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Introduction
There are thousands of chemicals, both naturally occurring and antropogenic which are present in the aquatic
environment. Some of the more recent introductions of
chemical have disrupted the natural accommodation and
caused ecosystem damage (polluted air and water resulting in retarded bird reproduction, fish kills and other disruptions of wildlife), eutrophication and hypoxia from
excess nutrients, human respiratory ailments, systemic
poisoning, cancer and many other impacts to life on earth.
Most of the more recent contaminants result from activities that provide useful products and processes for humans
and society. The benefits of automobiles, electrical equipment, functional metals and polymers, fuels, fluids, pest
control, coatings, adhesives and economical food production come with some hazards. We recognize some of the
hazards (toxicity during manufacture and use, fertilizer
run-off to waters, pesticide food residues, air and water
emissions, mechanical hazards, potential explosions, accidental releases), which are mitigated through design and
various regulations for delivery and use. However, later
we find unanticipated contamination of air, water, avian
and aquatic life, soil from wastes, long-range transport
from distant sources, the long term presence of persistent contaminants, unknown health effects of continuous
exposure to multiple chemical contaminants, and loss of
beneficial uses due to ecosystem damage.

Figure 9.1. Sampling sites within the Swedish National Monitoring
Programme in Marine Biota. Rånefjärden, 2) Harufjärden, 3)
Kinnbäcksfjärden, 4) Holmöarna, 5) Örefjärden, 6) Gaviksfjärden,
7) Långvindsfjärden, 8) Ängskärsklubb, 9) Lagnö, 10) Landsort, 11)
Kvädöfjärden, 12) Byxelkrok, 13) St.Karlsö, 14) SE Gotland, 15)
Utlängan, 16) V. Hanöbukten, 17) Abbekås, 18) Kullen, 19) Fladen, 20)
Nidingen, 21) Väderöarna, 22) Fjällbacka. Blue dots indicate stations
where sampling has been carried out 30 years or longer, red dot are
newly established stations with only a few years of sampling.
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In the early 1960s, poor breeding success and declining
populations in the white-tailed sea eagle was observed on
the Swedish coast. Similarly, reproduction disorders were
recorded in sea mammals such as seals and otter. These
observations initiated the start of monitoring of contaminants and health in animals, thriving in the aquatic ecosystem, at different sites along the Swedish coast (Figure
9.1). Environmental quality criteria were defined, which
are used to estimate the risks for animals based on the
concentrations in different tissues (Figure 9.2).

Fish
Concern has been paid regarding elevated concentrations of heavy metals in biological samples, in particular
mercury, lead and cadmium. After the removal of lead in
gasoline and other restrictions, the lead concentration has
decreased significantly in all monitoring time series of
sufficient length (Figure 9.3, Lind et al., 2006). Despite
the efforts made to reduce discharges of cadmium, the
concentrations of cadmium measured in fish liver have

Figure 9.2. Environmental quality criteria used to estimate the risks
for animals based on the concentrations in organs. In practice, a lot of
work remains to relate actually measured concentrations in various
matrices to these levels. The suggested colors in the figures below are
only tentative.

Figure 9.3. Lead concentration (ug/g d.w.) in herring liver along the Swedish coast (station 2, 8, 10, 15, 19, see map in Figure 9.1).
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Figure 9.4. Cadmium concentration (ug/g d.w.) in herring liver along the Swedish coast (station 2, 8, 10, 15, 19, see map in Figure 9.1).

not showed the same encouraging development and the
concentrations are fairly close to the levels where we may
expect effects (Figure 9.4). The longest monitoring series
of mercury starting in the beginning of the 70s show significant decreases of 20-40%, whereas some time-series
starting in the 80s show even increasing trends. In general
the concentrations in fish from the Baltic are low, below
50 ng/g wet weight (Bignert et al., 2010) in contrast to the
high concentrations found in freshwater fish from many
lakes at the Scandinavian Peninsula.
Within the framework of HELCOM, the council of
ministers agreed on a reduction of discharges of 50%
within 10 years with 1987 as the start year for several of
the legacy contaminants like DDT and PCB and heavy
metals like mercury, lead and cadmium. With monitoring activities focused on temporal trend assessment it was
possible to show the results also in biological samples
from the environment (Bignert et al., 1997). It is essential
to see how various measures to protect the environment
work in practice. In some cases the reduction of contaminant burden in the ecosystem was faster than one would
expect considering their persistence to degradation. This

is especially true for pesticides like DDT and Lindane
where the bans in Sweden and Western Europe implied
decreasing trends in fish that were estimated to between
10 to 20% a year. For industrial contaminants like PCB
included in a number of products, the decrease was slower, about 5 to 10% a year (Figure 9.6).

Birds
Observations of poor breeding success and declining populations in the early 1960s initiated the start of
monitoring of the white-tailed sea eagle on the Swedish
Baltic coast in 1964. A retrospective study shows a significant drop already in the early 1950ies in the number
of sea eagle chicks per successful breeding (Figure 9.7).
Productivity decreased to a bottom level during the 1970s,
with concentrations in the eggs of DDTs averaging 825
and PCBs 1,100 ug/g [ppm] lipid weight (corresponding
to 34 and 46 ppm on a wet weight basis, respectively)
(Helander et al. 1982). Following the bans of DDT and
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Figure 9.5. Changes of sPCB concentration (ug/g l.w.) in herring muscle along the Swedish coast (station 2, 8, 10, 15, 19, see map in Figure 9.1).

Figure 9.6. Dioxin concentration (TCDD-equivalents, pg/g wet weight) in herring liver along the Swedish coast (station 2, 8, 10, 15, 19, see map in
Figure 9.1).
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Figure 9.7. Mean nestling brood size in productive white-tailed sea eagle nests on the Baltic coast, 1858-2008. The grey zone indicates the 95 %
confidence limits for mean brood size before 1951 (Helander, 2003). Brood sample size given in brackets.

Figure 9.8. Mean productivity and residue concentrations of DDE (ug/g lipid weight) in eggs of white-tailed sea eagle on the Swedish Baltic coast,
1965-2005. The grey zone indicates a concentration interval below an estimated threshold level for effects from DDE on reproduction in this
species (Helander et al., 2002).

PCB in the 1970s, concentrations in eagle eggs decreased
on average 8.6 % per year for DDE and 5.5 % per year
for PCB, 1977-1997. Although concentrations in the eggs
decreased, productivity in this population remained unaltered into the 1980s and began to improve when the
concentrations of DDE and PCB in the eggs averaged below 300 and 800 ppm, respectively. Productivity versus
DDE in eagle eggs is outlined in Figure 9.8. The increase
in productivity leveled off by the late 1990s near a reference level calculated from data up to the early 1950s
(Helander 1985, 1994).

An interesting observation is that old females did not
improve their reproduction although concentrations of
DDE and PCBs decreased in their eggs, indicating persisting effects from previous exposure to much higher
concentrations (Helander et al., 2002). During the 1960s
to 1980s, a common feature was that eagle eggs from
the Baltic coast were heavily dessiccated, a result from
alterations in the structure of the eggshell. This was a
feature appearing in parallel with eggshell thinning, but
was not correlated with thinning (Helander et al., 2002).
Productivity was significantly correlated with dessiccation but not so with eggshell thinning. Along with the
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replacement of old females over time, the occurrence of
dessiccated eggs died away by 1990, and also eggshell
thickness has increased back to normal. In one region on
the Swedish Baltic coast, though, the occurrence of dead
eggs is significantly higher and the number of young per
productive nest is significantly lower than in neighbouring coastal regions (1994-2009). There is no difference
in DDE or PCB concentrations in eagle eggs from these
regions, and no difference in concentrations of flame retardants (Nordlöf et al., 2010).
During the 70ies bans were introduced stepwise for
both DDT and PCB in Sweden and similar measures were
taken also in the other countries around the Baltic. These
measures to stop discharges had a significant positive effect and the monitoring programs could detect decreasing
trends of contaminant concentrations in fish and guillemot eggs (Figure 9.10) and the eggs became thicker and
are today almost as thick as those recorded in museum
collections from times before the production of DDT
started (Figure 9.10, Bignert et al., 1995). Perfluorinated
substances have been seen increasing in biota worldwide,
including remote areas as the Arctic. Temporal concen-

a

Fig 9.9. Nestling and a dead egg in a white-tailed sea eagle nest on the
Swedish Baltic coast. Photo: Björn Helander/NRM.
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Figure 9.10. Concentrations of DDTs (a) and PCBs (b) decreased rapidly in guillemot eggs after the ban and the shell thickness (c) increased
significantly during the same period.
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Figure 9.12 Temporal concentrations of PFOS (ng/g wet weight) in guillemot eggs.
Figure 9.11. White-tailed sea eagle embryo that died as a result of high
concentrations of organochlorine substances in the egg. Photo: Björn
Helander/NRM.

trations of PFOS in guillemot eggs are analyzed for the
presence of perfluorooctanesulfone (PFOS) and similar
perfluorinated alkylated substances (Figure 9.12), with
an average annual increase of 9% in guillemot eggs. An
other substance which show a similar time trend as PFOS
is the Hexabromocyclododecan (Figure 9.13), with an average annual increase of 3% in guillemot eggs.
Other Health Problems in Wild Birds
Since the early 1980s a syndrome causing occasional high
mortality has been sporadically observed in wild birds
living in the Baltic Sea region. The disease is characterized by a variety of symptom including difficulty in keeping the wings folded along the side of the body, inability
to fly, inability to walk, tremor and seizures (Figure 9.14,
Balk et al., 2009). The progression of the disease from
early clinical signs to death varies between species and
for instance in herring gull (Larus argentatus) this period
is 10-20 days. Thiamine deficiency has been proposed
to play a significant role in the ethiology of the disease
(Balk et al., 2009). Another factor that has been considered is botulism (Clostridium botulinum). Poisoning by
botulism is characterised by neurological symptoms resembling the ones described in connection with thiamine
deficiency.

Figure 9.13 Temporal concentrations of HBCDD (ng/g lipid weight) in
guillemot eggs.

Figure 9.14. Photo: Lennart Balk/SU.
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Aquatic Mammals
Otter
The otter, (Lutra lutra) is a medium sized mammal feeding mainly from the aquatic food web, with different fish
species as its main food items (approx 80% of its diet) but
it also eats frog, crayfish and some birds and small mammals. It decreased dramatically in numbers and range
in Sweden during the 1950s-1980s, despite the fact that
hunting was banned in 1968. In the 1980s, otters were
only found in small scattered areas in Sweden and they
were absent from the Baltic coast (Olsson and Sandegren,
1983; Olsson et al., 1984, 1988). A similar decrease was
noted in many other European countries.

Figure 9.15. An adult female otter (Lutra lutra) from south central
Sweden. Photo: Kenneth Johansson.

Many reasons for the decrease of the European otter
populations have been discussed, but one in particular was
the role of environmental contaminants. It was polychlorinated biphenyls (PCB), DDT, dieldrin and mercury (Hg)
that most often were associated with the decline. There is
no consensus on which toxin caused the decrease in otter
but most studies point out PCB as the major threat to otters (Sandegren et al., 1980; Olsson and Sandegren, 1991;
Mason and McDonald, 1986). This conclusion was based
partly on result from experimental studies on another
mustelid, the American mink (Mustela vison), which is
very sensitive to PCB (Aulerich and Ringer, 1977; Jensen
et al., 1977). In a long term study on the mink given environmental relevant concentrations of PCB, reproductive
impairment was seen already at 12 mg/kg PCB l. w. in
mink muscle tissue (Brunström et al., 2001), indicating a
higher sensitivity than earlier studies have claimed. Wild
Swedish otters had higher or much higher concentrations
of PCB than the minks in the experiments and it is believed that it is PCB that caused the general population
decrease. Another reason for pointing out PCB as the underlying cause was the fact that otters decreased or disappeared mostly from areas with high contaminant load.
PCB was banned in Sweden in the middle of the 1970s
and since then the concentrations in Swedish biota, including otters, have decreased. Otters from Sweden have
been analyzed for PCB and a body burden of up to 970
mg/kg PCB lipid weight in muscle tissue have been found
(Figure 9.16. Roos et al., 2001).

Figure 9.16. Concentrations of PCB in otter muscle
tissue (mg/kg l.w.).The otters included in this diagram
were either killed in traffic accidents or drowned
in fishing gear. Red indicates otters from southern
Sweden, and blue those from northern Sweden.
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Figure 9.17 Mercury in otter muscle tissue
(ug/g wet weight).

The proportion of analysed individuals with a PCB
conc. under 12 ppm has increased over time: In the 1970s
it was 14%, in the 1980s it was 23%, in 1990s 50% and
in 2000s the proportion has increased to 68% (Roos
unpublished data). This indicates that PCB still, more
than thirty years after the ban, is a problem for otters in
Sweden, but the situation has definitely improved.
Also mercury has been pointed out to be a serious threat
to the otter. However, in a time trend study of mercury in
muscle tissue from Swedish otters the authors concluded
that the concentrations in otters are quite low, and has not
changed in otter tissue from 1970-2002 indicating that
mercury was not the major threat to the otters in Sweden
(Figure 9.17. Idman and Roos, 2004).
But of course mercury is a threat to the otters in some
areas, also in Sweden. It has been demonstrated that river
otters in laboratory experiments develop signs of intoxication when mean concentrations reach 33 (muscle) and
20 µg/g (liver) (Gutleb et al., 1998).
Perfluorinated substances have been seen increasing
in biota worldwide, including remote areas as the Arctic.
Liver from fiftyfour Swedish otters were analysed for the
presence of perfluorooctanesulfone (PFOS) and similar
perfluorinated alkylated substances, PFAS (Roos et al.,

2007). Two substudies were performed, one geographical study (37 otters collected between 2000 and 2006)
and one time trend study (39 otters from only southern
Sweden collected between 1972 and 2006). PFOS was
by far the most dominant compound of all analysed. It
was found in high concentrations in all samples, ranging from 300-8,300 ng/g w.w. The concentrations were
up to 10 times higher than in grey seals (Halichoerus
grypus) and ringed seals (Phoca hispida) from the Baltic
(Kallenborn et al., 2004). The otters had similar or much
higher concentrations of PFOS than river otters (Lontra
canadensis) in North America (25-994 ng/g liver w.w.)
and American mink (Mustela vison, up to 5,140 ng/g
w.w.) (Kannan et al., 2002). The highest concentrations
were found in otters from the south-central more urban
parts of Sweden. A significant increase in concentrations
since 1972 was seen in all PFAS but in particular for the
long chain (9-14 carbons) perfluoroalkylated carboxylic
acids, with a yearly increase ranging from 7-32% for the
individual congeners. It is not known to what extent these
substances are toxic to otters but the concentrations are
considered very high.
There are a few other studies on otter health in connection with contaminants; one in particular is a study on
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Figure 9.18. Number of dead otters found dead
1974-2008 and sent to the authorities (n=506). The
increasing number indicate an increasing population.

PCBs in 77 Danish otters in relation to health condition.
Here a tendency of increasing infectious diseases was
seen with increasing PCB concentrations in liver of otters
(Leonards et al., 1996) and a decrease of Vitamin A with
increased concentrations of PCB. In Swedish otters a significant correlation between altered bone mineral density
and high concentrations of PCB has been seen (Roos et
al., 2010). However, the severe disease complex with
connections to environmental contaminants that were
seen in Baltic seals has not been observed in otters.
Trends in Swedish Otter Population
The otter is listed in a Swedish game law since 1972. If
found dead it should be reported to the authorities, who
send the carcass to the Swedish Museum of Natural
History. The number of dead specimen can reflect the
population status. In addition, many otter surveys have
been carried over the years. They give a fair view of the
population status and distribution and most of them report of an increasing otter population since the 1990s.
During the 1990s the population start recovering. During
this decade a total of 125 otters were reported dead, a
remarkable increase compared with the 26 reported in
the 1980s. Finally, between 2000 and 2009 more than
three times as many dead otters were reported (n=383),
in comparison to the decade before indicating a strong
comeback (Figure 9.18).
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Figure 9.19. A grey seal from the south coast of Sweden. Photo: Jan-Åke
Hillarp.

Seals
There are three seal species living in the Baltic Sea, grey
(Halichoerus grypus), ringed (Phoca hispida) and harbour or common seals (Phoca vitulina). The grey seals
(Figure 9.19) and ringed seals are most abundant and the
majority of them live in the central and northern parts of
the Baltic Sea. Besides the grey seal population in the
Baltic Sea there are further two populations of grey seals,
in the western Atlantic in Canada and northern USA and
in UK and Ireland. The ringed seals are mainly distributed in the circumpolar Arctic coasts. In the Baltic Sea they

The Baltic Sea

Figure 9.20. Grey seal uterus, occlusions are seen in both horns. Photo:
Bengt Ekberg/SVA.

Figure 9.21. Grey seal uterus showing three cut open leiomyomas.
Photo: Charlotta Moraeus.

inhabit mostly the Bothnian Bay, the Gulf of Finland and
the Gulf of Riga. Their distribution is mainly dependent
on the ice condition since they breed and nurse their pubs
in snow-covered lairs. The Baltic ringed seal is categorized as its own subspecies (Härkönen et al., 1998).
Harbor seals are found in temperate, subarctic, and arctic coastal areas on both sides of the North Atlantic and
North Pacific oceans. In the Baltic Sea they are distributed on the southern coasts of Sweden and Danish Straits.
On the Swedish southeastern coast there is a genetically
separated small population of harbour seals (Härkönen et
al., 2005).
Seals give birth to a single pup, once a year. In the
Baltic, the period of birth peaks for grey seals in the beginning of March, for ringed seals in the beginning of
April and for harbour seals in the end of June. All three
species have a period of about 100 days of delayed implantation of the blastocyst in the uterus (King, 1983).
The numbers of Baltic seals decreased dramatically
during the 1900s due to hunt and thereafter to pollutants (Hook and Johnels, 1972; Olsson et al., 1975; Helle
and Olsson, 1976). During the most critical period in the
1970s, the Baltic grey seal population was below 4,000
individuals. In the early 1900s the population was estimated to 100,000 grey seals (Hårding and Härkönen,
1999). Since the mid 1980s the annual increase of the
population along the Swedish Baltic coast was estimated

to be 8% (Karlsson et al., 2008). The total number of grey
seals in the Baltic Sea 2010 was estimated to 22,000 individuals; however after 2006 no further increase of the
population has been observed. The Baltic ringed seal
were estimated to have been about 200,000 in the early
1900s and about 5,000 in the 1980s. Thereafter the population have increased with about 4.3 % per year (Hårding
and Härkönen, 1999). The ringed seal is vulnerable to
climate changes since they are dependent on ice for reproduction.
During the early 1970s a high prevalence of lesions
in female reproductive organs of Baltic ringed and grey
seals was reported, and also other pathological changes
in these species were described (Helle and Olsson, 1976;
Bergman and Olsson, 1985; Bergman, 1999; Bergman
et al., 1992; Bergman et al., 2001; Bäcklin et al.,2003).
Female reproductive lesions consisted of occlusions of the
uterine horns, which will prevent pregnancy, and stenosis,
narrowing of the lumen of the uterine horns (Figure 9.20).
These lesions were observed in both grey and ringed seals.
In grey seals also a high prevalence of uterine tumours
(leiomyomas) was observed (Figure 9.21). These uterine
lesions correlate mostly to the earlier high levels of polychlorinated biphenyls (PCB) in the Baltic biota (Helle and
Olsson, 1976; Bredhult et al., 2008). Occluded uterine
horns have not been observed since 1993 in grey seals and
the prevalence has also decreased in ringed seals, although
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Figure 9.22. The pregnancy rate (red in the diagram) of
grey seal females (n=92, 5-25 years old) collected between August and March 1976-2009. Also, 242 juvenile
grey seals, collected 1968-2005 were analyzed for PCB
(blue in the diagram) in blubber (mg/kg l.w.).

occlusions are still found in ringed seals (Bergman, 1999;
Helle et al., 2005). As the prevalence of uterine occlusions
decreased and the prevalence of pregnancy increased in
investigated Baltic grey seals the population started to
increase and the concentrations of PCB in young grey
seals decreased (Figure 9.22. Bergman, 1999; Roos et al.,
2010). Besides reproductive lesions there were also lesions recorded in integument, skull bones (Figure 9.23),
intestine (mostly colonic ulcers), arteries, adrenals (Figure
9.24) and kidneys (Bergman and Olsson, 1985; Bergman,
1999). Also a decrease in the prevalence of most of these
lesions has been observed (Bergman, 2007). In the 1970s
decreases of DDT and PCB concentrations were recorded
in Baltic biota including grey seal juveniles (Figure 9.22.
Olsson and Reutergård, 1986; Bignert et al., 1995; Roos
et al., 2007).
In the period 1987-1996 the prevalence of intestinal
ulcers increased significantly in 1-3 years old grey seals
compared with the period 1977-1986 (Bergman, 1999).
Ten years later (1997-2006) the prevalence had increased
significantly in 4-20 years old grey seals and it is still high
(Karlsson and Bäcklin, 2009; Bäcklin et al., 2010a). The
high prevalence of colonic ulcers seems unique for the
Baltic population of grey seals since only one case has
been reported outside the Baltic Sea (Baker, 1980). The
cause of the increase is still unknown but a defect immune
response to lesions made by intestinal acanthocephalan
parasites has been suggested (Bergman, 2007). Since the
beginning of 2000s a significant decrease in blubber thickness has been recorded in investigated grey seals (Figures
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Figure 9.23. Grey seal skull (upper jaw) with severe loss of bone around
the teeth and loss of teeth. Photo: Charlotta Moraeus.

Figure 9.24. Transverse sections of grey seal adrenals. A thickened cortex is seen to the right. Photo: Bengt Ekberg.
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9.25-26. Karlsson and Bäcklin, 2009). In 2008, there was
also a significant increase in prevalence of grey seals
showing liver lesions in relation to liver flukes (Bäcklin
et al., 2010b). These changes could be signs of ecosystem
changes in the Baltic with changes in the seals prey species and quality. During the last 30 years, sudden regime
shifts in Baltic sub-ecosystems have been detected, the
last one in the sound, Gulf of Finland and the Baltic proper
coastal area in 2000-2003 (Bergström et al., 2010).

Figure 9.25. Mean annual blubber thickness in 1-4 years old non pregnant Baltic grey seals sampled from hunt and bycatch. The decrease is
significant (p< 0.002).

Whales
The harbor porpoise (Phocoena phocoena) is the only
whale living permanently in the Baltic Sea and until the
1950s it was common especially in Baltic Proper (Figure
9.27). A survey study performed 1995 revealed that the
population included approximately 600 individuals. Later
estimations performed 2002 shows a dramatic decline
and the number was estimated to 100-150 individuals in
the Baltic Sea. The explanation to the dramatic decline of
porpoise during recent years is not fully known, but major
threats to the population in the Baltic include accidental
trapping fishing gear and environmental contaminants.

Conclusions

Figure 9.26. A resting slim grey seal female from the east coast of
Gotland in the Baltic Proper. Photo: Erik Isaksson.

Figure 9.27. Harbor porpoise, at Fjord & Bælt center, Denmark. Photo:
Anna Roos.

In parallel with the decreasing contaminant trends, populations of several threatened species e.g. grey seal, whitetailed sea eagle and otter, have turned and are now increasing in numbers and distribution. On the other hand,
an increased prevalence of intestinal ulcers and decreasing
blubber thickness in grey seals are worrying indications
that potentially could develop into a severe population
decline. White-tailed sea eagles in the south Bothnian Sea
still have a higher frequency of dead eggs and produce
fewer offspring than other eagles on the Baltic coast.
Through their position at a high trophic level these species
are important indicators of ecosystem health. However,
when the old, “classic” contaminants such as DDT and
PCB were banned, other chemicals came into use, and
several of them are found in increasing concentrations
in biota, for example HBCDD and perflourinated compounds, including PFOS which are found in extremely
high concentrations in Swedish fauna.
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