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AQUATIC ENVIRONMENT 2003

State and trends — summary of investigation results 2002

Restoration of river Skjern, 2002.

This report provides the technical con-
clusions of the results from 2002 of the
Danish Aquatic Monitoring and As-
sessment Programme 1998-2003 (NO-
VA 2003) (Danish EPA, 2000). The re-
port summarizes the development in
the environmental state of the aquatic
environment during 2002 and de-
scribes the trends in the development
of environmental quality during 1989-
2002.

This summary is primarily meant as
a briefing to the Environment and
Planning Committee of the Danish
Parliament about the results of the an-
nual monitoring and the effects of the
measures and investments described in

the 1987 report on the Action Plan on
the Aquatic Environment. The summa-
ry furthermore provides a national
overview for the benefit of the institu-
tions at state and county level that
have contributed to the implementa-
tion of the monitoring programme, or
are involved in the management of the
aquatic environment. Finally, the sum-
mary will provide the general public
and non-governmental organisations
with essential information on the state
and trends of the aquatic environment.
The report was prepared by the Na-
tional Environmental Research Insti-
tute (NERI) in cooperation with the
Geological Survey of Denmark and

Greenland (GEUS) and the Danish EPA
based on reports elaborated by the sev-
en topic centres at these institutions.
The reports are based on data col-
lected by the Danish county authorities
and the municipalities of Copenhagen
and Frederiksberg. Most data can also
be found in regional reports with the
original background information that
is the basis of the topic centre reports.

AQUATIC ENVIRONMENT 2003 — Background reports (in Danish)

Vandleb 2002.

Atmosferisk deposition 2002.
Landovervagningsoplande 2002.
Grundvandsovervagning 2002.
Marine omrader 2002.

Soer 2002.

Punktkilder 2002.

(Streams 2002)
(Atmospheric deposition 2002)
(Agricultural monitoring catchments 2002)

(Groundwater monitoring 2002)
(Marine waters 2002)

(Lakes 2002)

(Point sources 2002)

Bagestrand (ed.), 2003.
Ellermann et al., 2003.
Grant et al., 2003.
GEUS, 2003.
Rasmussen et al., 2003.
Jensen et al., 2003.
Danish EPA, 2003.
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Summary

The main conclusion of the Danish
Aquatic Monitoring and Assessment
Programme (NOVA-2003) in 2002 is
that there have been marked reduc-
tions in nutrients discharged with
wastewater and discharges from culti-
vated areas since 1989. These reduc-
tions have improved the natural and
environmental conditions in lakes and
marine waters. A beginning reduction
in the nitrate content in the upper, new-
ly formed groundwater in sandy areas
has been observed. The environmental
quality in streams is determined mainly
by the hydromorphological conditions
and the input of organic matter, and the
environmental conditions in streams
have improved slightly during the re-
cent 4 years.

In spite of the improvements, only a
minority of the water bodies complied
with the quality objectives and the most
comprehensive oxygen deficiency hith-
erto observed in inner Danish marine
waters was measured in 2002.

AQUATIC ENVIRONMENT 2003 — Table 1

Pollution sources:
Organic matter, nitrogen and
phosphorus

Compared to a climatically normal
year, pollution from most sources was
higher in 2002 due to high precipita-
tion. The result of high precipitation is
not only increased leaching of nitrogen
and phosphorus from farmland, but al-
so increased atmospheric deposition
and higher discharges from urban ar-
eas.

Table 1 shows a total list of the Dan-
ish sources of pollution of water bod-
ies, and the atmospheric input to the
Danish marine territory. The main ni-
trogen sources are cultivation of land
and atmospheric deposition. The great-
est phosphorus load derives from culti-
vation of the land although the waste-
water load as a whole was at the same
level.

Contributions of organic matter from
the various sources of pollution are not
directly comparable with the back-
ground loss because the quality of the
organic matter in wastewater is diffe-
rent from that of naturally occurring
substances. The polluting effect is
therefore relatively higher.

Wastewater treatment plants

Organic matter (BODs) and the nutri-
ents nitrogen (N) and phosphorus (P)
are generally removed efficiently in the
wastewater treatment plants. Since the

Nutrient sources Organic matter (BOD;) Nitrogen Phosphorus
2002 (tonnes/year) (tonnes/year) (tonnes/year)
Natural losses (reference) 11,100 12,700 440
Agriculture 7,300 74,900 1,160
Wastewater treatment plants 2,670 4,528 510
Urban stormwater 9,000 1,006 250
Wastewater from scattered dwellings 3,800 970 220
Industry with direct wastewater discharge 5,913 753 50
Freshwater aquaculture 3,276 1,180 94
Marine aquaculture 1,745 307 31
Atmospheric load to the sea - 107,000 400
Total sources 45,000 203,000 3,200

Table 1

Total sum of input sources of organic substances and nutrients to water bodies in

Denmark in 2002. (Figures from Danish EPA, 2003 and Bogestrand (ed.), 2003).

mid-1980s, i.e. before the implementa-
tion of the Danish Action Plan on the
Aquatic Environment and until 2002,
there has been a reduction in the dis-
charges of BOD;, N and P of 96%, 77%
and 91%, respectively. Particularly dis-
charges of BOD; and phosphorus as a
whole are now considerably below the
requirements of the Action Plan on the
Aquatic Environment. Most plants en-
compassed by the general require-
ments of the Action Plan on the Aquatic
Environment consequently achieve
BOD; concentrations of 2-4 mg/1 and
phosphorus concentrations of 0.2-0.5
mg/l. According to the Action Plan on
the Aquatic Environment, the general
requirements to BOD; and phosphorus
are 15 and 1.5 mg/1, respectively, for
plants with more than 5,000 persons
connected to the plant.

Enterprises

Separate industrial dischargers have
reduced their pollution to the same ex-
tent as the wastewater plants. Pollu-
tion from freshwater fish farms and
marine fish farms was also reduced
somewhat although the relative reduc-
tion is far much lower than that from
treatment plants and industry.

Leaching from cultivated areas
Nutrient leaching from cultivated areas
is influenced by cultivation practices,
fertilizer consumption and the charac-
ter of the areas. The amount of nitro-
gen in the applied commercial fertilizer
was reduced from 395,000 tonnes in
1985 to 206,000 tonnes in 2002. This has
contributed to a reduction in nitrogen
leaching from cultivated areas during
the period 1989-2002. The measured
mean reductions in nitrate leaching
from the root zone constituted 32% in
clayey areas and 47% in sandy areas

(to 14 and 18 mg N/I, respectively),
but with large deviations of the results.
Nationwide model calculations show a
reduction in nitrogen leaching from
41% to 70 kg N /hectares per year.
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Phosphorus in commercial fertilizer
was reduced from 47,800 tonnes in
1985 to 13,800 tonnes in 2002, and live-
stock manure is generally the predomi-
nant type of phosphorus fertilizer in
Denmark. The phosphorus input from
livestock farms still exceeds the
amount removed from the fields with
the crops (figure 1).

There are marked interannual varia-
tions in phosphorus losses from Dan-
ish agricultural land depending on the
precipitation. No general efforts have
been made to reduce phosphorus losses
and the monitoring results do not indi-
cate a trend in the losses of phosphorus
from cultivated land.

Atmospheric nitrogen deposition
Nitrogen deposition on land areas var-
ies typically between 10 and 25 kg N/
ha per year with the highest deposition
in areas with large livestock herds and
high precipitation. Deposition on the
sea is somewhat lower (7-15 kg N/ha
per year) because of the generally
wider distance to the pollution sources,
and lower precipitation. The most im-
portant pollution sources are nitrogen
oxides deriving from combustion pro-
cesses and ammonia volatilization
from livestock manure. During the pe-
riod 1989-2002 there was an estimated
reduction of approx. 17% in the total
atmospheric deposition of nitrogen
compounds on Danish marine waters.

Water bodies

Groundwater

The total groundwater abstraction in
2002 constituted 653 million m?®. Since
1989 there has been a marked decline
in the amount of abstracted water,
mainly due to a reduction in the con-
sumption of the public common water-
works from 640 million m?® in 1989 to
410 million m? in 2002.

Nitrate concentrations are highest in
the upper groundwater formed within
the recent decades. Under cultivated
fields in the agricultural monitoring
catchments, 29% of the water intakes
contained more than 50 mg NO; /1 in
2002. There is an apparent reduction in
nitrate concentrations in the upper

groundwater. Figure 2 illustrates the
trend in nitrate concentrations in the
oxic upper groundwater in the ground-
water monitoring areas. The figure re-
veal large deviations with an apparent-
ly slight increase throughout most of
the 1990s and a slight decrease since
the late 1990s.

Pesticide pollution in groundwater is
primarily found in the subsurface
groundwater, but the depth distribu-
tion of pesticide findings shows that
pesticides are also found at depths ex-
ceeding 30 metres. Triazines and their
metabolites are detected frequently in
both groundwater and streams. Atra-
zine, which has been banned since
1984, contributes to some of these find-
ings. A pool of the substance has prob-
ably been accumulated in the root zone
and is slowly leaching from here.

AQUATIC ENVIRONMENT 2003 - Figure 1

Lakes

The environmental state of the moni-
toring programme lakes as a whole has
improved since 1989. This is reflected
in, for instance, the average Secchi
depth in the lakes. Improvements are
seen in lakes, where measures against
phosphorus inputs from wastewater
have been introduced before or after
1989. Improvements are generally not
observed in lakes that do not receive
wastewater. In these lakes the predom-
inant source of pollution is phosphorus
lost from cultivated areas in the catch-
ment and this loss has not declined. In
order to comply with the quality objec-
tives of those lakes where the majority
of the catchment is cultivated, a reduc-
tion in phosphorus leaching from the
lake catchments is required. This ap-
plies to most Danish lakes.
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Figure 1

Trend in assigned phosphorus and harvested phosphorus for the total Danish agri-

cultural land during the period 1985-8002. Grant et al., 2003.
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Figure2  Nitrate trend in mg NO4/I for the period 1990-2002 in water samples from the upper,

oxic part of the GRUMO areas. It is in this part of the groundwater aquifers that a reduction in
nitrate concentrations due to reduced leaching will be registered. GEUS, 2003.
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AQUATIC ENVIRONMENT 2003 — Figure 3
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Streams

Danish streams are especially impacted
by the physical changes in the natural
course of the streams in form of weirs,
straightening and stream maintenance.
Many streams were previously also
contaminated by organic matter from
wastewater, but this pollution was
largely relieved by wastewater treat-
ment initiated in the 1970s.

The biological quality of streams has
gradually and slowly improved over
the recent decades. The same station
network and assessment method have
been used since 1999. Investigations re-
veal that the proportion of streams
with unaffected or slightly affected
macroinvertebrate fauna has increased
from 35% to just over 44% during this
period. Conditions are generally worst
in small streams and streams on the is-
lands east of the Great Belt.

The biological conditions in Danish
streams are only slightly affected by
the nutrient concentrations, but the
streams transport the nutrients to lakes
and marine waters, where the input of
nutrients is a major pollution source.

Figure 3  Trend in nitrogen concentrations
since 1989. Average of flow-weighted annual
mean values for streams subjected to different
pressures. Bogestrand (ed.), 2003.

Figure 4 Trend in phosphorus concentra-
tions since 1989. Average of flow-weighted
annual mean values for streams subjected to
different pressures. Bogestrand (ed.), 2003.

Figure5  Annual freshwater runoff and
input of nitrogen and phosphorus via streams
and direct wastewater discharges to marine
waters from 1989 to 2002 and the average for
the period 1981-88. Bogestrand (ed.), 2003.
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Nitrogen and phosphorus concentra-
tions in Danish streams have generally
declined since 1989. Nitrogen concen-
trations have fallen with an average 2
mg N/1 or approx. 30%, mainly as a
consequence of reduced leaching from
cultivated fields (figure 3). The concen-
trations started declining in the early
1990s. Phosphorus concentrations were
reduced with just over 40% since 1989,
but the reduction probably started ear-
lier as a result of phosphorus removal
from wastewater, which was initiated
before 1989 (figure 4).

Transport from land to the sea

The level of pollution in Danish coastal
waters is largely determined by nutri-
ent inputs from the land. Figure 5
shows the trend in the annual input of
water, nitrogen and phosphorus from
Danish land areas to the Danish coastal
waters. For each year the inputs of ni-
trogen and phosphorus are divided in-
to diffuse sources (leaching from the
soil), point sources to freshwater
(wastewater) and direct wastewater
discharges to coastal waters. In spite of
the general discharge reductions, fig-
ure 5 shows that there has been consid-
erable nutrient transport to marine wa-
ters during the recent 5 years. This is
related to the levels of precipitation
and runoff from Denmark being higher
than normal in all 5 years.

Marine waters
The major, general source of pollution
of Danish marine waters is the input of
nitrogen and phosphorus from land
and air. The shallow Danish marine
waters are more vulnerable towards
eutrophication than most other marine
waters because the water exchange
with the open sea is often limited, and
because the stratification of the water
column often restricts the supply of ox-
ygen to the water close to the bottom.
In 2002, the inner Danish marine wa-
ters were hit by the worst case ever of
oxygen depletion culminating in late
September. Figure 6 shows that the
most severely affected areas were the
areas along the east coast of Jutland
and south of Funen. Large areas in the
southern Kattegat were also affected.
The oxygen depletion resulted in dead
benthic invertebrates and fish in the af-
fected areas. The oxygen depletion was

attributable to a combination of several
factors: high precipitation and high nu-
trient inputs, water temperatures
above the normal and a late summer
with no strong winds.

In spite of the comprehensive oxy-
gen depletion in 2002 there are some
indications of improvements in the
state of the marine waters. Nutrient
concentrations in fjords and coastal
waters are now on the decrease and
the algal production is increasingly be-
ing limited by the lack of nitrogen and
phosphorus. Since the 1980s there are
also clear indications of improvement
in the Secchi depth in fjords and coast-

AQUATIC ENVIRONMENT 2003 — Figure 6

al waters and of a decrease in the algal
abundance and production. These im-
provements have, however, not yet re-
sulted in improved conditions for mac-
rophytes (including eelgrass) or
benthic invertebrates. Similarly, there
are no signs of improvements in the
oxygen content in the water close to
the bottom, neither in fjords and coastal
waters nor in the open marine waters.

The concentration of heavy metals
found in fish varies. In fish from the
Sound the mercury concentrations are
generally high. Exeedence of the con-
summation limit values was observed
in one flounder filet.

Oxygen depletion

[l Oxygen depletion, 2-4 mg oxygen/l
B Severe oxygen depletion,
< 2 mg oxygen/I

North Sea

GERMANY

o J Born-
g holm
Baltic Sea
SWEDEN

,-‘t{'

Figure 6

The extent of oxygen deficiency and severe oxygen deficiency during the period 30

September to 4 October 2002. Rasmussen et al., 2003.
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Quality objective compliance

The various examples of compliance
with the current quality objectives in
water bodies described below do not
fully reflect the level of anthropogenic
impact because the specific require-
ments of the county councils to each
water body may vary.

Wastewater treatment plants

Out of the 266 plants encompassed by
the requirement of Danish Action Plan
on the Aquatic Environment, only one
plant did not comply with the general
phosphorus requirement, and only two
plants did not comply with the nitro-
gen requirement, while all plants com-
plied with the BODj requirement. Out
of all 1,060 treatment plants in Den-
mark, exceedences of one or more of
the stipulated specific discharge re-
quirements were only recorded in 71
plants in 2002.

Losses from cultivated fields

The quality objective of the action
plans for the aquatic environment is an
approx. 50% reduction in nitrogen
leaching from the root zone in cultivat-
ed areas. On the basis of the monitor-
ing results the reduction in leaching is
calculated at 41% in relation to leach-
ing in the 1980s. In addition, there is a
minor reduction in nitrogen transport
via streams because of the nitrogen re-
moval that takes place in the re-estab-
lished wetlands introduced as a part of
the Action Plan on the Aquatic Envi-
ronment II. The evaluation report on
the Action Plan on the Aquatic Envi-
ronment II concludes that the progno-
sis of the total effect of the action plans
on the aquatic environment shows a
total reduction of almost 150,000
tonnes N/year, corresponding to ap-
prox. 48% of the leaching of 310,000
tonnes N/year in the 1980s (Grant &
Waagepetersen, 2003).

Groundwater

Groundwater is most importantly used
for water consumption. Only approx.
1% of the water supply abstraction
wells did not comply with the limit
values for nitrate in drinking water (50
mg NO; /1). This result was, however,
achieved by closing down wells with
high nitrate concentrations and does
therefore not reflect the general
groundwater quality. In the groundwa-
ter monitoring areas more than 50 mg
NO; /1 were detected in 16% of the
wells.

37% of the groundwater used for
drinking water in 2002 contained pesti-
cides, of which 4% had pesticide con-
centrations exceeding the limit values
for drinking water.

Lakes

The counties have estimated that only
4 of the 31 examined lakes complied
with the quality objectives in 2002,
which is a decrease of 3 lakes since
2000. Some of the lakes will experience
improved conditions when the internal
phosphorus release deriving from the
wastewater discharges of the past has
ceased. The majority of lakes will,
however, only be able to comply with
the quality objectives if phosphorus in-
puts from agricultural catchments and
scattered dwellings are also reduced.

Streams

The environmental condition of
streams is best in Jutland, on Funen
and Bornholm, where approx. 55% of
the quality objectives of streams are
met, in contrast to only a third of the
streams on the islands east of the Great
Belt. Quality objective compliance on a
national level was 50% in total. In or-
der for the rest of the streams to com-
ply with the current objectives, it is
necessary to change the stream mor-
phology to resemble the natural condi-
tions with varied types of stream bed.
Furthermore, many small streams are
still polluted by insufficiently treated
wastewater, particularly from scattered
dwellings. However, clear-water fauna
is prevented in many streams by a nat-
ural small slope of the stream and by
summer drought.

Marine waters

The assessment of the councils and
NERI is that only a few of the Danish
marine waters comply with the quality
objectives. Only one of the investigated
shallow coastal areas (Dybse Fjord) is
assessed as complying with the quality
objectives. Beyond this the open ma-
rine waters of the North Sea and
Skagerrak are also assessed as having
complied with the quality objectives.
Reasons for non-compliance with the
quality objectives is serious impact on
plant and animal community due to
increased nutrient concentrations, and
in some places also high concentra-
tions of tributyltin (TBT).

10
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1 Introduction

1.1 Organisation and content
of the Danish Aquatic
Monitoring and Assess-
ment Programme

The majority of the monitoring is car-
ried out by the county authorities. In
2003 NERI was responsible for moni-
toring of the extensive marine monitor-
ing stations, measurements and calcu-

lation of atmospheric deposition and
the operation of a network of 22 na-
tional stations for the determination of
stream water flow.

Monitoring stations in the NOVA-2003
programme

The principal monitoring stations and
monitoring areas of the NOVA pro-
gramme are shown in figure 1.1. Not in-

cluded, however, are monitoring sta-
tions for wastewater discharge and the
waterworks’ control of the water qual-
ity of abstraction wells as well as the
majority of stream monitoring stations.

Further information on NOVA-2003

A detailed description of the NOVA-
2003 monitoring programme can be
found in Danish EPA, 2000.

AQUATIC ENVIRONMENT 2003 - Figure 1.1
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Figure 1.1 NOVA-2003 investigation localities for selected elements of the monitoring programme.
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1.2 Climate and freshwater
runoff

Precipitation

With a mean of 864 mm, precipitation
in 2002 was 152 mm (21%) above the
normal of 712 mm (table 1.1). 2002 was
thus the third-most wettest year since
monitoring was initiated in 1989, only
surpassed by 1994 and 1999. At the na-
tional level precipitation was signifi-
cantly above normal, but particularly
September and December were drier
than usual (figure 1.2). This annual dis-
tribution was characteristic of the
whole country, except for the island of
Bornholm in the Baltic Sea, where pre-
cipitation in October reached approx.
190 mm compared to the normal of ap-
prox. 656 mm.
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Temperature

With 9.2 °C, 2002 was the second
warmest year since regular monitoring
was initiated in 1874, only 1989 with
9.3 °C has been warmer. Thus, tempe-
rature was 1.5 °C above normal (table
1.1). Until October the mean tempera-
ture of all months was between 1.3 °C
(June) and 4.0 °C (August) above nor-
mal, the mean temperature thus being
2.5 °C warmer than normal. With 3.1
°C, the average temperature of winter
2001/2002 was significantly above the
normal of temperature of 0.9 °C.

Freshwater runoff

Total freshwater runoff from Denmark
in 2002 was approx. 18,434 million m?,
corresponding to 429 mm. The annual
runoff was thus 30% above the mean
runoff for the period 1971-2000 of 326

Period Temperature Precipitation Freshwater runoff
(°C) (mm) (mm) (mill. m?)
2002 9,2 864 429 18.400
1989-2002 8,5 737 331 14.300
Normal 7,7 712 326 14.000
Table 1.1 Annual mean temperature, precipitation and freshwater runoff in 2002 compared to

the 1961-90 normal (for runoff, however, only 1971-2000). According to Begestrand (ed.), 2003

and Cappelen & Jorgensen, 2003.
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Figure 1.2 Monthly precipitation in Denmark in 2002 compared to the 1961-90 normal. Monthly
mean freshwater runoff from Denmark in 2002 and mean for 1971-2000. Bogestrand (ed.), 2003.

mm or about 14,000 million m? (table
1.1). Especially during the first quarter
of the year and in November, runoff to
the sea was significantly high (figure
1.2). Heavy rainfall in June and July re-
sulted in relatively high runoff during
the summer months.

Runoff conditions and precipitation
were subject to large geographic varia-
tions (figure 1.3). Runoff was lowest
(240-300 mm) to the southern Belt Sea,
the Baltic Sea and the Sound and high-
est to the North Sea (450 - >500 mm).
Total runoff to all marine areas in 2002
was above normal.

1.3 Climate development

Precipitation

On average, annual as well as winter
precipitation has been higher than nor-
mal during the 14-year monitoring pe-
riod. Mean annual precipitation and
mean winter precipitation have thus
been, respectively, 25 mm (4%) and 33
mm (16%) greater than normal.

Temperature

Of the past 15 years in Denmark, 13
have been warmer than normal (Cap-
pelen & Jorgensen, 2003), and only two
of the 14 monitoring years have been
colder. Mean temperature during the
monitoring period has been 8.5 °C
compared to the normal (1961-1990) of
7.7 °C. Especially the winter tempera-
ture has been unusually high with 2.5
°C compared to the normal of 0.9 °C.

Runoff and groundwater table

The variations in runoff mimic those of
precipitation with a minor delay (figure
1.4). The same applies to the ground-
water table, with a longer delay, how-
ever. During dry years, groundwater
aquifers are depleted and during wet
years the groundwater aquifers will be
filled up, as was the case in 2002. The
groundwater table is now generally
above the normal.
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Figure 1.3 Annual mean precipitation for the
period 1971-98. Scharling, 2000.

Figure 1.4 Annual mean precipitation

and runoff in Denmark and annual mean
groundwater level at Karup (see figure 1.3)
for 1961-2002 shown relative to the 1961-90
(A), 1971-2000 (B) and 1968-90 (C) averages.
Bogestrand (ed.), 2003 and Cappelen & Jor-
gensen, 2003 and GEUS, 2003.
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2 Pollution of water bodies with organic matter,
nitrogen and phosphorus

Organic matter and nutrients occur
naturally in the water bodies, including
groundwater. They are a precondition
for life in water, but are also the most
important source of pollution of our
water bodies. When the input of these
substances exceeds the naturally
occurring input markedly, the flora and
fauna of our water bodies are affected.
The sources of this pollution (eutrophi-
cation) are divided into point sources
(wastewater) and diffuse sources (from
cultivated fields and via the atmo-
sphere).

2.1 Pollution from each type of
source

Table 2.1 shows all the sources that
contribute with organic matter, nitro-
gen and phosphorus to streams, lakes
and marine waters. It appears from the
table that there are many different and
important anthropogenic sources of or-
ganic substances and phosphorus,
while the predominant nitrogen sources
are atmospheric inputs and leaching
from cultivated fields. Input from ad-
joining marine waters with contribu-
tions from other countries is also im-
portant, but is not included in table 2.1.
Some of the values are only rough
estimates: BOD5 input from stormwa-
ter outfalls is estimated as being half of
the total content of organic matter
(COD). The estimated agricultural in-
put of BOD5 and the atmospheric
phosphorus input are also very uncer-
tain. Also the division of phosphorus
input into background loss and agri-
cultural input is subject to uncertainty.

Estimated assessment of influence of
the pollution sources on stream bodies
The figures in table 2.1 illustrate the
general ratios on the national level of
the various sources of pollution with
organic substances and nutrients, and
thereby also the general significance of
each type of pollution source.
However, there are two reasons why

AQUATIC ENVIRONMENT 2003 — Table 2.1

the table cannot be used to illustrate
the significance of the individual pollu-
tion source for specific water bodies.

One reason is the differing sensitiv-
ity of the different categories of water
bodies to inputs of these substances.
Increased nitrate concentrations in a
stream, for instance, would probably
not affect the flora and fauna in the
stream. But the same increase could in-
volve drastic changes in marine waters
or certain lakes.

Another reason is that the source ap-
portionment for Denmark as a whole in
the table will have no resemblance with
the source apportionment of a specific
water body. All industrial discharges
are, for instance, to marine waters,
while all discharges from freshwater
fish farms are to streams in Jutland.

Source calculations for each individ-
ual water body are required in order to
estimate the potential environmental
benefits from measures against inputs
of nutrients and organic substances.
Calculations of potential changes in in-
put will then enable estimations/
calculations of potential effects in the
water body as a result of these changes.

Source apportionment Organic matter (BOD;) Nitrogen Phosphorus
2002 (tonnes/year) (tonnes/year) (tonnes/year)
Natural background loss 11,100 12,700 440
Agricultural load 7,300 74,900 1,160
Wastewater treatment plants 2,670 4,528 510
Stormwater outfalls 9,000 1,006 250
Wastewater from scattered dwellings 3,800 970 220
Industry 5,913 753 50
Freshwater fish farms 3,276 1,180 94
Sea-based and land-based mariculture 1,745 307 31
Atmospheric deposition on Danish - 107,000 400
marine territory

Sources, total 45,000 203,000 3,200

Table 2.1

Total sum of input sources of organic substances and nutrients to water bodies in

Denmark in 2002. Danish EPA, 2003 and Bogestrand (ed.), 2003.
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3 Point sources

Point sources are wastewater discharg-
es from wastewater treatment plants,
industry, freshwater fish farms, scat-
tered dwellings and stormwater outfalls
and input from marine fish farms.
Measurements are reported by the
Danish EPA, 2003.

AQUATIC ENVIRONMENT 2003 - Figure 3.1

Total discharges in 2002

Total discharges from point sources in
2002 comprised approx. 20,200 tonnes
organic matter (BODs), 8,750 tonnes ni-
trogen and 1,150 tonnes phosphorus.
The discharges of these substances ap-
portioned by the different point sources
are shown in figure 3.1.

Municipal wastewater treatment
plants are the major contributors of nu-
trients from point sources, but contri-
butions from the remaining types of
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point sources are higher for organic
matter (BOD), because all the planned
measures for industry and scattered
dwellings were not finally completed
in 2002.

Temporal development in point sources
The total reduction in nitrogen dis-
charges was mainly achieved because
of reduced discharges from industry
and wastewater treatment plants. Fig-
ure 3.2 shows the trend in nitrogen dis-
charges from point sources, where dis-
charges have fallen from approx.
27,600 tonnes in 1989 to approx. 8,750
tonnes in 2002.

Total phosphorus discharges from
point sources have fallen from approx.
6,600 tonnes in 1989 to 1,150 tonnes in
2002. The decrease is mainly attribut-
able to reductions in discharges from
wastewater treatment plants and in-
dustry, although discharges from scat-
tered dwellings and freshwater fish
farms have also decreased (figure 3.3).

3.1 Wastewater treatment
plants

In 2002 measurements and calculations
were made of discharges from 1030
municipal wastewater treatment
plants, of which 266 are encompassed
by the treatment requirements of the
Action Plan on the Aquatic Environ-
ment (minimum treatment require-
ments normally 15 mg BOD5/1, 1.5 mg
P/1and 8 mg N/1). These plants treat

Figure 3.1  Percentage distribution of di-
scharges of organic matter (BODg), nitrogen
and phosphorus from 5 types of point sources
in 2002. The discharges from wastewater
plants and industrial discharges are the most
accurate while the rest are based on estima-
tes and therefore subject to some inaccuracy.
Danish EPA, 2003.

Figure 3.2 Discharge of nitrogen from point
sources during the period 1989-2002. Danish
EPA, 2003.

Figure 3.3 Discharge of phosphorus from
point sources during the period 1989-2002.
Danish EPA, 2003.
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approx. 93% of the total amount of ur-
ban wastewater in Denmark. The spe-
cific discharge requirements are often
tightened in the interest of local, vul-
nerable recipients, also when it comes
to plants with a capacity less than 5,000
PE (person equivalents), which is the
lower limit for compliance with the
general aquatic environment require-
ments.

Total discharge from wastewater
treatment plants

Discharges in 2002 were calculated at
2,670 tonnes organic matter measured
as BODj, 4,538 tonnes nitrogen, 510
tonnes phosphorus and 809 million m?

AQUATIC ENVIRONMENT 2003 - Figure 3.4

wastewater. Discharges in 2002 are
slightly higher than in 2001. This is
probably attributable to the higher level
of precipitation in 2002.

Treatment efficiency

In 2002 data are available for inputs of

organic matter, nitrogen and phospho-

rus. By comparing data from the plants
with available input data with the dis-

charge data, the treatment efficiency of
each plant has been calculated.

Figure 3.4 shows the calculated ave-
rage treatment efficiency for organic
matter, nitrogen and phosphorus ap-
portioned by plant type. Treatment ef-
ficiency for plants with biological treat-
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Figure 3.4 Treatment efficiency apportioned by type of treatment plant for organic matter
(BODg), total nitrogen and total phosphorus. The amount of wastewater treated by each type of
treatment plant is indicated as percentage of the total amount of wastewater. Danish EPA, 2003.
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Figure 3.5 Trend in discharges from wastewater treatment plants until 2002. Danish EPA, 2003.

ment and nutrient removal (MBND
and MBNDC) is about 90% for all the
three indicated parameters. As approx.
90% of the total amount of wastewater
is treated in this type of plants, the ma-
jority of the Danish wastewater is con-
sequently subjected to very efficient
treatment.

The treatment efficiency of the re-
maining type of plants is as predicted.
Phosphorus removal is, however, re-
markably efficient in biological plants
without chemical stripping (MD and
MBND), mainly because many biologi-
cal plants can be operated with a high
degree of biological phosphorus re-
moval.

Nutrient concentrations in the dis-
charged wastewater of each individual
treatment plant are given in Annex 1.7
B in Danish EPA, 2003. The tables there
show that the treatment efficiency of
the majority of treatment plants by far
exceeds the general requirements of
the Action Plan on the Aquatic Envi-
ronment. Most plants achieve average
concentrations of BOD; at 2-4 mg/1
and phosphorus concentrations of 0.2-
0.5mg/1.

Complicance with the discharge limit
values

Of the 266 plants encompassed by the
Danish Action Plan on the Aquatic En-
vironment, only one plant did not
comply with the general phosphorus
treatment requirement, and only two
plants failed to comply with the nitro-
gen treatment requirement, while all
plants complied with the BOD; re-
quirement.

Trend in discharges
Figure 3.5 illustrates the discharge of
BOD;, nitrogen and phosphorus at the
time before the implementation of the
Danish Action Plan on the Aquatic En-
vironment, in the mid-1980s, during the
years 1989-2002 and finally the predict-
ed discharge when the targets of the
Danish Action Plan on the Aquatic En-
vironment have been achieved. Particu-
larly the discharges of BOD; and phos-
phorus as a whole are considerably
below the targets of the Action Plan on
the Aquatic Environment.

From the time before the implemen-
tation of the Action Plan on the Aquat-
ic Environment, i.e. the mid-1980s, un-
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til 2001, the three parameters BOD;,
nitrogen and phosphorus have been re-
duced by 96%, 77% and 91%, respec-
tively.

3.2 Industry and fish farming
In 2002, 31 industrial companies were
encompassed by the requirements stip-
ulated in the Action Plan on the Aquat-
ic Environment of limiting the nutrient
discharges. Apart from these enter-
prises, measurements and calculations
were made of discharges from 152 other
industries with separate discharges,
361 freshwater fish farms, 14 land-
based mariculture farms and 25 sea-
based mariculture farms. The fresh-
water fish farms are all situated at
streams in Jutland. Land-based mari-
culture farms are found at the coast
where salt water is pumped into the
production facility, while the production
in land-based takes place in net cages.

Discharges in 2002

For enterprises with direct discharges
to water bodies, the highest discharges
of organic matter (BOD;) are from in-
dustries encompassed by the require-
ments of the Danish Action Plan on the
Aquatic Environment of nutrient re-
duction. 80% of these discharges derive
from sugar factories while 16% derive
from the fishing industry.

Industrial discharges of phosphorus
and nitrogen derive mainly from fresh-
water fish farms (table 3.1). The major-
ity of these discharges are transported
through lakes and inlets that are vulne-
rable towards nutrient inputs.

Trend in discharges from enterprises
Industry

Since 1989, discharges of organic mat-
ter and nutrients from separate indus-
trial dischargers have declined marked-
ly. BODj has decreased by 89% ,
nitrogen discharges by 88% and phos-
phorus discharges by 96%. The major-
ity of these reductions are a result of
environmentally improved production
methods and improved wastewater
treatment at the enterprises. A consid-
erable part of the reduction is, howev-
er, a result of the wastewater being led
to a municipal treatment plant, or the
closing down of the enterprise.

Figure 3.6 illustrates the trend in the
total industrial discharges for the pe-
riod 1989-2002. Contrary to the munici-
pal treatment plants there are no pre-
determined reduction targets for the
total industrial discharges.

Freshwater fish farms and mariculture
Discharges from freshwater fish farms,
land-based and sea-based mariculture
farms have also declined since 1989, al-
though to a much smaller extent than
discharges from the other enterprises.
The estimated reduction in discharges
from freshwater fish farms is approx.
50% for BOD5, approx. 60% for phos-
phorus and approx. 45% for nitrogen.
Discharges from the land-based and
sea-based mariculture farms have also
decreased, but to a smaller extent than
for freshwater fish farms.
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3.3 Discharges from scattered
dwellings

Discharges from dwellings that have no
sewerage system and are not connected
to a private common treatment plant,
constitute a considerable load to many
lakes and small streams, although the
contribution is minor on a nationwide
level (table 2.1 and figure 3.1). The re-
gional reports by the county authorities
establish the areas where further treat-
ment of wastewater from scattered
dwellings is required in order to
achieve the environmental objectives
established for water bodies. Of the ap-
prox. 354,000 dwellings not connected
to a sewerage system, approx. 101,000
dwellings must improve their wastewa-
ter treatment.

Enterprises Organic matter (BOD5;) Nitrogen Phosphorus
2002 (tonnes/year) (tonnes/year) (tonnes/year)
Industry encompassed by Action 5,420 502 41

Plan on the Aquatic Environment

Industry not encompassed by Action 493 251 9

Plan on the Aquatic Environment

Freshwater fish farms 3,276 1,180 94
Land-based mariculture farms 159 65 5
Sea-based mariculture farms 1,586 242 26
Total discharges from enterprises 10,934 2,240 175

Table 3.1
Danish EFA, 2003.
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Figure 3.6 Trend in discharges of organic matter (BOD;), nitrogen and phosphorus from sepa-

rate industrial dischargers. Danish EPA, 2003.
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4 Diffuse sources — leaching from farmland

Leaching of nitrogen and phosphorus
from cultivated areas is the primary
cause of eutrophication of Danish wa-
ter bodies. Calculations of nutrient
leaching are mainly based on monitor-
ing in the agricultural monitoring catch-
ments ad on monitoring of nutrient
transport in streams (see figure 1.1).
The monitoring results are combined
with information of agricultural practic-
es, including fertilizing practices
(Grant et al., 2003).
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4.1 Fertilizer consumption in
Denmark

The consumption of commercial ferti-
lizer has fallen markedly since 1989
with regard to both nitrogen (from
392,000 tonnes in 1985 to 206,000
tonnes in 2002) and phosphorus (from
47,800 tonnes to 13,800 tonnes in 2002).
The amount of nutrients removed from
the fields with harvested crops varies
with the crop yield, but has remained
almost constant during this period.
The overall net nitrogen surplus on the
fields has been reduced from 420,000
tones in 1985 to 234,000 tonnes in 2002
(figure 4.1) and the phosphorus sur-
plus has fallen correspondingly from
54,000 tonnes in 1985 to 28,000 tonnes
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Figure 4.1 Trend in assigned nitrogen and harvested nitrogen for the total Danish agricultural
land during the period 1985-2002. Grant et al., 2003.
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Figure 4.2 Trend in assigned phosphorus and harvested phosphorus for the total Danish agri-
cultural land during the period 1985-2002. Grant et al., 2003.

in 2002 (figure 4.2). Especially for phos-
phorus, the average surplus per hec-
tare (table 4.1) is far higher than the
amount of leached phosphorus from
the areas. Consequently, phosphorus
accumulates in the soil.

Revised calculation of nitrogen leaching
on the national level

In November 2003, the National Envi-
ronmental Research Institute and the
Danish Institute of Agricultural Sciences
made a new calculation of nitrogen
leaching on the national level back in
time. The new calculations were made
because the content of nitrogen in live-
stock manure has been underestimated
and because new and improved water
balances are available. The new calcu-
lations show that nitrogen leaching in
the mid-1980s was approx. 310,000
tonnes nitrogen which is considerably
higher than the 260,000 tonnes on
which the Action Plans on the Aquatic
Environment are based. (Grant &
Waagepetersen, 2003).

Phosphorus surplus

The average net phosphorus input to
the fields in the agricultural monitoring
catchments during the period 1991-2002
was approx. 8 kg P/hectare per year.
During the same period, the phospho-
rus loss to streams was 0.38 kg P/
hectare per year. Consequently, only a
small part of the net input is lost to sur-
face water. The remaining part is accu-
mulated in the soil or it may leach to the
deeper soil layers. Table 4.1 shows the
figures for the country as a whole.
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N and P Nitrogen Phosphorus
balance (kg N/ha (kg P/ha
2002 per year) per year)
Fertilizer 198.2 28.5
applied

Removed 110.3 18.0
with harvest

Nutrient 87.8 10,6
surplus

Nutrient loss 50-100 0.2-1

Table 4.1  Nitrogen and phosphorus balan-
ces for the entire cultivated area of Denmark.
Grant et al., 2003.
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The magnitude of the accumulated
phosphorus surplus in the soil is strong-
ly influenced by the agricultural prac-
tices. In pure crop farms there is a bal-
ance between fertilization and harvest,
while the phosphorus surplus is high in
farms with many livestock. The surplus
is attributable to the use of livestock
manure for nitrogen fertilization of
crops. Because the phosphorus level in
livestock manure is relatively higher in
relation to the nitrogen content required
by the plants, the phosphorus input
consequently exceeds the amount re-
quired by the crop.

Input of surplus phosphorus to culti-
vated areas is an environmental prob-
lem because it results in an increased
input of phosphorus to the water bod-
ies. The increase is caused by higher
levels of phosphorus in the erosion
material from fields and by the in-
crease in phosphorus concentrations in
soil water, leading to an increase in
leaching of dissolved phosphorus. A
particular high increase in leaching is
seen if the phosphorus-binding capac-
ity is exceeded.

4.2 Nitrogen leaching

Fertilizer inputs and land use have
been compiled calculated for 5 agricul-
tural monitoring catchments, and
leaching from the root zone towards
groundwater and to drains as well as
nutrient transport in the streams have
been measured. In combination with
model calculations of the hydrological
cycle, these measurements have result-
ed in the description of nutrient trans-
port through agricultural land illus-
trated in figure 4.3.

The modelled calculation of the an-
nual nitrogen leaching from the root
zone is 52 kg N/hectare on clayey soils
and 96 kg N/hectare on sandy soils.
Leaching from clayey soil is somewhat
lower than the net input (difference be-
tween input with fertilizer and remov-
al with crop), while leaching from
sandy soils almost equals the net input.
Leaching from sandy soils is much
higher than leaching from clayey soils.
In spite of this, nitrogen transport in
the streams is much higher in clayey
catchments (21 kg N/hectare) than in
sandy catchments (7 and 16 kg N/

hectare, respectively, for the two catch-
ment types). The reason is that the
leakage from clayey soils is mainly
from the upper soil layer, while leak-
age from sandy soils mainly takes
place through the deeper soil layer
where it may have passed through
oxygen-free areas, with considerable
denitrification as a result.

Only part of the nitrogen leaving the
root zone will reach the streams. The
magnitude of this part of nitrogen var-
ies greatly and depends on the local
conditions. Nitrogen may also be
transported through groundwater to
downstream stream reaches and a long
transport time through groundwater is
likely to enhance denitrification.

Annual nitrogen leaching from un-
cultivated rural areas is approx. 12 kg
N/hectare, and the transport to
streams is approx. 2-3 kg N /hectare.

Total nitrogen leaching to Danish
streams in 2002 is calculated at 87,600
tonnes. The natural background loss
from the total Danish land is estimated
at 12,700 tonnes of this amount (table
8.1, Bogestrand (ed.), 2003).
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Figure 4.3 Schematic outline of the nitrogen cycle in clayey, sandy and uncultivated catchments for the period 1997/98-2001/02.

Grant et al., 2003.
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4.3 Achieved effect of the
Danish action plans on the
aquatic environment

Trend in leaching of nitrogen

from the soil

The trend in nitrogen concentrations in
water from the root zone, the upper
groundwater and in streams in the
LOOP areas is illustrated in figure 4.4.
The figure shows a marked reduction
in nitrogen concentrations in the root
zone in sandy areas and a slight reduc-
tion in the upper groundwater. The

changes in clayey areas are consider-
ably less significant and more uncer-
tain.

In table 4.2 changes in the nitrogen
consumption and transports in agricul-
ture from 1990-2002 are compared.
During this period the consumption of
commercial fertilizer and the nitrogen
surplus on cultivated fields for the
country as a whole were reduced by
48% and 38%, respectively. Calcula-
tions show a reduction in leaching
from the root zone of 41%. This figure
is supported by measurements of wa-
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Amounts of fertilizer 1990 2002 Reduction
and losses

Commerecial fertilizer applied (tonnes N/year) 395,000 206,000 48%
Nitrogen surplus (tonnes N/year) 375,000 234,000 38%
Model calculated average loss (kg N/ha per year) 107 70 41%
Monitored average concentration of nitrogen

in root-zone water in agricultural catchments

Clayey soil (mg N/I) 22 14 32% (11-50%)
Sandy soil (mg N/I) 34 18 47% (34-61%)

Streams in agricultural catchments®

31% (27-35%)

" Bogestrand (ed.), 2003.

Table 4.2
Grant et al., 2003.
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Reduction in nitrogen consumption and transports in agriculture 1990-2002.
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Figure 4.4 Trend in nitrogen concentrations for the period 1999/01-2001/02 in water from the
root zone, the upper groundwater and streams in 3 clayey catchments and 2 sandy catchments.

Grant et al., 2003.

ter from the root zone. In streams in
agricultural catchment types, the nitro-
gen transport is reduced by 31%
(Bagestrand (ed.), 2003).

When estimating nitrogen transports
in the hydrological cycle it should be
noted that:
® The modelled calculation of nitrogen

leaching reflects the long-term effects,

i.e. the effect after many years of

changed fertilization practices when

an approximate equilibrium in the
soil has been achieved.

¢ The flow of the water in the hydro-
logical cycle results in a time delay
from the time the water leaves the
root zone until it reaches the streams.

This time delay is considerably long-

er on sandy soils than on clayey

soils.

Compliance with the targets of the
action plans on the aquatic environ-
ment of a 50% reduction of N-leach-
ing will not result in a corresponding
reduction in nitrogen concentrations
and nitrogen transport in the
streams, because the natural back-
ground concentration in streams of
approx. 1 mg N/1 from both cultivat-
ed and uncultivated catchment will
remain the same and because part of
the leached nitrate will be removed
from the water because it is denitri-
fied before reaching the streams.

On its way towards the open sea, part
of the nitrate in the water is sedimented
or denitrified in lakes and fjords. Con-
currently with the nitrate input being
reduced, the denitrification in lakes and
fjords will also be reduced. However, it
may be that denitrification expressed in
percentages of the added nitrate
amount will remain approximately the
same in lakes and fjords.
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4.4 Leaching of phosphorus
from the soil

Phosphorus loss from clayey soils

to drains

Examples of the annual loss of dis-
solved and total phosphorus (P) to
drains, and the annual flow-weighted
concentrations of P are illustrated in
figure 4.5. The difference between to-
tal-P and dissolved P is particulate P
and/or organic P. Measurements re-
veal significant variations in P-leach-
ing, depending especially on the water
runoff. Measurements also reveal very
high phosphorus concentrations in
drains from certain fields, in most inci-
dents around 0.2 mg P/1 (right section
of figure 4.5).

During the monitoring period trans-
port of total phosphorus via drains
was 0.054 kg P /hectare per year, of
which dissolved P constituted approx.
45%. Particulate P consequently repre-
sented a substantial share of the P-loss
from drains on sandy soils; this was es-
pecially the case in LOOP 4 (Lillebaek
stream on Funen).

At one of the monitoring stations
(no. 106 in LOOP 1, Hejvads Rende on
the island of Lolland) the average con-
centrations of total-P was 0.220 mg P/1
and leaching was an average 0.206 kg
P /hectare per year, of which ortho-P
constituted 91%. The large P-loss from
this soil may be due to a very high
phosphorus index in the topsoil
(P=10.7).

Phosphorus loss from cultivated ar-
eas is mainly controlled by the level of
precipitation, and consequently the
runoff during the individual monitor-
ing years. In relation to the five streams
it is possible to establish connections
between the annual runoff and the an-
nual loss of total phosphorus from ag-
ricultural areas in the catchment within
the hydrological year (figure 4.6). The
annual phosphorus loss from agricul-
tural areas increases in the individual
catchments with increasing runoff. At
increasing runoff, the highest increase
in phosphorus loss is from the clayey
Lillebaek stream catchment, and the
lowest increase is from the sandy
catchment of Bolbro stream, where the
surface runoff is low.
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5 Diffuse sources — the atmosphere

The atmospheric input of nitrogen com-
pounds contributes considerably to the
eutrophication of the open marine wa-
ters and of uncultivated areas and
some lakes. Other atmospheric inputs
of pollutants to water bodies are usu-
ally less significant.

Monitoring programme and model

calculations

The atmospheric monitoring pro-

gramme comprises 9 monitoring sta-

tions distributed throughout Denmark

(see figure 1.1).

Monitoring at these stations in-
cludes:

* Wet deposition (concentrations in
precipitation) of nitrogen com-
pounds, sulphate, phosphate and
metals

e Atmospheric concentrations of nitro-
gen compounds, sulphur com-
pounds, phosphate and metals.

On the basis of these measurements
and the knowledge of pollutants and
the meteorological conditions, the so-
called ACDEP model is employed to
calculate nationwide values describing
atmospheric concentrations and depo-
sitions. The calculated results are indi-
cated for each quadrate of a 40x40 km
network covering both the Danish land
area and the Danish marine territory
(Ellermann et al., 2003).

5.1 Phosphorus deposition

Compared to other sources, phospho-
rus deposition from the atmosphere is
low, but it is very difficult to measure.
On the basis of monitoring results of
NERI and Funen County, Ellermann et
al., 2003 estimate that the deposition of
inorganic phosphorus to the inner
Danish marine waters (31,500 km?2) is 4
kg P/ km2 per year or a total of 130
tonnes P/year. This corresponds to 400
tonnes P/year for the entire Danish
marine territory. Deposition of organic
phosphorus could be of the same order
of magnitude. A temporal develop-
ment in the deposition of phosphorus
is unlikely.

5.2 Nitrogen compounds
in the air

Annual mean concentrations of atmos-
pheric ammonia measured at the mon-
itoring stations exhibit significant geo-
graphical differences in the
atmospheric ammonia content (table
5.1). This is attributable to the fact that
the greater part of the ammonia con-
tent of the air derives from evaporation
from livestock manure and that ammo-
nia stays in the atmosphere for a short
period (hours), i.e. a quick chemical
conversion and deposition on plants,
soil etc. takes place. In contrast, the
concentrations of the remaining nitro-
gen compounds that are dispersed
over great distances through the at-
mosphere are more uniform because
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they stay in the atmosphere for longer
periods (days). Nitrate and nitrogen
oxides mainly derive from combustion
processes.

Nitrogen deposition at the monitoring
stations

The measured nitrogen depositions on
land are generally between 1.5 and 2
tonnes N/km? per year. Dry deposition
is far greater on land than on water
surfaces because of the shorter distance
to the sources and because nitrogen
compounds dry deposit quicker on
plants and soil than on water surfaces
(tables 5.2 and 5.3). The tables also in-
dicate that depositions are higher in ar-
eas with many livestock (Lindet and
Tange). High precipitation also contrib-
utes to increased nitrogen depositions.

Annual mean conc. Ammonia Ammonium Sum-nitrate Nitrogen
(ng N/m3) dioxide
Anholt 0.17 1.13 0.79 1.82
Frederiksborg 0.27 1.25 0.75 -
Keldsnor 0.81 1.90 1.22 2.81
Lindet 1.43 1.87 1.17 -
Tange 1.11 1.53 0.86 .
Ulborg 0.41 1.06 0.64 1.51
Lille Valby - - - 3.64
Table 5.1  Content of nitrogen compounds in the air at six main monitoring stations and Lille

Valby in 2003. Ellerman et al., 2003.
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Annual deposition — water Dry Wet Total Wet deposition
(kg N/km?) deposition deposition deposition (%)
Anholt 79 713 792 90
Keldsnor 240 771 1,011 76
Tange 260 1,012 1,272 80
Table 5.2  Dry deposition, wet deposition and total deposition of nitrogen to water surfaces at

the monitoring stations in 2002. Ellermann et al., 2003.

AQUATIC ENVIRONMENT 2003 — Table 5.3

Annual deposition — land Dry Wet Total Wet deposition
(kg N/km?) deposition deposition deposition (%)
Anholt 413 713 1,126 63
Frederiksberg 622 762 1,384 55
Keldsnor 922 771 1,693 46
Lindet 1,198 1,071 2,269 47
Tange 879 1,012 1,891 54
Ulborg 471 611 1,082 56
Table 5.3  Dry deposition, wet deposition and total deposition of nitrogen to land surfaces

at the monitoring stations in 2002 (dry deposition is calculated for land surface with 10 cm tall

grass). Ellermann et al., 2003.
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5.3 Calculated nitrogen depo-
sition from the atmosphere

Deposition on marine waters

Model calculations reveal that the typi-
cal nitrogen deposition on Danish ma-
rine waters is between approx. 0.7 and
1.6 tonnes N/km? per year (figure 5.1).
The highest deposition in open marine
waters is in the Little Belt with approx.
1.5 tonnes N /km? per year. The lowest
deposition is in the Skagerrak (0.8
tonnes N/km? per year). The southern
part of the Danish section of the North
Sea exhibits higher contents that derive
from the countries situated southwest
of Denmark. The calculated total nitro-
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gen deposition on Danish marine wa-
ters (105,372 km?) of 107.000 tonnes N
in 2002 is approx. 9% less than that re-
ported for 2001. Approx. 14% of the ni-
trogen deposition on marine waters
derives from Danish sources. The larg-
est share of 28% is found in the Belt
Sea (see source apportionment for the
Kattegat in figure 2.13 in Ellermann et
al., 2003).

Deposition on land areas

The calculated total nitrogen deposi-
tion on Danish land areas is approx.
80,000 tonnes N in 2002 (figure 5.2).
The total deposition on land areas
(typically about 1.8 tonnes/km?) in

Denmark is higher than that on marine
waters ((typically around 1.0 tonnes
N/km?). The reasons for the variations
are:

¢ Land areas are in closer proximity to
the source areas and the turbulence
and consequently dry deposition
rate to land areas are generally
slightly higher than that on the sea

e Nitrogen dioxide dry deposits on
plants on land while it is generally
not dissolved in water and therefore
does not deposit on water surfaces

e Precipitation is usually higher over
land than over the sea.

Deposition (tonnes N/km?2)
M > 158
M 1.44-158
1.29-1.44
1.14-1.29
0.99-1.14
W 0.84-0.99
W 0.69-0.84
<0.69

Figure 5.1 Total deposition (dry + wet) of nitrogen compounds to marine areas calculated for 2002. Deposition is indicated in tonnes N/km?.
Deposition only applies to water surfaces in the different fields. Ellermann et al., 2003.
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Deposition (tonnes N/km?2)
M >257
M 2.36-257
W 2.16-2.36
1.96 - 2.16
1.75-1.96
1.55-1.75
M 1.35-1.55
M 1.14-135
M 094-1.14
<0.94

Figure 5.2 Total deposition (dry + wet) of nitrogen compounds to land surfaces calculated for 2002. Deposition is indicated in tonnes N/km2.
Deposition only applies to land surfaces in the different fields. Ellermann et al., 2003.
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5.4 Trend in nitrogen deposi-
tion from the atmosphere

A slight decrease of approx. 17% in the
total deposition of nitrogen — the sum
of wet deposition and dry deposition —
is estimated for the period 1989-2002
when the deposition to water surfaces
and means of the monitoring results
(the decrease at a few of the monitor-
ing stations is not significant) are con-
sidered. The moderate changes are pre-
sumably attributable to two factors
counteracting the decrease in the depo-
sitions (figure 5.3).

The most important factor is the
changes in the level of precipitation,
which result in marked year-to-year
fluctuations of the wet deposition. The
three wet years in 1998-2000 have re-
sulted in increased levels of precipita-
tion in several of the monitoring sta-
tions, which has counteracted a
potential decrease in wet deposition.
The other factor is that a fall in the at-
mospheric content of sulphur com-
pounds probably has resulted in a
slower conversion of ammonia in the
atmosphere, and that ammonia con-
centrations therefore have fallen less
than would have been expected on the
basis of the reduction in the emissions

AQUATIC ENVIRONMENT 2003 - Figure 5.3

Sources of nitrogen deposition

The nitrogen compounds are all related

to two major sources:

e Agriculture, which accounts for
more than 95% of the total ammonia
emissions.

e Combustion processes (cars, power
plants, industrial combustion, do-
mestic heating, ship traffic, etc.)
which emit more than 95% of the to-
tal amount of nitric oxides.

Monitoring results and model calcula-
tions both indicate that 36-63% of ni-
trogen depositions derive from ammo-
nia compounds, and consequently
from agriculture. The largest share of
ammonia is found in areas in Jutland
with large livestock herds while the
smallest share is in areas far from agri-
culture, e.g. the island of Anholt in the
Kattegat and the northern part of Zea-
land.

Model calculations have furthermore
made it possible to estimate the load
from Danish sources. Calculations in-
dicate that Danish sources constitute
approx. 38% and 13%, respectively, of
the depositions to land surfaces and
water surfaces.
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Figure 5.3 Relative variations in wet deposition or concentrations of nitrogen compounds.
Ammonia in the lower part of the figure and NO, in the upper part (average for monitoring

stations). Ellermann et al., 2003.
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6 Groundwater

Pollution of groundwater is primarily
caused by increased nitrate concentra-
tions consequent to cultivation. When
the groundwater is used as drinking
water this could pose a health concern,
and nitrate-containing groundwater
may, when reaching the surface water,
contribute to the eutrophication of
lakes and marine areas. Moreover, the
groundwater may contain pesticides
and other environmental pollutants,
making it unsuitable for use as drinking
water.

The groundwater monitoring
programme

The most important part of the
groundwater monitoring programme
is the 70 groundwater monitoring ar-
eas (GRUMO) that are distributed
evenly throughout the country (figure
1.1).

The groundwater monitoring also
includes approx. 85 intakes in the up-
per groundwater aquifers in 5 agricul-
tural monitoring areas (LOOP), in
which, among other parameters, the
quality of the newly formed ground-
water below cultivated fields is ana-
lysed.

Finally, data from the waterworks
well controls are included in the annu-
al report on the groundwater quality
(GEUS, 2003).
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6.1 Groundwater resources

The water supply to the groundwater
aquifers is mainly determined by the
amount of winter precipitation. Not
only 2002, but also the years before,
were rich in precipitation, varying be-
tween 743 and 905 mm for the country
as a whole compared to a normal pre-
cipitation of 712 mm.

Groundwater abstraction

Total groundwater abstraction in Den-
mark 2002 was 653 million m®. In com-
parison, total runoff to the sea was ap-
prox. 18,400 million m?®. Of the total
volume abstracted for public water
supply 98% comes from groundwater.
Figure 6.1. shows that abstraction is
mostly performed by the waterworks.

Development in groundwater
abstraction

Figure 6.2 shows water abstraction di-
vided into four main categories for the
period 1989-2002. Surface water used
for freshwater fish farming and cooling
water purposes is not included.
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Groundwater abstraction for field ir-
rigation was particularly intensive in
the counties of Ringkjebing and Ribe,
constituting in 2002 61% and 39%, re-
spectively, of the total water abstrac-
tion in the two counties. In 2002, 26%
of total water abstraction in the county
of northern Jutland was used for fish
farming.

In 2002, a total of 410 million m® was
abstracted by the waterworks com-
pared to 640 million m? in 1989. The
abstraction for field irrigation was 158
million m3 in 2002, which is the lowest
level recorded during the monitoring
period.

The decline in waterworks abstrac-
tion stagnated in 2002 compared to the
previous years. For the 1989-2002 pe-
riod as a whole, the abstraction by wa-
terworks decreased with 36%, while
total groundwater abstraction de-
creased with 37% during the same pe-
riod.

The water volume used for field ir-
rigation and market gardens was sub-
stantially lower during the past 5-year
period than during 1989-1997. This
owes to the higher and timely precipi-
tation during the watering season from
May to June in recent years.

[J Commercial irrigation and fish farms
[ Enterprises with own abstraction well
M Surface water for all purposes

Figure 6.1 Volume of abstracted water in
Denmark in 2002 divided into 10 abstraction
categories. GEUS, 2003.

Figure 6.2 Water abstraction in Denmark (mill m%year) for the period 1989-2002. Data on ab-
straction of surface water not available until 1997. GEUS, 2003.
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The groundwater table

During the 1989-2002 monitoring pe-
riod, great variations occurred in the
groundwater table during 1994 and
again in 2000-2002. The heavy precipi-
tation in January, and in particular in
February 2002 (the normal precipita-
tion for February being tripled in sev-
eral areas), meant that the groundwa-
ter level by the end of winter 2001/02
was equal to the highest level recorded
during the preceding 20-year period.
Also, the very precipitation-poor win-
ters of 1995/96 and 1996/97 meant that
the groundwater table in these years
decreased to a level corresponding to
the lowest measured during the pre-
ceding 20-year period.
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6.2 Nitrate in groundwater

As shown in figure 6.3 the highest
number of intakes with nitrate >25
mg/1 (the former limit level for drink-
ing water) was found in agricultural
monitoring catchments with the
youngest groundwater —i.e. approx.
53%. As to line and point monitored
intakes in the groundwater monitoring
areas, the corresponding figure is ap-
prox. 27%, and as low as 5.4% for the
waterworks wells. This distribution
has remained relatively unchanged
since the initiation of the Action Plan
on the Aquatic Environment in 1987.

Nitrate content depends on depth
Most analyses of nitrate are of intakes
30-40 metres below soil surface. Not

<1 > 50 <1
(52%)

25-50

(21%) (24%)

(16%) <1

LOOP GRUMO Water supply
(line and point)
> 50 > 50

(1.1%)
25-50
(4,3%)

25-50
(11%)

(73%)

(21%)

(22%)

Figure 6.3 Median values for the nitrate content of groundwater (mg NO4/I) in 2002 for the
three monitoring types: LOOP, GRUMO and waterworks’ abstraction wells. GEUS, 2003.
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Figure 6.4 Intakes divided according to nitrate concentrations (mg/l) and intake depth below

terrain for LOOP, GRUMO, waterworks’ abstraction wells and “other wells”. Only 2002 data are

included. GEUS, 2003.

unexpectedly, the highest concentra-
tions of nitrate were found in the up-
per 10 metres of the soil column, where
>50 mg/1 nitrate was found in more
than 15% of the intakes (figure 6.4).

The reason for this subsurface distri-
bution of nitrate is not only the fact
that old groundwater at high depth
had a lower nitrate content when
formed several decades ago, but also
the circumstance that a reduction of
the nitrate content (denitrification) oc-
curs when nitrate-containing ground-
water reaches the reducing soil. The
substances capable of reducing nitrate
concentrations are, for instance, organ-
ic matter, iron compounds (pyrite),
methane and hydrocarbons.

6.3 Status of nitrate in the
groundwater monitoring
areas

The oxic upper groundwater

To illustrate the development over
time of nitrate concentrations in the
upper, often nitrate contaminated,
groundwater, figure 6.5 depicts median
values for the nitrate levels of the oxic
upper groundwater.

Nitrate concentrations in the oxic
groundwater exhibit significant inter-
annual variations, but the median val-
ue (50% above and 50% below) for the
1990-2002 period varies only slightly.
From 1990 to 1998, an insignificant in-
crease appeared, from approx. 34 mg/1
to 50 mg/I nitrate, after which a de-
cline to approx. 35 mg/1in 2002 oc-
curred.

Most of the groundwater in the
groundwater monitoring areas was
formed before 1990, and an effect of
the measures adopted under the Ac-
tion Plans on the Aquatic Environment
is therefore not expected to be reflected
in the average concentrations of ni-
trate. The oxic groundwater is the
youngest, although it consists of
groundwater of different ages.

However, analyses of the individual
intakes of young groundwater (6-8
years old) in the groundwater monitor-
ing areas reveal declining concentra-
tions of nitrate during the past 13 years
in approx. one third (= 39) of the in-
takes.
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Agricultural monitoring areas:
subsurface groundwater
The groundwater of the agricultural
monitoring areas is the youngest water
monitored. The nitrate concentrations
of this groundwater, divided into
sandy and clayey soils, are shown in
the box diagram of figure 6.6 together
with winter precipitation values. Only
nitrate data from groundwater samples
taken in quarters 4 and 1 are included.
The diagram reveals a connection
between winter precipitation levels
and the level of nitrate in sandy areas

lasting until the winter of 97/98 when
the nitrate level in sandy soils de-
creased. Each year following harvest
and possible withering of crops, a ni-
trate pool builds up in the soil due to
mineralization of plant remains, and if
precipitation levels in autumn and
winter are high a large pool of nitrate
will be added to the young groundwa-
ter. Thus, the groundwater of agricul-
tural monitoring catchments appears
to be impacted by winter precipitation
and a trend towards declining nitrate
concentrations in the upper groundwa-
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Figure 6.5 Development in nitrate concentrations (mg NO4/I) during the period 1990-2002 for
water samples taken at the upper, oxidised level in GRUMO areas. It is here that signs of a redu-
ction in nitrate concentrations due to decreased runoff will first appear. GEUS, 2003.
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Figure 6.6 Nitrate in the groundwater of LOOP catchments, divided into sandy and clayey
areas, compared to winter precipitation (upper curve). Only nitrate data from quarters 4 and 1,
nitrate analyses above 1 mg/l and intakes at >5 m depth are included. GEUS, 2003.

ter can be detected for sandy soils. For
clayey soils, a similar trend cannot be
observed.

Nitrate in groundwater — status and
trends

A general conclusion as to nitrate con-
centrations in the upper groundwater
is that a trend towards declining con-
centrations exists, reflecting the meas-
ured and calculated reduced runoff
from cultivated areas.
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7 Lakes

The dominant pollution problem in
Danish lakes is the increased abun-
dance of lake water algae due in par-
ticular to excessive input of phospho-
rus. Most eutrophic are the sewage
polluted lakes, but the improved treat-
ment of wastewater during the past
decades means that losses from culti-
vated areas is now the most significant
source of pollution.

The NOVA monitoring programme

comprises 27 freshwater lakes and 4
brackish lakes (see map in figure 1.1).
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NOVA Lake catchments Number
2002

Wastewater > 25% of P input 11

> 50% of cultivated areas 19

> 50% paved areas 3

> 50% woods and 4

uncultivated areas

Table 7.1  Catchment characteristics of the
31 investigated lakes. Jensen et al., 2003.

7.1 Nutrient input to the lakes

The amount of sources and the total in-
put of nutrients to each individual lake
depend on the lake catchment and its
use. A rough characterisation of the
catchments of the monitoring lakes is
given in table 7.1. Most lakes have cul-
tivated catchments, and only few lakes
receive urban wastewater. The waste-
water of table 7.1 includes both input
from towns and scattered dwellings.

Source apportionment of phosphorus
As in earlier years the 2002 input of
phosphorus and nitrogen to the lakes
was dominated by input from the open
land, constituting approximately 70%
of both the phosphorus and nitrogen
input. It is difficult to divide the input
from open land into natural back-
ground loss and losses caused by the
cultivation of farmland. For the NOVA
stream catchments Bogestrand (ed.)
(2003) has estimated nutrient losses
from cultivated areas to be 2.5-4 times
higher than the loss from uncultivated
areas. This probably applies to the NO-
VA lake catchments also.

AQUATIC ENVIRONMENT 2003 - Figure 7.1
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Development in phosphorus input
The average phosphorus load to the
monitored lakes has been reduced by
almost 50% during 1996-2001 com-
pared to 1989-95. Since the implemen-
tation of the monitoring programme in
1989 the phosphorus concentrations of
inlet water have declined markedly
(figure 7.2). The annual mean of total
phosphorus has decreased by almost
50%, from 0.204 mg P/1in 1989 to 0.109
mg P/1in 2002. The most pronounced
reduction has occurred in the most nu-
trient-rich and most sewage polluted
lakes. The reduced phosphorus input
has also resulted in lower phosphorus
concentrations in the lake water. In 16
of the 27 lakes a significant decrease in
annual mean lake water phosphorus
concentrations has been recorded,
whereas an increase has only been ob-
served in 2 lakes. To all lakes unaffect-
ed by wastewater discharge the phos-
phorus input remains unchanged.
Also the input of nitrogen to the
lakes has decreased significantly in 15
of the 27 freshwater lakes.

1996-2001

Scattered dwellings

2002

Fish farms
Wastewater
Storm-

Fish farms ~ Atmosphere
Wastewater ~ Open
Storm- land
water

outfalls

Scattered dwellings

Figure 7.1

Percentage source distribution of the phosphorus input to the monitoring lakes for

the periods 1989-95 (left), 1996-2001 (middle) and 2002 (right). The distribution has been calcu-
lated as the averages of the percentage distribution for each individual lake. Jensen et al., 2003.
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7.2 Development of water
quality

Generally improved water quality of
lakes

From 1989 to 2002 mean Secchi depth
has increased from 1.5 to 1.6 m, and
chlorophyll has declined from 73 to 55
mg/1 during the same period (figure

7.3). In 11 and 13 lakes, respectively,
significant improvements have been
recorded for chlorophyll levels and
Secchi depth. Only in 1 and 3 lakes, re-
spectively, has significant deterioration
been recorded.

Phytoplankton biomass has declined
significantly in 6 of the 27 lakes, while
having increased in 2 lakes. The changes
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Figure 7.2 Development in mean and median values (annual mean) of phosphorus concen-
tration in inlets and lake water of the 27 freshwater monitoring lakes for the period 1989-2002.

Jensen et al., 2003.
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Figure 7.3 Development in mean and median values (summer) for Secchi depth and chloro-
phyll a concentrations in the 27 freshwater monitoring lakes for the period 1989-2002.

Jensen et al., 2003.

are particularly pronounced within the
communities of bluegreen and green
algae, but also dinoflagellate and yellow
algae communities have undergone
changes. Thus, the biomass of blue-
green and green algae has generally
declined, whereas the biomass of dino-
flagellates and yellow algae has in-
creased during the monitoring period.
The relative composition of the phyto-
plankton has also changed in many
lakes. Thus, the percentage of blue-
greens has increased in 7 lakes, but
declined in 6 lakes. The pure water
group of yellow algae has also in-
creased in many lakes — especially in
recent years (table 2.6 in Jensen et al.
2003).

Nutrient retention in lakes

Nitrogen and phosphorus are retained
in lakes. This retention reduces lake
water nutrient concentrations as well
as the input of nutrients to down-
stream waterbodies such as lakes and
fjords. Phosphorus retention occurs via
settlement and accumulation in lake
sediments, whereas nitrogen retention
is due to the conversion of nitrate into
atmospheric nitrogen (denitrification).

In 2002 the phosphorus balance was
negative in about one third of the
lakes, i.e. the lakes released more phos-
phorus than they received due to re-
lease of phosphorus from lake sedi-
ment after the loading reduction
(figure 7.4). However, in several lakes
this sediment release seems to be de-
creasing, and in the next couple of dec-
ades phosphorus retention is expected
to increase in the formerly wastewater
polluted lakes.

There is nearly always a net reten-
tion of nitrogen in lakes, and the
present percentage of retention (figure
7.5) is expected to remain almost un-
changed in the future. This retention
occurs particularly as a consequence of
conversion of nitrate into atmospheric
nitrogen, reducing the nitrogen con-
centrations in the lake as well as in
downstream water bodies.
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Environmental state in lakes

The environmental state of the moni-
toring lakes as a whole has improved
from 1989 to 2002, especially owing to
the reduction in phosphorus inputs
(Jensen et al., 2002).

Improvements in the environmental
state have especially been registered
for the physico-chemical parameters
(i.a. phosphorus concentrations and
Secchi depth) and biological structure
(particularly phytoplankton). The re-
duction in the phosphorus input to the
lakes owes especially to the quality ob-
jectives employed before 1989 by the
counties for improved wastewater
treatment and the wastewater treat-
ment requirements in the Action Plan
on the Aquatic Environment. Only the
diffuse phosphorus input, including
agricultural input from the open land,
has not decreased during the monitor-
ing period. This and input from scat-
tered dwellings are thus the only pol-
lution sources of significance still to be

adjusted to further improve the envi-
ronmental state. As the situation is to-
day, the improvements obtained so far
have not been sufficient for lakes to
meet their quality objectives.

The quality objectives for lakes with
primarily cultivated catchments will
only be met if the phosphorus input
from cultivated areas is reduced. This
is the case for most Danish lakes.
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Figure 7.4 Total phosphorus retention (%) for 16 lakes during the period 1989- 2002. Range of
variation is shown for each individual year. Jensen et al., 2003.
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Figure 7.5 Total nitrogen retention (%) for 16 lakes during the period 1989- 2002. Range of
variation is shown for each individual year. Jensen et al., 2003.
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8 Streams

Most Danish streams are affected envi-
ronmentally by the physical changes
imposed to streams over the years in
form of channelisation and the con-
struction of weirs and dams, and the
stream maintenance still taking place
to enable agricultural cultivation of ad-
jacent land. The other major source of
pollution, organic matter from wastewa-
ter discharges, has been widely rem-
edied by the wastewater treatment of
the recent decades. Nutrient concen-
trations are of no great significance for
the environmental state of Danish
streams.

AQUATIC ENVIRONMENT 2003 — Table 8.1

NOVA, the Danish Aquatic Monitoring
and Assessment Programme, compris-
es 231 water chemistry monitoring sta-
tions (figure 1.1) and approx. 1,000 bio-
logical stations. The water chemistry
results are used for detecting possible
relationships between the stream
catchment and the water quality of the
stream, and for calculating the trans-
port of nutrients to lakes and marine
waters (Bogestrand (ed.), 2003).

Organic matter (BOD;) Nitrogen Phosphorus
(tonnes) (tonnes) (tonnes)
Background loss 11,100 12,700 440
Agricultural load 7,300 74,900 1,160
Scattered dwellings 3,800 1,000 220
Point sources to freshwater 6,500 4,200 480
Retention in freshwater - -4,300 -10
Runoff to the sea via streams 28,700 88,500 2,290
Direct wastewater discharges to the sea 8,100 3,300 430
Marine fish farms 1,700 300 30
Total input to the sea 38,500 92,100 2,750

Table 8.1
rine waters in 2002. Bogestrand (ed.), 2003.
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8.1 Transport af nutrients via
streams

The total river discharge to the Danish
marine waters in 2002 is calculated at
approx. 18,434 million m?, correspond-
ing to a total runoff of 429 mm from
Denmark as a whole. It is considerably
above the normal, and the discharge
was particularly high during the first
three months of the year. Also the sum-
mer months July and August had far
higher river water discharge than the
normal (see figure 1.2)

Figure 8.1 Monthly input of nitrogen (N) and
phosphorus (P) via streams and direct wa-
stewater discharges to marine waters in 2002
compared with mean values for the period
1993-2002. Bogestrand (ed.), 2003.
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Variation in nutrient transport

The annual variation in nutrient trans-
port from the land to marine waters
(figure 8.1) reflects the variation in wa-
ter runoff. In spite of the general reduc-
tion in nutrient inputs from land, sev-
eral months of 2002 exhibited runoff
above the average for the period 1993-
2002. This has resulted in an increase
in available nutrients in the coastal wa-
ters. Concomitantly, the direct input of

AQUATIC ENVIRONMENT 2003 - Figure 8.2

nitrogen from the atmosphere to ma-
rine waters has probably been high.

Nutrient inputs to marine waters in 2002
In 2002, a total of 92,100 tonnes nitro-
gen and 2,750 tonnes phosphorus was
transported to marine waters (table
8.1). Freshwater transport of nitrogen
from Denmark as a whole to the sea
was approx. 21 kg/ha.

Fauna class No. of
DSFI stations
1

North Sea

@@g GERMANY
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Fauna class 2002
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Figure 8.2 Environmental state in Danish streams illustrated by means of the macroinvertebrate fauna. Blue circles (DSFI 6 and 7) illustrate “only
slightly affected” streams, while red and orange circles (DSFI 1-3) illustrate a very bad state of the stream water quality. Bogestrand (ed.), 2003.
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8.2 Biological quality of
streams

The biological quality of streams is as-
sessed annually on the basis of the
composition of the macroinvertebrate
fauna in more than 1,000 localities. The
state is described by means of the Dan-
ish Stream Fauna Index (DSFI) with
values (fauna classes) from 1 to 7
where the value 7 is given for the high-
est biodiversity.

Fauna classes 5, 6 and 7 characteris-
ing comparatively clean and physically
varied streams were found in just over
44% of the streams in 2002 (figure 8.2).
Another 39% of the streams had a
moderately affected macroinvertebrate
fauna (fauna class 4). Fauna classes 1, 2
and 3 characterising a bad or poor state
were found in less than 17% of the
streams.

The environmental quality was gen-
erally better in large streams than in
small streams. Hence the proportion of
streams with fauna classes 6 and 7 in-
creased with increasing width from
10% (0-2 m) to 36% (>10 m). At the
same time, only very few of the large
streams have fauna classes 1, 2 and 3.

AQUATIC ENVIRONMENT 2003 - Figure 8.3

8.3 Trend in biological stream
quality

Since 1999 the same station network
with more than 1,000 localities has
been monitored. During the period
1999-2002 there has been a marked im-
provement with an increasing number
of streams in fauna classes 5, 6 and 7
(unaffected or only slightly affected)
(figure 8.3). The share of streams in
these fauna classes has increased from
almost 35% to just over 44%.

The improvement in the biological
stream water quality during the period
1999-2002 has resulted in a nationwide
increase in quality objective compli-
ance from 39% to 50%. The improve-
ments were achieved gradually
throughout the whole period.

Quality objective compliance in the
small streams has increased from 37%
to 48%. Quality objective compliance
in the large streams has increased from
46% to 58%.

Improvements in the biological qual-
ity of the small streams are attributable
to a combination of improved water
quality and improved physical condi-
tions. The biological quality in large
streams was improving until 1990,
whereas mainly the physical condi-
tions have improved in recent years.

AQUATIC ENVIRONMENT 2003 — Table 8.2

The macroinvertebrate fauna chang-
es gradually with improved living con-
ditions in the stream, but it is a slow
process and it may take a long time be-
fore the fauna will disperse and colo-
nize previously polluted stream reach-
es. The impact of some of the
improvements in water quality and
physical conditions may consequently
appear with a delay of several years.

Impact of weed cutting on plants and
animals in streams

An analysis of the impacts of weed cut-
ting on plants, macroinvertebrates and
fish reveals that streams exposed to
weed cutting have fewer plant species
(table 8.2). This is because the few
plant species that are tolerant towards
weed cutting outcompete other spe-
cies. Weed cutting also affects macroin-
vertebrates and fish in the streams. The
number of individuals of mayflies,
stoneflies and caddisflies, which are
characteristic of a clean stream, and the
freshwater shrimp are reduced by
more than 50% after weed cutting,
both in relation to the number of spe-
cies and the number of individuals.
The trout density is also reduced in
streams exposed to weed cutting.

Danish Stream Fauna Index Parameter With no With
T weed cutting weed cutting
7 Plant coverage % 72% 68%
80
5 | Number of plant species 17.3 10.9
.-§ 60 Number of freshwater shrimps 790 420
% T Number of stoneflies, mayflies and caddisflies 434 108
® 40
g i Number of species of stoneflies, mayflies and caddisflies 7.7 3.6
c
8 20- Number of trout/m? 108 22
& 4
0- Table 8.2 Characteristic differences between streams with weed cutting and streams with no
9 00 o 02 weed cutting. Bogestrand (ed.), 2003.
B DSFI 1and 2
B DSAIS
[J DSFI 4 - )
W DSFI 5 Region Compliance n:\lc:_n-n Pe:elr.\tz;ge
B DSFI 6 and 7 compliance compliance
Jutland 365 299 55%
Figure 8.3 Environmental state of Danish Funen 58 46 56%
streams during the period 1999-2002. Blue
and green indicate clean and relatively clean Zealand, Falster, Men 93 179 34%
and physically varied streams usally meeting Bornholm 7 4 64%
the environmental objective (fauna cl 5,
Denmark as a whole 523 528 50%

6 and 7). Bogestrand (ed.), 2003.

Table 8.3
Bogestrand (ed.), 2003.

Quality objective compliance for streams in the national monitoring network.

AQUATIC ENVIRONMENT 2003

33



Regional differences in stream water
quality

Seen from a regional point of view the
state of the streams is better in Jutland,
and on the islands Funen and Born-
holm (figure 8.2). Consequently, 55% of
the streams in these areas comply with
the stipulated quality objectives (table
8.3). In contrast, only about a third of
the stream quality objectives are met
on the islands east of the Great Belt.

The regional variations in the state of
the streams are attributable partly to
the natural differences with low water
flow and small slopes in the streams on
the islands, partly to a higher human
population density and consequently
higher wastewater discharges and wa-
ter abstraction on the islands.

In order to improve the quality of
the streams it is necessary first of all to
change the physical conditions in the
streams so that they resemble the natu-
ral conditions with varied stream bed
conditions. Many small streams also
remain polluted from insufficiently
treated wastewater, mainly from scat-
tered dwellings.

Figure 8.4 Concentration of total nitrogen in
streams in 2002. Bogestrand (ed.), 2003.

Figure 8.5 Concentration of total phospho-
rus in streams in 2002. Bogestrand (ed.),
20083.

AQUATIC ENVIRONMENT 2003 — Table 8.4

Catchment type N N-area- P- P-area-
concentration koefficient concentration koefficient
(mg N/1) (kg N/ha per year) (mg PA) (kg P/ha per year)
Uncultivated 1.52 3.40 0.05 0.11
Agriculture and point sources 5.26 21.2 0.16 0.60
Agriculture with no point sources 6.12 21.4 0.13 0.45
Table 8.4  Average flow-weighted mean concentrations and area coefficient of N and P in

stream types in 2002. Bogestrand (ed.), 2003.
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8.4 Nitrogen and phosphorus
in streams

Nitrogen and phosphorus concentra-
tions in Danish streams have no deci-
sive impact on the biological commu-
nities in the streams, but are of great
significance for the conditions in the
lakes and coastal waters that receive
the water from the streams. Stream
monitoring is used for quantifying ni-
trogen and phosphorus sources, for
calculating inputs to lakes and coastal
waters and for describing the trend in
nutrient concentrations and transport.

Nitrogen and phosphorus levels in 2002
The flow-weighted annual average
concentrations of total nitrogen (IN)
and total phosphorus (P) are illustrated
in figures 8.4 and 8.5 for each monitor-
ing station. P-concentrations are high
in streams with a high proportion of
wastewater and N-concentrations are
high in cultivated catchments. Denitri-
fication of nitrate in groundwater and

lakes can, however, result in reduced
nitrate concentrations in streams, eg. in
the Gudena river system and in west-
ern Jutland.

Nitrogen and phosphorus levels in
different catchment types

The characteristic, average variations
in concentration levels among streams
in the three catchment types indicated
in table 8.4 resemble those found in the
preceding years. The flow-weighted N
and P concentrations in streams in ag-
ricultural catchments are approx. 3-4
times higher than the concentrations in
uncultivated rural catchments. The dif-
ferences in N and P losses between un-
cultivated catchments and agricultural
catchments are more pronounced if es-
timated on basis of the area coefficient,
ie. the input per hectare catchment. In
that case, the difference is a factor of
approx. 4-7. This owes to the water
flow being relatively low in streams in
uncultivated catchments compared to
streams in agricultural catchments.
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Figure 8.6 Trend in nitrogen concentrations since 1989. Average of flow-weighted annual mean
values for streams subjected to different pressures. Bogestrand (ed.), 2003.
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Figure 8.7 Trend in phosphorus concentrations since 1989. Average of flow-weighted annual
mean values for streams subjected to different pressures. Bogestrand (ed.), 2003.

8.5 Trends in nutrient concen-
trations in streams

Nitrogen

Nitrogen concentrations in the streams
are generally on the decrease, although
concentrations remain almost un-
changed in streams in uncultivated
catchments. The decrease was most
distinct in streams situated in cultivat-
ed catchments or in streams with
wastewater discharges (figure 8.6). The
flow-corrected figures for nitrogen con-
centration and transport in streams in
cultivated catchments and in catch-
ments with wastewater input exhibit a
decline of approx. 30% during the pe-
riod 1989-2002, corresponding to a re-
duction in nitrogen concentrations in
these streams of just over 2 mg/I.

Phosphorus

Average concentrations and transport
of total phosphorus in streams affected
by wastewater have declined by ap-
prox. 40% since 1989 (figure 8.7). The
decrease is due to improved phospho-
rus removal from wastewater, especial-
ly during the 1990s. The phosphorus
level increased during the dry year
1996, but has been stable since 1998.
Phosphorus concentrations in streams
in cultivated catchments with no
wastewater input have not changed
significantly during the period 1989-
2002.
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8.6 Trends in nutrient trans-
port with freshwater to
coastal waters

Wastewater treatment

Enhanced wastewater treatment is of
considerable importance for the input
of nutrients to marine waters. Total
wastewater discharges fell from ap-
prox. 9,000 tonnes phosphorus per
year during the period 1981-88 to ap-
prox. 1,000 tonnes in 2002, correspond-
ing to a reduction of approx. 90%.
Wastewater discharges of nitrogen de-
clined from approx. 28,000 tonnes per
year from 1981-1988 to approx. 8,000
tonnes per year in 2002, corresponding
to a reduction of approx. 70%. In recent
years (from about 1996) there has only
been a slight decline in wastewater dis-
charges of nitrogen and phosphorus to
freshwater, and the significant reduc-
tion that took place in the early 1990s
has now stagnated (figure 8.8).

AQUATIC ENVIRONMENT 2003 - Figure 8.8

20,000

Total nutrient input from land to the sea
Since the implementation of the first
Action Plan on the Aquatic Environ-
ment the total discharges of both nitro-
gen and phosphorus to coastal waters
have fallen significantly. Improved
wastewater treatment is accountable
for the phosphorus decrease while the
decrease in nitrogen is attributable to a
considerable reduction in both leach-
ing from cultivated areas and in waste-
water discharges.

With correction for variations in run-
off, the reduction in the marine nitro-
gen load is calculated at approx. 40%
(with 95% probability between 10%
and 57%). The corresponding phos-
phorus reduction during the same pe-
riod is approx. 75%.

The total nitrogen input in tonnes/
year from land to marine waters (fig-

ure 8.8) has not declined during the pe-

riod 1989-2002. In contrast, the abso-
lute phosphorus input has fallen by
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Figure 8.8 Annual freshwater runoff and input of nitrogen and phosphorus via streams and
direct wastewater discharges to marine waters for the period 1989-2002 and an average for the

period 1981-88. Bogestrand (ed.), 2003.

approx. 60%. The total nitrogen input
has not declined because the level of
precipitation has been above average
during the recent 5 years.

In addition to the nutrient inputs il-
lustrated in figure 8.8, Danish marine
waters have received inputs from our
neighbouring countries and with the
sea currents from adjoining marine
waters. These inputs are described in
Zrtebjerg (ed.), 2002.
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9 Marine waters

The most significant general pollutants
of Danish marine waters are the high
inputs of nitrogen and phosphorus from
land and from the atmosphere. Shallow
Danish marine areas are more vulne-
rable to eutrophication than most other
marine areas as the water exchange
with the open sea is often negligible,
and because stratification often limits
the input of oxygen to the bottom water.

The NOVA monitoring programme on
marine waters comprises hydrograph-
ic, chemical and biological measure-
ments divided into 3 main groups of
investigation:

* Monitoring of the water column
(figure 1.1)

¢ Bottom flora and invertebrates

e Heavy metals and environmentally
hazardous substances.

The measurements are undertaken
mainly in coastal and inner waters (the
Kattegat and the Belt Sea), but several
monitoring stations for measurement
of water chemical parameters are also
located in the North Sea (Rasmussen et
al., 2003).

AQUATIC ENVIRONMENT 2003 — Table 9.1

N and P input Nitrogen Phos-
to Danish lakes (tonnes/  phorus
2002 year) (tonnes/
year)
Freshwater 88,500 2,290
runoff
Direct point sources 3,600 460
to the marine waters
Atmospheric 107,000 approx.
deposition 400
Total input 199,100 3,150
Table 9.1  Input of nitrogen and phosphorus

to the Danish lakes from land and via the
atmosphere in 2002. Bogestrand (ed.), 2003
and Ellermann et al., 2003.

Figure 9.1 Occurrence of oxygen depletion
and heavy oxygen depletion during the period
30 September-4 October 2002.

Rasmussen et al., 2003.

9.1 Status and trends
— oxygen deficiency

The level of nutrient inputs generally
determines the degree of eutrophica-
tion of marine areas, but the state of a
particular year depends strongly also
on weather and wind conditions. Of
particular importance in 2002 was the
high amount of precipitation, especial-
ly during the winter months and in Ju-
ly-August, as well the warm summer
and low wind speed during the last six
months of 2002 (Rasmussen et al., 2003).
These factors led to the most severe ox-
ygen deficiency ever recorded in Dan-
ish marine waters.

AQUATIC ENVIRONMENT 2003 - Figure 9.1

Nutrient concentrations

In 2002 the freshwater runoff was
18,400 mill. m? (429 mm), which is ap-
prox. 30% above the normal for 1971-
2000. The nutrient runoff to coastal ar-
eas via watercourses and direct sewage
discharges, including marine fish
farms, was 92,100 tonnes nitrogen and
2,750 tonnes phosphorus in 2002. The
seasonal variations in runoff deviated
from the norm by exhibiting extraordi-
narily high levels in February, July, Au-
gust and November (figure 1.2).

Oxygen deficiency in 2002

In late July and the beginning of Au-
gust, the bottom water oxygen concen-
trations of the inner Danish marine

Oxygen depletion

[l Oxygen depletion, 2-4 mg oxygen/|
B Severe oxygen depletion,
< 2 mg oxygen/I
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waters declined to exceptionally low
levels, and widespread oxygen defi-
ciency developed in the Belt Sea, the
Sound, the Kattegat and the Arkona
Sea. The oxygen deficiency peaked at
the end of September and the begin-
ning of October when approx. 15,000
km? of inner marine waters and adja-
cent fjords were affected by oxygen de-
ficiency (<4 mg O,/1) (figure 9.1), 5,500
km? being severely affected (<2 mg
0O,/1). In the southern part of the Little
Belt, Flensburg Fjord, the Belt Sea and
in waters north of Funen, hydrogen
sulphide occurred in the bottom water,

an indication of complete absence of
oxygen. Hydrogen sulphide is highly
toxic to most organisms.

In the beginning of October periods
with heavy wind from westerly and
northerly directions occurred. This led
to inflow of oxygen-depleted bottom
water from the Kattegat to the east
coast of Jutland, and dead inverte-
brates and fish were found at the
beaches of Aalborg Bay, Vejle Fjord,
Kalo Cove, Ebeltoft Cove and the
south-east of Djursland. During Octo-
ber the oxygen conditions went back to
normal.

AQUATIC ENVIRONMENT 2003 - Figure 9.2
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9.2 Oxygen deficiency in 2002:
cause and effect contexts

Natural conditions

Inner Danish marine waters are natu-
rally sensitive to eutrophication, which
may easily result in oxygen depletion.
The pronounced stratification of the
water column triggered by the outflow
of brackish Baltic Sea water from the
surface and inflow of salt water from
the Skagerrak to the bottom prevents
export of oxygen from the air and the
surface layer to the bottom layer. In
summer stratification is further
strengthened by the sun’s heating of
the surface layer. Moreover, the inner
marine waters are shallow with a mean
depth of approx. 19 m. The transition
layer is generally found around 13 m
depth. The volume of the bottom water
is therefore relatively small (~250 km?)
and the quantity of oxygen available
for respiration consequently limited.

Open waters of the Little Belt in 2002
The exceptionally high inputs of nutri-
ents from land and the atmosphere
during winter 2002 are reflected in the
surface water quality. As an example,
figure 9.2 depicts the situation in the
southern part of the Little Belt during
2002 compared to mean values from
1989-2002.

The winter levels of both N and P
were significantly higher in 2002 than
in 2001 and higher than or on level
with the average for 1989-2002. This
led to a severe spring bloom of algae in
March-April and thus also to high sed-
imentation of algae.

The abundance and production of al-
gae stayed at normal levels during
summer, and the content of inorganic
N and P was generally very low. In
connection with the mixing of bottom
water in October, high amounts of N
and P were exported to the surface wa-
ter. This stimulated algal production
and the highest levels of chlorophyll in
the Little Belt were measured in No-
vember 2002 (figure 9.2).

In 2002 the consumption of oxygen

Figure 9.2 Time variations in the concentra-
tions of inorganic N (DIN), inorganic P (DIP),
chlorophyll and primary production in the
southern Little Belt in 2002 compared to the
average for the period 1989-2001.
Rasmussen et al., 2003.
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in the bottom water was probably
higher than usual. The phytoplankton
biomass was generally above average
and dominated by diatoms that are
known to sediment in the event of nu-
trient limitation. Most likely therefore,
the concentrations of sedimented or-
ganic matter at the seafloor were high-
er than normal. To this should be add-

deviation of approx. 1 °C occurring in
August (Rasmussen et al., 2003). The
unfortunate combination of high nutri-
ent inputs, a warm summer and ab-
sence of heavy winds is thus the iden-
tified cause of the 2002 oxygen
depletion. A quantitative estimation
and comparison of the impact of the
different parameters cannot be made.

9.3 Overall trends in the
environmental state of
marine waters

Nutrient concentrations in fjords and
coastal waters

Nitrogen and phosphorus concentra-
tions in both fjords and open coastal
waters declined during 1989-2002,

ed that bottom temperatures were
slightly higher than usual, the largest

though not steadily so, as the size of
the decline depends on the level of pre-
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cipitation and freshwater runoff. This
positive development primarily owes
to the Action Plan on the Aquatic Envi-
ronment I as to phosphorus and to the
Action Plans on the Aquatic Environ-
ment I and II as to nitrogen. Similar in-
itiatives in our neighbouring countries
may also have contributed to the lower
levels in open Danish marine waters.

The decline in the N and P content is
most pronounced in the fjords to
which almost the total nutrient input is
land-based (figure 9.3A). The decline
in phosphorus concentrations seemed
highest in the beginning of the 1990s,
while the decline in nitrogen levels did
not occur until around 2000.

In consequence of the reduction of
the land-based phosphorus input, the
N:P ratio in fjords and inner marine
waters rose during 1990s; however,
1996 and 1997 differ markedly from
the remaining years in that the nitro-
gen input was very low during these
two very dry years (figure 9.3B).

AQUATIC ENVIRONMENT 2003 - Figure 9.4

Around 2000 the N:P ratio decreased,
probably mainly due to the reduced ni-
trogen input from land.

Increased nutrient limitation

The decline in N and P levels has led to
increased nutrient limitation of algal
growth. The estimated potential extent
of last year’s reduced algal growth in
fjords and inner marine areas due to
nitrogen and/or phosphorus limitation
is shown in figure 9.3C. The estima-
tions are based on the assumption that
potential limitation occurs at concen-
trations lower than 28 mg 1/1 for inor-
ganic N and 6.2 mg1/1 for inorganic P.
The increase in potential nutrient limi-
tation is particularly strong in fjords.
Algal concentrations are, however, not
only determined by a possible nutrient
limitation, but also by, for instance, the
extent of algal grazing by, most typi-
cally, zooplankton or mussels.

9.4 Trends in phytoplankton
abundance and oxygen
depletion

Phytoplankton abundance

A trend towards reduced phytoplank-
ton abundance (chlorophyll) and pro-
duction combined with a simultaneous
increase in Secchi depth can be detect-
ed since the 1980s in fjords and inner
marine waters (figure 9.4). When cor-
recting figure 9.4 for annual differences
in weather conditions, only negligible
changes seem to have occurred in the
fjords since 1993, whereas increased
Secchi depth and reduced phytoplank-
ton abundance become more evident
for the open inner marine waters (Ras-
mussen et al., 2003).

B. Open inner marine waters
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Figure 9.4 Development in the indices for Secchi depth, chlorophyll concentrations and primary production in A: fiords and B: open inner waters.

Rasmussen et al., 2003.
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Relationship between phytoplankton
abundance and oxygen depletion

The reduced nutrient concentrations
and the increased potential limitation
of phytoplankton production were
expected to imply a reduced risk of
oxygen depletion in marine areas.
Measurements of oxygen concentra-
tions since 1989 do not, however, sug-
gest that the frequency of oxygen de-
pletion is on the decline. On the
contrary, the results (figure 9.5) show a
trend towards declining oxygen con-
centration in the bottom water of both
fjords, coastal monitoring stations and
open marine waters until 2002. This
evidences that oxygen depletion is not
related only to the existing nutrient in-
put, also other factors come into play.
Apart from the meteorological condi-
tions it is probable that the chemical
and biological responses to changing
inputs may be delayed, and that
changes in the biological structure of
marine ecosystems may be involved.
The eutrophication-conditioned influ-
ences will eventually, however, be
determined by the level of nutrient
inputs.

9.5 Benthic flora and fauna

A decline in the input of nutrients will
result in improved Secchi depth and
better light conditions. The depth dis-
tribution and coverage of the benthic
flora will thus expand to deeper water.
At the same time a nutrient reduction
will reduce the abundance of eutrophi-
cation-stimulated algae and hence fur-
ther improve the growing conditions
for eelgrass and perennial algae. In the
long term a decreased nutrient input
will lead to fewer episodes of oxygen
depletion and thus improved condi-
tions for benthic invertebrates and sub-
merged macrophytes.

Eelgrass

The depth limit of eelgrass was highest
along the open coasts (4.7-6.2 m),
slightly lower in the outer fjords (3.3-
4.2 m) and lowest in the inner fjords
(2.6-3.6 m) during 1989-2002.

As to open coasts there has been no
significant development in depth dis-
tribution. Distribution has declined in
the outer parts of the fjords, albeit it
was markedly higher in 2002 than in
2001. Generally, coverage has declined
in the inner parts of the fjords as well.
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Figure 9.5 Mean oxygen concentrations in the bottom water in NOVA stations in fjords and
coastal-near areas and open inner waters. Calculated from above bottom samplings in July-
November at clear pycnoclines. Rasmussen et al., 2003.

The trend towards improved Secchi
depth is generally not yet reflected by
higher depth limits nationwide and in-
creased density and coverage of eel-
grass. At several individual sites there
seems to be no relationship between
Secchi depth and depth limit either. In
areas with high abundance of loose-
growing algae (e.g. Koge Bay) it is
probably the algae that prevent the eel-
grass from growing as deep as Secchi
depth allows, while in other areas (e.g.
Arhus Bay) it seems as if oxygen deple-
tion has regulated the dept limit for a
number of years.

Eutrophication-related algae

In the inner and outer fjords no signifi-
cant changes have occurred as to the
coverage of eutrophication-related al-
gae during 1993/94-2002, coverage in
recent years being, however, lower
than in the late 1990s. In contrast, in
the outer fjords coverage has declined
at water depths from 1 to 6 m since
1994 (Rasmussen et al., 2003).

Benthic fauna

During 1998-2002 the level of benthic
fauna has remained stable both in
coastal areas and in the open marine
waters. This applies both to the total
number of individuals, biomass, total
number of species and species compo-
sition. The exceptionally severe oxygen
depletion in autumn 2002 meant that
the benthic fauna almost completely
disappeared from large parts of the ar-
eas most seriously affected by oxygen
depletion (Hansen et al., 2003).

At three long-term monitoring sta-
tions located in inner Danish marine
waters total benthic fauna density has
fluctuated during the past 22 years,
with high levels occurring in the begin-
ning of the 1980s and mid-1990s fol-
lowed by a marked decline. The 2002
values stay at a low level. The compo-
sition of the benthic fauna changed
during the same period. While the
abundance of both bristle worms and
crustaceans peaked in the 1980s, only
bristle worms dominated in the 1990s
(figure 12.1 in Rasmussen et al., 2003).
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9.6 Structural shift in
Ringkebing Fjord, Western
Jutland

History

During the 18th century the salinity of
Ringkebing Fjord (figure 1.1) was
probably around 25-30 %o, but it de-
clined gradually concurrently with the
reduction of the water exchange be-
tween the fjord and the North Sea to an
opening at Nymindegab. In 1910 a
canal was dug at Hvide Sande and this
led to an increase in the fjord’s salinity
(15-25%o) lasting until 1915 when the
canal was shut off. Until 1931, when
today’s sluice was constructed, and
until 1995 average salinity has been
approx. 6-11%o. Since 1995, consequent
to a changed sluice practice, annual
salinity is 8-15%o, excepting May-
September with 12-15%o.. Besides these
salinity changes, the most substantive
changes are the increased nutrient in-
puts until ca. 1980 and the reduction in
nutrient inputs in recent years owing
to improved wastewater treatment.

Changes in water quality and biology
A dramatic improvement of the water
quality of Ringkebing Fjord has been
recorded since the increase in salinity
as from 1995 (figure 9.6). Algal abun-
dance has declined by more than a fac-
tor 5 and Secchi depth has increased
from approx. 0.7 to approx. 2 m. The
depth limit for submerged macro-
phytes has also increased, but coverage
has drastically declined. This is mainly
due to the fact that the change in salin-
ity adversely affected the dominant
plant until 1995, the pondweed Pota-
mogeton pectinatus, although it is ex-
pected to adapt to the changed condi-
tions with time. The poor coverage of
plants is also related to the circum-
stance that the more salt-tolerant flow-
ering plants, eelgrass and seagrass,
have not yet been capable of compen-
sating for the decline in pondweeds.
The reduced algal abundance of the
fjord has also led to a severe decline in
the number of plant-eating birds, par-
ticularly Bewick’s swan and pintail.

Perspectives

The ecological shift in Ringkebing
Fjord illustrates that changes occurring
in a eutrophicated aquatic area do not
necessarily relate to changes in the in-
puts of nutrients, just as they are not
easily predictable. The results show
that only slightly changed growing
conditions may alter the conditions of
competition and survival for species
that may be of vital importance for the
whole ecosystem.

It is uncertain whether the recorded
changes can solely be attributed to the
changes in sluice practice. Removal of
phosphorus from the catchment’s

wastewater has reduced the phospho-
rus level of the fjord (see figure 9.6), so
that phosphorus has become potential-
ly more limiting for algal growth. The
phosphorus level has, however, in-
creased in recent years.

The water quality of Ringkebing
Fjord has significantly improved in
consequence of the increased salinity
and the reduced phosphorus input. Si-
multaneously, changes in the fjord
have led to a drastic reduction in the
number of some bird species. Initia-
tives to improve the water quality of
an area may thus counteract interests
of bird protection within the same area.
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Figure 9.6 Ringkebing Fjord. Mean values for the period 1989-2002. A: Salinity. B: Summer
concentrations of inorganic nitrogen (DIN) and phosphorus (DIP). C: Annual time-weighted
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plants. Rasmussen et al., 2003.
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10 Heavy metals

Heavy metals and other inorganic trace
elements occur naturally in the envi-
ronment in relatively low concentra-
tions. The properties of these sub-
stances vary widely; some are injurious
to human health even in low concentra-
tions, others are required by the human
organism in small doses while being
detrimental to the environment in large
doses (box 1).

AQUATIC ENVIRONMENT 2003 — Box 1

Character of heavy metals and
other inorganic trace elements

1. Toxic substances having detri-
mental effects on health and the
environment (human toxic and
ecotoxic), even in low concentra-
tions. These include arsenic,
lead, cadmium and mercury.
Lead, cadmium and mercury can
be accumulated in the food chain.

2. So-called essential substances
comprising those necessary to
the human organism in small do-
ses, but which are health dama-
ging and ecotoxic in large con-
centrations. To these belong
chromium, copper, nickel, zinc
and selenium.

3. A third group of substances that
do not normally appear in
concentrations so high to consti-
tute a problem, but whose back-
ground concentrations may have
both human toxicological and
ecotoxicological effects when in
the right quantity and form.

In 2002 monitoring of heavy metals
comprised point sources, the atmo-
sphere, groundwater and marine areas.
The scope of the meta-analyses varies
from subprogramme to subprogramme.
A survey of the monitoring pro-
gramme for heavy metals is found in
Danish EPA, 2000.

10.1 Sources

Atmospheric deposition

Atmospheric deposition of heavy met-
als includes both the content in precipi-
tation and the particles that are depos-
ited during dry periods, the so-called
dry deposition. Moreover, the concen-

AQUATIC ENVIRONMENT 2003 — Table 10.1

Atmospheric Particulate
deposition  concentrations
(mg/m?) in the air
(ng/m?)
Chromium 0.12 0.5
Nickel 0.22 1.5
Copper 0.75 1.5
Zinc 7.4 13
Arsenic 0.12 0.6
Cadmium 0.04 0.3
Lead 1.0 5.3

Table 10.1 Average deposition for the
Danish background area (far from pollution
sources) and average concentrations of parti-
culate metal in 2002. Ellermann et al., 2003.

AQUATIC ENVIRONMENT 2003 - Figure 10.1

tration of metals bound to airborne
particles is measured.

There has been a steady reduction in
the deposition and concentrations of
heavy metals in the atmosphere for the
period 1990 to 2002. The decline in
heavy metals has been approx. 50-70%.
The contents of lead and cadmium
have exhibited the most significant de-
cline (figure 10.1).

The developmental trend follows the
changes in the emission concentrations
of heavy metals. In Denmark, and in
many other northern European coun-
tries, significant emission reductions
have occurred. However, for some sub-
stances only negligible reductions of
Danish emissions have occurred, and
the observed changes can therefore
mainly be ascribed to emission reduc-
tions in Northern Europe.
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Figure 10.1 Temporal development in wet deposition during a 13-year period of lead (Pb) and
cadmium (Cd). Unit: mg/m? per year. Ellermann et al., 2003.
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AQUATIC ENVIRONMENT 2003 — Table 10.2

Inlet Outlet Freshwater quality
(ngfl) (ugfl) objectives
(ng/l)
Mean 5% 95% Mean 5% 95%

Arsenic 3.3 1.0 9.8 2.0 0.4 5.8 4
Lead 17 4.2 36 2.4 0.4 7.6 3.2Y
Cadmium 0.6 0.1 1.8 0.1 0.01 0.7 5
Chromium 9.5 2.1 20 1.9 0.4 4.5 10"
Copper 87 20 239 7.7 1.8 27 120
Mercury 0.5 0.1 1.6 0.2 0.02 0.4 1
Nickel 125 3.3 34 7.3 1.7 20 160"
Zinc 272 86 618 110 33 364 110"

" suggested quality objective.
Table 10.2 Mean values and fractiles for heavy metals in inlet and outlet of wastewater treat-

ment plants, 1998-2002 and the nationally established quality objectives for fresh surface water.
Danish EPA, 2003; Ministry of Environment and Energy, 1996.
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LOOP GRUMO Waterworks Limit value

(ug/) (ng/l) (ug/l) (na/l)
Arsenic 0.2 0.8 1.3 5
Lead 0.6 0.05 0.2 5
Cadmium 0.1 0.008 0.02 2
Selenium 0.2 0.10 0.1 10
Nickel 6.0 0.5 2.0 20
Zinc 30 3.0 5.3 100
Copper 21 0.3 0.8 100
Chromium 0.2 0.09 1.0 20
Aluminium 1.9 21 5 100

Table 10.3 Median concentration of selected metals in the groundwater in LOOP, GRUMO and
the waterworks’ abstraction well control. The limit value for drinking water is “at property entrance”.
Further information is available in Annex 3.1, Annex 3.2 and Annex 3.3 in GEUS, 2003 and infor-

mation on limit values is available in Ministry of Environment and Energy, 2001.
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LOOP GRUMO Waterworks
(%) (%) abstraction wells
(%)
Arsenic 9 16 16
Lead 31 1 1
Zinc 40 6 2
Nickel 51 6 3

Table 10.4 Exceedence of the limit values for drinking water for the period 1993-2002 (for
LOOP, however, only 1998-2002). Percentage of analysed intakes with exceedence of the limit

values in at least one analysis. GEUS, 2003.

Wastewater
The concentration of heavy metals in
wastewater varies widely, depending
on the type of industry connected to
each individual treatment plant. The
measured concentrations are of the
same magnitude as those found in
studies conducted by the Danish EPA
in 1994 and 1996.

When comparing the wastewater
concentrations of heavy metals with

the stipulated quality objectives to be
met by the aquatic environment, the
outlet concentrations are generally on a
level with or lower than the nationally
specified quality objectives (Ministry
of Environment and Energy, 1996, ta-
ble 10.2). The measured discharge con-
centrations do not immediately raise
concern in relation to the requirements
established for the aquatic environ-
ment.

10.2 Status and trends

Groundwater

Groundwater monitoring of the con-
centrations of heavy metals comprises
well screens in national groundwater
monitoring areas (GRUMO) and agri-
cultural watershed catchment areas
(LOOP) as well as the waterworks’
control of their water abstraction wells.

Opposed to GRUMO, the groundwa-
ter monitoring of LOOP is generally
conducted in the uppermost ground-
water. The LOOP monitoring compris-
es metals supposedly added to the
newly formed groundwater from the
surface, while the GRUMO monitoring
also includes metals that occur natu-
rally in groundwater or are found in
deeper-lying groundwater as a results
of human activities, such as lowering
of the groundwater level.

The upper groundwater of LOOP is
distinguished from the remaining
groundwater by its higher content of
zine, nickel and copper, and to a lesser
extent also lead (table 10.3).

Nickel, zinc and copper are among
the metals found in high concentra-
tions in organic fertilizers, particularly
from pig farms (Schwarter et al., 2003).
However, no existing investigations
have certified the relationship between
the high concentrations found in or-
ganic fertilizers and the uppermost
groundwater.

A high nickel content is also found in
the deeper-lying groundwater, as a
lowering of the groundwater table may
result in oxidation of sulphide miner-
als and thus release of nickel and other
substances.

The groundwater’s level of arsenic is
among other factors determined by the
redox conditions. This is because the
arsenic content under reduced (oxy-
gen-demanding) conditions is approx.
10 times higher than under aerobic
conditions. This may explain the gen-
erally lower level of arsenic concentra-
tions detected in the upper groundwa-
ter of LOOP than in GRUMO and in
the waterworks’ abstraction wells.

Generally, the limit levels for drink-
ing water are exceeded in all monitor-
ing programmes, i.e. both GRUMO,
LOOP and the waterworks’ control of
abstraction wells. Thus, in the routine
well controls exceedence of limit val-
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ues was found for one or more inor-
ganic trace elements in 35% of intakes
during 1993-2000. The LOOP ground-
water is characterised by more fre-
quent exceedences of the limits set for
drinking water (table 10.4).

For several heavy metals the quality
objectives specified for surface water
(Ministry of Environment and Energy,
1996) are lower than the limit levels set
for drinking water. This means that the
outflow of groundwater to watercours-
es, for instance spring brooks, may re-
sult in exceedence of the quality de-
mands for watercourses, even though
the heavy metal content is lower than
the limit level for drinking water.

AQUATIC ENVIRONMENT 2003 — Figure 10.2
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Marine areas

Monitoring of heavy metals in the ma-
rine environment in 2002 included
mussels and fish.

The concentration of heavy metals in
mussels in 2002 generally falls within
the category of “slightly to moderately
polluted” according to the Norwegian
classification system elaborated by
Statens Forurensningstilsyn, 1997 (figure
10.2).

In the western part of Limfjorden the
mercury content of mussels has, how-
ever, reached a level corresponding to
“markedly polluted”, and in Ringke-
bing Fjord the concentrations of nickel
and copper in sand mussels have also

200

150

100

50

Metal concentration (mg/kg dw)

§' 2T £ 5 2 » 28 % 2 2 B B2 ¥ B 3 oo
g 522 5 8§ 658 5 5 5 65 8 58 & 2
o e i, I L, r i rr s g v
S s O o S5 o = © > 5
3 2 c v 2 2 2 8 2 2 3 2 o g = 3
B £ £ 56 & £ § 3 3 o & o 5 =2 zZz 2
2 5 56 & T©v < P 2 & § © O % (%)
8 = F ¢ 2 o @ T > [ S
= ¥ E E g S c © § =z 3 e
2 3 O T o 14 =
= [T
14
Il Znx1 —— 2Zn (class 1), Ni+Cu (class IIl)
Il Cux2 — Ni+Cu (class Il)
I Nix4 === Cu+Ni(class )

Metal concentration (mg/kg dw)

$ 2 £ 6 2 2 % 2B 2T EE % 2 50
nwn & < - S m 2 m & & 9 O m 9 m =
C £ c i [ < o, °
§ o8 8 02 2 22 2 293 2§ g 2 5
B 5 5 8 8 %5 g3 3 8 ¢ 8 6= %2 3
S 8 = § ¢ & s T I > @ °
= ¥ E E @© S c © § =z 3 e
® 353 O I E w o =
£
Il Hg x10 —— Hg+Cd (class Il), Pb (class I)
Il Cdx1 - = = Hg+Cd (class I)
B Pb x1

Figure 10.2 Metal concentrations (mg/kg dry weight) in mussels (average and maximum of 1
to 5 stations per area with 1-3 replicates per station) with lines indicating the limit for moderate
(class 1) and significant (class Il) pollution in SFT’s classification. Notice: Hg, Cu and Ni are

magnified in relation to the scale on the axis.

Rasmussen et al., 2003; Statens Forurensningstilsyn, 1997.

reached the “markedly polluted” level.
As to Ringkebing Fjord, however, it
should be noted that the criterion ap-
plies to common mussels. The in-
creased mercury level in the western
part of Limfjorden appears in an area
that has not hitherto been comprised
by NOVA 2003, but with one known
point source of mercury pollution
(Cheminova).

The concentration of heavy metals in
fish varies among sampling localities.
Fish from the Sound generally have a
mercury content that is a factor 2-3
higher than the national background
specified by OSPAR (OSPAR, 1998). In
the harbour of Copenhagen a mercury
concentration exceeding the consump-
tion limit value was found in a single
flounder fillet.
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11 Pesticides

Pesticides are widely used for weed
and pest control in farming and agricul-
ture and in uncultivated areas. Not all
pesticides are fully degraded having ef-
fected their purpose, and remains of
pesticides and their metabolites are
found scattered in the environment,
particularly in groundwater.

In 2002 the monitoring of pesticides
and their metabolites comprised
wastewater from wastewater treatment
plants, groundwater and streams.

The monitoring in groundwater and
watercourses primarily concerns herbi-
cides used in agriculture or forestry.
The most frequent cause of pesticide
pollution in groundwater is, however,
BAM deriving from the degradation of
dichlobenil (Prefix and Casoron G) and
chlorthiamid (Casoron). These pesti-
cides have been used for weed control
in uncultivated areas, such as along
roads and paths. These two pesticides
are now banned.

Wastewater and sludge from waste-
water treatment plants are investigated
for the so-called drines (aldrine, diel-
drine, andrine, isodrine) and lindane.
All are chlorated pesticides whose use
is no longer permitted. None of these
pesticides have been found in either
wastewater or sludge.

A survey of the pesticide monitoring
programme can be found in Danish
EPA, 2000.

Figure 11.1 Detection percentages of fre-
quently found pesticides in LOOP, GRUMO
and waterworks’ abstraction wells as well as
streams. The groundwater percentage is cal-
culated as % of analysed intakes where pe-
sticides were detected (concentration above
detection limit). The stream percentage is
calculated as % of analysed samples showing
pesticides.

GEUS, 2003 and Bogestrand (ed.), 2003.

11.1 Groundwater and streams

Groundwater in agricultural monitoring
areas

Triazines (i.a. atrazine and simazine)
and their metabolites have played a
dominant role in both sub-surface
groundwater in the agricultural moni-
toring catchments (LOOP) as well as in
the deeper-lying groundwater and in
streams. Among the 15 most frequently
found pesticides and metabolites in
LOOP and groundwater monitoring
areas (GRUMO) and in watercourses, 6
triazines occur in LOOP, 6 in GRUMO
and 4 in streams (figure 11.1).

Atrazine was last legally used in
Denmark in 1994. Supposedly a pool
accumulated in the root zone is now
slowly being released. This may ex-
plain why atrazine and its metabolites
are still found in streams and ground-
water. In the agricultural monitoring
areas various triazine metabolites have
been found, with a weak trend towards
increasing concentrations and frequen-
cies (figure 11.2).

BAM, glyphosat and its metabolite
AMPA as well as bentazon and
mechlorprop are likewise among the
most frequently detected pesticides
and metabolites in groundwater, both
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in LOOP and GRUMO monitoring
catchments as well as in waterworks
wells and streams. The use of glypho-
sat, bentazon and mechlorprop is still
permitted, whereas dichlobenil is now
banned (Danish EPA, 2002).

The depth distribution of the detect-
ed pesticides shows that sub-surface
groundwater is the most vulnerable,
but several detections have been made
at > 30 m depth also (figure 11.3). Dur-
ing 1990-2002, pesticides were found in
approx. 55 % of the intakes within the
depth interval 0-10 m below ground
level. The most frequent findings in
sub-surface groundwater are particu-
larly of BAM and the metabolites of
triazines and phenoxy acids (mechlor-
prop, dichlorprop).

11.2 Exceedence of limit values

In all, pesticides were found in what
corresponds to 37 % of the groundwa-
ter retrieved for drinking water pro-
duction (approx. 33 % of the analysed
intakes) in 2002. The limit value for
drinking water was exceeded in 4% of
these (i.e. 7% of the analysed intakes).

In GRUMO and waterworks wells,
BAM was the most frequent cause of
exceedence (7.5% and 6.6%). In LOOP,
glyphosat was the most frequent cause
(12.1%).

Danish discharge limit values have
only been established for a limited
number of pesticides. Based on the ex-
isting Danish standards and Dutch and
Norwegian limit values, exceeded limit
values for average concentrations in
streams were found for 9 pesticides in
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2002 (table 11.1). Terbutylazine and
propiconazole are the substances most
frequently observed to exceed limit val-
ues. Propiconazole is permitted for use
in, for instance, grain growing, while
terbutylazine is permitted for use in
corn growing (Danish EPA, 2002).

Development

The frequency of intakes with detec-
tion of pesticide remains in 2002 is al-
most similar to that of previous years,
both in groundwater monitoring areas
and in waterworks wells. The 2002 fre-
quencies were 27% and 33%, respec-
tively. Also the frequency of intakes
where the limit value for drinking wa-
ter has been exceeded remains un-
changed for the groundwater monitor-
ing areas in 2002 compared with
previous years.
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Figure 11.2 Selected triazine metabolites measured in water samples taken in July in 5 LOOP

catchments. GEUS, 2003.
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Pesticide Number Number of Max. values Criteria

of exceedences (ngfl) (mgfl)

detec-

tions
Dinoseb 7 3 1.3 0.025 NL
Glyphosat 164 1 15 12
Isoproturone 67 4 2 0.3 N
Metamitrone 19 1 1.6 1.1
Primicarb 7 1 0.15 0.09 NL
Propiconazol 14 11 0.161 0.02
Terbutylazin 62 12 1.4 0.16
Trichlor acetic acid 103 1 2.4 1 DK
Trifluralin 1 1 0.1 0.037 NL
Total 444 35

Table 11.1 Exceedences of the established pesticide criteria in streams in 2002.

Bogestrand (ed.), 2003.

Figure 11.3 Pesticides and metabolites

in groundwater samples taken at various
water depths for the period 1990-2002. The
youngest groundwater is primarily found

at the interval 0-10 m below terrain where

the number of intakes showing pesticides/
metabolites is >50% for the period 1990-2002.
Pesticides/metabolites were also found at >80
m depth, but as only few intakes were analy-
sed these were omitted. GEUS, 2003.
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12 Other organic environmental pollutants

Organic environmental pollutants
include a number of substances figur-
ing on the EU list of substances con-
sidered to have hormone-disturbing
effects. Among these, especially nonyl-
phenols, DEHP and bisphenol A have
been in focus after the discovery of
affected sexual organs and other ef-
fects on the reproduction system of fish
in watercourses in Aarhus County
(Christiansen and Plesner, 2001).

The group of other organic environ-
mental pollutants than pesticides was
included in the 2002 monitoring of
wastewater, groundwater, streams and
mussels from marine areas, examples
being plasticizers, detergents (active
ingredients), tars (PAH) and PCD. A
survey of the monitoring programme
on environmental pollutants is found
in Danish EPA, 2000.

12.1 Sources

Wastewater
Wastewater is the primary source of
environmental pollutants in the aquat-
ic environment. Most substances are
frequently found in the inflow to treat-
ment plants, while only few substances
are found in more than 25% of the ana-
lysed outflow samples (figure 12.1).
The substances most often found in
the outflow are nonylphenols and phe-
nol, the plasticizer DEHP, MTBE (a pet-
rol additive), 2-methyl-naphthalene
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and P triesters. All of these substances
were found in more than 50% of the
analysed outflow samples.

None of the substances found in out-
flow from treatment plants had con-
centrations higher than the nationally
established quality objectives for
aquatic areas (Danish Ministry of Envi-
ronment and Energy, 1996). However,
quality objectives have not been estab-
lished for all the substances included
in the monitoring programme.
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Figure 12.1 The detection percentage in outlet samples from wastewater treatment plants cal-
culated as the number of samples with concentrations above the detection limit (DL) compared
to the number of analysed samples. Danish EPA, 2003.
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12.2 Status and trends

Streams

Among the investigated five water-
courses, Damhusaen in Copenhagen
stands out by the finding of selected
environmental pollutants in more than
half of the 12 annual samples. For
these, the quantity transported to the
sea via streams has been calculated.
The substances are trichlorethylen,
acenaphthene, fluoranthene, pyrene
and LAS (table 12.1).

A number of substances (25) have
not been found frequently enough to
allow reliable calculation of the input
to the sea.

Three of the 5 most frequently found
substances are polycyclic aromatic hy-

AQUATIC ENVIRONMENT 2003 — Table 12.1

drocarbons (PAH) deriving from the
exhaust gas from cars and other com-
bustion processes. Also in 2002 were
these substances found frequently
enough to permit calculation of trans-
port, whereas calculation of nonylphe-
nol and Benz(b)flour-anthene concen-
trations was no longer possible.

None of the substances found most
frequently in the watercourses were
among those most often found in the
outflow from treatment plants.

Groundwater

In 2002, no major changes occurred in
the concentrations of organic micropol-
lutants compared with previous years
(GEUS, 2003). However, the frequency
of findings of organic micropollutants

Environmental pollutants Number Mean Max. Annual
of detec- values values transport
tions (ng/l) (ng/l) (kg)
Trichlor-ethylene 12 0.285 1 3.479
Acenaphthene 6 0.0085 0.025 0.099
Flouranthene 7 0.0105 0.033 0.111
Pyrene 8 0.0115 0.031 0.115
Linear alkyl benzene sulphonate (LAS) 6 1.75 14 38.243

Table 12.1 Concentrations and transport in Damhuséen stream in 2002 of the most frequently
detected environmental pollutants. Bogestrand (ed.), 2003.
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Figure 12.2 The detection percentage of other organic environmental pollutants divided into pol-
lutant types for LOOP, GRUMO and waterworks’ abstraction wells. The detection percentage for
groundwater is shown at the number of intakes with findings (content above detection limit) com-
pared to the number of analysed intakes. GEUS, 2003.

in the waterworks abstraction drill
controls reached the average level of
the previous period of 31%, compared
to 23% in 2001. The frequencies estab-
lished for each substance group were
highest in the agricultural monitoring
areas, whereas the frequencies of
groundwater monitoring areas and
waterworks wells remained relatively
unchanged (figure 12.2).

Common for the findings in agricul-
tural and groundwater monitoring ar-
eas and waterworks well controls is
the fact that limit values were only ex-
ceeded in a few isolated cases, typical-
ly around or below 1% of the investi-
gated well controls or intakes. The
most frequently found substance to ex-
ceed the limit value was the plasticizer
dibuthylphthalate (DBP) whose limit
value was exceeded in 15.2% of the an-
alysed intakes in the agricultural moni-
toring areas, and in 3.5% of the ana-
lysed intakes in the groundwater
monitoring areas. Analyses for DBP
were only made for a limited number
of waterworks wells.

Marine areas

In the monitored Danish fjords and in-
ner waters the detected concentrations
of TBT in 2002 were so high that effects
hereof are to be expected. In general,
the concentrations of PCB and the other
chlorinated compounds are lower, but
still at a level that cannot be excluded
to affect the environment.

The investigations of imposex and
intersex (changes in sexual organs) as
biomarkers for TBT showed that these
phenomena were still widely discov-
ered in four of the investigated species
of sea snails in 2002. Particularly in
harbours where the TBT level is ex-
pectedly highest, many periwinkles are
sterile due to intersex. Several counties
have made supplementary investiga-
tions of periwinkles, comprising both
commercial and yachting harbours, al-
lowing an evaluation of whether the
problem is nationwide or not. As to
whelks, high levels of imposex have also
been found in many near-shore areas
and, for the most vulnerable species, in
open waters as well.
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