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p rac tica l a t Island C o p p e r M ine in C an ad a . T h e  m ine is 
now  w ith in  ab o u t 5 years o f its p re d ic ted  25 year 
lifetim e. T h e  deep  (alm ost 3 0 0  m ) p it is only  a few 
m etres  from  th e  original fjord sho reline . O n e  of the 
rec lam a tio n  o p tions is to  o p en  up  th e  pit to  the  fjord so 
th a t it b eco m es a m arine ecosystem . H e re  th e re  m ight 
b e  an  o p p o rtu n ity  to  follow  n o t on ly  ecosystem  
succession  afte r m arine  inun d a tio n , b u t such  beneficial 
o p tio n s  as ex tending the  local sa lm on  farm  industry  
in to  th e  f lo o d ed  pit, an d  m anaging it fo r m ax im um  h a r ­
vests.

T h e  p o in t o f this a rtic le  is tha t o u r  engineering

capability  is inev itab ly  lead ing  us tow ards v e n ’ large 
scale, even global, to p o g rap h ic  an d  enviro-chem ical 
changes. It has d o n e  so to  d a te  faste r than  o u r  capability 
fo r assessm ent, p red ic tio n  and  p rev en tio n  of m any of 
th e  la rger ca ta stro p h ic  changes; w itness B hopa l and 
C hernoby l. O b serv a tio n a l sc ience can  only  conduct 
h indsight assessm en ts , i.e. w hat h ap p e n ed  after the 
event. E n v iro n m en ta l sc ience  shou ld  b e  ex tended  to 
large scale ex perim en ts , using  n o t only  scientist- 
designed  tests, b u t, m o re  im p o rtan t, trea ting  som e 
ap p ro p ria te  in d u stria l d ev e lo p m en ts  as contro llable 
experim en ts in the in te rests  o f society.
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Sam ples o f blubber from com m on seals (Phoca vitulina) 
found dead in eastern England and grey sea ls (H ali­
choerus grypus) found dead on the Farne Islands have 
been analysed for a range o f organochlorine pesticides, 
individual chlorobiphenyl congeners and total poly­
chlorinated biphenyls (PCB). N o significant differences 
were seen  between results for the two seal species. HCB  
and H C H  concentrations were low, and total D D T  and 
PC B concentrations (ranging from 0 .9 9 -8 .0  and 5 .7 -  
3 3  pg g_1 wet wt respectively) were at the lower end of 
the reported range for seals from the North and Baltic 
S eas. PCB profiles were dominated by congeners 138  
and 1 5 3 , and am ongst the D D T  group of com pounds 
the pattern of abundance was D D E  > D D T  >  TDE.

R ecen t m ed ia rep o rts  o f the  d ea th s  of large nu m b ers  o f 
co m m o n  seals (Phoca vitu lina) a ro u n d  the  no rthw est 
co ast o f E u ro p e , ap p a ren tly  as a  resu lt o f in fection  w ith 
a  p rev iously  u n d escrib ed  v irus from  th e  m orbilli genus 
(O s te rh au s  & V edder, 1988; O s te rh a u s  et a l,  1988; 
K en n ed y  et a l, 1988; M ahy  et a l,  1988; C osby  et a l,

1988), have co rre la ted  th e  severity  o f the  ou tb reak  with 
* po llu tio n  in  th e  N o rth  Sea. T h e re  is strong  ev idence that 

th e  h igh levels o f  o rg an o ch lo rin es  w hich have been 
rec o rd e d  in  the  b lu b b e r o f seals in  th e  D u tch  W adden 
Sea an d  th e  B altic Sea have c o n trib u ted  to  the low 
fertility  w hich has b ee n  o b serv ed  in these  areas (A non., 
1988). In  th e  p resen t d isease  o u tb reak  a tten tio n  has 
again focused  on  o rg an o ch lo rin e  con tam inan ts , and 
specifically  on  P C B s w h ich  have been  d em o n stra ted  to 
in c rease  th e  vu lnerab ility  of lab o ra to ry  rats to  infection 
(W asserm ann  et a l, 1979). In o rd e r  to  estab lish  the 
cu rren t levels o f o rg an o ch lo rin e  co n tam in an ts  in  the 
b lu b b e r o f seals o n  the  ea s t co ast o f E ng land , w here the 
d isease  w as firs t re p o rted  in  the  U K , w e have analysed 
sam ples from  co m m o n  seals and  grey seals ( Halichoerus 
grypus) fo und  d ead  a ro u n d  the  W ash an d  a t th e  Farne 
Islands (Fig. 1).

M ethods
C u b es o f b lu b b e r app ro x im ate ly  2.5 cm  on  each side 

w ere rem oved  from  th e  reg ion  o f the  s te rnum  o f 10
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Fig. 1 L ocation  o f  the sam pling sites.

recen tly  d ea d  co m m o n  seals and  3 grey seals. W here  
possib le  an im als less than  18 m on th s old w ere sam pled  
in o rd e r  to  m in im ize the  effects o f age-re lated  accu m u ­
lation.

Sam ples w ere  p laced  in  p re-c leaned  Soveril tubes 
w ith P T F E  lid -liners an d  sto red  at —20°C  w ith in  10 h  of 
co llec tion . O rg a n o ch lo rin e  co m p o u n d s  w ere analysed  
by  cap illary  gas ch ro m ato g rap h y  using fused silica 
co lum ns w ith  e lec tro n  cap tu re  detec tion , follow ing 
Soxhlet ex tra c tio n  w ith  h ex an e  an d  clean-up  and  
frac tio n a tio n  o f th e  ex trac t by  co lum n chrom atography  
on  a lum ina  an d  silica. F u ll details o f the p ro ce d u re  are 
given e lsew here  (A llch in  et al., in  press). In  this p ap e r  
2 P C B  refers to  po ly ch lo rin a ted  b iphenyl c o n c en tra ­
tions expressed  o n  a  fo rm u la tio n  basis as A ro c lo r  1254, 
o b ta in ed  by  su m m atio n  o f fo u r m a jo r peaks. Ind iv idual 
ch lo rob ipheny l co n g en ers  a re  n u m b ered  accord ing  to  
B allschm itter &  Z e ii (1980 ), an d  co m p rise  the p rim ary  
list agreed fo r  m o n ito rin g  p u rp o ses by the  In tern a tio n al 
C ouncil fo r th e  E x p lo ra tio n  o f the  Sea (IC ES) (A non.,
1986). A naly tica l quality  con tro l fo r the  ch lorobiphenyl 
co n g en er d a ta  w as c a rrie d  o u t by  para llel analyses of 
fish-oil re fe ren ce  m ateria ls  certified  fo r the  7 congeners 
ana lysed  (C R M  3 4 9  an d  350 ; B ureau  of C om m unity  
R eference, B russe ls , B elgium ). T h e  results o b ta in ed  
w ere in good  ag reem en t w ith  th e  certified  values.

T h ere  a re  co n s id e rab le  technical difficulties in  the 
analysis o f an im al tissues fo r o rg anoch lo rine  co m ­
p o unds. A naly tica l exercises u n d e rta k e n  by IC E S  have 
show n th a t overall in te r lab o ra to ry  com parab ility  in  this 
field has b e e n  po o r, a lthough  the use o f certified  
reference m a te ria ls  now  beco m in g  available should  
enab le  la b o ra to rie s  to  im prove the ir accuracy  and  hence

th e  com parab ility  be tw een  resu lts from  these la b o ra ­
tories. In o rd e r  to  ob ta in  so m e  truly co m p arab le  d a ta  fo r 
tissue  co n cen tra tio n s of o rg an o ch lo rin es . sam ples of 
seal tissue  from  m any sites a re  curren tly  being analysed 
by a single lab o ra to ry  ( IC E S , 1988). A  fu rth e r m u lti­
la b o ra to ry  in te rco m p ariso n  exercise utilizing m arine  
m am m al tissue is also  cu rre n tly  underw ay. T h e  design of 
th is  exercise is b ased  o n  s tep w ise  developm ent, s ta rting  
w ith d is trib u ted  standards.

A lth o u g h  high levels o f m any env ironm enta l co n ­
ta m in an ts  h av e  b ee n  re c o rd e d  in th e  tissues of m arine  
m am m als, only  the  o rg an o ch lo rin es  have been  assoc i­
a ted  w ith  significant p ro b le m s (A non ., 1988a). N o  
analyses w ere  ca rried  o u t f o r  po lych lo rina ted  d ibenzo - 
fu ran s a n d  d ib e n zo -p -d io x in s . T h ese  co m p o u n d s  are 
k n o w n  to  b e  particu la rly  to x ic  to  m am m als b u t analyses 
o f sam ples o f seal b lu b b e r f ro m  Spitzbergen , n o r th e rn  
N orw ay, th e  K attega t an d  th e  B altic  Sea co llected  b efo re  
th e  ep id em ic  (O lsso n  et a l,  1988) have show n levels 
sim ilar to  th o se  seen  in  n o rm a l hum an  tissues and  it was 
n o t co n s id ered  th a t th e  levels posed  a h azard  to  th e  
seals. F u rth e rm o re  it w as suggested  th a t the  seals w ere 
ca p ab le  o f e ith e r excreting  o r  m etabo lising  bo th  classes 
o f co m p o u n d s.

Results and Discussion
O rg a n o ch lo rin e  co m p o u n d s , b ec au se  o f th e ir  l ip o - \  

ph ilic  n a tu re , tend  to  accu m u la te  in  b lu b b er. P ositive  ; 
co rre la tio n s  o f o rg an o ch lo rin e  co n cen tra tio n s w ith  age 
in  m a le  seals have b ee n  d em o n s tra te d  in  som e stud ies 
(R eijnders, 1980) b u t as fem ales can  pass on  p a r t  of; 
th e ir  b o d y  b u rd en  annually  to  the ir offspring, any such  . 
re la tio n sh ip  w ould  b e  less p ro n o u n ce d  o r absen t in  the ir 
case. H igh  co n c en tra tio n s  m ay b e  fo und  in  seal pu p s I 
b e c au se  th e se  co m p o u n d s  are  transfe rred  to  th e  off­
sp ring  d u rin g  p regnancy  an d  subsequen tly  via milk. 
V alues fo r  co m p ariso n  have, w here possib le, b een  
se lec ted  to  reflect th e  fac t th a t the  m ajo rity  o f the  data  
from  th is s tu d y  re la te  to  pu p s an d  yearlings.

T h e  resu lts  o f the  analyses a re  given in  Tables 1, 2, 
to g e th e r  w ith  th e  sam p le  details. O rg an o ch lo rin e  c o n ­
c e n tra tio n s  a re  sim ilar in  b o th  grey an d  com m on seal 
tissues. H C B  an d  H C H  co n cen tra tio n s are low, w ith 
ß -H C H  ab se n t from  all sam ples and  th e  m o re  persis ten t 
a - iso m e r  generally  p re se n t at h igher c o n c en tra tio n  than  
y -H C H  (lindane). T h ese  co n cen tra tio n s are o f the sam e 
o rd e r  as th o se  re p o rted  fo r A rc tic  ringed  seals (Pusa  
h isp ida ) fro m  S p itzbergen  in 1986 (O ehm e et al., 1988). 
C o n c e n tra tio n s  of D D T  and  its m etabo lite s o cc u r w ith 
D D E  >  D D T  T D E , a n d  2 P C B  co n c en tra tio n s  are 
h ig h e r by  m o re  th an  a fac to r o f 3 th a n  2 D D T  co n ­
c e n tra tio n s  (2 D D T = D D E -1 -T D E  +  D D T ). V alues for 
2 D D T  c o n c en tra tio n s  an d  for the  ra tio  o f D D T  to  D D E  
o b se rv ed  fo r  grey seals a t the F arn e  Islands in this study 
are  low er th a n  th o se  reco rd ed  by  D o n k in  et al. (1981) in 
sam ples co llec ted  in  1972 (T able 3); how ever this 
a p p a re n t red u c tio n  m ay be d u e  to  d ifferences in 
ana ly tica l m eth o d s. A  red u c tio n  of th e  relative am o u n t 
o f D D T  to  D D E  in th e  period  1 9 7 2 -1 9 8 8  w ould never­
the less b e  in line w ith  expectations, b ecau se  the u se  of 
D D T  in its m ajo r app lica tions in ag ricu ltu re  was
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progressively  phased  out betw een  the  la te  1970s and 
1984.

T h e  range o f ch lorobiphenyl congeners p re se n t in the 
PC B  fraction  co rresp o n d s quite well w ith th a t to  be 
an tic ip a ted  if A ro c lo r  1254 w ere the  m a jo r original 
sou rce  fo rm ulation  (Fig. 2); thus the  early  p eak s are 
m uch  reduced . T h e  ch lo rob iphenv ls are d o m in a te d  by 
co n g en ers  138 and  153 (both  2 ,4 ,5 -su b stitu ted  hexa- 
ch lo rob ipheny ls) and  in  com m on  w ith  o th e r  stud ies 
(B o o n  & E ijgenraam , 1988; M uir et al., 1 9 88 ) 153 was 
alw ays p resen t a t the h ighest co n cen tra tio n . T h e  p er­
sistence of 138 and  153 is rela ted  to  th e ir  res is tan ce  to  
enzym atic  m etabolic  processes (B oon  & E ijgen raam . 
1988) in  fish and  m am m als. T h e  ra tio  o f co n c en tra tio n s  
o f co n g en ers  138 and  153 in the b lu b b e r o f the  co m m o n  
seals w as ver}' sim ilar, w ith a m ean  of 0 .75  (coefficien t o f 
v aria tion  7.43% , n = T 0 )  desp ite  th e  d iffe rences in  age 
an d  sex. F ew er sam ples of b lu b b e r w ere  ana lysed  from  
grey seals, b u t the  co rresp o n d in g  m ean  was 0 .70 . N o 
significant d ifferences can  b e  seen  in o u r d a ta  be tw een  
seals from  co lon ies to  the  n o rth  an d  so u th  o f m ajo r 
industria lized  rivers such as the  T yne, T ees and  H u m b er, 
p resu m ab ly  because o f the  m ovem en t o f b o th  th e  seals 
and  th e ir  food , and  m ixing o f co n tam in an ts  in  the 
coasta l zo n e  in  w hich they  live and  feed.

T ab le  3 gives re p o rted  da ta  fo r  th e  co m p o u n d s  and  
classes de te rm in ed  in  o u r  study w ith  th o se  re p o rted  
from  o th e r  areas in N W  E u ro p e . D a ta  fo r  a n u m b e r  of 
species have b een  co m p ared  b ec au se  in te rspec ific  
v a ria tio n  seem s to  b e  m uch  sm aller th a n  reg ional v aria ­
tion . In  view  o f the  cu rren t sta te  o f  in te r lab o ra to ry  
com parability , it is n o t possib le  to  b e  to o  ca tegoric  ab o u t 
com p ara tiv e  concen tra tions, b u t th e  in d ica tio n s a re  th a t 
co n tam in an t co n cen tra tio n s in seals from  th e  east co ast 
o f E n g la n d  are a t th e  low er en d  of th e  ran g e  of 
p u b lish ed  data. R e ijnders (1980) show ed  a  re la tionsh ip  
b e tw een  Z P C B  and  E D D T  co n c en tra tio n s  (p g  g-1 fat 
w eight) in  b lu b b e r o f co m m o n  (h a rb o u r)  seals from  the  
D u tch , G erm a n  and  D an ish  W a d d en  Sea, w here:

I P C B =  12.5 I D D T - 36 .3  (r =  0.81)

fo r d a ta  co llec ted  betw een  1974 an d  1978. T his re la ­
tionsh ip  varies w ith geographical area  and with tim e in 
one area, reflecting changes in inputs.

O u r ow n da ta  fo r b o th  com m on  and  grey seals 
to g e th er yield:

2 P C B  =  3.81 S D D T  + 6.13 (r =  0 .94)

H istorically  the h ighest E P C B  and  Z D D T  c o n c e n tra ­
tions w ere found  in  the  W ad d en  Sea and  the G u lf o f 
F in land . 2 P C B  and  E D D T  levels fo r grey and  ringed 
seal yearlings from  the  G u lf o f F in land  and  B o thn ian  
Bay have show n som e red u c tio n  over th e  p e rio d  1 9 7 6 -  
83 follow ing decreases  in  the ir co n cen tra tio n s in  several 
fish p o p u la tio n s along  the  F inn ish  coast (H elle  et a i, 
1985).

T h e  red u c tio n  in co n cen tra tio n s has b een  m o re  rap id  
fo r D D T  co m p o u n d s  than  fo r P C B s, p robab ly  as a result 
o f the  ea rlier and  m o re  effective con tro ls  on  its use 
(H elle et al., 1985). A ro u n d  the  N o rth  Sea E P C B  
co n cen tra tio n s exceed  those  o f E D D T . T h ere  a re  som e 
ind ications th a t D D T  co n cen tra tio n s have red u c ed  in 
the  livers o f fish from  the  N o rth  Sea over the  period  
1 9 7 5 -1 9 8 5  (A non ., 1988b). H ow ever, during  tha t 
pe rio d  E P C B  co n cen tra tio n s w ere h igher off the  Belgian 
coast th a n  along th e  east coast o f E n g lan d ; also, 
ch lo rob ipheny l co n g e n er co n cen tra tio n s w ere high in 
the  S cheld t E stuary , G erm an  B ight a n d  th e  G u lf o f 
F in land  fo r  the  sam e tissue, b u t n o  co m p arab le  c o n ­
gener d a ta  w ere p resen ted  fo r sam ples from  eastern  
E ngland . C o n c en tra tio n s  of E P C B  at th e  h igher en d  of 
th e  range show n in T able 3 have b e e n  linked  w ith  the  
w idespread  infertility  o b serv ed  in  seals from  the  
W adden  Sea an d  th e  B altic Sea (R eijnders, 1986), and  
w ith sterility  in  grey seals an d  ringed  seals ( Phoca  
hisp ida ) in  th e  B altic  (H elle et al., 1976). N e ith er of 
these p rob lem s has b een  observed  in  U K  seals (A non.,
1987).

In  conclusion , th e  o rg an o ch lo rin e  co n cen tra tio n s

3 2 .0 0  35 .0 3 3 8 .0 0 4 1 .00 4 7 .0 0 5 0 .0 0 53 .00 5 6 .0  )

Fig. 2 C hrom atogram s o f (a) seal blubber extract and (b) standard 
so lu tion  o f  A roclor  1 2 54 . T he numbered peaks correspond to: 1, 
p p '-D D E ; 2 , 3  and 4 , chlorobiphenyl congeners 153, 138 , and 
1 8 0  respectively; 5, an internal standard (m irex) used for quanti­
fication.
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rep o rted  in this p a p e r  give no  suppo rt to  suggestions 
that gross po llu tion  is adversely  affecting seals on the 
E nglish  east coastAThe co n c en tra tio n s  may. how ever, be 
-sufficient to  resu lt 'in  som e add itiona l stress to  anim als 
w hen they m obilize th e ir  lipid reserves d u ring  illness o r 
starvation .
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Detergents as a Condition of Pollution 
from Coastal Marine Aerosol
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Via G. C appon i 9, 50121 Florence, Italy

Experim ental evidence o f damage of a Pinus pinea  
foliage by detergent surfactants in aerosol from marine 
water solu tions is shown. Typical natural non-detergent 
surfactants from the coastal m arine environm ent, such  
as hum ic acids, do not cau se p er  se  damage although

they could becom e a vehicle o f polluting agents in 
marine aerosols. Taking into account that the damage 
m echanism  due to the detergents can be generalized to 
all type o f coastal vegetation, this damage is suggested  
in a first instance as an indication o f marine pollution.
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