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PREFACE

Within the framework of the Baltic Marine Environment Protection Commission - Helsinki
Commission - the First Assessment of the State of the Coastal Waters of the Baltic Sea has
been prepared on the basis of the national reports and additional data submitted by all
Contracting Parties.

The report has been prepared by an ad hoc Working Group on Coastal Assessment with
Sweden acting as lead country and consisting of the following national contact persons:

Ulf Grimé&s (Convener)

Swedish Environmental Protection Agency, Sweden
Jorn Kirkegaard

Danish Environmental Protection Agency, Denmark
Eva Lise Bendixen

Danish Environmental Protection Agency, Denmark
Villu Astok

Talinn Technical University,

Institute of Environmental Protection Technology, Estonia
Pentti Kangas

National Board of Waters and the Environment, Finland
Joachim Voss

Landesamt fiir Wasserhaushalt und Kiisten Schleswig-Holstein, Germany
Mintauts Jansons

Marine Monitoring Centre,

Latvian Hydrometeorological Agency, Latvia
Martins Belickis

Environmental Protection Committee of the Republic of Latvia, Analytical and

Information Centre, Latvia
Algirdas Stankevicius

Lithuanian Sea Research Laboratory,

Environmental Protection Department, Lithuania
Anna Trzosinska

Institute of Meteorology and Water Management, Poland
Eugeniusz Andrulewicz

Institute of Meteorology and Water Management, Poland
Semen Y. Oradovsky

State Oceanographic Institute, Russia

In addition separate contributions were received as follows:

Chapter 4.2.3.2. Polychlorinated dibenzo-P-dioxins and dibenzofurans (PCDD/PCDF)
and planar PCB in organisms from the Baltic Sea;
Cynthia de Wit
. Institute of Applied Environmental Research,
Stockholm University, Sweden

Chapter 4.2.3.3. Halogenated compounds in coastal sediments;
Per Jonsson
Swedish Environmental Protection Agency, Sweden



The draft version of this report has been considered and amended by relevant expertsin the
Contracting Parties prior to release. The convener and the members of the group are
responsible for the text of this publication. In the Helsinki Commission Secretariat the work

has been coordinated by the Environment Secretary, Eeva-Liisa Poutanen and the assistant,
Teija-Liisa Lehtinen.



1, INTRODUCTION

In accordance with decisions reached by member states of the Commission, national coastal
assessments should have been provided by each Baltic Sea State every fifth year starting in
1984. Due to low activity in this matter the tenth meeting of the Commission (1989) adopted
HELCOM Recommendation 10/2 concerning assessment on the effects of pollution on the
coastal areas of the Baltic Sea, presuming that finalized documents would be available for the
use of the Commission meeting in 1993.

Due to the importance of the coastal assessment the eleventh meeting of the Commission,
however, urged the Contracting Parties to fulfil the task without delay and submit their
contributions to the coastal assessment earlier than that deadline. Taking into account the
changes of the political situation in the former USSR during the preparation and the
difficulties arising thereby in availability of data from many coastal areas of the Baltic, an
interim report was published in 1992 on the state of the coastal waters of the Baltic Sea,
prepared by an ad hoc working group under convenership of UIf Grim& and based on
national contributions. A more complete description could be attained by an extension of
efforts by one year to reach a more comprehensive final report. Such areport was presented
at the fourth meeting of the Environment Committee in 1993 and was recommended for
publication.

The main conclusions drawn in the interim report of problem areas are still valid. It should
be kept in mind, however, that information delivered is not emerging from harmonized
monitoring activities around the Baltic Sea but from different national and heterogenous
programmes. There is, nonetheless, a substantial increase of data of importance for the
understanding of present conditions and trends over time along the Baltic coasts, to be of use
in the second step of actions taken, e.g. towards a common monitoring programme.

A map indicating the geographical location of most of the places mentioned in this report is
given in the Annex.



2. GENERAL FEATURES OF THE COASTAL ZONE

There is a wide variety of coastal systems found in the Baltic. Rocky shores dominate in the
northern part, e.g. in the Gulf of Bothnia and southwards along the Swedish coast.
Archipelagoes of various geographical extents are found mainly in the Gulf of Bothnia and
along the Swedish east coast. The largest one covers the area east of Stockholm in a belt
extending over Aland into the large Archipelago Sea of Finland and further along the northern
coast of the Gulf of Finland. Open shalow and sandy shores are often found in the
south-eastern part of the Baltic Proper and around Denmark. Characteristic lagoons
(“Haffens”) and shallow, semi-enclosed bays (“Boddens’) occur in the southern part of the
Baltic. A classification of the coasts is given in Figure 1 which is a large-scale picture given
by Hakanson (1993).

Figure 1. Generalized picture for coast typesin the Baltic (redrawn from Voipio
(1981) Hakanson (1993)).
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The residence time of water in the various basins is important for the fate of various elements
and their effects; being about 3 yearsin the Bothnian Bay, 6 years in the Bothnian Sea,

about 25-30 years in the Baltic Proper, and just afew months in the Kattegat. The residence
time of water has, of course, an effect on the retention and potential recirculation of various
elements within the main basins, the net transport between the basins and the exchange
between open sea and coast.



The residence time and sink of elements is also affected by the physico/chemical properties
of the various elements. The theoretical retention times can be mentioned as an example;

being 0.3 years for lead, about 6 years for cadmium, and 14 years for arsenic in the free
water mass of the Baltic Proper.

The large-scale water exchange between basins in the Baltic Seais given in Figure 2. It
should be noticed that the inflow from riversis the dominating freshwater source compared
to, e.g. precipitation over the sea surface which, in turn, is of about the same magnitude as
evaporation.

Figure 2. Block diagram illustrating the water exchange in the Baltic. Data in km® per
year. From Monitor (1988).
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It isdifficult to give astringent definition of a coastal zone. It constitutes a variable and
complex system affected by the properties of both land and sea. The morphometry of the
coastline is of importance for many key functions of the coast, like the physical, chemical and
biological transport mechanisms. This is, amongst others, discussed by Hékanson et al.
(1984), Pilesjo et al. (1990), Wallin & Hékanson (1990).

In coastal areas with river estuaries, fjords, semi-enclosed bays, or archipelagos, it is easy
to define the border between land and sea compared to the open coasts. In open coasts areas
down to 25 metres depth have been accepted, without being too orthodox.

One approach is given by Hékanson (1990) dividing the Baltic Sea into three functional zones,

the coastal zone, the transition zone and the deep water areas as illustrated in Figure 3.

Together with the archipelagos, a large part of the Gulf of Finland, the Moonsund, the Gulf
of Riga, and the Belt Sea area plus the Kattegat (not indicated on the map) can be regarded
as the main coastal zones of the Convention waters which, in general, isin line with the
definition accepted in this Report.



Figure 3. Physical geographic zonation of the coastal, transitiona or intermediate and
deep water areas (Hékanson 1990).
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The ecological functions of the main regions of the Baltic Sea area are affected by properties
like salinity, temperature and water exchange. There are horizontal gradients from the
north/east to the south/west and vertical from surface to the bottom.

Most obvious is salinity, which increases in surface waters from about O-2 % in the northern
Bothnian Bay and in the easternmost Gulf of Finland, to > 15 %. in the Kattegat, with a
pronounced transition zone in the Belt Sea and the Sound (Figure 4). In all geographical areas
local gradients of various extents occur, depending on coastal morphometry and water
ventilation capacity.

Of importance for the function of the basinsis also the vertical stratification in salinity. The
permanent hal ocline isolates the deep saline water volumes and acts as a “fal se bottom” where
an increased microbiological activity contributes to a recirculation of various elements back
to the upper water masses without direct interference of chemical processes in the sediments
of deep areas (cf. Grimés 1973). This process is clearly indicated by results presented by
Fonselius (1969).



Figure 4. The gradient of salinity in water areas from the Bothnian Bay to the
Kattegat .
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Differences in temperature are also important, as illustrated by the distribution of ice on 1
March 1951 to 1967 in Figure 5 (Thomson & Undin, 1973). The figure indicates the low
annual mean temperature to be expected in northern part of the Bothnian Bay and the
successive increase through the Baltic Proper to the Kattegat.

There is awide variation in climate between years. Again, this can be demonstrated by the
ice situation in the Baltic Sea, presented by Lundkvist (personal communication) (Figure 6).
Without going into details, there is an obvious difference between the maximum distribution
of ice during the very mild winter in 1990, in contrast to the very severe winter in 1987. In
the first case, ice occurs mainly in the Bothnian Bay and some inner archipelagos. In the
second case, ice covers most of the Convention area including the Kattegat. One direct effect
of ice is the influence on benthic vegetation which, during cool winters, may be removed
down to depths of several meters.



Figure 5. The distribution of ice on 1 March 1951 to 1967 in the Baltic Sea (from
Thompson and Undin, 1973, Hikanson, 1993).
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The combination of salinity and temperature render some fundamental properties to the water
masses, e.g. isolation by stratifications and ice-cover. The consequences of the various
physical and chemical gradients can be described as an ecological gradient via a set of
species, biologica and physiological processes within the ecosystem, the length of growing
period, etc., which can be summarized as a concept of productivity.



1987) and an extremely mild winter (31 January 1990), Lundqvist (pers.

Maximum distribution of ice during an extremely cold winter (13 .-
comm.),

Figure 6.
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Among large-scale mechanisms, the water transport system in the sea basins is of utmost
importance for the fate of pollutants and their effects in the coastal zone. Two illustrations
are given for the surface water currents (Figure 7) to cover the whole Convention area.

Figure 7. Surface water currents in the Baltic. A) including salinity (FRP 1978), B)
USSR (Anon.)

A)

SWEDEN

B)

10



There are some differences in details given in the two alternatives, especially close to the
coastal zone. Version A) seems to give a more general description of the net-flow. The main
message is, however, the same in both illustrations; an anti-clockwise circulation of water in
al basins. This means, for example, an eastward net transport in the south, northwards aong
the eastern coasts, and a southward transport along the western coast of the Baltic Proper,
northwards along the Swedish west coast, and a more complicated net transport in the Belt
region.

The coastal current is broken by hydrodynamic processes induced by meteorological
phenomena like wind and changes in air-pressure. One example is the upwelling of water
along the coasts. This will contribute to a more pronounced geographical dispersion and
recirculation of water and pollutants in all the main basins from the main water transport
along the coasts into the open areas. Examples of upwelling frequencies along the Swedish
coasts are given in Figure 8.

Figure 8. Upwelling frequency in percent of time for some Swedish coastal sections
(Gidhagen 1987).
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Examples of deviations from the net coastal current direction are also given, e.g. by Poland
for the Vistula river water where, in about 50% of observed cases, the water is transported
eastwards and, depending on wind directions, 25% was transported northwards and 6%
westwards.

The coastal zone can act as atrap or filter for various elements or particles. In the open
coastal areas the transfer of elements from land to sea is rather fast. A delay in the rate of
transport and the uptake and sink of elements is more effective in the bays and complex
archipelagoes, which can be regarded as natural sewage works or cleaning installations for
the open sea. In many cases, however, this capacity is over-exploited and many coastal areas
are nowadays functioning as sources rather than filters.
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3. TROPHIC CONDITIONS AND EFFECTS
3.1. Eutrophication
3.1.1. Background

Eutrophication is a process of enrichment of the ecosystem and is regarded as one of the main
problems in the Baltic Sea together with the occurrence of hazardous substances. It is often
caused by an increased input of nutrients stimulating the production of organic material, e.g.
by agae within the waters. It may also be a result of input of organic matter from outside the
water system, e.g. by rivers, sewage treatment plants, pulp mills, etc.

The trophic status can be measured in various ways. One is to quantify the nutrients that are
important for plant production. Another is to quantify the result, e.g. the mass of planktonic
agae. Both these and other measures are highly variable in the free water mass; seasonally
or with a patchiness in vertical and horizontal distribution. The spatial and temporal
inhomogeneity in the distribution of physical, chemical and biological parameters is well
established by the joint Baltic Patchiness Experiment during 1986 (ICES 1989).

Series of information are available on variables in the free water mass from the participant
countries. There are, however, difficulties in comparing the results in time and space because
of analytical problems, different techniques used from field to laboratories or incongruity in
background information. General problems are discussed by, amongst others, Nehring et al.

(1987) and critical evauations have been made, e.g. by Suursaar (1992a, 1993).

For measures to be taken there is a need to follow the process backwards to the sources.
Information on source terms will be available and will form the basis for intercomparison,
e.g. between local point sources and effects. There s, for instance, general correspondence
between the descriptions of the sites of large point sources, and problem areas of
eutrophication, indicated in Figure 66.

Comparisons between various sources are presented in the Second Pollution Load Compilation
(HELCOM 1993) which shows that 70-80% of the nutrients and organic matter from land
enter the Baltic Sea with rivers and the rest from urban areas and industries. The point
sources congtitute, however, only part of the total load, especially for nitrogen where about
40% is attributable to direct deposition by precipitation on the sea surface (HELCOM 1991b)
and about 10% to nitrogen fixation by algae.

General effects

The eutrophication process affects the physico/chemical conditions of the waters and may
subsequently be reflected at the various trophic levels of the system. Such effects are
described, for instance, in subchapters dealing with light penetration in water, benthic
vegetation zones, toxic blooms, fish and fishery, etc.

The expression “eutrophication” is often given an overall negative implication. It should be
kept in mind that during the process in either direction from mesotrophic conditions, there
might be possibilities for environmental management to reach an optimal environmental status
and a diversity of goals to the advantage of man without losing a vigorous and balanced life
in the coastal zone. One example discussed, e.g. among fishery biologists, is an increased

2 433991A 13



production of harvestable marine products like fish and mussels, which could be regarded as
a positive effect.

Unfortunately, most of the examples given point in the direction of exceeding critical limits
in the eutrophication process. Thisis certainly valid for the open basins and for a series of
coastal areas. The often observed negative consequence is the overload of organic material
and the insufficient amount of oxygen for decomposition of this material Harmful oxygen
deficiency as a consequence of anthropogenic activity should not be accepted; a principle
underlined in the Interim Report (HELCOM 1991a). The conclusion will therefore be that
a decreased input of nutrients will be the main route of action.

The important role of the trophic status for the genera conditions in the waters is underlined
by the interaction with other phenomena in the marine environment; not least the occurrence
of harmful substances, which is regarded as the other major problem. In spite of the fact that
these problems are linked together, they are often handled separately.

The genera combination effects are well known. A potential positive effect of increased
production of organic material in the marine environment by eutrophication might be blocked
by persistent toxic substances at the various trophic levels up to man. One example is the
blacklisting of fish with too high mercury concentrations. On the other hand, an overload of
organic material might dilute the concentration of hazardous substances at the levels utilized
or reflected by top predators, e.g. organochlorines in coastal areas. These opposite effects are
focused on in this Report. They were also indicated in Conclusions in the Interim Report
(HELCOM, 1991a) on the state of the coastal waters.

3.12 Regional pattern

As pointed out above, there are difficulties in a detailed comparison of information from the
various countries on free water mass conditions. For that reason the national evaluations of
eutrophic problem areas are accepted, as was reflected aso in the Interim Report (HELCOM,
1991a). The pattern shown in Figure 66 seems reasonable as a general expression of the
eutrophication of the Convention area. There are problems in the outlet region of the Baltic
Proper and westwards to the Kattegat. Problem areas are also reported to be rather frequent
along the southern and eastern coasts as well as at the large point sources in all countries,
e.g. off the large population centres.

The trophic conditions in coastal areas are determined by the input and availability of
nutrients from local sources but also, and especially along the open and exposed coasts, by
trophic conditions in the open seas.

Looking at the large basins and taking the production of phytoplankton as a measure of
eutrophication, the lowest levels are found in the Bothnian Bay (20-30 g C/m*). The primary
production in the northern Bothnian Sea is, on ayearly basis, estimated to about 70 g C/m?.
Corresponding figures for the Baltic Proper are 100-140, up to 250 in the Belt Sea and
decreasing to about 80-180 g C/m* in the Kattegat. A similar but |ess obvious gradient applies
to the chlorophyll concentration (Figure 9).
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Figure 9. Mean chlorophyll-a concentrations (mg/m®) in summer during two 5-year
periods in various areas southwards from Bothnian Bay to Kiel Bay (Schulz
et al. 1990).
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Figure 10. Mean biomass (mg/l) of phytoplankton from the Bothnian Bay to southern
Kattegat. The biomass refers to the ice-free periods during 1979-1988 and
represents means for spring, summer and autumn situations shown by
HELCOM. Data from T. Willén.
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Another expression is the long-term mean vaue of phytoplankton biomass during the ice-free
season (1984-1988), which has varied between 0.4 mg/l in the Bothnian Bay to 2.7 mg/l wet
weight (ww) in the Kattegat (based on figures given by Willén et a. 1990). High levels are
reported from the Gulf of Finland, as shown in Figure 10 (Persson, 1993).

The coastal areas often have a higher trophic status compared to the open water areas as an
effect of the input of nutrients by rivers and emissions from coastal point sources. These
conditions are strengthened by the transport of el ements by water currents and the tendency
to press discharges against the coasts in an anticlockwise direction.

There is aso, for natural reasons, a gradient from local sources, testified by various
countries as well as the annual rhythm of primary production. Some principles are
demonstrated in Figure 11, comprising results of a5 years study in the Braviken Bay at the
Swedish Bdltic coast (Andersson & Grimés, 1977). The Bay (35 km long) is divided into
three zones where the phytoplankton biomass is plotted over time, adjusted to the spring
bloom in Marviken situated in the mouth of the Bay. For each step taken inwards, the peak
in spring is decreasing. Thisis an effect of inflow of suspended material, discharged by the
River Motaain spring at the town of Norrkdping in the innermost part of the Bay.

Figure 11. Phytoplankton biomass, pg/l, (mean of five summers) in a gradient of the
Bay of Braviken (after Andersson & Grimés 1977).
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During the rest of the summer the biomass is low in the outer waters at Marviken but
increases successively inwards, being rather compact during whole summer in the innermost
zone 1. This seems to reflect the nutrients available for primary production in the gradient.
It also indicate late summer to be the best season in this part of the Baltic Seato distinguish
between areas affected by eutrophication (cf. Figure 18). Such an approach is given by
Grimas & Ehlin (1975) at 14 stations in August during the 1960s along the coast from north
of Stockholm to the Braviken Bay with biomass values < 0.2 mg/l wet weight in background
areas and up to 2.5 mg/1 in various eutrophicated aress.
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Comments from various countries

In the Bothnian Bay and the main part of the Bothnian Sea eutrophication is reported mainly
in local areas close to riverine inputs, municipal waste water outlets or discharges from pulp
and paper industries. Due to favourable mixing conditions with relatively good status in the
open seas the effects of eutrophication are small compared to many southern coastal regions,

or are limited to problems, which are being brought under control as a result of measures
taken. Oxygen deficit might still occur in some isolated inner parts of bays and archipelagos.

These, however, have been reported to be improving in quality during the last decade.

An overview of the chlorophyll-a concentrations along the Finnish coasts in 1990 (Eloheimo
& Pitkinen 1992) and in 1991 (Eloheimo 1993) is given in Figure 12, and underlines the
relatively low levels found in the Gulf of Bothnia, especialy compared to the conditionsin
the Gulf of Finland.

No distinct trends are reflected in the zoobenthos composition or biomass in the Gulf of
Bothnia. Long-term cyclic fluctuations in the open sea are described for species of crustaceans
like Pontoporeia by Andersin et a. (1978). The conditionsin the locally polluted areas have
improved during recent decades.

*

The Finnish Archipelago Sea, in the transition zone between the southern Bothnian Sea and
the Baltic Proper, is the largest archipelago area within the Convention area. The inner part
is clearly eutrophic as a consequence of loading and a complex morphology which limits
water exchange. Despite strong remova of phosphorus, minor improvements have been
observed off Turku, being the point source with the largest size. In middle and outer parts
of the archipelago there are signs of increasing eutrophication, possibly as a consequence of
intense fish farming. Such effects are studied, i.a. by Rénnberg et al. (1992), on growth,
epiphytes and nutrient content of Fucus in the Aland archipelago. Some variable effects
observed, e.g. in the development of macroalga, are also considered to reflect an influence
of the deterioration of open sea waters (cf. sub-chapter 3.2).

*

The Gulf of Finland has the highest degree of eutrophication in the Finnish coastal water
areas, and the Gulf is one of the most affected periphera areas of the Convention (cf. Figure
10), which is noted also by the other countries bordering the Gulf. The phytoplankton
biomass is clearly elevated in the middle and outer archipelago as well as in the open Gulf
compared to the corresponding zones of the western parts. Vernal blooms are massive and
blue-green algal blooms are often reported (Pitkédnen et al., 1991).
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Chlorophyll-a concentrations measured along the Finnish coasts in 1990 (a)

and 1991 (b) (Eloheimo & Pitkinen 1992).

Figure 12.
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