 
well as overcoming the pressure drop across the membrane.  For this reason, reverse osmosis/nanofiltration 
does not find common application in the UK water industry.  
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Of the above processes, the ones in most use in the UK for pesticide removal are PAC, GAC and Ozone/GAC.  
For the purposes of this report, the removal of pesticides by GAC has been considered as this is the simplest and 
by far the most common method used for the reduction of pesticides in the UK water industry. 
 

5.2 Theory of Adsorption 

5.2.1 GAC Isotherm Data 
 
The adsorbent (GAC) can adsorb a theoretical amount of each organic compound (adsorbate) – the amount that 
can be adsorbed is a function of both the GAC and organic compound.  For a given type of GAC, a different 
amount of organic compound can be adsorbed per unit mass of GAC.  A theoretical maximum amount of 
adsorbate that can be taken up by the adsorbent can be evaluated in controlled experimental conditions.  By 
performing these tests (at constant temperature) equilibrium is set up between the concentration of the organic 
compound in the water and that adsorbed by the GAC.  Performing these tests at different solute concentrations 
under constant temperature conditions enables graphs (isotherms) to be plotted of equilibrium concentrations in 
the solution and on the GAC.  These isotherms can be plotted for different compounds.  Perhaps the most 
common isotherm in use is the Freundlich isotherm, which takes the form: 
 

 
 
Where qe is the equilibrium surface concentration and Ce is the equilibrium solution concentration.  K and n are 
constants, specific to the individual system.  By taking logs, the above equation becomes: 
 

 
 
Therefore, a plot of loq qe versus log Ce has a slope of 1/n and an intercept of K.  K is a measure of the capacity 
of the adsorbent for the adsorbate, and 1/n is a measure of the strength of the adsorption i.e. how strongly the 
adsorbate is held in the absorbent. Values of the constants of n and K for many organic contaminants (general 
organic compounds as well as pesticides) are sometimes available in scientific texts, which allows the potential 
adsorption capacity of solutes onto GAC to be assessed.  Figure 34 and Table 37 show typical isotherms for 
lindane and glyphosate. 
 
Table 39 Isotherm constants for lindane and glyphosate 

 
Pesticide K 1/n 

Lindane 299 0.433 
Glyphosate 199 0.119 
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Figure 36 Graph of lindane and glyphosate isotherm data 

 
 
The graph shows that lindane is better removed than glyphosate with the type of GAC tested.  At higher 
equilibrium concentrations, the type of carbon tested has a greater affinity for lindane than it does for glyphosate. 
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Although the isotherms predict equilibrium concentrations between the GAC and solution, they are only useful for 
comparing the likely adsorption of individual solutes on the specific type of GAC being tested.  In water treatment 
plants, the feed water to the GAC media will contain a mix of many pesticides, as identified in the modelled 
scenarios for surface waters and groundwaters.  Each pesticide will compete, together with other organic 
compounds, for adsorption sites within the carbon itself.  Therefore, the amount of each adsorbate adsorbed onto 
the surface of the GAC will be less than the theoretical amount described by the individual Freundlich isotherms.  
Additionally, the presence of other pesticides may result in desorption of one particular pesticide in the presence 
of another, which may be more preferentially adsorbed. 
 
In addition to isotherm constants which provide an indicative degree of removal, the prediction of the degree of 
removal of pesticides by GAC can be approximated by consideration of other properties of the pesticide, such as 
solubility, molecular weight, polarity, presence of aromatic rings and molecule size and shape.  Furthermore, 
similar type pesticides (e.g. containing similar functional groups within a family of related pesticides) may be 
removed to a similar degree as each other. 
 

5.2.2 Solubility 
As a rule of thumb, the more soluble (hydrophilic) a pesticide, the lower the degree of removal with GAC.  This is 
due to the pesticide having a greater affinity for water than the surface of the carbon.  It therefore follows that the 
less soluble a pesticide is, the better the expected removal by activated carbon.  However, there are some 
pesticides which have a high solubility in water which are well removed by GAC; examples of which are 2,4-D and 
MCPA which have solubilities of 23180 and 29390 mg/l under ambient conditions respectively. 
 

5.2.3 Molecular weight and size 
In general, larger molecules will be better removed than smaller molecules.  Furthermore, molecules containing 
an aromatic ring are also well removed by GAC.  The majority of pesticides are based around aromatic rings, and 
therefore GAC would be expected to achieve effective removal of the majority of these pesticides. 
 

5.2.4 Octanol-Water Partition Coefficient (Log Kow) 
The octanol-water partition coefficient is a measure of how hydrophilic (polar) or hydrophobic (non-polar) a 
compound is.  This can be applied to pesticides.  In general, pesticides with high log Kow (non-polar) are well 
removed with GAC, while those with low, or negative log Kow (polar molecules) are not generally well removed.  
 

5.2.5 GAC type 
The type of GAC can also impact on the degree of removal of certain pesticides.  GAC can be produced from 
several sources, such as coal and coconut husk.  The raw material used can impact on the number and structure 
of pores in the activated carbon, which impacts on the degree of removal of different molecules.  It is not just the 
surface area produced that determines the performance of the GAC – the size of the pores also plays a 
significant role.  Pore sizes vary from macropores (>50 nm diameter) to mesopores (2 – 50 nm diameter) and 
micropores (<2 nm diameter).  From this, the size of the pesticide molecule and its ability to diffuse into the 
carbon will impact on the removal of the pesticide. 
 
For the purposes of this study, the general removal of pesticides with GAC will be considered as in real cases, the 
type of GAC used in the adsorption process will be selected based on the matrix of pesticides present in the 
water. 
 

5.2.6 Methodology 
In determining the likely removal of the identified pesticides from water using GAC, literature searches were 
performed to determine whether there were any pesticide-GAC isotherm data to provide an indication of the 
effectiveness of GAC as a removal process.  Material sources included internet searches, published literature, 
peer discussion and contact with GAC manufacturers.  In addition to this, other physical properties were 
considered, such as molecular weight, water solubility and log Kow.  The molecular shape and size was also 
considered, as well as the removal ability of similar pesticides. 
 
In assessing the removal of pesticides from water with GAC, each has been classified as having varying degrees 
of probability of removal, namely: 
 

• very high probability 
• high probability 
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• moderate probability 
• low probability 

It is not possible to accurately predict, in percentage terms for example, the amount of removal of a certain 
pesticide, as this depends on several factors, such as system design (e.g. empty bed contact time), temperature, 
pH, initial pesticide concentration and presence of competing pesticides and organic material.  The optimum 
method of determining the ability of GAC to remove pesticides from water is to perform rapid column tests with 
the water requiring testing, or water artificially spiked with the pesticides under investigation. 
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5.3 Removal Effectiveness Results 
 
The known removal effectiveness of GAC for the pesticides identified from the results of the surface and ground 
water modelling as likely to be present in concentrations in excess of the current drinking water PCV are outlined 
in Table 38.  Databases were accessed and searches made for data to enable the effectiveness of GAC for the 
removal of the identified pesticides.  As shown in the table, there are very few pesticides with known removal data 
available, using GAC.  Therefore, the potential removal of a particular pesticide has been estimated from 
molecular weight, water solubility and log Kow values, by applying general rules of thumb that pesticides with low 
solubility, high log Kow, high molecular weight are better removed by GAC than the converse.  Furthermore, 
comparison with other closely related pesticides with known removal probability has been used as a potential 
indicator of pesticide removal. 
 
Table 40 Summary of known removal data for each of the identified surface water pesticides 

 
Identified Pesticide Probability of Removal 

Aminopyralid No data 
Azoxystrobin No data 
Clopyralid Low33 
Chlorotoluron High34 
Flufenacet No data 
Flupyrsulfuron methyl No data 
Fluroxypyr No data 
Fluxapyroxad No data 
Folpet No data 
MCPB No data 
Metazachlor Very high35 
Prosulfocarb No data 
Thiophanate methyl No data 
Triclopyr Very high36 
 
Many of the identified pesticides have similar functional groups, such as the pyridine herbicides which may enable 
an approximate estimation of the expected degree of removal, as it would be expected that similar behaviour (in 
terms of GAC/pesticide interaction) may occur between molecules with similar functional groups. 
 

5.3.1 Aminopyralid, Clopyralid, Fluroxypyr and Triclopyr 
There are several pyridine herbicides present in the list of identified pesticides.  Pyridine herbicides contain a 
benzene ring, where one of the carbon atoms has been substituted by a nitrogen atom.  The pyridine herbicides 
can be further separated into two groups.  These are pesticides that originate from picolinic acid (aminopyralid 
and clopyralid) and pesticides that contain an O-CH2 group between the pyridine ring and carboxylic acid group 
(fluroxypyr and triclopyr).  The molecular structure of these pesticides and the molecular weight, solubility and log 
Kow are provided in the Table 39. 
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Table 41 Molecular structure of identified pyridine herbicides 

 
 Aminopyralid Clopyralid 

Pi
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 Fluroxypyr Triclopyr 
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H
2 

 

 

 
Pesticide Molecular Weight (g/mol) Solubility (mg/l) Log Kow 

Triclopyr 256.47 8100 4.62 
Fluroxypyr 255.03 6500 0.04 

 

Triclopyr 
Triclopyr is known to be well removed by GAC37.  This is likely due to its high molecular weight and a low 
solubility in water as well as containing an aromatic ring.  Furthermore, the log Kow is very high at 4.62. 

Fluroxypyr 
No available data for the removal of fluroxypyr with GAC has been found.  However, fluroxypyr is very closely 
related in chemical structure to triclopyr (see table).  The molecular weight of these two pesticides is also very 
similar, although fluroxypyr has a slightly lower solubility in water, although it has a vastly different log Kow of 0.04.  
This information suggests that fluroxypyr may also have a high probability of being removed by GAC. 

Aminopyralid 
Currently there is no available data for the removal of Aminopyralid by GAC.  Aminopyralid, however, has a very 
closely related chemical structure to picloram, which is known to be well removed by GAC. 

 
 

 
It contains a single substitution of the chlorine atom highlighted in red, for a hydrogen atom.  This substitution 
explains the slight difference in the molecular weight and solubility between the two pesticides, as shown in Table 
40. 
 
Table 42 Physical data for picloram, aminopyralid and clopyralid 
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Pesticide Molecular Weight (g/mol) Solubility (mg/l) Log Kow 

Picloram* 241.46 560 -1.92 
Aminopyralid 207.03 2480 -2.87 
Clopyralid 192.00 143000 -2.63 

* - not on list of identified pesticides 
 
Although Aminopyralid has a slightly lower molecular weight, lower Kow and higher solubility in water in 
comparison to Picloram, it is still expected to be well removed by GAC, although possibly not to the extent to that 
of Picloram – therefore the removal probability is considered to be high. 

Clopyralid 
The removal of Clopyralid by GAC has been studied by the WRc (Hall, 2010).  Tests using PAC have shown no 
significant reduction in concentration of Clopyralid with PAC doses up to 25 mg/l.  Clopyralid also has a closely 
related chemical structure to Aminopyralid and Picloram, so it would be expected to be well removed by GAC.  
However, Clopyralid has a slightly lower molecular weight and a significantly higher solubility in water, due in part 
to the low log Kow.  This is likely to reduce the removal through GAC compared with Picloram.  Furthermore, the 
presence of the amino group located in the para position of the pyridine ring (opposite the nitrogen atom) may 
increase the removal of aminopyralid and picloram over that of clopyralid.  Therefore, it can be stated that the 
removal of Clopyralid with GAC will be low. 
 

5.3.2 MCPB 
MCPB, or 4-(4-chloro-2-methylphenoxy) butanoic acid is a member of the phenoxybutyric herbicide family.  
Currently there are no available data for the removal of MCPB using GAC.  However, closely related pesticides 
MCPA and MCPP are reported38 to be well removed by GAC.  the structures of the three molecules is provided in 
Table 41. 
 
 
Table 43 Molecular structure of MCPB, MCPA and MCPP 

 
MCPB MCPA 

  
MCPP (Mecoprop)  

 

 

 
Pesticide Molecular Weight (g/mol) Solubility (mg/l) Log Kow 

MCPB 228.67 4400 1.32 
MCPA 200.62 29390 -0.81 
MCPP 214.65 250000 0.02 

 
MCPB has a higher molecular weight, a lower solubility and higher log Kow than MCPA and MCPP and is likely to 
occupy a larger spatial volume.  Based on this information, it is suggested that the removal ability of MCPB would 
be high. 
 

5.3.3 Azoxystrobin 
Azoxystrobin is a member of the methoxyacrylate strobilurin fungicides family, which contains a large 
methoxyacrylate functional group.  Currently there is no available data for removal of these pesticides using GAC.  
A summary of the structure of the molecule is provided in Table 42. 
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Table 44 Molecular structure of azoxystrobin 

 
Azoxystrobin 

 
 

Pesticide Molecular Weight 
(g/mol) 

Solubility (mg/l) Log Kow 

Azoxystrobin 403.4 6.7 2.5 
 
Although there are no closely related pesticides with known removal data available, these compounds are 
expected to be very well removed by GAC (high probability).  This is because they contain a number of aromatic 
groups, have a high molecular weight and very low solubility in water in comparison to other known pesticides, for 
example Triclopyr.  They also have high log Kow values. 
 

5.3.4 Thiophanate-methyl 
 
Thiophanate-methyl is a member of the carbamate fungicides family.  No available data for removal of this 
pesticide using GAC could be found.  A summary of the structure of the molecule is provided in Table 43. 
 
Table 45 Molecular structure of thiophanate-methyl 

 
Structure 

 
 

Pesticide Molecular Weight (g/mol) Solubility (mg/l) Log Kow 
Thiophanate-methyl 342.39 20 1.45 

 
Thiophanate-methyl is a large molecule with an aromatic ring, high molecular weight, very low solubility in water 
and high log Kow.  It would therefore be expected that thiophanate-methyl would be very well removed by GAC. 
 

5.3.5 Metazachlor and Flufenacet 
Metazachlor and Flufenacet are both members of the anilide herbicide family.  Metazachlor is known to be very 
well removed by GAC39.  Currently there are no available data for the removal of Flufenacet using GAC.  A 
summary of the structures of the two molecules is provided in Table 44. 
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Table 46 Molecular structure of metazachlor and flufenacet 

 
Metazachlor Flufenacet 

 

 
 

Pesticide Molecular Weight (g/mol) Solubility (mg/l) Log Kow 
Metazachlor 277.75 450 2.49 
Flufenacet 363.33 56 3.2 

 
Flufenacet has a higher molecular weight, lower solubility in water and higher log Kow in comparison to 
Metazachlor.  This information suggests that Flufenacet would also be very well removed by GAC. 
 

5.3.6 Prosulfocarb 
 
Prosulfocarb is a member of the thiocarbamate herbicides family.  Currently there is no available data for removal 
of this pesticide using GAC.  A summary of the structure of the molecule is provided in Table 45.   
 
Table 47 Molecular structure of prosulfocarb 

 
Structure 

 

 
 

Pesticide Molecular Weight (g/mol) Solubility (mg/l) Log Kow 
Prosulfocarb 251.39 13.2 4.48 

 
Prosulfocarb contains an aromatic ring, has a high molecular weight and a very low solubility in water.  At 4.48, 
the log Kow is also very high.  This information suggests that there would be a very high probability of removal of 
Prosulfocarb with GAC. 
 

5.3.7 Folpet 
 
Folpet is a member of the phthalimide fungicides family.  Currently there are no available data for removal of this 
pesticide using GAC. A summary of the structure of the molecule is provided in Table 46. 
 



EVID4 Evidence Project Final Report (Rev. 06/11) Page 84 of 89 

Table 48 Molecular structure of folpet 

 
Folpet 

 
 

Pesticide Molecular Weight (g/mol) Solubility (mg/l) Log Kow 
Folpet 296.56 0.8 3.02 

 
Folpet contains two aromatic rings, has a high molecular weight and very low solubility in water.  Furthermore, the 
log Kow is high at 3.02.  This information suggests that Folpet would be very well removed by GAC. 
 

5.3.8 Fluxapyroxad 
 
Fluxapyroxad is a member of the pyrazole fungicides family.  Currently there is no available data for removal of 
these pesticides using GAC. A summary of the structure of the molecule is provided in Table 47. 
 
Table 49 Molecular structure of fluxapyroxad 

 
Structure 

 
 

Pesticide Molecular Weight (g/mol) Solubility (mg/l) Log Kow 
Fluxapyroxad 381.31 3.44 3.13 

 
Fluxapyroxad is a large molecule with three aromatic rings, a high molecular weight, very low solubility in water 
and high log Kow.  This information suggests that fluxapyroxad would be very well removed by GAC. 
 

5.3.9 Chlorotoluron 
 
Chlorotoluron is a urea pesticide commonly found in raw waters at water treatment plants, and as such is known 
to be well removed by GAC. A summary of the structure of the molecule is provided in Table 48. 
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Table 50 Molecular structure of chlorotoluron 

 
Chlorotoluron 

 

 
 

 
Pesticide Molecular Weight (g/mol) Solubility (mg/l) Log Kow 

Chlorotoluron 212.68 74 2.5 
 
The effective removal can be attributed to its high molecular weight, high log Kow and a low solubility in water as 
well as containing an aromatic ring 
 

5.3.10 Flupyrsulfuron-methyl 
 
Flupyrsulfuron-methyl is a member of the pyrimidinylsulfonylurea herbicides family.  Currently there are no 
available data for removal for this pesticide using GAC.  A summary of the structure of the molecule is provided in 
Table 49. 
 
Table 51 Molecular structure of flupyrsulfuron-methyl 

 
Flupyrsulfuron-methyl 

 
 

Pesticide Molecular Weight 
(g/mol) 

Solubility (mg/l) Log Kow 

Flupyrsulfuron-methyl 487.3 610 1.16 
 
This pesticide has a large molecule with two aromatic rings, a high molecular weight and log Kow.  It would be 
expected, due to the high molecular weight, that there would be a high probability of removal with GAC. 
 

5.4 Summary of Expected Pesticide Removal using GAC 
 
The expected removal of pesticides using GAC identified in the modelling phase of the project are summarised in 
Table 50.  This suggests that apart from clopyralid, any increase in potential risk to surface and ground water 
drinking water sources is likely to be effectively dealt with by existing water treatment technologies, most notably 
GAC.  However, it is emphasised that to estimate the true removal potential of GAC for different pesticides, then 
actual testing should be performed.  It should also be noted that while existing water treatment technologies may 
effectively deal with any changes in risk owing to changes in pesticide approvals, there is currently a move to find 
more sustainable and lower carbon footprint solutions to water treatment, often through exploring catchment 
management approaches.  The withdrawal of large numbers of compounds and increasing use and dependence 
on others may make the attainment of these aspirations more difficult. 
 
Table 52 Summary of anticipated pesticide removal with GAC for surface water pesticides 
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Identified Pesticide Anticipated Removal Probability 

Aminopyralid High 
Azoxystrobin Very high 
Clopyralid Low 
Chlorotoluron High 
Flufenacet Very high 
Flupyrsulfuron-methyl High 
Fluroxypyr High 
Fluxapyroxad Very high 
Folpet Very high 
MCPB High 
Metazachlor Very high 
Prosulfocarb Very high 
Thiophanate-methyl Very high 
Triclopyr Very high 

 
The probabilities of removal shown in the above table relate to the expected removal from a well designed and 
well operated GAC installation.  As discussed in Section 5.2.6, the removal effectiveness of GAC for a particular 
compound cannot be easily predicted due to the many factors that influence its removal e.g. carbon type, 
presence of other pesticides and organic content of the water.  For example, a compound that is very well 
removed would be expected to be removed by a well designed and well operated GAC installation, to 
concentrations at or below the limit of detection of that particular pesticide and within the regeneration timescale 
of the carbon column i.e. no breakthrough of the pesticides would be expected in the times between regeneration 
for a particular column.  Correspondingly, an increase in the background concentration of a particular pesticide 
entering the plant would be expected to be effectively removed.  Some breakthrough may occur, but the degree 
of which depends on the inlet concentration and remaining adsorptive capacity of the carbon. 
 
A well operated plant would be one in which the columns are operated out of phase (i.e. equal spaced between 
regenerations) such that if the adsorption front in the GAC for a particular pesticide is near the bottom of the 
column (or has broken through), then the remaining columns in service provide sufficient removal of the pesticide 
to ensure its outlet concentration is below the PCV.  The monitoring of a GAC system is important to check for 
breakthrough of certain pesticides from the GAC system.  On detection of elevated pesticide in the GAC effluent, 
the column that has been in service for the longest time will be taken off line and the carbon regenerated. 
 
In GAC system design, the empty bed contact time (EBCT) is the most important design parameter.  This 
determines the time the water is in contact with the GAC, and also allows sufficient time of operation between 
regenerations.  As the column is on-line, an adsorption front is set-up which moves down the bed as the carbon in 
the upper reaches of the column becomes exhausted, eventually reaching the base of the column whereafter 
breakthrough occurs.  At a fixed flowrate, a longer EBCT results in a deeper carbon bed, so the EBCT also 
determines time between regenerations (i.e. a low EBCT would result in a shallower bed and the adsorption front 
would reach the column in a shorter period of time than a carbon column with a greater EBCT).  For most 
systems, most pesticides show breakthrough in between 6 to 12 months i.e. the regeneration frequency is 
between 6 and 12 months.  In designing a system, the EBCT becomes a compromise between regeneration 
frequency and system cost.  A poorly removed pesticide may need several hours’ EBCT before sufficient removal 
occurs – clearly this is not cost effective.  Therefore, in designing a GAC system, an EBCT of between 15 to 30 
minutes is usually selected, the actual EBCT selected being based on the results of laboratory testing.  Very few, 
if any carbon adsorption systems have EBCTs greater than this.  The laboratory tests will also be used to 
determine the type and manufacturer of carbon to be used in the system. 
 
The monitoring of pesticides in the treated water is a key indicator of GAC performance.  Under normal operating 
conditions (as specified above) and normal background pesticide concentrations, it would be expected that the 
plant would operate as designed, and there would be no exceedances of the pesticide standard (note there may 
be small amounts of pesticides present in the GAC effluent for example due to an exhausted bed, but these 
would likely be below the regulatory concentration).  On detection of elevated concentrations of a particular 
pesticide, the water treatment works personnel would take corrective action to reduce these concentrations, such 
as reducing the works flow if possible (to increase the EBCT) or increasing the number of columns in service.  A 
column may need to be taken off line (usually the one that has been in service for the longest time) and the 
carbon regenerated.  In the case of prolonged elevated background pesticide concentrations, the carbon may be 
regenerated more frequently than anticipated.  The presence of a pesticide in the incoming water that exhibits 
poor removal may exhibit breakthrough almost immediately, primarily because the system has not been designed 
for its removal – metaldehyde is an example of such a pesticide. 
 
Therefore, a well designed system would be expected to provide the removal efficiencies highlighted in the table 
within the normal regeneration frequency of 6 to 12 months.  After this period, breakthrough will start to occur, but 
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due to the columns being operated out of phase, the increased concentration from one column will be blended out 
by the lower concentration of the other columns such that the pesticide concentration in the blended water from 
all the columns will be within the required pesticide PCV.  Pesticides with a high probability of removal would be 
expected to show breakthrough before those that have a very high probability of removal.  Those which have a 
low probability of removal (i.e. Cloyralid) would be expected to exhibit breakthrough earlier than the other 
pesticides i.e. before the expected regeneration date. 
 
Therefore, with the exception of Clopyralid, there would not be expected to be a concern with regard 
breakthrough of the identified pesticides, although this would need to be verified by laboratory/pilot testing to 
determine the removal effectiveness, and the volume of water treated before breakthrough occurs. 
 
 
 

6. Conclusions 
There is a great deal of uncertainty over the withdrawal of pesticide active substance from the market.  Where 
active substances have been identified as at risk from legislative changes chemical companies that currently have 
a good market for that active substance will make every effort to retain the approval, with further research and 
evidence developed to support their case.  However these active substances are the ones that there is the 
greatest risk of withdrawal, even if it may take place over a longer period.  When it comes to active substances 
that are being detected in water there is even more uncertainty over where or not the active substance will be 
withdrawn.  Once an active substance is withdrawn there are typically a range of options that a farmer might take 
in order to maintain the profitability of his crop.  This report has aimed to capture the most likely option that the 
majority of farmers will take and worked out where the greatest impact to water quality might come.   
 
There will be a range of impacts on surface and ground water drinking water sources owing to changes in usage 
brought about by changes in regulation.  Across the seven scenarios investigated through simulation modelling 
there was a range of results from a small decrease in potential risk to a small to moderate increase in potential 
risk.  However, for most there was little or no change in potential risk, either as there was little risk in the first 
place or the current potential risk is simply replaced by that from another compound.  Consideration of the 
potential removal of higher risk compounds, that the simulation modelling suggests might exceed the drinking 
water PCV, by water treatment like GAC further moderates any increased potential risk with almost all 
compounds having at least a high probability of being removed by GAC.   
 
It should also be noted that while existing water treatment technologies may effectively deal with any changes in 
risk owing to changes in pesticide approvals, there is currently a move within the industry towards finding more 
sustainable and lower carbon footprint solutions to water treatment, often through exploring catchment 
management approaches.  The withdrawal of large numbers of compounds and increasing use and dependence 
on others may make the attainment of these aspirations more difficult.      

Suggestion: 
It is emphasised that to estimate the true removal potential of GAC for different pesticides, then actual testing 
should be performed or existing in-treatment monitoring data analyses be performed. 
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