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Abstract 

In a constantly increasing market economy, different man-made chemicals with the aim to 

simplify everyday life with unique properties are constatly produced. Anthropogenic contaminants such as 

polychlorinated biphenyls (PCBs) are a group of organic chloride compounds used primarily as a coolant in 

electronic devices and in soft older plastics. PCBs can still, after it was banned 41 years ago in Sweden, be 

found in marine organisms in the Baltic Sea. PCBs lipophilic properties and resistance to chemical and 

biological degradation caused, and still causes, several health problems for marine mammals in the Baltic Sea.  

The aim of the current study was to analyze the dynamics of PCB bioaccumulation in high-level predators and 

their prey in the Baltic region through time. Published data from 31 previous studies of PCB concentrations 

were compiled and data for grey seals (Halichoerus grypus), ringed seals (Pusa hispida), harbour porpoises 

(Phocoena phocoena), cod (Gadus morhua), herring (family Clupeidae) and sprat (Sprattus sprattus) were 

collected from all regions in the Baltic Sea. All the species’ PCB concentrations through time were compiled 

and gave a general overview of average levels in Baltic biota. However, the data gathered during the time 

frame of this study was not of sufficient quality to allow detailed statistical analysis. A preliminary test run on 

the sample mean concentrations was nevertheless performed on the two most complete data sets, for ringed 

seals and herring.  The general pattern show, that concentrations of PCBs peaked in the 1970s in all species 

included, except the grey seal that peaked in the early 1980’s. The results from this study indicate that PCB 

concentrations in the Baltic Sea are species-dependent and have changed through time. Species-specific PCB 

concentration in different fish species, and the different diets of the marine mammals included, is likely to 

reflect the found patterns of PCB concentrations in the different species of marine mammals in the historical 

time series (of first increasing and then decreasing levels of PCB in the environment). The results indicate a 

weak but observable pattern of biomagnification. Although PCBs chemical properties have contributed to a 

delayed reduction in the environment, several studies have shown a general reduction of PCBs in the 

organisms in the Baltic Sea. Future studies of biomagnification in the Baltic Sea regionand the food web of 

marine mammals should be based on a more extensive compilation of published and unpublished data down 

to individual measuments of individulas with known age and sex.

 
Keywords: Baltic Sea, Temporal trends of PCB, Polychlorinated biphenyl, PCB, Bioaccumulation, 

Biomagnification, Herring, Ringed seal 
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Abstrakt 

I en allt ökande ekonmisk marknad har människan konstant skapat allt fler olika kemikalier med 

unika egenskaper för att hjälpa till i vardagen. En sådan antropogen förorening är polyklorerade bifenyler 

(PCBs) som tillhör en grupp organiska klorföreningar som använts förr i bland annat kylarvätska i elektroniska 

apparater och i äldre mjuka plaster. PCB kan fortfarande, fast den förbjöds för 41 år sedan i Sverige, hittas i 

marina organismer i Östersjön. PCBs lipofila egenskaper, och att ämnet kan motstå kemisk och biologisk 

nedbrytning, har lett till stora konsekvenser för särskilt marina däggdjur. Syftet med denna studie var att 

analysera dynamiken av PCBs bioackumulation i topp predatorer och deras bytesdjur i Östersjön genom 

tiderna. Publiserad data från 31 tidigare studier på PCB koncentrationer sammanställdes och datan för gråsäl 

(Halichoerus grypus), vikare (Pusa hispida), tumlare (Phocoena phocoena), torsk (Gadus morhua), sill 

(familj Clupeidae) och skarpsill (Sprattus sprattus) var tagna från regioner i Östersjön. Arternas PCB 

koncentrationer genom tiderna sammanställdes och gav en generell översikt av medelnivåerna i Östersjöns 

biota. Dock var kvaliteten av datan som samlades in under studiens gång inte tillräcklig för att genomföra en 

detaljerad statistisk analys. En preliminär provkörning på provets genomsnittliga koncentrationer utfördes 

ändå på de två mest kompletta datasamlingarna, för vikare och sill. Det generella mönstret visar att 

koncentrationerna av PCB nådde sin högsta punkt på 1970-talet i alla arter som ingår i studien, förutom 

gråsälen som hade sin topp i början av 1980-talet. I studien påvisades att koncentrationerna av PCB i Östersjön 

är artspecifika och har förändrats med tiden. Artspecifika koncentrationer av PCB i olika fiskarter och med 

olika dieter hos de marina däggdjuren kan förklara de påvisade mönstren av PCB koncentrationerna i de olika 

marina däggdjuren i en historisk tidsserie (av ökande och minskande nivåer av PCB). Resultatet är tillräckligt 

för att förse en observerbar biomagnifikation. Fastän PCBs kemiska egenskaper har bidragit till en 

långsammare minskning av ämnet i miljön, har flertalet studier visat liknande resultat med en generell 

minskning av PCB hos organismer i Östersjön. Fortsatta studier av biomagnifikation i Östersjön bör baseras 

på en ännu mer omfattande sammanställning av publicerade och opublicerade data ner till individuella 

mätningar av individer med information om ålder och kön.     

 

Nyckelord: Östersjön, Tidsförändrningar av PCB, Polyklorerade bifenyler, PCB, Bioackumulation, 

Biomagnifikation, Sill, Vikare 
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1.Introduction 

                     In an ever-growing human population, new chemical compounds are created daily to simplify 

everyday life. Of all the chemical compounds created, some will never make it onto the market because 

governmental regulations prevent, to some extent, the use of chemical compounds that have toxic effects on 

the environment. In Sweden, this is overseen by the Swedish Chemical Agency, a governmental authority. 

However, the process of an authority testing a chemical compound before it enters the market has not always 

existed. An example of chemical compounds created before the initiation of such agencies are Polychlorinated 

biphenyls (PCBs). 

1.1. PCBs properties and usage 

Anthropogenic contaminants such as polychlorinated biphenyls are a group of organic chloride 

compounds used primarily as a coolant in electronic devices, in carbonless copying paper and in heat transfer 

fluids (Metelkova et al., 2018). A problem with PCBs are the lipophilic properties of the compound, which 

allows it to accumulate in fatty tissues. PCBs are man-made and have a great capacity to tolerate both chemical 

and biological degradation. PCBs belong to the group Persistent Organic Pollutants (POPs), a name indicating 

that they can circulate in the environment for a long time before they are completely degraded, thus becoming 

persistent in the ecosystem. When PCBs are introduced to the marine environment, the compounds are usually 

absorbed by organic particulate matter suspended in the water column, hence the low levels in the free water 

mass. However, the particles are ingested by zooplankton which act as a gateway into the food chain where 

gradually higher levels of PCBs are usually found (Szlinder-Richert et al., 2009). 

1.2. PCB concentrations in the Baltic Sea 

At the end of the 1960s, the environmental effects of PCBs were discovered. In the middle of 

the 1970s the production of PCBs reached its highest volume worldwide (Breivik et al., 2007; Szlinder-Richert 

et al., 2009) and serious health effects were noted among marine mammals. This later led to PCBs being 

banned and the levels have since declined in the environment. A decrease in PCBs have been observed among 

grey seals, herring and salmon in the Baltic Sea (Vuorinen, Roots & Keinänen, 2017). Although the production 

and use of PCBs have been banned, it still circulates in the environment due to the many problematic properties 

of the compound such as resistance to biological and chemical degradation. PCB accumulate in organic 

particles in the sediments and in organisms' lipid rich tissue. As a result, the global pollution levels of PCB is 

still somewhat high and continues to cause problems in the environment (Nyman et al., 2002).  
The Baltic Sea is one of the most heavily polluted sea regions by PCBs in the world. Baltic Sea 

is a brackish sea located in northern Europe. The Baltic Sea's geographical location and hydrological 

properties, such as having a mean residence time of 25 up to 40 years and a limited water exchange with only 

the North Sea through a narrow strait, makes it sensitive to inputs of POPs such as PCBs (Lang et al., 2018). 
The mean residence time of the Baltic Sea adversely affects the organisms as the slow exchange 

of water allows PCBs to bind to organic particulate matter to a greater extent and to reach higher 

concentrations since it is not diluted as effeciently (Sobek et al., 2015). Previous studies have shown 

particularly high levels of PCBs in Baltic Sea top predators like grey seal (Halichoerus grypus), ringed seal 

(Pusa hispida) and harbour porpoise (Phocoena phocoena) (Nyman et al., 2002). Organisms further down the 

food chain, such as Baltic cod (Gadus morhua), herring (family Clupeidae) and European sprat (Sprattus 

sprattus), have also been found to have higher levels of PCBs in the Baltic sea compared to other places in 

the world (Vuorinen, Roots & Keinänen, 2017). The combination of the mean residence time and PCBs 

chemical properties has lead to an unavoidable accumulation at the top of the food chain and furthermore, 

exposure of the human population through consumption of seafood. 
  

1.3. Bioaccumulation of PCB and its effects on organisms 

Bioaccumulation is the net accumulation of contaminants in (but also in some situations at the 

surface of) an organism in comparison to the levels in the surrounding, including air, water, and solid particles. 

Solid particles may include food, soil, sediment, or finer particles suspended in the water or air
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(Newman, 2014).The concentration of PCBs increases in aquatic ecosystems along the food chain and reach 

high levels in marine mammals at the top of the food chain (Addison and Brodie, 1987). The accumulation of 

PCBs are dependent on the metabolic capacity of the organism and marine mammals are thought to be less 

efficient at metabolizing POPs in general which contributes further to the accumulation of PCBs being faster 

than the metabolization which makes them particularly vulnerable (Nyman et al., 2002; Tannabe et al., 1988). 

Studies have shown that PCBs in marine mammals are to some extent transferred from the mother to the 

offspring during lactation as the lipid-rich milk can contain PCBs. This have been shown to have adverse 

effects on the offspring such as impairment of thyroid hormone and vitamin A synthesis, and reduced immuno 

competence (Berghe et al., 2012).  

                   An increased sensitivity of infectious diseases as well as a higher frequency of pathological 

changes and abnormalities of various forms have been associated with elevated levels of PCBs in marine 

mammals (Nyman et al., 2002; Bergman et al., 1992; Aguilar and Borrell, 1994; Olsson et al., 1994; Aguilar 

and Borrell, 1994). Although direct mortality caused by contaminants has not been proven in marine 

mammals, disorders such as adverse effects on the immune system and reproduction have been demonstrated 

in experiments on harbour seals (Phoca vitulina) (Reijnders, 1980; De Swart, 1995). An increased frequency 

of tumor formation in the uterus as a result of elevated PCB levels in the blubber has also been observed in 

grey seals in the Baltic Sea (Bredhult et al., 2008). The high rate of sterility among ringed and grey seals are 

the most likely cause for the slow recovery of the Baltic seal populations after the extensive bounty hunting, 

that led to the near extinction of the seal populations in the 1970s. The bounty hunting has since been banned 

(Harding and Härkönen 1999). 
  

1.4. Possible consequences and aim  

A reduction of predators may have unforeseen consequences on the ecosystem when predators 

supply a top-down effect which regulates the remaining organisms further down the food chain. An example 

of the predators' important role in the ecosystem are from the Yellowstone national park where the lack of 

wolves resulted in adverse effects on vegetation as a result of an unsustainable increase of herbivores (Ripple 

& Beschta, 2003). This makes it important to graph the effects and levels of contaminants in the Baltic Sea to 

possibly prevent unintended consequences in an already sensitive, species poor brackish water sea region. The 

aim of the current study was to compile data from published reports on PCB concentrations in top predators 

in the Baltic Sea, such as grey seal, ringed seal and harbour porpoise, as well as in their main prey species 

such as cod, herring and sprat. The goal was to analyze the dynamics of PCB bioaccumulation in predators 

and prey in the Baltic region through time. 

Figure 1 - Geografical location of the different regions in the Baltic Sea 

where the temporal data from the published litterature had been gathered. 

Source: http://stateofthebalticsea.helcom.fi/in-brief/our-baltic-sea 

http://stateofthebalticsea.helcom.fi/in-brief/our-baltic-sea
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2. Materials and methods 

2.1. Data collecting and preparations  

A literature search was performed using Google Scholar and Scopus to find PCB concentrations 

in six species in the Baltic Sea (Fig. 1) through time. The key words used in the search, number of studies 

included and more details of the statistical analysis are give in Appendix 2.  

Because of incomplete documentation of data and gaps in the reported statistical information 

(with the sample mean being the only common summary statistics reported across all studies), it was judged 

impossible to perform a rigorous test of changes in PCB including all species and time periods. A deeper 

search for original data from original articles and from data bases at Natural History Museums is required. 

However, in order to at least describe the data collected the present study used the reported sample mean PCB 

concentration from the two species with most complete records of average PCB concentrations, herring (n=55,  

5101) and ringed seal (N=43, 410). I denote Reported Sample Mean RSM and use each RSM as a single 

observation and performed the statistical analysis described based on such observations. Other complications 

in compiling the data base were sometimes a lack of information about the number of individuals included in 

the study, mean values were only reported and not accompanied with any measure of variance, and missing 

information about the spread of the data (such as minimum and maximum concentration values) in some older 

studies. Before the statistical analyses were performed, some of the data had to be converted from a wet weight 

basis to a lipid weight basis by applying the following equation: 

 Clw=100⋅Cww ⋅L-1 

where Clw is the lipid-weight concentration, Cww is the wet-weight concentration and L is the percent lipid 

content (Phillips & Moya, 2014; Phillips & Rainbow, 2013; Ylitalo et al., 2001). Data from the harbour 

porpoise, grey seal, cod and sprat were not statistically analyzed in this study because the data was determined 

to be of sufficient quality to allow a meaningful analysis and require further detective-work to recover original 

data which was not possible within the time frame of the current study. Hence only the data from ringed seals 

and herring were analyzed statistically, but the collected data of the other species will be showed and discussed 

further down below.  

2.2. Statistical analysis 

The obtained temporal data on average PCB concentrations of samples were clustered into time 

intervals of 5 years. The data were statistically analyzed using analyses of variance (ANOVA) and Tukey’s 

honestly significant difference tests (Tukey HSD) as post hoc analyses. A one-way ANOVA was performed 

on each studied species separately in order to know whether the RSMs changed across time intervals in each 

species. Afterwards, the Tukey HSD was performed to obtain the time intervals that differed significantly 

from one another. A two-way ANOVA was performed using species and time intervals as main effects in 

order to know whether the interaction between species and time intervals significantly affected RSM. The 

significance level was set to α=0.05. All the calculations were performed on R version 3.5.2 (R Core Team, 

2018). 

3. Results 

The results show that the reported sample mean data, RSM of PCB concentrations in herring has 

significantly changed through time (F-value=2.48, p=0.03; Fig. 2), but significant changes were not observed 

across all time intervals, as indicated by the Tukey HSD (Fig. S1). In the ringed seal, the ANOVA indicated 

an effect of time interval on RSM PCB concentrations (F-value=2.28, p-value=0.03; Fig. 2), but the post hoc 

analysis using Tukey HSD reported no significant differences across time intervals (Fig. S2). This non-

significant effect can be attributed to ”irregularities” in the data reported across different studies and is 

discussed further below in the discussion section. The two-way ANOVA returned significant effects of species 

(F-value=47.06, p-value<0.01) and time intervals (F-value=4.95, p-value<0.01) on RSM PCB concentrations, 

as well as a significant interaction between species and time interval (F-value=2.42, p-value=0.0212). 
Although the collected data is not sufficient or ideal to estimate the degree of biomagnification across the 
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food chain, the data does provide a weak but observable indication that biomagnification occurs. This effect 

is indicated by the difference in RSM PCB concentrations in the predator (ringed seal) and the prey (herring; 

Fig. 3). The observed biomagnification effect can be assumed to be real under certain assumptions: (i) PCB 

intake during the predator development occurs only through the diet and there is no direct absorption of PCB 

from the water (e.g., through the skin); (ii) PCB bioaccumulation (PCB concentration) does not depend on 

body size, but on the consumption rate. If these assumptions are valid, the observed differences between RSM 

PCB concentrations in the ringed seal and herring are likely to be caused by biomagnification. This is 

discussed further below. The database built during this study contains 43 estimates of RSM for ringed seal, 

26 for grey seal, 33 for harbour porpoise, 55 for herring, 14 for sprat and 31 for cod.

Figure 2 - Change in reported sample mean (RSM) PCB concentrations (ng g-1lipid weight) in ringed seals and herring through time based 

on data from 25 different published articles re-calculated to the same unit compiled in the present study. Vertical bars represent the 95% 

confidence interval of RSM values 

Figure 3 - Species difference in mean PCB. Species is indicated on the horizontal axis and the mean PCB concentrations in ng g-1 lipid 

weight on the vertical axis. Vertical bars represent the 95% confidence interval. 
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4. Discussion 

4.1. Quality of data and concentrations 

The current overview of published studies of PCB concentrations in Baltic biota revealed that 

measurements at the level of individual specimens are hard to obtain. The early tradition in environmental 

science was to only report average values and max and min values, but the estimates are not always 

accompanied by a measure of sample variance or number of individuals included. Despite this, the overview 

reflect the general picture of the historical catastrophe of pollution in the Baltic Sea, with several extremely 

high average concentrations in the studied top predators. A statistical comparison of the best data, obtained 

from two species, ringed seals and their main prey species, the Baltic herring, show that average PCB 

concentrations in the samples from the Baltic Sea have decreased through time. Only ringed seals and herring 

were analyzed further since they had more homogenous reported mean values and not as disparate with regard 

to number of individuals used, age, health status and general information about the variance around the average 

values. It is problematic that many historical studies only reported sample mean and not the variance. The 

missing data can affect the final results since the data points should be weighted by the number of individuals 

included. The data obtained from the literature review are thus not ideal, however still say something about 

the historical levels of burdens of PCBs and indicate a weak but observable biomagnification. Also, the data 

from species not included in the statistical analysis give a hint of the heightened levels of contaminants in 

historical times.  

The overall pattern with decreasing PCB concentrations in the species observed over time was 

expected as PCBs have been banned since year 1979 (Breivik et al., 2007). Accordingly, a peak can be seen 

of PCBs in ringed seals in 1975 (Helle, 1981; Fig. 2) and in herring in 1971 (Andersson et al., 1988; Fig. 2). 

Although PCBs have been banned for decades, the substance has remained in circulation since, for example, 

older electronic devices that use heat transfer fluids with PCB may still be in use (Metelkova et al., 2018). 

This could possibly be a factor affecting the rate at which the PCBs are disappearing from the environment. 

However, it is still the chemical properties of PCBs that are the major causes of the slow reduction of the 

substance in the environment. Although PCBs chemical properties have contributed to a slow reduction of it 

in the environment, several studies have shown a general reduction of PCBs in the organisms in the Baltic 

Sea. Vuorinen et al. (2017) observed reduced levels of PCB in grey seals, herring and salmon in the Baltic 

Sea. A general reduction of PCBs outside the Baltic Sea has also been observed in grey seal populations in 

Svalbard and Sable Island, Canada (Nyman et al., 2002). From our results, the concentrations of PCB in ringed

Figure 4 – Reported sample mean concentrations of PCB (RSM) levels in the different species throughout time in the Baltic sea. The PCB 

concentrations are represented on the y-axis as ng g-1 lipid weight and the x-axis represents the obtained temporal data through time which were 

clustered into time intervals of 5 years. Note the different scales of the y-axis. The plot on the left shows the mean PCB concentrations throughout 

time in the top predators. The plot on the right shows the mean PCB concentrations throughout time in the prey species. PCB concentrations in most 

of the species seems to have peaked during the 1970’s. 
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seals are considerably higher than in the herring and also the reduction of PCBs is slower in ringed seals. 

Berghe et al. (2012) observed that lipophilic compounds such as PCBs can be transported from mother to 

offspring during lactation in grey seals. As a result, it can be speculated that the reduction of PCBs in top 

predators may be slowed further because of the transfer during lactation. An unexpected observation can be 

noted among the prey species. Cod is a piscivorous fish at a higher trophic level compared to herring and sprat 

which both feed on zooplankton to a large extent. It is therefore surprising that we do not see any tendency 

for higher PCB levels between the three fish species in the latter time periods (Fig. 4). At the beginning of the 

observation period, higher levels of PCB were observed in cod compared to sprat and herring. However, the 

cod’s PCB levels starts to resemble the other prey species more and more with time. A heavier fishing pressure 

could possibly explain the changing PCB levels in cod compared to other species, It is well known that average 

age and body size of cod has declined dramatically the last decade due to extensive fishing pressure (Olsen et 

al. 2004), and thus the prey choice and average accumulation of PCB in cod may have changed as well. 

However, this is based on a speculation from the trends in the data (Fig. 4) and could not be tested statistically.  

4.2. Possibility of a biomagnification effect  

To assume that a biomagnification effect can be observed in data, certain assumptions have to 

be met as mentioned above. Berghe et al. (2012) observed an exchange of PCB from the mother to offspring 

during lactation, this can potentially blur the biomagnification since PCB levels lag behind due to maternal 

transfer. Still intake through prey consumption will likely be most important in PCB concentrations of older 

animals. The other assumption is that bioaccumulation does not depend on body size but on the consumption 

rate of the individual should hold for marine mammals. But due to the quality of the collected data it was not 

possible to test if the degree of the biomagnification had changed over time. Although our results give a weak 

indication of biomagnification (Fig. 3) it needs to be tested further with more high quality data to determine 

if our results are correct.  
 

4.3. Usage of mean values 

In the current study we had to resort to using sample means as single point values in order to 

describe atleast the general trends in the best documented species. Obviously by using mean values as single 

point values, much information is lost. First and foremost, mean values are sensitive to extreme values that 

can alone cause a misrepresentation of the true mean of a data set which assume a normal distribution. Because 

of the disadvantages of the usage of sample mean values, the results can be skewed and much valuable 

information will be lost in the process. 

 

4.4. Regulations and recommendations 

The concentrations of PCBs were generally high at the beginning of the 1970s and then 

decreased gradually over time (Fig. 4). The concentration of PCBs in the predators were at an all time high 

back in 1971 with 116000 ng g-1 lipid weight (Nyman et al., 2002) in grey seals and can still have as high 

concentrations as 22600 ng g-1 lipid weight (as found in grey seals in 2007) (Holma-Suutari et al., 2016). 

Human consumption of seal meat isn’t that common anymore but the consumption of Baltic fish is still 

somewhat high in some segments of the population. The concentration of PCBs in fish also peaked in the 

1970s and then decreased over time (Fig. 4) with a peak in herring in year 1971 with 24000 ng g-1 lipid weight 

(Andersson et al., 1988). PCB can still be found in Baltic Sea herring with 560 ng g-1 lipid weight (found in 

2013) (Järv et al., 2017). Although decreasing levels of PCB have been reported in Baltic Sea organisms, the 

levels are still high enough to issue regulations regarding trading and selling of different species from Baltic 

Sea and even above recommendations for consumption. In Sweden, according to the recommendations issued 

by the National food agency, consumption of fish such as salmon, herring and sprat from the Baltic Sea should 

not be consumed more than 3 times a year, and additional species caught in Baltic Sea should not be consumed 

more than once every week. Since 2002, Sweden has had a temporary exemption from the EU limit values for 

dioxins and PCBs in fish and in 2012 the exception became permanent. This means that companies in Sweden 

can sell fish from Baltic Sea within the country but it is illegal to sell it to other countries
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 (Livsmedelsverket, 2018). This is an appalling fact since the risks of PCB intake is not in most of the citizens 

mindset nor is it something that is discussed very often among the general public. 

 

5. Conclusion 

The current study contributes a to a new summary of 31 studies presenting original data on PCB 

concentration in three Baltic top predators and their main prey species. The highest levels were found in grey 

seals during the time period of 1981 to 1985 and after that declined, however concentrations still remain high. 

The early studies contain unique and valuable information, however often only report average values of PCB 

concentration from samples of several individuals. Due to the limited time frame of the study it was not 

possible to recover the original data from authors and archives, it requires some more detective work which 

can be the scope for future studies. The recovery of individual based data would allow a more fine scaled 

analysis and could reveal interesting patterns of biomagnification over time. 

Although the results from the current study are not conclusive they reflect the biomagnification of PCB 

in the Baltic Sea and that the concentrations are species-dependent and have changed with time. Species-

specific PCB concentrations in different fish species, in combinaiton with different prey species composition 

in the diet of marine mammals, is likely to affect the PCB concentrations in the different species of marine 

mammals. 
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Supplementary Information 

 

 

 

Figure S1 – Tukey HSD analysis of mean PCB concentrations in herring across time intervals. Comparisons 

with significantly different PCB concentrations are shown in red.
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Figure S2 – Tukey HSD analysis of mean PCB concentrations in the ringed seal across time intervals. No 

comparisons with significantly different PCB concentrations were found. 
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Table S3 – Summary of the references where the obtained temporal data on PCB concentrations are gathered 

from.  

 
1Author 

2Location 3Grey 

seal 

3Ringed 

seal 

3Harbour 

porpoise 

3Herring 3Sprat 3Cod 

Bjurlid et al., 2018 BB  X     

Routti et al., 2008 BB  X  X   

Andersson et al., 1988 BB/BP X X     

Helle, E & Stenman, O. 1984 GoF/GoB  X     

Helle, E. 1981 GoB  X     

Nyman et al., 2002 BB/BS X X     

Kamrin, M. A., & Ringer, R. K. 1994 GoB/BS X X     

Jensen et al., 1969 GoB/BP X X  X  X 

Lundstedt-Enkel, K. et al., 2008 BS X      

Holma‑Suutari et al., 2016 CoF/BS X      

Karlson et al., 2000 BS   X    

Berggrena et al., 1999 BS   X    

Falandysz et al., 2002 PC   X    

Kannan et al., 1993 PB   X    

Roos, A. 2015 BS   X    

Bruhn et al., 1999 BS   X    

Järv et al. 2017 GoF    X X  

Vuorinen et al., 2012 GoF    X X  

Airaksinen et al., 2014 GoF/GoB    X   

Kiviranta et al. 2003 GoF/GoB    X   

Szlinder-Richert et al., 2009 BP/BS    X X X 

Karl et al., 2010 BS    X   

Roots & Aps. 1993 GoF/BP    X X  

Vuorinen et al., 2002 CoF    X X  

Bignert et al., 1998 BS    X  X 

Perttilä et al., 1982 CoF    X   

Haahti, H., & Perttilä, M., 1988 CoF/BS    X  X 

Kannan et al., 1992 Gdynia      X 

Dabrowska et al., 2009 CoP      X 

Falandysz, J. 1994 BP      X 

Falandysz, J. 1985 BS     X  

1References  
2Locations- BB-Bothnian bay, GoF-Guld of Finland, GoB- Gulf of Bothnia, BS- Baltic Sea, CoF- Coast of 

Finland, PC- Polish coast, BP- Baltic proper, PB- Puck Bay, CoP- Coast of Poland 
3Species- Halichoerus grypus, Pusa hispida, Phocoena phocoena, Gadus morhua, family Clupeidae, 

Sprattus sprattus 
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Appendix 1 

PCB,  ett smärtsamt minne från förr…  

Tänk er att ett minne från förr. Oavsett hur illa det än är, tynar det aldrig bort utan påminner er 

ständigt. Hur skulle det ha känts?      

Östersjön har under de senaste århundraden utsatts för flera olika kemiska ämnen som 

har varit ett resultat av människans utveckling. Med tiden har människan skapat allt fler olika 

kemikalier med unika egenskaper för att hjälpa till i vardagen. En sådan framtagen förorening är 

polyklorerade bifenyler (PCBs) som tillhör en grupp organiska klorföreningar som använts förr i 

bland annat kylarvätska i elektroniska apparater, i kolfria kopieringspapper och i äldre mjuka 

plaster. Det var inte förens på 1960-talet som miljökonsekvenserna av ämnet och ämnets effekter 

på bland annat marina däggdjur upptäcktes. PCB har sedan dess varit förbjudet att använda men 

kan fortfarande, fast den förbjöds för över 40 år sedan i Sverige, hittas i organismer som vikare och 

sill i Östersjön. PCBs fettlösliga egenskaper, och att ämnet kan motstå kemisk och biologisk 

nedbrytning har lett till stora konsekvenser särskilt för marina däggdjur som har stora mängder 

fettvävnader. I studien har publicerad data på koncentrationer av PCB från studier av marina 

däggdjur och fiskar från Östersjön sammanställts för att kunna analysera dynamiken av PCBs 

ansamling, det vill säga, bioackumulation av ämnet genom tiderna. För att kunna genomföra 

analysen samlades historisk data in på koncentrationer av PCB i gråsäl, vikare, tumlare, torsk, sill 

och skarpsill från Östersjön under perioden 1966-2015. Koncentrationerna av PCB hos de flesta 

utvalda arterna nådde sin högsta punkt vid 1970-talet och har sedan dess minskat med tiden. I 

studien påvisades att koncentrationerna av PCB i Östersjön är art beroende då arternas PCB nivåer 

skiljer sig från varandra. Det påvisades också att det sker en viss biomagnifikation av PCB som 

kan resultera i dödliga nivåer hos de marina däggdjuren längst upp på näringskedjan. Artspecifika 

PCB koncentrationer i olika fiskarter och med olika dieter hos de marina däggdjuren kan förklara 

de påvisade mönstren av PCB koncentrationerna i de olika marina däggdjurena i en historisk 

tidsserie av ökande och minskande nivåer av PCB.     

 För att kunna lära oss och faktiskt kunna förebygga katastrofer är det viktigt att 

genomföra vetenskapliga studier som denna där tillbakablickar görs. Detta i syfte för att kunna lära 

sig och säkerställa en så giftfri miljö som möjligt för nästkommande generationer. Mycket tyder på 

att PCB nivåerna i miljön har minskat de senaste decennierna, både i Östersjöregionen och utanför 

Östersjön på ställen som Sable Island, Kanada och Svalbard där minskade nivåer av PCB har 

rapporterats i gråsäls populationer. Dock är PCB som sagt som ett smärtsamt minne från förr. Med 

tiden tynar delar av minnet bort och vissa detaljer försvinner, men oavsett hur lång tid sen det hände 

kommer alltid en liten bit av minnet att finnas kvar hos oss. Frågan är, kommer vi lära oss av våra 

misstag i tid eller kommer det upprepas igen? Det återstår att se, svaret kommer med tiden… 
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Appendix 2  

In depth version of the methods used: 

 For this literature study, specific keywords were used on the search engines Google 

Scholar and Scopus with the aim to find published reports about PCB concentrations in six selected 

organisms from the Baltic Sea during the time period 1965- to present. Keywords used in different 

combinations were "PCB concentration", ”Baltic Sea”, "temporal trends", , and species names in 

English and Latin for herring, sprat, cod, ringed seal, grey seal and harbor porpoise. In all 31 

published studies on concentrations of PCB in organisms from the Baltic Sea region were found 

(Table S3) and then used to build a new database for historical PCB levels. Before the statistical 

analysis could be performed, a conversion of data was required since the reported results from the 

published studies were based on either a lipid weight or on a wet weight basis. Most of the studies 

report results based on a lipid weight and all measures were converted to lipid-weight. To do a 

conversion from a wet weight basis to a lipid-weight basis the following equation was used: 

 

 Clw=100⋅Cww ⋅L-1 

where Clw is the lipid weight concentration, Cww is the wet weight concentration and L is the percent 

lipid content (Phillips & Moya, 2014; Phillips & Rainbow, 2013; Ylitalo et al., 2001). 

 After the reported concentrations of PCBs were recalculated to lipid weight basis, the 

next step was to convert the units of the reported concentrations to the same unit, since the 

published studies reported the PCB concentrations in different units such as ng g-1, mg g-1, pg g-1, 

pg kg-1, g kg-1, µg kg-1 etc. To be able to proceed and start with the analysis, the reported PCB 

concentrations were converted to the same unit, ng g-1. 

 After the conversion of units, the reported results from the published studies were 

compiled. However, most studies reported only an average value of samples and specific individual 

data as well as information about the variance were often missing. Also, general information such 

as the number of individuals used in the study and the sex, age and health status were also often 

lacking. Despite the flaws the data from the ringed seal and herring was deemed to be worth to 

analyze further for a general overview, while the data of gray seal, harbour porpoise, cod and sprat 

were deemed unsuitable for a statistical analysis. The present study used each reported sample 

mean PCB concentration (here denoted RSM, for Reported Sample Mean) as a single observation. 

The reported sample mean for ringed seal and herring were clustered into time intervals of 5 years. 

 The obtained temporal data on average PCB concentrations were clustered into time 

intervals of 5 years as mentioned above. The data were statistically analyzed using analyses of 

variance (ANOVA) and Tukey's honestly significant differences tests (Tukey HSD) as post hoc 

analysis. The first step in the analysis was to analyze the RSM for each species to know whether 

the RSMs changed across time intervals in each species. To do this, a one-way ANOVA was used, 

which compares the average of two or more samples based on an F distribution. The F-distribution 

is a continuous probability distribution, which appear as the null distribution of a test statistic. The 

results show the reported sample mean data, RSM on PCB concentrations in herring has 

significantly changed through time (F-value = 2.48, p = 0.03; Fig. 2) and the ANOVA also 

indicated a significant change in PCB concentration in ringed seal through time (F-value = 2.28, p-

value = 0.03; Fig. 2).  

 The next step in the statistical analysis was to examine if the RSMs significantly differed 

between each time interval. This was to eventually find interesting patterns of bioaccumulation.
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 To do this, Tukey HSD test was used which is a single-step multiple comparison procedure that is 

usually used in conjunction with an ANOVA to find means that differ significantly from each other. 

To use the Tukey HSD test, some assumptions must be met. The observations must be independent 

within and between the groups, which data in our case are. The result of the Tukey HSD test showed 

that during certain time intervals, the PCB concentrations in the herring samples does significantly 

differ from one another while there are no time intervals of the ringed seal data that differ 

significantly. The lack of significant trends in the ringed seal data can be attributed to 

“irregularities” in the data reported across different studies (See further discussion, section 4 of this 

report). 

 The next and final step in the analysis was to examine potential correlations between 

species and time intervals. In order to do this, a two-way ANOVA was used, which examines the 

influence of two different independent categorical variables, which in our case were species and 

time intervals, on a dependent continuous variable which was the RSM. The aim of the two-way 

ANOVA is to examine the main effect of each independent variable and to investigate whether 

there is any correlation between them. The two-way ANOVA returned significant effects of species 

(F-value=47.06, p-value<0.01) and time intervals (F-value=4.95, p-value<0.01) on RSM PCB 

concentrations, as well as a significant interaction between species and time intervals (F-

value=2.42, p-value=0.0212). Thus, both species and time seems to affect the reported sample 

mean concentrations in herring and ringed seals from the Baltic Sea.    

 

 

 


