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ABSTRACT: Organochlorine compounds (OC) are known to induce vitamin A (retinoids) deficiency in
mammals, which may be associated with impairment of immunocompetence. reproduction and growth.
This makes retinoids a potentially useful biomarker of organochlorine impact on marine marnmals.
However, use of retinoids as a biomarker requires knowledge about its intrapopulation patterns of variation in natural conditions, information which is not currently available. IYe investigated these patterns
in a cetacean population living in a n unpolluted environment. 100 harbour porpoises Phocoena phocoena from West Greenland were sampled during the 1995 hiinting season. Sex, age, morphometrics,
nutritive condition, and retinol (foliowing saponification) and OC levels in blubber were determined for
each individual. OC levels found were extremely low and therefore considered unlikely to affect the
population adversely: mean blubber concentrations, expressed on an extractable basis, were 2.04 (SD =
1.1) ppm for PCBs and 2.76 (SD = 1.66) ppm for tDDT. The mean blubber retinol concentration for the
overall population was 59.66 (SD = 45.26) pg g-' Taking into account the high contribution of blubber
to body mass, blubber constitutes a significant body site for retinoid deposition in harbour porpoises.
Retinol concentrations did not differ significantly between geographical regions or Sexes, but they did
correlate significantly (p C 0.001) with age. Body condition, measured by determining the lipid content
of the blubber, did not have a significant effect on retinol levels but the individuals exarnined were
considered to be in an overall good nutritive condition. It is concluded that measurement of retinol concentrations in blubber samples 1s feasible and has a potential for use as a biomarker of organochlorine
exposure in cetaceans. However, in order to do so. biological information, particularly age, is critical for
the correct assessment of physiological impact.
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INTRODUCTION
A central, yet unresolved issue in ecotoxicology is
the relationship between cause and effect of pollutant
concentrations in organisms. In recent years, such relationships have usually been assessed using biomark-
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ers, which are xenobiotically induced vanations that
reflect the physiological impact of pollutants (NRC
1987).
Among the vertebrates, odontocete cetaceans are
those in which the highest concentrations of oryanochlonnes (OC) have been found (O'Shea & Aguilar in
press). However, the actual impact of these pollutants
and their pathways of action in odontocetes have yet to
be determined although, given their similarity to other
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mammals, the adverse effects of these pollutants on
reproduction and immunocompetence have been
repeatedly suggested.
In vertebrates, organochlorines are known to induce
vitamin A-depletions. These effects have been demonstrated expenmentally and in the wild (Peakall 1992,
Spear et al. 1992, Swart et al. 1994, Morse & Brouwer
1995).Retinoids are a group of lipid soluble substances
that possess a vitamin A-like biological activity (Wolf
1984). In mammals, retinoids are essential nutrients
(i.e. they must be provided in the diet) and are fundamental for growth, vision, reproduction, epithelial differentiation and immune function. Retinoid concentrations tend to reflect vitamin A availability in the diet
and, thus, are high in marine species that feed on
manne fish rich in retinoid and carotenoids.
The liver is the main, though not exclusive, storage
site for retinoids. Other retinoid storage sites are kidneys, depol fat, lungs and adrenal glands (Blomhoff et
al. 1991). However, most retinol determinations in
marine mammals have been made in the liver and
plasma, tissues which require the handling of the individual or its necropsy. In some instances, though
restncted to pinnipeds, hypodermic fat has also been
analysed (Rodahl & Davis 1949, Schweigertet al. 1987,
Schweigert & Buchholz 1995, Käkelä et al. 1997). The
use of hypodermic fat has the advantage that freeranging individuals can be sampled at a distance using
biopsy darts, a technique which is comparatively less
invasive than the methods commonly required for
sampling other tissues.
The combination of blubber biopsy techniques
(Aguilar & Borreil 1994) with the subsequent analysis
of the tissue offers the possibility of using retinol as a
biomarker of organochlonne pollutants in free-ranging
odontocete cetaceans in the wild. However, this requires baseline data on the range of concentrations of

Fig 1 Localities where the harbour porpoises were collected

retinol in natural conditions, that is, in populations
which are not affected by exposure to pollutants.
The present study aims at filling this gap. Its objective is to establish intrapopulation patterns of retinol
concentrations in the blubber of harbour porpoises
from Greenland, an environment which remains comparatively unaffected by pollutants. Thus, we investigated differences in retinol concentrations between
sampling locations as well as those associated with
age, body length, Sex and body condition. It is
expected that these data will provide the basis for the
use of retinol as a biomarker for the species.

MATERIAL AND METHODS

We examined and sampled 100 harbour porpoises
(54 females a n d 46 males) cauqht dufing the 1995

hunting season in 3 different regions of West Greenland: Maniitsoq (n = 51), Nuuk (n = 36) and Paamiut
(n = 13) (Fig. 1). Porpoises were measured, weighed
and sexed, and teeth from the lower jaw and a sample
of blubber from the central dorsal region of the trunk
collected. This blubber sample was used for the analySes of lipid content, organochlonne concentration and
retinol levels.
Age determination. The teeth were cleaned (but not
boiled) and fixed in 10% neutral buffered formalin. In
the laboratory they were decalcified in Rapid Bone
Decalcifier for the Preparation of Histological Materials (RDO), a commercially prepared mixture of acids,
for 2 to 8 h depending on tooth volume. Teeth were
then longitudinally sectioned in a freezing microtome,
stained with hematoxylin, blued in weak ammonia
solution, and mounted onto gelatin-coated slides. Age
was determined by counting growth layer groups
(GLG) in dentine, assuming that each GLG corresponded to 1 yr. More detail on the techniques used
can be found in Lockyer (1995a,b).
Nutritive condition. The nutritive condition of the
individuals was assessed by examining the lipid content of a blubber sample weighing about 3 g. This was
determined gravimetncally from the lipid extract
obtained from the Soxhlet extraction made for the OC
analysis (see below). Lipid content was expressed as a
percentage of blubber wet weight (blubber lipid content, BLC%). Blubber lipid nchness is considered a
sensitive indicator of cetacean condition (e.g. Aguilar
& Borrell 1990, Lockyer 1 9 9 5 ~ ) .
Blubber organochlorine pollutant concentrations.
The blubber samples were preserved in deep freeze
(-20°C) awaiting analysis. Once in the laboratory, samples weighing about 3 g were ground with anhydrous
sodium sulfate and extracted with n-hexane (residuefree quality) in a Soxhlet apparatus for 5 h. The solu-
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tion obtained was concentrated to 40 ml. A portion of
this extract (10 ml) was used to determine the quantity
of extractable fat g-' of blubber. A further quantity was
mixed with sulfunc acid for the clean up, following the
procedures descnbed by Murphy (1972), and the
resulting extract was concentrated to 1 ml and centrifuged for 5 min.
Chromatographic analysis was carried out on a
Hewlett-Packard 5890-11 G.C., equipped with an electron capture detector (ECD) at 350°C. A fused silica
capillary column (length 60 m, 0.25 mm internal diameter, i.d.1coated with SPB-1 was used as the stationary
phase (0.25 pm film thickness). The splitless technique
was used to inject 1 p1 of the purified extract. Pure
nitrogen at a flow rate of 1 ml min-' was used as a carrier gas. Temperature was programmed as follows:
injection at 40°C for 1 min and increased to 170°C at a
rate of 25°C min-'; 1 min constant to 250°C at a rate of
2°C min-' and then to 280°C, at 5'C min-'.
A preliminary screening of the samples revealed that
heptachlor was not present in the tissues analysed.
Therefore, this compound (0.1 pg g-I) was used as an
internal standard.
The samples were analyzed for the following compounds: HCB, p,pl-DDE, p,pr-DDD, o,p'-DDT, p,plDDT and polychlonnated biphenyls (PCBs).Total PCB
concentration (tPCB) was calculated as the sum of 20
individual peaks (IUPAC# 95, 101, 110+136, 151,
135+144, 149, 153, 141, 138, 187,183+128, 174, 177,
171+202,180,170,201,203+196, 195,194).tDDTis the
sum of the 4 DDT compounds. Concentrations are
expressed in pg g-' of extracted lipid.
Blanks of pure n-hexane were daily run to ensure
the purity of the system. Recoveries of all the organochlorine compounds were calculated by adding known
quantities of standard to 12 homogenate replicates of
the Same sample. They ranged from 82 to 101 %.
Blubber retinol concentrations. The blubber samples, weighing about 1 g each,were homogenised with
a Sorvall apparatus. Three subsamples weighing ca
100 pg were drawn from each homogenate. Subsamples were saponified overnight in an ethanolic KOH
solution (1 g KOH, 2 ml distilled H 2 0 , 2 ml ethanol,
20 pg ascorbic acid) in a mechanical shaker under a
nitrogen atmosphere. Retinol was extracted by adding
8 ml diethyl ether and shaking for 30 min. After separation from the aqueous phase, internal standard was
added and the organic extract was cleaned 3 times
with 4 ml of aqueous phosphates buffer (pH 7.4). The
extract was dried under nitrogen and reconstituted
with 1 ml methanol and 0.1% butylated hydroxy
toluene (BHT) as antioxidant. Reconstituted samples
were filtered (0.45 pm mesh) and a 40 pl subsample automaticaiiy injected (Waters 700 SatelLite wisp)
on a HPLC (Waters 600 E system Controller pump)
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equipped with a Restek column (Spherisorb ODS2,
4 cm length, 3 pm beds, 0.46 cm i.d.) and a UV detec-

tor (Waters 486 Tuneable absorbance D) Set at 326 nm.
The retinol was eluted at a flow rate of 1 ml min-' using
a mobile phase of methanol/water (90/10 by volume)
for 1.5 min followed by a linear gradient of 0.5 min to
methanol 100% for 18 min. Retinyl acetate was used as
an internal standard for recovery determinations. The
recovenes of retinol in the whole extraction and
saponification procedures ranged from 82.27 % to
101.9% (n = 12). During the analysis the blubber samples were prepared at room temperature and, when
applicable, under red light and the atmosphere of
nitrogen.
Statistics. We examined the influence of biological
parameters and geographical location on retinol levels.
The assumption of normality of samples was checked
using a Kolmogorov-Smirnov test and that of homogeneity of vanances between sample groups with a
Levene test. As a preliminary analysis we carried out a
variance analysis of data on biological parameters and
organochlorine pollutants between the samples from
the different geographical locations separately for
each Sex. When this indicated that significant differences existed between groups, the Newman-Keuls
multiple range test and the Tukey test were applied to
the data to identify the sample pairs presenting differences. Then, we performed a 2-factor (sex and geographical location) analysis of variance (ANCOVA) of
retinol concentrations in the blubber of the whole sample combined using age and blubber lipid content as
covanates. Finally, the relationship between age and
retinol concentrations was examined using standard
correlation/mean Squares regression analysis. All statistical calculations were carried out using the SPSS-X
statistical package.

RESULTS

The hypothesis of homogeneity of variances for the
different vanables was not rejected in any of the cases
and none of the distributions departed significantly
from normality. Table 1 details the biological characteristics of the samples from the different geographical
locations. The analysis of the variance of vanables
between groups concluded that the samples were
overall comparable with the exception of the group
consisting of males from Maniitsoq, which was composed of older individuals than the Nuuk and Paamiut
animals, the difference being highly significant (p <
0.001).This difference in age had a moderate effect on
the body length and weight distribution of the porpoises from the different regions, but differences were
not statistically significant. The mean BLC of the dif-
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Table 1 Phocoena phocoena. Mean and associated standard deviation of the biological variables measured in the harbour
porpoises collected from the different localities. BLC: blubber lipid content; 'significantly different
Locality

Sex

n

Paamiut

Females
Males
Females
Males
Females
Males

4
9
23
13
27
24

Nuuk
Maniitsoq

Age (yr)
Mean
SD
1.3
1.8
3.6
2.9
2.6
6.0'

Length (cm)
Mean
SD

1.O
2.0
3.4
3.0
2.1
4.8

114.5
117.7
135.7
125.5
128.6
132.1

16.1
16.6
21.7
16.0
19.2
14.6

Weight (kg)
Mean
SD
31.5
30.9
42.6
35.3
37.5
42.4

BLC (%)
Mean
SD

9.4
11.7
14.3
10.3
14.0
11.8

85.0
85.8
83.1
83.8
84.2
83.7

I

2.7
3.2
7.8
3.2
4.2
3.1

Table 2. Phocoena phocoena. Mean and associated standard deviation of the organochlonne compound concentrations found in
the blubber of the harbour porpoises collected frorn the different localities. Concentrations are expressed as pg g-' calculated on
the basis of the lipids extracted; 'significantly different
Locality

Paamiut
Nuuk
Maniitsoq

Sex

Females
Males
Females
Males
Females
Males

HCB

n

4
9
23
13
27
24

tDDi

PCB

Mean

SD

Mean

SD

Mean

SD

0.19
0.24
0.20
0.26
0.21
0.19

0.07
0.10
0.13
0.09
0.11
0.08

1.26
1.63
1.82
2.43
1.79
3.13'

0.64
0.53
0.84
1.38
0.65
1.52

1.93
2.06
2.23
3.63
2.36
4.47'

1.07
0.47
1.30
2.18
1.01
1.98

ferent sample groups ranged from 83.1 to 85.8%
(Table 1).These figures are in the range of BLC values
that in other populations are charactenstic of individuals which have thick blubber layer and large body fat
stores (Lockyer 1995c), for which reason it was concluded that the individuals sampled for the present
study were in an overall good nutritive condition.
Table 2 details blubber organochlonne concentrations by region and Sex. Concentrations were
extremely low and the limited age- or sex-related
variation observed, with concentrations in males increasing with age and those of females decreasing, is
consistent with Patterns previously observed in other
marine mammal species (Aguilar et al. 1998). Such
age and Sex effects account for some variation
between geographical areas. Thus, the males from
Maniitsoq, which as seen above were significantly
older than the rest, had significantly ( p < 0.05) higher
blubber concentrations of PCBs and tDDT than the
other sample groups. Also, concentrations in females
were consistently lower (although differences were
usually non-signi.ficant) than. 1.n.the males of the Same
localities.
Table 3 details statistics relative to retinol concentrations in the blubber of porpoises by Sex, from the different regions. Concentrations ranged from 5 to 216 pg
g-', with mean values in the range from ca 30 to 80 pg

g-'. The 2-factor (sex and geographical location)
ANCOVA of retinol concentrations in the blubber of

the sample containing all locations resulted in significantly different slopes between Sexes therefore precluding statistical comparison. Closer examination of
the results showed that such differences were caused
by the heterogeneous age composition of the samples
(See above), for which reason a subsequent analysis
was carried out on a subsarnple containing only specimens aged 0 to 7 yr to keep samples within comparable age-ranges.
In this subset, the omnibus comparison test did not
reject the hypothesis of equality of means between the
different groups, therefore indicating that neither geographical location nor Sex had an effect on retinol concentrations in the blubber of the porpoises. Similarly,
BLCs, indicative of nutritive condition, had no effect on
retinol levels. In contrast, blubber retinol content correlated significantly (p < 0001) with age both in males
and females. Therefore, retinol concentrations from
blubber originating from all regions were pooled and
regressed against age to assess age-related variation
across the lifespan of the sampled individuals (Fig. 2).
The regression equation, R2 value, standard error of
the slope, SE(s),and standard error of intercept terms,
SE (i.t.),between retinol concentration and age in
males and females were as follows:
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cetaceans worldwide and are almost
as low as those of the baleen whales in
the colder latitudes where pollution
levels are extremely low (as reviewed
by O'Shea & Brownell 1994). These
Retinol
tissue concentrations are well below
SD
Maximum Minimum
the threshold levels at which effects
have been observed in mammals.
63.11
11.57
24.54
33.81
106.40
13.18
Therefore, it seems highly unlikely
46.01
185.20
8.89
that the organochlorine pollutant lev66.59
216.53
17.12
els observed were able to influence
40.27
195.33
5.68
retinol
levels and the dynamics of the
37.98
138.53
17.88
harbour porpoises studied. Given that
no other external factor with the
potential to affect retinol has been identified, it is
fernales
assumed that our results reliably reflect the tissue and
Patterns of variability that can be expected for freeranging porpoises in unpolluted conditions.

Table 3. Phocoena phocoena. Mean, associated standard deviation and ranges
of retinol concentrations found in the blubber of the harbour porpoises collected
from the different localities. Concentrations are expressed as pg g-' calculated
in relation to the frech weight of the tissue
Locality

Sex

n
Mean

Paamiut

Females
Males
Females
Males
Females
Males

Nuuk
Maniitsoq

4
9
23
13
27
24

32.64
47.66
63 92
78.37
46 01
69.79
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Fig. 2. Phocoena phocoena. Relationship between blubber
retinol concentration and age in female and male harboiir
porpoises from Greenland. females: R = 0.71; SE(s) = 1.83,
SE(intercept terms, i,t,) = 6.06; males: R = 0.75; SE(^) = 2.13;
SE(i.1.)= 7.20

Females
Retinol (pg g-') = 13.05 X Age(yr) + 15.05
R2 = 0.50; SE(s) = 1.83; SE (i.t.)= 6.06
Males
Retinol (pg g-') = 14.64 X Age(yr) + 20.31
R2 = 0.57; SE(s) = 2.13; SE (i.t.)= 7.20

DISCUSSION
Concentrations of all organochlorine compounds
analysed (Table 2) were the lowest ever recorded in a
harbour porpoise population (Aguilar & Borrell 1995).
Indeed, they are within the lowest ranges detected in

The liver is the pnncipal Organ for the Storage and
release of retinoids, which are mostly deposited in the
form of retinyl esters and retinol. However, many other
tissues, including blood, also contain modest levels of
retinoids (Wolf 1994). This has led researchers to use
liver (because of its high retinol content) and blood
(because sampling does not require the sacrifice of the
individual) for the monitoring of body retinol levels in
organisms.
Information on retinoids in cetaceans is extremely
limited and mostly restricted to the liver. It has long
been known that the liver of cetaceans is extremelv
rich in retinol (Cchmidt-Nielsen et al, 1934), arid inter'est in obtaining Vitamin A for commercial purposes led
a number of researchers during the first half of the century to investigate retinol concentrations in the livers
of large whales (e.g. Klem 1935, Wetlesen 1938,
Braekkan 1948, Ishikawa et al. 1948, 1951, Kaneko
1948, Mori & Saiki 1950, Tawara & Fukazawa 1950a.b).
Unlike the liver, other cetacean tissues have
received little attention. Moiri & Saiki (1950) reported
retinol concentrations in the blubber and intestine of
sperm whales, Gregory et al. (1955) in the milk of blue
whales, and Rosas & Lehti (1996) in the milk of Amazon river dolphins. However, sample sizes in all these
studies were extremely limited, often to one single
individual, and offer no insight into individual or
intrapopulation variation.
The virtual absence of information on blubber is surprising given the fact that in cetaceans it can b e easily
sampled using non-destructive biopsy techniques
(Aguilar & Borrell 1994) and that adipose tissues in
~

~
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general seern to be particularly sensitive to variations
in retinoid body loads. For example, Blaner et al. (1994)
found that in a group of rats fed on a n excess retinol
diet, the adipose tissue level of retinoid rose by 1.8 to
3.6-fold above the control group while plasma retinol
levels rernained unaffected by the excess.
Our results show that retinol is present in harbour
porpoises blubber in measurable quantities, its rnean
concentration in the different sarnple groups being in
the range 33 to 78 pg g-' (Table 3). Because of substantial differences between the analytical methods
employed in the present survey and those used in
other studies, particularly in those carried out in the
19305, 1940s and 1950s, cornparison of absolute retinol
concentrations between species is not possible.
Blubber is by far the largest body fat depot in marine
marnmals and retinol is highly lipophilic. In these animals, blubber is likely to rnake an important contribution to total body retinol. This has, indeed, been found
to be the case in pinnipeds, for which information on
the tissue distribution of retinol is comparatively much
more abundant. Thus, Schweigert et al. (1987) calculated that in grey seals about 40 % of total body vitarnin
A reserves were stored in blubber. In cetaceans, blubber usually comprises 20 to 40% of the body mass
while liver only accounts for 1 to 3 % (Bryden 1972).
Harbour porpoises have a rnuch thicker blubber layer
than rnost other cetaceans, so the contribution of this
tissue to total body mass is usually in the upper range,
i.e. 25 to 55% (Slijper 1958, Rig et al. 1993, Lockyer
1 9 9 5 ~ )Considenng
.
the high retinol levels found in the
blubber of harbour porpoises, blubber represents a
potentially significant body site for retinol accumulation in this species.

Factors affecting retinol concentrations in blubber
The chemical constituents of organisms vary in indiv i d u a l ~according to such biological characteristics as
age, nutritive condition and others (e.g.Geraci et al.
1979). Retinol is no exception and, in humans and
other marnmals, the individual's biological characteristics strongly influence tissue concentrations (e.g. Raica
et al. 1972, Blomhoff et al. 1988, Zarnan et al. 1993).
Our results show that in harbour porpoises retinol
increases linearly and significantly with age to about
the age of 8 yr. Thereafter, concentrations continue nsing but the rate of increase appears to be slower
(Fig. 2). These trends cannot be cornpared with those
frorn other cetacean species or populations because of
the apparent absence of previously published information on this aspect. The only data existing from other
marine rnamrnals is restricted to pinnipeds. Positive
correlations of retinol with age were found by South-

cott et al. (1974) in the liver of female Australian fur
seals, by Käkelä et al. (1997) in the blubber and liver of
Lake Sairnaa ringed seals, and by Schweigert et al.
(1987)in the blubber and liver of grey seals frorn Sable
Island. Data from Rodahl & Davies (1949) also suggest
an age-related nse in retinol levels in liver of hooded
and harp seals but unfortunately these were not statistically tested. Conversely, Käkelä et al. (1997) did not
observe any significant variation with age in the blubber and liver of Spitsbergen and Baltic ringed seals.
Therefore, our data seem to be consistent with
observed patterns in seals, in which either a non-significant or an increasing trend are found. This Pattern,
also observed in hurnans and other marnmals, appears
to be the result of a decrease in the circulatory clearance of retinol and other lipo-soluble compounds with
age in mammals coupled with a higher than necessary
intake of retinoids via diet, which leads to a buildup of
retinylester concentrations with age (Maiani et al.
1989, Krasinski et al. 1990).
The influence of Sex on retinol concentrations is
rnore difficult to interpret. In our study the slopes of the
regression lines from the 2 Sexes are statistically indistinguishable and, when normalized for the effect of
age, no significant differences were found between the
blubber retinol concentrations of males and females.
However, the few studies that have been conducted on
pinnipeds do suggest sex-related variation although
this appears to vary between tissues. Schweigert et al.
(1987) found that blubber levels of adult male grey
seals were significantly (up to 2 times) lower than those
of adult females. On the other hand, data frorn both
Rodahl & Davies (1949) and Schweigert et al. (1987)
show that the livers of male hooded, harp and grey
seals have considerably higher liver retinol concentrations than those of fernales of cornparable age. The
reasons for these variations are unclear.
The effect of body condition on retinol blubber levels
is also difficult to assess. While our results from Greenland harbour porpoises are consistent with those
obtained by Rodahl & Davies (1949) from hooded and
harp seals in indicating that condition has no significant effect on retinol levels, this conclusion should be
vietved with caution. Retinol is incorporated into the
organism via food and its dynamics and body distribution are greatly dorninated by its lipophilicity. Both our
sample and that descnbed by Rodahl & Davies (1949)
are composed of overall healthy and apparently wellnourished individuals. While in these conditions
retinol tissue distribution may remain unaltered, it is
highly likely that in Situations of food shortage, massive fat mobilisation (e.g. during migration in large
baleen whales), or s t a ~ a t i o ncaused by disease or
another condition, retinol may be mobilised from blubber together with other fatty components and be redis-
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