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F em a le  h a r b o u r  seal s w ere  held in cap t iv i ty . D ur ing  a pe r iod  o f  (wo years , o n e  g r o u p  received c o n ­
ta m in a te d  fish f ro m  the D u tch  W a d d e n  S ea ,  while  a s econd  g r o u p  w as  given rela tively cl ean  fish f rom  
th e  A t lan t ic  O c e a n .  C o n c e n t r a t i o n s  o f  ind iv id ua l po ly c h lo r in a ted  b ipheny l  (PC'13) congeners  were 
m e as u red  in fish,  seal b lo od  a n d  occasiona l ly  in faeces  o f  seals.

T h e  P C B  p a t te r n s  w i th in  each  o f  these th ree  ‘m a tr ic e s ’ w e re  highly  simi la r,  bu t  d i ff e red  betw een  th em . 
A c co rd in g  lo  th e i r  degree  o f  b io m ag n if i ca t i o n  in seal b lo o d ,  F  C  lis cou ld  be  d iv ided  in to  pers is tent  c o n ­
gene rs  a n d  c o n g e n e rs  w i th  low ered  co n c e n t ra t io n s .  T h is  b e h a v io u r  w as  r e la ted  to  m o lecu la r  s t ru c tu ra l  
fea tu res ;  c o n g e n e rs  s h o w in g  lowered  co n c e n t ra t io n s  possessed vic inal H  a t o m s  at c i the r  a m e t a - p a i a  
pos i t ion  o r  at an  o r t h o - m e t a  pos i t io n .  O n ly  in the  la tte r  case the n u m b e r  o f  o r th o -c h lo r ine s  presen t in­
fluenced th e  to.xicok i n d i c a  I b e h a v io u r  o f  the  congeners ;  low ered  c o n c e n t r a t io n s  w ere  o n ly  o bserved  fo r  

m o n o - o r t h o  ch lo r in e  c o n ta in in g  co ngeners .
E n z y m e-m e d ia t ed  m e tab o l is m  is the  m o s t  p r o b a b l e  c a u se  fo r  the  relatively low c o n t r ib u t io n  o f  sueli 

co n ge n e rs  to  the P C B  pa t te rn  in seal b loo d .
O n  a wel -wcight ba s is , the  c o n c e n t r a t io n s  o f  all con g e n e rs  w e re  lo w er  in seal b lo o d  th a n  in the ir  l o o d .  

luii w h en  expressed  o n  a lipid bas is , the  no n - in e tab o l ized  co ng e ne rs  w ere  biomagnif ier i.  At the  end  o f  
th e  ex p e r im en t ,  the  P C B  co n c e n t ra t io n s  w ere  s ignif icant ly  low er  ( / ’< ( ) . 0 0 1 ) in the  seal s w h ich  h a d  rece iv ­
ed  fish f rom  th e  A t lan t ic  O cean .
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I N T R O D U C T I O N

Tiic h a r b o u r  seal p o p u la t io n  in th e  Du tch  p a r t  o f  the  W a d d e n  Sea has declined 
f rom  ab o u t  3300 in 1949 to  a b o u t  700 an im a ls  in 1986. T h e  initial decline to  a b o u t  
I 100 spec im ens  was caused  by o v c rh u n t in g .  H o w ev e r ,  even a f te r  this  was fo rb id d en  
ihc  p o p u la t io n  si/.c c o n t in u e d  to d ecrease ,  p re d o m in a n t ly  d u e  to a very low 
rep roduc t ive  rate o f  seals f ro m  this  p o p u la t io n  (R c ijndc rs ,  1978, 1980).

It becam e  clear  thai (lie m ain  th rea t  w as  posed  by the  adverse  e ffec ts  o f  the c o n ­
tam in a t io n  o f  the D u tch  W a d d e n  Sea  by the  R h in e -M c u s c  e s tu a ry .  A m o n g  the 
several o rg a n o ch lo r in c s  a n d  trace  m eta ls  an a ly se d ,  the  interest  has cen tred  on  the 
g r o u p  o f  p o ly ch lo r in a ted  b iphenyls  (P C B s)  a n d  p , p ' - D D E ,  b ecause  o f  the  very high 
co n ce n tra t io n s  o f  these  l ipophilic  c o m p o u n d s  in lipid-rich tissues o f  h a r b o u r  seals 
(R cijndcrs ,  1980). Also ,  P C B s  caused  low er  r e p ro d u c t io n  ra tes  in ex p er im en ts  with  
m in k ,  which like the  h a r b o u r  seal is a f ish-eat ing  m a m m a l  a n d ,  m o reo v e r ,  shows 
a s im ila r  re p ro d u c t iv e  physio logy  (Je n se n ,  1977; Blcavins ct a í . ,  1980; Helle ,  1981; 
Bergm an et a l . ,  1981; R cijndcrs ,  1984).

For  inver teb ra tes  a n d  fish, e q u i l ib r iu m -p a r t i t io n in g  o f  th e  p a ren t  P C B  congeners  
(i.e. u n c h an g ed  by e n zy m at ic  m etab o li sm )  be tw een  bod y  l ipids,  b lo o d  a n d  the a m ­
bient water  was rep o rted  to be  m o re  im p o r ta n t  th a n  enzym atic  m e ta b o l i sm  in P C B  
kinetics (B ru g g em an  ct al. ,  1981, 1983; S u n d s t rö m  et a l . ,  1976). In th is  process ,  the 
gills have an  im p o r ta n t  fu n c tio n  as sites fo r  t r an s fe r  o f  P C B s  f ro m  b lo o d  to  sea 
water .  M ar in e  m a m m a ls  lack th is  p a th w a y  fo r  e l im in a t io n  o f  a p o la r  c o m p o u n d s .  
An a lte rna tive  p a th w ay  for  regu la t ion  o f  a p o la r  c o m p o u n d s  is th ro u g h  enzym atic  
b io t r a n s fo rm a t io n  reac tions  that increase  their  w a te r  so lub i li ty ,  faci l i ta t ing  excre­
tion via bile a n d  urine.  T h e  inabil i ty  to e l im ina te  P C B s as p a ren t  c o m p o u n d s  a n d  
the  vital im p o r ta n ce  o f  m etab o li sm  have  been d e m o n s t r a te d  fo r  terrestr ia l  m am m a ls  
by several a u th o r s  (A b d e l -H a m id  et a l . ,  1981; G ag e  a n d  H o lm ,  1976; M a t th e w s  and  
A n d e rso n ,  1975; M a t th ew s  an d  T u cy ,  1980; S ipes et a l . ,  1980).

In field sam ples  o f  seal o rg a n s  a n d  tissues, PC B  p a t te rn s  c o n ta in in g  fewer c o n ­
geners  than  those  o f  g i l l -b reath ing  a q u a t i c  an im a ls  o r ig in a t in g  from  the sa m e  a rea  
were  found  (D u inkc r  and  H il lcb ran d ,  1983b; D u in k c r  ct a l . ,  1986). H o w ev e r ,  a c lear 
causa l  re la tion  between the  PC B  p a t t e rn  in (he so u rc e  o f  the  o rg a n o ch lo r in c s ,  i.e. 
th e  food ,  a n d  the p a tte rn  in m ar in e  m a m m a ls ,  is not  easily  o b ta in e d  f ro m  corre la ted  
field d a ta .

I hc in d u c t io n  o f  the activity o f  mixed func tion  oxygenase  (M F O )  enzym e systems 
by P C B s  (P a y n e ,  1984), presents  a poss ib le  m ech an ism  for  the ir  chem ica l  toxicity .  
M F O  sys tem s inf luence ,  a m o n g  o thers ,  the ra tes  o f  m e ta b o l i sm  o f  (endo g en o u s)  
s te ro id  h o rm o n e s ,  but m ay  a lso  be  ab le  to m eta b o l ize  P C B  congeners .  T h u s ,  in d u c ­
tion of M F O  system s m a y  b o th  increase the  tu rn o v e r  o f  sexual s te ro id  h o rm o n e s  a n d  
the  ra te  ol h y d ro x y la t io n  o f  cer ta in  PC B  congeners ,  the  la t ter  d e p en d in g  on  the 
c h lo r in e  su b s t i tu t io n  p a t t e rn  o f  the ind iv idual  congeners  (S u n d s trö m  et a l . ,  1976).
11 yd roxyla tcd  a n d  m eth y i - su lp h o n e  m etabo li tes  o f  PC B s have indeed  been found  in
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seal faeces ( Jensen  et a l . ,  1975; Je n se n  an d  J a n s s o n ,  1976). Also ,  a c o n s id e rab le  a c ­
tiv i ty  o f  m ixed  fu n c t io n  o xygenase  (M F O )  enzym e sys tem s, inc lud ing  aryl- 
h y d r o c a r b o n  hydroxy lase ,  was established even in whales  f rom  rem ote  arcas 
(G o k s o y r  et a l . ,  1985).

In o rd e r  to  s tu d y  the  kinet ics  o f  P C B s  a n d  the  e ffec ts  o f  c o n ta m in a te d  food on 
r e p ro d u c t io n ,  a n  exper im en t  with cap tive  h a r b o u r  seals w as  s ta r ted  at the  Research 
In s t i tu te  fo r  N a tu re  M a n a g e m e n t  at Texel (R c ijndcrs ,  1984). O n e  g r o u p  o f  seals was 
fed c o n ta m in a te d  fish f ro m  the  Du tch  W a d d e n  Sea; the o th e r ,  serv ing as a 
re fe rence ,  c o m p a ra t iv e ly  c lean fish f rom  the  A t lan t ic  O cean .  T h e  P C B  pa t te rn  (i.e. 
the  c o n t r ib u t io n  o f  each individual  c o n g en e r  to  to ta l  PC B ) as  p resen t  in b lo o d ,  was 
assu m ed  to  be  rep resen ta t ive  fo r  the  p a t t e rn  o f  all o th e r  o rg a n s  an d  tissues o f  a seal; 
c h an g es  in P C B  c o n c e n t ra t io n s  in b lo o d  on  a l ipid basis ,  were  assum ed  to reflect 
th e  changes  in the  o th e r  o rg a n s  in a q u a li ta t iv e  sense.

T h is  p a p e r  describes th e  p h a rm a co k in e t ic s ;  th e  eco tox ico log ica l  e ffec ts  will be 
described in a  sep a ra te  pap er .

M A T E R I A L S  A N D  M E T H O D S

Origin and  dosage o f  the fo o d

It was im poss ib le  to  get the  sam e  o r  even c losely re la ted  fish species f rom  the 
D u tch  W a d d e n  Sea an d  th e  A t lan t ic  O c ea n  to serve as food  fo r  the ‘t r e a tm e n t ’ and  
th e  re fe rence  g ro u p s  oT seals . T h e re fo re  the  diet o f  th e  ‘W a d d e n  S ea ’ g r o u p  c o n ­
sisted m ain ly  o f  plaice (P leuronectes platessa), while the diet o f  Ihc ‘A t Ian i ic’ g ro u p  
consis ted  m ain ly  o f  m ackere l  (Scom ber scom brus). T h e  fish was frozen a n d  slorcd 

a t  -  25°C .
B oth  g ro u p s  o f  seals were  fed a d  l ib i tum . H o w ev e r ,  because  o f  the h igher  caloric  

va lue  o f  m ack ere l  (e .g . 9 to  10 t im es h igher  lipid c o n te n t ,  rela tively  less bones) ,  the 
m ean  q u a n t i ty  o f  food o f fe re d  to  the  W a d d e n  Sea g ro u p  was on average  7.5 kg fish 
p e r  an im al  p e r  day ,  while  on ly  2 .2  kg fish p e r  seal was o f fe re d  da ily  lo Ihc Al lani ic 
g ro u p .  T h e  a m o u n t s  o f  to ta l  P C B  (as (he su m  o f  all 42 peaks  d e te rm in e d )  thus  o f ­
fered daily with the  food w ere  a b o u t  1.5 m g p e r  seal in ease  o f  Ihc W ad d e n  Sea 
g r o u p  a n d  0.2 lo  0 .3 m g fo r  the  A t lan t ic  g ro u p  (T able  I). Despite  ihc m uch  higher 
l ipid cou len t  in m ackere l ,  c o n c e n t r a t io n s  on a  wct-weighl basis were  slill ab o u t  h a lf  
those  o f  the  fish f ro m  th e  W ad d e n  Sea.

C om position  o f  the groups o f  seals

T h e  tw o  g ro u p s ,  each consis t ing  o f  12 fem ales ,  w ere  c o m p o sed  o f  7 seals from 
th e  W ash  (U .K .)  a n d  5 f ro m  (he M u seu m  o f  N a tu ra l  H is to ry  on Texel. The anim als  
f ro m  the  m u se u m  were  b o rn  there  f ro m  p a ren ts  which  c am e  from  the W ad d en  Sea. 
Since seals can  p ro d u c e  the ir  first p u p  at the  age o f  4 yr, so m e  ind iv iduals  were still 
sexually  im m a tu r e  in 1981, b u t  all a n im a ls  h ad  reach ed  m a tu r i ty  in 1983.
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T A N I .E  I

A m o u n t s  o f  fish olTcrcd dai ly  lo Ihc sea ls  o f  the  W a d d e n  Sea  (W S G )  a n d  the  A l lan t ic  g r o u p  (A G )  to g e th er  
w ith  m e an  co n c e n t ra t io n s  o f  co n g e n e r  153 a n d  ¿ - P C B  (as  s u m  o f  the 42 p eak s  given in Fig. 2). In  the  
last co lu m n ,  ih c  mean  daily a m o u t n  o f  ¿ - P C B  offe red  with  the  fish p er  indiv idual seal,  is c a lcu la ted  from  
these  d a l a .

Food

W a d d e n  Sea  g r o u p  
7.5 kg  fish seal 1 clay 1 

1981 (a 6)
1983 (n  -  4)

A l lan t ic  g r o u p  
2 . 2  kg f i sh -sea l  ' d ay  1

1981/83 (n  3) 0 .10  0.7  15 0 .10  0 .2 -0 .3

W W  evei weigh t.

Initially ,  all seals were  fed m ackere l .  Since t r a n s i t io n  to  a diet  o f  m a in ly  flatfish 
to o k  so m e  t im e ,  the  W a d d e n  Sea  g r o u p  o f  1981 c o m p rised  on ly  6 ind iv iduals .  D u r ­
ing 1981 a n d  1982 the  o th e r  seals c o m p le ted  th e  g ro u p ,  the  last 2 ind iv idua ls  in 
Sep tem b e r  1982. T h e  co m p o s i t io n  o f  b o th  seal g ro u p s  is given in T ab le  II.

/ lousing  o f  the seals during the experim ent

D uring  the  ex p er im en t ,  the  two seal g ro u p s  were  held a t  the  Research  Inst i tu te  
for N a tu re  M a n a g e m e n t  at Texel in tw o  se p a ra te  basins o f  30 X  6  X  1.8 m  each ,  
which were  supp l ied  with  ru n n in g  seaw ate r  a t  a ra te  o f  50 nT per h o u r .  A longside  
each basin ,  a hau l-ou t  co n c re te  p la t fo rm  (30 x  3 m) was co n s tru c ted .

D ur ing  the exp er im en ta l  p e r io d  (1981-1984) o n e  seal d ied;  th e  o th e r  seals did  not  
su f fe r  f rom  a n y  diseases.

Sam pling f o r  organochlorine analysis

T o  o b ta in  rep resen ta t ive  sam ples  o f  the  fish used as fo o d  for the  seals , 20 bags 
(c o n ta in in g  a p p ro x .  100 fishes each) were  r a n d o m ly  chosen .  F ro m  each bag,  ab o u t  
30 fishes w ere  r a n d o m ly  taken  a n d  w ere  g r o u n d  in a m ea t -g r in d e r .  T h e  g ro u n d  
sam ples  w ere  su b sam p lcd  a n d  sto red  in 5 c lean glass j a r s  o f  0.5  I, which  were  kept 
at - 2 5 nC until  fu r th e r  analysis.

B lood  sam p le s  for o rg a n o c h lo r in e  analysis were  tak e n  f ro m  o n e  o f  the  rea r  fl ip­
pers o f  tlic seals every m o n th  from  O c to b e r  to D ecem ber  o f  1981 a n d  1983. W h en  
b lo o d  sam ples  were  tak en ,  the  seals had  not  eaten  fo r  20 to  30 h. A b o u t  10 ml o f  
b lo o d  was d ra in e d  from the  seals in to  glass V a cu ta in e r  tubes  (BID-3200 U , non 
c o a ted ) ;  no a n t i c o a g u la n t  was used.

11531,io, (E-PCB)n oi 

( , ,g -g  ‘ ' l ipid)

1.5 11
2.1 14

% - l ip id  [23-PCBln. 

o f  W W  (/tg g - ' V

1.9 0.20
1.4 0.19

'¿ -P C B

(m g -sea l  "  1 - d a y " ')

1.5
1.5

T A B L E  II

C o m p o s i t io n  o f  g r o u p s  o f  fem ale  h a r b o u r  seal s receiving fish fr om  ihc D u tch  W a d d en  Sea  (WSG,) and  

f ro m  Ihc A t la n t ic  O cean  (A G).

S eal no . Orig in Y ear  o f  bi r th Rem arks

W S G
1 W a sh 1973 P resen t in W S G  in

2 W ash 1973 1981 and  1983

3 W a sh 1978

4 Texel 1976

5 Texe l 1978

6 Texe l 1979

7 W a sh 1978 P resen t in 1983 only

8 W a sh 1979

9 W a sh 1979

IO W a sh 1979

11 Texel 1978

1 2 Texel 1978

A G
11 Texel 1978 7 T r a n s fe r re d o  W SG

1 2 Texel 1978 j S ep t .  1982

13 W a sh 1971 Presen t in A G  in

14 W a sh 1971 1981 a n d  1983

15 W a sh 1972

16 W a sh 1976

17 W a sh '9 77

18 W a sh 1978

19 W a sh 1979 ■

2 0 W a sh 1979 Died in 1982

2 1 Texet 1977 Presen t in A G  in

2 2 Texet 1978 1981 a n d  1983

23 Texel 1978

24 T  excl 1979 •

25 Texel 1979 P resen t in 1983 on ly

In the  l a b o r a to r y  the  sam p le s  were  c en tr ifuged  for 15 ruin at 3000 r p m ,  which 
d iv ided  the  sa m p le  in to  3 f rac t ions :  sc ru m  (not  c o n ta in in g  a n y  cel lu la r  m ateria l;  
f rac t ion  I); a f rac t io n  c o n ta in in g  low densi ty  cellular  m ateria l  ( th rom bocy tes ,  
g ran u lo cy te s  an d  lym phocy tes ;  f rac t ion  11) a n d  a high densi ty  Iraci ion , the 
c o a g u lu m ,  c o n ta in in g  f ib r in ,  e ry th rocy tes  an d  so m e  o f  the  lower densi ty  material 
prev ious ly  m en t io n ed  ( f rac t io n  III).  O n  a wct-wcight basis ,  f rac t ion  I con ta ined  
33°/o o f  the  to ta l  b lo o d  sam p le ,  f rac t ion  11 on ly  I°/o an d  f rac t io n  III 6 6 % .

F rac tio n  I was used com ple te ly  fo r  the  d e te rm in a t io n  o f  s te ro id  h o rm o n e s  and 
fu r th e rm o re  the  sm all  a m o u n t  o f  m ateria l  in f rac t ion  11 h a rd ly  c o n tr ib u ted  to the 
to ta l  b lo o d  sam p le .  T h e re fo re  it was checked  w h e th er  f rac t ion  HI would  reflect PC B  
c o n c e n t r a t io n s  in b o th  the  o th e r  f rac t io n s  as well.
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F o r  ro u t in e  analysis ,  th ree  consecu t ive  b lo o d  sam ples  o f  each individual  seal 
( t rac t io n s  III only) w ere  p o o led  to  o b ta in  e n o u g h  m ate r ia l  fo r  cap i l la ry  G C -E C D  
analysis  of o rg an o ch lo r in c s .  T h e  p e r io d  be tw een  th e  b eg inn ing  o f  O c to b e r  an d  the  
e n d  o f  D ecem ber  was ch o sen  fo r  sam p lin g ,  b ecause  h a r b o u r  seals have an  a n n u a l  
sexual cycle with p u p s  be ing  b o rn  in Ju ly .  I f  a seal sh o u ld  get p re g n a n t  d u r in g  the 
exper im en t ,  the  d e velop ing  foe tus  w o u ld  not  in f luence  P C B  kinetics  in the  sam pling  
pe r iod ,  because  o f  the de layed im p la n ta t io n  o f  the  b las tocyst .

A no lysis o f  organochlorincs

Since m ost o f  the  p ro ced u re s  used have been extensively described  in ear l ie r  
p a p e rs  (H o ld en  an d  M a rsd c n ,  1969; D u in k c r  a n d  H i l le b ran d ,  1978; B o o n ,  1985; 
B oon  ct a l . ,  1985), on ly  specif ic  a l te ra t io n s  an d  a p p l ic a t io n s  for th e  p resen t  s tu d y  
will be h igh ligh ted  in this  a n d  the  next sec tions .  O rg a n o ch lo r in es  in f rac t io n  III 
b lo o d  sam ples  were  d e te rm in e d  by d ry ing  a b o u t  15 ml w ith  p re t re a te d  a n h y d ro u s  
so d iu m  su lp h a te  lo llow cd  by Soxhlc t  ex trac t io n  as d esc r ibed  previously .

In c o m p a r is o n  with ear l ie r  stud ies ,  a new  an d  in so m e  respec ts  slightly  d if fe ren t  
s t a n d a rd  m ix tu re  was used for iden t i f ica t ion  o f  P C B  co n g en e rs  with cap i l la ry  
G C - F C D .

T h e  ana ly t ica l  m e th o d s  used did not  a llow  the  de tec t ion  o f  P C B  m etabo li tes .

R i s i  H i s

Representativeness o f  fra c tio n  / / /  f o r  to ta l b lo o d  sam ples
Fig. I sh o w s the  P C B  p a t te rn s  o f  th e  co n g en e rs  de tected  in b lo o d  f rac t io n s  I, II 

a n d  111. In frac t ion  II several p eak s  were  be low  detec t ion  level, but  the  p a t t e rn  o f  
the c o m p o u n d s  identif ied  was highly s im ila r  to  the  v ir tua l ly  iden tica l  p a t t e rn s  o f  
f rac t ions  I a n d  III.  T h e  c o n c e n t ra t io n s  in f rac t ion  I sh o w  th a t  su b s tan t ia l  a m o u n t s  
o f  P C B s are  assoc ia ted  to  n on-ee l lu la r  m a te r ia l ,  e .g .  l ip o p ro te in s .  H o w ev e r ,  the  a b ­
so lu te  a m o u n t s  o f  P C B s in f rac t ion  III (5 5 % )  >  frac t ion  I (4 1 % )  frac t ion  II 
(5% ).

In p rev ious  s tudies ,  vir tua l ly  identical  P C B  p a t te rn s  were  obse rv ed  in d if fe ren t  
p a r ts  ol  the  sa m e  fish (B oon ,  1985; B oon  ct a í . ,  1984), o r  be tw een  d if fe ren t  o rg a n s  
a n d  tissues ol m o th e r  a n d  foe tus o f  a h a r b o u r  p o rp o ise  (D u in k c r  a n d  H il leb ran d ,  
1979). F ro m  these  an d  the  present d a t a  we co n c lu d ed  tha t  f rac t io n  III cou ld  indeed 
be used as  a m odel  represen t ing  the  t ren d s  in P C B  c o n c e n t r a t io n s  in ‘t o ta l ’ b lood .

I d ' l l  pa tterns

The p r im a ry  o b jec t iv e  o f  this  s tu d y  was to inves tigate  (he P C B  p a t t e rn s  in the 
b lo o d  o f  ind iv idua l  seals f ro m  th e  tw o  t rea tm en t  g ro u p s  a n d  the  p a t t e rn  in their  
respective  fo o d .  O ccas io n a lly  faecal sam ples  o f  single, b u t  u n k n o w n ,  seals f rom
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46.2 -61% FRACTION I

6.5 -A% FRACTION D

61.2 - 55 % FRACTION III

(731
lm ,1B,5hV'% 3,?e'

(1601
1163)
|16(,1

' 17?  ̂ 170 I 196 'i? 180 ?oi m 
11921 (1901

Pig. I . P C B  p a t te r n s  a n d  c o n c e n t r a t io n s  in the  3 b lo o d  f rac t io n s  o b ta in e d  a f t e r  ce n t r i fu g a t io n .  N u m b ers  
o f  P C B  co ng e ne rs  a rc  given in o r d e r  o f  e lu t io n  f ro m  th e  G C  c o l u m n .  All c o n c e n t ra t io n s  a rc  rela tive to  
height o f  ba r .  W h e n  m o r e  th a n  o n e  n u m b e r  is a t t r ib u t e d  lo  a single  ba r ,  the  co n c en t ra t io n  is expressed  
o n  the  bas is o f  th e  u p p e r  co n g e n e r  g iven , bu t  t h e  o th e r  c o n g e n e rs  c i the r  did not s ep a ra t e  mule i o u r  G< 
co n d i t io n s  f ro m  Ihc first co n g e n e r  g iven,  o r  were rep o r ted  to  s h ow  a d i f f e re n ce  <  0 . 0 0 1 0  in rela tive 
r e ten t ion  l im e  o n  the  s a m e  G C  c o lu m n  (congene r  n u m b e r  given  in p aren th eses ;  Mull in  cl a l . ,  I9X-1). I he  
n u m b e r s  X / Y  given  in the  le f t -hand  c o r n e r  o f  each  h i s to g r a m ,  arc ; X a m o u n t  o f  L - P C B  (as  the  su m  

o f  Ihc 22 c o n g e n e rs  identi f ied )  in ng  per  f r ac t io n .  Y s am e  a m o u n t  a s  p e rce n tag e  o f  P C B  presen! in
th e  u n f r a c t io n a t c d  b lo o d  sam ple .

caeli  g r o u p  w ere  collected f ro m  (he co n cre te  h au l-o u t  p l a t f o r m  in o rd e r  to s tu d y  the 
pa t te rn  o f  P C B s  excre ted  in una lte red  fo rm  by  th e  an im a l.

T h e  co n g en e rs  re p o r te d  here  a re  a se lection o f  those  present  in the  s t a n d a rd  m ix ­
ture; on ly  the  congeners  tha t  were  present in all  s am p le s  o f  W ad d e n  Soa fish (n 10) 
a rc  re p o r te d .  T h is  g r o u p  w as ch o sen  for th is  p u rp o se ,  b ecause  it co n ta in ed  the 
highest a b so lu te  a m o u n t s  o f  P C B s  a n d  th u s  most P C B  co n g en e rs  cou ld  be expected 
to be  present  above  de tec t ion  limit.

F o r  the  s tu d y  o f  k inetics ,  well s e p a ra ted  co n g en e rs  a rc  the  m ost im p o r ta n t ,  since 
changes  in rela tive  peak height represent  the  b e h av io u r  o f  well de f ined  m olecu la r  
s t ru c tu re s .  T h e  co n g en e rs  26, 49, 44, 99,  151, 118, 1.37, 183, 128, 177, 180, 201, 194,
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Wadden Sea fish  -1981 {n = 6

Seal blood - WSG 1981 ( n = 6)

Seal blood - AG 1981 (n=11)

Faeces  -  WSG 1981 ( n=2) e

. I T I I I T 1 T  T  T T -  T T .  T T I T ,  , l l l l r . T I T t t î
_I I 1 I 1 I 1 I 1 i 1 I- 1  [ ' I ' I 1 I 1 I ' I 1 I— '— I— 1—I— 1— I— '— I—1— T—i— I I I ' T1 > to /  I

£160]
11631
11661

1192] 11901 208

l i p -  2- I’C'B p a i  le n is  in selected g ro u p s  o f  fish f ro m  Ihc D u tc h  W a d d e n  S ea  a n d  the  A t la n t ic  O c e a n ,  in 
Mooii o f  seal s w hich  rece ived this  fish as da i ly  d ie t,  a n d  in faeces o f  seal s. E x p la n a t io n  o f  the  id en ti f ica ­
t ion  o f  PC I!  co ng e ne rs  is given  in Pig. I.  T h e i r  m e a n  re la tive  c o n c e n t ra t io n s  a r e  p r o p o r t i o n a l  to  height 
o f  b a r ;  o n e  s t a n d a r d  e r r o r  is a d d e d  betw een  ho r iz o n ta l  b a r s  lo  the m e a n  ra t io s  o f  caeli co n g e n e r  corn-
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a n d  209 sh o w ed  u n iq u e  c h ro m a to g ra p h ic  p ro p e rt ie s  on a n  SE-54 cap i l la ry  co lu m n  
( D u in k e r  an d  H i l le b ran d ,  1983; M ull in  ct a l . ,  1984); th e re fo re  it is n o w  cer ta in  thai 
these  peaks  represen t  a single c o m p o u n d .  A n o th e r  g ro u p  o f  congeners  was show n  
to  be  se p a ra ted  f ro m  th e i r  poss ib le  co -c luan ts  u n d e r  o u r  g a s c h ro m a to g ra p h ic  c o n d i ­
t ions :  18, 28, 92, 84, 101, 136, 153, 105 a n d  187.

A th ird  g r o u p  o f  p eak s  cou ld  be  c o n s t i tu ted  by at  least tw o  congeners  which were

Wadden Sea f i s h - 1983 (n = 4

9Seal blood -  WSG 1983 (n  = 12)

Seal  blood - AG 1983 { n =12) h

T . t T t T T ^ - ^ T T . T . T I  T  T  ■ T  T T -1 I T .1—»---------- 1----- L 1  »  1.

Faeces - AG 1983 [ n = 2

T7T T~,7, T T

p a r e d  to  I53 . H o w e v e r ,  w hen  the  S E  <  1 .0%  o f  the  height o f  153, these  ba r s  a re  n o  longer  resolved 
a n d  a re  sho w n  as  a s ingle b a r .  I f  n o  h o r izo n ta l  b a r  is given,  Ihc co n g e n e r  was  present in on ly  o ne  o f  the 
h s am ples  with in  a g r o u p ;  if no  ver tical  b a r  is g iven ,  Ihc con g en er  w as  absent in  a  p a r t icu lar  g r o u p  (with 

the  excep t ion  o f  153. w h o se  ra t io  a lw ays  equa lled  unity) .
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e ithe r  present  in o u r  s t a n d a rd  co llect ion  o r  were  rep o rted  to  d if fe r  less th an  0.0010 
in re la tive  re ten tion  times by M ull in  ct a l.  (1984). Such  peaks  a re  given in Fig. 2 as 
co-c lu ting  congeners ,  but a re  o m i t t e d  from  T ab le  111.

T h e  l’C B  p a t te rn s  were  m ad e  indep en d en t  o f  c o n c e n t r a t io n s  by presen t ing  the 
r a t io  o f  the c o n ce n tra t io n  o f  each c o n g en e r  to  th e  c o n c e n tra t io n  o f  c o n g en e r  153, 
which a lways possessed  the  highest c o n c e n t ra t io n .  F o r  sueli d a ta  sets o f  ind iv idual  
sam ples ,  a r i th m et ic  m eans  a n d  s ta n d a rd  e r ro rs  were  ca lcu la ted  fo r  d if feren t  g ro u p s  
o f  sam ples.  T h e  PC B  p a t t e rn s  o f  the  biotic  m atr ices  W a d d e n  Sea  fish, seal b lood ,  
a n d  faeces were  highly c o n s tan t  a n d  did  n o t  d e p en d  on P C B  c o n c e n t r a t io n s  o r  year 
o f  sam pling ,  as sh o w n  by the  ex trem ely  sm all  s t a n d a r d  e r ro rs  in Fig.  2. T h e  m ean  
pa tte rn  in A t lan t ic  fish closely resem bled  th a t  o f  W a d d e n  Sea  fish. H o w ev e r ,  the 
s t a n d a rd  e r ro rs  were  m u ch  larger th an  those  in W a d d e n  Sea  fish, fo r  tw o  reasons :  
in these sam p le s  the  p eak s  were  very low, which gave so m e  ana ly t ica l  p ro b lem s for 
q u a n t i f ica t io n  because o f  so m e  negative  p eak s  o ccu rr in g  in the  baseline; m o reo v e r ,  
on ly  th ree  sam p le s  were ana lysed .  A nyw ay ,  th e  P C B s  in A t lan t ic  fish caused  a P C B  
p a t t e rn  in seal b lood  which  was vir tual ly  identical to th a t  in seals fed with fish f rom  
the  W ad d en  Sea .  Because o f  the  extensive  sim ilarit ies  in PC B  p a t te rn s  with in  each 
b io tic  m atr ix ,  on ly  a se lection o f  the  P C B  p a t te rn s  is given in Fig. 2. How ever ,  
highly s ignificant  d i f fe rences  occurred  be tw een the  b io tic  m atr ices  fish, seal b lood 
a n d  faeces o f  seals.

I f  a given c o n g en e r  sh o w s an  equal  b e h av io u r  to 153 in t r a n s fe r  processes from 
food to seal,  its r a t io /1 5 3  will be  the  sam e  in fish a n d  in seal b lood .  H o w ev e r ,  if 
a co ngener  is e i the r  tak e n  up m o re  slowly o r  e lim ina ted  m o re  rap id ly  t h a n  153 by 
the  seal,  its r a t i o / 153 will be sm alle r  in seal b lo o d  th a n  in fo o d  (i.e. fish). O n  the 
o th e r  han d ,  if  a c o n g en e r  is e ither taken  u p  faster  o r  e lim ina ted  m o re  slowly by (he 
seal th an  is 153, its r a t io /1 5 3  will be h igher  in seal b lo o d .  So, w hen  for caeli c o n ­
gener its rat i o / 153 in seal b lo o d  is d iv ided  by its ra t io /1 5 3  in fo o d ,  the  result, show s 
the  (net) u p ta k e  from  fo o d  to seal b lo o d  o f  th a t  c o n g en e r  rela tive to the  b eh av io u r  
o f  co ngener  153. T he  results o f  such ca lcu la t ions  a rc  given as values o f  R*  in T ab le  
III,  fo r  b lood  o f  seals fed with  fish f ro m  the  W a d d e n  Sea. Due to  the  ana ly tica l  p r o ­
blem s,  resu lting  in m uch  larger s t a n d a r d  e r ro rs ,  the  seals fed with A t lan t ic  fish were 
o m i t t e d  from  these calcu la t ions .

T h e  congeners  can  be div ided in to  tw o  g ro u p s  a cco rd in g  to  the ir  kinetics in b lood  
c o m p a re d  to  flatfish (T ab le  III) .  G r o u p  1 has  values of' R*  be tw een 0 .12  a n d  0 .50  
(m ean s  o f  va lues for 1981 a n d  1983), while in g r o u p  II the  va lues o f  R*  a rc  between 
0 .83  a n d  1.72. G r o u p  1 c o n ta in s  congeners  with  3 -6  ch lo r in e  a to m s ,  while g ro u p  II 
co n ta in s  co n g en e rs  with 5 -1 0  ch lo r ine  a to m s .  S o ,  p en ta -  a n d  hcxa-ch lo ro b ip h en y ls  
were  present  in b o th  g ro u p s .

PCB concentrations
Because th e  PC B  p a t te rn s  sh o w ed  very high sim ilarit ies  with in  each b io tic  m atr ix ,  

a n y  peak  o r  c o m b in a t io n  o f  p eak s  can  be chosen  to  rep re sen t  th e  t ren d  in P C B  con-
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I A B I .H IV

Mean concent rai  ions  o n  a p e n t a n e - c x t r a c t a b lc  lipid bas is  a n d  o n  a vvct-wcight bas is o f  co n g e n e r  153 a n d  
. PC B (as  su m  o f  all 42 peaks  given  in b ig . 2) in b lo o d  (Traction III) f ro m  seal s be long ing  to  the  W a d d en  
' ca  (W S G ) a n d  A tlan tic  g ro u p s  (A G) in 1981 a n d  1983.

1 real m em  g r o u p il 1153] [E -PCBJ [153] (E -P C B )
l / ' g g  ' l ipid) (/‘g - g  ' wet  Wl)

VS G 81 6 6 . 6 27 0.0034 0.014
VSG - 83 1 2 6.9 25 0.0043 0.016

\ ( i  -  81 1 1 3.5 II 0.0023 0.0074
\ G  - 83 1 2 1.5 5.2 0.0013 0.0045

A li i I- V

ignil ' icance levels o f  dilTcrcnccs  be tween th e  m e an  c o n c e n t ra t io n s  on  a (pen lan c -cx t rac ta b lc )  lipid basis 
i W) and  o n  a wet-weiglil  bas is ( W W )  o f  con g e n e r -1 53 in b lo o d ,  as  given in T a b ic  IV. S ta t is tica l test ing  
as  p c i l o im e d  with  a S tu d e n ' s  / - l e s t  o f  equa l i ty  o f  m eans  Tor tw o  g r o u p s  o f  s am p les ,  g r o u p  A being 
•sled against g r o u p  li. W S G  W a d d e n  Sea G r o u p ;  A G  -  A t la n t ic  G r o u p .  NS =  P > 0 .05;  * 0.01 <
’ 0 .05; 0.001 <  / ’ ■'0.01 ; *** / ’sCO.OOI.

losi ol cqua li ly  
I means  Tor I wo 
o u p s  o f  samples

■roup A G r o u p  B

P C B  - 153; l .W PC B

SG - 81 W S G  -  83 NS NS
C. 81 A G  -  83 ** **
SG SI A G  -  81 ** NS
S G  -  83 A G  -  83 »** ***

mi ( rat ions w ith in  that m a t r ix .  W e ch o se  the m o s t  d o m in a n t  c o n g en e r  -  i .e. 153 -  
ad  U -P C B  to represent  the  t ren d  in seal b lo o d  (T ab le  IV).

I lte s ta tist ical s ign if icance  levels o f  d i f fe rences  be tw een th e  m ean  c o n c e n tra t io n s  
I c o n g en e r  153 are  given in T ab le  V; they were  tested se p a ra te ly  fo r  co n ce n tra t io n s  
n a p c n tan c-ex t rac tab lc  lip id an d  on  a wct-wcight  basis.  N o  significant  d ifferences  
l in e d  be tw een the W a d d e n  Sea g ro u p s  o f  1981 a n d  1983, but  the  c o n c e n tra t io n s  

! c o n g en e r  153 decreased  s ign if ican tly  from  1981 to  1983 in the  seals fed with 
i l;intic fish. In 1981, the  c o n c e n tra t io n s  were  s ign if ican tly  low er  in the  A tlan t ic  
o u p  th an  in the  W ad d e n  Sea g r o u p  w hen  expressed  on  a lipid basis, but not on 
wct-wcight basis. '1 his was d u e  to a s ign if ican tly  h igher  l ipid c o n te n t  in the  b lood  

Ihc A t lan t ic  g r o u p  (m ean  ±  SU = 0 .069 ±  0 .0 0 5 % )  c o m p a r e d  to the  W ad d e n  
a g r o u p  (0.051 ±  0 .0 0 5 % ) .  In 198.3, the c o n c e n tra t io n s  o f  P C B s  in (he A tlan tic  
o u p  were  reduced  lo on ly  2 2 %  o f  th o se  o f  the W a d d e n  Sea  g ro u p  on  a lipid basis 
>d, again  as a result o f  a h igher lipid con ten t  o f  the  b lo o d  in the  A tlan t ic  g ro u p ,  

30%  on  a wct-wcight  basis.

319

A  c o m p a r is o n  o f  T ab le s  1 ( food)  a n d  IV (b lood)  show s th a t  on  a  wet-weight basis 
th e  c o n c e n t r a t io n s  o f  c o n g en e r  153 a n d  E -P C B  w ere  lower in seal b lo o d  th an  in fish, 
b u t  th a t  w h en  expressed  on a l ipid basis ,  the  persis ten t  co n g en e rs  (g roup  II) were 
b io m a g n if ie d  in seal b lo o d .

D I S C U S S IO N

C e r ta in  s t ru c tu ra l  fea tu res  expec ted  to in f luence  ra tes  o f  enzy m atic  m etabo lism  
a re  given in T a b le  III (S u n d s trö m  ct a l . ,  1976; B a llschm ite r  ct a l . ,  1978). G r o u p  I 
c o n ta in s  co n g en e rs  t h a t  were  rela tively u n d e r - re p re sen te d  in seal b lo o d  c o m p a re d  to 
fo o d  (fish). G r o u p  II c o n ta in s  congeners  which  behav ed  s im ila r  to  c o n g en e r  153.

All congeners  in g r o u p  I possessed  vicinal H  a to m s ,  i.e.  h y d ro g e n  a to m s  b o u n d  
to  a d ja ce n t  c a rb o n  a to m s  o f  an  a r o m a t ic  r ing .  T h e  co n g en e rs  in g r o u p  I c o n ta in in g  
vicinal H  a to m s  a t  o r t h o - m e t a  pos i t ions  (28, 105, 118) all possessed  on ly  o n e  o r t h o ­
ch lo r ine  a to m ,  while those  in g ro u p  II possessed  c i the r  tw o  (99, 128, 137) o r  three  
(177) o r th o -ch lo r in es .  All co n g en e rs  c o n ta in in g  vicinal H -a to m s  at the  m e t a - p a r a  
po s i t ion  b e longed  to  g r o u p  I. Since these congeners  c o n ta in ed  o n e  to fou r  o r th o -  
ch lo r ines ,  this  fea tu re  d id  n o t  in f luence  the ir  p h a rm a co k in e t ic s .

I f  the  low c o n t r ib u t io n s  to  the  P C B  p a t t e rn  o f  congeners  b e long ing  to g r o u p  1 
h a d  been  caused  by lower u p ta k e  ra tes,  they  sh o u ld  be  enriched  in the  faeces o f  seals 
when  c o m p a re d  to fish; how ev er ,  th e  c o n t ra ry  was obse rved  (Fig. 2). M oreo v er ,  
l a b o r a to r y  ex p er im en ts  with fish sh o w ed  tha t  u p ta k e  ra tes  were indep en d en t  o f  
m o le c u la r  s t ru c tu re s ,  while  e l im ina t ion  ra te s  d i ffe red  largely be tw een  congeners  
(B ru g g em an  cl a l . ,  1981; B o o n ,  1985; O p p e rh u ize n  ct a l . ,  1986). F o r  these  reasons  
it is con c lu d ed  th a t  the  low  c o n t r ib u t io n  to  th e  P C B  p a t te rn  in seals o f  all congeners  
in g ro u p  I is c aused  by  th e i r  enzy m atic  m eta b o l i sm .  Fig. 3 su m m ar iz es  the  m in im u m  
req u irem en ts  o f  m o le c u la r  su b s t i tu t io n  p a t te rn s  for m etab o li sm  to  occur .  T h e  s t ru c ­
tu ra l  fea tu res  req u ired ,  a re  the  sa m e  as those  rep o rted  fo r  m ice  (G age  a n d  H o lm ,  
1976). T h e  cen tra l  ro le  o f  vicinal H a to m s  in m etab o l ic  processes can be u n d e rs to o d  
w h en  the  fo rm a t io n  o f  an  a rcn e -o x id e  (epoxide) in te rm ed ia ry  is a ssum ed  to be 
necessary  fo r  m e tab o li sm  (S u n d s trö m  ct a l . ,  1976; M a t th ew s  a n d  T ucy ,  1980).

Q u a n tu m  m ech an ica l  c a lcu la t io n s  o n  PC B s resu lted  in an energy  b a rr ie r  for 
reach ing  a flat m o lecu la r  s t ru c tu re  fo r  all o r th o - su b s t i tu te d  c o n g en e rs ,  but not for 
co n g en e rs  lack ing  o r th o -c h lo r in e  su b s t i tu t io n  (M cK inney  ct a l . ,  1983). H ow ever ,  as 
a result  o f  o v e r la p p in g  covalen t  b o n d  a to m ic  radii  the  energy  b a rr ie r  to  be overcom e 
fo r  reach ing  a p la n a r  c o n f ig u ra t io n  will be  m uch  h igher  w ith  (wo o p p o s in g  o r t h o ­
ch lo r ines  on  d if fe ren t  r ings (Fig. 3a) c o m p a re d  lo o p p o s in g  o r th o -ch lo r in e  and 
h y d ro g e n  (Fig. 3b). T h u s ,  P C B s can be d iv ided  in to  ‘g lo b u la r ’ co n g en e rs  an d  c o n ­
geners  which  m ay  be ab le  to reach  a p lan a r  c o n f ig u ra t io n .

C o n g e n e rs  c o n ta in in g  vicinal H a to m s  at m e t a - p a r a  p osi t ions  were a lways 
m etabo lized .  S ince the co n g en e rs  inves tiga ted  c o n ta in ed  o n e  to fo u r  o r th o -ch lo r in es  
(T ab le  III),  a p la n a r  c o n f ig u ra t io n  w as  not necessary  for the ir  m etabo lism  an d  con-
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l i g .  3. Si i u c h u  ail feai lires o f  P C B  congeners  in f luenc ing  e n z y m a t i c  m e tab o l is m  in fem ale  h a r b o u r  seals. 
A rcas  w here  the  p rinc ipal enz y m a t i c  reac t ion  o cc u rs  a r c  given  by  d o t t ed  lines. B o n d  lengths  a r e  ta ken  
h u m  M cK in ney  cl al. (1983). S in g le -b o nd  co v a len t  radii a r e  indica ted  fo r  Cl  (0.99 Á) a n d  II (0.32  Â). 
A. Vicinal II a l u m s  in a me la- p a ra  pos i t io n .  O ve r lapp in g  co va len t  rad i i f o r  tw o  o r th o -C I  in d ica te  th a t 
a p la na r  c o n f ig u ra t io n  is highly  im p r o b a b le  w h en  th ree  o r  f o u r  o r th o -C I  a r c  p resen t .  B. Vicinal 11 a to m s  
i i i  an  o r th o - m e in  pos it ion .  O n e  o r  tw o  o r th o -C I  will not o p p o s e  each  o th e r .  N o n -o v e r lap p in g  covalent 
radi i o f  Cl and  II show  th a t a p la n a r  c o n f ig u ra t io n  is not s t o i c a l l y  h ind e red  in this  ease. H o w e v e r ,  the 
in t ro d u c t io n  o f  a second o r th o -C I  op p o s i te  a vicinal H a t o m  a p p a re n t ly  p reven ted  in te rac t ion  with  

b io l r a n s f o r m a l io n  enz.vmes in seals.

set)ttcnlly these  congeners  a p p e a r  lo  be m etab o lized  in a ‘globular* c o n f ig u ra t io n .
H o w ev e r ,  w hen  vicinal H a to m s  arc  present at o r t h o - m c t a  posi t ions ,  o r tho -  

ch lo r ine  su b s t i tu t io n  a p p e a r s  to be o f  great  im p o r ta n ce ;  the  co n g en e rs  in g r o u p  I 
(28, 105, I 18) possess on ly  o n e  o r th o -ch lo r in e ,  while  those  in g r o u p  II possess e ither 
tw o  o r  th ree  o r th o -ch lo r in e s .  T h e re fo re ,  the  abili ty  to  reach a  p la n a r  co n f ig u ra t io n  
a p p e a r s  ol im p o r ta n c e  for  P C B s  with vicinal H a to m s  at a n  o r th o -m c ta  posi t ion .
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T h e  d i - o r th o  su b s t i tu te d  co n g en e rs  99, 128 a n d  137 b eh av e d  like non- 
m etab o lizab le  P C B s  in the  p resen t  s tu d y ,  desp ite  tha t  they  m a y  also  be able  to  reach 
a p lan a r  c o n f ig u ra t io n  w ith o u t  o r th o -ch lo r in e s  o p p o s in g  each o ther .  Ins tead ,  one  
o r th o -ch lo r in e  will o p p o se  the  vicinal H  a to m  at the  o r th o -p o s i t io n  o f  Ihc o th e r  ring. 
Steric  h in d ra n c e  by this  o r th o -ch lo r in e  a to m  m a y  have  preven ted  enzym atic  in te rac ­
t io n  o f  these  co n g en e rs  in seals .

C o m p o u n d s  in te rac t ing  w ith  c y to c h ro m e s  P-448* are  generally  flat a n d  arc  o f ten  
a t t a c k e d  next to a b ay  reg ion ,  while  th o se  in te rac t in g  with c y to c h ro m e s  P-450* are 
g lo b u la r  a n d  are  a t t a c k e d  a t  o th e r  p o s i t io n s  (P a rk e  et a l . ,  1985). P la n a r  P C B s also 
fo rm  a  bay  reg ion .  T h e re fo re ,  the  a p p a re n t  necessity  o f  P C B  congeners  with o r ­
t h o - m c t a  vicinal H  a to m s  to  reach  a p la n a r  c o n f ig u ra t io n  fo r  m e ta b o l i sm ,  indicates 
th a t  c y to c h ro m e  P-448 m a y  be involved .  In c o n tra s t ,  c y to ch ro m c(s)  P -450  m a y  be 
involved  in the  m etab o li sm  o f  P C B s with vicinal H a to m s  at a m e t a - p a r a  posi t ion .

T h e i r  abili ty  to reach b o th  a g lo b u la r  (rings p e rp en d icu la r )  as well a s  a p la n a r  c o n ­
f igu ra t ion  m a y  also  explain  (he n a tu re  o f  m ixed  type M F O - in d u c l io n  by m o n o - o r ­
t h o  ch lo r ine  c o n ta in in g  congeners .  C o n g e n e rs  105 a n d  118 are  k n o w n  to be 
m ixed- type  M F O -e n zy m e  inducers  in ra ts  (i.e. the  synthesis  o f  b o th  c y to ch ro m es  
P -448  a n d  P-450  is induced) ,  while c o n g en e r  77,  which  on ly  lacks the  o r th o -  
ch lo r ine ,  is a p u re  c y to c h ro m e  P-448 in d u ce r  (Safe  ct a í . ,  1982).

T h e  effect o f  m e ta b o l i sm  o n  the  toxic i ty  o f  P C B -co n g en ers  is still u n cer ta in ,  since 
th e  m etab o li te s  fo rm ed  can  e ither be  rap id ly  excre ted  (de tox if ica t ion ) ,  o r  th e  s table  
m etabo li tes  a n d / o r  h ighly  reactive  in te rm ed ia tes  in the ir  fo rm a t io n  ro u te  -  sueli as 
a re n e  oxides -  m a y  reac t  with a u to c h to n o u s  molecules  ( in tox ica t ion ) .  A de tox ify ing  
p ro p e r ty  o f  P C B s  m etab o lized  in a p lan a r  c o n f ig u ra t io n  is tha t  the  b ay  region (often  
p rev en t in g  c p o x id e -h y d ro la se  in PA FIs)  is lost u p o n  the  te rm in a t io n  o f  the  e n ­
zy m atic  in te rac t io n  b ecause  the m olecu le  is then  aga in  free to ro ta te  a lo n g  its in te r ­

r ing  bond .
A high co n s tan c y  in PC B  p a t t e rn s  within b io tic  m atr ices  a s  obse rved  in the  p re ­

sent s tu d y  w as  also obse rved  fo r  o th e r  m ar in e  species (D u in k c r  ct a í . ,  1983a; Boon 
ct a l . ,  1985). H ow eve r ,  be tw een species PC B  p a t te rn s  m a y  d if fe r ,  h a m p e r in g  c o m ­
p a r iso n s  o f  PC B  c o n c e n tra t io n s  on the  basis o f  to ta l  P C B .  T h e  pa t te rn  obse rved  in 
seal b lo o d  in th e  present  s tu d y  was very s im ila r  to  tha t  o f  o rg a n s  an d  b lu b b e r  o f  
a h a r b o u r  p o rp o ise  (D u in k c r  a n d  H il le b ran d ,  1983) a n d  seals (D u in k c r  ct al. ,  1986) 
o b ta in e d  from  rield sam p le s .  In genera l ,  (he P C B  pa t te rn  o f  these  coas ta l  m ar in e  
m a m m a ls  d i f fe red  m o re  f ro m  those  o f  g i l l -b rea th ing  a q u a t ic  species, th a n  the  latter 
d i f fe red  f ro m  each o th e r .  Th is  is consis ten t  with the h ypo thes is  tha t  d ifferences  b e ­
tween an im al  species in m etab o l ic  cap ac i ty  p lay a m a jo r  role in the  long  term 
e s tab l ish m en t  o f  P C B  p a t te rn s  in th e  m ar in e  b io ta .  W ith  regard  to  the  kinetics o f

‘ C y to c h r o m e s  P-448 a n d  P -4 5 0  3 -m e l l ty lcho lan lh renc -  a n d  p h en nb a rb i ta l - i iuh ic ib lc  isozyme t \ pes  ul 
c y to c h r o m e  P -450 ;  respectively.
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P C B  congeners  i! is genera lly  accep ted  th a t  eq u i l ib r iu m -p a r t i t io n in g  o f  the  pa ren t  
c o m p o u n d s  be tw een b o d y  lipids, b lo o d  an d  th e  a m b ie n t  sea w a ter  is m o re  im p o r ta n t  
than  excre tion  a f te r  enzy m atic  m etab o li sm  in g i l l -b rea th ing  a n im a ls .  O n ly  the  first 
type o f  b e h av io u r  can  be m odelled  ad eq u a te ly  re la t ing  the  degree  o f  b io a c c u m u la ­
tion to values o f  log P  o c ta n o l -w a te r .  H o w ev e r ,  so m e  m etab o l ic  c ap ac i ty  fo r  PC B  
congeners  u p  to th e  p en la eh lo ro b ip h cn y ls  has been  d e m o n s t r a te d  in fish (Brug- 
g e m a n ,  1983) a n d  a po lychae te  species (G o e rk e  an d  E rn s t ,  1986).
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T h e  toxici ty  o f  th ree  d e te rg en ts  ( sod ium  dodccyl b en z ene  s u l f o n a te ,  s o d iu m  dodccy l su l fa te  a n d  Tr i ton  
X-100) a n d  tw o  insectic ides (G arbary i  a n d  P ara th io n -c lh y l )  o n  the  l u g w o rm ,  A re n ic o la  m arin a , w as  i n ­
ves tiga te d .  T h e  48-h  L C 5 0  va lues  w ere  es ta b li shed  a n d  the  m o rp h o lo g ica l  a l te ra t io n s  in ep iderm is ,  gills 
a n d  in tes tine w ere  an a ly sed  b y  light a n d  scan n in g  e lec tron  m icro sco py .  T h e  th ree  d e te rg en ts  w ere  equally  
toxic  ( I .C 50  f ro m  12 to I 5 m g - 1  ' )  w hile  the insec tic ides  w ere  m o r e  p o te n t  ( L C 5 0  7 .2  a n d  2.7  m g  • I ' ,
fo r  the  C a r b a ry l  a n d  Ihc P a ra th io n -c lh y l ,  respect ively) . T h e  gills and  the  ep iderm ic  recep to rs  were the 
m o s t  sens itive sites o f  the  l u g w o rm ,  whi le  the  th o ra c ic  ep ide rm is  was  the m os t res is tant o f  the s truc tu res  
s tu d ie d .

Key w o rd s :  Tox ic i ty ;  D ete rgent;  Insec ticide ; L u g w o r m ;  M o rp h o lo g ic a l  d a m a g e  

I N T R O D U C T I O N

D etergen ts  an d  insecticides der iv ing  f ro m  in d u s t r ia l ,  a g r icu ltu ra l  an d  dom estic  
u se  a rc  a m o n g  the  m o s t  im p o r ta n t  p o l lu ta n ts  o f  th e  coas ta l  en v iro n m en t .  T he  
chem ica ls  a re  c a r r ied  in the  d ra in a g e  w a te r  f ro m  large- a n d  small-scale  f a n n in g  a c ­
tivities th ro u g h  outle ts  a n d  rivers  to  es tuar ies  w here  they m ay  en te r  food  cha ins  and  
c o n c e n tra te  in coas ta l  seaw ate r  a n d  sed im en ts  (W alsh ,  1972; Al/.icu a n d  Maggi,  
1974; Bellan ,  1976; Y o u n g  ct a l. ,  1977; S iron  a n d  G iust i ,  1985).

Due to Ihc g ro w in g  a p p rec ia t io n  o f  the  im p o r ta n c e  o f  (he coas ta l  env ironm ent 
a n d  lo the  increased use  o f  these  chem ica ls ,  c s tu a r in c  a n d  m ar in e  coas ta l  an im als  
have  been sub jec ted  to  toxicological  stud ies .  A cu te  toxic i ty  o f  non- ion ic  an d  ionic
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