BALTIC SEA ENVIRONMENT PROCEEDINGS

No.35A

SECOND PERIODICASSESSMENTOFTHE STATE
OF THE MARINE ENVIRONMENT
OFTHEBALTIC SEA, 1984 —1988;

GENERALCONCLUSIONS

BALTIC MARINE ENVIRONMENT PROTECTION COMMISSION
— HELSINKI COMMISSION —



BALTIC SEA ENVIRONMENT PROCEEDINGS

No. 35 A

SECOND PERIODIC ASSESSMENT OF THE STATE
OF THE MARINE ENVIRONMENT
OF THE BALTIC SEA, 1984 — 1988;
GENERAL CONCLUSIONS

BALTIC MARINE ENVIRONMENT PROTECTION COMMISSION
— HELSINKI COMMISSION -
1990



For bibliographic purposes this document should be cited as:
Batic Marine Environment Protection Commission
— Helsinki Commission —
1990
Second Periodic Assessment of the State
of the Marine Environment of the Baltic Sea, 1984 — 1988;
General  Conclusions
Baltic Sea Environment Proceedings No. 35 A

Information included in this publication or extracts thereof
is free for citing on the condition that the
complete reference of the publication is given as stated above

Copyright 1990 by the Baltic Marine Environment Protection Commission
— Hesinki Commission —

ISSN 0357-2994

Hamburg — Dcutsches Hydrographisches Institut, 1990



SECOND PERIODIC ASSESSMENT OF THE STATE OF THE MARINE ENVIRONMENT
OF THE BALTIC SEA 1984—1988; GENERAL CONCLUSIONS

CONTENTS Page

PREFACE . . . . . . . ... e C 5

CONVENERS AND AUTHORS of the Scientific Background Document,

Baltic Sea Environment Proceedings No. 35 B PP . .7
EXECUTIVE SUMMARY . e . .9
INTRODUCTION . . . . . . . . . . ... e . L1

GENERAL CONCLUSIONS:

1 . H y d r o g r a p h y.. .. .. . .. .13
2. Oxygen, hydrogen sulphide, alkalinity, pH .. .. . .. . 14
3. Nutrients . . . . .. .. . .. .. .. 16
4. Pelagic biology . . ... . ... ... . .. .. 17
5. Zoobenthos. . ... 00000, .. 18
6. Baltic fish stocks . . .. ... ... ... . ..., ... . 19
7. Micro-organisms. ... 0o . 20
8 Trace elements. ... .. ... ... . 20
9. Organic contaminants . . .. ... ... ... . 22
ACTION REQUIRED P . 24
MAP OF THE MONITORING STATIONS IN THE BALTIC AREA . . . .. .. 28

BALTIC SEA ENVIRONMENT PROCEEDINGS . ... .. ... .... 29



PREFACE

Within the framework of the Baltic Marine Environment Protection
Commission -Helsinki Commission -, marine environment monitoring data
have been collected since 1979. The guidelines for the programme agreed
by all seven Baltic Sea States (Denmark, Finland, the German Democratic
Republic, the Federal Republic of Germany, Poland, Sweden and the USSR)
and the methodology are published by the Helsinki Commission every five
years. The Third Stage of the Baltic Monitoring Programme (BMP) started
in 1989 and the Guidelines were published in Baltic Sea Environment
Proceedings (Nos. 27a, B, C, D). The monitoring data provided by all
Baltic Sea States are stored and processed in the HELCOM Data Base
established by the Commission on a consultant basis. The aim of the
common data bank is to serve as a source of current information on the
state of the Baltic Sea. The evaluation is published by the Commission
as acomprehensive scientific overview and as general conclusions drawn
on the basis of this scientific overview. The previous assessments were
published in Baltic Sea Environment Proceedings Nos. 5A and 5B (1981)
and Nos. 17Aa and 17B (1986/1987).

This document contains the summarised conclusions of the scientific
material published as the Second Periodic Assessment of the State of the
Marine Environment of the Baltic Sea, 1984-1988; Background Document in
Baltic Sea Environment Proceedings No. 35B. The group of experts
established by the Commission for the preparation of this assessment
(GESPA) has been chaired by Professor Sebastian A. Gerlach from the
Federal Republic of Germany, who also acted as editor of the scientific
background document (BSEP No. 35B). Experts from all Baltic Sea States
have actively participated in the work of the group during 1987-1990, as
well as representatives of the International Council for the Exploration
of the Sea (ICES), the Baltic Marine Biologists (BMB), and the
Conferences of Baltic Oceanographers (CBO).

The conclusions attached hereto were adopted by the last meeting of the
expert group (GESPA ¢), held 2-5 April 1990 in sopot, Poland, and
published as authorised by the eleventh meeting of the Helsinki
Commission, held 13-16 February 1990 in Helsinki, Finland.
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EXECUTIVE SUMMARY

The present assessment of the Baltic Sea Area concerning primarily the
years 1984-1988 deals mainly with observations made in the open Baltic
Sea and, consequently, the statements do not reflect findings in coastal
areas, which will be assessed separately. In addition, a specific
assessment on the state of Baltic sediments is in the final stage of
preparation under the International Council for the Exploration of the
Sea (ICES), which also prepares assessments on the state of Baltic seals
on a regular basis. Furthermore, the document only occasionally covers
information on the health of fish, birds and marine mammals.

Due to the ban in the use of some harmful substances, positive changes
were observed; DDT and PCB concentrations in biota have decreased since
the 1970s and are now on a lower and steady level, although comparable
data on herring indicate that the levels are still higher in the Baltic
than in the Skagerrak area. After the ban on technical hexachlorocyclo-
hexane (HCH), the decrease of a -HCH concentrations in water is still
continuing. Concentrations of organochlorine residues in fish from the
Baltic Proper are still 3 to 10 times higher than in fish from around the
Shetland Islands. Among the "new contaminants', there has been an
increasing number of organic substances identified which are potentially
harmful to the environment.

Trace element concentrations in Ffish and shellfish have not changed
remarkably since the early 1980s. Generally, it can be stated that
mercury concentrations in biota do not significantly differ now from
those in the North Sea and the North-East Atlantic. Compared with actual
background levels, elevated mercury concentrations were only found in the
@gresund and in the southern Bothnian Sea. For the latter area, however,
a considerable decrease of the concentrations could be identified during
recent years.

A still upward trend of cadmium concentrations was observed in fish from
the northern part of the Bothnian Bay. The reason for this is not fully
understood. Other elements, such as zinc and copper, showed similar
trends.

Fish and shellfish from sampling locations in the Kattegat and the Belt
Sea showed tendencies for decreasing lead concentrations. It is possible
that this is already an effect of the increased use of unleaded gasoline.

Meteorological conditions during the period 1984-1988 are characterized
as variable: three unusually cold winters (1984/85 to 1986/87) with heavy
ice conditions followed by two warm ones. The river runoff to the Baltic
Sea was, in general, higher than the long-term mean, except the years
1985 and 1986.

Salinity continued to decrease mainly due to lack of major inflows of
highly saline water from the North Sea during the last 13 years. Further-
more, temperature and density have decreased in the deeper layers of the
Baltic Proper. The current stagnation period in the Eastern Gotland Basin
is regarded as one of the longest and most serious stagnation intervals
recorded during this century. This has caused the most extreme changes
in the deep layers that have been observed since the beginning of
oceanographic observations in the Baltic Sea.
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The area with insufficient oxygen conditions for macrofauna (about 70 000
xm? with less than 2m1/1 oxygen in bottom water) has fluctuated in extent
fromyear to year, but has not increased for 25 years in the Central
Baltic Sea and the @ulf of Finland. However, due to the long stagnation
period, the oxygen concentrations in the deeps of the Baltic Sea have
continuously decreased and hydrogen sul phide concentrations in the
deepest areas of the Eastern Gotland Basin are now the highest ever
neasured. Due to decreasing salinity and consequent |owering of the
hal ocline associated with increased vertical exchange, oxygen has
penetrated nore deeply into the internmediate |ayers, at about 90-100 m
in sone areas, and has inproved life conditions at the sea floor in this
depth range.

In many areas of the Baltic Sea, the strong increase of phosphorus and
nitrogen concentrations, which was observed in the 1970s, has stopped,
with the exception of the Kattegat and the Gulf of Riga. Phosphorus and
nitrogen concentrations, although no longer increasing in all parts of
the Baltic Sea area since 1978, have recently been at such a high |evel
that the increasing biological production and its subsequent sedinmen-
tation, followed by the mcrobial destruction of the biogenic organic
material, cause further deterioration of the oxygen conditions in Baltic
deep water. The high phosphate accunulation rates identified in the near-
bottom water layers of the Central Baltic deeps since 1977 mainly result
from phosphate renobilisation fromthe sediments due to the increasing
hydrogen sul phide concentrations. Silicate concentrations have recently
been decreasing, on average, in the surface layer of the Baltic Sea area.

Unusual algal bloonms appear to occur nore frequently in the Kattegat and
the Belt Sea. There is evidence that phytoplankton prinmary production has
doubl ed within the last 25 years in the area fromthe Kattegat to the
Baltic Proper, with a sinilar doubling of phytoplankton biomass and its
subsequent sedinentation. In the 1980s phytoplankton was at a high |evel,
fluctuating from year to year according to the weather. The deconposition
in the benthic system decreases oxygen levels in bottomwaters. Conse-
quently, |ow oxygen concentrations during |late summer and autumm have
often been observed in the southern Kattegat, the Belt Sea, the Oresund
and the Arkona Sea in the eighties.

The increased frequency of poor oxygen conditions in the deep water has
had a serious inmpact on the zoobenthos in the area from the southern
Kattegat to the Arkona Basin, and on dermersal fish and Norway |obster,
pushing northwards into the Kattegat the southern boundary for commercial
fishery of Norway |obster.
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| NTRODUCTI ON

As a background to this assessnent, it can be noted that in the 1970s,
the salinity and the concentrations of phosphorus and nitrogen in the
Baltic Sea surface water continued to increase. There was evidence that
phyt opl ankt on bi omass and productivity also increased during that period.
Epi sodic inflows of high salinity water from the Kattegat renewed the
oxygen content in the bottom water in the Baltic deeps. Macrofauna
recolonization took place in many of the deep areas. Concentrations of
DDT and mercury in fish and birds began to decrease as a consequence of
reducti on neasures. At that time, changes both positive and negative were
occurring fairly rapidly; for exanple, larger portions of the deep areas
in the Baltic Sea became anoxic. The mmin overall observation for this
period of the 1970s was the increasing eutrophication due to the anthro-
pogenic inputs of organic matter and nutrients.

During the period covered by the Second Periodic Assessnment, 1984-1988,
the changes have been less marked. Since 197711978, salinity has gradu-
ally decreased because there have been no mgjor inflows of high salinity
water fromthe Kattegat. Consequently, for 10 years there has been no
oxygen in the Gotland Deep. The main overall observation from the Second
Periodic Assessment is that the situation in the Baltic has remined
fairly stable, except for salinity, in spite of the fact that the
climatic conditions during the nmonitoring period 1984 to 1988 were not
average: three winters were abnormally cold, and two abnormally warm

In the 1980s nutrient concentrations were at a high level and caused the
phytopl ankton to flourish, but nutrient concentrations did not further
increase. This does not indicate that anthropogenic inputs have not
further increased, but shows that hydrographic conditions play an
important role. The inmpact of a future mpjor salt water inflow on
eutrophication cannot be predicted. Regarding riverine transportion of
heavy metals and organic contam nants, a higher proportion of fresh water
in the Baltic Sea could possibly inmply higher concentrations of these
contaminants conpared to a situation when the Baltic Sea water has a
hi gher salinity.

There is no sinple relationship between anthropogenic inputs of nutrients
and contam nants (both organic and inorganic) and their concentrations
in the various conpartrments of the Baltic Sea environnent, owing to the
conpl ex interaction of hydrographic processes, chemical transformations,
and biol ogi cal uptake and netabolism on the distribution and fate of
nutrients and contaminants in the Baltic environnent.

Thi s docunent contains brief conclusions based on the scientific evalu-
ations published in the Second Periodic Assessnent of the State of the
Marine Environment of the Baltic Sea, 1984-1988; Background Docunent
(Baltic Sea Environnent Proceedings No. 35B).

The eval uations concentrate on the results of open sea nonitoring and
research activities, while assessment of the state of coastal areas will
be presented individually by the Baltic Sea States as national reports,
as requested by the Helsinki Conm ssion.

In the conclusions, data are presented chapter-w se regardi ng changes
observed during the assessment period 1984-1988 conpared to the findings
presented in the earlier assessnments published by the Comni ssion (BSEP
Nos. 5A, 5B and 17a, 17B). In addition, a summary of proposals for future
activities is presented in chapter "Action required".
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GENERAL CONCLUSIONS
1. HYDROGRAPHY

The neteorological conditions during the assessnent period 1984-1988 can
be characterised as variable; there have been three very cold and weak-
wind winters (1984/1985 to 1986/1987) with heavy ice conditions (nmaximm
ice coverage between 81 % and 98 %), followed by two warm and w ndy
winters (1987/1988, 1988/1989). The winter 1989/1990 was extremely nild.
The summer seasons were rather cool, the radiation poor and the w nds
weak at the beginning of the assessnent period, but the summers of 1988
and 1989 were warm and calm

The freshwater run-off into the Baltic Sea was equal to or higher than
the nean (472 km3/a) during the whole period with the minimumin 1986
(470 km3/a) and the maximumin 1988 (530 km3/a).

The nost prom nent phenonenon in the hydrography of the Baltic Sea was
the continuing decrease in salinity in nearly all regions and water
| ayers. This process is mainly caused by the lack of mgjor inflows of
highly saline water during the last 13 years. The last effective mgjor
Baltic inflows occurred at the turn of 197571976 and in fall 1976. The
small inflows in spring 1980, at the turn of 1982/1983, in spring 1986
and fall 1988 have only had effects on salinity and tenperature in the
deep layers of the Arkona, Bornholm and CGdansk Basins.

During the assessnent period, a general decrease in salinity has been
observed in the surface layer of all regions of the Baltic Sea, starting
in 1977. The mean annual trend varied from-0.02 psu/a *) in the mgjor
gulfs and -0.05 psu/a in the central Baltic to -0.15 psu/a in the Arkona
and Bornhol m Basins. Any salinity trends in the Kattegat and Belt Sea
waters are strongly nmasked by the predom nant annual cycle in both the
surface and deep |ayers.

In the deep layers of the Baltic Sea, the salinity decrease has bheen
considerably greater since 1977. The nean annual trends during 1984-
1988 are -0.05 to -0.09 psu/fa for the Qulfs of Bothnia, Finland and Riga;
and -0.1 to -0.2 psu/a for the eastern and western Gotland Basins and the
Landsort Deep. The trend is as high as -0.4 psu/fa in the near-bottom
| ayer of the Bornhol m Basin.

Tenperature and density in the deeper layers of the eastern Gotland Basin
have also decreased considerably and the halocline and isohaline depths
have noticeably descended. Owing to the dinminution of vertical density
gradients, the vertical mxing processes between the different |ayers
have enl arged.

The current stagnation period, at least in the eastern Gotland Basin,
must be regarded as one of the |argest and nost serious stagnation
intervals ever recorded during this century and this has caused the nost
extrene changes in the deep |ayers that have been observed since the
begi nning of oceanographic observations in the Baltic Sea.

The transparency, according to Secchi depths readings, in the northern
Baltic Proper (1969-1985) shows a pronounced decrease conpared with that
during the first half of the century (1914-1939).



2. OXYGEN, HYDROGEN SULPHIDE, ALKALINITY, pH
Oxygen conditions

Stagnant periods with decreasing oxygen concentrations have been observed
in the deep waters of the Baltic Proper since the end of the last
century, when hydrographic measurements were started. Due to the present
exceptionally long stagnation period, the current oxygen conditions at
the bottom are now even worse than during the assessment period 1980-
1985. There 1is, however, some improvement in the oxygen conditions in
the intermediate water layers of some central and northern basins of the
Baltic Proper. This can be attributed, in addition to the transport of
oxygen-rich water into the intermediate layers, to the increasing
vertical exchange across the primary halocline due to the decreasing
vertical salinity gradients and to the significant sinking of the
halocline.

No clear overall trends could be found in the Kattegat and the @resund
bottom waters for the period 1964-1988, but there has been a significant
decrease in oxygen concentrations during the last five years. The most
serious oxygen deficit occurred in the southern Xattegat iIn autumn 1988.
Since 1974, the autumn oxygen minimum has gradually become lower and an
additional oxygen minimum has developed in the spring time.

In the Xiel Bight, the Fehmarn Belt and the Mecklenburg Bight, hydrogen
sulphide was occasionally reported close to the bottom during the late
summer/early autumn of 1981 to 1985. The most probable explanation is
that the increased eutrophication has increased both the production of
organic matter and the utilization of oxygen for its decomposition.

Although no significant trend was found for the Arkona Basin, there were
still some indications of decreasing oxygen concentrations near the
bottom from 1965 to 1988.

After the last major inflow in 1975 and 1976, the overall negative trends
in the oxygen concentrations ranged from -1.8 ml/l in the Bornholm and
the Gdansk Deeps to -4.7 ml/l in the Gotland Deep (at 200 m depth). The
later inflows had minor effects on the oxygen conditions at the bottom;
their positive influence could, however, be traced in the intermediate
water layers. The current stagnation period has caused the highest
concentrations of hydrogen sulphide ever recorded in the bottom layer of
the Gotland Deep.

The main reason for the decreasing oxygen concentrations in the bottom
waters of the deep basins is obviously the long stagnation period. It is
quite clear that this kind of stagnation is a natural phenomenon
associated with river runoff and meteorological conditions.

In the Gulf of Riga, there has been a significant decrease of oxygen
concentrations in the deep water layers during 1963 to 1987 due to the
increasing nutrient load from land. Due to decreasing salinity gradients
during 1969 to 1988, the oxygen conditions improved in the deep waters
of the Gulf of Finland.



In the Bothnian Sea, there has been a significant decrease in the oxygen
concentrations in the bottom waters from 1965 to 1988. The rate of
decrease has been especially rapid during the last five years. The reason
for this may be the lack of vertical convection down to the bottom during
the winters. In the Bothnian Bay, the trend is weakly negative and
i nsignificant. The large supply of fresh water and the weak
stratification of the water prevent the basin from devel opi ng signs of
stagnati on.

Studies carried out on the occurrence of hydrogen sul phide and | ow oxygen
concentrations in the bottom waters of the Baltic Sea showed that the
total area of seabed covered by waters wth oxygen concentrations bel ow
2 m/l decreased significantly during the period 1963-1987, while areas
covered by hydrogen sulphide-containing water showed a weak non-
significant increase. The bottom area suitable for benthic fauna has not
dimnished in the Central Baltic and the Qulf of Finland during the |ast
25 years. However, a clear deterioration has taken place in the Arkona
and Bornhol m Basins because the duration of periods with favourable
oxygen conditions has becone shorter.

Variations in alkalinity

The alkalinity of sea water, caused mainly by dissolved carbonates, is
closely related to the salinity. On the other hand, the carbonate system
of sea water is influenced by the prinmary production process. The grow ng
upt ake of CO2 due to the eutrophication occurring in the Baltic Sea
inmplies a decrease in total carbonate concentrations. To investigate
long-term alkalinity variations produced by biological factors, salinity-
nornalized values of specific alkalinity, expressed as A'S ratios, were
used in order to elimnate any alkalinity changes induced by the changes
in salinity.

Negative trends in the specific alkalinity (asS), indicating high
phyt opl ankt on  production, have been found in the surface waters of the
Bornhol m Basin, the eastern Gotland Basin, the northern Central Basin and
the Aland Sea during the period 1964-1987. They are, however, very weak
and in nost cases hardly significant. The deep waters showed a constant
specific alkalinity (A/S) in all investigated areas. In the absence of
a proper tinme series of alkalinity data, not all Baltic regions could be
studied in ternms of long-term variations.

Variations in pH

Significant positive trends have been found in the long-term pH
variations observed in the surface waters in nmost of the Baltic Sea areas
during the past three decades. They night be attributed to the
intensified assinmlation of CX®2 via eutrophication. In this connection,
the pH of sea water seems to be a nore sensitive indicator than
al kalinity for a shift in the carbonate system associated with grow ng
C®2 uptake. The nean increase ranged from 0.03 pH units/a in the eastern
Gotland Basin and the Gdansk Deep to about 0.01 pH units/a in the
northern Central Basin, the Bothnian Bay and the Kattegat. No evi dence
has been found for long-termtrends of pH in the surface waters of the
Aland Sea, the Arkona Basin, the Belt Sea and the @resund.

The positive pH trend found in the internediate |layers of sone deep water
areas in the Baltic Proper is possibly associated with rising oxygen
concentrations in these |ayers.
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A significant increase of pH in deep waters was observed during 1964-
1987 in the Baltic Proper, except for the Arkona Basin. These trends were
simlar to those in the surface and internediate water layers with regard
to their mean annual coefficients and inter-regional differences. Among
possible reasons, a denitrification process and the weathering of rock
carbonates due to acid rain, should be taken into account.

3. NUTRI ENTS

Phosphorus and nitrogen conpounds are the driving forces in
eutrophication. Studies on long-termvariations beginning, as early as
1958 in sone cases, i ndi cated, on average, increasing winter
concentrations of these nutrients in the surface layer of all sub-
regions in the Baltic Sea Area until 1988. These trends often result from
the strong increase that occurred during the period 1969 to 1978.
Thereafter, the phosphate, and sometines also the nitrate, concentrations
have renained at their relatively high level. Exceptions are the Kattegat
and the @il f of Riga, that have been characterized by a further increase
in nutrient concentrations. Increasing nitrate concentrations have been
observed in the Bay of Gdansk and in the whole of the Gulf of Bothnia,
as well as in the Gulf of Finland.

Trend changes observed in the surface layer are also reflected to a
certain extent in the oxic deep water of the central Baltic basins.

H gh phosphate accunul ation rates have been observed in the near-bottom
water layers of the central Baltic Deeps, wth predom nant anoxic
conditions in the recent stagnation period beginning in 1976/1977. They
mainly result from the renobilisation of phosphate from the sedinments
caused by the increasing hydrogen sulphide concentrations and
consequent |y decreasi ng redox potenti al

Since there is no indication of considerable changes in |and-based and
airborne inputs, the insignificant increase in phosphorus and nitrogen
concentrations recently observed, on average, in the winter surface |ayer
in nmost parts of the Baltic Sea Area can be interpreted as follows:
Steady state has devel oped between inputs, biogeochemn cal sinks,
recycling, and the exchange of nutrients through the entrances of the
Baltic Sea.
Inter-annual 3- to 4~ and 6- to 7-year cycles, attributed to changes
in the atnospheric circulation create variations in the river run-
off and are also reflected by changes in the nutrient trends.

The phosphorus and nitrogen concentrations included in the biogeochenica

cycle have recently been at such a high level in the Baltic Sea Area that
the sedinmentation and microbial destruction of biogenic nmaterial produced
in the euphotic | ayer cause further deterioration of the oxygen
conditions and spreading of the anoxic areas in the deep water. Areas
covered by unfavourabl e devel opments are the Kattegat, the Belt Sea, the
Arkona Sea, the Bornholm Sea and the Bothnian Sea

Silicate concentrations in the Baltic Sea Area have recently been
decreasing, on average, in the surface water layer. Reasons discussed in
this connection are intensified diatom bl oons favoured by eutrophication
and the subsequent sedinentation of these al gae



4. PELAGIC BIOLOGY

Signs of eutrophication are evident in the pelagic ecosystem of the
Baltic Sea, although no drastic changes either on the quantitative |evel
or in the species conposition have occurred in the open pelagic system
since the preparation of the First Periodic Assessnent.

When conparing the periods 1979-1983 and 1984-1988, primary production
showed increasing trends in nost areas. In the Arkona Sea and the Gulf
of Finland, the sumrer primary production decreased, while in the
Bothnian Sea it renmmined at the same level. Chlorophyll-a values also
showed an increasing trend in nost areas, except in the Arkona Sea and
the Bornhol m Sea.

In general, no clear changes in the phytopl ankton species conmposition
have been detected. Several exceptional, and in some cases toxic,
phyt opl ankt on bl oons have been reported. Bloons of dinoflagellates,
chrysophyceans and prymesi ophyceans have been nore frequent in the
Kattegat-Belt Sea region than in the Baltic Sea, where in nost cases the
bl ooms were caused by cyanobacteria (blue-green algae). Sever al
potentially toxin-producing species of cyanobacteria, dinoflagellates,
chrysophyceans and diatons are found in the Baltic Sea Area and present
a risk of noxious bloons. In the Kattegat and the Belt Sea areas a
tendency of increase of flagellates has been observed.

The zoopl ankt on abundance values in 1979-1988 revealed |arge inter-
annual fluctuations, but no trend. The only exception is the Arkona Sea,
with a significantly increasing trend in sunmer.

The assessnent period 1979-1988 is still too short for a proper trend
analysis. It has revealed large inter-annual variations in the plankton
communities which can partly be related to large climtic fluctuations.
The plankton community is controlled by various factors which result in
different tenporal and spatial scales for the response to environnental
changes. These variations can serve to danpen the effects of, e.g., the
still large input of nutrients. The anthropogenic disturbances increase
the variability of the system as well. The few long-tine series available
on plankton reveal clear signs of eutrophication. During the last 30
years, the phytoplankton primary production has alnost doubled from the
Kattegat to the Baltic Sea Proper. The phytopl ankton bi omass expressed
as chlorophyll-a increased by nearly the sane order of magnitude. Due to
the development in nmethods and to the increasing know edge of
systematics, |ong conparable tinme series on phytoplankton are not
avai |l abl e. The phytopl ankton conposition has not changed drastically, but
there is a tendency towards mnore frequent, and sonetimes toxic, bloons.
Long-term investigations in the Bornholm and Gotland Seas show a
significant increase in the zooplankton abundance from the 1950s to the
end of the 1970s.

The increase in the production of organic matter and its subsequent
sedimentation and deconposition in the benthic system has decreased the
oxygen content of the deep water. The decrease is no |longer restricted
to the deep basins of the Baltic Sea, but increasingly affects the
shall ower parts and has resulted in drastic changes in the benthic
conmunities below the halocline. The oxygen deficiency has also affected
the food resources of fish and their spawning areas.



The present state of the pelagic systemis determ ned by the on-going
eut rophi cation process. In general, this is nmore pronounced in the
coastal areas conpared with the open waters of the Baltic Sea. Direct
nutrient inputs of anthropogenic origin and renobilized phosphorus from
the sedinents are the main sources for enhancenment of the biologica
producti on.

5. ZOOBENTHOS

In the northern part of the Kattegat, the zoobenthos bionass has
increased as a result of the increased deposit of biogenic organic
material to the bottom

In the southern part of the Kattegat just below the halocline, as well
as in the deeper areas of the Belt Sea, a situation of reduced zoobenthos
bi onass and even nacrofauna death, reported for the period 1979-1983, has
continued during the period 1984-1988. This reduction is coupled to a
more frequent occurrence of seasonal oxygen deficiency and, in sone
pl aces, even the occurrence of hydrogen sul phide during the 1980s.

In the deeper parts of the Arkona Basin, a deterioration of the fauna has
taken place during the 1980s. At station BYl (x7), macrof auna death was
recorded for the first time in June 1989. This decline is associated with
the increased frequency of |ow oxygen values in the 1980s.

Bel ow the halocline in the Bornhol m Basin, the pernanent bottom fauna
di sappeared in the 1970s. Al though inflows of saline water occurred
during the period 1979-1988, the periods w th favourabl e oxygen
conditions have been short and only the occasional presence of bottom
fauna has been recorded. In the Gdansk Deep, a strong deterioration of
t he macr of auna has taken place since 1978, and the area devoid of
macr of auna has increased since 1979. In the Eastern Gotland Basin, no
renewal of the bottomwater has occurred during the |ast 13 years, and
the area bel ow about 130 m has been devoid of macrofauna during the
period 1979-1988

In the Eastern Gotland Basin fromthe halocline (ca. 80 m down to about
130 mthere has been a clear decrease in both the abundance and biomass
of macrozoobenthos during the last 25 years. In the Northern Centra

Basin, the entrance to the Qulf of Finland and the Western Gotland Basin

t he devel opment at this depth interval has been different. Firstly, a
recovery has been recorded in areas with an inpoverished fauna; secondly,

bottonms fornerly devoid of nacrofauna have been recolonized. These
changes can be explained by an inprovenent in the oxygen conditions.

In the mddle part of the GQulf of Finland, where the fauna of the deep
areas deteriorated in the 1970s, a normal nacrof auna community has been
re-established in the period 1986-1989

In the areas above the halocline in the Baltic Proper, the GQulf of Riga,
the aulf of Finland and the Archipelago Sea, an increase in the
zoobent hos biomass values has mainly been reported, interpreted as a
response to the general eutrophication of the Baltic Sea
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In the entrance area to the Qulf of Bothnia, i.e., the Aland Sea, a
decrease in both the abundance and bi omass of the zoobenthos has been
recorded in the deepest part of the area. In shallower areas, there is
no evidence of a change.

In the open area of the Bothnian Sea, no trend has been observed during
the last 20 years, but the zoobenthos values are significantly higher
than those reported in the 1920s. In the open areas of the Bothnian Bay,
an increase in both the abundance and bi onass has been reported since
1965.

Locally polluted areas along the coast of the @ulf of Bothnia have shown
a general inprovement during the last 20 years, although there are sone
exceptions. This inprovement nust be seen as the result of changes in
industrial processes, sewage treatment and stricter regulations. Fromthe
other regions of the Baltic Sea, the information about locally polluted
areas is too scarce to draw concl usions.

6. BALTIC FISH STOCKS

A nunber of factors influence the size of comercial fish stocks in the
Baltic Sea Area, ranging fromthe influence of natural conditions to the
| evel of catch in the fishery. Wile information is lacking on the
i nfl uence of environnental conditions on the pelagic stocks in the Baltic
Sea Area, environnental influences on the denersal, i.e., bottom or near-
bottomliving, species of fish and shellfish can clearly be seen in
certain areas

In the southern Kattegat, an increasing frequency of periods with oxygen
deficit in the summer and autumm has particularly affected the stock of
Norway |obsters. This has caused a northward novenment of the fishery, so
that in 1988 and 1989 there was no comercial fishing for Norway | obster
in the southern Kattegat. The stress caused by the oxygen deficit in this
area is also believed to be linked to an increased preval ence of certain
viral diseases in the dab popul ation. As |ow oxygen values are not found
in the spring during the time of the pelagic phase of the eggs and |arvae
of cod, plaice, dab, and sole, and certainly not at the depths of O 15
m where the eggs and larvae are found, oxygen depletion has had no
effects on the survival of the eggs and |arvae of these species in this
ar ea.

Simlarly, in the Belt Sea and Arkona Sea, the |ow oxygen concentrations
near the bottom in the summer and autum have restricted the comercia

fishery on denersal species to the period Decenber-April. However, as the
spawning tinme for cod, plaice, and flounder in this area is between
February and April, when there is no oxygen deficit, this does not affect

the survival of the eggs and |arvae of these species.

In the cod spawning areas in the Bornholm Sea, the Gotland Deep, and the
Gdansk Deep, there is a growing problemowing to the gradual |y decreasing
salinity of the Baltic Sea and the | ow oxygen concentrations in the
bottom waters. Cod eggs require a salinity of 11 psu or nore to keep
afl oat and an oxygen concentration of at least 2.0 m /| to survive; thus,

the northern border for successful reproduction is found in the Gotland
Deep. Successful spawning seenms to be positively correlated with the
inflow of saline water fromthe North Sea, which increases the salinity
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in the bottom |l ayer and inproves the oxygen conditions below the
hal ocline. The increasing salinity enables the cod eggs to float higher
in the water colum, where inproved oxygen conditions result in inproved
survival of the cod eggs.

7. MICRO-ORGANISMS

Only sone parts of the Baltic Sea have been covered by the routine
m crobi ol ogi cal nonitoring programe, thus, the duration of these studies
is too short to permt a trend analysis.

Surveys perforned during late sumer, when mcrobial activity plays an
important role in the cycling of matter, along a transect through the
mddle of the Baltic Sea showed a remarkable uniformty of tota
bacterial nunber and activity in the nmixed surface layer. This uniformty
was obvious with regard to the regional distribution within each survey
(with the exception of the Skagerrak and Kattegat) and the tenporal
changes between the surveys during the different years of investigation.

In the Kiel Bight, the nunber of colony-formng bacteria showed |arge
i nter-annual variations between 1986 and 1989. At two stations in this
region, a decrease in the nunmber of these bacteria was noted, which,

however, was not found at the third station. Due to the limted nunber
of data and the short time series of the study, no conclusions concerning
a trend can be drawn yet.

Taxonomi ¢ investigations performed in the northern and central Baltic
did not reveal a change in the species conposition of the mcrobiota
during the recent years.

Concerning the indicatory groups of bacteria, a clear relationship
between the character of marine contam nation and the physiol ogi ca

properties of the microbial populations could be denonstrated. Due to the
contam nation of some sea areas by petroleum and chlorinated
hydrocarbons, it appears that nmass bacterial populations may adapt
t hemsel ves to | ow concentrations of toxicants and acquired the ability
to deconpose organic compounds, such as pcBs and certain polynucl ear
aromati ¢ hydrocarbons (paHs). The increase in the nunber of indicatory
m cro-organi sns observed during the past few years is indicative of the
growi ng influence of anthropogenic factors.

8. TRACE ELEMENTS

In relation to previous assessment periods, the trace element data base
is still rather limted and allows only very prelimnary conclusions to
be drawn on trends.

It is still very difficult to conpare data on particle-associated trace
met al s from different | aborat ori es, ow ng to nethodol ogica
uncertainties. There is an urgent need for interconparison and
standardi zati on of the various procedural steps in obtaining data on
particle-associated trace netal concentrations, particularly with regard
to sanpling nethods and pre-treatnent of the sanple.
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In view of the high variability in the Baltic Sea ecosystem there is an
i nadequate pool of data to be able to provide information (1) on the
particle-associated concentrations of trace metals in different water
masses and at different seasons, (2) on the metal content of suspended
particulate matter, and (3) on the nature of the particulate matter in
terms of origin and mneralogical and grain-size conposition.

G adients and differences observed in (a) the concentrations of particle-
associ ated trace netal s, (b) the concentrations of the suspended
particulate matter, and (c) the distribution patterns in the neta
contents of the different types of particle pgy reflect both
ant hropogeni ¢ influences and natural processes that cause redistribution
and generation of suspended particulate natter of different conposition
and properties.

Lead

Biota collected fromsanpling locations in the Kattegat, the Sound and
the Geat Belt showed tendencies for decreasing |ead concentrations.
These findings are supported by tendencies of decreasing dissolved |ead
concentrations in Baltic waters. Both observations coincide with the
reduced use of lead additives to gasoline in western Europe

Copper and zinc

For copper and zinc concentrations in fish, no significant differences
in comparison with the North Sea were observed

Cadmium

An upward trend of cadnmium concentration in fish was realized in the far
north of the Bothnian Bay. In addition, a general tendency of increasing
cadm um concentrations in biota when going in northerly direction in the
Baltic could be identified.

The prime factor behind the fact that higher cadm um concentrations were
found the further north in the Baltic Sea sanples were taken is obviously
an inverse relationship between salinity and cadni um uptake. The salinity
in the Baltic varies from about 5-7 psu*) in the Bothnian Bay to nore
than 20 psu in the Kattegat. These changes in salinity are acconpani ed
by changes in total cadmum concentrations, and in the chemica
speciation and bioavailability of cadmium Gbservations that cadm um
concentrations have increased in biota during recent years may possibly
be attributed, at least to a certain extent, to the decreasing salinity
in the Baltic Sea between 1979 and 1988.

Mercury

The nmonitoring data submitted by the Contracting Parties reflected in
most instances approximately present background |evels. El evat ed
concentration levels were observed in fish collected fromthe @gresund and
from the southern Bothnian Sea

*) psu = practical salinity unit =107 =°/,,
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Organotin compounds

Because of the initial adverse effects (shell deformations) observed in
blue mussels from the Swedish coast, there should be growing concern
about the presence of organotin compounds in the marine environment.
Serious problems occur through the use of tributyltin (TBT) as an anti-
fouling agent in paints. In areas of restricted water circulation and
intensive recreational boating, leaching of TBT from treated surfaces has
caused adverse effects on marine life. It iIs recognized that water
concentrations even at the ng/l concentration level can have lethal and
sub-lethal effects on a wide variety of marine organisms, particularly
on the sensitive forms of the early life stages of fish and shellfish.

9. ORGANIC  CONTAMINANTS
General

Many anthropogenic organic compounds are found in the water, sediments
and biota of the Baltic Sea. This load is the sum of several sources:
riverine input, direct discharges and airborne transport from sources
mainly in the northern hemisphere.

The contribution of organic contaminants to the Baltic Sea from rivers
and direct discharges can be influenced directly by the Baltic Sea
countries, while the input from long-range air transport can only be
reduced by global agreements.

In general, biota in the Baltic Sea are under a stronger influence of
anthropogenic contaminants than in the North Sea or the North Atlantic,
partly due to the poor water exchange and Baltic Sea topography as an
inland sea.

Emission controls applied for some of the well-known contaminants have
reduced their levels in the environment.

Because of the great analytical difficulties of measuring many of the
organic pollutants in water, sediments and biota and due to the limited
knowledge of biological and ecological effects caused by persistent,
bioaccumulating and toxic compounds, it is not possible to perform a
hazard assessment of the present total load of organic contaminants on
the Baltic Sea fauna and flora.

Petroleum hydrocarbons

There is an evenly distributed background contamination of petroleum
hydrocarbons in the Baltic Sea, which can mainly be the result of
atmospheric deposition. Concentration levels of specific petroleum

hydrocarbons in sea water are in the range of a few ng/l1 or less. From
the comparable data available at present (after 1982), however, it is not
clear whether any trend can be established. Contamination by saturated
and aromatic petroleum hydrocarbons is higher in coastal waters and
particularly close to urbanized areas, with a steep decline moving to
open waters.
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Adsorption on to settling particulate matter leads to high concentrations
of petroleum hydrocarbons in sediments in accumulation areas under urban
influence. The ecological effects of this chronic exposure on marine
organisms are largely unknown.

Evaluation of analytical results obtained using the UV-F method, which
is only group specific, must be done carefully because of very large
qualitative differences in petroleum hydrocarbons from different sources.
The W-F method used for screening, and thus useful for large numbers of
samples, must be supplemented by specific analyses on selected samples
in all cases. To determine the specific petroleum hydrocarbon compounds
in marine samples, measurement by gas chromatography/mass spectroscopy
(GC/MS) should be applied.

To obtain reliable information on the input and fate of petroleum
hydrocarbons in the Baltic Sea, compound specific investigations are
necessary.

Pesticides

There is a clear downward trend for DDT concentrations in the Baltic Sea
from the 1970s to the 1980s; however, the environmental levels, as
mirrored by comparable data from herring, are still higher than in the
Skagerrak area. A small temporary increase in DDT concentrations in water
and biota in the southern Baltic Proper from 1983 to 1985 was evidently
a result of a temporary use of DDT for forest pest control.

There is some concern about polychlorinated camphenes (PCC) still in use
as a pesticide. The slow rate of degradation and the bioaccumulative
properties lead to PCC levels in the marine environment which are not
possible to determine adequately due to the complex composition of the
product. As a result, it is not possible to make a reasonable hazard
assessment on the present use of PCCs.

Due to the ban on technical hexachlorocyclohexanes (HCHs), the Baltic Sea
water concentrations of a -HCH, the main component, have dropped
considerably.

PCBs and '"'New contaminants"

For pcBs there was also a clear downward trend in concentrations in biota
from the 1970s to the 1980s and concentrations now seem to have
stabilized at a lower level. The downward trend is most clearly observed
in the Baltic Proper. Comparable data on herring, however, indicate that
the PCB levels are still higher in the Baltic Sea than in the Skagerrak
area.

Data on contaminants other than PcBs are generally few and scattered and
produced with different, non-standardized analytical methods. This
implies that it is not possible to evaluate distribution patterns or
temporal trends in the environmental levels of these contaminants.

Among the new contaminants there is an increasing list of identified
compounds that could pose a threat to the environment according to their
analogies with known pollutants. Examples of these are brominated
biphenyls, brominated diphenylethers and chlorinated thiophenes.
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ACTION REQUIRED
Environment

In order to reduce the oxygen consunption in the Baltic Sea the efforts
to mninize the discharge of organic matter and nutrients in sewage and
i ndustrial wastewater should be continued. Efforts to restrict the use
of fertilizers in agriculture to levels where excess nitrate is not
transported to the sea should be continued

Though the present know edge of the nutrient budget of the Baltic Sea is
still insufficient, especially regarding the input fromthe North Sea,
geochem cal phosphorus fluxes, rates of denitrification and nitrogen
fixation, there is good reason to assume a significant effect of
ant hropogeni ¢ inputs on the increase of phosphate and nitrate in surface
wat er .

Therefore, inputs of nitrogen and phosphorus conpounds should be further
reduced. The group wel cones the Mnisterial Declaration to reduce land-
based and airborne inputs by 50 % by 1995, even if at present it cannot
be cal cul ated what the effect of such a reduction will be regarding
primry production and harnful algal bloons.

Efforts to reduce nitrogen input to the sea fromthe atnosphere should
al so be continued

The reduction of inputs of |lead seens to have already been successfu
with regard to concentrations in fish and shellfish in the Kattegat.
Further reduction should be achieved by the use of unleaded gasoline.

Though little is known on the concentration and distribution of
Tributyltin in Baltic water and some questions on its long-term
persistence in the nmarine environnent are still open, present evidence
fromresearch in other areas provides an argument to reduce its use in
antifouling paint

In view of the special sensitivity of the Baltic Sea, because of its
character as an alnost enclosed water body, the Baltic Sea States should
make atrong efforts to further reduce the input of persistent organic
conpounds and heavy netals to prevent their accunulation in the
ecosyst ens.

To reduce |ong-range atnospheric inputs of contam nants, agreements in
the global frane are necessary. Accordingly, the Helsinki Conmission is
encouraged to continue and further strengthen the relevant internationa

work in this field

The further use of polychlorinated canphenes (Toxaphene, Strobane,
Mel i pax, Phenacide) as pesticides should be reduced as they can be
repl aced by substances which are nore readily degradable.

In order to reduce the contanination of the Baltic Sea and to reduce the
risk of future "surprises”, it is necessary to pronote the use of the
present know edge and experience on prognostic hazard assessnent of
effluents and chenicals, based on ecotoxicol ogical testing, as a basis
for the control of discharges and of the use of new and existing
cheni cal s



Research

The Baltic Mnitoring Programme mainly provides data on concentrations
and is neant to allow trend anal yses of concentrations over time. These
data alone are not sufficient to explain tendencies observed and to
i ndi cate cause and effect. In the future, nore weight should be given to
process—- and effect- oriented research

I nvestigations on the water exchange processes between the North Sea and
the Baltic Sea should be intensified (including nodelling activities),
in particular, investigations on the causes and conditions of major
inflows of highly saline water into the Baltic Sea. Aso, further
investigations are necessary on the stagnation and renewal processes in
the different Baltic deep basins and the water exchange between them
Attention should be given to studies on the exchange processes across the
permanent hal ocline

The causes of increasing pH in the Baltic Sea should be investigated and
the effects of acid rain on the environnmental conditions in the Baltic
Sea Area should be studied

Mass bal ances and transport nechanisns in nutrient trends should be
studied in order to differentiate between anthropogenic and natura
contributions.

Data should be collected on the identification and quantitative analysis
of organic nitrogen conpounds (urea, humic acids, proteins, anino acids)
in sea water in order to understand their significance for biological
productivity.

Detailed studies on the biogeochem cal nutrient cycle under the special
conditions of the Baltic Sea are necessary.

To properly understand and better assess the functions and fluctuations
of the conponents of the Baltic ecosystem nore information should be
obtai ned about the rates of biological production and deconposition.
Therefore, it is highly recommended that basic research be conbined on
rate measurenents on mcrobiology, mcrozooplankton, nesozoopl ankton,
macr ozoobenthos, and fish, as well as measurenments of total community
respiration/biological oxygen demand and particle flux, and relate them
to each other.

Changes in zoobenthos biomass do not necessarily reflect changes in
production. To obtain figures nore suitable for correlations with pelagic
production and fish stock assessnents, production estimtions should be
done, using turnover ratios

Future assessnent activities should pronote the eval uation of possible
rel ationshi ps between fish stock fluctuations and fluctuations in the
bi omass of zoopl ankton and zoobent hos.

M crobi ol ogi cal studies should forman integral part of investigations
which at |east should include studies on pelagic biology and chenistry.

Research should be pronpoted (by a request to ICES) on the effects of
envi ronnental conditions on the early life stages of fish, and on the
rel ationshi ps between the biomass of fish and that of zoopl ankton.



For an improved approach to estimate the mass balance of trace elements
in the Baltic Sea, the following subjects need to be considered:
concentrations in water, sediments, suspended particulate matter and
biota,
origin and quantity of material entering the Baltic Sea from natural
and anthropogenic sources,
the magnitude of sinks and their location or distribution, and
the role of transfer processes.

Interdisciplinary research (e.g., on microbiological and photochemical
degradation/transformation, the significance of speciation, etc.) should
be stimulated to better understand the fate and effects of persistent
organic contaminants released into the environment. An increased
knowledge on the [long-term ecological response to environmental
pollutants is urgently needed.

The magnitude of the input of organic contaminants and the relative
contribution from fallout, rivers and direct discharges into the Baltic
Sea should be evaluated in order to assess their relative significance
and to make possible appropriate countermeasures.

Monitoring

One of the scientific bases for research on processes in the sea is the
knowledge of parameters and their variability in space and time, many of
them already included in the Baltic Monitoring Programme. This monitoring
programme should be continued and improved. Suggestions including data
collection in Tfields not covered by the Programme are:

to adjust the frequency of measurements of Baltic monitoring
stations to an optimum to follow the seasonal development of the
phytoplankton;

in order to be able to follow the development of the zoobenthos in
the vicinity of the halocline in the central and northern Baltic
Proper, a few more regular monitoring stations are needed;

since increased biomass, probably caused by eutrophication, has been
reported for shallow areas, the number of shallow water benthos
stations should be increased, and the countries should be encouraged
to deliver more national zoobenthos data for a better coverage of
the area:

include analysis of fat content in Tfish liver also for the
investigation of trace elements. Trace elements (in particular trace
metals) in the liver are connected to specific sites in the protein
fraction, which varies in accordance with the liver®s lipid content.
In order to allow calculations of trace element concentrations in
relation to the protein fraction, knowledge of the fat content is
necessary;

follow exactly the sampling strategies described in the Guidelines
for the BMP for trace metals and organic contaminants in fish in
order to analyse material comparable in age, size, reproductive and
nutritive condition year by year;
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t he Hel sinki Conmission should ensure that certified reference
materials are nmade available for laboratories involved in the Baltic
Monitoring Programme in order to inprove the quality and the quality
control of the data. Further elaboration of nethods agreed upon and
participation in intercalibration exercises is necessary,

the supply of adequate technical equipment and trai ned personnel for
sampling and analytical work is the responsibility of the
Contracting Parties;

in terns of new contam nants further develop and carry out chenica

and biol ogical screening in order to discover new contam nants which
have slipped through the first defence net and also to check the
effects of counterneasures taken against pollution in general and
against specific products. This is also the only way to be able to
identify effects on the Baltic Sea Area from the international use
of chemicals which are globally distributed by |ong-range airborne
transport; and

in order to get conpound-specific results for petrol eum hydrocarbons
the UW-F nethod, mainly used until nowin the Baltic Mnitoring
Programme, should be supplemented by GO MsS investigations.

To obtain nore benefit fromthe effort expended in the frane of the BMP
the programme of the nonitoring cruises should be nore efficiently pooled
according to the defined goals of the various "fields". By this neans,
a better coverage could be reached and further use of the data inproved.

Assessnent

For the Second Periodic Assessment the HELCOM Data Base was successfully
used for the first tine. The uncertainties found in the use of the bank
were mainly due to incorrect or missing data reporting as well as
difficulties in quality control by the users. The gaps in the data
reporting of some countries has caused difficulties to process data from
some sub- areas.

In the next assessment, information should be included on the health
status in the Baltic Sea organi sm popul ati ons (di seases, physi ol ogi ca
and norphol ogi cal anomalies, etc.).

In every case, the reporting and control system nust be inproved. It is
expected that all countries really report the analyzed data to the HELCOM
data base according to the recomended standards. HELCOM is asked to
devel op a necessary control system

For the Third Periodic Assessnent, a nore realistic period for work
shoul d be given between the tine when all data are available to the
experts and the tinme when the nmanuscripts should be finalised. Mre tine
than was now, in practice, given is needed when one expects well-founded
estimates regarding causes and effects for trends observed. Mre
attention should also be paid to interdisciplinary review of information
and the devel opnent of associations between various conmponents of the
Baltic ecosystem



MAP OF THE MONI TORI NG STATIONS I N THE BALTI C AREA
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