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Summary

An analysis of the regulations of herbicide use for weed
control in non-agricultural/urban amenity areas,
including actual pesticide use, was carried out as a
joint survey of seven European countries: Denmark,
Finland, Germany, Latvia, the Netherlands, Sweden
and United Kingdom. Herbicides constitute the major
part of the pesticides used in urban amenity areas.
Herbicide use on hard surfaces is the largest in terms of
volume and potential contamination of surface and
groundwater. The aim of the study was to investigate
the differences in political interest and public debate on
the ‘use of pesticides in public urban amenity areas’,
regulations within each country at national, regional
and local levels, possible use of alternative weed control
methods and the amounts of pesticides used on urban
amenity areas. A comparative analysis revealed major
differences in political interest, regulations and avail-
ability of statistics on pesticide use. Denmark, Sweden,

the Netherlands and Germany have, or have had, a
strong public and political interest for reducing the use
of herbicides to control weeds in urban amenity areas
and also have very strict regulations. The UK is
currently undergoing a period of increasing awareness
and strengthening regulation, while Latvia and Finland
do not have specific regulations for weed control in
urban amenity areas or on hard surfaces. Statistics on
pesticide/herbicide use on urban amenity areas were
only available in Denmark and the Netherlands.
Developing this kind of information base reveals the
differences in herbicide use, regulations and policies in
European countries and may enhance the transfer of
knowledge on sustainable weed control across coun-
tries.
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Introduction

The use of herbicides for weed control in non-agricul-
tural or urban amenity areas may lead to different
environmental issues than when they are used in
agriculture, and these need separate consideration

(Spliid et al., 2004). Water quality monitoring studies
have demonstrated that there is a disproportionate
contamination of waters by non-agricultural herbicide
use (Augustin, 2003; Skark ef al., 2004; Kempenaar &
Saft, 2006; Kempenaar et al., 2007). One of the main
uses of herbicides in urban areas is to control weeds on
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hard surfaces. These areas are often constructed for
rapid penetration of water or to encourage surface run-
off to avoid flooding: this can result in contamination of
nearby ditches, drains, sewage systems or groundwater
(e.g. Allender, 1991; Ramwell et al., 2002; Skark et al.,
2004). Consequently, there is minimal opportunity for
herbicide sorption and/or degradation (Ramwell et al.,
2002), while the potential for herbicide removal to
surface water bodies is high. Additionally, a recent study
by Schmidt et al. (2006) has shown that besides run-off,
leaching of glyphosate from hard surfaces into ground-
water cannot be ignored, depending on weather and
joint conditions.

According to an inventory study carried out by
Puijker et al. (2004), the cost of treating water to remove
pesticides in all water companies constitutes the main
part of the up to 92 million euros for the Dutch drinking
water industry during the years 2001-2003. In many
countries, the pollution risk to the environment and
drinking water reservoirs has led to several restrictions
on the use of herbicides for weed control in non-
agricultural areas (e.g. Hansson, 2002; Augustin, 2003;
Kempenaar & Spijker, 2004; Kristoffersen et al., 2004),
which increase the need for alternative control methods.

Weeds in urban amenity areas cause several prob-
lems. On hard surfaces, the weeds grow easily in the
open spaces such as joints and cracks. There are several
reasons for the undesirability of weeds in these areas
(Rask & Kristoffersen, 2007):

e Weeds can cause damage to the hard surfaces by
breaking up asphalt and the edge of the road seal or
they can enlarge cracks.

e Weeds can make asphalt footpaths slippery.

e Accumulation of plant residues can impede storm
water run-off and make a substrate for new weed
establishment.

e At road verges weeds can impair the visibility of traffic
indicators, and thereby cause accidents.

Weeds make streets and pavements unsightly and the
presence of weeds tends to indicate a city in decline. In
parks and other green areas it is especially perennial
weeds that cause problems. In sports areas and golf
courses, the problem is mainly dicotyledonous weeds,
insects and fungal pests (Kristoffersen & Rask, 2007).

The relevant legislation in force within the European
Union (EU) is the Council Directive 91/414/EEC
(EEC, 1991), concerning the placing of plant protection
products on the market and the EU Water Framework
Directive [WFD (EEC, 2000)]. This legislation is the
only one used for EU-wide regulation of the use of
herbicides for weed control. The directives recognise
that plant protection products may involve risks and
hazards to humans, animals and the environment, if not

properly tested and authorised. Herbicides used in non-
agricultural areas where primarily developed for use on
cropland because the non-agricultural market is small.
Still they are covered by the same pesticide regulation
and have to meet similar criteria. Other regulations,
both statutory and voluntary, may also exist in each
member state.

However, to what extent do other regulations set
limits on the use of pesticides in urban amenity areas in
European countries? Is there, or has there been, any
public or political interest to reduce the use of pesticides
on hard surfaces or urban green areas administrated by
the public authorities? Are there any statistics on the use
of pesticides/herbicides by the public sector? At present,
there is no comparative information available on the
pesticide/herbicide use by the public authorities and
weed control practices in European urban amenity
areas. Developing this information base would reveal
the differences in herbicide use, regulations and policies
in European countries and may enhance the transfer of
knowledge on sustainable weed control across the
countries.

To address these challenges, this paper presents the
results of a survey on political interest and regulations of
pesticide/herbicide use in public urban amenity areas in
the seven ‘CleanRegion’ project countries: Denmark,
Finland, Germany, Latvia, the Netherlands, Sweden
and United Kingdom. °‘CleanRegion’ or ‘Regional
Collaboration for Minimising Pesticide Emissions in
the Environment’ is an on-going 3 year INTERREG
IIIC project, partly financed by EU to minimise the use
of herbicides for weed control in urban areas. The
project links research institutes and local and regional
authorities in those seven European countries. In the
following, the definition ‘urban amenity areas’ will
describe areas like roads (including interurban roads
and roadsides), pavements, squares, parks, gardens,
sports grounds, cemeteries, etc., normally administrated
by public authorities. Private gardens and other private
use of pesticides by civilians are therefore not covered by
the definition. Industrial areas are included if adminis-
tered by the public authorities. It was decided not to
include railway tracks as they are administered very
differently in each country.

The major aim of the survey was to provide a first
overview of current weed control practices and policies
in amenity areas (mainly hard surfaces) in the seven
project countries. Specifically, the objectives were:

e To provide an overview of the historical/political
development in the use of herbicides in urban amenity
areas in the respective countries.

e To examine if and how herbicide use in urban amenity
areas is regulated.
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e To provide an overview of the use of alternative weed
control methods in amenity areas, research status and
technological innovation in the respective countries.

e To estimate the present use of pesticides/herbicides in
amenity areas and on hard surfaces in comparison
with total quantity of pesticides used in each country.

Materials and methods

To standardise the national reports, each CleanRegion
member was asked to collect information on:

e Policies: Description of the political interest (if any)
on the topic ‘use of pesticides in amenity areas’ and a
description of how this interest has influenced the
historical/political development in pesticide use and
the possible use of alternative weed control methods
in amenity areas during the recent decades.

e Regulations: National, regional and/or local regula-
tions on the use of pesticides in amenity areas (if any).
Possible plans for future regulations in amenity areas.

o Use of herbicides in amenity areas. Statistics (or, if not
available, an estimate) of the quantities of herbicides
used in amenity areas administered by public author-
ities.

o Total use of pesticides/herbicides in the country:
Statistics of the quantities of pesticides/herbicides
used or sold yearly in each country (for comparison
with the use in amenity areas).

Each point was elaborated on a questionnaire to
equalise the answers. The CleanRegion partners handled
the contact to relevant authorities (e.g. environment
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agencies) to gather the information as a national survey.
Each partner elaborated a summary of the national
survey, and is presented in the paper. The sources of
information vary from country to country, but each
partner was expected to gather the information from
competent authorities to secure the quality of the review.
Some partners were not able to collect all the informa-
tion that was asked for, so some sections are less
detailed.

Results

Denmark

In recent decades, increasing political and public
concern about unwanted side effects from pesticide
use has been observed in Denmark (Table 1). This
concern is especially related to the leaching of pesti-
cides to groundwater, because it represents the major
part of the drinking water resource in Denmark
(Rasmussen & Hgjbjerg, 2002). Pesticides and their
metabolites have been detected in approximately one-
third of the examined groundwater abstraction wells in
2000 and 2001 (Briisch & Juhler, 2002). In 9% of these,
the politically determined limit of 0.1 pg L™ was
exceeded.

In 1992, the use of pesticides in churchyards was
banned. After a massive debate on pesticide use in urban
amenity areas in the following years, the topic was part
of a political hearing on pesticide use in general in 1996.
It was decided to initiate an investigation into pesticide
use in amenity areas for the preceding year. Initiatives to

Table 1 Political interest concerning pesticide use in urban amenity areas and regulations specifically of amenity areas or hard surfaces in

seven European countries

Political Regulations on Specific regulations

Country interest amenity areas Sprayer’s certificate  Restrictions on hard surfaces

Denmark High Very strict X Glyphosate and acetic acid banned. Decision on
total phase-out of pesticide use by public
authorities

Sweden High Strict/very strict X Glyphosate and acetic acid banned by 50% of
the municipalities. Announcement before and
after spraying

The Netherlands  High Strict X Swath spraying forbidden. Mandatory use of
sweep-guidelines including weed sensors for
spot application of weeds.

United Kingdom Moderate Strict/moderate X Herbicides are allowed but must comply with
Code of Practice for the Use of Plant
Protection Products, which is a statutory code.

Germany Moderate Very strict X Specific approvals necessary for each herbicide
use, spraying of glyphosate forbidden
(only special sweeping technique can be
approved)

Finland Almost none  No specific regulations X None

Latvia None No specific regulations X None
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reduce pesticide use were supported as part of the
finance act in autumn 1997 and in 1998 the Ministry of
Environment and the local authorities entered into a
voluntary agreement on phasing out all use of pesticides
(including agricultural land administered by the author-
ities) before 1 January 2003 (Anon, 1998). The basis for
this agreement was a report from the Drinking Water
Committee, as well as a number of previous initiatives
and declarations of intent, all aimed at giving the public
sector a leading position in efforts to minimise pesticide
use. As part of the voluntary agreement on phase-out,
the parties committed themselves to register pesticide
consumption midway through the process and at the end
of 2002. Furthermore, in autumn 2000, the Danish
Environmental Protection Agency decided that pesti-
cides containing glyphosate, which was the only active
ingredient used on hard surfaces (Kristoffersen & Rask,
2007), could no longer be used on hard surfaces of any
kind. In practice, this meant that weed control in these
areas could no longer be carried out using herbicides
(except under a few special conditions) and alternative
ways to control weeds started increasing (Table 2)
(Hansen et al., 2004).

As a result of the strong regulation of pesticide use,
technological innovation to advance equipment for
alternative weed control has been very high. Equipment
for thermal treatments (e.g. gas burners and steamers),
mechanical weed control (weed brushers), as well as
equipment for semi-hard surfaces, are subject to con-
tinual research and development (Kristoffersen & Lar-
sen, 2001; Hansen et al., 2004; Kristensen et al., 2004;
Rask & Kristoffersen, 2007). The possibility of using
ultraviolet radiation to control weeds has also been
investigated by Danish researchers (Andreasen et al.,
1999). Within the last few years, different strategies for
weed control on paved areas and urban green areas have
been developed and published as guidelines for the
municipalities, greenkeepers, and park and road man-

Table 2 Use of alternative weed control methods, research and
technological innovation in alternative weed control in urban areas
in seven European countries

Use of Research in

alternative alternative Technological
Country weed control  weed control innovation
Denmark Common High High
Sweden Common Moderate Moderate
The Netherlands Common High High
United Kingdom  None* Low Low
Germany Some* Low Moderate
Finland None None None
Latvia None None None

*Except brush-weeders as part of street-cleansing operations.

agers (Tvedt & Kristoffersen, 2000, 2002; Tvedt et al.,
2002; Kristoffersen & Tvedt, 2005).

Statistics on pesticide or herbicide use (total amounts
as well as the amounts used by public authorities) are
available from the Danish Environmental Protection
Agency (http://www.mst.dk, Table 3). In the period
1995-2007 the amount of pesticides used by public
authorities has been reduced from 28.8 tonnes of active
ingredients to 5.1 tonnes of active ingredients (herbicides
constituting about 80% of the total amount of pesti-
cides) (Kristoffersen & Rask, 2007).

Finland

There have been many debates regarding pesticide use in
field crop production in recent decades in Finland.
However, political concerns over pesticide use in urban
amenity areas have been limited to some local debates.
There has been no specific national political debate on
the topic and there are no national regulations specif-
ically concerning pesticide use in urban amenity areas.
The regulations are mainly the same as for agricultural
use; however, there may be different local restrictions
regarding the use of pesticides in many municipalities
(Table 1).

In the beginning of the last century, hard surfaces
such as stoned pavements and curbs were only seen in
the old and big cities in Finland. Handpicking of weeds
was the only method available at that time. In recent
years, herbicides have been commonly used to cope with
the fast growth of hard surface areas and the rising costs
of labour. Herbicides have been cost-effective for weed
control and non-chemical weed control is hardly used
(Table 2).

In pesticide screenings of Finnish surface waters near
agricultural areas, a total of 17 different herbicides, two
fungicides, one insecticide and four metabolites were
detected from the 100 pesticides that were analysed for.
Herbicides were found in 90% of water samples;
2-methyl-4-chlorophenoxy-acetic acid (MCPA) was the
most commonly detected. Levels of these pesticides were
fairly low; only some peak values were close to
the average levels, which are mentioned in the Water
Framework Directive (2000/60/EC) (Siimes et al.,
2005). Herbicides were also found in groundwater in a
survey made in the Salpausselkd Esker area, an impor-
tant groundwater catchment area in Finland. For
example, very small amounts of simazine and atrazine
could be detected locally, although the use of these
compounds was stopped in the early 1990s (Mannio et al.,
2007). Reports of these surveys are under preparation.

Pesticide legislation is based on Pesticide Act
(327/69), Pesticide Decree (792/95) and Decisions of
Ministry of Agriculture, each with amendments in
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Fraction: amenity
areas/total pesticide

use %

use on hard surfaces

Hereof: Herbicide
(tonnes a.i. year ")t

on amenity areas
(tonnes a.i. year ")t

Pesticides used

in total in 2002*

Herbicides sold
(tonnes a.i. year™")

Pesticides sold
in total in 2002*

(tonnes a.i. year™")

Population
(pop km™2)

density

Population

Land area
(km?)

Table 3 Statistics of pesticide/herbicide use in agricultural land, amenity areas and on hard surfaces

Country

© 2008 The Authors

0.19

3

5.1 (3.6 tonnes of glyphosate)
No info available

220

2105
1447
2215
21133
14 328

2722

1711

126.1

5 432 335
9001 774
16 954 584
59 553 800
82 431 391

43 094
449 964

Denmark
Sweden

2.73
2.7%
<3.4%

No info available

185

20.0
392.0

8072
31 064
29 531

41 528
244 820

The Netherlands

No info available

829

2433
230.9

United Kingdom
Germany
Finland

Latvia

<100 (<2 glyphosate)

No info available
No info available

<1000 (<2 glyphosate)

5-61

357 021

0.61

1273
1205

1614
1681

15.4

5223 442
2 306 988

338 145

No info available

36.0

64 600

Only Denmark and the Netherlands have official statistics on pesticide use in amenity areas. The figures are from 2006 and 2001 respectively. The fraction of pesticides used in amenity areas in

relation to total amounts of pesticides that are sold in each country are therefore calculated on basis of data from different years, and for Germany, United Kingdom and Finland the figures are based

on estimates.

*Data are from http://epp.curostat.ec.europa.cu. Data from Latvia are sold quantities in 2005.
tData are from different sources and years, specified in the description of each country.

iEstimate, no statistics available.
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different years. Furthermore, there is the Chemical Act
(744/89), the Chemical Decree (675/93) and some other
Acts, Decrees, Government Decisions, along with their
amendments, which all regulate pesticide use. In recent
years, EU regulations have also become more important.

According to the pesticide legislation, a permit from
the environmental authority at the municipal council is
required, if pesticides are to be used in groundwater
protection areas. Additionally, there are requirements to
use pesticides, including:

e Only approved substances can be used [approved by
the Finnish Food Safety Authority (Evira)].

e The person using very toxic pesticides has to be
qualified, which means that the person has to pass a
course every 10 years.

Since 1954, data on the quantities of pesticides (active
substances) sold in Finland have been published annu-
ally in Kemia-Kemi (Chemistry), a journal. The annual
data are available on Evira’s website (http://www.evi-
ra.fi) (Table 3). The data on quantities sold are based on
information from registration holders and representa-
tives of pesticide companies. In spite of an increase in the
total use of pesticides in the recent years, the rate of
application of pesticides in Finland is still among the
lowest in Europe (Savela & Hynninen, 2004). This is
mainly due to the low population density and short
vegetation period, which causes fewer weed problems in
comparison with urbanised areas in other parts of
Europe.

There are no statistics on the quantities of pesticides
used in urban amenity areas, but it is estimated that the
use is approximately 5-6 metric tonnes of active sub-
stance per year (total use of 1614 tonnes in 2002). This
estimation is based on interviews with different main
users (cities, road administration). However, a survey on
pesticide use in 80 Finnish municipalities was carried out
in 2007. Of these, 46 municipalities answered the
questionnaire, representing communities with totally
about 2 million inhabitants (40% of the total population
in Finland). Only one-fifth of these municipalities used
herbicides regularly. Nearly two-thirds of the munici-
palities reported occasional use and only 15% never
used herbicides. About 35% of the municipalities had
some local restrictions on pesticide use. The reported use
of pesticides of these municipalities was about 1000 kg
(commercial products). The majority of the municipal-
ities had used glyphosate in recent years and in most
cases on hard surfaces. Other products mentioned were
small doses of MCPA, glufosinate-ammonium, isoxaben
and aclonifen. Nine municipalities used acetic acid and
citric acid, and several others said that they were
interested in using these products (T. Lavonen,
L. Linden, P. Leskinen & J. Raisio, unpubl. obs.).
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Germany

The first legislative provisions on plant protection were
decreed in 1919 and a compulsory registration of
pesticides was implemented in 1968. Further revisions
and amendments followed, in order to minimise
potential risks of pesticides on environment and health.
The authorisation of pesticides and their uses are
currently defined in the German Plant Protection Act
of 1998 and additional national amendments and
regulations [Bundesministerium fiir Erndhrung, Land-
wirtschaft und Verbraucherschutz (BMELV), 2006].
These federal legal standards can be tightened with
further provisions and guidelines of the federal states
(Lénder). Some municipalities do not allow spraying of
herbicides on hard surfaces or have even voluntarily
banned pesticide use in urban areas. According to the
Act, authorised pesticides cannot be applied if the user
expects that their use in individual cases will have a
harmful effect on human and animal health, on ground-
water, or have any other serious adverse effects.
Furthermore, pesticides are only allowed in agricultural,
forestry and horticultural land. Therefore, in principle,
weeds on hard surfaces in urban areas cannot be
controlled by herbicides (Table 1).

However, the responsible authority in the Linder can
grant exceptions, if the purpose is urgent and cannot be
achieved in any other way and if it does not conflict with
overriding public interests. The authority can also carry
out other necessary measures in order to meet the
above-mentioned requirements. As this approval proce-
dure is a task handled by the Linder, some of them have
passed a number of clarifying provisions and some
Léander strictly prohibit herbicide applications on hard
surfaces. An approval can be given, depending on the
case, for certain applications, including a specific
authorised herbicide and use. The applicant has to
provide considerable documentation for the herbicide
use, which is mostly based on other legal obligations like
the liability of premises, fire prevention, etc. Without an
approval, the applicant cannot purchase herbicide for
the intended use.

According to the German Plant Protection Act, the
Linder are also responsible for the control of marketing
and use of pesticides. Control methods have been
specified and harmonised by the Plant Protection
Control Program implemented in 2004 [BVL (Bunde-
samt fiir Verbraucherschutz) (2006a)].

Currently, the following active substances are
authorised for uses on hard surfaces: diuron, flumioxa-
zin, glufosinate, glyphosate, quinoclamin, acetic acid and
pelargonic acid. Because of additional restrictions, only
acetic acid and pelargonic acid are allowed to be sprayed
on hard surfaces if there is any risk of run-off. Use of

glyphosate can be approved, if the authority can specify
an application technique avoiding run-off. This is in
principle possible when using a manual wick applicator.
A more efficient technique can be provided by a roller
wiper, the so-called Rotofix system in combination with
glyphosate. The Rotofix machine is hand-operated and
consists of a rotor sprayer on the top, positioned at least
20 mm above surface. It has been officially proven in line
with legal requirements. Instead of spraying a single
plant, treatment by the Rotofix system reduces glypho-
sate volume to 75-95%. Contamination of surface water
and groundwater is unlikely if the Rotofix system is used
appropriately (Hermanns et al., 2006). Rotofix applica-
tions are often approved together with restrictions, such
as additional use of non-chemical control methods.

Of the above-mentioned active substances, only
diuron has been found in surface water. During the
period 1996-2003, the level of 0.1 ug L™' was exceeded
by 0.7-0.9% of approximately 12 000 estimations [Pes-
ticide Action Network Germany (PAN), 2006]. As in a
large number of European countries, use of diuron is
strictly prohibited on hard surfaces or areas where there
is a risk of run-off. The very low number of herbicides
authorised for weed control in hard surfaces and the
strong application restrictions reduce the risk of ground
and surface water contamination.

Besides the strict provisions for herbicides and their
uses, there are several additional requirements concern-
ing personal qualification, recording, when to carry out
the weed control, and location of the applications. In
order to avoid any environmental risk, operators should
follow the principles of Good Professional Practice
[Bundesministerium fiir Erndhrung, Landwirtschaft und
Verbraucherschutz (BMELYV), 2005]. According to these
rules, for example, even approved applications are
prohibited if rainfall is expected soon after application.

Because of these restrictions and the high adminis-
trative input, municipalities are also interested in non-
chemical measures for weed control (Table 2). Sweeping
and brushing of hard surfaces are likely the most
common methods to remove weeds and avoid new weed
infestation. Manual weed control is carried out as well,
mainly on small or hardly accessible areas. Recently
there has been a technical improvement and more
frequent use of thermal weed control methods, especially
steam and hot water with foam. The extent of use and
experiences of non-chemical weed control methods are
very different from municipality to municipality.

Statistics on production and consumption of pesti-
cides in Germany are published yearly according to the
Plant Protection Act. Detailed data on herbicides
applied on hard surfaces or quantities used on amenity
areas or hard surfaces are not available (Table 3).
However, except glyphosate, herbicides registered for
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non-cropping areas are marketed in a total amount less
than 230 tonnes yearly (BV, 2006b). Even though there
is no precise information as to the share for urban areas,
it is estimated to be very small compared with agricul-
tural uses. As a consequence of the limitation to
localised application of glyphosate, based on a recent
national questionnaire, consumption of glyphosate is
likely to be less than 2 tonnes year ™.

Latvia

The politicians of Latvia are not actively working on
programmes to minimise pesticide use, as the public
debate has been minimal. In addition to this, the use of
herbicides is considered to be low in comparison with
other EU countries. This is also the official opinion of
the Ministry of Agriculture. Specific regulations of
pesticide use in urban areas do not exist and there is
practically no control of pesticide use by public author-
ities (Table 1). Some non-chemical weed control is
carried out with brush weeders in larger cities or hand-
hoeing in small areas (Table 2).

The first regulation regarding pesticide use for plant
protection on agricultural land was introduced in 1913.
It included management of the plant protection activities
within the Republic, the elaboration of a set of measures
for combating weeds, plant pests and diseases, and
control of plant protection measures of all land under
the control of land users. On 1 August 1995, the State
Plant Protection Station was assigned a new function:
issuance of specific licences for trade in plant protection
products. In the same year, the Trade and Usage
Control Group of Plant Protection Products was estab-
lished. After 1 year, when the number of special licences
issued had grown considerably, an inspection to monitor
the plant protection regulatory enactments was initiated.
On 3 January 2000, Plant Protection Products’ Trade
and Usage Control Division was established, which
since 1 February 2002, was named Plant Protection
Products’ Circulation Control Organization Division.
This organisation controls pesticide use in the country.
The type and amount of pesticide that can be purchased
by the user depends on his qualification and whether he
has a certificate for plant protection or not. The person
using the pesticide has to be qualified, and therefore
attend to pass a course organised by State Plant
Protection Service.

There are more than 75 herbicides on the list of
approved pesticides in Latvia. Especially glyphosate,
MCPA, dichlorprop and mechlorprop are widely used
for weed control. Although there is no official informa-
tion of herbicide use on hard surfaces, it is known that
the most commonly used herbicide by the municipalities
is glyphosate (Table 3).

© 2008 The Authors

Policies on amenity pesticide use 207

The Netherlands

The use of synthetic pesticides for weed, insect and plant
disease control increased rapidly in Dutch municipalities
after World War II. However, since the 1970s, several
municipalities voluntarily reduced or banned pesticide
use in amenity areas because of the concern about the
unwanted side effects of these pesticides. These forerun-
ner municipalities were in most cases large municipalities
in urban areas of the Netherlands (Kempenaar &
Spijker, 2004). In 1993 and 1994, a particular side-effect
became evident when the drinking water company
‘Waterwinningbedrijf Brabantse Biesbosch’ had to stop
the intake of water from the river Meuse for drinking
water for 7 weeks because of high concentrations of
diuron (Sluijsmans et al., 1997). A study of Aarnink
et al. (1996) showed that diuron used on hard surfaces
was an important source of this problem. At this point,
the government, the water authorities and the drinking
water companies realised that not only the agricultural
use of pesticides, but also the use of pesticides (in
particular herbicides) in the urban environment had
serious impact on water quality.

About 40% of the drinking water in the Netherlands
is derived from surface water. This share is expected to
rise to 50% in 2030 [VROM (Ministerie van Volkshuis-
vesting, Ruimtelijke Ordening en Milieubeheer) (2001)].
The pollution of surface water by pesticides decreases
very slowly in the Netherlands. In some locations, the
concentration of pesticides does not always comply with
the guidelines for drinking water of 0.1 pg L™ for
individual pesticides, and 0.5 pg L' for total pesticides
[Milieu en Natuur Planbureau (MNP), 2006].

After recognition of the drinking water production
problems in 1993 and 1994, several municipalities
reduced the use of pesticides, stimulated by a national
voluntary agreement (covenant) between governmental
bodies in 1997 [Bestuurlijke afspraken uitvoering Meer-
jarenplan Gewasbescherming Openbaar Groen (MJPG-
OG), 1997]. The covenant was among others signed by
the national government and the three umbrella organ-
isations of municipalities, provinces and water boards.
The two main objectives of the agreement were to reduce
use by 43% in 2000 and to reduce emission to the
environment by 90% in comparison with the situation in
the period 1984-1988. The covenant was evaluated in
2001, where it was concluded that the use objective was
met (in fact a reduction of 69% was achieved), but not
the emission objective. Furthermore, it was concluded
that weed control on hard surfaces was still highly
dependent on herbicide use. During the last 5 to
10 years, additional regional covenants were signed in
several provinces of the Netherlands (e.g. Zeeland,
Limburg, Friesland) to further reduce and/or stop
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pesticide use in urban areas (Convenant Duurzaam
Beheer 2001; Intentieverklaring Duurzaam Beheer Fry-
slan, 2003). Only a few of the participating municipal-
ities managed to stop using herbicides completely on
hard surfaces, mainly because alternative non-chemical
weed control is less cost-effective than herbicide weed
control. Nevertheless, the regional covenants contrib-
uted to further reductions in pesticide use and awareness
of the problem.

In 1999, the use of diuron on hard surfaces was
legally banned, because concentrations of the compound
in surface waters used for drinking water production
repeatedly exceeded the environmental threshold con-
centration (in Dutch: MTR). After the ban of diuron,
glyphosate became the most used herbicide on hard
surfaces. In 1997, a technique for automatic weed
detection was implemented on a small boom sprayer
for hard surfaces (Sluijsmans & Drijver, 1997). With this
system, contact herbicides can be sprayed selectively on
weeds. Since 2000, swath spraying of hard surfaces is
legally forbidden in the Netherlands and use of weed
sensors and selective application are mandatory
(Table 1) (Kempenaar et al., 2000). In 2006, the tech-
nology involved was further improved (Kempenaar
et al., 2006), allowing reductions of more than 60%
compared with swath spraying (Table 2).

In 2004, the National Administrative Organization
Water [Landelijk Bestuurlijk Overleg Water (LBOW)]
established a commission “Weed Control Hard Surfaces’.
The goal of the commission was to develop best practice
for weed control on hard surfaces safeguarding the
quality of surface waters. The commission reported their
conclusions to LBOW in autumn 2006. The commission
recommended more weed-preventive methods, reduction
of herbicide use compared with current standard
practice, mandatory run-off reducing measures such as
the ones described in the Sustainable Weed Control on
Pavements (SWEEP) system (Table 1) (SWEEP consists
of, e.g. no-spray buffer zones, weather and technology
criteria and dose caps; for details, see shortlists on
http://www.weedcontrol.eu), certification, and local
banning of herbicides near specific waters (e.g. surface
waters that are used for drinking water production).

Non-chemical weed control in urban green and on
hard surfaces increased in the period 1992-2001. For
urban green, the area under non-chemical control
increased from 14.5 x 10* ha in 1992 to 19.5 x 10’ ha
in 2001, and for hard surfaces from 2.2 x 10 to
8.5 x 10° ha (http://statline.cbs.nl). In 2001 32% of the
municipalities did not use herbicides in the urban green,
and 19% of the municipalities did not use pesticides on
hard surfaces (CBS). Alternative methods to control
weeds that are regularly used include brushing, flaming,
mowing, hand hoeing, hot water and soil coverage with

wood chips. Brushing was the first alternative technique
on hard surfaces in the 1970s and 1980s followed by
flaming. The first hot water weed control machine was
introduced in the Netherlands in the municipality of
Heemstede in 1999. Thereafter, some improvements
have been developed, such as higher working speed,
adaptations for the use of surface water instead of
drinking water, combination with foam, and selective
treatment by automatic weed detection system (WAVE)
(Table 2).

Different methodologies have been developed for
efficient non-chemical weed control and for sustainable
weed control. Sluijsmans (1994) developed a reduction
programme for the use of pesticides by municipalities.
The key to the programme is the co-ordination between
the design of hard surfaces and urban green, weed
control and communication with all individuals and
organisations involved. An improved version of this
methodology is published by Spijker et al. (2002a,b).
Kortenhoff et al. (2001) described a theoretical system
for sustainable weed control on hard surfaces. The
system was developed in practice from 2002-2005
(Kempenaar, 2004) and named SWEEP (http://
www.weedcontrol.eu). This has a number of practical
guidelines that enable those responsible for weed control
to work under boundary conditions with cost-effective
weed control while emission of herbicides to surface
water is reduced to levels so that drinking water criteria
are met (Kempenaar et al., 2006, 2007). The system
includes transparent organisation, prevention, restric-
tions on herbicide use, definition of a maximum level of
weed infestation, registration and certification.

Data regarding the use of pesticides by were pub-
lished by public authorities (CBS, 1986, 1992, 1995,
2001) (Table 3). Publication of the figures for 2006 is
expected in 2007. The figures are based on a question-
naire, which was sent to all governmental bodies.
However, Van Straaten et al. (2005) estimated that the
total use by governmental bodies may well be 15% more
than the CBS figures.

Sweden

Today, Sweden has strict regulations of the use of
pesticides in urban amenity areas (Table 1). The regu-
lation is a result of a public and political debate of the
use of pesticides, and of the work of the environmental
and ecological movements in recent years. The issue
gained momentum in the 1970s, specifically with an
intensive public discussion of the use of Agent Orange (a
mixture of the phenoxy acid herbicides 2,4,5-T and 2,4-
D) in forestry. Agent Orange, which was usually applied
by aerial spraying, was used in large scale from the
beginning of the 1950s against unwanted shrubs and
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bushes after the clearing of lumber. Agent Orange was
also used along the railways to keep the weeds down. In
1972, aerial spraying was prohibited, after debates about
the unwanted side-effects, but was re-allowed in 1975,
provided that the municipal council authorities and the
public were informed about the spraying. In 1977, aerial
spraying was completely banned, but the debate of the
use of pesticides in public areas continued.

Until the end of 1980s, long-acting soil herbicides
were commonly used on hard surfaces. However, the
discovery of chemical residues in watercourses in Swe-
den (when water quality surveys started in 1985) served
as a wake up call (Ulén et al., 2002), and the use of
herbicides on hard surfaces was prohibited.

In 1984, the regulations were changed giving the
municipal council the authorisation to decide if chemical
pesticides should be allowed in areas with children, e.g.
on playgrounds. Within 7 years, approximately 70% of
the municipal councils in Sweden had policies for weed
control on hard surfaces. According to these policies,
either no herbicides were to be used on council prop-
erties or only a few types of herbicides were allowed.
Many of these policies are even valid today (Schroeder
& Hansson, 2006).

In 1987, a federal government decision stated that
herbicide use should be halved by 1990. In order to
achieve this goal, the price of pesticides was raised with
taxes. Within 3 years the amount sold was halved.

A radical change in the regulation of pesticide use
occurred in 1997, when the environmental authority was
given more influence at the municipal council [regula-
tion: Foreskrifter (1997, p. 2) om spridning av bekdmp-
ningsmedel]. It was stated that a permit from the
environmental authority at the municipal council was
required in order to use pesticides on grounds of
apartment blocks, playgrounds and schoolyards, in
water catchment protection areas and on ground con-
struction works. The regulation is still valid today.
Additionally, the environmental authority at the muni-
cipal council has to be informed if pesticides are to be
used on railway embankments, sports grounds and areas
larger than 1000 m?, to which the public has access (not
agricultural land). Even if permission from the authority
is not required, the authority can prohibit the usage. In
situations where the public has access, information is
given with a notice on site.

It is required that the person applying a pesticide is
qualified. Qualification is acquired through completion
of a course organised by The Swedish Board of
Agriculture and must be updated every 5 years. Fines
amounting to 500-100 Euros are levied for application
of pesticides by persons without the right qualification.

Acetic acid and glyphosate are the herbicides most
commonly used on hard surfaces by Swedish municipal
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councils. Still, in approximately 70% of the municipal
councils the use of herbicides with glyphosate is
prohibited. Additionally, in approximately 50% of these
councils, use of acetic acid is also prohibited. In 30% of
the municipal councils, however, there are no restric-
tions on the type of pesticide used, as long as the
chemical is approved by the Swedish Chemicals Inspec-
torate (Schroeder & Hansson, 2006). Non-chemical
weed control, such as flaming, brushing, steaming, etc.
are regularly used to control weeds on hard surfaces
(Schroeder & Hansson, 2006) (Table 2).

Statistics of the quantities of pesticides (active
substances) sold in Sweden have been published
annually by The Swedish Chemicals Inspectorate
(2006) (http://www.kemi.se) since 1979; the data are
based on information from holders of pesticide
approvals (Table 3). No statistics are available regar-
ding the quantities of pesticides used in urban amenity
areas.

United Kingdom

In the UK, there is increasing awareness regarding the
potential contribution made by herbicides applied to
hard surfaces to the contamination of surface freshwa-
ters. Herbicides are still permitted for use on hard
surfaces in the UK and remain the primary method of
control (Table 1). As a rule, herbicides (predominantly
glyphosate) are used two or three times during the
season to keep streets clear and this is often combined
with regular street sweeping. There has been consider-
able fragmentation in the way weed management has
been dealt with by Government Local Authorities
(LAs), but in recent years there have been efforts to
increase the level of co-ordination between all tiers of the
LAs to improve efficiency, including the Cleaner Green-
er and Safer agenda (Grundy, 2007). Non-chemical
strategies are not generally used and equipment would
need to comply with strict Health and Safety Executive
(HSE) regulations for them to be used in public places
(Table 2). Industry concerns regarding the efficacy and
the cost and risk of physical damage to the urban
amenity surfaces have also restricted their current
uptake in the UK (National Association of Agricultural
Contractors, NAAC, 2004). More recently, the carbon
impact of non-chemical alternatives has entered the
discussion. Prior to the UK Pesticide Safety Directorate
(PSD) revoking amenity approval for triazine herbi-
cides, water service companies were regularly reporting
concentrations of these active ingredients above the
acceptable EU limit. As a result, in 1991, all triazine-
containing product approvals for uses in the amenity
sector were finally revoked and spray contractors had to
use their remaining stocks by August 1992. With the loss
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of these products, diuron became widely used as the
natural successor and stewardship programmes devel-
oped by the agrochemical industry were used to reduce
any potential risks posed by products to drinking water
quality. These stewardship programmes also had the
added incentive of maintaining the availability of
products for use on non-porous surfaces through
responsible use.

Most of the top nine pesticides that are frequently
found in UK surface freshwaters and groundwaters are
herbicides that are mobile and persistent (Environment
Agency, 2006a,b), with most of these pesticides coming
from agricultural sources (NAAC, 2004).

There are long-standing legal requirements in the
UK for the LAs to keep street areas clean [Environ-
mental Protection Act; (Defra, 1990)] and remove
certain weed species to prevent their spread and
contamination of land [The Noxious Weed Act (Defra,
1959)] and also the Wildlife and Countryside Act
(JNCC, 1981). There is no single UK body that
controls the use of pesticides in urban and amenity
areas and hard surfaces in the same way as for farming
in the countryside. However, this does not mean that
pesticide application is unregulated. For example, there
are a number of British Agrochemical Standards
Inspection Scheme (BASIS) and National Proficiency
Test Council (NTPC) qualifications required by law
from contractors regarding pesticide sales, advice,
storage and application in urban and amenity areas.
LAs are guided on policy by the Manual of Contract
Documents for Highway Works; Volume 1 Specification
for Highway Work Series 3000 refers to Landscape and
Ecology, Clause 3001 refers to Pesticide Application
and Clause 3002 refers to Weed Control [generally
injurious weeds such as Fallopia japonica (Houtt.)
Ronse Decr. and Senecio jacobaea L.]. In Clause
3001, it states that pesticides should be fit for purpose
and that application of pesticides must not pollute
watercourses or water supply. Guidelines and regula-
tions for these pesticide applications are given by
Department of the Environment, Food and Rural
Affairs (Defra) and Environment Agency (EA) consent
is required. The PSD is ultimately responsible for the
registration of all pesticides for use in agriculture,
horticulture, forestry and garden in the UK. Therefore,
operators (including commercial contractors) that han-
dle or apply herbicides, ‘must comply with a raft of
legislation and be suitably trained’(National Associa-
tion of Agricultural contractors; NAAC 2004). Histor-
ically, there has been a voluntary industry code of
practice and self-regulation in the amenity sector
produced by the NAAC and the former British
Agrochemical Association (Code of Practice for the
Use of Pesticides in Amenity and Industrial Areas —

referred to as the ‘Orange Code’). However, there have
been instances where there has been failure to follow
up and check those codes of conduct are being adhered
to. From December 2005, this Orange Code was
integrated into the existing agricultural ‘Green Code’.
This ‘New Code’ has been issued by the PSD and HSE
to form a mandatory revised [Code of Practice for the
Safe Use of Plant Protection Products (Government
Departments, 2006)]. The Code’s statutory basis means
that it can be used in evidence if people are taken to
Court for offences involving pesticides.

The UK Strategy for the Sustainable Use of Plant
Protection Products, aims to promote uses of them in
ways that achieve high standards in environmental
protection whilst maintaining adequate crop protection.
Action Plans will deliver the Strategy’s outcomes; one
of these is an Amenity Use Action Plan, which will seek
to minimise the impact of amenity use on water
pollution and biodiversity. The Plan will cover
increased awareness of controls, training, hard surface
and aquatic weed control, through such bodies as the
Amenity Forum of the industry-led Voluntary Initiative
(VI) to bring together key stakeholders and encourage
best practice.

Some data on the quantities of pesticides used in
UK are available at the Central Science Laboratory
and the Scottish Agricultural Science Agency, but
precise data on the quantities used by the amenity
sector in urban areas are not available. The Crop
Protection Association (CPA, formerly the British
Agrochemical Association) statistics for 2005 has
estimated that the amenity sector uses approximately
829 tonnes of the total amount of pesticides applied
annually in the UK (Table 3). Despite the good efforts
of stewardship programmes to reduce diuron concen-
trations in recent years, it consistently remains one of
the most frequently occurring products exceeding the
non-statutory Environmental Quality Standard (EQS)
of 0.1 ug L™" and importantly the majority of its use is
by the amenity sector (Environment Agency, 2006a,b).
Of about 2700 samples assessed each year between
1995 and 2004 in England and Wales, between 9.8%
and 14.5% exceeded the EQS (Defra 2006). This
indicates a disproportionately large contribution rela-
tive to the size of the amenity sector’s total usage of
herbicides. However, the impending phasing out of
diuron around the end of 2008, as part of the ongoing
European Community Pesticides Review programme
(Plant Protection Products Directive 91/414/EEC),
will no doubt have a significant impact on reducing
the levels found. It may also have knock-on effects on
amenity weed control in the UK and reopen
the debate on the need to explore non-chemical
alternatives.
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Discussion

The sources of information and differences in data
patterns between countries make direct comparisons
difficult. However, it is possible to see some general
trends in the seven project countries regarding herbi-
cide/pesticide use, use of alternative weed control,
political interest in reducing pesticide use and regula-
tions specifically on urban amenity areas.

An evaluation of the available pesticide/herbicide
statistics in seven EU countries allows the conclusion
that non-agricultural pesticide use is a small fraction of
the total pesticide use. The total pesticide use in the
countries included in the investigation ranges from
about 1614 to 31 064 tonnes of active ingredients per
year. Pesticide use on amenity areas accounts for
approximately 0.2-2.7% of total pesticide use per year
(Table 3). However, although the non-agricultural frac-
tion may be low, there is relatively more concern about
the non-agricultural use (especially use on hard sur-
faces), because the run-off fraction to surface waters is
estimated to be at least a factor of 10 higher for non-
agricultural uses than for agricultural uses of pesticides
(Kempenaar et al., 2006). The amounts of pesticides
used in total are to some extent reflected by the land area
and population density in each country (Table 3). Only
Denmark and the Netherlands collect data on the
quantities of pesticides used by public authorities on
urban amenity areas.

The survey reveals great differences in political
interest, regulations of herbicide use on urban amenity
areas and use of non-chemical weed control methods. In
the Netherlands, about 40% of the drinking water is
derived from surface water and detection of pesticides in
rivers has caused public and political concern. In
Denmark, detection of pesticides in groundwater has
caused a similar concern, as it represents the major part
of the drinking water resource. In Germany, water
quality monitoring studies have revealed a dispropor-
tionate contamination of surface waters by non-agricul-
tural pesticide use (Augustin, 2003). The use of
herbicides for weed control on hard surfaces has been
a particular focus in these countries, because of the
higher risk of run-off (Ramwell et al., 2002; Phillips &
Bode, 2004), consequently resulting in a strict regulation
of the use of herbicides. In Denmark, it has been decided
to completely phase out the use of all pesticides by the
public authorities, and the regulations in the Nether-
lands, Germany and Sweden substantially reduce the
possibilities for using pesticides by public authorities,
e.g. by requiring an announcement before and after
spraying (Sweden) or restrictions on application tech-
niques (Germany, the Netherlands). The UK is currently
undergoing a period of increasing awareness and
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strengthening regulation, and herbicides are allowed
but must comply with the Code of Practice for the Use
of Plant Production Products (Table 1).

Latvia and Finland do not have specific regulations
for weed control on urban areas or hard surfaces,
neither has there been any public and/or political
concern about the use of pesticides in these areas. In
Finland, unlike other Nordic countries, there has never
been a strong environmental movement against the use
of pesticides on urban areas, although public opinion is
against use of pesticides in forestry and for restrictions
in agriculture. The low population density and short
vegetation period cause fewer weed-related problems in
comparison with urbanised areas of southern Scandi-
navia, where the vegetation period is also notable
longer.

On hard surfaces, the weed control level is often
determined by aesthetic considerations and different
hard surfaces need different levels of control. In Den-
mark and the Netherlands, weed control strategies
dividing the paved areas into different classes are being
developed in order to categorise the level of weed control
according to the quality, use and placement of the hard
surfaces (Hansen et al., 2004; Vermeulen et al., 2006).
The levels range from no weed control at all, to a very
high level of weed control (e.g. in city centres). The aim
of the strategies is to help the road administrators and
local authorities to give priority to their weed control
effort and to go from the present relative short-term
operational planning to longer-term strategic planning
(Hansen et al., 2004).

Non-chemical weed control is regularly carried out in
Denmark, Sweden, the Netherlands and to some extent,
in Germany, as a result of the strict regulations.
Therefore, research and technological innovation are
more advanced in these countries, especially in Denmark
and the Netherlands (Table 2). As the non-chemical
weed control methods do not have to be officially
approved, there is generally no detailed information on
the frequency and extent of using these methods. There
is a substantial need to develop effective and more
economic non-chemical weed control methods, espe-
cially to obtain effective control of root-propagated
weeds on hard surfaces (Rask & Kristoffersen, 2007). A
transfer of knowledge and experiences across the coun-
tries, as enabled by the CleanRegion project,
may enhance sustainable weed control in European
countries.
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