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Developments are, however, moving in the

right direction. With the Action Plans for the

Aquatic Environment I and II, agriculture’s

discharges of nitrogen and phosphorus have

been reduced by 50 per cent. With the Action

Plan for the Aquatic Environment III, we are

continuing and expanding these efforts with

requirements for further reductions in nitro-

gen discharges, and we are also taking the

first steps towards reducing agricultural dis-

charges of phosphorus, for example by estab-

lishing spray-free buffer zones along lakes

and watercourses.

Research and development of new techno-

logy is another new focus area afforded high

priority by the Action Plan III. In partnership

with the agricultural sector, the Government

has allocated approx. euro 20 million to

research, for instance into the reduction of

odour nuisances from livestock farming. More-

over, a separate research programme has been

established, aiming at enhancing organic

farming practices.

As regards both the scope of efforts and

the depth and the commitment to overall

objectives, the Action Plan III takes us an

important step further towards the protection

of our common asset.

Danish measures are targeted, and – in

line with the EU Water Framework Directive 

– focus on areas where nature and the envi-

ronment are in need. I am convinced that the

Action Plan will improve protection of the

aquatic environment in every one of the ten

years over which the Plan is to run.

Clean water is an important natural resource,

and the quality of water is essential to 

people as well as nature. Clean water ranks

highly on the Danish Government’s environ-

mental policy agenda. Of the total expendi-

ture on environmental initiatives in Denmark,

the actions relating to water account for

approx. 25 per cent, or an annual approx.

euro 1.3 billion.

Great efforts are being made to protect

the aquatic environment against the spread

of chemicals harmful to health and the envi-

ronment. None of the wastewater from Danish

wastewater treatment plants is discharged

without prior treatment.

However, efforts to reduce runoff of nitro-

gen and phosphorus are still required in order

to curb the problems of oxygen depletion in

coastal marine waters.

Connie Hedegaard

Minister for the Environment

Foreword
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People use water every day – for drinking, for

cooking and for washing. The quality of the

water is essential to health. In Denmark,

almost all drinking water comes directly from

groundwater aquifers. Water is also an impor-

tant element of nature, and a habitat for

many animals and plants. People use water

bodies for recreational activities, and proper-

ty prices very clearly reflect people’s willing-

ness to pay extra to live in a house that

overlooks the water. However, clean water is

not an inexhaustible resource. Therefore, it

must be protected, both by limiting water

consumption, and by protecting water against

pollution.

All aquatic areas are linked together in a

hydrological cycle. Through precipitation,

leaching, flow, and evaporation, water moves

continuously between the groundwater, the

soil, the lakes and watercourses, the sea, gla-

ciers and ice caps, and the atmosphere. Water

in rivers around the world is exchanged about

22 times every year. Human activity in one

part of the cycle affects the cycle as a whole.

For instance pollution of the groundwater

caused by agricultural use of fertilisers and

pesticides affects lakes, watercourses and

marine waters as well.

Human impact on aquatic areas was mas-

sive throughout the last century. Aquatic

areas were drained, many small waterholes

disappeared, and streams were straightened.

Moreover, surface and groundwater resources

were polluted by sewage from private house-

holds and industry, as well as nutrient loss

and pesticides. This has had a negative

impact on animal and plant species, and it

has reduced the groundwater resources avail-

able. However, in recent years there has been

a reverse in this development. Better waste-

water treatment and reduced consumption of

phosphorus and nitrogen by agriculture have

contributed to improving the quality of water.

And Danes are now much better at saving

water. Today, Danish households use only

about three quarters of the water they used

ten years ago.

This positive trend is being followed up in

the new Action Plan for the Aquatic Environ-

ment III, with its broad approach to improv-

ing the aquatic environment and nature and

the relationship of farmers to their neigh-

bours. Action Plans for the Aquatic Environ-

ment I and II focused in particular on regula-

tion of nitrogen discharges from agriculture.

In future, the EU Water Framework Directive 

– which took effect in 2000 and was trans-

posed into Danish law in 2003 – will play an

important part in the protection of the

aquatic environment. The Water Framework

Directive aims at safeguarding watercourses,

lakes, transitional waters (estuaries, fjords

etc.), coastal waters, and groundwater.

Another initiative contributing to the posi-

tive development is the NATURA 2000 net-

work of bird protection areas and habitats.

The action plan for biodiversity and nature

protection in Denmark 2004-2009 also

includes measures to preserve and improve

the aquatic environment.

This booklet focuses on the initiatives

launched by the Danish Ministry of the Envi-

ronment to protect water. The booklet also

describes the state of Danish water bodies

and some of the most serious threats to the

quality of water by reviewing 21 selected

indicators that show developments over a

number of years. All the Danish Ministry of

the Environment’s 70 indicators illustrating

the state of nature and environment are

available on the Danish EPA website:

www.mst.dk

Water in Denmark
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In Denmark almost all drinking water is

abstracted from groundwater resources. In the

1990s Denmark used almost 1 billion m3 of

drinking water each year, corresponding to

the water volume of the ten largest lakes in

Denmark. In 2002 consumption of drinking

water amounted to approx. 650 million m3.

About one-third is consumed by private

households, one-third by agriculture and

horticulture, and one-third by industry and

institutions. In the last decade the consump-

tion of water has fallen by 40 per cent. In

densely populated urban areas, for instance

the cities of Copenhagen, Århus, and Odense,

the water abstracted exceeds the volumes

recharged to the groundwater aquifers. There-

fore the watercourses are drying out in the

summer, and the groundwater table is

decreasing.

From groundwater to drinking water

Raw groundwater can be used directly for

drinking water purposes at only very few

locations. Before drinking water is supplied

to consumers, it is aerated and filtered in

order to remove most of the naturally occur-

ring iron, manganese, and methane. Most

often, aeration and filtration is sufficient

treatment.

Danes live on top of the water they drink.

Waterworks are located throughout Denmark.

This decentralised structure presents a lot of

advantages: it contributes to good ground-

water and drinking water quality in large

parts of the country, and it allows consumers

to keep an eye on the quality and to identify

possible solutions to pollution threats.

Most of the 3,000 large waterworks oper-

ate with borings that reach the groundwater

20-200 metres below the surface. In addition,

approx. 70,000 private wells or borings, each

supplying less than 10 households, abstract

water from layers of sand, gravel, and lime-

stone close to the surface.

Denmark wants clean groundwater 
– not treated groundwater

Denmark wants to produce drinking water

from unpolluted groundwater. This was the

attitude of previous governments – and it

still applies. However, waterworks find it

increasingly difficult to abstract high-quality

raw water from the subsoil. The major con-

tributors to groundwater pollution are nitrate,

pesticides, and organic solvents. Nitrate and

pesticides come from cultivated fields, gar-

dens, green and built-up urban areas, golf

courses, and roadsides. Organic solvents come

from old waste dumps, dry cleaning establish-

ments, and industrial sites.

Over the last 15 years, more than 700

waterworks have closed down because the

quality of the raw water had become un-

acceptable.

Danish water policy is based on prevention

and implementing measures at source. Of

course cleaning is just one of a broad range

of options available when identifying solu-

tions to a specific pollution problem. But it

should not be the first choice of the water-

works when faced with polluted borings. In

cases where it is neither technically nor eco-

nomically feasible to replace the polluted

groundwater by clean groundwater, treatment

can be a solution to the specific pollution

problem. 
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Clean groundwater 
– an endangered privilege

In Denmark drinking water can be abstracted directly from the

groundwater. It is clean, and tastes good. But there is no guarantee

that this will always be the case. At some locations, the groundwater

has been polluted. The quality of water in the groundwater aquifers is

monitored closely, and continuous efforts are being made to protect

the aquatic environment in order that clean drinking water can also

be provided in the future. The latest initiative was the adoption of

the Action Plan for the Aquatic Environment III.
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The indicator shows the volumes

of groundwater abstracted in

Denmark since 1989, broken

down by three main types: 

common waterworks (i.e. water-

works supplying at least 10

properties), commercial irriga-

tion, and industry.

Over the last decade, the

total consumption of ground-

water has fallen by almost 40

per cent. In 2002 the total vol-

ume of groundwater abstracted

was 653 million m3, or somewhat

less than in 2001. The pale

green section of the column

indicates that, of the total vol-

umes abstracted, 410 million m3

was used for drinking water pur-

poses, thus continuing the

almost constant fall in private

consumption since 1989. 98 per

cent of drinking water is

abstracted from groundwater

aquifers, and the remaining 2

per cent from surface water. The

fall is partly due to green taxes

on the price of water – an effi-

cient water-saving incentive.

With the implementation of

the EU Water Framework Direc-

tive, a number of new environ-

mental targets for groundwater

must be introduced in Danish

law. When setting the targets,

the entire hydrological cycle, i.e.

the impact of groundwater on

other parts of the hydrological

cycle, is considered. For instance

the magnitude of the impact on

surface water in watercourses

and lakes should not prevent

compliance with the environ-

mental targets set for ground-

water.

1 W A T E R  A B S T R A C T I O N
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Source: Geological Survey of
Denmark and Greenland 
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A new survey of the groundwater

available for drinking water pur-

poses estimates 1.0 billion m3

water is available per year. In

earlier calculations this figure

was 1.8 billion m3 per year.

However, this does not indicate

that the volumes available for

drinking water, for instance, are

smaller than before. What it

does indicate is that it is now

possible to include the entire

freshwater cycle in the calcula-

tions.

Thus, the survey assumes a

maximum allowable magnitude of

impacts on watercourses in rela-

tion to the existing objectives.

This assumption forms the basis

of the calculation of the maxi-

mum groundwater abstraction.

Around large cities, the vol-

umes of water abstracted today

exceed the exploitable ground-

water resources. In Northern

Sealand and around Copenhagen,

the groundwater resources are

being over-exploited by almost

80 million m3/year; on Funen by

almost 10 million m3/year and;

in Eastern Jutland by approx. 30

million m3/year. At some loca-

tions in the Copenhagen area,

more than three times the

exploitable resources are being

pumped up. These figures result

from the fact that the calcula-

tion is based on environmental

targets that do not fully reflect

the simple fact of nature that,

when large volumes of water are

abstracted, the water volumes

available to safeguard re-

creational and natural interests

are reduced.

Moreover, some of the upper

groundwater aquifers are so con-

taminated that they cannot be

used for a number of years. Pol-

lution of the upper groundwater

levels increases the need to base

water supply on deeper ground-

water. Therefore, in the densely

populated areas around Copen-

hagen, Odense, and Århus, and

on light soils in Central and

Western Jutland where field irri-

gation is required, the volumes

of water abstracted exceed the

water recharged to the aquifers.

Water abstraction, and

abstraction for irrigation in agri-

culture in particular, depends

largely on the climate, and

therefore the volumes pumped

up vary greatly from one year to

the next. In 2002 abstraction for

irrigation was modest, and in

the areas in Southern Jutland

and in Ribe and Ringkjøbing

counties, where the need for

field irrigation is considerable,

the degree of exploitation was

well below 100 per cent. In dry

seasons, when the need for field

irrigation is large, for instance in

2003, the degree of exploitation

increases considerably, to about

three times as much.

U T I L I S A T I O N  O F  T H E  G R O U N D W A T E R  

The figure illustrates the

exploitable groundwater

resources and how they are

used. In densely populated

areas and in areas of light

soil requiring extensive irriga-

tion, the water is used more

quickly than the aquifer

recharge rate.

Source: Geological Survey of
Denmark and Greenland
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Groundwater and pollution

Groundwater in Denmark is surveyed and monitored in

groundwater monitoring programmes, including upper

and lower groundwater levels and control by water-

works of abstraction wells. Most of the groundwater

monitored predates 1990.

Nitrate

As a result of the Action Plan for the Aquatic Environ-

ment I, adopted 1987, the content of nitrate in upper-

level and younger groundwater sampled in sandy

catchment areas has decreased, while in clayey catch-

ment areas, the nitrate content has not declined.

About 75 per cent of the abstraction wells contain less

than 1 mg nitrate/l, and in only 1.1 per cent the con-

tent of nitrate exceeds the 50 mg/l limit value. This is

because abstraction wells suffering from excess nitrate

will often be replaced by deeper borings, thus avoiding

the polluted groundwater. In the groundwater monitor-

ing programme, about 16 per cent of the well screens

show nitrate above the MAC (maximum admissible con-

centration) applying to drinking water. The nitrate

problem is greatest in the “nitrate belt” (Northern Jut-

land, Viborg and Århus) dominated by sandy soil. Also

upper-level groundwater in other sandy soils shows

nitrate concentrations largely exceeding the MAC.

Inorganic trace elements

Inorganic trace elements occur naturally in ground-

water. Where the acidity (pH) of groundwater is low,

aluminium may occur in high concentrations. In

aquifers without oxygen, arsenic may be abundant in

high concentrations. The occurrence of inorganic trace

elements may also be due to contamination, or lower-

ing of the groundwater level etc. High concentrations

of nickel present a local and increasing problem. In

large waterworks with water treatment and efficient

sand filters, inorganic trace elements will be partly

removed, and concentrations exceeding limit values in

the groundwater abstracted will, thus, not always low-

er the quality of the drinking water. For individual

wells and small common waterworks without water

treatment, however, the trace elements may constitute

a problem to the quality of the water. 

Organic micro-pollutants

Organic micro-pollutants, for instance chlorinated sol-

vents and other typical industrial pollutants, have

been found in almost two-thirds of the well screens in

the groundwater monitoring areas. In abstraction

wells, organic micro-pollutants were found in more

than one out of five wells. However, the concentration

is below the MAC for drinking water in most of the

groundwater abstraction wells, as well as in most well

screens in the groundwater monitoring areas. 

Pesticides

The number of well screens with pesticides and their

metabolites in the groundwater monitoring areas was

approximately 27 per cent in both 2001 and 2002. The

number of well screens with concentrations above the

MAC (0.1 µg/l) was about 9 per cent. Over the period

1990-2002 pesticides have been found in almost half

of the well screens, indicating that much of the

groundwater is vulnerable to this pollution threat. In

the period 1997-2002, pesticides were found in about

30 per cent of the abstraction wells. During the same

period, the number of wells with concentrations

exceeding the MAC declined from approx. 10 to around

7 per cent. In 2002 pesticides or their metabolites

were detected in more than 50 per cent of the shallow

(0 to 20 metres below ground surface) groundwater

abstraction wells sampled. As in groundwater-monitor-

ing areas, their occurrence decreases with increasing

depth. This indicates that today the upper groundwater

layers are severely affected by pesticides.

A 2002 survey shows that about 36 per cent of the

water abstracted contained pesticides. Waterworks

analyse the raw water from wells affected by pesticides

more often, and therefore this figure may be somewhat

exaggerated. Only about 4 per cent of the groundwater

abstracted contained pesticides and their metabolites

exceeding the MAC, and this may indicate that the

waterworks have closed a large number of wells with

concentrations above the MAC. 

Source: Geological Survey of Denmark and Greenland
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The indicator shows the trend in

sales of pesticides in the period

1981-2002. The green columns

represent the total quantity of

all types of pesticides (plant

protection products and biocides,

including wood preservatives)

sold in the period. The blue

columns are agriculture’s share

of the pesticides sold.

From 1984, when sales

peaked, to 2002, annual sales of

pesticides to agriculture fell

from 6863 tonnes to 2868

tonnes, a 58 per cent decrease.

In this period application fre-

quencies fell from 3.2 to 2.04,

or by 33 per cent. Application

frequencies indicate how many

times per year the pesticides

sold can be applied to agricul-

tural land, when used in stan-

dard doses. Application frequen-

cies thus reflect the application

intensity by agriculture, and are

indicators of the impact on the

environment. Calculations show

that the consumption of pesti-

cides fell more than the applica-

tion frequency. The reason is

that the pesticides used today

are effective in much smaller

doses, thus reducing consump-

tion, but not necessarily the

impact on the environment.

Part of the explanation for

the general decrease in sales of

pesticides is the voluntary agree-

ment between the local, region-

al, and state authorities, to

introduce pesticide-free weed

control in public areas. Since

1995 consumption at local level

has fallen by 74 per cent, at

regional level by 79 per cent,

and at state level by 42 per

cent.

The Government's Pesticide

Plan 2004-2009 sets the goal of

reducing application frequencies

to 1.7. The Plan also focuses on

horticulture and fruit growing,

and cultivation guidelines and

catalogues of methods to reduce

the use of pesticides are being

prepared. The objectives of the

Plan also include the use of pes-

ticides in private gardens.

S A L E S  O F  P E S T I C I D E S  

The overall quantities of 

pesticides sold in Denmark

fell significantly in the period

1981-2002. The green

columns show that sales

decreased by one-third. The

annual quantities of pesti-

cides sold to agriculture – the

blue columns – more than

halved.

Source: The Danish EPA
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Afforestation protects 
the groundwater

The Government has decided that the forest area in

Denmark should be increased to reach a forest cover of

20-25 per cent in the course of a tree generation (80-

100 years). Generally, the quality of the groundwater

generated below forests is good. As compared to agri-

cultural land, forests are characterised by a permanent

plant cover, limited use of fertilisers, and no or very

limited use of pesticides. In forests, runoff of nitrogen

is less than 5 kg/ha/year. In 2001, the average runoff

of nitrogen from agriculture was 76 kg/ha. This shows

that groundwater protection is a very important ele-

ment in afforestation policies.

More forest

To reach the goal of a 20-25 per cent forest cover in

Denmark within the next 80-100 years, approx. 4,500

ha of new forest must be planted every year. Today,

forests are being planted on only half of this area. In

the 1990s new forest was planted at an average of

1,700 ha/year. In 2000 this figure was 3,000. The

rather poor achievement is a result of the high costs of

both private and public afforestation, and therefore it

is necessary to consider how these costs can be

reduced, and whether, beside state funds, EU funds and

private unsupported afforestation efforts, other inde-

pendent or supplementary financial sources can be

mobilised. The afforestation objectives are based on

long-term efforts, and there is time to further consider

aspects of both costs and funding.

Close to urban areas

Most of the forests are being planted at private initia-

tive, but the Danish Forest and Nature Agency has ini-

tiated a number of afforestation projects, especially

around large towns, and sometimes in cooperation with

local authorities and waterworks. State afforestation

programmes aim at areas close to urban areas and,

preferably, at locations where groundwater interests

should be safeguarded.

Source: Danish Forest and Nature Agency and Forest and Landscape 
Denmark
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The indicator shows the develop-

ment of findings of pesticides

and their metabolites in

abstraction wells. The EU limit

value for pesticides and their

metabolites in drinking water is

0.1 mg/l. This limit value has

been maintained on the basis

that pesticides or their metabo-

lites must not occur in drinking

water. The limit value is not

based on evaluations of impacts

on health.

In recent years the number

of wells polluted by pesticides

has remained almost constant.

Pesticides are found in about

one-third of the abstraction

wells, and in almost one out of

ten wells the levels exceed the

MAC value for drinking water.

The number of polluted wells has

not increased because of

increasing pollution, but rather

because analyses now include

more pesticides and metabolites

than previously. When analysis

programmes are revised the mag-

nitude of impacts will probably

therefore increase.

The aim is that water

abstraction will continue to be

based on clean groundwater that

does not need special treatment.

The pesticides and metabolites

occurring most often in abstract-

ion wells are substances that are

already banned in Denmark and

have not been marketed for the

last 8-10 years. The approved

pesticides used today are 

monitored in the “Early Warning”

system, under which risks of

leaching of approved pesticides

into the groundwater are

assessed.

F I N D I N G S  O F  P E S T I C I D E S  I N  G R O U N D W A T E R

Pesticides or their metabo-

lites are found in one out of

three abstraction wells ana-

lysed. The indicator shows

findings of pesticides in

abstraction wells.

Source: Geological Survey of
Denmark and Greenland
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Abstraction of drinking water
from small abstraction plants

In 2004 the Geological Survey of Denmark and Green-

land (GEUS) completed a survey of pesticide pollution

of small waterworks, i.e. plants supplying less than 10

properties. The small plants are either borings, wells,

or borings in wells. Approx. 71,000 properties in Den-

mark are supplied with water from small water supply

plants – supplying about 3 per cent of the overall

quantities abstracted for drinking water purposes.

In the study, four counties and GEUS analysed the

water in more than 600 small water supply plants for

the content of approx. 30 pesticides and their metabo-

lites. The plants were also analysed for bacteria and

nitrate.

Results of the study

The study shows that many of the waterworks are pol-

luted with pesticides. One or several pesticides and

their metabolites were found in 58 per cent of the

plants surveyed. In 36 per cent the 0.1 mg/l MAC 

value for drinking water was exceeded. The metabolite

BAM and the pesticide group triazines were found most

frequently.

Most of the substances found are already banned in

Denmark. In addition, the groundwater is protected by

restrictions on the use of some of the other pesticides

found in the survey.

The 0.1 mg/l pesticide limit value is based on a

general precautionary principle, and also on the objec-

tive that pesticides must not occur in groundwater.

The value is not based on health considerations.

Another result of the survey is that other pollutants

than pesticides are also contaminating many small

water supply plants. The nitrate limit value is exceeded

in 25 per cent of the waterworks, and one or several

indicator parametres for bacteria are exceeded in 50

per cent. As opposed to pesticides, the limit values for

nitrate and bacteria are based on health considera-

tions.

Causes of pollution

The Danish EPA has assessed that the small waterworks

are often in very poor condition and that leaks in bor-

ings and wells may contribute to the extent of pollu-

tion. The Agency also finds the problems are aggravat-

ed by other sources of pollution, for instance spraying

and cleaning in farmyards or leaking sewage pipes

located close to the waterworks.

Managing the problems

The Danish EPA has contacted Local Government Den-

mark with the aim of extending local inspection activi-

ties to include pesticides. The possibility of setting a

maximum price for connection to waterworks is also

being discussed.

The Danish EPA will continue the investigation work

launched in 2003, examining the possibilities for man-

aging the problems of private wells and borings. Work

will also include assessment of the technical solutions

available to improve the quality of water, for instance

treatment of water from private borings.

Source: Geological Survey of Denmark and Greenland and the Danish EPA
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Most Danish fjords and coastal areas do not

exhibit the environmental quality decided by

the regional authorities. Fulfilment of envi-

ronmental objectives is mainly prevented by

oxygen depletion, and extensive occurrences

of algae, and plankton algae. Generally, this

picture has remained unchanged in recent

years.

Additions of nutrients

In 2002 about 88,500 tonnes of nitrogen and

2,300 tonnes of phosphorus ended up in the

sea from the open country via watercourses

and lakes. Most of the nitrogen and phospho-

rus originates from agriculture, as nutrients

are released from the application of fertilisers

and manure, and from evaporation of ammo-

nia from stables. In the period 1985-2002,

runoff of nitrate and phosphorus from agri-

culture into the aquatic environment was

reduced by almost 50 per cent. However, a

corresponding decrease in impacts on the

aquatic environment cannot be traced, since

the changes in additions vary greatly from

year to year. Runoff of nutrients from the soil

depends on agricultural practices, the amount

of fertilisers/manure applied to fields, and

the soil characteristics.

Nutrients also come from so-called point

sources, such as fish farms, water treatment

plants, industry, and scattered buildings. In

2002 additions of nitrogen to fjords and the

open sea from point sources was only one

third of the 1991 level, and for phosphorus,

the fall was even greater.

The occurrence of oxygen depletion indi-

cates the size of the nutrient additions, i.e.

of phosphorus and nitrogen – but weather

conditions are also important. In the two dry

years 1996 and 1997, the nutrient load in

open marine waters was reduced, and oxygen

conditions were generally good. In 1998, with

high precipitation and resulting large nutrient

additions, the open waters suffered from

major oxygen depletion.

Future efforts

The Action Plan for the Aquatic Environment

III provides for a broad range of efforts to

curb nutrient additions from watercourses

into fjords and marine waters, including a tax

on phosphorus, voluntary relocation of set-

aside land along watercourses and lakes,

winter-green fields, and financial support for

research aiming at strengthening pollution-

reducing technologies and organic farming

practices. The restoration of the river Skjern

Å is one example of large-scale and targeted

efforts to improve the state of the environ-

ment in Ringkjøbing Fjord. Besides improving

the quality of the water in the river and the

fjord, the restoration has also created a valu-

able nature reserve, the size of the Danish

island Anholt. 

Oxygen depletion 
and nutrients  

Implementation of the Action Plans for the Aquatic Environment I 

and II has improved the state of fjords and marine waters. Most 

significant is the marked decrease of the nutrient load from point

sources resulting from improved wastewater treatment. However, the

additions of phosphorus and nitrogen from the open country are still

too large. The Action Plan for the Aquatic Environment III was there-

fore adopted in March 2004.



The indicator shows the develop-

ment of the phosphorus balance

in fields in the period 1985-

2002. Phosphorus additions

come from fertilisers, manure

and sewage sludge. Phosphorus

is removed during harvesting of

crops. The difference between

additions and removal is the

phosphorus surplus.

Total additions of phosphorus

to fields fell from about 108,000

tonnes in 1985 to 76,000 tonnes

in 2002. In this period, annual

removed quantities varied

between about 47,000 and

61,000 tonnes, depending on

the composition of crops and the

conditions of growth. Thus, the

phosphorus surplus fell from

approx. 54,000 to 28,000 tonnes

in the period, or by about 48 per

cent. Excess additions mean that

phosphorus accumulates in the

soil, and there is a risk of soil

saturation with phosphorus. The

loss of the surplus phosphorus –

through surface run-off and ero-

sion, and through leaching and

drainage water – to the aquatic

environment is limited.

Action Plans for the Aquatic

Environment I and II did not set

out measures to reduce the con-

sumption of phosphorus, apart

from the restrictions on the

number of animal units per area

of individual farm holdings. 

Even if the consumption of

phosphorus in fertilisers and,

thus, the overall additions to the

fields, has fallen considerably,

excess phosphorus is still being

added, especially when manure is

used to fertilise the area. The

Action Plan III aims at halving

the phosphorus surplus by the

year 2015, among others by

crop-free buffer strips along

watercourses and lakes.
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The indicator shows the changes

in the nitrogen balance in fields

throughout Denmark 1985-2002.

Nitrogen additions come from,

for instance, fertilisers, manure,

and sewage sludge. Nitrogen is

removed, for instance, by crops.

The difference between addition

and removal is the nitrogen sur-

plus. Nitrogen loss takes place

through ammonia evaporation,

denitrification – i.e. soil bacteria

transforming nitrate to airborne

nitrogen, runoff, or by accumula-

tion of nitrogen in the soil.

The total additions of nitro-

gen to fields fell from about

750,000 tonnes in 1985 to

528,000 tonnes in 2002. Annual

quantities removed have

remained almost constant at

about 300,000 tonnes, depend-

ing on the composition of crops

and the conditions of growth in

the period. The nitrogen surplus

has, thus, fallen from about

420,000 tonnes to 235,000

tonnes in the period – or by

approx. 44 per cent.

The 1987 Action Plan for the

Aquatic Environment I, the 1991

Action Plan for Sustainable Agri-

culture, and the 1998 Action

Plan for the Aquatic Environment

II were all targeted towards bet-

ter utilisation of the nitrogen

additions. These efforts have

enabled us to reduce the con-

sumption of fertilisers, and,

thus, total additions to fields

considerably, without significant-

ly affecting the yield.

T H E  N I T R O G E N  B A L A N C E  I N  F I E L D S

The nitrogen surplus in agri-

cultural land almost halved in

the period 1985-2002, and,

thus, releases of nitrogen to

the atmosphere, the soil and

the water fell, primarily as a

result of reduced additions of

nitrogen to fields by agricul-

ture in the form of fertilisers,

manure, and sludge. 

Source: Danish Institute of
Agricultural Sciences
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In the period 1985-2002 the

phosphorus surplus in agri-

cultural fields almost halved.

This means a smaller risk of

phosphorus accumulation of

the soil and loss to the sur-

rounding environment, prima-

rily because agriculture’s

additions of phosphorus in

the form of fertilisers,

manure and sludge has been

reduced

Source: Danish Institute of
Agricultural Sciences
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The indicator shows the changes

in the consumption of nitrogen

and phosphorus from 1920-2003

(in ‘000 tonnes, and as five-year

averages; for 2001-2003 annual

figures are given). The consump-

tion of nitrogen and phosphorus

skyrocketed from the early 1960s

to the beginning of the 1980s.

From the first half of the 1980s

to 2003, nitrogen consumption

was halved, and phosphorus con-

sumption was reduced by approx.

70 per cent.

The 1987 Action Plan for the

Aquatic Environment I, the 1991

Action Plan for Sustainable Agri-

culture, and the 1998 Action

Plan for the Aquatic Environment

II all provided for measures to

reduce the consumption of nitro-

gen in fertilisers by setting

requirements for better exploita-

tion of nitrogen in manure, and

by setting nitrogen standards for

crops. The mid-term evaluation

of the Action Plan II in 2000

shows that the consumption of

fertilisers did not fall to the 

level envisaged, and the fertili-

sation rules were therefore tight-

ened, for instance by tightening

the permissible quotas for bread

wheat, provisions for grassland,

catch crops etc. The new Action

Plan III sets out a broad range

of measures to reduce consump-

tion of both nitrogen and phos-

phorus. Action Plans I and II

aimed only at reducing nitrogen,

but the measures taken also had

a derived effect on the consump-

tion of phosphorus.

C O N S U M P T I O N  O F  F E R T I L I S E R S

The indicator shows that the

consumption of nitrogen and

phosphorus in fertilisers

increased sharply from the

early 1960s to the early

1980s. From the first half of

the 1980s to 2003 the con-

sumption of nitrogen was

halved, and consumption of

phosphorus was reduced by

approx. 70 per cent.

Source: The Danish Plant 
Directorate
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The indicators show the addi-

tions of nitrogen (first figure)

and of phosphorus (second fig-

ure) to the sea in the period

1991-2002, illustrating additions

via direct point sources (for

instance fish farming, treatment

plants and industry, and scat-

tered buildings) and from water-

courses. The overall freshwater

runoff to Danish marine waters

is also indicated.

In 2002 approx. 88,500

tonnes of nitrogen and 2,300

tonnes of phosphorus ended in

the sea from the open country,

via watercourses and lakes. Most

of the nitrogen and phosphorus

came from agriculture’s dis-

charges of nutrients in connec-

tion with fertilisation, and from

evaporation of ammonia from

stables and manure spreading.

Also other sectors contribute to

the pressure on the Danish

aquatic environment. Wastewater

from households and industry

contains phosphorus and nitro-

gen, and atmospheric nitrogen

from power plants and traffic is

deposited on the ground and in

water bodies.

Since the Action Plan for the

Aquatic Environment I was

launched in 1987, overall dis-

charges of phosphorus have been

significantly reduced, whereas

the reduction (adjusted for pre-

cipitation) of nitrogen has been

less marked. Because of the high

precipitation in recent years,

and, thus, more extensive nitro-

gen runoff, the positive trend

has not continued. The additions

of phosphorus from the open

country in recent years exceeded

the quantities supplied by treat-

ment plants and other point

sources.
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N U T R I E N T S  T O  T H E  S E A

The indicators show the addi-

tions of nitrogen and phos-

phorus to the sea from water-

courses and point sources (for

instance fish farming, treat-

ment plants and industry)

from 1991-2002. Nitrogen

and phosphorus additions

from watercourses in the open

country are larger than the

quantities added from treat-

ment plants and other point

sources, which have fallen

significantly.

Source: National Environmental
Research Institute
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The indicator shows the annual

lowest concentration of oxygen

in the bottom water of south-

western Kattegat from 1974 to

2002. When marine water is sat-

urated with oxygen it contains

9-11 mg per litre, depending on

temperature and salt concentra-

tion. The oxygen concentration

of the bottom water is high dur-

ing the winter, but falls during

the spring and summer to a min-

imum level in the autumn. Oxy-

gen depletion is when the oxy-

gen concentration falls below 4

mg oxygen per litre, and extreme

oxygen depletion is when oxygen

concentrations fall to less than 2

mg oxygen per litre. 

Oxygen concentrations fall

because oxygen use is greater

than oxygen additions. These are

first and foremost controlled by

wind conditions, which cannot

be changed. Large additions of

the nutrients nitrogen and phos-

phorus to the sea cause algae to

bloom. The use of oxygen

depends on how much algae

sinks to the seafloor and uses

oxygen when decomposing.

Therefore the risk of oxygen

depletion can be limited by

reducing additions of nutrients

to the sea. However, this

requires reductions in nutrient

discharges by more countries

than just Denmark. Cooperation

with neighbouring countries also

ensures that they reduce their

nutrient additions.

O X Y G E N  D E P L E T I O N  I N  T H E  S E A

Marine water normally con-

tains 10 mg oxygen per litre.

Oxygen depletion is when the

concentration of oxygen falls

under 4 mg per litre. The blue

line on the graph shows annu-

al minimum concentration of

oxygen in the south-western

Kattegat for the period 1974-

2002. 

Source: National Environmental
Research Institute 
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The indicator shows the relation-

ship between cover percentage

of marine algae and runoff of

nitrogen from Danish water-

courses and point sources to the

Kattegat. The bars show the

total cover of algae at a depth

of 18.5 metres on the stone reef

Kim’s Top in central Kattegat

during August. The large cover

percentage in 1996-97 and

2000-01 was due to dry weather

that limited runoff of nitrogen

from land significantly. The addi-

tions of nitrogen from Danish

watercourses and point sources

is shown by the green line.

Large marine algae need light

and their abundance in deep

water increases the clearer the

water is. The increased additions

of nutrients affects all parts of

the marine ecosystem. When the

production of plankton is high,

because of large additions of

nutrients, the water becomes

less clear and less light reaches

the seafloor. This limits growth

of eelgrass meadows and sea-

weed, as well as the depth at

which they can grow. In years

with lots of rain, when nutrient

runoff is large, the total algae

cover on stones is reduced,

whilst it increases in dry years

when the water is clearer. The

extent of marine algae on deep-

lying stone reefs is therefore a

fine barometer for the state of

nature in the sea. If nutrient

additions from land are reduced

permanently, the plants will be

able to grow in deeper water.

A further improvement of the

environment in the inner Danish

waters requires reduced runoff

from Danish sources in general.

Furthermore, it requires coopera-

tion with neighbouring countries

in order to reduce nutrient addi-

tions to the sea. In Denmark,

the Action Plans for the Aquatic

Environment, most recently

Action Plan III (adopted in

spring 2004), are the primary

sources of the targets and the

framework for further reductions

in nutrient runoff.

M A R I N E  A L G A E

Large marine algae need light

and their abundance in deep

water increases the clearer

the water is. The bars show

the percentage of marine

algae cover at a depth of

18.5 metres at Kim’s Top

stone reef in the Kattegat.

The large cover percentage in

1996 and 1997 was due to

dry weather that halved

runoff of nitrogen from land,

as shown by the green line.

Source: National Environmental
Research Institute 
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This indicator shows the accu-

mulated number of hectares cov-

ered by 5 and 20-year agree-

ments in the agro-environmental

schemes for the period 1993-

2002. The light green line shows

the number of hectares covered

by the agreements in total. The

concrete environmental effect of

the agreements depends on the

size of the area covered by the

agro-environmental schemes for

agricultural production. The

duration of the agreements also

has an influence on the environ-

mental effect.

Subsidies for agro-environ-

mental schemes were introduced

as part of EU agriculture policy

at the end of the 1980s. Since

2000, the agro-environmental

schemes have been part of the

subsidy scheme of the EU Rural

Development Programme. The

agro-environmental schemes

have primarily been developed in

order to protect the aquatic

environment, but they are also

intended to help grass and

nature areas. In 2003, regard for

the environment has been

increased further and a large

number of measures have been

taken to simplify the scheme.

Farmers can choose to:

• Reduce nitrogen additions

• Establish cover crops

• Manage grass and nature areas

in an environmentally friendly

way

• Establish extensive buffer

zones

• Establish wetlands

Since 1997 the number of agree-

ments seems to have stabilised

at around 75,000 hectares. This

is one of the reasons for intro-

ducing simplifications, so that

the scheme becomes more

attractive. The scheme is expect-

ed to help fulfil the objectives

in the Action Plan for the Aquat-

ic Environment III, as well as

improve the quality of nature in

the areas covered by the scheme.

A G R O - E N V I R O N M E N T A L  S C H E M E S

In specially designated areas,

farmers can enter agreements

where, in return for practising

environmentally friendly agri-

cultural production, they

receive compensation for

reduced productivity. The

agreements apply for 5 or 20

years. The figure shows the

development in number of

agreements in the period

1993-2002, as well as the

number of hectares covered by

the agreements in total.

Source: The Danish Ministry of
Food, Agriculture and Fisheries 
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Action Plan for the Aquatic
Environment III

In March 2004 the Danish Government agreed with the

Danish People's Party and the Christian Democrats on

the Action Plan for the Aquatic Environment III. 

The agreement on the Action Plan for the Aquatic

Environment III contains wide initiatives for improving

the aquatic environment and nature, as well as farmers’

relationships with their neighbours. The agreement has

a long-term perspective and contains measures to be

implemented over the next ten years.

• The Action Plan for the Aquatic Environment III runs

to 2015 with evaluations in 2008 and 2011. When

carrying out these evaluations, progress with regard

to the general reduction objectives will be assessed,

and the need for further initiatives will be analysed.

• Reduction of excess phosphorus – objective of 50 per

cent reduction. This will halve the 32,700 tonnes

phosphorus in 2001/2002. The reduction will be

achieved through a tax of euro 0.5 per kg of mineral

phosphorus in feed and through research on feed in

the research programme.

• Reduction in discharges of phosphorus. This will be

achieved through the establishment of close to

30,000 hectares of 10-metre crop-free buffer zones

along watercourses and lakes before 2009 and a fur-

ther 20,000 hectares before 2015. The buffer zones

will be established by voluntary relocation of set-

aside land along lakes and watercourses. 

• Nitrogen runoff from agriculture is to be reduced by

a minimum of 13 per cent by 2015 compared to 2003

through setting aside land, improved feed utilisa-

tion, and the implementation of the new EU agricul-

tural reform. Furthermore, rules will be tightened on

cover crops and on the utilisation of nitrogen con-

tent in livestock manure.

• Protection of particularly vulnerable nature against

ammonia discharges from livestock farms, by desig-

nation of 300-metre protection zones around the

particularly vulnerable nature areas such as raised

bogs, heaths, and dry grassland. Within this protect-

ion zone no expansion of livestock farms can take

place if the expansion would lead to increased

ammonia discharges.

• The Government and agriculture together will allo-

cate a total of euro 25.5 million to a research pro-

gramme to improve knowledge on how odour nui-

sances from livestock production spread, how they

can be limited, and how technology can be devel-

oped to reduce discharges of ammonia and phospho-

rus.

• Euro 1.7 million will be allocated annually to a

research programme to enhance organic agricultural

production.

• Manure Action Plan. Distance requirements have been

tightened for approval of livestock production close

to neighbours, urban areas, or holiday-home areas

etc, on the basis of the recommendations made in

the report from the “Nabogeneudvalg” (committee on

nuisances experienced by neighbours).

• Further elements, including the setting of require-

ments for establishment of winter-green fields.

Source: Danish Forest and Nature Agency
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The Danish landscape is criss-crossed by

35,000 kilometres of natural watercourses and

25,000 kilometres of artificial ditches and

channels. Development, and especially agri-

cultural development, has meant that water-

courses have been changed significantly. In

order to dry out fields, extensive drainage has

been carried out, and many watercourses

have been changed, straightened, or dug into

pipes. Draining is promoted through cutting

green crops and in some places dredging sand

from watercourses. These actions have led to

much poorer habitats for animals and plant

life in 90 per cent of the natural water-

courses. The condition of watercourses has

been made even worse by discharges of

wastewater and xenobiotic substances.

More lakes

Lakes are important for recreation and for

nature. There are approximately 120,000 lakes

larger than 100 m2 in Denmark, most of these

ponds and marshes, with only about 2,500

larger than 1 hectare. For many years, the

number of lakes has been falling as a result

of agricultural and urban development. How-

ever, this trend has now been reversed as the

Protection of Nature Act now also covers

smaller lakes. Furthermore, a number of lakes

that previously had been drained have now

been re-established.

Water quality now improving

For many years the water quality in lakes has

been very poor. This is due to large additions

of the nutrients phosphorus and nitrogen, not

least from urban wastewater. Large invest-

ments in reducing additions of nutrients

have, however, born fruit and the water qual-

ity in watercourses and lakes is improving.

Transparency illustrates the amount of plant

plankton (algae or phytoplankton) and thus

nutrients in water; and transparency is

increasing, indicating a decrease in the

amount of plant plankton.

Watercourses and lakes

Conditions for lakes and watercourses have been difficult for 

many years. Draining has significantly reduced them in number, 

and additions of wastewater have led to poor water quality. 

However, these developments have now been reversed. More lakes 

are being re-established and efforts to reduce additions of 

nutrients have born fruit so that transparency is now increasing.



Over the past 100 years, the

extent of open watercourses on

Funen has fallen dramatically

because digging ditches and

watercourses into pipes, and

straightening watercourses, has

made them shorter. For example,

on the basis of old maps it has

been calculated that the length

of the watercourses in the catch-

ment area for Hundstrup Å, a

river in southern Funen, fell

from about 174 kilometres in

1890 to about 97 kilometres in

1992.

Draining of wetlands, etc. for

cultivation has also had a great

impact on the number and size

of lakes and fjords on Funen. In

the catchment area for

Arreskovsø, a lake, the number

of smaller lakes and waterholes

has fallen from 276 to 65 over

the past 100 years. This develop-

ment has dramatically reduced

the habitats for animals and

plants.

Looking at Denmark as a

whole, today about 80 per cent

of the total land area is affected

by drainage, and only 4 per cent

is covered by marshes, bogs, and

water meadows. The natural

interplay between watercourses

and meadows, with periodical

flooding of watercourses to fer-

tilise meadows, only occurs in

very few places in Denmark. The

1992 Protection of Nature Act

has put a stop to direct drainage

of small lakes and marshes, and

now it is only possible to water

fields with water extracted from

the groundwater.
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D R A I N I N G

Many small lakes and water-

courses have disappeared

from the landscape as a

result of draining. The bar

chart shows the trend in the

area around Arreskovsø on

Funen.

Source: County of Funen 
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In 1982, the Watercourse Act

was amended in order to include

environmental interests. This

meant the preparation of new

provisions for management and

maintenance of watercourses

looked after by the public sector.

Cutting back vegetation, for

example, was not to be as exten-

sive as previously, where all

plant growth was removed at

least once a year. The provisions

have been laid down in regula-

tions.

Improvements are now prima-

rily taking place in small water-

courses, as environmental main-

tenance for the larger water-

courses (county watercourses)

had typically already made its

mark before 1990. Changes to

more gentle maintenance in

municipal watercourses (smaller

watercourses) mostly occurred

somewhat later.

In watercourses on Funen, 17

per cent of watercourses are

maintained by the county, 28

per cent by municipalities, and

the remainder (private water-

courses) by landowners. In gen-

eral, county watercourses are the

largest watercourses. In 2000,

only two of the 32 municipalities

on Funen had not adopted new

and more environmentally friend-

ly watercourse regulations. The

new maintenance approach for

county watercourses has led to

changes in both plant growth

and animal life. There are now at

least four times more trout,

partly because there is better

cover in which they can hide.

G E N T L E R  M A I N T E N A N C E  O F  W A T E R C O U R S E S

Since 1982, environmental

concerns have been incorpo-

rated in the maintenance of

public watercourses. In 1985,

both bottom and bank vege-

tation was removed from half

of the public watercourses. In

1996, only 7 per cent of

watercourses were maintained

in this way, whereas vegeta-

tion in more than half of the

watercourses was maintained

more carefully, or through

cutting back vegetation. 

Gentler maintenance of

watercourses provides more

space for plant and animal

life.

Source: National Environmental
Research Institute
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Since 1999, the same network of

stations in more than 1000 loca-

tions has been used to measure

the Danish watercourse fauna

index (DVFI). From 1999-2002

there was a clear improvement

with an increasing number of

clean and physically varied

watercourses – fauna classes 5,

6, and 7. The proportion of

watercourses unaffected, or only

slightly affected, increased from

just less than 35 per cent to

more than 44 per cent in the

period.

The improvement in the bio-

logical quality of watercourses in

the period 1999-2002 has meant

that the number of targets in

the national plan being met has

increased from 39 per cent to 50

per cent. The improvements have

been gradual and they have hap-

pened over the whole period.

Improvements have also been

throughout Denmark. In Jutland

and on Funen the number of tar-

gets met increased from 43 per

cent to 55 per cent, while on

Sealand, Lolland and Falster the

figure has improved from 27 per

cent to 34 per cent. Improve-

ments in the biological quality

of watercourses are probably due

to a combination of better water

quality and improved physical

conditions in watercourses.

Animal life only reacts gradu-

ally to the better living condi-

tions in watercourses, and in

many cases it may take a long

time before animals return to

previously polluted stretches of

watercourses. The explanations

for much of the improvement in

the fauna class in recent years

should undoubtedly take account

of the environmental initiatives

carried out by municipalities and

counties over many years.

These efforts will be main-

tained in the future as the

Government’s Pesticide Plan for

2004-2009 designates 25,000

hectares of spray-free buffer

zones along watercourses.

T R E N D S  I N  T H E  B I O L O G I C A L  Q U A L I T Y  O F  W A T E R C O U R S E S

The figure shows the biologi-

cal quality of watercourses in

Denmark for the period 1999-

2002. The dark-blue and

dark-green illustrate clean

and physically varied water-

courses (fauna classes 5, 6,

and 7). From 1999-2002

there was a clear improve-

ment with an increasing num-

ber of clean and physically

varied watercourses.

Source: National Environmental
Research Institute
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This indicator shows the trend in

concentrations of phosphorus

and transparency in 27 Danish

freshwater lakes for the period

1989-2002. The concentration of

phosphorus is stated as the

annual mean value of total phos-

phorus in mg/l and transparency

is stated as the summer average

in metres.

Phosphorus is the nutrient

that most affects Danish lakes.

Total discharges of phosphorus

from 1989 to 2002 fell by two-

thirds, and in the same period

the concentration of phosphorus

in Danish lakes was almost

halved. When a lake is over-fer-

tilised with phosphorus, produc-

tion of plankton increases and

the water loses clarity. The drop

in the content of phosphorus in

lakes has meant that they have

become clear again. The average

transparency for the summer

period from 1989 to 2002 has

increased from 1.41m to 1.61m

and the biological state has

been improved. The number of

predatory fish such a pike and

perch has increased, as has the

capacity of zooplankton to graze

down the amount of phytoplank-

ton. Transparency has generally

increased over the period, and

the annual trend is towards the

most unclear lakes becoming

clearer. Furthermore, underwater

plants (benthic plants) are

becoming more numerous in the

most polluted lakes. The reason

this increase has not been more

significant is primarily that large

amounts of phosphorus have

settled at the bottom of lakes,

and these deposits are now only

gradually being released.

Targets for a specific lake are

considered met when, amongst

other things, a preset minimum

requirement for transparency has

been achieved. The number of

environmental targets for lakes

being met has increased from

about 30 per cent to 50 per cent

in the period. The reason for the

low success rate is that addi-

tions and accumulation of nutri-

ents are still too high. In this

connection, the Government has

set up a working group to look

more closely at the possibilities

to establish buffer zones around

natural habitats vulnerable to

ammonia, such as watercourses,

lakes, and marshes.
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T R A N S P A R E N C Y  I N  L A K E S

The phosphorus content in

Danish lakes was almost

halved in the 1990s. In

recent years, this has made

the water in lakes clearer and

increased transparency. The

environmental state of 70 per

cent of Danish lakes remains,

however, poor.

Source: National Environmental
Research Institute
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The climate has a great influ-

ence on the ecological condi-

tions in and around watercours-

es. The expected climate

changes in Denmark are towards

a warmer, wetter, and windier

climate with more storms and

more periods of high precipita-

tion. In western Europe, winter

precipitation has shown particu-

lar increases over the past 100-

200 years. The first effects

measured were changes in the

amount and rhythm of water

(runoff), and these had already

been demonstrated in the last

century. Runoff from watercours-

es is part of the cycle of precipi-

tation, evaporation, and water

catchment. Runoff is unstable,

following the same pattern as

precipitation.

The study by the National

Environmental Research Institute

of the trends in runoff and pre-

cipitation in Denmark over the

past 85 years shows that precipi-

tation in Denmark has been

higher from October to March

and lower in the other six

months. This means wetter win-

ters and drier summers. So, pre-

cipitation has increased in the

part of the year where evapora-

tion is least, and therefore there

is a large surplus of rainfall,

which mostly becomes surface

runoff.

This increases the probability

of flooding in the winter

months. However, despite the

fact that there has generally

been less rainfall in the summer

months, there has not been less

water in watercourses in these

months. This is probably because

of the buffer effect in the form

of the increased formation of

groundwater developing over the

winter months and emptying

into watercourses over the sum-

mer.

If these changes in precipita-

tion and runoff continue, there

will be enormous consequences

for drainage conditions in river

valleys, leaching and loss of sub-

stances, and the ecological con-

ditions in watercourses, lakes,

and fjords. The changes will also

impact Denmark’s achievement of

good ecological quality as

required by the EU Water Frame-

work Directive.

C L I M A T E  C H A N G E S  A N D  W A T E R  R U N O F F  F R O M  W A T E R C O U R S E S

The National Environmental

Research Institute has exam-

ined water runoff from water-

courses and precipitation

(rainfall) in Denmark over

the past 85 years. An

increase in annual precipita-

tion has led to an increase in

the average runoff from all

the watercourses examined.

This close relationship demon-

strates that climate changes

will have consequences for

the future ecological condi-

tion of Danish watercourses.

Increases in the annual runoff

and annual precipitation have

been calculated over a period

of 75 years at the 18 water-

course stations (converted to

mm) and the five climate sta-

tions. Statistically significant

changes (P < 5%) are shown

with an asterisk after the 

figure.

Source: National Environmental
Research Institute 

16

+40 mm

Watercourse stations

Climate stations

+26 mm

+12 mm
+95 mm*

+69 mm

+31 mm

+225 mm*

+40 mm*

+7 mm

+83 mm*

+125 mm*

+70 mm

+218 mm*

+151 mm*

+35 mm

+38 mm

+83 mm*

+71 mm*

+76 mm*
+71 mm*

+40 mm
+78 mm*

+33 mm



W A T E R  I N  D E N M A R KN AT U R E  A N D  E N V I R O N M E N T  2 0 0 3

25

River restoration of Skjern Å

For many hundreds of years, the Skjern Å valley and

meadows have been an important foundation for the

people living along the river. The fertile meadows of

the river valley provided grass for livestock in the sum-

mer, and good hay for the winter. Whenever the river

flooded, nutrients carried by the river were deposited

on the meadows. In this way the river water was

cleaned before running out into Ringkøbing Fjord, 

and the meadows were fertilised and provided good

grazing.

Sometimes, however, the river was unpredictable,

and it flooded even in the summer, taking farmers’

grass and hay. For this reason, people tried to control

the river for hundreds of years. Dykes were built to

prevent flooding in the summer, and irrigation and

drainage ditches were dug. However, it was not until

the 1960s that the river finally came under control in

a grand project. Skjern Å itself was led into a newly

dug, straight course, which channelled the water

quickly out into the fjord. The unpredictable river had

been tamed. An impressive piece of engineering which

successfully fulfilled its purpose and soon created pro-

duction dividends in the Skjern Å valley. Cornfields

replaced grazing meadows.

Downside to the project

However, as time went by, it became clear that there

was a downside to the project. Plants, animals, and

birds that had previously lived in the freshwater mead-

ows disappeared. The drop in the water level meant

that iron compounds came into contact with the oxy-

gen in the air, forming ochre pollution, which in turn

impacted life in the watercourse. Pollution in

Ringkøbing Fjord increased as the self-cleaning process

in Skjern Å came to an end, the river receiving nutri-

ents from the surrounding fields and carrying them

into the fjord.

The river is restored

Thirty years later, in 1998, the Danish Parliament

decided that about half of the meadows that were

drained in the 1960s and transformed into arable land

should be re-established, and that Skjern Å should

again wind its way through the landscape. Soon after

the largest and most expensive restoration project in

northern Europe was set in motion. The EU supported

the project financially, as the restoration would create

a valuable natural area of international significance.

Agriculture would be offered replacement land, as the

state would buy land behind the project area for

exchange. Many voluntary agreements were made. 

Several landowners chose to keep their land in the riv-

er valley, however, while the state paid compensation

for lost cultivation opportunities.

The project was completed in 2003. A total of 43km

of winding river had been dug and 1.3 million cubic

metres of soil had been moved, enough to fill a convoy

of trucks stretching from Skjern in Denmark to the

southern Alps.

Now, once again the sun shines over meadows.

Birds have taken well to the new natural area. The

broad meadows are being grazed by livestock, and

offer a welcome to many meadow birds. The new natu-

ral area extends for 2200 hectares and pesticides and

artificial fertilizers are banned in the area. This is not

only of benefit to the water quality in the river and

the fjord, but it is also good for the natural plant life

in the area.

Source: Danish Forest and Nature Agency
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Oil pollution at sea can threaten our marine

environment. Ecologically important areas can

be damaged, fish stocks and bird life can be

affected, and our beach areas can become

polluted. To combat oil pollution at sea

effectively requires preventive initiatives at

both the national and international levels, as

well as a response to the actual oil dis-

charges taking place on the open sea and in

coastal waters.

International initiatives

International cooperation is the most impor-

tant weapon in the fight against oil pollu-

tion. Denmark has actively participated in

international forums to improve initiatives to

prevent oil pollution.

One example of a very significant interna-

tional environmental achievement is the pro-

hibition of the discharge of oil from ships in

the North Sea, which entered into force in

August 1999. The United Nations’ Interna-

tional Maritime Organisation (IMO) granted

the North Sea status as a “Special Area” with

respect to pollution from ships, with oil pol-

lution being an important element. This pro-

hibition means that ships are only permitted

to discharge material containing an oil con-

centration of no more than 15 mg/l, so that

it is not visible.

By 2006, oil discharges from oil rigs must

be reduced by 15 per cent in relation to dis-

charges in 2000, and the oil concentration in

production water discharges must be reduced

from 40 mg/l to 30 mg/l by the end of 2006.

Another international environmental

achievement was the introduction in July

1996 of an exclusive economic zone around

Denmark. This means that Denmark can

enforce international environmental protec-

tion regulations in relation to foreign ships

up to 200 nautical miles from the coast.

Denmark has also worked to ensure the adop-

tion of regional regulations compelling ships

to surrender oil waste in all harbours in the

Baltic region. These regulations entered into

force in the middle of 2000.

Monitoring

It is not possible to put a precise figure on

the volume of oil illegally discharged in Dan-

ish territorial waters each year.

The number of reported observations can-

not be directly used as an indicator that

there is a serious oil discharge problem in

Denmark. In general, over half the observa-

tions involve either light oil/diesel, which

evaporates, or false alarms caused by

mud/algae/sea currents. However, the reduc-

tion in the number of reported observations

suggests that some of the initiatives adopted

to combat oil pollution have had a preventive

effect. A number of illegal oil discharges con-

tinue to occur in the North Sea, despite the

ban, leading to pollution of the west coast of

Jutland. 

Oil pollution – a threat to
the marine environment

Increasing awareness of oil pollution in Danish waters has led to

greater efforts by Denmark to prevent oil pollution at sea. A number

of new initiatives have been put in place to ensure that Denmark is

ready to respond effectively to oil spills, with the same capabilities as

our neighbouring countries.
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The indicator shows accidental

oil spills and oil discharges in

production water from Danish oil

rigs in the North Sea for each

year between 1991 and 2002.

Production water contains traces

of oil and chemicals.

Denmark extracts oil and nat-

ural gas from approx. 40 rigs in

the North Sea. Discharges of oil

with production water have been

increasing in recent years. This

is due to the fact that the vol-

ume of production water, and

hence the oil discharges,

increases with the age of the oil

fields. Under the OSPAR Marine

Convention, covering the north

eastern Atlantic Ocean, including

the North Sea, the Skagerrak and

the Kattegat, Denmark and the

other oil-producing countries in

the North Sea are committed to

reducing oil discharges in pro-

duction water by 15 per cent

compared to 2000, by 2006.

Apart from one large accident in

2000, spillage from Danish oil

rigs in the North Sea is relatively

constant. Spillage is primarily

caused by minor incidents

involving discharges of less than

a tonne. Oil spillage is uninten-

tional, and extensive effort is

continually being made to reduce

the risk of accidents. The acci-

dent in 2000 was caused by

problems with the loading buoy

in the South Arne Field.

S P I L L S  F R O M  O I L  R I G S

This figure shows the volume

of oil discharged from rigs in

the North Sea between 1991

and 2002, divided into spills

and production water.

Source: The Danish EPA
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This indicator shows how the

number of observed oil dis-

charges in Danish territorial

waters has changed since 1980.

The number of observed oil dis-

charges has fallen in recent

years, with the exception of

2002, when it rose.

This trend is due in part to

increased monitoring efforts, but

also to the fact that the ban on

discharging oil from ships has

been extended to include the

Skagerrak and the North Sea, so

that all Danish marine areas are

now covered. The increase for

2002 is due to an increase in

the number of observations from

foreign authorities, as part of

the continuing expansion of

cooperative marine environment

monitoring initiatives with Swe-

den and Germany.

The goal is to see further

reductions in oil spills and dis-

charges from ships in Danish ter-

ritorial waters. Denmark is work-

ing at international level to

secure common requirements for

ships transporting oil.

O B S E R V E D  O I L  D I S C H A R G E S

The number of observed oil

discharges in the North Sea

rose during the 1990s. This

increase was due to increased

monitoring efforts. Between

1999 and 2002, the number

of observed oil discharges fell

Source: Admiral Danish Fleet
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Particularly sensitive sea areas
(PSSA)

If one or more countries wish to increase protection of

their marine environments, they can apply to have a

clearly defined area declared as a PSSA (Particularly

Sensitive Sea Area). Approval of such areas is handled

by the United Nations’ International Maritime Organi-

sation (IMO). The IMO has issued a resolution

(A927(22)) containing a number of guidelines for the

designation of PSSAs.

According to the guidelines, an area must fulfil one

or more of the following criteria in order to be desig-

nated a PSSA:

• Ecological criteria (such as unique or rare ecosystem,

diversity of the ecosystem, or particular vulnerability

to degradation by natural events or human activi-

ties).

• Social, cultural and economic criteria (such as 

significance of the area for recreation or tourism).

• Scientific and educational criteria (such as biological

research or historical value).

A PSSA designation makes it possible for a country to

enact laws and regulations for the prevention, limita-

tion and monitoring of pollution from ships. Such extra

laws and regulations can, for example, govern the dis-

posal of oil or other harmful substances, requirements

that ships carry special equipment (e.g. on oil

tankers), navigation guidelines (specification of navi-

gation routes), or the installation of electronic traffic

monitoring systems. Such areas are marked on nautical

charts, so that ships entering them are made aware

that they are navigating in a special area.

Source: The Danish EPA
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The Baltic Sea

In connection with the extensive oil pollution that

occurred off the Danish island of Moen in 2001, agree-

ment was reached that the Baltic countries should

investigate what further measures could be introduced

in the Baltic Sea to prevent similar accidents. One of

the initiatives was to submit an application to the

IMO, for the Baltic Sea (or parts thereof) to be

declared a PSSA. Russia was opposed to such an appli-

cation, but the other Baltic countries submitted a pro-

posal to the IMO. The IMO Environment Protection

Committee approved the application in principle in

April 2004. The PSSA area in the Baltic Sea covers the

Kattegat, Øresund (the Sound), and the Belts, and up

to the Gulf of Bothnia in the north, but not the Rus-

sian areas off St. Petersburg and Klaipeda.

Approval in principle by the Environment Protection

Committee means that the IMO has recognised the

areas as being particularly sensitive to impacts from

maritime traffic and other activities in the area, and

that there is a need for greater protection than in 

other areas. Denmark, in cooperation with the other

Baltic countries (excluding Russia), will therefore pres-

ent specific proposals for improvements to navigational

security in the Baltic Sea as soon as possible, with the

aim of having the area finally approved by the IMO in

summer 2005.

The measures that may be introduced in the Baltic

Sea include: increased reporting obligations, greater

monitoring of ships, improvements to existing route

systems, pilotage in high risk areas, escorts for certain

types of ships, and the designation of areas where

ships are not permitted to sail.

The Wadden Sea

In 2002, Denmark, the Netherlands, and Germany suc-

ceeded in having the Wadden Sea approved as a PSSA.

The countries agreed at that time, that there was no

need for further initiatives, but the need to promote

maritime security will be further discussed regularly,

up until the next trilateral government conference in

2005.

Source: The Danish EPA
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Wastewater derives from households, industry,

commercial enterprises, and institutions.

Wastewater is treated in treatment plants, to

break down pollutants to the point where

they can no longer harm the environment.

Treated wastewater is discharged into water-

courses, lakes, and the sea, or it leaches into

the ground.

Improved wastewater treatment

During the last 25 years, Denmark has exten-

sively invested in an effective wastewater

system based on sewers and wastewater

treatment at treatment plants. Today, the

majority of Danish properties are connected

to sewage systems, and most household and

industrial wastewater is directed through the

municipal and private treatment plants before

being discharged into the sea or water-

courses. In 2001, the 29 largest and most

advanced wastewater treatment plants treat-

ed almost half the wastewater in Denmark.

Wastewater treatment has been drastically

extended and improved so that today, treat-

ment plants remove the majority of all aero-

bic organic matter, as well as phosphorus and

nitrogen.

Just under 60 per cent of wastewater

received at municipal treatment plants comes

from households and service industries, while

the remainder comes from industrial enter-

prises. More than half the sludge from waste-

water treatment plants is recycled. It is most-

ly used as fertiliser on fields.

Water consumption is falling

During the last 10 years, household water

consumption has fallen by one quarter. This

has taken place in step with an increase in

the price of water of 150 per cent. The corre-

lation between increasing water prices and

falling water consumption might be due in

part to green taxes on water charges – an

effective incentive to save water. Greater

environmental awareness among the popula-

tion might also be an important reason for

the reduction in water consumption.

Water use and recycling

We have become better at recycling water. Wastewater treatment 

has become more advanced and effective. No wastewater is 

discharged untreated. We have also become better at saving water.

Household water consumption has fallen by one quarter.
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This indicator shows changes in

household water consumption

(litres per person per day) in

relation to changes in the aver-

age water price paid by con-

sumers (DKK per m3). Water con-

sumption statistics exist for

1985 onwards. Water price sta-

tistics exist for 1993 onwards.

The trend for 1993 to 2002

shows household water consump-

tion has fallen by approx. one

quarter. During the same period,

water prices have risen by over

150 per cent, i.e. in 2002 one

cubic metre of water cost two

and half times as much as it did

in 1993. Water prices are made

up of a water discharge tax 

(41 per cent), VAT (20 per cent),

green taxes (14 per cent), a

variable water charge (12 per

cent), a fixed charge (9 per

cent), a fixed charge for waste-

water (2 per cent), and a

national charge for wastewater

(2 per cent).

The clear correlation between

increasing water prices and the

fall in household water consump-

tion supports and confirms the

effect of green taxes as an

incentive to save water. Water

prices may increase over the

next few years as waterworks

face continually increasing

expenses, including compensa-

tion payments for restrictions on

land use to protect groundwater.

W A T E R  C O N S U M P T I O N  A N D  W A T E R  P R I C E S

In 1989, each Dane used an

average of approx. 170 litres

of water a day. Consumption

has now fallen to approx. 

125 litres a day. At the same

time, the average price of

water has risen from less

than DKK 14 to DKK 35 

(euro 2.0-4.6) per cubic

metre. The graph shows

changes in water consumption

and price. 

Source: Water supply statistics,
Danish Water and Waste Water
Association 
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This indicator shows how

wastewater is treated at treat-

ment plants in Denmark, divided

into various types of wastewater

treatment. The simplest type of

treatment is mechanical treat-

ment, in which primarily only

organic matter is removed.

Today, this type of treatment

only takes place at small treat-

ment plants. Larger treatment

plants generally use the most

advanced type of treatment,

where wastewater is treated

mechanically, biologically, and

chemically.

The figures from 1972 until

today show that wastewater

treatment has become progres-

sively more advanced. In 1972,

wastewater discharges were

divided equally between untreat-

ed, mechanically treated, and

mechanically/biologically treated

wastewater. Today, no waste-

water is discharged untreated,

and 87 per cent of wastewater is

treated at the most advanced

treatment plants.

This is largely due to the

1987 Action Plan for the Aquatic

Environment. Before this plan

was adopted, only approx. 10

per cent of the total volume of

wastewater was treated at the

more advanced plants. At inter-

national level, introduction of

the Urban Wastewater Treatment

Directive has not had great sig-

nificance for Denmark, as most

of the directive’s requirements

had been introduced in the first

Action Plan for the Aquatic Envi-

ronment. However, implementa-

tion of the directive has led to a

greater number of tests at the

large treatment plants, and in

the future, the directive will

make it necessary to increase

the degree of treatment for

organic matter at the smaller

treatment plants.

B E T T E R  W A S T E W A T E R  T R E A T M E N T

In recent years, 87 per cent

of wastewater has been treat-

ed mechanically, chemically,

and biologically.

Source: The Danish EPA
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This indicator shows where

sludge from wastewater treat-

ment plants has ended since

1987, divided into three cate-

gories: Recycling, incineration,

and long-term storage. In gener-

al recycling of sludge is achieved

in a manner that it can be

directly used as fertiliser on

agricultural land, and it is trans-

ported directly from municipal

treatment plants and applied to

fields. Long-term storage covers

both mineralisation of sewage

sludge, and sludge that is land-

filled. In the case of mineralisa-

tion, sludge is processed over a

long period (10 years), so that it

can subsequently be used on

agricultural land, if it fulfils the

quality requirements.

Stricter sludge quality

requirements have led to general

uncertainty about recycling,

resulting in the decline in re-

cycling in recent years. If sludge

quality is too poor, it is land-

filled. Incineration has increased

significantly since 1998. This

increase is due to the fact that

since 1998, a number of enter-

prises have taken delivery of

sludge (the ash) for recycling in

sandblasting agents and cement.

In addition, the increase results

from stricter limit values for

organic environmental toxins

and heavy metals for sludge

applied to agricultural land. In

2002, 59 per cent of sludge was

recycled – primarily as fertiliser

on fields.

In recent years, sludge quali-

ty has continually been

improved. This is partly the

result of voluntary phase-out

initiatives from industry, for

example, for nonylphenol. The

goal laid down in Waste 21 of

recycling 50 per cent of sewage

sludge in 2004 has thus already

been reached, despite the

decline in recycling in recent

years.

W H A T  H A P P E N S  T O  S E W A G E  S L U D G E ?

More than half the sludge

from wastewater treatment

plants is recycled. The majori-

ty of it is applied to agri-

cultural land, some of it is

incinerated and recycled as

ash (e.g. in cement), and the

remainder is stored. 

Source: The Danish EPA 
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Industry pollutes no more 
than households

Industry is generally no worse than households in

terms of the contamination of sewage sludge. Although

there can be a strong, localised correlation between

individual industries and contamination by heavy 

metals and/or xenobiotic substances. This is the con-

clusion from an investigation into the discharge of

pollutants by industry. Under the investigation, sludge

from 160 wastewater treatment plants was analysed,

and the initiatives that have been introduced to

reduce the discharge of pollutants, and hence their

volumes in sewage sludge, were evaluated.

The major part of pollutant quantities found in

wastewater accumulate in the sludge as the wastewater

is treated. Sludge quality has vital significance for how

it can be disposed of or recycled. If the content of

heavy metals and xenobiotic substances is sufficiently

low, it can be used as fertiliser on fields or in forests.

However, if sludge quality is too poor, the only dis-

posal options are incineration or landfilling.

In the analysis, the quality of sludge from the compo-

nent of wastewater that derives from industry is com-

pared with that from households in the catchment area

for each treatment plant. The comparison makes it

possible to see whether there is a difference in the

content of heavy metals or xenobiotic substances in

the sludge, depending on the relative proportions of

wastewater the treatment plant receives from industry

and households. The results show a weak trend where-

by the concentration of copper and mercury falls as the

proportion of wastewater from industry rises. At the

same time, households are the biggest relative source

of mercury in sludge. This is because enterprises are so

well-regulated today by environmental approvals from

counties and municipalities, that the remaining con-

tamination derives from individual areas not yet sub-

ject to regulation, or from households. A few years

ago, the large, heavy industries were responsible for a

relatively large proportion of the contamination with

xenobiotic substances in wastewater.

Source: The Danish EPA
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Ministry of the Environment: 

http://www.mim.dk/eng/

Danish Environmental Protection Agency: 

ttp://www.mst.dk/homepage/

National Environmental Research Institute: 

http://www.dmu.dk/International/

Geological Survey of Denmark and Greenland: 

http://www.geus.dk/geuspage-uk.htm

Danish Forest and Nature Agency: 

http://www.sns.dk/internat/

Forest and Landscape Denmark: 

http://www.sl.kvl.dk/

Danish Institute of Agricultural Sciences: 

http://www.agrsci.org/

Danish Plant Directorate: 

http://www.plantedir.dk/Default.asp?ID=2228

Danish Ministry of Food, Agriculture and Fisheries: 

http://www.foedevareministeriet.dk/fvm_uk/high_final_

uk.asp?page_id=226

County of Funen: 

http://www.funencounty.dk/wm112690

Admiral Danish Fleet: 

http://www.sok.dk/uk/index.htm

Danish Water and Wastewater Association: 

http://www.danva.dk/sw130.asp
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More information
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What’s the state of water in Denmark? How are we 

affecting it? And how are we protecting it?

This booklet describes trends in the state of water in 

Denmark, using 21 selected indicators. The booklet covers

the entire hydrological cycle, focussing, for example, on:

• Groundwater resources

• Oxygen depletion in fjords and the sea

• Restoration of lakes and watercourses

• Oil pollution

• Wastewater treatment


