90  European Journal of Environmental Sciences

FACTORS AFFECTING METAL AND RADIONUCLIDE POLLUTION IN THE BALTIC SEA

MARTIN LODENIUS*

Department of Environmental Sciences, University of Helsinki, Finland

* Corresponding author: martin.lodenius@helsinki.fi

ABSTRACT

External pollution load in the Baltic Sea originates from urban, agricultural and industrial sources. Emissions of heavy metals have decreased
substantially in the catchment area but the temporal trends are not always significant and differ with sample, area and pollutant. The most
significant source of anthropogenic radioactivity in the Baltic Sea is fallout from the Chernobyl accident in 1986. Many factors affect the
future development of pollutant concentrations including anthropogenic emissions, political decisions and changes in salinity, temperature
and water currents, in eutrophication and oxygen status, in fisheries and in atmospheric deposition of pollutants. Large scale changes like
eutrophication and climate change affect ecosystems in many ways, directly and indirectly, causing biological and abiotic effects. These
factors are interrelated and difficult to predict. Measures aiming to enhance the ecological status of the Baltic Sea will certainly give positive

results but this will take at least several decades.
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Introduction

The Baltic Sea is one of the most polluted seas in the
world and its ecological status is affected by it being rela-
tively shallow, slow water renewal and a salinity gradient
increasing from zero to 2.5%. Salinity and temperature
stratification limit water exchange and oxygen depletion
is common at the bottom in deep areas. In addition to
the thermocline there is a halocline at a depth of about
40-70m. The salinity increases from 2-4 PSU in the
Bothnian Bay to 6-8 PSU in the Baltic proper, while the
water below the permanent halocline is up to 13-20 PSU
(Elmgren 2001). The area of the Baltic Sea is approx-
imately 350,000 km? with a drainage area covering
1.74 million km? in fourteen countries. The catchment
area of the Baltic Sea consists of forests (54%), agricul-
tural land (26%), wetlands or drained wetlands (20%)
and built-up areas 4%.” (HELCOM 2007a). Urbanization
and industrialization started early and forests and wet-
lands are far from their natural state. The catchment of
the Baltic Sea is under heavy anthropogenic influence
with many industrial areas and a population of 85 million
people. None of the sub-basins of the Baltic Sea is con-
sidered to have an acceptable environmental status and
the whole sea is contaminated with hazardous substances
with a status of mainly moderate (HELCOM 2010b).

The volume of the Baltic Sea is approximately 20,000 km?3
(HELCOM 2007a) and the theoretical time for complete
exchange of water with the North Sea is approximately
25-35 years (Skowronska et al. 2009). Baltic Sea consists
of nine sub-basins that differ in size, physiographic and
biological properties and pollution load. Biodiversity is
limited due to these special conditions. Pollutants in the
Baltic Sea has been monitored intensively for decades by
HELCOM (Helsinki Convention on the Protection of
the Marine Environment of the Baltic Sea Area) and its
member states. This has revealed the distribution, trends

in and ecological importance of pollutants. In relation
to HELCOM target levels PCB is top of the listed pol-
lutants followed by Pb, Hg and 13’Cs (HELCOM 2010a).
Eutrophication, hazardous substances in biota and ox-
ygen depletion in bottom waters and sediments are the
most important issues in the Baltic Sea environment. In
this review the focus is directed towards concentrations
and trends in pollutant levels of three metals (Cd, Pb and
Hg) and radionuclides and the factors influencing these
trends.

Many factors affect the concentrations of pollutants,
including anthropogenic emissions, political decisions
and legislation, climate change, eutrophication and fish-
eries. These factors are interrelated and the outcome
difficult to predict. These complex ecological-social sys-
tems require holistic approaches like EBM (Ecosystem
Based Management) or DPSIR (Drivers, Pressures, State
changes, Impacts and Responses) (e.g. Skowronska et al.
2009, Elmgren et al. 2015). Increasing environmental
awareness, technological development and the collapse
of communism in Eastern Europe have resulted in the
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Fig. 1 Land use around the Baltic Sea (data from HELCOM 2002).
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closure of many polluting industries (Vallius 2014). Al-
though emissions of heavy metals and other persistent
pollutants have decreased substantially in the catchment
area over the last few decades there are still worryingly
high concentrations in parts of the Baltic ecosystem.

Loads of Heavy Metals

External pollution comes via rivers and coastal sourc-
es, from the North Sea and the atmosphere. Emissions
originate from urban, agricultural and industrial sources.
The waterborne emissions of Cd, Pb and Hg from rivers
are considerably bigger than the atmospheric deposition
(Table 1). The waterborne inputs include runoff from
terrestrial areas (diffuse, urban and industrial sources
including hotspot areas). The great rivers contribute sig-
nificantly to the load of Cd, Pb and Hg (Table 2). A list of
hotspot areas was established by HELCOM in 1992 and
over two thirds of these sites have now been removed
from the list. The remaining 45 sites include industrial,
agricultural and municipal sources.

Table 1 Annual waterborne emissions and atmospheric deposition
(tonnes) of three metals in the Baltic Sea (inputs of Hg from Polish rivers
not included).

cd Pb Hg
Waterborne inputs (HELCOM 2011) 47.7 282 0.8
Atmospheric deposition (HELCOM 2007b) 5.7 235 2.9

Total input 534 517 3.7

Table 2 The most important inputs (t; average annual inputs for 2005-
2007) of Cd, Pb and Hg via rivers into the Baltic Sea (HELCOM 2010b).

cd Pb Hg
Kemijoki - - 0.06
Lule alv - 4 -
Vistula 9 27 -
Swedish Bothnian Sea coast 4 - -
Kyronjoki 0.24 - -
Daldlven 0.24 - 0.05
Karvianjoki 0.18 - -
Gotaalven 0.19 9 -
Kokemaenjoki 13 10 -
Polish open sea coast - - 0.6
Neva 29 125 -
Narva - 8 0.14
Slupia - - 0.19
Daugava 2.5 14 -
Lupawa - - 0.12
Nemunas 0.12 9 0.8
Leba - - 0.29
Pasleka - - 0.06
Total 38 206 23

The atmospheric deposition of lead remained rath-
er high even after European Union banned the use of
leaded gasoline in vehicles in 2000. According to EMEP
(2013) the annual atmospheric deposition of cadmium
had increased in 2011 to 7.2 tonnes while that of lead and
mercury had decreased to 194 and 2.8 tonnes respective-
ly (Table 3). The greatest emissions came from Poland.
The deposition of Cd is approximately 5-10 g/km? in the
northern parts (Bothnian Bay, Bothnian Sea, Archipela-
go Sea, Gulf of Finland) and approximately 20 g/km? in
the southern parts (Gulf of Riga, Baltic Proper, Western
Baltic, The Sound, Kattegat). For lead the deposition is
approximately 0.5 kg km~2 and approximately 0.7 kg km~2
in the south. For mercury the figures are approximately
6 g km=2and 10g km~2, respectively (Gusev 2015).

The annual amounts of heavy metals deposited from
the atmosphere into the Baltic Sea decreased in the pe-
riod from 1990 to 2012 by 53% for cadmium, 23% for
mercury and 79% for lead (Gusev 2014). The annual an-
thropogenic emission from HELCOM countries made
up approximately 37% of the cadmium, 20% of the lead
and approximately 14% of the mercury, respectively, de-
posited into the Baltic Sea in 2011 (Gusev 2009).

Table 3 Atmospheric deposition (t a~") of three metals in 1990, 2000 and
2013 into the Baltic Sea (Gusev 2015).

cd Pb Hg
1990 16.0 913 45
2000 12,0 429 4.0
2013 56 177 32

Heavy Metals in Sediments

Concentrations of heavy metals in sea water are gen-
erally very low and old results are not necessarily reliable.
Dippner and Pohl (2004) report mean concentrations of
total (dissolved and particulate) metals in the Western
Baltic Sea of 15.5, 84 and 7 ng 1! for Cd, Pb and Hg, re-
spectively. The concentrations are similar above and be-
low the halocline. The concentrations show a decreasing
trend over the period 1990-1995: 62%, 66% and 74% for
Cd, Pb and Hg, respectively. A small but essential part of
the heavy metals in the water is exported into the North
Sea (14%, 4.1% and 26% for Cd, Pb and Hg, respectively).
According to Zalewska et al. (2015) reference values (for
a period of little anthropogenic pressure) for Cd, Pb and
Hg are 0.3 mg kg1, 30 mg kg~! and 0.05mg kg~!, respec-
tively, in the southern parts of Baltic Sea.

In aquatic environments metals and radionuclides are
to a great extent bound to inorganic or organic particles
and sedimented. There are estimates of surface sediment
concentrations and metal accumulation for the northern
parts of the Baltic Sea (Table 4). Metals are removed from
the water phase mainly by sedimentation and fishing.
Sediments act as a sink for heavy metals as new organic
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and inorganic material cover older sediments. The con-
centrations in sediment cores indicate decreasing loads
(Vallius and Leivuori 1999; Leivuori 2000; Vallius 2014).
Heavy metals may be strongly but not totally irreversibly
bound to sulphides or in other forms under anoxic con-
ditions (e.g. Calmano et al. 1993). The binding to more
or less insoluble sulphides is very strong for Cd and Pb,
whereas Hg is enriched to a lesser extent at anoxic sites.
The bioavailability of metals depends on chemical bind-
ing and solubility. In shallow water, especially, biological
activity and currents may mix the sediments and bring
metals back into circulation. As the physical and biolog-
ical conditions of bottoms vary within a wide range it is
difficult to quantify the amounts of metals that are recir-
culated. The estimated annual sedimentation of Cd, Pb
and Hg is 113, 3084 and 6.8 tonnes, respectively, for the
entire Baltic Sea in the 1980’s (Borg and Jonsson 1996).
These figures are much higher than the estimated input
in 2004 (Table 1).

Sediment cores from deep water may reveal temporal
trends in metal sedimentation but dating and interpre-
tation of the results are not always straightforward. The
vertical distribution of metals in sediments varies widely
between different areas. In many cases background val-
ues can be found in sediments from the 19th century,
while anthropogenic influence increases during the 20th
century. Over the last few decades sediment concentra-
tions have decreased as a result of decreased emissions.
In the Gulf of Riga this development is clear for Cd and
Hg, while surprisingly there is only a small decrease in
Pb (Fig. 2; Leivuori et al. 2000). In the Gulf of Gdansk the
highest Pb concentrations (63-147 pg g-!) were meas-
ured in sediments deposited between 1960s and 1970s
and the fraction of anthropogenic Pb was estimated to be
93% (Zaborska 2014). Also in the Gulf of Finland most
trends in heavy metal concentrations (including Cd, Pb
and Hg) are decreasing (Vallius 2012), whereas earlier

Table 4 Average concentrations (mg kg~' d.w.) of Cd, Pb and Hg in
surface sediments and total annual accumulation (t a=") in four sea areas
(data from Leivuori et al. 2000). Estimates for the whole Baltic Sea for the
1980s from Borg and Jonsson 1996 (1) and Leivuori et al. 2000 (2; based
on accumulation in the four northern sea areas).

cd Pb Hg
Gulf of Finland concentration 1.06 50 0.13
accumulation 10.70 452 1.60
Bothnian Bay concentration 0.94 79 0.27
accumulation 4.20 356 1.20
Bothnian Sea concentration 0.37 42 0.09
accumulation 1.60 185 0.40
Gulf of Riga concentration 0.73 39 0.10
accumulation 3.30 175 0.50
Baltic Sea accumulation (1) 113 3084 6.80
accumulation (2) 55 3244 10.30
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Fig. 2 Vertical sediment profiles for Cd, Pb and Hg in the Gulf of Riga as
percentages of background concentrations (mg kg-' d.w.). Age of dated
sediment layers indicated to the left (data from Leivuori et al. 2000).

Vallius and Leivuori (1999) noted increasing Cd concen-
trations in the Gulf of Finland.

Heavy metals, especially cadmium, may be toxic to
benthic organisms. This toxicity may be strongly depend-
ent on temperature, salinity and oxygen concentration.
In general, decreasing salinity and increasing tempera-
ture increases the toxicity of cadmium and other heavy
metals. For lead toxicity stressful salinity enhance the
toxic effects, while temperature has no significant effect.
Suboptimal salinity and temperature may increase the
sensitivity of benthic animals to mercury (McLusky et al.
1986; Strode and Balode 2013).

Heavy Metals in Biota

In the marine environment heavy metals and radio-
nuclides are partly sedimented and partly taken up by
the biota, including fish. The concentrations in fish vary
widely but in most cases the trend is decreasing (Po-
lak-Juszczak 2009, 2013; Voigt 1999, 2007).

A great part of the heavy metals and radionuclides
in the Baltic Sea is bound to living and dead organisms
and biota may significantly affect the fluxes of pollutants.
Knowledge of the different food chains and their dy-
namics is essential for understanding the circulation of
pollutants. Concentrations and trends of heavy metals in
fish, mussels and sediments have been reported for some
decades. During the 1980’s and 1990’ there was an in-
crease and then a decrease after that. The temporal trends
are not always significant and they are different for dif-
ferent samples, areas and pollutants (HELCOM 2010a).

Fish samples, e.g. sprat, herring, cod and flatfish,
analyzed from different parts of the Baltic Sea revealed
significant downward trends for Cd, Hg and Pb (Po-
lak-Juszczak (2010, 2013; Table 5). When analyzing
temporal trends in heavy metals in fish (liver for Cd and
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Pb, muscle for Hg) from different parts of the Baltic Sea
(Jensen 2012) found both increasing (two areas) and de-
creasing (one area) trends in the period 1980-2010 for
cadmium but only decreasing trends for lead (five areas)
and mercury (five areas) in herring. Metal concentra-
tions are usually measured in muscle or liver samples but
whole fish concentrations might reflect the environmen-
tal status better (Boalt et al. 2014).

A removal of biomass e.g. through fishing may sig-
nificantly reduce the total amounts of pollutants in the
aquatic environment (e.g. Mackenzie et al. 2004; Szefer
2013). However, the rough estimates of the amounts of
metals removed from the Baltic Sea through fishing (Ta-
ble 6) seem to be much smaller compared to the above
mentioned (Table 4; Borg and Jonsson 1996) amounts
sedimented in the 1980’s.

Table 5 Concentrations (means + S.D. wet weight) of Cd, Pb and Hg in
the muscle of fish from the Southern Baltic Sea in the period 1994-2003
(Polak-Juszczak 2009, 2010).

Flounder | Year | n Cd pg/kg Pb ug/kg Hg pg/kg
1996 | 21 24+23 22.0+9.0 66 + 26
2003 | 26 1.0£1.0 44+3.6 50+21
Herring 1994 | 40 | 16.0+6.0 39.0+£25.0 84+12
2003 | 54 6.1+3.0 8.0+9.0 22+13
Sprat 1994 | 36 | 29.0+15.0 | 44.0+£31.0 68 £ 25
2003 | 41 | 140+24 11.0£10.0 14+5.0
Cod 1994 | 9 40£1.0 17.0+5.0 11811
2003 | 30 0.1+04 50+7.0 31422

Table 6 Annual removal of Cd, Pb and Hg (kg) by fishing estimated using
catch statistics for 2010 (ICES) and fish muscle concentrations for 2003
(Polak-Juszczak 2009, 2010; concentration for “others” means those for
the above mentioned species). The figures are adjusted upwards by 35%
in order to take into account discards and recreational fishing (Zeller et
al. 2011).

short-lived and 137Cs was the most important long-lived
isotope. The estimated amount of 3’Cs entering the Bal-
tic Sea from this accident was estimated to be 4.7 PBq
(HELCOM 2009). For radionuclides the general trend in
the Baltic Sea environment (water, surface sediments and
fish) is steadily decreasing (HELCOM 2009; Zalewska
and Supliniska 2013).

In the sediments anthropogenic radioactive isotopes
are unevenly distributed with the highest concentrations
in the Gulf of Riga (max. 385 Bq 13’Cs kg~! in the up-
permost layer) and lower concentrations in the north
and west. In the southern Baltic Sea the mean deposition
varied from 1900 in the Bornholm Deep to 5500 Bq m~2
in the Gulf of Gdansk. In benthic plants 137Cs concentra-
tion from 3 to 40 Bq kg~! d.w. were recorded. In bivalves
and crustaceans the 13’Cs concentrations varied from 1 to
5Bqkg-! d.w. and the *Sr concentrations varied from 0.6
to 1.2 Bq kg~! d.w. In herring the 137Cs concentrations have
decreased steadily from approximately 15 in 1989 to un-
der 5in 2010 Bq kg~! d.w. (Zalewska and Suplinska 2013).

Table 7 Sources of inputs (%) of two radionuclides into the Baltic Sea
(HELCOM 2009).

137cs SOSr
Sources beyond the Baltic Sea 4 6
Nuclear weapons testing 14 81
Chernobyl accident 82 13

The greatest part (64-65%) of °°Sr and 137Cs in sedi-
ments is in the Bothnian Sea, while 24! Am is more evenly
distributed between the sea basins. The total sediment
loads of 0Sr, 241Am and 137Cs is estimated to be 21, 8.4
and 2050 TBq respectively (Hutri et al. 2013). The sed-
iment concentrations of these nuclides is very variable
(Table 8). In the Baltic Sea the effective half-life of 137Cs
is estimated to be approximately 10 years and that of °Sr
16 years (Ikdheimonen et al. 2009).

cd Pb Hg
Herring 032 14 16.0 Table 8 Mean concentrations (Bq m?2) of %Sr, 21/Am and '37Cs in
Sprat 2.90 3.8 10.0 sediments in the Baltic Sea (Hutri et al. 2013).
Cod 1.1 0.86 1.1 N Mean S.D.
Flounder 0.002 0.10 0.63 90Sy 22 225 433
Others 0.13 0.17 0.72 241Am 19 65 66
Total 4.4 6.3 29.0 137Cs 22 20,350 26,680

Radionudlides in the Baltic Sea

The most significant sources of anthropogenic radi-
oactivity in the Baltic Sea is fallout from nuclear weap-
ons tests carried out in the 1950s and 1960s and from
the Chernobyl accident in 1986 (Table 7). The major-
ity of the radionuclide emissions from Chernobyl were

Large-scale Environmental Changes and Interacting
Multiple Stressors

Anthropogenic pollution, eutrophication and climate
change are large-scale (global or regional) drivers affect-
ing the Baltic Sea environment. A great number of factors
affect the future development of metal concentrations
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and these factors are often interrelated and the outcome

difficult to predict:

- anthropogenic emissions that are related to technologi-
cal and economic development,

- changes in atmospheric deposition of pollutants,

- political decisions and legislation in countries around
the Baltic sea,

- climate change and changes in temperature, salinity
and water currents,

- changes in eutrophication and oxygen status, and re-
lated changes in biota and

- changes in fisheries and fish stocks.

The factors governing pollutant levels in the Baltic Sea
are to a great extent interrelated (Table 9). Many papers
deal with the predicted effects of an ongoing and future
global climate change (e.g. Philippart et al. 2011; Stérmer
2011; Blenckner et al. 2015). Scenarios for future devel-
opment of the Baltic Sea environment are complicated
and uncertain.

Temperature and Ice Cover

The mean temperature in the Baltic Sea area has been
predicted to increase by approximately 2-5 °C by the
end of this century (HELCOM 2007a; Neumann 2010;
Stormer 2011; Meier et al. 2012; Andersson et al. 2015).
Increasing temperatures will lead to spatially and tem-
porally decreasing ice cover: up to 50-85% decrease in
ice extent by 2100 (Andersson et al. 2015). Decreasing
ice cover affects photosynthesis and other biological
processes. Warming could lead to a lengthening of the
growing season by as much as 20 to 50 days for northern
areas and 30-90 days for southern areas by the late 21st
century (HELCOM 2007a). These changes in tempera-
ture will most probably also affect the species composi-
tion in the Baltic marine ecosystem with more freshwa-
ter species and fewer marine species (e.g. Schiedek et al.
2007). A possible global rise in sea level will also affect
the Baltic Sea and e.g. the exchange of water with the
North Sea.

Increasing temperature may affect both exposure to
heavy metals and other hazardous substances and their
toxic effects (Heugens et al. 2001; Cherkasov et al. 2006;
Lanning et al. 2006). Species of marine origin and cold
water species have limited possibilities to adapt to de-
creasing salinity and increasing temperature (Schiedek et
al. 2007). Higher temperatures may be more favourable
for warm water species including bloom-forming toxic
cyanobacteria (HELCOM 2007a). Elevated temperatures
may enhance bioavailability and toxicity of some hazard-
ous substances (Heugens et al. 2001). Reduced salinity
may enhance uptake of heavy metals by aquatic organ-
isms (McLusky et al. 1986). Exposure to heavy metals in
combination with elevated temperature may increase the
oxygen demand of aquatic organisms (Cherkasov et al.
2006; Lanning et al. 2006).

Input and Concentrations of Heavy Metals
and Radionuclides

The emissions of heavy metals have steadily decreased
during the last decades due to technological improve-
ments. This development will probably continue but per-
haps more slowly than in the past. Heavy metals will still
be strongly bound by anoxic sediments and mostly sep-
arated from the marine ecosystem. Although the trends
for heavy metals in fish are not unambiguously decreas-
ing it is reasonable to predict lower concentrations in the
long run.

Normally the emissions of radionuclides are very low
and the amounts are decreasing as a result of decay. Acci-
dents at nuclear facilities may unpredictably cause emis-
sions and deposition of 137Cs or other radionuclides.

Precipitation, Water Inflow, Evaporation, Salinity
and Acidification

Several estimates (e.g. Graham et al. 2008; Blenckner
et al. 2015) indicate increasing precipitation and increas-
ing inflow of freshwater from rivers. Precipitation may
increase up to 30% in the north, causing both a decrease
in salinity and increase in the input of organic matter. An
increased river runoff will increase the inputs of harmful
substances including nutrients and heavy metals bound
to organic matter (Andersson et al. 2015).

Increase in precipitation in the Baltic Sea area will cause
a decrease in salinity, which may affect water stratification
and the oxygen concentration in deep water (e.g. Stormer
2011; Carstensen et al. 2014; Blenckner et al. 2015). Warm-
er water and decreased salinity may have significant con-
sequences for aquatic organisms. The concentrations of
CO, in the atmosphere is continuously increasing, which
may lead to increased risk of marine acidification (Meier
et al. 2012). Increasing CO, may also enhance photosyn-
thesis. Salinity greatly affects the bioavailability of sub-
stances, e.g. metals, the usual trend being an increase in
uptake at lower salinities. For the Baltic Sea it is important
to remember that most organisms are living in suboptimal
conditions which make them more vulnerable to changes
in environmental conditions (Heugens et al. 2001).

Predicted future changes in climate for different parts
of the Baltic Sea vary with the largest changes in sea sur-
face water expected in summer in the north (Bothnian Sea
and Bothnian Bay) and in spring in the Gulf of Finland
(Andersson et al. 2015; Blenckner et al. 2015). However,
the predicted decrease in salinity at the surface of the sea
will be largest in the southern regions (Danish sea areas).

Eutrophication — Oxygen Depletion

In future the direct emissions of nutrients will proba-
bly decrease due to changes in agricultural practices and
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more effective treatment of waste waters, but the total
runoff will increase and have uncertain effects on nutri-
ent runoff, primary production and the oxygen status of
the Baltic Sea. In the long run eutrophication and algal
blooms will decrease but no rapid enhancement can be
expected (e.g. Elmgren et al. 2015). The Baltic Sea is the
largest anthropogenically induced hypoxic sea area in the
world (Carstensen et al. 2014) and a significant improve-
ment in its oxygen status is unlikely (Stormer 2011; Meier
et al. 2012). It is likely there will also be large areas with
hypoxic/anoxic bottom waters and sediments in the fu-
ture but the trend is uncertain.

Fish, Other Biota and Biodiversity

Decreasing salinity will cause a change towards more
brackish and freshwater species (e.g. Niiranen et al. 2013).
Fishing affects the amounts of pollutants and nutrients
removed from the ecosystem but also through changes
in populations of fish and other aquatic organisms (e.g.
zooplankton). Older fish usually contain higher concen-
trations of hazardous substances, which means that fish-
ing policy could also be used to direct the flows of heavy
metals (Elmgren et al. 2015). Climate change will most
probably affect both the exposure to (bioavailability) and
toxic effects (including regulation processes) of harmful
substances (Heugens et al. 2001; Schiedek et al. 2007).

Table 9 Interrelated factors and pressures governing pollutant levels
in the Baltic Sea.

Direct anthropogenic influence:
- Emissions to water and air

- Atmospheric deposition

- Fishing

Natural processes:

- Riverine inflow, exchange with North Sea
- Evaporation

- Sedimentation

Changes related to climate change:
—Temperature, ice cover
- Precipitation, water inflow, salinity

Changes related to eutrophication:

- Emissions and concentrations of nutrients
- Eutrophication, photosynthesis, biomass
- Anoxia or hypoxia in sediments

- Fish and other biota, biodiversity

Legal Framework, Political Strategies
and Economic Consequences

In order to reduce pollution and enhance coordinated
measures for the protection of the marine environment
the Helsinki Commission, HELCOM, was established as
a result of a convention that was accepted in 1992 and
entered into force in January 2000. The convention lists
harmful substances, including heavy metals and radioac-

tive substances. HELCOM adopted the Baltic Sea Action
Plan (BSAP) in 2007 and this plan was revised in 2013.
The plan aims to limit or reduce eutrophication and con-
centrations of hazardous substances and promote scien-
tific cooperation and monitoring. A good ecological sta-
tus of the Baltic marine environment should be achieved
by 2021. The action areas include agriculture, industry,
urban areas, hazardous substances, wastes and marine lit-
tering as well as planning, monitoring and establishment
of protection areas. The goals for hazardous substances
are:

- Concentrations of hazardous substances close to natu-
ral levels.

- All fish are safe to eat.

- Healthy wildlife.

- Radioactivity at the pre-Chernobyl level.

The HELCOM strategy in relation to climate change is
to mitigate adverse effects and enhance the resilience of
the Baltic marine environment to future changes in cli-
mate. This will include measures:

- to mitigate eutrophication by intensifying the reduc-
tion of waterborne and airborne nutrient inputs,

- to continue and intensify measures to reduce inputs
of heavy metals and persistent or hazardous organic
pollutants,

- to reduce emissions from maritime transport and stop
vessels from releasing ballast water,

- to enhance the protection of marine and coastal land-
scapes and habitats and, in particular, the conserva-
tion of native Baltic species (HELCOM 2007a).
Heavy metal emissions are also regulated by the Con-

vention on Long-Range Transboundary Air Pollution by

heavy metals (CLRTAP-HM). It was adopted in Aarhus

(Denmark) in 1998 and entered into force in 2003. It tar-

gets, especially, mercury, cadmium and lead. According

to the convention participating countries are committed
to reduce their emissions of these three metals below
their levels in 1990 by using the best available techniques.

TheultimatetargetleveloftheBSAPistoreachnearback-
ground concentrations of cadmium and mercury in fish.
The maximum levels for fish muscle is 50 and 500 pg kg-!
cadmium and mercury, respectively (higher levels per-
mitted in pike and eel). Especially for mercury, the back-
ground levels in fish are usually clearly lower than the
maximum levels (e.g. Voigt 1999, 2007; Polak-Juszczak
2009, 2010). For '*7Cs the target is pre-Chernobyl lev-
els, which is 2.5 Bq kg=! (w.w.) for herring muscle and
2.9 Bq kg~! (w.w.) for plaice and flounder muscle. During
the period immediately after the establishment of HEL-
COM and BSAP the inputs of heavy metals into the Baltic
Sea were significantly reduced. The legal base for BSAP
is two EU directives directly relevant to the Baltic Sea
environment: the Water Framework Directive (WFD)
and the Marine Strategy Framework (MSFD). The stra-
tegical base is an ecosystem-based management (EBM)
with humans as integral parts of the managed system (e.g.
Blenckner et al. 2015).
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A healthy sea has several benefits for the general pub-
lic: recreation, fishing, boating etc. Eutrophication and
pollution are a considerable nuisance as they result in un-
healthy fish and a decrease in recreational value. Differ-
ent combinations of eutrophication, climate change and
fishing policies may affect the stocks of cod, sprat and
herring very differently (e.g. Niiranen et al. 2013). These
changes may also have considerable economic effects.
Climate change is estimated to cause cost the Baltic Sea
area: 15 billion euros if the climatic change is moderate
and 36 billion euros if it is extreme (Ahlvik and Hyvytiéi-
nen 2015).

Concluding Remarks

Eutrophication and climate change are major prob-
lems for the marine environment of the Baltic Sea. The
amounts of heavy metals circulating in biota are small
but it is still important to monitor their concentrations
and effects, even though the emissions have been signifi-
cantly reduced. Metal concentrations in water, sediments
and biota are still too high in many areas. This is true e.g.
for cadmium and mercury in sediments (Vallius 2014).
The amounts of radionuclides are small and their activity
decreasing. Large scale changes, like eutrophication and
climate change affect ecosystems in many ways, directly
and indirectly, causing biological and abiotic effects. The
factors influencing metal concentrations are interacting
in a complex manner that is difficult to predict. The HEL-
COM cooperation has been successful but there are many
serious problems that remain to be resolved including
many of the predicted effects related to climate change.
Measures aiming to enhance the ecological status of the
Baltic Sea will certainly give positive results but this will
take at least several decades (Noyes et al. 2009; HELCOM
2010b; Sobek et al. 2015). The time scale is very short in
a geological sense but long in a political context.
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