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JLESTOÂCT

A c t i v i t i e s  in  th e  f i e l d  o f  m arin e  e c o to x ic o lo g y  w ere  i n i t i a t e d  in  
Germany in  1966, when th e  Deutsche Forschungsgem einschaft (DFG) sponsored a  
re sea rch  programme in v o lv in g  an in te r d is c ip l in a r y  group o f s c i e n t i s t s  "which 
should d ea l w ith  th e  e f f e c ts  on m arine organism s o f i n d u s t r i a l  and m unicipal 
w a s te  w a te r  in  c o a s t a l  a r e a s " .  T h is  ty p e  o f  r e s e a r c h  h as  b een  c a r r i e d  ou t 
f o r  a  n u m b er o f  y e a r s ,  a f t e r  w h ic h  o t h e r  a g e n c i e s ,  s u c h  a s  th e  
B u n d e s m in i s te r iu m  f ü r  F o r s c h u n g  und T e c h n o lo g ie  (BMFT) and  th e  
Umweltbundesamt (UBA) became concerned w ith  m arine problem s and supported 
sp e c ia liz e d  re se a rc h  programmes.

Research work has been perform ed in  t h i s  co n tex t on d i f f e r e n t  a sp ec ts  
o f  r i s k  assessm ent o f v a rio u s  compounds in  th e  m arine environm ent, w ithou t 
n e c e s s a r i l y  b e in g  e s p e c i a l l y  co n cern ed  w ith  t e s t  p ro c e d u re s ,  th o u g h  th e  
s c i e n t i f i c  b a s is  fo r  th e  conception  o f  t e s t s  was respected .

F ie ld  experim ents have been taken  in to  c o n s id e ra tio n  a t  an in c re a s in g  
r a te  and some a sp e c ts  such a s  uptake- and dep u ra tio n  o f  chem icals a re  to  date  
te s te d  in  f i e l d  versu s  la b o ra to ry  experim ents. New ex p erim en ta l to o ls  (e.£. 
cages and ca isso n s) fo r  exposure o f s e le c te d  an im als in  e s tu a r in e  and marine 
w ate rs  have been developed to  t e s t  e f f e c ts  and f a te s  o f  chem icals , such as 
organ ic  compounds, heavy m e ta ls , and o i l  under more n a tu ra l  co n d itio n s  in
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c o a s ta l w a te rs . More re c e n tly  e f f e c t  t e s t in g  on f ie ld -e x p o se d  an im als  was 
in c lu d e d . M arine o rg a n ism s  p r e f e r a b ly  u sed  in  th e  e x p e r im e n ts  c o m p rise  
b a c te r ia ,  a lg a e , hydro ids, p o ly ch ae tes , m ussels, sh rim ps, and f i s h .

KETWORDS

M arine e c o to x ic o lo g y , H azard  a s s e s s m e n t,  B io a s s a y s , L e g i s l a t i o n ,  
F edera l R epublic o f Germany, Review.
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In  1966 th e  P r io r i ty  Programme " L i t to r a l  Zone R esearch -  P o llu tio n  of 
C oasta l W aters" was inaugura ted  by th e  DFG fo r  th e  purpose o f  stu d y in g  th e  
im pact o f in d u s t r ia l  w aste components and m unic ipal w astes on th e  c o a s ta l  
e n v iro n m e n t. The c e n t r e  o f  t h i s  program m e was a  s p e c i a l  w o rk in g  g roup  o f 
s c i e n t i s t s  w h ich  sh o u ld  i n v e s t i g a t e  th e  in f lu e n c e  o f  p o l l u t a n t s  on th e  
o rg a n ism s  o f  th e  c o a s t a l  a r e a  i n  i t s  b ro a d e s t  s e n s e ,  in  la b o r a to r y  
experim ents as w e ll as under n a tu r a l  co n d itio n s. Emphasis has been la id  on 
th e  e l a b o r a t i o n  o f  t h e  s c i e n t i f i c  b a s i s  n e c e s s a r y  t o  e x p l o r e  t h e  
re la tio n sh ip ' between th e  p o l lu ta n t  in troduced  in to  th e  sea  and i t s  e f f e c ts  
on th e  ecosystem , in  o rd e r to  e s ta b l i s h  methods f o r  ro u tin e  m o n ito ring  o f  
m arine p o llu tio n .

A num ber o f  p o t e n t i a l  p o l l u t a n t s ,  such  as, a c id s ,  p e s t i c i d e s ,  hkavy 
m e ta ls ,  c ru d e  o i l ,  and o th e r  o r g a n ic  w a s te s  w ere  in c lu d e d  a t  t h a t  t im e  in  
sp e c if ie d  re sea rch  p ro je c ts ,  which may be summarized b r i e f ly  as  :

-  p o llu t io n  o f th e  German B igh t caused by tita n iu m  d iox ide  p roduction  ;
-  e f f e c ts  o f  dumping o f  sewage sludge ;
-  th e  behaviour o f  te n s id e s  ;
-  the e n try  and accum ulation o f  heavy m etals in  th e  sea  ;
-  accum ulation , t r a n s f e r  and tra n sfo rm a tio n  o f c h lo r in a te d  p e s t ic id e s  

in  m arine food ch a in s  ;
-  m arine p o llu t io n  by m inera l o i l s  ; ■
-  c u ltu r in g  o f  t e s t  organism s f o r  b ioassays on p o llu ta n t  to x ic i ty
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The r e s u l t s  o f  th e  P r i o r i t y  Program m e " P o l lu t io n  in  C o a s ta l  W aters"  
have been re v iew ed  from  a b o u t 250 p u b l i c a t i o n s ,  in  an i n t e r im  r e p o r t  
c o v e r in g  th e  a c t i v i t i e s  from  1966 th ro u g h  1974 (C a sp e rs , 1975b). The 
resea rch  programme du ring  t h i s  perio d  was a  com parative ly  broad one which 
a lso  included more g en era l a sp e c ts  o f m arine b io logy  and m arine a n a ly t ic a l  
c h e m is try . The th r e e  f o l lo w in g  s e r i e s  o f  c o n t r ib u t io n s  a r e  more c lo s e ly  
re la te d  to  a sp e c ts  o f  eco tox ico logy  :

1. E f fe c ts  o f  p o l lu ta n ts ,  c u l t iv a t io n  experim ents :
C a sp e rs  (1968) ; H alsb an d  (I9 6 8 ab cd , 1969, 1970, 1971, 1974) ;
R h e in h e im er (1968, 1970, 1974) ; Bock and Mann (1969) ; J a n o v ic  and
Mann (1969) ; K ayser (1969 , 1970ab, 1971, 1973) ; K ühnhold (1969,
1972) ; S t r i p p  and G e rla c h  (1969) ; R achor (1970) ; R o s e n th a l  and
S t e l z e r  (1970) ; Bock (1971, 1972) ; Mann (1971, 1972, 1973ab) ;
S t e l z e r  e t  a l .  (1971) ; H orstm ann (1972) ; K arbe (1972) ; S c h n e id e r
(1972) ; Schramm (1972) ; S c h u lz -B a ld e s  (1972, 1973, 1974) ; Braum
(1973) ; R o s e n th a l  and S p e r l in g  (1974) ; von W este rn h ag en  e t  a l .
(1974) ; Thor mann (1975) ; Rachor and D eth lefsen  (1976).

2 . P a te  o f  p o l lu ta n ts  in c lu d in g  a n a ly t ic a l  chem istry  :
Reim ann (1968) ; E r n s t  (1969 , 1970abc, 1973) ; H ic k e l  (1969) ;
E hrhard t and Blumer (1971) ; E hrhard t (1972, 1975, 1976) ; W eichart
( 1972) ; Gadow and S c h ä fe r  (1973) ; K rem lin g  (1973) ; C a sp e rs
(1975a) ; D erenbach  and E h rh a rd t  (1975) ; E h rh a rd t  and Heinem ann
(1975) ; K arbe e t  a l .  (1975).

3 . G eneral a sp e c ts  o f  b io lo g y  and m icrobiology :
C asp e rs  (1967, 1975h) ; W eyland (1967) ; G ie re  (1968) ; L o ren zen
(1971) ; Wachs (1971 ab , 1972) ; G e rla c h  and S c h ra g e  (1972) ;
I tu r r ia g a  and Rheinheim er (1972) ; W inter ( 1973)•

In  v iew  o f  th e  im p o rta n c e  o f  th e  p o l l u t i o n  p ro b lem  th e  P r i o r i t y  
Program m e was p ro lo n g e d  f o r  som e y e a r s .  S p e c ia l  r e s e a r c h  p r o j e c t s  w ere 
in i t i a t e d  s in c e  1970 by th e  F e d e ra l M in is try  fo r  Research and Technology in  
th e  fram ew ork  o f  th e  German g o v e rn m e n ta l program m e o f  e n v iro n m e n ta l  
r e s e a r c h .  Prom 1976 -  1979 a  p ro lo n g e d  P r i o r i t y  Program m e was ru n , 
subdivided in to  fo u r s p e c i f ic  re se a rc h  to p ie s  : 1. a n a ly t ic a l  chem istry  ; 2. 
b i o i n d ic a to r s ;  3- t o x i c i t y  ; 4 . f a t e  o f  p o l l u t a n t s .  D u rin g  t h i s  p e r io d  th e  
a t te n t io n  was more sh a rp ly  fo cu ssed  on sp e c if ie d  asp ec ts  o f p o llu tio n . These
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s tu d i e s  have c o n t r ib u te d  s i g n i f i c a n t l y  to  a  b e t t e r  u n d e rs ta n d in g  o f  th e  
f a c t o r s  in f lu e n c in g  th e  e f f e c t s  and f a t e s  o f  p o l l u t a n t s  in  th e  m arin e  
environm ent.

IABÖRATQRT TESTS

P ig . 1 . Schem atic view  o f  a  t o x i c i t y - t e s t  system  w ith  b a c te r ia  (Tan, 
1983). 1 = membrane v a lv e , 2 = a c t iv a t e d  c h a rc o a l ,  3 = c o tto n  
p lu g , 4 = m em brane f i l t e r ,  5 = a i r - f l o w m e te r , 6 = medium 
re s e rv o ir  (10 1), 7 = medium f lo w -ra te  tube, 8 = c u ltu re  v e sse l 
(1 l ) ,  9 = e f f l u e n t  v e s s e l  (5 l ) ,  10 = m ag n e tic  s t r i r r e r ,  11 = 
p e r i s t a l t i c  pump, 12 = te m p e ra tu re -c o n tro l system.

The la b o ra to ry  t e s t s  developed more re c e n tly  to  measure to x ic  e f f e c ts  
and b ioaccum ulation  o f  v a r io u s  p o l lu ta n ts  on d i f f e r e n t  marine sp e c ie s  a re  
g iven in  Table I .  An example o f  an exp erim en ta l se tu p  w ith  b a c te r ia  i s  shown 
in  P ig . 1. T hese t e s t s  w ere  c a r r i e d  o u t w ith  heavy  m e ta ls ,  such  a s  Zn, Cd, 
Hg. I t  sh o u ld  be n o te d  t h a t  th e  m a jo r i ty  o f  b io a s s a y s  w ere c o n d u c ted  on 
s in g l e  s p e c ie s .  In  o r d e r  to  d raw  e c o l o g i c a l l y  v a l id  c o n c lu s io n s  o th e r  
a s p e c ts  sh o u ld  be ta k e n  in to  a c c o u n t a s  w e l l ,  su ch  a s  th e  e f f e c t s  o f  th e  
to x i c a n t  a t  th e  p o p u la t io n  l e v e l  (H o p p en h e it, 1977 ; H o p p en h e it and 
S p erlin g , 1977). E f fe c ts  o f  e n v iro n m e n ta l f a c t o r s  such  a s  te m p e ra tu re  and 
s a l i n i t y  should a ls o  be co n sid e red  ; e.g. i t  was found th a t  bydro ids a re
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more to le r a n t  to  Cd a t  low tem p era tu res  and h igh  s a l i n i t i e s  and v ice  v e r s a . 
These f in d in g s  in d ic a te  th a t  m arine organism s l iv in g  in  b rack ish  w a te rs  may 
be a f f e c t e d  a t  lo w er p o l l u t i o n  l e v e l s  th a n  th o s e  l i v i n g  un d er " o p tim a l"  
m arin e  c o n d i t io n s  (T heede, 1980). As a  co n seq u en ce , c r i t i c a l  p o l l u t a n t  
c o n c e n tra tio n s  e s ta b lish e d  fo r  norm al m arine c o n d itio n s , a re  not n e c e s s a r i ly  
a p p l i c a b le  to  e s tu a r in e  c o n d i t io n s  w i th o u t  t a k in g  in to  acco u n t s p e c i f i c  
s a fe ty  f a c to r s  or a p p lic a tio n  f a c to r s .

T e s ts  f o r  th e  d e te r m in a t io n  o f  b io a c c u m u la t io n  d a ta  w ere m a in ly  
co n d u c ted  w ith  o rg a n ic  com pounds, su ch  a s  p e s t i c i d e s  and i n d u s t r i a l  
c h e m ic a ls . B io a c c u m u la tio n  t e s t i n g  was s y s t e m a t i c a l l y  d ev e lo p ed , u s in g  
m u s s e l s  ( M y t i l u s  e d u l i s ) , p o l y c h a e t e s  (N e r e i s  v i r e n s  and  N e r e i s  
d i v e r s i c o l o r ) , f l a t f i s h  ( S o l e a  s o l e a ) , an d  c r u s t a c e a n s  ( P a la e m o n  
l o n g i r o s t i s ) w hich  ap p e a re d  to  be th e  m ost s u i t a b l e  t e s t  s p e c ie s .  T hese  
organism s a re  w idely  d is t r ib u te d ,  can e a s i ly  be c o lle c te d  and acc lim a ted  to  
la b o ra to ry  co n d itio n s , and m ain tained  in  th e  la b o ra to ry  fo r  long p e rio d s  a t  
low food ra t io n s .

I n  v iew  o f  th e  b ro ad  ra n g e  o f  p h y s ic o c h e m ic a l  p r o p e r t i e s  o f  th e  
substances to  be te s te d , d i f f e r e n t  methods o f exposure and e v a lu a tio n  have 
been fo llow ed  :

1. The d e te r m in a t io n  o f  b io c o n c e n t r a t io n  f a c t o r s  (BCF) in  s t a t i c  
exposures, in  which th e  decrease  o f  th e  p o l lu ta n t  co n cen tra tio n  in  
th e  w a te r  was u sed  to  i n d i c a t e  th e  p r o x im ity  o f  s te a d y  s t a t e  
c o n d itio n s  in  th e  system  (E rnst, 1977). T his method i s  a p p lic a b le  to  
s u b s ta n c e s  o f  low  o r m o d e ra te  v o l a t i l i t y  and a  w a te r  s o l u b i l i t y  
a l lo w in g  p r e c i s e  a n a l y t i c a l  m easu rem en ts  in  th e  w a te r  w i th o u t  
d is tu rb in g  th e  system (F ig . 2 ) .

2 . I f  p h y s ic o c h e m ic a l p r o p e r t i e s  o f  t e s t  com pounds do n o t f a v o u r  
exposure accord ing  to  1 ), th e  an im als a re  exposed to  th e  to x ic a n t  in  
th e  w ate r o r th e  food w ith o u t th e  im p lic a tio n  or reach ing  th e  s te a d y  
s t a t e  le v e l  ; e lim in a tio n  r a te s  can be measured when th e  p o l lu ta n t  
l e v e l  i s  h ig h  enough to  a l lo w  a  r e l i a b l e  a n a l y t i c a l  c o n t r o l  o f  
depuration . The e lim in a tio n  r a te ,  determ ined as th e  tim e n ecessary  
f o r  a  50 d e p u ra t io n  from  th e  i n i t i a l  l e v e l  has been  found to  be an 
in d i r e c t  measure f o r  b io c o n c e n tra tio n . For m ussels (M ytilus e d u lis  
e .£ .) th e  f o l lo w in g  r e l a t i o n s h i p  b e tw een  th e  d e p u ra t io n  h a l f  l i f e

^1/2 ( in  h) and th e  b io c o n c e n tra tio n  f a c to r  was found (E rn s t, 1984):

lo g  BCF = 1.327 lo g  T1 / 2 + 1.186
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P ig . 2 . Scheme o f s e tu p  fo r  b ioaccum ulation  t e s t s  w ith  m ussels (from 
E r n s t ,  1979c). A = s id e  v iew , B = to p  v iew , 1 = te m p e ra tu re -  
c o n t r o l  s y s te m , 2 = w a te r - f lo w ,  3 = o u te r  ta n k  w ith  w a te r  o f  
c o n s ta n t  t e m p e r a tu r e ,  4 = g l a s s  ta n k  w ith  s e a w a te r ,  5 = 
s t a i n l e s s  s t e e l  b a s k e ts  w ith  t e s t  a n im a ls ,  6 = a i r  i n l e t ,  7 = 
a c t iv a te d  ch a rco a l f i l t e r ,  8 = a i r - f lo w  m eter.

V o la t i le  substances a n d /o r su b stan ces w ith  low s o lu b i l i ty  may a ls o  be 
ap p lied  o r a l ly  to  th e  t e s t  an im als a t  a p p ro p ria te  le v e ls  w ith  a subsequent 
measurement o f  th e  e lim in a tio n  k in e t ic s .  A p re c is e  amount o f  chem icals can 
be a d m in is tra te d  to  an im als  t r a in e d  fo r  im m ediate uptake o f  food, v ia  food 
p a r t i c l e s  dosed w ith  th e  t e s t  compounds. This method was ap p lied  to  f l a t f i s h
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(E rn s t  and G oerke, 1974) (P ig - 3 ) ,  and was f u r t h e r  r e f in e d  to  s tu d y  th e  
b io k in e tic s  o f  v a rio u s  pen tach lo rob ippheny ls in  th e  p o lychae te  N e re is  v ire n s  
(G oerke and E r n s t ,  1977 ; G oerke, 1979) (P ig - 4-)-

In  r e c e n t  y e a r s  i t  h a s  b een  t r i e d  t o  p r e d i c t  b io c o n c e n t r a t io n  
p o te n t ia ls  from physicochem ical p ro p e r t ie s  such as w ater s o lu b i l i ty  and th e  
n -o c ta n o l/w a te r  p a r t i t i o n  c o e f f ic ie n t ,  which in  tu rn  can be c a lc u la te d  from 
th e  m o la r f r a c t i o n  o f  th o s e  compounds w hich  do n o t  fo rm  h y d ro g en  bonds 
(Y osh ida  e t  a l - ,  1983) :

lo g  BCP = 0-542 log  P + 0.124 (Neely e t  a l . ,  1974 ; f i s h )
lo g  BCP = 0 .85 lo g  P -  0-7 (V eith  e t  aL. ,  1979 ; f is h )
lo g  BCP = 0-74 lo g  P -  0-53 (E rn s t, 1982 ; m ussels)
lo g  BCP = -0-523 log  L + 4-53 (E rn s t, 1982 ; m ussels)
w ith P = n -o c tan o l/w a te r  p a r t i t i o n  c o e f f ic ie n t ,  and 

L = w ater s o lu b i l i ty  in  p g . l - ^ .

I t  should, however, be taken  in to  c o n s id e ra tio n  th a t  th e  c a lc u la t io n  o f 
th e  BCP from th e se  eq ua tions, w ith  accep tab le  m argins o f e r ro r ,  i s  l im ite d  
by th e  t e s t  an im als ' a b i l i t y  to  tran sfo rm  th e  compound m e ta b o lic a lly , such 
as by con jugation  o f  hydroxylated  compounds (Kobayashi e t  a l . ,  1970 ; E rn s t, 
1979ab), by hydro x y la tio n , or by o th e r  re a c tio n s , making a  b ioaccum ulation  
t e s t  in d isp e n sa b le .

IN SITO TESTS

The r e s u l t s  o f  e c o to x ic o lo g ic a l t e s t in g  in  th e  la b o ra to ry  have in  many 
cases , to  be e x tra p o la te d  to  th e  co n d itio n s  o f  th e  n a tu ra l  environm ent. In  
o rd e r  to  check  th e  v a l i d i t y  o f  l a b o r a to r y  work v a r io u s  e f f o r t s  have been 
made to  p e rfo rm  " in  s i t u "  t e s t s  w hich  ap p ro ach  more o r  l e s s  th e  " r e a l  
n a tu re"  co n d itio n s . Work o f  t h i s  k in d  i s ,  however, expensive. U n ti l  now some 
experience has been gained w ith  tw o system s :
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CAGE SYSTEM

The purpose o f  th e  cage system  i s  to  fo llo w  :
1. h io c o n c e n tra tio n  of p o l lu ta n ts  by p la c in g  s u i ta b le  t e s t  organism s 

i n t o  cag es exposed  to  an e n v iro n m e n t in  w h ich  th e  p o l l u t a n t  
c o n c e n tra tio n  i s  known o r can be m onitored by an a ly z in g  in te g ra te d  
w ater sam ples ;

2 . e l im in a t io n  o f  p o l l u t a n t s  from  t e s t  a n im a ls  " lo a d e d "  w ith  
s p e c i f ic  p o llu ta n ts  in  th e  la b o ra to ry  and kep t fo r  w ell-d e te rm in ed  
p e rio d s  o f  tim e  in  th e  n a tu ra l  environm ent.

P ig . 5* Cage sy s te m  f o r  _in s i t u  t e s t s  (d ia m e te r  ap p ro x . 2 m) 
c o n ta in in g  sm a ll cages w ith  m ussels and tan k s w ith  po lychaetes. 
C oncrete f e e t  a llo w  m ooring o f  th e  cage in  shallow  w a te rs  (from 
E r n s t s t  a l . ,  1982).

An example o f  a  cage as shown sc h em a tica lly  in  P ig . 5 i l l u s t r a t e s  th e  
p o s s i b i l i t y  o f  m o u n tin g  v a r io u s  g la s s  ta n k s  in  th e  s y s te m , f o r  d i f f e r e n t  
t e s t  s p e c ie s ,  (e .g . p o ly c h a e te s  and  m u s s e ls ) .  In  a number o f  e x p e r im e n ts  
such  cage s y s te m s  w ere  moored i n  th e  W eser e s tu a r y  f o r  p e r io d s  o f  up to  8 
weeks. In  experim ents on th e  b io k in e t ic s  o f  p o ly ch lo rin a ted  b ip h en y ls  in  th e  
p o ly c h a e te  N e re is  v i r e n s  i t  w as o b se rv e d , t h a t  d a ta  from  l a b o r a to r y  
e x p e r im e n ts  w ere in  good a g re e m e n t w ith  th o s e  o b ta in e d  in  a  f i e l d  s tu d y  
(G oerke and E r n s t ,  1984). R e s u l t s  o f  b io c o n c e n tr a t io n  s t u d i e s  w i th  th e
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common m u sse l (M y ti lu s  e d u l i s ) , u s in g  th e  cage sy s tem  com bined w ith  
s im u lta n e o u s  w a te r  m o n ito r in g , f o r  some o rg a n ic  c h e m ic a ls , a l s o  m atched  
q u ite  w e ll b io c o n c e n tra tio n  f a c to r s  c a lc u la te d  from la b o ra to ry  experim en ts 
(E rn s t  e t  a l . ,  1982).

CAISSON SYSTEM

P ig . 6 . B rem erhaven  c a is s o n s  a s  an exam ple f o r  in  s i t u  t e s t i n g  in  
t i d a l  a re a s  (from  Farke e t  a l . ,  1984).

The ca isso n  system  has been developed as a  m obile in s tru m en t f o r  f i e ld  
e x p e r im e n ts  in  e co sy s tem  and p o l l u t i o n  s tu d i e s  in  i n t e r t i d a l  a r e a s .  The 
sy s te m  i s  5-6 m lo n g  and e n c lo s e s  an  a r e a  o f  13 m  ̂ o f  s e d im e n t (P ig . 6 ). By 
means o f  a  tube system  connected to  th e  surrounding  a re a  th e  c a isso n  can be 
f lo o d e d  tw ic e  a  day in  th e  t i d a l  ry thm  and p o l l u t a n t s  can be dosed 
a u to m a t ic a l ly .  Due to  th e  p e r i o d i c a l  exchange o f  w a te r ,  o n ly  s h o r t - t e r m  
t e s t s  a re  p o s s ib le  on p lankton  and se s to n  ; long-term  s tu d ie s  can be c a r r ie d  
out w ith  th e  b e n th ic  organism s enclosed  in  th e  system  (Parke e t  a l . ,  1984). 
In  experim ents conducted so f a r  in  th e  German Wadden sea , th e  accum ulation  
o f  l e a d  and  ch ro m iu m  w as i n v e s t i g a t e d  in  m o l l u s c s ,  p o l y c h a e t e s ,  
o lig o c h a e te s , and a  c ru s tacean  (Schulz-B aldes a t  a l . ,  1983).
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Another prom ising  approach in  m easuring iri s i t u  e f f e c ts  o f  p o llu ta n ts  
i s  based on th e  id ea  o f sam pling an im als from th e i r  n a tu ra l  environm ent to  
a sse ss  th e  p o ss ib le  e f f e c t s  r e s u l t in g  from  p o llu ta n ts  to  which th ey  had been 
exposed . T h is  ty p e  o f  s tu d y  was c o n d u c ted  on f lo u n d e r  and h e r r i n g  by 
d e te rm in in g  th e  r e p r o d u c t iv e  s u c c e s s  in  r e l a t i o n  to  th e  l e v e l s  o f  
o rg an o h a lo g en  compounds in  th e  gonads and l i v e r s  o f  th e  f i s h .  P o r PCB and 
DDE th re sh o ld  co n cen tra tio n s  were found which a ffe c te d  th e  v ia b le  h a tch  o f 
th e se  an im als (von W esternhagen e t  a l . ,  1981 ; Hansen e t  a l . ,  1983)- In  t h i s  
connection i t  i s  in te r e s t in g  to  no te  th a t  e a r ly  l i f e - s t a g e s  o f  se a  u rch in s  
can be used fo r  d e te c tin g  changes in  w ater q u a li ty . The u se fu ln e ss  o f  la r v a l  
b ioassay  techn iques w ith  Psammechinus m i l i a r i s  and P a ra c e n tro tu s  l iv id u s  fo r  
p o llu tio n  m onito ring  was dem onstrated  by Klöckner and R osenthal (1983)-

CONCLUSIONS

G e n e ra l ly  spoken  th e  lo w e s t  to x i c a n t  c o n c e n tr a t io n s  n e c e s s a r y  to  
produce d e le te r io u s  e f f e c t s  a re  s t i l l  s u b s ta n t ia l ly  h igher in  most to x ic i ty  
t e s t s  than  tho se  a c tu a l ly  observed in  th e  environm ent.

For th e  d e te rm in a tio n  o f  a c u te  t o x i c i t i e s  a  c e r ta in  number o f  m arine 
t e s t s  a re  a v a ila b le , some o f w hich re q u ire  fu r th e r  refinem en t fo r  ro u tin e  
te s t in g .  To th e  c o n tra ry  a  much la r g e r  number o f to x ic i ty  t e s t s  i s  a v a ila b le  
u s in g  fre sh w a te r  sp e c ie s . Taking in to  account th a t  fo r  some compounds th e  
a p p lic a tio n  f a c to r s  c o n v e rtin g  a c u te  1C50 va lu es  to  MATC values e x h ib it ,  fo r  
fre sh w a te r  organism s, s t r ik in g  s i m i l a r i t i e s  w ith  th e  f a c to r s  ob ta ined  w ith  
m arine sp e c ie s , i t  seems th a t  th e r e  i s  no u rg en t need to  develop new t e s t s  
w ith  marine sp ec ie s  except i f  th e  new t e s t s  reduce th e  c o s ts  co n sid erab ly .

There a re  co n sid e rab le  gaps, however, in  our knowledge on th e  lon g -te rm  
e f f e c t s  o f  p o l l u t a n t s  a t  s u b a c u te  l e v e l s ,  and e s p e c i a l l y  on th e  com bined 
e f f e c t s  o f  o rg a n ic  com pounds w h ich  o c c u r in  h ig h  num bers a t  d i f f e r e n t  
c o n c e n t r a t io n s  in  e s t u a r i n e  and c o a s t a l  w a te r s  (Weber and E r n s t ,  1983). 
A lthough  th e r e  a r e  s a f e t y  m a rg in s  o f  s e v e r a l  o rd e r s  o f  m agn itu d e  be tw een  
a c t u a l  p o l l u t a n t  c o n c e n t r a t i o n s  i n  t h e  o pen  s e a  and  t h e i r  t o x i c  
co n cen tra tio n s  as d e riv ed  from la b o ra to ry  d a ta , th e  s i tu a t io n  in  e s tu a r ie s  
i s  becoming more p re c a r io u s , s in c e  th e  p o llu ta n t  co n cen tra tio n s  a re  u s u a lly  
much h igher in  th e se  a re a s .
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As mentioned above, fo r  a  number o f  o rg an ic  chem icals b io c o n c e n tra tio n  
fa c to r s  may be p re d ic te d  from t h e i r  physicochem ical p ro p e r tie s . I f  one looks 
more c a re fu lly , however, a t  th e  components involved  in  th e se  re la t io n s h ip s  
i t  i s  s t r i k i n g  t h a t  m ost o f  them  b e lo n g  to  th e  g roup  o f  more p e r s i s t e n t  
chem icals. O rganic compounds o f  d i f f e r e n t  s t r u c tu r e  may be m etabolized  more 
or l e s s  e a s i ly  in  th e  t e s t  organism s, which w i l l  r e s u l t  in  much low er BCFs 
than  c a lc u la te d  from t h e i r  s o l u b i l i t i e s  o r p a r t i t i o n  c o e f f ic ie n ts .  Hence i t  
f o l l o w s th a t  a tp r e s e n ta  c a l c u l a t i o n  o f  th e  BCP sh o u ld  n o t be u sed  a s  a  
s u b s t i t u t e  f o r  a  b io a c c u m u la tio n  t e s t .  A lthough such t e s t s  a re  a v a ila b le  
fo r  a  number o f  sp ec ie s  t h e i r  g en era l accep tance has s t i l l  to  be proven.

I n  s i t u  sy s te m s  f o r  t e s t i n g  b io a c c u m u la t io n , e l im in a t io n ,  and to x i c  
e f f e c ts  under n a tu ra l  c o n d itio n s  have been developed and a re  su c c e s s fu lly  
used in  th e  e s tu a r in e  environm ent and t i d a l  f l a t s .  However, t h e i r  o p e ra tio n  
i s  expensive and t h e i r  use w i l l  alw ays be r e s t r i c t e d  to  sp e c ia l  problem s.
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