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Even though the dioxin concentrations in the Baltic Sea have declined dramatically from the levels in the
peak years due to various actions taken, the concentrations of these compounds in fatty fish (salmon and
herring) still sometimes exceed the limit values set for foodstuffs by the European Commission. In this
thesis, the overall situation of the Baltic Sea dioxin emission problem is framed by interviewing dioxin
experts. The aim of the study is to find out how different experts conceive the dioxin emission problem in
the Baltic Sea, the current situation and the future prospects for dioxin emissions and concentrations in
the Baltic Sea, as well as to find out uncertainties and potential management measures to reduce dioxin
in the Baltic Sea. As part of the interviews, mental models in the form of influence diagrams were used as
a problem framing tool in order to graphically model this complex issue.
The most important dioxin sources to the Baltic Sea have switched from industrial point sources to more
diffuse sources. Most of the experts were convinced that atmospheric deposition is nowadays the most
important dioxin source contributing to the Baltic Sea dioxin input, and that so will it be in the future. Even
though it seems quite clear that most of the dioxins to the Baltic Sea nowadays come from air, many of
the experts emphasized that it is unclear what exactly are all those diffuse sources forming the atmospheric
dioxin emissions. Diffuse sources are harder to measure than point sources, and also harder to reduce.
Between the experts there was some variation for example in which sources the experts considered to be
important. The experts had very differing perceptions of the importance of the sediment leakage of dioxins.
This study indicates that there is need for further research on the sediment leakage of dioxins. In addition,
there seems to be uncertainties about the bioaccumulation of dioxins from different sources.
All the interviewed experts were in understanding that the dioxin levels in the Baltic Sea will continue to
decrease in the future. The dioxin levels in fish in future depend on the actions taken now. The general
view among the dioxin experts of the management of the Baltic Sea dioxin problem was that there is no
any simple and unambiguous measure to reduce the dioxin levels in the Baltic Sea from the current
levels. According to most of the experts, limiting the air emissions is the primary thing to do in order to
control the dioxin emissions. Most of the experts emphasized that the dioxin sources are not known well
enough. Therefore, it is not really known, where the focus should be in reducing the dioxin emissions.
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Tiivistelmä – Referat – Abstract
Vaikka Itämeren dioksiinipitoisuudet ovat laskeneet huomattavasti huippuvuosien tasosta, Itämeren
rasvaisen ruokakalan (silakan ja lohen) dioksiinipitoisuudet yhä toisinaan ylittävät EU:n dioksiineille
asettamat raja-arvot. Tämän tutkielman tavoitteena on muodostaa kokonaiskuva Itämeren
dioksiiniongelmasta asiantuntijahaastatteluiden avulla: mikä on ongelman nykytilanne ja millaisia
tulevaisuudennäkymiä on dioksiinien lähteille ja dioksiinipitoisuuksien kehitykselle Itämeressä.
Tarkoituksena on myös löytää dioksiiniongelmaan liittyviä epävarmuuksia sekä mahdollisia
vaikutuskeinoja, joiden avulla Itämeren dioksiinipitoisuuksia voitaisiin vähentää. Asiantuntijahaastattelujen
lisäksi tutkielmassa käytettiin ongelmanrajauksen apuna mentaalisia malleja, vaikutuskaavioita, tämän
monimutkaisen ongelman graafiseen esittämiseen.
Itämereen päätyvien dioksiinien tärkeimmät lähteet ovat vaihtuneet teollisuuden pistelähteistä
hajalähteisiin. Lähes kaikki asiantuntijat olivat vakuuttuneita siitä, että ilmalaskeuma on merkittävin
dioksiinilähde Itämerelle, ja tulee olemaan myös tulevaisuudessa. Vaikka onkin melko selvää, että suurin
osa Itämeren päätyvistä dioksiineista on nykyisin peräisin ilmasta, asiantuntijat painottivat, että on
epäselvää, mistä kaikista lähteistä ilmalaskeuma koostuu. Hajalähteitä on pistelähteitä hankalampi mitata,
ja myös hankalampi säädellä. Asiantuntijoiden näkemyksissä oli kuitenkin jonkin verran eroja siinä, miten
merkittäviksi he kokivat tietyt dioksiinilähteet. Eniten eroja oli näkemyksissä siitä, miten merkittävää on
dioksiinien vapautuminen sedimenteistä. Vaikuttaa siis siltä, että tieto sedimenteistä vapautumisesta on
puutteellista ja aiheessa olisi tarvetta lisätutkimukselle. Myös eri lähteistä peräisin olevien dioksiinien
kertyminen kaloihin vaikutti olevan epäselvää.
Kaikki asiantuntijat uskoivat, että Itämeren dioksiinipitoisuudet tulevat laskemaan myös tulevaisuudessa.
Tulevaisuuden dioksiinitasot riippuvat kuitenkin toimista, joita tehdään nyt. Asiantuntijoiden yleinen
näkemys oli, ettei dioksiiniongelman ratkaisemiseksi ole olemassa mitään yksiselitteistä ratkaisua.
Ilmapäästöjen rajoittaminen oli useimpien asiantuntijoiden mukaan tärkein toimenpide dioksiinipäästöjen
vähentämiseksi. Kuitenkin, asiantuntijat korostivat, että koska tieto dioksiinin lähteistä on puutteellista, ei
myöskään tiedetä, minne dioksiinipäästöjen vähentämistoimenpiteitä tulisi erityisesti kohdistaa.
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1

Introduction

Dioxin concentrations in Baltic herring and salmon have been a public concern in Finland and other
Baltic Sea countries. The adverse health effects of dioxins were realised in the 1970s, when also their
emissions to the environment were highest (Airaksinen et al. 2014, Hites 2011). Since then a lot of
work has been done to reduce the dioxin concentrations in the Baltic Sea and elsewhere. Even though
the dioxin concentrations in the Baltic Sea have declined dramatically, the concentrations of these
compounds in fatty fish still sometimes exceed the limit values set for foodstuffs by the European
Commission (Airaksinen et al. 2014, Elmgren et al. 2015).
Dioxins are persistent organic pollutants (POPs) that accumulate in food chains and may cause
negative health effects for different species, including humans (Tuomisto et al. 2011). They are fatsoluble and accumulate in the fatty tissue of animals. Humans are exposed to dioxins mainly through
their diets (Tuomisto et al. 2011). In Finland and Sweden fish and fish products are the main source
of dioxin and dioxin-like compounds for humans (Kiviranta et al. 2003, Törnkvist et al. 2011,
Karjalainen et al. 2012, Elmgren et al. 2015). Exposure to high concentrations of dioxins has been
linked to many kinds of health effects, such as reproductive and developmental problems, damages
in the immune system and carcinogenic effects (Kulkarni et al. 2008, Tuomisto et al. 2011). It is hard
to estimate all the possible health risks of dioxins and therefore they are not perfectly known.
However, developmental disorders to children, who are exposed to dioxins during breast-feed or
pregnancy, have been regarded the most important problem and more essential than the carcinogenic
effects, which have been highlighted in public discussion (Tuomisto et al. 2011). Fish-eating birds
and top-predator marine mammals living in the Baltic Sea are also exposed to high levels of dioxins
through their diets. Exposure to dioxin-like compounds (DLCs), especially dl-PCBs has been linked
to many adverse health effects in wildlife populations, such as reproductive problems in Baltic seals
(Helsinki Commission 2004). However, the confirmation of the link between exposure to DLCs and
adverse health effects in wildlife populations is difficult, so many suspected linkages stay unclear
(Assmuth & Jalonen 2005). In most cases where DLCs have been strongly associated with adverse
health effects, the situation has already improved or is improving (Assmuth & Jalonen 2005).
The European Commission has banned the selling of fatty fish caught from the Baltic Sea in which
the maximum permitted levels of dioxins and dioxin-like compounds are exceeded. Only Finland and
Sweden are granted an exemption to sell Baltic salmon and herring with dioxins exceeding the limits,
and Latvia has an exemption for salmon. The exemptions imply a requirement to inform the
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vulnerable section of the population about the dietary recommendations concerning the consumption
of these fish species (European Commission 2014).
One of the goals in Helsinki Commission’s Baltic Sea Action Plan is to get the Baltic Sea undisturbed
by hazardous substances. The objective is to get the concentrations of hazardous substances, for
example dioxins, close to natural levels and all fish safe to eat. The dioxins are also listed to be subject
to continuous minimization with the ultimate goal of elimination where feasible on the Stockholm
Convention on Persistent Organic Pollutants (UNEP 2009, see table 1).
Concerns about the dioxin-related health risks have a negative impact on the value and appreciation
of the Baltic Sea fish as a source of food and on the whole Baltic Sea. For example in Finland, the
use of domestic Baltic herring for food has declined from 1,2 kg per person per year in 2000 to 0,3
kg in 20131. At the same time, the consumption of imported fish has increased significantly2. The use
of herring as human food is low also in most other countries of the Baltic Sea. For the Finnish fishing
industry, herring is the most important wild fish species in the Baltic Sea3. Most of the herring is used
in fishmeal and fish oil industry and as animal fodder in fur farms. When producing fishmeal and fish
oil dioxin is removed from the final products using special methods (Baron et al. 2007). A reduction
in the dioxin content of the Baltic Sea fish could increase consumers’ interest in eating those fish.
Especially Baltic herring could provide healthy and inexpensive local food for people in Baltic Sea
countries. Even though the dioxin is not the only reason for the consumers’ reduced interest towards
Baltic herring, it significantly reduces for example the possibilities to export herring outside the EU.
Lower dioxin levels could increase the potential to export Baltic herring.
Several studies have analysed the dioxins and dioxin-like compounds in the Baltic Sea. The focus of
dioxin-related research has mainly been the occurrence of dioxins in the ecosystem and their
accumulation to the biota (Assmuth & Jalonen 2005). A big proportion of the knowledge about
dioxins in the Baltic Sea is from environmental monitoring. Swedish Museum of Natural History has
conducted a long-term monitoring program and followed temporal trends in dioxins in the muscle
tissue of Baltic herring. In Finland there has not been similar long-term monitoring program, but
dioxins in samples of Baltic herring have been analysed in several research projects since 1978

1

Luonnonvarakeskus (2015). Kalan kulutus. Available at http://www.rktl.fi/tilastot/aihealueet/kalan_kulutus/.
[Accessed 17.07.2015]
2
Luonnonvarakeskus (2015). Kalan ulkomaankauppa. Available at
http://www.rktl.fi/tilastot/aihealueet/kalan_ulkomaankauppa/ [Accessed 17.07.2015]
3
Luonnonvarakeskus. (2014). Ammattikalastus merellä. Available at
http://www.rktl.fi/tilastot/aihealueet/ammattikalastus_merella/. [Accessed 17.07.2015]
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(Airaksinen et al. 2014). Time trend analyses from herring data show that the dioxin levels in Baltic
herring have decreased remarkably from the peak concentrations in the 1970s and nowadays in most
of the herring samples the polychlorinated dibentso-p-dioxin (PCDD) and polychlorinated
dibentsofuran (PCDF) concentrations are below target levels (Bignert et al. 2014, Airaksinen et al.
2014). Despite the significant PCDD/F decline in Baltic herring, the monitoring results have shown
that during the last decades the PCDD/F concentrations in herring have not declined as much as would
be expected from the observed declines of the dioxin concentrations in the environment (Wiberg et
al. 2013, Bignert et al. 2008). There has also been research on the PCDD/Fs contamination history in
the Baltic Sea and the major sources of PCDD/Fs based on sediment samples (Assefa et al. 2014ab,
Sundqvist et al. 2010, Korhonen et al. 2013, Verta et al. 2007).
Concentrations of dioxin and dioxin-like compounds in food and human intake estimations have been
studied in different Baltic Sea countries (Struciński et al. 2013, Karjalainen et al. 2013, Karl &
Lahrssen-Wiederholt 2013, Roots et al. 2011, Zacs & Bartkevics 2014). According to these studies,
fish and fishery products are major sources of dietary exposure to dioxins in Baltic Sea countries. The
risk of high dioxin intake does not apply to general population in Baltic Sea countries, but vulnerable
population groups such as children and women of fertile age as well as subpopulations consuming
oftentimes fatty fish originating from the Baltic Sea may be at an elevated health risk (Struciński et
al. 2013, Karjalainen et al. 2013). The dietary recommendations are considered as an effective tool to
avoid these risks (Struciński et al. 2013, Karjalainen et al. 2013, Roots et al. 2011).
Even though the PCDD/F levels have been declining in Baltic Sea sediments, Assefa et al. (2014b)
and Shatalov et al. (2012) state that there are worrying observations for dioxins in European air. Many
previous studies conclude that better understanding of PCDD/F sources and especially better
knowledge of the origins of atmospheric PCDD/F sources is important in order to design management
measures to reduce the emissions (HELCOM 2004, Assmuth & Jalonen 2005, Armitage et al. 2009
Sundqvist et al. 2009, Shatalov et al. 2012).
In this thesis, the overall situation of the Baltic Sea dioxin emission problem is framed by interviewing
dioxin experts. By interviewing the experts, it is systematically studied how different experts conceive
the dioxin problem in the Baltic Sea. The aim is to picture both the current situation and the future of
dioxin emissions and concentrations in the Baltic Sea, as well as to find out main uncertainties related
to the problem and potential management measures to reduce dioxins in the Baltic Sea. As part of the
interviews, mental models in the form of influence diagrams are used in order to graphically model
this complex issue. There is a lot of uncertainty around the dioxin sources contributing to the Baltic
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Sea. The dioxin sources and possible management measures for them have not been studied widely.
The compilation of expert knowledge can bring out new viewpoints and show up tacit knowledge,
and therefore enhance the overall view of the Baltic Sea dioxin problem.
This thesis is made as part of the GOHERR project (Integrated governance of Baltic herring and
salmon stocks involving stakeholders), funded by the joint Baltic Sea research and development
programme BONUS. The main aim of GOHERR is to analyse the potential benefits of the integrated
ecosystem-based governance of Baltic salmon and herring in decreasing the dioxin content of these
fishes, in managing the risk that the dioxin poses to humans, and in improving the sustainable use of
the stocks. For exploring the potential of alternative management schemes in achieving human health
related, ecological, and social utilities under different uncertainties, a Bayesian decision support
model will be built. The results of this thesis will contribute to the decision support model in terms
of information about what kind of prospects there are for dioxin concentrations in the Baltic Sea for
the future and what kind of interventions could be used to reduce the concentrations. The GOHERR
project is coordinated by the The Fisheries and Environmental Management Group (FEM) from the
University of Helsinki. The group focuses on the interaction between ecosystems and human society.
Integrating different sources of data and knowledge by Bayesian analysis is one of the group’s main
research interests along with decision analysis of the sustainable use and management of renewable
resources and biodiversity; the identification and quantification of risks in the use of natural
resources; and cross disciplinary modelling of exploitation processes of natural resources in the face
of risks and uncertainty in the information.
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2

Dioxins in the Baltic Sea

2.1 Dioxins
Dioxins are a group of chemically and structurally related, cyclic halogenated hydrocarbons. The
term ‘dioxin’ usually refers to polychlorinated dibentso-p-dioxins (PCDDs) and polychlorinated
dibentsofurans (PCDFs). There are 210 chemically different PCDD/Fs. Seven of 75 different PCDDs
are specifically toxic, including for example highly toxic 2378-TCDD, which is said to be one of the
most toxic man-made chemical (Hites, 2011). Ten of the 135 different PCDFs have dioxin-like
properties. Some polychlorinated biphenyls (PCBs) have dioxin-like properties and effects, so they
are called dioxin-like PCBs. 12 of 209 different PCBs have dioxin-like toxicity (Kulkarni, 2008). In
this thesis the main focus is on PCDD/Fs and the term ‘dioxins’ is used in order to refer to these
compounds. PCBs are not taken into deeper examination.
The toxicity of dioxins is expressed using toxic equivalency factor (TEF). This factor expresses the
toxicity of a dioxins, furans and dioxin-like PCBs in terms of 2378-TCDD -dioxin, which is the most
toxic form of dioxin. The factor values are between 0 and 1. TEF-value of 2378-TCDD is 1. The
current TEF-values are estimated by WHO in 2005. The toxicity of a mixture of dioxins can be
expressed using toxic equivalency, TEq. The toxic equivalency of a mixture of dioxins is calculated
by summing the masses of each chemical in a mixture multiplied with their relative toxicity (TEFvalues). (Tuomisto et al. 2011.) The European Commission has established the limit values for the
maximum permissible concentrations of dioxins in foodstuffs (European Commission, 2014). For
muscle meat of fish and fishery products the maximum level for the sum of dioxins is 3,5 pg/g fresh
weight (WHO-PCDD/ F-TEQ).
Nowadays the dioxins are found throughout the world (Tuomisto 2011). They have very slow rate of
degradation and therefore they can travel in the atmosphere over long distances via the winds
(Helsinki Commission 2004). From the atmosphere the dioxins are removed either by deposition or
photodegradation (Kulkarni et al. 2008). In aquatic ecosystems the hydrophobic characters of
PCDD/Fs influence their fate. Dioxins tend to bond with particulate matter, humic substances,
plankton and other small particles (Korhonen et al. 2014). After binding with the particles, dioxins
join the sedimentation process or enter the food chain (Armitage et al. 2009, Verta et al. 2007).
Resuspension of sediment particulate matter can release dioxins back to the circulation (Armitage et
al. 2009). Sediment burial is the main sink of PCDD/Fs in the Baltic Sea. However, sediment burial
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is a very slow process, so the dioxins stay available in the marine environment for a long time
(Armitage et al. 2009).
There have been several famous dioxin accidents in the world that have increased the public
awareness about the adverse health effects of dioxins and accelerated the environmental regulation.
The Chick Edema Disease, Agent Orange, Times Beach disaster and the Seveso accident are wellknown severe dioxin contamination incidents.
Chick Edema Disease. In 1957 millions of chickens were killed by a mysterious disease in the United
States (Firestone 1973). The cause of the disease was traced to a fatty acid product that was used as
chicken food supplementary. This fatty acid was produced in the tanning industry, where it was
contaminated by chlorinated phenols that were used to the cowhides as preservatives (Hites 2011). It
took years before dioxins were identified as the cause of the disease (Hoogenboom et al. 2015).
Understanding of the origins of the disease eliminated the problem by the 70s, but in the mid-80s the
disease appeared again. This time the cause to the disease was the wood preservative chlorophenol
that had contaminated the wood shavings used as chicken beddings (Hites 2011).
Agent Orange. During the Vietnam War between 1961 and 1972 the U.S. military used an herbicide
called Agent Orange as defoliant to destroy bushes and wood crops in order to eliminate the forest
cover for the North Vietnamese and Viet Cong troops. Agent Orange was a mixture of two herbicides,
2,4,5-T and 2,4-D, but it was also contaminated with small amounts of highly toxic 2378-TCDD. The
exposure to Agent Orange was later revealed to cause serious health issues, such as soft-tissue
sarcoma, non-Hodgkin’s lymphoma, Hodgkin’s disease, chronic lymphocytic leukemia, and
chloracne, for the U.S. servicemen and Vietnamese population (Stone 2007, Hites 2011).
Times Beach, Missouri. In the early 1970s in Times Beach, Missouri, Russell Bliss used the technique
of spraying waste oil to control dust in horse arenas and on unpaved roads. In 1971, the spraying
resulted in the death of tens of horses and small birds at the Shenandoah Stables. The same oil had
been used also at some other horse stables, where similar kind of problems occurred. Later it came
out that the oil used for spraying was waste oil from The Northeastern Pharmaceutical and Chemical
Company (NEPACCO) and it was contaminated by the 2378-TCDD. In total 38 sites were
contaminated by dioxins in Missouri according to the local EPA. The entire town of Times Beach
was evacuated in the beginning of 1983. The Times Beach tragedy brought dioxins to national
attention in the United States and also provided a push to create new environmental laws regulating
waste disposal. (Carter et al. 1975, Hites 2011.)
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Seveso, Italy. In 1976 there was an explosion accident in a small chemical manufacturing plant in the
town of Meda in the northern Italy (Hites 2011). The plant produced trichlorophenols. The explosion
released toxic chemicals to the atmosphere. The chemical cloud was transported by the wind and
most of the contamination landed to the town of Seveso. Thousands of animals were killed and
children were taken to hospital due to skin reactions. Couple of days later traces of 2378-TCDD were
found in soil samples. The accident led to the evacuation of hundreds of people from the most
contaminated area and restrictions to eat products grown in the area. Epidemiological monitoring
programs following the possible health effects reported ca. 200 cases of chloracne, but no other effects
on humans were observed until over 20 years later the long-term monitoring program observed that
the children of fathers who had exposed to high levels of 2378-TCDD in 1976 had a sex ratio
significantly skewed toward female children (Moracelli 2001, Tuomisto et al. 2011). The Seveso
disaster brought dioxins to public attention and gave an impulse to the creation of new industrial
safety regulations. The European Commission adopted a so-called “Seveso-directive” (Directive
82/501/EEC)4 in order to prevent such accidents.

2.2 Sources
In the beginning the research on dioxins was mainly focused on the 2378-TCDD and its
contamination in chemical products (Hites 1990). The chemical industry was considered as the major
source when dioxins where found in samples. For example, all the dioxin incidents described in the
chapter 2.1 have resulted from dioxin impurities in chemical products, especially chlorinated phenols
(Hites 2011). Later the research expanded to cover other PCDD/F compounds as well. In 1977 Olie
et al. published a paper where they described their findings of dioxins in fly ash of municipal
incinerators. This was an important discovery that showed that the dioxins had two major sources:
they were formed in chemical industry as by-products of chlorinated aromatic compounds and also
they were emitted from the combustion of municipal and chemical wastes (Hites 1990).
Hites (1990) has traced the sources of dioxins from lake sediments by using methods such as isotope
dilution, electron capture, negative ion and gas-chromatographic mass spectrometry. The dioxins
deposited to a lake or sea accumulate in the sediments so the sediments preserve a record from the
atmospheric deposition. In his article (1990) Hites concluded that most of the dioxins found in the

4

European Commission (2015). Industrial Accidents. Available at: http://ec.europa.eu/environment/seveso/ [Accessed
18.03.2016]
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sediment samples taken from the Great Lakes in the US were combustion-based sources instead of
industrial leakages. In addition to sediment samples, Hites analysed dioxins in atmospheric samples
taken in the city of Bloomington, Indiana. PCDD/F compounds were found also in the air samples,
although in low concentrations, and the concentrations were compatible to the sediment samples.
Research on historical dioxin concentrations has shown that the considerable increase in dioxin
emissions started in the beginning of the 20th century (Hites 1990, Weber et al. 2008), which indicates
that the dioxins are mainly formed in anthropogenic processes (Kulkarni et al 2008). It has been
recognized that the change in chemical industry led to higher volume production of chloroalkali
products and organochlorines (Weber et al. 2008). In the beginning of the chlorine industry, the
harmful effects of dioxin emissions were not known and the emissions continued to increase (Assefa
et al. 2014b). The dioxin concentrations in the environment maximized in about 1970, after which
the concentrations have significantly decreased due to global measures to reduce PCDD/F emissions
from industrial processes (Hites 2011).
There are traces that the dioxins existed already during the preindustrial era, even though in very low
concentrations (Tuomisto et al. 2011). Burning of organic material, such as wood and peat, have been
suggested to be sources of pre-industrial dioxins (Tuomisto et al. 2011, Meharg & Killham 2003). In
1996 dioxins were found in tertiary ball clays of the Mississippi embayment, which were used as anticaking agent in animal feed production (Schmitz et al. 2011). Since then, similar kind of dioxin
contaminations have been detected repeatedly in several tertiary kaolin or ball clays in the US, Europe
and Asia. The PCDD/Fs in the clays are very unlikely of anthropogenic source. Schmitz et al. suggest
in their study (2011) that the PCDD/Fs are either generated in soils by natural abiotic processes or
biotransformation, or originate from forest fires or other abiotic processes, where they were released
to the atmosphere.
Kulkarni et al. (2008) divided the major sources of dioxin into four categories: 1) incineration sources,
2) combustion sources, 3) industrial sources and 4) reservoir sources. Incineration of municipal
sewage waste, hospital waste, hazardous waste or sewage sludge can generate dioxin and release it to
the environment (Kulkarni et al. 2008). Dioxins are formed in incomplete burning, when the needed
components, carbon, oxygen, chlorine and metal catalysts are present and the temperature is optimal
(Tuomisto 2011). According to Kulkarni et al. (2008) in addition to incineration the main combustion
sources of dioxins are cement kilns, wood burning, crematoria, coal-fired utilities and in some cases
also diesel vehicles. In addition to those, residential combustion and small-scale waste burning have
been regarded as sources of dioxin (Helsinki Commission 2003, Krupanek et al. 2011).
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The main industrial sources of dioxins according to Kulkarni et al. are pulp and paper production,
metal industry and chemical manufacturing. Using elementary chlorine in pulp and paper bleaching
has led to significant dioxin releases to water and land (Kulkarni et al. 2008, Assefa et al. 2014).
However, the chlorine bleaching technique is generally not used anymore (Helsinki commission
2004). In metal industry dioxins are formed in processes such as metal smelting and sintering of iron
ore (Kulkarni et al. 2008). Chemical industry is one of the earliest known sources of dioxins. Dioxins
are formed as by-products in the manufacturing of chlorine-containing chemicals, such as chlorinated
phenols, PCBs, phenoxy herbicides, chlorinated benzenes, chlorinated aliphatic compounds,
chlorinated catalysts and halogenated diphenyl ethers (Kulkarni et al. 2008). Chlorophenol products
have been used as wood preservatives in sawmills and forest industry, where they also caused dioxin
emissions to the environment (Assefa et al. 2014). The use of pentachlorophenol as a wood
preservative was banned in many countries from the late 1970s (Assefa et al. 2014).
When released to the environment the dioxins accumulate in soils, sediments, vegetation and organic
matter (Kulkarni et al. 2008). These reservoirs may act as secondary sources of dioxins if the dioxins
are redistributed back to the circulation in the environment.
The European Commission organized a large inventory of European PCDD/F emissions between
1985 and 2005 (Quaß et al. 2004). This so-called “European Dioxin Emission Inventory” analysed
emission testing data from various facilities in the EU and some other central European countries.
The inventory revealed that the iron ore sintering is probably the most important dioxin source in
Europe, the municipal waste incineration being on the second place. The report concluded also that
data from the emissions of considerable number of facilities is still missing, especially the Spanish
and Italian metal industries. According to the inventory the industrial emissions of dioxins in Europe
have declined during the study period, whereas the emissions from non-industrial sources, such as
domestic solid fuel combustion, illegal incineration of household waste and accidental fires have
declined only little. In the future the emissions form non-industrial sources will probably exceed the
industrial emissions of dioxins. There is a lot of uncertainty around the non-industrial sources,
because there are only few studies estimating the emissions from these sources.
Also in the Baltic Sea area some research has been done on the sources of dioxins found in the Baltic
Sea. For instance, Sundqvist et al. (2012) and Assefa et al. (2014a) have identified sources of dioxins
by analysing sediments samples taken from the Baltic Sea. According to these studies there seems to
be spatial variation of the major dioxin sources in the Baltic Sea. In the southern Baltic Sea
atmospheric sources and emissions from incineration and other combustion processes are more
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important than in the north (Sundqvist et al. 2010) and contribute more than 80% of the dioxin sources
(Assefa et al. 2014a). In the northern parts of the Baltic Sea the impacts of local sources, such as the
historical use of chlorophenols as wood preservatives and the use of elementary chlorine in paper
industry are more significant and contribute ca. 50 % of total sources (Assefa et al. 2014a).
Atmospheric deposition seems to be the main source in the offshore and pristine areas, whereas in
the coastal areas, especially in the Gulf of Finland and in the Bothnian Sea, the land-based sources,
such as the chlorophenol use in pulp and paper production and other wood-industry related activities
are important sources (Sundqvist et al. 2010, Korhonen et al. 2013). Coastal emissions may also
influence offshore areas in addition to the atmospheric loads (Sundqvist et al. 2010).
Armitage et al. (2009) used the POPCYCLING-Baltic model to create a PCDD/F -budget for the
Baltic Sea, focusing on the Baltic Proper and the Bothnian Sea. The budget created by the model
showed that the atmospheric deposition was the major source of dioxins to the area on focus. The
simulations made for the future suggest that the freely dissolved PCDD/F concentrations in water will
continue to decrease over the next 20 years, and this reduction could be accelerated by reducing the
dioxin emissions to European air.
In the technical report of EMEP (The European Monitoring and Evaluation Programme) Centres Joint
Report for HELCOM Bartnicki et al. (2013) presented their results of the model evaluation of the
atmospheric input of PCDD/Fs to the Baltic Sea. The modelling was carried out using MSC-E
Eulerian Persistent Organic Pollutant transport model MSCE-POP and in the computations the latest
available official information on PCDD/F emission from HELCOM countries and other European
countries was used. The results of the modelling conclude that small-scale combustion, public power
sector and industrial processes are the major dioxin sources in the Baltic Sea area. The modelling
estimates that the contribution of anthropogenic dioxin emissions from HELCOM countries
(Denmark, Estonia, Finland, Germany, Latvia, Lithuania, Poland, Russia, Sweden) depositing to the
Baltic Sea is approximately 34%, which means that a big part of the deposition comes outside the
Baltic Sea countries.
Also Shatalov et al. (2012) traced the origins of PCDD/Fs in the Baltic air using an atmospheric
modelling approach. They used the EMEP database of dioxin emissions as inputs to the model and
compared the predicted levels with measurements of dioxins in air and deposition fluxes from three
monitoring stations in Sweden. According to the results of the modelling it seems that the air from
central, eastern and southern parts of Europe contains significantly higher amounts of dioxins that the
air from western and northern parts of Europe. Shatalov et al. (2012) conclude that there is still poor
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understanding of which emission sectors are the main contributors to the Baltic Sea. Further
reductions of the air emissions of dioxins are needed, and to monitor these emission reductions, the
emission reporting needs to be improved.

2.3 The history of the Baltic Sea dioxin contamination
The Swedish studies about PCDD/F –concentrations in the Baltic Sea sediment cores showed that in
Baltic Sea the dioxin peak levels occurred earlier in coastal areas than in offshore areas (Assefa et al.
2014b). The peak levels in coastal areas occurred around 1975 and in offshore areas 1-2 decades later,
around 1991. The time trends made by Assefa et al. (2014b) also showed, that the half-lives of dioxins
have been shorter in coastal than in offshore areas. From the peak levels dioxin concentrations have
declined significantly. In coastal areas the declines were steeper than in offshore areas, approximately
80% from the peak levels (Assefa et al. 2014b). These reductions confirm that the international
actions to reduce PCDD/F emissions have been effective in reducing the dioxin input to the Baltic
Sea.
Baltic herring (Clupea harengus) is a good and often used indicator to monitor PCDD/Fs and PCBs
in the Baltic Sea, because those lipophilic chemicals easily accumulate in fatty herring. Herring is
also abundant all over the Baltic Sea. However, the information of dioxin concentrations in Baltic
herring is scattered, from varying sampling locations and does not cover a continuous time period
(Airaksinen et al. 2014). In Finland there has not been a continuous monitoring program, but PCDD/F
concentrations in herring muscle have been analysed for several different research projects since 1978
(Airaksinen et al. 2014). Airaksinen et al. (2014) combined the results from several previous research
projects to analyse time trends of PCDD/Fs in Baltic herring. The highest concentrations during the
study period 1978-2009 were measured in the 1978 samples, after which there was approximately
80% decrease, from approximately 20 to 5 pg/g fw (fresh weight), expressed as WHO2005 TEq. In
the last year of the study period, 2009, 55% of the samples were below the EU maximum acceptable
levels set for PCDD/Fs (3,5 pg/g fresh weight). Most of the samples that exceeded the maximum
levels were old herring (approximately >17 cm), the consumption of which is advised to be restricted.
When the old herring was excluded, 94% of the samples were below maximum levels. Airaksinen et
al. (2014) suggest that the concentrations of PCDD/Fs and PCBs in Baltic herring may decrease in
the future as well.
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There seems to be spatial variation in dioxin concentrations in the Baltic herring (Karl & Ruoff 2007).
The concentrations of PCDD/F in herring muscle have reported to be higher in the north, at the
Bothnian Sea, compared to Bothnian Bay or Baltic Proper (Bignert et al. 2104, Airaksinen et al. 2014,
Kiviranta et al. 2003). The higher dioxin concentrations in the northern stock may be explained by
their slower growth rate and lower lipid content (Airaksinen et al. 2014, Miller et al. 2013). Leaner
and slower growing herring contain higher concentrations of dioxins compared to fat and faster
growing herring, because the dioxins accumulate in fish in time. The herring in the Gulf of Bothnia
grow more slowly than in the Baltic proper because of poorer feeding conditions (Airaksinen et al.
2014). Diet can be an important factor determining PCDD/F concentrations in herring due to
bioaccumulation and biomagnification of dioxins through trophic levels (Miller et al. 2013). A dietary
shift from zooplankton to organisms of higher trophic levels increases the dietary PCDD/F intake of
herring (Airaksinen et al. 2014).
Despite the significant PCDD/F decline in Baltic herring from the high concentrations in 1970s, some
recent reports investigating temporal trends of dioxins in herring have shown that in recent years
PCDD/F concentrations have not declined as much as would be expected from the observed declines
of the dioxin concentrations in the environment (Wiberg et al. 2013, Bignert et al. 2008). Also
Airaksinen et al. (2014) noticed that among young herring most of the reduction in dioxin
concentration occurred before 1990s, and during 1993-2009 there was no significant reduction in
dioxin concentrations. The results of a long term monitoring programme conducted by the Swedish
Museum of Natural History are in line with these findings and suggest that the PCDD/F
concentrations in Baltic herring have been relatively stable since the mid 1990s (Miller et al. 2013).
It is not known why the dioxin concentrations in Baltic herring are not following the decreasing trend
of the dioxin emissions and concentrations in Baltic Sea sediments (Miller et al. 2013). Miller et al.
suggest that this is partly influenced by herring biology (e.g. growth, lipid content and reproductive
phase), which in turn may be affected by local environmental conditions such as salinity or
temperature.
However, recent reports concerning dioxin concentrations in the Baltic Sea suggest, that the PCDD/F
concentrations in the water of the Baltic Proper and the Bothnian Sea (Armitage et al. 2009) and
Baltic herring (Airaksinen et al. 2014) will continue to decrease in the future. Armitage et al. (2009)
state, that the reduction could be accelerated by reducing the PCDD/F concentrations in the
atmosphere. Also Assefa et al. (2014b) suggest that future actions should focus on the reduction of
atmospheric emissions.
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2.4 Dioxin regulation
Dioxin emissions to the environment are regulated by many kind of legislation and included in several
international agreements. The most relevant policy statements to control PCDD/Fs and dl-PCBs are
listed in table 1.
The two internationally binding agreements regulating dioxin emissions are The United Nations
Economic Commission for Europe (UNECE) Convention on Long-Range Transboundary Air
Pollution (CLRTAP) and Stockholm Convention on Persistent Organic Pollutants. The CLTRAP
convention that came into force in 1983 was the first international legally binding convention to
broadly control the air pollution problem. The convention requires parties to reduce their PCDD/F
emissions below the 1990 levels (or an alternative year from 1985 to 1995) and establishes limit
values for PCDD/Fs from major stationary sources (UNECE 2015). On Stockholm Convention the
dioxins are listed to be subject to continuous minimization with the ultimate goal of elimination where
feasible (UNEP 2009).
The European Union has adopted several policy statements concerning dioxin emissions. The most
important EU directive regulating dioxin emissions is the Industrial Emission Directive (2010/75/EU)
that came into force 2011 and after 2014 it has replaced former directives on Integrated Pollution
Prevention and Control and Waste Incineration. Another main part of the EU’s dioxin policy is the
Communication on a Community Strategy for Dioxins, Furans and Polychlorinated Biphenyls
adopted in 2001. The strategy aims to assess the current state of the environment and of the ecosystem,
reduce human exposure to PCDD/Fs and PCBs in the short-term and to maintain human exposure at
safe levels in the medium to long term, as well as to reduce the impact on the environment (European
Commission 2001).
Helsinki Commission (HELCOM) established the first recommendations to control hazardous
substances in the Baltic Sea in early 1980s (Assmuth & Jalonen 2005). In the HELCOM objective on
hazardous substances from 1998 the dioxins are listed with the objective to reduce concentrations of
these substances close to the natural levels (Helsinki Commission 2010). Dioxins are also concerned
in HELCOM recommendations relating to the incineration of household waste and the use of scrap
material in the iron and steel industry (Helsinki Commission 2010).

16
Table 1. Relevant policy statements to control PCDD/Fs and dl-PCBs.

Policy statement

Scale

Year

Content

Convention on Long-Range

Global

1983

Requires parties to reduce the PCDD/F emissions below

Transboundary Air Pollution

the 1990 levels and establishes limit values for PCDD/Fs

(CLRTAP)

from major stationary sources.

Stockholm Convention on

Global

Persistent Organic Pollutants

2001 (in force

Requires measures for reducing or preventing releases of

2004)

dioxins to the environment, ultimate goal of eliminating
the emissions where feasible.

Integrated pollution prevention

EU

2008-2014

Required member states to establish permit conditions

and control directive (IPPC)

based on the Best Available Techniques (BAT) for a wide

(2008/1/EC)

variety of industry sectors. Replaced by Industrial
Emissions directive (2010/75/EU).

Waste incineration directive

EU

2000-2014

(2000/76/EC)

Set maximum permissible limit values for PCDD/F
emissions to air and water from waste incineration.
Replaced by Industrial Emissions directive (2010/75/EU).

Industrial Emissions Directive

EU

2010

(IED) (2010/75/EU)

Minimising pollution from various industrial sources.
Based on several principles: (1) an integrated approach, (2)
best available techniques, (3) flexibility, (4) inspections
and (5) public participation.

EU Community Strategy for

EU

2001

A strategy to limit the presence of dioxins, furans and

dioxins, furans and PCBs

polychlorinated biphenyls (PCBs) in the environment to

(COM(2001)593 final)

protect human and animal health and the environment.

EC Regulation on persistent

EU

2004

Identification and reduction of POP emission with the

organic pollutants

ultimate aim of elimination, where feasible. Appropriate

(850/2004/EC)

programs and mechanisms to monitor the presence of
dioxins, furans and PCBs in the environment.

HELCOM’s strategy for

Baltic

hazardous substances

region

HELCOM Recommendation

Baltic

24/4

region

HELCOM Recommendation

Baltic

28E/8

region

1998

Concentrations of hazardous substances close to natural
levels, all fish safe to eat.

2003

Reduction of emissions, including dioxins, from iron and
steel industry.

2007

Environmentally friendly practices for the reduction and
prevention of emissions of dioxins and other hazardous
substances from small-scale combustion.
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The main problem related to the dioxins is the issue on human health. Because the main pathway of
human exposure to dioxins is via food, the human exposure has been regulated by limit values set for
dioxins in foodstuffs, as well as by dietary recommendations.
The World Health Organization (WHO), in collaboration with the Food and Agriculture Organization
(FAO) has established a maximum tolerable human intake level of dioxins via food. WHO has also
established and regularly re-evaluated toxic equivalency factors (TEFs) for dioxins and related
compounds. The European Commission has set up limit values for the maximum permissible
concentrations of dioxins in foodstuffs (European Commission 2014). For muscle meat of fish and
fishery products the maximum level for the sum of dioxins is 3,5 pg/g fresh weight (WHO-PCDD/
F-TEQ). Finland and Sweden have had since 2002 an exemption to sell fish exceeding these limits
within their domestic markets or to non-member states (European Commission 2014). Finland and
Sweden are required to ensure that the vulnerable groups of consumers are fully informed of the
dietary recommendations concerning restrictions on consumption of Baltic Sea fatty fish. They also
have to report every year to the Commission the results of their monitoring of the levels of dioxins
and dioxin-like PCBs in Baltic Sea fish.
According to the dietary recommendations made by the Finnish Food Safety Authority Evira,
children, young people and persons of fertile age should not eat large herring over 17 cm or
alternatively salmon or trout caught from the Baltic Sea more than 1–2 times per month5. The Swedish
recommendations limit the consumption of these fish species to 1-2 times per year for the most
vulnerable consumers6.

5

Finnish Food Safety Authority Evira (2015). Kalan syöntisuositukset. Available at
http://www.evira.fi/portal/fi/elintarvikkeet/tietoa+elintarvikkeista/elintarvikevaarat/elintarvikkeiden+kayton+rajoitukset
/kalan+syontisuositukset/. [Accessed 11.06.2015.]
6
National Food Agency Sweden. (2015). Dioxiner och PCB. Available at http://www.livsmedelsverket.se/livsmedeloch-innehall/oonskade-amnen/miljogifter/dioxiner-och-pcb/#Rekommendationer. [Accessed 11.06.2015.]
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3

Methodological approach

3.1 Expert knowledge
The Baltic Sea dioxin problem is a very multidimensional and multidisciplinary problem, as most of
the environmental problems are. In this study, the aim was to piece together the overall picture of the
current situation and the future of the dioxin sources contributing to the Baltic Sea dioxin problem.
Dioxin experts with different backgrounds were interviewed in order to get a good understanding of
the dioxin sources and what could be done to reduce the dioxin concentrations in the Baltic Sea.
The review of previous literature about the Baltic Sea dioxin problem showed that there is lot of
uncertainty around the dioxins: for example, the sources of dioxin emissions are poorly known.
Therefore, there may be differences between the experts from different fields in what do they consider
as the most important sources of dioxins and what are the most relevant management measures to
control the problem. There may also be individual or contextual differences in how severe the experts
consider the Baltic Sea dioxin problem.
A common definition to an expert is a person having a great deal of knowledge in a particular subject
area (Saaristo 2000). Expertise includes also advanced skills to organize this knowledge and to use it
effectively (Tynjälä 1999). An expert has an ability to create new knowledge based on previous
knowledge he or she already has. Advanced problem-solving skills are a distinctive feature of
expertise as well. Often the knowledge of an expert is acquired by a long scientific education.
According to Saaristo (2000), the traditional basis of expertise is science, professions and institutions.
However, expertise is contextual, and in some cases, the expertise can be acquired for example via
personal experiences (Saaristo 2002). In this study, all the interviewed experts were researchers with
academic background. Many of them were professors or Philosophy Doctors. Therefore, they
represent the classical form of expertise.
Expert knowledge consists of explicit knowledge and tacit knowledge (Bradley et al. 2006). Explicit
knowledge is knowledge that a person is aware of, and it can easily be expressed, articulated and
codified. Tacit knowledge is a type of knowledge originally defined by Michael Polanyi in 1958
(Polanyi 2012). As opposite to explicit knowledge, tacit knowledge refers to knowledge that is
difficult to transfer to other people by verbalizing or writing down it. However, people use tacit
knowledge in their actions; tacit knowledge has also been described as “know-how”.
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In this study, an expert’s tacit knowledge can be knowledge that remains "silent" for some reason.
For example, it is not brought out in the scientific articles etc., because it is left in the shadow of the
actual or more important research questions. The tacit knowledge might not even be expressed by
words or text, but still it might control thinking. Sometimes tacit knowledge can also be experienced
as a truism. Because none of the experts that were interviewed had especially concentrated on
studying the dioxin emissions and management measures, there is also the question about what is the
relationship between the experts’ knowledge about the Baltic Sea dioxin problem and the actual
expertise of the experts. Because the interviewed experts have done different kinds of research related
to the dioxins, part of their knowledge may be “background information” or in that sense tacit
knowledge, that it is used to provide background for the research, even though the expert’s main
expertise is on something else.
Because expert knowledge is socially constructed and embedded in different contexts (Jung et al.
2014), the background of the experts affects how they perceive the dioxin issue and bring forward
their knowledge. The Baltic Sea dioxin problem is not particularly politicized or sensitive issue, and
the experts interviewed in this study represent relatively independent institutions. Hence, the
institutional context is probably not affecting the results significantly. However, the experts are
individuals who may have differing values or interests.

3.2 Interviews and their analysis
Because of the nature of the research question in concern, a qualitative research method was chosen
(Strauss & Corbin 1990). In this study a qualitative interview method was used in order to get an
overall view about the current situation of Baltic Sea dioxin problem, as well as prospects for the
future. In total 9 dioxin experts were interviewed in June – August 2015. The main focus of interest
was to find out how different experts perceive the Baltic Sea dioxin problem: what is the current
situation of the Baltic Sea dioxin concentrations, where do the dioxins come from, what are the future
prospects for the dioxins in Baltic Sea and what kind of management measures could be used for
solving the problem.
Six of the interviewed experts were Finnish researchers from the Finnish Environment Institute
SYKE, Finland’s National Institute for Health and Welfare (THL) and the Natural Resources Institute
Finland (Luke). Three Swedish experts were also interviewed from Stockholm University, Umeå
University and the Swedish Museum of Natural History. All the interviewees were researchers with
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academic education. The interviewed experts were researchers in the fields of environmental
chemistry, organic chemistry, environmental science, ecology, fish toxicology and public health. All
of them had done research related to dioxins. One social scientist and one environmental engineer
were also asked to give an interview, but they either did not reply or replied that they are not
specialized enough in dioxin issues. The number of interviews was not determined beforehand. When
choosing the experts for interviews, snowball sampling was used. The interviewees were asked if
they could recommend some other people to be interviewed. Only Finnish and Swedish experts were
chosen, because of the limited amount of time and other resources. The Baltic Sea dioxin problem
has also mainly been researched in Sweden and Finland and the problem is most considerable in these
countries. Because only Finnish and Swedish experts were chosen to this study, there were a limited
number of possible experts for the interview. The selection of the dioxin experts interviewed in this
study represents relatively well the institutions that are doing research on the Baltic Sea dioxin issues.
It would have been interesting to interview also an authority responsible for dioxin emission
regulation or an expert specialized on dioxin air emissions. However, it was difficult to find such
persons having knowledge especially of dioxins, because the dioxins are, however, only a narrow
part of all environmental contaminants.
The interviews were semi-structured, the interviewer followed a prepared list of questions and topics
needed to be covered, but also other relevant topics that came up from the conversation were
discussed. The Finnish experts were interviewed in Finnish and Swedish experts in English. One of
the interviews was made via Skype, all the others were interviewed face-to-face. The Skype interview
worked very well and there was almost no difference to the interviews made face-to-face. The
interview structure is in Appendix 1. All the interviews were recorded and transcribed for analysing.
In total recorded material was approximately 9 hours and written transcriptions 76 pages.
The interviews were analysed using qualitative content analysis method. Content analysis is a widely
used research technique. It is a flexible method for analysing text documents, such as interview
transcripts. In content analysis the inspected text is classified and analysed in order to provide deep
understanding of the phenomenon under study (Silvasti 2014). In the first phase of the content
analysis the aim was to outline all the relevant parts of the transcripts answering to the framing of the
study question. The transcripts were read through and some notes were written when interesting and
relevant information was found. After that, the data was organized under different themes, i.e. specific
units of information relevant to the study questions. This was done manually in Microsoft Word.
Data-driven approach was used; the categorization of the data was carried out based on a detailed
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analysis of the data. The organized themes were then taken into deeper examination, where each
expert’s view was analysed separately and compared to other experts’ views. The experts are kept
anonymous, because one of the experts wanted to stay anonymous. Instead of their real names, the
experts here are named with letters A-I.

3.3 Influence diagrams
To better conceive and compare experts’ views of the dioxin sources and management measures,
mental modelling in the form of graphical influence diagrams was used as part of the interview
method.
There are several different mental modelling approaches for knowledge representation and problem
framing, such as mind maps, cognitive maps (also called as causal maps), and concept maps. Mind
maps consist of a central idea that can be a word, concept or a picture. The ideas related to this central
idea are branching from the central idea. In mind maps the links between the ideas are usually passive,
representing only association (Buzan 1993). Cognitive map is a mapping technique based on causeeffect relations (Nadkarni & Shenoy 2004). When mind maps are usually structured “tree-like”, the
cognitive maps typically form complex networks. Nodes in cognitive maps represent causal concepts
that can be attributes, issues, factors or variables of the domain. A causal connection between two
concepts is represented as a directional arrow and usually labelled with descriptions. Concept maps
are graphs organising and representing knowledge in order to answer to a focus question (Cañas &
Novak 2009). The structure of a concept map is typically hierarchical, the most general concepts on
top and less general concepts below them. The relationships between the concepts are represented by
linking words or phrases.
In this thesis mental modelling was used in the form of influence diagrams, following the logic of
Bayesian belief networks (BBNs). BBNs are graphic models, where several risk factors and their
management options can be linked in one model (Jensen 2001). An influence diagram is a directed
acyclic graph, which may look similar to a cognitive map in the beginning. There are three types of
nodes in influence diagrams; chance nodes representing random variables, decision nodes, which
represent choice points (for example management options), and value nodes representing objectives
or utilities (Haapasaari et al. 2012). The nodes are connected with each other by arrows, which depict
how a variable influences another variable. The BBNs provide a framework to elicit the knowledge
of experts or stakeholders because the methodology is based on subjective knowledge (Varis &
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Kuikka 1997, Hukkinen 1997). For example, Hukkinen (1993) used Bayesian belief networks to elicit
the expert knowledge to describe the agricultural drainage problems in California's San Joaquin
Valley and possibilities for solving them, and Haapasaari et al. (2012) used influence diagrams to
involve stakeholders in framing the Central Baltic herring management problem.
The BBNs can be used to structure the subjective views of the experts in a qualitative way, but mostly
they are used to develop quantitative risk assessment models by adding estimates of the probabilities
for the links between the variables in the diagram and using Bayes theorem to calculate the effect of
a variable on the other variables, in the direction of the links (Jensen 2001). In BBN models, the
strength of the links between variables is usually indicated by conditional probability distributions,
wider probability distribution meaning more uncertain the relationship between the variables
(Rahikainen et al. 2014). The estimates of the probabilities can be made by individual experts or they
can be acquired from separate studies focusing on those links (Hukkinen 1997, Haapasaari et al.
2012). The strength of the links between the variables can be indicated also in simpler ways than
probability estimates, for example by the thickness of the arrows (Haapasaari et al. 2012). In this
study the strength of the links was described using numbers 1-3 (the bigger the number, the stronger
the effect).
In this study the influence diagrams were chosen because of the ability to quantify the links between
the variables and the idea of different types of nodes in the diagram to make difference between
random variables, decision variables and utility variables. The influence diagrams were a natural
choice also because the method is used in the GOHERR project to build the final decision support
model. Influence diagrams have been used also in many other projects of the FEM Group. In this
thesis the influence diagrams were made using similar Bayes-logic that is used in the GOHERR
project and the FEM group in general, but applying it to better fit into this study.
In this thesis the influence diagrams were used to illustrate the experts’ views of the main dioxin
sources and potential management measures to reduce the dioxin emissions, as well as to frame the
complex problem. The influence diagrams represent the experts’ subjective conception of the problem
in question.
The second part of each interview was sketching influence diagrams with the interviewees. As the
semi-structured interview had gone through, the interviewer sketched the influence diagram with the
interviewed expert. The basis of the diagram was a sketch paper with an oval-shaped random variable
“Baltic Sea dioxin input” in the middle. The interviewer filled the diagram according to the answers
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of the interviewee. The experts were asked to name all the relevant dioxin sources contributing to the
Baltic Sea dioxin input. These were marked into the diagram as oval-shaped random variables, a
directional arrow connecting them to the factor “Baltic Sea dioxin input” in the middle. The experts
were also asked to give all these links a number between 1 and 3 to indicate the significance of the
source in comparison to other sources. Number 1 indicated low effect, number 2 moderate effect and
number 3 strong effect.
In addition to the dioxin sources, the experts were asked to name factors affecting the amount of
emissions released from the previously added sources (added to the diagrams as oval-shaped random
variables) and possible management options to reduce the dioxin emissions (marked as rectangle
decision factors). However, some of the interviewees mainly concentrated on the dioxin sources. For
these factors and management measures the experts were asked to give numbers indicating the
strength of the link between the factor or management measure and the source. This task turned out
to be too challenging, so some of the links were let without any number. In the summarizing influence
diagram (see page 51), also diamond-shaped utility factor was added.
When the first interview was conducted, the best way to carry out the sketching of the influence
diagram was not yet clear. An example of the diagram made by the interviewer was shown to the
Expert A in order to clarify the idea of the diagram. The Expert A wanted to modify this example
model instead of starting to build a new diagram from the start. The example model was not shown
for the other experts, the idea of the influence diagram was only explained verbally.
The diagrams were drawn using paper and pen. Later they were redrawn using Microsoft PowerPoint.
The PowerPoint versions of the diagrams were sent again to the specialist, who had the opportunity
to make changes or additions to them. However, only three of the experts wanted to make minor
changes to the diagram. Final versions of the influence diagrams were made using CorelDRAWprogram. The creation of the influence diagrams was also recorded, but not transcribed. The influence
diagrams and the recordings were used to support and fulfil the analysis of the proper interview
transcripts.
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4

Results

4.1 History of dioxin concentrations in the Baltic Sea and the current situation
All the interviewed experts agreed that the dioxin concentrations in the Baltic Sea have declined
remarkably from the peak levels due to increased environmental consciousness and actions taken.
According to the monitoring made by the Swedish Museum of Natural History, the dioxin levels in
Baltic herring declined very fast until the middle of 1980s. However, many of the experts mentioned
that after that the declining trend has not been clear.
”We can see a clear decreasing trend for dioxins in general, but we have for dioxins, unlike
PCBs for instance, we have a long period when nothing happened, so it is just recently started
to decrease again.” (Expert F)
“If you look at the herring, the trend is, it’s not clear. And it depends on which size you look at,
and how long time they have been measuring that size, the time series. If we talk about the
Swedish long term time series, the one that started in the 1970s, that one has over time shown
a clearly decreasing trend, but for the other one that started later, in the 1980s, I think it was,
for those you can’t clearly see decreasing trends, and that has been a bit buzzling. Because we
do see environmental decline of dioxins in many other matrixes in other parts of the world, and
we are expecting, in human tissue for example, and we are expecting to see it declining also in
the Baltic Sea. But it’s not a clear situation. It seems to have levelled off, and it looks that there
are contemporary sources maintaining the levels in Baltic fish.” (Expert E)

The most recent data from the Swedish Museum of Natural History’s monitoring shows that the
TCDD equivalence for dioxins and furans seem to decrease again from the beginning of the year 2000
and this decrease is significant. Therefore, Expert F thinks we can say that the stagnant period has
now changed into a decrease, and that can be seen also for the dioxin concentrations in fish. In Finland
there has not been similar long-term monitoring for dioxin concentrations, but Expert B told that in
2014 started a monitoring program for the dioxin concentrations in Baltic herring obliged by the
marine strategy of Finland7. The measurements are taken every other year.
The interviewed experts agreed that the current levels of dioxins in the Baltic Sea and Baltic Sea fish
are much lower than they have been, so the situation has improved a lot. However, the experts were
7

The Finnish marine strategy, prepared by the Ministry of the Environment together with the Ministry of Agriculture
and Forestry and the Ministry of Transport and Communications, aims to achieve a good state of the Baltic Sea by
2020. The strategy covers the territorial waters and the exclusive economic zone of Finland. (Ministry of the
Environment 2015, http://www.ym.fi/en-US/Nature/The_Baltic_Sea_and_marine_protection/Finlands_marine_strategy)
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in agreement that the situation is still not ideal. Some experts emphasized slightly more than the others
that the problem is still there and there is still need to further reduce the dioxin emissions. “So the
situation is much better, it’s maybe too early to say it is good, we still want the levels to decrease. It’s not as
good as in the North Sea, at least.” (Expert F) Nowadays the dioxin levels in fish still sometimes exceed

the threshold value set by EU, especially in salmon and big herring.
“I think it is, it’s still problematic, if we think about dioxins in herring, and we use herring as human
food source. And then occasionally the levels are then exceeding the threshold set by EU on food and
feed, and that is obviously problematic for human health perspective and also for the local fish
industry.” (Expert G)

4.2 Dioxin sources
“Here there are different opinions, and I would say nobody knows for sure.” (Expert F)

4.2.1

Current and future sources

The historical sources of dioxins are generally well known. There are many previous sources that
are not significant anymore due to various actions taken. For example, the chlorine bleaching of pulp
and paper as well as the manufacture and use of chlorophenol wood preservatives were sources
mentioned by almost all of the interviewees. The experts expected that these sources are not causing
dioxin emissions any more in Finland or Sweden, but they did not know if they are still used
somewhere, for example in Russia.
Even though the historical sources of dioxins are not producing new dioxin emissions anymore, they
still affect to the Baltic Sea dioxin input via contaminated sediments. For example, the erosion of
dioxin-contaminated sediments in river Kymijoki acts as an important secondary source of the
historical sources. The significance of the sediment leakage of dioxins is difficult to measure, and
therefore it is generally not very well known. There were significant differences in the experts’
perceptions of the importance of the sediment leakage. Most of the experts considered the sediment
leakage as a relatively important source of dioxins.
Expert G tells that their research has shown that along Swedish coast the sediments do act as a source
of dioxins to water. The flux has not been measured but it has been modelled, and according to the
model the flux is significant. In offshore areas sediments do not seem to be as significant sources.

26
According to Expert G the dioxin releases from sediment sources will hopefully be reduced as
concentrations in sediments are reduced due to lower dioxin emissions in the future. Also Experts C
and D assume the significance of the sediment leakage to decrease in the future, because in time the
dioxin-contaminated sediments will be covered by new sediment and as the dioxins are buried deep
enough they will stop cycling in the ecosystem. However, Expert D reminds that the dioxins will
remain in the sediments because of their persistent nature. Expert E had a perception that the leakage
from previously contaminated sediments may actually have more important role than has been
thought before. These contaminated hotspots can be of higher importance although they do not make
up high percentage in the apportionment. Expert E concludes that we cannot ignore the hotspots even
though the atmospheric deposition is the most important source (Figure 5). Among the experts there
were also some differing thoughts about the significance of the dioxin leakage from the sediments.
Expert F finds it hard to think that dioxins are leaking from the sediments, because then (s)he would
expect the PCBs also to leak from them and this does not seem to be the case:
“ -- From the middle of 80s nothing happened, but as you can see for the PCBs continued to
decrease. So that’s why I think, really there are different opinions about this, but I find it hard
to say that the sediments were leaking dioxins. Of course you have a lot of dioxins in the
sediments, but then you would expect the PCBs also to leak from them. So an interesting
difference between the PCBs and the dioxins.” (Expert F)

Also Expert I has thoughts that the sediments might not be as important source of dioxins as have
been thought before.
The most important dioxin sources to the Baltic Sea have switched from industrial point sources to
more diffuse sources. Emissions from industrial point sources, often wood and paper related, have
been reduced very much due to actions taken. Most of the experts were convinced that atmospheric
deposition is nowadays the most important dioxin source contributing to the Baltic Sea dioxin input,
and so will it be in the future. “So now we see that atmospheric combustion and atmospheric transport is
very much responsible of what we see in, at least in sediment today.” (Expert G) “Overall, if we talk about the
total amount and what is coming into the Baltic Sea, it’s through the air, and we have been focusing on air
emissions and we should keep focus on air emissions, for sure.” (Expert E) Even though it seems quite clear

that most of the dioxins to the Baltic Sea nowadays come from air, many of the experts emphasized
that it is unclear what exactly are all those diffuse sources forming the atmospheric dioxin emissions.
Diffuse sources are harder to measure than point sources, and also harder to reduce.
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Expert B emphasized that there are differences in the most important dioxin sources depending on
which part of the Baltic Sea is looked at. Expert B says it seems that on the southern Baltic Sea the
dioxin emissions from industry, energy production and heating are relatively bigger than in the
northern parts of the sea. The proportion of global atmospheric deposition of dioxins and furans
decreases towards north. Along the coast of Finland and in the Bothnian Sea the importance of river
discharge increases. In this area the river Kymijoki and the area around the city of Kotka form the
biggest source of dioxins.
“But really, there are these two components, the atmospheric deposition versus this water or
water-particle transport. The sum of them is always in question, wherever to the Baltic Sea you
look at.” (Expert B, see also Figure 2)

Incomplete combustion processes, metal industry and energy production were important sources
mentioned by most of the experts. The used fuel, process technology, flue gas cleaning and waste
treatment are factors affecting the amount of dioxin emissions from combustion processes mentioned
by Expert C (Figure 3). Expert F pointed out that in industrial processes occasional problems or
accidents might cause peaks in dioxin emissions. According to Expert F the storing of filter ashes
from industries is one potential source of dioxins that has not been discussed widely.
Expert A is slightly worried about the decentralized energy production, where energy is produced in
a variety of small power plants. Expert A says that it is interesting to see what will happen to the
concentrations of dioxins and other pollutants around these plants, if the plants combust mixed fuel
and probably also waste, but are small enough to avoid proper flue gas cleaning systems.
Incineration has historically been a common source of dioxins, but the experts did not consider it as
a significant source anymore. According to Expert C the emissions from incineration have reduced
dramatically due to development of combustion technology and improved flue gas cleaning. (S)he is
in opinion that the emissions from incineration are nowadays well under control and regulation.
Incineration is getting more common in the Baltic Sea area, but Expert C does not believe that it will
have significant effects on the dioxin emissions in general. (S)he assumes that locally the new
incineration plants may cause some kind of increase in the dioxin levels. Expert A emphasizes that
incineration should be done in adequate facilities in the right temperature and with an effective flue
gas cleaning system. (S)he points out that the filter ashes from incineration contain high levels of
dioxins and these ashes should be handled properly.
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Almost all of the experts mentioned household combustion as a potentially important source of
dioxins. It seems that the relative importance of household and other small-scale combustion will
increase in the future, because the industrial emissions are already quite well regulated and the dioxin
emissions from the industries will continue to decrease in the future. The total amount of small-scale
combustion emissions is probably not going to increase. Expert D pointed out that small-scale
combustion causes relatively more emissions per produced energy unit than big combustion facilities
with proper flue gas cleaning systems. Small-scale burning is one of the worst emitters of particulate
pollution (also called as particulate matter or PM). Expert D assumes, that sources of particulate
matter and dioxins are roughly the same. (S)he assumes, that in Finland small-scale combustion may
be an important source of dioxins, but it is hard to estimate the size of its impact. According to Expert
E it seems that the dioxin emissions are connected to domestic heating, because higher levels have
been measured in wintertime.
In addition to household combustion, some of the experts mentioned backyard burning as a
potentially important source of dioxin emissions. Backyard burning is for example burning of garbage
in yards or fireplaces, when the combustion conditions are not optimal and any kind of flue gas
cleaning is not in use. The extent of backyard burning is hard to measure and therefore it is unknown
where does backyard burning happen and how much.
Expert D assumes that like household combustion, also the relative importance of uncontrollable
fires, such as landfill and forest fires as a dioxin source will increase in the future. Surprisingly there
are still places where landfill fires happen, and these fires are difficult to defeat. It is hard to estimate
the significance of the contribution of accidental landfill fires and forest fires to the Baltic Sea dioxin
input. However, Expert D believes that in the future the number of landfill fires is going to decrease,
because of the ban restricting landfilling (Figure 4). According to Expert C there may be also some
water-based dioxin leakage from old landfill sites (Figure 3).
Some of the experts mentioned communities as producers of dioxins ending up to the Baltic Sea.
Experts 1 and 5 mentioned storm water inflow (drainage water) as a small source of dioxins.
According to Expert A the dioxins in drainage water originate for instance from household wood
combustion in small-house areas. Also sewage treatment plants were mentioned by some of the
experts, and one expert mentioned the manure sludge from cattle farms. Expert A noted that these
human- or animal-based dioxin sources originate from dioxin-contaminated food and feed that is
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eaten, which is either from the Baltic Sea countries or outside the Baltic Sea area (Figure 1). Expert
A added, that dioxin contaminated food and feed products imported from outside the Baltic Sea
area are possible sources of dioxins. As an example of this, (s)he mentioned a case from a couple of
years ago, when many batches of Italian mozzarella cheese contained limits exceeding amounts of
dioxins. Expert A says that it is hard to monitor this kind of situations and difficult to estimate what
is the importance of these events. (S)he claims that if the monitoring is loosen, contaminated batches
of imported products may end up to the markets more often. According to Expert A the best solution
to prevent this problem is to make the countries of origin to follow the EU-legislation or
corresponding legislation.
Traffic does not seem to be a major source of dioxins according to the experts. The experts B, C and
D pointed out traffic in their influence diagrams giving it moderate weight as a contributor to the
Baltic Sea dioxin input (Figures 2, 3 and 4). Expert B points out that also traffic can be considered as
a combustion source. Expert D has a perception that the combustion of transport fuels does not cause
significant dioxin emissions, but because of the prevalence of traffic it cannot be ignored. (S)he
expects the emissions from traffic to decline in the future for example due to the increased amount of
electric traffic. Expert D and I speculate what will happen if the biofuels will become more common
in the future. They assume that the dioxin emissions from the use of biofuels may be bigger than the
emissions from conventional fuels. Expert E assumed that the emissions from ship traffic in the Baltic
Sea may contribute to the Baltic Sea dioxin input as well, but the amount of these emissions is
unknown (Figure 5). Like the household combustion and other diffuse combustion sources, some of
the experts assume that also the relative importance of traffic as a dioxin source will increase in the
future when the emissions from industrial point sources will decline.
Some of the experts pointed out that there are also natural sources of dioxins. For example, volcanic
eruptions are typical natural sources of dioxins. Expert F mentioned that there is also natural
production of dioxins by microorganisms, but there is only very little knowledge about this.
According to Expert D, one minor source of dioxins is sedimentary clays, which are contaminated
millions of years ago by non-anthropogenic processes (Figure 4).
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Figure 1. The influence diagram of Expert A. Sources (oval random variables): Expert A emphasized the
importance of air deposition from the Europe as the main source of dioxin input to the Baltic Sea. This
deposition consists of industrial emissions and emissions from incineration and other combustion processes,
which are also important sources in the Baltic Sea region countries (moderate effect). According to expert A
the metal industry is the most important dioxin releaser of the industrial sectors. Chemical industry may also
have a small impact. Landfill fires, backyard burning, small-scale combustion in households and cement
production are other combustion sources generating dioxin emissions. Dioxin releases from the reservoirs such
as sediments and contaminated soils have a moderate effect on the dioxin input of the Baltic Sea. These
reservoirs are formed because of the historical use of chlorophenols in forest industry and sawmills, as well as
chlorine bleaching in pulp and paper industry. Community sewages and drainage water may also contain small
amounts of dioxins. The dioxin in municipal wastewater originates from the food the people eat; dioxincontaining fish from the Baltic Sea or dioxin-contaminated food from other countries. The dioxin in drainage
water is deposition from air sources, such as emissions from household combustion. Management measures
(rectangle decision variables): Compliance with existing legislation and the air pollution control technology
(APC) are factors affecting the amount of dioxin emissions from incineration, industrial and combustion
processes. According to Expert A, the EU legislation regulating dioxins is adequate, but it should be properly
implemented in all the European countries, which is not the case yet. In addition to legislation, price is an
important factor determining what kind of APC technology is used. Expert A emphasizes the importance of
centralizing incineration to big incineration plants with a proper process technology and pollution control in
order to reduce dioxin emissions. Expert A also considers management measures to increase public awareness
about dioxin emissions of backyard burning and household combustion as tools to control dioxin emissions.
People should be informed for example that burning waste at home causes emissions of hazardous substances.
Dioxin-contaminated soils for example in former sawmill areas can be remediated and moved to places, where
they do not cause releases to the waterways. In small scale the burning of contaminated soils or sediments is
also an option, but very expensive. According to Expert A it is important to find out the dioxin concentration
of sewage sludge before the sludge is used to any purposes. There might also be need for setting limits
regulating the allowed level of dioxins in sewage sludge.
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Figure 2. The influence diagram of Expert B. Sources: Expert B divided dioxin emission sources into three

categories: atmospheric deposition, dioxin burden from rivers and sediments (waterway pollution), and global
natural emissions. Atmospheric deposition includes emissions from different industrial and combustion
processes such as waste incineration, energy production, oil refining, small-scale combustion in households,
chemical industry and traffic. Expert B assumed that also pulp bleaching may still have a small effect.
According to view of Expert B, the energy production and waste incineration are the most important dioxin
sources contributing to the atmospheric deposition. Expert B presumes that traffic has a moderate effect on the
Baltic Sea dioxin input, whereas the effects of oil refining, small-scale combustion and chemical industry are
low. Volcanic eruptions and forest fires are natural sources of dioxins. The significance of these natural
emissions is mainly weak, but in some cases, for example large forest fires may have a stronger impact. The
historical dioxin emissions from chlorophenol use as a wood preservative and chlorine bleaching in pulp
industry have had a strong impact in the northern parts of the Baltic Sea, such as near the coast of Finland. For
the whole Baltic Sea, the significance of these emissions is less significant. Nowadays there are no new
emissions from these sources, but through releases from the sediment storages, these historical dioxin sources
still have a low effect on the Baltic Sea dioxin input. Management measures: According to Expert B,
prohibiting the dredging in contaminated areas can reduce dioxin releases from the sediment sources, because
dredging the bottom of contaminated river or sea bottom can release the dioxins from the sediments. In theory
the renovation of contaminated sediments, such as the sediments of River Kymijoki is possible by digging
away the contaminated sediments for appropriate handling. That would be a large and expensive operation and
probably not cost-effective and therefore Expert B does not consider it as a potential management measure.
According to Expert B the most important measure in order to reduce dioxin emissions is to further improve
and better control the level of flue gas cleaning in energy production and industrial processes. The control of
emissions from small-scale household combustion may be an important measure, but Expert B does not define
how this could be done.
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Figure 3. The influence diagram of Expert C. Sources: According to the view of expert C, metal industry is
the most significant of source of dioxins, whereas waste incineration, traffic, energy production, small scale
combustion in households and other industrial processes have a moderate effect on the Baltic Sea dioxin input.
There may be still some releases of dioxins from old landfill sites or from sawmill areas, where chlorophenols
have been used. According to expert C the releases from landfill sites are not very significant, but in the case
of Kymijoki the old chlorophenol releases still have a strong effect. Uncontrollable fires, which include forest
fires, landfill fires and backyard burning, have a low impact on the Baltic Sea dioxin input. Management
measures: Process technology and air pollution control technology are significant management measures to
control the dioxin emissions from different industrial and combustion processes. Also the handling of potential
wastes such as ashes from incineration is an important measure. The total allowable emissions from different
industrial and combustion processes are set by legislation and regulation, what affects the technology used.
Technology and the development of fuels are factors affecting the amount of dioxin emissions from traffic.
For example, electric cars do not produce dioxin emissions at all. The fuel used is an important factor also in
energy production. The emissions from forest fires are difficult to control except by extinguishing the fire.
Releases from landfill sites depend on what is landfilled and how the landfill site is filled. Many dioxincontaminated sawmill areas are already renovated. Expert C believes that improvements could be done in
household combustion processes. The modernization of household furnaces and right combustion technique
are possible measures to reduce emissions from household combustion.
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Figure 4. The influence diagram of Expert D. Sources: Expert D considered combustion processes, metal
industry and small-scale household combustion as the major sources of dioxin. According to Expert D, the
fuels used in traffic do not contain much chlorine, but because of its volume traffic is a relatively significant
source of dioxin emissions. Forest fires and landfill fires do not occur very often, but they are processes where
large amounts of chlorine burn in bad conditions, and therefore they cause dioxin emissions. Chemical industry
has historically been an important dioxin source, but nowadays it is not significant anymore. According to
Expert D, one minor source of dioxins is sedimentary clays, which are contaminated millions of years ago by
non-anthropogenic processes. These clays are sometimes used for example as anti-caking agents. This source
is easy to control by not using the contaminated sediments, if the contamination is known. Management
measures: Expert D has a perception that legislation has been an effective tool in regulating the emissions
from industrial and large-scale combustion processes. According to Expert D, these emissions are nowadays
already so well controlled that there is not much more to do by legislation and regulation. On the other hand,
the household combustion might need stronger regulation. Setting standards limiting the emission from
household furnaces and the reduction of the amount of combustion in households by increasing public
awareness could reduce the emissions from small-scale household combustion. However, Expert D is slightly
skeptical about the effectiveness of these measures. (S)he questions how effective the awareness-rising would
be and does not consider bans as a very successful management tool in the modern society. General changes
in the traffic system, such as reduction in the total amount of cars due to better public transportation, affect
also the total amount of dioxin emissions from traffic, even though dioxin emissions are not the main motives
driving this change. Better control of forest fires in Russia, Poland, and Eastern Europe could also be a measure
to reduce dioxin emissions.
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Figure 5. The influence diagram of Expert E. Sources: Expert E considered the air emissions as an important
source having a strong effect on the Baltic Sea dioxin input. The atmospheric deposition consists of emissions
from domestic heating, energy production, metal smelting, all kinds of incineration and other high temperature
processes. Expert E had a perception that the dioxin leakage from sediments contaminated due to the historical
manufacture and use of chlorophenols can be an important source. There is also dioxin-leakage from soils
contaminated by the historical chlorophenol use. Expert E assumes that the leakage from contaminated
sediments is more important than the leakage from land. The inflow of storm water from big cities has a minor
effect on the Baltic Sea dioxin input. The input from rivers has a low effect, because the terrestrial environment
is retaining the dioxins. The River Kymijoki is a hotspot, because it was contaminated due to the production
of chlorophenols. This hotspot can be very important according to Expert E. Expert E assumed that emissions
from ship traffic in the Baltic Sea may affect as well, but the amount of these emissions is unknown.
Management measures: Flue gas cleaning is a way to reduce emissions from processes causing air emissions
of dioxin. In the case of domestic heating, the flue gas cleaning is probably not an easy solution. Expert E
stated that if domestic heating is a source because people burn waste to heat their houses, providing cheap fuel
to people might reduce the burning of waste and therefore reduce dioxin emissions from domestic heating.
Expert E didn’t define where this kind of heating occurs. Informing people about the dioxin emissions from
the domestic combustion is also important. Expert E emphasizes that there is still need for actions to reduce
dioxin emissions and for further research on dioxins.
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Figure 6. The influence diagram of Expert F. Sources: According to Expert F the main source of dioxins to
the Baltic Sea are the internal sources from the Baltic Sea countries. Expert F assumes the impact of these
sources to be probably twice as strong as the impact of the atmospheric input from other European countries.
The internal sources are sources of dioxin emissions that the Baltic countries such as Finland and Sweden can
try to control themselves, whereas the atmospheric input from Europe is more difficult to control from the
perspective of the Baltic Sea countries. The internal sources consist of sources such as garbage combustion in
households or in small facilities; other combustion processes and incineration; steel-, concrete-, chloralkali-,
and pulp industry. Each of these sources has a small impact on the Baltic Sea dioxin input. Even though pulp
industry does not anymore cause as severe dioxin emissions as it used to cause, Expert F assumes that there
may still be for instance changes/accidents in processes, which temporarily may cause dioxin emissions.
Unintentional garbage fires and storages of filter ashes are potential sources as well, but the impact of these
sources is hard to estimate. Forest fires are a possible source of dioxins, but the impact of forest fires is hard
to measure. The historical use of chlorophenols has locally a strong impact on the dioxin input. The
atmospheric input from Europe consists of similar kind of air emission sources than the internal emissions.
Management measures: Industrial emissions of dioxins are regulated by legislation, and expert F believes
that by following the legislation the dioxin emissions are well under control. However, there may be accidents
or misuse that cause bigger emissions. Expert F thinks that there is stronger regulation in the Baltic Sea
countries and the regulation is followed more strictly than in other parts of Europe, because the dioxins have
been such a big issue in the Baltic Sea countries. Expert F assumes that the management measures taken in
Sweden and in Finland have been stronger than they have been in the Europe, where the dioxin problem has
not been as severe. Therefore, in the Europe there might be a need for stronger regulation for processes that
might cause dioxin emissions. Leakage from the sediments is a source, but Expert F doesn’t consider it as a
very important source. Sediment sources are also hard to control, because they are so widespread. Local
sediment sources are possible to be remediated by using some kind of capping. In addition, avoiding dredging
and bottom trawling in sensitive areas can diminish the dioxin leakage from sediments. Capping of
contaminated sediments may be an option in extreme cases.
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Figure 7. The influence diagram of Expert G. Sources: Expert G divided dioxin sources into four categories:
1) atmospheric deposition having the strongest impact on the Baltic Sea dioxin input, 2) river discharge and 3)
leakage from the sediments (moderate effect) and 4) water-based point sources (low effect). The atmospheric
deposition consists of emissions from small-scale combustion, high temperature processes and other industrial
emissions. According to Expert G, the importance of dioxin sources differs in different parts of the Baltic Sea.
In coastal areas, the atmospheric deposition, river discharge and leakage from the sediments are rather equally
important sources of dioxins. In offshore areas, the atmospheric deposition is the most important source. When
considering the Baltic Sea dioxin input in general, Expert G gives the atmospheric deposition the strongest
weight. Also dioxin-contaminated sites may contribute in emissions in air, but Expert G does not think that is
a major source. Expert G believes that small-scale combustion and high temperature processes are more
important sources than industrial emissions and releases from contaminated sites, but emphasizes that it is very
hard to give numbers for the strength of the linking arrows. Sewage treatment plants, drainage from the
catchment area and leakage from the contaminated sites form the river discharge. There is a link between
atmospheric deposition and the drainage from the catchment area, because what is deposited in the catchment
area will finally end up to the river. Apart from Kymijoki, Expert G does not consider river discharge as a very
important source. Point sources can be industrial point sources, such as paper and pulp industry, chemical
industry and metal industry. Expert G cannot say which of those is more important than the others, but says,
that point sources have a bigger role in coastal than in offshore areas. Sewage treatment plants can also be
considered as point sources. Management measures: The emission regulation and control, technical
development and international negotiations are management measures to reduce the atmospheric dioxin
emissions and point sources. Small-scale combustion could be affected by information campaigns and by
making alternatives for garbage burning available. For dioxin-contaminated sites, remediation and capping are
possible management measures. Emissions from sediments can be reduced by reducing current dioxin
emissions in general, because the concentrations is the sediments are affected by the concentrations in water.
In Norway, contaminated sediment sites have been remediated using black carbon amendment. Dioxins sorb
strongly with black carbon, and therefore they are not anymore available for the biota. However, Expert G
does not think that the black carbon amendment could be the solution in the Baltic Sea; instead, the focus
should be on reducing atmospheric emissions.
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Figure 8. The influence diagram of Expert H. Sources: Expert H considered atmospheric deposition as the
major source of dioxins to the Baltic Sea. According to expert H, the leakage from the sediments has a moderate
effect on the Baltic Sea dioxin input, as well as the community sewages. Expert H speculates, what is the effect
of the major Baltic inflow at the turn of the year 2014-2015 to the dioxin leakage from the sediments. (S)he
suggests, that the increased salinity may increase the number of benthos digging the sediments and therefore
accelerate the release of dioxins from the sediments. Expert I suggests also, that the increased amount of microsized plastic waste in the sea may increase the number of particles, where dioxins can bond. This may increase
the bioavailability of dioxins. According to Expert H, the dioxin leakage from land has a small contribution to
the dioxin input of the sea. Part of this dioxin is from atmospheric sources. Management measures: Flue gas
cleaning and the development of combustion processes are management measures to control the air emissions
of dioxins.
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Figure 9. The influence diagram of Expert I. Sources: According to Expert I, the Baltic Sea dioxin input
consists of four main components: atmospheric deposition from the Baltic Sea region, long range
transportation (mainly from Europe), leakage from sediments and river discharge. The atmospheric deposition
from the Baltic Sea region is the most important source, and the long-range transportation second most
important. Sediment leakage and river discharge only have a small impact according to Expert I. Expert I has
a perception that nowadays the most important dioxin emitters forming the atmospheric deposition are small
and middle-sized combustion plants and small-scale combustion in households. It is unclear how much the
small-scale combustion in Europe contributes to the Baltic Sea dioxin deposition. The possible rise in the use
of biofuels may have an effect on dioxin emissions from small and middle-sized combustion plants and smallscale combustion in households, but Expert I is very uncertain about this effect. The river discharge consists
of dioxins leaching from land. The historical hotspots, such as places where chlorophenol wood preservatives
have been used, may still have an impact to Baltic Sea dioxin input due to this leaching. According to Expert
I the increased flooding because of the climate change increases the leakage of solid matter from land, and this
may increase the leakage of dioxins bond in particles. Management measures: According to expert I, the
Stockholm Convention on POPs, CLRTAP-convention, EU-legislation and national legislation are important
management measures to control dioxin emissions especially from atmospheric sources. Expert I points out
that also the climate change regulation affects the flooding in future and therefore it may have an impact to the
dioxin leakage from land. Small and middle-sized combustion plants and small-scale combustion in
households can be regulated by national legislation. Informing people might be a tool to control the emissions
from household combustion. Expert I assumes that the dioxin-contaminated sediments can possibly be
remediated locally, but not in a large scale.
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4.2.2

The source region

Almost all of the interviewed experts had the perception that the long distance atmospheric transport
from Europe is an important contributor to the Baltic Sea dioxin input. Winds carry the dioxins
emitted from the industrial and combustion processes in Europe to the north and the dioxins are
deposited to the Baltic Sea. Depending on the winds, the emissions may come from Central Europe,
Eastern Europe or sometimes probably also from Southern Europe. Some of the experts assumed that
the main source region is in the Central Europe and some that the Eastern Europe. Many of the experts
assumed Poland to be an important dioxin emitter, because Poland is a densely populated country
close to the Baltic Sea and there is a lot of industry in Poland.
There are also local atmospheric sources from the Baltic Sea area contributing to the dioxin input of
the Sea, as well as river discharge from the Baltic Sea countries. The river discharge can be locally
very important contributor to the dioxin input. Expert A assumed rivers running through Poland,
Lithuania and Belarus to be important dioxin sources:
“-- Because in those countries, however, the environmental consciousness in the first place, and
especially the cleaning systems in industry, do not fill the standards like in the Central Europe.
So yes I think from there comes a lot compared to other regions.”

However, Expert B added that there is river discharge of dioxins in Finland and Sweden as well,
because of the “old sins” from previous industrial sources. For example, river Kymijoki in Finland is
still considered an important source of dioxins. In Sweden there are not similar river hotspots like
Kymijoki (Expert G). Many of the experts assumed the air emissions from the Nordic countries are
small compared to the emissions from Central and Southern Europe, because there is not as much
industry in the Nordic countries and the industrial emissions are strictly regulated.
Expert F was not convinced about the major role of European emissions. (S)he finds it very hard to
think that the main source of dioxins is the atmospheric transport from Europe, because the dioxin
levels in fish in the Bothnian Bay are higher than in the southern parts of the Baltic Sea. Expert F
thinks there should be a gradient with the highest levels in the south and then lower levels in the north.
(S)he adds that the differences between the dioxin levels in fish in different parts of the Baltic Sea
may also be due to the differences in the growth rate and the trophic level, which affect the
bioaccumulation of dioxins in fish. However, according to the perception of Expert F the air emissions
from the Europe are not the only important source of dioxins. (S)he wants to emphasize that there is
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still dioxin input from the Baltic Sea region and also the dioxin sources on land should be monitored
(Figure 6).
None of the expert knew how significant the dioxin emissions from Russia are. However, according
to experts A and F Russia does not seem to be an important source region contributing to the Baltic
Sea dioxin input, because the sediment measures do not show higher concentrations along the Gulf
of Finland. Expert G suggests that countries like Kazakhstan, Uzbekistan and Turkmenistan might be
sources of dioxins contributing to the Baltic Sea. These countries have for example many very
contaminated sites due to former soviet industrial sites. Expert G does not want to say that dioxins
are really coming to Baltic Sea from these countries, but (s)he emphasizes that we need more data
where the dioxins come from.
4.2.3

Sources affecting the dioxin contamination of fish

The experts were also asked if they think some of the sources are more important for the dioxin
accumulation in fish. According to Experts A, E, F and H there are differences in the bioavailability
of the dioxins and therefore some of the congeners accumulate in fish more easily than others. Expert
A assumes that the dioxins from historical emission sources as well as “human-based” sources such
as sewage water sources could be more significant in this case. Expert A explains that the dioxin
emissions from these sources are mainly less-chlorinated dioxins, which are the most relevant when
considering the bioaccumulation. Expert E has same kind of understanding. (S)he has the perception
that some special sources, the leakage from the sediments and the previous emissions and use of tetraand pentachlorophenol of the wood preservatives that were used in the 70s, might be more
problematic for fish than other sources. It seems that this kind of contamination is more available for
the fish than the dioxins from the atmospheric deposition. Expert C is in understanding that because
the dioxin accumulation in fish seems to be a local problem, the industrial dioxin emissions via rivers
might be the most significant dioxin sources for fish.
Among the experts there are also differing perceptions of the bioaccumulation of dioxins in fish.
Expert I has the understanding that the dioxin congener profile in herring is similar to the congener
profile of the atmospheric deposition, but for example the congener profile of the river Kymijoki do
not match up to the congener profile in fish. Also Expert G emphasized the role of atmospheric
deposition in this case:
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“The absolutely most important source for the Baltic Sea as a whole is the atmospheric
deposition. And atmospheric deposition is what drives the concentrations in the water column
and also what we have in fish.”

Expert B has a view that the relevance of different dioxin sources to the dioxin accumulation in fish
differs in different locations. Expert B assumed that in the southern Baltic Sea the atmospheric
deposition is more important driver of the dioxin concentrations in fish, whereas in the northern Baltic
Sea the river discharge is more significant. Expert H has interesting thoughts regarding the
bioaccumulation of dioxins. (S)he suggests that the increasing amount of micro-sized plastic particles
in the Baltic Sea may increase the area where the lipophilic dioxins can absorb themselves. Because
of this the dioxin concentrations in fish may increase along with the increasing amount of
microplastics in the Sea.

4.3 Future of dioxins in the Baltic Sea
All the interviewed experts were in understanding that the dioxin levels in the Baltic Sea will continue
to decrease in the future. Many of the experts said that they cannot imagine anything that could worsen
the situation. However, the experts expected the biggest decline to be already in the past and that in
the future the decline will be slower than it has been in the past. The experts believed that some point
the decline is going to level off and stabilize at some level. Expert A says that it is interesting to see
where this level will be in comparison to the EU limit values set for dioxins. Expert E points out that
the dioxin levels in fish also depend on the ecology and the structure of the population, for example
how fast the fish grow.
“I think it will continue to decrease since it started to decrease and we have no ideas or any, I
cannot think of anything that is really going to change the situation to the worse.” (Expert F).
“I think there is a slow decline going on. That’s what I think. But it is annoyingly slow. So if
we’d go two hundred years ahead, I think then the problem has gone. I mean then the levels are
below the limits we have today, and then it depends on whether they will change the limits
again, so you never know. If they changed the limit for the dioxin in feed, food, again, then the
Baltic fish will again be above.” (Expert E)

According to Expert G, the future of the Baltic Sea dioxin concentrations depends on what happens
now:
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“Now the sort of easy sources have been reduced, like the point sources that are easy to regulate
and act on. And now it’s more complicated because we have to, we Sweden and Finland and
other Baltic Sea countries, we have to have discussions with countries that we think emit
dioxins, that we also don’t really know about, we don’t do monitoring in those countries, in
Eastern and Central-East, South-Eastern parts of Europe is not as developed as here.”

Because the response time for the environment takes a long time, even though the dioxin emissions
would be significantly reduced in the near future, in the Baltic Sea there could still be seen levels of
dioxins for many decades.
None of the experts thought that it would be possible to get the dioxin emission to zero, as far as there
is any kind of industrial and combustion processes ongoing. However, the level where the dioxins in
the Baltic Sea will stabilize in the future may be negligible low. “The emissions, even in theory, cannot
be zero. But are they significant at all, that’s a bit different, philosophical question.” (Expert I). The experts

were in agreement that also the dioxin levels in fish probably are never going to be zero. The dioxins
distribute in the environment, so as long as there are dioxins in the environment, there will be dioxins
also in fish.
All the Finnish experts were asked, what they think about the targets set for dioxins and other
hazardous substances in the Finnish Marine Strategy. The objective of the strategy is to reach a “good
situation” for the Baltic Sea, where the hazardous substances, such as dioxins, do not disturb the
functions of the marine ecosystem and do not hinder the use of fish as a human food source. The aim
is that the critical levels set for dioxins in the environment and in fish used for food are not exceeded.
The strategy concludes that this good situation is not going to be reached by 2020. The experts were
asked, when they think this kind of situation could be reached, if not by 2020. The Swedish experts
were not asked about the Finnish Marine Strategy, but about Helsinki Commission’s Baltic Sea
Action Plan (BSAP), that has similar kind of objectives. BSAP’s objective is to get the concentrations
of hazardous substances, for example dioxins, close to natural levels and all fish safe to eat.
The experts found it difficult or even impossible to speculate when these targets could be reached.
Some of the Finnish experts assumed that the Finnish Marine Strategy’s “good situation” could
probably be reached by 2030 or 2040 assuming that the limits are not lowered before that. Some of
the experts were a bit more pessimistic and believed it to take many decades. However, because the
definition for the “good situation” is not unambiguous and it may vary how the experts understood
this, the answers cannot be properly compared.
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One of the experts had a perception that the Baltic Sea Action Plan’s objective to get the
concentrations of hazardous substances close to natural levels and all fish safe to eat is absolutely
impossible for hazardous substances in general. (S)he believed that also for dioxins the target may be
unrealistic, at least it takes a long time before the dioxin levels in the Baltic Sea are close to natural
levels. However, because the dioxins are also listed as high priority chemicals on the Stockholm
convention that the United Nations Environment Programme (UNEP) follows up, the expert is
optimistic that the Baltic Sea will continue to see reduced levels of dioxins. Another expert considered
the Baltic Sea Action Plan’s objective as an excellent target, and believed that it will eventually be
reached. According to this expert the situation was much worse 15 years ago, and then (s)he was
much more worried, but now there are positive signs, for example the positive development of the
PCB concentrations in the Baltic Sea. Another good sign is that the populations of otter, white-tail
seagull and sea eagle, who live on fish, are increasing. This is probably not only because of dioxins,
but PCBs as well. However, the expert emphasizes that it will take a long time before all the fish,
including the big ones, are below the EU levels.

4.4 Reduction of dioxins in the Baltic Sea
The general view among the dioxin experts of the management of the Baltic Sea dioxin problem was
that there is no any simple and unambiguous measure to reduce the dioxin levels in the Baltic Sea
from the current levels. “There is not any unambiguous measure, instead the problem has to be solved caseby-case, and that depends on the resources that are available, amongst other things.” (Expert A) Some of the

experts emphasized that the dioxin sources are not known well enough, so it is not really known,
where the focus should be in reducing the dioxin emissions. On the other hand, the experts seemed
to think that the tools needed for solving the problem already exist, if they only were used properly.
Expert D pointed out that like the climate change, the dioxin problem is not only a local problem in
one or two countries. If for example Finland would manage to significantly reduce its dioxin
emissions, in the whole scale the impact of the emission reductions in one country is not very big.
Also Expert G had similar thoughts:
“I think it’s just in, it is important to understand that this is a very complex matter, and that it
is something that Sweden alone or Finland alone cannot manage. We need to work together
with other countries, not only the Baltic Sea countries, but also moving further east, further
south. And that makes it more complex than perhaps it was before. And it is also important to
have lots of patience in the evaluations of the effects of actions that we are taking.” (Expert G)
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According to most of the experts, limiting the air emissions is the primary thing to do in order to
control the dioxin emissions. However, especially experts A, E, F and G emphasized that the main
sources of air deposition are not known well enough, so there should be more research on the sources
of dioxins. According to Expert F it is possible to find some unknown or forgotten sources.
“Some people may claim that we cannot do anything, what we can do maybe is to fish and then
remove dioxins from the sea. But personally I think that we still have some work to do and we
should monitor the sources we have on land.” (Expert F)

Some of the experts seemed to think that the dioxins are primarily just by-products among other
emissions that are more important to regulate. For example, Expert I claimed that because the
particulate matter is considered as more significant health risk than the dioxins, the reduction of the
dioxin emissions will happen simultaneously, because the particle pollution is aimed to be reduced.
“And in that regard there is an analogy to the situation in the 80s, when the removing of sulphur
from the flue gases started and at the same time quite nicely got rid of many heavy metals as
well, apart from the mercury.” (Expert I)

Also Expert C thought that the combustion processes and flue gas cleaning technologies will develop
in the future, because other emissions are reduced. Because of this, the dioxin emissions will also
decrease.
Many measures have already been taken to reduce the dioxin levels in the Baltic Sea. The experts
mentioned for example the following measures that have been effective in controlling the dioxin
emissions:
•
•
•
•
•

The ban of phenoxy acids used as herbicides in the early 70s
The ban of pentachlorophenol usage
Improvements in big combustion facilities
The change from chlorine bleaching to another bleaching technology in the paper industry
Improved emission control in industries like steel and concrete production

Even though a lot has already been done and the dioxin levels in the Baltic Sea have declined from
the peak levels, the situation could still be better and there are still things to be done in order to reduce
the dioxin emissions. Maintaining the control of industrial and combustion facilities is important, as
well as the yearly emission reporting from different industries. Most of the experts were in
understanding that the emissions from big industrial and combustion facilities in Finland and Sweden
are already very well controlled. In those facilities the processes are well controlled, the temperature
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high enough and flue gas system effective. Expert A emphasized that it is important to ensure these
factors both in all existing facilities and the new facilities to be built. One expert had a view that also
in Finland there could still be improvements in the control of industrial emissions.
The dioxin experts were generally of the opinion that the EU legislation is the tool to regulate the
dioxin emissions in Europe. None of the experts were specialized in dioxin legislation, but most of
them assumed that the current level of dioxin regulation is adequate. According to Expert A the
problem is that not all the EU countries have implemented the regulations in national level. It would
also be important that non-EU countries contributing to the Baltic Sea dioxin input, such as Belarus,
would implement similar kind of legislation. Expert A believes that the fastest way to impact on the
dioxin levels in the Baltic Sea is to get all the Baltic Sea countries to follow proper procedures in
industrial flue gas cleaning as well as sewage treatment.
Expert I mentioned that the international agreements Convention on Long-range Transboundary Air
Pollution (CLTRAP) and the Stockholm Convention, the EU legislation via the EU-directives also
the national legislation are important political measures to reduce the dioxin emissions (Figure 9, see
also table 1). Also Expert I assumes that the current legislation is regulating the dioxins emissions
strictly enough, but the problem is that not all the countries have completed the implementation of
the legislation. Also Expert G assumes that there might be a need to streamline the dioxin legislation
between the countries. Expert F suspects that there might be need for stronger regulation about storing
the filter ashes from companies.
Expert A speculated what will be the effect of the new tendency of the Finnish government to break
off unnecessary regulation, is it going to ease also the regulation on dioxin emissions:
“-- It is interesting now that this new government has started this dissolving of the norms, so
does it meant that the legislation will be eased so that not as much is required than before. The
society is on the way to the direction, to the other direction, where the regulation is going to be
eased off. But how far that will go is of course still questionable, what it is going to cover. “

Small-scale combustion seems to be a potential but challenging target for dioxin emission reduction
measures according to the dioxin experts. Both the household combustion, which means heating of
houses, saunas, fireplaces and furnaces, and the combustion in small and middle-sized combustion
plants seem to be significant sources of dioxins but much less controlled than large-scale industrial
combustion processes. Reduction of incomplete combustion processes and implementing better
combustion techniques in small-scale combustion are options to reduce dioxin emissions. However,
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the experts said that regulating the household combustion is difficult, because it is hard to monitor
and control. Expert D remembered that there have already been some attempts to regulate household
combustion in Finland, but these attempts have not been very successful. Expert D hopes that EUlevel regulation could have bigger impact on household combustion, because in EU there is under
preparation standards setting emission limits for new small-scale solid fuel boilers, such as
fireplaces8.
Many of the experts mentioned knowledge actions as a potential tool to control dioxin emissions from
small-scale combustion sources. People and also small companies that might have this kind of
combustion should be informed so that they are conscious of the dioxin emissions and aware that the
emissions from household combustion needs to be reduced. For instance, Expert A suggests that
information and education should make people understand that waste should not be burned at home
in fireplaces or in backyards. People could also be informed about better combustion techniques. One
of the experts assumes that the Swedish Environmental Protection Agency is already working on
knowledge transfer. Expert E adds that if domestic heating is a significant source, an attempt to reduce
these emissions could be to subsidize the coal prize, if the high prize of coal is making people burn
waste instead of coal. According to Expert E providing cheap fuel could be important, so that people
do not attempt to burn waste to heat their houses.
Most of the experts mentioned remediation of contaminated sediments as one theoretical option to
reduce dioxin leakage from the sediments to the Baltic Sea. In theory it is possible to dig up the
dioxin-contaminated sediments and handle them for example by burning in high temperature.
However, the experts concluded that the remediation of contaminated sediments is very expensive,
and therefore not a usable management measure except for locally in very small scale. The experts
were in understanding that for example the remediation of the river Kymijoki would be a huge
operation and most likely not profitable. According to Expert B another option to reduce dioxin
leakage from the sediments is to restrict dredging in contaminated areas, because the dredging would
resuspend the contaminated sediment in the water. Expert E assumes that in future more attention
should be paid to contaminated sediments and soils.
Other management measures mentioned in the interviews were the restoration of pentachlorophenolcontaminated soils and the remediation of old landfill sites making sure that they are not leaking.
Some experts mentioned also better control of forest fires as a tool to reduce dioxin emissions.
8

The Ecodesign Directive (2009/125/EC) for improving the environmental performance of products, including energy
production appliances. http://ec.europa.eu/growth/industry/sustainability/ecodesign/index_en.htm
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According to Expert D in the Nordic countries the forest fires are already very well controlled, but
better forest fire control in countries like Russia, Poland, Belarus or Ukraine could reduce dioxin
emissions. Expert D ponders if the EU collaboration could have any effect on the situation.
Most of the interviewed dioxin experts mentioned the fisheries management as a potential tool to
reduce the dioxin concentrations in fish. This option is further researched in the GOHERR project
(Integrated governance of Baltic herring and salmon stocks involving stakeholders), which this thesis
is part of.
The experts were asked if there are any new innovations in sight, for example in order to remove
dioxins from the Baltic Sea. None of the experts knew about any new innovation. Some of them did
not believe that that kind of innovation could even be possible. Some of the experts mentioned that
nowadays there are already technologies to remove dioxins from fishmeal using for example activated
carbon. Two experts mentioned also that in some fjords in Norway a black carbon amendment method
is used to restrict the leakage from the sediment up to the overlaying water.
Most of the interviewed experts seemed to think that the regulation limiting the dioxin emissions
should be done on EU level and to be implemented on national level. Many of the experts were in
perception that the dioxin emission reductions in Finland and Sweden would not have a big impact;
instead the reductions should be done especially in Central and Eastern Europe, where the most
important source region of dioxins seems to be. In those countries the emission control is not yet very
strict but there is a lot of industry.
“The effects of that here in Sweden wouldn’t change anything, or in Germany or... Yes, we know
that it’s more Eastern or Central Europe. It doesn’t seem to be UK, France, Spain and those
countries, it doesn’t seem to be there, where we have the problem.” (Expert E)

Experts E and G emphasize that the Baltic Sea dioxin problem should be looked at more as a European
problem, not only as a Finnish-Swedish problem. Expert G said that Sweden and Finland and other
Baltic Sea countries have to have negotiations about emission reductions with countries whose
emissions contribute significantly to the Baltic Sea. “And whether that will be successful or not also
depends on funding sources, I assume, that will deter what we’ll see in the Baltic Sea.” (Expert G). In addition

to negotiations more data is needed where the dioxins come from. According to Expert E, the source
region is known, but it is not known well enough what the main sources in this region are. “We have
the source region but we don’t know which sources we should look at.” (Expert E) Expert G assumed that

there might be also countries outside the Europe whose emissions possibly contribute to the Baltic
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Sea dioxin input. For example, countries like Kazakhstan, Uzbekistan and Turkmenistan might have
sources of dioxins contributing to the Baltic Sea.

4.5 Human consumption regulation
The experts were asked what do they think about the maximum levels set for dioxins, for example
the maximum level for dioxins in fish and fishery products set by European Commission (Sum of
dioxins, WHO-PCDD/F-TEQ: 3,5 pg/g wet weight). Some of the Experts said that they do not have
enough expertise to judge the limit, but most of the experts had some kind of thoughts about the
limits.
The experts pointed out that the EU’s maximum level for dioxins in fish and fishery products is not
based on risk assessments, but on the distribution of the dioxin concentrations measured in these
products. The aim of the limit value is to protect EU citizens from excessive exposure to dioxins and
to guide authorities, when a product should be recalled. All of the experts were in opinion that it is
better to have some kind of limit for dioxins in foodstuffs than to have no limit at all. However, one
of the experts did not consider the limit values as a very effective tool. According to this expert it is
insignificant if occasional batches of food have limit values exceeding amounts of dioxins, because
the adverse health effects of dioxins are due to a long time accumulation. The expert claimed that
there are mainly unnecessary worries about the crossings of the limit values; instead of monitoring
the foodstuffs the regulation of dioxins should concentrate on reducing the dioxin emissions.
However, the expert admits that the monitoring of the dioxin levels is important in that sense that it
is a way to monitor if the dioxin levels are declining in general.
Even though the EU limit values for dioxins in foodstuffs are not based on risk assessments, some of
the experts pointed out that risk assessments about the toxicological effects of dioxins have been done
as well. According to the Expert A, the toxicological risk assessments seem to support the dietary
recommendations in Finland. However, some of the experts emphasized that there is not a “safe” limit
for dioxin consumption; it is never black and white. Expert G tells that the effects that dioxins can
have on humans are primarily linked to hormone-related diseases, and there are no really good
thresholds for such effects. Both the frequency-based maximum levels and toxicological risk
assessments are tools for authorities, who also have to take into account the positive effects of eating
fish.
Expert F pointed out that in addition to PCDD/Fs there are also other compounds, such as the dioxinlike PCBs that affect to the same receptor than the dioxins. Therefore, to actually make sense, all
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these different chemicals having similar effects should be added and analysed together. In addition to
the limit value for PCDD/Fs, the EU has set other limit values for the sum of dioxins and dioxin-like
PCBs and for the sum of certain PCB compounds (European Commission 2006).
“Other comment that you can make to these threshold levels is that you have different levels.
That one you mentioned is for dioxins and furans. But we also have the dioxin-like PCBs, we
have also brominated dioxins for instance, we have other contaminants that affect the same
receptor. So actually to make sense, we should add all these different chemicals that could do
this receptor. And at least some years ago the PCB were decreasing faster than the dioxins, and
then when you had this sum of, when you summed up dioxins and PCBs, it was easier to be
below this, where the PCBs were included, and that was maybe not fair.” (Expert F)

Expert I had a view that the limit value for dioxins in fish and fishery products set by EU is in good
place if the aim of the dioxin policy is that the limit value is reachable. According to this expert the
limit values of some other contaminants are questionable because they are either unreachable or too
easy to reach. (S)he thinks that for some persistent organic pollutants there should not be limit value
at all, but instead they should be totally get rid of. The perspective of the Stockholm Convention is
that kind of. “-- If politicians are impressed by condition maps, so if these maps are red for all compounds,
is it motivating or de-motivating or de-moralizing? So that’s a good question." (Expert I)

The Swedish dioxin experts were asked what they think about the differences between the Swedish
and Finnish dietary recommendations of consuming Baltic Sea fatty fish. According to the dietary
recommendations made by the Finnish Food Safety Authority Evira, children, young people and
persons of fertile age should not eat large herring over 17 cm or alternatively salmon or trout caught
from the Baltic Sea more than 1–2 times per month. In Sweden the recommendations are stricter;
according to National Food Agency Sweden, children, young people and women of childbearing age
should not eat such fish more than two to three times a year. Some of the Swedish experts said that
they did not know that there is a difference between the countries’ recommendations, but they were
not very surprised that they differ. One of the Swedish experts said that the difference between the
Finnish and Swedish dietary recommendations is showing, how complex the risk assessment is: there
is no “safe” or “not safe” level for dioxin consumption. Two of the experts assumed that there are
probably differences in the risk calculations and the security levels between Finland and Sweden, and
therefore the recommendations differ. One Swedish expert did not want to comment the
recommendations. Only the Swedish experts were asked this question, because this question was
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added to the interview structure when it became clear that also the Swedish experts would be
interviewed. At that moment part of the Finnish interviews were already done.
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5

Discussion

5.1 Summary and comparison of the expert views

Figure 10. Conclusion of the influence diagrams. Sources (oval-shaped random variables): As a summary
of the influence diagrams made by the dioxin experts, the atmospheric deposition seems to be the most
important pathway of dioxins to the Baltic Sea. Of the air emissions contributing to the atmospheric deposition,
industrial combustion processes and energy production seem to be important contributors according to the
experts, as well as diffuse small-scale household combustion. The relative importance of small-scale
combustion is going to increase in the future as the emissions from industrial sources are decreasing. According
to the experts, traffic is a moderate source of dioxins due to its prevalence. In the future the emissions from
traffic will probably decline due to the development of fuels and the traffic system, but the relative importance
of traffic will increase. Uncontrollable fires, such as landfill fires and backyard burning, are atmospheric
sources of dioxins as well. There are also natural dioxin sources, such as volcanic eruptions and forest fires. In
addition to air deposition, there are water-based inputs of dioxins to the Baltic Sea. River discharge, drainage
water from communities and sewage treatment plants are water-based sources of dioxins. Chlorine bleaching
in pulp and paper industry, chlorophenol manufacture and use as wood preservatives and chemical industry
are historically important sources of dioxins. These sources do not seem to produce dioxin emissions anymore,
but via contaminated soils and sediments they still contribute to the Baltic Sea dioxin input, as the historical
dioxins are released from the storages. The leakage from soils seems to have a low effect to the Baltic Sea
dioxin input. This study indicates that the importance of the leakage from sediments seems to be very unclear.
Management measures (rectangle decision variables): According to the experts, maintaining the control of
industrial and combustion facilities and the development of better process technologies, fuels and flue gas
cleaning systems are factors by which the emissions from industrial dioxin sources can be reduced. Also the
proper handling of potential wastes such as ashes from incineration is an important factor. The industrial dioxin
emissions are controlled by national and EU legislation. Emission regulating legislation equivalent to EU
legislation should be implemented to all the countries contributing to the Baltic Sea dioxin input. Household
combustion is more complicated to regulate, but by the means of information campaigns people could be
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informed about better combustion techniques in order to reduce the dioxin emissions from incomplete
household burning. The incoming EU legislation is going to set limits for household furnaces. The
development of fuels and the general change in the traffic system, for example the change towards electric
traffic, affect to the amount of dioxin emissions from traffic. Information campaigns could be one option to
try to control the backyard burning. In some countries, for example in Russia, there is need for better control
of forest fires, what could reduce also the dioxin emissions. Nowadays the dioxins in water usually originate
from air emissions, so the management measures targeted to air emissions affect also the water-based dioxin
drainage to the Baltic Sea. Leakage from contaminated sediments can be prevented by avoiding dredging in
contaminated areas. Remediation of contaminated sites can be an option locally in small scale. Target
(diamond-shaped utility factor): The ultimate aim of the reduction of the Baltic Sea dioxin input is to reduce
the dioxin content of the Baltic Sea fish, which acts as a health risk for humans. In addition to the management
measures targeting to the dioxin emission reductions, the dioxin content of fish can be affected by fisheries
management.

The dioxin levels in the Baltic Sea fish have decreased remarkably from the highest levels, and all
the interviewed experts were in understanding that the levels will continue to decrease in the future,
until they reach a level where they will stabilize. The future of the dioxin concentrations in the Baltic
Sea depends on the actions taken now. Because of the persistent nature of the dioxins, they will remain
in the ecosystems and in fish for a long time, even though the dioxin emissions would be significantly
reduced. The dioxins in the Baltic Sea are still some kind of a problem and at least some of the experts
had a perception that there should be more actions to reduce the emissions. How severe the experts
considered the Baltic Sea dioxin problem is further discussed in the section 5.2.
The main sources of dioxins contributing to the Baltic Sea dioxin input seem to be well known on
general level: the atmospheric deposition, water-based emissions and leakage from storages. The key
finding of this study is that when it comes to more detailed facts of the dioxin sources, the sources
actually seem to be really poorly known. The atmospheric deposition seems to be regarded as the
most important source of dioxins both in the literature and the expert interviews, but there is a lot of
uncertainty in what exactly are all those sources forming the atmospheric deposition, where do they
exist and how much dioxins do they actually emit. There should be more research focusing on which
are the processes forming the largest dioxin emissions. Because of the poor knowledge on the most
important dioxin emissions, it is difficult to know where the management measures should be
concentrated in order to reduce the emissions.
There is a lot of uncertainty around the non-industrial sources of dioxins, whose relative importance
according to the experts is going to increase in the future as the industrial sources of dioxins will be
better under control. Combustion in households seems to be an important source of dioxins, but there
is only little information on it. Because of its diffuse nature, the household combustion is hard to
measure and control. The new changes in EU legislation are setting limits for household furnaces that
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will hopefully affect dioxin emissions from household combustion. However, there is likely going to
be a long turning period before most of the household furnaces are going to fill the new standards.
Increasing information campaigning for households about right combustion techniques might also
help to reduce the dioxin emissions. It may be that the dioxins are not considered as such a big
problem enough to start this kind of campaigning. However, better combustion technique, including
wood sizing, appropriate wood moisture content, ignition procedure, right burning temperatures and
stove maintenance in households could reduce also other adverse emissions from incomplete
combustion, such as particulate matter (PM), polycyclic aromatic hydrocarbons (PAHs) and volatile
organic compounds (Sigsgaard et al. 2015), which are regarded as more significant risks for human
health.
In regard to the dioxin sources, there was a lot of variation in how the experts perceived the
importance of the leakage of dioxins from the sediments. Most of the experts considered the sediment
leakage as a relatively important source of dioxins, but there were also differing perceptions to both
directions; two of the experts had a perception that the sediments might not be as important source of
dioxins as have been thought before. However, one expert believed that the significance of the
sediment leakage might actually be bigger than has been thought before. Because the information
about the sediment leakage seems not to be consistent, it seems that there is need for further research
on the sediment leakage of dioxins.
The dioxin experts had differing perceptions about the importance of different dioxin sources in
relation to the bioaccumulation of dioxins in fish. Because the dioxin contamination of fish used as
human food is currently the biggest problem related to the dioxins in the Baltic Sea, it would be
important to know, which sources are most important regarding the bioaccumulation of dioxins in
fish. This could help to concentrate the dioxin emission reductions to places, where the emission
reductions would be most effective.
According to the dioxin experts, there is not anymore any single and easy management measure that
could effectively reduce the dioxin emissions, as there seldom is to any international environmental
problem. However, some of the experts claimed that the tools for reducing the dioxin emissions
already exist, if they are used effectively. The legislation already existing at EU level should be
properly implemented in all the member countries, and in non-EU countries corresponding legislation
should be implemented. Many of the experts emphasized the importance of international cooperation,
because Finland and Sweden, where the Baltic Sea dioxin problem is most considerable, cannot alone
solve the problem.
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Some of the experts pointed out that the climate change is an uncertainty that may affect the Baltic
Sea dioxin problem. Expert E had thoughts that the climate change may cause changes that will hurt
the natural recovery of the Baltic Sea. Expert I assumed that the climate change may increase the
flooding in future, which accelerates the leaching of solid matter from land. Because of this, the
climate change may also increase the dioxin leakage from land. Expert A told that there is lot of
dioxins in the glacial ice of Greenland, so it is interesting what happens to them if the ice will melt in
the future due to global warming. Expert A speculates that the dioxins may end up back to the
circulation and possibly move to the Baltic Sea area.

5.2 The severity of the problem
There were differences in how severe the experts considered the Baltic Sea dioxin problem. Expert
A does not consider the human exposure to dioxins as a very tricky problem anymore. However, (s)he
adds that as long as herring exceeds the limit values set for dioxins, there is some kind of problem.
However, expert A does not believe that it should remarkably affect the fish consumption anymore,
because the dioxin concentrations are already so low. Expert C and D have similar thoughts about the
human exposure. They do not consider the dioxin concentrations in herring as an issue that should be
worried about. According to them, the normal consumption of herring does not cause any negative
health effects to people; instead, the positive health effects of fish consumption should be taken into
account. Expert D points out that for young women who eat a lot of herring the dioxins might cause
problems, but these people are a small minority of the population. Because the major adverse health
effects of dioxins are related to reproduction and developmental problems, they do not concern people
over the age of reproduction. However, the selling of Baltic herring is still forbidden in EU except
Finland and Sweden. If the dioxin concentrations in herring would be close to natural levels, the
herring could be used as normal food without need for restrictions how often it can be eaten or where
it can be sold.
Some of the experts had a perception that nowadays the dioxins are mainly considered as an additional
bad among other emissions, and the dioxin emissions will be reduced along with other technical
development. Some other experts seemed to consider the dioxins in Baltic Sea as a more important
problem. According to the view of expert B, the dioxins in the Baltic Sea are a considerable health
risk, and especially the “cocktail-effect” with many other chemicals threatens the health of organisms
in the Baltic Sea and also the health of human consumers, especially those who belong to risk groups.
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It seems that the Swedish experts were more worried about the dioxin problem than the Finnish
experts, but because only six Finnish and three Swedish experts were interviewed, that cannot really
be concluded.
“A couple of years ago I’d have been much more worried and now I still think that we have
positive signs, but like 15 years ago the situation was really bad, I think. We had far too high
levels and the fishermen were quite annoyed or frustrated, because they could not sell the fish
and so on. Also that’s a very important thing that the levels decrease that we can feel safe to
eat, that everybody can feel safe to eat fatty fish from the Baltic. So yes the problem is still there
and we still have much elevated or several times higher concentrations in the Baltic compared
to the North Sea. So of course it’s still far too high. “ (Expert F)
“I think it is, it’s still problematic, if we think about dioxins in herring, and we use herring as
human food source. And then occasionally the levels are then exceeding the threshold set by
EU on food and feed, and that is obviously problematic for human health perspective and also
for the local fish industry.” (Expert G)

Of all the nine experts, expert E seems to be most worried about the problem and emphasizes most
that more action should be done especially concentrating in reducing dioxins and not only believing
that the dioxin emissions are going to reduce along with other technical development.
“We have one big problem with the Baltic Sea, the chemical pollution, and it’s not just that
people just wait and see. I don’t know, I don’t see much action, I would like to see more action.
– – And I think the change is too slow now. It is so slow, and we actually don’t know where to
put efforts, main efforts.”

5.3 Critical evaluation of this study
One of the experts questioned the interview method used in this study. The expert was not convinced
how reliable research method is making expert interviews to study a problem that has been or could
be studied using methods of natural sciences. However, the main aim of this thesis was not to conduct
scientific measurements about the dioxin sources or to develop new management measures to control
the dioxin emissions. The objective of this study was to analyze and compare the views of different
dioxin experts on the main sources of dioxins and possible management measures, in order to get a
general idea of the problem and to reveal uncertainties or possibilities for solving the problem.
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Therefore, the interviews and the graphical modeling in the form of influence diagrams was
considered the best suitable method for these research questions.
Because the experts who were interviewed in this study were from different backgrounds and had
done different kind of research on dioxins, not all of them were experts in all the topics that were
covered in the interviews. Therefore, the experts often had to refer to information at second hand. For
example, none of the experts had done research especially concentrating on the management
measures of the dioxin emissions and only few of them had themselves done research on dioxin
sources. It would have been interesting to interview experts especially focused on those areas, but
because nowadays there is not much research about dioxin emissions and sources going on, it was
impossible to find out such experts within the limits of this study. At least in Finland and Sweden it
seems that the dioxins are rarely the main subject of one expert, instead they are more like a sidesubject for researchers focusing on environmental contaminants in a larger scale. Therefore, the
experts interviewed for this study represent relatively well the expertise on this issue. If this study
would be developed further, more experts could be interviewed, probably from even more various
backgrounds and also from other Baltic Sea countries than Finland and Sweden. In the interview there
could have been a self-evaluation part, where the experts could have evaluated their own expertise on
the dioxin issues.
The influence diagram method used in this study appeared to be challenging for the experts. Even
though the purpose of the diagram was explained to all of the experts similarly, there may have been
small differences in how they understood the task. It may also vary how much the experts
concentrated on building the diagram and how much time they wanted to spend on it. The scale of
the factors added to the diagram varied; some of the experts went to more detailed factors than the
others.
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6

Conclusions

The dioxins in the Baltic Sea are still problematic, due to the dioxin concentrations in the fatty fish.
The dioxin concentrations limit the consumption of Baltic herring and salmon for food and the export
of these fish. Because of this, most of the Baltic herring is used in fishmeal and fish oil industry and
as animal fodder in fur farms. Without dioxins, herring could be used straight as a human food.
Dioxin-free herring would provide healthy and sustainable food for people in Baltic Sea countries.
The literature review and the expert interviews conducted in this study showed that the atmospheric
deposition is nowadays the main source of dioxins, but it is poorly known, what are all the processes
forming those atmospheric emissions. Therefore, it is also difficult to know where the dioxin emission
reductions should be concentrated in order to reduce the Baltic Sea dioxin input. Also there seems to
be lack of knowledge about the dioxins leaking from the sediments. It is unsure, how much dioxins
are leaking from the sediments and what is the proportion of this leakage in relation to the total dioxin
input to the Baltic Sea. In addition, the bioaccumulation of dioxins in fish seems to be not very well
known. The experts had differing perceptions of what are the main sources of dioxins in regard to
dioxin accumulation in fish.
Better understanding about the actual quantitative amount of the dioxin emissions from different
emissions sources in Europe would be useful to better understand, which are the most relevant dioxin
sources contributing to the Baltic Sea. The quantification of all the dioxin emissions would be a
challenging task because the source region of the dioxins contributing to the Baltic Sea is not
unambiguous and the amount of dioxin emissions from various diffuse sources would be hard to
calculate. In addition, as was mentioned in the expert interviews, it is possible that there are some
unknown or forgotten sources of dioxins. However, a quantitative estimation about the amount of
dioxins emitted from different sources would help to estimate, where the emission reduction actions
should be taken to achieve the biggest impact. That could also help to direct the management
measures to the most cost-effective targets.
The influence diagrams created in this study can be seen as the first phase of building a proper
Bayesian model. In future research these or corresponding diagrams could be further developed by
adding numeric parameters for indicating the effect of a factor on the other variables. This kind of
Bayesian approach could provide a decision analysis model that could enable the examination of the
impact of different management options on the dioxin accumulation in fish. With the help of the
model, the management options could be compared also computationally. The decision analysis
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model could also be further developed as a cost efficiency model that could help to examine not only
the effectiveness of the management options, but also their costs. The Bayesian approach makes this
possible even without exact knowledge about the dioxin emissions, because the method is based on
probabilities, which are always subjective estimations (Rahikainen et al. 2014). However, already in
this study the experts found it very challenging to give numeric values for the arrows describing the
relative influence of the sources in the model. Therefore, it would be a challenging task to quantify
all the conditional link probabilities in the influence diagram.
To conclude, it seems that the atmospheric emissions of dioxins are nowadays the main source of
dioxins and therefore in future it is important to continue the trend of reducing the emissions from
different combustion processes in order to reduce the dioxin emissions as well as other air pollution.
However, to direct the management measures in a most effective way to reduce the dioxin
concentrations in Baltic Sea fish, more precise knowledge about dioxin emission sources and their
magnitude would be needed.
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Appendixes
Appendix 1.
HAASTATTELUKYSYMYKSET (In Finnish)
Haastateltavan taustat
o

Kertoisitteko aluksi hieman omasta taustastanne ja siitä, minkälaista tutkimusta olette tehneet
dioksiineihin liittyen?

Itämeren dioksiinien nykytilanne
o
o

Mikä on nykytilanne?
Mitä mieltä olette dioksiinille asetetuista epäpuhtaustasoista, esimerkiksi EU:n asettamasta
dioksiinin enimmäispitoisuudesta ravinnoksi käytettävässä kalassa (3,5 pg/g tuorepainoa, WHOPCDD/F-TEQ)? Onko asetettu enimmäispitoisuus mielestänne sopivalla tasolla?

Dioksiinin lähteet
o
o
o
o
o

Mitkä ovat mielestänne tärkeimmät lähteet, joista dioksiinia päätyy Itämereen?
Onko vielä jotain muita, vähemmän merkittäviä lähteitä?
Mitkä valtiot ovat merkittävimpiä dioksiinin lähteitä sekä Itämeren valuma-alueella että sen
ulkopuolella?
Ovatko jotkut lähteet tärkeämpiä sen kannalta, kuinka paljon dioksiinia kertyy kaloihin?
Miten merkittävä on kaukokulkeuma suhteessa Itämeren alueelta tuleviin dioksiinipäästöihin?

Itämeren dioksiinipitoisuuksien tulevaisuus
o
o
o

Miten oletatte Itämereen kohdistuvan dioksiinikuormituksen muuttuvan tulevaisuudessa?
o Dioksiinipäästöjen määrä?
o Mitkä dioksiinilähteet tulevaisuudessa ovat merkittävimpiä?
Mitkä olisivat tärkeimmät toimet, joilla Itämereen kohdistuvia dioksiinipäästöjä voitaisiin vähentää?
Onko näistä joku sellainen, jota ei vielä toteuteta?
Missä ja millä tasolla näitä toimia tulisi tehdä? (Esim. EU-tasolla vai kansallisella tasolla?)

o

Esimerkiksi Suomen Merenhoitosuunnitelman toimenpideohjelmassa on asetettu tavoitteeksi, että
haitalliset aineet, kuten dioksiinit, eivät haittaa meren ekosysteemin toimintaa tai kalan käyttöä
ihmisravintona. Tavoitteena on, että haitallisten aineiden ympäristölaatunormeja sekä
ihmisravinnoksi käytettävälle kalalle asetettuja laatunormeja ei ylitetä. Ohjelmassa todetaan, että
dioksiinien osalta "hyvää tilaa" ei tulla saavuttamaan vuoteen 2020 mennessä. Milloin hyvä tila on
mielestänne mahdollista saavuttaa ja mitkä ovat sen edellytykset? Jos tätä tavoitetasoa ei voida
saavuttaa vuoteen 2020 mennessä, niin voitaisiinko se saavuttaa esimerkiksi vuoteen 2040
mennessä?

o
o
o

Onko edes teoriassa mahdollista, että Itämereen kohdistuvat dioksiinipäästöt saataisiin joskus
loppumaan kokonaan?
Tai onko mahdollista, että Itämeren kalan dioksiinipitoisuudet saataisiin lähelle nollaa?
Onko tiedossa jotain uusia innovaatioita, joiden avulla dioksiinia voitaisiin poistaa Itämerestä?

o

Olisiko teillä vielä jotain lisättävää tähän aiheeseen?
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INTERVIEW QUESTIONS (In English)
The background of the interviewee
o

Could you tell about your own background and what kind of research you have done?

The current situation of the dioxins in the Baltic Sea
o
o

o

What is the current situation of the dioxins in the Baltic Sea?
What do you think about the maximum levels set for dioxins, for example the maximum level for
dioxins in fish and fishery products set by European Commission? (3,5 pg/g wet weight) Is the
maximum level reasonable?
According to the dietary recommendations made by the Finnish Food Safety Authority Evira,
children, young people and persons of fertile age should not eat large herring over 17 cm or
alternatively salmon or trout caught from the Baltic Sea more than 1–2 times per month. According
to National Food Agency Sweden, children, young people and women of childbearing age should
not eat such fish more than two to three times a year. What do you think about this difference
between the recommendations?

Dioxin sources
o
o
o
o
o

What are the main sources of dioxins contributing to the Baltic Sea dioxin input?
Are there any other sources?
Which countries are the most important sources of dioxin emissions? Both in the Baltic Sea area and
beyond it?
Are some of the sources more important considering how much dioxins accumulate in fish?
What is the proportion of long distance deposition in relation to the dioxin emissions from the Baltic
Sea region?

The future of dioxins in the Baltic Sea
o
o
o
o

What are your assumptions, how is the Baltic Sea dioxin input going to change in the future?
o The amount of dioxin emissions?
o Which sources are the most important in the future?
How the dioxin emissions could be reduced?
Are there any new measures that are not put into practice yet?
In which level these measures should be implemented? (For example EU-level or national level?)

o

In Helsinki Commission’s Baltic Sea Action Plan the objective is to get the concentrations of
hazardous substances, for example dioxins, close to natural levels and all fish safe to eat. What do
you think, how long does it take to reach these targets?

o
o
o

Is it possible, even in theory that the Baltic Sea dioxin input could be close to zero?
Or is it possible that the dioxin concentration in Baltic Sea fatty fish could be close to zero?
Are there any new innovations in sight, for example in order to remove dioxins from the Baltic Sea?

o

Do you have anything to add to this topic?

