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This report cannot be taken as comprehensive review of plant protection product residues and
their impacts on non-target organisms since it is based on pre-determined regions in selected
EU countries.  Budgetary and time constraints precluded investigation of further data sources
and interpretation.  This project report is intended to begin to address some of the issues and
highlight deficiencies or areas of concern.  Comments and suggestions for incorporation into
the report are welcomed (by 31 July 1996) whilst the draft report is being considered by
various organisations.  The text identifies various ommissions which will be included in the
final report.  The final report will appear with spelling and grammar corrections together with
colour maps and diagrams where approriate.

No part of this draft report should be reproduced in any form as information is still subject to
evaluation and checking.
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This report carries out further analysis on presence of residues and impact of plant protection
products in the EU.  It is the second of a number of sub-projects commissioned jointly by the
Environment Directorate DGXI of the European Commission and the Dutch Ministry of the
Environment within a programme investigating ‘Possibilities for Future EC Environmental
Policy on Plant Protection Products’.  Sub-project 1 investigated use patterns of plant
protection products in EU farming and it was required that sub-project 2 carried out its
investigations in the same regions and for the same crops.  Experts from research institutes in
seven countries were asked to collate information from the designated regions on pesticide
usage, cropping, climate, soils, hydrogeology and monitoring data on the presence of plant
protection products in soil, ground and surface waters and in sediments.  Experts were also
asked to identify any national, health or environmental quality standards for soils, water or
sediments.  Data from field monitoring studies which investigated the impact of plant
protection products on non-target organisms were also requested.  It was clear that detailed
investigations could not take place for all active substances, so 12 representative pesticides
where chosen on the basis of use, exclusivity to crop and known monitoring data for further
investigations.

Data from field monitoring studies on the impacts of plant protection products on non-target
organisms in soil and water were known to be scarce following preliminary discussions with
the collaborating country experts.  The agrochemical industry was therefore approached via
the European Crop Protection Agency (ECPA) and its members were able to provide relevant
ecotoxicological data from laboratory studies.  A scientific expert from ECPA also
contributed to the provision of data and discussions at project meetings.

The objectives of sub-project 2 were as follows:

to provide a more detailed overview of monitoring data on pesticides in the
environment related to use patterns;

to describe qualitatively various routes of the emission of pesticides into the
environment and their importance as well as to provide quantitative information
on these emissions;

to generate as far as possible data on effects of pesticide in the environment.  If
such data were only limited, reasons and its implications should be addressed;

to make recommendations with priorities for future monitoring strategies
designed to protect environment.
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The specific objectives of sub-project 2 were only partially met and therefore the following
sections summarise the main findings and the reasons why the objectives could not be fully
achieved.

�� 6FDOH�RI�6WXG\
1.1 Studies to determine the presence and impact of plant protection products at the
regional level are too large if the objective is to understand processes, quantify losses and
determine potential impacts.  Detailed studies at the field or catchment level are required to
provide the necessary information.  Upscaling from this detailed information, (using
mathematical models for extrapolation of data, for example), to the regional or national level
could possibly be achieved provided detailed information is available on pesticide usage,
cropping, climate, soils, hydrogeology etc.

1.2 The process of collating the disperse or confidential data was more time consuming
and demanding of resources than originally envisaged.  This precluded the investigation of all
regions chosen by sub-project 1 and prevented further analysis and investigation within the
resources allocated.  Consequently further evaluation of the collated data is necessary to
derive maximum benefit from the investigations.

�� 8VDJH�'DWD
2.1 Plant protection products are rarely crop specific.  In a given region they may be used
on a variety of crops (or even used in non-cropped land situations) at different application
rates and at different times of the year.  Qualitative or quantitative assessments need to take
into account the full usage spectrum across a number of years to incorporate crop rotations.
This information was not available to the project.

2.2 Several countries reported detections of active substances arising from use in
industrial applications, food processing and non-cropped land.  These uses can potentially
have more impact on non-target organisms as they originate from a point source and
concentrations in discharges can be significantly higher than those originating from diffuse
agricultural contamination.  Spillages, washings and other misuses were also known to be
responsible for contamination events.  Information is therefore also required on usage in non
agricultural situations.

2.3 Comparison of the fate of specific active substances in different member states was
found to be difficult since availability of the active substance and product type can vary,
method of application and treatment rates and timing may differ.  Consequently their fate and
behaviour is expected to differ.

�� 0RQLWRULQJ�DQG�6WUDWHJLHV
3.1 Some regions did not have any pesticide residue monitoring programmes in place and
therefore no data were available.  Some regions did not have good characterisation data for
soils or hydrogeology and therefore definition of pathways was impossible.  All regions were
able to provide meteorological data but not all could provide specific detail like average
storm intensity and duration.

3.2 Monitoring data from some regions was classified as confidential or was presented in
summary format which was inappropriate for this project. Some of the regions incorporated
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several administrative authorities.  Since data was not centrally co-ordinated in these
countries it was difficult to access and collate comparable information.

3.3 Much of the data collected related to statutory monitoring of older, more persistent,
active substances, many of which are no longer registered but are required by EC Directives
such as those for Groundwater and Drinking Water.  It is argued that this requirement uses
key resources which could be better used to identify and characterise current problems.

3.4 No regional or national soil quality monitoring programmes appear to exist for the
seven countries contributing to this report.  The data evaluated for the 12 active substances
suggest that there are no long-term effects on soil quality.  Further evaluation of the literature
and other active substances would be required to determine whether effects from other plant
protection products might occur in the field situation.  No regional or national data were
obtained for the routine monitoring of sediments though some analyses were located which
were confined to specialist surveys.

3.5 Water quality monitoring was not usually targeted for location, timing or for a specific
active substance with respect to impacts on non-target organisms.  Most monitoring appeared
to be in relation to drinking water intakes and was not designed to determine the magnitude
and frequency of contamination events and their potential impact.  Drinking water intakes are
usually large water bodies and any upstream contamination event will consequently become
diluted by other uncontaminated waters.  Impacts on non-target organisms are more likely to
occur upstream where monitoring has not taken place.  Some monitoring schemes appeared to
exist because of particular local interest in a specific contamination problem and not because
of a strategic monitoring plan.  Other monitoring schemes were found to base the selection of
determinands on usage data or an evaluation of cropping and then assumed use.  In some
cases determinands were further selected by assessing basic physico-chemical properties
which characterise leaching and persistence.  Only England and Wales had a designated
authority responsible for the co-ordination and collation of monitoring data.

3.6 Herbicides were the most frequently monitored group of pesticides.  The tonnage
applied was generally greater than for other groups and the timing of application and physico-
chemical properties suggest that some may be more prone to leaching.  The drinking water
limit of 0.1µg/l was more frequently exceeded in the water resources monitored by
herbicides, however proportionately fewer fungicides or insecticides were monitored for.
Analytical techniques were not available for routine determination of many active substances.

�� 3DWKZD\V�DQG�3URFHVVHV
4.1 Since monitoring was not targeted to the relevant environmental compartments no
comparative assessments could be made.  It is generally assumed that agricultural spray drift
is main source of contamination of surface waters yet little monitoring data is available to
determine the post application concentrations or their impact.  Subsequent contamination can
occur via drainflow, lateral seepage, leaching, overland flow and atmospheric deposition.
Only in intensively instrumented catchment based studies could these begin to be identified
and quantified and the processes responsible understood.



8

4.2 Large amounts of historical monitoring data (mainly statutory) were collated during
the project.  In order that this could be effectively evaluated an EU database on pesticides1 in
water, soil and sediment was compiled.  The database allows summaries to be retrieved for
active substance, water source type, country etc.  Supporting data on location, source type,
sampling date and contact organisation are essential components of the database as
comparison of concentrations detected in isolation are meaningless.  Interpretation of the data
and an initial assessment of pathways and processes can be made.

��� +HDOWK�DQG�(QYLURQPHQWDO�4XDOLW\�6WDQGDUGV
5.1 A database of health and environmental water quality standards was compiled.  This
showed that for some active substances there are several orders of magnitude difference
between values of different countries.  The development of different environmental quality
limits/standards in different countries was considered confusing and could be considered a
duplication of effort at the European level.  The basis for calculation of each needs to be
available as theoretically they are all based on available data yet different values are apparent.
The process requires EU co-ordination.

5.2 Incidences of pesticide contamination of water were found to occur and comparisons
of concentrations were made with health and environmental standards or limits.  However the
sampling strategies which provided the data reviewed were not usually designed to fully
characterise a contamination incident.  This project used maximum detected levels to make
the comparisons and it is agreed is not necessarily a valid approach.  However the use of
means is also problematic.  The database retrievals allow a better comparison since they
provide information on the total number of analyses, those below the detection limit and
those above 0.1µg/l.  Until comprehensive databases are available showing the origin,
magnitude, duration and frequency of events, quality standards cannot be scientifically
compared with field monitoring data.  Only continuous, frequent or carefully targeted
monitoring can supply this detail.

5.3 Environmental standards from the UK and the Netherlands (EQS’s or MTR’s
respectively) are based on the lowest effect level regardless of species tested.  This may
trigger regulatory action whether it is fish or algae at risk.  In the regulatory assessment of
data for inclusion on Annex 1 testing of a specific range of non-target species is required,
where this data is absent it will be required as a condition of approval.   The species range is
then always comparable.

5.4 It was also noted that there is concern over the status of environmental standards in
relation to the toxicity exposure ratios (TER’s) calculated for regulatory compliance with
Directive EC91/414.  It was considered that the purpose and need for each value should be
clearly defined and the information made widely available.

5.5 No soil or sediment standards were located which were relevant to the agricultural use
of pesticides.  The need for and feasibility of creating such standards and monitoring for their
compliance should be carefully considered if resources were to be allocated for this task.  For

                                                          
1 The European Pesticide Database can be obtained by initially contacting the Dr Andrée Carter at Soil Survey
and Land Research Centre, Cranfield University, Shardlow Hall, Derby, DE72 2GN. England. Tel: 00 44 1332
799000, Fax:00 44 1332 799161.
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example problems of monitoring strategy, timing, soil type influences, water status and
cropping would all need to be considered.

��� ,PSDFWV�RI�3ODQW�3URWHFWLRQ�3URGXFWV
6.1 Summary data on environmental fate and ecotoxicology are essential for
determination of the impact of residues of plant protection products.  Two databases, PETE
and Pandora’s Box, were accessed to provide this fundamental information.  Following the
review of the first draft of this report it was noted that in some cases the data was considered
inappropriate, had been superseded by results from modern studies or did not reflect the range
of values retained by the original dataholders.  Data from agrochemical company dossiers are
more comprehensive than those found in the published literature and thus provides an
essential basis for determining potential impact on the environment.  In order that the wider
community can access modern, validated information it is recommended that a Pesticides
Properties and Ecotoxicological database, similar to Pandora’s Box is established and
routinely updated as European reviews and registration take place.  This database could then
be made available for example via the internet.

6.2 Guidelines for determining the impact of a plant protection products on sediment
dwelling aquatic species are required.  No data were presented by the data holders for this
group of non-target organisms.  A limited number of field monitoring studies exist in the
selected regions, though more were known to exist in other regions.

6.3 Impacts (particularly sub-lethal ones) of plant protection products are difficult to
isolate because of the complex nature of the ecological system.  It was noted that other
agricultural activities or environmental processes can have greater detrimental effects on a
system.

6.4 Data obtained from the agrochemical industry showed that acute and chronic
exposures were monitored under controlled laboratory conditions.  In the field situation the
environmental conditions are dynamic with many processes controlling the dissipation of the
active substance.  Yet comparisons with standards or regulatory assessments are made which
assume the same environmental conditions apply in the field.  Assessment of impact is
complex and as a result too many simplifications and worst/extreme case scenarios may be
used which together combine to provide unrealistic and possibly unnecessarily large safety
margins.  Field studies are occasionally required by regulatory authorities but these data are
not usually available in the public domain.

���� &RQFOXVLRQ
7.1 The uncoordinated monitoring and data collection for all environmental parameters at
the EU level prevented a systematic interpretation of information with respect to determining
the presence and impact of plant protection products.  Regulation of plant protection products
is largely based on the results of laboratory data generated by the agrochemical companies.
Impacts on non-target organisms are assessed by calculating toxicity exposure ratios and if
appropriate risk reduction management strategies are required e.g. no spray/buffer zones.
Few field monitoring data existed in the regions studied to determine whether exposure to
real environmental concentrations was likely to have any chronic or acute impact.
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1. Central co-ordination and guidance from the EU is essential if monitoring data are to
be subsequently evaluated at the EU level to determine the impact of environmental and
agricultural policy.  Many organisations are involved in the registration of plant protection
products and their monitoring in the environment at the regional or national level.  A co-
ordinated national approach regarding monitoring in the environment and potential impact on
non-target organisms is required.  The EU should consider defining clear roles and
responsibilities for member states to comply with a specific monitoring strategy.  The
scientifically derived information should be made freely and easily accessible.  This can then
be collated as required at the EU level.

2. There needs to be an EU approach to regional and national environmental
characterisation for soils, geology, land use , climate etc.  Whilst EU systems do exist for
some of these they do not provide the opportunity for interaction or easy access.  In many
cases the detail available for the EU is not sufficient and therefore a layered or nested
approach should be considered whereby representative areas are identified and characterised
at the scale required.  Confidentiality, Intellectual Property Rights or cost of purchasing data
may provide barriers to general access and will need to be overcome.

3. All future studies to determine residues and impacts should be catchment based
(whether for groundwater or surface water sources) in order that quantitative assessments can
be made.  The EU should consider the development of a range of representative catchment
based studies across Europe to provide the necessary data.  These catchments would form the
detailed level of a ‘nested’ or tiered approach to the evaluation of monitoring data at the EU
level.  Existing catchments with historical data could be considered if appropriate and
representative of the required agroclimatic conditions.

4. Monitoring should be targeted for location, timing and use of active substance in
accordance with a strategic monitoring plan designed to monitor potential impact on non-
target organisms.

5. Analytical techniques suitable for adoption by the water/regulatory industry are
required.  Many methods are complex and often specific to the active substance.  Techniques
for fungicides and insecticides are especially required.  Acceptable analytical methods are
only available for approximately a quarter of all active substances.  A list of priority active
substances should be established.  If comparisons are to be made at the European level a
quality control and standard procedures should ideally be implemented for collection, storage,
analyses and data reporting.

6. Consideration should be given to the purpose and value of statutory monitoring of
older, more persistent, active substances, many of which are no longer registered but are
required by EC Directives such as those for Groundwater and Drinking Water.  It is argued
that this requirement uses key resources which could be better used to identify and
characterise current problems.

7. Collection of samples and associated analyses are time consuming and costly.
Maximum benefit could be obtained if all data were centrally collated at the regional, national
and European level.  An EU database on pesticides in water, soil and sediment is
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recommended to evaluate the success of environmental protection policies within Europe.
The database software and structure developed in this project should be adopted by all
member states to facilitate easy interpretation and exchange of full scientific data.  Supporting
data on location, source type, sampling date and contact organisation are essential
components of the database as comparison of concentrations detected in isolation are
meaningless.

8. The development of environmental quality limits/standards in different countries is
confusing and is a duplication of effort.  The basis for calculation of each needs to be
available as theoretically they are all based on available data yet different values are apparent.
The process requires EU co-ordination.  There is also concern at the status of EQS’s in
relation to the toxicity exposure ratios (TER’s) calculated for regulatory compliance with EC
directive 91/414.  The purpose of each value needs to be clearly defined and an evaluation of
the relationship between the two values carried out.  Clarification is required concerning the
ecological basis for selecting the most sensitive species for toxicity calculations.  The
importance of the species in the ecosystem needs to be evaluated and factors such as
population recovery rates, species abundance or influences on other compartments of the
system need to be taken into account.

9. No soil or sediment standards were located which were relevant to the agricultural use
of pesticides.  The need for and feasibility of creating such standards and monitoring for their
compliance should be carefully considered if resources were to be allocated for this task.

10. Summary data on environmental fate and ecotoxicology are essential for
determination of the impact of residues of plant protection products.  In order that the wider
community can access modern validated information it is recommended that a European
database, similar to Pandora’s Box is established and routinely updated.

11. The impact of agricultural management systems designed to reduce contamination of
the environment or simply compliance with good agricultural practice should be evaluated to
determine whether these measures are likely to minimise contamination events.

12. Further studies which build on this preliminary desk study are required to make use of
the considerable amount of information which has been collated and for which relatively little
interpretation has been carried out.  This project has only served to initiate the process of
investigating the presence of plant protection product residues in the environment and their
potential impact on non-target organisms.
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A collaborative project between the European Commission (DGXI) and The Dutch Ministry
for the Environment (VROM) was established in 1992 to co-ordinate investigations into the
development and evaluation of strategies for future plant protection policy.  Phase 1 of the
work was largely information gathering presenting a broad view on the environmental
problems related to plant protection products, and possible materials for future E C policy,
additional to the current regulatory framework (Brouwer HW� DO�1994, Reus HW� DO 1994).  A
workshop presenting the findings of the first phase (EC 1984) was held and priorities for the
second phase established Phase 2 of the work aimed to provide further analysis and
economic, juridical and administrative assessment of strategic options.  Six different areas of
work were identified for further investigation and development.

The study presented in this report was established following recognition that results from both
monitoring , science and modelling presented in the phase-1 report needed to be further
elaborated.  Further information was required on the relationship between the use of plant
protection products, routes of emissions, presence in the environment and their potential
environmental impact.  It was required that the ‘residues and impacts’ sub-project should be
linked to the first sub-project on the analysis of use patterns (Landell Mills Market Research
Ltd 1996).  Further projects include:

‘Analysis on agricultural policy at EU level in relation to plant protection policy.’
‘Elaboration on possible arguments and objectives of an additional EC policy.’
‘Analysis on other instruments in additional EC policy.’
‘Benefits of plant protection products.’

REFERENCES

Brouwer F. M., Terluin I, J., Godeschalk F E., (1994) 3HVWLFLGHV� LQ� WKH� (&., Agricultural
Economics Research Institute (LEI-DLO), The Netherlands.

EC (1984) :RUNVKRS�RQ�D�IUDPHZRUN�IRU�WKH�VXVWDLQDEOH�XVH�RI�SODQW�SURWHFWLRQ�SURGXFWV�LQ
WKH�(XURSHDQ�8QLRQ. DHV Environment and Infrastructure, The Netherlands

Landell Mills Market Research Ltd (1996) 5HJLRQDO� DQDO\VLV� RI� XVH� SDWWHUQV� RI� SODQW
SURWHFWLRQ�SURGXFWV�LQ�VL[�(8�FRXQWULHV.  Report for the Commission of the European
Communities and the Dutch Ministry of the Environment. DG XI, Brussels.

Reus J. A. W. A., Weckseler H. J., Pak G. A., (1994) 7RZDUGV�D�IXWXUH�(&�SHVWLFLGH�SROLF\�
$Q�LQYHQWRU\�RI�ULVNV�RI�SHVWLFLGH�XVH��SRVVLEOH�VROXWLRQV�DQG�SROLF\�LQVWUXPHQWV.  Centre
for Agriculture and Environment (CLM), The Netherlands.
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Objectives of the project were:

to provide a more detailed overview of monitoring data on pesticides in the
environment related to use patterns;

to describe qualitatively various routes of the emission of pesticides into the
environment and their importance as well as to provide quantitative information
on these emissions;

to generate as far as possible data on effects of pesticide in the environment.  If
such data were only limited, reasons and its implications should be addressed;

to make recommendations with priorities for future monitoring strategies
designed to protect environment.

Procedure:

Part I
selection of relevant regions (or crops) will be attuned with the choices made in
the sub-project on ‘Use Patterns’;

inventory of monitoring data on presence of residues in these areas related to use
patterns of plant protection products, based on the regional information from the
sub-project on ‘Use Patterns’;

consult experts on local/regional conditions (e.g. regional water companies);

take into consideration that dispersal of plant protection products is a
transboundary phenomenon (e.g. atmospheric deposition).

Part II
Inventory of relevant emission routes, qualitatively and quantitatively.

evaluation of environmental impact of plant protection products and possible
limitations of available data.

elaborate on the relation between impact and presence of plant protection
products including a comparison with relevant quality standards for each
environmental compartment.

Part III
Attempt to generate general conclusions-based on these case studies-on the
relationship between use patterns and the presence and emissions of plant
protection products and their impact in general.
Identify aspects which could be relevant and applicable for EU policy.
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This study required information from several EU countries and it was therefore concluded
that experts from selected member states should be subcontracted, by the main project
consultant, to collate the regional monitoring data and carry out the interpretations in their
respective countries.  The original tender document was submitted independently of sub-
project 1, ‘Use patterns’ and the collaborating countries proposed were France, Germany,
Italy, Netherlands, Spain, Sweden, UK.  Following a successful tender bid by this consortium,
the European Crop Protection Agency (ECPA) offered to provide assistance to the project.
Their participation was approved by the EU Steering Committee and a representative from
ECPA was included as a collaborator.

A project protocol was developed and ultimately approved by the Steering Committee.  A
start up meeting of all participants was held in The Hague, followed by a further meeting in
the UK with a final meeting in Italy.  Project progress reports were given by the consultant to
the Steering Committee at several meetings during the project.

Each country was responsible for collating characterisation and monitoring data and
presenting a report on the presence of plant protection product residues and the potential
environmental pathways.

In order to assess impact on the environment, confidential data on environmental fate and
ecotoxicology was provided for selected plant protection products by several agrochemical
companies.  These data source were considered to be the most comprehensive and up to date
and in most cases the data produced within a quality assured environment.

Other data sources were also identified.

Chapters 5, sections 1-7 of this report present the information and data obtained by the
collaborating countries and the final chapters (6 and 7) discuss the implications for the
findings.
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A study protocol was drafted by the consultant and agreed by the collaborating experts.
Experts considered that maximum knowledge could be obtained by selecting regions and
crops where good environmental monitoring data and usage data were available.  This
judgement was based on existing knowledge of the quality and quantity of monitoring data
for the regions selected by sub-project 1.  However, when this draft was presented to the EU
Project Steering Committee they reaffirmed their requirement that sub-project 2 should
investigate the regions and crops chosen by sub-project 1.  It was intended that use patterns be
related to presence and impact, and it was also considered by some members of the Steering
Committee that good monitoring data might only exist in regions where worst or extreme
case scenarios (e.g. as a result of particular soil, climate and pesticide usage) might give rise
to contamination of the environment.  Such regions might not be typical of agricultural
production and plant protection product usage.

The final agreed project protocol is presented in this section to describe, in detail, the
approach and methodology.  Further explanation clarifies various procedures.
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In accordance with the terms of reference of the European Commission, Dutch Ministry for the Environment
(VROM) and Dutch Ministry of Agriculture (LNV)
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and its project collaborators

Laboratoire de Science du Sol, INRA, France
Federal Biological Research Centre for Agriculture and Forestry, Germany

Università Cattolica del Sacro Cuore, Italy
Rijksinstituut voor Volksgezondheid en Milieuhygiene, Netherlands

Instituto Valenciano de Investigaciones Agrarias, Spain
The Swedish University of Agricultural Sciences, Sweden

European Crop Protection Agency

Project Consultant: Dr. Andrée D Carter Tel: +44 1332 799000
(SSLRC) Fax: +44 1332 799161

Mobile:+44 850 189360

Secretary: Mr Jean Jacques Lauture Tel: +322 296 8096
(EU Steering committee) Fax: +322 295 6117

Project Manager: Dr. Derk W M Eskes Tel: +31 703 394237
(VROM) Fax: +31 703 391289

August 1995, amended September 1995
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�� 7,7/(
Further analysis on presence of residues and impact of plant protection products in the EU

�� 385326(
Pesticide use, subsequent fate and presence in the environment are determined by a wide
range of factors which may vary according to regional differences in cropping, soils, climate
and farming practice.  The impact of these residues may consequently differ.  Information on
these topics is to be collated for a selection of regions within the EU to improve scientific
knowledge and to highlight areas for further research.  This work is part of an overall program
‘Possibilities for future EC environmental policy on plant protection products’ and will be
linked to or referenced by other sub-division projects such as use patterns and agricultural
policy.

�� 6321625
The project is co-funded by the EU (60%) and the Dutch Government- VROM (40%) An EU
steering group with members from DG III (I ndustry), VI (Agriculture), XI (Environment) and
XII (R&D) is updated on the progress of the project by the project manager and at regular
progress meetings by the project consultant. Discussions at the EU Steering group ensure the
scientific content and applicability of the project comply with the overall aims.

The EU Steering Group secretary is:
Mr J J Lauture
Rue de la Loi 200
B-1049 Brussels
Belgium

Tel:+322 296 80 96
Fax:+322 295 6117.

EU Steering Committee members

The project manager is Dr. Derk Eskes:
VROM,
P.O.Box 30945
500GX The Hague
The Netherlands

Tel: +31 703394237
Fax: +31 703391289

Chair Marc Debois DGXI
Geoff Wilson DGXI
G Lawrence DGXI
P Godin (M Franch) DGXI
J Vennekens (L McDonnell) DGXI
H Bergman DGXI

Secretary J J Lauture DGXI
A Scharpé (F Hinsley) DGVI
M Scheele DGVI
B Buffaria DGVI
Peter Reiniger DGXII
M Marini DGIII
Henry de Heer LNV
Derk Eskes VROM
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4.1 Sub-contractors

,QVWLWXWH ���3HUVRQQHO

Federal Biological Research Centre for Agriculture and
Forestry.
Messeweg 11-12
D 38104
Bruanschweig
GERMANY

Tel:  00 49 531 299 3501
Fax:  00 49 531 299 3004

Professor Wilfried Pestemer
Dr. rer. hort. Petra Gunther
Dr. rer. nat. Matthias Frost

Instituto di Chimica Agraria ed Ambientale.
Facolta di Agraria
Universita Cattolica del Sacre Cuore
Via Emilia Parmense 84
I-29100 Piacenza
ITALY

Tel:  00 39 523 599218
Fax:  00 39 523 599217

Professor Attilio Amerigo Maria Del Re
Mr. Marco Trevisan
Dr. Ettore Capri

Rijksinstituut voor Volksgezondheid en Milieuhygiene.
Antonie van Leeuwenhoeklaan 9
P.O. Box 1
3720 BA Bilthoven
THE NETHERLANDS

Tel:  00 31 30 2743342
Fax:  00 31 30 2744419

Dr. A M A van der Linden
Dr. A Tiktak
Dr. A Cornelese
Dr. S Broerse

Instituto Valenciano de Investigaciones Agrarias.
Apartado Oficial
46113 Moncada
Valencia
SPAIN

Tel:  00 34 6 1391000
Fax:  00 34 6 1390240

Dr Diego Gomez de Barreda
Carlos Ramos
Jose Garcia de la Cuadra
Miguel Gamon
Adolfo Saez

The Swedish University of Agricultural Sciences
Department of Soil Sciences
P O Box 7072
S-750 07 Uppsala
SWEDEN

Tel:  00 46 18 672465
Fax:  00 46 18 673430

Dr. Jenny Kreuger
Professor Nick Jarvis

Laboratoire de Science du Sol
INRA
65 Rue do Brieoc
35042 Rennes
Cedex
France

Tel:  00 33 99 28 54 22
Fax:  00 33 99 28 54 30

Dr. André Delmas
Ms Nina van Zanen
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SSLRC staff:

Soil Survey and Land Research Centre
Shardlow Hall
GHWDLOV�DV�SHU�SURWRFRO�FRYHU

Dr Andrée Carter
Mr Graham Beard

Soil Survey & Land Research Centre
Cranfield University
Silsoe
Bedford
MK45 4DT
England

Tel: 00 44 1525 863249
Fax: 00 44 1525 863253

Dr. Colin Brown
Mr John Hollis
:

4.2 The European Crop Protection Agency (ECPA) will also participate in the project
through their representative:

Mr. Dave Arnold
AgrEvo UK Ltd.,
Chesterford Park Research Station,
Saffron Walden
Essex CB10 1XL
UK

Tel: 00 44 1799 530123
Fax:00 44 1799 531044
E Mail:Dave.Arnold@agrevo.com

�� 352-(&7�'$7(6

The contract with VROM and SSLRC commenced 15/7/95.
Sub-contractors contracts from SSLRC will commence 1/9/95
Draft reports from collaborators to SSLRC 16/2/96
Presentation of draft report to EU Steering Committee, date Feb/March to be determined
Final reports from participants 3/6/96
Presentation of final draft report to EU Steering Committee , early July 1996

Project meetings for collaborators with SSLRC:
12/13 September 1995, VROM, The Hague, Netherlands
5/6 December 1995, SSLRC, Silsoe, UK
26/27/28/February 1996, UCSC, Piacenza, Italy
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Sub-project one is entitled ‘Further analysis on the use patterns of plant protection products in
EU farming’.  The project consultant is:
Mr. Adam Wimshurst
Managing Director
Landell Mills Market Research Ltd.,
Columbus House
Trossachs Drive
Bath BA2 6RR
England

Tel: 00 44 1225 444646
Fax: 00 44 1225 447937

This project commenced January 1995 and will complete December 1995.  Selected
countries, regions and crops are listed in the table below.

&RXQWU\ 5HJLRQV�
GHSDUWPHQWV

&URSV

France North Central 27,28,60,45,41,89 wheat
Nord/ Pas de Calais 59,80,62 potatoes
Bordeaux 33,16,17 vines
Languedoc, Provence, Rhône-
Alps 13,84,30,34,36

apples

Germany Hannover wheat
Lüneburg potatoes

Italy Piemonte wheat
Veneto-Verona vines
Trentino apples

Netherlands Flevoland potatoes
Spain La Rioja vines

Lerida apples
United Kingdom Cambridgeshire/Suffolk/

Norfolk
wheat

Suffolk/
Cambridgeshire

potatoes

These regions and crops were selected on the basis of total costs of agricultural production/ha,
pesticide tonnage applied, hectarage treated and the relative importance of each crop in the
different countries.

Details of farm type, cropping, diseases and pesticide use will be obtained on a regional basis
by questionnaire and will be available to participants in this project.  Representatives from
sixty farms of varying sizes have been interviewed in each region.

Information on the specific areas surveyed, and any relevant data will be sent by SSLRC to
each participant, as it becomes available from Landell Mills or is otherwise identified.
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The terms of reference governing this project have been copied to each participant (7 October
1994). These terms of reference provide a comprehensive overview of the overall objectives
of the project, relationship of sub-projects and expectations.  This protocol describes the work
required for sub-project 2,  ‘Further analysis on presence of residues and impact of plant
protection products in the EU’.  This study protocol forms part of the contract between
SSLRC and its collaborators and compliance with its requirements is essential for satisfactory
performance and completion of the work programme.

7.1 National overviews
Each participant will provide a national overview of the known environmental problems
related to the use of plant protection products.  The project is only concerned with residues in
soil and water (surface and ground) and sediments.  Reference should be made to the range of
soil, climate, geological conditions and cropping and management practices.  This overview
will effectively identify the various different agricultural/environmental regions within a
country.  The source, type and quality of data interpreted must be identified clearly in the
report.  This overview will highlight the region(s) selected by Landell Mills and also areas
where environmental impact of pesticide use is likely to occur or has been documented.  It
will provide justification for the choice of regions which will be subject to further
investigation.  Standard terminology and classification procedures for soil, soil hydrology,
geology and climate will be added to this protocol as an appendix and to be provided
separately from this protocol.

This section of the report will be brief and up to 6, A4 pages maximum

7.2 Regional Reviews

The EU Steering Committee require that studies for this project must be carried out in the
same regions specified in section 6, i.e. those selected by Landell Mills.  The EU require that
the results of sub-project 1 be directly related to the results of sub-project 2 in order that an
understanding of use patterns, residues and impact can be determined for the same regions.
However, it is recognised that monitoring data on residues and effects may not be available
for these regions.  A tiered approach is therefore necessary for this study.

Each collaborator will investigate the monitoring data available for the Landell Mills regions
in their own countries.  The crop specified by Landell Mills (wheat, potatoes, vines and
apples) is of primary interest and secondly those which are in the normal rotation with the
specified crop.  Where data are available a full investigation will take place for the region.
If data are not available or too limited, a record of the preliminary investigation must be
provided with evidence that all efforts were made to locate relevant details.

A different region can only be selected if it is proven that the Landell Mills region has no
data.  The alternative region must have similar agroclimatic characteristics to the Landell
Mills region and must include the crop chosen for the region by Landell Mills.  Evidence
must be provided for choice of region.
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If neither 1 or 2 are possible options full reasons must be provided and a completely different
region may be selected but which grows one or more of the four crops specified by Landell
Mills.

All the Landell Mills regions must be investigated but the number of additional regions will
depend on the amount of resources remaining to the participant.

Regional areas will ideally have comprehensive data to illustrate that plant protection product
residues have been detected in water sources or in soil (presence or accumulation).  The
regions should be relatively well characterised for soil, land use, geology, climate etc. so that
the likely pathways of contamination or reasons for detection/non-detection can be described.
Where possible information should be quantified to provide an environmental concentration
for a particular pesticide and where possible in a range of circumstances.  The depth of
investigation will vary according to the type and quality of information available.

&KRLFH�RI�DQ\�UHJLRQ�FURS�FRPELQDWLRQ�ZKLFK�GRHV�QRW� FRPSO\�ZLWK� WKH�/DQGHOO�0LOOV
VXUYH\� PXVW� EH� FRQILUPHG� EHIRUH� ZRUN� FRPPHQFHV� ZLWK� WKH� SURMHFW� FRQVXOWDQW� $� '
&DUWHU�

7.3 Selection of plant protection products
The active ingredients to be investigated will be those which are shown by the Landell Mills
survey to be used on the specified crops.  Details of these will be sent to each participant as
they become available from Landell Mills.  As a second priority, active ingredients which are
used on crops within the normal rotations (if applicable) of the selected crops are of interest.
If however, within a given area, it becomes apparent that a particular active ingredient is
predominant which is not used on any of the crops of interest it can be investigated further if
time and resources allow and as a third priority.

7.4 Selection of non-target organisms
Any soil or water based non target organism is of interest to this project.  Due to the sparsity
of field monitoring data they will probably include those which have good laboratory
assessments e.g. those required for study by 91/414/EC i.e. soil microfauna, earthworms,
algae, daphnia, OHPQD spp.  Bird life or mammals will not be of concern to this project.
Levels of water contamination with respect to the EC drinking water directive and health
advisory levels need to be discussed in relation to the concentrations in water sources.  Each
country should provide to SSLRC details of any other water or soil guide levels or criteria
relevant to pesticides used at the national level.

The impact or effect of these environmental concentrations needs to then be assessed.  Field
monitoring data of effects on non-target organisms, if available (but unlikely), should be
reported.  Since this data is likely to be limited consideration should be given to standard
laboratory ecotoxicological studies which report chronic and acute toxicity data.  No attempt
will however be made to directly link the concentrations reported in monitoring data to
toxicity values since it is unlikely that sufficient data is available to make reliable field
estimates of Toxicity Exposure Ratios (TER’s) or other similar assessments.

ECPA have agreed to assist in providing the laboratory toxicity data and where available
information on mesocosm and field studies.  Data will be obtained from industry itself and
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through literature survey.  Other safety limits e.g. WHO drinking water or Environmental
Quality Standards will also be compared with environmental concentrations.

This assessment will only be carried out for 12 pesticides identified as:

Azinphos-methyl contact and stomach acting organophosphorus insecticide
Aldicarb systemic, contact and stomach acting carbamate insecticide and 

nematicide
Cypermethrin contact and stomach acting pyrethroid insecticide
Dimethoate contact and systemic organophosphorus insecticide/acaricide
Pirimicarb systemic, contact, stomach and respiratory acting carbamate 

insecticide

Chlorothalonil protectant chlorophenyl fungicide
Fenpropimorph contact and systemic morpholine fungicide
Propiconazole systemic, curative and protective conazole fungicide
Mancozeb protective dithiocarbamate fungicide
Metalaxyl systemic, curative and protective phenylamide (acylalanine) 

fungicide

Isoproturon a pre- or post-emergence urea herbicide
MCPA a translocated phenoxyacetic herbicide

7.5 Suggested procedures for each region.  Definitions and classification criteria will be
provided to each participant.
7.5.1 Define surface boundary of region e.g. catchment, geographic region.
7.5.2 Describe range of soils and geology
7.5.3 Identify surface water/groundwater situations.
7.5.4 Describe climatic characteristics including agroclimatic data e.g. average SMD (soil
moisture deficit), start and end of field capacity period, average excess winter rainfall
7.5.5 Summarise the farm type, land use and management practices which occur in the region
(where relevant also refer to non-agricultural usage of the chosen pesticides) - from Landell
Mills or if not from expert knowledge/ other data sources.
7.5.6 Investigate the pesticide usage in the region, - Landell Mills, or if not, inferred from
cropping and local practice (again may be from Landell Mills).
7.5.7 Locate all sources of monitoring data:

Water company monitoring for plant protection products in surface and 
groundwater
Water regulatory monitoring for in surface and groundwater
Agrochemical company monitoring soil/water
Field studies/ field trials
Government research projects soil, water
Information from environmental groups or agencies
Information on the quality of the data collected e.g. analytical method, 
detection limit, sampling time and location, representativeness of any 
event.
Any other relevant data e.g. river flow, rainfall data, irrigation practice.

7.5.8 Determine the pathways for pesticide fate .
7.5.9 Quantify the pathways where possible.
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7.5.10 Identify the concentrations for environmental compartments specified in 91/414/EC
which are relevant i.e. soil, groundwater, surface water and sediments.
7.5.11 Obtain data on the chronic and acute toxicity of non-target organisms.  To be provided
from published data and from agrochemical companies (via ECPA representative).
7.5.12 List information collected for comparison with monitoring data.  If sufficient
monitoring data are available correlate lab toxicological data with field results to determine
likely effects.
7.5.13 Determine whether concentrations in water are likely to exceed the drinking water
directive standard or other health based standards.
7.5.14 Compare results for different regions within countries and within Europe to determine
important influences on pesticide fate.

�� 5(&25'6�$1'�'$7$�5(7(17,21�5(48,5(0(176�$1'�
5(32576

8.1 Each participant is required to provide one hard copy of their draft report to
A D Carter, the co-ordinator together with a 3.5” floppy disc containing the report.  The
preferred word processing package is Word for Windows v 6.0.  Graph/ diagrams should be
produced in black and white or colour and ideally in Freelance, Excel, Powerpoint, or Corel
Draw.  New databases should be in Excel or other compatible software.

8.2 The co-ordinator will compile a draft report which will be circulated for to all
participants for comment and presented to the EU Steering group.  The final report will be
presented by the co-ordinator to the EU steering group and Dutch project managers.  Five
copies copy of the final report will be provided to each participant.

8.3 All documentation must be clearly identified and referenced.  Copies should be
retained as archive material by each institute.  Relevant information should be given to Dr. A
D Carter for inclusion in the project report.

8.4 Details of the format / style of documents and the reference system to be used will be
provided to each collaborator.

�� ',675,%87,21
3HUVRQQHO &RS\�QR�
Project consultant (SSLRC), A D Carter 1
Project manager (VROM), D Eskes 2
EU Steering Group, J J Lauture 3
INRA, A Delmas 4
BBA, P Gunther 5
UCSC, A Del Re 6
RIVM, A M A van der Linden 7
IVIA, D G de Barreda 8
Swedish University, J Kreuger 9
ECPA, D J Arnold 10
SSLRC, C D Brown 11

End of project protocol
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FURTHER DETAIL AND CLARIFICATION

National and Regional Characterisation

National descriptions have been provided to enable the regional information on plant
protection product use, cropping, soils, geology and climate to be put into context.  They
provide an indication of the representativity of the region at the national level.  The national
summaries also provide information on any general policy on pesticide usage and the
authorities responsible for the regulation and monitoring of plant protection products in the
environment.

National and regional characterisation enables the residue data to be placed in its correct
environmental context, it will help to interpret the data sets and will assist in the correlation
and comparison of regions.

Classification systems which can describe environmental systems at the European scale are
most appropriate since national schemes are not harmonised and comparison difficult for the
non-expert level.

Soils
The soils should be presented where possible, and where relevant, with reference to the
‘latest’ FAO Soil Map of Europe (version 3.1 - INRA, Orleans).  Information on soil texture,
organic carbon content and soil profile characteristics are required.  The hydrology of the
soils should also be discussed with reference to depth and presence of water tables, and the
dominant pathways of water movement.  Information on presence of artificial drainage
systems is also required.

Hydrogeology
The geology should be presented where possible, and where relevant, with reference to the
national classification and with particular reference to the hydrogeology and the presence of
aquifers.  A broad classification of parent material types will be used (INRA 1994).

Table 1 Classification of parent material types

Material
symbol

Description

R Hard non-porous rocks with fissures, moderate water storage; rapid permeability - MINOR
AQUIFERS.

C Chalk and soft limestones with dual porosity - moderately high storage; moderately high
permeability - MAJOR AQUIFERS.

S Weakly consolidated limestones, sands & gravels - large storage; moderately high permeability
MAJOR AQUIFERS

L Weakly or unconsolidated fine texture substrates - low storage; low permeability
H Hard, massive rocks - negligible storage and permeability
M Soft massive substrates - negligible storage and permeability
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Climate
Average annual rainfall, monthly rainfall and typical rainfall intensities.  Detail of irrigation
volumes and intensity. Average monthly maximum and minimum (or average) temperatures.
Specific parameters requested and definitions are list below.

Suggested climatic parameters for characterisation of regions across Europe

Accumulated temperature (oC)
The integrated excess of temperature on an annual basis above a fixed base value of
0oC.  Note: temperatures <0oC are not normally subtracted from the accumulated total
and it must be recorded if this is the case.  E.g. for Cambridge = 1500 oC.

Maximum and minimum mean monthly temperatures (oC)
e.g. Mean monthly temperature for August = 19oC, mean monthly temperature for
January = 3oC.

Average annual rainfall (mm)
With range or standard deviation if known

Average annual irrigation
Describe the normal irrigation regime(s) for the region including the method, amounts
and intervals between applications as well as the trigger for irrigation in terms of time,
rainfall or soil moisture deficit.

Average annual potential evapotranspiration (mm)
May be a calculated value or a measured and corrected pan value.  Indicate the method
or equation from which the value was derived.

Average maximum potential soil moisture deficit (mm)
PSMD = SUM (R - PT)  for the years over which data are available.  R = annual
rainfall, PT = potential evapotranspiration (usually a calculated value derived from the
modified Penman equation).

Average actual soil moisture deficit (mm)
If measured data are available.

Average annual drainage volume (mm)
The cumulative amount of water draining from the soil profile either to depth or to
adjacent surface waters.  This will include water leaching during the field capacity
period over the winter (if the soil reaches field capacity over winter) and subsequent
rainfall events as well as water leaching as a result of artificial wetting of the soil
profile by irrigation.  If leaching following irrigation occurs, then some indication of
the magnitude of this leaching compared to ‘natural’ leaching should be given.

Leaching period
Give the mean annual times for beginning and end of leaching.  For northern Europe,
this may be e.g. mid-November to the end of March.  For southern Europe, irrigation
may be a significant factor and an estimate of the period over which leaching occurs
following irrigation should be given together with details of the interval between
irrigations causing leaching.  Certain irrigation methods will generate predominantly
lateral water flow over or through the topsoil and this should be noted where
appropriate together with the likely losses of water via this pathway.

In addition to the comparisons of weather and climate between the seven countries it is
relevant to consider soil moisture and temperature regimes of the different areas selected.
These parameters can be influential on the persistence of plant protection product residues
remaining in the environment and can also influence the availability of residues for leaching
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or runoff.  The USDA soil moisture and temperature regime classes have been established for
western Europe (Figure 1) and the definitions are given in Tables 2 and 3

Table 2 USDA soil moisture regime classes.
Class Type Description
Aridic dry soils Dry to a significant depth for more than half the time in most years
Xeric summer-dry

soils
In most years they are dry to significant depth for at least 45 days following the
summer solstice, but moist throughout for at least 45 days following the winter
solstice.

Ustic soils with
limited soil
moisture

In most years they are dry in some part for at least 90 days (cumulative), but they are
not dry enough to qualify as Xeric or Aridic.

Udic moist soils In most years they are not dry in any part for more than 90 days (cumulative), but
they are dry in some part for significant periods.

Perudic very moist
soils

In most years they are not dry in any part for significant periods.

Aquic wet soils soils that are wet in some part within 1m depth for a significant period in most years.
The wetness may be due to saturation by a fluctuating groundwater table or to a
combination of restricted soil permeability and climatic wetness.  Whatever the
reason aquic soil moisture regimes differ from all others defined in that they are not
solely dependent on climatic conditions.  They can be present locally within any
climatic area in which Aridic, Xeric, Ustic Udic or Preudic regimes otherwise
dominate

Table 3 USDA soil temperature regime classes

Class Type Description
Cryic cold soils Mean annual soil temperature between 0 and 8°C; mean summer temperature at

50cm depth, lower than 13 to 15°C.
Mesic moderate

soils
Mean annual soil temperature between 8 and 15°C; difference between mean
summer and mean winter temperature at 50cm depth is >5°C.

Thermic warm soils Mean annual soil temperature between 15 and 22°C; difference between mean
summer temperature and mean winter temperature at 50cm depth is >5°C.
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Figure 1 USDA soil moisture and temperature regime maps
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Cropping and use of plant protection products

Data from the Landell Mills surveys were being compiled as sub-project 2 undertook its
work.  Draft data on hectarage and application were supplied for the different crops and
regions and lists of active substances used but final data were not available until sub-project 2
had completed its data collation and interpretation.  Plant protection product usage data and
cropping information were therefore obtained from national authorities to enable targetting of
particular active substances for further investigation.

It should also be noted that few arable crops are grown as monocultures and some form of
crop rotation is normally encountered.  Whilst a given region might be characterised by a
predominance of a certain crop, there will almost certainly be other crops or produce
cultivated which have there own suite of plant protection products applied.  It should also be
noted that most plant protection products are not crop or timing specific.  Very few are
confined to a particular target crop and therefore determination of qualitative or quantitative
information on environmental fate following application is potentially a very complex
process.  The usage surveys were carried out on sixty farms in each region and their
‘respresentativity’ discussed with various local experts from the regions.  The sample size is
however small and related to volumes of pesticides used in 1995.  Many of the plant
protection products monitored in the environment result from historical use, particularly those
detected in groundwater or those which are persistent.  Other active substances not identified
in the Landell Mills survey may also be detected in the soil and water environments.  These
might include for example herbicides used on non-cropped land, point source discharges from
industrial processes and those used for veterinary/health purposes.  Some of these active
substances can also be used in agriculture and therefore their origin may be difficult to
determine.  A wider view of potential uses/cropping  and historical knowledge was required
for sub-project 2 in order that the various detections could be explained.
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Regional reporting

Following the first collaborators meeting in the Hague it quickly became apparent that the
quantity and quality of characterisation and monitoring data for regions selected by sub-
project 1 were extremely variable. Sub-project 2 required that regional characterisation data
were available in order that monitoring data could be interpreted with respect to the
environmental fate of the applied product.  In some cases no characterisation information or
monitoring data at all were available.  The latter either because monitoring had never taken
place or because data were confidential.  Experts from each country have therefore attempted
to collate as much information as possible for the Landell Mills regions.  Time and mainly
budgetary constraints did not allow all regions to be investigated, those omitted generally had
poorer characterisation information and monitoring data.  Table 4 defines the regions
investigated by sub-project 2.  The Malmöhus county area has been included as an area
representative of wheat growing in a Nordic country whilst the Netherlands is taken as an
entire region since data for Flevoland were so sparse.

Table 4 Regions studied by sub-project 2

&RXQWU\ 5HJLRQV�
GHSDUWPHQWV

&URSV

France North Central 27,28,60,45,41,89 wheat
Germany Hannover wheat

Lüneburg potatoes
Italy Piemonte wheat

Veneto-Verona vines
Trentino apples

Netherlands Netherlands potatoes
Spain Valencia citrus
Sweden Malmöhus wheat
United Kingdom Cambridgeshire/Suffolk/

Norfolk
wheat

Suffolk/Lincolnshire/
Cambridgeshire

potatoes
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Figure 2 Location of regions investigated in sub-project 2.
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Data collection

It was agreed that any monitoring data which was collated should be considered of good
quality by the national experts.  Formal quality checks have not been carried out as this would
have been time consuming and outside of the scope of the project.  However there was
concern that the data collected should be fully characterised with respect to supporting
information on sampling details and the analytical limit of detection.  Data collected is from
laboratories which are known to work in accordance with quality standards.

European Pesticide Monitoring Database

In order that data could be compared The number of data available for each country varies,
but in some cases, e.g. UK, Netherlands and Italy the number of observations is very large.  In
order that data could be accessed for interpretation and comprehensive analysis of
detections/non-detections carried out it was essential to determine a common format and data
entry style.

The data base parameters were chosen following discussions with the UK’s Environment
Agency who have recently established a national pesticide database which incorporates data
from various monitoring authorities, sampled for a variety of reasons and includes a range of
sampling media.  No equivalent database exists at the European scale.  It was therefore
considered appropriate to collate the monitoring data in a standardised relational database
which enabled easy access and retrieval of pesticide analyses and associated data.  Additional
monitoring data which was not considered suitable for inclusion in the database is presented
in the reports for each country.

Table 5 illustrates the file formats for each country’s data.  Whilst parameters are similar,
methods of recording and nomenclature used are different.
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Table 5 Current database formats

)LHOG 6ZHGHQ 8. 1/ 6SDLQ ,WDO\ *HUPDQ\
LG generate generate Generate generate generate generate
VDPSOH�QXP 1..nnnn ANRA 1....nnnn 0001...nnnn 1....nnnn
FRXQWU\BFRGH S NL E I
UHJLRQBFRGH MC DR VA TV
ORFDWLRQ text text Text text text
GD\ dd Dd dd
PRQ mm Mm mm
\HDU yy Yy yyyy
GDWH yy/mm/dd dd/mm/yy dd/mm/yy
VRXUFHBFRGH WI RI RI WI
FRQWDFWBFRGH 20 1 100
W\SHBFRGH FW FW Gw GW FW
UHDVRQBFRGH CM CM:SD:NS: : SS SS CM
FKHPBQDPH mecoprop ALDICARB MITC SIMAZINE Alachlor
FRQF 0.2 -100.00 -0.05 LOD or 1.6 -0,1
JULG�UHI AAeeeeennnnn 6:30,5:35
FRPPHQWV text text
ORQJLWXGH nnnnnn
ODWLWXGH nnnnnn
VDPSOLQJ�VWDWLRQ text
VDPSBGHSWK 5.5
T�P��V 1.52
DUHD�NP� 360
DUDEOH�� 80
WUDQVSRUW��J�G� 32.83
DSSUR[�UHFRUGV 2,325 31,890 9,545 1,684 28,016
ILHOG 6ZHGHQ 8. 1/ 6SDLQ ,WDO\ *HUPDQ\

In order for regional comparisons to take place it was necessary to standardise the data so that
a comprehensive assessment of the 73460 records currently in the database could be made.
Tables 6-12 describe the format and structure of each of the relational databases.  Their
interaction is summarised in Figure 3.  The pesticide database (Table 6) is the core database
which contains coded information concerning the country of origin, regional information,
reason for sampling, contact details, the water source type and the sampling location.  Tables
7-12 show the format of the descriptor databases established for the coded information in the
pesticides database.  The databases have been set up within ACCESS a software package.
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Table 6 Pesticide database
)LHOG )RUPDW &RPPHQW
sample_num char 5 Coded by data source country (not unique)
FRXQWU\BFRGH char 2 Country code (e.g. UK, S)
UHJLRQBFRGH char 2 Region Code (e.g. TV)
source_code char 2 Source of data, (coded e.g. WI, RI)
type_code char 2 Water type code (e.g. FW, gw)
reason_code char 2 Primary purpose of data collection (coded e.g. CM, SS)
date dd/month/yyyy Date of sample
chem_name char 20 Chemical name - UPPER CASE
conc num 10.4 Chemical Concentration in micrograms per litre - Negative

numbers indicate both the PLQLPXP measurable limit and that the
chemical was below this limit

contact_code char 3 Person to contact about this data (coded ) (field ‘Reference’ for
Sweden, NL and Spain)

ORFBFRGH char 3 Location of sampling site (code)
comments char 30 Any additional information

Table 7 Country database
)LHOG )RUPDW &RPPHQW
FRXQWU\BFRGH char 2 Country code (e.g. UK, S)
country_name char 20 e.g. Sweden

Table 8 Regions database
)LHOG )RUPDW &RPPHQW
FRXQWU\BFRGH char 2 Country code (e.g. UK, S)
UHJLRQBFRGH char 2 Region Code (e.g. TV)
region_name char 40

Table 9 Reason for sampling database
)LHOG )RUPDW &RPPHQW
UHDVRQBFRGH char 2 Primary purpose of data collection

(coded e.g. CM, SS)
reason_name char 40
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Table 10 Contact database
)LHOG )RUPDW &RPPHQW
FRXQWU\BFRGH char 2 Country code (e.g. UK, S)
FRQWDFWBFRGH char 3 Unique within each country
name char 20 Name of contact person
organisation char 30
address char 20
address char 20
address char 20
address char 20
telephone char 20
fax char 20
e_mail char 30

Table 11 Monitoring source database
)LHOG )RUPDW &RPPHQW
VRXUFHBFRGH char 2 Source of data, (coded e.g. WI, RI)
source_name char 40 e.g. Water  Industry

Table 12 Location database
)LHOG )RUPDW &RPPHQW
FRXQWU\BFRGH char 2 Country code (e.g. UK, S)
ORFDWLRQBFRGH char 3 Location of sampling site (code)
location_name char 40 Location name
lat_deg num 2 Latitude in degrees (0 - 90)
lat_min num 2 Latitude in minutes (0 - 59)
n_s char 1 N or S (default N)
long_deg num 2 Longitude in degrees (0-90)
long_min num 2 Longitude in minutes(0-59)
e_w char 1 E or W (default E)
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Figure 3 European pesticide database - Entity relationship diagram
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Ecotoxicological assessments

Data on the ecotoxicology of plant protection products were required to determine whether
environmental concentrations of these chemicals were likely to be of concern to non-target
organisms.  Since the total number of active substances used in Europe is too large to
investigate in this project, twelve active substances were chosen for more detailed
investigations.  Three methods of determining potential environmental impact on non-target
organisms have been explored in this project:

1. Environmental fate and ecotoxicology sections of agrochemical company dossiers 
have been obtained.

2. Two databases, PETE and Pandora’s Box,  have been investigated
3. Information on field investigations to determine environmental impacts of pesticides 

has been sought.

$JURFKHPLFDO�FRPSDQ\�GDWD
Data holders for the 12 active substances chosen were approached via the European Crop
Protection Association (ECPA) and asked to supply in confidence their Tier II/III summaries
on Environmental fate and ecotoxicology.  All but one (pirimicarb) of the active substances
chosen were included on the ‘first list of 90’ selected for inclusion of Annex I of Directive
91/414.  It was therefore considered that data from these dossiers was likely to be the most up
to date information available and provision of the relevant sections would be the most
efficient method of obtaining comprehensive information.  Data for pirimicarb had been
recently reviewed by the UK regulatory system and this review together with an update on
ecotoxicology was provided by the data holder.  Confidentiality agreements were drawn up
between the data holders and Cranfield University to enable access to the data.  It was agreed
that data holders would have access to any interpretations of the data prior to release to any
third party and their permission obtained to release the information in this EU report.  Within
the time constraints of the project it was not possible to obtain data for azinphos-methyl from
the data holder.

'DWDEDVHV
Residues of plant protection products occur in the environment due to factors such as
combinations of crop, soil, climate, weather, management systems which influence their
persistence and partitioning.  Physicochemical data produced in the laboratory on sorption
and degradation can provide an indication of the mobility and persistence of the active
substance.  Other fundamental data produced in laboratory experiments carried out by the
agrochemical industry and various researchers has been collated into databases e.g.
Wauchope et al (1992).

An expert system called Physicochemical Evaluation: The Environment - PETE (Nicholls
1994) system calculates the redistribution of organic compounds in the environment from
basic physicochemical properties.  Data on physical chemistry, sorption and mobility in
sediments and soils, translocation in plants, bioconcentration, volatilisation, biodegradation
and leaching to ground and surface waters are produced.  The main aim is to give a broad
theoretical prediction of the behaviour of the compound.  It provides quantitative knowledge
of factors influencing the fate of crop protection products in the environment.
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The system requires six input data of:

��� Log Kow (1-octanol/water partition coefficient),
��� Half-life in soil
��� pKa
��� Melting point
��� Vapour pressure
��� Molecular weight

These data are usually provided as user options for a named active substance alternatively the
user can specify his/her own choice.

Data are calculated in accordance with various methods and algorithms described by Nicholls
(1994).  They are used in this report to illustrate the existence  of such a database and the
principal of providing fundamental environmental fate data concerning the 12 active
substances chosen for further investigation.

A database compiled by Linders�HW�DO (1994) provides an overview of physical, chemical and
environmental data of 243 pesticides.  The data are derived from agrochemical company
reports by the National Institute of Public Health and Environmental Protection (RIVM) in
the Netherlands.  The data are interpreted with respect to adverse environmental effects.

)LHOG�PRQLWRULQJ�WR�GHWHUPLQH�HQYLURQPHQWDO�LPSDFWV
Each participating country was asked to provide details of any field investigations carried out
within their study regions which were designed to determine the environmental impact of
plant protection products.  In addition a limited review was carried out to determine whether
published literature was able to provide further information.

Quality standards
In order to determine potential health or environmental effects from pesticide residues in soil,
sediments or water, countries were asked to provide details of any national quality standards
which were in place, proposed or other statutory/advisory standards provided by the EU or
other organisations.  A database was compiled of the resulting information which is presented
in Annex II.
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5.1 NATIONAL OVERVIEW  - FRANCE

INTRODUCTION: AGRICULTURE, MAIN AREAS, CROPS

France occupied in 1993 23.5% of the agricultural surface of the EU. The agricultural surface
of France represents more than 55% of the country (Grivault, 1995).

France has substantial agricultural resources. Large tracts of fertile land, the application of
modern technology, and subsidies have combined to make it the leading agricultural producer
in western Europe. Largely self sufficient in agricultural products, France is a major exporter
of wheat and dairy products.
With 32 % arable lands, 2 % of permanent crops, 23 % of meadows and pastures, 27 % of
forest and woodlands, on a total area of 547,030 sq km, agriculture accounts for 4 % of
French GDP (including fishing). On a total population of 58,109,160 inhabitants (1995),
7.2 % were involved in agricultural activities in 1987 and their number has been decreasing.
It is one of the world’s top five wheat producers but other principal products are beef, dairy
products, cereals, sugar beets, in the Ile-de-France, Picardie and Centre regions, potatoes
mainly in the Nord Pas-de-Calais, Région Centre, wine grapes in the Languedoc-Roussillon,
Aquitaine, Provence-Alpes-Côte d'Azur, Champagne, Bourgogne, Pays de la Loire, Alsace,
Poitou-Charentes.
As an example, the French wheat (soft and hard) production was 29 million tons (1988),
31.8 (1989), 33.3 (1990), 34 (1991), with a surface covered of 5.1 million ha in 1990, to be
compared with world wheat area 232 million ha and production 595 million tons. For the
same year the corn production was 9.3 million tons on 1.5 million ha, to be compared with
128 million ha and 468 million tons (world), the French production was 14.5 million tons
(1988), 13.4 (1989), 9.3 (1990), 11.4 (1991).

CLIMATE:  VARIATION IN RAINFALL/TEMPERATURE

The climate of France as a whole is oceanic temperate, that is moderate, with relatively weak
differences between the seasons. These characteristics are particularly good for growing
cereals: wheat, barley and maize.

In the mountain regions in the east, southeast, southwest, and in the Massif Central there are
hard winters.
There are some gradations in the other regions :
- in the northwest mild and moist climate with less cold winters,
- in the northeast more contrasted climate with continental trend and cold winters,
- in the southwest mild climate with warm summers,
- at last, in the southeast the climate is not oceanic but mediterranean with hot and relatively
dry summers.

In the northern France the winters differentiate the regions and the summers are quite warm.
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GEOLOGY

Recent chains of mountains in the southeast : the Jura, the Alps and the Pyrenees surround a
semicircle of large ancient massifs : the Armorican Massif, the Massif Central, the Vosges
and the Ardennes. Between these high regions there are sedimentary basins that had been
formed progressively for the Secondary and Tertiary eras. In these basins : the Paris Basin in
the north, the Basin of Aquitaine in the southwest, the Basin of the Rhone in the southeast,
limestones, marls and clays, and sometimes sands alternate.

Among these sedimentary basins, the Paris Basin is the largest and the more regular. It had
been formed progressively since the beginning of the Secondary era until the Quaternary. Due
to the alpine surrection the hollow of the basin moved from the northeast to the middle, and
then to the southwest, where is the bend of the river Loire in Orléans.

SOILS

The soils result from this geological and climatic history.
They are cold and moist on the relatively high ancient massifs. On the contrary sedimentary
basins have more light soils, especially on calcareous substratum.
However, in these sedimentary basins like the Paris Basin a vast range of soils exists.

See figure 1 french soils among european soils, FAO classification, INRA and CEE ; figure 2
a map of french soils, INRA SESCPF, Atlas de France RECLUS ; and figure 3 a map of
water retention capacity of these soils, INRA SESCPF, Atlas de France RECLUS.

RELIEF, SLOPE

France has a varied relief, even contrasted in the south, whereas the relief of northern France
is more gradual with a range of hills and plateaux.

High chains of mountains : the Jura, the Alps and the Pyrenees reach respectively
1718 m, 4807 m and 3298 m at the highest point. These chains of mountains and the plateaux
of the Massif Central surround basins and low plains.

Hills correspond to the higher parts of the Armorican Massif and to the eastern part of the
Paris Basin, whereas plateaux cover particularly the Paris Basin. Through these plateaux the
Seine and the Loire have cut great valleys. The lower areas are alluvial plains.
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Figure 1 :
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A Acrisol
B Cambisol
C Chernozem
D Podzoluvisol
E Rendzina
G Gleysol
H Phaeozem
I Lithosol
J Fluvisol
K Kastanozem
L Luvisol
M Greyzem
O Histosol
P Podzol
Q Arenosol
R Regosol
S Solonetz
T Andosol
U Ranker
V Vertisol
W Planosol
X Xerosol
Z Solonchak

c calcaric
d dystric
e eutric
g gleyic
o orthic

Abbreviated legend of the FAO classification European soil map (figure 1)
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Main soils

’Brunisols’ and ’Luvisols’ are the most extended, with an influence of the geological
formation. But ’Rendosols’ and ’Calcosols’ are characteristic of calcareous and chalky
plateaux, whereas ’Podzosols’ are developed on sands.

Figure 2 : Main soils in France

This classification corresponds to the 'Référentiel Pédologique' AFES-INRA, 1992.

Figure 2 and figure 3 are maps from SESCPF (Service d'Etudes des Sols et de la Carte
pédologique de France), INRA Orléans.
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Legend of the french main soil map (figure 2)

Soil capacity
of water retention

mainly low
mainly average
mainly high
variable or presence
of a watertable
not soil

Water retention capacity

In the large sedimentary basins deep soils have high retention capacity; on the contrary in the
mountains, sandy plains and calcareous plateaux, soils are not deep. In the Massif Central, the
situation is more varied.

Figure 3 : Soil capacity of water retention

PESTICIDE USE TOTAL: AGRICULTURAL / NON AGRICULTURAL

The tonnage of active ingredients that is applied each year in France is of the order of 95.000
tons (Grivault, 1995). So France is the first among the European countries for the total
consumption tonnage, but we have to notice that the extent of arable land is very important
and that the mean dose is around 3.5 kg per hectare in France (if sulphur and copper are
excluded).

ORGANISATIONS CONCERNED WITH AGRICULTURAL PESTICIDES AND WATER
QUALITY DATA.

- DIREN (Ministry of Environment)
- DGAL and SRPV  (homologation and advises on applications) (Ministry of Agriculture,
Food and Fisheries)
- DERF (Department of Countryside and Forestry, Ministry of Agriculture, Food and
Fisheries)
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- CORPEN (Committee for the reduction of pollution of water by nitrate, phosphate and plant
protection products coming from agricultural activities).
- DGCCRF (control of pesticide use) (Ministry of Economy and Finance)
- Ministry of Health
- Agences de Bassin
- ADEME
- INRA ( National Institute for Agronomical Research).
- Regional groups (see members of these groups in the part ’Sources of monitoring data’).

WATER QUALITY PROBLEMS WITH PESTICIDES

Since the end of the eighties France has been involved in monitoring the occurrences of
pesticides in water and in creating the administrative, scientific and financial means needed
for this research. Since the presence of pesticides in water has been reported, the authorities
have created regional organisms like the GREPPPES in the Région Centre, the CORPEP and
the 'Bretagne Eau Pure' program in Brittany, the CROPPP in the Région Rhône-Alpes, in
order to increase the monitoring of water quality and to improve the coordination of the work.
At first, these regional groups had to collect data for a better knowledge of the situation, and
they are going on with collecting data, constituting so permanent observation structures about
water quality.
This inventory enables then the regional groups to try explaining the mechanisms of pesticide
transfer, with complementary researchs about soil behaviour, hydrogeology... At the same
time detailed studies are undertaken at the scale of small catchments, at field scale, in
lysimeters and in soil columns. Concerning the Région Centre, most of the results of detailed
studies are not yet published but will be soon available ; and interpreting work is now in
progress, so that the explanations are not yet available for this report, where only hypothesis
about pathways can be presented.
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NATIONAL STANDARDS:  ENVIRONMENTAL, SOIL, WATER
No standards for soil.
Standards for water: European criteria (0.1 µg/l for each active ingredient, 0.5 µg/l for the
sum of pesticides)
Departments that have been selected by Landell Mills to represent France in this study:
Central Region: 27, 28, 60, 45, 41, 89; wheat
Nord/Pas de Calais: 59, 80, 62; potatoes
Bordeaux: 33, 16, 17; vines
Languedoc, Roussillon: 13, 84, 30, 34, 26; apples
Figure 4 represents a map of France indicating these chosen departments.
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Figure 4:�0DS�RI�)UDQFH�LQGLFDWLQJ�WKH�GHSDUWPHQWV�FKRVHQ�E\�/DQGHOO�0LOOV
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REASON FOR THE CHOICE OF THE RÉGION CENTRE

France is divided into 22 administrative regions, and these are composed of a number of
'departments'. There are 100 departments, and for example the Région Centre is composed of
six departments.

Figure 4 shows the departments that have been selected by Landell Mills and figure 5 the
departments that have been studied.

The access to data would be difficult for each selected department, but is easier for an
administrative region. Given the time and money available for this project it would be
impossible to obtain data from all departments that have been selected by Landell Mills and
that are situated in different administrative regions. So we were obliged to represent the
Central Region chosen by Landell Mills by the administrative unity of the Région Centre
(departments 28, 45, 18, 36, 41, 37).
However, it will be possible to compare agronomical, pedological and climatic characteristics
in Landell Mills departments and in the administrative Région Centre, in order to see if some
results obtained in the Région Centre can be extended to the departments chosen by Landell
Mills.

MORE DETAILED INFORMATION ON THE REGION

The Région Centre comprises six departments: Eure-et-Loir (28), Loiret (45), Cher (18), Indre
(36), Indre-et-Loire (37), Loir-et-Cher (41). The total area of the Région Centre amounts to
39.061 km2, with a total agricultural area of 16.000 km2 in 1992. The Région Centre has
about 2.4 million inhabitants (1992). As is shown in figure 6, the main cities are Orléans,
Chartres, Blois, Tours, Châteauroux and Bourges. The main rivers of this region (Figure 6)
are the Eure, the Loir, the Loing, the Loire, the Vienne, the Creuse, the Indre and the Cher.
Figure 7 shows the geographic regions of the Région Centre which are more or less
homogenous, small natural regions and are therefore of great importance for this study.
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//////= department selected by Landell Mills
\\\\\\= department studied

Figure 5: 'HSDUWPHQWV�WKDW�KDYH�EHHQ�VHOHFWHG�E\�/DQGHOO�0LOOV�DQG�WKH�RQHV�WKDW�KDYH�
DFWXDOO\�EHHQ�VWXGLHG��7KH�DGPLQLVWUDWLYH�5pJLRQ�&HQWUH�
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Figure 6: 7KH� 5pJLRQ� &HQWUH� ZLWK� LWV� PDLQ� ULYHUV� DQG� FLWLHV
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Figure 7: 7KH� VPDOO� DJULFXOWXUDO� UHJLRQV� RI� WKH� 5pJLRQ� &HQWUH
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GENERAL AGRICULTURAL INTRODUCTION

Figure 9 shows a Bureau de Recherches Géologiques et Minières map with the agricultural
use in the Région Centre. This map shows that the geographic regions correspond to
agricultural regions. The main types of agriculture are cereals (in the geographic regions
Beauce and Champagne Berrichonne), animal production (Perche, Pays Fort, Boischaut and
Vallee de Germigny) and polyculture. There are vegetables and arboriculture too.
Figure 8 shows the percentages of agricultural land used for certain crops (wheat, barley,
maize, sunflowers, colza, peas, vines and beets) in the Région Centre for 1990.

Figure 8: 3HUFHQWDJH�RI�DJULFXOWXUDO�ODQG�XVH�LQ�WKH�5pJLRQ�&HQWUH�IRU������
�DFFRUGLQJ�WR�*5(333(6�

Furthermore, statistics on land use during the years 1990-1995, specified for several different
crops per department, have been obtained from the Ministry of Agriculture and are shown in
figure 10.
It appears that the Eure-et-Loir department has the largest area of cereals.
The production of most crops has stayed rather constant over the past five years (except for
hard wheat which has decreased considerably, but due to the limited percentage of hard
wheat, its variation can be neglected in this study). We can notice that the European
agricultural policy has been resulted for the last three years in around 15 % fallow in the
cereal area.
However, the maps indicating percentages of land use that are shown in figures 11 (soft
wheat), 12 (hard wheat) 13 (barley) and 14 (maize), that date from 1988, are still
approximately valid.
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When one compares the map of soft wheat percentages to the map of departments it appears
that wheat area is not equally distributed between the different departments, and that within a
department there are also different percentages of wheat. A better situation of wheat growing
is possible if we refer to the map of small agricultural regions (figure 7). This shows that the
Sologne, Brenne and Boischaut Sud have less than 12% of agricultural land growing soft
wheat.The Val de Loire and the Vallee de Germigny have 12 - 20% of the agricultural land
covered by soft wheat. The regions with the most land producing soft wheat (>40% of the
agricultural surface) are Drouais Thymerais, the eastern half of the Perche and the northern
half of the Beauce.
Even if maize is not taken into account in this study, we have to notice the importance of the
maize area in the Région Centre, around 15 % (figure 8). Figure 14 indicates the spatial
distribution of maize, which is different from wheat distribution (figure 11).
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Figure 9: 7KH� PDLQ� DJULFXOWXUDO� ]RQHV� RI� WKH� 5pJLRQ� &HQWUH
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% area  each department / total Région Centre
Figure 10: 'LVWULEXWLRQ�RI���FHUHDOV��VRIW�ZKHDW��EDUOH\��KDUG�ZKHDW��EHWZHHQ�WKH�VL[
GHSDUWPHQWV�RI�WKH�5pJLRQ�&HQWUH������������
�GHULYHG� IURP� WKH� VWDWLVWLFV� RI� WKH� 0LQLVWU\� RI� $JULFXOWXUH�
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Figure 11: 3HUFHQWDJH� DUHD� RI� VRIW� ZKHDW� IRU� WKH� 5pJLRQ� &HQWUH� LQ� ����



57

Figure 12: 3HUFHQWDJH� DUHD� RI� KDUG� ZKHDW� IRU� WKH� 5pJLRQ� &HQWUH� LQ� ����
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Figure 13: 3HUFHQWDJH� DUHD� RI� EDUOH\� IRU� WKH� 5pJLRQ� &HQWUH� LQ� ����
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Figure 14: 3HUFHQWDJH� DUHD� RI� PDL]H� IRU� WKH� 5pJLRQ� &HQWUH� LQ� ����
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CLIMATE

In the northern part of France, the 'Région Centre' appears with average characteristics : the
mean temperature is +3.5°C in January and +19.3°C in July in the city of Bourges (Atlas
2000, Lacoste, p. 5), around 60 frost days and 690 mm rainfall per year. The rainfall is well
distributed between the seasons (Le Grand Atlas de la France rurale, INRA, p. 412). These are
favourable conditions for growing cereals, except where the soils are too moist.

Monthly temperature, rainfall, hydrological data for the years 1991-1995 are shown in figure
15 for the meteorological station Fleury les Aubrais; 125 m altitude. Daily data are also
available for this station.
Bulletin on the meteorology of the Loiret (Bulletin climatologique mensuel du Loiret, Météo
France, Centre Départemental de la Météorologie du Loiret)
gives data on the monthly rainfall from 36 weather stations and climatological posts and
monthly temperature data for 18 stations. Detailed daily data are also given for the station
Orléans-Bricy, but this is very close to the Fleury les Aubrais station, so they are perhaps not
very useful. The bulletin also mentions data on evapotranspiration, hydrological balance,
water reserve, flow and deficit for 18 stations:

-Amilly -Coullons -Nogent sur Vernisson
-St Benoit sur Loire -Menestreau en Villette -Les Choux
-St Jean le Blanc -Trinay -Loury
-Pithiviers le Vieil -Villemurlin -Chambon la Forêt
-Beaune la Rolande -Fleury les Aubrais -Bricy
-Bonny sur Loire -Ladon -Ligny le Ribault

The climate of the Région Centre can be characterised as continental with low temperatures
in the winters and high temperatures in the summers. Figure 16 shows a histogram of the
mean temperature for 1994, based on the data of the meteorological station Fleury les
Aubrais. In this histogram one can see that the temperature-curve rises in March/April and
decreases in September/October.
Compared to the pesticide use in the Région Centre both these times of the year are more or
less similar to time of pesticide application. Concerning the wheat, fungicides are applied in
the spring, herbicides in autumn and the end of winter.
In figure 17 the histogram of the monthly rainfall for 1994 shows that the periods of pesticide
application correspond to periods of higher rainfall. This means that the periods of pesticide
application often correspond to the greatest leaching and run off risk. Figure 17 shows that
during the hot summer months rain falls in relatively few days, and the soil is rather dry,
preferential flow can therefore be expected, with some consequences  for pollution of ground
waters.
From the table of the Fleury meteorological data (figure 15) it appears that the air mean
temperature is over 10°C during 6 to 7 months every year. In these months biodegradation by
micro-organisms of (polluting) material would be stimulated in the relatively warm soil.
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Available maps at INRA Orléans:
- Esquisse des Caractères Hydriques des Sols de la Région Centre.
Echelle 1/250 000 par M.Lafrechoux, R.Studer. Chambre Régionale d’Agriculture du Centre,
1980.
- Institut National de la Recherche Agronomique, Cartes de France (1/2 000 000) Des sols
affectés par l’hydromorphie. Des réserves en eau des sols. A. Mori. Paris 1982.

Available bibliography:
- Atlas Agroclimatique d’Eure-et-Loir. Direction de la Météorologie, Chambre d’Agriculture
d’Eure-et-Loir, 1988.
- Bulletin climatologique mensuel du Loiret, Météo France, Centre Départemental de la
Météorologie du Loiret.
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1990 jan febr march april may june july aug sept oct nov dec
mean min temp 1,9 4,3 2,5 4 9,4 10,7 13,6 14,3 8,2 8,5 4,2 0,9
mean max temp 7,9 13,6 14,1 13,8 22,9 20,7 27,1 28,1 22,3 18,5 9,8 5,8
mean mean temp 4,9 8,9 8,3 8,9 16,1 15,7 20,3 21,2 15,2 13,5 7 3,3
min temp per month -4,1 -2,5 -3,15 -2,16 2,6 6,2 6,2 8,1 1,5 -0,1 -3,2 -6,8
max temp per month 13,18 22,1 23,1 23 29,1 32,2 38,8 37,9 29,4 25,8 16,6 13,6
total rainfall mm 31,2 46,4 11,2 39,3 9,5 65,5 47,9 18,1 47,1 61,9 60,6 48,4
n° days rain 16 15 3 11 3 11 6 4 5 12 14 15

1991 jan febr march april may june july aug sept oct nov dec
mean min temp 1,2 -4,1 5,3 3,26 6,1 9,3 13,7 13,5 12 6 3,1 -0,4
mean max temp 6,3 4,1 12,2 14,6 16,7 19,2 24,7 27,3 23,5 14,5 9,8 6,1
mean mean temp 3,7 0 8,7 8,9 11,4 14,2 19,2 20,4 18 10 6,4 2,3
min temp per month -8,1 -13,8 -1,9 -3,12 1,6 0 9,2 9 6,1 0,9 -4,8 -7,8
max temp per month 15,2 19,1 19,2 24,8 25,6 26,2 34,1 32,2 30,2 21,2 18,1 12,8
total rainfall mm 63,7 21,7 52 28,8 17,5 42,7 67,6 26,6 86,2 35,3 64,7 13,4
n° days rain 12 8 15 8 5 16 11 5 10 10 13 6

1992 jan febr march april may june july aug sept oct nov dec
mean min temp -0,7 -1,2 3,7 7,4 9 11,4 14 15,2 9,5 5,2 4,9 1,1
mean max temp 5,2 8,3 11,9 14,1 22 22,5 29,7 26 20,5 13 12,2 7,4
mean mean temp 2,2 3,5 7,8 10,7 15,5 16,9 22 20,6 15 9,1 8,5 4,2
min temp per month -9,5 -6,5 -3,2 -2,2 1,8 5,6 9,4 8,8 3,8 -2,8 -2,4 -9,9
max temp per month 13,2 16,2 17,8 22,2 30,5 30,5 34,5 36,4 30,1 17,6 16,1 13,1
total rainfall mm 7,7 24,5 37,3 36,2 9,4 31,6 51,7 32,2 30,1 46,5 101,4 65,3
n° days rain 5 8 15 12 4 8 8 6 7 16 16 13

1993 jan febr march april may june july aug sept oct nov dec
mean min temp 3,4 -0,5 1,1 6,4 9,5 12,1 11,9 10,5 9,6 6,8 -0,9 3,8
mean max temp 9,5 6,2 12,2 16,1 14,6 22,9 24 29 19 12,8 7 8,9
mean mean temp 6,4 2,3 6,6 11,2 12 17,5 18 19,7 14,3 9,8 3,5 6,3
min temp per month -12,6 -6,5 -4,4 -2,4 3,6 6 6,8 5,5 3,8 1,2 -11 -1,8
max temp per month 15,5 12,2 19 25,4 26,4 30,4 29 32 26,5 20,4 20,1 13,6
total rainfall mm 51,5 27,7 11,8 77,8 96,5 64,9 21,1 17,3 93 65 20,2 77,4
n° days rain 12 4 2 17 13 10 4 5 16 12 7 22

1994 jan febr march april may june july aug sept oct nov dec
mean min temp 3 1,8 5 4,1 9 11,4 15 14,5 10,3 7,5 8 3,8
mean max temp 8 8 14 13,6 19,4 29,1 26,3 26,1 18,8 16,6 13,4 10
mean mean temp 5,5 4,9 9,5 8,8 14,2 20,2 20,6 20,1 14,5 12 10,7 6,9
min temp per month -5,5 -5,4 -1,8 -2,5 4,2 6,5 9,9 7,8 2,6 0 2 -3,4
max temp per month 13,4 18,4 23,2 26,2 28,8 32,5 33,8 35,5 23,5 23,5 20,6 13,8
total rainfall mm 85,6 93,5 41,8 56,4 93,4 47,4 27 75,8 104,6 60,8 45,6 80,3
n° days rain 21 2 13 12 15 5 6 8 20 12 8 21

1995 jan febr march april may june july aug sept oct nov dec
mean min temp 1,9 4,7 2,4 5,2 8 10,4 15,4 14,5 9,3 9,4
mean max temp 7,9 15,8 11,4 13,7 20,2 21,6 28 27,5 18,9 19,8
mean mean temp 4,9 10,2 7 9,5 14,1 16 21,7 21 14,1 14,6
min temp per month -7,4 -3 -2,6 0,1 -0,2 5,2 9,1 7,5 1,9 1,5
max temp per month 15,2 15,8 18,8 22,5 28,4 32,5 36,5 35,4 22,1 26,4

Figure 15: 0HWHRURORJLFDO�GDWD�IRU�WKH�VWDWLRQ�DW�)OHXU\�OHV�$XEUDLV�IRU�WKH�\HDUV������������
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Figure 16: 0HDQ�WHPSHUDWXUH������DW�WKH�)OHXU\�OHV�$XEUDLV�PHWHRURORJLFDO�VWDWLRQ��DOWLWXGH
����P�

Figure 17: 5DLQIDOO�FKDUDFWHULVWLFV��WRWDO�UDLQIDOO�SHU�PRQWK�DQG�PP�UDLQ�SHU�GD\��IRU������
DW�WKH�)OHXU\�OHV�$XEUDLV�PHWHRURORJLFDO�VWDWLRQ��DOWLWXGH�����P�
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GEOLOGY, SOIL AND RELIEF

Geology

The Région Centre corresponds to the south of the Paris Basin and belongs to the Paris Basin
sedimentary system. The general frame of the Région Centre is limestone formations of the
Secondary era : most part of the region is composed of uniform deposits from Portlandien
(end Jurassic) to Senonien (Cretaceous), Cretaceous deposits (chalk) being very extended.
But, in the south of the region, the 'Champagne berrichonne', limited to the north by the
Cretaceous cuesta, is formed of Jurassic limestones and marls (Oxfordien and
Kimmeridgien). More southern, the 'Boischaut sud', the 'Marche' and the 'Vallée de Germigny'
are situated on Lias deposits. The southern limit of the Région Centre includes a crystalline
and metamorphic zone corresponding to the northern part of the Massif Central (Primary).

At the end of the Secondary happened local transgression and regression. In some zones the
Secondary limestone formations are covered by more recent deposits :

- Oligocene limestones and Aquitanian lagune calcareous deposits (Miocene) of the Beauce in
the northeast and at some places in the Berry (south),
- Miocene sands of the Sologne (southern the bend of the Loire),
- Eocene and Burdigalian (Miocene) clays and sands from the Massif Central in the Gâtine
tourangelle and the Brenne (southwest), where the very moist soils are unfavourable for
cereals.
These layers are slightly tectonised, due to alpine surrection.

Figure 18 shows a geological map of the Région Centre at 1/500.000 scale by BRGM, more
detailed maps are available. Figures 19 and 20 show a geological transect through the regions
Sologne and Beauce. The locations of these sections are shown in figure 18.

Of the four transects two concern the south of Orléans (figure 19) and two concern the north
of Orléans (figure 20). In figure 19a a geological transect from Aubigny/Nère (East) to Blois
(west) shows the effect of alpine movements (folds and faults). While another transect from
north to south (figure 19b) shows mainly the south limits of the sea extension and the effect
of alpine surrection on the thickness of the deposit. From these two transects we can see that
the main groundwater reservoir will be the Aquitanian layer overlain by sand, clay and/or
loam and lying over a layer of clay derived from weathering of chalk. Another possible
aquifer will be the very extensive Cretaceous deposits of porous limestone (more than 60
meters thickness). We can notice that some lateral water transfer in these reservoirs is
possible from the east, west and south margins.

Figure 20 has less detail. From C to D we see the effect of alpine surrection and the possible
transfer along the Aquitanien of pollutants coming from the north-east or eventually from the
north-west. The transect from A to B shows also the importance of lake deposits (Aquitanian)
and the possible transfers with time from the north-east.
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Figure 18: *HRORJLFDO�PDS�RI�WKH�5pJLRQ�&HQWUH�LQGLFDWLQJ�WKH�WUDQVHFWV�RI�WKH�ILJXUHV����
DQG� ��
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Figure 19a : *HRORJLFDO�WUDQVHFW�RI�WKH�6RORJQH�IURP�ZHVW�WR�HDVW
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Figure 19b : *HRORJLFDO�WUDQVHFW�RI�WKH�6RORJQH�IURP�VRXWK�WR�QRUWK
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)RUPDWLRQ /LWKRORJ\ (UD

Recent alluvial deposits  Sand, clay QUATERNARY

Ancient terraces Sand, clay
HELVETIAN

’Faluns’ of the Touraine BURDIGALIAN
Sand of the Blésois
Formation of the Sologne

Formation of the Beauce Limestone, marl
AQUITANIAN

'Siderolithique' Sand, gravel, stones EOCENE
Conglomerate of Gien

Clay with flint Clay, flint POST CRETACEOUS

Chalk with flint SENONIAN
Chalk Marly chalk

TURONIAN
Marl

CENOMANIAN

Marls with Ostracées Marl

Sand of Vierzon Fine sand and clay
Sand of the Puisaye ALBIAN

Sand of Griselle Clay and sand INFERIOR
CRETACEOUS

Limestone and marl PORTLANDIAN

Marl KIMMERIDGIAN

Stratigraphic limit

Facies limit
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Figure 19c: /HJHQG� RI� WKH� JHRORJLFDO� WUDQVHFW� RI� ILJXUH� ��
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Figure 20: *HRORJLFDO�WUDQVHFW�RI�WKH�%HDXFH�UHJLRQ
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In loamy soils there are two phenomena that occur as is shown in figure 21: V-cracks due to
glaciations (quaternary) and tongues of degradation. Both will cause preferential flow.

Figure 21: 9�FUDFNV�GXH�WR�JODFLDWLRQV��TXDWHUQDU\��DQG�WRQJXHV�RI�GHJUDGDWLRQ.

Soil

A vast range of soils exists in the Région Centre, on the sedimentary formations of the south
of the Paris Basin.
The extent of the soil information about the Région Centre derived by INRA is given in figure
23. The coverage is not complete particularly over part of the wheat zone. Areas not covered
are : Loir-et-Cher, northern and central part of Cher and north of Eure-et-Loir. Furthermore,
the parts of the region that are covered are at different scales.

So the agronomical soil map of the Région Centre by DDAF Loir-et-Cher (figure 24) will be
used for this study.
From the agronomical soil map of figure 24, three main types of zones appear:

3 Zones which are very suitable for wheat, especially in the Beauce and also in the
Champagne berrichonne.
The surface textures of concern are loam (grey and green), loamy clay (blue), calcareous clays
more or less deep soils (purple, violet).
We can list :
- deep loamy soils in the Beauce, very good for growing cereals,
- thin clayey limy soils and brown soils on Jurassic limestones in the Champagne
berrichonne.

2 Zones with complex units of soil, which are more or less suitable for wheat.



72

We can list :
- more heavy soils on Cretaceous formations in the west,
- heavy clayey soils on Jurassic marls in the Boischaut and Vallée de Germigny
- eastern part of the Région Centre
- and the particular soils of the Val de Loire.

3 Sandy zones (in yellow), which are not really suitable for wheat :
- acid and soaked soils on sandy and clayey sand formations of the Sologne and the Brenne,
Bassin de Savigné and part of the Boischaut sud too.

The FAO European soil map at 1:1,000,000 provides a coverage of the Région Centre.

Main FAO soil units in the Région Centre are:

Dystric Cambisol in the Boischaut (south), near the Massif Central
Eutric Cambisol on limestones (in the Beauce and in the south)
Fluvisol Val de Loire and river valleys
Orthic Luvisol on the loams of the Beauce
Stagnic Luvisol, Planosol part of Orléanais, Sancerrois (east), Gâtines (west)
Podzoluvisol hills of the Perche (northwest),part of Gâtinais (east)
Podzol and Gleyic Podzol on the sands of the Sologne and in the Brenne
Rendzina, Calcaric Cambisol on limestones in the Champagne berrichonne.

Hydrology of the soil:

Ks (m/s) 10-1      10-2 10-3       10-4 10-5       10-6 10-7      10-8       10-9     10-10     10-11

Approximately:             100 m/d 10 m/d    1 m/d 0.1 m/d
Permeability Permeable Semi-permeable Impermeable
Soil type gravier without

sand
rough to fine
sand

very fine sand,
loam to clayish
loam

loamy clay to homogenous clay

Possibilities for drainage excellent good mediocre to
weak

weak to none

Ks = K of saturated soil
Figure 22 : +\GUDXOLF�FRQGXFWLYLW\�LQ�GLYHUV�VRLO�W\SHV��0XV\��$��������

For the wheat zones of the Région Centre the Ks will most of the time be less than 0.1 m/day
because the main soil type is loamy clay to homogenous clay.
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Figure 23: &RYHUDJH�RI�WKH�5pJLRQ�&HQWUH�E\�,15$�VRLO�PDSV��LQGLFDWLQJ�WKH�GLIIHUHQW�VFDOHV
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Figure 24: $JURQRPLFDO�VRLO�PDS�RI�WKH�5pJLRQ�&HQWUH
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Relief

The Région Centre shows a good unity, with the hills of the Perche and the Sancerrois at the
northwest and southeast ends, a ring of low plateaux : the Beauce, the Touraine (west) and the
Berry (south), the plain of the Sologne in the center of the region, and the Val de Loire and
the other valleys cutting the whole towards the west.

Figure 25 shows a general overview of the relief of the region. Due to the poor tectonics the
Région Centre is a region of little contrast and is topographically uniform. Altitude is
generally less than 500 m and at around 100 - 250 m, the relief is little accentuated. The
highest point of the region - 434 m - is in the hills of the Sancerrois. In detailed examination,
a certain diversity can be seen, with valleys, faults (Sancerrois), folds (Perche), ‘cuestas’ (in
the north of the Champagne Berrichonne) and depressions. (Région Centre Sol et Climat, la
production des céréales. J.M.Baillon (DDAF de Loir-et-Cher) pour ITCF (Institut Technique
des Céréales et des Fourrages) 1987)

The region can be divided in five zones from the north-west to the south:
A Slight hills in the northwest : the Perche
B An extended and very flat zone of low plateaux and plains : plateau of Beauce, Orléanais,
plain of Sologne ; the Val de Loire is a great valley through this flat zone
C The cuesta of Berry and Sancerrois, cut by the river Loire and the rivers Cher and Indre
D The flat zone of Indre and Cher in the south : the plateau of Champagne berrichonne
E The hills of the south : the undulating depression of the Boischaut (dominated by the edge
of the Champagne berrichonne plateau).

It is evident that the wheat growing corresponds to the zones B, C and D, except when sand
deposits are present (Sologne, Brenne and Boischaut Sud). So, the main way of water transfer
would be infiltration to the watertable. The study of the network of surface water will help to
confirm this first analysis.

GENERAL HYDROLOGY AND HYDROGEOLOGY

Surface water
Figure 6 displays the network of surface water of the Région Centre. Due to the tectonics
there are two main orientations for the network of surface water. The small rivers are mainly
orientated from south to north. The bigger rivers Cher, Loire and to a less extent Indre are
running from east to west. A simple analysis of the density of the hydrological network
confirms that zones B, C and D indeed have a less dense network. The density does, however,
increase from B to D to C.

Groundwater
Maps from BRGM are available and could provide complementary information:
- Map of all watertables of the Région Centre with their flows 1/250.000
- Map of the Beauce watertable 1/250.000
- Map that indicates the vulnerability of the Beauce watertable 1/250.000
The maps indicate velocity and direction of the groundwater movements.
In the Région Centre groundwater is a major source of drinking supply.
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Figure 25: *HQHUDO�RYHUYLHZ�RI�WKH�UHOLHI�RI�WKH�5pJLRQ�&HQWUH
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PESTICIDE USE IN THE REGION

The Région Centre is a region of large-scale farming with a dominance of use of plant
production products on cereals, nevertheless, the applications on vines and arboriculture are
also numerous.

Crop rotation:
Typically there is a rotation-system of three years (but rather often of five years): wheat,
barley, head of rotation (= maize, peas, beets, sunflowers, colza according to field localisation
or economic conditions and region). When a farmer chooses to leave the land fallow in
accordance to CAP, this changes: every four or five years he lets the land lie fallow, he may
also choose a way of ‘energetic fallow’ with colza, beets or sometimes flax. (SRPV)

Nature and quantity of plant protection products that are used in the Région Centre
(GREPPPES brochure: SRPV survey)

GREPPPES stands for ‘Groupe Régional pour l’Etude de la Pollution par les Produits
Phytosanitaires des Eaux et des Sols en Région Centre’ (Regional group for the study of the
pollution of water and soil by plant protection products in the Région Centre).

Agricultural use:
(GREPPPES-data of 1988) In 1988 the Région Centre has a total agricultural surface of
1.750.000 ha., of which 22% are cereals, 16% maize, 9% sunflowers, 7% vines; a total of
54% of the surface (910.000 ha.) on which the following tonnages are applied:
* fungicides  :  3.770 tons/year  (66%  copper  and  sulphur  for  the  vines)  of which
1.282 tons/year are non-mineral fungicides for large-scale farming.
* herbicides  :  1.550 tons/year
* insecticides  :   280 tons/year
The total tonnage of plant protection products in the Région Centre is 5600 tons/year.
Due to the quantities involved, herbicides and fungicides are the main pesticides to consider
in this study.

General use of cereal herbicides in the Région Centre: (SRPV)
- 1/4 of the surface is weeded with isoproturon;
- 1/4 with chlortoluron or methabenzthiazuron;
- 1/4 of the surface with foliair products (fenoxaprop-p-éthyl 60%, clodinafop-propargyl 30%,
diclofop méthyl 10%);
- 1/4 with others.
It is necessary to point out that the herbicide most often used on maize is atrazine.

On regional scale, the crossing of data concerning the distribution of crops and the use of
plant protection products has permitted the SRPV Centre to establish in 1991 a list of
substances that have to be searched in water.
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7\SH )DPLO\ $FWLYH 'HSDUWPHQWV
VXEVWDQFH &KHU (XUH�

HW�/RLU
,QGUH ,QGUH�HW�

/RLUH
/RLU�HW�
&KHU

/RLUHW

I-LF Carbamates carbofuran, + + + + +
I-LF Organochlores lindane + + + + + +
H-LF Triazines atrazine + + + + + +
H-LF Amides alachlor + + + + + +
H-LF Toluidines trifluraline + + + + + +
H-LF Amides metolachlor +

Amides napropamide +
Pyralidones flurochloridone + +
Phytohormones 2,4-D + + + + +

H-LF-A Phytohormones MCPP + + + + +
F-LF Triazoles D�ORW�RI + + + + + +
F-LF Imidazoles prochloraze +
H-LF Phenylureas chlortoluron + + + + +
H-LF Phenylureas isoproturon + + + + +
H-V Triazines simazine + + +
H-V Triazines terbuthylazine +

I =Insecticide LF =Large-scale Farming
H =Herbicide V =Vines
F =Fungicide A =Arboriculture

Non agricultural use:
Pesticides are also used for several non-agricultural purposes: in towns for the upkeeping of
green areas, sports fields, pavements, roadsides etc., the services Cofiroute and DDE use
pesticides for the maintenance of roadsides and crossings, the SNCF uses them for the
maintenance of their railways.
Of 82 questionnaires that were sent by the DIREN, 46 responses have been received, with for
each user the following response rates: SNCF and COFIROUTE 100%, DDE 70%, towns
50%, EDF 30%.
Estimation of the total consumption of plant protection products for non agricultural use in
the Région Centre, 1992: 45 tons, which is about 1% of the total use.

The towns represent 52% of the non-agricultural pesticide use, followed by the SNCF (37%),
DDE (7%) and Cofiroute (4%). Out of 80 used substances approximately 10 represent 80% of
the applied tonnage. Practically all of them use diuron, aminotriazole and simazine most.
Characteristics of public use: for each of the towns that responded to the questionnaire, the
following ratio has been established:

Quantity of used products / Number of inhabitants

The analysis of this ratio led to the following conclusion:
Communities with less than 10.000 inhabitants are the largest consumers of product per
inhabitant (14 grams), compared with those of over 30.000 inhabitants, of which the mean
ratio is about 5 grams per inhabitant. For the sum of the inquired communities, the mean ratio
is about 10 grams per inhabitant.
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With both agricultural and non agricultural uses the Région Centre represents around 6 % of
the total french use of pesticides.

SOURCES OF MONITORING DATA

In general:
Surface water data are obtained from GREPPPES and the water agency Loire-Bretagne,
groundwater data from GREPPPES.

Organizations responsible for data:
��*5(333(6� stands for ‘Groupe Régional pour l’Etude de la Pollution par les Produits
Phytosanitaires des Eaux et des Sols en Région Centre’ (Regional group for the study of the
pollution of water and soil by plant protection products in the Région Centre). GREPPPES
exists since 1991 when it was founded by the Prefect of the Region. The following
organizations are represented in the GREPPPES:

Ministry of Agriculture, Food and Fisheries
*DERF : Direction de l'Espace rural et de la Forêt (Department of Countryside and Forestry)
*SDPV : Sous-Direction de la Protection des Végétaux (Plant Protection Service)
*DRAF: Direction Régionale de l’Agriculture et de la Forêt (Regional department of
agriculture and forest).
*SRPV: Service Régional de la Protection des Végétaux (Regional plant protection service)
*SREA: Service Régional de l’Economie Agricole (Regional service of agricultural
economics)

Ministry of Environmental Affairs
*DIREN: Direction Régionale de l’Environnement (Regional department of environment)
*SEMA: Service de l’Aménagement de l’Eau et des Milieux Aquatiques (Service for the
development of water and aquatic environments).

*CORPEN: Comité d’Orientation pour la Réduction de la Pollution des Eaux par les Nitrates,
les phoshates et les produits phytosanitaires provenant des activités agricoles (Committee for
the reduction of pollution of water by nitrate, phosphate and plant protection products coming
from agricultural activities).

Ministry of Health
*DRASS: Direction Régionale des Affaires Sanitaires et Sociales (Regional department of
health and social affairs).
*DDASS: Directions départementales des Affaires Sanitaires et Sociales (Departmental
department of health and social affairs).

*Les Agences de l’Eau Loire-Bretagne , Seine-Normandie (Water Authorities)

*Chambre Régionale d’Agriculture de la Région Centre et Chambres Départementales
d'Agriculture (Loiret...) (Regional Chamber of Agriculture of the Région Centre and
Departmental Chambers of Agriculture)
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*INRA: Institut National de la Recherche Agronomique ( National institute for agronomical
research).
*BRGM: Bureau de Recherches Géologiques et Minières (Bureau for geological and mining
research).
*Universities of Orléans and Tours
*LEGTA: Lycées d’Enseignement Général des Techniques Agricoles (schools for agricultural
technics)
*ADEME: Agence de l’Environnement et de la Maîtrise de l’Energie (Agency for the
environment and energy control)

*Le Conseil Régional de la Région Centre (Regional Council for the Région Centre).

GREPPPES is at the moment still in a diagnostic stage, in the coming years it will try to
explain transfer patterns and understand the underlying processes in order to be able to reduce
the pollution by plant protection products.

��$JHQFH�GH�O¶(DX�/RLUH�%UHWDJQH is stationed at Orléans and is one of a total of six French
water agencies. Different sorts of water quality monitoring are accomplished: monitoring of
groundwater, surface water, searches for nitrates, and pesticides,especially triazines, and
heavy metals. The groundwater monitoring data are used to complement the GREPPPES
monitoring programs.
Furthermore the Agence de l’Eau obliges in some cases the polluters to pay taxes for the
waste-water they produce.

GREPPPES provides data about groundwater and surface water : DDASS and Water
Agencies are responsible for groundwater monitoring, DIREN and SRPV for surface water
monitoring.
Water Agencies are responsible for surface water monitoring at great watersheds scale, that is
different from regional scale.

Data quality
/DERUDWRU\�
All samples (ground- and surface water, GREPPPES and Agence de l’Eau) were analysed at
the CRITT Laboratory of Poitiers. CRITT is an agreed laboratory that will be soon GLP, and
is already calibrated with the Health Laboratory of Rennes. The pesticides have always been
analysed after extraction, concentration, separation by gas or liquid chromatography and
specific detection. The coupling gaschromatography, mass spectrometry has been used for
certain families of substances or for confirmation of results that were obtained by other
methods.

0HWKRGV�RI�H[WUDFWLRQ�DQG�DQDO\VLV�
Analysis has been performed at the CRITT laboratory of Poitiers in the following manner:
*Organochlorines:
- Extraction with ether of petroleum. Drying - Concentration and purification (in case of
interferences)
- Analysis with CG/CE (cation exchange) on capillary column.
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*Organo-azotes and/or phosphors:
- Extraction with dichlormethane. Drying, concentration.
- Analysis by GC/DNP with semi-capillary DB 5 column. Confirmation with capillary
column.

*Ureas:
- Extraction with dichlormethane. Drying, concentration.
- Analyse par HPLC/UV/SiO2 column

*Aryloxacids:
- Extraction with diethylic ether of water with pH<2. Methylation
- Analysis GC/MS with DB5 column

*Carbamates:
- Extraction with dichlormethane
- Dry concentration.
- Analysis with HPLC/UV column, gradient of solvent, detection with diode.

'HWHFWLRQ�OLPLWV���J�O��
2UJDQR�FKORULQH�
lindane 0.005 trifluraline 0.01
hexachlorobenzene 0.005 aldrine 0.005
dieldrine 0.005 fluorochloridone 0.01

2UJDQR�D]RWHV�DQG�RU�SKRVSKRUV�
atrazine 0.02 simazine 0.02
desethylatrazine 0.02 alachlor 0.05
metolachlor 0.05 parathion 0.01
terbufos 0.01 azinphos methyl 0.05
chlorpyriphos ethyl 0.01 terbuthylazine 0.02
desethylsimazine 0.02 dimethoate 0.01

8UHDV�
chlortoluron 0.05 isoproturon 0.05
diuron 0.05 methabenzthiazuron 0.05
metoxuron 0.05 linuron 0.05

$U\OR[DFLGHV�
2,4 D 0.05 mecoprop (MCPP) 0.05
dichlorprop 0.05 2,4 MCPA 0.05

&DUEDPDWHV�
carbofuran 0.05 carbendazime 0.05

2WKHUV�
fenpropimorphe 0.1 tebuconazole 0.1
hexaconazole 0.1 flusilazole 0.1
propiconazole 0.1
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'DWD�
Precise dates are known for each sampling period and information about weather conditions
are noted. However the circumstances that might have influenced the pesticides transfer are
much more complicated, so that interpretation of pesticides contents in the samples may be
difficult.

MONITORING STRATEGY

1. Surface water:
Figure 26 shows the Région Centre with all locations of both GREPPPES (1991-1995) and
Agence de l’Eau Loire-Bretagne (1991, 1992) surface water sampling. (The network of rivers
is presented figure6).

Figure 26: 6DPSOLQJ� ORFDWLRQV� VXUIDFH� ZDWHU� LQ� WKH� 5pJLRQ� &HQWUH�� *5(333(6� DQG� WKH
$JHQFH�GH�O¶(DX�/RLUH�%UHWDJQH
 = GREPPPES location

• = Agence de l’Eau Loire-Bretagne location
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*5(333(6�
Seven sampling periods between May 1992 and May 1995:
rivers in the Région Centre, monitoring locations are set where sampling takes place in 42
times a year, in May and December. May was chosen because it is close to the spring
pesticide applications, December because it is after the usage of herbicides on winter cereals.
It is necessary to point out that samples are taken only at times when residues in water are
most likely to be present. As a consequence the results do not represent an average presence
of pesticide residues in the rivers, but probably the worst case in the year.

Choice of streams
42 rivers in the six departments of the Région Centre are the object of the investigation. Some
of them are covered by several sampling locations, which makes a total of
53 stations. Certain selected sites are already the object of a follow through of several years
by SEMA for the measurements of different physical/chemical parameters.

Sampling protocol for surface water
Samples for all of the Région Centre are taken by 2 - 4 persons in two days. The samples are
taken from a bridge in the middle of a stream where the flow is the strongest. Method: first
three rinses with water from the river, then a sample of 1/3 of a litre from the surface and 2/3
of a litre of deep water is taken. The samples are kept at circa 4°C. As soon as possible
(within 2 days) the samples are transported to the analysing laboratory: Ianesco-Critt in
Poitiers. The extractions of the rough samples (which are not settled) are carried out in the
following 48 hours.

Methods of analysis
In 1991, at the time of the first investigation, two methods of analysis have been tested:
- A method with immunoenzymatic tests (ELISA) that permits the realisation of a first
screening of the state of pollution concerning certain chemical groups. This method has been
chosen because the analysis can be realised on location and is relatively cheap.
- The samples that had been tested with ELISA and that presented a notable contamination
with triazines or chloroacetamides were followed by gaschromatography in order to quantify
the active substances present. This was carried out by the Ianesco-Critt laboratory of Poitiers.
The correlation between the results that were obtained by these two methods turned out to be
imperfect, except for the triazines. Note however that the ELISA-tests do not permit the
identification of the different substances present; this method generally overestimates the
contents of triazines, for it reveals the ensemble of components of the same chemical family
(the different substances and their metabolites), particularly atrazine and simazine which
come from different applications (agricultural or non agricultural).
Therefore, the analyses of 1992 and after were uniquely realised by chromatography. The
following chemical families were searched:
* triazines * phenylureas (since 1992)
* chloracetamines * triazoles (since 1993)
* organochlorine
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$JHQFH�GH�O¶HDX�/RLUH�%UHWDJQH�

����� (Agence de l'eau Loire-Bretagne, Division Qualité des Eaux, Service milieu naturel.
Etude des micropolluants dans les cours d'eau. Campagne 1991. Orléans)

Frequency of sampling:
fixed at four for 1991: April, May, June and November. The results of April indicate the
degree of contamination before the first periods of pesticide application. May and June are
situated in the periods of maximal use and November shows the evolution of products after
the last treatments and the first rainy periods.

Sampling locations:
Most stations are situated at the large rivers or downstream from principal watersheds.

%DVLQ 1��VWDWLRQ 5LYHU 6XUIDFH�RI�XSVWUHDP

EDVVLQ�YHUVDQW
��NPð

/RFDWLRQ <HDU
�����������

/RLUH 050500 Loire 39366 Orléans +
056000 Loire 56291 Villandry +

$IIOXHQWV�RI�WKH
QRUWK�EDQN

045000 Allier 14230 Cuffy + +

RI�WKH�/RLUH 065000 Cher 4525 Vierzon Foecy +
071000 Cher 13524 Veretz +
075000 Indre 3289 Marnay + +
097200 Creuse 9568 La Celle St Avant +
070300 Cher ? St Aignan +

Sampling strategy:
Time averaged samples (6 to 24 hours) of the order of 10 litres.

����� (Agence de l’eau Loire-Bretagne. Suivi des Micro-polluants dans les cours d’eau.
Campagne 1992. Mars '94 Orléans)
4 sampling stations, measured 7 times: April, May, June, July, September, October,
November.
Laboratory: CRITT de Poitiers, method of analysis is the same as in 1991.

2. Groundwater:
(Méthodes d'extraction et d'analyse eaux souterraines, publications DRASS, DDASS: suivi
des pesticides dans les eaux souterraines, étude DRASS-DDASS. Préfecture de la Région
Centre, Groupe de Travail Pesticides.)

Sampling periods:
From November ‘92 up to June ‘95 five periods have been held including 56 groundwater
sampling stations in the Région Centre (figure 27).

Choice of bore-holes:
The objective of this study was to create a variety of different situations as large as possible.
Therefore, several characteristics or criteria have been taken into account by the choosing of
bore-holes:
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- type of watertable;
- environment: type of crops;
- vulnerability of the bore-hole on the hydrogeological plan or caused by it’s realisation (age,
communication with other watertables);
- previous results revealing the presence of plant protection products;
- pollution by nitrates;
- others, like: importance of the population that is served by it, importance of this point to
complete the coverage that is already available as far as the follow-through of plant
protection products in the department is concerned.
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Figure 27: 6DPSOLQJ�ORFDWLRQV�JURXQGZDWHU�LQ�WKH�5pJLRQ�&HQWUH���*5(333(6
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3. Pesticides monitored

$FWLYH�VXEVWDQFH /DQGHOO &URS *URXQG�ZDWHU 6XUIDFH�ZDWHU
0LOOV�VWXG\ *5(333(6 *5(333(6 $JHQF\

/RLUH�%UHWDJQH
����' cereals D D NS
DODFKORU maize D D ND
DOGULQ ND ND NS
DWUD]LQH maize D D D
D]LQSKRV�PHWK\O / vines/potatoes/orchards D ND ND
EHQWD]RQH peas/maize NS D NS
FDUEHQGD]LPH wheat/barley/colza/peas D NS NS
FDUERIXUDQ maize/colza D NS ND
FKORUWROXURQ cereals D D ND
FKORUS\ULSKRV�HWK\O beets ND NS NS
F\DQD]LQH maize NS D NS
GHVHWK\O�DWUD]LQH (metabolite) D D NS
GHVHWK\O�VLPD]LQH (metabolite) D D NS
GLFKORUSURS cereals NS D NS
GLHOGULQ ND ND NS
GLPHWKRDWH / D ND ND
GLQRWHUEH maize NS NS D
GLXURQ vines/orchards/* D D NS
IHQSURSLPRUSKH / wheat/barley ND ND NS
IOXRURFKORULGRQH sunflowers ND D NS
IOXUR[\S\U cereals NS D NS
IOXVLOD]ROH vines/cereals ND D NS
KH[DFKORUREHQ]HQH ND ND NS
KH[DFRQD]ROH vines/cereals ND ND NS
LVRSURWXURQ / wheat D D ND
OLQGDQH maize/sunflowers D D D
OLQXURQ sunflowers/vegetables ND D NS
0&3$ / cereals NS D ND
0&33��PHFRSURS� wheat D D D
PHWD]DFKORU colza D D NS
PHWKDEHQ]WKLD]XURQ wheat D D NS
PHWRODFKORU sunflowers D D ND
PHWR[XURQ wheat/barley ND D ND
PHWULEX]LQH potatoes ND ND ND
SDUDWKLRQ colza ND NS NS
SHQGLPHWKDOLQH sunflowers/peas NS ND NS
SURSLFRQD]ROH / wheat/barley ND ND NS
VLPD]LQH maize/vines/orchards/* D D D
WHEXFRQD]ROH wheat/peas/colza ND ND NS
WHUEXIRV maize/colza ND NS ND
WHUEXWK\OD]LQH vines/nursery of trees D D NS
WULIOXUDOLQH sunflowers/colza/wheat D ND NS

NS=active substance not searched
ND=active substance not detected
D =active substance detected �DW�OHDVW�RQH�WLPH�
�QRQ�DJULFXOWXUDO�XVH�

4. Soil
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No regular soil sampling has been found in the Région Centre, only small scale studies on
pesticide transfer or pollution are available, for example:

- Leaching of atrazine through three types of soil of the Région Centre; a study of lysimeters
under natural conditions during a period of ten months. S.Dousset, C.Mouvet, D.Defoix,
M.Schiavon. (part of the GREPPPES study).

- Trois Fontaines study (later available) : research about pesticide transfer (isoproturon and
atrazine) through a karstic area.

- Experimental station of Fleury-les-Aubrais : study of pesticide transfer and degradation at
field scale.

Because most studies either involve triazines, either are not published yet, no data have been
mentioned here.
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OCCURRENCES AND REASONS

Water:

In the Région Centre we are going to study especially plant protection products that are used
on wheat, but it seems interesting to show that other crops can cause the occurrence of
pesticides in water, in particular maize with atrazine.

1. Groundwater results:

Figure 28 represents the non occurrences of all searched pesticides in groundwater during the
5 GREPPPES sampling periods between November 1992 and May 1995. It becomes clear
from this figure that non-detections are rather rare when all pesticides are taken into account.
This is mainly due to the fact that triazines are detected nearly every time and in every place,
especially atrazine, which is applied on maize, and simazine. The triazines and their
metabolites are found in quite elevated concentrations. However, since the goal of this study
of the Région Centre was to provide data on wheat pesticides, more detailed information will
only be provided for the latter. Figure 29 shows the non-occurrences of pesticides that are
used on wheat and searched for in the analyses of groundwater samples: chlortoluron,
isoproturon, mecoprop, methabenzthiazuron, 2,4 D, dichlorprop and lindane. Note that in this
figure the circles indicate no detections ever, while in figure 28 the triangles indicate
detection without exception. One can see that the wheat pesticides are not nearly as frequently
detected in the groundwater as the other pesticide groups. They are mainly found in the areas
with high percentages of soft wheat.
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Croisilles 4/5

Sainville 2/5

Terminiers 5/5

Boynes 3/5

Le Liennet 3/3

Ardentes 3/3

Le Blanc 3/3

Channay 3/3

Danze 4/5

Nonvilliers 3/3

Figure 28: *URXQGZDWHU��IUHTXHQF\�RI�QRQ�GHWHFWLRQ�RI�DOO�VHDUFKHG�SHVWLFLGHV��XVHG�RQ�DOO�
FURSV�RU�QRQ�DJULFXOWXUDO�XVH��GXULQJ���VDPSOLQJ�SHULRGV�EHWZHHQ�1RYHPEHU������
DQG�0D\�����

ã =   GHWHFWLRQ of pesticides during all sampling periods

ã©©Sainville 2/5   =  2 non-detections of  pesticides in 5 sampling periods at the borehole Sainville

ã©©Le Blanc 3/3   =  QR�GHWHFWLRQ of  pesticides during all sampling periods
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Croisilles 4/5

Boynes 4/5

Danze 4/5

Tremblay 3/5

Ouarville 2/5

Châreaurenard 4/5

Douchy 4/5

Azy 3/5

Villequiers 4/5

StGaultier 0/3

Graçay 4/5

Selles 4/5

Romorantin 0/3

Chailles 4/5

Crucheray 4/5

Areines 4/5

Ouzouer 2/5

Verdes 4/5

StDenis 4/5

Argenvilliers 4/5

Figure 29: *URXQGZDWHU��IUHTXHQF\�RI�QRQ�GHWHFWLRQV�RI�SHVWLFLGHV�WKDW�DUH�XVHG�RQ�ZKHDW
�FKORUWROXURQ��LVRSURWXURQ��PHFRSURS��PHWKDEHQ]WKLD]XURQ������'��GLFKORUSURS��
OLQGDQH��GXULQJ���VDPSOLQJ�SHULRGV�EHWZHHQ�1RYHPEHU������DQG�0D\������

ã©© StGaultier 0/3   = GHWHFWLRQ (no non-detection) of wheat pesticides in 3 sampling periods at StGaultier

ã©© Ouarville 2/5   = 2 non-detections of wheat pesticides in 5 sampling periods at the borehole Ouarville

ã = QR�GHWHFWLRQ of  wheat pesticides during all sampling periods
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$FWLYH�VXEVWDQFH PHDQ�FRQFHQWUDWLRQ

��J�O�

QXPEHU�RI�RFFXUUHQFHV

RQ�DURXQG�����VDPSOHV

GHWHFWLRQ

OLPLW

PLQLPXP

FRQFHQWUDWLRQ

PD[LPXP

FRQFHQWUDWLRQ

����' 0.09 6 0.05 0.05 0.14
&KORUWROXURQ 0.16 11 0.05 0.05 0.70
'LFKORUSURS 0.09 1 0.05 0.09 0.09
,VRSURWXURQ 0.36 13 0.05 0.05 2.0
/LQGDQH���������/ 0.017 10 0.005 0.005 0.10
0&3$�����������/ 0 0 0.05
0HFRSURS 0.06 9 0.05 0.05 0.14
0HWKDEHQ]WKLD]XURQ 0.44 3 0.05 0.11 0.70

Figure 30: 'HWHFWLRQ�RI�ZKHDW�SHVWLFLGHV�LQ�JURXQGZDWHU�GXULQJ�WKH���VDPSOLQJ�SHULRGV
EHWZHHQ�1RYHPEHU������DQG�0D\�������FRQFHQWUDWLRQV�DUH�LQGLFDWHG�LQ�
�J�O�

/ : active substance chosen in Landell Mills study.

We can point out that fenpropimorphe (/� and the group morpholines on the one hand, and
propiconazole (/� and the group triazoles on the other hand were not detected.

Figure 30 displays the detections of wheat pesticides for each active ingredient, shown are the
mean concentration (calculated over all detections of the five periods), frequency of detection,
detection limit , minimum and maximum concentration. The substances that are most likely
to cause problems are chlortoluron and isoproturon, for they are detected most frequently and
with a mean concentration that is above 0.1 µg/l. And to a less extent  methabenzthiazuron,
which has only been detected in concentrations above 0.1 µg/l although not frequently.

Except lindane (the concentration of lindane is low), all these active substances are wheat
protection products, but are we allowed to conclude that there is a direct transfer from the
wheat area to the groundwater ? It would be necessary to check such an hypothesis.

Figure 31 locates the different boreholes in the geological scheme, half of all boreholes are
found in the Cretaceous layer (23 out of 46). Also, this is the layer in which more than half of
all detections of wheat pesticides have occurred.
Therefore, the choice has been made to take a closer look at the boreholes that are found in
the Cretaceous layer.
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&+(5 (85(�(7�/2,5 ,1'5( ,1'5(�(7�/2,5( /2,5�(7�&+(5 /2,5(7

48$7(51$5< Lapan St Gaultier
Le Blanc

3/3 Fondettes
Esvre/Indre

1/5 Orléans

7(57,$5< Mio-Pliocene
Vindobonian
Burdigalian
Stampian Sainville
Aquitanian Ouarville

Terminiers
Orgères en Beauce

3/5 Ouzouer le Doyen 3/5 Boynes 1/5

Stampian
Eocene

6(&21'$5<

&UHWDFHRXV Senonian-Turonian Chérisy-Fermaincourt
Croisilles
St Denis-les-Ponts
Tremblay-les-Villages

1/5
1/5
2/5

Rouziers
Marigny Marmande

Verdes
Selles/Cher
Chailles
Areines
Crucheray

1/5
1/5
1/5
1/5
1/5

Montargis
Châlette
Douchy
Châteaurenard
StMaurice/Aveyron

1/5
1/5

Cenomanian Aubigny/Nère Argenvilliers
Nonvilliers Grand’houx

1/5 Channay/Lathan Danze 1/5

Cretaceous inferior Quantilly Romorantin 3/3
-XUDVVLF Portlandian Graçay

Soulangis
Azy
Villequiers

1/5

2/5
1/5

Brion
La Demoiselle
Châteauroux

Oxfordian Mareuil/Arnon Le Liennet
Ardentes

Dogger
Lias

7ULDV La Châtre
35,0$5<

1/5 = 1 detection in 5 sampling periods

Figure 31: 'HWHFWLRQ�RI�ZKHDW�SHVWLFLGHV��EHWZHHQ�1RYHPEHU������DQG�0D\���������VDPSOLQJ�SHULRGV��ERUHKROHV�DUH�DUUDQJHG�DFFRUGLQJ�WR�
JHRORJLFDO�OD\HU�



%RUHKROH &RQFHQWUDWLRQ�RI

DFWLYH�VXEVWDQFH

GHW�OLPLW���[��������J�O

&RQFHQWUDWLRQ�RI

DFWLYH�VXEVWDQFH

[�≥������J�O

7RWDO�FRQFHQWUDWLRQ

ZKHDW�SHVWLFLGHV

[�≥������J�O

3HUFHQWDJH�RI�ZKHDW

����

%RUHKROH�GHSWK

�P�

&URLVLOOHV X >40 ?
6W'HQLV�OHV�3RQWV X 40 26
7UHPEOD\�OHV�9LOODJHV X X >40 ?
$UJHQYLOOLHUV X 30 - 40 ?
9HUGHV X 30 - 40 65
6HOOHV�&KHU X <12 65
&KDLOOHV X 30 37.5
$UHLQHV X 30 - 40 15
&UXFKHUD\ X 30 - 40 50
'DQ]H X 30 - 40 149
5RPRUDQWLQ X X X <12 surface water
'RXFK\ X X 30 - 40 6.2
&KkWHDXUHQDUG X X 30 - 40 6

x  one detection

xx two detections
(5 sampling periods)
* Data of 1988, cf. figure 8.

Figure 32: ,Q�RUGHU�WR�REWDLQ�D�JUHDWHU�LQVLJKW�WKLV�ILJXUH�SURYLGHV�PRUH�GHWDLOHG�
LQIRUPDWLRQ�RQ�WKH�JURXQGZDWHU�VDPSOHV�WKDW�DUH�WDNHQ�IURP�WKH�ERUHKROHV�WKDW�
DUH�VLWXDWHG�LQ�WKH�&UHWDFHRXV�OD\HU.

In several boreholes the searched active substances were not detected and in the other
boreholes the concentrations are quite often less than 0.1 µg/l.

Figure 32 provides more detailed information on the circumstances that might have
influenced the detections. The found concentrations of active ingredients are grouped by two
classes: under or above the 0.1 µg/l  limit, furthermore the figure indicates whether or not the
sum of the concentrations of the detected wheat pesticides is above  the 0.5 µg/l limit. As for
the circumstances of the boreholes that influence the detection of pesticides, details are
provided on the percentage of wheat in the area and on the depths of the boreholes (if
available).
For the boreholes Douchy and Châteaurenard the high concentrations can be explained by the
depth of both that measure respectively only 6.2 and 6 metres. For Romorantin the frequency
of detection seems high in this area of  <12% of wheat, this can be explained by the fact that
the water here is taken from surface water. On the other hand, there has also been a detection
at the nearby Selles/Cher borehole at a depth of 65 m, a factor causing these detections in a
relatively wheat-less area could be the soiltype which is sand, which is known to be very
permeable and causes this area to be sensitive.
The borehole at Danze poses the problem to explain the fact that there has been a detection at
a depth of 149 m.

In some cases, the percentage of wheat in the area and the depth of the borehole seem to have
an influence on the risk of active substance occurrence in groundwater. But for other
boreholes, this hypothesis cannot be checked. On the one hand, other factors could have an
influence too and it would be useful to know more precisely the agricultural use of the area
around the borehole, and to verify that the boreholes have no leaks. On the other hand we
have not enough detailed data on geology and soils for every borehole, and a precise study of
the Cretaceous layer characteristics (porosity, duration of transfer) would also be necessary.



 Since hydrogeology is not yet well known, there is no evident relationship between the
different factors and the concentrations observed in the boreholes. However we can notice
that the GREPPPES is now collecting all complementary information in order to establish
soon which are the most important factors.



Surface water results:

$JHQFH�GH�O¶(DX�/RLUH�%UHWDJQH�

The Agence de l’Eau Loire-Bretagne has published the results of two sampling periods, the
one of 1991 in which sampling took place in four months, and the period of 1992 in which
sampling took place in seven months. In both periods different sampling locations have been
selected, there are only two locations that were sampled both years. Because of this difference
these periods can not be compared to each other in detail. Due to this fact, only a general
description of both years will be provided.

The period of 1991 (6 stations):
More or less a trend is visible in which the results of April and November (before and after
applications) show lower concentrations than the results of May and June (during the
application period). The triazines are detected most frequently, in concentrations around  0.1
µg/l. Isoproturon and chlortoluron are never detected above their 0.1 µg/l detection limit.
Concentration peaks are not very high (0.2 µg/l for simazine), this is probably due to the
method of time-averaged sampling of 6 to 24 hours.

The period of 1992 (4 stations):
Most of the time the same trend as in 1991 is visible, this time over more months, but still
with the highest concentrations in May and June, the decrease appears to start in July.
Concentration peaks are a little higher than in 1991, (0.8µg/l for simazine). Again,
isoproturon and chlortoluron have not been detected.

*5(333(6
The GREPPPES has less sampling periods per year than the Agence de l’Eau, but has much
more sampling locations and not only in the large rivers. For GREPPPES data were available
for seven periods from May 1992 up to May 1995.

Since the sampling periods are May and December, that is after application periods for
several types of treatments : after herbicide treatments on maize (May) and wheat (May,
December), after fongicide applications (May), the risk of pesticide detection is particularly
high. The compounds looked for change according the time of sampling. Such a monitoring
gives information about the concentrations reached at the worst case period in the year, but
the results cannot be considered as the usual pesticide residues in the surface water.

Figure 33 shows the total concentrations of all searched pesticides in December 1994. This
period has been chosen as an example because it is the most recent period in which all
pesticides were searched (in May the phenylureas are not quantified except peaks). According
to the European limit of 0.5 µg/l the detections have been grouped by three classes (under and
above 0.5 µg/l, above 1.0 µg/l). This figure shows rather elevated concentrations of pesticides
in rivers in December. Here, just as in the groundwater, triazines are detected frequently. The
rest of this paragraph will focus on the wheat pesticides.
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Figure 33: 6XUIDFH�ZDWHU��WRWDO�SHVWLFLGH�FRQFHQWUDWLRQV���J�O��IRU�WKH�VDPSOLQJ�SHULRG�RI�
'HFHPEHU������

o  =  concentration <0.5 µg/l

o  =  concentration between 0.5 µg/l and 1.0 µg/l

o  = concentration ≥ 1.0 µg/l

:RUVW�FDVH�VDPSOLQJ�SHULRG
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0.72
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Figure 34 displays the wheat pesticides that have been detected among the 53 sampling
locations of the Région Centre during seven periods from May 1992 up to May 1995. Shown
are the mean concentration (calculated over all detections of the seven periods for all
locations sampled), frequency of detection, detection limit , minimum and maximum
concentration. Some pesticides have been searched only at certain periods. The active
ingredients that were searched for during the analyses are: methabenzthiazuron, isoproturon,
chlortoluron, lindane, metoxuron, flusilazol, 2,4 D, 2,4 MCPA, MCPP, fluroxypyr and
dichlorprop.

Chlortoluron, isoproturon and methabenzthiazuron are the pesticides that have been most
frequently detected in December. This fact is not very surprising as these three substances
together make up half of the cereal herbicides that are used in the Région Centre, as is
mentioned earlier in paragraph 'Pesticide use in the region'. Note however that the ureas
(chlortoluron, isoproturon and methabenzthiazuron) are searched for only in December and
therefore during merely 3 out of seven periods.

$FWLYH�VXEVWDQFH PHDQ

FRQFHQWUDWLRQ

��J�O�

VDPSOLQJ

LQ

�0D\

VDPSOLQJ

LQ

'HFHPEHU

QXPEHU�RI

RFFXUUHQFHV�QXPEHU�RI

VDPSOHV��DURXQG�

GHWHFWLRQ

OLPLW

PLQLPXP

FRQFHQWUDWLRQ

PD[LPXP

FRQFHQWUDWLRQ

����' 0.11 x 7/28 0.05 0.06 0.15
����0&3$�������������/ 0.12 x 13/28 0.05 0.05 0.20
%HQWD]RQH� 0.55 x     2/4 ** ? 0.50 0.60
&KORUWROXURQ 0.39 x 93/180 0.05 0.05 1.90
'LFKORUSURS 0.09 x 4/28 0.05 0.05 0.12
)OXUR[\S\U 0.07 x 2/28 0.05 0.06 0.08
)OXVLOD]RO 0.14 x 1/130 0.1 0.14 0.14
,VRSURWXURQ�����������/ 0.47 x 94/180 0.05 0.05 2.25
/LQGDQH 0.02 25/130 0.005 0.01 0.04
0&33 0.15 x 9/28 0.05 0.07 0.42
0HWKDEHQ]WKLD]XURQ 0.25 x 56/180 0.05 0.05 1.30
0HWR[XURQ 0.20 x 1/180 0.05 0.20 0.20

* Bentazone is an herbicide, it is not used on wheat but on maize or peas.
**When the number of samples is small, the number of occurrences is not really significant.

Figure 34: 'HWHFWLRQ�RI�ZKHDW�SHVWLFLGHV�LQ�VXUIDFH�ZDWHU�GXULQJ���VDPSOLQJ�SHULRGV�
EHWZHHQ�0D\������DQG�0D\�������HDFK�SHULRG�LQYROYLQJ����VDPSOLQJ�ORFDWLRQV�

FRQFHQWUDWLRQV�DUH�LQGLFDWHG�LQ��J�O�

/ : active substance chosen in Landell Mills study.

Among pesticides used on wheat, phenylureas are often detected in the rivers in December.
On the contrary other active substances have never been detected for the sampling periods
(May) : group of the morpholines, in particular fenpropimorphe (/� .The group of the
triazoles was rarely detected, in particular propiconazole (/� was never detected in May.
MCPP and MCPA (/� were detected in May, but the concentrations are relatively low.



Figure 35 shows the total wheat pesticide concentrations for the period of December 1994.
For the period considered here the largest presence of wheat pesticides (phenylureas,
especially isoproturon and chlortoluron) in surface water seems to be concentrated mainly in
the departments of Eure-et-Loir, Loir-et-Cher and Indre-et-Loire *. In the other three
departments these pesticides are detected but not in such elevated concentrations. This finding
is not entirely confirming the expectations regarding the percentages of wheat in these
departments as one can see in figure 11 (map of soft wheat). For example in the department
of Loiret the detected concentrations are not as high as one would expect according to this
map. What is also surprising are the elevated concentrations in the <12% soft wheat region in
the middle of the Région Centre.
In May, several months after the winter applications, phenylureas are no longer detected.

* It would be necessary to check if the concentration in the river water has a relation with the cultures present
near the sampling point or if the active substance comes from upstream.
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Figure 35: 6XUIDFH�ZDWHU��WRWDO�ZKHDW�SHVWLFLGH�FRQFHQWUDWLRQV���J�O��IRU�WKH�VDPSOLQJ�
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o  =  no detection

o  =  concentration <0.5 µg/l

o  =  concentration between 0.5 µg/l and 1.0 µg/l

o  = concentration ≥ 1.0 µg/l
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A comparison was made for isoproturon, chlortoluron and metabenzthiazuron concentrations
in the river Eure and its tributaries and in the river Indre at different points about a possible
relationship between surface water concentrations and the percentage of wheat in the areas of
concern.
However it was not possible to draw a conclusion. Differences appear between the two rivers,
but also from one year to another at the same point. A more detailed study would be
necessary, and it would be better to know the concentrations at more sampling points and
more different dates. The percentage of wheat in the area may have an influence on the
concentration level, but a precise definition of the catchments is needed and other factors
have to be studied: annual meteorological changes, exact period of herbicide application (in
particular the weeding does not always take place before winter, it depends on meteorological
conditions at this moment), soils, slope, variations in water volume from upstream to
downstream and between the main river and its tributaries...
Since interpretation of surface water results is difficult and requires to take account of several
factors, the working group ’diagnostic’ of the GREPPPES is going to study which are the most
important factors.

Soil and sediments: no data available.

CONCLUDING REMARKS

From this study of the pollution of water and soils by wheat pesticides in the Région Centre, a
region in which groundwater is the most important system, we can conclude that pesticide
residues are present in water. For the detection of wheat pesticide residues in soil information
is not yet available.
The presence of residues seems to be more important in surface water than in groundwater.
But we must notice that the monitoring in surface water took place after application periods,
when the risk is particularly high. Interpretation of surface water residues seems particularly
complex.

The occurrence of pesticide residues in water appears to depend on several factors:
1 The geographical region and the intensity of wheat production.
2 This study demonstrates that the results have to be viewed in their annual meteorological
context, especially for surface water.
3 The results of groundwater sampling have to take in account their hydrogeological context,
the depth of the watertable, the direction and velocity of its flow and the location of the
borehole in the watertable.

ENVIRONMENTAL IMPACT

��VHOHFWHG�SHVWLFLGHV
��VXPPDU\�RI�UHVLGXH�DQG�LPSDFW�LQIRUPDWLRQ��IURP�FRPSDQ\�GRVVLHUV��OLWHUDWXUH�UHYLHZV
��FRPSDULVRQ�HQYLURQPHQWDO�FRQFHQWUDWLRQV�LQ�UHJLRQV�ZLWK�SUHGLFWHG�HQYLURQPHQWDO
FRQFHQWUDWLRQV
Nothing yet
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RÉGION NORD-PAS DE CALAIS

Confidential information, permission to publish denied.

RÉGION DE BORDEAUX

Confidential information, permission to publish denied.

LANGUEDOC

As yet there is no information available on pesticide applications on apples. For both soil and
water no research of residues has been executed in the Languedoc region.

RÉGION BRETAGNE

The region of Bretagne has not been chosen by Landell Mills, however, we would like to
demonstrate the fact that this would have been an interesting region. As the information for
the regions that have been selected turned out to be inaccessible or non-existent, perhaps in a
future project it would be possible to include Bretagne in the program.

The region of Bretagne is a region in which the surface water is the most important
hydrological system, therefore it could be interesting to compare this region to the Région
Centre in which the groundwater system predominates. Bretagne is a region in which 46% of
the total agricultural surface of 1.826.879 ha, is occupied with maize and cereals. It is the first
region in France (1989) in which the pollution of water by pesticides has been studied. This
study is carried out by the research group CORPEP (an equivalent of GREPPPES), CORPEP
stands for Cellule d’Orientation Régionale pour la Protection des Eaux contre les Pesticides.
This group is at the moment at the stage of taking action against the transfer of pesticides to
river waters. Almost all information that is requested in this EU project would have been
available for the region of Bretagne. For example a map of the levels of organic material of
the soils could be provided, which is an important factor in predicting the risks of pollution.
Merely as a demonstration of available information some figures that are taken from a
CORPEP colloquy publication of November 1995 are shown below.
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Studies to determine the presence and impact of plant protection products at the regional level
have recently (1992) been developed in France. Some administrative regions are pilot regions
in this field. They are in charge of developing a methodology.

Among these regions, the GREPPPES study, which is in development at present in the
Région Centre, is fitting with this UE and VROM purpose. This region offers both surface
water and groundwater conditions and there are monitoring studies about both systems. We
can notice that groundwaters are particularly important resources for consumption in this
region. The occurrences of pesticide residues in surface water seem more frequent than in
groundwater, but rapid variations and the choice of particular sampling periods must be
considered. The lack of information is one limit of our study. No data are available about soil
residues at present. Ecotoxicological impact of plant protection products has to be taken into
account in a next future, when water quality monitoring will be planned for this purpose.

From a methodological point of view, if we let aside the evaluation of the risk of pesticide
occurrence in water mainly by using index, this report shows the necessity of an analytical
aproach, integrating the different and interdependent layers of information, in order to
understand the main factors that are responsible for the possible occurrence of pesticides
residues in water. The knowledge of the environment and the determination of areas and
quantities of pesticide use have to be crossed. In addition, a very precise and dynamic
hydrogeology knowledge seems necessary to explain pesticide occurrences in groundwaters
(variation of transfer between different stratigraphic layers). In the Région Centre, members
of the GREPPPES have constituted a working group 'diagnostic', which is collecting the
information needed and studying the data for determining the main factors responsible for
pesticide residues in groundwater and surface water.
Among other crops, cereals - especially wheat - had been chosen for the Région Centre study.
In this case it appears that nor the administrative region nor the wheat area can be considered
as a whole.On the contrary a small catchment risks to be not enough representative. This
leads to distinguish in a region several subzones in which crop extension, climate, soil and
subsoil can be considered as homogeneous in a rough approach. For such a zone a scenario of
pesticide impact can be generated.

This work intends to indicate to our deciders how fragile our deductions are, and the necessity
of continuing the study in order to obtain a clearer picture of the situation.
It shows the necessity to adapt the soil and water monitoring for a more scientific knowledge
of the pathways.
On this new basis we can expect in the future a more appropriate use of plant protection
products in agriculture with reference to the respect of environment, by developing Good
Agricultural Practice and by taking account of regional specificity.
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Figure 30: 'HWHFWLRQ�RI�ZKHDW�SHVWLFLGHV�LQ�JURXQGZDWHU�GXULQJ�WKH���VDPSOLQJ�SHULRGV
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Figure 31: 'HWHFWLRQ�RI�ZKHDW�SHVWLFLGHV��EHWZHHQ�1RYHPEHU������DQG�0D\������
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Figure 32: ,Q�RUGHU�WR�REWDLQ�D�JUHDWHU�LQVLJKW�WKLV�ILJXUH�SURYLGHV�PRUH�GHWDLOHG�
LQIRUPDWLRQ�RQ�WKH�JURXQGZDWHU�VDPSOHV�WKDW�DUH�WDNHQ�IURP�WKH�ERUHKROHV�WKDW�
DUH�VLWXDWHG�LQ�WKH�&UHWDFHRXV�OD\HU.

Figure 33: 6XUIDFH�ZDWHU��WRWDO�SHVWLFLGH�FRQFHQWUDWLRQV���J�O��IRU�WKH�VDPSOLQJ�SHULRG�RI�
'HFHPEHU������

Figure 34: 'HWHFWLRQ�RI�ZKHDW�SHVWLFLGHV�LQ�VXUIDFH�ZDWHU�GXULQJ���VDPSOLQJ�SHULRGV�
EHWZHHQ�0D\������DQG�0D\�������HDFK�SHULRG�LQYROYLQJ����VDPSOLQJ�ORFDWLRQV�
FRQFHQWUDWLRQV�DUH�LQGLFDWHG�LQ��J�O�

Figure 35: 6XUIDFH�ZDWHU��WRWDO�ZKHDW�SHVWLFLGH�FRQFHQWUDWLRQV���J�O��IRU�WKH�VDPSOLQJ�
SHULRG�RI�'HFHPEHU�������6HDUFKHG�ZKHDW�SHVWLFLGHV��LVRSURWXURQ��FKORUWROXURQ��
PHWKDEHQ]WKLD]XURQ��OLQGDQH�



5.2  NATIONAL OVERVIEW - GERMANY

INTRODUCTION

The significance of agricultural production for the German economy has declined rapidly since the end of World
War II. In West Germany the proportion of the workforce in agriculture dropped from 25 % in 1950 to less than
5 % in the 1980s. Agricultural output contributed 12 % of the gross national product in 1949; by 1992 it had
dropped to 1.2 %. About 578 000 farms of an average size of 29.8 ha were counted in Germany in 1994
(Anonym 1996). German farms are on average the smallest of any non-Mediterranean country in the EC, but the
average size in the north and east is much larger than in the south, due to different rules of inheritance in past
centuries. In East Germany most farmers were forced to enter collective farms in the 1950s. Since unification
agriculture in Eastern German has been in a process of reorganization. Some collective farms have become
cooperatives, others have separated into smaller farms, but the average size of the farms there is still higher than
in the west.

Agricultural production in Germany is very diverse with no typical "wheat belt" or similar regions. There are
however some dominant pasture regions, such as the marshlands of the North Sea and the highlands of the Alps.
Small regions in Niedersachsen and Schleswig-Holstein have very intensive production of ornamental, forest and
fruit trees. South of Hamburg and close to the Lake Constance in the very south are regions of intensive fruit
production (mainly apples and cherries). Vegetables are concentrated in the Loess region, but also around big
cities for direct marketing. Vines are grown in the Rhine, Mosel, and Danube River valleys.

CLIMATE, VARIATION IN RAINFALL, INTENSITY, TEMPERATURES

Germany is located roughly between the 47th and 55th degree north latitude and the 6th and 15th degree west
longitude. Its climate is therefore generally temperate, in the transition zone between maritime and continental
climate. Because of moist, warm winds from the Atlantic Ocean (gulf stream), the west experiences fairly mild
winters and summers. A more continental climate dominates in the east with cold winters and short, hot
summers.

Most of the former FRG has, according to USDA classification, udic soil moisture and mesic soil temperature
regimes. Only regions at the southern border in the Alps have a perudic moisture regime. Soil temperature is
cryic in some the upper parts of the central highlands and the Alps. For the former GDR, no data were available,
but the conditions are probably very similar.

The average annual temperature in Germany is higher than expected at this latitude, due to the warm gulf stream.
Distribution of average annual temperatures is shown in Figure 1. A few examples of important climatic data are
given in Table 1.

Table 1: Annual average climatic data of some locations in Germany (from Knöllner & Köhler 1971)

Height above
sea level (m)

Latitude Rainfall
(mm)

Ann. Average
Temp. (°C)

Max.> 25°C
(Days)

Min < 0°C
(days)

Hamburg 29 53°25' 740 8.5 15 83
Hannover 52 52°20' 620 8.7 22 73
Berlin 57 53°25' 587 9.3 31 90
Köln 56 50°50' 696 10.2 44 30
Frankfurt/M 103 50°08' 604 9.6 39 66
Stuttgart 267 48°50' 662 10.0 41 68
München 529 48°10' 935 7.4 21 119



Precipitation is quite evenly distributed throughout Germany, with the heaviest rainfall - up to about 1500 mm -
occurring in the highlands, especially on north western slopes. Figure 2 shows the distribution of average annual
rainfall in Germany. The coast has an annual average precipitation of about 750 mm, and parts of the east
receive less then 500 mm. There is no rainy season, but rates in summer are slightly higher.

GEOLOGY AND SOILS

The north and part of the south of the country is dominated by relatively recent glacial and post-glacial deposits
composed of sand, loam and peat.  The central and southern part of the country is underlain by Cretaceous,
Jurasic, Triasic and Carboniferous rocks comprising clays, silts, shales and limestones.  In the south east of the
country hard rocks of Pre-Cambrian age together with intrusive material form some of the highest ground.

A wide variety of soils are represented in Germany with Fluvisols, Gleysols, Rendzinas (now Leptosols, FAO
(1990)), Cambisols, Luvisols, Podzoluvisols, Podzols and Histosols (Commission of the European Communities
1985).  The country can be broadly divided into three main soil regions.  North of Hanover the land is mainly
low lying and many soils are affected by fluctuating groundwater.  Along the coastal margin and in estuaries
alluvial Fluvisols are dominant with organic rich soils, Histosols, common just inland from the coast.  Along the
eastern coast between Kiel and Lübeck Luvisols are dominant.  Inland, away from the coastal areas, Gleysols,
Podzoluvisols and Podzols are common.

South of a line between Hanover and Dortmund, as far south as Stuttgart Luvisols and stony Cambisols are the
main soils with significant areas of shallow Rendzinas (now Leptosols).  Fluvisols, though not extensive are
important in the main river valleys.

RELIEF, SLOPE AND ALTITUDE

Germany may be differentiated in five major geographic regions: the North German Lowlands, the Transitional
Borderlands, the Central Uplands (Mittelgebirge), the Alpine Foreland, and the Alps (Grolier 1995), as seen in
Figure 3.

North German Lowlands: This hilly region, about 50 m above sea level and extending south from the North and
Baltic Sea coast, is part of the Great Plain of Europe. The plain is covered by Quaternary deposits, which are
mostly of glacial origin. The infertile sandy soils of this region require intensive fertilization and, depending on
the crop, also irrigation. About 11 000 km2 of the lowlands have been covered by peat bogs but most of them
were cultivated and transformed into arable land during the beginning of this century. A small belt at sea level
along the North Sea coast consists of heavy, fertile, but also wet marsh soils which support mainly pasture and
dairy industry.

Transitional Borderlands: To the south of the lowlands is a transitional belt of thinly layered morainic material
with highly fertile loess soil. The borderlands include a number of lowland embayments, most notably the
Cologne Bay in the west and the Magdeburg Bay in the east. Most of Germany´s richest farmland is located in
this region.

Central Uplands: The Central Uplands are a weathered faulted area of the late Paleozoicum. They consist of
dissected hills, inactive volcanoes, plateaus, and granite massifs and are heavily forested in most parts. The
natural forest consisted of deciduous trees up to about 800 m, but much of it has been felled in the last centuries
and was replanted in the last hundred years with faster growing spruces. Higher regions are covered with
spruces, firs and pines. The highland areas include the scarplands of Swabia and Franconia in the southwest; the
Harz Mountains, the Thuringian Forest, and the Saxon Uplands in the north and east; and the Bohemian Forest
in the southeast.



Alpine Foreland and the Alps: The Alpine Foreland, located to the northeast of the Alps, has the appearance of a
broad plain. Many rivers rise in the Alps and cross the foreland in broad, marshy valleys. They all tribute to the
Danube and chief tributaries of this river are the Inn, Isar, and Naab.

Germany has an extensive network of rivers, most of which drain into the Baltic and North seas. The major
exception is the Donau (Danube), which flows to the Black Sea. The major rivers running from the south to the
north are (from west to east): Rhein (Rhine), Weser, Elbe and Oder. The Rhein was the first river in Europe
where multinational efforts were maid to fight pollution by wastewaters and industrial effluents because it is used
together with its tributaries for drinking water abstraction. Main tributaries are Neckar, Main, Mosel and Ruhr.

PESTICIDE USE (Anonym 1996)

The total inland sales of pesticides are notified to the BBA and published every year. The overall amount of
different categories can be obtained, but the data for single pesticides or active ingredients are confidential. Sales
data for 1993 and 1994 are shown in Table 2. Herbicides since many years have been the main portion of all
plant protectants used in Germany, followed by fungicides. Because of the cool climate, insecticides play a
minor role.

Table 2: Pesticide inland sales in Germany 1993 and 1994 (Anon. 1996)

tons % tons %
herbicides1) 12 688 43.9 14 834 49.8
fungicides 7 660 26.5 7 698 25.9
insecticides2) 4 327 15.0 4 006 13.5
others 4 255 14.7 3 231 10.9
total 28 930 100.0 29 769 100.0

1) including safeners and growth regulators
2) including acaricides and synergists

The total area of Germany is about 35.7 mill ha, about 50 % of which is under agricultural use. This includes
space for buildings and field roads; the area used for different crops is shown in Table 3. Cereals, maize, sugar
beet and rape are treated to about 80 to 95 % with herbicides, potatoes to about 50 % (Hanf 1987 in Pestemer
1991a). Fungicides are used mainly in potatoes (about 70 % of the area), cereals and rape (about 40 %). About
95 % of the rape area is treated with insecticides and about 50 % of the sugar beet. In the other crops the
percentage is about 20 % or even less.

Table 3: Land use in Germany in 1994 (Anon. 1996)

area, 1000 ha area, %
total area 35 697 100.0
forest 10 433 29.2
agricultural land 17 308 48.5
agricultural land 17 308 100.0

arable land 11 805 68.2
cereals 6 235 36.0
potatoes 293 1.7

pasture 5 271 30.5



GENERAL PESTICIDE POLICY, REGARDING RESIDUES IN SOIL AND WATER

Authorization procedure

Authorization is given in Germany not for an active ingredient, but for each formulation, and this is the
permission to sell a plant protection product (PPP) for use in agriculture. According to the German regulations
here is no registration exclusively for special indications, but this will change soon due to the harmonization
within the EU.

Three different offices are involved in the authorization procedure in Germany. The BBA (Federal Biological
Research Centre for Agriculture and Forestry) is in charge of the whole process and is concerned with all
agricultural aspects, as well as side effects in the environment. Regarding water, air and waste of PPP the Federal
Environmental Office (UBA) is authority of consent. The BGVV (Federal Institute for Health Protection of
Consumers and Veterinary Medicine) has to declare consent for the toxicological aspects, such as human and
animal health and drinking water.
Residue behaviour is a very important aspect during the evaluation procedure and is covered in many parts of the
procedure, such as behaviour in soil, water/sediment systems and air (BBA 1993).

- Surface water: Low degradability in water/sediment systems will lead to use restrictions such as minimum
distances to open water.

- Ground water: In the case of average leachate concentrations > 0.1 µg/l in lysimeter studies authorization is
not given.

- Soil: For active ingredients showing slow degradation in soil (10% a.i. or metabolites left in the field after 1
year) authorization is only given after comprehensive risk-benefit analysis.

- Air: Insufficient degradation in air (DT50 in air > 2d) in combination with bioaccumulation potential or
adverse use pattern and slow degradation in the other compartments leads to a negative assessment and a
comprehensive risk-benefit analysis.

Organisation of water quality monitoring in Germany

In Germany no nationwide monitoring programme for drinking, ground or surface water has been established so
far. Supervision of water quality is a responsibility of the "Länder" (states), but not all of them have water
monitoring programmes. Their existence and scale depends mainly upon the sources of drinking water
abstraction, as seen in Table 4, and also upon the financial situation of the state.

Slightly less than two thirds of the water used for consumption in Germany is abstracted from ground water, and
about 30 % from surface water, as seen in Table 4. Differences between the states depend partly upon geological
conditions. In the south of the country (Baden-Württemberg, Bayern, Rheinland-Pfalz and Thüringen, see Fig.
4), wells are a much more important source than in the north, due to porous rock aquifers. In the north, most of
the drinking water is abstracted from ground water, because in these flat regions not many wells or storage dams
are located. The "City-states" Hamburg, Bremen and Berlin depend upon delivery by the surrounding states due
to their small area and high consumption.

Since 1985 several states have carried out investigations to determine water quality regarding pesticide
contamination. Most of these however have been single investigation programmes, and in most cases samples
were not taken on the base of a fixed schedule which could give an overview of the situation in the whole area.
Most programmes concentrate on problem areas, such as surroundings of storage dams or regions of intensive
agriculture. The impression given by the data could therefore be biased. Results of the monitoring programmes
are usually published in annual reports of the environmental authorities of the states, but often in a very
condensed format. Monitoring programmes carried out in the different states are described briefly in the
following. Not from all states data on plant protection products could be obtained within the time of the project,
therefore no data for Schleswig-Holstein, Saarland, Rheinland-Pfalz, Bremen, Berlin and Hamburg are presented
here.



Table 4: Abstraction of Drinking water in Germany (1990)
(figures from BGW-water statistics, as cited in Zullei-Seibert 1993)

total
(mill. m3)

Groundwater
(%)

Wells
(%)

Surface Water
(%)

Baden-Württemberg 543 49,7 14,4 35,9

Bayern 604 71,6 20,2 8,2

Berlin 334 94,6 - 5,4

Brandenburg 249 90,6 - 9,4

Bremen 16 100,0 - -

Hamburg 142 100,0 - -

Hessen 352 84,9 4,0 11,1

Mecklenburg-Vorpommern 232 80,2 - 19,8

Niedersachsen 553 82,9 4,1 13,0

Nordrhein-Westfalen 1328 39,6 1,7 58,7

Rheinland-Pfalz 254 75,2 15,3 9,5

Saarland 75 95,1 4,9 -

Sachsen 615 33,5 3,6 62,9

Sachsen-Anhalt 214 65,8 1,2 33,0

Schleswig-Holstein 165 99,9 0,1 -

Thüringen 300 57,2 11,5 31,3

Germany total 5976 63,9 6,0 30,1

A uniform ground water monitoring founded by the UBA (Federal Environmental Office) was carried out in the
states of the former GDR (Mecklenburg-Vorpommern, Sachsen-Anhalt, Sachsen, Thüringen and Brandenburg)
from 1992 to 1994. In all states together, 230 sampling sites were selected, and samples were taken twice per
year. The sites selected were sample points built for an earlier programme initiated in the GDR in 1985. At the
time of this report it is not known wether this programme is carried on supported by the states named above
(Gabriel et al. 1995).

In Mecklenburg-Vorpommern, 28 sites were selected. It is planned to extend the sampling network to about 60
sites for continuous sampling. Samples were taken twice per year, in April/May and September/October (Gabriel
et al. 1995).

In Brandenburg, a monitoring of pesticide concentrations in soil, moss, ground- surface- and rain water was
carried out between April 1991 and September 1992 at 16 sites. In 3.4 % of 2088 water samples pesticide
concentrations exceeded 0.1 µg/l, in 54 % caused by triazines. (Schenke et al. 1994, 1995).

In Sachsen-Anhalt, in 1992 59 sites were sampled, in 1994 112 sites. It is planned to extend them to 122 in 1995.
In this programme, organic sum parameters are measured annually, in spring. Specific organic compounds and
metals are measured every 5 years (Gabriel et al. 1995).

In Sachsen, a basic sampling net was initiated with 60 sites. At the time of the report, 55 sites were used.
Samples were taken twice a year, in spring (May/June) and in autumn (October/November). Of the pesticides,
mainly triazines and organochlorines were analysed (Gabriel et al. 1995).



In Thüringen (Thuringia), about 80 sites were selected for a programme which will be carried on after the end of
the project. Pesticides will be monitored every 2 years, but the active ingredients to be analysed were not named
(Gabriel et al. 1995, TMUL 1994). In 1994 3 water storage dams were sampled every 2 weeks, and some of the
samples were analysed for pesticides (TMUL 1995).

In Hessen, a special monitoring programme for pesticides in one of the tributaries to the Main river was carried
out from 1990 to 1995. Weekly samples were taken and analysed for 59 active ingredients, mainly herbicides.
The compounds were not selected according to agricultural use, because it was stated that the analysis of all
these compounds did not cause any considerable additional effort (Seel & Gabriel 1993).

In Nordrhein-Westfalen, a surface water monitoring programme was initiated in 1989, and after two years
experiments it was restructured. 91 sites are investigated every 4 weeks and analysed e.g. for biological quality,
heavy metals and also 150 organic chemicals including pesticides (LWA 1992).

In 1993 278 ground water sites were sampled in Bayern (Bavaria)and analysed mainly for 11 triazines which
were not named in detail. A special ground and raw water monitoring programme was carried out between
March 1991 and February 1993 for 23 sites. Samples were taken every 3 months and were analysed for overall
119 different active ingredients. 11 of these sites are still sampled in a continuous monitoring programme twice a
year. The pesticides included in the analytical programme were selected in cooperation with agricultural offices
and are therefore probably adapted to their importance in agricultural practice. Surface water is analysed for
pesticides at 7 sites on a regular basis (Amann 1994).

In Baden-Württemberg, groundwater quality is monitored continuously since 1990 at about 2600 wells including
about 580 samples taken by water companies. A state-wide database has been set up for several quality criteria,
such as pH, heavy metals, nitrate or pesticide concentration. Surface water is monitored at 140 sites, most
intensively the big rivers Rhein (Rhine), Donau (Danube) and Neckar (LfU 1995).

Regular monitoring programmes are carried out by water supply companies, but these are even more
decentralized and usually reported only as short summaries in the annual reports of the companies. Data with
time and location of sampling are very difficult to obtain due to restrictive publication policy of the companies.

All these data are collected at the Federal Environmental Office (UBA). Notification of water contamination
findings is not compulsory, although the members of the working group of the states concerning water (LAWA)
have committed themselves to hand all data on to the UBA. The number of authorities sending data to the UBA
has decreased since 1990, the numbers of analyses however has increased (Wolter 1995). Reports are given only
in categories of concentrations (nn, <0.1µg/l, >0,1µg/l), and without exact locations. For most of the data the
year of sampling is known, but not the exact date. These data as well are partly confidential and only summary
statistics without reference to the source are given by the UBA. Additional data are available from research
projects carried out by research institutes, universities, etc, but these data are not standardized and the scale of
measuring is differing and often conditioned to special needs.

Overall, data aquisition in Germany is very time-consuming, because many different authorities are responsible
and the nationwide database is not sufficient for the purpose of this project. For many investigations only
positive findings are reported without the number of overall analyses; in other cases contaminated wells have
been sampled more frequently than sites with a negative result in the first sampling. Interpretation of many
reports is therefore very difficult. Due to the various authorities responsible data could not be obtained for all
parts of Germany within the time given to the project and only data regarding the overall situation published by
the UBA are discussed here.



Environmental Quality Standards - water

Environmental Quality Standards (EQS) for pesticides in water follow EC-regulations. For drinking water the
"Trinkwasserverordnung" of 1989 (drinking water directive) applies. In contrast to the EC-directive, not only the
active ingredients, but also their toxic metabolites were included. For surface water the directive 75/440/EWG
applies. For all pesticides not mentioned in the latter, the drinking water limit is used.

Surface water quality is so far assessed only regarding biological biological quality. Main criteria are the
biological oxygen demand (BOD), the concentration of Nitrogen (as NH4), and Oxygen, the extent of organic
load, the amount of saprobic organisms and the composition of species (LAWA 1976, as cited in LWA 1992).
Seven classes are defined as stated in Table 5 for running water bodies. A similar classification exists for
stagnant water using other key species.

Table 5: Definition of water quality classes for running waters (LAWA 1976 in LWA 1992, translated)

class Species Extent of
Organic Load

Saprobial Index BOD
(mg/l)

NH4-N
(mg/l)

min O2

(mg/l)

I algae, moss, insect larvae none to very
slight

1,0 - <1,5
oligosaprob

1 traces > 8

I-II as above, often with higher
density

slight 1,5 - <1,8
transition zone

1 - 2 ≅ 0,1 > 8

II very diverse: algae, snails, small
crayfish?, greater areas covered
by aquatic plants

moderate 1,8 - <2,3 beta-
mesosaprob

2 - 6 < 0,3 > 6

II-III less diverse as above; big
populations of some species

critical 2,3 - <2,7
transition zone

5 - 10 < 1,0 > 4

III sponges, leeches, water wood-
lice?, often big populations

heavy 2,7 - <3,2
alpha-
mesosaprob

7 - 13 0,5 -
several

> 2

III-IV sewage bacteria, moskito larvae?
(Zuckmücken)

very heavy 3,2 - <3,5
transition zone

10 - 20 several < 2

IV sewage bacteria, flagellates, no
fish

excessive 3,5 - <4,0
polysaprob

> 15 several < 2

Additionally, recommendations and target values were published by several organisations. One example is given
in Table 6, as established by the International Commission for Protection of the River Rhine in 1993 (IKSR
1993, as cited in Irmer, 1994). An actualization of this list and the addition of values for chlorotoluron, diuron,
isoproturon, metazachlor and terbuthylazin is planned by the Commission of the Federation and the States on
EQS (BLAK-QZ). Protection of the different resources aquatic organisms, fishery, and drinking water is
considered.

For the risk assessment for aquatic life standard test results for four categories of organisms are included: green
algae, daphnia etc., fish, and degrading bacteria. The lowest NOEC value for each group is multiplied by a factor
of 0.1 to account for variation in the test method. If chronic toxicity data are missing, the lowest acute value is
multiplied by 0.1, and the then lowest value used as before. An additional factor of 0.1 applies if data for other
than the above mentioned organisms suggest higher toxicity or toxic metabolites are formed.

To protect fishery, bioconcentration factors are used to estimate the potential concentration of the chemical in
fish. This concentration should not exceed the limit for the pesticide as stated in the German regulation on
maximum residue limits for nutrional products. For the abstraction of drinking water, the EU-drinking water
limit 0f 0.1 µg/l is used.

Table 6: Recommended Target Values for Selected Pesticides in Water (IKSR 1993 in Irmer 1994)



Pesticide Target
Value

Protected
Target*

Pesticide Target
Value

Protected
Target*

µg/l µg/l
Atrazine 0.1 D, A Fenthion 0.007 A
Azinphos-ethyl 0.1 D Hexachlorbenzol 0.001 F
Azinphos-methyl 0.001 A Lindane 0.002 A
Bentazone 0.1 T Malathion 0.02 A
DDT 0.001 F Parathion-ethyl 0.0002 A
Dichlorvos 0.0007 A Parathion-methyl 0.01 A
Drins (each) 0.001 F Pentachlorphenol 0.1 D
Endosulfan 0.001 A Simazine 0.06 A
Fenitrothion 0.001 A Trifluralin 0.002 A
* D: Drinking Water; A: Aquatic Organisms; F: Fishery

Environmental Quality Standards - soil

Limits for pesticides in soil have been established by several communities, but they are used mainly to assess
contaminated former production sites within urban areas. Therefore the approach is usually to define limits for
different use patterns, such as sensible uses (home gardens, children´s playgrounds, ground water protection
areas), or restricted use (industrial areas). These guidelines are not applicable for agricultural soils, since the
limits go down to 0.25 mg/kg soil and no guidelines are given about the time between soil sampling and
application of pesticides.

SITUATION OF WATER CONTAMINATION BY PESTICIDES IN GERMANY

Since 1989, the results of all investigations on pesticides in drinking, ground and surface waters should be
reported to the Umweltbundesamt (UBA) by water companies and the states. The latest statistics available from
the UBA contain data up to the end of 1994. During this time, about 331 000 analyses have been reported for
about 250 actives and metabolites. Although not all states report their results every year, about 70 000 single
values are collected every year (Wolter 1995). These data are in most cases separated into the categories
drinking water, ground/well water and surface water including bank filtrates and groundwater enriched with
surface water.

Of all reported analyses, 91.3% were not contaminated by pesticides. This figure is decreasing since the
beginning of data collection (end of 1990: 86.1%). In 2.4% of the reported analyses single pesticide
concentration exceeded 0.1 µg/l. This figure has decreased from 5.1% in 1990. 74% of all analyses can be
allocated to 25 chemicals, as shown in Table 7. Atrazine, simazine and desethylatrazine alone contribute to about
23% of the analyses and to about 70% of all findings, although the use of atrazine was banned in Germany in
1991.

By the end of 1992, 38.6% of the reported findings were from ground and well water, 23.4% from surface water
and 38.7% from drinking water. Since only the positive findings were classified according to their origin, it is
not known how all analyses were distributed over the water sources. As shown in Table 8 for 1994, in all sources
atrazine, simazine and desethylatrazine were still the most frequently analysed compounds with about two thirds
of all findings, in ground as well as in surface water. Terbuthylazin and the HCHs which follow in the list are
also found in both water sources.



Table 7: List of the 25 pesticides and metabolites most frequently found in water analyses in Germany
as to December 1994 - Number of analyses (Wolter 1995)

Active / Metabolite No. of
Analyses

n.n. < 0.1 µg/l > 0.1 µg/l Findings,
% of analyses

Atrazine 27 359 17.729 6.828 2.802 35,2
Desethylatrazine 23 955 16.348 5.150 2.457 31,8
Simazine 23 602 20.023 3.092 487 15,2
Lindane & Isomeres 15 626 14.296 1.282 48 8,5
Terbuthylazine 19 167 18.168 915 83 5,2
Bromacil 11 750 10.762 178 810 8,4
Propazine 20 275 19.391 690 194 4,4
1.2-Dichlorpropan 812 323 169 320 60,2
Isoproturon 9 374 8.933 257 184 4,7
Diuron 6 437 6.000 242 195 6,8
Chlorotoluron 6 747 6.320 238 189 6,3
Bentazone 6 036 5.613 259 164 7,0
Mecoprop 6 508 6.164 275 69 5,3
Desisopropylatrazin 10 186 9.859 246 81 3,2
Ametryn 2 624 2.309 307 8 12,0
Hexazinone 7 219 6.928 170 121 4,0
Metolachlor 13 376 13.095 227 54 2,1
Methabenzthiazuron 4 617 4.416 100 101 4,4
Metazachlor 16 301 16.102 168 31 1,2
Dichlorprop 4 676 4.499 142 35 3,8
Dikegulac 734 559 28 147 23,8
MCPA 3 233 3.167 45 21 2,0
2.4-D 3 226 3.168 31 27 1,8
Diacetone-L-Sorbose 119 75 15 29 37,0
Dimethoate 2 708 2.667 30 11 1,5

Interesting differences, which may lead to the pathway of water contamination, are found in the compounds next
in the list. In ground water, Bromacil, Propazine and 1,2-Dichlorpropan are the following chemicals, and they
are found in surface water very rarely. It can be concluded that these compounds reach the groundwater mainly
by vertikal transport through the soil. In surface water Chlorotoluron, Ametryn, Isoproturon and Diuron are
found much more frequently. Especially for Chlorotoluron and Ametryn surface water findings are dominating
(Wolter 1995). It is therefore likely that they reach water bodies mainly by erosion, drainage or spray drift

Two of the compounds in Table 8, dikegulac and diaceton-L-sorbose, are not introduced by agricultural use, but
are by-products of the industrial synthesis of ascorbic acid. Therefore they are mainly found in surface water
following sewage effluents (Wolter 1993).

Data reported to the UBA for the 12 compounds chosen for ecotoxicological risk assessment are shown in Table
9 for Germany. No locations or details of the studies can be given because these are confidential. For most of the
pesticides, no recent information could be obtained. To enable an easier comparison, for all compounds data of
1992 are reported (Wolter 1993).

Only 3 of the compounds (Dimethoate, Isoproturon, MCPA) appear on the list of the 25 most frequently found
pesticides as to December 1994. Of the others, 4 were monitored for, but never found (Azinphos-ethyl,
Chlorothalonil, Cypermethrin, Propiconazole), a further 3 was found only once (Aldicarb, Fenpropimorph,
Pirimicarb). For Azinphos-ethyl, the last registration of a product containing this ingredient expired in 1992, but
it is still possible to use up remainders. The low numbers of analyses overall for some of the compounds
(Chlorothalonil, Cypermethrin, Fenpropimorph) suggest



that they were investigated only in a single study. Mancozeb was not analysed for at all, although it is registered
for the use in many crops.

Table 8: List of the 25 pesticides and metabolites most frequently found in water analyses in Germany separated
by the source of the samples (Wolter 1995)

Active / Metabolite Number of
analyses

Number of
findings

in Ground
& Well Water

in Surface water &
Bank Filtrate

Atrazine 27 359 9 630 4.495 1.660
Desethylatrazine 23 955 7 607 4.072 647
Simazine 23 602 3 579 1.835 1.058
Lindane & Isomeres 15 626 1 330 687 447
Terbuthylazine 19 167 998 335 461
Bromacil 11 750 988 891 32
Propazine 20 275 884 594 52
1.2-Dichlorpropan 812 489 457 0
Isoproturon 9 374 441 117 251
Diuron 6 437 437 162 210
Chlorotoluron 6 747 427 67 350
Bentazone 6 036 423 259 83
Mecoprop 6 508 344 167 104
Desisopropylatrazin 10 186 327 196 29
Ametryn 2 624 315 13 293
Hexazinone 7 219 291 272 6
Metolachlor 13 376 281 107 157
Methabenzthiazuron 4 617 201 20 175
Metazachlor 16 301 199 100 52
Dichlorprop 4 676 177 77 57
Dikegulac 734 175 100 58
MCPA 3 233 66 29 36
2.4-D 3 226 58 22 33
Diacetone-L-Sorbose 119 44 12 29
Dimethoate 2 708 41 0 9

It is very difficult to identify any pathways or explain the ocurrence or non-ocurrence of the chemicals in water,
because no information upon location of the findings and upon use in Germany overall is given. According to the
Landell Mills information about pesticide use in wheat and potaoes, Isoproturon, Mancozeb and Fenpropimorph
should be found frequently, whereas Aldicarb, Cypermethrin and Dimethoate should be at the end of the list. For
Isoproturon this can be justified. Other compounds, such as Mancozeb and Fenpropimorph may appear rarely,
simply because they are usually not being analysed. This is emphasized by a study where 152 chemicals were
analysed using a multi method (Pestemer 1991b). In spite of this great number, only 4 of the 12 compounds
chosen for ecotoxicological assessment are included in this list. As a conclusion it can be stated that monitoring
programmes often seem not to be adapted to the frequency and amount of chemical use and therefore results and
conclusions may be biased.

Table 9: Findings in water sources in Germany of pesticides chosen for ecotoxicological risk assessment as to
December 1992 (Wolter 1993) and kg used overall in the selected regions (Landell Mills 1996)



Active / Metabolite Use in: kg used (Landell
Mills)

No. of
Analyses

n.n. < 0.1 µg/l > 0.1 µg/

Aldicarb (I) A - 114 113 1 -
Azinphos-ethyl (I) not registered in

Germany*
- 538 538 - -

Chlorothalonil (F) A 25.38 (W) 10 10 - -
Cypermethrin (I) A, F, G 11.73 (W, P) 31 31 - -
Dimethoate (A, I) A, G, O, Z, 1.60 (P) 1433 1.392 30 11
Fenpropimorph (F) A 867.03 (W) 31 30 1 -
Isoproturon(H) A 1733.21 (W) 4003 3.656 175 172
Mancozeb (F) A, F, G, H, O, V, Z 771.13 (P) 0 - - -
MCPA (H) A, N, R, V, Z 413.86 (W) 1098 1.050 36 12
Metalaxyl (F) A, G, Z 285.12 (P) 834 822 7 5
Pirimicarb (I) A, G, O, Z 231.83 (W, P) 264 263 - 1
Propiconazole (F) A 49.21 (W) 367 367 - -

* Registration of the last formulation containing Azinphos-ethyl in Germany expired in 1992

Abbreviations:                      Function/Use                   Fields of Use                                       
A Acaricide A Field crops
F Fungicide F Forestry
H Herbicide G Vegetable growing
I Insecticide N Non cultivation areas

O Fruit growing
W Wheat R Grassland
P Potatoes V Viticulture

Z Ornamental growing



REGIONAL OVERVIEW - GERMANY

REASON FOR CHOICE

The regions Hannover and Lüneburg were selected by Landell Mills (Subproject 1). Both regions are located in
Niedersachsen (Lower Saxony), in the north central part of Germany (see Figure 4). They are relatively close to
each other (about 100 km between the two central cities Hannover and Lüneburg), therefore they have partly
very similar soils and land use. The Hannover region can be divided into two parts of different geological origin
and soil types, and its northern part is very similar to the Lüneburg region. Only the south part can be regarded
as a typical wheat growing area.

No steady groundwater monitoring programme for pesticides has been established in Niedersachsen, as far as
literature research and letters to responsible institutions revealed. Therefore not many reports of water
contamination by pesticides were available for this area, except results of a research project for shallow
groundwater monitoring in Niedersachsen, mainly taken between 1989 and 1991 (Pestemer 1991b, Pestemer &
Steinert 1992, Steinert 1993). Unfortunately, only one of the 24 sampling sites was located in the Hannover
region and none in the Lüneburg district. A special monitoring programme for ground water was carried out in
1993/1994 (Nieß 1996). 149 sites distributed over the whole state were investigated, and some of them are
located in or close to the regions chosen for closer investigations. Surface water is monitored in the main river
Elbe for pesticides at a few locations.

DETAIL OF AREA

Since no exact boundaries of the regions were given by Landell Mills, it was assumed that they correspond with
the districts which surround the two cities Hannover and Lüneburg (see Figure 5). Both regions are located in
Niedersachsen (Lower Saxony), in the north central part of Germany. The total area of this state is about 47 000
km2. The regions are relatively close to each other (about 80 km between the two central cities Hannover and
Lüneburg), therefore the conditions regarding geology, climate, soil and land use are not very different.

GENERAL AGRICULTURE

It was difficult to obtain land use statistics for the districts, but data for the Agricultural Board Hannover
(Landwirtschaftskammer Hannover, see Figure 5), the wider administrative district for agricultural purposes,
were readily available. They are shown in Table 10.

Table 10: Area of land under agricultural use in parts of Niedersachsen, 1993 (NLS 1994)

Hannover
(district)

Lüneburg
(district)

Agricultural Board Hannover (wider
administrative district)

ha arable land 98 375 41 818 1 230 017

ha pasture 18 437 10 162 491 610

ha overall in agricultural use 117 260 52 224 1 737 339



Wheat is certainly a major crop in Niedersachsen with about 20% of the cropped area, as seen in Table 11. In the
south of the Hannover area with a usual rotation of winter rye, winter wheat and sugar beet, the percentage
should be even higher.

On the sandy soils in the Lüneburg and the north of the Hannover region the percentage of wheat is probably
lower, whereas barley and potatoes should gain more importance. During the last years however, sugar beet have
increased on sandy soils in this area due to intensive irrigation.

Table 11: Field Crops in 1993 for the Agricultural Board Hannover (NLS 1994)

&URS DUHD�FURSSHG��KD� DUHD�FURSSHG����
ZKHDW�WRWDO ������� ����
ZLQWHU�ZKHDW ������� ����
rye 93 791 7.6
winter barley 161 143 13.1
maize (incl. corn/cob mix) 20 577 1.7
cereals total (incl. maize) 652 049 53.0
vegetables & legumes 15 107 1.2
SRWDWRHV ������ ���
sugar beet 129 848 10.6
winter rape 64 127 5.2
fodder crops 112 698 9.1
others 186 693 15.2
arable land (total) 1 230 017 100

There are, however, some discrepancies between the acreage of the crop in question stated by Landell Mills and
the figures which could be calculated from Table 10 and 11. If only 20 % of the arable land in the Hannover
region would be cropped with wheat, this would equal an area of 19675 ha. Landell Mills, however, found an
area of 1956 ha with wheat, which suggest different borders assumed for the area. The same problems apply for
the Lüneburg region. Landell mills stated an area of 1076 ha of potatoes. If 5 % of the arable land is cropped
with potatoes (see Table 11), it should be 2091 ha. Unfortunately, it was impossible to get any more detailed
informations about the area from Landell Mills.

CLIMATE

Long-term average data for Hannover which is located about 80 km south of Lüneburg will be used for both
regions. Monthly average temperatures are shown in Table 12. Annual rainfall is 620 mm with no real maximum
but slightly higher rates in summer. No data about rainfall intensity could be obtained. Average annual
temperature is 8.7 °C, with 73 days of frost and 22 "summer" days above 25 °C (Knöllner & Köhler 1971).

Irrigation is carried out mainly on light soils, especially for wheat from early May to end of July with 60 to 90
mm per year. Potatoes are irrigated in early April (frost protection) and from end of June to end of August with
overall 60-120 mm per year.

Unfortunately, pan-evaporation is not measured by the German Weather Service (Deutscher Wetterdienst).
Instead actual evaporation for different crops such as sugarbeet (530 mm per year), winter wheat (579 mm) or
maize (450 mm) is calculated according to Haude (1954). Potential Evaporation data are usually not available in
Germany, nor are the data necessary to calculate potential evaporation according to Penman.



Table 12: Climatic data for Hannover (long-term average: temperature: 8.7°C, rainfall: 620 mm/year)

Month Aver. Temp.
°C

Rainfall
mm

Month Aver. Temp.
°C

Rainfall
mm

1 0.6 49 7 17.4 75
2 1.1 36 8 16.9 68
3 4.0 42 9 14.1 47
4 8.1 41 10 8.2 51
5 12.8 60 11 3.9 38
6 16.1 68 12 1.4 45

GEOLOGY, SOILS AND RELIEF (STANDARD TERMS)

Since both regions selected for study are located in the north of Germany, their geological history shows
significant influence of glacial periods. The Lüneburg region and the northern part of the Hannover region are
part of the Geest and consist of ground moraines from the Elster and Saale glacial period composed dominantly
of sandy material overlain in places by more recent deposits of river alluvium and peat.

HYDROGEOLOGY, SURFACE, GROUNDWATER AND SOIL

The main parts of both regions contain major aquifers consisting of glacial sand sediments with several layers of
shallow to deep groundwater. In the north of the Lüneburg region a small strip of fluvial sand from the river Elbe
contains shallow and vulnerable groundwater. In the south of the Hannover region the glacial sand sediments
link up with carstic aquifers and form minor aquifers which are vulnerable to contamination if covered by
permeable glacial sediments (Steinert, 1993). The distribution of aquifer types in Niedersachsen is shown in
Figure 6.

PESTICIDE USE IN THE REGIONS INCLUDING ROTATIONS AND ANY OTHER ACTIVITIES USING
PESTICIDES

In the Hannover region, Landell Mills data revealed that about two thirds of all pesticides used are herbicides
and growth regulators, 30 % fungicides and less than 5 % insecticides (Table 13). This corresponds well with the
total pesticide sales in Germany as seen in Table 2. The chemicals used most frequently were the herbicide
Isoproturon, the growth regulator CCC and the fungicide Fenpropimorph on 92 %, 89 % and 82 % of the area,
respectively.

Table 13: Use of pesticides in the two selected areas Hannover (Wheat) and Lüneburg (Potatoes) (Landell Mills
1996)

Pesticide group  Hannover, kg a.i. % Lüneburg, kg a.i. %
Herbicides 3342.4 37.8 1942.4 18.9
Fungicides 2675.2 30.3 7451.2 72.6
Insecticides 322.6 3.6 876.3 8.5
Growth regulators 2494.3 28.3 - -
Others 11.4 - - -
Total 8856.8 100.0 10270.0 100.0



In potatoes, usually the use of herbicides is reduced due to intensive soil cultivation and the shading effectivity
of the crop. On the other hand, fungicides are much more important. This is reflected in the data shown in Table
13 for the Lüneburg region. The pesticides used most frequently here were the fungicides Maneb (alone 49 % of
all a.i. used) and Fentin-acetate and the herbicide Metribuzin on 88 %, 68 % and 69 % of the area, respectively.

WATER MONITORING FOR PESTICIDES IN THE SELECTED REGIONS

In Niedersachsen, groundwater is not monitored for pesticides on a steady basis. Therefore no continous
monitoring data are available for the Hannover and Lüneburg region. There were however many partly
unpublished research reports available of investigations in the surrounding of 24 waterworks located in areas of
intensive agricultural use (Pestemer 1991b, Pestemer & Steinert 1992, Steinert 1993). Some of them are located
in or close to the regions chosen by Landell Mills for detailed investigations. A special programme for
groundwater-monitoring was carried out in Niedersachsen in 1993/94 (Nieß 1996). 240 sampling points at 149
sites distributed over the whole area were investigated. Those located in or close to the regions chosen for closer
investigations are also shown in Figure 5.

The only surface water monitoring which is carried out close to the regions selected by Landell Mills is in the
river Elbe and some of its tributatries (Anon. 1993, 1994). Figure 5 shows the location of the ground and river
water sampling sites reported here.

OCURRENCES OF PESTICIDES AND THEIR ORIGINS/PATHWAYS

Ground water

In 1989-1991 ground water samples were taken in the catchments of several water works using boreholes built
for routine samples by the water companies (see Figure 5). All sites were located in areas of intensive
agricultural production although no detailed records of crops grown before or during the time of sampling were
kept (Pestemer 1991b, Pestemer & Steinert 1992, Steinert 1993). For interpretation of data only the major crop
usually grown in the region can be used. In the typical wheat-growing area in the south of the Hannover region
are the sites Forst Esloh, Hameln, Baddeckenstedt and Wellop. Potatoes are grown intensively around Ebstorf
and Wietzendorf, south of Lüneburg (Steinert 1993).

Samples were taken mainly from shallow groundwater control points in the catchments of waterworks, but a few
also from wells and from raw water in the treatment plants. Since there was no fixed sampling scheme most
repeated samples were taken at sites were contamination was found at the first sampling date. Most of the
samples were taken in 1989 and 1990, but some of the sites were analysed again in 1991 or later. 152 chemicals
were analysed using a multi method, including many compounds which are not authorized in Germany or where
authorization has expired. In spite of this great number, only 4 of the 12 compounds chosen for ecotoxicological
assessment are included in this list. Most of them were not found in any of the samples, therefore only for those
determined in the samples results are given in the following tables.

In the wheat growing area only at the site Baddeckenstedt many samplings were carried out because already at
the first date lindane was found in several samples (Table 14a). In the later samples there were less findings.
Lindane was the chemical found most frequently, but except in one case well below the drinking water limit. It
has been shown however, that these findings are not necessarily due to use in the region in question, but that low
concentrations of this insecticide are almost ubiquitous in ground and surface water in Germany (Kreuzig et al.
1990). Simazine was found twice and Parathion, Triallate, Trifluralin once each. Except simazine they are all
used in wheat, but since the crops grown near the sampling sites are not known, the description of pathways is
impossible. It was however the



site with the highest number of analyses and findings. This is probably due to the very vulnerable aquifer type
(karst) which is insufficiently protected by clay or other isolating layers (Steinert 1993). This type of aquifer is
not typical for the Hannover region.

Compared to the data presented by Landell Mills, it is interesting to see that none of the pesticides found (except
parathion) was used by the farmers questioned. It is not possible to say wether the reason is a groundwater
contamination by non-agricultural use, a change in use patterns since the investigations in 1989 to 1991 or a not
representative group of farmers in the questionnaire.

In Table 14b the findings at two of the sites in the potato area are shown. In one of the samples in Wietzendorf
lindane was found to exceed the drinking water limit, and atrazine was slightly below this limit. In another
sample lindane and metribuzin were below this concentration, and in the third no pesticides were found at all.
Metribuzin is certainly a herbicide widely used in potatoes as also found by Landell Mills. This is the only case
where findings and results of the Landell Mills data correspond well. As mentioned before, Lindane can be
found very frequently independend of its use. Atrazine is not used in potatoes, but at the time of the sampling
(1990) its use was not yet banned in Germany.

At three of the four sites located in or close to the wheat growing area no pesticides at all were found, as shown
in Table 14c. This could be attributed to the less vulnerable sandy aquifer. The same situation was found at one
of the potato sites in two repeated measurements in 1989 and 1990.

Analyses in 1993/94 were carried out for 39 active ingredients and metabolites (see Table 15). At 10 sites (4.2
%) chemicals were found in the groundwater, at 6 of them exceeding the drinking water limit (0.1 µg/l). These
points were sampled again about 1 year later and for 5 of them the contamination was still found. Most
frequently found were metabolites of Atrazine (10x), but only in very low concentrations. Diuron however was
found repeatedly at 2 sites, and always severely exceeding the limit (Nieß 1996).

All sites with positive findings were located in areas of intensive agricultural use, but no records of pesticide use
near the sampling sites were kept. The findings for the sites located in or close to the Hannover and Lüneburg
regions are shown in Table 16. Two of them (Oldhorst and Immensen) are within the Hannover region (see
Figure 5), but in the northern part which is not a typical wheat growing area. The herbicides found there
(Chloridazon, Chlortoluron, Dichlorprop, Mecoprop) however, are all used in wheat except Chloridazon which
is used in sugar beet only. At eight further points in the wheat area south of Hannover no pesticides were found
in ground water.

Four samples taken in the Lüneburg region did not contain any pesticides, as well as two samples located south-
west of the Lüneburg region (see Figure 5). Close to the latter, Desisopropyl-Atrazine (a metabolite of Atrazine
or Simazine) was found, but this can obviously not be related to any pesticide use in potatoes since both
herbicides are not used in this crop. Because Desisopropyl-Atrazine was found in very low concentrations it is
likely that it originates from Atrazine use e.g. in maize before 1991, when this herbicide was banned in
Germany, or from Simazine.

Surface water

The river Elbe, which is monitored for water quality on a regular basis crosses several big cities and carries also
industrial wastes, similar to the Rhein. Arriving in Niedersachsen, it is already close to the sea, interpretation of
results is therefore difficult. At five sites along the river monitoring for pesticides was carried out in 1993 and at
two of them already in 1992 (Table 17a-e, from Anon. 1993 & 1994). One of these sites (Zollenspieker, Table
17c) is located close to the Lüneburg district and the river Ilmenau which enters the Elbe at this point drains
this region. Samples were taken every two weeks and analysed for Dimethoate, Parathion-methyl, Simazine,
Atrazine, Propazine, Ametryn, and in 1992 also for Prometryn, Propoxur and Desethyl-Atrazine. The tributary
Ilmenau was monitored only for



chlorinated hydrocarbons four times in 1993, but no Lindane nor DDT was found. No analyses for other
pesticides were carried out here.

It is very difficult to draw any conclusions of these findings because no information about cropping, industry and
sewage treatment along this river was available. On its long way through Tchechia and Germany it takes up
many pollutants and therefore close to the mouth of the river the origin of xenobiotics found in the water is
difficult to interprete.
The very high concentrations of dimethoate found mainly in 1993 are probably originating from industrial
production around Bitterfeld, because the same concentrations were found in the tributary Mulde which drains
this region (IKSE 1994). The same was true for parathion-methyl with lower concentrations. Very high
concentrations of Simazine and Atrazine were found mainly in spring and summer at all sites except at
Cuxhaven. The latter is located directly at the mouth to the north sea in the tidal area and therefore dilution is
predominant. High concentrations of these herbicides at that time of the year suggest contamination by
agricultural use. Although the use of atrazine is prohibited in Germany since 1991, it was assumed for other
cases that illegal use is a possible reason (Wolter 1995). All other pesticides were found rarely and usually only
in very low concentrations. The analysis of Propazine, Ametryn, Prometryn, and Propoxur is probably not due to
their frequent use, but to their easy analysis together with Atrazine and Simazine. This explains their non-
ocurrences in almost all analyses.

CONCLUSIONS

1. The collated data are based on an annual pesticide usage in Germany of about 30,000 t. The investigations
revealed that monitoring programmes for pesticides in water exist, but that it is very difficult to obtain data
for the analysis of pathways and problem areas. Many findings, especially in rivers, are not related to
agricultural use, but to industrial production.

1. The most comprehensive data base existing in Germany, set up by the UBA (Federal Environmental Office)
contains data from the whole country, but exact locations or time of sampling are not supplied. Therefore it is
not possible to define problem areas.

2. Several monitoring programmes were single projects, sometimes running over two years, sometimes samples
were taken just once. For detailed investigations trends in water contamination would be valuable which
cannot be found without continuous programmes.

3. Water quality is in the responsibility of the States of the Federal Republic ("Länder") and therefore regional
differences occur in data availability. Monitoring programmes should be coordinated between the States of
the Federal Republic of Germany.

4. Detailed information about cropping in the different areas is probably available but within the short duration
of the project it was not possible to get data other than for a greater area than the selected ones. It is even
more difficult to find data about pesticide use. All these data are collected by agricultural offices not related
to water quality monitoring at all. Therefore a joint evaluation of statistical records upon cropping,
agricultural use of pesticides, soil and climate is necessary on a regional basis.

5. The compounds monitored are not always those used most frequently. Often it seems as if water authorities
set up monitoring programmes rather by the number of pesticides analysed than by their agricultural
importance. Therefore findings may reflect a biased picture, and monitoring programmes should be
orientated more towards pesticide use patterns.
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Figure 1:  Average annual temperature as distrubuted over Germany
      (from Enzian et al. 1994)



Figure 2:  Average annual rainfall as distributed over Germany
        (from Enzian et al. 1994)



Figure 3:  Geographic regions of Germany
       (from Grolier. 1995)



Figure 4:  Map of Germany. Both regions chosen by Landell Mills are located in Niedersachsen (Lower Saxony)







Table 14a: Baddeckenstedt/Altwallmoden (wheat area): Concentrations in ng/l found in raw water (RW),
shallow ground water (GW), well water (WW) and surface water/ditch (SW). Data from Pestemer (1991b) and
Pestemer & Steinert (1992)

Date No. Type Lindane Parathion Simazine Triallate Trifluralin
20.03.1989 1a RW 43 n.n. n.n. n.n. n.n.
18.04.1991 1b RW n.n. n.n. n.n. n.n. n.n.
20.03.1989 2a RW 26 n.n. n.n. n.n. n.n.
18.04.1991 2b RW 40 n.n. n.n. n.n. n.n.
23.03.1989 3a GW 453 n.n. n.n. 89 4
12.03.1990 3b SW 10 n.n. n.n. n.n. n.n.
07.06.1990 3c GW n.n. 8 n.n. n.n. n.n.
21.06.1991 3d GW n.n. n.n. n.n. n.n. n.n.
28.03.1989 4a GW 54 n.n. n.n. n.n. n.n.
11.04.1991 4b GW 30 n.n. n.n. n.n. n.n.
28.03.1989 5a GW 88 n.n. n.n. n.n. n.n.
12.03.1990 5b GW 14 n.n. n.n. n.n. n.n.
11.04.1991 5c GW n.n. n.n. n.n. n.n. n.n.
12.03.1990 6 SW 27 n.n. n.n. n.n. n.n.
23.03.1990 7 GW 45 n.n. n.n. n.n. n.n.
11.04.1991 8 GW n.n. n.n. n.n. n.n. n.n.
11.04.1991 9 GW n.n. n.n. n.n. n.n. n.n.
18.04.1991 10 WW n.n. n.n. n.n. n.n. n.n.
18.04.1991 11 GW n.n. n.n. n.n. n.n. n.n.
18.04.1991 12 WW n.n. n.n. n.n. n.n. n.n.
18.04.1991 13 WW n.n. n.n. n.n. n.n. n.n.
08.05.1991 14 GW n.n. n.n. n.n. n.n. n.n.
08.05.1991 15 GW 10 n.n. n.n. n.n. n.n.
08.05.1991 16 GW n.n. n.n. n.n. n.n. n.n.
21.06.1991 17 GW 13 n.n. n.n. n.n. n.n.
21.06.1991 18 GW n.n. n.n. 30 n.n. n.n.
21.06.1991 19 GW n.n. n.n. n.n. n.n. n.n.
21.06.1991 20 GW n.n. n.n. n.n. n.n. n.n.
21.06.1991 21 WW n.n. n.n. n.n. n.n. n.n.
21.06.1991 22 WW n.n. n.n. 80 n.n. n.n.

Table14 b: Wietzendorf (potato area): Concentrations in ng/l found in shallow ground water (GW). Data from
Pestemer (1991b) and Pestemer & Steinert (1992)

Date No. Type Lindane Atrazine Metribuzin
16.01.1990 1 GW n.n. n.n. n.n.
21.08.1990 2 GW 162 82 n.n.
21.08.1990 3 GW 71 n.n. 20

Table 14c: Locations without pesticide occurrences. Data from Pestemer (1991b) and Pestemer & Steinert
(1992)
Location crop area No. Sampling date Compounds found
Forst Esloh wheat 1 20.09.1989 none
Hameln II " 1 18.10.1989 none
Wellop-Quelle " 1 17.11.1989 none
Ebstorf potato 1a 15.11.1989 none

1b 07.05.1990 none



Table 15: Pesticides analysed in the special monitoring program for plant protection chemicals in Niedersachsen
1993/94 (Nieß 1986)

Organochlorines Triazines Phenylureas
1,2 Dichlorpropan Atrazine Chlortoluron
cis-1,3-Dichlorpropen Desisopropyl-Atrazine Diuron
trans-1,3-Dichlorpropen Desethyl-Atrazine Isoproturon
alpha-Endosulfan Propazine Methabenzthiazuron
beta-Endosulfan Simazine Metobromuron
alpha-HCH Terbuthylazine Metoxuron
beta-HCH Desethyl-Terbuthylazine Monolinuron
gamma-HCH Metamitron
Hexachlorbenzol Metribuzin

other N-Heterocycles Carbonic Acid Derivatives Phenoxys
Bentazone Metazachlor Dichlorprop
Chloridazone Metolachlor Mecoprop
Clopyralid Alachlor MCPA
3-phenyl-4-hydroxy-6-
chlorpyridazin

Ureas Carbamates Organophosphates
Bromacil Aldicarb Parathion

Aldicarb-sulfon
Aldicarb-sulfoxid

Table 16: Pesticide findings located in or close to the selected areas in the special monitoring program for plant
protection chemicals in Niedersachsen 1993/94 (Nieß 1986)

Site Depth (m)     Date Chemical conc. (µg/l)
Oldhorst I (wheat) 5.7 14.10.1993 Dichlorprop 0.21

Mecoprop 0.20
Oldhorst I 5.7 07.11.1994 Chloridazon 0.12

Chlortoluron 0.08
Dichlorprop 0.06
Mecoprop 0.05

Immensen II (wheat) 18.7 14.10.1993 Mecoprop 0.12
Immensen II 18.7 07.11.1994 Mecoprop < 0.05
Soltau-Tetendorf I
(potatoes)

4.0 03.11.1994 Desisopropyl-Atrazin 0.06



Table 17a: Sample point Schnackenburg (river km 474,5), sampling in 1992 and 1993. All values in µg/l (Anon.
1993, 1994).
No analyses were carried out for γ-HCH in 1992. Analyses for Prometryn, Propoxur and Desethyl-Atrazine were
carried out only in 1992. Propazin was monitored both years but never found.

Date γ-HCH Dime-
thoate

Parathion-
methyl

Sima-zine Atra-
zine

Ametryn Prome-
tryn

Propo-
xur

DE-
Atrazine

08.01.1992 0.05 <0.05 0.04 0.1 n.n. n.n. n.n. n.n.
22.01.1992 0.21 0.06 0.07 0.18 n.n. n.n. n.n. 0.07
05.02.1992 0.15 <0.05 <0.04 0.08 n.n. n.n. <0.05 n.n.
19.02.1992 0.12 <0.05 n.n. 0.06 n.n. n.n. n.n. n.n.
04.03.1992 0.18 0.07 <0.04 0.09 n.n. n.n. n.n. n.n.
18.03.1992 0.09 0.05 0.05 0.07 n.n. n.n. n.n. n.n.
01.04.1992 0.05 n.n. 0.05 0.14 n.n. n.n. n.n. 0.05
15.04.1992 0.05 n.n. <0.04 0.07 n.n. n.n. n.n. n.n.
29.04.1992 0.28 <0.05 <0.04 0.05 n.n. n.n. n.n. n.n.
13.05.1992 0.12 n.n. 0.07 0.1 n.n. n.n. n.n. n.n.
25.05.1992 0.1 n.n. 0.05 0.08 n.n. n.n. n.n. n.n.
10.06.1992 n.n. n.n. 0.18 0.09 n.n. n.n. n.n. n.n.
24.06.1992 < 0.05 n.n. 0.17 0.21 0.08 0.05 n.n. n.n.
08.07.1992 < 0.05 0.05 0.15 0.33 n.n. n.n. n.n. n.n.
22.07.1992 n.n. 0.09 0.2 0.41 n.n. n.n. n.n. n.n.
03.08.1992 < 0.05 n.n. 0.13 0.15 n.n. n.n. n.n. n.n.
19.08.1992 n.n. n.n. <0.05 0.07 n.n. n.n. n.n. n.n.
02.09.1992 n.n. n.n. 0.07 0.1 n.n. n.n. n.n. n.n.
14.09.1992 n.n. n.n. 0.07 0.1 n.n. n.n. n.n. n.n.
30.09.1992 n.n. n.n. 0.07 0.08 n.n. <0.05 n.n. n.n.
14.10.1992 0.43 0.06 0.08 0.1 0.06 <0.05 n.n. n.n.
28.10.1992 0.21 0.06 0.06 0.1 n.n. n.n. n.n. n.n.
11.11.1992 0.27 <0.05 n.n. 0.05 n.n. n.n. n.n. n.n.
25.11.1992 0.46 <0.05 n.n. 0.06 n.n. n.n. n.n. n.n.
09.12.1992 0.17 0.1 <0.05 0.07 n.n. n.n. n.n. n.n.
21.12.1992 0.14 <0.05 n.n. 0.06 n.n. n.n. n.n. n.n.
06.01.1993 0.038 0.09 n.n. n.n. 0.08 n.n.
03.02.1993 0.008 n.n. 0.29 n.n. <0.05 n.n.
03.03.1993 0.033 0.45 <0.05 n.n. n.n. n.n.
31.03.1993 0.027 0.12 <0.05 n.n. 0.07 n.n.
28.04.1993 0.009 0.97 n.n. n.n. <0.05 n.n.
26.05.1993 0.043 3.3 n.n. 0.22 0.11 n.n.
23.06.1993 0.012 4.5 <0.05 0.09 0.07 n.n.
21.07.1993 0.017 0.2 0.09 0.13 0.15 n.n.
16.08.1993 0.013 0.18 0.56 0.08 0.1 n.n.
15.09.1993 0.008 0.11 0.07 0.09 0.09 n.n.
13.10.1993 0.009 2.5 <0.05 <0.05 0.06 n.n.
10.11.1993 0.007 1.7 <0.05 <0.05 0.08 n.n.
08.12.1993 0.008 0.49 n.n. <0.05 0.07 n.n.



Table 17b: Sample point Grauerort (river km 660,5), sampling in 1992 and 1993. All values in µg/l.
No analyses were carried out for γ-HCH. Analyses for Prometryn, Propoxur and Desethyl-Atrazine were carried
out only in 1992, but Propoxur was never found. Propazin was monitored both years but never found (Anon.
1993, 1994).

Date Dime-
thoate

Parathion-
methyl

Simazine Atrazine Ametryn Prometryn DE-Atrazine

07.01.1992 0.17 0.07 <0.04 0.1 n.n. n.n. <0.04
20.01.1992 0.23 0.06 0.05 0.13 n.n. n.n. 0.04
03.02.1992 0.4 0.05 0.05 0.1 n.n. n.n. n.n.
18.02.1992 0.15 n.n. n.n. 0.05 n.n. n.n. n.n.
04.03.1992 0.47 <0.05 <0.04 0.08 n.n. n.n. n.n.
19.03.1992 0.08 <0.05 <0.04 0.08 n.n. n.n. n.n.
01.04.1992 0.08 n.n. 0.04 0.07 n.n. n.n. n.n.
15.04.1992 0.05 0.07 0.06 0.08 n.n. n.n. n.n.
30.04.1992 0.2 <0.05 <0.04 0.06 n.n. n.n. n.n.
15.05.1992 0.13 <0.05 0.06 0.1 n.n. n.n. n.n.
25.05.1992 0.16 n.n. 0.05 0.07 n.n. n.n. n.n.
09.06.1992 n.n. n.n. 0.05 0.07 n.n. <0.05 n.n.
22.06.1992 n.n. n.n. 0.09 0.07 n.n. <0.05 n.n.
06.07.1992 n.n. n.n. 0.22 0.18 n.n. <0.05 n.n.
20.07.1992 n.n. n.n. 0.16 0.3 n.n. <0.05 n.n.
03.08.1992 n.n. n.n. 0.15 0.31 n.n. n.n. n.n.
18.08.1992 n.n. n.n. 0.14 0.22 n.n. n.n. n.n.
02.09.1992 n.n. n.n. 0.11 0.14 n.n. n.n. n.n.
16.09.1992 n.n. n.n. 0.06 0.08 n.n. n.n. n.n.
28.09.1992 n.n. n.n. 0.12 0.12 n.n. n.n. n.n.
13.10.1992 0.24 n.n. 0.08 0.09 n.n. n.n. n.n.
27.10.1992 0.28 n.n. 0.08 0.1 n.n. n.n. n.n.
12.11.1992 0.17 n.n. n.n. 0.05 n.n. n.n. n.n.
25.11.1992 0.75 0.05 <0.05 0.06 n.n. n.n. n.n.
10.12.1992 0.29 <0.5 <0.05 0.06 n.n. n.n. n.n.
23.12.1992 0.69 <0.05 n.n. 0.06 n.n. n.n. n.n.
04.01.1993 0.15 n.n. n.n. <0.05 n.n.
01.02.1993 n.n. n.n. n.n. <0.05 n.n.
01.03.1993 0.61 <0.05 n.n. n.n. n.n.
30.03.1993 0.09 <0.05 n.n. 0.05 n.n.
28.04.1993 0.75 n.n. n.n. <0.05 n.n.
26.05.1993 0.68 n.n. 0.05 <0.05 n.n.
22.06.1993 0.91 n.n. 0.15 0.08 0.19
22.07.1993 2 n.n. 0.09 0.14 n.n.
18.08.1993 0.52 0.08 0.05 0.06 n.n.
15.09.1993 0.13 0.08 0.09 0.07 n.n.
11.10.1993 0.11 n.n. 0.05 0.05 n.n.
08.11.1993 0.35 n.n. <0.05 0.06 n.n.
06.12.1993 1.2 n.n. <0.05 0.05 n.n.



Table 17c-e: Sites with sampling only in 1993. Propazin and Ametryn was monitored for at all three sites but
never found. All values in µg/l (Anon. 1993, 1994).

Table 17c: Zollenspieker (river-km 598.7)
Date γ-HCH Dimethoate Parathion-

methyl
Simazine Atrazine

06.01.1993 0.008 n.n. n.n. <0.05 0.06
04.02.1993 0.005 n.n. 0.24 n.n. n.n.
01.03.1993 0.008 0.08 n.n. n.n. n.n.
29.03.1993 0.007 0.1 n.n. n.n. 0.05
26.04.1993 0.007 <0.05 <0.05 <0.05 <0.05
24.05.1993 0.007 1.1 n.n. 0.08 <0.05
23.06.1993 0.005 <0.05 <0.05 0.06 0.06
21.07.1993 0.008 <0.05 <0.05 0.09 0.11
18.08.1993 0.010 0.13 0.2 0.07 0.08
15.09.1993 0.007 <0.05 <0.05 0.1 0.07
13.10.1993 0.003 <0.05 <0.05 <0.05 0.05
11.11.1993 0.005 2.6 n.n. <0.05 0.07
06.12.1993 0.006 <0.05 <0.05 n.n. 0.05

Table 17d: Seemannshöft (river-km 628.7). No analyses were carried out for γ-HCH.

Date Dimethoate Parathion-methyl Simazine Atrazine
06.01.1993 n.n. n.n. n.n. <0.05
04.02.1993 n.n. 0.18 n.n. n.n.
01.03.1993 0.23 n.n. n.n. n.n.
29.03.1993 0.09 n.n. n.n. 0.06
26.04.1993 <0.05 <0.05 n.n. <0.05
24.05.1993 1.6 n.n. 0.11 0.05
23.06.1993 <0.05 <0.05 0.09 0.07
21.07.1993 <0.05 <0.05 0.17 0.16
18.08.1993 0.34 0.17 0.07 0.09
15.09.1993 <0.05 <0.05 0.1 0.07
13.10.1993 <0.05 <0.05 <0.054 0.05
11.11.1993 1.6 n.n. n.n. 0.06
06.12.1993 <0.05 <0.05 n.n. 0.05

Table 17e: Cuxhaven (river-km 725.2) No analyses were carried out for γ-HCH.

Date Dimethoate Parathion-methyl Simazine Atrazine
04.01.1993 0.13 n.n. n.n. <0.05
03.02.1993 n.n. n.n. n.n. n.n.
03.03.1993 0.2 <0.05 n.n. n.n.
31.03.1993 0.26 n.n. n.n. <0.05
28.04.1993 <0.05 <0.05 n.n. n.n.
26.05.1993 0.19 n.n. n.n. n.n.
23.06.1993 <0.05 <0.05 n.n. n.n.
21.07.1993 <0.05 <0.05 n.n. n.n.
19.08.1993 0.38 n.n. 0.05 0.05
16.09.1993 <0.05 <0.05 0.06 0.06
11.10.1993 <0.05 <0.05 n.n. n.n.
10.11.1993 0.05 n.n. n.n. n.n.
08.12.1993 <0.05 <0.05 n.n. n.n.



5.3  NATIONAL OVERVIEW - ITALY

INTRODUCTION

Although Italy covers an area of 301,278 kmq, climate, soil, geology and agriculture conditions are very
different.

Total area under agriculture in 1990 was 26,202,872 ha, subdivided in arable, tree crops (vines, olives, citrus,
fruits and nuts), permanent pasture, gardens, nurseries and forests.
From the analysis of data on land use over the last ten years (Table 1) it is possible to identify three different
phenomena. In the first place, a process of abandonment of many areas engaged in marginal agriculture, which
seems to have caused a decline in farm area even in zones with almost no pressure for non-agricultural uses. The
same phenomenon of reduction in farming area can be justified in various ways in areas where pressures for
urban and industrial uses is greater. The most important phenomenon of the last twenty years seems, in fact, to
have been that of concentration and specialisation in production.
Economic classification of farms, surveyed in the Fourth Agricultural Italian Census (Tab 2) showed that in
1990, of the total of 2,940,546 farms that could be classified in Italy according to Community farm types,
80,8% fell into the category of specialised farms and used an agricultural area of 11.5 million hectares (INEA,
1994). The most widespread specialisation is olive cultivation; in the second place we have mixed arable farms
(cereals). In the North there was a prevalence of farms specialised in arable crops or permanent crops except in
the areas of Valle d’Aosta and Bolzano. The predominance of crop cultivation was even more pronunced in the
central regions. In the South, more than half farms were specialised in the production of permanent crops and
this was particularly so in certain regions such as Puglia, Sicilia and Calabria. For all types of farming labour
was prevalently, if not exclusively family labour.

Table 2. Farms and utilised agricultural area (ha)

Farms Utilised Ag. Area
number percent ha percent

Farms specialised in:
Arable 714.066 24,3 4.466.215 29,8
Horticulture 46.424 1,6 83.890 0,6
Permanent crops 1.287.815 43,8 2.848.351 19,0
Herbivores 305.749 10,4 4.048.248 27,0
Granivores 19.517 0,7 70.686 0,5

Table 2 cont.

Farms Utilised Ag. Area
number percent ha percent

Mixed farms with:
Mixed crops 338.731 11,5 1.590.527 10,6
Mixed livestock 62.500 2,1 464.385 3,1
Crops-livestock 165.744 5,6 1.414.520 9,4
            Source: ISTAT (1992)



CLIMATE

Latitude and distance from sea are the main factors affecting climate distribution, in addition to altitude.

Rainfall

Data on annual rainfall in Italy are based on data collected for a period of thirty years (1921-50) from 2,400 rain
gauges depending on Servizio Idrografico by Ministero dei Lavori Pubblici (Ministery of Public Labour).
Isohyets follow altitude contours and uplands have the largest rainfall. It’ s interesting to note that the more rain
falls on mountains faced directly on Padana Plain (Prealps) rather than on higher mountains of the Alps.
In higher areas in Padana Plain rainfalls 1,100 mm/y, whereas in lower parts of the plain it is only about 800
mm/y.
About peninsular regions the more abundant rainfalls are registered in western areas of Appennino, influenced
by western winds. Excluding higher mountains, hill zones have 800-1,000 mm of rain, whilst along the coasts it
is often under 750 mm/y.
Italian areas with the lowest values for annual rainfall (< 500 mm/y) are in the southern Regions (Puglia, Sicilia
and Sardegna). Some alpine valley areas in the mountain rain shadow also have low rainfalls values (500-600
mm/y) as in Aosta Valley, Valtellina and Venosta Valley.
Rainfall intensity is affected by reliefs, especially those near the sea (mean values between 18 and 22 mm per
day); western coasts present higher values than eastern coasts, but have less rainy days. In the whole country the
months with the highest amount of rainfall are October and November; moreover in the Alps areas, May and
June also show abundant rainfall (>100 mm/month).

Temperature

Data collected for a period of thirty years (1926-57) are referred to 600 weather stations (one for 500 kmq)
depending on Ministero dei Lavori Pubblici.
It is possible to have a concise interpretation of Italian temperature considering the main isotherms of 5°C and
10°C. The 5°C isotherm isolates the highest areas of alpine mountains, where at an altitude above 3,500 metres
mean annual temperature values are under 0°C. These lines show wide deflections in the main valleys (Adige
valley, Valtellina and Aosta valley). Still in North Italy, the 10°C isotherm separates padano-veneta plain from
Alps in Piemonte sector, and from Prealps in Lombardia and Veneto regions. In the great plain temperature
values are higher in eastern regions than in Piemonte region. In the rest of Italy the 10°C isotherm contains only
the highest zones of north and central Appennino.
It's important to point out that along the peninsula, eastern coast has lower temperature values than western
coast. The highest mean annual temperatures in Italy have occured in Piana di Catania (Sicily) and in a few
coastal zones with values slightly above 18°C.
In January and July mean temperature values vary between 16°C and 20°C in a large part of Italy. Normally,
temperature ranges increase from coast to inland; on the contrary, in inland areas it reduces proceeding from
plains towards mountains. Therefore the characteristics of a "continentality" climate are minimized by the
influence of altitude.
Duration of frosts is related to altitude (between 25 and 50 days of frosts in plains and above 200 days in
mountains), but, at the same altitude, it is influenced by distance from the sea. In southern lowland areas frost is
very rare (1 day every 5-6 years).
According to the European Union Soils Database (INRA, 1994) accumulated temperature values in Italy range
from 1950 - 2650 °C on uplands and high mountains to 1200 - 1550 °C in the lowland and coastal areas.
Cryic soil temperature regime covers the Alps, whilst Pergelic regime is confined to the highest peaks.
Appennino chain is characterized by Mesic regime and the remainder areas of the country by Thermic regime.

Soil moisture

Classification of soil moisture regime is given by USDA Soil Survey Staff (1992) and shows a wide range for
Italy. In the northern uplands (higher Alps peaks) soil moisture regime class can be considered Perudic, whilst
in hill areas of northern and central Italy is Udic and in plains is Ustic. In lowland areas of the southern part of
the country soil moisture regime is Xeric.



GEOLOGY AND SOILS

A national geologic map shows the complex nature and the varied distribution of rock units in Italy (Figure 11.)
Generally, gravels, sands and clays of Quaternary Era cover plain areas of the country; Alps are dominated by
schists, granites, marbles, sandstones and dolomites, whilst Appennino chain is mainly characterized by
sandstones, marls, limestones and lime-schists of Eocene, Cretaceous, Jurassic and Triassic age.
The succession of solid rocks and lithologies is given in Table 3.

1As all the figures included in this text are reduced manually from original maps (scale 1:5 000 000), it is impossible to indicate the exact
scale.

Table 3. Solid Geological Formations and their Lithologies

ERA SYSTEM SERIES LITHOLOGY
Quaternary Pleistocene Gravels, sands and 

clays.
Tertiary Neogene Pliocene Vulcanites: basalt,

rhyolite, trachyte.....
Upper Miocene Gypsums, halite

limestones.
Vulcanites: basalt, 
tuff,
hyaloclastites....

Medium Miocene Limestones, sandstones 
Lower Miocene marls and dolomites

Vulcanites: basalt, tuff,
Paleogene Oligocene hyaloclastites....

Eocene Limestones, sandstones
marls, dolomites

Paleocene and marly
Mesozoic Cretaceous limestones

Jurassic Limestones, dolomites,
lime-schists and
ophiolites (gabbros,
serpentinites...)

Triassic Limestones, dolomites
and lime-schists

Paleozoic Permian Limestones, vulcanites, 
argillo-schists,
sandstones, granites,

Carboniferous marbles and
crystalline schists

Devonian Limestones, marbles,
Silurian argillo-schists, granites,
Ordivician sandstones, and
Cambrian crystalline schists

A national soils map illustrates great variabilty in nature and distribution of Italian soils (Figure 2).



Dominant soils in higher uplands (both in Alps and Appennino chains) are Lithosols, Rankers, Rendzinas, Rock
outcrop, Orthic and Ferro Humic Podzols, and Dystric Cambisols. Hill areas are dominated by Orthic and
Planogleyc Luvisols, Dystric Cambisols, Calcaro-Eutric Cambisols, Eutric Cambisols and Rendzinas (in the
northern part of the country), Calcaric Eutric, Eutric, Vertic and Calcaric Cambisols, Calcaric Regosols and
Vertisols (in Central-South Italy), and Calcic Chromic Luvisols, Orthic Luvisols, Eutric Cambisols and
Lithosols (in the South). Lowland soils are characterized by Eutric-Fluvic and Gleyc Cambisols, Eutric
Fluvisols, Fluvio-Eutric Gleysols and Eutric Histosols.
In particular, Padano-Veneta Plain, which covers the study areas, is dominated by Eutric-Fluvic and Gleyc
Cambisols, Eutric Fluvisols, Fluvio-Eutric Gleysols, Eutric Histosols, Orthic and Planogleyc Luvisols, Dystric
Cambisols, Calcaro-Eutric Cambisols, Eutric Cambisols and Rendzinas.

RELIEF AND ALTITUDE

About 80% of Italy is composed of upland and 20% by lowland (plains). Upland can be subdivided into
mountains (51%) with an altitude over 500 metres, and hills (29%); hills are delimited by 200 and 500 metres
contour lines.
The physical features map (fig. 3) shows plains areas (0-200 m) and hills areas (200-500 m). Mountains are
divided in altimetric zones delimitated with 1000, 2000 and 3000 m contour lines. The most prominent and best
known upland is the alpine chain which is arch shaped in SW direction with a more accentuated concavity in the
western area. In the West the Alps are linked to the long and complex Appenninic system that forms the
peninsula skeleton as far as the most southern point (Calabria Region). Upland areas in Sardegna and Sicily are
formed from a different system.
Between Alps and the northern Appennino there is the Padano-veneto plain, the widest one in Italy. It was
originated from alluvia of alpine and appenninic rivers.

THE PESTICIDES USE

The analysis of data relating to agricultural use of chemical products in agriculture over the last twenty years
shows a large increase in the intensity of use, even though in the second half of the nineteen eighties a reduction
began to appear. This overall trend towards rationalisation seems to follow different paths according to the
predominant land use and the extent of technical innovation. On a regional basis the intensity of use both of
pesticides and fertilisers are on average higher in the North compared with Central and Southern Italy (between
50 and 100% higher) because there are better weather and economic conditions. It should, moreover, be
emphasised that the trend is clearly different between the Northern regions, where the level of intensity
increases by 11% between 1982 and 1991, whilst in the Central and Southern regions there is a significantly
reduction of utilisation by 15% and 27% respectively. In contrast, comparing the level in the pesticides
employed in the South is fairly high (21% of products) as compared with that in Centre (13,2%) and also in the
North of the country (16,7%).

ORGANISATIONS CONCERNED WITH REGULATION OF PESTICIDES AND DATA COLLECTION,
USE  AND ENVIRONMENTAL MONITORING

Monitoring on the presence of pesticides residues in the environment is the responsibility of the Local Health
Units (Unità Sanitarie Locali), which utilize Presidi multizonali di prevenzione (PMPs, laboratories of the
Italian Health Ministery). A recent national decree provides that PMPs will be replaced by Regional Agency for
Health and Environmental Protection.
In application of the article 12 of D.P.R. 236/88 (italian law by decree on drinking water quality) monitoring
data from PMPs must be conveyed to the Ministery of Health, General Direction of Public Health Services) and
to the Environmental Ministery.
IRSA-CNR (Research Institute on Waters-National Council Researches) in Brugherio (Milan province), is an
institution responsible for official analysis methods for waters in Italy.
At regional and provincial level, there are administrative bodies delegated to environmental protection (such as
assessorships) that can collect data and utilise the information for safeguard aims. Regional laws provide
modalities of data distribution and the authorities to be informed. Subsequently, the Superior Institute of Health
(operative body of Ministery of Health) publics the data.



Research institutions (Universities, CNR, etc.) carry out specific research on the presence of pesticides in water
and soil. These data, usually published, probabily are registered in database, such as RESPEST I from Catholic
University of the Sacred Heart of Piacenza (Del Re A.A.M. HW�DO�, 1988) and PESTIDOC (Bersani M. HW�DO�,
1996). Other institutions are companies water producer (Aziende Municipalizzate Acquedotti) and private
undertaking, but their data are not spread and difficult to know.

GENERAL PESTICIDE POLICY, REGARDING RESIDUES IN SOIL AND WATER, NATIONAL
STANDARDS, ETC.

Drinking water is the only environmental compartment to be monitored as required by law (article 12 of D.P.R.
236/88) for pesticides contamination. Drinking water must be analysed by PMPs with a frequency that depends
on the population number that draw from wells, with a minimum of twice at year. For a single pesticide the limit
is 0,1 µg/l, and for a total of more pesticides the limit is 0,5 µg/l.
In Italy, there does not exist a specific list of pesticides to be monitored and every laboratory has its own list.
Only some Northern regions have a list including some recommended maize and rice herbicides to be
monitored, mainly atrazine, simazine, alachlor, metolachlor, terbuthylazine, bentazone, molinate and trifluralin.
For this reason, organisations concerned with monitoring of pesticides generally survey only these active
ingredients.
A law by decree (n° 1930 of 25 January 1992), in application of CEE Directive 78/659, concerns fresh waters
quality that need protection or improvement to be suitable for fishes' life (in particular salmons and carps).
Among the parametres to be analysed there are heavy metals, anionic surfactants and hydrocarbons, but
pesticides are not included. This law provides also biomonitoring standards (Extended byotic index).
Another law by decree (n°132 of 27 January 1992), in application of CEE Directive 80/68, contains regulations
on protection of ground waters from dangerous substances pollution. Among these substances there are:
organochlorine, organophosphate and tin compounds.
A specific law (n° 133 of 27 January 1992) provides the standards in industrial effluents for some dangerous
substances: for HCH and lindane the limit is 2 mg/l in waste waters; for DDT 0,2mg/l per month with a
maximum value of 0,4 mg/l per day; for aldrin, dieldrin e isodrin is 2 µg/l per month and 10µg/l per day.
In regard to slurry use in agriculture, the law n° 99 of 27 January 1992, in application of CEE Directive 86/278,
indicates standards for heavy metals but not for pesticides.
The 3rd of July of 1982 was issued a law, in application of CEE Directive 75/440, that provides norms on the
quality of surface water destined to potable uses. The total amount of pesticides admited is 0,005 mg/l; if the
sample has an higher value it's not possible to utilize these waters for potable processing.
At the present time there aren't any national laws or regulations concerning the control of residues of pesticides
in soils. Nevertheless, two Regions set the standards for quality soils valuation. The programme proposed by
Piemonte Region in 1992, include a list reporting the pesticides standards differentiated on the basis of the
threee soil use destinations: agricultural and residential (1 mg/kgSS) and industrial (10 mg/kgSS). The only
normative regulations in force in Italy at the present time, are those of Toscana Region. The plan considers soil
standards as well water (ground and surface) standards and utilizes the first version of Piemonte's list.
In Italy there are a lot of sources from which it is possible to get data and information about plant protection
products. The most important is *D]]HWWD�8IILFLDOH��(Official Gazette), that publishes regularly decrees on new
authorizations to the immission on the market, prohibition, revocation, suspension and revision of pesticides, as
well as the decrees on fixation of residues in foods. A specific national decree (D.M. 23/12/92, conforming to
CEE Directive 90/642 on residues of plant protection products in foods) provides the minimal requisites in the
annual programme of the ufficial controlls on different foods in every Italian Region.
During 1993 there was no lack of initiatives for controlling the use of chemical products in agriculture. In
application of the Directive 676/91 on the protection of waters from pollution due to nitrates of agricultural
origin, the first "Code of correct agricultural practise" was presented.
An important initiative was also taken by the Ministry for Agriculture concerning control of the effects of the
use of chemical products in agriculture through the establishment of a national Network for monitoring residuals
of chemical products for agriculture. During the first twelve months of its activity some products were put to the
test in the northern area of the Network.
The lack of a systematic national monitoring programme has been overcome by the regulations of the law by
decree D. lgs. 17 march 1995, n. 194, following the principles of pesticides registration procedures of the
Directive 91/414/EEC. This national law determines the institutional authorities in health protection matters. In
particular, the article n° 17 provides the regulations about the official controls on trade and use of pesticides and
their impact on human health and on environmental compartments: the Ministery of Health, by mutual
agreement with the Ministery of Environment, every three years passes national programs containing regulations



on survey to be carried out by Regions and self-governing Provinces, with the co-ordination of the Institute of
Health (for the impact on human health) and of the National Agency for the Environmental Protection (for the
impact on environment). Moreover, paragraph 21 of article 5 of the same law, provides that the Environmental
Ministery, with the agreement of Regions and self-governing Provinces, determines the principles for the
characterization of vulnerable areas.
As regard to surface and ground waters, the Authorities Basin (national institutions competent of specific
basins) are also responsible for wastes depuration and for the rationalitation of pesticides use in agriculture.
An important survey on Po river has been carried out by PMP of Ferrara from 1989. 40 active ingredients are
monitored, twice per month, in 4 sampling points about 40 km far from the delta (Stellata, Polesella,
Pontelagoscuro, Serravalle). In table 4 are reported only the pesticides which are positive at least once. Only
molinate has a value > 1µg/l, and 60% of atrazine analyses are over detection limits (0.01 µg/l). These data are
very significant as they represent pesticide residues outcoming from the whole basin and flowing into Adriatic
Sea, therefore, they give information on the total contamination in the Po basin.

Table 4. Pesticide occurence in Po river, in 4 sampling site, twice per year. Only if positive at list one time,
active ingredient are reported.
pesticide 1991-95 n° % n° % n° %

analysis >LOD >LOD >0.1 mg/l >0.1 mg/l >1 mg/l >1 mg/l
Atrazine 438 263 60.0 8 1.8 0 0.0
Terbuthylazine 438 153 34.9 27 6.2 0 0.0
Metolachlor 438 135 30.8 28 6.4 0 0.0
Molinate 438 112 25.6 54 12.3 16 3.7
Oxadiazon 438 95 21.7 20 4.6 0 0.0
Tiobencarb 438 46 10.5 24 5.5 0 0.0
Alachlor 438 41 9.4 4 0.9 0 0.0
Prometryn 438 35 8.0 0 0.0 0 0.0
Bentazone 438 10 2.3 7 1.6 0 0.0
Chlorthal D 438 8 1.8 0 0.0 0 0.0
Ametryn 438 4 0.9 0 0.0 0 0.0
MCPA 438 1 0.2 0 0.0 0 0.0
MCPP 438 1 0.2 0 0.0 0 0.0
Diuron 438 0 0.0 1 0.2 0 0.0
Linuron 438 0 0.0 4 0.9 0 0.0

Source: Servizio Sanitario Nazionale - Regione Emilia-Romagna (PMP di Ferrara)

WATER QUALITY PROBLEMS NATIONALLY (PESTICIDES)

As we said in the previous paragraph, Italian pesticide policy is concentrated exclusively on the quality of
drinking water. Therefore, water quality problems nationally are related only to contamination in the wells used
for drinking water. From 1986 some cases of pollution have been pointed out in Padana Plain, concerning only
herbicides and, in particular, maize and rice herbicides (atrazine, bentazone, molinate, terbuthylazine,
metolachlor and alachlor). The most contaminated areas are those in the rice crops areas in Piemonte and
Lombardia regions (Vercelli, Novara and Lomellina), and some areas near the Po delta (in addition to some
spotted and localized areas).
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INTRODUCTION

Landell Mills statistical data were the starting point to provide the relation between the use and the presence of
plant protection products , but in our opinion they do not suit properly with those utilized in the study areas.
Moreover, some active ingredients reported in Landell Mills list do not reflect the real use (for example,
chlorotalonil is not included in the list although it is widely used in apple crops; and so on for several
pesticides). For these reasons we thought it right to modify data presented by Landell Mills calculating the
average AI gr per ha related to the whole crop area. These values are obtained from multipling the base active
area treated (ha) by the average number of treatment, and by the average AI gr per base active area, and divide
by the crop area grown. This rough estimate represents more efficaciously the real active ingredients
distribution in the whole area. For example, from statistical data it turned out that 1500 gr per active area of
benomyl are distributed in wheat area, whilst the average AI gr per ha related to the whole crop area is only
15.99; difenacoum resulted to be 6,000 gr per base active area, whilst our calculated value is 56 gr/ha for the
whole area. When values of the average AI gr per ha for the whole crop area resulted < 20 g/ha, the active
ingredient is considered scarcely distributed.
Landell Mills selected three Italian Regions (Piemonte, Veneto and Trentino Alto Adige) on the basis of
pesticides use and on the dominance of wheat, vine and apple growing. All the regions are located in the North
of the country but Piemonte region is in the western area, whilst Veneto and Trentino Alto Adige regions are in
the eastern area (Fig. 1). As described in the following overwies, for each region we selected smaller and more
homogeneous areas (Provinces). Not only the three study areas are very different in climate, soil, relief, geology
and agriculture characteristics, but there is also a wide range of factors within Provinces themselves. For these
reasons study areas are discussed separately.
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REASON FOR CHOICE OF SUBREGION AREA (ALESSANDRIA PROVINCE)

Wheat in Piemonte was selected by Landell Mills as the cultivation to be examined. On the bases of data on farm
management (ISTAT, 1992), it emerges that Alessandria Province represents 54.8% of the whole regional wheat
cultivated area. Moreover, as wheat is widespread cultivated all over the regional territory, we focus our
attention on plain and hill areas in Alessandria Province. In fact, Alessandria has 54.7% of regional field crops:
71,200 ha wheat cropped and 98% of this area is concentrated in plain and hill areas so the subregion is
represented by Alessandria Province exclusive of mountain areas.
Since Piemonte is a wide region and difficult to characterize, we did only a detailed study on Alessandria

Province, which covers an area of 3,560 km2 in the North-West of Italy (Figure 5).

GENERAL AGRICULTURAL INFORMATION

Agricultural land use in Alessandria Province mainly concerns field crops (54%) and forests (21%) Table 1.1
Field crops, especially widespread in lowlands and hill areas, are cereal crops, including wheat and maize. As
regards tree crops, vineyards cover an area of 18,773 ha (30.5% of regional area). Forests (dominantly Conifers
and broadleaf trees) are concentrated in hill areas.
Table 1.2 shows general agricultural information for Alessandria Province.

Table 1.1 Land use in Alessandria Province (in 1990)



Area (ha)
Field crops: 142,833
Tree crops: 22,104
Permanent pasture: 19,072
Agricultural area used (AAU): 184,360
Poplar : 9,205
Forests: 44,721
AAU not used: 15,500
Other areas: 7,443

Source: ISTAT (1990)

Table 1.2 - General agricultural information (in 1993) (ha)
ITALY PIEMONTE Alessandria %

(reg. value)
Cereals
Wheat 2 299 228 129 915 71 200 55
Rye 7 955 1 680 50 3
Barley 425 099 33 650 7 000 21
Oat 143 736 953 163 17
Rice 231 740 118 598 7 143 6
Maize 926 677 165 425 21 500 13
Millet 37 764 390 200 51
others 2 644 1 140 100 9
Tot. 4 074 843 451 751 107 356 24

Legumes
124 917 6 031 936 15

Potatoes
92 888 2 920 1 495 51

Vegetables crops
479 219 11 437 4 457 39

Table 1.2 - Cont.
ITALY PIEMONTE Alessandria %

(reg. value)

Greenhouse cultivations�(vegetables)
20 873 750 36 5

Industrial crops (sugar-beet, sunflower, tobacco, etc.)
653 327 25 637 10 683 42

Temporary pasture
2 622 570 206 772 20 800 10

Permanent forage
4 530 004 473 652 20 500 4

Vine
Vine 896 223 61 472 18 773 30
Grape 83 064 220 40 18

Fruits
Apple 79 135 6 827 255 4
Other 454 719 25 138 1 561 6
Source: ISTAT (1995)



Typical crop rotations in Alessandria Province, for fields crop area, is based on maize-wheat. Another typical
rotation is maize - wheat - 3 years of grass - sugar beet.

Table 1.3 Typical crop rotations in Alessandria Province
Year: 1° 2° 3° 4° 5° 6°

First type maize wheat
Second type maize wheat grass grass grass sugar beet

In 1990 maize crops were the most irrigated in Alessandria Province (47% of the total maize crops). Only about
the 21% of the provincial farms applied to irrigation as water supplying forms, especially through autonomous or
independent forms by derivation from freshwaters and natural and artificial lakes. Most of these farms used
flooding irritagion after surface irrigation, but data on areas irrigated with this method are not available. (Table
1.4)

Table 1.4 Irrigation data in Alessandria Province (1990)
Area (ha) N° farms

Irrigated crops 34 551
PDL]H ������
SRWDWRH ���
VXJDU�EHHW �����
VR\EHDQ �����
YHJHWDEOHV �����
URWDWLRQ�RI�JUDVV �����
YLQH ��
RUFKDUGV ���
RWKHU �����

Water supplying forms 7 554
DXWRQRPRXV�RU�LQGHSHQGHQW
��IRUP�E\�GHULYDWLRQ�IURP� �����
�����IUHVKZDWHUV �����
�����QDWXUDO�DQG�DUWLILFLDO�ODNHV ���
�����RWKHU�LQGHSHQGHQW�IRUP �����
XQLRQV�RI�LUULJDWLRQ�DQG
���UHFODPDWLRQ �����
RWKHU�IDUPV ���
RWKHU ��
Irrigation method
VSULQNOHU �����
IORRGLQJ ���
IORRGLQJ��DIWHU�VXUIDFH�LUULJ�� �����
WULFNOH ��
RWKHU ��

Source: ISTAT (1992)

CLIMATE



Three weather stations placed in different areas represented climate characterisation of Alessandria Province
(Figure 6). Data (maximum, minimum, mean monthly temperature and average monthly rainfall) are referring to
historical data (1977-1986). PT calculated values derived from Thornthwaite equation (PINNA, 1977) are
available.
Climate is influenced by low reliefs but, in general, there aren’t any appreciable climatic differences within the
region: lowlands are a little drier than hilly areas.

Rainfall

Rainfall does not vary significantly between lowlands (about 820-870 mm in an average year) and low hills (780
mm/year). Months with least precipitation are June, July, September and winter months (about 40-60
mm/month), whilst it rises to over 100 mm per month in March, May, August and October (Table 1.5).
Table 1.5 Average monthly rainfall (mm) for three stations in Alessandria Province

Station Ht (m) J F M A M J J A S O N D Year
Tortona 96 62 40 89 57 97 45 37 69 37 129 61 58 65
Casale M.to 110 58 53 114 73 124 50 47 96 34 104 54 59 72
Spigno 258 69 48 112 69 97 43 35 68 45 124 53 54 68

Source: Annali Idrologici dell'Ufficio Idrografico del Po - Parma

Temperature

As the accumulated temperature values for the three stations show (Tortona 4379, Casale M.to 4412 and Spigno
4547 day degrees centigrades) temperature regimes are quite similar within the region. Between November and
March average monthly temperatures are less than 10°C, whilst in June, July and August temperatures above
20°C are registered. Although Spigno station is placed in a hilly area, usually there are higher values of
temperature than adjacent low grounds, because its proximity to the Ligure sea (Table 1.6).

Table 1.6 Average monthly temperature (°C) for three stations in Alessandria Province

Station Ht (m) J F M A M J J A S O N D   Year
Tortona 96 0.2 2.27.811.3 15.6 20.1 23.2 22.5 19.3 13.3 6.1 2.3 12.0
Casale M. 110 0.4 2.4 8.011.8 15.9 20.6 23.1 22.2 19.0 13.2 6.4 2.2 12.1
Spigno 258 1.2 3.2 8.311.9 16.0 20.5 23.2 22.4 19.1 13.5 6.9 3.0 12.4

Source: Annali Idrologici dell'Ufficio Idrografico del Po - Parma

Soil mosture

Thornthwaite equation allows to determine potential transpiration values for Alessandria Province Table 1.7.

Table 1.7 Average potential transpiration (mm) for three stations in Alessandria Province (Thornthwaite)

Station Ht (m) J F M A M J J A S O N D   Year
Tortona 96 0 3.6 29.1 51.3 90.2 122 147 136 92 50.2 16.2 3.4 61.8
Casale M.to 110 0 2.4 27.5 50.6 88.3 120 138 127 84 53.9 14.9 2.2 59.1
Spigno 258 1.2 6.0 27.5 50.6 88.3 120 145 127 90 53.9 18.6 5.6 61.2

According to the European soil map (INRA, 1994), soil moisture regime in Alessandria Province can be
considered Ustic. Air temperature values correspond to the class of soil temperature regime Mesic as used by
USDA referred to moderate soils.
Potential soil moisture deficit (PSMD = Σ (R - PT)), calculated as the difference between rainfall and potential
transpiration, shows higher values in low hills (157 mm in Casale M.to station) and smallest in lowlands (40 mm
in Tortona station), whilst Spigno station presents an intermediate situation with 82 mm.
Data on field capacity are not available.

GEOLOGY, SOILS AND RELIEF



There are not any specific studies on geological characterisation of Alessandria Province. However, some
generic information can be deduced from the national map (Fig. 1 and 2 in the National Overview). In general,
the south-eastern uplands are characterized by eroded slopes on soft rocks, high dips with frequent erosion and
flowage. Marine deposits, mainly arenaceous and marly of Miocene and Oligocene Series, cover hilly areas in
the North and South of region. In these areas there are slopes with medium or high acclivity, a high susceptibility
to rill erosion and a low water retention capacity. River terraces deposits are alluvial (gravel, sands and clays of
Quaternary Era) with plain/undulating surfaces, scarce erosion, frequent flowage and extreme moisture even if
drained. Lowlands are covered by recent alluvial and glaciofluvial deposits, generally with plain and slightly
undulating surfaces, fertile soils with very low water retention capacity.

Table 1.8 Solid Geological Formations and their Lithologies in Alessandria Province
ERA SYSTEM SERIES LITHOLOGY
Quaternary Pleistocene Gravels, sands
Tertiary Neogene Pliocene and clays.

Miocene Sandstones
Paleogene Oligocene and marls

The soil classification for Alessandria Province can be obtained from the 1:250 000 Regional Map performed by
the Istituto Nazionale per Piante da legno "G. Piccarolo" (Torino), which includes the FAO/UNESCO
classification. Differences on major soil groups and soil units are referred to lowland and uplands in Table 1.9.

Table 1.9 Soil types in Alessandria Province using FAO soil classification
Area Mayor Group Soil Unit
Lowlands Fluvisols Dystric Fluvisols

Cambisols Eutric Cambisols
Calcic Cambisols

Luvisols Chromic Luvisols
Vertic Luvisols

Uplands Rendzinas
Cambisols
Luvisols Gleyc Luvisols

Orthic Luvisols
Rankers*

* Not included in FAO classification

Uplands in Alessandria Province can be subdivided mountain (> 600 metres above sea level) in the South-East,

that cover an area of 437 km2, and hill (300-600 m) with a  total area of  1,873 km2. Lowlands (<300 m) placed

in the Centre and in the North-East of the region have an area of 1,250 km2 (Figure 5).
Data on land drainage are not available.

HYDROLOGY AND HYDROGEOLOGY

Many rivers and streams run through Alessandria Province, but the main catchments are those of Tanaro river

(7,985 km2) and Scrivia river. Po river, the longest one in Italy, laps Alessandria Province in the Northern area
(Figure 6).
Tanaro and Scrivia rivers flow in the Southern area and create two important plains.
Bormida is Tanaro’s most important  tributary and the confluence is placed in Alessandria town.



Tiglione and Belbo are two Tanaro’s tributaries before Alessandria and receive the Lower Monferrato’s waters.
Grana is a tributary of Po river, before Tanaro’s confluence, and receives Higher Monferrato’s waters. Orba river
flows into Bormida river, just little before Alessandria.
Other streams monitored are Lemme, Stura, Piota, Gorzente, all Orba’s tributaries, Erro tributary of Bormida,
Borbera tributary of Scrivia, Rotaldo tributary of Po before Casale, and Stura tributary of Po past Casale.
A census on regional rivers and streams, with chemical, physical and biological data, is available (Regione
Piemonte, 1992).

Data on groundwater waters are missing, but some information can be deduced from CNR Regional
Hydrogeological Map in scale 1:1 000 000 referred to the whole Padano-Veneta plain (CNR, 1995). Piezometric
curves vary between 180 and 80 m from South to North (towards Po basin). In the whole lowland areas there is
high permeability, except in the Bormida river valley and in Alessandria plain, where the moderate permeability
is associated to prevalent sandy soils.

PESTICIDE USE

Only sugar-beet cultivation has a list of active ingredients utilizable. Other crops do not have indications on the
type and amount of pesticides to be used.

DATA SOURCES, DATA QUALITY, MONITORING STRATEGIES AND PESTICIDES MONITORED

Data of groundwater are collected by PMP in Alessandria Province and by three water producers: AMC
(Azienda Municipalizzata Casalese) in Casale, AMAG (Azienda Municipale Acqua e Gas) in Alessandria and
ASMT (Azienda Servizi Municipalizzati Tortonesi) in Tortona. Data of surface water are collected only by PMP
in Alessandria Province.
In Alessandria Province 10 pesticides (atrazine, simazine, propazine, terbuthylazine, alachlor, metolachlor,
molinate, bentazone, terbutryn, prometryn) were monitored in surface waters. The same pesticides are monitored
for groundwater by PMP and AMC whilst AMAG and ASMT search 17 pesticides (atrazine, desethylatrazine,
metoxuron, simazine, cyanazine, metabenzthiazuron, chlortoluron, diuron, metazachlor, sebutylazine,
terbuthylazine, linuron, metolachlor, monolinuron, isoproturon, hexazinone, metobromuron).
Among Landell-Mills compunds only chlortoluron, isoproturon, metabenzthiazuron, terbutryn are monitored
(total analyses 1305).
Only herbicides are monitored in this sub-region, used mainly in spring for pre-emergence treatment in maize
cultivation.

Table 1.10. Total application of pesticides to wheat and summary of results of analyses (data from AMC (1989-
95), PMP (1994-95), ASMT (1994-96), AMAG (1991-95)) for surface and ground waters in Alessandria
Province. Landell Mills compounds applied to <20 g/ha are excluded.
Pesticide Type g/ha Total number % number %

analyses >LOD >LOD >0,1 µg/l >0,1 µg/l

2,4 - D 20.4 0

Alachlor H 923 1 0.1 1 0.1

Atrazine H 1554 17 1.1 5 0.3

Bentazone H 325 0 0.0 0 0.0

Bromoxynil 33.58 0

Carbendazim 71.43 0

Carboxin 52.24 0

Chlormequat-Ch 83.40 0

Chlorotoluron H 98.02 432 0 0.0 0 0.0

Cyanazine H 432 0 0.0 0 0.0

Desethylatrazine H 432 0 0.0 0 0.0



Dimethoate 62.28 0

Diuron H 432 0 0.0 0 0.0

Fenpropimorph 97.26 0

Glyphosate 64.01 0

Hexazinone H 432 0 0.0 0 0.0

Ioxynil 55.49 0

Isoproturon H 164.52 432 0 0.0 0 0.0

Linuron H 432 0 0.0 0 0.0

Maneb 90.51 0

MCPA 179.43 0

MCPP 183.58 0

Metazachlor H 432 0 0.0 0 0.0

Methabenzthiazuron H 359.15 432 0 0.0 0 0.0

Metobromuron H 432 0 0.0 0 0.0

Metolachlor H 1353 8 0.6 3 0.2

Metoxuron H 432 0 0.0 0 0.0

Molinate H 861 17 2.0 7 0.8

Monolinuron H 432 0 0.0 0 0.0

Pendimethalin 75.31 0

Table 1.10 - Cont.
Pesticide Type g/ha Total number % number %

analyses >LOD >LOD >0,1 µg/l >0,1 µg/l

Phosalone 33.48 0

Pirimicarb 22.36 0

Prometryn H 302 0 0.0 0 0.0

Propazine H 933 0 0.0 0 0.0

Sebutylazine H 432 0 0.0 0 0.0

Simazine H 1551 0 0.0 0 0.0

Terbuthylazine H 1324 23 1.7 10 0.8

Terbutryn H 20.67 9 0 0.0 0 0.0

Trifluralin 138.41 0

7RWDO ����� �� ��� �� ���

Surface water monitoring data refer to 1989-1990 and cover the whole regional area.
On Tanaro river there are 5 sampling stations in west-east direction, after Tiglione’s confluence, before and past
Alessandria, past Bormida’s confluence and just a little before the inlet in Po river. On Tiglione and Belbo rivers
there is only one sampling station, just before the respective confluences in Tanaro river. 3 sampling stations are
placed on Orba stream between Ovada and Bormida’s confluence; on Scrivia river 6 stations from Arquata to the
confluence into the Po. On Po river there are 5 sampling stations, from the source to the plain, opposite Trino, in
Casale, in Valenza before and past Grana’s confluence, and after the confluence of Tanaro river. Other streams
monitored are Lemme, Stura, Piota, Gorzente, all Orba’s tributaries, Erro tributary of Bormida, Borbera tributary
of Scrivia, Rotaldo tributary of Po before Casale, and Stura tributary of Po past Casale.

Groundwater monitoring data refer to 1994-95. All the provincial area is monitored by PMP through 1 or 2
samples per year in all public aqueducts wells, as well as random samples in private wells. Wells in Alessandria
commune are monitored by AMAG, those in Casale by AMC and those in Tortona by ASMT.



As regards data collected by the water companies, we have to state that since 1986 all the provincial wells for
potable water has been renewed. Usually these wells catch water at 180 metres without intermediate window,
because overhanging nappes seem to be irremediably polluted. For example AMC in Casale Monferrato sank a
well in Terranova: at the beginning none of the 40 pesticides residues monitored was found, but after three
months bentazone was present in the analyses.
Azienda Municipale Acqua e Gas (AMAG) in Alessandria conducts a survey since 1991 in 34 wells placed in
different communes (Alessandria, Borgoratto and Frascaro) which catch water at 20-120 metres of deepth.
Also ASMT (Azienda Servizi Municipalizzati Tortonesi) has monitored the same pesticides in 22 wells, every
month, since 1991. These wells are between 6 to 100 m deep; three nappes are present but each well includes
only one nappe.
For these two companies the analysis are performed by AMGA (Azienda Municipalizzata Gas Acqua) Genova
Laboratories.
Since 1989, pesticides in 9 wells (180 metres deep) have been monitored by AMC four times per years
(bentazone, molinate, atrazine, terbuthylazine, metolachlor, simazine, propazine, prometryn, alachlor). The wells
serving Casale district (and since 1995 Valenza district too) are placed in Terranova and Frassineto Po.
University of Torino performed the analysis for this company.

OCCURENCES AND PATHWAYS

Surface water monitoring data

Water analyses were performed for Po, Scrivia and Tanaro rivers every 40 days during the year, while the other
streams only in June and July.
Positive samples for active ingredients are: Po 20, Tanaro 22, Scrivia 2, Grana 2, Tiglione 3, Belbo 2 and Orba 1
(Table 1.11).

Table 1.11. Summary of results of analyses carried out in Alessandria Province during 1994-95 for all pesticides
monitored in surface waters.

Pesticide 94-95 >LOD % >0.1
µg/l

% >0.5 µg/l %

Alachlor 415 0 0 0 0 0 0
Atrazine 415 8 1.9 4 1.0 1 0.2
Metolachlor 415 6 1.4 1 0.2 1 0.2
Molinate 415 17 4.1 7 1.7 2 0.5
Prometryn 26 0 0 0 0 0 0
Propazine 415 0 0 0 0 0 0
Simazine 415 0 0 0 0 0 0
Terbuthylazine 415 21 5.1 9 2.2 1 0.2

In 1994 there were 2 positive samples, both relative to molinate in Po river: one before and one past Grana’s
confluence near Valenza. Maybe, this pesticide could have come from the rice-crops in Vercelli and Novara
areas through Sesia river that flows together just before the two stations.
In 1995 positive samples are 50:
- Po and Tanaro rivers in all the stations from the end of May to the first period of July;
- the other streams in June and July, except Scrivia river with positive samples found in spring;
- Tiglione and Belbo rivers receiving waters in two basins neighbouring Lower Monferrato, present positive
samples in May and in July for terbuthylazine, metolachlor and atrazine.
The pesticides found are maize herbicides. They are found during the period just following the treatments time.
The most indicative streams for contamination are Tiglione, Belbo, Grana and Orba; they are smaller than Po
and Tanaro rivers but they flow nearly quite in Alessandria Provincia. Moreover, as they flow through the hill
areas we suppose that the contamination is due to the runoff, in addition to the consideration that Belbo and
Tiglione rivers flow across Spigno Monferrato area, where rainfall intensity is higher (even 33 mm per hour and
100 mm per day).
Pesticides found are the more persistent and sorbed among those searched.



Groundwater monitoring data.

It was found that the most contaminated areas are those crossed by Po and Tanaro rivers.
Data collected shown only 15 positive samples (> 0,01 µg/l) for groundwater monitoring (Table 1.12). There are
only 5 samples higher than 0,1 µg/l and 2 samples higher than 1 µg/l (alachlor and metolachlor) concentrated in
Bassignana. The other contaminated communes are Frascaro, Borgoratto (2 samples), Solero and Borgo S.
Martino.

Table 1.12. Summary of results of analyses carried out in Alessandria Province during 1989-95 for all pesticides
monitored in ground waters.
Pesticide Total number % number % number %

analyses >LOD >0.1 µg/l >0.5 µg/l
Alachlor 508 1 0.2 1 0.2 1 0.2
Atrazine 1139 9 0.8 1 0.1 0 0.0
Bentazone 325 0 0.0 0 0.0 0 0.0
Chlortoluron 432 0 0.0 0 0.0 0 0.0
Cyanazine 432 0 0.0 0 0.0 0 0.0
Desethylatrazine 432 0 0.0 0 0.0 0 0.0
Diuron 432 0 0.0 0 0.0 0 0.0
Hexazinone 432 0 0.0 0 0.0 0 0.0
Isoproturon 432 0 0.0 0 0.0 0 0.0
Linuron 432 0 0.0 0 0.0 0 0.0
Metazachlor 432 0 0.0 0 0.0 0 0.0
Methabenzthiazuron 432 0 0.0 0 0.0 0 0.0
Metobromuron 432 0 0.0 0 0.0 0 0.0
Metolachlor 938 2 0.2 2 0.2 1 0.1
Metoxuron 432 0 0.0 0 0.0 0 0.0
Molinate 446 0 0.0 0 0.0 0 0.0
Monolinuron 432 0 0.0 0 0.0 0 0.0
Prometryn 276 0 0.0 0 0.0 0 0.0
Propazine 518 0 0.0 0 0.0 0 0.0
Sebutylazine 432 0 0.0 0 0.0 0 0.0
Simazine 1136 0 0.0 0 0.0 0 0.0
Terbuthylazine 909 3 0.3 1 0.1 1 0.1
Terbutryn 9 0 0.0 0 0.0 0 0.0

We have to point out that hydrogeology of Alessandria Province doesn’t fit in with contamination of
groundwater utilised for drinking waters, except for localized cases, regarding pesticides, while it results a worst
situation as regards nitrates and some metals.
Furthermore, the upper two nappes are polluted not only by pesticides, which is why they are not ultilised for
drinking purposes any more.

Ecotoxicological assessment.
Only isoproturon data are available. Isoproturon was never found in 432 analyses of groundwater.
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REASON FOR CHOICE OF SUBREGION AREA (TREVISO PROVINCE)

Vine in Veneto was selected by Landell Mills as the cultivation to be examined. On the bases of data on farm
management (ISTAT, 1992), it emerges that Treviso and Verona Provinces cover more than 60% of the whole
regional wine cultivated area. However the areas are not neighbouring so we have decided to study only Treviso
Province, for which we have more data (Figure 7).

GENERAL AGRICULTURAL INFORMATION

Treviso Province contributes largely to the regional and national agricultural market. Provincial crops are mainly
field crops (49,9%), tree crops (15,4%) and permanent pasture (12%) Table 2.1. Field crops are especially
widespread in plain areas. Tree crops, essentially vineyards, are concentrated in a few plain areas on the left of
Piave river and in hill areas between Conegliano and Valdobbiadene. Permanent pasture, associated frequently to
forests, is typically widespread in hill areas. However there are many cases with intermediate situations: field
crops mixed with vineyards, or permanent pasture mixed with vineyards.

Table 2.1 Land use in Treviso Province (in 1990)
Area (ha)

Field crops: 92,073



Tree crops: 28,292
Permanent pasture: 22,137
Agricultural area used (AAU): 142,641
Poplar : 627
Forests: 19,025
AAU not used: 4,731
Other areas: 17,455

Source: ISTAT (1992)

Field crops include especially maize (40,830 ha), wheat (7,100 ha) and barley (6900 ha).
Among industrial crops the most widespread is sugar-beet (4,200 ha).
Vineyards are very diffused (26,661 ha). There are three zones with DOC vines (the acronym is referred to a
good quality production in a limited zone): "Vini del Piave", "Prosecco di Conegliano e Valdobbiadene" and
"Vini del Montello e dei Colli Asolani". In particular there are some communes with a high percentage of
vineyards: Valdobbiadene, Miane, Vidor, Farra di S., Pieve S., Refrontolo, S. Pietro F., Vazzola, Cimadolmo, S.
Polo di Piave, Ormelle, Oderzo, Ponte di Piave, Salgareda, Chiarano, Montebelluna, Volpago del Montello,
Giavera del M., Nervesa della B., Arcade, Povegliano, Trevigliano, Villorba, Maserada sul Piave, Breda di
Piave and Carbonera. Forests, prevalently coppices, are widespread in mountainous and hill zones and along the
Piave river. (Table 2.3)

Table 2.3 General agricultural information (in 1993)
ITALY VENETO Treviso %

(reg. value)
Cereals
Wheat 2 299 228 60 285 7 100 12
Rye 7 955 0 0 0
Barley 425 099 26 158 6 900 26
Oat 143 736 82 0 0
Rice 231 740 2 881 0 0
Maize 926 677 268 796 40 830 15
Millet 37 764 261 0 0
others 2 644 64 0 0
Tot. 4 074 843 358 527 54 830 15

Legumes 124 917 1 349 22 2

Potatoes 92 888 3 877 120 3

Vegetables crops 479 219 25 498 1 130 4

Greenhouse cultivations 20 873 2 727 57 2
(vegetables)

Industrial crops 653 327 142 842 23 547 16
(sugar-beet, sunflower, tobacco, etc.)

Temporary pasture 2 622 570 94 261 17 973 19

Permanent forage 4 530 004 175 205 21 600 12

Vine
Vine 896 223 80 478 26 661 33
Grape 83 064 34 28 82

Fruits
Apple 79 135 11 010 176 2



Other 454 719 24 916 620 2

Source: ISTAT (1995)

Possible rotations are wheat - soybean - maize, or wheat - sugarbeet, or wheat - maize, or only maize (Table 2.4
).

Table 2.4 Typical crop rotations in Treviso Province
Year: 1° 2° 3° 4° 5° 6°

First type wheat soybean maize
Second type wheat sugarbeet
Third type wheat maize
In 1990 maize crops were the most irrigated in Treviso Province (55% of the total maize crops). About the 33%
of the provincial farms applied to irrigation as water supplying forms, especially through autonomous or
independent forms by derivation from freshwaters and natural and artificial lakes. Most of these farms used
sprinkler system, but data on areas irrigated with this method are not available (Table 2.5).

Table 2.5 Irrigation data in Treviso Province (1990)
Area (ha) N° farms

Irrigated crops 52 809
ZKHDW ��
PDL]H ������
SRWDWRH ��
VXJDU�EHHW ���
VR\EHDQ �����
YHJHWDEOHV ���
URWDWLRQ�RI�JUDVV �����
YLQH �����
RUFKDUGV ���
RWKHU �����

Water supplying forms 29 959
DXWRQRPRXV�RU�LQGHSHQGHQW
��IRUP�E\�GHULYDWLRQ�IURP� ������
�����IUHVKZDWHUV �����
�����QDWXUDO�DQG�DUWLILFLDO�ODNHV ��
�����RWKHU�LQGHSHQGHQW�IRUP �����
XQLRQV�RI�LUULJDWLRQ�DQG
���UHFODPDWLRQ �����
RWKHU�IDUPV ��
RWKHU ���

Irrigation method
VSULQNOHU ������
IORRGLQJ ���
IORRGLQJ��DIWHU�VXUIDFH�LUULJ�� ������
WULFNOH ���
RWKHU ��

Source: ISTAT (1992)

CLIMATE

Five representative meteorological stations characterize the climate of Treviso Province. Castelfranco Veneto,
Treviso and Oderzo stations are placed in lowland, S. Lucia di Piave station lies at the foot of the hill and
Valdobbiadene station is placed in a hilly area (Fig. 8). Data refer to a period of 4-6 years (1990-1995) and show



mean monthly temperature values (mean, maximum and minimum), accumulated temperatures and average
monthly rainfall. Potential traspiration values are calculated with Thornthwaite equation (Pinna, 1977).
Climate is influenced by altitude, distance from the sea and proximity to rivers. In general, there are quite
appreciable climatic differences within the region: lowlands in the eastern part of the Province are drier than
other areas.

Rainfall

Rainfall varies significantly between lowlands near Piave river (about 1000 mm in an average year in Oderzo
and S. Lucia stations) plain ( about 850 mm/year in Treviso and Castelfranco stations) and hills (1200 mm/year
in Valdobbiadene station). In every meteorological station over 100 mm/month are registered in June, September
and October, whilst months with least precipitation are January, February and March (about 30-60 mm/month)
Table 2.6.

Table 2.6 Average monthly rainfall (mm) in five stations in Treviso Province
6WDWLRQ +W��P� - ) 0 $ 0 - - $ 6 2 1 ' <HDU
Treviso 15 35 33 31 69 59 106 87 65 136 101 55 58 70
Oderzo 16 40 31 55 98 97 110 87 57 130 141 88 74 84
Castelfranco 42 32 33 41 81 72 122 96 66 100 101 62 56 72
S.  Lucia 56 33 33 51 105 98 120 77 72 137 122 85 75 84
Valdobbiadene 325 36 26 48 108 124 178 113 94 171 142 99 67 100

Source: CO-DI-TV

Temperature

The accumulated temperatures for the meteorological stations show that southern lowlands are the warmest
(Treviso 4799 day degrees centigrades, Castelfranco 4625), and proceeding towards hilly areas temperature
regime reduces progressively (Oderzo 4473, S. Lucia 4432 and Valdobbiadene 4431). Between November and
March average monthly temperatures are less than 10°C, whilst in July and August temperatures above 20°C are
registered. Minimum average monthly temperatures are < 0°C in January and February and in July and August
maximum average monthly temperatures are above 30°C (Table 2.7 ).

Table 2.7 Average monthly temperature (°C) in five stations in Treviso Province
6WDWLRQ +W��P� - ) 0 $ 0 - - $ 6 2 1 ' <HDU

T min
Treviso 15 -0.8 -0.6 3.1 6.8 12.3 15.1 17.4 17.7 12.8 8.3 4.1 0.8  8.1
Oderzo 16 -2.2 -1.9 2.8 5.8 10.9 14.0 16.4 16.4 12.2 7.4 2.8 -1.2   6.9
Castelfranco 42 -1.5 -1.5 3.7 6.6 11.7 14.7 17.4 17.7 13.1 8.0 3.7 -0.6   7.7
S.  Lucia 56 -1.6 -0.8 3.5 6.3 11.3 14.3 16.8 16.6 12.4 7.9 3.4 -0.7   7.4
Valdobbiadene 325 -0.8 -0.7 4.1 6.4 11.2 14.3 17.3 17.6 13.2 8.4 4.4 0.2  8.0

Table 2.7 - Cont.
6WDWLRQ +W��P� - ) 0 $ 0 - - $ 6 2 1 '��<HDU

T max
Treviso 15 7.9 9.9 13.8 17.3 23.8 26.1 30.0 30.6 24.5 19.8 13.2 8.6 18.8
Oderzo 16 7.9 9.9 14.8 17.4 23.4 26.0 30.0 30.8 25.2 19.5 13.1 8.2 18.9
Castelfranco 42 7.5 9.3 14.1 17.1 22.8 26.0 29.9 30.4 24.7 18.9 12.5 8.0 18.4
S.  Lucia 56 7.9 9.8 14.5 16.8 22.8 25.8 29.8 30.2 24.6 19.1 12.7 8.2 18.5
Valdobbiadene 325 7.3 8.8 13.1 15.8 21.4 24.5 28.6 29.2 23.4 17.7 12.1 7.9 17.5



T mean
Treviso 15 3.0 4.2 8.2 11.8 18.1 20.4 23.7 23.8 18.1 13.3 8.2 4.2 13.1
Oderzo 16 2.1 3.4 8.3 11.3 16.9 19.7 22.9 23.0 17.8 12.5 7.3 2.7 12.3
Castelfranco 42 2.5 3.4 8.6 11.7 17.2 20.2 23.7 23.8 18.5 12.9 7.7 3.1 12.8
S.  Lucia 56 2.5 4.1 8.7 11.4 16.9 19.8 23.1 23.0 17.8 12.9 7.7 3.1 12.6
Valdobbiadene 325 2.7 3.6 8.4 10.9 16.1 19.0 22.8 23.1 17.8 12.4 7.8 3.5 12.3

Source: CO-DI-TV

Soil moisture

Thornthwaite equation allows to determine potential transpiration values for Treviso Province Table 2.8 .

Table 2.8 Average potential transpiration (mm) for five stations in Treviso Province (Thornthwaite)
6WDWLRQ +W��P� - ) 0 $ 0 - - $ 6 2 1 '��<HDU
Treviso 15 6 8 26 49 98 115 153 142 80 50 20 8 63
Oderzo 16 4 7 29 49 98 122 147 114 86 51 19 7 61
Castelfranco 42 6 6 31 49 94 118 153 142 90 47 20 6 64
S. Lucia 56 6 10 32 46 96 120 145 134 84 48 21 6 62
Valdobbiadene 325 6 10 28 46 88 113 145 134 84 43 21 9 61

According to the European soil map (INRA, 1994), soil moisture regime in Treviso Province can be considered
Ustic in lowlands and Udic in uplands. Air temperature values correspond to the class of soil temperature
regime Mesic as used by USDA referred to moderate soils.
Potential soil moisture deficit (PSMD), calculated as the difference between rainfall and potential transpiration,
shows the highest value in low hills (479 mm in Valdobbiadene station) and smallest in western lowlands (about
80-90 mm), whilst eastern lowlands near Piave river (S. Lucia and Oderzo) present an intermediate situation
with 260 and 275 mm respectively (Table 2.9). In every station July and August show negative values of the
PSMD.

Table 2.9 Average potential soil moisture deficit (mm) for five stations in Treviso Province
6WDWLRQ +W��P� - ) 0 $ 0 - - $ 6 2 1 '���6XP
Treviso 15 29 24 5 20 -39 -9 -66 -77 57 51 34 51 80
Oderzo 16 36 24 26 49 0 -13 -61 -57 44 90 69 67 275
Castelfranco 42 27 27 11 32 -23 3 -57 -76 10 54 41 51 90
S. Lucia 56 28 23 19 60 2 0 -68 -62 53 73 64 70 260
Valdobbiadene 325 30 16 21 62 35 65 -32 -40 87 99 78 58 479

According to the European Union Soils Database (INRA, 1994) subsoil available water capacity is low (< 100
mm/cm) in the southern lowlands and high (140 - 190 mm/cm) in areas placed in the springs zone, whilst it is
very low (about 0 mm/cm) in uplands.

GEOLOGY, SOILS AND RELIEF

Geological data can be extrapolated from a regional map (scale 1:250 000). Southern lowlands are characterized
by alluvial and glaciofluvial deposits of Quaternary Era: silts and clays in the areas under springs strip, and
gravels and sands between springs strip and hilly areas. Southalpine molasse, polygenic conglomerates, shales
and sandstones with conglomeratic lens, quartzose and glauconitic sandstones, siltstones and marls of Miocene
and Oligocene series, cover lower uplands. Limestones cover higher uplands: argillaceous limestones with



calcarenites and calcareous breccia (Cretaceous-Upper Jurassic), oolitic calcarenites (Middle Jurassic) and
limestones with marls and dolomites (Middle and Lower Jurassic). Figure 8 and Table 2.10.

The soil classification for Treviso Province is described by the 1:100 000 Provincial Map. Differences on major
soil groups, soil units and soil sub-units are referred to lowland and uplands Table 2.11.

Uplands in Treviso Province are hilly areas (300-600 metres) placed in the North and cover the 36% of the total
area (90 116 ha). Lowlands include areas with an altitude <300 m and cover 247 668 ha. (Figure 7).

Table 2.10 Solid Geological Formations and their Lithologies in Treviso Province.
ERA SYSTEM SERIES LITHOLOGY
Quaternary Pleistocene Gravels, sands,
 silts andclays.
Tertiary Southalpine molasse,

Upper Miocene shales, sandstones,
siltstones and marls.

Middle Miocene Shales, sandstones,
Lower Miocene quartzose and

glauconitic sandstones,
Paleogene Oligocene siltstones and marls.

Eocene Limestones,
argillaceous limestones,

Paleocene and marls.
Mesozoic Cretaceous Limestones,

Upper argillaceous limestones,
marls, calcarenites and
calcareous breccia.
Argillaceous

Lower limestones, marls,
calcarenites and

Jurassic Upper calcareous breccia.
Oolitic calcarenites
and limestones,

Middle encrinites, marls
and dolomites.
Oolitic calcarenites,

Lower encrinites, marls
and dolomites.

Source: Regione Veneto (1990)



Table 2.11 Soil types in Treviso Province.
Area Mayor Group Soil Unit Soil Sub-unit
Lowlands Fluvisols Eutric Fluvisols

Cambisols Eutric Cambisols Eutric-Fluvic Cambisols
Gleyc Cambisols

Luvisols Gleyc Luvisols
Orthic Luvisols

Uplands Rendzinas
Cambisols Eutric Cambisols Calcaro-eutric 

Cambisols
Luvisols Chromic Luvisols

HYDROLOGY AND HYDROGEOLOGY

Veneto Plain is characterized by many rivers that come from prealpine valleys and, running in a North-South

direction, flow into the Adriatic sea. The main catchments are those of Piave river (4 010 km2) and Sile river
(Figure 8).
Owing to its hydrographical importance, Piave catchment is the fifth in Italy. However, almost the whole

catchment basin (3 892 km2) is situated in the mountainous area of Belluno (Veneto Region). In Treviso
Province, Piave river flows through the hill area and, chiefly, through plain. In the first tract of plain it feeds
abundantly the groundwater, while in the lower plain the river-bed is included between embankings and gets
narrower progressively.
Sile catchment can be defined with accuracy only in the southern area of springs zone, where the river rises
nearby Casacorba di Istrana (Treviso Province). It flows through Treviso, then receives, on the left bank,
Limbraga, Storga, Melma, Nerbon; Musestre rivers at Quarto d’Altino, and the river Piave Vecchia at Capo Sile.

There is a wide reclamation disctrict (160 km2) southward Musestre, with a total delivery capacity of 50 mc/sec.
Sile river supplies two plants for drinking waters: the first is at Favaro Veneto (provides Venice with about 1/3
of drinking water) and the second is at Jesolo (provides S. Donà di Piave and the coast-line between Jesolo and
Caorle).
A census on regional rivers and streams, with chemical, physical and biological data, is available (Regione
Veneto, 1994).

Piave river, with other regional rivers (Bacchiglione and Brenta), deposits the greater part of the sediments
forming the subsoil of hundreds metres thick and constituting the aquifers and hydrogeological structures.
Hydrogeology is influenced by granulometric and structural characteristics of the alluvial mattress and, mainly,
by the different distribution of gravels from North towards South. Along the Piedmontese zone (at the foot of the
hill), 5-20 km wide, where the mattress is completely gravelly, there is only one large phreatic nappe which is
50-100 metres deep. Proceeding towards plains, the phreatic surface progressively gets near the soil surface till
outcropping spontaneously along a strip, East-West oriented, that marks the borderland between higher and
lower lowlands. The emergence nappe creates the springs, typical sources of the plain forming a lot of rivers,

including Sile river, the most important (mean flow: 25-30 m
3
/s). Under this springs zone hydrogeological

situation radically changes. Differentation of the mattress, made of alternation of gravels with silt-clay levels,
causes a multinappes hydrogeological system characterized by aquifers in pressure laid one upon the others. In
general, southern lowlands groundwater resources are very poor. Table 2.12 shows phreatic surface
characteristics.

Table 2.12 Phreatic surface characteristics.
/RFDWLRQ 3HULRG 0HDQ�GHSWK��P� 0HDQ�DQQXDO�IOXFWXDWLRQ
Montebelluna 1982 64.67 4.55
Castelfranco 1964/80 6.14 1.85
Istrana1964/82 13.80 1.60
Spresiano 1964/74 15.31 3.50
Tezze di Piave 1964/72 6.95 2.52

Source: Regione Veneto (1990)
Piezometric lines decrease progressively from upper lowlands (40-60 m) and springs zone (1-3 m).
PESTICIDE USE



Usually for vineyards there aren’t protocols ruling pesticides use.

DATA SOURCES

Data collected from PMP (Presidio Multizonale Prevenzione) of Treviso are available for the period 1992-
1995. There are also two companies that produce water (Sinistra Piave and Sile-Piave) authorized to water
monitoring and a few aqueduct companies that order private laboratory (Dott. A. Giusto) the analisys. Pesticides
monitored are atrazine, simazine, terbuthylazine, alachlor, metolachlor and two metabolites (desethylatrazine
and desethylterbuthylazine) for both surface and ground water (Table 2.13)

Table 2.13 Total application of pesticides to wheat and summary of results of analyses (data from PMP (1994-
95), Veneto region (1992-95), Sile-Piave (1991-95), Sinistra Piave (1991-95) for surface and ground waters in
Treviso Province. Landell Mills compounds applied to <20.5 g/ha are excluded.
Pesticide Type g/ha Total number % number %

analyses >LOD >0,1 µg/l

Acephate 30

Alachlor H 1471 3 0.2 0 0.0

Atrazine H 1478 828 56.0 9 0.6

Desethylatrazine H 1294 929 71.8 53 4.1

Azinphos Methyl 125

Carbaryl 54

Carbendazim 557

Chlorpyrifos Methyl I 49 17 0 0.0 0 0.0

Copper 93913

Cymoxanil 2601

Dimethoate 215

Fenitrothion 705

Folpet 1964

Fosetyl-Al 222

Glyphosate 843

Iprodione 37

Mancozeb 20138

Maneb 421

Metalaxyl 520

Methidathion 314

Metiram 4934



Table 2.13 - Cont.
Pesticide Type g/ha Total number % number %

analyses >LOD >0,1 µg/l

Metolachlor H 40 588 22 3.7 4 0.7

Nuarimol 37

Oxadixyl 140

Paraquat 37

Parathion 25

Parathion Methyl 79

Penconazole 171

Phosalone 55

Procymidone 33

Propineb 1068

Quinalphos 48

Simazine H 1470 109 7.4 0 0.0

Sulphur 67545

Terbumeton 112

Terbuthylazine H 112 1441 77 5.3 1 0.0

Desethylterbuthylazine H 388 38 9.8 0 0.0

Terbutryn H 14 0 0.0 0 0.0

Triadimenol 32

Zinc-sulphate 238

Zineb 144

7RWDO ���� ���� ���� �� ���

For surface water monitoring there are 37 sampling points scattered over Treviso Province and placed in four
different catchments: Sile river (23 sampling points), Livenza river (7 s.p.), Piave (6 s.p.) and Zero river (1 s.p.).
In 1992 there are two samples per year, no data in 1993, in 1994 and 1995 are sampled one time for season.

As regards ground water monitoring data (two or three samples per year) are referred to 250 pubblic wells in
Treviso Province, in addition to about 50 private wells placed in the communes lacking in aqueducts (Resana,
Morgano, Quinto di T., Zero Branco, Carbonera, Breda di Piave, Maserada sul Piave, Cimadolmo, S. Polo di
Piave and Ormelle communes).
Sinistra Piave Aqueduct Consortium has two sampling points: Negrisiola and Rai di San Polo di Piave.
Data in Negrisiola refer to samples drawn from Negrisiola central acqueduct that gets togheter waters coming
from Lagussel wells (4  phreatic wells about 25 metres deep), from Belvedere and Negrisiola sources. This unit
of wells and sources is placed in the northern area of Vittorio Veneto, along Lapisina valley. It’s pointed out that
at the end of 1992 both Lagussel wells and Belvedere source were highly polluted (even 0,68 µg/l of
terbuthylazine), but the problem was solved in a short time.
Data in Rai di San Polo di Piave refer to samples drawn from Rai di San Polo di Piave  central acqueduct that
gets togheter waters coming from 7 phreatic wells about 90 metres deep.
Wells monitored by Sile-Piave Consortium are placed in Silea and are about 50 metres deep.
OCCURENCES AND PATHWAYS

Surface water monitoring data
Only a few sampling points on Sile river are concerned. Probabily a sub-surface lateral drainage contamination
is due to agronomic practices in the neighbouring areas carried out a month before (Tab. 2.14).
Pesticides found are metolachlor and terbuthylazine, the more persistent and sorbed among those searched.



Table 2.14. Summary of results of analyses carried out in Treviso Province during 1994-95 for all pesticides
monitored in surface waters

Pesticide name Total LOD > LOD < LOD > 0.1 µg/l >0.5 µg/l 
analyses µg/l

Atrazine 183 0.02 5 177 0 0
Simazine 179 0.02 0 179 0 0
Terbuthylazine 156 0.02 6 150 5 1
Alachlor 181 0.05 0 181 0 0
Metolachlor 60 0.05 4 56 4 0
Chlorpyrifos 17 0.02 0 17 0 0
Terbutryn 14 0.02 0 14 0 0

Groundwater monitoring data.
According to PMP’s data there are 42 positive samples referred or to an atrazine metabolite or to the atrazine
itself (Table 2.15).

Table 2.15. Summary of results of analyses carried out in Treviso Province during 1994-95 for all pesticides
monitored in ground waters

Pesticide name Total LOD > LOD < LOD > 0.1 µg/l >0.5 µg/l 
analyses µg/l

Atrazine 1259 0.02 823 472 9 0
Simazine 1291 0.02 109 1182 0 0
Terbuthylazine 1291 0.02 72 1219 0 1
Alachlor 1290 0.05 3 1287 0 0
Metolachlor 528 0.05 18 510 0 0
Desethylatrazine 1294 0.02 929 365 53 0
Desethylterbuthylazine 14 0.02 38 350 0 0

It results that contaminated communes are: Altivole (13 samples), Asolo (18), Trevignano (11), Montebelluna
(8), Ponzano Veneto (4), Fonte (3), Istrana (2), Loria, Maser, Nervesa and S. Zenone only 1 sample. These
communes are concentrated in two distinct areas: the first is placed between Collalto and Montello; the second
is in the springs area. Both areas are characterized by alluvial and glaciofluvial deposits with prevalent gravels
and sands till 30 metres.
As regards Sinistra Piave Aqueduct Consortium data there are 10 positive samples referred only to
terbuthylazine: 6 in Negrisiola and 4 in Rai di San Polo di Piave. Negrisiola is placed in a mountainous zone
and, as the soil use map shows, in the neighbouring areas there are forests, but northward there is a little area
with maize crops. Rai di San Polo di Piave is located in the springs area characterized by alluvial and
glaciofluvial deposits with alternance of gravels and sands with silts and clays.
In Sile-Piave Consortium survey all samples are negative.
In conclusion, as the most contamined area is the springs zone, we suppose that the pollution source originates
from infiltrations coming from the upper area.
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REASON FOR CHOICE

Landell Mills selected apple in Trentino Alto Adige as the cultivation to be examined. On the bases of data on
farm management, it emerges that it is impossible to characterize an apple crop specific area. In fact, excluding
a few parts where crop specialization has been developed (for example Val Gardena for apple and the
Teroldego Valley for vine crop), apple crop and vine crop are nearly equally widespread on regional territory.
Very often each catchment has characterized by apple cropping systems in the lower sides and vines cultivation
on the wall sides. That’s why the analysis on presence of residues and impact of plant protection products in
Trentino Region consider both apple and vine crops. The following statistical data confirm these characteristics:
- The apple area is spread out on 29,546 ha (37.3% national value, with 41.4% in Trento province and 58.6% in
Bolzano province) which represents 52.8% of regional arable and tree crops areas values.
- The vine area is spread out on 13,850 ha (1.5% national value, with 63.5% in Trento province and 36.5% in
Bolzano province). This area rappresents 24.8% of regional arable and tree crops areas values.

The region has a total area of�13,618 km2 with a special administrative statute which divide the area in two self-

governing provinces (sub-region): Trento, chief town of Trentino (6,218 km2) and Bolzano, chief town of Alto

Adige (7,400 km2). Figures 6 and 7 show Trento and Bolzano locations.�The whole area is mountainous; there
are no hills and there does not exist a real plane, but only little level areas in the sole. Regional relief is
characterised by majestic mountainous system, with very high tops, above 3.000 metres. As a consequence of
these geographic characteristics people are pushed into living in very little communes (339), not uniformly

distributed, with  less than 900.000 inhabitants and an average density of 66 habitants per km2 (obviously lower
density in the wide mountainous areas, higher in the soles).

GENERAL AGRICULTURAL INFORMATION

More than 50% of the regional area is covered by forests and only 0,9 to 1,1% is covered by field crops. Little
difference exist between Trento and Bolzano in term of tree crops, more present in former (5% against 3.5 %)
and in permanent pasture, more in the latter (39.4 % against 25 %) (Table 3.1). Field crops area represents only
the 0,2 % of the national value against the forest and pasture area which represent more than 20 %. Cultivation
of strawberry (2,8 %) red beet and plum (2.0 %) have a discret national impact. Of course apple and vine have a
large extension and national impact as reported above (Table 3.2)..

Table 3.1  Main land use in the region in 1990 (value in ha).
Provinces: Trento Bolzano
Field crops 10,930 5,505
Tree crops 44,977 22,733
Permanent pasture 366,193 244,123
Agricultural area used (AAU) 422,373 272,466
Popular 9 4
Table 3.1 - Cont.
Provinces: Trento Bolzano
Forests 584,281 291,079
AAU not used 24,055 12,295
Other areas 71,620 44,530
                                                                                                                                                                          

Source: ISTAT (1990)



Table 3.2  Crop distribution (value in ha).
                                                                                                                                                                                              

ITALY TRENTINO Trento Bolzano
                                                                                                                                                                                              
Cereals
Wheat 2299228 114 0 114
Rye 7955 224 0 224
Barley 425099 281 0 281
Oat 143736 153 0 153
Rice 231740 0 0 0
Maize 926677 91 85 6
Millet 37764 0 0 0
RWKHUV 2644 0 0 0
Tot. 4074843 863 85 778
Legumes (bean) 20959 15 15 0
Potatoes 92888 1370 625 745
Vegetable crops 479219 785 320 465
Greenhouse cultivations 20873 9 9 0
Industrial crop (tobacco) 61878 1 1 0
Temporary pasture 2622570 6069 2409 3660
Permanent forage 4530004 362765 119110

243665
Vine
Vine 896223 13846 8798 5048
Grape 83064 4 4 0
Fruits
Apricot 15770 30 4 26
Cherry 27441 242 222 20
Plum 13180 265 245 20
Apple 79135 29546 12227 17319
Pear 51755 395 142 253
Actinidia 20187 135 124 11
Nut 5712 105 17 88
                                                                                                                                                                                              

Source: ISTAT (1995)

Agricultural management is marked by a high number of farms of small dimensions, by the scarcity of land and
therefore by its high cost. On the contrary, in comparison with the other italian regions, there is a good
professional ability of farmers with a very high specialisation, in addition to a quite efficiency of the agencies
involved in the technical service and research. Results are clear comparing the incidence of the gross production
value (GPV) with main crops area: it is evident that apple and vine crops are very specialized in this area (Table
3.3).

Table 3.3  Comparison of the gross production value (GPV) of the crops against their distribution (value in
Italian millions 1993 for Trento Province).
                                                                                                                                                                                     

value % regional GPV distribution (%)

apple 235819 34,01 2,7
wine 78205 11,3 2,0
vegetable crops 20243 2,92 1,1
                                                                                                                                                                                     



The distribution of the vine and apple crops in the region is concentrated in the Adige, Brenta, Sarca, Noce and
Avisio valleys. The distribution is reported in Tables 3.4 and 3.5 and Figure 11.
In Bolzano Province the cultivation is concentrated in the South and West side. The production has a good
standard as demonstrated in the high number of certificated qualities production for the apple, and the DOC
denomination of the wine (70% of the wine produced is DOC). High quality standard in the different process of
the production is followed by several apple’s farm (e.g. mele di val di Non, Melinda etc) which are sold with a
special label  Other examples regard the vines cultivation: in this region are produced famous wines such as
Teroldego, Lagrein, Cabernet Sauvignon, Merlot, Marzemino, Pinot nero (as red wine); Traminer aromatico,
Pinot grigio, Moscato giallo, Muller Thurgau (as white wine); Rotari brut, which one of the best VSXPDQWH
produced in Italy.
Dimensions of farms are small and usually subdivided in several units managed in property. For example, of the
total of 37,638 firms in Trento Province, the 56.6 % fell into the category of specialised farms that use an
agricultural area < 1 ha, and the 39.8 % use an area between 2 and 10 ha. The most widespread specialisations
are wine and apple cultivations, whilst larger farms are engaged in permanent pastures. Only the 1,2 % of the
agricultural area is used for vegetable crops where the typical rotation is cereals - potatoes, and less minor
crops.
Wine and apple crops are irrigated. Irrigation, mainly sprinkler irrigation, is controlled by irriguous companies
that distribute water on the basis of specific calendars (Table 3.6). On an average a lot of irrigouos interventions
are applied (> 20/year) but each application is less than 40 mm of water and about 20 mm/intervention. Some
societies are testing intelligent systems of irrigation trough the valuation of the application on the basis of water
balance calculated for soil/plant (Bigaran et al., 1993).



Table 3.6  Irrigated crops area, water supplying and irrigation methods in the region.
                                                                                                                                                                                     

Trento Bolzano
                                                                                                                                                                                     
Irrigated crops area (ha) 20059.17 37,054
maize 72.33
potatoe 156.62 163.61
soybean 5.10 1.50
vegetables 171.19 364.57
rotation of grass 702.10 804.19
vine 5,698.05 3,233.13
orchards 11,437.88 16,220.70
others 1,815.90 16,267.24

Water supplying (farms number)
autonomous or independent
form by derivation from: 3,204 6,878
VXUIDFH�VWUHDPV ����� �����
QDWXUDO�DQG�DUWLILFLDO�ODNHV �� ���
RWKHU�LQGHSHQGHQW�IRUP ����� �����
unions of irrigation and reclamation 11,873 6,268
other farms 31 65
other 134 72
total: 14,395 12,801
Method (farms number)
sprinkler irrigation 11,478 11,949
flooding irrigation 53 50
flooding 3,031 728
trickle irrigation 1,496 136
others 37 26
                                                                                                                                                                                     

Crops cover not only plain areas but are also expanded on slopes of about 5-15 % which are difficult to
approach by agricultural machinery. Well-developed agricultural operations reduce soil erosion risk.

CLIMATE

Meteorological data pertinent to agricultural areas and their respective catchments, can be obtained by the
Spartac network including 6 weather stations in Trento Province: San Michele (210 m a.s.l.), Borgo Valsugana
(420 m a.s.l.), Arco (70 m a.s.l.), Ala (160 m a.s.l.), Cles (650 m a.s.l.) and South Trento (180 m a.s.l.). As
regards Bolzano Province there are data collected by Laimburg School with 3 weather stations: Laimburg, Lana
and Latsch.
Widely, the area belongs to the prealpine district receive a submediterranean influences from Adige and Sarca
valleys. In these valleys winter temperatures are lightly milder than cross valleys, with an east-west direction.
Mean annual temperature are rather low and in close connection with altitude. Winter temperatures are often
near zero or under zero; January is the coldest month and July the hotest.

Rainfall

The seasonal distribution of rainfall is in correlation with the altitude and, still more evident, with the
geographic position of the station: inner stations have more continental characteristics than the other ones.
Average annual rainfalls, measured in 40 sites in the period 1921-60, are comprised between 800 mm and 1300
mm. In all the weather stations the lowest values are in January (28-57 mm) and the highest during summertime
and autumn (especially June and October). The seasonal distribution of rainfall is in correlation with the altitude
and, still more evident, with the geographic position of the station: inner stations have more continental
characteristics than the other ones (Table 3.7).



Table 3.7  Average monthly rainfall (mm) in 1921-60 in some pluviometric stations of the region.
STATION ALTITUDE J F M A M J J A S O N D Year

(m. over sea-level)

Proves1414 42 65 61 91 123 127 110 113 100 120 115 75 1142
Moena1198 28 31 39 71 95 131 129 112 89 104 74 57    960
Peio 1580 40 51 53 74 82 85 80 85 83 96 83 68    880
Cles 656 41 53 58 70 78 79 86 72 82 105 102 68    894
Passo Rolle 1984 52 64 77 110 140 162 144 139 130 159 125 76 1378
Cavalese 1014 28 38 36 62 83 100 106 94 80 81 68 50     826
Passo Tonale 1850 39 48 63 74 109 124 117 122 115 125 95 52 1083
Denno 436 56 72 85 92 100 94 93 89 114 139 120 100 1154
S. M. Castrozza 1444 57 67 81 114 147 169 155 147 137 171 148 93 1486
Campiglio 1553 48 62 81 111 120 119 113 102 116 143 133 81 1229
Mezzolombardo 215 38 61 62 73 86 86 97 87 98 116 102 72     978
Le Piazze (Piné) 1067 37 55 55 87 120 128 118 120 98 117 94 66 1095
S. Orsola 925 29 35 44 73 104 115 104 102 96 98 89 50     939
Trento312 36 51 60 78 88 93 91 88 93 124 106 73     981
Monte Bondone 1530 38 53 68 110 135 129 109 112 121 142 121 77 1215
Stenico 668 47 61 76 105 117 117 111 106 110 141 124 91 1206
Tione 563 45 66 103 114 127 112 109 155 120 154 141 89 1335
Levico505 37 43 51 91 99 108 96 89 103 125 99 72 1013
Folgaria 1168 45 57 85 94 126 125 109 91 103 138 119 96 1188
Bezzecca 698 45 69 81 120 129 120 117 112 106 142 135 86 1262
Riva 103 47 57 68 83 92 97 91 97 94 116 103 77 1022
Brentonico 670 45 48 87 97 137 122 105 107 102 136 105 95 1186

Average monthly rainfall in agricultural areas is comprised between 775 and 959 mm in Trento Province, whilst
Bolzano Province is dryer (500-750 mm), especially Venosta Valley (Latsch) with 494 mm/year. Lowest values
are in December and January and the highest from July to September (Table 3.8). Summertime is characterized
by stormy rainfall with an average of about 100 storms between May and September with different values
according to the different valleys.

Table 3.8  Average montly rainfall (mm) in the meteo stations of the agricultural area of the region (1982-
1993).
Station (m asl) J F M A M J J A S O N D   Year
San Michele (210) 41.1 37.7 62.3 97.1 90.1 79.5 71.3 54.6 65.6 96.6 65.6 71.8 833.2
B. Valsugana(420) 56.1 48.5 73.2 24.9 104.8 109.3 82.7 84.7 53.2 106.2 71.2 56.2 958.2
Arco (70) 52.8 47.9 44.5 97.6 76.6 58.3 60.0 54.3 59.2 101.1 58.9 64.0 775.2
Ala (160) 47.3 39.5 57.3 98.2 79.5 95.8 82.7 66.8 47.8 98.3 55.5 46.7 815.5
Cles (650) 33.4 47.6 54 107.6 107.5 83.6 58.3 67.6 66.1 80.9 64.8 49.6 820.7
Trento sud (180) 43.8 46.3 59 101 93.9 92.7 78.4 74.4 60.7 109.3 65.1 63.7 888.5
Laimburg* (276) 24.2 16.3 34.1 63.6 67.6 80.4 96.7 59.8 107.1 120.0 38.9 44.2 754.1
Lana* (340) 25.2 9.1 37.2 57.6 71.6 90.5 102.3 55.2 119.9 91.8 39.6 35.2 721.1
Latsch* (660) 16.1 7.4 32.2 32.7 50.1 59.6 72.8 51.1 57.9 68.4 26.4 25.0 494.4
* 1991-1995



Temperature

On the basis of the average values referred to the period 1983-92, mean annual temperature varies between 8.7
°C in Latsch and 12.2 °C in Arco station. Maximum temperatures are registered in July in every weather station
(19.0 − 22.7 °C) and the coldest month is January
(-2.1 − + 2.3 °C).
Air temperature values recorded during the growing season in the area evidence the high feasibility to the vines
and apple cultivation, and pasture as well in the highest altitudes.
Soil temperature regimes, calculated on the basis of the soil temperature at 50 cm depth (Tab. 3.10) is Mesic.

Table 3.9  Average monthly temperature (°C) in the meteo stations of the agricultural area of the region (1982-
1993).
Station (m asl) J F M A M J J A S O N D Year
San Michele (210) -0.1 2.4 7.9 11.5 15.8 18.8 22.1 21.4 17.5 11.4 4.3 0.6 11.2
B. Valsugana(420) -0.7 1.1 5.8 10.7 13.9 16.8 20.5 19.7 16.0 10.5 3.8 0.3 9.8
Arco (70) 2.3 4.0 8.4 11.7 16.0 19.0 22.6 21.8 18.3 12.8 6.5 3.1 12.2
Ala (160) 1.3 3.4 8.3 11.6 16.0 18.8 22.3 21.4 17.8 12.3 5.8 2.2 11.8
Cles (650) -0.2 1.3 5.4 8.5 13.0 15.8 19.4 18.7 15.2 10.0 3.6 0.5 9.3
Trento sud (180) -0.4 2 7.6 11.3 15.7 18.7 21.9 21.3 17.4 11.2 4.1 0.5 11.0
Laimburg* (276) 0.1 2.3 8.0 11.6 16.7 19.4 22.5 22.3 17.2 11.0 5.4 0.3 11.5
Lana* (340) 1.2 3.7 9.0 12.1 16.7 19.3 22.7 22.7 16.0 - 5.9 1.9 10.9
Latsch* (660) -2.1 0.7 6.2 9.4 17.5 16.1 19.0 18.9 13.6 7.2 2.5 -1.2 8.7
* 1991-1995

Soil moisture

The formula used for the calculation of the traspiration was the Penman (FAO) for the Trento Province and the
Thornthwaite for the Bolzan Province. Amounts of traspiration is between of 500 and 1164 mm against 494 to
958 of the same stations. Potential soil moisture deficit (PSMD) calculated as the difference between potential
transpiration and rainfall show that the growing period (April to September) is very affected by soil moisture
deficit often higher than 100 mm. Soil moisture surplus is mainly in October, December where potential
leaching could occur. Because of the intensive rainfall during the spring-summer run-off may be occur.
In these conditions soil moisture regimes is comprised between Ustic and Udic.

Table 3.10  Average potential transpiration (mm) in the meteo stations of the agricultural area of the region
(1982-1993).
                                                                                                                                                                                    
Station (m asl) J F M A M J J A S O N D   Year
                                                                                                                                                                                    
San Michele (210) 41.1 37.7 62.3 97.1 90.1 79.5 71.3 54.6 65.6 96.6 65.6 71.8 833.2
B. Valsugana(420) 56.1 48.5 73.2 24.9 104.8 109.3 82.7 84.7 53.2 106.2 71.2 56.2 958.2
Arco (70) 52.8 47.9 44.5 97.6 76.6 58.3 60.0 54.3 59.2 101.1 58.9 64.0 775.2
Ala (160) 47.3 39.5 57.3 98.2 79.5 95.8 82.7 66.8 47.8 98.3 55.5 46.7 815.5
Cles (650) 33.4 47.6 54 107.6 107.5 83.6 58.3 67.6 66.1 80.9 64.8 49.6 820.7
Trento sud (180) 43.8 46.3 59 101 93.9 92.7 78.4 74.4 60.7 109.3 65.1 63.7 888.5
Laimburg* () 24.2 16.3 34.1 63.6 67.6 80.4 96.7 59.8 107.1 120.0 38.9 44.2 754.1
Lana* () 25.2 9.1 37.2 57.6 71.6 90.5 102.3 55.2 119.9 91.8 39.6 35.2 721.1
Latsch* () 16.1 7.4 32.2 32.7 50.1 59.6 72.8 51.1 57.9 68.4 26.4 25.0 494.4
                                                                                                                                                                                    
* 1991-1995



Table 3.11 - Soil temperature at 50 cm deep in some of the meteo stations of the agricultural area of the region
(1982-1993).
                                                                                                                                                                                            
Station (m asl) J F M A M J J A S O N D Year
                                                                                                                                                                                            
San Michele (210) 1,8 1,8 5,8 10 14 17,1 19,3 19,4 17,4 13,7 8,2 3,4 11
B. Valsugana(420) 0,9 0,7 3 8,4 13 16,7 20 20,4 18,2 13,9 7,8 2,9 10,5
Arco (70) 3.6 3.9 6.9 10.2 14.2 17.8 21 22.1 20 16.2 10.8 5.9 12.7
Ala (160) 3.3 5.6 6.5 9.7 13.5 17 20 20.6 18.7 15.1 10 5.5 12
Cles (650) 2.9 2.4 3.9 7.8 11.5 14.8 18 18.6 17.3 14.1 9.3 4.8 10.5
Trento sud (180) 2.4 1.8 4.8 8.9 12.8 16.3 19 20.1 18.4 14.7 9.4 4.6 11.2
                                                                                                                                                                                            
* 1991-1995

GEOLOGY, SOILS AND RELIEF

Trentino geology has a considerable diversity of formations formed by multiform rocks associations, of
sedimentary, eruptive and metamorphic origin. The stratigraphic succession, from down to up, is described in
the map (see National overview): a) metamorphic basement, formed mainly with gneiss and micaschist
complexes; b) the basement is broadly covered by ignimbritic vulcanites (mainly quartz porphyry), then by
continental conglomerates and sandstones (Permian); the succesion continues with a sequence of marine
sediments represented by evaporitic deposits at the base (sandstones, shales, marls and limestones alternated),
then limestones and dolomites complexes (Triassic-Eocene); c) the sucession ends with marly and argillaceous
formations (Eocene) and calcarenitic formations (Oligocene-Miocene); d) all the rocky formations are covered
with morainic and detrital deposits and with flowages at sole, that point out the intense erosive and modelling
action during the Quaternary.
The soil description of the region is not reported in an homogeneus study: in Trento Province a detailed soil
map of Trento Province (1:250000) has been produced (Ronchetti, 1957); in Bolzano Province is only available
a very descriptive report (Rotter, 1957-59).The soil map of Trento Province show four major groups dominated
by one main type (Table 3.12). The Soils from carbonatic parent material are calcareous and dolomitic rocks,
morainic and fluvio-glacial deposits predominantly calcarous and dolomitic, where feasible for the agricultural
practice are very intensive cropped; the soils from silicate parent material are silicate sedimentary eruptive and
methamorphic rocks morainic and fluvio-glacials deposits predominantly silicate, they are mainly covered by
forest. Because of the esposition alluvional soil, sandy and sandy-gravelly, are widely used for agriculture as
well for the fertility the soils from carbonatic parent material.



Table 3.12 - Soil types in Trento Province.
                                                                                                                                                                                     
Major group Soil unit sub-unit 

distribution (% proportion)
(Kmq)

                                                                                                                                                                                          
A) Soils from carbonatic parent material Rock outcrops Rock outcrops (50%)      490

Lithosols (30%)
Protorendzinas (20%)

Rendzinas Rendzinas (45%                 2100
Brown rendzinas (30%)
Brown calcareous soils (15%)
Lithosols (10%)

Brown calcareous soils Brown calcareous soils (50%) 840
Brown forest soils (35%)
Rendzinas (15%)

B) Soils from silicate parent material Rock outcrops Rock outcrops (50%) 420
Lithosols (30%)
Protoranker (20%)

Rankers Rankers ((35%) 490
Brown rankers (30%)
Mountai podzols (20%)
Lithosols (15%)

Humic-iron podzols Humic-iron podzols (50%) 680
Brown podzolic soils (35%)
Lithosols (15%)

Brown podzolic soils Brown podzolic soils (70%) 580
Soils bruns lessives (20%)
Lithosols (10%)

Sols bruns lessives Sols bruns lessives 250
Sols bruns acides
Brown soils

C) Peaty soils Sols bruns lessives Sols bruns lessives 20
D) Sand & sandy gravelly Alluvional soils Alluvional soils 200
                                                                                                                                                                                                        

In Table 3.5 the main soil characteristics of the soils cropped to orchards and vines in Bolzano Porvince are
reported.
Because of the continuous evolution of these soils, soil characteristics are very different with a high variability
in properties in and intracatchment. However the agricultural soils of the Provinces have similar characteristics:
the soils used for vines and orchards are concentrated in the downlands or in the valley. Some of these soils
have an alluvional origin, very often well drained (sandy to sandy-loam), usually with an average in organic
matter comprise between 2-8 % and pH 6-8. The agricultural soils is not always so deep and is layed on
unstructered and rocky soils.
The Region is all quite mountaineaous. In Trento Province 19,6% of the total area is at an altitude above 2000
m., about 70% above 1000 m., and the most part of the area is situated between 500 and 2000 metres above sea-
level, particularly between 1000 and 1500 m. (27,58%); the highest altitude is Cevedale top (3764 metres above
sea-level) and the lower altitude is at Garda Lake (67 m.). The whole area in Bolzano Province is mountainous;
the highest altitudes of the main chains are Ortles (Cevedale), Palla Bianca (Alpi Venoste di Levante), Gran
Pilastro (Alpi Aurine, Cima di Malavalle (Alpi Breonie di Ponente) with 3905, 3738, 3509 and 3471 meters of
altitude respectively.

HYDROLOGY AND HYDROGRAPHY

Hydrology is influenced by orography so that surface waters are predominant in comparison with ground water.
The channel net is very wide and modifies with climate, altimetry and geology.
The most important river that crosses the Trento Province from North to South is the Adige (Figure 12); its
catchment occupies more than the half ot the provincial area (3240 kmq). The main affluents of the Adige river
are Noce river on the right bank, and Avisio, Fersina and Leno torrents on the left bank. In the south-western



area there are two important rivers: Sarca and Chiese; whereas in the eastern area flows the Brenta river. The
main catchments and rivers are reported in Table 3.4 too. In this Province there are 297 lakes: 122 cirque lakes
(between 1600 and 2900 metres above sea-level), and 175 valley, barrier and artificial lakes.
The main streams, and their catchments, of the Bolzano province in the following scheme:
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Adige Val Venosta-Val d’Adige 7,189
Isarco Valle Isarco 4,202

Talvera Val Sarentino 429
Ega Val d’Ega 165
Gardena Val Gardena 199
Rienza Val Pusteria 2,143

Gadera Val Badia 391
Aurino Valle Aurina 629

Ridanna Val Ridanna 212
Valsura Val d’Ultimo 301
Passirio Val Passiria 428
Senales Val Senales 220
Plima Val Martello 162

                                                                                                                                                                                     

The hydrogeology of the Region has not been characterised yet. Groundwater data are not available, there aren’t
regional maps of the water-table level and its degree of fluctuation. Generally the subsoil and its hydrogeology
is strongly variable directly correlated to the orography of the area. When the agricultural area is main
concentrated in the valley (e.g. Val d’Adige) or in sole, it could have a shallow first groundwater. The
agricultural soil is standing up alluvional deposits transported by the rivers or rocks: soil unstructured with a
granulometry variable from stone to fine sand and pach were the water moves often quickly. In these areas the
groundwater is 5 to 15 meters deep and usually used with wells for agricultural practice

PESTICIDE USE AND ACTIVITIES RELATED TO THE USE

In Trentino-Alto Adige there is a high specialization in pesticide use. Moreover, farmers have organized
themselves into agricultural unions in order to manage active ingredients treatments in the country and to define
Integrated Pest Management (IPM) programmes.
The former is carried out through several initiatives, like the massive preparation of pesticides mixtures fitted
for a users body of several hundreds hectares.
Since 1990 in Trentino Alto Adige there has been in force an arrangement between producers Union,
Organizzazioni di categoria (Category Organisations) and public body (Assessorato all’Agricoltura, Istituto
Agrario di San Michele all’Adige, ESAT). This agreement provides a programme of technical instructions for
pesticide use and a list of permitted active ingredients in vine and apple crops. Farmers supporter the
agricultural organisations must follow specific directions of Good Agronomic Practices (GAPs) so that any
sanctions are not applied against them. GAPs are referred to agronimic practices, the period in which active
ingredients have to be used and A.I. type usable (Autori Vari, 1990; 1991; 1993).
Table 3.13 reports pesticides included in the Integrated Pest Management list for vine and apples cultivations in
1991 and 1993.

3.7  DATA SOURCES



As there is no unic regional administrative institution the programme and the sources of information are not not
uniform in the area. Trento Province present more detailed data on pesticide monitoring studies and in general
in pesticide politic, than Bolzano Province.�In Trentino Province is well characterized the water quality of the
rivers with different, periodically fixed, water monitoring programmes. In Bolzano Province only groundwater
monitoring  studies have been started last year. The monitoring of fresh water for potable reason is however
periodically checked in the whole region. Our research has not collected pesticide monitoring data measured by
water company or private laboratory.
A list of the programmes, and of the data collected, carried out recently is reported below.

Surface Water Pesticide Monitoring Programme (SWPMP)

The SWPMP is a special monitoring programme carried out in the 1991 and in 1993. Measurements of
pesticide residues were done in water, in sediment and few times in the VRLO�EHG�ULYHU. 19 sampling points in all
the main catchments of the area were chosen, each sampled twice per year in Autumn and Spring: the position
was chosen in correspondence of intensive agriculture area while the period was chosen after the period with
highes rainfall events (May and October).
A list of the sites sampled in each catchment as well their characteristics is reported in Table 3.4. The list of the
pesticide monitored is reported in Table 3.13. In the following table a summary of the annual data for SWPMP
is given:
                                                                                                                                                                                     
Year total analyses No. of compounds mean anlyses per compound

1991 8362 113 74
1993 9804 129 86
                                                                                                                                                                                     
All the analyses were done in private laboratories working to GLP (Neotron for the 1991 experience and
AgriParadigma for the 1993). As we can see a part of the pesticide reported in Landell mills list has been
monitored in the area. Few exceptions: Difenacoum (it is a rodenticide); the giberellic acid (it is a growth
regulator); the flusilazole and the phosetyl-alluminium. However the pesticide monitored represent quite all the
pesticide used in the apple and vines area. Most of them fit in the list of the IPM programme. Few are pesticides
not used for agricultural proposites or their use was banned in the past, expecially for the organochloride
insecticide.

Surface Water Biomonitoring Programme (SWBP)

These monitoring programmes, carried out since 1990 in all the rivers in Trento Province, deals with the
consistence of the water pollution on aquatic life, mainly micro and meiofauna (Flaim et al., 1995). A chemical
quality monitoring programme is carried out every year to evaluate the chemical quality such as pH, BOD,
COD, nitrate, etc but not pesticides (Autori vari, 1995). An Exended Biotic Index (Ghetti et al., 1995) and
Bolzano which is related to the pollution is derived from the observations and mapped to the regional scale. The
maps extrapolated from the chemical and biological results may be overlayed with each other and often there is
the evidence that sites polluted by chemicals also show a decreased biological water quality.

Ground Water Pesticide Monitoring Programme (GWPMP)

The control of groundwater for potable uses is competence of the Laboratori Provinciali, sezione Analisi delle
Acque di Trento (LPAT) and Bolzano (LPAB). This laboratory usually analyzes few times per year potable
water for pesticide residues in respect of the Italian normative. No water treatment (filtration or chloration) is
done in thie Region so the water from the wells or the springs is directly distributed for the uses.
The list of the pesticide analysed in Trento Province is reported in the below table. The well monitored are
localized in Trento and Rovereto Town were is concentrated the largest part of the population; in the little
Communes water is spread up mainly from springs. About 10 wells are used for potable reason in Trento and
Rovereto 40-60 meter deep: in average twice per year sample of water are analyzed for the pesticide
determination.
Sample list of the pesticide usually monitored by LPAT is the following (detection limits are always less than
0.1 µg/l):

                                                                                                                                                                     



ATRAZINE CAPTAFOL CARBOPHENOTHION CHLORFENVINPHOS
CHLOROTHALONIL CHLORPYRIFOS-METYL CLORPYRIFOS-ETHYL VINCLOZOLIN
CYANAZINE DIAZINON DIMETHOATE ETHION

FENCHLORPHOS
FENITROTHION FENOXYCARB FOLPET FONOFOS

HEPTENOPHOS
PARATHION PARATHION METYL PHORATE PHOSALONE

PROCYMIDONE

                                                                                                                                                                     

OCCURRENCE AND PATHWAY

Ground Water Pesticide Monitoring Programme (GWPMP)

In groundwater used for potable reason pesticide residues have never been detected. This seems to evidence that
the deep groundwater is not affected by pesticide contamination.
In the special programme carried out in Bolzano (LPAB) in 1995 (4000 determinations) only 2 pesticide (0.01
%) were detected (atrazine and o,p’ DDE)  in amount less than 0.01 µg/l. These measurements were done in
shallow groundwater (see database) 10-15 meter depths and in an area with intensive agriculture. There is the
evidence that groundwater contamination, during the investigation, does not occur.

Surface Water Pesticide Monitoring Programme (SWPMP)

A lot of information could be obtained from the data of the programme SWPMP. More than 18,000
determinations were done with some values higher than LOD and the limit for potable water. Unfortunately for
the objective of this report is not possible to discuss deeper and only some considerations are following
reported.

Thirtyfive (35) by onehundredtwentynine (129) searched have been in the programme were sometimes detected
which correspond to the 0.6 (minimum) and 24.4 % (maximum) of the analysis carried out per each pesticide
(Table 3.3). Sediment samples are more contaminated (287 by 360) than water samples (71 by 360): in
particular a.i. more sorbed and persistent (i.e. azocycotin, dodine, phosalone, fenarimol, ecc) in comparison with
those more soluble (i.e. acephate, .dimethoate, pirimicarb, ecc). On average the sediments have a concentration
range higher than water: 1 to 242 µg/kg against 0.01 to 132.2 µg/l.
Adige and Noce catchments have the highest number of contaminations in the areas with the maximum crop
surface. Within Adige catchment northern area is the most contaminated: this area collects waters coming from
the South of Bolzano Province, which is the intesive area for apple coltivation. Spring is the season with the
highest number of contaminations (221 detections in spring against 138 in autumn. That is particular true for the
pesticide detections in water which is in the 90 % of the cases concentrated in Spring (Table 3.3).
However the amount of pesticide detected had an high variability.
Insecticides are larger detected (20) than fungicides (13). Only three herbicides were detected. Considering that
8 insecticides are not for agricultural uses the impact of the insecticide and fungicide is the same.
17 pesticide are comprised in the Landell Mills list: 7 only for apple, 4 for vines and 6 for both apple and vines
lists which correspond to 31 % of the L.M. for apple and 28.3 % considering a global L.M. list apple plus vines.
On average, based on the Landell Mills list, the impact of apple and wine is equivalent.
Significant is the occurence of the main metabolites of the DDT in the sediment: they have concentrations
comprise between  0,8 e 37 µg/kg. Some of them are in the soil bed of the river showing the aged contamination
of the sites. Somemore three water samples have been contaminated by p,p' DDT.
Often occur the detection of ditiocarbammates (26 samples), dodine (17 samples) e azocyclotin (15 samples).
Always they are in the sediment.
Acephate, dimethoate, metalaxyl, myclobutanil, penconazole, pirimicarb, quinalphos, triadimefon, triforine and
triflumuron are sometimes detected only in water samples. Glyphosate is detected in several samples (20)
specially in sediment samples; probably high values in water samples (21,6-132,2 µg/l) are due to point source
contaminations.



On the basis of data collected, it seems that there aren’t any systematic contaminations from a.i. used in
agriculture both in waters and in sediments, even if data referred only to two years are insufficient to draw
significant conclusions (for example high values ditiocarbammates in 1991 are not found in 1993). However the
only systematic contamination seems to be caused by DDT methabolites, which are forbidden in agriculture,
and by copper (not considered a pesticide). The other pesticides have a sporadic incidence of contaminations so
that it is not significant.
There is the evidence that these sort of monitoring programmes have several limits. The main ones are the
incapacity, on the basis of the data collected to explain which are the relationship between pesticide
management and environmental occurrence. However these data may be give up some hypothesis.
As the amount of a.i. distributed in every single cacthment are not known, it is not possible, for the whole a.i, to
correlate the amount distributed with the contamination incidence. Among the most applied pesticides (more
than 700 g/ha) dithiocarbamates (16.3%), dodine (10.6 %) glyphosate (12.5 %) and penconazole (0.6 %) are
detected, whilst captan, dithianon are not detected. Those data proove that the most detected compounds are the
most persistent and sorbed. Infact, glyphosate, dodine and mancozeb are more sorbed and penconazole is more
persistent.
Certainly the highest number of contaminated samples, specially water samples, are registered in spring season,
during which pesticides are most applied. Moreover, springtime is the most rainy and travel time from
contamination source to the river is quite short.
In conclusion, we can assert that considering orographic characteristic and the agricultural managment of the
region, the most probable patterns of contamination of surface water are:
- sublateral flow in the areas neighbouring the rivers;
- runoff in higher slopes;
- direct contamination by drift during treatments: it is probable in areas neighbouring the rivers, with windy
conditions and a big amount of pesticide distribuited (specially fungicides and insecticides).
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Landell Mills selected three Italian Regions (Piemonte, Veneto and Trentino Alto Adige) on the basis of
pesticides use and on the dominance of wheat, vine and apple growing respectively. Nevertheless, for Piemonte
and Veneto regions we chose smaller and more homogeneous areas (Provinces of Alessandria and Treviso) as
they cover more than 50% of the whole regional cultivated area with respective crops. In regard to Trentino Alto
Adige, the analysis on presence of residues and impact of plant protection products consider both apple and vine
crops. In fact, on the basis of data on farm management, it emerges that is impossible to characterize an apple
crop specific area: excluding few zones where crop specialization has been developed, apple crop and vine crop
are nearly equally widespread on regional territory. Very often each catchment is characterized by apple
cropping systems in the lower sides and vines cultivation on the wall sides.

The draft version of Landell Mills statistical data were the starting point to provide the relation between the use
and the presence of plant protection products , but in our opinion they don’t suit properly with those utilized in
the study areas. Moreover, some active ingredients reported in Landell Mills list do not reflect the real use. For
these reasons we thought it right to calculate the average AI gr per ha related to the whole crop area. These
values are obtained from multipling the base active area treated (ha) by the average number of treatments, and by
the average AI gr per base active area, and divide by the crop area grown. This rough estimate represents more
efficaciously the real active ingredients distribution in the whole area.

A national competent authority for pesticides use in agriculture, horticulture and non-cropped land is lacking, as
well as a national up-to-date database on monitoring results for the different environmental compartments.
Statistics on the total sale of pesticides in Italy are available but they’re not indicative for a toxicological and
ecotoxicological assessment because they are relative to the entire italian territory and they are not specific for
single active ingredients. Statistics on farm pesticides use are completely missed. On a regional basis the
intensity of use both of pesticides and fertilisers are on average higher in the North compared with Central and
Southern Italy (between 50 and 100% higher) because there are better agronomic conditions.

Climate, soil, geology and agriculture conditions are very different within Italian regions. Climate is influenced
by reliefs, distance from sea and proximity to rivers. In general there are not any specific studies on geological
and hydrogeological characterisation of the selected areas and some generic information can be extrapolated
from national or regional maps. In some cases soils descriptions do not provide the opportunity to determine the
impact of plant protection products in the environment.

It is often difficult to access and collate information, especially those on climate, soils and pesticides use and
analysis. In fact, the collection of data is not centrally co-ordinated. Concerning the control of residues of
pesticides in soils, at the present time there aren’t any national laws or regulations. Surface and groundwater are
the only environmental compartments to be monitored for pesticides contamination but for drinking purposes.
Data on pesticide detections in water is scattered among the local health authorities.

The lack of a systematic national monitoring programme has been overcome by the regulations of the law by
decree D. lgs. 17 march 1995, n. 194, following the principles of pesticides registration procedures of the
Directive 91/414/EEC. This law determines the institutional authorities in health protection matters. In
particular, the article n° 17 provides the regulations about the official controls on trade and use of pesticides and
their impact on human health and on environmental compartments: the Ministery of Health, by mutual agreement
with the Ministery of Environment, every three years passes national programs containing regulations on survey
to be carried out by Regions and self-governing Provinces, with the co-ordination of the Institute of Health (for
the impact on human health) and of the National Agency for the Environmental Protection (for the impact on
environment). Moreover, paragraph 21 of article 5 of the same law, provides that the Environmental Ministry,
with the agreement of Regions and self-governing Provinces, determines the principles for the characterization
of vulnerable areas.

In Italy there is a lot of data available but they are very difficult to compare because they are not homogeneous.
Herbicides are searched more than fungicides and insecticides, and monitoring programmes are mainly
concerned with quality of potable water.
Surface and/or ground water samples are collected by single provinces and not by organic national programme.
For example Trento province had only surface samples whilst Alessandria has more ground water samples.
Samples are collected mainly to check quality of water to use for potable goal. Only Trento had a programme to
check environmental quality of surface waters.



The number of pesticides searched is quite different among the regions. In apple regions 129 pesticides are
searched in surface water samples and 106 pesticides in ground water samples, in wheat region 8 and 23
respectively, and in vines region 7 and 7.

In apple region insecticides are more often detected (20) than fungicides (13). Only three herbicides were
detected. Considering that 8 insecticides are not for agricultural uses the impact of the insecticides and
fungicides is the same. In vines and wheat region only herbicides mainly for maize and rice are monitored and
detected.

Vines and wheat regions have few data on pesticides included in LM list, respectively 3 by 42 pesticides and 3
by 39, whilst in apple region we have 36 LM pesticides by 45.

Of that 3 for vines region one insecticide is never detected and two herbicides are found: metolachlor (3.7 % of
samples over the detection limit) and terbuthylazine (5.3 % of samples over the detection limit). Moreover the 9.8
% of samples with values over the detection limit for a terbuthylazine metabolite (desethylterbuthylazine). In
wheat region of that 3 nothing are detected. Of that 36 for apple region 13 pesticide comprised in the Landell
Mills (31 %) are detected. Of that 6 insecticides (azocyclotin which had 19.7 % of samples more than detection
limit), one herbicide (glyphosate which had 12.5 % of samples more than detection limit), 6 fungicides
insecticides (dithiocarbamates which have 16.3 % of samples more than detection limit and dodine with 10.6% of
samples over the d.l.). The other pesticides have maximum 3 % of samples over the detection limit.

The occurrence is significant, in apple region, of the main metabolites of the DDT in the sediment: (they have
concentrations that comprise between 0,8 e 37 µg/kg) showing the impact of pesticides for non agricultural uses.
Some of them are in the soil of the riverbed showing the aged contamination of the sites. Furthermore three water
samples have been contaminated by p,p'-DDT.

Vines region have only 9 pesticides comprehensively searched but have also 25 % of samples over the detection
limit. In other regions ground water samples are quite always without pesticide residues whilst in surface samples
there are maximum a 5 % of samples higher than detection limit. This limit value of contamination of surface
samples is confirmed from Ferrara data, which analyses Po river samples. In apple region LM pesticides detected
are 0.5 % of total samples and 0.09 % is more than 0.1 µg/l.

Of the 12 ecotox pesticides, 9 are searched in apple region and one (isoproturon) in wheat region, none in vine
region. Of the 9 ecotox pesticides 5 are detected in surface water and sediment and often with concentration more
than 0.1 µg/l. Azinphos-methyl (3.8%), pirimicarb (5%), chlorothalonil and dimehoate (6.3%), metalaxyl (1.3%)
are frequently detected in surface water whilst MCPA, aldicarb and propiconazole are never detected and
mancozeb only in sediment samples (32.5% of samples). Also azinphos methyl is once detected in sediment
samples (8.4 µg/kg) . None pesticides are detected in ground water samples.
In wheat region, isoproturon is never detected.
These data do not show evidence of any systematic contamination of surface water or sediment samples.

Main pathway for movement of residues to surface waters is rapid movement in response to rainfall via runoff,
drains and subsurface lateral flow through the soil. It occurs mostly immediately after the treatments between
May and July. Ground waters are contaminated mainly in spring area and main pathway is, maybe, leaching
through sand or gravel zones. Probably ground waters contamination is a slow processes and it is easier to find
metabolites than parent compounds.



Figure 3 - Relief and altitude
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5.4  NATIONAL OVERVIEW - THE NETHERLANDS

,QWURGXFWLRQ

The Netherlands is a relatively small country in North-western Europe (see figure 1), located
at the mouth of the rivers Meuse and Rhine. Both the two rivers and the North Sea have
influenced soil formation and therefore the development of agriculture in the Netherlands.

The total land area of The Netherlands is 3.39 million ha, of which 60 % is in agricultural use
(Eurostat, 1995). Approximately 1 080 000 hectares (c. 55 %) is used as grassland and 900
000 ha (c. 45 %) as arable land (cf. table 1). Grassland is predominant in the provinces
Friesland, Gelderland and Utrecht, while arable land is predominant in the provinces
Groningen, Flevoland and Zeeland. Figure 1 provides an overview of the provinces.

Table 1: Crop areas of the main crops in the Netherlands

crop type area (ha*1000)
cereals 178
potatoes 180
sugarbeets 123
grassland 1080
maize 213
fruits 24
flowerbulbs 16

source: Dutch Central Bureau of Statistics

Roughly the Netherlands can be split into two parts: 1) the sandy regions in which a mixed
farming system is predominant and 2) clay and clay/peat regions in which either dairy farming
or arable farming is predominant. The regions under 1) are characterised by the cultivation of
grass and maize, almost without crop rotation; the regions under 2) are characterised by either
permanent grass or a crop rotation scheme with wheat (cereals), potatoes and sugarbeets.
Table 2 gives some details on farm sizes and the crops grown in several areas in the
Netherlands; these areas are all in the clay and clay/peat regions.



Table 2: Cropping patterns of six farm types; share of each crop in cropping plan (in hectares)

crop larger farms smaller farms

Northern
 clay area

peat
Colonies

Central
 clay area

South-
Western
clay area

Clay areas peat
Colonies

winter
wheat

30 11 11 17 9 7

ware potato 14 12 13 4
starch
potato

28 11

sugar-beet 14 11.5 10 10 5 6
spring-
sown onion

7 5 2.5

peas 5 6.5 2 6 2 4
seed grass 3 4 3 5 1.5
total 66 61 45 56 24 28
source: Oskam et al., 1992

Table 1 indicates that potatoes is one of the major arable crops in the Netherlands, with a total
of 180 thousand hectares. Figure 2 shows the main regions where potatoes are grown. Starch
potatoes are grown almost exclusively in the so-called ‘peat-colonies’ in the provinces of
Drenthe and Groningen. Ware potatoes and seed potatoes are grown in the other areas, with
some concentration of seed potatoes in the province of Flevoland.

/DQGHOO�0LOOV�UHJLRQ

The province of Flevoland has been selected by Landell Mills as an important agricultural
area in the Netherlands. Approximately 90 % of the cultivated area in this province is in
arable use; on a few thousand hectares permanent crops (fruits) are grown. Agriculture in this
province is very intensive and the pesticide usage is relatively high. The two most important
arable crops in this area are potatoes and wheat.

Although the province of Flevoland is an important agricultural areas and this region has been
chosen by Landell Mills, this region is not the best choice for illustrating occurrences and
impacts of pesticides as a result of their use in agriculture. The main reasons for this is that
agriculture in this province is not representative for agriculture as a whole in the Netherlands
and that the number of pesticide observations in this region is rather limited. Appendix 1gives
more details as well as additional arguments.

Because of the limited size of the Netherlands and the limitations to the province of
Flevoland, it was decided not to select an area within the Netherlands, but rather take it as a
whole and discuss occurrences and impacts all over the country.

&OLPDWH



The Netherlands has a temperate climate with a long term average lowest temperature in
January just above 0 °C, a long term average highest temperature in July of just below 20 °C
and a long term annual average temperature around 10 °C (Climate map of the EU, CORINE)
. At this moment the year 1980 has special relevance with respect to pesticide registration, as
the climate of 1980 is part of the pesticide evaluation scenarios. Figure 2 gives daily
precipitation amounts in 1980 for the central meteorological station at De Bilt. Although 1980
is a 75 % wet year (only 25 % of the years show more precipitation), the number of days with
very intensive rainfall is quite limited: rainfall is equal to or greater than 20 mm on only five
days (Van der Linden and Boesten, 1989). During dry and hot summers, agricultural soils are
often irrigated by means of sprinkler irrigation. Total irrigation amounts per event usually are
20 mm or less, but the intensity can be quite high (in general up to 20 mm per hour).

Figure 3 gives the cumulative precipitation and the evapotranspiration amounts for the  year
1980; the evapotranspiration is calculated with the PESTLA model (Boesten and Van der
Linden, 1991). During the summer period (May - September) the evapotranspiration is
approximately equal to the precipitation, which would imply that there is no net downward
water flux during this period out of the root zone. This, however, does not imply that there is
no downward movement of plant protection products possible in the root zone in this period.

Figure 4 gives average daily temperatures for the year 1980 and figure 5 gives the calculated
cumulative temperature from the first of January onwards. From the figures 4 and 5 it is clear
that the growing season starts in April and lasts until October.

*HRORJ\�DQG�VRLOV

About 2 million years ago, the Netherlands was completely below sea level with the
exception of small areas in the southern and eastern parts. These small areas partly can be
recognized as they show tertiary clay (eastern part) or Cretaceous rocks (southern part). At the
start of the Pleistocene era, the sea had deposited a 200 - 400 m thick layer of marine clays,
which now is generally regarded as the more or less impervious base layer. During the
Pleistocene era a 100 - 200 m thick layer of sandy soils has been deposited. In the northern
part, north to the line Amsterdam - Nijmegen, the deposits originate from areas in the middle
of Germany; they are characterized by their white appearance. In the southern part, south to
the line Amsterdam - Nijmegen, the sands are deposited by the rivers Rhine and Meuse and
their predominant colour is brown.

During the ice-ages, of which the Saale and Weichsel periods were the most important, some
reshaping took place. In the Saale period glaciers covered parts of the area north to the
(current) position of the river Rhine. The glaciers in general followed the lower regions
(mainly the rivers and river banks), meanwhile pushing sand deposits aside and forwards. At
the interface between the ice and the sand deposits “morene” and “keileem” -layers were
formed. Also as a result from the ice coverage hills (“stuwwallen”) were formed, mainly in
the provinces Gelderland and Utrecht. During the Weichsel period, The Netherlands was not
covered with ice, but the very cold and dry conditions allowed sand and smaller particles to
be taken up by wind. The sand particles settled at relatively short distances and a 5 to 10 m
thick layer of coversand (“dekzand”) was formed. This layer covers large areas in the
Netherlands. Smaller particles were transported over longer distances. These particles settled



as loess mainly south to the Netherlands, but also in the southern part of the province of
Limburg.

During the Holocene period (starting about 10000 years ago) the sea-level has risen with
about 50 m. In the southern and eastern parts of the Netherlands this had rather little effects
and the coversand is still the top layer on most places. In the western and north-western part
of the Netherlands as well as in the lower areas of other parts peat started to grow. Due to
intrusion of salt water in the western and north-western areas peat growth stopped and marine
clay was deposited. The pattern of deposits is very irregular due to erosion of parts of the peat
and temporal withdrawals of the sea-level. During the withdrawals peat growth was possible
and in some parts peaty and clayey layers can be found successively. In the lower parts of the
east and the south peat growth went on rather steadily and in some areas rather thick layers of
peat can still be found.

From approximately 1000 AD man started to build dikes and the influence of the sea becomes
less important and clay deposits were formed outside the dikes and on the river banks. From
approximately 1600 AD onwards peats were excavated and used as fuel. In the north-eastern
part (the so-called peat-colonies) the peat is excavated down to the sand base; these soils are
now mainly used for the production of starch-potatoes. In the western part the excavations
were turned into polders, the top-soil being a mixture of peat and clay.

5HOLHI��VORSH�DQG�DOWLWXGH

The Netherlands is a relatively flat country, which partly is below sea-level. There are no
mountains in the Netherlands. Hills are found in the utmost southern part in the province of
Limburg and in the central part of the Netherlands (provinces Gelderland and Utrecht) (cf.
figure 1).

The hills in Limburg are from Tertiary origin, covered by loess deposits. Agriculture is
mainly restricted to the plateaus, especially the arable land. Slopes encountered in agriculture
in Limburg usually are less than 10 %; in arable areas less than 5 %. The steeper areas in this
province usually are covered by forests and grassland, but also permanent crops (fruits) do
occur regularly.

The hills in the central part of the Netherlands are of  Pleistocenic origin. The hills are so-
called “stuwwallen”, formed as a result of the huge pressures posed to sandy deposits by
glaciers. These hills are almost mainly covered by woods, especially those areas with the
steepest slopes, being part of national nature reserve areas.

Except for the areas mentioned above, agriculture takes place on rather flat areas. The slopes
encountered usually are less than 2 %. The altitude is general in between -6 m to 30 m
(reference level is NAP (Normaal Amsterdams Peil), which is more or less the average sea-
level). Polders, including the province of Flevoland) are below sea-level.

The province of Flevoland (region chosen by Landell Mills for the Netherlands, compare ch.
1) has had approximately the same history as the western part of the Netherlands until
approximately 1000 AD. By then a temporary rise of the sea-level caused erosion of large
parts of the provinces North-Holland and Friesland. Also at that time the Zuiderzee,
nowadays Lake Ijssel, was formed. In the Zuiderzee, in a brackish environment, and later on



in Lake Ijssel, in a fresh water environment, the river Ijssel (a branch of the river Rhine) has
deposited sands, silts and clays in very irregular patterns. Soils is this province are still
ripening.

3HVWLFLGH�XVH

Until the period 1984 - 1988, the reference period for the Dutch long term crop protection
plan, there was an increase in the use of plant protection products in the Netherlands. Since
that period the amounts used are declining drastically (see table 3). The decline largely can be
attributed to a reduction in the use of the soil disinfestants dichloropropene and metam-
sodium; in other categories substitutions take place, but this results only in slight reductions
of the amounts used. In table 3 a small increase is indicated, but this figure is not corrected
for formulation additives and compounds officially withdrawn from the list of active
ingredients.

Table 3: Estimated overall use (kg * 1000) of plant protection products in The 
Netherlands.

Pesticide 1984 - 1988 1995
soil disinfestants 12700 2500
other pesticides 10000 10800
total 22700 13300
Source: Anonymous, 1995

Table 4 gives some details on the distribution of the “other” plant protection products. In
table 4 the reduction in the use of soil disinfestants can already be seen. In the category
“other” in tables 3 and 4 also formulation additives (like e.g. mineral oil) are included.

Table 4: Sales of pesticides in the Netherlands in 1991 by product group (in 1000 kg 
active ingredient).

Product group sales
herbicides 3,312
fungicides 4,281
insecticides and acaricides 594
nematicides 7,679
other 1,440
total 17,306

source: ISBEST (Merkelbach, et al. 1993)

Table 5 gives the average use of active ingredients in the main crops in the Netherlands
(excluding the soil disinfestants). From this table it is clear that the use is largest for potatoes
(for the crops listed). The use in some bulb and flower crops may be somewhat higher. If the
soil is disinfested, an additional 30 - 40 kg per ha should be envisaged while soil
disinfestation takes place once each four years at a rate of approximately 150 kg per ha.

In table 6 the average use of pesticides on arable farms in different region in the Netherlands
is given. From this table it is clear that in arable farming there are not too big differences in



the use of pesticides, except for the use of soil disinfestants. These latter products have their
biggest use in those areas (those farms) where potatoes is a very important crop.

Table 5: The use of pesticides on different crops  in kg active ingredient per hectare, 
nematicides excluded(1992)

crop kg active ingredient
winter wheat 6.0
barley 2.7
seed potato 24.6
ware potato 23.5
starch potato 11.7
sugarbeet 7.0
fodder maize 3.3

Source: Poppe et al., 1994

Table 6: Use of pesticides at arable farms in the Netherlands in 1991/92 by 
province (kg of active ingredients per hectare)

Province herbicides fungicides insecticide
s

nematicid
es

other total

Groningen 3.0 3.8 0.3 15.4 0.8 23.3
Friesland 4.7 3.7 0.3 3.3 0.9 12.9
Drenthe 2.9 4.8 0.1 37.1 1.8 46.7
Flevoland 3.4 7.9 0.7 9.4 1.2 22.4
N.Holland 3.0 4.0 0.4 3.7 0.9 12.0
Z.Holland 3.6 5.5 0.6 13.0 1.5 24.1
Zeeland 3.7 4.1 0.3 2.8 1.4 12.2
N.Brabant 2.5 4.1 0.3 0.0 1.9 8.9
Not all provinces are identified due to the small sample size (see figure 1 for the location of
the provinces).
Source: Poppe, et al. (1994)

3HVWLFLGH�UHJXODWLRQ

Pesticide registration is regulated in The Netherlands since 1962, when the so-called Pesticide
Act came into force. Until 1993 the national government - especially the Ministry of
Agriculture, Nature Management and Fisheries - was responsible for the evaluation and
registration (authorization) of plant protection products. Only governmental committees and
governmental institutes were involved in the registration process. Since 1993, an independent
board (Board for the Registration of Pesticides (in Dutch: College voor de Toelating van
Bestrijdingsmiddelen)) is responsible for the registration of pesticides. The board, however,
must respect the national policy and use the evaluation procedures and decision criteria set by
the ministries. There are no lower tiers of governments responsible for the registration of
pesticides.



The main ministries involved in setting up evaluation procedures and criteria are:
• the Ministry of  Agriculture, Nature Management and Fisheries;
• the Ministry of  Housing, Spatial Planning and the Environment;
• the Ministry of  Public Health, Welfare and Sports;
• the Ministry of  Public Works, Transport and Water Management;
• the Ministry of Employment and Social Affairs.
 Research institutes related to one or more of the ministries, for instance: the National Institute
for Inland Water Management and Waste Water Treatment, the National Institute for Public
Health and the Environment, the Plant Protection Service (PD) and the Winand Staring
Center for Integrated Land, Soil and Water Research, usually give advice to the ministries on
the evaluation procedures and criteria to be set. In most cases these institutes are also
involved in evaluating the pesticide dossiers.
 
 Environmental monitoring in the Netherlands is spread over a large number of institutions
and (private) companies, amongst others the drinking water pumping stations. The sales of
pesticides are registered at the Plant Protection Service.
 

 

 *HQHUDO�SHVWLFLGH�SROLF\
 
 The Dutch national policy is laid down in the so-called ‘Multi-year Crop Protection Plan’
(LNV, 1991). Three main targets are set in this plan:
• reduction of the structural dependency of agriculture on chemical agents for crop

protection;
• substantial reduction of the use of chemical agents in crop protection;
• reduction of the emissions of chemical plant protection products to environmental

compartments by more than 50 % for air, more than 75 % for soil and groundwater and
more than 90 % for surface water.

• 
 The target values are for the year 2000 while the reference period is the period 1984 - 1988.
 
 Environmental quality standards are not yet set for all registered pesticides; these standards,
however, will be derived in the near future. Crucial elements in setting the quality standards
are the Maximum Tolerable Risk Levels (MTR) for the soil and surface water environment,
and the 0.1 mg m-3 concentration level for the groundwater. Approximately 110 indicative
MTR values (iMTR-values) for surface water are given by Teunissen-Ordelman and Schrap
(1996); the values, however, are under review (see Appendix b). MTR are concentration
levels in the environment that supposedly have little effect on the integrity of the ecosystems.
MTR values are calculated from (No observed) Effect Concentration of plant protection
products on environmental species, mostly fish, algae and daphnids. Toxicity data on these
organisms have to be submitted to the registration board. A compilation of these toxicity data
is given by Linders, et al. (1993).
 
 In pesticide registration procedures the principles as laid down in Directive 91/414/EEC are
closely followed.
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 Pesticides are found widespread in the Netherlands. Tables 7 through 11 give an overview of
occurrences in soil, groundwater, drainwater, surface water and sediments, respectively. All
data are from open literature. Several databases on the occurrences of pesticides in the
environment exist. However, there is not one institute that is responsible for having a
comprehensive database.
 
 
 Table 7 Measured concentrations of pesticides (active ingredients) in soil

 compound  max.conc.
 µg kg-1

 number of
samples (n)

 n < LOD  n > LOD  n >= 0.1
 µg kg-1

 atrazine  9  2  0  2  2
 MITC  0.25  36  21  15  6
 parathion-
ethyl

 7  4  2  2  2

 pirimicarb  <100  1  1  0  0
 LOD is limit of determination
 
 
 Only few monitoring measurements have been performed on the occurrence of pesticides in
the plough layer of treated fields in years following the application (after treatment with the
pesticide has been stopped). The few measurements indicate that build-up of residues is not a
big problem for the selected compounds. In general concentrations are equal to or lower than
estimated from simulation results. The figures in table 7 are a compilation of measurements
performed by RIVM and the Winand Staring Centre (SC-DLO).



 
 Table 8 Occurrence of pesticides and transformation products in groundwater

 compound  no. of
analyses

 <LOD  >LOD  > 0.1
 µg/L

 (max)
 µg/L

 aldicarb  102  97  5  5  0.45
 ald-sulphoxide  100  75  35  24  26
 ald-sulphon  122  52  70  65  74
 chlorprofam  23  23  0  0  
 chloridazon  5  5  0  0  
 2,4-D  73  73  0  0  
 glyphosate  12  11  1  1  0.5
 glyphosate-AMPA  12  10  2  2  0.4
 metoxuron  18  16  2  1  0.15
 metribuzin  50  47  3  2  1.2
 parathion  18  13  5  1  0.19
 pirimicarb  18  18  0  0  
 atrazine  41  25  16  4  0.22
 atrazin-desethyl  29  24  5  2  0.13
 atrazin-desisopropyl  29  28  1  0  0.09
 bentazon  152  104  48  21  0.65
 dichloorpropane  211  94  117  116  200
 dichloorpropene  234  223  11  11  80
 dimethoate  28  27  1  0  0.06
 dinoseb  168  147  21  21  9.2
 ETU  175  162  13  13  30
 DNOC  60  58  2  0  0.09
 dinoterb  60  58  2  0  0.05
 ethoprophos  64  58  6  1  0.11
 fluazifop-butyl  23  23  0  0  
 linuron  58  57  1  0  0.09
 MCPA  77  76  1  1  0.3
 mecoprop  103  102  1  1  2
 metamitron  138  124  14  8  0.73
 MITC  148  134  14  14  2.5
 LOD is limit of determination
 (max) is max concentration observed
 
 
 The figures in table 8 originate from several institutes in the Netherlands (the table is
compiled from open data). Most observations are in the upper layers of the groundwater
(down to approximately 10 m depth). Most observations can be explained by assuming
chromatographical transport of the compounds in the soil. For ethoprophos and mitamitron
probably other mechanisms (preferential flow) might have occurred. The maximum
concentration of dichloropropene was observed shortly after application at a depth of
approximately 1 m. The high concentrations of dichloropropane are most probably the result
of application of soil disinfection products containing approx. 30 % of this compound. The
concentration of this compound in formulations of dichloropropene has been reduced to less
than 0.5 %.



 
 Table 9 lists occurrences of pesticides in drainwater. Again measurements are from several
institutes in the Netherlands and all data are from open literature. Again chromatographic
transport through the soil is largely responsible for the leaching. For a few compounds,
however, additional transport processes are likely to occur. This holds especially for
metamitron and metribuzin; these compounds are not expected to reach groundwater unless
preferential flow takes place.
 
 Run-off might occur occasionally in the Netherlands. Concentrations in the run-off water
depend very much on the time period between the moment of application and the moment of
sampling.
 
 Table 9 Measured concentrations of pesticides (active ingredients) in drainwater

 compound  max.conc.
 µg l-1

 number of
 samples (n)

 n < LOD  n > LOD  n > 0.1µg l-1

 2,4-D  0.2  30  27  3  3
 bentazone  5.7  5  3  2  2
 dichloropropane  3.6  18  9  9  9
 dichloropropene  22  82  71  11  11
 dinoseb
 

 1.6
 0.01*

 24
 1*

 15
 1*

 9
 0*

 6
 0*

 ETU  1.3  18  13  5  5
 DNOC  0.04  2  1  1  0
 dinoterb  -0.01

 -0.01*
 7
 1*

 7
 1*

 0
 0*

 0
 0*

 ethoprophos  0.06  1  0  1  0
 MCPA  -0.1  29  29  0  0
 mecoprop  0.4  30  27  3  3
 metamitron  0.24

 54*
 9
 3*

 7
 0*

 2
 3*

 2
 3*

 metribuzin  19  28  15  13  13
 MITC  50

 5.4*
 31
 6*

 9
 0*

 22
 6*

 22
 6*

 propachloor  0.4  21  13  8  8
 atrazine  0.17

 0.18*
 15
 1*

 9
 0*

 6
 1*

 1
 1*

 * runoff water samples



 
 Table 10 Occurrences of pesticides (active ingredients) in surface water

 chemical name  max.conc.
 µg l-1

 number of
samples (n)

 n < LOD  n >LOD  n >= 0.1 µ l-
1

 aldicarb  0.03  221  218  3  0
 aldicarbsuphoxid
e

 0.53  220  206  14  8

 aldicarbsulphone  0.33  220  210  10  5
 atrazine  9.4  495  182  313  143
 bentazone  5.8  439  274  165  159
 chloropropham  0.8  82  74  8  8
 chlorothalonil  0.7  63  61  2  2
 chloridazone  5.77  149  22  127  65
 2,4-D  23  505  372  133  127
 dichloropropene  4.9  284  271  13  7
 dichloropropane  410  292  208  84  79
 dimethoate  5  442  293  148  63
 dinoseb  5.05  161  120  41  12
 dithiocarbamates  14  262  261  1  1
 DNOC  0.29  93  82  11  5
 dinoterb  0.83  130  121  9  4
 ethoprophos  0.1  23  22  1  1
 linuron  0.48  123  105  18  3
 MCPA  30  480  324  156  156
 mecoprop  49.3  486  293  193  188
 mitamitron  0.7  79  73  6  6
 metoxuron  2.4  217  156  61  30
 metribuzin  3.2  144  131  13  13
 MITC  7  84  40  44  40
 parathion-ethyl  0.64  437  416  21  5
 cis-permethrin  0.4  156  155  1  1
 pirimicarb  0.8  136  110  26  8
 propachloor  1.4  164  132  32  32
 LOD is limit of determination
 
 
 Table 10 is a compilation of data established by a number of institutes, each dealing with or
responsible for monitoring surface water in (part of) the Netherlands. All measurements are
from open literature. Most of the data in table 10 originate from surveys performed to monitor
the quality of the surface water. Dedicated strategies for monitoring pesticides in general are
lacking.
 
 The most probable route for the contamination of the surface water leading to the relatively
high concentrations is deposition of spraying liquid. This is the most probable route for the
compound listed in table 10. Only for aldicarb and metabolites, dichloropropene,
dichloropropane and MITC drainage flow is most likely the dominant route as these
compounds are applied in the soil and not sprayed.
 



 Table 11 shows measurements of pesticides in sediments. Data show that pesticides may
occur in sediments occasionally. Although there should be a link between the occurrence of
pesticides in surface water and in sediments, this link is not obvious from tables 10 and 11.
 
 Table 11 Measured concentrations of pesticides (active ingredients) in sediments

 compound  max.conc.
 µg kg-1

 number of
samples (n)

 n < LOD  n > LOD  n >= 0.1
 µg kg-1

 2,4-D  -1  18  18  0  0
 dichloropropane  -0.1  2  2  0  0
 dichloropropene  0.1  23  22  1  1
 dimethoate  -0.1  18  18  0  0
 dinoseb  -0.1  20  20  0  0
 CS2  9.9  24  13  11  11
 DNOC  -0.1  18  18  0  0
 dinoterb  -0.1  3  3  0  0
 fluazifop-butyl  410  4  0  4  4
 parathion-ethyl  3.6  27  24  3  3
 atrazine  0.13  21  20  1  1
 
 
 Emanating problems are associated with the production of drinking water from surface water
and (illegal) spills of pesticides. Examples of  pollution problems that occurred quite recently
and forced companies to take corrective actions are:
• the occurrence of pesticides in the river Rhine (to some extent due to the production of the

pesticides), which forced drinking water companies to install additional filtering capacity;
• the occurrence of successively atrazin, diuron and glyphosate in the river Meuse (to some

extent due to the use of these compounds in public green and on pavements), which caused
temporal cessation of the intake of surface water;

• the occurrence of 1,2-dichloropropane in raw water (groundwater) of a drinking water
pumping station in the province of Drenthe, which caused the closing down of several
wells of this pumping station;

• the occurrence of ETU in raw water of a pumping station near The Hague, which was one
of the reasons for the prohibition of bis-dithio-carbamate-fungicides in the area around this
pumping station.

Apart from these emanating problems, the diffuse emissions to groundwater and surface
water have drawn attention of the authorities.

Only few reports are available that relate effects (impacts) to occurrences of pesticides in
environmental compartments. Most of these reports refer to illegal use, spillage or improper
cleansing of equipment. The figures in the tables 7 through 11 in general cannot be related to
(i)MTR values as listed in Appendix B, as most of the measurements are point measurements
while the MTR values assume chronic exposure. The chronic exposure cannot be inferred
from the monitoring measurement performed. More dedicated monitoring has to be
performed.



CONCLUSIONS

Pesticides can be found regularly in all environmental compartments. Leaching, spray drift
and drainage are the most dominant processes that are responsible for the contamination.
Spraydrift is dependent on the crop and the application techniques and may be indensibly
related to the use of pesticides. In the sandy areas presumably chromatographic transport to
the groundwater occurs and this may lead to leaching of for instance atrazine, bentazone and
dichloropropene. In the clayey areas additionally transport may occur due to preferential flow.
As artificial drainage is more frequent in the clayey areas as compared to the sandy areas,
drain water in these areas might contribute to the load of the surface water. In general,
however, the concentrations will be lower as the concentration resulting from spray drift.
Run-off might occur occasionally in The Netherlands; up to now, however, this is not thought
to be a big problem. More research is necessary on the transport routes to groundwater and
surface water.

A national up-to-date database on monitoring results for the different environmental
compartments is lacking. It is recommended to establish such a database.

Impacts of pesticides in environmental compartments might be inferred from the comparison
of monitoring data with MTR values. The MTR values may be calculated from data enclosed
in the registration dossier. A compilation of the necessary ecological toxicity data is given by
Linders, et al. (1993). A national review combining monitoring data with impacts is lacking.

Dutch pesticide policy is in line with the European policy as laid down in Directive
91/414/EEC.
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The province Flevoland is chosen by Landell Mills as one of the regions of interest to
examine the possibilities for future E.C. environmental policy on plant protection products.
Flevoland is one of the 12 provinces of the Netherlands. In the following a number of remarks
is given to the choice of this area. The main conclusions are that this area is not representative
for Dutch agriculture and that the number of observations on plant protection products is
rather limited due to the specific nature of this area.

Remarks to the selected area for the Netherlands by Landell Mills:
1 Almost the entire selected region has a surface level that is below sea-level.
2 The selected area is newly reclaimed land within the lake ‘IJsselmeer’. This lake was in

direct connection with the North Sea until just before the second world war. Therefore,
there was a gradient in the water from fresh, via brackish, to salt. This has had influence on
soil formation later on.

3 Deeper layers of sediment have settled under the conditions given under salt water
conditions, the top layer has settled under more or less fresh water conditions.

4 There is a huge variability in the heaviness of the soils; very sandy soils with a lutum
content of only a few percent occur, but also soils with lutum contents of more than 50%.
The heaviness is very much dependent on the flow velocity of the water in the lake at the
time of settling.

5 Many soils in this area have an inverse profile; the soil organic matter content is increasing
with depth. Many soils have not fully matured yet.

6 In a large part of the selected area there is a rather impermeable layer at a depth of
approximately 1 to 1.5 m. Nearly all soils have a drainage system just above this
impermeable layer.

7 The water system in the deeper layers is very complex, resulting in seepage (upward flow)
of groundwater in some areas while there is infiltration in other areas. The direction of the
groundwater flow might in some areas change with the season.

8 The waterlevel in the ditches, etc. is fully controlled. During dry periods water from the
ditches is used for irrigation purposes.

9 The region is an important area from an agricultural point of view, with modern farms and
high yields. From an environmental point of view, the soils are not regarded as very
sensitive to leaching (as far as currently known), except for the sandy soils that are very
low in organic matter.

From the remarks stated above one can learn that the selected region is not very representative
for Dutch agriculture. Additional remarks are:
1. There are only very few data available on the occurrence of pesticides in groundwater. Not

all of these data can be attributed to the growth of potatoes or wheat. A few more data on
the occurrence of pesticides in surface water exist. Some of these data can be attributed to
accidents or illegal disposal of pesticides. A number of measurements have been
performed in a fruit growing area; therefore, these measurements can not be attributed to
the selected crops.

2. The database on measurements of pesticides in groundwater and surface water becomes
much larger if other areas are included in the study.



APPENDIX B

QUALITY STANDARDS FOR PESTICIDES IN SURFACE WATER

In the following table (indicative) Maximum Tolerable Risk values for selected pesticides in
surface water are given. The values are under review and, therefore, might change in the near
future (after Teunissen-Ordelman and Schrap, 1996).

pesticide (i)MTR (µg/L)
2,4-D 42
aldicarb 0.0098
aldicarb-sulphone 25
aldicarb-sulphoxide 0.043
anilazine 9
atrazine 75
azinphos-methyl 1
benomyl 1.7
bentazon 64
bifenthrin 0.00011
bromophos-ethyl 9
captan 0.034
carbendazim 11
carbofuran 0.015
carboxin 1.2
chlorfenvinphos 0.0001
chlorprofam 30.2
chlorpyriphos 0.0028
chlortoluron 1
chloridazone 18
chloroxuron 12
cyanazine 1
cyfluthrin 0.0014
cymoxanil 13.5
cypermethrin 0.000009
cyprofuram 250
cyromazine 31
deltamethrin 0.00004
desmetryn 25
diazinon 0.087
dichlofluanide 3
dichloroprop 1300
dichloroprop-P -
dichlorvos 0.0007
dichloran 16
dicofol 0.6
DIDT 1.8
dienochlor 34



difenoxuron 7.5
diflubenzuron 0.0007
dimethoate 2.9
dinoseb 0.025
dinoterb 0.0034
diuron 35
DNOC 21
endosulfan 0.0004
esfenvalerate 0.001
ethoprophos 4
ETU 264
fenmedipham 0.026
fenpropathrin 0.0027
fluazifop-butyl 53
fluazifop-P-butyl -
folpet 0.4
fosetyl-Al 100
phosphamidon 0.003
furalaxyl 87
iprodion 32
isoproturon 9
lindane 77
linuron 27
malathion 0.0043
mancozeb 4
maneb 94
MCPA 250
mecoprop 170
mecoprop-P -
metalaxyl 420
metam-sodium 4
metazachlor 4.4
methabenzthiazuron 1.8
methoxychlor 0.001
metiram 7
metobromuron 10
metolachlor 56
metoxuron 0.6
mevinphos 0.00016
MITC 7.8
monolinuron 5
Na-DMDC 8
oxamyl 1.8
oxydemeton-methyl 0.033
parathion-ethyl 0.0046
pencycuron 2.7
pendimethalin 0.6
permethrin 0.00002
pirimicarb 0.019



procymidon 11
propham 26.2
prometryn 0.2
propachlor 1.3
propazine 2.4
propoxur 40
propyzamide 0.055
quizalofop-ethyl 0.8
quizalofop-P-ethyl -
simazine 14
teflubenzuron 0.00041
terbutryn 5
terbutylazine 19
thiabendazole 24
thiram 0.032
tolclophos-methyl 0.8
tolylfluanide 0.5
tri-allate 11
trichlorfon 0.001
triphenyl-Sn-acetate 2
triphenyl-Sn-chloride 0.005
triphenyl-Sn-fluoride 0.008
triphenyl-Sn-hydroxide 1
trifluralin 0.037
vinchlozolin 40
zineb 1
ziram 18
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5.5  NATIONAL OVERVIEW - SWEDEN

INTRODUCTION

The total area of Sweden is 45 million ha, of which 3.9 million ha are larger lakes and rivers. Of the 41.1 million
ha of land area, 2.8 million ha (7%) constitutes arable land, 0.6 million ha (1.5%) is meadow and 22.5 million ha
(55%) is forest. The remaining land area includes to a large extent mountain areas, mires, gravel pits etc. (29%),
but also buildings, industrial installations, roads etc. (7.5%). In the north of Sweden, extending approximately
from the 60th parallel to the Finnish border the largest percentage of land is covered by forests and traversed by
many large rivers, but with a high mountain region in the west along the Norwegian border and a narrow coastal
plain in the east along the Gulf of Bothnia. The middle of Sweden, immediately south of the 60 th parallel,
consists mainly of the central Swedish lowland, characterised by large, often shallow lakes and plains, and
divided by undulating ridges. South of lake Vänern and lake Vättern there is a highland zone, the south of
Sweden highland, most of which is covered by forests and peat land. This highland area slopes east, south and
west towards the southern coastal plain.

There are about 90 000 agricultural holdings with an average acreage of 31 ha. The distribution of crop area in
Sweden in 1994 was as follows: Bread grain - 10%; Coarse grain - 32%; Ley and green fodder - 40%; Potatoes
and sugar beets - 3%; Oleiferous plants - 5%; Leguminous plants - 2%; Fallow and untilled arable land - 8%.

As a result of diverse climatic and geological conditions in Sweden, there are large differences in the distribution
of arable land and in agricultural practices between the different regions. In northern Sweden, the percentage of
arable land is small and with ley and barley being the main crops. Main agricultural areas are in the southern
portion of Sweden along the coasts, around the large central lakes (Vänern, Vättern and Mälaren) and on the
Baltic sea islands of Gotland and Öland ()LJXUH��). Consequently, any problems with pesticides associated with
agriculture are likely to be more common in these areas.

CLIMATE

According to the Köppen climate classification system (National Atlas of Sweden - Climate, Lakes and Rivers,
1995), Sweden stretches from the warm temperate zone in the very south, through the cold temperate zone
covering most of Sweden, into the polar zone in the high mountain region in the very north. Within these major
climatic groups the Köppen system defines a number of subgroups, with the climate in the very south of Sweden
being classified as humid mesothermal with warm summers as in most parts of Western Europe, but with the
greater part of Sweden being classified as humid microthermal with cold summers (Strahler, 1973). .



Figure 1. Map of Sweden.



Sweden has, for its northern location, a very favourable climate. This is due to westerly winds and the warming
effect of the Gulf Stream on the air over the North Atlantic, which creates a more or less maritime climate in
southern Sweden. In northern Sweden, with cold winters and warm summers, the climate is continental. The
annual average temperature is about +8°C in the very south, about +5°C at the 60th parallel and decreases to
below -3°C in the very north ()LJXUH� �). The length of the vegetation period, i.e. when the daily mean
temperature regularly exceeds +5°C, is above 200 days in southern Sweden and decreases to below 150 days in
the north.

Figure 2. Annual mean temperature. From the Figure 3. Annual mean precipitation. From
National Atlas of Sweden: Agriculture. the National Atlas of Sweden: Agriculture

Precipitation measurements from all over Sweden show that the nation-wide average annual precipitation is 750
mm, with a minimum of rainfall during the spring and with a maximum during the summer and the autumn.
There are large geographical variations with yearly precipitation amounts ranging from around 500 mm in the
very south and in the eastern parts of Sweden, to above 1 000 mm on the Swedish west coast and in the
mountain chains in northern Sweden ()LJXUH��). The average annual potential evaporation ranges from above
600 mm in southern Sweden to less than 200 mm in the very north.

According to the USDA classification system the agricultural areas of Sweden are best characterised as having a
Udic soil moisture regime with local Aquic conditions determined by topography and parent material type, and a
Mesic soil temperature regime around the coastal fringes in the very south, a Frigid temperature regime inland
and in central Sweden and with Cryic soil temperature conditions in the inland areas of northern Sweden.



Rainfall intensity calculated for two different locations in the southern part of Sweden, one in the western part
(Halmstad, with 740 mm/year of average precipitation) and one in the east (Uppsala, with 550 mm/year), is
given in 7DEOH� �. The results show that a major part of the more intense rainfall events occurs during the
summer months and that more than 30 mm/d could be expected about once every third year at these two
locations.

Table 1. Rainfall intensity given as number of events per 10 years that exceeds a certain amount of rainfall per
day.

Intensity Halmstad Uppsala

mm/d no of events
per 10 y

% during
Apr.-Sep.

no of events
per 10 y

% during
Apr.-Sep

10 203 59 100 70
20 26 73 17 82
30 3 100 4 100
40 1 100 1 100
50 1 100 1 100

GEOLOGY AND SOILS

The bedrock
The predominant part of Sweden’s bedrock belongs to the Archaean period with gneisses and granites as the
dominant types of rock. These are found all over the country. Among the Archaean rocks there are scattered
’islands’ of younger, sedimentary beds of Palaeozoic age, the Cambro-Silures. These are mostly found in main
agricultural areas in the central Swedish plains and on the islands of Gotland and Öland. The youngest rocks,
those of the Cretaceous and Tertiary periods, are found in the very southern part of Sweden, forming soils of
high agricultural importance.

Quaternary deposits
During the Quaternary period a number of glaciations occurred. The land mass sank because of the heavy weight
of the ice and, when the ice finally melted away, large parts of the land were inundated by the sea. The highest
altitude to which the water rose is called the "highest shoreline", and this is of considerable importance in
explaining the process of soil formation in Sweden. The regions above the highest shoreline retained the
characteristics which they had acquired during the period of glacial activity. Thus, they consist largely of
unsorted morainic soils. The fertility of these soils depends primarily on the origin of the parent material. As a
result of inundation, the areas below the shoreline have soils of a different structure, consisting of sorted
materials, the most important types being sands and clays.

The agricultural soils
Soils in the agricultural areas of Sweden can be roughly divided into four different groups according to particle-
size distribution with the following areal distribution (Öborn, pers. com.): Soils with clay >25% on 30-40% of
the arable land; Silt loam, loam or sandy loam soils on 15-20%; Sandy and loamy sandy soils on 20-30%;
Boulder clay on 10-20%. Cultivated peat soils cover about 5% of the arable area.

 RELIEF, SLOPE AND ALTITUDE

Some 25% of the land area of Sweden lies at altitudes less than 100 m above sea level, 52% at altitudes between
100 and 500 m, 20% at altitudes greater than 500 m and only 3% at altitudes above 1 000 m ()LJXUH� �).
However, the great majority of the agricultural land in Sweden is found at altitudes less than 100 m above sea
level.



The generally low relief and altitudes mean that slopes are generally low. Indeed, in general, much of the
agricultural land in central and eastern Sweden is relatively flat, occupying the lowest-lying catenal positions in
the landscape. In most of these areas, the relative relief (expressed as the maximum height difference in an area
of 25 km2) is less than 25 m. However, in the moraine clay regions of southern Sweden (e.g. in Scania), the
agricultural landscape has more relief, with gently undulating slopes and maximum height differences of up to
100 m in an area of 25 km2. Being relatively flat and low-lying, and with fine-textured soils common, a
significant proportion of the agricultural land in south and central Sweden is under-drained by pipe or tile
systems, commonly at depths of F� 1 m and spacings of 10 to 20 m.

Figure 4. Height layer map of Sweden. From the National Atlas of Sweden: Geology.



Table 2. Active ingredients registered for use in agriculture in Sweden (1995) and their mean annual use 1990-
1994#*

Herbicides Tons/y Fungicides Tons/y Insecticides Tons/y

EHQD]ROLQ 4.1 ELWHUWDQROA 4.0 alpha-cypermethrin 0.4
bentazone 55.3 carbendazim 2.3 FDUERVXOIDQA 7.2
FKORULGD]RQA 28.4 copper hydroxide 7.6 F\IOXWKULQA 1.3
chlorsulfuron 1.0 copper oxychloride 12.1 cypermethrin^ 0.2
clopyralid^ 4.0 IHQSURSLPRUSKA 30.7 deltamethrin 0.9
cyanazine 3.8 fluazinam 19.1 dimethoate 1.2
cycloxydim 4.6 LSURGLRQHA 2.7 esfenvalerate 2.4
desmedipham 0.0 mancozeb 196.8 ODPEGD�F\KDORWKULQ 0.2
dichlorprop-P 71.3 metalaxyl^ 1.9 methiocarb 0.4
diflufenican 7.0 prochloraz^ 9.3 oxydemetonmethyl 1.7
diquat 14.1 propamocarb 11.4 phoxim 3.0
(37&A 2.2 propiconazole^ 12.7 pirimicarb 12.2
HWKRIXPHVDWH 9.0 sulfur 11.0 trichlorfon 0.5
fenoxaprop-P 0.2 thiophanate-methyl 1.0
IODPSURS�0A 6.4 WRO\OIOXDQLGA 17.8
IOXUR[\S\UA 15.0 vinclozolin^ 3.9
glufosinate-ammonium 1.7
glyphosate 235.1
LVRSURWXURQA 61.3
MCPA 391.0
mecoprop-P 57.0
PHWDPLWURQA 96.2
metazachlor 52.3
PHWKDEHQ]WKLD]XURQA 32.2
metribuzin 5.3
metsulfuron-methyl 0.0
SHQGLPHWKDOLQA 20.5
phenmedipham 17.8
propyzamide n.i.
prosulfocarb 8.7
sethoxydim 12.5
terbuthylazine 11.8
WHUEXWU\Q 2.9
thifensulfuron-methyl 0.0
tribenuron-methyl 1.0

# = Mean annual use during years of registration if registered later than 1990
* = Underlined pesticides: included in analytical screening procedures; Pesticides in italic: only included in
screening procedures by one of two laboratories
^ = Level of detection >0.1 µg/l
n.i. = no information

PESTICIDE USE

There are two different kinds of statistics concerning pesticide usage in Sweden. One is based on sales figures
reported yearly by manufacturers and their Swedish sales agents to the Swedish National Chemicals
Inspectorate. This compilation gives a national overview of the sale of different active ingredients (AI) each
year. The other is based on interviews, carried out every second year, of about 4% of Swedish farmers and
reflects the use of pesticides. This compilation gives a national and regional overview, as well as the distribution



between different crops, and of the use of pesticides grouped as herbicides, fungicides and insecticides (but not
for different active ingredients).

The total sale of pesticides to agriculture in Sweden during 1994 was 1 961 tons of active ingredient, distributed
between herbicides (1 551 tons), fungicides (280 tons), insecticides (41 tons) and seed dressings (90 tons). The
sale of pesticides this year was higher than the actual use, since an expected increase in prices made farmers
hoard.

The total number of AI’s registered in Sweden is ca 240, distributed among around 500 different products. Only
about 35% of all the AI’s are registered for use within agriculture, with the following distribution: 35 herbicides,
16 fungicides and 13 insecticides, with an additional 10 pesticides used for seed dressing only.  All active
ingredients, apart from seed dressings, registered for use within agriculture in Sweden in 1995 are listed in 7DEOH
�, along with their mean annual use during 1990-1994. It must be noted that some of the pesticides listed in the
table are also registered for use in other sectors of society (e.g. horticulture, forestry and/or industry), and that
this use is included in the sales figures. 7DEOH�� also includes information on which AI’s can be analysed at low
levels in water and whether all laboratories include them in their analytical procedure or if only some
laboratories have this possibility. It is also indicated in the table if the level of detection is above 0.1 µg/l as in
the EU drinking water directive. More high volume compounds of herbicides and insecticides, than of
fungicides, are included in the general analytical procedures run by the laboratories, with about 55% of the total
tonnage of herbicides and insecticides, respectively, being included and with less than 10% of the fungicide
tonnage being included. All fungicides are also analysed at a higher detection level.

The total use of pesticides within agriculture in Sweden during 1994 was about 1 150 tons of active ingredient,
distributed between herbicides (880 tons), fungicides (225 tons), insecticides (25 tons), growth regulators (15
tons) and top killers (5 tons). The total crop area treated with herbicides was 45%, with fungicides 7% and with
insecticides 14%. The average dose of active ingredient is 0.8 kg/ha for herbicides, 1.2 kg/ha for fungicides and
0.07 kg/ha for insecticides. Low-dose herbicides were used on nearly 50% of the total arable area, with a per
hectare-dose of 0.004 kg/ha, whereas the average fungicide dose in potatoes was 7.5 kg/ha. About 50% of
Swedish farmers use herbicides, fungicides or insecticides as a mean for the whole country. There are large
differences though between different regions, different crops and different sizes of farms. On farms with more
than 100 ha of arable land, 85% of the farmers used pesticides. In the northern part of Sweden very little
pesticides are used (less than 2% of the total use of pesticides), whereas 44% of the total use of pesticides can be
found in the intensively cultivated two southernmost counties of Sweden.

The number of doses sold to Swedish agriculture has been calculated by dividing the amounts of different
pesticides sold by the recommended dose per hectare for each pesticide. The total number of doses used in 1993
was 2.9 million, which is a decrease since 1985 when the corresponding figure was 4.8 million.

ORGANISATIONS CONCERNED WITH REGULATION OF PESTICIDES AND DATA

The Ministry of Agriculture is responsible for agriculture and associated environmental protection and food
problems, including drinking water. The official agencies and authorities concerned with implementation of the
Ministry of Agriculture's policy on pesticides are the National Chemicals Inspectorate, the Swedish Board of
Agriculture, the Swedish Environmental Protection Agency, the National Food Administration and the National
Board of Occupational Safety and Health.

There is no organised collection of data at a national level of detections of pesticide residues in water or
sediment that is being obtained at a local or regional level. The National Food Administration has the
responsibility for food and drinking water in Sweden and there is an obligation for local authorities to report to
them findings of pesticides in water intended for human consumption. However, reported findings are not made
accessible in a database. The Swedish Environmental Protection Agency has the overall responsibility for
monitoring and surveying the environmental conditions of Sweden, but for the moment only the persistent
organic pollutants (e.g. PCB, DDT and HCH) are part of the national monitoring programs. During 1988-1991
Central Government money was allocated to enable the inclusion pesticides into regional monitoring
programmes.  This was utilised in certain regions for monitoring surface waters. There were large discrepancies,
though, between the different programmes. Since 1995 authorities responsible for monitoring at a regional level
can apply for money to include pesticides into the programmes, but so far this has only been done in two cases.



GENERAL PESTICIDE POLICY

The aims of the pesticide policy in Sweden are to reduce the potential risks for the farmer/sprayer/operator,
consumer and the environment and also to reduce the total quantity of pesticides used. During the five year
period from 1986 to 1990 the overall tonnage of agricultural pesticides used in Sweden decreased by 47%
compared to the 1980-1985 average. In June 1990, a governmental bill was accepted by the Swedish Parliament
with the aim of a further reduction of the risks and another 50% reduction of pesticides used in agriculture. This
means that the overall result of the risk reduction programme in quantitative terms should be a maximum
allowable use at 25% of the mean 1981-1985 quantity to be reached by 1996 (Bernson & Ekström, 1991) .
According to the latest information, the total use in 1995 was 29% compared to the 1980-1985 average, which
means that the overall goal of a 75% reduction over a 10-year period will probably be achieved (Bernson, pers.
comm.).

Apart from a reduction of the quantities used, the implementation of the risk reduction policy also includes
several other elements such as stricter routines for approval of new and reapproval of pesticides already used,
improved spraying equipment and spraying techniques, improved and extended education and training of
sprayers and extended control of pesticide residues in food and drinking water (Bernson & Ekström, 1991) .

The reduction of used quantities achieved so far has not been shown to be critical in terms of crop production,
e.g. there has been no drop in cereal yields during the same period. The overall cost to the farmers has been
small and in some cases even economically beneficial when adopting reduced herbicide dose rates. The ongoing
governmental risk reduction program has in fact been adopted by the Federation of Swedish Farmers. Problems
for farmers associated with the reregistration process are largely connected to a decreased availability of
pesticides in minor crops. Since Sweden is a small market there is a limited interest shown by the chemical
industry to apply for approval of new pesticides as well as maintain old pesticides on the Swedish market in
minor crops. (Bernson, pers. comm.)

The National Food Administration has adopted the view that pesticides should not be present at detectable levels
in drinking water (National Food Administration Ordinance on Drinking Water  SLV FS 1989:30, 1993:35), but
no specific guideline has been given. Verified findings shall be reported to the National Food Administration for
assessment of health risks and recommendations on restrictions of use. In the term 'drinking water' above they
include also the raw drinking water, i.e. surface as well as groundwater intended for drinking water consumption.
For the assessment of health risks they primarily consider WHO's guidelines.

No Swedish guidelines exist for irrigation water or the protection of freshwater aquatic life.

WATER QUALITY PROBLEMS WITH PESTICIDES

There has been, until the mid-1980's, little information within Sweden on exposure data for current generation
pesticides in surface waters. This can partly be ascribed to restrictions in analytical methods for scanning a wide
variety of currently used pesticides in a single analytical run. In addition, no specific water quality standards for
either surface water, irrigation water or drinking water were established for commonly-used pesticides. During
the late 1980´s various programs, with somewhat varying objectives, have been set up to improve knowledge of
pesticide residues in surface waters. There are large differences between the programs in the number of sampling
sites selected, the number of samples collected and the number of pesticides included in the analyses of the water
samples. A summary of the results of the different studies follows.

During ��������� samples were collected from 153 sampling sites along major rivers throughout the country
(Erne, 1970). The samples were analysed for phenoxy acids and chlorinated phenols. The detection limit was 2
µg/l and positive samples of phenoxy acids were found in 29% of the river water samples. Several very high
residue values were encountered (>1 000 µg/l), but these, along with a major proportion of the smaller values,
were known to be the result of different kinds of discharges and accidental spills. In June ����, five rivers in the
very south of Sweden were sampled on one occasion and phenoxy acids were detected in all five samples at an
average concentration of 14.7 µg/l (Öresundskommissionen, 1984) .

During ����������a more intensive program for pesticide monitoring in stream waters was undertaken (Kreuger
& Brink, 1988). Methods for analysing about 80 currently used pesticides were developed (Åkerblom &



Jansson, 1986). Streams in agricultural areas were selected and sampled at monthly intervals during May-
September, with a total number of 260 samples analysed. The number of sampling sites increased from 7 to 29
during the three year period. Eighteen compounds were identified, including eleven herbicides, two fungicides
and five insecticides. The most frequently found pesticides were the phenoxy acids (63% of the positive
samples) with peak concentrations at the time of spraying (May-June). During the non-spraying season the
concentrations were lower, between 0.1 and 1.0 µg/l. Throughout the three years, positive samples of one or
several compounds of phenoxy acids occurred in 37% of the water samples taken in May, 78% in June, 57% in
July, 24% in August and 18% in September. The maximum measured concentration of total content of phenoxy
acids in one single stream was 25 µg/l. Along with the phenoxy acids, the herbicide atrazine was found in some
streams during the whole sampling season. In large catchments, or catchments with only smaller parts of the area
being used for agricultural production, no pesticides were found or only small amounts were detected on single
occasions. Thirteen of the eighteen identified compounds were only detected in water from streams in the
intensely cultivated areas in the very south of Sweden.

In ����, the National Food Administration investigated pesticide concentrations in municipal drinking water
originating from 56 surface water supplies all over Sweden (Sandberg & Erlandsson, 1990). Water from each
supply was sampled on two different occasions, once in the beginning of the summer and once in the autumn.
Seventeen pesticides were included in the analyses at the normal detection limits (0.1-0.5 µg/l), with an
additional 60 pesticides being included in the analyses at levels 2-10 times above the normal (Åkerblom et al.,
1990). Detectable amounts of pesticides were determined in three cases at low levels (0.1-0.9 µg/l) in early
summer in the untreated drinking water. However, no pesticides were detected in the treated drinking water for
human consumption. The pesticides found were MCPA, dichlorprop and bentazone.

During ���������, many county administrations included pesticides in their environmental monitoring programs
for water pollution control (Åkerblom, 1991). Samples were collected from a total of 170 sampling sites in 14
counties. There were differences between the counties in sampling intensity, from once a year to twice a week
during the spraying season. 840 surface water samples were collected throughout the three years. Also the
number of substances included in the analyses varied, from only the phenoxy acids and related compounds, up to
a maximum of around 80 substances. Twenty compounds were identified, including 15 herbicides, 1 fungicide
and 4 insecticides. The most frequently detected pesticides were MCPA and bentazone, which were found in
more than 20% of the samples. Eleven of the twelve most frequently found pesticides, found in 0.6% or more of
the analysed samples, were also encountered in the previous investigation in 1985-1987. Eight of the detected
pesticides were found only once or twice throughout the three years. Pesticides occurred most frequently and at
highest concentrations during the spraying season, but low concentrations were found during the whole year,
especially of phenoxy acids and bentazone. The frequency of several of the pesticides (i.e. phenoxy acids,
bentazone and metazachlor) decreased during the three years, seemingly due to a sales reduction of some of
these substances and also to an increased knowledge of the correct handling of pesticides among farmers. It is,
however, difficult to make definite statements concerning the reasons for this apparent decline in pesticide
residues in water due to the varying sampling strategies, both between years and between counties.

During ��������� the industry carried out an investigation of chemicals in Swedish waters, including pesticides
(Toll, 1993). Altogether 55 surface water samples were taken from five rivers and one lake, with connection to
drinking water supplies. The samples were analysed for around 80 different pesticides, including the low dose
sulfonylurea herbicides chlorosulfuron and metsulfuron-methyl. Phenoxy acids along with bentazone were
detected in eight of the samples at low concentrations (0.1-0.3 µg/l). No sulfonylureas were detected. During
����������the National Food Administration investigated pesticide concentrations in municipal drinking water
originating from groundwater from all over Sweden. Data will be delivered during March 1996.

There are also local data on pesticide monitoring from some counties in south-central Sweden as follows:
gUHEUR county (1986-1991), latitude 59° 15' N; longitude 15°15' E: monitoring of surface waters within the
county, with mostly phenoxy acids being included in a quite intensive program. The program included
information to the farmers with the aim of increasing awareness among farmers on risk reduction, but no
decrease of pesticide residues in the streams could be found during the investigation. 6NDUDERUJV county (1988-
1991), latitude 58° 15' N; longitude 13° 00' E: monitoring of surface waters at five different locations within the
county. One catchment was monitored during 1995; no results have been reported yet. gVWHUJ|WODQGV county
(1989-1990), latitude 58° 30' N; longitude 15° 30' E: monitoring of surface waters within the county at three
different locations. In one of the smaller catchments, some very high concentrations of herbicides were detected
during the spraying season. *RWODQGV county (1987-1995), latitude57° 30' N; longitude 18° 30' E: monitoring of
ground and surface waters. This large island, situated in the Baltic sea, has very special and sensitive



geohydrological conditions. A number of pesticides have been regularly detected, with bentazone being the most
frequently occurring pesticide.
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REASON FOR CHOICE

As a recent member of the EU (since January 1995) Sweden was not included in the first sub-project entitled
’Further analysis on the use patterns of plant protection products in EU farming’ carried out by Landell Mills
Market Research Ltd. The selection of a region within Sweden has therefore been performed within this sub-
project.

The selected region in Sweden is Malmöhus County, located in the far south. It has been selected as a region in
this project for a number of reasons:
• the percentage of arable land is the highest in Sweden (60% of total land area);
• the soils have the highest ranking of productivity in Sweden (measured as economic yield);
• the cultivation of wheat is intensive, covering almost 20% of the arable land;
• the use of pesticides is the highest in Sweden (measured both as total tonnage and percentage of treated

area) with costs around 80 ECU per ha;
• the occurrence of pesticides in water is more frequent than in other areas according to previous monitoring

studies;
• the use patterns of pesticides, as well as intensive monitoring of pesticides in stream water, have been

investigated within a research project carried out in a catchment located in the region;

DETAIL OF REGION

The region
Malmöhus county, (latitude range from 55° 20' to 56° 15' N to; longitude range from 12° 45' to 14° 00' E,) is
situated in the south-western half of Sweden's most southerly province Scania ()LJXUH��). The total land area of
the region (Malmöhus county) is 494 000 ha (7DEOH��) and the area of arable land in 1994 was 297 800 ha (i.e.
60% of the total land area in the region and 10% of the total arable area in Sweden). This region has the highest
percentage of arable land in Sweden. There are 800 000 inhabitants in the region.

The catchment
Within this region, one sub-region (the Vemmenhög catchment, latitude 55° 26' N; longitude 13° 27' E) has, as a
part of a research project, been investigated in detail regarding use patterns and occurrence of pesticides in
surface water and sediments since 1990 (Kreuger, 1995). The catchment has an area of 9 km2 consisting of 95%
arable land, with predominantly sandy loam till soils.

Table 3. Land area and arable area in Sweden and in the selected region Malmöhus county.

Land area
(ha)

Arable area (ha) Arable area
(% of total)

Sweden 41 100 000 2 987 600 7

Malmöhus 494 000 297 800 60



Table 4. Distribution of arable land on different crops in the region

Crop Area 1990
(ha)

Area 1993
(ha)

Area 1994
(ha)

Winter wheat 51 416 45 842  41 620
Spring wheat 7 253 9 701  10 375
Rye 13 252 10 762  10 475
Winter barley 0 11 347  8 963
Spring barley 67 578 51 662  65 837
Oats 13 631 10 696  12 984
Rye wheat 5 695 5 937
Mixed grain 8521 355 455
Leguminous plants 3 338 379 286
Winter rape 41 786 39 079 23 5772

Spring rape 2 089 574 4 587
Winter turnip rape 107 127 39
Spring turnip rape 24 126 103
Grass ley 30 183 29 595 30 206
Seed ley 2 674 1 593 1 802
Pasture 9 409 18 105 18 097
Potatoes 4 622 4 526 3 954
Sugar beets 29 056 31 740 33 347
Bare fallow 13 000 1 393 1 456
Other area 11 974 24 600 23 689
Total 303 243 297 898 297 787

1    Mixed grain and rye wheat
2    Large areas out-wintered

GENERAL AGRICULTURE

The region
In this region, there are 6 300 holdings (enterprises) (7% of the total in Sweden), 590 of these holdings being
larger than 100 ha and 44 holdings with more than 500 ha (45% of the total number of holdings larger than 500
ha in Sweden). 42% of the arable land in the region is managed by holdings larger than 100 ha.

According to an investigation carried out in 1982, 40% of the arable land in the region was systematically tile-
drained in a regular pattern, but a large percentage of fields is also partially tile-drained in an irregular pattern.

Classification of the productivity of arable land in Sweden (measured as economic yield) shows that Malmöhus
county has the soils with the highest ranking in the whole of Sweden. The price of arable land is more than 2 500
ECU/ha and sometimes up to 5 600 ECU/ha.

Agricultural practice in the region is dominated by a 4-year rotation with spring barley, winter rape, winter wheat
and sugar beets, which are grown on about 60% of the arable area. The cultivated area of different crops is given
in 7DEOH�� and in )LJXUH��. The average yield for winter wheat, spring wheat and potatoes is 6.5-7.0 tons/ha,
5.5-6.0 tons/ha and 40-45 tons/ha respectively.

There are a number of horticultural enterprises in this region, some of which have greenhouse areas larger than
10 000 m2. The total greenhouse area is 116 ha, which is 35% of the total greenhouse area in Sweden. Main
crops are tomatoes, cucumber and lettuce. Also, the cultivation of fruit, berries and vegetables grown on open-
ground in Sweden is concentrated to this region (there are almost 2 000 ha of vegetables grown on open-ground
in this region, which is 30% of the total area in Sweden).



The catchment
There are 23 farms within the Vemmenhög catchment area, cultivating 85% of the arable land, and with another
12 farmers, living at some distance from the catchment boundaries, operating the remaining 15% within the
catchment. The distribution of crops in the Vemmenhög catchment follows the general pattern of the region, but
with no potatoes and very little ley ()LJXUH��). Agricultural practice in the catchment is normally comprised of a
4-year rotation with winter rape, winter wheat, sugar beet and spring barley on almost 80 % of the area and with
spring wheat, peas, oats, grass leys, winter barley, rye and spring rape on the remaining area. The wheat area
has, during a five year measurement period, on average been 28% of the total crop area.

CLIMATE

Global radiation during June is 180-190 kWh/m2 and accumulated over the year it is 975-1 025 kWh/m2.
Sunshine time is around 1 600-1 800 hours/year. The average air temperature on an annual basis is 7-8°C, with
mean maximum temperature in July and August (16°C) and mean minimum temperature in January and February
(-1°C) ()LJXUH��). The mean soil temperature at 50 cm depth is in: Jan. 2°C; Mar. 2°C; May 10°C; Jun. 15°C;
Jul. 16°C; Aug. 16°C; Sep. 14°C; Nov. 6°C. On a 30-year basis the vegetation period is approximately 220 days
and starts at the beginning of April and ends in late November. The vegetation period is defined as the period
when the daily mean temperature consistently exceeds +5°C. Accumulated temperature above +5°C is ca 1
600°C.

On an annual basis, the average precipitation is 600-800 mm/year depending on spatial variation, average actual
evaporation 400-500 mm/year and average discharge 200-300 mm/year in the region. Precipitation shows a
seasonal variation with a minimum rainfall during the spring and a maximum during summer and autumn
()LJXUH� �). Average annual potential crop evapotranspiration calculated based on the Penman-Monteith
equation and 10 years of weather data from the northern part of the region is 540 mm/year. An estimation of the
average maximum potential soil moisture deficit during the summer is: 415 mm of potential evapotranspiration -
265 mm of rainfall = 150 mm ()LJXUH��). Annual mean intensity of precipitation is 0.5 mm/h, but with more
intense rainfall during the summer and with lower intensity during the winter and spring (spring: 0.4 mm/h;
summer: 0.9 mm/h; autumn: 0.6 mm/h; winter: 0.3 mm/h).
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Figure 6. Distribution of crop area in Malmöhus county (to the left) and in the Vemmenhög catchment (to the
right).
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Figure 7. Mean monthly air temperature in the region, average for the past 30 years
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Figure 9. Potential soil moisture deficit. (Potential evapotranspiration minus rainfall).

Based on 20 years of data from a field site in the southern part of the region, average annual drainage is 268 mm
and average dates for the start and the end of the leaching period are 16 October and 5 May respectively (median
dates are 7 November and 1 May and standard deviation is 52 days in the autumn and 44 days in the spring).

GEOLOGY

The bedrock
The region is dominated by sedimentary rocks, mainly Mesozoic and older Cenozoic rocks. In the predominant,
south-western, part of the region belonging to the Danish Embayment, thick layers of Cretaceous and older
Tertiary clayey and calcareous sediments are found. In the northern and eastern part of the region. Shales from
the Jurassic and Silurian periods are found. Precambrian gneisses and granites occur. Along one ridge situated in
the south-central part of the region, and to the north and east of Lake Ringsjön..

The Quaternary deposits
The parent material in the predominant part of the area is till ()LJXUH���) deposited by glaciers from the Baltic
basin. The till is influenced by Cretaceous and Silurian rocks. Stones and gravels of flint and Cretaceous
limestone are found in the soil profile. The Quaternary deposits are generally of considerable thickness.

The eastern part of the region is dominated by glaciofluvial sediments in outwash plain formations. The deposits
are complex, with features of glacial clay that are sometimes as much as 60 m thick. Glacial lake sediments also
cover large areas; fine sand dominates the surface but the sediments are more fine-grained with depth.



Table 5. Amount of pesticides applied in wheat and treated area in the catchment area

Year AI in wheat AI in wheat Wheat area Wheat area Dose AI in autumn
(kg) (% of total AI) (ha) (% of total area) (kg/ha) (%)

1989/90 465 29 181 21 2,6 16
1990/91 485 36 272 32 1,8 34
1991/92 367 24 218 26 1,7 60
1992/93 279 24 263 31 1,1 23
1993/94 275 23 239 29 1,2 10

5-year average 374 27 235 28 1,7 29
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       Figure 12. Application of pesticides to wheat in the catchment area.

DATA SOURCES

No systematic effort to synchronize water sampling and gather the obtained results has been made.  Indeed, data
on pesticide detections in water is scattered among the local authorities, agencies or river conservation
associations within the region, with no central authority responsible for gathering the data. Often there are only
the analytical protocols with no information on background data. Two larger drinking water purification plants
situated in the region have a monitoring plan for pesticides. Due to this lack of co-ordinated efforts there have
been difficulties in summarising the situation, both in the context of this project and for the authorities
responsible for public health and environment on a regional as well as a national level.

Many of the water samples originate from surface water monitoring, most of which was carried out during the
late 1980’s and early 1990’s. During recent years also some concern over the groundwater situation has also
developed, followed by an increased sampling activity also in subsurface water.

Table 6. Information on the major rivers in the region



Drainage Lake Arable Treated Treated Treated Mean Mean
River area area area arable area total area total area conc.# transport
catchment km2 % % % ha % µg/l g/ha/month
Råån 161 0.0 80 90 11 590 72 1.5 0.31
Saxån 360 0.0 80 92 26 640 74 1.4 0.28
Kävlingeån 1188 2.3 55 69 45 150 38 0.2 0.14
Höje å 223 1.0 64 84 12 040 54 0.3 0.19
Sege å 334 3.0 60 74 14 700 44 0.2 0.08

# = Mean total pesticide concentration

0

2

4

6

8

10

12 Saxån

Råån

23 µg/l  

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

Figure 13. Seasonal variation of pesticides in River Råån (1985-1990) and River Saxån (1988-1995)

PESTICIDE FINDINGS

Occurrences and pathways

7KH�UHJLRQ
Information on five major rivers in the region along with a summary of the mean total pesticide concentration
found in these rivers is given in 7DEOH��. There were large differences between the catchments in the percentage
of arable land and the actual use of pesticides (e.g. in areas with more ley production and many small farms there
was less use of pesticides). In the two catchments, Råån and Saxån, with more intense use of pesticides (>70%
treated area), the total pesticide concentration in the collected samples was, on average, F. 1.5 µg/l, whereas it
was close to one order of magnitude lower in the other three rivers with a smaller portion of the area treated with
pesticides. A larger lake area in these three catchments could also have affected on the level of pesticide findings
in the rivers.

A summary of the findings of pesticides in surface and ground water in Malmöhus county is presented in 7DEOH
�. A total of 300 samples collected 1985-1995 have been included in the database. In surface water, the
herbicide bentazone and the phenoxy acid herbicides dichlorprop, MCPA and mecoprop were the most
frequently detected pesticides (in 22-42% of the analysed samples), but the triazine herbicides atrazine, simazine



and terbuthylazine were also found frequently (10-28%). There was a seasonal distribution pattern with peak
concentrations at the time of spraying (May-June), although detectable amounts were still found during the non-
spraying season ()LJXUH���). In groundwater, atrazine, its metabolite desethylatrazine, simazine and BAM (2,6-
dichlorobensamide, a metabolite of dichlobenil) have been found in 23-60% of the analysed samples. All of
these detections, apart from the phenoxy acids and bentazone, indicate pesticide contamination resulting from
non-agricultural use. Of the pesticides listed in 7DEOH��, the following have been withdrawn from the Swedish
market during the course of the monitoring period: Atrazine (Oct. 1989), 2,4-D (Dec. 1990), dichlobenil (Dec.
1990), dimethachlor (Dec. 1990), lindane (1988), malathion (Dec. 1990) and simazine (Dec. 1994).

Atrazine and dichlobenil were to a large extent used jointly in a spray mixture, which was applied in large
dosages on courtyards, industrial grounds, along roadsides, etc. Despite the withdrawal of this mixture five years
ago, as well as all other compounds including these two substances, atrazine, along with its metabolite
desethylatrazine and the dichlobenil metabolite BAM, are still being detected in samples collected today during
the mid-1990’s. This could to a certain extent be the result of old stocks still being used illegally. However, as a
whole, present findings are certainly also due to the persistence of these substances, especially when applied to
non agricultural areas with little biological activity in soil.

Table 7. Summary of findings of pesticides in surface and ground water in the region

Surface water Ground water

No of Freq. Average* Max.* No of Freq. Average* Max.*

Chemical pos. % µg/l µg/l pos. % µg/l µg/l

atrazine 49 28 0.4 2.4 23 28 2.0 14.0

atrazindesethyl - 20 26 1.7 14.0

BAM - 6 60 0.4 1.0

bentazone 80 42 0.5 6.1 7 9 8.3 26.0

clopyralid 1 0.5 0.5 1 1 0.7

cyanazine 7 4 0.6 1.7 0

2,4-D 6 3 0.9 3.0 0

dicamba 0 0 3 4 85.4 190.0

dichlorprop 49 22 0.9 15.0 2 2 0.3 0.6

dimethachlor 1 0.1 -

lindane 8 5 0.1 0.6 0

malathion 1 0.5 0.1 0

MCPA 69 32 0.6 3.0 1 1 0.2

mecoprop 64 29 0.9 23.0 4 5 0.1 0.2

metazachlor 16 9 1.0 3.9 3 4 1.0 1.5

metribuzin 1 0.5 2.2 1 1 0.2

pirimicarb 2 1 0.3 0.3 0

propiconazole 2 1 0.5 0.5 0

simazine 17 10 0.6 6.9 19 23 0.3 2.2

terbuthylazine 22 12 0.8 11.8 5 6 1.3 2.1

* = Average concentration of detections and maximum concentration detected



7KH�FDWFKPHQW
Twenty-five pesticides were detected in stream water leaving the catchment area throughout the sampling season
(May-September) during the initial years of the project. Many of the pesticides were found in water (at varying
concentrations) over several months. MCPA, dichlorprop and metamitron (a sugar beet herbicide) were detected
at the highest concentrations (40 µg/l, 20 µg/l and 45 µg/l respectively). Bentazone was the most frequently
detected pesticide, followed by dichlorprop, terbuthylazine, MCPA, mecoprop and metazachlor. Time-weighted
mean concentration (TWMC) and maximum concentration during May-September, along with the amount of
pesticides applied to wheat, are presented in 7DEOH��. There was a correlation (R2 = 0.75) between amounts used
and the concentrations found in the water samples. The fungicide fenpropimorph is the least water soluble
substance in the table and it also had a much lower mean concentration than could be predicted from the large
amounts used. Excluding fenpropimorph from the statistical calculations result in an almost linear correlation
between used amounts and mean concentration (R2 = 0.93). Pesticides that were not detected, or detected only
on single occasions, were most often applied at very low amounts or else a higher detection limit can explain
such non-detections.

Table 8. Spring application of pesticides being used in wheat, along with time weighted mean concentration
(TWMC) and maximum concentration in stream water during May-September

Used amount* TWMC Max.
Pesticide 1990-94 Mean 90-94 conc.

kg µg/l µg/l
cyanazine 22 (3) 0.06 2.8
dichlorprop 459 (138) 0.89 20.0
fenpropimorph 472 (303) 0.26 1.0
flamprop-M 5 (3) 0.04 0.1
fluroxypyr 53 (41) 0.20 7.0
ioxynil 93 (32) 0.09 1.0
isoproturon 99 (63) 0.16 2.0
MCPA 720 (208) 1.65 40.0
mecoprop 372 (157) 0.71 7.0
methabenzthiazuron 102 (102) 0.14 0.6
pirimicarb 144 (29) 0.49 2.0
propiconazole 158 (100) 0.64 2.8
tribenuron-methyl 4 (2) 0.03 0.4

* = Total use during the 5-year period, with amounts used in wheat given in parenthesis

The results indicated an annual cycle of pesticides entering the stream water, starting with a peak during the
period of application, followed by a series of flushing events during storm flow periods. In 1992, the sampling
period was extended into winter and continued until April 1993. Small amounts of pesticides (<2µg/l total
concentration) were detected throughout this winter season. Pesticides were found at higher concentrations and
for longer periods in culvert water than in water from the open part of the stream, presumably illustrating that
drift did not contribute to pesticide levels in the stream. Pesticides in the open part of the stream would also be
subject to degradation, sedimentation and dilution by ground water inflow during base-flow conditions. The
practice of using herbicides on farm yards to control weeds, has been shown to make a considerable contribution
to the pesticide load in the stream.

Some suspended sediment samples and sediment cores were also collected to study the distribution of pesticides
between the different matrices. Results showed that pesticides detected in the sediments mainly consisted of
insecticides (fenvalerate and DDT) and fungicides (fenpropimorph, propiconazole and prochloraz), but the
herbicide methabenzthiazuron was also found. The fungicide `Tilt Top´ (fenpropimorph 75% and propiconazole
25%) is extensively used in the area. The less water soluble fenpropimorph was found at lower concentrations in
water samples than propiconazole, despite higher application rates (7DEOH� �), but at higher concentrations in
sediment samples. These findings illustrate the importance of accounting for pesticide distribution between the
different matrices when setting up monitoring programmes.



As a result of the extensive information on pesticide usage in the catchment it has been possible to relate the
concentrations found in the stream with the actual use in the catchment. Transport calculations show that
between 0.01-0.6% of the different pesticides applied in wheat and related crops within the area were transported
by water leaving the catchment (7DEOH��).
Table 9. Transport losses of pesticides applied in wheat and related crops

Transport losses (%) during May-Sept. Oct.-Apr.
Pesticide Type¨ 1990 1991 1992 1992° 1993°# 1994°$YHUDJH 1992/93
bromoxynil h n.a. 0.23 n.a. n.a. n.a. n.a. n.u.
carbendazim f n.u. n.a. n.u. n.u. n.a. n.u. n.u.
clopyralid* h 0.00 0.00 0.00 0.01 0.15 0.00 ���� 2.93
cyanazine h 0.26 0.12 0.00 0.08 0.00 0.00 ���� n.u.
deltamethrin i 0.00 0.00 0.00 0.00 0.00 0.00 ���� 0.00
dichlorprop h 0.15 0.15 0.59 0.41 0.01 0.06 ���� 0.16
esfenvalerate i 0.00 0.00 0.00 0.00 0.00 0.06 ���� 0.00
fenpropimorph(*) f 0.00 0.01 0.01 0.01 0.01 0.03 ���� n.u.
flamprop-M h n.u. 0.17 0.01 0.03 0.04 n.u. ���� n.u.
fluroxypyr(*) h n.a. (8.42) 0.00 0.00 0.13 0.02 ���� n.u.
ioxynil h n.a. 0.10 0.06 0.04 n.a. n.a. ���� 0.07
isoproturon* h 0.00 n.u. 0.03 0.03 0.01 0.02 ���� 1.96
MCPA h 0.19 0.12 0.17 0.21 0.06 0.08 ���� 0.01
mecoprop h 0.11 0.44 0.10 0.15 0.16 0.07 ���� 0.16
methabenzthiazuron* h 0.01 0.05 0.00 0.13 0.04 0.00���� (23.8)
pendimethalin(*) h 0.00 n.u. 0.00 0.00 n.u. n.u. ���� n.u.
pirimicarb i 0.16 0.08 0.03 0.04 0.13 0.05 ���� n.u.
prochloraz* f n.a. 0.00 0.00 0.01 n.u. n.u. ���� n.u.
propiconazole f 0.44 0.10 0.02 0.06 0.10 0.09 ���� n.u.
triadimenol* f 0.00 0.00 0.00 0.01 0.00 n.u. ���� n.u.
tribenuron-methyl# h n.u. n.a. n.a. n.a. 0.12 0.05 ���� n.u.

¨ = h - herbicide; f - fungicide; i - insecticide
° = Samples were collected at culvert outlet into the stream
n.u. = Not used within the catchment during spring and early summer that year
n.a. = Not analysed # = Only May-June * = Detection level above 0.1-0.2 µg/l

Non-occurrences

Of the twelve target pesticides selected for ecotoxicological assessment within this project, only three have been
detected within the regional monitoring programmes, i.e. MCPA, pirimicarb and propiconazole and only MCPA
to any great extent. The reason that the other nine pesticides have not been detected can largely be ascribed to
either very limited use in Sweden or that they are not included in the monitoring programmes.

Cypermethrin, dimethoate and metalaxyl have been included in the monitoring programmes for many years, but
have not been detected in water within the region, apart from dimethoate which was detected in one catchment
on one occasion at 5 µg/l as a result of spray drift. All three pesticides are used in very small quantities in
Sweden (7DEOH� �). Mancozeb, though used in large quantities, has never been included in the monitoring
programmes, due to analytical difficulties. The registration of aldicarb and chlorothalonil expired in 1990.

Isoproturon has not been detected in surface or ground water in the regional water monitoring programmes,
which contrasts with other studies, especially in the UK. One explanation is that most surface water samples
have been collected during the summer months, whereas isoproturon is mostly applied during late autumn. Most
importantly, though, is that only one pesticide laboratory in Sweden includes isoproturon (since 1990) in the
analytical programme and at a higher detection level (>0.1 µg/l). These restrictions in analytical capacity also
apply to fenpropimorph, which along with the earlier mentioned tendency for this pesticide to attach to
sediments, can explain why fenpropimorph has not been detected within the regional water monitoring
programmes.  However, both isoproturon and fenpropimorph were detected in the vemmenhög catchment
investigation as described above.



The use of sugar beet herbicides, e.g. metamitron, ethofumesate and chloridazon, is extensive in the region, but
none of them have been included in the regional monitoring programmes.
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The most frequently found pesticides in surface water investigations have been the commonly used phenoxy acid
herbicides dichlorprop, MCPA and mecoprop, and the herbicide bentazone, with peak concentrations at the time
of spraying. Pesticide findings are more frequent in intensive agricultural areas and in small catchments. Peak
concentrations, and in many cases also the overall occurrence, were found to be dependent on rainfall events
during and soon after the application period. Monitoring studies have shown a strong correlation between the
amounts used and the frequency of detection or concentrations found. The big exception is atrazine, whicht has
been found more frequently than could be expected from sales figures, as a result of non-agricultural use.

For adequate exposure assessments, as a part of risk evaluation, we need good quality data on pesticide exposure
patterns and characteristics. The ecological effects of pesticides on flora and fauna in surface waters is dependent
on both peak concentrations and the time of exposure. The objective of the majority of investigations has been to
determine whether concentrations of pesticides could be detected in surface waters on single occasions. This is
not enough to assess the ecological risks posed by pesticides in surface waters. To constitute a basis for exposure
assessment, monitoring in the future should make use of improved sampling strategies to enable more effective
interpretation and evaluation of the data. Minimum background data for adequate evaluation should include the
following: catchment size, land-use pattern, soil type, precipitation, water-flow rate, amount and type of
pesticides used and spraying season., There is also a strong need to increase our knowledge of the different
transport pathways within a catchment, including all possible processes (spills, runoff, leaching, wind drift, etc.)
in order to improve recommendations to the users on how to minimise losses of pesticides to waterbodies.

The non-agriculturally applied triazine herbicides atrazine and simazine, along with the metabolites
desethylatrazine (from atrazine) and BAM (from dichlobenil) are the most frequently detected substances in
groundwater investigations. In most cases been these have found in unconfined, shallow, rural wells, some of
which are used for drinking water consumption. There is currently limited knowledge in Sweden about the
groundwater situation, in general.

In the future, efforts must be made by the authorities responsible for monitoring to improve procedures for the
selection of pesticides to include in monitoring programmes and at adequate detection limits. To facilitate
comparison between monitoring programmes within the EU intercalibration activities between pesticide
laboratories at an international level are needed for water samples and for the more complicated soil and
sediment analyses. Internationally co-ordinated efforts regarding quality assurance and quality control
measurements are also required, both for laboratory and field activities, when collecting and analysing the
monitoring data.
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Sweden has, for its northern location, a very favourable climate. This is due to westerly winds and the warming
effect of the Gulf Stream, which creates a more or less maritime climate in southern Sweden. In northern
Sweden, with cold winters and warm summers, the climate is continental. As a result of diverse climatic and
geological conditions in Sweden, there are large differences in the distribution of arable land and in agricultural
practices between the different regions. Main agricultural areas are in the southern portion of Sweden along the
coasts, around the large central lakes and on the islands in the Baltic sea. Consequently, any problems with
pesticides associated with agriculture are likely to be more common in these areas.

The total sale of pesticides to agriculture in Sweden during 1994 was F� 2 000 tons of active ingredient. There
are large differences in pesticide usage between different regions, different crops and different sizes of farms. In
the northern part of Sweden very little pesticides are used, whereas almost 50% of the total use of pesticides can
be found in the intensively cultivated two southernmost counties of Sweden.

The aims of the present pesticide policy in Sweden are to reduce the potential risks for the farmer, consumer and
the environment and also to reduce the total quantity of pesticides used. The reduction of used quantities
achieved so far, close to 75% over a 10-year period, has not been shown to be critical in terms of crop
production. The overall cost to the farmers has been small and in some cases even economically beneficial when
adopting reduced herbicide dose rates. Apart from a reduction of the quantities used, the implementation of the
risk reduction policy also includes several other elements such as stricter routines for approval of new and
reapproval of pesticides already used, improved spraying equipment and spraying techniques, improved and
extended education and training of sprayers and extended control of pesticide residues in food and drinking
water.

There is no organised collection of data at a national level of detections of pesticide residues in water or
sediment that is being obtained at a local or regional level. The Swedish Environmental Protection Agency has
the overall responsibility for monitoring and surveying the environmental conditions of Sweden, but for the
moment only the persistent organic pollutants, such as DDT, are part of the national monitoring programs. The
National Food Administration, responsible for food and drinking water quality, has adopted the view that
pesticides should not be present at detectable levels in drinking water, but no specific guideline has been given.
Verified findings shall be reported to the National Food Administration for assessment of health risks and
recommendations on restrictions of use. No Swedish guidelines exist for irrigation water or the protection of
freshwater aquatic life.

The selected region in Sweden is Malmöhus county, located in the far south. This region has the highest
percentage of arable land in Sweden (60% of total land area). Agricultural practice in the region is dominated by
a 4-year rotation with spring barley, winter rape, winter wheat and sugar beets. Wheat is grown on F� 20% of the
arable area and potatoes on 1%. The average yield for winter wheat, spring wheat and potatoes is 7.0 tons/ha,
6.0 tons/ha and 45 tons/ha respectively. The average precipitation in the region is 700 mm/year, average
evaporation 450 mm/year and average discharge 250 mm/year. Precipitation shows a seasonal variation with a
minimum rainfall during the spring and a maximum during summer and autumn.

The soils can very broadly be described as moderately permeable with slight seasonal water-logging and
moderate water storage capacity. The soils have a moderate runoff potential and a moderately low leaching
potential. A large percentage of the arable land in the region is tile-drained. The groundwater resources in the
region are classified as being good both from bedrock and soil layers. There are a number of lakes and rivers in
the region and some of the larger lakes as well as ground water are used as drinking water supplies.

The total use of pesticides in the region is 30% of the total for Sweden. Pesticides are applied on almost 100% of
the area grown with wheat and potatoes, with the total pesticide use in wheat corresponding to F� 20% of the
total use in the region. The use of fungicides is extensive in potatoes, with almost 50% of the total fungicide use
in the region applied on less than 1% of the total arable area at an average dose of close to 10 kg/ha.

No systematic effort to synchronize water sampling and gather the obtained results has been made. Indeed, data
on pesticide detections in water is scattered among the local authorities within the region, with no central
authority responsible for gathering the data. More high volume compounds of herbicides and insecticides, than
of fungicides, are included in the general analytical procedures run by the laboratories, with about 55% of the



total tonnage of herbicides and insecticides, respectively, being included and with less than 10% of the fungicide
tonnage being included. All fungicides are also analysed at a higher detection level.

In surface water, the herbicide bentazone and the phenoxy acid herbicides dichlorprop, MCPA and mecoprop
were the most frequently detected pesticides, but the triazine herbicides atrazine, simazine and terbuthylazine
were also found frequently. There was a seasonal distribution pattern with peak concentrations at the time of
spraying, although detectable amounts were still found during the non-spraying season. In two catchments with
more intense use of pesticides (>70% treated area), the total pesticide concentration in the collected samples
was, on average, F. 1.5 µg/l, whereas it was close to one order of magnitude lower in three other river
catchments with a smaller portion of the area treated with pesticides.

In groundwater, atrazine, its metabolite desethylatrazine, simazine and BAM (2,6-dichlorobensamide, a
metabolite of dichlobenil) were the most frequently detected pesticides. In most cases these were found in
unconfined, shallow, rural wells, some of which are used for drinking water consumption. Most of the detections
indicate pesticide contamination resulting from non-agricultural use. There is currently limited knowledge in
Sweden about the groundwater situation in general.

Within this region, one sub-region (the Vemmenhög catchment) has, as a part of a research project, been
investigated in detail regarding use patterns and occurrence of pesticides in surface water and sediments since
1990.

.
The catchment has an area of 9 km2 and with a distribution of crops following the general pattern of the region,
but with no potatoes. Information on pesticide usage and handling within the Vemmenhög catchment have been
collected annually from the farmers. Around 40 different substances have been used and most of these were
included in the analyses. Some of the pesticides, e.g. atrazine, have only been used on farm-yards and not in the
field.

Twenty-five pesticides were detected in stream water leaving the catchment area throughout the sampling season
during the initial years of the project. The results indicated an annual cycle of pesticides entering the stream
water, starting with a peak during the period of application, followed by a series of flushing events during storm
flow periods. Many of the pesticides were found in water (at varying concentrations) over several months. There
was a strong correlation between amounts used in the area and the concentrations found in the water samples.
Pesticides that were not detected, or detected only on single occasions, were most often applied at very low
amounts or else a higher detection limit can explain such non-detections. Pesticides were found at higher
concentrations and for longer periods in culvert water than in water from the open part of the stream, presumably
illustrating that drift did not contribute to pesticide levels in the stream. Pesticides in the open part of the stream
would also be subject to degradation, sedimentation and dilution by ground water inflow during base-flow
conditions. The practice of using herbicides on farm yards to control weeds, has been shown to make a
considerable contribution to the pesticide load in the stream.



Results from sediment sampling illustrate the importance of accounting for pesticide distribution between the
different matrices when setting up monitoring programmes. Transport calculations show that between 0.01-0.6%
of the different pesticides applied in wheat and related crops within the area were transported by water leaving
the catchment.

Of the twelve target pesticides selected for ecotoxicological assessment within this project, only three were
detected within the regional monitoring programmes, i.e. MCPA, pirimicarb and propiconazole and only MCPA
to any great extent. The other nine pesticides were not detected either due to very limited use or that they were
not included in the monitoring programmes. In the catchment study six of the twelve target pesticides were
detected, the additional ones, apart from the above mentioned, were dimethoate, fenpropimorph and isoproturon.

For adequate exposure assessments, as a part of risk evaluation, we need good quality data on pesticide exposure
patterns and characteristics. The ecological effects of pesticides on flora and fauna in surface waters is dependent
on both peak concentrations and the time of exposure. The objective of the majority of investigations has been to
determine whether concentrations of pesticides could be detected in surface waters on single occasions. This is
not enough to assess the ecological risks posed by pesticides in surface waters. To constitute a basis for exposure
assessment, monitoring in the future should make use of improved sampling strategies to enable more effective
interpretation and evaluation of the data. Minimum background data for adequate evaluation should include the
following: catchment size, land-use pattern, soil type, hydrogeological conditions, precipitation, water-flow rate,
amount and type of pesticides used, and spraying season. There is also a strong need to increase our knowledge
of the different transport pathways within a catchment, including all possible processes (spills, runoff, leaching,
wind drift, etc.), in order to improve recommendations to the users on how to minimize losses of pesticides to
waterbodies, .

In the future, efforts must be made by the authorities responsible for monitoring to improve procedures for the
selection of pesticides to include in monitoring programmes and at adequate detection limits. To facilitate
comparison between monitoring programmes within the EU, intercalibration activities between pesticide
laboratories at an international level are needed, for water samples and for the more complicated soil and
sediment analyses. Internationally co-ordinated efforts regarding quality assurance and quality control
measurements are also required, both for laboratory and field activities, when collecting and analysing the
monitoring data.



5.6  NATIONAL OVERVIEW UK

INTRODUCTION

The United Kingdom is comprised of the principalities of England, Wales and Scotland and
the province of Northern Ireland.  The national overview concentrates on England and Wales
because suitable information is relatively easy to obtain.

England and Wales, although small in area, have a very varied range of climate, soil, geology
and agriculture.  Climate can vary from near subtropical in isolated sheltered areas to some
mountainous areas described as subarctic.  The pervading influence of surrounding seas and
warm currents have a moderating climatic influence which together with soil factors govern
the variety, development and distribution of agriculture and its associated management
practices.

Modern agriculture is one of the most efficient and productive industries in the economies of
England and Wales.  Enterprises include livestock farming, intensive dairy, mixed farming,
arable, fruit growing and horticultural crops.  The physical constraints of the natural
environment such as climate, soils and landscape and the interaction between these, together
with business economics, has served to develop farming systems and produce the agricultural
diversity across the country that we have today.  The effects of climate and relief serve to
separate England and Wales into two dominant agricultural types.  In the western part a grass
dominated farming system predominates whilst arable enterprises dominate in the eastern part
(Figures 1 and 2).

There is a gradual increase in average farm size from the west of the country to the east with
average farm size varying from about 37ha to over 80ha.  Arable enterprises range from an
average of 13ha in Wales to in excess of 67ha in the south east of England.  Grassland farms
are more uniform in size varying from 16ha in the east to 27ha in Wales and 41ha in northern
England.

CLIMATE

The climatic factors affecting agriculture are temperature, moisture, sunlight and wind all of
which are interrelated.  The moderating effect of the sea is a major factor influencing climate
diversity across England and Wales.

Rainfall

Prevailing westerly winds bring moist air masses to Wales and western England whilst
eastern England is least affected by this influence.  The maximum annual rainfall is affected
by relief and ranges in Wales and western England from about 800mm to over 3200mm on
some upland peaks, to between 600mm to 800mm in the eastern part of England.
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Temperature

The accumulated temperature above 0 degrees centigrade for the early half of the year,
January to June is preferred as a measure of the heat energy available for crop growth (Jones
and Thomasson 1985).

Although the above is suitable for crops that do not benefit from high temperatures later in
the year e.g. cereals the more usual summation above 5.6 degrees centigrade for the whole
year (Bendelow and Hartnup 1980) is however more appropriate for crops such as grass and,
sugar beet that grow well into the second half of the year provided there is enough moisture.

In lowland England AT ranges from about 1350 to 1600 day degrees. With altitude,
temperature decreases and regions in northern England have accumulated temperatures less
than 850 day degrees.

The relationship of accumulated temperature, based on the agro-meteorological model GOA
(Brisson et al, 1992) between January 1st to December 31st, between the various countries of
Europe, is given in DG XI Rand D Contract No. 3392004 (1994).  England and Wales is
classed as low with temperatures ranging from 1700-1950 in south west England to 1200-
1450 in the north.  This range corresponds to the classes of soil temperature regime Mesic and
Cryic as used by the United States Department of Agriculture (USDA) in soil classification
and defined by USDA Soil Survey Staff (1992).  The Mesic soil temperature regime covers
nearly all England and Wales (Figure 3, USDA temperature ranges of England and Wales)
with the colder, Cryic regime, confined to high ground in Wales and northern England

Whilst summer temperatures are relatively low the western coasts benefit from an early rise in
spring temperatures which enables crops such as early potatoes to be grown.

Soil moisture

Soil moisture varies seasonally and is related to rainfall and the potential transpiration,
(defined as the amount of water transpired by an actively growing short green crop,
completely covering the ground (Penman 1948)).

The soil moisture regime class, based on the classification used by USDA (1992), is Udic in
England and Wales (Figure 4).  This regime is defined as “not dry in any part for more than
90 days in most years but dry in some part for significant periods”.  On the high ground of
Wales and northern England rainfall is high and the soil moisture regime class can be
considered Perudic (not dry in any part for significant periods).

The potential soil moisture deficit which is calculated as the difference between potential
transpiration and rainfall during the growing season is low in the wetter west with deficits
reaching 150mm only in a few places.  In eastern England deficits in excess of 150mm are
common with maximum deficits in extreme eastern parts reaching 225mm or more.



When rainfall is in excess of transpiration the soil is at field capacity.  The length of time that
a soil is at field capacity has an important bearing on farm type, agricultural decisions and
management.  In western parts of the country soil field capacity of more than 175 days is
common whilst less than 125 days common in the east.  In upland regions soils may remain at
field capacity all year.  Whilst soil is at field capacity the potential for movement of pesticides
through leaching and run-off is high.

GEOLOGY AND SOILS

England and Wales has a very varied and complex geology with the hard ancient rocks of
Wales contrasting with the younger softer rocks of Midland England.

Most of the eastern part of the country is dominated by hard rocks of Ordivician age.
Eastward these are overlain by a variety of shales, clays, sandstones, mudstones and
limestones of Silurian, Devonian, Carboniferous and Triassic age.  These in turn are succeded
in the east by clays, sands and chalk that cover nearly a third of the country in sweeping bands
running in an arc from southern England through the Midlands and up the east coast. The
succession of solid rocks and lithologies is given in Table 1.

Table 1  Solid Geological Formations and their Lithologies

Era System Series Lithology

Quaternary Pleistocene Sands and clays
Tertiary Neogene Pliocene Calcareous sands

Palaeogene Oligocene
Eocene
Palaeocene

Clays, sands and mudstones
Limestones, clays and sands
Sands, gravels and clays

Mesozoic Cretaceous Limestones, siltstones, sandstones, sands
and clays

Jurassic Limestones, clays and sands
Triassic Mudstones, shales, siltstones and

sandstone
Palaeozoic Permian Limestone, mudstone, sandstone and

breccia
Carboniferous Mudstone, shale, grit, siltstone, sandstone

and limestone
Devonian Sandstone, siltstone and shale
Silurian Shale, mudstone, sandstone, siltstone and

limestone
Ordivician Shale, sandstone, quartz, limestone,

grit,slate, rhyolite, lava and tuff
Cambrian Shale, sandstone, slate, quartz and grit
Pre-Cambrian Sandstone, mudstone, siltstone,

conglomerate, lava, tuff, sandstone, grit
and shale

Intrusive and
extrusive, igneous
and Metamorphic

Rhyolite, tuff, agglomerate, basalt,
granite,diorite, andesite, dolerite, schist,
slate and gneiss

Superimposed over much of the solid deposits are extensive tracts of drift both quanternary
and recent in age, a result of retreating ice sheets and present day erosion and deposition.



They range from sands and gravels to clays and peats and are important soil forming
materials.

Table 2  Drift Geological Formations and their Lithologies

Deposit Type Lithology

Beach deposits Shingle Stony
Lake Marl Silty and clayey
Colluvium Silty and loamy
Peat Fen Reed swamp Fen-carr and

Sphagnum peat
Raised Bog
Blanket Bog

Bog moss, cotton grass, sedge

Alluvium River Clayey, silty and loamy
Marine Clayey, silty and loamy

Aeolian Dunes Sandy and silty
Head Variable stony and stoneless
Glaciolacustrine Clayey and silty
Claciofluvial and
River Terrace drift

Variable stony, sandy and loamy

Till Reddish Loamy and clayey
Chalky Loamy and clayey
Other Variable

Plateau drift Clayey

A wide range of soils are represented in England and Wales with Regosols, Gleysols,
Luvisols, Cambisols, Fluvisols, Podsols, Arenosols and Histosols (Commission of the
European Communities 1985).

In upland areas of the north eastern part of England the soils are dominated by Gleysols and
Histosols whilst in the Welsh uplands and south west England the dominant soils are
Cambisols with areas of Podsols and Gleysols and small patches of Regosols around the
coast.  The remainder of England is represented by Luvisols, Gleysols, Cambisols and
Podsols with areas of Fluvisols in some river valleys and along the east and south east coastal
margins.

RELIEF, SLOPE AND ALTITUDE

Wales and the north of England are dominated by steep sided mountains and high moorland.
About a half of this area is above 200m with significant areas on the upland spine of the
Pennines and in Wales in excess of 500m. fringed by a succession of rounded, often steep
sided, grassy hills and plateaux cut by broad meandering streams.  In south and eastern
England relief is much subdued rising to only 200m in the most part with some appreciable
areas below sea level.  The landscape is characterised by gently rolling country and plateaux.
Slopes are mainly gentle to moderate and there is not much land too steep to cultivate.



PESTICIDE USAGE

Statistics on pesticide usage in agriculture and horticulture are collated by the Pesticide Usage
Survey Group (PUSG) of the Central Science Laboratories an executive agency of the
Ministry of Agriculture Fisheries and Food (MAFF).  Approximately 450 active substances
are approved for use.  Unpublished data from PUSG (Thomas pers comm.) for 1994/1995
state that a total of 33,705 tonnes of active substance was applied to all crops in Great Britain.
The majority was applied to arable crops (29,201 tonnes).  The amount of active substance
applied has decreased over the last few years but area treated has increased.  A total area of
48,099,330 hectares were treated  f which 43,422,390 were arable crops.  Under arable
cropping herbicides were applied by the greatest amount (7362 tonnes), followed by
fungicides (5594 tonnes), growth regulators (2558 tonnes), insecticides (653 tonnes) and
molluscicides (251 tonnes).  Other applications total 12,883 tonnes but this refers to sulphuric
acid which is used as a desiccant on potatoes.  Tonnage data should not be considered in
isolation as no indication of application rates/frequency or potential biological activity is
considered.  Fungicides were applied to 21,509,760 ha, herbicides to 13,929,960 ha,
insecticides to 3,819,890 ha, growth regulators to 2,938,260 ha  and molluscicides to 998,670
ha.

Cereals hectarage treated was 32,586,250 with a total of 11,508 tonnes applied.  Potato
hectarage treated was 2,760,360 with 1642 tonnes applied (excluding sulphuric acid).
The PUSG carries out detailed surveys for a wide range of agricultural and horticultural
commodities.  Information on crop or active substance by month, region or county for
example, can be easily accessed via the databases.  The data is stored on a work station in
SQL format using Informix software, it is fully relational and can be interrogated via PUSG at
no cost for simple requests and on a non-profit making manpower cost for more complex
enquiries.  The database is one of few examples in Europe which contains such detailed
information and for which information can be supplied to any user.

ORGANISATIONS CONCERNED WITH PESTICIDES AND WATER QUALITY

Pesticides approvals are normally granted in relation to individual products and for specific
uses.  The competent authority for use in agriculture, horticulture, forestry and non-cropped
land in the UK is the Pesticides Safety Directorate (PSD), an executive agency of MAFF.
The competent authority for other uses such as anti-fouling paints, surface biocides and active
substances concerned with public hygiene is the Health and Safety Executive.  Both
organisations evaluate submitted data which are then reviewed by the Advisory Committee on
Pesticides (ACP), a panel of independent scientists.  Final recommendations are by the ACP
to several government ministers whose responsibilities include agriculture, environment,
health and safety and education.

The Environment Agency (formerly the National Rivers Authority) has statutory duties and
powers under the Water Resources Act, 1991 to protect the aquatic environment from
pollution.  The Agency is required to monitor water quality, investigate pollution incidents,
control discharges by consents and maintain and improve the quality of all inland, coastal and
groundwaters.  A national (England and Wales only) centre for toxic and persistent
substances (TAPS) is dedicated to collecting and collating monitoring data on pesticides
whilst other departments are responsible for monitoring the quality of waters with regard to
biological diversity and health.  A large pesticide monitoring programme is in place and



regional results are supplied to the TAPS Centre where the data (currently over 250000
pesticide measurements per year) collated and summarised nationally.  This allows reports to
be made widely available and advice on monitoring strategies to be provided.  A GIS
(Geographical Information System) has been developed to improve targeting of pesticide
monitoring by predicting potential for contamination of surface and groundwaters.

Water companies which supply drinking water also analyse source water (which can, in some
cases, originate from a variety of sources).  A number of these companies exist in the UK.
Monitoring data are reported annually to the Drinking Water Inspectorate (eg DWI 1995) who
produce an annual report summarising all aspects of drinking water quality.  Some of this
monitoring data is included in the TAPS database.  Private water supplies are monitored by
environmental health officers from the respective local authorities, but this data is sparse and
inconsistent and not centarlly coordinated.

NATIONAL ENVIRONMENTAL QUALITY STANDARDS:

The TAPS Centre provides a national advisory service on the potential environmental impact
of plant protection products.  Environmental Quality Standards (EQSs) have been developed
for selected active substances. These are used in addition to the statutory EQS’s to assess
potential impact on non-target aquatic organisms.  The EQS concentration must not be
exceeded within the aquatic environment in order to protect it from its recognised uses.  The
values are derived from ecotoxicological data obtained from a variety of sources and are
based on effects on the most sensitive species.  Two values are provided, an annual average
figure (to assess chronic impacts) and a maximum absolute value (to assess acute impacts).

No environmental standards have been established in the UK for soil or sediments.

WATER QUALITY PROBLEMS WITH PESTICIDES

A recently published report (NRA 1995) explains UK legislation governing pesticides in
water, the monitoring undertaken by the Environment Agency and the results obtained in
1992 and 1993.  120 different active substances were monitored and 450,000 results reported
from about 3500 sites (Eke 1996).  In general compliance with the EQS standards was very
high,.  In 1993, over 99% of List 1 pesticides and 96% of all pesticides passed for all EQSs.
Lindane (HCH) was the most frequent failure for List 1 pesticides.  Just over 1% failed for
List II substances, with moth proofing agents PSCDs/eulan and permethrin most frequently
detected and associated with the textile industry.  Most EQS failures were associated with
sheep dip insecticide.  Other pesticides detected included substances used in non-cropped
land situations, the triazine herbicides atrazine and simazine (used until 1993) and diuron;
localised findings of chlorpropham and tecnazene (potato sprout suppressants) from
processing/washing sites, and other herbicides which have the potential for mobility in the
soil profile such as bentazone, the phenoxy herbicides mecoprop, 2,4-D, MCPA and the
‘urons’ isoproturon, diuron and linuron.  Contamination of water sources is generally
considered to be at a low level and suggesting minimal impact but it is acknowledged that
much of the monitoring is not targeted to determine potential impacts of plant protection
products on non-target organisms.
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INTRODUCTION

Two areas have been selected for England and Wales and both are located in the eastern part
of England and ocver several administrative areas known as counties (Figure 5).  Selection of
both areas is based on the dominance of potato and wheat growing within a larger area
defined by Landell Mills where substantial data are available. Precise identification of two
areas containing a high percentage of the two target crops, wheat and potatoes (Figures 6 and
7) was made using an information system devised and developed by Hollis et at (1993) and
confirmed from Ministry of Agriculture Fisheries and Food (MAFF) agricultural census
parish summaries for 1980.  The precise boundaries of the Landell Mills Survey area were not
known.

The region of England containing the two study areas is described below in terms of
agriculture, climate, geology, soils relief and hydrology.  Factors that do not affect the two
study areas are not considered in depth but may occasionally be mentioned in the text to
provide a better overview for decisions on environmental policy.

AGRICULTURE

The eastern region of England is the main arable area of the country.  As with other areas of
England and Wales economic pressures over the past 20 years have caused the amalgamation
of holdings into larger units and the resultant increased mechanisation has led to a reduced
workforce.  The proportions of principal crops in the main administrative counties of the
region are shown in Table 3.  Most of the agriculture is relatively stable, changing only
gradually with government and EU policy.  However the vegetable markets are unsupported
by subsidy therefore demands are market led and acreages fluctuate.  The chosen study areas
have large hectarages growing the target crops, potatoes and wheat.

Table 3  Agricultural Land Use (ha) (MAFF agricultural and horticultural census 1994)
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Figure 8 shows the region divided into agricultural areas according to farm types and is
derived from the Types of Farm Map (MAFF 1976).  Farms are classed by the proportion of
effort put into the various enterprises comprising each farm business.  Arable farms are
dominant over the central and eastern part of the region with wheat and barley the main crops.
Where soils are suitable and in the lowland around the Wash and in the adjacent Fens
potatoes and sugar beet are important.

In central and east Norfolk (Figure 5), general cropping farms are the most common farm type
but there is a variety of cereal, dairy, pig, poultry and horticultural enterprises.  A similar mix
of farms is also found on the medium and heavy soils, unsuitable for roots, in the south east.
Locally throughout the region there are smaller farms specialising in pig rearing and dairying
with concentrations of horticultural holdings close to local markets specialising in fruit,
vegetable and bulb production where soils are suitable.  Brassicas, root crops and bulbs are
important around the Wash on silty, clayey and peaty soils with carrots and celery grown on
sandy and peat soils elsewhere in the region.  The region is very important for field beans and
like oil seed rape and sugar beet are an important break crop for cereals particularly on the
clayey soils of the chalky till, Jurassic and Eocene clays.

Typical rotations based on a four-year cycle, are given in Table 4 for typical farms on the
main contrasting types of soil on the two study areas.  However a wide variety of rotations
occurs reflecting the range of cropping.

Table 4  Typical crop rotations

Dominant soil
parent material

Rotation

Year 1 Year 2 Year 3 Year 4
Clay till Wheat

Wheat
Rape
Rape

Wheat
Wheat

Beans
Barley

Sands Wheat
Wheat

Sugar Beat
Rape

Wheat
Wheat

Potatoes
Barley

Peat Wheat
Wheat

Beans
Onions

Potatoes
Wheat

Wheat
Brassicas

Marine Clay Wheat Beans Wheat Rape

In the area selected for potatoes, the soils are derived from marine sediments and peats and
are particularly suited to the crop.  The concentration and distribution of potatoes is given in
Figure 7

Many of the heavier soils support rotations of cereals, beans and oilseed rape.  The study area
selected for wheat has a predominance of heavy soils and the concentration and distribution
of wheat cropping is shown in Figure 6



CLIMATE

The climate of Eastern England is influenced by low relief and its proximity to the continent.
Compared with other regions of England and Wales it is least affected by the moderating
influence of the sea so rainfall is lower and there is greater daily or monthly temperature
range than elsewhere.

There are appreciable climatic differences within the region, contrasts being greatest between
the drier lowlands of Essex or the Fens and the wetter uplands of the Chilterns, the
Lincolnshire Wolds or north-west Norfolk.  Within 2 - 3km of the coast there is more
sunshine, less rainfall and less temperature variation than inland.

This account emphasises those aspects of climate which are important for agriculture and
effect management.

Temperature

The accumulated temperature above 0 degrees centigrade for the early half of the year
(January to June) is now preferred as a measure of the heat energy available for plant growth
because of recent work on grass (Peacock 1975, 1976) and cereals (Biscoe and Gallagher
1978).  Data were calculated for 109 representative meteorological stations for the period
1959 to 1978 (Hodge et al 1984).  The more usual summation above threshold of 5.6 degrees
centigrade (Bendelow and Hartnup 1980) is however, more appropriate for crops such as
sugar beet which respond to high summer temperatures and continue to grow well into the
second half of the year.

Figure 9 shows that part of the coast of Essex is the warmest part with more than 1500 day
degrees centigrade.  Other lowland below 60m. has more than 1400 day degrees.  The coldest
areas are those on the higher ground in the north, south and west of the region.  The USDA
described the temperature regime as Mesic (figure 4) which is defined as a mean annual
temperature between 8 and 15oC with a difference between summer and winter of more than
5oC.  Because the land is generally flat it is exposed to strong winds from the north and east.
Cold east winds commonly cause a slow start to the growing season which is between 200-
250 days.

Precipitation

Rainfall varies mainly with relief, even the low hills of Norfolk and Suffolk having
appreciably more rain than adjacent low ground.  The Fens and adjoining lowlands receive
less than 600mm in an average year and with the coastal fringes of Suffolk and Essex and part
of Norfolk, comprise the driest part of the country.  Rainfall rises to over 700mm on exposed
high ground on the north and west fringes of the region and in Norfolk.  In the south west at
heights above 250m.over 800mm is recorded annually.

Precipitation is more or less equally distributed through out the year though there tends to be
least rain in late winter and spring (Table 5)



Table 5  Average monthly rainfall figures for three stations

6WDWLRQ *ULG�5HI +W��P� - ) 0 $ 0 - - $ 6 2 1 ' <HDU

Gubbions Hall;
Great Leigh

TL736177 71.9 49 34 40 38 47 49 41 47 68 44 73 42 572

Mildenhall TL750753 4.6 48 36 32 43 41 38 61 52 51 49 52 46 549

Holbeach St
Marks

TF391322 3 40 28 40 47 46 51 55 56 53 38 59 50 563

Data from Stansted Airport (located in the southern part of Cambridgeshire) indicates that the
annual average rainfall volumes for twice a year return periods of 1minute, 60 minutes, and
24 hours are 1.2mm, 10.2mm and 24.7mm.  The equivalent figures for a return period of 5
years are 2.5mm,20.4mm and 43.5mm.

Some potato crops are irrigated, particularly those on well drained soil, during the summer
deficit period.  Irrigation is applied to reduce the deficit and amounts are usually determined
by various commercial scheduling schemes

Soil Moisture

Potential transpiration is defined as the amount of water transpired by an actively growing
short green crop, which completely shades the ground and is adequately supplied with water
from soil reserves or irrigation (Penman 1948).  This concept can be extended to include
evaporation losses from bare moist soil in winter and is valuable for assessing the affect of
climate on water use by crops and seasonal variations in soil moisture conditions.  The soil
moisture regime class of the eastern region can be considered Udic in the potato growing area
though locally Aquic conditions prevail. In the wheat region aquic is the dominant regime
(USDA 1990) (Figure 3)

Soils with a Udic moisture regime are not dry in any part for more than 90 days in most years
but are dry in some part for significant periods whilst soils with Aquic regimes are wet within
1m depth for significant periods.  Aquic moisture regimes are not dependent solely on climate
conditions so can occur within areas dominated by other moisture regimes.

Soil and climate interactions are examined below using the concept of potential soil moisture
deficit (P.S.M.D.) which is calculated as the difference between potential transpiration and
rainfall during the growing season.  It is largest on the coast of Essex where values are greater
than 225mm and smallest on high ground in the south west and west where values fall to
175mm.  For grass or other perennial crops the maximum PSMD is an appropriate measure.
However most arable crops do not fully cover the ground early in the season and others stop
growing before maximum deficit is reached.  Drought risk for a particular crop can be
assessed by adjusting the moisture deficit for that crop (Hodge et al 1984 and Thomasson
1979).  On soils where soil available water is low (e.g. sands) the need for irrigation is high
particularly if crops are relatively shallow rooted, like potatoes.

Although drought has an important effect on crop yield, soil wetness can cause equally
serious problems in normal years.  Field capacity is a useful concept for assessing the effect
of climatic wetness on agriculture it is calculated from rainfall and potential transpitation



(Smith 1967) and is mainly confined to the winter part of the year.  The duration of field
capacity varies broadly with annual rainfall and can be considered as the period of greatest
pesticide leaching risk either vertically through the soil or laterally on or just below the
surface.  The field capacity period is less than 100 days in the Fens and along the Suffolk and
Essex coasts.  It increases inland and reaches a peak of 175mm on the high ground in the
south west.  In the northern part of the wheat growing study area it reaches a maximum of
150mm.  The field capacity period allows a measure of the accessibility to land by machine
provided allowance is made for soil properties and can help to indicate the suitability of land
for crops.

Cultivation of well drained coarse textured soils is often possible within the field capacity
period without damage to the soil because excess water drains rapidly away, whereas clayey,
with a slowly permeable substratum, and peaty and clayey soils with groundwater at shallow
depth are usually waterlogged throughout the field capacity period.  Horizontal or vertical
disposal of surplus water during rain free periods is too slow to drain the soil profile
adequately consequently they suffer damage if worked.

GEOLOGY, SOILS AND RELIEF

Although the nature and structure of the underlying solid rocks influences the major land
forms Pleistocene and recent deposits are widespread and of prime importance as soil parent
materials (Figures 9 and 10).  This account is chiefly concerned with the physical
characteristics of the rocks but further geological information can be obtained from Chatwin
(1961).

Solid Geology

The solid rocks (Figure 9) consist of stratified, mainly marine sediments that dip gently in a
generally east to south-east direction, with the harder rocks forming escarpments, the softer
ones the vales.  There is little folding or faulting so the geological pattern is simple with
sediments of Jurassic, Cretaceous, Palaeogene, Neogene and Pleistocene age (Table 6).  Soils
are rarely formed directly in the solid rocks within the two study areas but in the widespread
overlying superficial drift.  Nevertheless the solid rocks form subsoils in many places and
influence the water regimes of the many soils.

Jurassic  The Jurassic rocks are mainly slightly calcareous blue-grey clays, with interbedded
harder limestone rocks, often ferruginous.  Succeeding the clays are ironstones and
limestones with clays.  Some of these limestones are ferruginous. Upper Jurassic rocks,
generally softer than those just described, consist of shelly limestones, clays and sands.

Cretaceous  This system succeeds the Jurassic and is comprised of beds of ironstones,
ferruginous sands, clays and limestones.  The most important of these is the chalk
deposit, a characteristically soft white limestone, which underlies the selected wheat
growing area and is considered an important aquifer that in part is very vulnerable to
contamination from surface waters.

Palaegene  In the south-east the chalk outcrop is overlain and protected from pesticide
contamination by the bluish-grey London Clay.  This is a very uniform clay and when



weathered is brown and contains septarian and orange brown iron oxide nodules.
Secondary calcium carbonate derived from overlying rocks may also occur in upper
layers.

Neogene and Pleistocene  These are the youngest sedimentary rocks and comprise Crags that
lie unconformably on both the London Clay and chalk.  They are shallow water
deposits, mainly shelly cross-bedded ferruginous sands and outcrop locally in parts of
the country of Norfolk.

Drift Geology

During the Pleistocene and recent periods drift deposits of various kinds were laid down and
include plateau drift, till chalky drift and glaciofluvial and river terrace deposits, alluvium and
peat (Table 7).  These superficial deposits are mainly thin but comprise the main soil parent
materials in the region (Figure 10)

Both the till and chalky drift are characteristically poorly sorted and contain material of all
sizes from rock flour to rocks and boulders.  Glaciofluvial sand and gravels on the other hand
are partly-sorted water laid material whilst river terrace deposits, better sorted than
glaciofluvial deposits formed in valleys during periods of river aggradation.  Alluvium and
peat of dominantly clay composition is widespread in river valleys and lowlying coastal areas.

Drift

Materials classified as drift comprise pebbly clays in the south west of the region that often
have a thin cover of siltier material and along the north west fringe and along the north west
fringe a mixture of chalk and sand. Both of the above drifts have been mixed with overlying
and underlying deposits by cryoturbation.

During the Devensian period aeolian drift was widely deposited outside the glacial limits
(Perrin et al 1974).  If rarely froms a distinct deposit as it has usually been incorporated into
underlying material by cryoturbation and other processes.  In the north east of Norfolk
recognisable deposits of mainly silty aeolian drift are commonplace and may be more than 2m
think where they fill hollows.

Till

Chalky Till is the most extensive superficial deposit in the region and is a dominant parent
material in the wheat growing area.  The till surface has flat crests and rounded slopes the
whole falling gently to the east following the general dip of the rocks beneath.  It often fills
deep channels in the underlying solid rocks and locally is more than 50m thick.  Although its
chalk content varies, the non-carbonate residue in the upper part is uniformly a clay over a
wide area (Perrin et al 1973).  Typically the unweathered till is gray, calcareous, unstratified
and massive.  It contains abundant pebbles and rounded fragments of white chalk as well as
angular flints and occasional quartz, limestone, septaria and igneous rock fragments.



Glaciofluvial and river terrace deposits

These deposits are not extensive within the two selected areas occurring only on the fringe in
the south east.  Glaciofluvial deposits typically occur on the outer margins of the till.  Whilst
river terrace deposits are of a similar but generally finer lithology and better sorted and occur
bordering rivers and streams.  Both of the above deposits consist of a mixture of sand and
siliceous stones (flints, quartz and quartzite).  However the river terraces flank the present
rivers and constitutent stones reflect the river catchment at the time of deposition so they
often contain chalk as well as flint.

Peat

Peat is extensive in the lowland areas of the Fens and Broads.  It accumulated when post
glacial rise in seawater caused fresh water flooding inland.  The main peats are fen peats
formed from remains of brushwood, reed and some sedge.  The type of peat formed varied
with local conditions and fluctuations in water levels. Today water levels are controlled by
pumping which has been accompanied by peat wastage due to shrinkage and oxidation.
Thick peat is confined to the margins of the Fens and to the area around the Wash in the
potato study area.

Alluvium

The most widespread alluvium is derived from marine sediments deposited during periods of
flood and longer marine incursions.  It is common around the Wash and in the Fens where the
fluctuating level of the sea during deposition led to the alluvium inderdigitating with peat.
The alluvial material is dominantly clay which is usually calcareous though intercalations of
silt and bands of peat also occur.

River alluvium, less extensive than marine alluvium occurs in strips flanking most of the
main rivers and streams.  It is mostly clayey and sometimes calcareous and often less than 1m
thick.



Table 6  Solid Geological Formations and Lithology

System Series Unit Lithology

Pleistocene Norwich Crag Sands
Neogene Pliocene Coralline Crag Calcareous sands
Palaeogene Eocene Claygate and

Bagshot Beds
Sands, loams and gravels

London Clay Clay and loam
Palaeocene Blackheath Beds Sands and gravels

Woolwich and
Reading Beds

Sands and clays

Thanet Beds Sands
Cretaceous Chalk Limestone

Upper Greensand Sands
Gault Clay
Lower Greensand Sand and ferruginous sand

Jurassic Kimmeridge Clay Clay
Corallian Clays and limestone
Oxford Clay Clays
Cornbrash Limestone
Great Oolite Limestone and clay
Inferior Oolite Limestone and ferruginous

sandstone
Upper Lias Clays and limestones
Middle Lias Silts, clays and ferruginous

limestone
Lower Lias Calcareous mudstones and

limestones, some ferruginous



Table 7  Drift Geological Formations and their Lithologies
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Beach deposits Shingle stony
Lake Marl silty and clayey
Alluvium River clayey

Marine clayey and silty
Peat Raised Bog

Fen
Aeolian Sand Dunes sandy

Cover Sand sandy
Aeolian silty drift silty
Other Head loamy and clayey
Chalky drift chalky, sandy and loamy
Glaciofluvial and River
Terrace drift

sandy

Tills Chalky tills mostly clayey
Brown loamy tills loamy
Reddish tills clayey and loamy

Plateau Drift clayey

Soil is the upper layer of the earth mantle and is the product of several complex interacting
processes which are most intense near the surface.  To aid the systematic differentiation and
relationships of soil they are classified based on diagnostic properties of the soil horizons.
The soil classification for England and Wales is fully described by Avery (1980) and Clayden
and Hollis (1984).  It was used on the National Map, Eastern Region (Hodge et al 1984) and
consists of four categories; major soil group, soil group, soil subgroup and soil series.  The
soil map of the eastern region is based on detailed published maps and reconnaissance survey
of previously unmapped area.  The map units are identified by number codes which indicate
the predominant major soil group, group and subgroup and are given the name of the most
dominant soil series within that map unit (Figure 11).

To aid understanding with countries within the EU the main national map units within the
selected areas have been correlated with the FAO classification (FAO-Unesco 1990) (Table
8) and soil information for each of the two study areas is given using FAO classification
terms.



Table 8  Correlation* for National Soil map units within the study areas with the FAO soil
classification.

Major Group Soil Unit Soil Series Soil Map
Unit**

Fluvisols Eutric Fluvisol
Calcaric Fluvisol

Wallasea
Wisbech

813g
812b

Gleysols Eutric Gleysols Agney
Dowels
Rockcliffe
Tanvats
Wallasea
Wisbech

812c
813h
811d
811e
813f/813g
812b

Mollic Gleysols Downhollan
d
Blackwood

851a
821b

Ireton
Isleham

873
861b

Peacock 872a

Leptosols Eutric Leptosols Marcham
Newmarket
Wantage
Willingham

343e
343f/343g
342
372

Arenosols Luvic Arenosols Worlingham 554b

Cambic
Arenosols

Newport 551f/551g

Cambisols Dystric
Cambisol

Bearsted 541A

Eutric Cambisol Ragdale 712g

Calcaric
Cambisol

Aswarby
Blacktoft
Cannamore
Hanslope
Milton
Swaffam
Prior

512a
532a
513
411d
512f
511e

Vertic Cambisol Evesham 411c
Denchworth
Windsor

712b
712c



Luvisols Haplic Luvisol Ashley
Beccles
Burlingham
Curdridge
Moulton
Ludford

572q
711r/711t
572n
841a
571o
571x

Chromic Luvisol Barrow
Hornbeam

581f
582d

Histosols Terric Histosol Adventurers 1024a/1024b

Fibric Histosol Altcar
Turbary
Moor

1022a
1021

*Direct correlations not always possible because some analytical measurements required for
comparison are not available, others may have been assumed from field experience.
�Soil map units of the Soil Map of England and Wales, Sheet 4.

The main soils of the selected areas are represented by a range of Fluvisols, Gleysols,
Leptosols, Arenosols, Cambisols, Luvisols and Histosols.  This interpretation has been made
from the 1:250,000 scale soil map of Eastern England which gives a more numerous range of
soil units and sub-units than are shown on the large scale Soil Map of the European
Communities (FAO 1985) where only Fluvisols, Gleysols, Cambisols and Luvisols are
represented.

The soils throughout the two study areas are dominantly of clay texture with topsoils
occasionally lighter because of inclusions of loamy material locally.  These clayey soils suffer
seasonal waterlogging to a greater or lesser extent and when wet excess water will travel
laterally over the surface or just below it.  In the wheat growing area percolation of rainfall is
reduced due to slowly permeable subsoils so that cultivations, particularly in spring need
careful timing if soil damage is to be avoided.  Crops are mainly cereals with beans and
oilseed rape.  The clay soils in the potato area are affected by fluctuating groundwater and are
mainly under arable cultivation with cereals and oilseed rape the main crops.. Within the
wheat area well drained lighter soils also occur that support crops of field vegetables, and
sugar beet and allow rapid downward movement of excess water.  Peat soils and alluvial silt
are common inclusions in the potato growing area, particularly in the Fens.  Although
waterlogging is affected by fluctuating watertables a system of dykes and pumps are used to
control the water levels.  Here maincrop potatoes are important crops but sugar beet, cereals
and vegetables are also grown.  Despite the large amount of water within the peat and silt
soils that is available for crop growth irrigation is often necessary for optimum yield of
potatoes.

Eastern England is the least hilly part of Britain (Figure 12).  The highest ground rises to
about 250m O.D. in the south west but most is below 60m and appreciable areas are below
sea level (Hodge et al 1984).  Slopes are gentle or moderate and there is very little land too



steep to cultivate.  Large areas are flat but there are two hill systems.  One is located on the
western edge of the area the other in the south.  The Wash separates uplands in Lincolnshire
from plateau features in Norfolk and forms a triangular shaped lowland.  The heart of this
area is the almost level Fens which contain islands of slightly higher ground rising to 37m
O.D.  Commonly the Fens are 3-5m above sea level though peat areas have degraded to
below sea level.  Along the east coast other areas of lowland and marsh occur.

HYDROLOGY AND HYDROGEOLOGY

Large areas within the potato and wheat growing study sites have soils that have either
restricted permeability or high groundwater.  Removal of excess water from the soil surface
or the land by artificial means helps to improve management farming flexibility and
profitability.  It is also one aspect of man’s activity assists in the rapid removal of pesticides
to other parts of the environment.  To aid agricultural development and land improvement the
British Government has, in the past, provided grant aid for land drainage which led to a surge
of drain installation in the 1970’s.  The design of a drainage scheme is influenced by rainfall,
cropping practice, soils and slope and its aim is to remove rainfall rapidly from the soil
surface.  Much research has been carried out on soil type and optimum drainage design
(Thomasson 1975) and in Table 9 the optimum drainage design for the main soil map units
within the two study sites is given.

Table 9  Optimum drainage design of the main soil map units
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512f
811e

75-90 20 Normally
unnecessary

572n
572q
582d

Desirable

411d
411e
513
711r
711t
712b
712c
712g
813f

Essential Wider spacing
if moled

532a
812b
813h
851a
861b
873

90-120 20 Unnecessary Ditch levels
limit pipe drain
depth in places

1022a
1024a
1024b

100-120 20-40 Unnecessary Pipes placed as
deeply as
ditches allow





Surface drainage is via a network of rivers and streams flowing from the higher ground
surrounding the Wash and eventually into one of the four major rivers Welland, Nene, Great
Ouse and Witham discharging to the Wash.  Along the eastern coastal margins drainage is by
a number of small rivers flowing from the Chalky Till plateau in Norfolk and Suffolk to the
coast and the North Sea.

The rocks of the region can be classified according to their physical properties relating to the
occurrence of groundwater.  All rocks contain groundwater but only in a few are there
sufficient quantities suitable for abstraction.  These rocks known as aquifers are an important
source of potable water and in the eastern part of England aquifers are a major water source.

The solid rocks of the region comprise a range of clays, sands and limestones but only the
limestones particularly the chalk are important as aquifers though locally abstraction from
some of the sands can provide small amounts for local use.  Much of the overlying superficial
deposits are fine textured and useless as a water source.  However patches of sands and
gravels can provide sufficient for local needs.The chalk rocks are classed as a major aquifer
(Palmer et al 1995) with the ability to support large abstractions

Rocks which are less able to transmit groundwater may form a hydraulic barrier or a
confining layer to deeper more permeable strata.  Such is the case where the London Clay and
overlies the Chalk in the southern part of the wheat growing study area.  Such a confined area
of the aquifer whose recharge area may be distant is protected from direct percolation of
pollutants. The remainder of the wheat study area is capped by clay till and a variety of more
permeable loamy and sandy deposits. Where the soils in the drift have little ability to
attenuate diffuse source pollutants the aquifer is vulnerable to contamination. These soils are
coarse textured and permeable with low organic matter content and correspond mainly to map
units 521, 551f, 554b, 571x and 572n on the 1:250000 soil map of the England and Wales,
Sheet 4 (Hodge et al 1984). Where the chalk is covered by till the soils are more able to
attenuate contaminants and partially protect the aquifer. These areas mainly correspond to
map units 411d, 582d, 711r, 711t, 712c and 712g.

The potato growing area is underlain by Jurrasic clays ( Figure 9) of negligible permeability
and is classified as a non aquifer ( Palmer et al 1995)

CHARACTERISATION OF UK REGIONS

Potatoes Region

&OLPDWH
Soil temperature       Soil Moisture                        Specific
Mesic Udic - (Endo) Aquic Leaching period   85-125 days

locally(Regional ‘Effective rainfall  50-125mm
groundwater controlled
by pumping schemes



6RLO
Dominant FAO soil types                Characteristics
Calcaric Fluvisols Sandy, silty and clayey soils with low runoff 
Eutric Fluvisols potential, high leaching potential and low
Eutric Gleysols absorption potential

Mallic Gleysols Clayey soils with a moderate run off potential
high leaching potential and moderate  

absorption potential

Terric Histosol Peaty soils with a moderate run off potential,
Fibric Histosol high and intermediate leaching potential and

high absorption potential

+\GURJHRORJ\
Broad class (INRA 1994)                 Specific description
L - weakly or unconsolidated Slowly permeable marine alluvium and peat
‘fine textured’ substrates. Low deposits; mainly non-aquifers, but local minor
storage; low permeability aquifers present

Wheat Region

&OLPDWH
Soil temperature             Soil Moisture               Specific
Mesic (Udic) - (Epi) Leaching period     100-150 days

-Aquic dominates ‘Effective’ rainfall   75-200mm

6RLO
Dominant FAO soil types                Characteristics
Eutric Cambisol Clayey or loamy over clayer soils with a
Eutric Cambisol high run off potential, low leaching potential
Vertic Cambisol and moderate absorption potential. Some
Haplic Luvisols unsaturated and by-pass flow in summer months

Cambic Arenosols Sandy soils with low run off potential, high
leaching potential and low absorption potential

+\GURJHRORJ\
Broad class (INRA 1994)                          Specific description
L over C.  Weakly or unconsolidated Slowly permeable glacial till concealing
‘fine textured’ substrates with low major and minor aquifers with deep
storage and permeability over chalk groundwater
with moderately high storage and
permeability.
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INTRODUCTION

The two regions selected by Landell-Mills for their farm surveys for wheat and potato
production in the UK overlie each other.  The regions are located exclusively within the water
administrative boundary of the Anglian region of the Environment Agency (EA) and occupy a
significant proportion of that area.  The Agency has a statutory requirement to monitor water
quality under the Water Resources Act (1991) and has compiled databases for this region
1991 to the present.

The Environment Agency Anglian region contains a water service company, Anglian Water
plc and four private water companies, Cambridge, Essex, Three Valleys, Suffolk and
Tendring Hundred.  These companies also have a statutory requirement to carry out
monitoring of water quality in addition to that of the EA in order to ensure the
wholesomeness of the water they supply.  Data from this monitoring are available to the
public through the EA and work is in progress to integrate monitoring data from the water
companies with that of the EA on a region-by-region basis.  Anglian region is the only one for
which this work is currently complete and a single database containing all available
monitoring data was thus accessed for the purposes of this project.

SUMMARY OF MONITORING RESULTS

The waters monitored on a routine basis for presence of pesticides by the EA and the water
companies includes fresh surface waters, groundwater, estuarine waters, treated water and
trade effluent.  More targeted sampling is also carried out in response to pollution incidents
and as part of special surveys.  Initially, a database was prepared for the Anglian region which
contained only routine sampling and which excluded treated waters and trade effluents,
although data from special surveys were referred to later to give greater detail on specific
compounds.  This database is summarised in Table 10.

TABLE 10.  Summary of annual data for EA Anglian region for 1991-1994
________________________________________________________________________
Year Total analyses No. of compounds Mean analyses per compound
________________________________________________________________________
1991    23 111   83 278
1992    28 836 112 258
1993    41 831 124 337
1994    42 994 124 347
________________________________________________________________________

The compounds which are monitored in Anglian region contain several which are no longer
registered for use (e.g. DDT and its derivatives or 2,4,5-T) or which are largely industrial (e.g.
pentachlorophenol which is a wood preservative).  Many of the agricultural pesticides
monitored are not registered for use on either wheat or potatoes.  Thus of the 86 individual



compounds identified by Landell-Mills as being applied to wheat or potatoes in Anglian
region, only 36 (42%) have been monitored.  Of these, 19 (51% of the 37 applied) are
herbicides, 8 (67% of 12 applied) are insecticides, and 9 (24% of 37 applied) are fungicides.
The intensity of monitoring varies according to pesticide grouping with an average of 391
samples per herbicide in 1994 compared to an equivalent value for insecticides of 249
samples and for fungicides (excluding tecnazene) of 167 samples.

Table 11 summarises application and monitoring data for those pesticides occurring in both
the Landell-Mills survey for wheat and potatoes in the UK and the EA Anglian monitoring
database.  Very few of the compounds are applied to both wheat and potatoes although this is
less true for the insecticides (1 herbicide, 1 fungicide, 5 insecticides).  However, most of the
compounds have other registered uses which will be appropriate to the Anglian region.  For
wheat, herbicides were the most widely-used group of pesticides with the total weight applied
almost 5 and 3.5 times larger than that for insecticides and fungicides, respectively.
Differences between the total areas of wheat treated were smaller, indicating that application
rates for herbicides were significantly larger than those for the other two groups.  Both area
treated and weight of pesticides applied to potatoes were smaller than those for wheat
indicating the greater proportion of land given over to cereals than to potatoes in this region
(see Section x).  However, insecticides made up the largest part of total applications to
potatoes with the total weight applied 2 and 4 times that for herbicides and fungicides,
respectively.  96% of the total application of insecticides to potatoes was either aldicarb,
oxamyl or pirimicarb.

Results of analyses carried out in the Anglian region between 1991 and 1994 show that
almost all of the pesticides from the Landell-Mills survey which were monitored were
detected in at least one sample.  Only one herbicide and five fungicides were never detected
and the number of analyses carried out for these compounds was significantly smaller than
the average, suggesting that the spread of the available data may be insufficient.  Herbicides
were the most intensively monitored group and were found in the greatest proportion of
samples (16.7% compared to 2.0 and 1.7% of samples for insecticides and fungicides,
respectively).

The properties of the insecticides and fungicides are such that their limits for detection for
analysis are often significantly lower than those for herbicides (typically 0.01-0.02 µg/l
compared to 0.05-0.1 µg/l).  Thus, comparisons between groups of pesticides are more
usefully performed by comparing data for pesticides detected at concentrations >0.1 µg/l.
Here, the difference between occurrence of herbicides and that for insecticides and fungicides
was even greater.  Herbicides were detected at concentrations >0.1 µg/l in 7.2% of water
samples analysed on a routine basis between 1991 and 1994 compared to 0.2 and 0.1% of
samples for insecticides and fungicides, respectively.  Of the 18 herbicides listed, only three
were found more regularly than the average of 7.2%.  These compounds were isoproturon
(36.2% of samples), mecoprop (30.0% of samples) and bentazone (13.3% of samples).  Each
of these compounds is characterised by a high application rate coupled with use in late
autumn, and by a relatively high mobility.  Specific reasons for the occurrence of these
herbicides in water bodies in Anglian region have been identified and will be discussed later.



TABLE 11.  Total applications of pesticides to potatoes and wheat from the Landell-Mills
survey and summary of results of analyses carried out in Anglian region during 1991-94 for

all pesticides monitored (compounds applied to <20 ha are excluded)
________________________________________________________________________________________
Pesticide name Type Applied to wheat Applied to potatoes Analyses in Anglian (1991-94)

Area Weight Area Weight Total Number % Number %
(ha) (kg) (ha) (kg) analyses >LOD >LOD >0.1µg/l >0.1µg/l

_________________________________________________________________________________________
+HUELFLGHV
Benazolin h   127       8   -     -     218     20   9.2       5   2.3
Bentazone h     -     -   451   324     667   164 24.6     89 13.3
Bromoxynil h   592     78     -     -   1014     96   9.5     49   4.8
Chlorotoluron h     44   308     -     -   1350   189 14.0     90   6.7
Fluroxypyr h 2445   678     -     -   2221       7   0.3       0   0.0
Ioxynil h   592     68     -     -     855     18   2.1       8   0.9
Isoproturon h 1582 3445     -     -   1387   725 52.3   502 36.2
Linuron h     -     -     93   172   1255   116   9.2     17   1.4
MCPA h   626   611     -     -   1539   171 11.1     79   5.1
MCPP h   215   274     -     -   1923   956 49.7   577 30.0
MCPP-P h   275   289     -     -      "     "   "     "    "
Monolinuron h     -     -   160   261     458     50 10.9     19   4.1
Pendimethalin h   177   167     38     63   1081     31   2.9       2   0.2
Prometryne h     -     -     38     41   1339     22   1.6       2   0.1
Terbuthylazine h     -     -   301   148       37       0   0.0       0   0.0
Terbutryn h     -     -   383   427   1353   207 15.3     47   3.5
Triallate h     39     66     -     -     498     80 16.1       3   0.6
Trietazine h     -     -     82     82   1735   233 13.4     73   4.2
Trifluralin h   248   180     -     -   2687   527 19.6       4   0.1
7RWDO ���� ���� ���� ���� ����� ���� ���� ���� �����

,QVHFWLFLGHV
Alidicarb i     -     -   541 1654   962     9 0.9   4 0.4
Chlorfenvinphos i   265     80     -     -   791   13 1.6   1 0.1
Chlorpyrifos i   413   154   124     27 1005   33 3.3   4 0.4
Demeton-S-M i     61       7     62     20   284     2 0.7   0 0.0
Dimethoate i 1549   638   261   107   673   43 6.4   3 0.4
Fonofos i   860   171     -     -   461     2 0.4   0 0.0
Oxamyl i     -     -   510 2647   918     6 0.7   1 0.1
Pirimicarb i 1375   282 1482   540   540     4 0.7   1 0.2
7RWDO ���� ���� ���� ���� ���� ��� ��� �� ���

)XQJLFLGHV
Carbendazim f 1954     42   -   -       4   0 0.0 0 0.0
Chlorothalonil f   998   601 225 437 2087   3 0.1 1 0.0
Fenpropimorph f   923   850   -   -   461   1 0.2 0 0.0
Flutriafol f   794     93   -   -       4   0 0.0 0 0.0
Iprodione f     -     - 138   17       2   0 0.0 0 0.0
Metalaxyl f     -     - 563 187   466 15 3.2 5 1.1
Propiconazole f   917   151   -   -       4   0 0.0 0 0.0
Tecnazene f     -     -   24   15 2447 74 3.0 1 0.0
Triadimefon f   260     50   -   -     12   0 0.0 0 0.0
7RWDO ���� ���� ��� ��� ���� �� ��� � ���
_________________________________________________________________________________



PRESENCE OF RESIDUES IN SURFACE WATERS IN THE WHEAT AND POTATO
SUB-REGIONS

It is important to investigate whether there is a difference between the fate of pesticides for
use on wheat compared to those applied to potatoes.  In order to do this, two discrete areas
within the EA Anglian region were identified as being particularly important for the growth
of one of these two crops (see Figures 13 and 14).  Monitoring data were divided to generate
subsets of information for those sites located within one of the two areas, resulting in 15 505
and 27 906 individual results for the wheat and potato regions, respectively.  Of these subsets
of monitoring data, almost all were for surface waters and those for the twelve pesticides
selected for ecotoxicological assessments are summarised in Table 12.

TABLE 12.  Summary of analyses (1991-94) for the twelve pesticides selected for
ecotoxicological assessments in untreated surface waters in the wheat and potato sub-regions

of EA Anglian
___________________________________________________________________________
Pesticide name Crop Total weight Analyses in  sub-region

applied to Total Number Number Maximum
sub-region (kg) analyses >LOD >0.1µg/l (µg/l)

___________________________________________________________________________
:KHDW�VXE�UHJLRQ
Aldicarb Potatoes         0 124 0 0 <0.1
Azinphos-Me Neither         0 122 0 0 <0.05
Chlorothalonil Both     601 162 0 0 <0.04
Cypermethrin Both       25 No data
Dimethoate Both     638 98 5 0 0.07
Fenpropimorph Wheat     850 63 0 0 <0.1
Isoproturon Wheat   3445 196 87 76 7.91
Mancozeb Both     351 No data
MCPA Wheat     611 264 23 10 0.86
Metalaxyl Potatoes         0 63 3 2 0.29
Pirimicarb Both     282 95 1 0 0.03
Propiconazole Wheat     151 4 0 0 <0.05

3RWDWR�VXE�UHJLRQ
Aldicarb Potatoes   1654 91 0 0 <0.1
Azinphos-Me Neither         0 105 1 0 0.02
Chlorothalonil Both     437 397 2 1 0.51
Cypermethrin Both        7 No data
Dimethoate Both     107 50 6 0 0.09
Fenpropimorph Wheat         0 40 0 0 <0.05
Isoproturon Wheat         0 121 65 57 4.90
Mancozeb Both 10291 No data
MCPA Wheat         0 162 12 6 0.16
Metalaxyl Potatoes     187 33 1 0 0.05
Pirimicarb Both     540 39 1 0 0.03
Propiconazole Wheat         0 No data
___________________________________________________________________________



FIGURE 13.  Map showing proportions of wheat in England and Wales (based on 1988 MAFF Parish Census
data) and the wheat sub-region defined for this project

FIGURE 14.  Map showing proportions of potatoes in England and Wales (based on 1988 MAFF Parish Census
data) and the potato sub-region defined for this project



There were slightly more total analyses of the twelve pesticides available for the wheat
region, but there were no significant differences in the proportions of samples containing
residues of a given pesticide in the wheat region compared to the potato region.  None of the
twelve pesticides are registered for use exclusively on either wheat or potatoes and the data
highlight the difficulty in drawing a relationship between residues of a pesticide in water
bodies and application of that pesticide to a single crop.

However, certain broad conclusions can be drawn.  Of the ten pesticides for which at least
some monitoring data are available, two are herbicides, four are insecticides, and four are
fungicides.  The two herbicides are much more commonly detected in surface waters in
Anglian region than any of the other compounds.  Isoproturon is the second most widely used
pesticide in England and Wales after sulphuric acid (Garthwaite HW�DO�, 1995), and in part its
frequent appearance in surface waters is simply a function of its widespread application both
in terms of area and amount applied.  MCPA is less widely used, but was still much more
commonly detected than any of the insecticides or fungicides.

A number of factors contribute to the greater losses of certain herbicides to surface waters
compared to those of insecticides and fungicides:

a) widespread usage often coupled with high application rates
b)  physico-chemical properties - herbicides tend to be more soluble in water and to
sorb more weakly to soil than insecticides or fungicides.  This is a consequence of
the need for herbicides to be taken up by plant foliage or roots to be efficacious.
Herbicides are frequently less persistent than the other compounds, but their greater
relative mobility can still be important where significant rainfall is received soon
after application
c)  timing of application - many herbicides are applied to bare soil either pre- or early
post-emergence whereas insecticides and fungicides are often applied to established
crop canopies.  This means that interception of both applied pesticide and incident
rainfall by the crop may be a significant factor for insecticides and fungicides which
is often negligible for herbicides.  Herbicides for application to winter cereals are
often applied mid- to late-autumn just before the onset of the winter leaching period
which means that the largest soil residues are available for transport from the soil at
the most likely time for leaching of pesticides.  Autumn applications of insecticides
and fungicides are much less common.

One insecticide (dimethoate) and one fungicide (metalaxyl) were detected in a small number
of samples at low concentrations, whereas the other insecticides and fungicides were detected
either very rarely or not at all.  Dimethoate is relatively mobile, but also rapidly degraded in
soil, whereas metalaxyl is only moderately mobile, but is also moderately persistent.  Both
compounds thus have the potential for movement to water sources, but this is much more
restricted than for isoproturon or MCPA because dimethoate and metalaxyl are applied at
lower rates and later in the season when crop interception will be greater and the risk of
leaching is less.  Occurrences of all other compounds in surface waters are extremely isolated
and there is insufficient evidence to conclude that they result from diffuse applications to
agricultural crops.  Azinphos-methyl is not registered for agricultural use in the UK, but was
detected in one water sample taken from the potato region.  This suggests a non-agricultural
source for this residue.



RELATIONSHIP BETWEEN APPLICATION PATTERNS AND PRESENCE OF
RESIDUES IN SURFACE WATERS

The presence of residues of pesticides in surface waters can be directly related to their
patterns of usage because the time lag between movement from a field and appearance in the
water body is generally small.  Figures 15 and 16 show the pattern for detections of
isoproturon and MCPA in surface water bodies of the wheat sub-region.  Isoproturon is
applied to winter cereals during the period late September to early November and then to
spring cereals in late March to April and the bi-modal pattern of detections over the year is a
reflection of this.  There is a winter flush following autumn applications and the onset of
winter drainage which peaks in January when 80% of samples contained a residue >LOD and
then tails off rapidly as residues in soil decrease in early spring.  A second flush is then
observed after spring applications which peaks in April/May and again tails off sharply over
the summer months.  By contrast, MCPA is only applied to cereals in spring and only one
main flush is observed which peaks in May.  MCPA has a number of other registrations for
use including applications to amenity and ley grassland, and the detections during January-
April may be a result of these other uses.  The total weight of isoproturon applied to wheat in
the Landell-Mills survey was over five times that of MCPA.  The monitoring data reflects this
with isoproturon being much more frequently detected.

For pesticides which are detected relatively frequently, it is possible to follow the pattern of
residues within a given river system.  The River Great Ouse and its tributaries are sampled at
five points within the potato sub-region (see Figure 17) and results for residues of isoproturon
during 1993/94 are shown in Figure 18.  Three of the sampling points (A, B, and C) are in
tributaries (River Nar Marham, Cutoff Channel and River Wissey, respectively) were
frequently <LOD with some small concentrations peaking in spring and winter 1994.  The
other two sampling points (D and E) are on the River Ouse at Stow Bridge and The Point
Kings Lynn, respectively.  Concentrations of isoproturon in waters sampled on the main river
at D and E are consistently larger than those in the tributaries which feed it although the
overall pattern of peaks in concentration is broadly similar.  Concentrations at sampling point
D are somewhat larger than those at point E suggesting some dilution by waters entering the
river beyond point D.  It can be concluded that much of the isoproturon detectable in the main
river within the potato sub-region is the result of movement to the river system outside of the
potato sub-region from the wheat sub-region and/or from the south-west of Anglian region
around Bedford and Milton Keynes.  This again highlights the great difficulty in drawing a
link between information on usage patterns for pesticides and monitoring data showing the
pattern of pesticide residues in water sources.



FIGURE 15.  Pattern for the detection of isoproturon in water samples analysed from the wheat sub-region
during 1991-94
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FIGURE 16.  Pattern for the detection of MCPA in water samples analysed from the wheat sub-region during
1991-94
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FIGURE 17  Sampling points along the River Great Ouse system within the potato sub-region

FIGURE 18  Residues of isoproturon in samples taken during 1993/94 at five points along the River Great Ouse
and its tributaries
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PATHWAYS FOR MOVEMENT OF RESIDUES TO SURFACE WATERS

Possible environmental pathways which may result in movement of pesticide residues from
non-point sources to surface waters include transfer in overland flow, sublateral flow through
the surface soil layers and drainflow with chemical either transferred dissolved in that flow or
sorbed to sediment suspended in the flow.  Residues may also result from slower leaching to
depth followed by movement to surface waters as baseflow recharge.  For the UK in general,
the most important of these pathways is “rapid movement through the soil profile via
macropore flow with drainage into nearby ditches and other surface-water bodies” (Jones HW
DO�� 1995).  This pathway is particularly important in Anglian region where the soils are
dominantly of clay texture.  Coupled with generally low altitude and flat topography, this
means that much of the region is covered by soils which have either restricted permeability or
high groundwater and thus require artificial drainage to allow sustained arable cultivation.

Although a number of different drainage systems are in use, all act to rapidly remove excess
water incident at the soil surface from the soil profile to adjacent surface waters.  Movement
of water to land drains is frequently enhanced in clay-rich soils by bypass flow through
natural cracks, fissures and biopores.  The net effect is that water and associated solutes such
as pesticides move very rapidly to adjacent ditches and streams in response to rainfall with
response times frequently less than 1 hour.  The potential for attenuation of pesticide
concentrations by sorption or degradation during movement down the soil profile is greatly
reduced and relatively large, but transient concentrations of pesticide may move out of the
drainage system.  Movement to surface waters via drains is particularly important for cereal
herbicides which are generally applied immediately before the onset of winter drainage in late
autumn or towards the end of the drainage period in early spring.

Overland flow and consequently erosion are relatively unimportant processes in Anglian
region, although they may be important on a very localised scale and are more prevalent in
other parts of the UK, notably south-west England.  The topography of the Anglian region is
relatively flat, rainfall totals and intensities are relatively small and the soils are generally
highly structured and thus not prone to erosion.  Excess water at the soil surface under arable
conditions is normally removed rapidly by the extensive artificial drainage systems thus
further decreasing the likelihood of significant overland flow.

A large number of research programmes in the UK have highlighted the importance of losses
of pesticides in drainflow to surface waters, and several of these have been carried out within
Anglian region.  Hardy (1996) monitored losses of isoproturon and diflufenican in drainflow
from a site in Essex in southern Anglian region with Melford loamy over clay soil.
Concentrations of isoproturon of up to 30 µg/l were detected in the aqueous phase of water
leaving the drains.  Concentrations increased rapidly as flow started in response to heavy
rainfall and then decreased rapidly by a factor of approximately 10 as rate of flow decreased
again.  A similar pattern of concentrations of diflufenican was observed with a maximum
value of 2 µg/l, but almost all of this strongly-sorbed compound was on sediment suspended
in drainflow indicating that this can be an important mechanism for pesticide transport.

Jones (1993) monitored losses of isoproturon following autumn and spring applications to a
site in Bedfordshire in western Anglian region with Hanslope clay soil over chalky drift.  This
soil type is typical of much of Anglian region.  Analysis of water exiting the tile drainage
system showed concentrations of isoproturon which were largest in the first intense rainfall



events following applications and this was attributed to rapid vertical movement through
cracks in the soil.  Monitoring of river water at a site 10 km downstream from the
experimental plot showed concentrations of isoproturon which mirrored, but were smaller
than those moving to a ditch adjacent to the plot via drainflow.  Losses to surface waters
during periods with little flow were minimal either because of small concentration or low
rates of flow.  Importantly, overland flow was also monitored on the site, but none was
recorded over the study period.  The author comments that the slope and heavy clay soil at the
site were more conducive to runoff than at many arable fields in the region and that several
high intensity events occurred and concludes that overland flow is not as important as other
transport pathways.

Baseflow from groundwater sources makes up a significant proportion of total river flows in
the region and will sustain rivers during the summer months when runoff volumes are small.
This baseflow has the potential to be a significant source of pesticides in surface waters where
leaching to depth followed by lateral movement in groundwater occurs.  However, monitoring
results for river systems showing peaks in detections of pesticides in the months immediately
following application (see Figures 15 and 16) suggest that such slow movement is relatively
insignificant compared to rapid movement in drainage and sublateral flow and this is
supported by very low rates of detection of pesticides in groundwater samples (see Section x).
A research monitoring programme carried out on the Granta catchment, Cambridgeshire to
the west of the sub-region gives further evidence that movement to surface waters is
dominated by movement in drainflow (Clark HW�DO., 1991).  Analysis of river samples taken
over a storm event in November 1987 showed a peak in river flow within 12 h of heavy
rainfall which coincided with transient peaks in concentration of a number of pesticides
including isoproturon, mecoprop, 2,4-D and chlorotoluron.  Pesticide concentrations
increased as flow rates increased with isoproturon concentrations peaking at 2.5 µg/l at the
time of maximum river flow.  Concentrations then decreased very rapidly and were close to
zero by the time flow had returned to background levels (48-72 h after rain ceased.

PRESENCE OF RESIDUES IN GROUNDWATERS IN THE WHEAT AND POTATO
SUB-REGIONS

There are very few data available from routine monitoring for the presence of pesticides in
groundwaters in the two sub-regions (see Table 13) with only 24 individual analyses in the
two sub-regions together.  This is a reflection of the geology of the area with almost all of the
underlying aquifers being concealed and thus not in direct hydrological contact with waters
moving down from the surface.  None of the routine analyses showed residues of any of the
twelve pesticides in Table 13.  The absence of residues of these 12 pesticides from
groundwaters in this region is confirmed by a special survey for the whole of the EA Anglian
region carried out in May to July 1993 (see Table 4).  Between 24 and 26 samples were taken
across the region and analysed for 9 of the 12 pesticides under consideration.  Of the 223
individual analyses, only 2 were positive with one detection each of dimethoate and
fenpropimorph, both at concentrations <0.1 µg/l.



TABLE 13.  Summary of analyses for the twelve pesticides selected for ecotoxicological
assessments in groundwaters in EA Anglian

___________________________________________________________________________
Pesticide name Crop Routine analyses in wheat Special survey analyses in

and potato regions (91-94) Anglian region (May-July 93)
Total Number Total Number Maximum
analyses >LOD analyses >LOD (µg/l)

__________________________________________________________________________A
ldicarb Potatoes 2 0 24 0 <0.1
Azinphos-Me Both 2 0 24 0 <0.02
Chlorothalonil Both 2 0 26 0 <0.01
Cypermethrin Both No data No data
Dimethoate Both 2 0 24 1 0.01
Fenpropimorph Wheat No data 25 1 0.09
Isoproturon Wheat 4 0 25 0 <0.05
Mancozeb Both No data No data
MCPA Wheat 12 0 25 0 <0.1
Metalaxyl Potatoes No data 25 0 <0.05
Pirimicarb Both No data 25 0 <0.03
Propiconazole Wheat No data No data
___________________________________________________________________________

Additional information on the presence of residues in groundwaters in the Anglian region is
available from the Granta catchment study (Clark HW�DO., 1991) in which samples were
analysed for twenty pesticides including chlorothalonil, dimethoate, isoproturon and MCPA.
Analyses of water from four public supply boreholes sampled on three occasions between
1987 and 1990 showed no quantifiable residues in two of the boreholes and only atrazine and
simazine present in the other two with maximum concentrations of 0.07 and 0.13 µg/l,
respectively.  Presence of both of these residues was attributed to non-agricultural usage.  The
programme also investigated the quality of groundwater within the chalk aquifer by sampling
ten observation boreholes and private wells.  Three were found to contain no residues, five
contained only atrazine and/or simazine, but the remaining two contained concentrations of
isoproturon and chlorotoluron of up to 0.61 and 0.35 µg/l, respectively.  The detections of
these agricultural uron herbicides was attributed to specific hydrogeologic conditions with
local karstic recharge of surface runoff to deep groundwater meaning that fissures effectively
by-passed the attenuation zone of the chalk aquifer.  None of the other sixteen pesticides were
detected in any of the samples analysed.

PATHWAYS FOR MOVEMENT OF RESIDUES TO GROUNDWATERS

There is no evidence for systematic contamination of groundwaters in Anglian region by
agricultural pesticides, with only very infrequent detections at very low concentrations of any
of the compounds applied to wheat or potatoes.  It is thus impossible to draw any conclusions
about pathways for movement to groundwaters.  It cannot be concluded that the detections
did not arise from point source contamination via spillages and soakaways.  However,
evidence from Clark HW�DO�, 1991 suggests there may be some potential for movement of
diffusely-applied herbicides to groundwaters under specific circumstances where fissuring
through the underlying parent material may lead to rapid movement and the bypassing of the
pesticide attenuation zones overlying aquifers.  The triazine herbicides simazine and atrazine



have been detected in groundwater sources on a more systematic basis, but their use within
Anglian region is almost entirely non-agricultural.  This usage of atrazine and simazine has
now stopped following a ban imposed in 1994.

FAILURES TO MEET ENVIRONMENTAL QUALITY STANDARDS FOR PESTICIDES
IN WATERS

The EA has developed Environmental Quality Standards for approximately forty pesticides in
water which define maximum concentrations in freshwaters as both absolute and annual
average values.  The latest year for which information on exceedances in Anglian region are
available is 1993 and the data are summarised in Table 14 along with the main registered uses
of the compounds detected.  Of the seven pesticides listed, only lindane has extensive
agricultural uses, although it is not possible to say whether the residues result from diffuse
applications or to point source uses such as wood treatment.  Atrazine was used until 1993 for
non-agricultural weed control and several studies in the UK document contamination of water
sources from such use of the triazines.  Approval for non-agricultural use has now been
withdrawn.  Chlorpropham, diazinon and tecnazene all have minor agricultural uses, but their
main registered uses are industrial or from food processing.  It is almost certain that the
residues of these compounds which were detected arose from trade effluent outputs direct to
water bodies.  Finally, two compounds (ppDDT and isodrin) were detected which are no
longer registered for use in the UK.  These concentrations arise from residues persisting in the
environment, possibly via slow release of pesticide sorbed to sediments in surface water
systems.

TABLE 14.  Pesticide EQS failures in freshwaters for EA Anglian region in 1993
___________________________________________________________________________
Pesticide Type of failure No. of EQS Main registered uses

failures (µg/l)
___________________________________________________________________________
Atrazine Annual average 1 2 Non-agricultural weed control, maize

Chlorpropham Single value 4 40 Potato washing plants, vegetables,
Annual average 4 10 beets, horticulture, ornamentals

ppDDT Annual average 1 0.01No registered uses

Diazinon Single value 1 0.1 Wool and carpet industries, sheep
Annual average 4 0.01dips, vegetables

Isodrin Annual average 1 0.005 No registered uses

Lindane Annual average 3 0.1 Various crops including cereals,
(gamma-HCH) oilseed rape and sugar beet, wood

treatment, pharmaceutical

Tecnazene Annual average 1 1 Potato washing plants
___________________________________________________________________________



CONCLUSIONS

1. A very large amount of routine monitoring data has been collated by the Environment
Agency and private water utilities/companies for the wheat- and potato- growing regions
of the UK.  Almost all of these data were for surface waters, possibly reflecting that much
of the underlying aquifers is concealed by overlying impermeable layers.

 
2. Over 120 compounds have been monitored in Anglian region, but many are not registered

for use on wheat or potatoes.  Of the 86 individual compounds identified by Landell-Mills
as being applied to wheat or potatoes in the UK, only 36 (42%) have been monitored, with
fungicides monitored least.  Intensity of monitoring decreases in the order
herbicides>insecticides>fungicides.

 
3. Of the 36 wheat or potato pesticides monitored, only one herbicide and five fungicides

have never been detected in water bodies in the region.  Between 1991 and 1994,
herbicides were detected at concentrations >0.1 µg/l in 7.2% of samples with the
equivalent value for insecticides and fungicides being 0.2 and 0.1% of samples.

 
4. When data were compared for sub-regions particularly important for the growth of either

wheat or potatoes, there was no consistent difference in the proportions of positive
detections for wheat or potato pesticides in either.  It is very difficult to attribute the
appearance of a given residue in water bodies to applications to a single crop.

 
5. Of twelve pesticides chosen for further ecotoxicological assessments, the two herbicides

were by far the most commonly detected in surface waters.  This was attributed to their
widespread use, high application rates, physico-chemical properties and timing of
application.  Clear peaks in the proportion of surface water samples containing residues of
these herbicides occurred in the months immediately after application to cereals in the
region.  The four insecticides and four fungicides selected were detected only very rarely
and at lower concentrations than the herbicides.

 
6. The main pathway for movement of pesticide residues to surface water sources is rapid

transport in response to rainfall either in drainflow or in sub-lateral flow through the upper
soil across a relatively impermeable subsoil horizon.  This rapid movement means that
much of the potential for sorption or degradation in the soil is bypassed.  Such movement
occurs mainly between December and March/April and this contributes to the
predominance of herbicide residues in surface waters as many of these compounds are
applied either late autumn or early spring just before or during the main drainage period.
Insecticides and fungicides are often applied later in the season once drainage has stopped

 
7. There are very few data for presence of the twelve pesticides in groundwaters.  There is no

evidence for any systematic contamination of groundwaters in the region with four of the
eight pesticides monitored detected only very infrequently and at low concentrations.
These residues might be attributed to point source contamination or to local
hydrogeological conditions where fissuring causes rapid movement of surface-applied
pesticides to depth.

 



8. Seven pesticides failed environmental quality standards for water in Anglian region in
1993.  Lindane was the only one with extensive diffuse agricultural uses, but its detection
may also have derived from use in wood treatment.  Residues of the other six compounds
were likely to have resulted from non-agricultural applications or industrial usage or were
historical residues from persistent compounds which are no longer in use.
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USE OF PLANT PROTECTION PRODUCTS

Each collaborating country confirmed the registration status of the 12 active substances.
Active substances may be registered for use in the Member State even if the Landell Mills
usage survey did not identify their use on the target crop(s) in the region identified.  Because
environmental fate pathways are complex it is possible for plant protection products to be
transported to areas of zero usage, either at the regional or country level.

Usage data from the Landell Mills draft reports were then summarised for each crop and
country in tables 1-5 to determine extent of use in the regions and thus the potential for
residues to occur.  Percentage treated is the percentage of land treated with the active
substance in the regions defined and surveyed by Landell Mills.  Dose is the cumulative
average dose (g/ha) for all land treated with the active substance in the region surveyed by
Landell Mills. (Å) represents an additional % area treated with alphacypermethrin.

Table 1 Wheat

Active substance
Germany UK France Italy

%Treated Dose %Treated Dose %Treated Dose %Treated Dose
Aldicarb - - - - - - - -

Azinphos-methyl - - - - - - - -

Chlorothalonil 4 309 22 602 23 941 - -

Cypermethrin (Å)4 9 21 25 5 40 - -

Dimethoate - - 34 411 - - 8 746

Fenpropimorph 82 537 20 921 54 399 11 702

Isoproturon 89 976 34 2177 31 1129 13 1235

Mancozeb - - 6 1295 2 1207 (<) (277)

MCPA 32 668 14 975 15 639 24 619

Metalaxyl - - - - - - - -

Pirimicarb 48 148 30 238 16 100 10 217

Propiconazole 27 93 20 164 7 142 1 250

All active substances with the exception of aldicarb, azinphos-methyl and metalaxyl were
identified as having been used on wheat in at least one of the four wheat study regions.
Fenpropimorph, isoproturon, MCPA, pirimicarb and propiconazole were the only active
substances applied in all wheat regions



Table 2 Potatoes

Active substance
Germany UK France Netherlands

%Treated Dose %Treated Dose %Treated Dose %Treated Dose
Aldicarb - - 26 3057 - - 8 751

Azinphos-methyl - - - - - - - -

Chlorothalonil - - 11 1941 0.3 4500 - -

Cypermethrin 9
(Å=3)

110
(Å=9)

9
(Å=2)

39
(Å=20

)

- - - -

Dimethoate - - 13 410 6 2289 33 539

Fenpropimorph - - - - - - - -

Isoproturon - - - - - - - -

Mancozeb 43 1161 89 5632 96 20325 47 6698

MCPA - - - - - - - -

Metalaxyl 33 796 27 331 - - 13 502

Pirimicarb 28 307 72 364 52 199 44 490

Propiconazole - - - - - - - -

Seven of the active substances were used in at least one of the countries.  Dimethoate,
mancozeb and pirimicarb were the only active substances used in all four countries.



Table 3 Apples

Active substance
France Italy Spain

%Treated Dose %Treated Dose %Treated Dose
Aldicarb - - - - - -

Azinphos-methyl 62 1029 6 592 21 1469

Chlorothalonil - - - - 6 1138

Cypermethrin - - - - 10(Å=5) 131(Å=48)

Dimethoate 56 1076 - - 53 4350

Fenpropimorph - - - - - -

Isoproturon - - - - - -

Mancozeb 71 11401 47 10162 3 3773

MCPA - - 24 499 50 565

Metalaxyl - - - - - -

Pirimicarb 1 37 53 533 - -

Propiconazole - - - - - -

Seven active substances were used in a least one of the countries.  Azinphos-methyl and
mancozeb were the only active substances used in all three countries.



Table 4 Vines

Active substance
France Italy Spain

%Treated Dose %Treated Dose %Treated Dose
Aldicarb - - - - - -

Azinphos-methyl - - 5 1233 1 1200

Chlorothalonil - - - - - -

Cypermethrin 2 17 - - - -

Dimethoate - - 7 1217 - -

Fenpropimorph - - - - - -

Isoproturon - - - - - -

Mancozeb 60 6016 78 6141 6 1166

MCPA - - 1 144 - -

Metalaxyl - - 35 869 65 462

Pirimicarb - - - - - -

Propiconazole - - - - - -

Six active substances were used in at least one of the countries.  Only mancozeb was used in
all three countries.



Table 5 Summary of use on all crops/countries

Compound
Wheat Potatoes Apples Vines

GE UK FR IT GE UK FR NL FR IT SP FR IT SP
Aldicarb - - - - - á - (á) - - - - - -
Azinphos-methyl - - - - - - - - á (á) á - (á) (á)
Chlorothalonil (á) á á - - á (á) - - - (á) - - -
Cypermethrin (á) á (á) - (á) (á) - - - - á (á) - -
Dimethoate - á - (á) (á) á (á) á á - á - (á) -
Fenpropimorph á á á á - - - - - - - - - -
Isoproturon á á á á - - - - - - - - - -
Mancozeb - (á) (á) (á) á á á á á á (á) á á (á)
MCPA á á á á - - - - - á á - (á) -
Metalaxyl - - - - á á - á - - - - á á
Pirimicarb á á á á á á á á (á) á - - - -
Propiconazole á á (á) (á) - - - - - - - - - -
à applied to >10% of the survey farms
(à) applied to <10% of the survey farms
- not applied

Tables 1-4 show that no active substance chosen for this study was applied at similar rates in
the different regions.  Nor was the area of land treated consistent between the regions.

Table 5 shows that interpretation of environmental monitoring data to derive specific fate
pathways is complicated by the fact that many plant protection products are not crop specific.
They can be applied to a range of crops using different application rates, application
technologies and at different times of the year.  Regional usage varies and tonnage applied is
different, e.g. mancozeb application rate to apples in Italy is approximately 3 times greater
than in Spain.  46% of the crop in Italy is treated whereas only 3% is treated in Spain.

Table 5 also shows that usage of fenpropimorph, propiconazole and isoproturon is specific (in
the surveyed regions) to the wheat crop.  All three active substances were applied in each
region.  Dimethoate and mancozeb appear to be broad spectrum and used on all crops, whilst
pirimicarb is used on all crops except vines.  Metalaxyl is specific to potatoes and vines.
Cypermethrin appears to have limited use apart from on wheat in the UK and on apples in
Spain.  MCPA is used on all crops except potatoes.  Aldicarb has very limited use on potatoes
in the Netherlands and the UK region is the only one with any significant usage.  Azinphos-
methyl is used in limited quantities in vines but to a greater degree on apples.

MONITORING DATA

European Pesticide Monitoring Database

The EU pesticide monitoring database is held at SSLRC, Silsoe, UK.  The file currently
contains 73,000 records (>1200 pages of records) from five countries and is approximately 8
Megabytes in size.  Each query will produce maximum, minimum and average concentration
of pesticide and number of records.

Standard query examples are:
1. Retrieve by country and region for any active substance.
2. Retrieve by year each country, region and active substance.



3. Retrieve by water type each country, region and active substance.
4. Retrieve by reason for sampling each country region and active substance.

Time and budgetary constraints within this project have precluded further analysis of data but
the structure and information within the database will allow future users to benefit from the
considerable effort required to develop this information set.  Annex II of this report contains
information concerning the 12 active substances investigated.

Monitoring data from the regions

Monitoring data are presented and discussed in each country report in chapter 5.  This chapter
overviews that information

It should be noted that the monitoring data presented in this document cannot provide a true
indication of real environmental concentrations for any given active substance and hence the
amount of exposure to non-target organisms.  The data simply provide ‘snapshots’ in time
which must be related to previous and prevailing agroclimatic conditions for interpretation.
Ideally, databases for monitoring concentrations and the exposure of non-target aquatic
organisms should be based on frequent sampling during application, following
rainfall/irrigation events and routine monitoring during other periods.  The study area would
need to be defined and fully characterised.  Full information on soil type, hydrogeology, land
management, weather and pesticide usage would be required.  A water catchment based study
is suitable since all inputs and outputs would be more easily defined and the overall impact of
usage over a wide area can be assessed. Upscaling, as described by INRA (1994), from this
detailed information, (using mathematical models for extrapolation of data, for example), to
the regional or national or even European level could possibly be achieved.

For the purposes of this project Tables 6 and 7 summarise the PD[LPXP�detected levels in any
crop or region for each country for all surface water types and groundwater respectively.
Summaries of this kind are biased in that little detail is available on the origin of the
detection, dilution, duration or frequency.  Data do however provide a worst/extreme case for
assessing potential exposure to non-target organisms.  Further comparison with averages or
minima can then proceed if it appears that there is a potential toxicological concern.  Due to
reasons cited above concerning unrepresentativeness of monitoring data it is not easy to
produce ‘average’ information.  Annex III illustrates the concentration ranges and frequencies
of detection for the different countries and regions.  Until sampling strategies are designed to
assess environmental impact it would be dangerous and incorrect to make evaluations on a
restricted number of detections.

It should be noted that analyses for mancozeb are not specific and can relate to all
dithiocarbamates.  The sources of dithiocarbamates are varied and are not restricted to
agricultural use.  Concentrations reported here may therefore not reflect contamination arising
from the agricultural use of mancozeb.



Table 6 Maximum detection levels in all surface water types(µg/l)
Active substance France Germany Italy Nether-

lands
Spain Sweden UK

Azinphos-methyl 0.0 8.4 0.0 0.02
Aldicarb 0.0 0.3 (0.53

sulfoxide)
<0.1

Cypermethrin 0.0
Dimethoate 0.0 2.0* 0.217 5.0 0.0 0.09
Pirimicarb 0.497 0.8 2.0 0.03
Chlorothalonil 0.138 0.0 0.51
Fenpropimorph 0.0 1.0 <0.1
Propiconazole 0.0 0 2.8 <0.05
Mancozeb 1045* 1.3 ETU
Metalaxyl 2.62 0.0 0.29
Isoproturon 2.25 >0.1 0.0 2.0 7.91
MCPA >0.1 >0.1 0.0 30.0 40.0 0.86
*known industrial origin or contamination not thought to be derived from agricultural use.
no value indicates active substance not monitored for in the region(s)
0.0 indicates monitored but below detection limit.
>0.1 greater than detection limit but actual values not available.



Table 7 Maximum detection levels in groundwater(µg/l)

Active substance France Germany Italy Nether-
lands

Spain Sweden UK

Azinphos-methyl >0.05 0.0 <0.021
Aldicarb 0.45 (74.0

sulfone)
<0.1

Cypermethrin 0.0
Dimethoate >0.01 0.0 0.0 0.06 0.0 0.01
Pirimicarb 0.0 0 0.0 <0.03
Chlorothalonil 0.0 0.0 <0.01
Fenpropimorph 0.0 0.0 0.09
Propiconazole 0.0 0.0
Mancozeb 30.0 ETU*
Metalaxyl 0.0 <0.05
Isoproturon >0.05 >0.1 0.0 0.0 <0.05
MCPA >0.1 0.3 0.2 <0.1

* Rhom & Haas comment re bulb area in Holland

Values for France and Germany can only be presented as greater than the detection limit as no
further details were available for this project report.  Assuming that all groundwater is
potentially available for drinking water no active substance exceeds the health based limits.
Aldicarb and its metabolites, ETU, IPU and MCPA exceed the 0.1µg/l drinking water
standard but none exceed any health-based limits.

It is clear from Table 6 and 7 that there is no consistent EU strategy for monitoring active
substances.  None of the pesticides selected were monitored in the Valencia region in Spain,
Only one country monitored for cypermethrin and groundwater monitoring coverage for the
twelve selected active substances was poor for the selected regions.  The style of data
reporting also varied in that some data were only available as summaries and recorded as
exceedances >0.1µg/l.  Some data are reported as concentrations from a given water
catchment area but with no details of their source.  Detection limits for the same active
substance varied and in some cases was insufficiently low e.g. a detection limit of  2.0µg/l for
cypermethrin in Sweden is several orders of magnitude greater than the Dutch environmental
standard.

ECOTOXICOLOGICAL ASSESSMENTS

Databases

PETE
Tables 8 to 11 are summaries of data derived from PETE, the expert system,
‘Physicochemical Evaluation: The Environment’ (Nicholls, P.H. 1994).  Data are used in this
report to illustrate the type of fundamental environmental fate data available concerning the
12 active substances chosen for further investigation.  Published databases are most likely to
be accessed by researchers and regulators for initial assessment of a number of active
substances.  This study has shown how time consuming it is to collect comprehensive
information concerning the 12 active substances.  As a published database sponsored by the
UK’s Pesticides Safety Directorate, PETE is likely to be used to facilitate easy access to data
on a number of active substances.  Data is input by the author but the system requires
updating when new data become available.  No formal mechanism between the author and



data generators is in place for this to occur and consequently the results of modern studies
might not become available to the database.  Notifiers for chlorothalonil and mancozeb
particularly have commented that the data in the PETE database is in serious contradiction
with their own data.  'DWD�IURP�DOO�GDWDEDVHV�VKRXOG�WKHUHIRUH�EH�FRQVLGHUHG�ZLWK�FDXWLRQ
ZKHQ�TXRWLQJ�VSHFLILF�LQIRUPDWLRQ.

Table 8 Persistence and mobility criteria
Active substance log Kow Kd** SSLRC

mobility
TLC
Rf

Column
Leaching
Rf

DT50
20°C

DT50
range

SSLRC
Persistence

Azinphos-methyl 2.69 1.8 moderately
mobile

0.33 0.22 10 10-40 slightly
persistent

Aldicarb 1.13 0.28 mobile 0.76 0.64 30 30-30 very
persistent

Cypermethrin 6.6 194.0 non-mobile 0 0 30 7-70 moderately
persistent

Dimethoate 0.7 0.17 mobile 0.84 0.75 7 5-25 slightly
persistent

Pirimicarb 1.7* 10.01 slightly
mobile

0.08 0.05 14 7-275 slightly
persistent

Chlorothalonil 2.89 2.29 moderately
mobile

0.28 0.18 68 30-70 very
persistent

Fenpropimorph 4.06 8.0 slightly
mobile

0.1 0.06 10 10-38 slightly
persistent

Propiconazole 3.65 5.68 slightly
mobile

0.14 0.08 110 110-
264

very
persistent

Mancozeb 3.7 6.03 slightly
mobile

0.13 0.08 10 6-70 slightly
persistent

Metalaxyl 1.65 0.52 mobile 0.63 0.49 70 21-70 very
persistent

Isoproturon 2.24 1.05 moderately
mobile

0.46 0.32 29 6-62 moderately
persistent

MCPA 2.7* 0.1 very
mobile

0.89 0.83 5 2-14 moderately
persistent

* non-ionised form
** Kd values are for a soil with 1% organic carbon
rf  retardation factor

Table 9 Bioconcentration factors (BCF)
Active
substance

BCF
Protein
Tissue

BCF
Lipid
Material

BCF
Fish
Muscle

BCF
Earthworms

BCF
Whole
organisms

BCF
Daphnia

Azinphos-
methyl

134 490 40 214 43 39

Aldicarb 15 5 5 38 2.4 2.6
Cypermethrin 35645 3981071 6252 16144 57544 331133
Dimethoate 8 5 3 24 1 1
Pirimicarb 32 50 11 71 7 7
Chlorothalonil 179 5012 149 655 275 221
Fenpropimorph 124 1452 32 137 68 53
Propiconazole 528 4467 139 619 251 203
Mancozeb 568 5012 149 655 275 221
Metalaxyl 30 45 11 68 6 6
Isoproturon 71 174 23 130 19 18
MCPA 1 0 0 3 0 0



Table 10 Distribution in a mesocosm
Active
substance

applica
-tion
rate
as/g/ha

proport
-ion %
water

proport-
ion %
sediment

proport
-ion %
fish

concentr-
ation
water
mg/l

concentr-
ation
sediment
mg/kg

concentr-
ation fish
mg/kg

concentr-
ation
daphnia
mg/kg

Azinphos-
methyl

250 98.55 1.03 0.42 0.03 0.05 1.06 0.95

Aldicarb 300 99.99 0.07 0.03 0.03 0.01 0.07 0.08
Cypermethrin 250 46.89 52.85 0.27 0.00 0.26 0.07 0.04
Dimethoate 1200 99.89 0.1 0.01 0.12 0.02 00.13 0.14
Pirimicarb 280 95.25 4.78 0.07 0.03 0.27 0.18 0.18
Chlorothalonil 400 98.10 1.30 0.60 6.04 0.10 2.43 2.14
Fenpropimorph 33 95.50 3.80 0.70 0.00 0.03 0.21 0.17
Propiconazole 55 94.50 3.10 2.40 0.01 0.03 1.3 1.06
Mancozeb 1360 94.1 3.3 2.6 0.13 0.9 35.25 28.3
Metalaxyl 150 99.64 0.3 0.06 0.2 0.01 0.09 0.01
Isoproturon 2500 99.2 0.6 0.2 0.25 0.30 4.6 4.4
MCPA 1400 99.94 0.06 0.0 0.14 0.02 0.0 0.0

Table 11 Lysimeter assessments

Active
substance

structured soil
amount
leached below
1 metre %

structured soil
annual average
concentration
µg/l

chromatographic
soil amount
leached below 1
metre %

chromatographic
soil annual
average
concentration
µg/l

GUS
score

GUS Class

Azinphos-
methyl

0.011 0.007 0 0 1.74 low
A

Aldicarb 0.204 0.153 0.002 0.002 3.77 high
C

Cypermethrin 0.0 0.0 0.0 0.0 -0.42 low
AAA

Dimethoate 0.078 0.235 0.001 0.002 2.35 transitional
B

Pirimicarb 0.003 0.002 0.0 0.0 1.14 low
A

Chlorothalonil 0.061 0.061 0.001 0.001 3.01 high
C

Fenpropimorph 0.003 0.0 0.0 0.0 1.1 low
A

Propiconazole 0.037 0.005 0.0 0.0 2.54 transitional
B

Mancozeb 0.004 0.012 0.0 0.0 1.22 low
A

Metalaxyl 0.262 0.098 0.003 0.001 4.22 high
C

Isoproturon 0.050 0.340 0.001 0.003 2.89 high
C

MCPA 0.076 2.265 0.001 0.003 2.04 transitional
B

Provided the input data is acceptable PETE provides a user with an indication of the likely
behaviour of an active substance.  Information on persistence, mobility, leaching and
partitioning can be generated.



Pandoras’s Box

This Dutch database contains information on basic physicochemical properties, including
half-life, solubility, Kom etc which are use to determine persistence and mobility
classifications.  The data are presented as ranges according to the variation presented in the
company dossiers from where the database was compiles.  Information is also provided on the
range of application rates (for the Netherlands).  The model PESTLA is use to calculate the
leaching potential of pesticides to shallow groundwater and the hazard of accumulation in the
topsoil.  Spring and autumn applications are simulated.  Behaviour in sediment water systems
is also documented.  These data are not reproduced in this report and the reader is referred to
the database for further details (Linders J.B.H.L.,HW�DO 1994).

Toxicity data are provided for non-target organisms and the hazard assessments data for
aquatic organisms, crustaceans, algae and earthworms are presented here (Table 12).  The
hazard assessment relates toxicity to the relevant predicted environmental concentration
(PEC).  Contamination of surface water is assumed to be by drift and the model SLOOTBOX
currently assesses losses over a period of time.  Only data from standard short-term toxicity
experiments are included in the database whilst those used for algae are the lowest NOEC or
EC50 values.



Table 12 Toxicity and hazard assessments from Pandora’s Box

Active
substance

Earthworm
toxicity class

Hazard
assessment*
fish

Hazard
assessment*
crustaceans

Hazard
assessment
algae**

Azinphos-
methyl

- S-L L-VL N

Aldicarb - n.r. n.r. n.r.
Cypermethrin - S-L L-VL N
Dimethoate MT N N N
Pirimicarb - N N-L N
Chlorothalonil - S-P N-P L
Fenpropimorph - N N N
Propiconazole - N N N
Mancozeb - N-S - -
Metalaxyl - N - N
Isoproturon no data no data no data no data
MCPA - N N N
* PEC/LC50  ** PEC/NOEC

KEY to symbols
n.r.

7R[LFLW\�WR�HDUWKZRUPV
/&���LQ�PJ�NJ�VRLO��GU\�ZHLJKW� FODVVLILFDWLRQ
<1 HT highly toxic
1-10 T toxic
10-100 MT moderately toxic
100-1000 ST slightly toxic
×1000 VST very slightly toxic

&KDQFH�RI�DFXWH�GHDWK�RU�HIIHFWV�IRU�DOJDH��FUXVWDFHDQV�DQG�ILVK
3(&�/�(�&�� FODVVLILFDWLRQ
<0.01 N negligible
0.01-0.1 S small
0.1-1 P present
1-10 L large
×10 VL very large

The data presented in Pandora’s Box have not been updated since its original collation.  The
implementation of the Harmonisation directive EC91/414 has initiated (in many cases) further
environmental fate and ecotoxicology data for active substances and specific products.  The
data in Pandora’s Box may therefore be superseded and this has been brought to the attention
of the authors by notifiers, particularly for chlorothalonil, for some of the active substances in
Table 12.



Agrochemical company data

Tables 13-23 are summary data derived from the Tier II documents on ecotoxicology
provided by the data holders for 11 of the active substances.  Acute and chronic toxicity data
are presented, where available, for a range of non-target organisms.  Most studies reported
were carried out using the technical substance.  A few were carried out with formulated
product but the amount of active substance has been calculated (by the agrochemical
companies) for comparative purposes.  The tables presented here do not therefore identify the
studies which used formulated product.

Data were also provided by the agrochemical companies on fate and behaviour in the
environment.  Basic information like laboratory degradation, sorption and mobility were
made available to the project.  The authors of this report have not presented any of the
information.  As the project investigations proceeded and it became apparent that there was
insufficient field monitoring data available, it was not appropriate to attempt to relate
laboratory data to the presence of pesticide residues in the environment.  The review did
however show that the company dossiers do provide the most comprehensive source of
information available.

Time and budgetary constraints prevented the inclusion of Azinphos-methyl in the
ecotoxicological assessment.



Table 13  Acute Toxicity of Aldicarb to Non-Target Organisms
6SHFLHV 7HVW�W\SH ([SRVXUH�SHULRG

�KRXUV�
/&���(&��
PJ�DV�O

12(&�PJ�DV�O 7HVW�*XLGHOLQH

D��)LVK
/HSRPLV
PDFURFKLUXV static

96
72

0.0633
0.1 aldicarb
4.0 sulfoxide
>64.0 sulfone

0.032 US EPA
not GLP

6DOPR�JDLUGQHUL 96
21d

0.56
0.56

0.18
0.25

US EPA

3LPHSKDOHV
SURPHODV

96
30d

1.37
<0.156 LOEC >0.078
NOEC
0.110 MATC

US EPA
EPA/FIFRA

E��$TXDWLF�LQYHUWHEUDWHV
'DSKQLD�PDJQD 48

48
48
21d

0.4107
0.8 sulfoxide
0.55 sulfone
0.09 ( 0.18 EC50
repro)

0.1
0.32
0.18
0.18 (repro)
0.018 (prolonged
toxicity)

OECD

sediment species no studies seen
F��$TXDWLF�$OJDH�3ODQWV
6FHQHGHVPXV
VXEVSLFDWXV

96
96

96

1.4 (biomass)
16.0 (growth rate)
7.6 (biomass)
sulfoxide
1.0 (growth rate)
1.4 (biomass)
sulfone

0.4 (growth)
4.8 (growth)

0.235 (growth)

OECD
OECD
OECD

G�0LFURFRVP�0HVRFRVP
no studies seen

H��6RLO�)DXQD�DQG�)ORUD
macroorganisms
(LVHQLD�IHWLGD 14 days 8mg/kg OECD type
microorganisms >12 years little or no detrimental

effects
no adverse effects at
field degradation rates



Table14  Acute and Chronic Toxicity of Cypermethrin to Non-Target Organisms
6SHFLHV 7HVW�W\SH ([SRVXUH�SHULRG

�KRXUV�
/&���(&��
PJ�DV�O

12(&�PJ�DV�O 7HVW�*XLGHOLQH

D��)LVK
6DOPR�JDLUGQHUL flow through

semi-static
96
96

0.0007-0.0011
0.0028

<0.00039
0.0015

6DOPR�WUXWWD static
flow through

96
96

0.002-0.0028
0.0012

0.002
0.001

6FDUGLQLXV
HU\WKURSKWKDOPXV

flow through 96 0.00044-0.0005 <0.00033

3LPHSKDOHV
SURPHODV

flow through
early life toxicity

35 days 0.00025

&\SULQXV�FDUSLR flow through 96 0.0007-0.0017 0.0004-0.0006
E��$TXDWLF�LQYHUWHEUDWHV
'DSKQLD�PDJQD static

semi-static

24
24
48
21 day

0.0042
0.0012
0.0003
<0.0003*
0.0001-0.0003
repro

0.00014*
0.0002*
<0.0001*

*immobilisation

OECD

0.0001

F��$TXDWLF�$OJDH�3ODQWV
6FHQHGHVPXV
VXEVSLFDWXV

static 96 >0.1 (biomass)
>0.1 (growth)

0.1 OECD

sediment species no studies seen
G�0LFURFRVP�0HVRFRVP

no studies seen
H��6RLO�)DXQD�DQG�)ORUD
macroorganisms
(LVHQLD�IRHWLGD 48

14 day
0.01-0.1 mg/cm2

>100 mg/kg
0.001 mg/cm2

>100 mg/kg
microorganisms respiration

nitrogen turnover
aerobic
nitrogen
anaerobic
carbon turnover

60 days

20 weeks

55 days
55 days
38 weeks

18% decrease at
250mg/kg after 58
days
reuctions of oxygen
uptake transient at
25, 20%
at250mg/kg

> 250 mg/kg
>250 mg/kg
transient effects  at
250 mg/kg



Table 15  Acute and Chronic Toxicity of Dimethoate to Non-Target  Organisms
6SHFLHV 7HVW�W\SH ([SRVXUH�SHULRG

�KRXUV�
/&���(&��
PJ�DV�O�����&/�

12(&�PJ�IRUP�DV�O 7HVW�*XLGHOLQH

D��)LVK
6DOPR�JDLUGQHUL static

flow through
96
21 days

30.2
8.875 0.4 (2.0 LOEC)

BBA 33 1975
OECD 204

&\SULQXV�FDUSLR static 96 693.5 BBA 33 1975
E��$TXDWLF�LQYHUWHEUDWHV
'DSKQLD�PDJQD static 24 4.7 1.0 OECD 202

semi-static 21 days 0.04-0.1 (repro,
growth)
0.082 (mobility of
parental generation)

0.04 OECD 202

sediment species no studies seen
F��$TXDWLF�$OJDH�3ODQWV
6HOHQDVWUXP
FDSULFRUQXWXP

static 72 282.0 (specific
growth rate)
91.7 (area under
growth curve)

33.0 (100.0 LOEC) OECD 201

G�0LFURFRVP�0HVRFRVP
no studies seen

H��6RLO�)DXQD�DQG�)ORUD
macroorganisms
(LVHQLD�IRHWLGD

laboratory

14

56 days

84.5mg/kg

>6560 g/ha
(mortality)
1312 g/ha
(reproduction)

<24.3mg/kg
(24.3mg/kg LOEC)
1312 g/ha (mortality,
worm biomass)

OECD 207

OECD 207

microorganisms
respiration (C)
microbial biomass
nitrification (N)

28 days

56 days

>> 8mg/kg
>> 8mg/kg
>> 8mg/kg

transient effects at 8.0
mg/kg in one of two
test soils.  Effects of
no biological
significance.

BBA VI 1-1



Table 16  Acute and Chronic Toxicity of Pirimicarb to Non-Target Organisms
6SHFLHV 7HVW�W\SH ([SRVXUH�SHULRG

�KRXUV�
/&���(&��
PJ�DV�O�

12(&�PJ��O 7HVW�*XLGHOLQH

D��)LVK
/HSRPLV
PDFURFKLUXV

flow through 96 55.0 10.0

2QFRUK\QFKXV
P\NLVV

flow through
semi-static
static

96
96
28 days

29.0
32.0
33.0

18.0
25.0
<18.0

&\SULQXV�FDUSLR semi-static 96 36.0
E��$TXDWLF�LQYHUWHEUDWHV
'DSKQLD�PDJQD static (1st instar)

semi-static
(reprod)
sediment water
system
water alone

48
21 days
7 days

7 days

0.019
0.0025
>0.020

0.016

0.0032
0.0009

EPA -661 3-75-
009
OECD 202

13
macroinvertebrate
species

48 >0.9 - 62.0

sediment species no studies seen
F��$TXDWLF�$OJDH�3ODQWV
3VHXGRNLUFKQHUHO
OD�VXEVSLFDWD� 
6HOHQDVWUXP
FDSULFRUQXWXP

Static 96
96

140.0 biomass
180.0 growth rate

50.0 growth rate OECD 201

G�0LFURFRVP�0HVRFRVP
no studies seen

H��6RLO�)DXQD�DQG�)ORUD
macroorganisms
(LVHQLD�IRHWLGD laboratory

field tests

14 day

up to 2 years
23 days

>60mg/kg

>5000mg/ha
5kg/ha rate numbers
lower than control

OECD 207
EEC C (LI) 4 rev
6

microorganisms
respiration 28 days > 3.75 kg/ha no

ecologically
significant impact

OECD

nitrogen
mineralisation

28 days up to 3.75 kg/ha no
ecologically
significant impact

phosphatase
activity
dehydrogenase
peroxidase

field 5kg/ha unimportant transient
effects

3VHXGRPRQDV
SXWLGD

growth inhibition 6 >2700.0 >2700.0 EC10



Table 17 Acute and Chronic Toxicity of Chlorothalonil to Non-Target Organisms
6SHFLHV 7HVW�W\SH ([SRVXUH�SHULRG

�KRXUV�
/&���(&��
PJ�DV�O

12(&�PJ�DV�O 7HVW�*XLGHOLQH

D��)LVK
/HSRPLV
PDFURFKLUXV

static, warm water 96 0.06
16.0 SDS-3701
45.0SDS-3701

0.006
<6.0 SDS-3701
18.0 SDS-3701

6DOPR�JDLUGQHUL static, cold water 96 0.047 <0.0088
,FWDOXUXV�SXQFWDWXV static, warm water 96 0.043 0.016
&\SUQRGRQ
YDULHJDWXV

static,
Estuarine/marine

96 0.032 0.02

3LPHSKDOHV
SURPHODV

flow-through complete (egg-egg)
life cycle, 35 days

>0.003< 0.0065
MATC

0.003

E��$TXDWLF�LQYHUWHEUDWHV
'DSKQLD�PDJQD static

flow-through

static

48
two generations,42
days
24.0 SDS-3701
48.0 SDS-3701

0.070
0.035 MATC

63.3 SDS-3701
25.6 SDS-3701

0.068
0.035

10.0 SDS-3701
3HQDHXV�GXRUDUXP static,

estuarine/marine
96 0.165 0.075

&UDVVRVWUHD
YLUJLQLHD

flow-through
estuarine/marine

96 0.0073 0.004

0\VLGRSVLV�EDKLD flow-through,
estuarine/marine

28 days >0.00083<0.0012
MATC

0.00083

F��$TXDWLF�$OJDH�3ODQWV
6HOHQDVWUXP
FDSULFRUQXWXP

static 72 0.13 0.05

G�0LFURFRVP�0HVRFRVP
no studies seen

H��6RLO�)DXQD�DQG�)ORUD
macroorganisms
(LVHQLD�IRHWLGD 7 days

14 days
>1000mg/kg
>1000mg/kg

OECD 207

microorganisms
microbial utilisation
of macromolecules

incubation 56 days no adverse effect

nitrogen
transformation

56 days 25 ppm subltle
inhibitory effects no
trend

Non-symbiotic
nitrogen fixing

aerobic

anaerobic

56 days

56 days

25ppm sandy loam
inhibition day 21
25ppm sandy loam
inhibition day 21

no persistent adverse
effects
no persistent adverse
effects

SDS-3701 metabolite



Table18  Acute and Chronic Toxicity of Fenpropimorph to Non-Target Organisms
6SHFLHV 7HVW�W\SH ([SRVXUH�SHULRG

�KRXUV�
/&���(&��
PJ�DV�O

12(&�PJ�DV�O 7HVW�*XLGHOLQH

D��)LVK
/HSRPLV
PDFURFKLUXV

static 96 >3.2<4.6 0.316 (NOEL)

6DOPR�JDLUGQHUL" static

flow-through

96
96
96
21days

28days
28days

9.5
>7.5<11
1.65
1.5

0.54

0.1
0.3 (LOEC)
0.042 (0.14 LOEC)

OECD 203
OECD 204

&\SULQXV�FDUSLR" static 96
96

3.2
3.75

E��$TXDWLF�LQYHUWHEUDWHV
'DSKQLD�PDJQD 48

48
48
21days
21days

2.39
2.9
1.13
0.36
0.083

1.35 (NOEL)
0.42 (NOEL)
0.071 (reproduction)
0.024 (reproduction)
0.10 (LOEC)

draft DIN 38412

OECD 202
OECD 202
OECD 202

OECD 202
sediment species no studies seen OECD 202
F��$TXDWLF�$OJDH�3ODQWV�%DFWHULD
6FHQHGHVPXV
VXEVSLFDWXV

96 0.128 (growth) 0.028 OECD 201

&KORUHOOD�IXVFD 96 2.21 (growth) 0.08 (NOEL)
3VHXGRPRQDV
SXWLGLD

17 >1874 (EC 10) draft DIN 38412

G�0LFURFRVP�0HVRFRVP
no studies seen

H��6RLO�)DXQD�DQG�)ORUD
macroorganisms
(LVHQLD�IRHWLGD 14days

14days
14days

520.0 mg/kg
>750.0 mg/kg

506.0 mg/kg

EC/OECD

microorganisms
microorganisms
(effect dose)

nitrifying bacteria

D]REDFWHU
FKURRFRFFXP
actinomycetes,
bacteria and
fungi, soil
enzymes

basic respiration
ammonification
nitrification
short term
respiration
nitrification
ammonification
nitrification
nitrogenase
activity

population size,
enzymatic activity

28 days
28 days
42 days
28 days

28 days

6

42 days

>33.3 mg/kg
3.3 mg/kg
3.3 mg/kg
>10.0 mg/kg

>10.0 mg/kg
10.0 mg/kg
20.0 mg/kg
>2.5 mg/kg

>100.0 mg/kg

BBA VI 1-1



Table 19  Acute and Chronic Toxicity of Propiconazole to Non-Target Organisms
6SHFLHV 7HVW�W\SH ([SRVXUH�SHULRG

�KRXUV�
/&���(&��
PJ�DV�O�

12(&�PJ��O 7HVW�*XLGHOLQH

D��)LVK
/HSRPLV
PDFURFKLUXV

static 96 6.4 <1.8 EC 0 OECD

6DOPR�JDLUGQHUL static
flow through

96
21 days

5.3 <0.8 EC 0
0.02
0.08 LOEC

OECD
OECD

&\SULQXV�FDUSLR static 96 6.8 1.8 EC0 OECD
&\SULQRGRQ
YDULHJDWXV

flow through
life cycle

10 days 0.068
0.15 LOEC

US-EPA
US-EPA

,FWDOXUXV�PHODV static 96 5.1 <0.58 EC 0 OECD
3LPHSKDOHV
SURPHODV

flow through early
life

35 days 0.43
0.96 LOEC

US-EPA

/HXFLVFXV�LGXV static 96 5.4 <1.0 EC 0 OECD
/HLRVWRPXV
[DQWKXUXV

static 96 2.6 0.93 EC 0 Int. guidelines

E��$TXDWLF�LQYHUWHEUDWHV
'DSKQLD�PDJQD static

- parental
mortality and no.
of offspring

48
21 days

4.8-11.5 1.8-3.7 EC 0
0.31
0.69 LOEC

US-EPA
US-EPA

0\VLGRSVLV�EDKLD static
intermittent flow
through

48
28 days

0.51 0.16 EC 0
0.11

Int. guidelines
Int. guidelines

&UDVVRVWUHD
YLUJLQLFD

flow through 96 1.7 0.38 EC 0 Int . guidelinesl

3URFDPEDUXV�VS�� static 96 42 <16.0 US-EPA

F��$TXDWLF�$OJDH�3ODQWV
6FHQHGHVPXV
VXEVSLFDWXV

static 5 days 0.76-6.3 0.32-0.5 EC 0 Int. guidelines

3VHXGRNLUFKQHUHO
OD�VXEVSLFDWD� 
6HOHQDVWUXP
FDSULFRUQXWXP

static 9 days 1.53 0.72 EC 0 Int. guidelines

$QDEDHQD�IORV�
DTXDH

static 11 days 13.58 6.78 EC 10 Int. guidelines

1DYLFXOD
VHPLQXOXP

static 11 days 0.09 0.03 EC 10 Int. guidelines

6NHOHWRQHPD
FRVWDWXP

static 11 days 0.02 <0.02 EC 10 Int. guidelines

/HPQD�JLEED ? 14 days 9.02 2.94 EC 10 Int. guidelines
sediment species no studies seen
G�0LFURFRVP�0HVRFRVP

no studies seen
H��6RLO�)DXQD�DQG�)ORUD
macroorganisms
(LVHQLD�IRHWLGD 14 days >250 mg/kg 25 mg/kg OECD
/XPEULFXV
UXEHOOXV

28 days >20 mg/kg no effects Int. guidelines

microorganisms
nitrification
respiration
nitrogen fixation

up to 100 mg/kg no
adverse effecst on
functional activities of
soil microorganisms

Int. guideline



Table 20  Acute and Chronic Toxicity of Mancozeb (and ETU*) to Non-Target Organisms
6SHFLHV 7HVW�W\SH ([SRVXUH�SHULRG

�KRXUV�
/&���(&��
PJ�DV�O

12(&�PJ�DV�O 7HVW�*XLGHOLQH

D��)LVK
/HSRPLV
PDFURFKLUXV

static 96 1.63 USEPA 1980

6DOPR�JDLUGQHUL static

(early life)

flow through

48

60 days

21 days

1.9
(ETU no
mortalities up to
490.0)
1800.0 ETU

(ETU 490.0)

0.05 (0.1 LOEC)**

=EEC Method C1

OECD 204
&DUDVVLXV
DXUDWXV

static 48 7.7 =EEC Method C1

,FWDOXUXV
QHEXORVXV

static 48 4.5ppm as/l =EEC Method C1

3KR[LQXV
SKR[LQXV

semi-static 96 2.31

3LPHSKDOHV
SURPHODV

flow through,
early life

33 days
33 days

0.0052-0.01 MATC
0.0022 (0.0046
LOEC)

3RHFLOLD
UHWLFXODWD

? 96 2.6
(ETU 7500.0)

OECD 203

E��$TXDWLF�LQYHUWHEUDWHV

'DSKQLD�PDJQD static
static (1st instar)

24
48
48
96
21 days

21 days
21days

13.6 (immobility)
1.0 (ETU 49.0)
1.3 (ETU 26.4)
(ETU 6600.0)

1.8 ETU

0.46 (ETU >9.8<39.0)

0.0073
(survival/repro)

2.0 ETU (4.1 LOEC)

sediment species no studies seen
F��$TXDWLF�$OJDH�3ODQWV
6FHQHGHVPXV
VXEVSLFDWXV

static 72 2.24 growth
inhibition

6HOHQDVWUXP
FDSULFRUQXWXP

static 120 0.063 0.033

&KORUHOOD
S\UHQRLGRVD

? 96 1.1

G�0LFURFRVP�0HVRFRVP
no studies seen

H��6RLO�)DXQD�DQG�)ORUD
macroorganisms
(LVHQLD�IRHWLGD 7 & 14 days >299.1ppm

(190kg as/ha)
no adverse effects
at rates 50-100x’s
field application
rate

microorganisms respiration
nitrogen
transformation
mineralisation
nitrification

various negligible effects
under practical
conditions of use
transient effects at
>=10mg/kg

*ethylene thiourea  ** study may be invalid due to analytical difficulties



Table 21  Acute and Chronic Toxicity of Metalaxyl to Non-Target Organisms
6SHFLHV 7HVW�W\SH ([SRVXUH�SHULRG

�KRXUV�
/&���(&��
PJ�DV�O�

12(&�PJ�DV�O 7HVW�*XLGHOLQH

D��)LVK
/HSRPLV
PDFURFKLUXV

static
flow through

96
96

>100.0
  150.0
>100.0
metabolites

100.0 (LC 0)
<90.0

Int. guidelines
EPA OECD.

2QFRUK\QFKXV
P\NLVV

static
static/semi-static

96 >100.0
>100.0
metabolites

100.0 (LC 0)
×100.0 metabolites

Int. guidelines
OECD

,FWDOXUXV�PHODV static 96 >100.0 100.0 (LC 0) Int. guidelines
/HELVWHV
UHWLFXODWXV

static 96 >100.0 100.0 (LC 0) Int. guidelines

&\SULQXV�FDUSLR static 96 >100.0 100.0 (LC 0) Int. guidelines
3LPHSKDOHV
SURPHODV

flow through,
early life

30 days >10.0 Int. guidelines

E��$TXDWLF�LQYHUWHEUDWHV
'DSKQLD�PDJQD static

static renewal
48
21 days

28.0 8.2
1.2 (repro)

US-EPA
US-method

0\VLGRSVLV�EDKLD flow-through 96 25.0 11.0 US-EPA
&UDVVRVWUHD
YLUJLQLFD

flow-through 96 4.6 (shell growth) 1.4 US-EPA

F��$TXDWLF�$OJDH�3ODQWV
6FHQHGHVPXV
VXEVSLFDWXV

static 5 days 43.0 (growth rate) <10.0 Int. guidelines

sediment species no studies seen
G�0LFURFRVP�0HVRFRVP

no studies seen
H��6RLO�)DXQD�DQG�)ORUD
macroorganisms
(LVHQLD�IRHWLGD 14 days >1000mg/kg 1000mg/kg (LC0) OECD
microorganisms

respiration

ammonification/ni
trification

28 & 90 days stimulated but
recovered by day 90

not affected

BBA

metabolites of very low toxicity



Table 22  Acute and Chronic Toxicity of Isoproturon to Non-Target Organisms
6SHFLHV 7HVW�W\SH ([SRVXUH�SHULRG

�KRXUV�
/&���(&��
PJ�DV�O�

12(&�PJ��O 7HVW�*XLGHOLQH

D��)LVK
/HSRPLV
PDFURFKLUXV

static >100.0*

/HSRPLV�JLEERVXV static 172.0*
2QFRUK\QFKXV
P\NLVV

static
static

semi-static

flow through

96
24-96
22d
21d
21d

30.0*
240.0*
37.2
32 IPU
monomethyl
19.79
>10.0
6.51

9.5
6.2 IPU monomethyl
<12.5
1.0
2.1

OECD 203
OECD 204
OECD 204
OECD 204

&DUDVVLXV
FDUDVVLXV

static >100.0*

,FWDOXUXV�PHODV static 9.0*
&\SULQXV�FDUSLR static

static 24-96
193*
54.4 12.5 OECD 203

/HXFLGXV�LGXV static 129.0*
/HELVWHV
UHWLFXODWXV

static 90.0*/182.0*

E��$TXDWLF�LQYHUWHEUDWHV
'DSKQLD�PDJQD static

semi-static

semi-static

semi-static

48
24
48
24
24

48

21 days
21 days
21 days

>1000.0
8.0
0.58
5.3
18.0 (IPU
monomethyl)
16.0 (IPU
monomethyl)
58.1

>4.0

10

10

13.5 (repro)
0.064 (repro)
0.34 (repro) 1.24
(LOEC)

OECD 202
US-EPA EG1
US-EPA EG1
AFNOR T90-301
OECD 202/I

OECD 202/I

OECD 202/II

$HGHV�DHJ\SWL >1000.0*
3ODQRUELV
FRUQHXV

>1000.0*

F��$TXDWLF�$OJDH�3ODQWV
6FHQHGHVPXV
VXEVSLFDWXV

72
5 days

0.03 (growth)
0.085 (growth)

0.0032

3VHXGRNLUFKQHUHO
OD�VXEVSLFDWD� 
6HOHQDVWUXP
FDSULFRUQXWXP

static 72 0.32 (area under
growth curve)
IPU monomethyl
0.54 (growth rate)
IPU monomethyl

0.022 IPU
monomethyl

OECD 201

/HPQD�PLQRU chlorophyll
content
fresh weight
frond production

0.033
0.033

sediment species no studies seen 0.04
G�0LFURFRVP�0HVRFRVP

no studies seen
H��6RLO�)DXQD�DQG�)ORUD
macroorganisms
(LVHQLD�IRHWLGD 14 days

14 days
14 days

>= 1600mg/kg
×1000
×1000

OECD 207
OECD 207
OECD 207



Table 22 continued  Acute and Chronic Toxicity of Isoproturon to Non-Target Organisms
microorganisms amonification/nitr

ification
respiration
pure cultures >50x’s field rate

negligible similar to
control
insignificant
inhibits fungal growth

BBAVI 1-1

*’early non-GLP studies of limited quality’

  Table 23 Acute and Chronic Toxicity of MCPA to Non-Target Organisms
6SHFLHV 7HVW�W\SH ([SRVXUH�SHULRG

�KRXUV�
/&���(&��
PJ�DV�O�

12(&�PJ�DV��O 7HVW�*XLGHOLQH

D��)LVK
/HSRPLV
PDFURFKLUXV

? MCPA DMA 96 306.0 DMA 140.0 DMA EPA 72-1

6DOPR�JDLUGQHUL ? MCPA DMA
? MCPA acid

96
96

117.0 DMA
560.0-748.0
MCPA as DMA
salt

100.0 MCPA as DMA
salt

EPA 72-1
OECD 203

2QFRUK\QFKXV
P\NLVV

flow through 28 days >97.6 DMA salt 97.6 DMA salt OECD 204

&\SULQXV�FDUSLR static, MCPA acid 96 320.0-560.0 180.0 OECD 203
E��$TXDWLF�LQYHUWHEUDWHV
'DSKQLD�PDJQD flow through

MCPA DMA
semi-static MCPA
acid

48

21 day

>190.0 DMA

>100.0

31.0 DMA

50.0

EPA 72-2

OECD 2 202

F��$TXDWLF�$OJDH�3ODQWV
3VHXGRNLUFKQHUHO
OD�VXEVSLFDWD� 
6HOHQDVWUXP
FDSULFRUQXWXP

72 115.0 DMA salt
biomass
>440 DMA salt
growth rate
928.0

20.0 DMA salt

58.0

117.0 OECD 201
sediment species no studies seen
G�0LFURFRVP�0HVRFRVP

no studies seen
H��6RLO�)DXQD�DQG�)ORUD
macroorganisms
(LVHQLD�IRHWLGD 7 days

14 days

566.0 mg/kg
MCPA acid
325.0 mg/kg
MCPA acid

>100mg/kg MCPA
acid

OECD 207

microorganisms ammonification
nitrification
respiration

28 days maximum dose
26.7 mg as /kg
negligible effects



Field monitoring

Impacts of plant protection products on non-target organisms can be divided in to different
categories according to the dose and severity of damage Sheehan et al (1984).

1. Acute toxicity causing mortality
2. Chronically accumulating damage causing death
3. Sub-lethal impairment of various aspects of physiology and morphology
4. Sub-lethal behavioural effects
5. Measurable biochemical changes

These impacts can all be ecologically significant since they can all have cascading impacts on
communities and ecosystems.  Stress in sensitive parts will result in pronounced
dysfunctional changes or breakdown in the system as a whole. Any field study should ideally
be able to distinguish these effects.  No mesocosm studies were presented in the agrochemical
company dossiers and the laboratory studies are clearly inappropriate for determining these
holistic interactions.

Impacts can be expressed in terms of changes in abundance of individual species or as
changes in population diversity.  To determine whether a plant protection product has an
impact on an ecosystem it is necessary to know much about the functioning of the ecosystem.
Such knowledge is scarce and many ecotoxicological studies only provide rudimentary
knowledge of basic structure and function.  Few field ecotoxicological studies were identified
by the collaborating countries either for the regions studied or at the national level.

A study carried out by Furse HW�DO (1995) in the UK aimed to determine the impact of a broad
range of current and historical agricultural practices on the macro-invertebrate fauna of
headwater streams.  Headwater river systems were selected to provide a range of agricultural
practices set against a diversity of geographical locations, underlying geological formations
and soil types, land use intensity and land utilisation.

Headwater streams have been shown to make an important contribution to the macro-
invertebrate biodiversity of rivers.  The biological condition of each site was assessed with
39.7% classified as good, 9.8% poor or bad and the remainder average.  Headwater stream
quality was poorer than that of the main river 2.5km and further downstream.  Streams whose
quality was not good were frequently in catchments of all land cover types.  In upland areas
loss of quality was mainly represented by low faunal diversity.  In lowland areas the number
of taxa and their average tolerance of organic pollution both declined due to environmental
stress.  The lowest faunal richness occurred in streams whose catchments were on rocks with
medium or low buffering capacity and acidic soils and waters.  Poorest overall quality was
shared between pastural and arable landscapes.  In pastural streams quality loss was greatest
where the main form of livestock was cattle and streams had the potential for contamination
from slurry lagoons, silage clamps and dairy yard effluent.  In arable landscapes, nutrient
enrichment, channel modification and drought were the three principal stresses.  Whilst
positive correlations were seen between bracken spraying and the environmental quality index
(EQI representing macro-invertebrate assemblages), the relationship was weak and not
significant.



Effects of agricultural activities were obscured by the number of low standard streams which
occurred in all types of landscape.  Individual causes and effect were not identified but the
values of EQI’s were only statistically significantly correlated with the occurrence of slurry
lagoons and silage clamps.  It can be concluded from the report that the impact of a specific
active substance or even plant protection products SHU�VH� could not be easily assessed
because of the multitude of factors influencing the ecosystem.

The literature search showed that numerous studies have been carried out to determine
impacts of specific pesticides on non-target organisms in restricted situations.  The number of
studies which actually occurred in the regions investigated was limited and were not
necessarily related to the normal use of the product in a defined usage area.  The origin of the
contamination, pathways, quantification and relationship to environmental concentrations
could not be derived within the scope of this study.

The UK’s Environment Agency has the only national biological quality monitoring scheme of
the countries investigated, called RIVPACS (Wright HW�DO�1993).  Biological monitoring sites
have recently been tied in to locations where water samples are taken for pesticide residue
analyses.  Future interpretations of data will examine the impact of pesticides on biological
diversity and abundance.  A long term database will be required to determine any possible
trends which are attributable to pesticide concentrations in water.

Further information on Swedish, Italian and Dutch field studies was provided by the
collaborators.  The data are not presented in this report as the additional information did not
influence the discussions or conclusions reached by this project with regard to it original
objectives.

Quality standards

The health and environmental quality standards for a large number of active substances have
been tabulated and are listed in Annex II.  All the standards or advisory limits relate to water.
Those for the 12 active substances are listed in table 24.  The first eight columns are values
which relate to drinking water for human consumption.  The eighth column representing the
parameter 55 from the EC drinking water directive EC80/778 where water, from the tap, must
not contain individual pesticide concentrations in excess of 0.1µg/l.  The last four columns
are environmental quality advisory standards intended as reference for the protection of
aquatic fauna and flora.  Environmental standards are derived from ecotoxicology data.  In the
assessment of ecotoxicity of a plant protection product, notifiers complying with EC91/414
are required to submit data for a fish, crustacea, algae, and sometimes a higher plant and/or
benthic organism, (as listed in Tables 13-23).  Assessments of impact are made using the
NOEC or EC50 test data.  All studies must be carried out in accordance with recognised test
guidelines and in accordance with Good Laboratory Practice (GLP).  Comparison with PECs
(Predicted Environmental Concentrations) allows the calculation of a TER (Toxicity
Exposure Ratio).  Under Section 2.5.2.2 Annex VI of EC91/414, ‘no authorisation shall be
granted if the toxicity/exposure ratio for fish and 'DSKQLD�is less than 100 for acute exposure
and less than 10 for long-term exposure, or the algal growth inhibition/ exposure ratio is less
than 10’.  Authorisation may however be given if ‘through an appropriate risk assessment that
under field conditions no unacceptable impact on the viability of exposed species occurs’.



The Environmental Agency’s AA EQS is designed to permit the survival of healthy aquatic
communities during long term exposure.  The AA is used by the EA in assessing the
significance of routine monitoring and for setting discharge consents for continuous
discharges.  UK environmental standards are based on results from studies found in the open
literature and also from notifiers.  The studies considered may not be carried out in
accordance with specific guidelines or GLP and decisions may be based on species other than
those notified to the EU for registration.

There is no equivalent assessment in 91/414/EEC but M Clook, Pesticides Safety Directorate
(pers. comm.) suggests that the ‘safe chronic level’ can be calculated as�10 times the lowest
NOEC/EC50 for either fish or 'DSKQLD.

MCPA has been chosen from this study for comparison of TERs and environmental limits
and as an example as to how the different standards can be compared.

The EA proposed AA EQS for MCPA is 2.0µg/l, the lowest NOEC is 31.0mg/l for 'DSKQLD
and therefore the ‘safe chronic level’ is 3.1mg/l.  EA MAC’s are designed to give protection
against short term exposure to relatively high concentrations.  The EA’s MAC for MCPA is
20µg/l and the ‘safe acute level’ (91/414/EEC) is equivalent to 100 times the lowest
LC/EC50 for fish and 'DSKQLD, whilst the ‘safe level’ for alga is ten times the lowest EC50.
The most sensitive fish species is 2QFRUK\QFKXV�P\NLVV�with an LC50 of 97.6mg/l and for
alga (6HODQDVWUXP�FDSULFRUQXWXP) an EC50 of 928mg/l.  The ‘safe acute levels’ are therefore
0.976mg/l and 9.28mg/l respectively.

This suggests that MCPA has low or moderate toxicity to most non-target organisms. ‘Safe’
concentrations for 'DSKQLD�PDJQD�and 2QFRUK\QFKXV�P\NLVV�are quoted as between 1 and
1.2mg/l.  The EQS was however proposed as 2.0µg/l which should be expressed as an annual
average (AA) concentration.  The EQS Maximum allowable concentration for MCPA was
determined as 20µg/l by applying a safety factor of 10 to the AA.

The difference in the values are due to the EA EQS data being based on a larger
ecotoxicological data set derived in some cases from published literature and from studies
which are not necessarily carried out in accordance with GLP or approved study guidelines.

The Dutch Maximum Tolerable Risk is defined as the environmental concentration which is
supposed to have little effect on the integrity of ecosystems.  The MTR of 250µg/l was
calculated from the No Observed Effect Concentration of MCPA on environmental species,
fish, daphnids, and algae.

In Germany there are recommended target values for 18 pesticides (and 28 other organic
chemicals) which are ecotoxicologically based.  They do not have any legal relevance (Irmer
HW�DO 1994).  Only azinphos-methyl is included with a value of 0.001µg/l.

Any differences between the standards of different countries or organisations are emphasised
in the final summary columns of the database which quotes maximum and minimum
standards and their ratio.  Whilst the principal of assessment is similar the range and type of
studies evaluated to derive standards vary and therefore the different standards are not directly
comparable.



No equivalent national limits were located for pesticide residues in soil, with the exception of
Germany, where one regional system referred to heavily contaminated sites.  However, the
high levels of pesticides were not comparable with any potential residues from agricultural
use.

No standards or advisory limits were located for sediments



Table 24 Quality Standards for 12 active substances (µg/l)
Pesticide Type CSTE WHO UK Australia Canada Japan USA EU

80/778
MAC

Germany
1

Nether-
lands
MTR

UK
EA-AA

Aldicarb i 10 9 10 0.1 0.0098
Azinphos-M i 0.01 10 20 0.1 0.001 1 0.01
Chlorothalonil f 40 2 0.1 0.1
Cypermethrin i 0.1 0.000009 0.0001
Dimethoate i 3 100 20 0.1 2.9 1
Fenpropimorph f 0.1
Isoproturon h 9 4 0.1 9 2
Mancozeb f 10 0.1 4
MCPA h 2 0.5 3.6 0.1 250 2
Metalaxyl f 0.1 420
Pirimicarb i 100 0.1 0.019
Propiconazole f 0.1
CSTE Scientific Advisory Committee to Examine The Toxicity and Ecotoxicity of Chemical Compounds
(temporary tolerable concentration (no longer than 2 years) with no adverse effect on human health)
MTR Maximum Tolerable Risk.
EA Ann Av UK Environment Agency Annual Average
EA MC UK Environment Agency Maximum Concentration
1 Recommended target for aquatic organisms, Germany.
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Potential impacts on non-target organisms are commonly assessed by calculating toxicity
exposure ratios (TERs) or comparing toxicity with health or environmental quality standards
or advisory limits e.g.EQSs or MTR’s.  This type of assessment often uses the lowest effect
level for the most sensitive species.  Since maximum detected concentrations are reported
here, the LC50/EC50 values are used to illustrate lethal effects.  Table 1 summarises the
LC50/EC50 acute (defined here as up to 96 hours exposure) or LC50/EC50 chronic (>96
hours) toxicity values for the most sensitive species studied.

A summary of this kind is biased in that the most sensitive species is quoted regardless of its
potential exposure and some dossiers presented a wider range of non-target organism studies
and a range of effect levels.  The summary does however provide a worst case starting point
for comparison with quality standards and monitoring data in both the country reports and the
European pesticide monitoring database

Table 1 Values for most sensitive species-acute and chronic LC/EC50
Active
substance

Fish

mg as/l
acute

Fish

mg as/l
chronic

Aquatic
inverte-
brates
mg as/l
acute

Aquatic
inverte-
brates
mg as/l
chronic

Aquatic
algae/plants/
bacteria
mg as/l

Soil
fauna and
flora

mg/kg
Aldicarb 0.0633 0.56 0.4107 0.09 1.0 8.0
Cypermethrin 0.00044 -

0.0005
- 0.0003 0.0001-

0.0003
>0.1 >100.0

Dimethoate 30.2 8.875 4.7 0.04-0.1 91.7 >8.0
Pirimicarb 29.0 33.0 0.019 0.0025 140.0 >60.0
Chlorothalonil 0.032 >0.003

<0.0065
0.0073 >0.00083

<0.0012
0.13 >1000.0

Fenpropimorph 1.65 0.54 1.13 0.083 0.128 >2.5
Propiconazole 2.6 - 0.51 - 0.02 >250.0
Mancozeb 1.63

(490.0 ETU)
-
(1800.0
ETU)

1.0
(26.4
ETU)

-
(1.8
ETU)

0.063 ×10.0

Metalaxyl >100.0 - 4.6 >1.2 43.0 >1000.0
Isoproturon 37.2 6.51 0.58 >4.0 0.03 >1000
MCPA 117.0 >97.6 >190.0 >100.0 115.0 325.0

Comparison with surface water quality monitoring data

Table 1 was used to determine the most sensitive species tested and the list below identifies
the active substance, the grouping of the species and whether levels of concern are for acute
or chronic exposure.

Aldicarb most sensitive acute fish 60µg/l

Cypermethrin most sensitive chronic invertebrates 0.1µg/l

Dimethoate most sensitive chronic invertebrates 40µg/l



Pirimicarb most sensitive chronic invertebrates 2.5µg/l

Chlorothalonil most sensitive chronic invertebrates 0.83µg/l

Fenpropimorph most sensitive chronic invertebrates 83µg/l

Propiconazole most sensitive algae 20µg/l

Mancozeb most sensitive algae 63.0µg/l

Metalaxyl most sensitive acute invertebrates >1600µg/l

Isoproturon most sensitive algae 30µg/l

MCPA most sensitive chronic fish 97,600µg/l

These values were then compared in Table 2 to the maximum levels detected in surface
waters (derived from Table 7 chapter 6).

Table 2 Comparison of maximum levels in all surface water types and most sensitive 
non-target species(µg/l)

Active
substance

France Germany Italy Nether-
lands

Spain Swede
n

UK LC/EC50
most
sensitive
species

Azinphos-
methyl

0.0 8.4 0.02 -

Aldicarb 0.0 0.3 (0.53
sulfoxide)

<0.1 60.0

Cypermethrin 0.1
Dimethoate 0.0 (2.0*) 0.217 5.0 0.09 40.0

Pirimicarb 0.497 0.8 2.0 0.03 2.5
Chlorothalonil 0.138 0.51 0.83
Fenpropimorph 0.0 1.0 <0.1 83.0
Propiconazole 0.0 0 2.8 <0.05 20.0
Mancozeb (1045*) 1.3 ETU 63.0

Metalaxyl 2.62 0.29 >1600.0
Isoproturon 2.25 >0.1 0.0 2.0 7.91 30.0
MCPA >0.1 >0.1 0.0 30.0 40.0 0.86 >97600.0
(*)known industrial origin or derived from non-agricultural use.
no value indicates active substance not monitored for in the region(s)
0.0 indicates monitored but below detection limit.
>0.1 greater than detection limit but actual values not available.

Comparison of Surface Water Detections with Quality Standards
• Both maxima detected for azinphos-methyl in surface water exceed the CSTE health based

standard, the drinking water MAC and the Italian value exceeds the Dutch MTR.
• Aldicarb exceeds the Dutch MTR in the Netherlands and the UK EQS.



• Only Sweden monitored for cypermethrin in surface water yet the quality standards
suggest that of the 12 pesticides investigated it has potential for the most impact with the
lowest limit at 0.000009and the maximum at 0.001µg/l.

• Dutch and German levels of dimethoate exceed the environmental standard of 1.0µg/l
(UK) but only the Dutch value exceeds the MTR.  Health based standards for drinking
water are not exceeded.

• No detection of pirimicarb exceed any health based standards but all exceed the Dutch
MTR of 0.019µg/l.

• Detections of chlorothalonil in Italy and the UK exceed the UK’s annual average EQS but
not the maximum concentration.  No health based standards are exceeded.

• Fenpropimorph in France, Sweden or the UK does not exceed any health or environmental
standard.

• No health or environmental standards exist for propiconazole.
• The Italian maximum of 1045µg/l from the Trentino apple sub-region (no explanation yet

available) exceeds the Dutch MTR and the UK health based limit.  ETU is detected in the
Netherlands but no standards are available for comparison.

• No values exceed the health or environmental standards for metalaxyl.
• Swedish and Dutch maxima exceed all health standards and UK EQS’s but not the Dutch

MTR of 250µg/l.  MCPA is the most frequently detected of the 12 active substances
studied.

• The isoproturon maxima exceed both health and annual average environmental standards
in the UK, Sweden and France.

Comparison of Ground water detections with Quality Standards

No active substance exceeds the health-based limits.  Aldicarb, its sulfoxide and sulfone
metabolites, ETU (a metabolite of mancozeb which could also be derived from other
sources), isoproturon and MCPA exceed the drinking water standard of 0.1µg/l but no health
based limit.

The reader is referred to Annex II where a full report on concentrations detected and their
range is given for a variety of source waters or sediments.  The range of concentrations and
frequency of detection of each active substance would be best compared to the toxicology
data but time and budgetary constraints precluded further analyses of the data.
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The uncoordinated monitoring and data collection for all environmental parameters at the EU
level prevented a systematic interpretation of information with respect to determining the
presence and impact of plant protection products.  Regulation of plant protection products is
largely based on the results of laboratory data generated by the agrochemical companies.
Impacts on non-target organisms are assessed by calculating toxicity exposure ratios and if
appropriate risk reduction management strategies are required e.g. no spray/buffer zones.
Few field monitoring data existed in the regions studied to determine whether exposure to
real environmental concentrations was likely to have any chronic or acute impact.

The specific objectives of sub-project 2 were only partially met and therefore the following
sections summarise the main findings and the reasons why the objectives could not be fully
achieved.

�� 6FDOH�RI�6WXG\
1.1 Studies to determine the presence and impact of plant protection products at the
regional level are too large if the objective is to understand processes, quantify losses and
determine potential impacts.  Detailed studies at the field or catchment level are required to
provide the necessary information.  Upscaling from this detailed information, (using
mathematical models for extrapolation of data, for example), to the regional or national level
could possibly be achieved provided detailed information is available on pesticide usage,
cropping, climate, soils, hydrogeology etc.

1.2 The process of collating the disperse or confidential data was more time consuming
and demanding of resources than originally envisaged.  This precluded the investigation of all
regions chosen by sub-project 1 and prevented further analysis and investigation within the
resources allocated.  Consequently further evaluation of the collated data is necessary to
derive maximum benefit from the investigations.

�� 8VDJH�'DWD
2.1 Plant protection products are rarely crop specific.  In a given region they may be used
on a variety of crops (or even used in non-cropped land situations) at different application
rates and at different times of the year.  Qualitative or quantitative assessments need to take
into account the full usage spectrum across a number of years to incorporate crop rotations.
This information was not available to the project.

2.2 Several countries reported detections of active substances arising from use in
industrial applications, food processing and non-cropped land.  These uses can potentially
have more impact on non-target organisms as they originate from a point source and
concentrations in discharges can be significantly higher than those originating from diffuse
agricultural contamination.  Spillages, washings and other misuses were also known to be
responsible for contamination events.  Information is therefore also required on usage in non
agricultural situations.

2.3 Comparison of the fate of specific active substances in different member states was
found to be difficult since availability of the active substance and product type can vary,



method of application and treatment rates and timing may differ.  Consequently their fate and
behaviour is expected to differ.
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3.1 Some regions did not have any pesticide residue monitoring programmes in place and
therefore no data were available.  Some regions did not have good characterisation data for
soils or hydrogeology and therefore definition of pathways was impossible.  All regions were
able to provide meteorological data but not all could provide specific detail like average
storm intensity and duration.

3.2 Monitoring data from some regions was classified as confidential or was presented in
summary format which was inappropriate for this project. Some of the regions incorporated
several administrative authorities.  Since data was not centrally co-ordinated in these
countries it was difficult to access and collate comparable information.

3.3 Much of the data collected related to statutory monitoring of older, more persistent,
active substances, many of which are no longer registered but are required by EC Directives
such as those for Groundwater and Drinking Water.  It is argued that this requirement uses
key resources which could be better used to identify and characterise current problems.

3.4 No regional or national soil quality monitoring programmes appear to exist for the
seven countries contributing to this report.  The data evaluated for the 12 active substances
suggest that there are no long term effects on soil quality.  Further evaluation of the literature
and other active substances would be required to determine whether effects from other plant
protection products may occur in the field situation.  No regional or national data were
obtained for the routine monitoring of sediments though some analyses were located which
were confined to specialist surveys.

3.5 Water quality monitoring was not usually targeted for location, timing or for a specific
active substance with respect to impacts on non-target organisms.  Most monitoring appeared
to be in relation to drinking water intakes and was not designed to determine the magnitude
and frequency of contamination events and their potential impact.  Drinking water intakes are
usually large water bodies and any upstream contamination event will consequently become
diluted by other uncontaminated waters.  Impacts on non-target organisms are more likely to
occur upstream where monitoring has not taken place.  Some monitoring schemes appeared to
exist because of particular local interest in a specific contamination problem and not because
of a strategic monitoring plan.  Other monitoring schemes were found to base the selection of
determinands on usage data or an evaluation of cropping and then assumed use.  In some
cases determinands were further selected by assessing basic physico-chemical properties
which characterise leaching and persistence.  Only England and Wales had a designated
authority responsible for the co-ordination and collation of monitoring data.

3.6 Herbicides were the most frequently monitored group of pesticides.  The tonnage
applied was generally greater than for other groups and the timing of application and physico-
chemical properties suggest that some may be more prone to leaching.  The drinking water
limit of 0.1µg/l was more frequently exceeded in the water resources monitored by
herbicides, however proportionately fewer fungicides or insecticides were monitored for.
Analytical techniques were not available for routine determination of many active substances.
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4.1 Since monitoring was not targeted to the relevant environmental compartments no
comparative assessments could be made.  It is generally assumed that agricultural spray drift
is the main source of contamination of surface waters yet little monitoring data is available to
determine the post application concentrations or their impact.  Subsequent contamination can
occur via drainflow, lateral seepage, leaching, overland flow and atmospheric deposition.
Only in intensively instrumented catchment based studies could these begin to be identified
and quantified and the processes responsible understood.

4.2 Large amounts of historical monitoring data (mainly statutory) were collated during
the project.  In order that this could be effectively evaluated an EU database on pesticides2 in
water, soil and sediment was compiled.  The database allows summaries to be retrieved for
active substance, water source type, country etc.  Supporting data on location, source type,
sampling date and contact organisation are essential components of the database as
comparison of concentrations detected in isolation are meaningless.  Interpretation of the data
and an initial assessment of pathways and processes can be made.
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5.1 A database of health and environmental water quality standards was compiled.  This
showed that for some active substances there are several orders of magnitude difference
between values of different countries.  The development of different environmental quality
limits/standards in different countries was considered confusing and could be considered a
duplication of effort at the European level.  The basis for calculation of each needs to be
available as theoretically they are all based on available data yet different values are apparent.
The process requires EU co-ordination.

5.2 Incidences of pesticide contamination of water were found to occur and comparisons
of concentrations were made with health and environmental standards or limits.  However the
sampling strategies which provided the data reviewed were not usually designed to fully
characterise a contamination incident.  This project used maximum detected levels to make
the comparisons and it is agreed is not necessarily a valid approach.  However the use of
means is also problematic.  The database retrievals allow a better comparison since they
provide information on the total number of analyses, those below the detection limit and
those above 0.1µg/l.  Until comprehensive databases are available showing the origin,
magnitude, duration and frequency of events, quality standards cannot be scientifically
compared with field monitoring data.  Only continuous, frequent or carefully targeted
monitoring can supply this detail.

5.3 Environmental standards from the UK and the Netherlands (EQS’s or MTR’s
respectively) are based on the lowest effect level regardless of species tested.  This may
trigger regulatory action whether it is fish or algae at risk.  In the regulatory assessment of
data for inclusion on Annex 1 testing of a specific range of non-target species is required,

                                                          
2 The European Pesticide Database can be obtained by initially contacting the Dr Andrée Carter at Soil Survey
and Land Research Centre, Cranfield University, Shardlow Hall, Derby, DE72 2GN. England. Tel: 00 44 1332
799000, Fax:00 44 1332 799161.



where this data is absent it will be required as a condition of approval.   The species range is
then always comparable.

5.4 It was also noted that there is concern over the status of environmental standards in
relation to the toxicity exposure ratios (TER’s) calculated for regulatory compliance with
Directive EC91/414.  It was considered that the purpose and need for each value should be
clearly defined and the information made widely available.

5.5 No soil or sediment standards were located which were relevant to the agricultural use
of pesticides.  The need for and feasibility of creating such standards and monitoring for their
compliance should be carefully considered if resources were to be allocated for this task.  For
example problems of monitoring strategy, timing, soil type influences, water status and
cropping would all need to be considered.
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6.1 Summary data on environmental fate and ecotoxicology are essential for
determination of the impact of residues of plant protection products.  Two databases, PETE
and Pandora’s Box, were accessed to provide this fundamental information.  Following the
review of the first draft of this report it was noted that in some cases the data was considered
inappropriate, had been superseded by results from modern studies or did not reflect the range
of values retained by the original dataholders.  Data from agrochemical company dossiers are
more comprehensive than those found in the published literature and thus provides an
essential basis for determining potential impact on the environment.  In order that the wider
community can access modern, validated information it is recommended that a Pesticides
Properties and Ecotoxicological database, similar to Pandora’s Box is established and
routinely updated as European reviews and registration take place.  This database could then
be made available for example via the Internet.

6.2 Guidelines for determining the impact of a plant protection product on sediment
dwelling aquatic species are required.  No data were presented by the data holders for this
group of non-target organisms.  A limited number of field monitoring studies exist in the
selected regions, though more were known to exist in other regions.

6.3 Impacts (particularly sub-lethal ones) of plant protection products are difficult to
isolate because of the complex nature of the ecological system.  It was noted that other
agricultural activities or environmental processes could have greater detrimental effects on a
system.

6.4 Data obtained from the agrochemical industry showed that acute and chronic
exposures were monitored under controlled laboratory conditions.  In the field situation the
environmental conditions are dynamic with many processes controlling the dissipation of the
active substance.  Yet comparisons with standards or regulatory assessments are made which
assume the same environmental conditions apply in the field.  Assessment of impact is
complex and as a result too many simplifications and worst/extreme case scenarios may be
used which together combine to provide unrealistic and possibly unnecessarily large safety
margins.  Field studies are occasionally required by regulatory authorities but these data are
not usually available in the public domain.
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1. Central co-ordination and guidance from the EU is essential if monitoring data are to
be subsequently evaluated at the EU level to determine the impact of environmental and
agricultural policy.  Many organisations are involved in the registration of plant protection
products and their monitoring in the environment at the regional or national level.  A co-
ordinated national approach regarding monitoring in the environment and potential impact on
non-target organisms is required.  The EU should consider defining clear roles and
responsibilities for member states to comply with a specific monitoring strategy.  The
scientifically derived information should be made freely and easily accessible.  This can then
be collated as required at the EU level.

2. There needs to be an EU approach to regional and national environmental
characterisation for soils, geology, land use , climate etc.  Whilst EU systems do exist for
some of these they do not provide the opportunity for interaction or easy access.  In many
cases the detail available for the EU is not sufficient and therefore a layered or nested
approach should be considered whereby representative areas are identified and characterised
at the scale required.  Confidentiality, Intellectual Property Rights or cost of purchasing data
may provide barriers to general access and will need to be overcome.

3. All future studies to determine residues and impacts should be catchment based
(whether for groundwater or surface water sources) in order that quantitative assessments can
be made.  The EU should consider the development of a range of representative catchment
based studies across Europe to provide the necessary data.  These catchments would form the
detailed level of a ‘nested’ or tiered approach to the evaluation of monitoring data at the EU
level.  Existing catchments with historical data could be considered if appropriate and
representative of the required agroclimatic conditions.

4. Monitoring should be targeted for location, timing and use of active substance in
accordance with a strategic monitoring plan designed to monitor potential impact on non-
target organisms.

5. Analytical techniques suitable for adoption by the water/regulatory industry are
required.  Many methods are complex and often specific to the active substance.  Techniques
for fungicides and insecticides are especially required.  Acceptable analytical methods are
only available for approximately a quarter of all active substances.  A list of priority active
substances should be established.  If comparisons are to be made at the European level a
quality control and standard procedures should ideally be implemented for collection, storage,
analyses and data reporting.

6. Consideration should be given to the purpose and value of statutory monitoring of
older, more persistent, active substances, many of which are no longer registered but are
required by EC Directives such as those for Groundwater and Drinking Water.  It is argued
that this requirement uses key resources which could be better used to identify and
characterise current problems.

7. Collection of samples and associated analyses are time consuming and costly.
Maximum benefit could be obtained if all data were centrally collated at the regional, national
and European level.  An EU database on pesticides in water, soil and sediment is



recommended to evaluate the success of environmental protection policies within Europe.
The database software and structure developed in this project should be adopted by all
member states to facilitate easy interpretation and exchange of full scientific data.  Supporting
data on location, source type, sampling date and contact organisation are essential
components of the database as comparison of concentrations detected in isolation are
meaningless.

8. The development of environmental quality limits/standards in different countries is
confusing and is a duplication of effort.  The basis for calculation of each needs to be
available as theoretically they are all based on available data yet different values are apparent.
The process requires EU co-ordination.  There is also concern at the status of EQS’s in
relation to the toxicity exposure ratios (TER’s) calculated for regulatory compliance with EC
directive 91/414.  The purpose of each value needs to be clearly defined and an evaluation of
the relationship between the two values carried out.  Clarification is required concerning the
ecological basis for selecting the most sensitive species for toxicity calculations.  The
importance of the species in the ecosystem needs to be evaluated and factors such as
population recovery rates, species abundance or influences on other compartments of the
system need to be taken into account.

9. No soil or sediment standards were located which were relevant to the agricultural use
of pesticides.  The need for and feasibility of creating such standards and monitoring for their
compliance should be carefully considered if resources were to be allocated for this task.

10. Summary data on environmental fate and ecotoxicology are essential for
determination of the impact of residues of plant protection products.  In order that the wider
community can access modern validated information it is recommended that a European
database, similar to Pandora’s Box is established and routinely updated.

11. The impact of agricultural management systems designed to reduce contamination of
the environment or simply compliance with good agricultural practice should be evaluated to
determine whether these measures are likely to minimise contamination events.

12. Further studies which build on this preliminary desk study are required to make use of
the considerable amount of information which has been collated and for which relatively little
interpretation has been carried out.  This project has only served to initiate the process of
investigating the presence of plant protection product residues in the environment and their
potential impact on non-target organisms.


