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ABSTRACT: Juvenile turbot, Scophthalmus maximus (L.), were exposed to 0.58/~g 1-1 Aroclor 1254 
in seawater, to sediments containing 100, 60 and 1 ppm or fed with cockle containing 20 ppm PCB 
(polychlorinated biphenyls). Concentration factors for liver and muscle were 104 and 103, respec- 
tively, for uptake of PCB from seawater. Contamination of muscle was similar to that of sediments 
containing 1 and 60 ppm PCB to which turbot were exposed, but less than the 20 ppm in their 
experimental diet. Contamination of flatfish in the North Sea area is compared with the levels of 
PCB in the flounder, Platichthys flesus (L.), in the River Thames and predictable values for uptake of 
PCB from different pathways discussed. 

INTRODUCTION 

Benthic  fish of commerc ia l  impor tance  are sampled  dur ing moni tor ing  of nearshore  

ecosystems and, sometimes,  a t tempts  are made  to eva lua te  different  routes of entry of 

PCB (polychlor inated biphenyls)  into fish by comparison of their  res idues  wi th  those of 

sediments ,  seawate r  or lower  trophic levels  (for r ev i ew  see Addison,  1976). 

Seawate r  of the more con tamina ted  areas in the nor thern hemisphere ,  for example ,  

in the Gulf of Catal ina,  south of Los Angeles ,  contains 35.6 ng 1-1 (Scura & McClure ,  

1975) and, usually,  sediments  are more contaminated.  

Trophic  ampl i f ica t ion of organochlor ines ,  w h e n  concentrat ions are expressed  as we t  

weight ,  is less apparen t  w h e n  concentrat ions  are based  on l ipid weigh ts  (e. g. Ten Berge 

& Hi l lebrand,  1974; for r ev i ew  see Phillips, 1978). On the other  hand,  concentra t ion  

factors for up take  of PCB from seawate r  in laboratory fish may  be  high, for example ,  105 

in sheepshead  minnows,  Cyprinodon variegatus (Hansen et al., 1975). 

This paper  deals  wi th  inves t igat ions  of the up take  of PCB in turbot from various 

sources of contamina t ion  in laboratory systems. They are part  of a wide r  p rog ramme  of 

quant i ta t ive  and qual i ta t ive  studies of PCB's in shal low mar ine  benth ic  ecosystems. 
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MATERIAL AND METHODS 

Cerastoderma edule (L.) co l lec ted  from Southend-on-Sea ,  Essex (R 882847, Ord- 
nance  Survey Sheet  178) dur ing  1977 were  s u b s a m p l e d  to de t e rmine  f ie ld  va lues  of 
po lych lo r ina ted  b i p h e n y l  (PCB) res idues  and  the r e m a i n i n g  an ima l s  were  he ld  at  10 ~ 
___ 1 C ~ in a mar ine  aqua r ium for about  6 days  before  use. Cockles  were  p r e p a r e d  as  food 
conta in ing  PCB for expe r imen t a l  fish by  p l ac ing  them in s i l in i sed  glass  t anks  of ' s t i r red 
seawa te r  (30 revs min  -1) at 10 ~ + 1 C ~ conta in ing  0.25 m g  1-1 Aroclor  1254 (Monsanto 
Chemica l s  Ltd.) adso rbed  to the  surface of a lumina  par t ic les  after the me thod  of 
Cour tney  & Denton  (1976). The par t i cu la te  feed ing  b iva lves  accumula t ed  su i tab le  
quant i t ies  of PCB after  10 days  when  they  were  s u b s a m p l e d  for res idue  analys is  and  the 
r e m a i n d e r  s tored at - 20 ~ unt i l  r equ i r ed  for dos ing  fish. 

Smal l  turbot,  Seophthalmus maximus (L.) (weight  71-160 g) t a k e n  in sha l low wate r  
nea r  Lowestoft,  Suffolk (R 542910, Ordnance  Survey Sheet  134) were  s u b s a m p l e d  for 
ana lys is  and  the r e m a i n d e r  p l a c e d  in a e r a t ed  s t i r red seawate r  in s i l in i sed  glass  tanks  at 
15 ~ + 1 C ~ The  fish were  fed app rox ima te ly  1/3 thei r  body  we igh t  of cockles  
con tamina ted  wi th  Aroclor  1254 over  a pe r iod  of 8 to 14 days.  It had  b e e n  e s t ab l i shed  
that  this  we igh t  of food app rox ima ted  to the ma in t enance  r equ i r emen t  of these  an imals  
unde r  l abora tory  condit ions.  Res idual  cockle  was  r emoved  from the tanks  15 min  after 
f eed ing  and the seawa te r  was  cont inuous ly  f i l te red  wi th  a rotary pump  (Eheim 383) 
con ta in ing  10 % by we igh t  beads  of e x p a n d e d  po lys tyrene  foam in ac t iva ted  c h a r c o a l  
Subsequent ly ,  some fish were  he ld  in f i l te red  seawate r  for per iods  of up to 6 months .  
dur ing  which  t ime they  were  e i ther  s ta rved  or fed wi th  fresh cockle.  Fish were  subsam-  
p i e d  th roughout  the expeAment ;  the s eawa te r  was  c h a n g e d  each  fortnight  and  the fi l ters 
were  r e c h a r g e d  once a month.  

Fur ther  turbot  were  exposed  to 100, 60 and  1 p p m  of Aroclor  1254 on sand  p r e p a r e d  
by  a me thod  s imi lar  to that  u sed  by  Cour tney  & Denton (1976) to adsorb  PCB onto 
a lumina .  These  fish were  sacr i f iced  after 15 days  in  s i l in i sed  glass  t anks  con ta in ing  3 kg  
of con t amina t ed  sand  in  20 1 of seawater .  Fish l iver  and  musc le  were  a n a l y s e d  toge the r  
wi th  wa te r  and  sand residues.  

Turbot  were  also ana lysed  after 15 days  exposure  to s eawa te r  con ta in ing  0.58 gg 1-1 
Aroclor  1254. Seawa te r  was  c i rcu la ted  cont inuous ly  at 44 1 h -1 over  con tamina ted  sand 
(60 ppm) and  th rough  the expe r imen t a l  tank,  wi thout  sand,  such that  fish were  exposed  
to 0.52 ~g 1-1 in i t ia l ly  r i s ing s l ight ly  to 0.63 #g 1-1 after  15 days.  

For compar i son  wi th  l abora to ry  results,  the  f ie ld da ta  were  s u p p l e m e n t e d  by  
analys is  of f lounder  (Platichthys flesus of 104-413 g, wet  wt) t aken  from the screen  of 
Thurrock  Power  Stat ion on the Thames,  Essex (R 592771, Ordnance  Survey Sheet  177). 

Residues  ex t rac ted  in hexane ,  were  ana lysed  wi th  a Pye Series  104 Chroma tog raph  
wi th  ~3Ni e lec t ron  capture  detec tors  and  e q u i p p e d  wi th  83 x 0.3 cm (inner  d iameter)  
glass columns p a c k e d  wi th  1.3 % Ap iezon  L + 0.2 % E1001 on Chromosorb  G A / W  
DCMS. Ope ra t i ng  condi t ions  were:  co lumn 190 ~ de tec tor  220 ~ gas flow, pur i f ied  
ni t rogen,  60 ml min  -1. Quant i f ica t ion  of PCB was by  compar i son  of p e a k  he igh ts  wi th  
s t anda rd  solut ions expres sed  as p p m  wet  we igh t  unless  o therwise  stated.  
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RESULTS 

C o c k l e s  f rom S o u t h e n d  c o n t a i n  0.06 ___ 0.03 p p m  (who le  an ima l )  PCB; th i s  is m o r e  

t h a n  10 • t h e  DDT c o n t e n t  (Table  1). T h a m e s  f l o u n d e r  c o n t a i n  m o r e  PCB w i t h  5.71 • 

4.39 p p m  in  t h e  l iver ,  w h i c h  is m o r e  c o n t a m i n a t e d  t h a n  al l  of t h e  o t h e r  t i s s u e s  i n c l u d i n g  

m u s c l e  w i t h  0.60 • 0.5 p p m  (Table  1). PCB : DDT ra t ios  w e r e  l o w e r  in  f i sh  t h a n  in  

c o c k l e s  r a n g i n g  b e t w e e n  5.2 a n d  7.3 for d i f f e r e n t  t i s sues .  

H i g h  l eve l s  of PCB in  f l o u n d e r  l ive r  a re  a s s o c i a t e d  w i t h  h i g h  l i p id  c o n t e n t  a n d  t h e r e  

is a c o r r e l a t i o n  b e t w e e n  PCB a n d  l i p id  c o n t e n t  in  t h e  d i f f e r e n t  t i s s u e s  of t h e  f l ounde r .  

No tab ly ,  a l t h o u g h  t h e  v a l u e s  of PCB in  t h e  m u s c l e s  of t h e  f l o u n d e r  a re  10 • t h a t  i n  

w h o l e  cock les ,  t he  ra t io  of t h e  r e s p e c t i v e  e t h e r / e x t r a c t a b l e  fat  l e v e l s  is 2:1 (Table  1). 

C o c k l e s  e x p o s e d  to 0.25 m g  1-1 Aroc lo r  1254 on  a l u m i n a  p a r t i c l e s  a c c u m u l a t e d  19.87 

• p p m  PCB w e t  w e i g h t  i n  t h e i r  t i s sue s  a f t e r  10 days .  W h e n  t h e s e  w e r e  f e d  to t u rbo t  

(M PCB in  l ive r  = 1.48 a n d  m u s c l e  = 0.44 p p m )  at  1/3 t h e i r  b o d y  w e i g h t  for 9 p e r i o d  of a 

fo r tn igh t ,  t h e  f i sh  d e v e l o p e d  r e s i d u e s  of 33.95 • 10.74 p p m  PCB in  t h e  l ive r  a n d  4.17 __. 

2.11 p p m  in  t h e  m u s c l e  (Table  2). S u b s e q u e n t l y  t h e s e  l ev e l s  w e r e  m a i n t a i n e d  in  f i sh  

Table 2. PCB content (ppm • 1 SE) of turbot during post-exposure having been  fed with cockle 
containing 20 ppm Aroclor 1254 

Depuration Turbot liver Turbot muscle 

2 days 33.95 _ 10.74 
1 month 50.67 _ 2.49 (19.00 +_ 5.34) 
3 months 38.64 _ 16.50 
6 months - (9.35)* 

Figures in parentheses  relate to starved individuals 

4.17 ___ 2.11 
6.56 • 4.22 (1.95 ___ 0.46) 

3.85 ___ 1.42 
-(1.75 • 0,89) 

* n = l  

Table 3. PCB budgets  when  turbot held on contaminated sediments for 15 days 

PCB in: Sand Water Turbot Total PCB 
liver muscle total 

Initial 300 mg (100 ppm) - * * * 
Final 174 mg 24/92 469.37 • 125.39 43.48 _ 8.91 

Initial 180 mg (60 ppm) - * * * 
Final 150.6 mg 12.6 pg 179.77 • 39.85 58.64 • 11,09 

Initial 3 mg - * ** 
Final 1.1 mg 3/~g 21.84 • 9.39 1.89 _ 0.36 

300 mg, 
13.8 mg 187.8 mg 

= 63 % recovery 
180 mg 

1.3 mg 151.9 mg 
= 84 % recovery 

3 mg 
0.2 mg 1.3 mg 

= 43 % recovery 

Total PCB residues in turbot after exposure represents an estimate based on PCB content of the 
muscle and liver 

* 1.48 and * * 0.44 ppm in pooled control animals 
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Table 4. Concentration factors for turbot tissues following uptake of PCB from different sources 

External PCB level Muscle (liver) Concentration 
on day 1 concentration (ppm) factor 

on day 14/15 

0.58/~g 1-1 seawater 2 (25) 6 (50) • 103 
100 ppm sediment 43 (469) 0.4 (4.7) 
60 ppm sediment 59 (180) 1 (3) 

1 ppm sediment 2 (22) : 2 (22) 
20 ppm food 4 (34) 0.2 (1.7) 

held  for 3 months  without  food. However,  fish which were fed on freshly collected 
cockles rid themselves  of 3/4 of their  body load of PCB {Table 2). 

Fish in  tanks  with sed iment  ini t ia l ly  con ta in ing  100, 60 and  1 ppm Aroclor 1254 
developed l iver residues of 469.37 __ 125.39, 179.77 _ 39.85 and  21.84 • 9.39 ppm PCB, 

respectively,  after 15 days. By the end  of the exper iment  the sediments  conta ined  58, 
50.2 and  0.35 ppm with 1.2, 0.63 and  0.15 /~g 1-1 PCB in  the seawater,  respectively. 
Budgets for the contamina ted  sediments  exper iments  g iven in  Table  3 show that 
be tween  43 and  84 0/0 of the PCB int roduced into the aquar ia  was recovered. 

Aroclor 1254 con tamina ted  seawater  prepared  by pass ing  seawater  over sand 
con ta in ing  PCB gave a M concentra t ion of 0.52 /zg 1-1 PCB in  seawater.  The M 

concentra t ion of PCB in  the seawater  en te r ing  and  leav ing  the tanks con ta in ing  the fish 
was 0.58 #g 1-1 and  turbot l iver and  muscle  conta ined  24.88 • 7.25 and  1.93 • 0.08, 
respectively, after 15 days. 

Concent ra t ion  factors for l iver and  muscle  of turbot contamina ted  with Aroclor 1254 
by various methods are shown in  Table  4. 

DISCUSSION 

Cockles and  f lounder  of the outer Thames  are slightly more contamina ted  with PCB 
than  cockles and  Solea solea in  the Weser  estuary (Goerke et al., 1979) a l though residues 
are of the same order of magn i tude  in  both estuaries. PCB levels in  flatfish of Swedish 
waters (Jensen et al., 1969), the Dutch W a d d e n  Sea (Ten Berge & Hil lebrand,  1974), the 
Skagerrak (Eder et al., 1976) and  the North Sea (Ten Berge & Hil lebrand,  1974; Schaeffer 
et al., 1976) conta in  less PCB than  young  turbot at Lowestoft. The liver of some very large 
spec imens  of flatfish from the Engl ish Channe l  (Ernst et al., 1976) is more contaminated.  

PCB levels in  the gut  wal l  of Platichthys flesus t aken  at the Thurrock Power Station 
in  May 1976 closely resemble  levels in  animals  from the Medway  estuary be t w e e n  
March 1974 and  April  1975 (Van den  Broek, 1979). 

Southend cockles have a similar  level  of PCB contamina t ion  to Mytilis edulis in  the 
outer part  of the Medway  estuary (Wharfe & Van den  Broek, 1978) en te r ing  the southern  
reach of the River Thames  and  also to Mytilis edulis in  Liverpool Bay (Riley & Wahby,  
1977). However,  PCB residues are an order of magn i tude  greater  in  Mytilis edulis of the 
River Clyde (Holden, 1973), in  New Brunswick waters (Zitko, 1971) and  from the inner  
reaches of the Medway  estuary (Wharfe & Van den  Broek, 1978). 
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The solut ion of PCB ob ta ined  by  pass ing  s eawa te r  over  Aroclor  1254 con tamina t ed  
sand  was  an  order  of m a g n i t u d e  w e a k e r  than  that  ob t a ined  by  mix ing  Aroclor  1254 and  
seawa te r  us ing  air  (Courtney & Langston,  1978). This d i f ference in aqueous  concentra-  
t ion ref lects  the  affini ty of PCB for act ive si tes on the sand  in the  former system. Young 
turbot  from Lowestoft  which  are  less  con tamina ted  than  Thames  f latf ish - poss ib ly  due  to 
di f ferences  in size (Bache et el., 1972; Ernst  et  el., 1976) - a ccumula t ed  s imi lar  amounts  
of PCB in the i r  t i ssues  w h e t h e r  in  0.58/~g 1 -I s eawa te r  or on sand  conta in ing  1 p p m  
Aroclor  1254 ini t ia l ly .  

These  resul ts  a re  remin i scen t  of ea r l i e r  work  wi th  Arenicola marina and  Nereis  

diversicolor which  con ta ined  0.39 and  0.49 ppm,  respect ive ly ,  after I0  days  on 1 p p m  
Aroclor  1254 in sand  and  a c c u m u l a t e d  s imi lar  body  res idues  w h e n  he ld  in 1.1 /ig 1 -I 
Aroclor  1254 in seawa te r  (Courtney & Langston,  1978). 

Benthic  fish, then,  r ap id ly  b e c a m e  con tamina t ed  wi th  PCB from seawa te r  wi th  
concent ra t ion  factors of 104 and  103 for l iver  and  musc le  respec t ive ly  (Table 4) c o m p a r e d  
wi th  concentration factors of 102-104 for u p t a k e  of PCB from seawa te r  in  o ther  fish 
(Hansen  et  el., 1971; Ha t tu la  & Karlog,  1973) and  102 for p ink  shrimp, Penaeus duorarum 

(Nimmo et el., 1971a) and  for po lychae tes  (Cour tney & Langston,  1978). 
PCB levels  in  fish musc le  were  s imi lar  to respec t ive  s ed imen t  con tamina t ion  of I or 

60 p p m  w h e r e a s  the  PCB content  of the  l iver  was  one order  of m a g n i t u d e  g rea te r  wi th  
concent ra t ion  factors of 22 and  3, respect ive ly .  These  re s idues  are  1 or 2 orders  of 
m a g n i t u d e  g rea te r  than  PCB levels  in po lychae te s  in  1 p p m  sand  (Courtney & Langston,  
1978). Penaeus duorarum and  Uca m i m a x  differed by  a factor of < I0  from con tamina ted  
labora tory  sed iments  (Nimmo et el., 1971b). 

The seawater ,  gen t ly  s t i r red b y  ae ra t ion  of tanks  of turbot  on con tamina t ed  sedi-  
ment ,  i tself  con ta ined  PCB though  c lear ly  the  PCB in the  fish t issues came from the 
sediment ,  at leas t  in part ,  s ince body  loads  e x c e e d e d  those which  w o u l d  ar ise  from such 
concent ra t ions  of PCB in seawa te r  a lone  (Table 4). 

In par t  due  to the leve l  of feed ing ,  the  fish musc le  res idues  were  1 order  of 
m a g n i t u d e  less than  the PCB content  of the  con tamina t ed  food which  was  s imi la r  to the  
l iver  res idues .  Subsequent ly ,  PCB body  loads  were  r e d u c e d  to p r e - e x p e r i m e n t a l  levels  
in fish which  were  fed wi th  c l ean  cockle  (0.06 p p m  PCB) bu t  not  in s ta rved  an imals  
(Table 2). In goldf ish  and  pinf ish  the  1/2 life of PCB is 3 to 4 w e e k s  (Hansen et el., 1971; 
Ha t tu la  & Karlog, 1973) a l though r a inbow trout re ta in  2/3 of the  PCB fed to them (Lieb et  
el., 1974). 

In 1969 the  l iver  of a d e a d  f lounder  nea r  the  mouth  of the Escambia  River con ta ined  
187 p p m  PCB wet  we igh t  and  76 and 4.5 p p m  were  p resen t  in the  l iver  and  muscle,  
respect ive ly ,  of another  dead  spec imen  5 km away  in the  Bay (Duke et el., 1970). A yea r  
later,  levels  in the  sediFnents were  2.3 'ppm and  seawa te r  levels  a v e r a g e d  0.6 ~g 1-1 PCB 
dur ing  1969-71. In al l  p robab i l i t y  con tamina t ed  sed imen t s  con t r ibu ted  to these  fish kills.  
However ,  the concent ra t ion  factors for turbot  t issues in con tamina ted  seawa te r  in  the 
labora tory  (Table 4) sugges t  that  s imi lar  res idues  migh t  ar ise  by  u p t a k e  of PCB from 
seawa te r  a lone  in the  Wese r  River, for example ,  wh ich  contains  11-114 ng  1-1 PCB 
(unpub l i shed  da ta  quoted  in Goerke  et el., 1979). 
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