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ABSTRACT: The majority of organic chemicals identified so far in the sea are pesticides and 
products of technical use; most contain chlorine. Only a limited amount of the actual pollutant load 
is detectable because few data for "unconventional" pollutants are available. In view of the 
considerable structural variety of the large number of chemicals produced, there is a need for 
prediction measurements of bioconcentrafion and toxic effects. Physico-chemical data may be used 
for predicting bioconcentration and life-cycle toxicity tests for the estimation of safe levels. The 
degree of biomagnification via food chains increases with half lives of the pollutants. When 
comparing pollutant concentrations with toxicological data it becomes apparent that estuaries and 
coastal areas deserve special concern, whereas pollutant levels of open ocean waters are unlikely to 
endanger marine life at present. 

INTRODUCTION 

Organic  chemica ls  of an thropogenic  origin are an increas ing  threat  to the mar ine  

envi ronment .  More than 60 000 common chemicals  are in use and some hundred  n e w  

chemicals  pe r  year  wi l l  be  added.  Obviously,  many  of them wil l  reach  estuaries,  

coast l ines and e v e n  the open  sea v ia  w e l l - k n o w n  routes such as rivers, a tmospher ic  

transport  or dumping.  Some of these  chemica ls  exhibi t  cons iderable  pers is tence  in the 

env i ronment  and are p roduced  in large  quant i t ies  on a scale of up to a mi l l ion  tons per  

year,  so that they  have  now become  de tec tab le  compounds  in sea water,  sediments  and 

biota. It is, on the other  hand,  the sensi t ivi ty and specif ici ty of analyt ica l  methods  that  

governs  the degree  of recogni t ion  ol the present  pol lu tant  load in the sea. Many 
compounds  in the sea are still unknown,  but  they may  occur at compara t ive ly  h igh  

concentrat ionsl  others, that  wil l  show up by improved  analyt ical  techniques ,  may  be  of 

neg l ig ib l e  s ignif icance.  

It wou ld  go beyond  the scope ol this paper  to give a comple te  r ev i ew  of the vast  f ield 

of interre la t ions  b e t w e e n  organic  pol lutants  and l iv ing  and dead  mat ter  in the sea. I 

consider  here  the fo l lowing questions:  (a) Which  organic  substances  do actual ly  and 

preferably  occur in the sea and wha t  are their  concentrat ions? (b) What  is their  pr incipal  
fate? {c) What  are the effects that  can be  observed  or expected?  (d) How can the results  be  

used  in a r isk assessment  for these  chemicals?  

The ques t ion  of r isk assessment  has b e e n  emphas ized :  probably  the h igh  product ion  

of organic  chemica ls  wi l l  cont inue and  n e w  compounds  wil l  substi tute those whose  
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environmental  behaviour  is already w e l l  known.  It is therefore necessary  to deve lop  
rel iable laboratory methods for predict ing relationships b e t w e e n  the environmental  
effects and substance parameters. This wi l l  perhaps enable  us to m a k e  more appropriate 
appraisals before a n e w  substance is released.  

SUBSTANCES AND THEIR CONCENTRATIONS 

Organic substances identif ied so far in the sea comprise: (1) pest ic ides  and their 
metabolites; (2) products of technical  use  and their by-products. Figure 1 shows the 
concentrations of various compounds  in the surface water of near-shore waters and the 
open sea. Pollutant concentrations from both areas are compared to demonstrate the 
higher  pol lut ion of estuaries and coastal waters and the di lut ion effects. Levels  in the 
open sea do not exceed  a va lue  of 10 ng  1-1. Exceptions are the phthalate esters 
dibutylphthalate  (DBP) and d i -2 -e thy lhexylphthalate  (DEHP), w h i c h  show compara- 
t ively  h igh  concentrations in the Gulf of Mexico but DBP could not be detected in the 
northern Atlantic  (Giam et al., 1978}. Other chemicals  in Figure 1 ,  such as penta- 
chlorophenol  (PCP), can be detected in the German Bight at low concentrations but may 
be undetectable  in ocean  waters (Weber & Ernst, 1978}; y-hexachlorocyclohexane (y- 
HCH) and its isomer a-HCH may behave  correspondingly.  

Open Sea 

1 0 0 0 -  

DSs --'~ 100-  

DEHP /~ 

Trichlorethylene -- 10- 

a -HCH 
y - HC H 

PCP 

PCB �9 
1- 

Trichloro fluoromethane �9 
Perchlorethylene �9 

Dieldrin 
DDT 

Carbontetrachloride �9 
0,1- 

Te trach loropheno i �9 

Trichlorophenol �9 0,01- 

Estuary, Coast 

DBP 

i DEHP 
--Trichlorethylene 

Carbontetracn• 
1,1,1-Trichlorethane 

--Perchlorethylene 

PCP 

Tetrachlorophenol 

�9 ~-HCH 

a-HCH 
Trichlorophenol 

r / - - H e x a c h l o r o b u t a d i e n e  

PCB 

~k DDT 

Dieldrin 

Fig. 1. Concentration of various organic substances in sea water of the open sea, estuaries and 
coastal areas {after Murray & Riley, 1973; Pearson & McConnell, 1975; Stadler, 1977; Ernst & Weber, 

1978; Giam et al., 1978; Weber & Ernst, 1978} 
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It should  be  no ted  that  va lues  in F igure  1 were  o b t a i n e d  in surface waters  bu t  
concent ra t ions  dec l ine  wi th  inc reas ing  depth .  Va lues  p r e s e n t e d  for es tuar ies  and  coasta l  
wa te r s  are  cons ide rab ly  h igher ;  they  vary  wi th  t ida l  f luxes and  emiss ion  rates.  Poly- 
ch lo r ina ted  b ipheny l s  are  usua l ly  d e t e r m i n e d  gas  ch romatograph ica l ly  v ia  pa t t e rn  
recogni t ion  us ing  PCB-types  such as Aroclor  1254 or C lophen  A 60. More  p rec i se  
eva lua t ion  can be  expec t ed  wi th  g l a s s -cap i l l a ry  gas  chromatography ,  which  more  
effect ively  sepa ra t e s  i nd iv idua l  compounds .  More than  80 different  ch lo rob ipheny l s  
r a n g i n g  from tr ichloro-  to oc tach lo rob ipheny l s  (Zell et al., 1978) were  de t ec t ed  in  l ivers  
of fish from the  North  Sea  us ing  this method.  Hexach lo robenzene ,  not  l i s ted  in F igure  1, 
is a fur ther  po l lu tan t  in the  mar ine  env i ronmen t  and  a l though  its de tec t ion  in mar ine  
an imals  demons t ra tes  its p re sence  in sea  water ,  no quant i t a t ive  da ta  are  r epor t ed  for sea  
water .  It seems  that  at p resen t  only  a minor  par t  of the ac tua l  load  of o rganic  po l lu tan ts  is 
we l l  known.  Group pa r ame te r s  such as o rgan ica l ly  b o u n d  chlor ine  i l lus t ra te  that  for 
example ,  sea  wa te r  from the  Oslo F jord  con ta ined  40-195 ng  1-1 of o rganic  chlor ine  bu t  
only  1-2 ng  1-1 could  be  a s s igned  to PCB as the  most  p rominen t  compound;  s imi lar  
f ind ings  were  m a d e  wi th  o rgan ica l ly  b o u n d  chlor ine  in fish oils (Lunde & Steinness ,  
1975; Lunde  et al., 1975). A load  of more  than  104 tons /yea r  o rgan ica l ly  bound  chlor ine  
as  l ipoph i l i c  o rgan ic  chlor ine  compounds  and  300 tons /yea r  cho l ines te rase  inhibi tors  as 
pa ra th ion  equ iva len t s  are  d i s cha rged  by  the River Rhine; 90 % of these  compounds  wil l  
e scape  gas  ch romatograph ic  de tec t ion  (Poels et al., 1978). Current  ana ly t i ca l  work  in our 
l abora to ry  ind ica tes  that  a n u m b e r  of compounds  p rev ious ly  u n k n o w n  as mar ine  pol lu t -  
ants  can  be  de t ec t ed  in  Nor th  Sea  wa te r  after app rop r i a t e  solvent  ex t rac t ion  and  us ing  
ana ly t i ca l  t echn iques  such as compute r i zed  gas  ch roma tog raphy  c o m b i n e d  wi th  mass  
spect rometry .  The compounds  inc lude  ch lo r ina ted  aromatics ,  o rganophosphorous  com- 
pounds  and  PAH's  (Weber,  in  prepara t ion) .  

BIOCONCENTRATION AND BIOMAGNIFICATION 

Histor ical ly ,  s tudies  on the o r g a n o h a l o g e n  compounds  and  e spec ia l ly  DDT l ed  to 
in tens ive  r e sea rch  on b ioconcen t ra t ion  p h e n o m e n a  in aqua t ic  envi ronments .  Many  d a t a  
have  b e e n  o b t a i n e d  bu t  few are  d i rec t ly  compa ra b l e  be c a use  of me thod i c a l  var ia t ions ,  
e.g. d i f ferences  in species ,  m a i n t e n a n c e  of organisms,  subs tance  concentrat ions ,  t emper -  
ature,  sal ini ty,  subs t ra te  carriers,  k ine t ic  var ia t ions .  Never the less ,  some deta i l s  de r ived  
from these  inves t iga t ions  "may cont r ibute  to the  quant i t a t ive  desc r ip t ion  of the  processes  
of u p t a k e  and  re l ease  of chemica l s  in organisms.  Bioconcent ra t ion  occurs d i rec t ly  by  
up t ake  from wate r  or ind i rec t ly  v ia  food chains.  Most  work  has  b e e n  done  on the former. 
Bioconcent ra t ion  po ten t ia l s  for o rganic  pol lu tants  m a y  be  de sc r ibed  by  the concent ra t ion  
factor (CF), the  ratio of the  concent ra t ion  in an imals  to that  in water .  It is now 
inc reas ing ly  a c k n o w l e d g e d  that  b ioconcen t ra t ion  factors should  be  d e t e r m i n e d  at 
s t eady-s ta te  condi t ions  in order  to ob ta in  ca l cu lab le  data.  

In v i ew of the  m a n y  organic  subs tances  that  are  po ten t i a l  env i ronmen ta l  pol lu tants ,  
it  is not  surpr i s ing  that  a major  ob jec t ive  in this  f ie ld has  b e e n  the  col lec t ion  of bas ic  da ta  
for predic t ions .  A m o n g  the phys i co -chemica l  pa r a me te r s  r ecen t ly  in t roduced  for this 
purpose ,  the  most  p romis ing  are  wa te r  so lubi l i ty  and  par t i t ion  coefficients.  A corre la t ion  
of b ioconcen t ra t ion  factors wi th  wa te r  so lubi l i ty  is p r e s e n t e d  in F igure  2. Al l  va lues  
m e a s u r e d  are  ob t a ined  at s t eady  state from expe r imen t s  wi th  b iva lves  and  fish. The 
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Fig. 2. Correlation between water solubility and bioconcentration factors of organic substances in 
fish and bivalves. Number refer to substances: No. 1, 2, 9 (Vreeland, 1974); No. 3, 4, 5, 10 (Metcalf et 
al., 1975)~ No. 6, 13, 17, 19, 21, 24, 29 (Ernst, 1977); No. 7, 11, 15, 16, 23, 28 (Butler, 1971); No. 8, 14, 

26, 27 (Neely et al., 1974); No. 12, 18 (Mason & Rowe, 1976); No. 22 (Ernst, 1979) 

correlation reveals  that the bioconcentration potential  increases  wi th  decreas ing solubil-  
ity. At present such a relationship must  be regarded as hypothet ical  because  determina- 
t ions of solubi l i t ies  as low as indicated are difficult and contradictory results are reported 
in the literature (Gunther et al., 1968; Wei l  et al., 1974; Haque  & Schmedding,  1975; 
Chiou et al., 1977). 

The use  of partition coefficients for these correlations appears to be more conspicu-  
ous because  the distribution of a chemica l  in an organism can be regarded as a partition 
process operating b e t w e e n  the aqueous  phase  and the organic compartment. Partition 
coefficients for this purpose refer to the n-octanol-water system. Experimental ly ,  they 
can more easi ly  be obtained than solubi l i ty  data and are furthermore calculable  from 
chemica l  structures v ia  fragment constants (Leo, 1975). A correlation of these data with 
bioconcentration factors has b e e n  shown for fish according to the equat ion log (bioconc. 
factor) = 0.542 log (partition coeff.) + 0.124 (Neely  et al., 1974). A similar correlation for 
b iva lves  is exhibited in Figure 3 us ing  partition coefficients from various authors (Neely  
et al., 1974; Leo, 1975; Chiou et al., 1977). It should be noted again that the logarithms of 



Hffects of p e s t i c i d e s  305  

4 

~3 
E 

o 
o 2 

2,4,5,2 ' , 4 ' , 5 ' - Hexachlorobiphenyl ( I ) 

I �9 ...."" 
...... 

......." 
..... 

�9 ...... �9 ........ �9 (6) 

..... ~ , DDT (7) 

...... ~ 3,4,2 -Trichlorobiphenyl 
.... \ \ %  (20) 

........... \ ~  Dieldrin (I 2) 
~ Endrin (18) 

D 

........ ~ Endrin (13) 

:% Dieldrin (17) 
........ ~-HCH (24) 

......... ~ a-HCH (29] 
�9 " 7-HCH (23) 

I I I I 
4 5 6 7 

log p a r t i t i o n  c o e f f i c i e n t  

Fig. 3. Correlation between partition coefficients and bioconcentration factors of organic substances 
in bivalves. Number refer to substances: No. 1, 20 (Vreeland, 1974); No. 6, 13, 17, 24, 29 (Ernst, 

197Y); No. 7, 23 (Butler, 19Yl); No. 12, 18 (Mason & Rowe, 1976) 

15 

70 

o E 

~5 
5 

/" 
/" 

, /  
/ /  

/ 
/ . /  

/ 
//" 

/ . /  
/ / / / / "  

110 20 30 40 50 

Half life (days) 

j# 
i I 

13 
j l  

IJ j 
i I 

iJ j 
j I  

i I  I 

iIP 
jII  

/ It 
pll I I  

....................... Z 

0 70 80 

Fig. 4. Correlation between elimination half lives and biomagnification in two consumer levels. I, II: 
calculated curves for a feeding rate of 3 % of body weight.  Biomagnification factor 1 = 100 % 

additional uptake of substance via food in relation to uptake from water 



306 W. Ernst 

va r i ab les  are  p lo t t ed  and  therefore  these  f igures should  be  used  wi th  some care, but  it 
seems  feas ib le  to der ive  p re l imina ry  informat ion on b ioconcen t ra t ion  p red ic t ion  from 
work  of this  type.  

Food-cha in  t ransfer  of o rganic  pol lu tants  should  not be  n e g l e c t e d  in the  overa l l  
accumula t ion  processes .  A l though  sufficient  resul ts  are  ava i l ab l e  on the s ign i f icance  of 
subs tance  accumula t ion  v ia  food, no c lear -cut  concept ion  can  so far be  ob ta ined  among  
the controvers ia l  sugges t ions  and  results.  

In order  to es t imate  the  share  of b iomagni f ica t ion ,  a mode l  has  b e e n  d e v e l o p e d  
us ing  half  l ives  or e l imina t ion  constants  (Ernst, in prepara t ion) .  In F igure  4 b iomagni f i -  
ca t ion factors from this mode l  are  p lo t t ed  versus  half  l ives  for two subsequen t  consumer  
levels .  A l though  the m o d e l  m a y  b e  a d a p t e d  to va ry ing  paramete rs ,  the  fo l lowing 
assumpt ions  have  b e e n  made :  (a) the concent ra t ion  of the  subs tance  in wa te r  is constant;  
(b) Consumer  II feeds  exc lus ive ly  on Consumer  I at  a constant  da i ly  rate; (c) the  pol lu tan t  
p resen t  in Consumer  I is quan t i t a t ive ly  abso rbed  by  Consumer  II; (d) the  b ioconcent ra -  
t ion factors from wa te r  and  the e l imina t ion  ra te  constants  are  the  same for the  consumers  
and  the processes  are in equ i l ib r ium;  (e) deg rada t i on  of the  subs tance  does not  occur and  
r e l evan t  phys io log ica l  d i f ferences  b e t w e e n  the consumers  do not  exist.  A l though  the 
b iomagn i f i ca t ion  factors in F igure  4 are  over-s impl i f ied ,  some l imi t ing  es t imates  can be  
made .  F igure  4 shows that  subs tances  exh ib i t ing  half  l ives of about  10-20 days  wi l l  at 
most  l e a d  to leve ls  twice  as h igh  as those ob t a ined  v ia  b ioconcen t ra t ion  from water .  A 
subs tan t ia l  inc rease  of one order  of m a g n i t u d e  wil l  occur  only at h igh  half  l ives  but  
ha rd ly  at Consumer  leve l  I. It should  be  no ted  that,  in  contrast  to the  process  of up t ake  
from water ,  more  t ime is n e e d e d  before  the  b iomagn i f i ca t ion  becomes  a p p a r e n t  and  4 to 
5 half  l ives  are  r equ i r ed  to a t ta in  more  than  90 % of the  theore t ica l  value.  

METABOLISM 

The structure of o rganic  molecu les  m a y  be  fundamen ta l l y  modi f i ed  in l iv ing  organ-  
isms. Gene ra l l y  this  resul ts  in the p roduc t ion  of less harmful  substances ,  bu t  it  is poss ib le  
for me tabo l i t e s  to exhib i t  p roper t i e s  more  de t r imen ta l  than  those of the  pa ren t  com- 
pounds ,  e. g. h ighe r  deg rees  of pe rs i s t ence  or e l e v a t e d  toxicity.  In v iew of these  
impor tan t  facts, surpr i s ing ly  l i t t le  work  has  b e e n  done  on metabo l i c  s tudies  in aqua t ic  
spec ies  c o m p a r e d  wi th  ter res t r ia l  species.  This m a y  be  due  to diff icult ies such as h igh  
toxici ty  and  low t ransformat ion rates  for most  o rganic  compounds .  Brodie & M a i k e l  
(1962) s u g g e s t e d  that  fish, for example ,  is l a ck ing  in the  ab i l i ty  to me tabo l i ze  fore ign 
compounds ,  bu t  more recent  f indings  demons t ra te  that  mar ine  spec ies  do i n d e e d  have  a 
m i x e d  funct ion ox idase  sys tem loca ted  in the  microsomes  which  is r e spons ib le  for the 
oxida t ion  of o rganic  compounds  (Pohl et  al., 1974). 

Some pa thways  of me tabo l i c  t ransformat ions  are  shown in F igure  5 for different  
species.  Pen tach lo ropheno l  can  eas i ly  be  con juga t ed  wi th  su lphur ic  ac id  in b iva lves  
(Kobayashi  et al., 1970; Ernst, 1979) or wi th  g lucuronic  ac id  in fish (Gl ickman et  al., 
1977). The ch lo rob ipheny l s  are usua l ly  stable,  e spec ia l ly  the  h ighe r  ch lo r ina ted  ones,  
but  a subs tan t ia l  hydroxy la t ion  was obse rved  in the  mar ine  po lychae te  Nereis  virens 

(Ernst et al., 1977) and  a me thy l su lphone  me tabo l i t e  was  d i scovered  in seals  (Jensen & 
Jansson,  1976). DDE and DDD are  wel l  k n o w n  me tabo l i t e s  of DDT; F igure  5 shows a 
hydroxy la t ion  p roduc t  of DDE i so la ted  from faeces  of seals  (Sundstr6m et al., 1975) and  a 
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methylsulphone metabolite of DDE derived from seal blubber (Jensen & Jansson, 1976). 
Phthalate esters, such as di-2-ethylhexyl-phthalate, may be transformed to mono-esters 
and phthalic acid (Stalling et al., 1973). 

The metabolites shown in Figure 5 are more polar than the parent compounds. When 
w e  go back very briefly to the difficulties in the analysis of pollutants, we  can easily 
conclude that these compounds will  remain undetected in the usual analytical systems 
arranged for non-polar compounds. The initial metabolic modification of the molecule  
wil l  probably facilitate the subsequent total break down. On the other hand, it should not 
be overlooked that a reaction l ike the conjugation of phenols does not alter the structure 
of the compound; in this case, the free phenol will  be available when the conjugate is 
hydrolyzed. 
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TOXICITY 

The occurrence  of o rgan ic  chemica l s  in the  mar ine  env i ronment  requ i res  eva lua t ion  
of the  effects that  t hey  m a y  have  d i rec t ly  on a spec ies  or ind i rec t ly  on the mar ine  
ecosystem. In aqua t ic  toxicology,  the  acute  toxic i ty  test  for inver tebra tes  and  fish enab le s  
es t imat ion  of the  exposure  concent ra t ion  resu l t ing  in 50 % mor ta l i ty  of the  test  an imals  
wi th in  48 or 96 h; it is exp res sed  as LCs0. The  numer i ca l  va lue  of the  LCs0 has  a s sume d  
spec ia l  impor tance  as an  index  of toxicity,  but  w i th  the  incorpora t ion  of h igh ly  pers i s ten t  
subs tances  wi th  h igh  b ioconcen t ra t ion  po ten t ia l s  and  low wa te r  so lubi l i t ies  it  can  
p rov ide  only marg ina l  information.  Toxico log ica l ly  it is i n a d e q u a t e  and  m a n y  b io log ica l  
effects of po l lu tan ts  m a y  not  b e  evident .  W h e n  tes t ing  accumula t i ng  substances ,  the  LCso 
m a y  dec rease  cons ide rab ly  wi th  inc reas ing  exposure  pe r iods  (Eisler, 1970; Holden ,  
1973); ne i the r  this, nor the  poss ib i l i ty  that  the  test  compounds  m a y  evapora te  or be  
adso rbed  to the  wal l s  of the  t anks  in s tat ic  tests, was  suff icient ly cons ide red  in ear ly  
exper iments .  But there  a re  m a n y  other  factors affect ing the LCs0 va lues  of o rganic  
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Fig. 7. Concentration of organic pollutants in water in comparison to toxic concentrations. Concen- 
trations in water and LCs0 values are from Figures 1 and 6. Hatched bars: pollutant concentrations 
in sea water; black bars: toxic concentrations; toxicity data from more sensitive criteria: PCB 

(Aroclor 1254) (Schimmel et al., 1974); pentachlorophenol (Tagatz et al., 1977) 

chemicals  to fish, e. g. species relat ionships,  temperature,  salinity, oxygen concentra-  
tion, deve lopmenta l  stage, physiological  condition, t ime of exposure, as wel l  as experi-  
menta l  condit ions such as cont inuous flow or static exposure. For a n u m b e r  of organic 
compounds  inc lud ing  pest icides and  technical  products, the LC50 values  ob ta ined  for 
fish by  various authors are compiled in  Figure 6. With a few exceptions, va lues  were 
selected for mar ine  species over a 48-h or 96-h period. 

The acute toxicity data have often b e e n  used in  conjunct ion  with so-called safety 
factors of 0.1 to 0.01 to est imate safe concentrat ions of chemicals  for the protection of 
aquat ic  life dur ing  chronic exposure. However,  these factors do not adequa te ly  consider  
the specific toxic actions of the ind iv idua l  substances.  More than  10 years ago the 
concept  of specific appl ica t ion factors was introduced.  This defines the re la t ionship 
be tween  the acute and  chronic toxicity of a chemical;  the accurate est imate of the 
specific appl ica t ion factor for a chemical  can be der ived from ma x i mum acceptable  
toxicant concentrat ions (MATC). The MATC can be de te rmined  in  chronic exposure 
tests i nc lud ing  the most sensi t ive life stages, i. e. embryos and newly  hatched fry, or in  
tests where  an imals  are exposed to the chemical  over their  entire life cycle. Numerical ly,  
the appl ica t ion factor AF is the quot ient  of the MATC and  the 96-h LC50. Appl ica t ion  
factors for some pest icides show that the highest  concentra t ion  without  any toxic effect 
may be more than  two orders of magn i tude  lower than  the 96-h LC50 (Hansen & Parrish, 
1977; Nimmo et al., 1977). 

Levels of pol lutants  in  the env i ronmen t  appear  to be extremely low compared with 
those that prove effective in  toxicological laboratory experiments .  A comparison is made  
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in F igure  Y in order  to t en ta t ive ly  eva lua t e  a toxic po ten t i a l  r e p r e s e n t e d  by  some organic  
chemica l s  in the  sea. The  ac tua l  concentra t ions  of these  pol lu tan ts  in sea  wa te r  cover the  
r ange  from those in the  open  sea  and  estuar ies .  The  e xpe r ime n t a l  toxic concentra t ions  
are  LC50 va lues  for fish or those ob t a ined  by  more  sens i t ive  criteria.  It can be  conc luded  
from F igure  Y that  in  the open  sea  there  are  more  than  four orders  of m a g n i t u d e  b e t w e e n  
env i ronmen ta l  and  any toxic levels ,  a safety m a r g i n  wide  enough  to p rec lude  any toxic 
effect. However ,  these  "safety  marg ins"  a re  subs tan t ia l ly  smal le r  in es tuar ies  and  
coasta l  a reas  and  become  add i t i ona l ly  r e d u c e d  by  the  fo l lowing assumpt ions :  (a) toxic 
act ions mus t  not  b e  cons ide red  for a s ingle  subs tance  bu t  for many  subs tances  s imul tane-  
ously  present ,  each  cont r ibu t ing  an  add i t iona l  toxic potent ia l ;  (b) b iomagn i f i ca t ion  of 
pers i s ten t  compounds  in  the  food cha in  must  be  cons idered;  e spec ia l ly  subs tances  
exh ib i t ing  half- l i fe  t imes  of more  than  about  twen ty  days  may  be  concen t ra ted  in 
p r imary  and  h ighe r  consumers  so that  toxic effects may  occur  at  concentra t ions  lower  
than  those  r ep re sen t ed  in F igure  Y; (c) cer ta in  spec ies  m a y  exhib i t  a h ighe r  deg ree  of 
b ioconcen t ra t ion  than  a test  spec ies  chosen; (d) es tuar ine  sed imen t s  conta in  h igh  
concentra t ions  of pol lu tants  that  contr ibute  to h ighe r  levels  in b io ta  v ia  ben th ic  food 
chains;  (e) po l lu tan ts  which  are  at p resen t  und e t e c t a b l e  wi l l  cont r ibute  to a h ighe r  total  
load  e spec ia l ly  in es tuar ies ;  (f) stress factors, such as low oxygen  concentrat ions ,  wi l l  act 
towards  a h ighe r  toxic potent ia l .  

CONCLUSIONS 

From the resul ts  p r e sen t ed  in  this  p a p e r  the  fo l lowing conclusions  can be  drawn:  
(1) The load  of organic  subs tances  in  sea  water ,  s ed imen t s  and  b io ta  can now be  
m e a s u r e d  b y  h igh ly  spec ia l i zed  ana ly t i ca l  techniques .  Concent ra t ions  in sea  w a t e r  
d e p e n d  on dep th  and  location;  es tuar ies  exhib i t  cons ide rab ly  h ighe r  concent ra t ions  than  
open  sea  water .  
(2) Me tabo l i c  deg rada t i on  does  occur in mar ine  organisms,  even  wi th  h igh ly  pers i s ten t  
molecu les  a l though  to a lesser  extent .  
(3) Predic t ion  of b ioconcen t ra t ion  po ten t ia l s  can  be  ach ieved  by  the use  of par t i t ion  
coefficients  and  so lubi l i ty  data.  Shor t - term e xpe r ime n t a l  work  in this f ie ld wi l l  be  
acce l e r a t ed  by  k ine t ic  approaches .  
(4) Biomagni f ica t ion  of subs tan t ia l ly  pers i s ten t  compounds  a long  food chains  is l ike ly  to 
occur wi th  inc reas ing  e l imina t ion  half  l ives  of the  substances .  
(5) Rela t ionships  b e t w e e n  the acute  96-h LCs0 and  chronic toxici ty  can  be  desc r ibed  by  
specif ic  app l i ca t ion  factors, d e t e r m i n e d  for i nd iv idua l  substances .  
(6) Concent ra t ions  of a n u m b e r  of o rganic  po l lu tan ts  found in the  open  ocean  are  
un l ike ly  to e n d a n g e r  mar ine  life. 
[7) The  es tuar ies  deserve  spec ia l  a t tent ion:  on the  bas is  of chronic toxici ty  da ta  and  
rea l i s t ic  concentra t ions  of the  substances ,  a safety factor of 100-1000 seems  l ike ly  to be  
real is t ic .  A more  de t a i l ed  inves t iga t ion  revea l s  a n u m b e r  of facts that  wi l l  d ras t ica l ly  
reduce  this "safety  marg in" .  In connexion  wi th  f ind ings  that  d isorders  in f ishes are 
increas ing ,  it can be  conc luded  that  es tuar ine  po l lu t ion  m a y  exer t  de t r imen ta l  effects on 
mar ine  organisms.  Because  there  are  st i l l  cons ide rab le  gaps  in our know le dge ,  it is 
difficult  to m a k e  r e l i ab l e  predic t ions .  Basically,  work  in  this  f ie ld  requ i res  gene ra l i za -  
t ion and  s impl i f ica t ion  so tha t  one can v iew the complex i ty  of impor tan t  processes  
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h o l i s t i c a l l y .  O n  t h e  o t h e r  h a n d ,  c o n c e p t s  or  m o d e l s  t h a t  w i l l  a c c o u n t  for  t h e  m a j o r i t y  of 

e x p e r i m e n t a l  f i n d i n g s  w i l l  b e  h e l p f u l  i n  p r o m o t i n g  f u t u r e  r e s e a r c h .  
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