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Persistent Organic Pollutants (POPs) are of special interest in marine 

environmental studies because they are highly lipophilic and can accumulate easily into 
the organisms with an increase of concentrations along the food chain. Monitoring of grey 
seals (Halichoerus grypus) from the highly polluted Baltic Sea has been going on for 
several decades. 

In the present preliminary study, 585 grey seals have been analysed and the results 
showed that the blubber thickness is affected by several factors. First of all, there are 
some variations of blubber thickness with age both for males and females. Moreover, the 
thickness varies significantly during the year with lower values in spring related to the 
breeding, moulting periods and higher values during autumn. 

sPCB and sDDT concentrations have been analysed for 201 grey seals and it 
appeared that, in the present sample, there is a significant correlation between 
contaminant concentrations and blubber thickness for females. Seals with low blubber 
thickness generally show higher contaminant concentrations than seals in good condition.  

It was shown, in the first part, that blubber thickness is affected by several factors. 
An appropriate measure of the expected normal thickness was estimated in order to 
improve the correlations with contaminant concentrations. Both, the use of a condition 
index developed by Ryg et al. (1990) and the adjustment for age improved the 
correlations substantially.  For temporal trend studies, DDT concentrations should be 
adjusted for blubber thickness and age to improve the statistical power. For PCB 
concentrations further improvement was achieved by adding also an adjustment for 
length. 
 

20 yearling grey seals have been analysed for blubber distribution. In the present 
study, the blubber thickness is quite similar all over the body except on the neck region 
where a significant decrease is observed on the lateral and ventral part. This distribution 
helps to reduce drag while swimming (Beck et al., 1995). When considering the blubber 
thickness relative to body radius, the values are less variable than blubber thickness itself. 
This pattern leads to minimize heat loss to the environment (Ryg et al., 1993). If the 
results found by Beck et al. (1995) for adult harp seals are taken as a reference, for 
yearling grey seals, it seems that the insulation function might be the favoured factor in 
the compromise between streamlining and insulation. 

4 grey seals have been analysed for some organochlorine concentrations in 
blubber, muscle, liver, brain and kidney. In the blubber, no significant differences in the 
concentrations are observed between the three different anatomical locations. On the 
other hand, a vertical stratification occurs in the three older seals with higher 
concentrations in the outer blubber layer probably in relation to vertical fatty acids 
stratification and also to a difference of metabolism between the two layers (Koopman et 
al., 1998). These differences in concentrations seem to increase with age. 

The distribution of contaminants between the five different tissues gave similar 
results as the one found in previous studies. Brain has the lowest contaminant 
concentrations; blubber has the highest one. Muscle, liver and kidney show comparable 
organochlorine concentrations. 

It is very important to take into account that in this study, the results were obtained 
with just four seals and in order to confirm the results from the present pilot investigation, 
more seals should be analysed. 
 

Keywords: Baltic grey seal, organochlorines, blubber thickness, condition, tissue 
distribution. 
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The marine environment is polluted with a variety of chemical compounds and 
heavy metals. Significant concentrations of such contaminants are measured in the water, 
sediments and also in marine animal species where they are known to be a threat for their 
health. 
 Of special interest are POPs (Persistent Organic Pollutants), synthetic organic 
compounds produced for industrial and agricultural purposes. As they are persistent and 
highly lipophilic, they easily accumulate in fatty tissues of the organisms. In aquatic 
ecosystems, the concentrations of these compounds increase along the food chain, hence 
marine mammals at the top of the food web show high concentrations. During the last few 
decades, seals and other fish-eating mammals have received attention as indicators of 
environmental pollution because they are especially vulnerable to POPs. These 
compounds accumulate efficiently in their thick blubber layers and marine mammals are 
thought to have a rather low efficiency in metabolising POPs and thereby excreting these 
compounds (Nyman et al., 2002). 
 
 Monitoring of grey seals (Halichoerus grypus) from the highly polluted Baltic Sea 
has been going on for several decades, both regarding chemical analyses and frequencies 
of various lesions but also counting of the grey seal population size and its development 
over time. Organochlorines have typically been analysed in seal blubber for temporal 
trend analyses. The goal of the present work is, first, to study the correlation between 
blubber thickness, body condition and contaminant concentrations in order to show how 
this knowledge may help to increase the statistical power to evaluate temporal trend 
studies of contaminants in grey seal. Secondly, the distribution of some organochlorine 
compounds in various tissues of the grey seals has also been studied and the total body 
burden of these contaminants estimated.  
 

�
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The grey seal, Halichoerus grypus, is the only member of the genus Halichoerus. 

It is a highly successful marine predator in the Northern Hemisphere. It was exploited for 
its fur and blubber in the early last century but now there are national and international 
legislations for its protection (Hall A., 2002). 
�
�
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Genetic studies suggest that there are two distinct populations: the western and 
eastern Atlantic populations. They diverged approximately 1 million years ago (Boskovic 
et al., 1996). Major sites in the western Atlantic are Sable Island (85000 individuals, 
increasing at almost 12% per year) and the Gulf of St. Lawrence (69000 individuals).  
 
 
 



                                                                                                                                         
 

 
 
The northeast Atlantic population in Iceland was estimated to be 11600 in 1987 with 
approximately 3000 in Norway, 2000 in Ireland, and between 1000 and 2000 in the White 
Sea. The British population is surveyed annually and is currently approximately 110000 
animals, increasing at about 6% per year.  
 

 

 
 

Figure 1: Map showing the geographic distribution of the grey seal (Hall A., 2002). 
 
 
 At the beginning of the 20th century, the Baltic grey seal population was estimated 
to comprise 88000 to 100000 animals. But the population decreased rapidly up to 1914, 
when about 65000 to 75000 animals remained. After a slight increase at the beginning of 
the 1920s, a new drop occurred up to 1939. The latter decrease was accentuated by a 
series of warm winters in the 1930s, when breeding grey seals became concentrated to the 
limited ice-covered areas in the Bothnian Bay. Hunting conditions in Estonia were also 
favorable, and unusually large numbers of grey seals were killed. The decline of the grey 
seal population continued until the 1970s and the lowest population number was reached 
in 1975 with just around 3600 grey seals. The decline at the beginning of the 1960s is a 
consequence of more intensive hunting in Finland and Estonia, but from the mid-1960s, 
the reduced fertility rates also lead to the decrease of the population. After 1975, a slow 
recovery is shown up to the present numbers, which were set at 5500 in 1996 (Harding et 
al., 1999). Nowadays the population of Baltic grey seals is around 17000 individuals 
(Bäcklin B-M., pers. com.). 
 

In the Baltic Sea, grey seal is the species that has the largest area of distribution. 
They can be found in the entire Baltic during the summer period, but the winter 
distribution is closely tied to the distribution of ice suitable for breeding (Harding et al., 
1999). Grey seals in large groups are mainly found in the Swedish, Finnish and Estonian 
Archipelago areas. A small number of grey seals are also found in the Kattegat-Skagerrak 
area (Roots, 1997). (Figure 2) 

 



                                                                                                                                         
 

 
 
Figure 2: Map of the Baltic Sea which includes Bothnian Bay, Bothnian Sea and Baltic 
Proper. (Roos et al., 1992) 
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�������  (Hall A., 2002) 
 

This species exhibits a strong sexual dimorphism with the mature males weighing 
between 170 and 310 kg and adult females between 100 and 190 kg. The neck and chest 
of the male are wrinkled and often scarred, whereas females are much sleeker. Both have 
the convex nose and wide muzzle, which are very pronounced in the males. 

Many of the females are grey in colour with a distinctive cream/off-white 
background and markings, particularly around the neck, with generally a dark back and 
light underside (Figure 3). Males are more uniformly dark when mature, but subadults can 
have similar cream-colored patches on the neck and the side of the face (Figure 4). 

 
 

�  Breeding (Hall A., 2002) 
 

Females become mature between 3 and 5 years old and males around 6 years, 
although they are probably not socially mature until 8 years old (Hall A., 2002).. 

They generally return to their natal site to breed and during the breeding season, in 
February and March, if there is plenty of ice, grey seals give birth to a single white-coated 
pup on drift ice (Figure 5) in the Gulfs of Riga and Finland, northern Baltic Proper and in 
the Gulf of Bothnia.. 

 



                                                                                                                                         
 

 
At birth, the pups weigh between 11 and 20 kg and can quadruple their weight 

during the lactation period (Figure 6) which lasts, on average, 18 days. The mother’s milk 
is very fat-rich (around 50-60% lipids) and is mobilized from her blubber stores. The 
pup’s white coat, known as the lanugo, is shed at weaning. The pup then undergoes a 
postweaning fast on land for a period lasting between 10 and 28 days, during which it 
loses approximately 0,5 kg per day. The reason for this fasting is not fully understood, but 
physiological changes during this time suggest that it is related to the development of 
diving ability. 
 
 Toward the end of lactation, females come into oestrus and mate. Males compete 
for access to females but do not defend discrete territories, and matings may occur in the 
water as females return to the sea, as well as on land.  
Females fast during the breeding season and may lose up to 40% of their initial body 
weight.  
 The gestation period is 8 months and, to achieve a 12-months breeding cycle, the 
fertilized egg is not implanted until 4 months after the conception. This occurs around the 
time of the annual moulting, during April, May and June, when animals spend longer 
times hauled out on land. 
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Grey seals are opportunistic feeders and prey on a variety of food sources. 
 

Table 1: Analyses of grey seals feeding habits in the Gulf of Finland (August – 
September). (Tormosov et al., 1978). 
 

 
�

 When analysing otoliths and bone remainders in the stomach contents of grey 
seals, Tormosov et al., (1978) found that they feed mainly on Baltic herring.  
 
 Grey seals are largely demersal or benthic feeders, and foraging trips lasting 
between 1 and 5 days away from a haul-out site are frequently focused on discrete areas 
that are within 40 km of haul-out site (Mc Connell et al., 1990). 
On average, grey seals dives are generally short, lasting between 4 and 10 minutes with a 
maximum recorded duration about 30 minutes (Hall A., 2002). 
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At the beginning of the 20th century, the chemical industry has been developed and 
the environment has been contaminated by a wide range of different toxic compounds. 
POPs are a group of synthetic organic compounds that have been produced for industrial 
and agricultural purposes, or are by-products of other industrial processes. These 
anthropogenic chemical compounds reach the aquatic systems through runoff, leakage, 
dumping and atmospheric transport. The behaviour of organic compounds depends on 
their molecular structure, molecular size, molecular shape and the presence of functional 
groups is important because it determines the level of toxicity. Thus, it is important to 
know the formulae of the pollutants in order to understand or predict what happens to 
them in the living environment (Walker C.H. et al., 2001). Their omnipresence in all the 
compartments of the ecosystems is due to their low hydrosolubility, their high resistance 
against biodegradation and metabolism by contaminated organisms but also due to long 
range transport (Thomé et al., 1994). 

These persistent compounds biomagnify and bioaccumulate along the food webs 
reaching their peaks in organisms at the top of the food chain, i.e. they tend to accumulate 
in seals that feed at high trophic levels, and can reach very high levels (Tanabe, 1988). 
Most of these compounds are highly lipophilic and persistent; they will accumulate 
mainly in the blubber layer of the seals.  

Among the POPs, we find PCBs (PolyChlorinated Biphenyls) DDT 
(DichloroDiphenylTrichloroethane) and its metabolites, and HCB (HexaChloroBenzene) 
which are going to be analysed in this work. 
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�  PCBs 
 
 Polychlorinated biphenyls had been produced by most industrialised nations since 
1929 and up to about 1980. They are commercial mixtures of related compounds 
(congeners) which are useful for their physical properties. They are stable, unreactive 
viscous liquids of low volatility which have been used as hydraulic fluids, coolant-
insulation fluids in transformers and plasticizers in paints (Walker C.H. et al., 2001).  
 
 PCBs are chlorinated hydrocarbons with varying substitution of chlorine atoms for 
hydrogen atoms at different positions on each ring: ortho (2, 2’, 6, 6’), meta (3, 3’, 5, 5’) 
and/or para (4, 4’) (Figure 7) (Hall A.J., 2002). 
 

 
Figure 7: The generalised structure of polychlorinated biphenyl. 

 



                                                                                                                                         
 

 
PCBs comprise 209 possible congeners of which approximately 100 were used in 

commercial products and may therefore be found in the environment (Lemesh, 1992). 
The individual congeners of PCB vary in their stereochemistry, depending on the 
positions of substitution of chlorine atoms so we can distinguish non-ortho (or coplanar) 
and ortho PCBs. In the coplanar PCBs, there is no substitution in the ortho positions so 
the two benzene rings tend to remain in the same plane. By contrast, substitution of two, 
three or four ortho positions with chlorine leads to the movement of the rings out of plane 
because of the interaction of adjacent chlorines in different rings (Walker C.H. et al., 
2001).  
 The planar compounds are known to behave in a similar way as the highly toxic 
polychlorinated dibenzo-p-dioxins and furans and they have been shown to elicit a 
number of toxic effects in mammals (Safe S., 1990).  
 In this work, congeners generally showing the highest concentrations in marine 
mammals: CB-138, CB-153 and CB-180 are analysed. 
 
 

�  DDT 
 
 DDT is also one of the most widely reported organochlorine compounds found in 
marine mammals’ tissue. The progressive reduction in the agricultural uses of DDT in the 
developed world led to its almost total withdrawal by 1983-1986 (Hall A.J., 2002). 
It was used as a pesticide to control insects on agriculture crops and also insects that were 
vectors of human diseases such as malaria or typhus. It appeared to be really efficient but 
there were many unforeseen effects on ecosystems. Among these was its widespread 
occurrence in marine mammals at concentrations much higher than in the terrestrial 
mammals (Kawano et al., 1988). The exposure of marine mammals to DDT is global and 
ranges from coastal to open ocean species. (Tanabe et al., 1983). 
 
 DDT is metabolised into two major metabolites named DDE 
(DichloroDiphenyldichloroEthylene) and DDD (DichoroDiphenylDichloroethane). 
(Figure 8) 
 

 
Figure 8: Structure of DDT and its two mains metabolites DDE and DDD. 

 
 
 Metabolites of DDT are the most commonly reported organochlorine insecticide 
residues found in marine mammals. DDE is typically the most abundant metabolite and 
its concentrations are usually far higher than DDT and DDD (O’Hara et al., 2001). 
 



                                                                                                                                         
 

�  HCB 
 
 HCB is an organochlorined fungicide. It is produced during the synthesis of 
chlorinated rubber and plastic products, and was used as a fungicide for seed grain. 
Although it is no longer used as a fungicide in most countries, it does occur as a 
contaminant in other chlorinated pesticides but is also unintentionally produced from 
combustion of chlorinated material. 
It’s a lipophilic and persistent compound but less persistent than many other 
organochlorines such as PCB. 
 

 
Figure 9: Structure of HCB 

 
 
 

�  ���
�	����������	
�����
 

The Baltic Sea is a relatively young and shallow water basin (average depth 56m). 
Since the last glacial period ended about 11 000 years ago, the Baltic basin has 
periodically shifted between a fresh water lake and a marine sea. The Baltic Sea is today, 
a brackish semi-enclosed sea (< 1% salinity), which was formed around 3000 years ago. 
Because of these periodically shifts, the Baltic Sea contains a mixture of marine and fresh 
water organisms. There is little species diversification and many of the species are living 
at the edge of their physiological tolerance so the Baltic ecosystem is fragile and sensitive 
to disturbances.  

The Baltic Sea has more than 250 rivers running into it, draining industrial and 
rural areas. Over the past 50 years, there have been substantial inputs of chemical 
pollutants into the Baltic Sea, from sources including industrial wastewaters, agricultural 
run-off, municipal sewage, atmospheric fallout, marine paints and dumping of wastes 
(Allsopp et al., 2001). 
Moreover, the water exchange with the North Sea is slow and infrequent; the average 
residence time of the total water mass is approximately 22 years. This slow water 
exchange, in combination with ca. 85 million inhabitants in the drainage area, has made 
the Baltic Sea one of the most heavily polluted seas in the world. 
 

Contamination includes many persistent organochlorines. It was first recognised 
during the 1960s that the Baltic Sea was contaminated with these toxic compounds that 
affect the ecosystem (Jensen et al. 1969, Jensen 1972), especially some birds and marine 
mammals (Allsopp et al., 2001). In some cases, drastic population crashes of several 
species have been linked to POPs pollution. 
Since the 1970s, levels of several persistent organochlorines, notably DDT, have declined 
in different biota (Bignert et al., 1998) as a result of their use being banned or restricted. 
Levels of PCBs have also declined, though generally at a much slower rate, probably 
reflecting, in part, their continued release into the environment from old equipment and 
waste dumps. 
  



                                                                                                                                         
 

 
It can be said that pollutant levels are still high enough to cause a threat to the 

aquatic ecosystem, and the contaminants in the sediment will remain a substantial source 
of pollution in the aquatic environment for a long time (Jonsson et al., 1996). 
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 The Baltic grey seal appears to be the most contaminated among the three species 
of seal. The higher concentrations found among this species might partly be explained by 
their diet because cod liver constitutes a large part of the weight of the fish and also 
contains high concentration of lipid soluble contaminants.(Blomkvist et al., 1992). 

In the 1950’s, a decline of Baltic grey seal population was observed and in the 
1960’s, serious DDT and PCB concentrations were found in the Baltic (Jensen et al., 
1969). It was suggested that pollution was one factor which could explain this decrease in 
seal population. Moreover, studies showed high concentrations of DDT and PCB in Baltic 
seal tissues and aborted seal pups were found in the southern parts of the Baltic (Olsson et 
al., 1992). Pathological changes have also been observed forming a disease complex 
including uterine occlusions (and consequently sterility), metabolic disorder, immuno-
suppression and hormonal imbalance. The findings were interpreted as 
hyperadrenocorticism, most probably caused by a primary lesion of the adrenals followed 
by secondary changes in other organs (Olsson et al., 1992). 

PCB and DDT, together with their metabolites, are the dominating xenobiotics in 
the seals. Even if synergistic and additive effects of the other compounds cannot be 
excluded, studies support the hypothesis that PCB may be involved in the poor 
reproduction in seals even though the effects of high DDT residues should be considered 
(Olsson et al., 1992). 

 
The level of organochlorines compounds in the Baltic biota have decreased during 

the 1970’s (Bignert et al., 1995) but studies made on blubber of juvenile grey seals 
showed that no clear decrease in PCB concentrations can be discerned (Blomkvist et al., 
1992). These observations were suggested to be caused by a change in grey seal prey 
between the 1970’s and the 1980’s because of a dramatically increase of Baltic cod 
population during the 1980’s so the grey seals probably prefered to select cod liver as the 
feed instead of herring (Blomkvist et al., 1992). Even if a significant decrease in PCB 
concentrations was recorded in both Baltic herring and cod (Bignert and Olsson, 1992), it 
was compensated by an increase in ingested fish fat because the cod liver is a very fatty 
tissue (> 50% fat). Such a preference for the liver and/or the intestinal tract rather than the 
entire cod has been reported for a long time by Baltic fishermen.  

Another explanation for the constant PCB concentrations is that female seals with 
concentration of PCB above a certain level have reproductive impairment so high 
concentrations in young seals are less probable and the concentrations found in young 
seals reflect the condition in the reproductive part of the population (Olsson et al., 1994).�
�
�
�
�
�
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Concentrations of pollutants are commonly measured in the blubber because most 
of the organochlorine compounds such as PCBs and DDT are highly lipophilic and seals 
store most of their lipids in the subcutaneous blubber. So a large amount of contaminants 
are accumulated in that compartment. Starved animals with a thin layer of blubber often 
show elevated contaminant concentrations (Kleivane et al., 2004). These elevated 
concentrations may not reflect the true exposure but may lead to spurious results and 
misinterpretations. Blubber thickness may thus be used as a covariate and concentrations 
measured in the blubber can be adjusted to a level that would be expected if the blubber 
thickness would have been constant.  

 
However, several factors may possibly affect the development of the blubber layer 

e.g. sex, age etc. If it is possible to estimate an appropriate measure of the expected 
normal thickness the adjustment described above could be improved.  
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Blubber is a dense vascularized layer of fat beneath the skin present in marine 

mammals and it may comprise up to 50% of the body mass of some species at certain life 
stages. Blubber has been recognized as the most important site of fat and thus also energy 
storage in marine mammals. But it is also important for thermal insulation; it serves as 
buoyancy and to streamline the body (Iverson S.J., 2002). 

Blubber is a dynamic tissue which is affected by different factors. The goal of this 
part is to examine factors that have the most influence on the variation of blubber 
thickness. The results will be used in the next part to adjust the blubber thickness in the 
contaminant concentrations analyses. 

 
In order to investigate the influence on blubber thickness from various factors, 

multiple regression analyses was applied where blubber thickness was the dependent 
variable whereas e.g. sex, age, length, weight or condition were considered as the 
independent, explaining variables. 

For this investigation, data from 585 grey seals were used. The seals were 
collected between 1986 and 2004. 263 of them are females between 0,5 and 40 years old 
and the 320 males are between 0,5 and 25 years old. 

 
 

�  ����
 
A multiple regression analyses with blubber thickness as dependent variable and 

sex and age as the independent variables reveals that the sex has a significant influence 
(p<0,005) it was therefore decided that males and females to be analysed separately in the 
following investigation. 

It was noticed that about 28% of the variation in blubber thickness was explained 
by this model. 
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Figure 10: Relationship between blubber thickness and age for male and female grey 
seals. 

 
 A significant correlation between blubber thickness and age is found for both 
females (p<0,001) and males (p<0,001). It was noticed that the coefficient of 
determination was somewhat better for the females (r2= 0,24) than for males (r2= 0,14). 
 We could expect an improvement in those correlations if we exclude animals in a 
bad condition i.e. seals with abnormally low blubber thickness. Seals with a blubber 
thickness below 15 mm are considered starved and were excluded in a second run. The 
effectiveness of blubber in the insulation depends partly on its thickness. As the insulation 
layer increases in thickness, the lower critical temperature of an animal decreases and 
thus the animal can accommodate a broader ambient temperature range without having to 
increase its metabolism for heat production (Iverson S.J., 2002). With a blubber thickness 
of only 15 mm or less, maybe the seals lose too much heat and are not able to 
compensate; this could lead to the death. 
It was also decided to exclude seals with a blubber thickness below 25 mm which are 
considered thin so just seals in really “good shape” were kept.   
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Figure 11: Relationship between blubber thickness and age for the male and female grey 
seals having a blubber thickness above 25mm. 
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Not much improvement was found in the coefficient of determination (r2) after 

exclusion of the starved animals. The older starved specimens tended to bend the curve 
downward causing the model to work rather bad resulting in large residual variances. 
However, it seems that young or newborn specimens are more common in the group with 
really thin blubber. This amplified the general trend, overestimated the slope and 
increased r2 (Figure 10). After exclusion of starved and thin animals, the result show 
smaller slopes but less residual variances and r2 –values that are more or less the same, 
i.e. age explain about 20 to 25% of the variation in blubber thickness.   
 Looking at the figure 11, it can be noticed that the most important changes in 
blubber thickness occur during, approximately, the five first years of the seals’ life. This 
could correspond with the age when they become mature so it could be interesting to look 
at the correlation between blubber thickness and age both for juveniles and adult seals. 
Based on previous observations and on the information concerning the age of sexual 
maturity found in the literature (Hall A., 2002), it was decided to consider seals as 
juveniles until the age of 4 years old for the females and 6 years old for the males.   
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Figure 12: Relationship between blubber thickness and age for male and female juvenile 
seals. 
 
 A linear correlation is found between blubber thickness and age for both male 
(r2=0,10; p<0,001) and female (r2=0,23; p<0,001) juvenile grey seals (Figure 12) and the 
relation is still better for the females.  
 
There is a difference between the two slopes: b= 1,45 for the males and b= 2,69 for the 
females. The blubber thickness is increasing more rapidly for the females and, even if 
they mature before the males, they reach the same blubber thickness at the maturity age 
(mean=44mm, SD (Standard deviation)=15mm, n= 9 at the age of 6 for the males; and 
mean=44mm, SD=13mm, n= 9 at the age of 4 for the females). 
 
Even though the relation between blubber thickness and age is significant also for the 
males, only about 10% of the variation is explained by age in the present samples. 
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Figure 13: Relationship between blubber thickness and age for male and female adult 
grey seals. 
 

Figure 13 shows that, when the seals become mature, it does not seem to be any 
correlation between blubber thickness and age anymore. 
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 The data used to draw the Figure 14 come from hunted animals in 2002-2003. It is 
important to stress that hunted animals have generally better condition than the one found 
dead in fishing gear. In the present case, almost all the animals have a blubber thickness 
above 25 mm, hence they are not considered as “thin” or “starved”. Only three animals 
have a blubber thickness equal to 20 mm but it was checked that their presence did not 
affect the result. 
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Figure 14: Variation of blubber thickness during the year 2002-2003. 

 
 



                                                                                                                                         
 

 
It can be seen in Figure 14 that the blubber thickness varies significantly 

(p<0,002) during the year. We can identify two plateaus: the first one between April and 
July and the second one between September and December when the blubber thickness is 
higher.  
 Kleivane et al., 2004, said that in phocid seals such as grey seals, seasonal 
variations in blubber thickness occur, associated with physiological and biological 
processes such as breeding (in particular lactation in females), moulting and feeding. 
During breeding and moulting, phocid seals go through an extended period with little or 
no food intake. Lipids are mobilized rapidly from adipocytes and hence undernourished 
marine mammals are characterized by reduced blubber thickness and lipid content 
(Iverson S.J., 2002). For the grey seals, breeding season occurs in February and March 
and then it is followed by the moulting period around May and June. This could explain 
why blubber thickness was found significantly lower between April and July.  
Pitcher (1986) found similar results for harbour seals; they were fatter in winter than 
during the reproductive and moulting period.  
 
 A better correlation than the one found in Figure 11 can be expected taking 
animals from the same season and looking at the relation between blubber thickness and 
age because the variation between the different individuals should be lower. 
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Figure 15: Relationship between blubber thickness and age for male and female grey 
seals at two different seasons. 
 

An Anderson-Darling test was performed to see if the blubber thickness data were 
normally distributed. As the result showed a significant deviation from normal 
distribution, the data were transformed. The log transformation did not help to get the 
data closer to the normal distribution. As the ANOVA is a robust test, the non-normality 
of the data will not affect the results if the deviation from the normal distribution is 
relatively low (Scherrer, 1984). On the other hand, ANOVA with non-normal data tend to 
produce too many significant results (Snedecor and Cochran, 1967). Therefore both 
ANOVA and the non-parametric Kruskal-Wallis test were carried out to see whether the 
same results were achieved. 

For both sexes, there were significant differences in blubber thickness between 
autumn (September – December) and spring (April – July) (p<0,001 for males and 
females). The blubber is thicker during autumn (mean = 37mm, SD=12mm for males and 
mean=41mm, SD=14mm for females) than during spring (mean = 28mm, SD=12mm for 
males and mean=30mm, SD=11mm for females). It can be underlined that the 
correlations between blubber thickness and age are better for autumn (Autumn: r2= 0,12 
for males and 0,36 for females; Spring: r2= 0,09 for males and 0,18 for females). This 
result could be explained by the fact that the spring period follows the breeding season 
and it is the moulting period so the variations of blubber thickness between the different 
individuals could be higher depending on how they are involved in the breeding.  

Compared to the Figure 11, better coefficients of determination are found only for 
the females in autumn and it could also be notice that, as for the previous figures, the 
coefficients of determination are still better for the females. 
Severinsen  et al., 2000, found that for the ringed seals the variations of blubber thickness 
are specially pronounced in lactating females due to large expenditure in connection with 
the lactation period. A larger difference between the mean values of blubber thickness for 
the two different seasons could thus be expected for females. In our case however, the 
differences observed are quite similar (difference between the mean blubber 
thickness=9mm for the males and 11mm for the females). 
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 Up to now, the correlations between blubber thickness and age have been 
investigated but it is important to take into account that, for a given age, there would be a 
significant difference between the lengths of the different seals. Analysing seals with 
good condition, i.e. with blubber thickness above 25mm, it was found in Figure 16 that 
there is also a significant correlation between blubber thickness and length (p<0,001 for 
males and females; r2=0,20 for males; r2= 0,26 for females). Thus, a better correlation 
between blubber thickness and age could be expected if the blubber thickness is corrected 
with length. 
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Figure 16: Relationship between blubber thickness and length for male and female grey 
seals. 
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Figure 17: Relationship between blubber thickness, adjusted for length, and age for male 
and female grey seals.  
 
 The slopes (b) of the regression lines found in Figure 16 were used to adjust 
blubber thickness for length. With this adjustment, there is a real improvement in the  



                                                                                                                                         
 

 
correlations (r2=0,75 for males and r2=0,74 for females) between blubber thickness and 
age compared to Figure 10. 
 
. 
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 For this investigation, 201 grey seals were used. They were collected between 
1974 and 1997. 101 of them are females between 0,5 and 41 years old and the 100 males 
are between 0,5 and 37 years old. For all these seals, the sum of PCBs (sPCB) and the 
sum of DDTs (sDDT) concentrations have been determined. 
 The goal of this part is to find the factors that influence contaminant 
concentrations. 
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The result of the multiple regression with sPCB concentrations as the dependent 
variable and sex and blubber thickness as the independent explaining variables shows that 
the blubber thickness has a significant influence on the concentration of sPCB in the grey 
seal blubber (p<0,001) and the result is also significant for the sex (p=0,001). The 
multiple correlation coefficient indicates that slightly more than 40% of the variation in 
sPCB concentrations is explained by this model. The same multiple regression was 
carried out with sDDT as the dependent variable and significant results are also found 
(p<0,001 for the blubber thickness and p<0,005 for the sex). The coefficient of multiple 
regression shows that approximately 36% of the variation in sDDT is explained by this 
model. 

With these results, it was decided to analyse the relation between contaminant 
concentrations and blubber thickness for males and females separately. 
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Figure 18: Relationship between sPCB, sDDT concentrations in blubber and blubber 
thickness for male and female grey seals. 
 
 First, it can be noticed that the sDDT concentrations seem lower than the sPCB 
concentrations. An ANOVA showed that the difference between sPCB and sDDT 
concentrations is significant both for males (p<0,001; mean: sPCB = O,062 mg/g, sDDT 
= 0,37 mg/g) and females (p<0,005; mean: sPCB = 0,249 mg/g, sDDT = 0,1 mg/g).  
 Contrary to the males, there is a quite good correlation between contaminant 
concentrations and blubber thickness for the females (r2= 0,59 for PCBs and r2= 0,50 for 
DDT). It also seems that males are less contaminated than females. The data were not 
normally distributed but the same assumption was used as previously and it was decided 
to use an ANOVA. The difference between the mean contaminant concentrations in males 
and females is significant (p<0,01 for sPCB and p<0,01 for sDDT). 
  But it is important to notice that the mean age is quite different for the two groups 
(3,5 years for males and 7 years for females). Contaminants are accumulated throughout 
the seals’ life. This could explain why, in the present investigation, the mean 
concentrations are higher in females. But, looking at Figure 19, it seems that, when they 
become older, females are more contaminated than males at the same age. 
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Figure 19: Relationship between sPCB, sDDT concentrations in blubber and age for 
male and female grey seals. 
 
 In contrast to that, it was demonstrated that, for seals (Addison and Smith, 1974; 
Helle et al., 1976a) and harbour porpoises (Gaskin et al., 1971), organochlorine 
concentrations in blubber of males typically increase throughout life, whereas females 
reach a plateau or show decreasing concentrations with age, beginning when they reach 
sexual maturity and become pregnant for the first time. This has also been confirmed for 
grey seals (Addison et al., 1987) and it is explained by the fact that organochlorine 
compounds, as most lipophilic compounds, cross the placenta and reach the foetus. In 
addition to this placenta transport, contaminants are also transferred from mother to 
offspring through milk but this reproductive discharge in females is not uniform and 
depends on the characteristics of the reproductive cycle of the species and the 
physicochemical properties of the compound (Reijnders and Aguilar, 2002). 
 In the present case, old females are more contaminated than males at the same age. 
This result was already found by Blomkvist et al., (1992). A tentative explanation could 
be that many of the studied females were sterile and thus not able to transfer their 
contaminants to their pups as expected but this could hardly explain the quite big 
difference between males and females concentrations in older ages. 
 

In figure 18, a significant correlation (p<0,001) between sPCB concentrations and 
blubber thickness is found. However, it could be noticed that the coefficient of 
determination is better for the females (r2= 0,59 for females and r2= 0,04 for males). 
Although, for the males, the correlation is significant at the 5% level (p< 0.048) the low r2 
indicate that the relation could be neglected from a biological point of view. Concerning 
sDDT, a significant result is found just for the females (p<0,001). The trend curves for the 
females are close to the model found in the literature concerning the relation between 
contaminant concentrations and blubber thickness. Seals with low blubber thickness have 
higher concentrations than the one in really good condition. This has also been shown by 
Blomkvist et al. (1992) and they suggested that it was probably due to the fact that thin 
animals have used the fat as a source of energy without being able to metabolize or 
excrete the pollutants at the same rate. Kleivane et al., (2004) found the same results for 
male and female harp seals but they also showed that, when considering the total amount 
of contaminants in all the blubber, comparable levels of organochlorine compounds are 
found between fat and thin harp seals. This implies that the difference in contaminant 



                                                                                                                                         
 

concentration in the blubber does not reflect differences in exposure but is mainly a 
function of dilution (Kleivane et al., 2004). 

As was shown in the previous part, blubber thickness is influenced by several 
factors such as sex, age, season and body size i.e. adjusted blubber thickness will be 
calculated in order to see if an improvement of the correlations with contaminant 
concentrations is possible. 

 
�  Adjustment with age 

 
 Contaminant concentrations are influenced by blubber thickness and earlier it was 
shown that blubber thickness varies with the age. As the results were better when the 
seals with abnormally low blubber thickness were excluded (figure 11), the slopes (b) 
characterising these relations were used to calculate new values of blubber thickness 
adjusted with age. Different b values were taken for males (b = 0,906) and females (b = 
0,668) and the adjustment was done to a fixed age set to the mean age of each group (3,5 
years old for the males and 7 years old for the females). 
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Figure 20: Relationship between sPCB, sDDT concentrations and blubber thickness 
adjusted for age for male and female grey seals. 



 
 The adjustment for age leads to extrapolation that explains why some null values 
are calculated for blubber thickness. The relations between contaminant concentrations 
and blubber thickness adjusted for age are significant for females both for sPCB and 
sDDT (p<0,001) and the coefficients of determination have really improved (r2= 0,75 for 
sPCB and r2= 0,67 for sDDT) compared to Figure 18 (r2= 0,59 for sPCB and r2= 0,50 for 
sDDT). On the other hand, for the males, the result is significant only for the sPCB 
concentrations (p<0,045) but the coefficient of correlation is almost the same as the one 
found in Figure 18. 
 
 

�  Adjustment for seasons 
 
 As we saw in the first part, blubber thickness varies significantly during the year. 
But adjusted blubber thickness for the season did not help to improve the relation between 
contaminant concentrations and blubber thickness. No significant results were found. 
 
 This could be explained by the fact that, in this investigation, most of the animals 
are juveniles (201 grey seals are analysed and approximately 166 are juveniles) and not 
engaged in the breeding which is one of the causes for the seasonal variations in blubber 
thickness. Pitcher (1986) found that harbour seals between 1 and 4 years of age showed 
no differences in blubber thickness between the winter, the reproductive and the moulting 
periods. 
 If more adult seals had been sampled, the adjustment for season would have been 
appropriate. 
 
 

�  Body condition 
  
 In mammals, body condition is usually considered as a general measure of an 
individuals energy reserves and is assumed to be correlated with an individuals 
probability of future survival and reproduction (Read A.J., 1990). In seals, most of the 
energy is stored in blubber. Variations in blubber thickness should thus reflect variations 
in condition. As was shown previously, blubber thickness is affected by the body size 
(Figure 16), thus parameters of the individuals such as length has to be taken in account.    
 Ryg et al. (1990) developed a condition index based on length, body mass and 
dorsal blubber thickness measured at about 60% of the standard body length behind the 
snout because this location was found to be the most variable in blubber thickness for the 
ringed seals. The expression is ML / * d, where L is standard body length in 
centimetres, M is body mass in kilograms and d is dorsal blubber thickness in 
centimetres. In the present case, blubber thickness measures taken at the sternum location 
were used. 
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Figure 21: Relationship between sPCB, sDDT concentrations and body condition for 
male and female grey seals. 
 

There is a significant correlation between contaminant concentrations and body 
condition only for females (p<0,001 for sPCB and sDDT) and it can be noticed that the 
coefficient of determination has been improved (r2= 0,83 for sPCB and r2= 0,58 for 
sDDT) compared to Figure 18 where r2= 0,59 for sPCB and r2= 0,50 for sDDT.  For the 
males, the results are not significant.   

The use of this condition index to see the variation of contaminants between 
individuals helps to improve the correlation compared to figure 18 and also compared to 
Figure 20 for sPCB. But for sDDT, it is the opposite, the adjustment for age gives better 
result than the use of this condition index. 

 
 As was shown in the previous part, blubber thickness is affected by several 
biological factors and undergoes a lot of variations, so it could be interesting to see if a 
condition index which does not take the blubber thickness into account gives better results 
when analysing contaminant concentrations. 



                                                                                                                                         
 

 Kruuk (1995) used, for otters, the same condition index as the one used for fishes 
(Le Cren, 1951). This index uses the fact that in most animals the relationship between 
average weight and average body length can be expressed as W = aLn  where a et n are 
constants, determined by the shape of the body (Kruuk, 1995). But for the grey seals, it 
appears that the relation between weight and length  is better expressed as W = a * ebL 

(Figure 22). 
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Figure 22: Relationship between weight and length for male and female grey seals. 

 
Therefore, the condition index for each individual is calculated as:   K = W / a * ebL 

It should be independent of the length but looking at the relationship between body 
condition and length (Figure 23), it can be noticed that there is a significant correlation 
(r2=0,15 for the males and r2=0,37 for the females) so this condition index do not 
completely exclude the length influence 
To calculate the condition index, the coefficients a and b are taken different for males (a = 
2,93, b = 0,020) and females (a = 3,03 b = 0,021). 
. 
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Figure 23: Relationship between body condition and length for male and female grey 
seals 
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Figure 24: Relationship between sPCB, sDDT concentrations and body condition for 
male and female grey seals. 
 
 Significant results are also found only for the females (p<0,001 both for sPCB and 
sDDT). The coefficients of determination for females (r2= 0,44 for sPCB and r2= 0,28 for 
sDDT) are lower than the one found previously in Figure 21 (r2= 0,83 for sPCB and r2= 
0,58 for sDDT). It can thus be concluded that the first condition index, which incorporate 
blubber thickness, is better to express the body condition of grey seals. It can also be 
noticed that the correlations found with the adjustment for age (Figure 20) were better. 
 
 
 With the previous results, it can be said that blubber thickness seems to be a key 
factor in order to explain the variation of contaminant concentrations in blubber. 
Moreover, blubber thickness is affected by several factors such as age, length and season. 
Even if the adjustment for season did not give good result, we have to keep in mind that if  



                                                                                                                                         
 

 
there had been more adult seals in the sample, may be this adjustment would have been 
appropriate.  
The use of the condition index which takes into account blubber thickness gives a better 
correlation with sPCB concentrations than the adjustment for age but for sDDT 
concentrations it is the opposite. This difference reveals some uncertainties in the results.  
Nevertheless, it can be concluded that both, the use of condition index and the adjustment 
for age really help to improve the correlation with contaminant concentrations. In the 
present sample, the results are only significant for females. 
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The previous results may help to increase the statistical power to evaluate 
temporal trend studies of contaminant concentrations in the blubber of the Baltic grey 
seal. Several examples on how adjustments can improve the statistical power of time 
series analyses of contaminant concentrations in biological samples in terms of sensitivity 
to detect trends or the required time that has to be spent in order to detect a certain trend 
at a specified power are given in Bignert (2002). A recent paper (Bignert et al., 2004) 
further stresses the importance of power investigations in temporal trend studies.  

Thus, the evolution of sPCB and sDDT concentrations over time was studied for 
the 201 grey seals collected between 1974 and 1997. 
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Figure 25: Temporal trends of sPCB and sDDT concentrations in the blubber of male 
and female grey seals between 1974 and 1997.  
 
 The results are significant both for sPCB (p<0,05) and sDDT (p<0,001) but it can 
be noticed that the correlations are better concerning sDDT (r²=0,80 for males and r²=0,63 
for females) than sPCB (r²=0,25 for males and r²=0,24 for females). 
Moreover, during this period, the sDDT decrease was more important (slope=-10% for 
males and -15% for females) than the decrease for sPCB (slope=-3% for males and -7,7% 
for females). This is in agreement with what was found in the literature; since the 1970s, 
levels of persistent organochlorines, notably DDT, have declined in different biota 
(Bignert et al., 1998) as a result of their use being banned or restricted. Levels of sPCB 
have also declined, though generally at a much slower rate, probably reflecting, in part, 
their continued release into the environment from old equipment and waste dumps. Also, 
no clear decrease in PCB concentrations was discerned in the blubber of juvenile grey 
seals (Blomkvist et al., 1992). 
 It can also be noticed that the decrease is more important for females (slope=-
7,7% for sPCB and -15% for sDDT) than for males (slope=-3% for sPCB and -10% for 
sDDT). This could support the hypothesis that, during the 70s, females were sterile so 
they could not transfer their contaminants to their pups but when the concentrations 
started to decrease in the environment they were able to excrete some contaminants via 
the pups. 
 

With no adjustment (figure 25), the lowest changes that can be detected during 10 
years of monitoring with a power of 80% are: 

- For sPCB: 14% per year for males and 42% per year for females. 
- For sDDT: 14% per year for males and 35% per year for females. 

On the other hand, the numbers of years required to detect an annual change of 5% with a 
power of 80% are: 

- For sPCB: 19 years for males and 35 years for females. 
- For sDDT: 19 years for males and 32 years for females. 

 
 As was shown previously, blubber thickness seems to be a key factor in order to 
explain variations of contaminant concentrations in blubber. It also appeared that age 



                                                                                                                                         
 

(Figure 20) and the different parameters of the individuals such as weight and length, 
which can reflect the condition when they are associated to blubber thickness (Figure 21), 
are important to take into account if we want to explain contaminant concentrations. 
Thus, the values of sPCB and sDDT concentrations were adjusted for the different 
parameters mentioned above in order to see which adjustment is the best one to improve 
both the sensitivity (lowest detectable trend during 10 years of monitoring with a power 
of 80%) and the number of years required to detect an annual change of 5%. 
The concentrations of sPCB and sDDT were adjusted to probable levels at fixed values of 
blubber thickness = 20 mm, age =10 years, 150 cm for the length and 80 kg for the 
weight. At the adjustment, transformations were used i.e. the reciprocal of the blubber 
thickness and the log concentrations of sPCB and sDDT respectively. Also for the 
regression over time log concentrations were used (back transformed in the figures). The 
results are summarized in the following table (Table 2). 
 
 

 sPCB     
  Number of years Min detectable trend 
  Males Females Males Females 
 Unadjusted 19 35 14 42 

Bl.th. 22 20 18 15 

Age 17 21 11 16 

Bl.th.+age 14 15 8.4 9.6 

Bl.th.+age+length 11 15 5.3 9.0 

A
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Bl.th.+age+length+weight 11 15 5.3 9.3 
 

 sDDT     
  Number of years Min detectable trend 
  Males Females Males Females 
 Unadjusted 19 32 14 35 

Bl.th. 24 18 21 13 

Age 19 21 14 17 

Bl.th.+age 16 17 11 12 

Bl.th.+age+length 16 19 10 15 

A
dj
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tm

en
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Bl.th.+age+length+weight 16 20 10 15 
 
Table 2: Number of years required to detect an annual change of 5% and minimum 
detectable trend (%) during 10 years of monitoring with a power of 80 % for the different 
adjustments applied to sPCB and sDDT concentrations in the blubber of male and female 
grey seals.  
 

Looking at the values from Table 2, it appears that the best results are when sPCB 
concentrations are adjusted for blubber thickness, age and length and when sDDT 
concentrations are adjusted for blubber thickness and age. In these two cases, it can be 
seen a real improvement compared to Figure 25. Weight did not in any case contribute 



                                                                                                                                         
 

significantly to explain the variation in contaminant concentrations when blubber 
thickness, age and length were already included in the multiple regression equation.   
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Figure 26: Temporal trends of sPCB concentrations, adjusted at fixed values for blubber 
thickness (=20mm), age (10 years) and length (150cm), in the blubber of male and female 
grey seals between 1974 and 1997.  
 

Males

D
D

T
s 

(m
g/

g)

.0

.1

.2

.3

.4

Time (year)
75 80 85 90 95

n(tot)=95,n(yrs)=22
slope=-8.1%(-10,-6.3)
SD(lr)=.29,3.0%,16 yr
power=1.0/.25/11%
r2=.81, p<.001 *

Females

D
D

T
s 

(m
g/

g)

 .0

 .2

 .4

 .6

 .8

1.0

1.2

1.4

Time (year)
75 80 85 90 95

n(tot)=95,n(yrs)=23
slope=-3.3%(-5.2,-1.4)
SD(lr)=.31,2.9%,17 yr
power=1.0/.23/12%
r2=.37, p<.002 *

pia - 05.08.04  15:54,  ddtmr3  
Figure 27: Temporal trends of sDDT concentrations, adjusted at fixed values for blubber 
thickness (=20mm) and length (=150cm), in the blubber of male and female grey seals 
between 1974 and 199. 
  
 The sensitivity improves: 

- For sPCB: from 14% to 5,3% per year for males and from 42% to 9% per year 
for females. 

- For sDDT: from 14% to 11% per year for males and from 35% to 12% per 
year for females. 

And the numbers of years required to detect an annual change of 5% with a power of 80% 
decrease: 

- For sPCB: from 19 to 11 years for males and from 35 to 15 years for females. 



                                                                                                                                         
 

- For sDDT: from 19 to 16 years for males and from 32 to 17 years for females. 
 
That the adjustments are more successful for females than for males can be explained by 
fact that the data set of females contains a larger proportion of specimens starving or in a 
bad condition, with a thin blubber layer, compared to the male data set.  
 
 

With this investigation, it appears that some adjustments of contaminant 
concentrations really help to increase the statistical power of temporal trend studies. 

For sDDT concentrations, adjusted for blubber thickness and age is enough to 
have a real improvement in the statistical power but for sPCB concentrations it is better 
also to add an adjustment for length. 
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The samples are taken in four different grey seals from the Baltic Sea who were 

shot or found dead in fishing gear. All of these four seals can be considered in “good 
shape” because they all have a blubber thickness above 25mm.  
Three of them are males which are 11, 2 or 3, and 4 years old. They were stored frozen 
until the dissection.  
The last seal is a female which is approximately 2 months old and was dissected fresh. It 
is important to notice that during the autopsy of this very young seal, nothing was found 
in the stomach. Moreover, as soon as seals start eating fishes, it is possible to find 
parasites in the intestine but in this case nothing was found (Bäcklin B.M., personal 
communication) so we have to be aware that this seal had not eat fishes yet. 
 
 For the pattern of the body distribution of blubber, we have at our disposal 21 
more seals: 10 of them are males and 11 are females. 
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It is important to know the distribution of contaminants in blubber for choosing 

the sampling sites. Aguilar A. (1985) suggested that because of the differences in the lipid 
composition in blubber and mobilisation of lipids in starved animals, there may be 
significant differences in contaminant concentrations between different locations on the 
body and also a vertical stratification of the concentrations in the blubber layer.  

In order to investigate the distribution of contaminants in grey seal blubber, 
samples were taken at three different body sites. Approximately 3g of blubber was 
sampled. 

One site on the dorsal part (Figure 28 a, b): 
- A: taken at around 50% of the body length (between the two 
samples taken on the ventral part). 

   



                                                                                                                                         
 

 
Two sites on the ventral part of the animal (Figure 28 a, c): 

- B: One at the sternum location which is the standard place for 
blubber sample at the Swedish Museum of Natural History.  
- C: One at around 75% of the body length measured from the 
nose. 

 
 

 

 
 
 

 
Figure 28a: Locations of samples taken from the grey seals. 

 
 

 At each site, two samples were taken. 
- One in the inner layer closest to the muscle (1) 
- One in the outer closest to the skin (2) 

As there are no visual strata in the blubber profile, the blubber layer is sectioned in three 
equal parts as suggested by Kleivane et al., 2004. The samples are taken in the two 
extreme parts (Figure 29). 
 

Blubber thickness was measured regularly on the body of the seals in order to 
have a pattern of the body distribution of the blubber. 16 measurements were done (4 on 
each parts of the seal: dorsal (Bk), ventral (V), left (Ls) and right side (Rs)) (Figure 30): 

- 1: the neck 
- 2: behind the hind flippers 
- 3: 60% of the body length 
- 4: 75-80% of the body length 

 
 
 

 
 

Figure 30: Locations of blubber thickness measurements. 
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Samples of four different tissues are taken in order to evaluate the distribution of 

contaminants within the body. These tissues are less rich in lipids than blubber so 10g of 
each were taken to be sure to have enough fat for the determination of contaminant 
concentrations. 

- Liver: samples taken in the middle of the largest lobe. (Figure 31) 
- Brain 
- Muscle: samples taken in a portion of muscle located just 

underneath the right kidney. 
- Kidney: in the middle of the right one. 

 
 

�  The total body burden 
  

Estimating total body burden of contaminants requires an estimation of the total 
amount of the different tissues therefore, liver, brain and kidney were weighted. The 
blubber and skin were removed from the carcass by first making a longitudinal incision in 
the middle of the ventral part and then the fat was separated from the muscle layers 
(Figure 32). Then, the skin was separated from the blubber. All the muscles were also 
extracted from the body. As it was not possible to remove 100% of the muscles from the 
skeleton, an estimation of how much was left on the bones was done in order to calculate 
the total weight of muscles. 
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The method used was described by Jensen et al., 1983. (For the detailed 

procedure, see Appendix 1). 
 
This method includes the homogenization of the tissues in acetone, followed by 

extraction with hexane / diethyl-ether 9:1 and finally liquid-liquid partitioning with a 
mixture of 0,1M phosphoric acid and 0,9% NaCl. Then, the solvents from the organic 
phase are evaporated in order to be able to determine the lipids weight of the samples. 
(Figure 33) 

Internal Standard (IS) containing CB-207 is added to the samples in order to have 
a concentration of approximately 20mg fat / mL IS. Due to low contaminant 
concentrations in brain, brain samples had to be concentrated to reach 100 mg fat/ mL IS.  

 
The clean up procedure is very important because lipids alter the functioning of 

the GC. Thus, sulfuric acid treatment is used to remove all the lipids from the samples. 
Then, all the contaminants are separated by gas chromatography (Figure 34). 
 
Just one sample had been treated with potassium hydroxide. DDT and DDD are 

not stable in KOH so this treatment reveals peaks situated under DDT and DDD. 
A peak was found under DDT but, instead of treating all the other samples, we decided to 
calculate a factor between this peak and CB-153 peak. This factor will be applied to the 
other samples in order to make an approximation of DDT concentrations. 
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 To use a parametric test like ANOVA, assumes among other things that the 
measurements are normally distributed. An Anderson-Darling test was first performed to 
see if the data were normally distributed. If the result showed a significant deviation from 
normal distribution, the data were transformed.  
But, as the ANOVA is a robust test, the non-normality of the data will not affect the 
results if the deviation from the normal distribution is relatively low (Scherrer, 1984). On 
the other hand, ANOVA with non-normal data tend to produce too many significant 
results (Snedecor and Cochran, 1967). Therefore both ANOVA and the non-parametric 
Kruskal-Wallis test were carried out to see whether the same results were achieved. 
 Also if, in addition of the non normality, the variances between the groups of 
samples were significantly different, the Kruskal-Wallis test was chosen. 

When the ANOVA revealed a significant result, a Tukey test was performed to see 
the mean value that differs the most from the other ones. 
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In order to investigate whether the blubber layer is evenly distributed around the 
seal body and whether some locations differed from the rest, blubber thickness was 
measured at 16 different locations.  
The blubber thickness data were not normally distributed. The log transformation 
appeared to be the most efficient to get the data closer to the normal distribution but still, 
there was a significant deviation from the normal distribution. Moreover, the variances 
were significantly different so the non-parametric Kruskal-Wallis test was applied. 
  The data are from 25 seals but 20 of them are yearlings. The analyses have been 
performed both on all the seals and also just on the yearlings to see if a more homogenous 
group would influence the results. The same results were found in both cases probably 
because the yearling seals are in large majority. It was therefore decided to present the 
results only for the yearlings group. 
 
 First, the blubber thickness between the right and left sides were compared. As 
expected, no significant differences were found (p>0,05). Thus, in the following 
investigation, data from right and left side have been pooled together. 
 
 Significant differences in blubber thickness were found between the dorsal, ventral 
and lateral parts (p<0,001) and also between the four different body lengths (p<0,001). 
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  Figure 35: Blubber thickness at four various body sites for the dorsal (back), ventral 
and lateral parts. 
  
Table 3: Mean blubber thicknesses (mm) and standard deviations (mm) at four different 
body lengths on dorsal, ventral and lateral regions.        
 
 
 
 
 
 
 
 
 
 
 
 
 

In Figure 35, the blubber appears to be thickest on the dorsal part and thinnest on 
the ventral part; the lateral part has intermediate values of blubber thickness. 
Nevertheless, the difference is significant only at the neck region (site 1) where blubber 
thickness on the dorsal part is significantly different from the ventral (p<0,001) and 
lateral parts (p<0,05). The ventral blubber thickness is also significantly different from 
the lateral one (p<0,005) only at this site. Thus, the neck region can be considered as the 
most variable site of blubber thickness.         
 
 Concerning the blubber distribution at different body lengths, it seems that the 
middle of the body (site 2 and 3) has a more or less constant blubber thickness. On the 
three parts (dorsal, ventral and lateral), there are no significant differences in the blubber 
thickness between sites 2 and 3. 
 Then, a decrease in blubber thickness can be seen both in the neck region (site 1) 
and in the posterior region (site 4). In the neck region, the decrease of blubber thickness 
from site 2 is significant only on the ventral and lateral parts (p<0,001).  
In the posterior region, the decrease of blubber thickness from site 3 is not significant. 
 It can also be noticed that there is a significant difference between blubber 
thickness at site 1 and 4 only on the ventral side (p<0,005). 

  1 2 3 4 
Dorsal n = 20 n = 20 n = 20 n = 20 
Mean 28,9 29,2 29,9 27,6 
St Dev 8,3 10,9 10,0 7,3 

Ventral  n = 20 n = 20 n = 20 n = 20 
Mean 16,7 25,9 25,5 24,7 
St Dev 7,9 7,9 7,5 7,3 
Lateral  n = 40 n = 40 n = 40 n = 40 
Mean 21,7 26,2 26,4 24,2 
St Dev 5,9 6,3 7,1 5,5 



                                                                                                                                         
 

 
The circumference had been measured at the four different body lengths and 

significant differences (p<0,001) were found between these four locations. 
 
Table 4: Mean circumference at four various body 
sites. 

  SITES 
  1 2 3 4 

Mean circumference 
(cm) 

51,8 76,8 76,1 62,0 

Standard Deviation 
(cm) 

7,0 6,7 7,1 5,9 
 

             
 Table 4 shows that the neck 
circumference is the smallest one 
and it is significantly different from 
the three other sites (p<0,001 for 
sites 2, 3 and 4). 
There are no significant differences  
between the circumference at the 

sites 2 and 3 and these two sites differ significantly from the site 4 (p<0,001). 
 
 The relative blubber thickness was also calculated by dividing blubber thickness 
by body radius (circumference / 2� ). 
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Figure 36: Relative blubber thickness at various body sites for the dorsal (back), ventral 
and lateral parts. 
            
 
Table 5: Mean relative blubber thicknesses and standard deviations at four different body 
lengths on the dorsal, ventral and lateral parts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  1 2 3 4 
Dorsal n = 20 n = 20 n = 20 n = 20 

Mean 0,4 0,2 0,2 0,3 
St Dev 0,1 0,1 0,1 0,1 

Ventral  n = 20 n = 20 n = 20 n = 20 
Mean 0,2 0,2 0,2 0,2 
St Dev 0,1 0,1 0,1 0,1 

Lateral  n = 40 n = 40 n = 40 n = 40 
Mean 0,3 0,2 0,2 0,2 
St Dev 0,1 0,0 0,0 0,0 



                                                                                                                                         
 

 
The dorsal part still has the highest values and the ventral part the smallest one. 

The relative blubber thickness is intermediate on the lateral part. But the differences 
between these three sides are significant only at the neck region (p<0,005). 
 Like for the absolute blubber thickness, there are no significant differences 
between the relative blubber thickness at sites 2 and 3. 
 

Contrary to what is shown in Figure 35, it seems that relative blubber thickness 
increases in the neck and posterior regions. In the neck region, the increase of relative 
blubber thickness from site 2 is significant only on the dorsal (p<0,001) and lateral 
(p<0,005) parts.  
In the posterior region, the increase of relative blubber thickness from site 3 is significant 
only on the lateral part (p<0,05). 
 As was found for the absolute blubber thickness, there is a significant difference 
between relative blubber thickness at site 1 and 4 on the ventral part (p<0,05) but also on 
the dorsal part (p<0,05). 
 
  
 Blubber has several functions such as energy reserves, insulation, body 
streamliner etc. Pond (1978) demonstrated that thermal, mechanical, or other constraints 
often lead to peculiar topographical distributions of fat in mammals. It could be expected 
that in marine mammals the blubber distribution would permit to minimize the conflict 
between these different functions (Ryg et al., 1988). In seals, the compromise between 
streamlining and insulation appears to be an important factor in determining the pattern of 
blubber distribution. 
 
 Several forces act on animals swimming in fluids. The predominant restrictive 
force is drag. In order to reduce this force, marine mammals tend to have a streamlined 
shape. Hydrodynamic theory describes the streamlined body shaped as one in which a 
rounded leading edge slowly tapers to the tail, and total length is three to seven times 
maximum body diameter. The ratio of these morphological measurements, termed the 
fineness ratio is expressed as (body length) / (maximum body diameter). (Williams, 
2002). This mean ratio calculated for the 20 yearling grey seals is 4,4. Williams (2002) 
said that the optimum fineness ratio that results in minimum drag with maximum 
accommodation for volume is 4,5. Yearling grey seals thus have a streamlined body shape 
close to the optimum value. But blubber is also very important and is often distributed 
across an animal in a non-uniform manner in order to increase this streamlining effect 
(Iverson S.J., 2002)  

On the ventral and lateral sides, the yearling grey seals have significantly thinner 
blubber around the neck compared to the three other sites. Beck et al., (1995) also found 
that adult harp seals have thinner blubber at the neck region and suggested that this 
pattern could help to reduce drag while swimming.  
They also noticed that blubber near the fore flippers (which correspond to site 2 in the 
present study) was very thin. As phocid seals are propelled by lateral movements of the 
hind flippers and body, the fore flippers are pressed against the sides unless they are 
needed for steering, Beck et al. (1995) concluded that the thin blubber in this region 
provides a natural depression for the fore flippers and improve the streamlining effect. 
This position may also compensate for thin blubber in this region and help to reduce heat 
loss from the flippers (Innes et al., 1990). In the present study however, the blubber  
 



                                                                                                                                         
 

 
thickness at site 2 shows no significant differences compared to the other sites. The grey 
seals studied here are yearlings and they may not have developed this pattern yet. It could  
not be excluded that such a depression near the fore flippers can be found in adult grey 
seals. 
Moreover, Iverson (2002) suggested that the blubber over the hind end of a seal may be 
thicker in order to taper the animal more gradually than would be dictated by the 
musculoskeleton. In the present study, as the blubber thickness is quite similar all over the 
body, except in the neck region, it can be suggested that the yearling grey seals might not 
have an adequate blubber distribution to increase the streamlining of the body. 
  

The other important factor to take into account to explain blubber distribution is 
insulation. Convective heat loss to water is much higher than to air for a given 
temperature difference because of the specific heat capacity, thermal conductivity and 
density of water. In cold water, aquatic homeotherms must therefore maintain a surface 
temperature only slightly above the water temperature to avoid excessive heat loss, and 
the thermal core must be well insulated (Ryg et al., 1993). The effectiveness of blubber in 
the insulation depends partly on its thickness and Ryg et al. (1988) suggested that the 
blubber distribution which gives the lowest heat lost is one where the ratio of blubber 
thickness to body radius is constant. When comparing Figures 35 and 38, it can be noticed 
that the blubber thickness relative to body radius is less variable than the blubber 
thickness itself. Thus, in the yearling grey seals, the pattern of the blubber distribution 
may minimize heat loss to the environment. The same result was found by Beck et al. 
(1995) for adult harp seals. 
They also found that the fat reserves were located in the posterior region because the 
relative blubber thickness was consistently greater. If the animal loses fat from this “over 
insulated” hind part, it would not affect so much the insulation (Ryg et al., 1988). For the 
yearling grey seals, it can be seen on Figure 36 a slightly increase of relative blubber 
thickness in the posterior region but this increase appears to be significant only on the 
lateral side. This could be explained by the fact that the analysed seals are just few 
months old so they have used most of their fat reserves during the post weaning fast and 
maybe they have not rebuilt it yet; that could be why the increase is significant just on one 
part. 
 
  

If the results found by Beck et al. (1995) for adult harp seals are taken as a 
reference, in the present case, it seems that the insulation function might be the favoured 
factor in the compromise between streamlining and insulation. Maybe in the yearling grey 
seals, insulation is most important because it improves their surviving chances when they 
depart to sea and initiate foraging after the post weaning fast. As was shown in the 
preliminary results, the most important changes in the blubber thickness of grey seals 
occur at the beginning of their life so maybe with such changes in blubber thickness,  
some changes in blubber distribution could be expected in order to improve the 
streamlining effect. Thus, it could be interesting to see the blubber distribution in grey 
seals at different ages.  
Blubber thickness is also influenced by other factors such as sex, season etc. To have a 
more precise idea of the blubber distribution in grey seals, it could be useful to analyse 
males and females separately for different ages but also at different periods of the year. 
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Blubber thickness has been measured at three different body locations (A,B,C) and 

at two different depths (1 and 2) in the blubber in order to know how the contaminants are 
distributed in this tissue. 
 
 The fat percentage has been determined in each sample. 
 
Table 6: Mean fat percentages at the three body 
locations and two different depths for the four 
grey seals. 
Layer / Site A B C 

Mean 89,2 90,3 89,4 
1 

St Dev 2,1 0,9 1,6 
Mean 90,6 90,6 88,4 

2 
St Dev 0,8 2,1 0,9  

             
                No significant differences in 
fat percentage were found between the 
three different body locations. The two 
depths also have similar fat content.  
It can be noticed that one sample in B2 
has been excluded because some fat 
was lost during the extraction 
procedure leading to a wrong value of 
fat content.  
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Figure 37: Concentrations in ppm (on lipid weight basis) of certain organochlorine 
compounds in blubber taken from two depths of three different locations on four grey 
seals. 
 



                                                                                                                                         
 

  
In Figure 37, DDE, CB-153 and CB-138 show the highest concentrations in the 

blubber of these four grey seals and HCB concentrations are the lowest.  
 
Table 7: Mean contaminant 
concentrations (ppm) in the blubber of 
the four grey seals. 
 1 2 3 4 

Age 0,2 4 2 or 3 11 
Mean 0,70 2,29 1,38 5,10 
St Dev 0,07 0,46 0,19 3,37  

 
              Figure 37 and table 7 show that the 
contaminant concentrations in the blubber 
increase with age. 

 
 Contaminant concentrations from the inner (1) and outer (2) layers were pooled 
together for each seal. No significant differences were found between the three locations 
(A, B, C) in any of the four seals. 

In Figure 37, contaminant concentrations in seal 2, 3 and 4 seem to be higher in 
the outer layer (2) but the statistical analyses revealed that the differences were significant 
(p<0,05) only in the oldest seal (seal 4). On the other hand, it can be seen that the yearling 
grey seal (seal 1) seems to have higher concentrations in the inner layer but the difference 
was not significant. 
Even if the differences in contaminant concentrations between the inner and outer layer 
are significant only in the oldest seal, Figure 38 indicates that these differences increase 
with age for some of the investigated organochlorines. The outcome from the regression 
analyses must be interpreted with caution, only four individual specimens were analysed 
and the distance in age between oldest seal and the three younger ones implies that the 
oldest seal exert a large leverage effect on the regression line.    
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Figure 38: Relationship between 
contaminant concentrations (ppm) in inner, 
outer blubber layers and age for grey seals. 

 
The pattern appears to be different between DDT, DDE and the CB congeners 

(138, 153, 180). DDT and DDE concentrations increase linearly in the outer layer and 
follow a logarithmic model in the inner layer whereas CB congeners concentrations show 
an exponential increase in the outer layer and a linear trend in the inner layer. The 
differences between the two layers begin to increase around 3 years old for DDT and 
DDE and around 5 years old concerning the CB congeners. The coefficient of 
determination are high in all cases: r²>0,8 but it is probably partly explained by the fact 
that there were just four seals analysed. 
DDD concentrations show a different pattern. The outer layer still has the highest 
concentrations but the concentrations in the two blubber layers evolve in the same way 
with age. 
Concerning HCB, it does not seem to have a special tendency; the concentrations in the 
two layers are quite similar at the different ages. The 2-3 years old seal has much higher 
HCB concentrations. An explanation may be that the 3 years old seal has been exposed to 
elevated levels of HCB.  
 
 

The increase with age of contaminant concentrations in the blubber of these four 
grey seals is in accordance with what was found in the preliminary results concerning 
sPCB and sDDT. 
CB-153 and 138 are the dominant congeners. Same results were found for grey and 
common seals in England (Law et al., 1989) and it was said that CB-138 and 153 are 
always present at the highest concentration because of their resistance to enzymatic 
processes (Boon et al., 1988). Concerning DDT and its metabolites, the same pattern was 
found by Law et al. (1989): DDE has the highest concentrations followed by DDT and 
DDD. 

 



                                                                                                                                         
 

 
No significant differences in contaminant concentrations were found between the 

three different body locations (A, B, C). Similar results were found for ringed seals 
(Severinsen et al., 2000; Cameron et al., 1997), minke (Balaenoptera acutorostrata) and 
blue (Balaenoptera musculus) whales (Gauthier et al., 1997). Nevertheless there are some 
exceptions concerning the cetaceans, Karlson et al. (2000) found different concentrations 
in the blubber at different anatomical locations in harbour porpoises and Koopman et al. 
(1998) showed that the composition of fatty acids in the blubber at the caudal peduncle 
was different which may affect contaminant concentrations. No such results have yet been 
found for seals.  

The three older grey seals have higher contaminant concentrations in the outer 
layer (closest to the skin) but the difference is significant only for the oldest one. Gauthier 
et al. (1997) suggested that variations of lipid content between the two layers could be the 
cause of the variations of organochlorine concentrations. But in the present case, similar 
fat content were found between the three body locations and also between the two depths 
in the blubber. Same results were found for ringed seals (Severinsen et al., 2000) and 
harbour porpoises (Tilbury et al., 1997).  
Kawai et al., (1988) showed that, in the striped dolphin, the bioconcentration of 
organochlorine compounds is correlated to the lipid composition. Moreover, a vertical 
fatty acids stratification was found between the inner (closest to the muscle) and the outer 
(closest to the skin) blubber sample of harbour porpoises (Koopman et al., 1998) and 
ringed seals (Fredheim et al., 1995). Fatty acids with shorter chain lengths than 18 
carbons are more abundant in the outer blubber sample and longer chain unsaturated fatty 
acids are more common in the inner layer. This difference could explain the different 
contaminant concentrations in inner and outer layers. Koopman et al. (1998) also 
suggested that the layer close to the muscle is more metabolically active than the one 
closest to the skin so it could explain why higher concentrations are found in the outer 
layer. 

The youngest grey seal analysed was just few months old and even if the result 
was not significant, it seems that the contaminant concentrations are higher in the inner 
layer. Tilbury et al. (1997) found the same results in yearling harbour porpoises but no 
explanation was found.  

In the present study, it was also noticed an increase with age of the differences 
between contaminant concentrations in outer and inner layer. Koopman et al. (1998) 
found that the vertical fatty acids stratification appears to increase with age in harbour 
porpoises. It could be expected that the same pattern occurs in the grey seals leading to an 
increase in the vertical organochlorine concentrations stratification.  
Moreover, in a study by Tilbury et al (1997), it was suggested that the differences 
between individuals in contaminant concentrations in blubber may be the result of 
nutritional or other physiological properties. As shown in the preliminary results, blubber 
thickness can decrease drastically during certain periods. Lipids are mobilised from the 
blubber so contaminants could be released at the same time. Lipids mobilisation may 
occur first from the blubber closest to the muscle and the blubber thickness may not be 
used entirely so the contaminants may always be released from the inner layer whereas 
the outer layer just store contaminants throughout the life.  The preliminary results also 
revealed that only the adults are showing these high variations of blubber thickness. It 
could explain why the differences between the inner and outer layers start to increase 
around 3-5 years old. 

 



                                                                                                                                         
 

No differences in concentrations were observed between the different anatomical 
blubber locations but a vertical stratification was found. Even so, it’s recommended that 
samples are taken in a standardised way at the same site for each sample within a study. It 
is particularly important to define how the samples are taken with respect to vertical depth 
in the blubber. Either could a homogenised sample from the whole column be taken to 
represent average exposure. Samples from the inner layer may represent more recent 
exposure. On the other hand may samples from the outer layer be more conservative to 
short time variation and hence improve power for temporal trend studies or for 
comparisons among groups.   

In this study, the results were obtained with just four seals and in order to confirm 
the results from the present pilot investigation, more seals should be analysed. 
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The contaminant concentrations have been measured in five different tissues of 

four grey seals. For the blubber, samples have been taken at different sites of the body so 
in the comparison between the different tissues it was chosen to take the sample B which 
corresponds to the standard place for blubber samples. The mean values between the 
concentrations in the inner and outer layers are taken. 
 
 
Table 8: Mean lipid percentages in the muscle, liver, 
kidney, brain and blubber of the four grey seals. 

  Muscle Liver Kidney Brain Blubber 
Mean 1,2 3,0 2,8 9,3 88,6 
St Dev 0,1 0,2 0,3 1,8 3,7  

 
              As expected blubber has 
the highest fat content whereas the 
muscle have the lowest. Liver and 
kidney have similar lipid 
percentages (around 3%) but brain 
has higher values (around 9%). 
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Figure 39: Concentrations in ppm (on lipid weight basis) of certain organochlorine 
compounds in muscle, liver, kidney, brain and blubber of four grey seals. 
 
 Figure 39 shows that there are similar patterns for the four grey seals and for the 
five analysed tissues: the most present contaminants are CB-138, CB-153 and DDE. DDE 
represents approximately 85-90 % of the total DDT concentrations. Blubber appears to 
have higher concentrations on a fat weight basis than the other tissues and brain has the 
smallest one. The contaminant concentrations increase with age. 
 

To have a better idea of the distribution pattern of the different contaminants, 
Boon et al. (1992) suggested that the behaviour of the different compounds can be studied 
by comparing their relative concentrations in the different tissues. Often, the ratio to the 
most abundant compound is used. In the present study CB-153 was chosen because it 
shows the highest concentration in all the tissues of the four seals (Figure 39). 
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Figure 40: Ratio between the concentrations of the different compounds and 
concentrations of CB-153 for the four grey seals.(DDT was not detected in the liver) 

 
Figure 40 gives a more precise idea to compare the concentrations of the different 

organochlorine compounds. The distribution pattern of the different compounds is quite 
similar between the four seals and also, the different tissues have quite similar relative 
concentrations. An exception, may be the liver in the older seals, it seems that it has 
slightly higher relative concentrations for DDE, CB-138 and DDD.  
DDE has the highest relative concentrations followed by CB-138, CB-180 and DDD. 
 

In order to compare the concentrations in the different tissues, the ratio to the most 
contaminated tissue (i.e. the blubber) is used. 
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Figure 41: Ratio between the contaminant concentrations in the different tissues and in 
the blubber for the four grey seals. (* = non detected) 
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Figure 41 shows that in each seal, there are equivalent contaminant concentrations 

in kidney, liver and muscle for all the compounds except DDD which has more variable 
concentrations between the different tissues. A tendency of increasing DDD 
concentrations can be seen in the order kidney<muscle<liver. It can be noticed that the 
differences in DDD concentrations between kidney, muscle and liver is higher in the 
oldest seal (seal4).  
The youngest seal (seal 1) seems to have higher concentrations of DDT, CB-138, -153 
and -180 in the kidney. 

The pattern is different concerning the brain. In that case, HCB show the highest 
concentrations. A decrease with age of the ratios brain / blubber can also be seen except 
for DDD. 
 
 
  In these four grey seals, CB-153 and 138 are the dominant congeners. The same 
results were found for grey and common seals in England (Law et al., 1989) and in 
Norway (Bernhoft et al., 1994) and it was said that CB-138 and 153 are always present at 
the highest concentrations because of their resistance to enzymatic processes (Boon et al., 
1988). Concerning DDT and its metabolites, the same pattern was found by Law et al. 
(1989) and Skaare et al., (1990): DDE has the highest concentrations followed by DDT 
and DDD. The pattern of the DDT group reflects the decline in input to the marine 
environment following the withdrawal of DDT as an agricultural pesticide in the 70’s in 
most European countries (Mitchell et al., 1992). HCB has the lowest concentrations, 
probably because this compound can be more easily metabolised (O’Hara et al., 2001). In 
Baltic herring, with probably less ability to metabolise HCB, the HCB/CB-153 ratio is 
approximately 0,3 (Bignert et al., 2005).   
 
 It has been noted in several cases that there is no marked difference between the 
oragnochlorine concentrations in the different tissues of an individual when the pollutant 
concentrations are expressed on a lipid weight basis (Perttilä et al., 1986). In this study, 
liver, kidney and muscle show similar concentrations except for DDD but blubber has 
slightly higher concentrations and the brain has considerably lower concentrations in all 
the four seals. The same pattern was found for harbour porpoises (Tilbury et al., 1997; 
Ishaq et al., 2000), grey seal pups (Jenssen et al., 1996) and harbour seals (Bernhoft et al., 
1994). Persistent organochlorine pollutants are known to be highly lipophilic so they are 
expected to accumulate more easily in tissues with high fat percentage. In the present 
study, brain has higher fat percentage than liver, kidney and muscle but the contaminant 
concentrations are considerably lower. It can be noticed that the percentage of extractable 
lipids found in this study is in accordance with other results found for grey seals by Harju 
et al. (2003).  The blood-brain barrier may be a factor excluding certain contaminants 
from transport to the brain tissue. Another possible explanation for these low contaminant 
concentrations in brain could be the difference in lipids composition (Bernhoft et al., 
1994; Jenssen et al., 1996; Karlson et al., 2000). Studies showed that, in different animal 
species, the brain is composed mainly of phosphoglycerides, sphingolipids and 
cholesterol whereas liver and kidney usually contain triacylglycerols in addition to 
phosphoglycerides, sphingolipids and cholesterol. Blubber is mostly composed of 
triacylglycerols (Long C, 1961). Phosphoglycerides, sphingolipids and non esterified 
cholesterol are more polar lipids, to which organochlorine compounds may have lower 
affinity than to the triacylglycerols (Bernhoft et al., 1994) so they do not accumulate 
easily in the brain tissue.  



                                                                                                                                         
 

It was also noticed that, the ratio between concentrations of HCB in brain and in blubber 
is the highest so maybe HCB has a better capacity to cross the blood-brain barrier and can 
accumulate more easily in the brain tissue. 
 .  

Concerning DDT and its metabolites, DDE has the highest concentrations in all 
analysed tissues (Figure 39) and the concentrations are quite similar between the different 
tissues so DDT is mainly metabolised to DDE in every organs. But it can also be noticed 
that in liver, kidney and muscle, DDD concentrations are much higher than in blubber so 
in this three tissues DDT is also metabolised in DDD. There is an increase in DDD 
concentrations in kidney<muscle<liver. Liver has the highest concentration of DDD and 
it could be due to the fact that it is supposed to be the main organ for detoxification. The 
oldest grey seal shows much higher concentration of DDD in liver and muscle. It also has 
the highest contaminant concentrations and it is known that organochlorine compounds 
can induce higher detoxification process so maybe that is what happens in the liver and 
the muscle leading to higher concentrations of DDD. 
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In order to get a rough estimate of the total body burden of PCB’s and some other 

organochlorines the total amount of the different contaminants was first determined for 
each analysed tissue: muscle, liver, blubber, kidney and brain.  
As the blubber has higher concentrations and the brain has the lowest one, it was decided 
to take the mean contaminant concentrations between the liver, kidney and muscle to 
have an approximation of the contamination in the other tissues and also make an 
estimation of the total amount of some organochlorine compounds in a whole seal. 
� �
�

�  �!�
�
�

Bernhoft et al. (1994) found, in harbour seals, that CB-138 and CB-153 were 
constituted 51-77% of the total PCBs. On the other hand, in harbour porpoises, CB-138 
and CB-153 constitute between 51 and 61% of the total PCBs (Karlson et al., 2000). 
Based on these observations, a mean value of 60% was used. 
 
Table 9: Amount of total PCBs (in g) in the different tissues of the four grey seals and in 
the whole seals. 
 

  1 2 3 4 

Muscle 2,36E-04 1,74E-03 6,58E-04 4,28E-03 

Liver 1,32E-04 6,36E-04 2,80E-04 8,84E-04 

Kidney 2,49E-05 5,34E-05 1,69E-05 1,05E-04 

Brain 4,74E-06 1,56E-05 8,00E-06 1,90E-05 

Blubber 0,085 0,217 0,097 1,594 

Whole seal 0,086 0,224 0,099 1,603 
 



                                                                                                                                         
 

 As expected, it can be seen in Table 8 that the total amount of PCBs increases with 
age. 
Organochlorine compounds concentrate in the fatty tissues of organisms and blubber is 
the main body compartment for lipid storage. In some species, blubber has been 
documented to contain 90 to 95% of the total body burden of organochlorines because 
most of the mass of blubber is lipid and over 90% of total body lipid is in blubber 
(Tanabe et al., 1981). In the present study, the amount of PCBs in the blubber 
compartment appears to constitute more than 95% of the total body burden. The result is 
slightly higher compared to what was found in the literature but may be the method used 
to extrapolate the concentrations in the whole body lead to an underestimation of the 
contamination in the other parts of the body. 
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Table 10: Total amount of DDT and its metabolites (in g) in the different tissues of the 
four grey seals and in the wholes seals. 
 

  1 2 3 4 
Muscle 8,02E-05 7,13E-04 3,70E-04 1,18E-03 
Liver 4,45E-05 3,23E-04 1,87E-04 3,32E-04 

Kidney 6,56E-06 2,12E-05 8,91E-06 2,87E-05 
Brain 1,38E-06 6,15E-06 4,10E-06 4,19E-06 

Blubber 3,43E-02 9,75E-02 6,67E-02 4,14E-01 
Whole seal 0.034  0.098  0.067  0.42  

 
 The total amount of DDT and its metabolites also seems to increase with age.  
If we compare with the total amount of PCBs in the whole seals, it can be seen that the 
total amount of DDT and its metabolites is less than half of the total amount of PCBs.  
Moreover, in the present investigation, the blubber compartment appears to contain more 
than 98% of the total amount of DDT and its metabolites. 
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Table 11: Amount of HCB (in g) in the different tissues of the four grey seals and in the 
whole seals. (U.D=Below Detection Limit) 
 

  1 2 3 4 
Muscle 6,53E-07 7,2E-06 3,5E-05 1,1E-05 
Liver 3,1E-07 2,8E-06 1,5E-05 3E-06 

Kidney 4,03E-08 2,6E-07 9,4E-07 2,4E-07 
Brain U.D 1,3E-07 5,8E-07 4,9E-08 

Blubber 1,47E-04 6,04E-04 2,87E-03 8,23E-04 
Whole seal 1,48E-04 6,14E-04 2,92E-03 8,38E-04 

 
 Also for HCB, more than 98% of the total amount is found in the blubber 
compartment. 



                                                                                                                                         
 

 
 When analysing the amount of the different organochlorines compounds in the 
five tissues, it appears that blubber contains most of it i.e more than 95% in the present 
investigation. Then the contaminants are distributed following this pattern:  muscle > 
liver > kidney > brain. 
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In this investigation, the blubber thickness was quite similar all over the body 
except in the neck region suggesting that the insulation is the favoured factor but the 
results are from yearling seals and some changes in the blubber distribution cannot be 
excluded in the adult grey seals. 

Concentrations of pollutants are commonly measured in blubber and it was shown 
that in the grey seals analysed the concentrations are similar at different body sites but, on 
the other hand, there was a vertical stratification. This result is very important to take into 
account when blubber is sampled on grey seals because a homogenised sample from the 
whole column can be taken to represent average exposure. Samples from the inner layer 
may represent more recent exposure. On the other hand may samples from the outer layer 
be more conservative to short time variation and hence improve power for temporal trend 
studies or for comparisons among groups. 
The distribution of contaminants between the five different tissues gave similar results as 
were found in previous studies (Law et al., 1989; Bernhoft et al., 1994; Jenssen et al., 
1996; Ishaq et al., 2000). Brain has the lowest contaminant concentrations; blubber has 
the highest one. Muscle, liver and kidney show comparable organochlorine 
concentrations. 

It is very important to take into account that in this study, the results were 
obtained with just four seals and in order to confirm the results from the present pilot 
investigation, more seals should be analysed. 
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Appendix 1 (E. Greyerz) 
  

 
Description of the "RSL" method of fat extraction. 

Erik Greyerz, RSL 

Method used at the Special Analytical Laboratory, the Swedish Museum of Natural History. 
This is a slightly modified version of the method described in: 

Jensen,S., Reutergårdh, L. and Jansson, B.: ”Analytical methods for measuring organochlorines and methyl mercury by gas 

chromatography”. FAO Fish. Technical paper (1983), 212, 21-33. 

 

 
Extraction. 
 
* The sample, around 10 grams, is cut in small pieces, weighed in an 50 ml E-flask and 

homogenized in 35 ml acetone. It is then poured into an upper funnel with a glass frit, 
see figure. 

 
* 25 ml hexane/diethyl-ether 9:1 is poured into the E-flask and into a 100 ml bottle 

respectively. To wash the homogenizer it is run first in the E-flask, then in the bottle. 
Before next sample the homogenizer is also run in distilled water, then wiped with a 
Kleenex towel and finally run in ethanol. 

 
* After about 5 min the acetone in the upper funnel is passed down into a lower 

separatory funnel, filled with 50 ml 0.9% NaCl in 0.1M H3PO4. (The first few ml of 
turbid acetone may be collected in a test tube and returned to the upper funnel.) 
Nitrogen gas is used to force residue solvent from the sample. 

 
* The hexane/ether in the E-flask is poured into the upper funnel, the content is stirred 

with a glass rod for 30 sec and after about 5 min it is passed down as above. 
 
* The procedure is repeated with the hexane/ether in the 100-ml bottle, via the E-flask. 
 
* The lower separatory funnel (plugged) is gently shaken 20 times. The two phases are 

allowed to separate. It may be necessary to move the glass rod through the border 
layer to free it from air bubbles. 

 
* The lower, aqueous, phase including all separating foam is passed into the 100-ml 

bottle. The upper phase is carefully decanted into a low 100-ml beaker, previously 
weighted, not allowing any remaining droplets of water phase to pass through. 

 



                                                                                                                                         
 

* The aqueous phase in the bottle is brought back to the separatory funnel and is washed 
with 20 ml hexane (20 gentle shakings). After separation the aqueous phase is passed 
down and the solvent phase decanted to the beaker as above. 

 
* The beaker is placed at the opening of the ventilation cabinet with the shutter almost 

closed and the airflow at idle speed. The solvents are allowed to evaporate overnight. 
 
* With the fat dry, the beaker is weighted and the fat content calculated 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Clean-up procedure with Sulfuric Acid. 
 
* Internal Standard (IS) is added to the lipid in the beaker with a suitable amount. As 

solvent for the IS iso-octane is used. The solution is transferred to a test tube with 
screw cap. 

 
* Concentrated H2SO4 is added; about 2 ml per 100 mg lipid. The tubes are turned upside 

down 40 times. 
 
* Centrifuge the tubes. Sometimes the treatment is performed twice: the main part of the 

lower phase is sucked out with a Pasteur pipette and a small amount of H2SO4 is 
added. Repeat the procedure above. 

 

 



                                                                                                                                         
 

* The upper phase is transferred to vials. 
 
Potassium hydroxide treatment. 
Part of the sulfuric acid treated sample is additionally treated with a KOH solution to 

reveal peaks situated under DDT and DDD (which are not stable in KOH) in the 
chromatograms. 

 
*. Make a KOH solution by solving 1 gram (about 10 pellets) KOH in 0.5 ml dest H2O 

(heat), then add 9.5 ml EtOH (enough for 10 samples). 
 
* Transfer 1ml sample solution to a test tube with screw cap, add 1ml KOH solution and 

turn over a couple of times. 
* Place in 70°C-water bath for 30 min, then let the test tube cool. 
* Add 1 ml 0.9% NaCl solution, turn over 30 times, and centrifuge. 
* Remove the upper phase to a vial. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


