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Introduction 
Since the early 1980's, blubber samples of dead stranded beluga whales {Delphinapterus 
leucas) from the St. Lawrence Estuary have been analysed for several persistent orgamc 
pollutants (POPs) including polychlorinated biphenyls (PCBs)''̂ '̂ . However, the usefulness 
of these specimens to monitor organochlorine pollution in the overall population has been 
questioned''. An altemative approach has been used, where a small core of blubber is 
sampled from live free-ranging animals'*. There is concern, however, that the results of this 
technique may not be representative of the entire blubber layer in cases where only the 
outermost strata is sampled. This is because whale blubber is layered in terms of function 
and lipid composition and vertical stt-atificalion of POP concentrations has been detected in 
the blubber of cetaceans such as fin and sei (Balaenoptera physalus and B. borealis) whales^ 
and harbour porpoises {Phocoena phocoena) , although not in blue and minke {Balaenoptera 
musculus and B. acurostrata) whales'. Here, we report results of PCBs measured in various 
strata of the blubber of dead sfranded beluga whales in order to evaluate if vertical 
stratification of contaminants occurs in their blubber. 

Materials and Methods 
Samples. Blubber samples were obtained from two beluga whales, one male and one female, 
found dead on the shore of the St. Lawrence Estuary in 1998 (Table 1). Prior to their 
transportation to the laboratory for necropsy, large pieces of blubber from the dorso-lateral 
region were removed from the whales. These samples were wrapped in solvent rinsed 
aluminium foil and stored al-20°C. In the laboratory, blubber samples were sliced parallel 
to the skin and muscle in 1.0 cm thick strata, excluding skinpnderlying stratum of dense 
connective tissue and muscle. 

Analysis of PCBs. Procedures were essentially as described by Bemt et al.". Briefly, each 
blubber layer sample (0.5-1 g wet wt) was chemically dried with sodium sulphate and then 
ttransferred to a glass column. A mixture of five'^Cia PCBs was added to the column before 
the lipids and lipophilic compounds were exfracted using dichloromethane-hexane (50:50). 
Lipids were removed by gel permeation chromatography and the extract was cleaned by 
elution through a two-layer column packed with neutral silica and alumina. The final extract 
was reduced in volume and spiked with an instmment performance solution conlaining two 
additional '̂ C|2 PCBs. Quantification of individual PCB congeners was performed using^ 
Varian 3400CX series gas chromatograph equipped with a Varian's Satum 4D ion trap, a 
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Table 1. Characteristics ofthe two sfranded beluga whales and the blubber samples examined 

Animal 

Blubber sample 

Code No. 
Sampling location 

Collection date 
Age ' (year) 
Sex 
Length (cm) 
Weight (kg) 

Region 
Sector 

Carcass condition (code") 

DL-03-98 

St. Lawrence Estuary 
Riviere du Loup 
1998-05-24 
26-H 
F 
377 
916 
Fair (3) 

DL-09-98 

St. [uwrence Estuary 
Sainte-Flavie 
1998-12-04 
18-H 
M 
406 
1019 
Fair (3) 

Thickness (cm) 
Colour 

7 
Rose 

a -t- sign indicates that dentine layers were difficult to read and the animal may be older 
b Classification according to Geraci and Lounsbury '° 

8 
Rose 

Varian 1078 split/splitless programmable injector (5 pl injection volume) operated in 
splitless mode, and a Varian 8200CX autosampler. Chromatographic separation of the 
contaminants was achieved using a 30m DB-5MS column (0.25 mm ID, 0.25 pm film 
thickness) with helium (He) as the carrier gas. The ion source was operated in elecfron 
impact (EI) ionisation mode and the ion frap in MS/MS mode. Concenfrations of PCB 
congeners were calculaled using relative response factors (RRFs) determined from a four 
point calibration curve. Precision and accuracy of PCB analysis were assessed by repealed 
analysis of whale blubber sample, SRM1945'^. 

Statistical analysis. Linear regression analysis was used to test for a significant gradient of 
PCB concentration as a fimction of blubber depth. Statistical analyses were conducled using 
SYSTAT for Windows (version 7.0, SPSS Inc., 1997) and statistical significance was set at 
0.05. 

Results and Discussion 
Thirty-six individual PCB congeners were determined in blubber sfrata (n=5) taken from 
each whale. The average concenfration of each PCB congener was calculated as the 
arithmetic mean of the 5 blubber sfrata. Variations in PCB concenfrations in the blubber, 
expressed as percent deviation (%) from the average concentration, were also calculated for 
each congener and reported for selected congeners as a function of the blubber depth from 
the skin to the basal muscle (Figure I). Two groupsof congeners were apparent. The first 
group showed a maximum deviation from the average concenfration of less than 20% (e.g. 
lUPAC 52 and 74) whereas the second group showed a higher maximum deviation (e.g. 
lUPAC 138 and 180), reaching up to 50% in a few cases (e.g. lUPAC 206). The first group 
was represented by about one third and one half of the congeners analysed in male and 
female blubber samples, respectively. Deviations from the average concenfration in blubber 
sfrata were generally more significant for highly chlorinated PCB congeners. Variations in 
the concenfrations of most PCBs in blubber sfrata were similar in both individuals, with the 
exception ofa few congeners (e.g. lUPAC 156). These variations could result from either the 
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Figure 1. Variation in concenfrations of selected PCB congeners in blubber sfrata, expressed as 
percent deviation (%) from the calculated average concenfration, as a function ofthe blubber depth 
from the skin to the muscle for a sfranded male (v) and female (O) beluga whale from the St. 
Lawrence Estuary. 

stratification of PCBs in the blubber or from the analytical variability of PCB analysis. The 
analytical variability was assessed for each congener by calculating the coefficient of 
variation (cv.) for the replicate analysis (n=4) ofthe whale blubber sample, SRMI945. An 
average cv. of 11.8% was calculated for the SRM1945 replicate analysis whereas average 
cv. for the 5 blubber strata in beluga samples were 19.4% and 15.7% for male and female, 
respectively. These results suggest that a certain stratification of PCB concentrations is 
present in beluga blubber samples. 
The stratification of PCBs in beluga blubber was further investigated by assessing if there 
was a significant linear gradient of PCB concentralions in blubber strata. Regression analysis 
was used to test if the slope ofthe relationship belween PCB concentralions in the strata and 
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the blubber depth was significantly differeni from zero. Approximately half of the PCB 
congeners measured in samples from each individual showed a significant linear gradient of 
concenfrations in the blubber, increasing from the skin to the muscle. Some examples of both 
non-significant (e.g. lUPAC 74) and significant (e.g. lUPAC 180) PCB concentration 
gradients are shown in Figure 1. For many of these congeners, differences in conceniration 
among strata were relatively limited (c.y.< 20%), showing variability similar to that 
observed for long-term precision in orgamc contaminant analysis. However, levels of several 
PCB congeners, particularly the highly chlorinated congeners, were significantly lower in the 
sfrata closer lo the skin than their average concentrations in the whole blubber sample. 
Our results show a heterogeneous vertical distribution of PCBs in beluga blubber, which 
generates a limiied bias towards underestimating concentrations of many congeners when 
only the superficial blubber strata are analysed. This bias may be reduced significantiy or 
even eliminated by collecting deeper cores frorrthe animal's blubber mantle. For instance, a 
biopsy of 5 cm in depth would permit the collection of a blubber sample from the middle 
stt-ata, which contains PCB concentrations representative of the full depth of the blubber in 
the two animals examined. However, more belugas should be analysed lo confirm whelher 
the extent of the PCB stratification observed here is typical of other Sl. Lawrence beluga 
whales. 
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