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H a rb o u r p o rp o ise s  (Phocoena p h ocoena)  a n d  h a rb o u r  sea ls  (Phoca vitu lina ) a re  tw o  re p re s e n ta tiv e  to p  
p re d a to r  sp ec ies  o f  th e  N o rth  Sea e co sy s tem . T he  m e d ia n  v a lu e s  o f  su m  o f  21 p o ly c h lo rin a te d  b ip h e n y l 
(PCB) c o n g en e rs  a n d  su m  o f  10 p o ly b ro m in a te d  d ip h e n y l e th e r  (PBDE) c o n g en e rs  w e re  23.1 pg /g  lip id  
w e ig h t (lw ) a n d  0 .33  pg /g  lw  in  b lu b b e r  o f  h a rb o u r  sea ls  (n  =  28 ) a n d  12.4 pg /g  lw  a n d  0 .76  pg /g  lw  in 
b lu b b e r  o f  h a rb o u r  p o rp o is e s  (n  =  35), re sp ec tiv e ly . For b o th  spec ies, th e  h ig h e s t  PCB c o n c e n tra tio n s  
w e re  o b s e rv e d  in  a d u l t  m a le s  in d ic a tin g  b io a c cu m u la tio n . O n th e  c o n tra ry , th e  h ig h e s t  PBDE c o n c e n ­
tra tio n s  w e re  m e a su re d  in  ju v e n ile s , like ly  d u e  to  b e tte r -d e v e lo p e d  m e ta b o lic  c ap ac itie s  w ith  ag e  in 
a d u lts . A h ig h e r  c o n tr ib u tio n  o f  lo w e r  c h lo r in a te d  a n d  n o n -p e rs is te n t  c o n g en e rs , su ch  as CB 52, CB 95, CB 
101, a n d  CB 149, to g e th e r  w ith  h ig h e r  c o n tr ib u tio n s  o f  o th e r  PBDE c o n g e n e rs  th a n  BDE 47, in d ic a ted  th a t  
h a rb o u r  p o rp o ise s  a re  u n a b le  to  m e ta b o liz e  th e s e  c o m p o u n d s . H a rb o u r sea ls  sh o w e d  a  h ig h e r  a b ility  to  
m e ta b o liz e  PCBs a n d  PBDEs.

© 2 0 0 8  E lsev ie r Ltd. All r ig h ts  re se rv ed .

1. Introduction

Since several decades, it has  b e en  sh o w n  th a t  p o llu tio n  p u ts 
a  g re a t p re ssu re  on  th e  m arin e  en v iro n m en t. Local in p u t th ro u g h  
rivers a n d  runoff, to g e th e r  w ith  (lo n g -ran g e) a tm o sp h e ric  tra n sp o rt  
a re  m ajo r factors govern in g  th e  p resen ce  an d  d is tr ib u tio n  o f 
an th ro p o g e n ic  c o n tam in an ts , such  as p o ly ch lo rinated  b ipheny ls 
(PCBs) a n d  p o ly b ro m in a ted  d ip h en y l e th e rs  (PBDEs) in th e  aq u atic  
en v iro n m en t, includ ing  seas a n d  ocean s (T anabe e t al., 1994; AMAP, 
20 0 4 ; Law e t al., 2003 , 2006a). Due to  th e ir  physical an d  chem ical 
p ro p erties , th e se  c o n ta m in a n ts  a re  capab le  o f e n te r in g  aq u atic  
eco sy stem s a n d  as a  consequence, th e y  can  be a th re a t to  o rg an ism s 
in e v ery  tro p h ic  level (T anabe e t al., 1994; Boon e t al., 2002). A m ong
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th em , PCBs a re  th e  m o st m o n ito red  c o n ta m in a n ts  in m arin e  
m am m als (D u inker e t  al., 1989; H u tch in so n  a n d  S im m onds, 1994; 
V e tte r e t  al., 1996; Severinsen  e t  al., 20 0 0 ; K ajiw ara e t  al., 2001). 
PCBs have b een  u se d  for a  v a rie ty  o f  ap p lica tio n s includ ing  
d ie lectric  flu ids for tran sfo rm ers, p lastic isers, o r  co m p o n e n ts  in 
g lue  a n d  pa in t. A lthough  th e ir  p ro d u c tio n  w as b a n n ed  since  th e  
e n d  o f th e  1970s, PCBs can  still b e  found  in w ildlife. Recently, 
a tte n tio n  has b e en  d ra w n  to w ard s  th e  accu m u la tio n  an d  effects o f  
n ew  p e rs is ten t c o n tam in an ts , such  as PBDEs, in m arin e  m am m als. 
The PBDE com m erc ial m ix tu re s co n ta in  few er co n g en ers  th a n  th e  
co rre sp o n d in g  PCB m ix tu res. PBDEs are  u se d  as flam e re ta rd a n ts  in 
tex tiles, fu rn itu re , a n d  p lastics (d e  Boer e t  al., 20 0 0 ; B irnbaum  an d  
Staskal, 2004). The u se  o f th e  p e n ta -  an d  octa-BDE techn ica l 
m ix tu res is c u rre n tly  b a n n ed  in E urope (E U -directive 2002/95/EC ). 
Several ad v erse  effects o b se rv ed  in  w ildlife, such  as en d o crin e  
d ysfunction , rep ro d u c tiv e  failure, im m uno log ica l im p a irm en t, 
d e v e lo p m en ta l stre ss  an d  genotox ic  d iso rd e rs  have b e en  linked  to  
th e  p resen ce  o f th e se  c o n ta m in a n ts  (R eijnders, 1986; G au th ier
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e t al., 1999; Fair an d  Becker, 20 0 0 ; D am stra  e t  al., 2002 ; B eineke 
e t  al., 20 0 5 ; Das e t  al., 2006).

M arine  m am m als  a re  to p  p re d a to rs  in aq u atic  food chains and  
are, thu s, pa rticu la rly  v u ln e rab le  an d  sensitive  to  c o n ta m in a n ts  
w h ich  a re  p e rs is ten t in th e  e n v iro n m en t a n d  w h ich  can  accu m u la te  
in h igh  co n cen tra tio n s . In m arin e  m am m als, u p tak e  o f o rgan ic  
c o n ta m in a n ts  occurs m ain ly  th ro u g h  th e ir  d ie t (Borgâ e t  al., 2004), 
w h ile  ro u tes such  as p lacen ta l tran s fe r  a n d  lac ta tio n  m ay  affect th e  
offspring  a t  a  critica l s tage  o f  th e ir  d e v e lo p m en t (D u inker and  
H illebrand, 1979; D ebier e t  al., 2 0 03a ,b; W olkers e t  al., 2004).

H arbour seals (Phoca vitulina) an d  h a rb o u r p o rpo ises (Phocoena 
phocoena) a re  tw o  rep re se n ta tiv e  to p  p re d a to r  species for th e  N orth  
Sea ecosystem . T heir long life sp an s a n d  p o p u la tio n  d e n s ity  m ake 
th e m  su itab le  for m o n ito rin g  po llu tio n  in th e  N orth  Sea. T hese tw o  
species sh a re  a n  ex tensive  p a r t o f  th e ir  d iets, such  as b e n th ic  and  
pelagic  fish species (Haii e t  al., 1998; Santos a n d  Pierce, 2003). 
H ow ever, co m p ariso n s b e tw e e n  th e  h a rb o u r seals a n d  p o rpo ises in 
th e  accu m u la tio n  o f  c o n ta m in a n ts  m u s t be  m ad e  w ith  cau tion . 
H arb o u r seals a re  m o re  seden tary , w h ile  po rp o ises  seem  to  m ove 
o ver larg e r d is tan ces  and , as a  co nsequence, co n cen tra tio n s  o f  
c o n ta m in a n ts  in th e se  tw o  species m ay  reflect co n ta m in a tio n  on  
a  d iffe ren t spa tia l scale (V ette r e t  al., 1996; Law e t al., 2002 ; Das 
e t  al., 20 0 4 ; Fontaine  e t  al., 2007).

The m o v em e n t o f lipophilic  c o n ta m in a n ts  in m arin e  m am m als 
is stro n g ly  in fluenced  by  th e  lipid dy n am ics in side  th e  body. The 
inv es tig a tio n  o f th e  p re sen ce  o f  PCBs a n d  PBDEs in b lubber, th e  
su b cu tan eo u s  fat layer, is th e re fo re  im p o rta n t to  a ssess th e  overall 
co n ta m in a tio n  s ta tu s  o f  th e  an im als. B lubber p rov ides in su la tio n  
for th e  b o d y  an d  ac ts  as a  m etab o lic  e n erg y  sto rage  s ite  (D unkin  
e t  al., 2005). This la tte r  ro le is im p o rta n t in th e  m ob iliza tion  o f 
lip ids a n d  lipophilic  co n tam in an ts , d e p en d in g  o n  th e  an im a l’s 
condition .

In th e  p re se n t study, w e  have in v estig a ted  th e  accu m u la tio n  and  
b iom agn ification  o f  PCB a n d  PBDE co n g en ers  in b lu b b er o f h a rb o u r 
seals an d  h a rb o u r po rp o ises  from  th e  S o u th ern  N orth  Sea. An 
overall ob jective  o f th is  s tu d y  w as to  gain  kn o w led g e  a b o u t th e  
m etab o lic  capacities o f  b o th  h a rb o u r seals a n d  porpo ises. The first

p a r t involves th e  s tu d y  o f PCB an d  PBDE c o n cen tra tio n s  a n d  profiles 
an d  th e ir  sp e c ie s -d e p en d e n t re la tio n sh ip  w ith  age a n d  gender. In 
th e  second  p a r t (W eijs e t  al., in th is  issue), b iom agn ification  factors 
for ind iv idual PCB an d  PBDE co n g en ers  w e re  calcu la ted  an d  th e  
in fluence o f v a rio u s factors, such  as o c ta n o l-w a te r  p a rtitio n  coef­
ficients an d  tro p h ic  positio n  a ssessed  th ro u g h  m ea su re m e n ts  o f  
15N stab le  iso topes, w as d iscussed .

2. Materials and m ethods

2.1. Samples

Necropsy was carried out a t the D epartm ent of Veterinary Pathology (Liege 
University) and a t the IMARES Research Center a t Texel (The Netherlands). Blubber 
samples w ere collected from 35 harbour porpoises and 28 harbour seals stranded or 
bycaught in the Southern North Sea betw een 1999 and 2004. The animals were 
dissected and tissues w ere archived a t the Laboratory of Oceanography, University of 
Liege (Belgium) a t 20 C. Biological param eters, such as age, gender, w eight and 
blubber thickness, w ere also recorded (standard procedure in Jauniaux et al., 2002 
and Das e t al., 2004) and given in Table 1. Age classification (<3 years for juveniles 
and >3 years for adults) was based upon the length of the animals (for harbour 
porpoises; T. Jauniaux, personal com munication) and the developm ent of their 
gonads (for harbour seals; T. Jauniaux, personal communication).

2.2. Targeted compounds

The following PBDE congeners (IUPAC num bers) were targeted for analysis: 28, 
47,66, 85,99,100,153,154,183, and 209. BDE 77 was used as internal standard (IS) 
for te tra- and penta-BDE congeners, while BDE 128 was used as IS for hexa- and 
hepta-BDE congeners. For BDE 209, 13C-labelled BDE 209 was used as IS. The 
following 21 PCB congeners (IUPAC num bers) w ere targeted: 28, 31, 52, 74, 95, 99, 
101, 105, 110, 118, 128, 138, 149, 153, 156, 170, 180, 183, 187, 194 and 199. Internal 
standards used were CB 46 and CB 143. Individual standards for PBDEs (Wellington 
Laboratories, Guelph, ON, Canada) and PCBs (Dr. Ehrenstorfer Laboratories, 
Augsburg, Germany) were used for identification and quantification.

2.3. Chemicals

All solvents used for the analysis (n-hexane, acetone, dichlorom ethane, iso­
octane) w ere of pesticide-grade (Merck, Darmstadt, Germany). Sodium sulphate and 
silica w ere pre-w ashed w ith n-hexane before use. Extraction thim bles were pre­
extracted for 1 h w ith the extraction m ixture used for the samples and dried a t 
100 °C for 1 h.

Table 1
Arithm etic m eans, standard deviations (SD) and range of biological data (length, w eight and blubber thickness), concentrations of CB 153, JcPCBs, BDE 47 and JcPBDEs (|tg/g 
lipid w eight) m easured in blubber of harbour seals and harbour porpoises from the Southern North Sea.

Harbour seal Harbour porpoise

AM JM AF JF AM JM AF JF
n 8 9 2 9 8 12 5 10
Length (cm) 
Mean (SD) 139.4(12.1) 106.6 (9.0) 153.0 (24.0) 112.2 (11.9) 145.5 (7.9) 107.3 (7.2) 149.4 (5.4) 111.8 (9.4)
Range 128-163 93-120 136-170 94-130 137-160 96-117 144-158 94-127
Weight (kg) 
Mean (SD) 46.6 (8.9) 23.3 (5.1) 69.5 (41.7) 25.0 (8.5) 41.6(7.1) 19.2 (4.9) 47.6 (10.0) 22.8 (4.9)
Range 34-58 17-33 4 0 -9 9 10-36 36-58 11.3-26.5 36-60 15-30
Blubber thickness (mm) 
Mean (SD)

(n =  6) 
20.5 (9.5)

(n =  5) 
14.6 (6.6)

(n =  1) 
50

(n =  7) 
10.9 (2.8) 9.1 (5.1) 10.8 (9.6) 15.6 (6.9) 14.2 (5.9)

Range 11-35 7-20 - 6-15 1.7-18 4 -4 0 10-26 3 -22

n 8 8a 2 8 8 I I a 4a 10
CB 153 (fig/g lw) 
Mean (SD) 28.9 (23.3) 7.2 (2.4) 4.3 (4.3) 10.3 (10.8) 28.7 (12.0) 3.9 (3.0) 1.7 (0.6) 3.7 (4.1)
Range 0.8-65.9 4.7-11.8 1.3-7.3 2.2-35.2 11.6-46.0 1.2-11.5 1.0-2.3 0.2-13.4
Y)PCBs (pg/g lw) 
Mean (SD) 72.4 (58.2) 20.7 (6.7) 12.5 (12.2) 28.3 (27.6) 82.9 (31.8) 15.4 (10.7) 7.3 (2.0) 12.9 (11.9)
Range 2.2-171.7 12.7-33.8 3.9-21.5 6.5-91.5 38.7-125.5 5.3-39.8 4.4-8.9 1.3-39.3

n 8 9 2 9 8 12 5 9a
BDE 47  (iig/g lw) 
Mean (SD) 0.21 (0.11) 0.35 (0.21) 0.12 (0.05) 0.42 (0.31) 0.69 (0.46) 1.11 (1.16) 0.43 (0.30) 0.45 (0.27)
Range 0.07-0.40 0.11-0.73 0.08-0.15 0.07-0.82 0.11-1.43 0.27-3.88 0.15-0.79 0.16-0.99
s/PBDEs (pg/g lw) 
Mean (SD) 0.30 (0.14) 0.44 (0.27) 0.18 (0.09) 0.54 (0.40) 1.54 (0.96) 1.73 (1.77) 0.85 (0.60) 0.70 (0.41)
Range 0.11-0.52 0.13-0.87 0.11-0.24 0.09-1.15 0.28-3.10 0.50-5.93 0.32-1.56 0.22-1.48

J -  juvenile (<3 years); A -  adult (> 3  years); F -  female; M -  male. 
a One outlier was excluded from the data set of the respective age-gender group.
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2.4. Sample preparation and clean up

The m ethod used for the  sample extraction and clean up  has been  previously 
described and validated (Covaci e t al., 2002; Voorspoels e t al., 2003), and is briefly 
presented below. Between 0.3 and 0.5 g  blubber w as dried w ith  ~ 8  g anhydrous 
Na2 S0 4 , spiked w ith  internal standards BDE 77/BDE128 (25 ng), CB 46/CB143 (75 ng) 
and 13C-BDE 209 (7.5 ng) and extracted for 2 h  by h o t Soxhlet w ith  100 m l hexane/ 
acetone (3/1 ; v/v). After lipid determ ination (perform ed on  an aliquot o f the  extract), 
the  extract w as cleaned on  8 g of acidified silica. After elution of analytes w ith  15 ml 
hexane and 10 ml dichlorom ethane, the cleaned extract w as concentrated to  200 jxl.

2.5. Analysis

PBDEs w ere m easured w ith  an  Agilent 6890-5973 gas chrom atograph coupled 
w ith  a m ass spectrom eter system  (GC-MS). The GC w as equipped w ith  
a 20 m  X 0.18 m m  x 0.20 |rm  AT-5 capillary colum n (Alltech, Lokeren, Belgium) and 
the  MS w as operated in electron capture negative ionisation (ECNI) m ode. M ethane 
w as used as reagent gas and the ion source, quadrupole and interface tem peratures 
w ere set a t 230,150 and 300 °C, respectively. The MS w as used in the selected ion- 
m onitoring (SIM) m ode w ith  ions m/z =  79 and 81 (for tri- to hepta-BDEs) and m/ 
2  =  484.7/486.7 and 494.7/496.7 (for BDE 209 and 13C-BDE 209, respectively) 
m onitored during the  entire run. Dwell tim es w ere set a t 40  ms. One microlitre of 
the  cleaned extract w as injected in solvent ven t m ode (injector tem perature: 90 °C, 
held for 0.05 min, then  w ith  700 °C/min to 305 °C and kep t for 25 m in; ven t flow 
w as set a t 75 m l/m in and the purge ven t opened a t 1.5 min). Helium w as used as 
carrier gas a t constant flow (0.8 ml/min). The tem perature of the  AT-5 colum n was 
kept a t 90 °C for 1.50 min, then  increased to 200 °C a t a rate of 20 °C/min, further 
increased to 300 °C a t a rate o f 5 °C/min, kept for 15 min.

PCBs w ere m easured w ith  the same GC-MS system  as for the  PBDE determ i­
nation, operated in electron ionisation (El) m ode and equipped w ith  
a 25 m  x 0.22 m m  x 0.25 jrm HT-8 capillary colum n (SGE, Zulte, Belgium). The ion 
source, quadrupole and interface tem peratures w ere set a t 230, 150 and 300 °C, 
respectively. The MS w as used in the SIM m ode w ith  tw o ions m onitored for each 
PCB homologue group. One microlitre o f the  cleaned extract w as injected in cold 
pulsed splitless m ode (injector tem perature 9 0 ° C (0.03 m in) then  to 300 °C w ith  
700 °C/min), pressure pulse 25 psi, pulse tim e 1.50 min. The splitless tim e was 
1.50 min. Helium w as used as carrier gas a t constant flow ( 1 ml/min). The tem per­
ature of the  HT-8 colum n w as kep t a t 90 ° C for 1.50 min, then  increased to 180 °C at 
a rate of 15 °C/min (kept for 2.0 min), further increased to 280 °C a t a rate of 5 °C/min 
and finally raised to 300 °C a t a rate of 40  °C/min, kept for 12 min.

2.6. Quality assurance/quality control (QA/QC)

Multi-level calibration curves w ere created for the quantification and good corre­
lation (r2 >  0.999) w as achieved. The identification of each target analyte was based 
on their relative retention times (RRTs) to the internal standard used for quantification, 
ion chromatograms and intensity ratios o f the m onitored ions. A deviation o f the ion 
intensity ratios w ithin 20% o f the m ean values o f the calibration standards was 
considered acceptable. Recoveries for individual PBDE congeners w ere betw een 87 and 
104% (RSD <  12%), while recoveries o f PCBs ranged betw een 75 and 90% (RSD <  10%).

For each analyte, the m ean procedural blank value w as used for subtraction. After 
blank subtraction, the lim it o f quantification (LOQ) w as set a t three tim es the standard 
deviation o f the procedural blank, w hich ensures >99% certainty th a t the reported value 
is originating from the sample. For analytes th a t w ere not detected in procedural blanks, 
LOQ.S w ere calculated for a signal-to-noise ratio equal to 10. LOQs depended on the 
sample intake and on  the analyte and ranged betw een 1 and 4  ng/g lipid weight (lw).

Q.C w as perform ed by regular analyses of procedural blanks, by random  injection 
o f standards and solvent blanks. A standard reference m aterial SRM 1945 (PCBs and 
PBDEs in w hale blubber) w as used to te s t the  m ethod accuracy. Obtained values 
w ere no t deviating m ore than  10% from the certified values. The QC schem e is also 
assessed through regular participation to interlaboratory com parison exercises 
organised by the Arctic M onitoring Assessm ent Programme and the  National 
Institute o f Standards and Technology.

2.7. Statistical analysis

Statistical analyses w ere conducted using the  SPSS 14.0 statistical package. The 
level o f statistical significance w as defined a t p < 0 .0 5 . Outliers in all groups, 
detected using Grubbs’ test, w ere rem oved before further calculations. Differences in 
the  concentrations and profiles o f PCBs and PBDEs w ere com pared betw een the 
groups (adult males, adult females, juvenile males and juvenile females) using 
one-w ay ANOVA, followed by Tukey’s post hoc test. Correlation coefficients betw een 
PCBs and PBDEs w ere calculated using GraphPad Prism 4  (GraphPad Software, Inc.).

3. Results and discussion

3.1. PCB concentrations

Of th e  21 co n g en e rs  analyzed , o n ly  co n g en e r CB 31 w as d e te c te d  
in less th a n  50% o f  th e  b lu b b er sam p les from  h a rb o u r seals an d

porp o ises  an d  th e re fo re  th is  co n g en e r w as rem o v ed  from  th e  
follow ing sta tis tica l in te rp re ta tio n . The rem ain in g  PCBs w ere  
m easu red  in  all sam ples. PCB co n cen tra tio n s  (su m  o f  21 congeners) 
in b lu b b er tis su e  ranged  b e tw e e n  2 .2 -1 7 2  pg/g lw  a n d  1 .3 -126  pg/g 
lw  for h a rb o u r seals a n d  porpo ises, respectively . T hese  m in im u m  
an d  m ax im u m  v alues re p re se n t a  large  range, u n d e rly in g  th e  
n u m ero u s  b io tic  factors involved in PCB lipid accu m u la tio n  (e.g. 
age, g e n d e r an d  b o d y  condition). T herefore, th e  sam p les from  b o th  
species w e re  d iv id ed  in to  four g ro u p s acco rd ing  to  th e ir  age  an d  
g en d er: a d u lt m ale  (AM), a d u lt fem ale  (AF), ju v en ile  m ale  (JM) an d  
ju v en ile  fem ale  (JF). The re su lts  for th e  ]TPCBs for h a rb o u r seals a n d  
po rp o ises  a re  g iven  in Table 1. R esults for CB 153, th e  m ost 
p e rs is ten t PCB co n g en e r in  m arin e  m am m als a re  also  sh o w n  in 
Table 1 to  a llow  co m p ariso n s w ith  o th e r  stud ies. A lm ost all 
conclusions d ra w n  for th e  ]TPCBs w ere  s im ila r for CB 153 (a lth o u g h  
w ith  o th e r  F an d  p-values).

For b o th  species, th e  AM gro u p  co n ta in ed  th e  h ig h es t PCB 
co n cen tra tio n s  p ro b ab ly  d u e  to  b ioaccu m u la tio n  o f  th e se  c o n ta m ­
in an ts  in  tim e. Contrarily, th e  AF g ro u p  d isp layed  th e  low est 
co n cen tra tio n s  linked  to  th e  w e ll-d esc rib ed  tran sfe r d u rin g  g e s ta ­
tio n  a n d  lac ta tio n  (Covaci e t  al„ 2002 ; W olkers e t  al., 2004 ; Shaw 
e t al., 2005). PCB co n cen tra tio n s  w e re  s im ila r b e tw e e n  JM an d  JF 
(p >  0.05) suggesting  th a t  th e  accu m u la tio n  p a tte rn  is com p arab le  
b e tw e e n  m ales a n d  fem ales u n til sexual m atu rity .

H arb o u r po rp o ises from  th e  AM gro u p  te n d  to  have higher, 
a lth o u g h  n o t s ta tistica lly  significant, co n cen tra tio n s  o f  ]TPCBs th a n  
h a rb o u r seals (F1 4 4  =  0 .2 0 0 ; p  =  0.662), w h ile  th e  co n cen tra tio n s  in 
th e  o th e r  g ro u p s (JM, JF an d  AF) w e re  lo w er co m p ared  w ith  th e  
co rre sp o n d in g  g ro u p  o f th e  h a rb o u r seals (F1>17 =  1.520; p  =  0.234 
for JM, Fiti 6  — 2.539; p  — 0.131 for JF a n d  Fi,4 =  0 .907; p  =  0 .395 for 
AF, respectively). An e x p lan a tio n  can  b e  found  in d ifferences in age, 
bo d y  size o r  in th e  b lu b b er th ickness. D ifferences in th e  co n cen ­
tra tio n s  o f PCBs b e tw e e n  th e  o u te r  an d  in n er b lu b b er layers, w ith  
th e  o u te r  layers hav ing  sign ifican tly  h ig h er co n cen tra tio n s , have 
b e en  rep o rted  prev iously  in g rey  seals (Halichoerus grypus) (D ebier 
e t  al„ 2003a), in  h a rp  seals (Phoca groenlandica) (L ydersen e t  al„ 
2002), in rin g ed  seals (Phoca hispida) (Severinsen  e t  al„ 2 0 0 0 ) an d  
in b o ttlen o se  d o lp h in s (Tursiops truncatus) (M ontie  e t  al„ 2008). 
The m ean  b lu b b er th ick n ess in th e  AM gro u p  w as 9.1 m m  for 
h a rb o u r po rp o ises  an d  20.5 m m  for h a rb o u r seals. T herefore, th e  
p ro b ab ility  o f  hav ing  sam p les from  th e  o u te r  b lu b b er layer is 
g re a te r  for po rp o ises th a n  for seals, w ith  a n  o v e restim a tio n  o f th e  
re p o rte d  PCB co n cen tra tio n s  as a  co n seq u en ce  (Fig. 1A). The 
d ifference  in th e  bod y  size, w h ich  in fluences th e  food in tak e  an d  
th e re fo re  th e  c o n ta m in a n t up take , cou ld  be  a n o th e r  possib le  
e x p lan a tio n  for v a ria tio n  b e tw e e n  species (rev iew ed  by  Borgâ e t  al„ 
2004). H ow ever, in th e  p re sen t study, no  in fluence o f b o d y  size 
cou ld  b e  d e tec ted , becau se  th e re  w e re  no  sign ifican t d ifferences in 
b o d y  size b e tw e e n  th e  sam e age g ro u p s o f  b o th  species (all p  >  0 . 1  ).

Due to  th e  n u m b e r  a n d  po sitio n  o f c h lo rin e  a tom s, PCB co n g e­
n e rs  do  n o t fo llow  th e  sam e m etab o lic  p a th w ay s w h ich  re su lt in th e  
fo rm atio n  o f d iffe ren t m etab o lites  (L etcher e t  al„ 2 0 0 0 ) a n d  in 
d ifferences in  accu m u la tio n  p a tte rn s  a n d  p e rsis ten ce  o f  PCBs. This 
has re su lted  in th e  c lassification  o f PCBs in several g ro u p s as 
in tro d u ced  by  B ruhn e t  al. (1995) an d  Boon e t al„ 1997 a n d  recen tly  
fu r th e r  d ev elo p ed  by  W olkers e t  al. (2007) (Table 2). The m ost 
p e rs is ten t co n g en ers  from  th e  m etab o lic  g ro u p s I an d  IIIB reach ed  
th e  h ig h es t p ro p o rtio n s  in h a rb o u r seals a n d  porpo ises, w ith  
p e rcen tag es b e tw e e n  90-95%  a n d  67-81% , respec tive ly  (Fig. 2). 
Less p e rs is ten t co n g en ers  (m etab o lic  g ro u p s IIB, IIC a n d  IIIA) had  
h ig h er co n trib u tio n s  in th e  b lu b b er o f  h a rb o u r po rp o ises (e sp e ­
cially  CB 149), b u t w e re  less im p o rta n t in h a rb o u r seals.

C oncentrations o f  CB 153 w ere  h ig h er in th e  p re se n t s tu d y  th an  
in sim ilar species from  o th e r  seas a n d  oceans, ind ica ting  th a t  th e  
S o u th ern  p a rt o f  th e  N orth Sea is still h ighly  c o n tam in a ted  w ith  
PCBs, in  ag reem en t w ith  p rev ious p u b lished  studies. Reijnders
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Fig. 1. Relationship between the blubber thickness (mm) and (A) the VPCB concentrations (pg/g lw) and (B) the VPBDE concentrations (pg/g lw) in blubber of harbour porpoises 
( ) and harbour seals ( •  ).

(1986) m easu red  h igh  PCB levels causing  rep ro d u c tiv e  failures in 
h a rb o u r seals from  th e  W ad d en  Sea. V ette r e t  al. (1996) found  th e  
h ig h est PCB levels in  h a rb o u r seals from  th e  D utch W ad d en  Sea an d  
concluded  th a t th is  a rea  is th e  m ajo r source o f in p u t o f  PCBs in to  th e  
N orth  Sea an d  N orth  A tlantic. The sam e s tu d y  also found  decreasing  
PCB levels a long  th e  co n tin en ta l line  from  th e  N orth  Sea to  Germ any, 
D enm ark  a n d  N orw ay (Table 3). Sim ilar tre n d s  have b een  observed  
in h a rb o u r p o rpo ise  w ith  d ecreasing  PCB an d  PBDE co n cen tra tio n s 
from  G erm an Baltic an d  N orth  Sea to  Iceland (Das e t  al., 2006). 
Covaci e t  al. (2002) also found  th a t co n cen tra tio n s o f  PCBs in 
h a rb o u r p o rpo ises from  th e  S o u th ern  N orth  Sea w ere  h ig h er th a n  in 
porpo ises from  th e  English o r  Scottish coast o f th e  N orth  Sea.

3.2. General PCB profiles

CB 153 w as th e  d o m in a n t PCB c o n g en e r in all ind iv idua ls o f  b o th  
m arin e  m am m al species. Profiles for h a rb o u r seals (CB 153 >  CB 
138 >  CB 187 >  CB 180 >  CB 99) an d  h a rb o u r po rp o ises  (CB 
153 >  CB 138 >  CB 149 >  CB 187 >  CB 180) w e re  sim ilar for all age 
g roups, ex cep t for AF porp o ises  (Fig. 3A a n d  B). T hese resu lts  
confirm  th e  PCB profiles re p o rte d  in th e  lite ra tu re  a n d  reflect th e  
d ifferences in th e  accu m u la tio n  o f  c e rta in  PCB co n g en ers  (e.g. CB 
101 an d  CB 149) b e tw e e n  p in n ip ed s  (seals) an d  ce tacean s 
(p o rpo ises) (H u tch in so n  an d  S im m onds, 1994; V e tte r e t  al., 1996; 
Boon e t al., 1997).

R atios b e tw e e n  th e  co n cen tra tio n s  o f  ind iv idual PCB co n g en ers  
an d  co n ce n tra tio n  o f  CB 153 for each  an im al w ith in  th e  four a g e -  
g e n d e r g ro u p s w e re  u se d  to  c o n stru c t re la tive  PCB profiles in o rd e r 
to  b e  ab le  to  m ak e  co m p ariso n s b e tw e e n  th e  tw o  species:

^153 (CB*)
[ C B X ]

[CB153]

Table 2
Classification of the PCB congeners analyzed in the present study according to Bruhn 
e t al. (1995), Boon et al. (1997) and Wolkers e t al. (2007).

M etabolic Description Cytochrome P450 PCB congeners in the
group induction presen t study

1 No vicinal o,m or 2Ba 153,180,183,187,
m,p H-atoms 194,199

IIA Vicinal m,p  H-atoms 
and <1 o-Cls

2B/3A and 1A 
(m axim um  1 o-Cl)

None

IIB Vicinal m,p  H-atoms 
and 2 o-Cls

52,101,110

IIC Vicinal m,p  H-atoms 
and 3 o-Cls

95,149

IIIA No vicinal m,p 
H-atoms and 
<1 o-Cl

1A and 2Ba 28, 31, 74,105,118, 
156

IIIB No vicinal m,p 
H-atoms and >2 o-Cls

2B/lAa 99,128,138,170

Boon et al. (1997), o -  ortho, m -  meta, p -  para.

For h a rb o u r seals, th e  JM, JF an d  AF g ro u p s sh o w ed  sim ilar and  
h ig h er ra tio s for all PCBs th a n  th e  AM g ro u p  (Fig. 3A), suggesting  
a  b e tte r-d ev e lo p ed  m etab o lic  cap acity  w ith  age o r an  increased  
m etab o lism  w ith  h ig h er b lu b b er co n cen tra tio n s  for a d u lt m ales.

For h a rb o u r porpo ises, a  h ig h er co n trib u tio n  o f  h ig h er ch lo ri­
n a ted  congeners, such  as CB 170, CB 180, CB 183, CB 187, CB 194 and  
CB 199, w as o b se rv ed  for th e  AF g ro u p  (Fig. 3B). This m ig h t b e  th e  
re su lt o f  a  se lective  tra n sp o rt  o f lo w er ch lo rin a ted  PCB co n g en ers  to  
th e ir  o ffspring  and , as a  consequence, a n  e n ric h m e n t o f  th e  h ig h er 
c h lo rin a ted  PCB co n g en ers  in th e  b lu b b er o f AF individuals. Sim ilar 
to  o u r  observations, D ebier e t  al. (2003b) re p o rte d  h ig h er c o n tr i­
b u tio n s  o f h ig h er ch lo rin a ted  PCBs in b lu b b er o f a d u lt fem ale  grey  
seals a n d  h ig h er p ro p o rtio n s  o f lo w er ch lo rin a ted  PCBs in m ilk. The 
sam e s tu d y  also a ssu m ed  a  h ig h er co n trib u tio n  o f  lo w er ch lo ri­
n a ted  PCBs in b lu b b er o f pups. Indeed, ju v en ile  po rp o ises from  o u r 
s tu d y  had  h ig h er ra tio s for lo w er ch lo rin a ted  co n g en e rs  (CB 28, CB 
52, CB 74, CB 95, CB 99, CB 101, CB 118, CB 110 a n d  CB 105), p robab ly  
d u e  to  th e ir  lim ited  capacity  for m etab o lic  b reak d o w n  a n d  as 
a  re su lt o f  se lective  tra n s fe r  o f  PCB lo w er ch lo rin a ted  co n g en ers 
d u rin g  lactation . For all congeners, th e  AM gro u p  sh o w ed  th e  
low est ra tio s  in h a rb o u r po rp o ises  suggesting  a  b e tte r-d ev e lo p ed  
capacity  for PCB m etab o lism  for th is  group.

C om pared  to  h a rb o u r seals, h a rb o u r  po rp o ises  had  a  h ig h er 
p ro p o rtio n  o f lo w er c h lo rin a ted  (less p e rs is ten t)  congeners, such  as 
CB 52, CB 95, CB 101, CB 118 a n d  CB 149. In b o th  species, p e rs is ten t 
PCB co n g en e rs  (CB 138, CB 170, CB 180 an d  CB 187) h ad  a sim ilar 
c o n trib u tio n . All to gether, th is  m ean s th a t  h a rb o u r seals a re  ab le  to  
m etab o lize  lo w er ch lo rin a ted  PCB co n g en ers  in a  m o re  efficient 
w ay  th a n  h a rb o u r  porpo ises. This finding, n am ely  a d is tin c tio n

100-1

so-

6 0 -

4 0 -

2 0 -

O -^ -r

lie  I

Fig. 2. Percentages of the metabolic groups (see Table 2) in the four age-gender 
groups of harbour seals (columns w ithout dots) and porpoises (columns with dots).
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Table 3
Mean concentrations and standard deviations (betw een brackets) in pg/g lipid weight of CB 153 in blubber tissue of harbour seals and porpoises.

Species Location Year n CB 153 (gg/g lipid w eight) 

AM JM AF JF

Reference

H arbour seal Canada 1996-2000 8 10.6 (5.1) Hobbs e t  a l ,  2002
Norway 6-4 0.61 0.12 Wolkers e t al., 2004
Southern N orth Sea 1999-2004 8 -8 -2 -8 28.9 (23.3) 7.2 (2.4) 4.3 (4.3) 10.3 (10.8) Present study

H arbour porpoise Baltic Sea 1985-1993 4-13 20(13) 6.6 (3.6) Berggrena e t a l ,  1999
Kattegat-Skagerrak 1988-1990 7-10 5.7 (2.3) 4.8 (2.5) Berggrena e t al., 1999

1978-1981 5 19(12) Berggrena e t al., 1999
Norway 1988-1990 8 5.6 (4.6) Berggrena e t al., 1999
United Kingdom 1999-2004 16-18-8-15 3.7 (3.2) 4.4 (7.4) 2.2 (1.5) 2.9 (1.6) Law e t al., 2006b
Southern N orth Sea 1999-2004 8-11-4-10 28.7 (12.0) 3.9 (3.0) 1.7 (0.6) 3.7 (4.1) Present study

b e tw e e n  lo w er an d  h ig h er ch lo rin a ted  c o m p o u n d s for h a rb o u r 
seals, ag rees w ith  find ings o f Boon e t al. (1997) a n d  H obbs e t  al. 
( 2002 ).

3.3. PBDE concentrations

Of th e  10 con g en ers analyzed, con g en ers BDE 85 a n d  BDE 183 
w ere  d e tec ted  in less th a n  50% o f  th e  b lu b b er sam ples from  b o th  
h a rb o u r seals a n d  porpoises. BDE 66  w as m easu red  in all sam ples 
from  h arb o u r porpoises, b u t in less th a n  50% o f  h a rb o u r seals. BDE 
209  could  n o t be  d e tec ted  in any  investiga ted  sam ple  a t  co n cen ­
tra tio n s  h ig h er th a n  10 ng /g  lw  (LOQ). This ag rees w ith  p revious 
rep o rts  w h ich  cou ld  n o t d e te c t BDE 209 in m arin e  m am m als (Boon 
e t al., 2 0 02) o r  w h ich  have in frequen tly  m easu red  BDE 209 a t 
co n cen tra tio n s b e tw ee n  1 an d  8 ng /g  lw  in seals (T hom as e t  al., 
2005 ; Shaw  e t al., 2007). Since v e ry  low  o r  n o t d e tec tab le  co n cen ­
tra tio n s  o f BDE 209  w ere  found  in  fish species w h ich  a re  p rey  for th e  
tw o  stu d ied  m arin e  m am m al species (V oorspoels e t  al., 2003) and  
th e  half-life o f  BDE 209  in b lood o f  g rey  seals w as e s tim a ted  
b e tw ee n  8.5 an d  13 days (T hom as e t al., 2005), it is p lausib le  to  
a ssu m e th a t  BDE 209 does n o t b ioaccum ulate  in aq u atic  biota. 
How ever, th is  co n g en er is o f  particu la r concern , because  it d eb ro - 
m in a tes  (in  fish) to  low er b ro m in a ted  PBDE co n g en ers (such  as BDE 
154 a n d  BDE 155), w h ich  are  m ore  w a te r  so luble  a n d  probab ly  m ore 
p e rs is ten t in b io ta  (S tap le ton  e t al., 2004). The rem ain in g  congeners 
w e re  m easu red  in all sam ples from  b o th  species. Results for 
]TPBDEs an d  BDE 47, th e  m ost p e rs is ten t PBDE co n g en er in m arin e  
m am m als, a re  g iven in Table 1. Statistical com p ariso n s for ]TPBDEs 
a n d  BDE 47 w ere  sim ilar, a lth o u g h  w ith  d ifferen t F an d  p-values.

The h ig h es t co n cen tra tio n s o f  PBDEs for all a g e -g e n d e r  g roups 
w ere  obse rv ed  in h a rb o u r p o rpo ises (ran g e  0 .2 2 -5 .9 3  pg/g lw) 
co m p ared  w ith  h a rb o u r seals (range  0.09-1.15 pg/g lw ) (Table 1).

For h a rb o u r porpo ises, m ales w ere  m o re  co n ta m in a te d  th a n  
fem ales (Fi,3 2  =  4 .942; p  =  0.033) w ith  th e  JM  g roup  hav ing  th e  
h ig h es t (1.73 ±  1.77 pg/g lw) a n d  th e  g ro u p  JF th e  low est 
(0 .70 ±  0.41 pg/g lw ) m ean  co n cen tra tio n s . For h a rb o u r seals, 
ju v en iles  te n d e d  to  have h ig h er ]TPBDE c o n cen tra tio n s  th a n  ad u lts  
suggesting  th a t  th e  capacity  for m etab o lic  b reak d o w n  increases 
w ith  age  o r w ith  h ig h er b o d y  bu rd en s. Yet th e se  find ings w e re  no t 
s ta tistica lly  significant. This find ing  co n tra s ts  w ith  th e  h ig h er 
co n cen tra tio n s  m ea su re d  in a d u lt (age >  5 y ears) ringed  seals 
c o m p ared  to  su b ad u lt sp ec im en s (age <  5 y ears) from  East G reen­
lan d  (V orkam p e t al., 2004), b u t ag rees w ith  re su lts  from  h arb o u r 
seals from  UK w a te rs  (Law e t al., 2 006b ; MAFF, 1994) (Table 4).

Sim ilar to  PCBs, PBDE c o n cen tra tio n s  in  th e  AF g ro u p  w e re  low er 
th a n  th e  o th e r  a g e -g e n d e r  g roups, su p p o rtin g  th e  h y p o th es is  th a t 
a d u lt fem ale  an im als  red u ce  th e ir  co n ta m in a n t loads th ro u g h  
g es ta tio n  an d  lac ta tio n  (Covaci e t  al., 2002 ; Law e t al., 2002).

Sim ilar to  PCBs (see  above), a  d ecrease  in th e  PBDE c o n ce n tra ­
tio n s  w as o b se rv ed  w ith  th e  increase  in  th e  b lu b b er th ick n ess o f  
h a rb o u r porpo ises, b u t  n o t o f h a rb o u r seals (Fig. IB). This, to g e th e r 
w ith  th e  fact th a t  th e  b lu b b er th ick n ess w as lo w er for h a rb o u r 
porpo ises, suggests th a t  th e  p ro b ab ility  o f  hav ing  sam p les from  th e  
o u te r  b lu b b er layer w as g re a te r  for po rp o ises  th a n  for seals. As 
a  co nsequence, a  h ig h er frequency  o f h igh  PBDE co n cen tra tio n s  w as 
o bse rv ed  for low  b lu b b er th ick n ess va lues (Fig. IB).

The PBDE co n cen tra tio n s  m ea su re d  in  th e  p re se n t s tu d y  are  
s im ilar o r sligh tly  h ig h er th a n  in o th e r  stud ies, th o u g h  in fo rm atio n  
a b o u t PBDEs in m arin e  m am m als (rev iew ed  by  Law e t al., 2003, 
2 0 06a; Das e t  al., 2 0 0 6 ) is scarce co m p ared  to  PCBs (Table 4). 
K ajiw ara e t  al. (2 0 0 6 ) in v estig a ted  PBDEs in several sm all m ale 
c e tacean s from  A sian w a te rs  an d  re p o rte d  co n cen tra tio n s  b e tw ee n  
0 .0 0 6  pg/g lw  in b lu b b er o f sp in n e r  d o lp h in s (Stenella longirostris) 
from  India (b e tw ee n  1990 an d  1992) a n d  6 pg/g lw  in Indo-Pacific
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Table 4
Mean concentrations and standard deviations (betw een brackets) in |tg/g lipid w eight of BDE 47 in blubber tissue of harbour seals and porpoises.

Species Location Year n BDE 47 (pg/g lipid w eight) 

AM JM AF JF

Reference

Harbour seal California 1989-1998 6 -4 2.04(2.41) 0.20 (0.15) She e t al., 2002
North Sea 9 1.24 Boon e t al., 2002
Southern N orth Sea 1999-2004 S -9 -2 -9 0.21 (0.11) 0.35 (0.21) 0.12 (0.05) 0.42 (0.31) Present study

Harbour porpoise North Sea 9 0.86 Boon e t al., 2002
United Kingdom 1992-2004 31-3 1 -2 4 -2 2 0.52 (0.53) 1.02 (1.23) 0.74 (1.07) 1.23 (1.21) MAFF, 1994; Law e t al., 2006b
Southern N orth Sea 1999-2004 8 -1 2 -5 -9 0.69 (0.46) 1.11 (1.16) 0.43 (0.30) 0.45 (0.27) Present study

h u m p b ack  d o lp h in s (Sousa chinensis) from  H ong Kong (b e tw ee n  
1997 a n d  2001). The sam e  s tu d y  found  PBDE co n cen tra tio n s  (su m  
o f 10 co n g en ers) ran g in g  from  0 .024  to  0.100 pg/g lw  in  m ale  
h a rb o u r p o rpo ises (n =  3) from  Japan . D espite  th e  sm all sam ple  
size, th e se  re su lts  a re  a n  o rd e r  o f  m ag n itu d e  lo w er th a n  th e se  for 
h a rb o u r po rp o ises from  th e  p re se n t study. Shaw  e t al. (2007) 
re p o rte d  m ean  PBDE co n cen tra tio n s  in b lu b b er tis su e  o f h a rb o u r 
seals s tra n d ed  in  th e  N orth -W este rn  A tlantic  b e tw e e n  1991 and  
20 0 5  a n d  found  co n cen tra tio n s  a lm o st 10 tim es  h ig h er as in 
p re se n t s tu d y  (3.65 pg/g lw  for h a rb o u r seal p u p s  (it =  13), 2 .94 pg/g 
lw  for ju v en iles  (n =  14), 1.39 pg/g lw  for AM (n =  7) a n d  0.33 pg/g 
lw  for AF (n =  8)). This is p ro b ab ly  a reflection  o f  th e  h ig h er u sag e  o f 
th e  penta-BD E tech n ica l m ix tu re  in N orth  A m erica  co m p ared  to  
E urope (Law e t al., 2003).

3.4. General PBDE profiles

BDE 47 w as th e  m o st a b u n d a n t co n g en e r in all an alyzed  sam ples 
o f  b o th  species s im ila r to  p rev ious find ings for th e  sam e species 
(Boon e t al., 2002 ; Covaci e t  al., 2002 ; Shaw  e t al., 2007) an d  o th e r  
m arin e  m am m als (sp e rm  w h a les  Physeter macrocephalus, d e  Boer 
e t  al., 1998; rin g ed  seals an d  be lu g a  w h a les  Delphinapterus leucas, 
W olkers e t  al., 2004 ; b o ttle n o se  do lph ins, Jo h n so n -R estrep o  e t  al., 
2005 ; Californian sea  lions Zalophus californianus, S tap le ton  e t al., 
2006).

Profiles for JF an d  JM h a rb o u r p o rp o ise  w e re  sim ilar, n am ely  BDE 
47 >  BDE 100 >  BDE 99 >  BDE 154 >  BDE 153. For AF a n d  AM 
h a rb o u r porpo ises, th is  p a tte rn  chan g ed  in to  BDE 47 >  BDE 
99  >  BDE 100 >  BDE 154 >  BDE 153. T hese  profiles a re  co m p arab le  
w ith  re su lts  from  Boon e t al. (2 0 0 2 ) for h a rb o u r  porpo ises, b u t 
d iffer from  b o ttle n o se  d o lp h in s (Johnson-R estrepo  e t al., 2005).

Profiles for h a rb o u r seals a re  d ifferen t, w ith  th e  AM h a rb o u r seal 
sh o w in g  th e  follow ing p a tte rn , BDE 47 >  BDE 153 >  BDE 99, BDE 
154 >  BDE 100. The profiles for o th e r  a g e -g e n d e r  g ro u p s a re  
d iffe ren t from  th a t  o f  th e  AM g ro u p  BDE 47 >  BDE 99 >  BDE

100 ~  BDE 153 >  BDE 154. Sim ilar re su lts  w e re  also  found  b y  Shaw 
e t al. (2007).

R atios b e tw e e n  th e  co n cen tra tio n s  o f  ind iv idual PBDE co n g e­
n ers a n d  th e  co n cen tra tio n  o f  BDE 47, th e  m o st p e rs is ten t and  
d o m in a n t PBDE, for each  an im al w ith in  th e  four a g e -g e n d e r  g roups 
w e re  u sed  to  c o n stru c t re la tive  PBDE profiles for h a rb o u r seals and  
po rp o ises  (Fig. 4A a n d  B):

R47(BDEx)
[BDEx]

[BDE47]

For h a rb o u r  seals (Fig. 4A), th e  JM an d  JF g ro u p s sh o w ed  lo w er 
p ro p o rtio n s  o f all m easu red  PBDEs, w h ile  th e  AM an d  AF groups 
had  sligh tly  h ig h er co n trib u tio n s  o f BDE 99, BDE 100, BDE 153 and  
BDE 154, com b in ed  w ith  lo w er co n cen tra tio n s  o f th is  congeners, 
w h ich  is a  reflection  o f th e  h ig h er co n cen tra tio n s  o f  BDE 47 in 
ju v en iles  co m p ared  to  adu lts.

For h a rb o u r porpo ises (Fig. 4B), th e  sam e tre n d s  as found  for 
h a rb o u r seals w e re  observed . Juven iles seem ed  to  have low er 
co n trib u tio n s o f all m easu red  PBDE co n g en ers  th a n  adu lts, p robably  
because  o f  a  h ig h er ‘s ta rt c o n cen tra tio n ’ o f BDE 47 from  lactation  
an d  g es ta tio n  (assum ing  th a t  sim ilar to  PCBs, th e  less lipophilic 
co n g en ers w ill b e  m o stly  a b u n d an t in milk), to g e th e r w ith  
a  m in im al m etab o lism  a t th a t  age. In general, h a rb o u r porpo ises had  
a  h ig h er co n trib u tio n  o f  con g en ers BDE 99, BDE 100, BDE 153 and  
BDE 154 co m p ared  to  h a rb o u r seals. A lthough co n g en ers BDE 28, 
BDE 66 an d  BDE 183 w ere  in frequen tly  d e tected , th e ir  co n ce n tra ­
tio n s w e re  h ig h er in  porpo ises th a n  in seals, ind ica ting  th a t  h a rb o u r 
porpo ises have difficulties w ith  m etabo liz ing  PBDEs.

3.5. Relationship betw een  PCBs and PBDEs

Jo h n so n -R estrep o  e t  al. (2005) re p o rte d  a significant co rre la tio n  
( r  =  0.83, p < 0 .0 1 )  b e tw e e n  PCB a n d  PBDE co n cen tra tio n s  in fish 
an d  a h ig h er co rre la tio n  coefficient for th e  re la tio n sh ip  b e tw e e n
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PCBs a n d  PBDEs in d o lp h in s  a n d  sh ark s from  co asta l Florida. Shaw  
e t al. (2 0 0 7 ) found  a h igh ly  sign ifican t co rre la tio n  ( r  =  0.82, 
p  <  0.01 ) b e tw e e n  PCBs a n d  PBDEs in  h a rb o u r seals from  th e  N orth - 
W este rn  A tlantic  coast. In th e  p re se n t study, no  significant co rre ­
la tio n s b e tw e e n  PCBs a n d  PBDEs o r  b e tw e e n  CB 153 a n d  BDE 47 in 
h a rb o u r seals o r  h a rb o u r po rp o ises  cou ld  be  found  (all p  >  0.05), all 
age g ro u p s to g e th e r  o r sep ara te . This cou ld  be  an  in d ica tio n  for 
a  d iffe ren t a ccu m u la tio n  a n d  b iom agn ification  th ro u g h  th e  food 
chain , b u t it m ay  also  reflect th e  v a ria tio n  in accu m u la tio n  w ith in  
each  a g e -g e n d e r  group.

3.6. Adverse effects

The PCB an d  PBDE co n cen tra tio n s , found  in th e  p re se n t study, 
can  b e  a serious th re a t  for h a rb o u r seals an d  porpo ises. M ean 
co n cen tra tio n s  for PCBs a n d  PBDEs in h a rb o u r po rp o ises in th e  
p re se n t s tu d y  (Table 1 ) a re  m o re  th a n  2 (for AF) to  2 0  (for AM) tim es 
h ig h er for PCBs a n d  ab o u t 10 tim es  h ig h er for PBDEs co m p ared  to  
co n cen tra tio n s  from  s tra n d ed  o r by cau g h t h a rb o u r po rp o ises  from  
E uropean  coas ts w h ich  a re  asso c ia ted  w ith  in te rfo llicu lar fibrosis, 
sp len ic  d e p le tio n  an d  th ym ic  a tro p h y  (B eineke e t  al„ 2005 ; Das 
e t  al„ 2006). F u rtherm ore , PCB co n cen tra tio n s  in a lm o st all a g e -  
g e n d e r  g ro u p s o f b o th  species a re  m o re  th a n  an  o rd e r  o f m ag n itu d e  
h ig h er th a n  levels o f  PCBs negatively  asso c ia ted  w ith  v itam in  A (a 
d ie ta ry  h o rm o n e  essen tia l to  g row th , d ev e lo p m en t, rep ro d u c tio n  
a n d  im m u n e  function) co n cen tra tio n s  in p lasm a  a n d  b lu b b er o f 
free -ran g in g  h a rb o u r seals from  British C olum bia (C anada) an d  
W ash in g to n  S tate  (USA) (M os e t  al„ 2007).

4. Conclusions

H arb o u r po rp o ises  an d  h a rb o u r seals, tw o  rep re se n ta tiv e  to p  
p re d a to r  species for th e  N orth  Sea ecosystem , a re  good ind ica to rs o f 
co asta l po llu tion , b ecau se  th e y  have  long life spans, feed  h igh  in th e  
food chain  a n d  do  n o t p re se n t large-scale  m ig ra tion . W e found  th a t 
factors, such  as age an d  gender, am o n g  o thers , a re  im p o rta n t for th e  
b io accu m u la tio n  o f PCBs a n d  PBDEs in m arin e  m am m als. The AM 
g ro u p  had  th e  h ig h es t co n cen tra tio n s  o f  PCBs, b u t n o t o f  PBDEs, 
p robab ly  b ecau se  o f  a n  in creased  m etab o lism  w ith  age o r bod y  
b u rd en . The AF g roup  could  e lim in a te  co n sid erab le  a m o u n ts  o f 
PCBs an d  PBDEs by  g es ta tio n  an d  lac ta tio n  resu ltin g  in  low  
co n cen tra tio n s . H ow ever, th e  tra n s fe r  o f  PBDEs to  th e  offspring 
n eed s m o re  a tte n tio n  in  th e  fu ture. Juven ile  an im als  had  m ixed 
tre n d s  in co n cen tra tio n s  w ith  th e  lo w est co n cen tra tio n s  for PCBs, 
b u t th e  h ig h est for PBDEs. H arb o u r seals, m em b e rs  o f th e  p in n i­
peds, an d  h a rb o u r porpo ises, m em b e rs  o f th e  Cetacea, a re  from  an 
ev o lu tio n ary  p o in t o f  v iew  d iffe ren t an d  have th e re fo re  a  d iffe ren t 
ab ility  for m etab o lic  b re ak d o w n  reflected  by  th e  d iffe ren t PCB or 
PBDE profiles. H arbour po rp o ises have  m o re  d ifficulties o f  m e ta b ­
olizing  lo w er h a lo g en ated  an d  less p e rs is ten t PCB an d  PBDE 
co n g en e rs  th a n  h a rb o u r seals p robab ly  d u e  to  less effic ien t cy to ­
c h ro m e  P450 enzym es. This cou ld  lead  to  b ioaccu m u la tio n  o f th ese  
c o n ta m in a n ts  to  a  g re a te r  e x te n t in h a rb o u r po rp o ises  an d  su b se ­
q u e n tly  to  possib le  ad v erse  effects.
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