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ABSTRACT

G u id e lin es  fo r  la b o ra to ry  t e s t s  w ith  m arine f i s h  and t h e i r  use  in  
p re v e n tin g  sea  p o l lu t io n  a re  d isc u sse d . H is to r i c a l l y ,  th ey  were used fo r  
id en tify in g  discharges and t id a l  w aters which were acu te ly  to x ic  to  marine 
organisms so th a t  remedial ac tion  could be taken quickly. As gross p o llu tio n  
abated, the need arose fo r  p red ic tiv e  t e s t s  fo r assessin g  the environmental 
im pact o f new ch em ica ls , new d isc h a rg e s  and fo r  s e t t i n g  en v iro n m en ta l 
q u a lity  standards. Because of the problems of measuring su b le th a l and long­
term  e f fe c ts  on f is h , in v erteb ra te  species are  p re ferred  as t e s t  organisms 
and f i s h  t e s t s  rem ain  r e s t r i c t e d  to  m easurem ents o f  a c u te  l e t h a l i t y .  A 
p ressing  need i s  procedures fo r  c o rre la tin g  re s u lts  uf labo ra to ry  t e s t s  on 
m arine o rgan ism s w ith  ev en ts  in  th e  sea  so th a t  r e a l i s t i c  en v iro n m en ta l 
q u a lity  standards may be se t.
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OTTRDDÖCTIC*r

Since th e  i n d u s t r i a l  r e v o lu t io n  a t  th e  b eg in n in g  o f th e  n in e te e n th  
cen tu ry  p o l lu t io n  o f n a tu r a l  w a te rs  has been an ev e r-g ro w in g  problem  but 
only  in  th e  l a s t  t h i r t y  y e a rs  has p u b lic  aw areness led  to  l e g i s l a t i o n  fo r
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i t s  prevention. The p u b lic ity  given to  f is h  k i l l s  ana the disappearance of 
f is h  from stream s, r iv e rs , lakes and e s tu a rie s  h igh ligh ted  the  problem so 
th a t high p r io r i ty  was given by c o n tro llin g  a u th o r it ie s  to  the  re s to ra tio n  
of f is h e r ie s  which are invaluable as a  source o f food and rec rea tio n . I t  is  
no t s u r p r i s in g  th e r e fo r e  th a t  f i s h  were th e  p re fe r r e d  s p e c ie s  used in  
la b o ra to ry  ex p e rim en ts  fo r  id e n t i f y in g  to x ic  d is c h a rg e s  and su b s tan ce s  
a c u te ly  to x ic  to  a q u a tic  o rg an ism s. Having id e n t i f i e d  th e  so u rc es  of 
p o llu tio n  the  q u a lity  of n a tu ra l w aters was g rea tly  improved by trea tm ent of 
discharges to  remove to x ic  m a te r ia ls  or simply banning the  to x ic  discharges.

In many coun tries p r io r i ty  has been accorded to  le g is la t io n  aimed a t 
the  p ro tec tio n  of bodies of fresh w ater which are the sources of high q u a lity  
p o ta b le  w a te r , so e s s e n t i a l  to  man. In  th e  U nited  Kingdom, many h ig h ly  
in d u s t r i a l i s e d  e s tu a r ie s  were s e r io u s ly  po llu ted  by sewage and in d u s tr ia l  
wastes w h ils t co asta l w aters have remained com paratively f re e  of p o llu tio n  
and th e  h ig h  p ro d u c tiv i ty  o f n e a r  sh o re  f i s h e r i e s  has no t been s e r io u s ly  
impaired. Thus, the  p ro tec tio n  of t i d a l  w aters has always lagged behind the 
measures taken to  p ro tec t fresh w ate r and m igratory f is h . I n i t i a l l y ,  sim ple 
and in ex p en siv e  s t a t i c  p ro c ed u re s  w ith  f re s h w a te r  f i s h  were used fo r  
d e tec tin g  to x ic  d ischarges, w h ils t  to x ic  co n stitu en ts  were o ften  id e n tif ie d  
by perform ing p a r a l le l  t e s t s  on major co n stitu en ts  id e n tif ie d  by chemical 
ana lysis . In  th i s  manner, a  s u b s ta n tia l  body of knowledge has been acquired 
over th e  y e a rs  abou t th e  a c u te  l e t h a l i t y  o f chem ica ls  to  many s p e c ie s  o f 
f i s h ,  d e t a i l s  o f t e s t  p ro c ed u re s  and th o se  f a c to r s  w hich in f lu e n c e  
experim ental re su lts .

These s t a t i c  t e s t s  fo r  acu te  le th a l  to x ic ity  provide inform ation about 
th e  c o n c e n tra tio n  o f an e f f lu e n t  or chem ical t h a t  le a d s  to  th e  d ea th  o f a 
p ro p o r tio n  o f  th e  t e s t  s p e c ie s  u n d er th e  c o n d itio n s  o f t e s t ,  and a t  b e s t  
t h i s  in fo rm a tio n  can only  be u sed  to  g iv e  a f i r s t  in d ic a t io n  o f th e  le v e l  
which might be acu te ly  to x ic  in  th e  n a tu ra l environment. I t  i s  not possib le  
to  p red ic t how o ther species are  l ik e ly  to  be affec ted  nor i s  the natu re  and 
degree o f ad v e rse  e f f e c t s ,  a r i s i n g  from lo n g -te rm  (c h ro n ic ) exposure , 
p re d ic ta b le  from  th e  a c u te  t e s t s .  R ecogn ising  th e s e  sh o rtco m in g s , th e  
r e s u l t s  o f s t a t i c  t e s t s  a re  o n ly  used  fo r  s e t t i n g  co n sen ts  f o r  d isc h a rg e s  
a f t e r  ap p ly in g  a s u b s t a n t i a l  s a f e t y  f a c to r .  The a r b i t r a r y  v a lu e  commonly 
a p p lied  in  th e  e a r ly  days o f c o n t r o l  was th a t  th e  c o n c e n tra t io n  in  th e  
receiv ing  water of a p o te n tia lly  le th a l  e fflu en t or co n stitu en t should not 
exceed one-tenth  of the  LC50 measured over 96 h in  the laborato ry . Provision 
was made th a t in  the event of fu r th e r  evidence of d e le te rio u s e f fe c ts  being
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produced from  f i e l d  s tu d ie s  or la b o ra to ry  in v e s t ig a t io n s  more s t r i n g e n t  
s ta n d a rd s  could  be ap p lied . Today in  th e  l i g h t  o f e x is t in g  know ledge very  
much la rg e r sa fe ty  fac to rs  are commonly applied , based la rg e ly  on ex tensive 
laboratory  derived data about to x ic ity  to  in v e rteb ra te  species, as w ell as 
f i e l d  d a ta  r e s u l t i n g  from e c o lo g ic a l  and chem ical m o n ito r in g  o f n a tu r a l  
waters.

A m ajor drawback of th e  s t a t i c  t e s t  i s  m a in ta in in g  c o n s ta n t th e  
concentrations o f ac tiv e  co n stitu en ts  in  the  t e s t  so lu tions since norm ally 
th ey  a re  o n ly  changed once a  day. C o n s ti tu e n ts  may be l o s t  by a e r a t io n ,  
b io lo g ica l breakdown, adsorption e tc . This led to  the early  development of 
c o n s ta n t- f lo w  p rocedures w hich u s u a l ly  e lim in a te  the  problem but requ ire  
very  la rg e  volumes o f t e s t  s o lu t io n s .  The p r a c t i c a l  d i f f i c u l t i e s  o f 
tran sp o rtin g  n a tu ra l w aters and e fflu e n ts  to  the  labora to ry  w ithout change 
in  composition ru les  out th e  use of flow -through procedures fo r  assessin g  
the  to x ic ity  of these w aters. However, flow -through procedures have played a  
valuable p a r t in  laboratory  in v es tig a tio n s  of the to x ic ity  to  f is h  o f s in g le  
su b s tan ces  and m ix tu re s , p a r t i c u l a r l y  on v o l a t i l e  and r e a d i ly  d eg rad ab le  
m ateria ls .

Concern fo r  the marine environment only came in to  prominence in  the  
seven ties fo llow ing the  Stockholm Conference. In  fa c t , a repo rt published in  
1969 by th e  In te rn a tio n a l Council fo r  the  Exploration of the  Sea s ta te s  th a t  
on ly  one co u n try , th e  U nited  Kingdom, had to x i c i ty  t e s t i n g  a p p a ra tu s  in  
continuous use fo r  carry ing  out marine t e s t s  on a  rou tine  b as is . These were 
ac u te  s t a t i c  t e s t s  and th e  r e p o r t  a ls o  d is c u s s e s  th e  need fo r  lo n g e r- te rm  
t e s t s .  S ubsequen tly , th e  developm ent o f new m ethods a s s o c ia te d  w ith  th e  
re g is tra tio n  of p es tic id es , the consenting of discharges to  freshw ater and 
n o t i f i c a t i o n  p ro ced u res  f o r  new ch em ica ls  has led  to  th e  developm ent o f 
improved procedures fo r eco tox ico log ica l te s t in g  w ith freshw ater f is h  and 
many s p e c ie s  o f in v e r te b r a te s .  Many o f th e s e  methods a re  a p p l ic a b le  to  
m arine s p e c ie s  and i t  i s  o f te n  recommended in  t e s t  g u id e l in e s  t h a t  where 
there i s  concern fo r the marine environment the methods should be adapted 
fo r marine f is h  in  seawater. In th e  absence of data fo r  marine species d ata  
fo r freshw ater species are often  used fo r hazard assessment.

There are a  number of tech n ica l reasons why the development of marine 
te s t in g  w ith  f is h  has lagged w e ll behind the  developments w ith  freshw ater 
f i s h .  F i r s t l y  th e r e  i s  th e  d i f f i c u l t y  and th e re fo re  th e  h igh  c o s t  o f 
obtain ing s u ita b le  marine spec ies fo r  te s t in g  a t  a l l  seasons of the  year. A
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f u r th e r  c o m p lica tio n  i s  o b ta in in g  a  s u b s t a n t i a l  and con tinuous supp ly  o f 
seaw ater, f re e  of contamination by chem icals, suspended m atter and plankton. 
Furthermore the growth of marine f i s h  i s  re la t iv e ly  slow, giving l i f e  cycles 
ex ten d in g  over many months or y e a r s ,  so t h a t  any s tu d ie s  of g row th , 
re p ro d u c tio n , e tc . a re  pro longed and th e r e fo r e  expensive . In v e r te b r a te  
species w ith sho rt l i f e  cycles have many advantages over f is h  since sev e ra l 
g e n e ra tio n s  may be te s te d  w ith in  days or weeks, so red u cin g  h an d lin g  
problems and costs. There is  a lso  evidence th a t  many in v erteb ra te  spec ies 
a re  highly s e n s itiv e  to  p o llu ta n ts , such as heavy m etals, since the le v e ls  
shown to  have l i t t l e  or no adverse e f fe c ts  o ften  approach the n a tu ra l le v e ls  
found in  co asta l w aters which are  f re e  o f po llu tio n .

W hilst on th e o re tic a l  grounds i t  i s  h igh ly  d esirab le  to  have av a ilab le  
an extensive b a tte ry  of eco tox ico log ica l t e s t  methods fo r measuring both 
l e t h a l  and s u b le th a l  e f f e c t s ,  th e  f a c t s  a re  th a t  p r a c t i c a l l y  a l l  ro u t in e  
t e s t s  w ith f is h  cu rren tly  used fo r con tro l purposes are re s tr ic te d  to  sh o rt­
term  t e s t s  fo r  l e t h a l i t y .  A p p a ren tly  th e  p r a c t i c a l  needs o f c o n t r o l l in g  
a u th o r it ie s  have not ju s t i f ie d  th e  tim e, e f fo r t  and expense of developing 
other types of te s t s  w ith  marine f is h .

When o c c a s io n a lly  a  need a r i s e s  f o r  t e s t s  o th e r  th an  l e t h a l i t y  to  
marine f is h , in v es tig a tio n s  a re  norm ally of an "ad hoc" nature. Thus, 
th e  method w i l l  depend l a r g e ly  on th e  p h y s ic a l ,  chem ical and b io lo g ic a l  
c h a ra c te r is t ic s  of the p o llu ta n t and w ith species of f is h , indigenous to  the  
receiv ing  w aters. For example, i t  may be necessary to  assess the like lihood  
o f f i s h  becom ing ta in te d  by ch em ica ls  re le a s e d  in to  th e  sea , or av o id in g  
co n tam in ated  w a te rs . From th e  l i t e r a t u r e ,  i t  may be p o s s ib le  to  id e n t i f y  
te c h n iq u e s  which can be ad ap ted  fo r  th e  "ad hoc" in v e s t ig a t io n  or 
a l t e r n a t e l y  th e  in v e s t ig a t io n  may become a re s e a rc h  p ro je c t  where new 
methods are developed and v e r if ie d .

A nother problem  s tem s  from  th e  a b i l i t y  o f a q u a tic  o rgan ism s to  
b io accu m u la te  su b s tan ce s  from  th e  environm ent. I f  t h i s  has d e le te r io u s  
e f f e c t s  on th e  organism  o r i t s  p re d a to rs  th en  th e  su b stan ce  becomes a  
p o l lu ta n t .  T h e re fo re , d e m o n s tra tin g  th a t  a  p a r t i c u la r  su b stan ce  i s  
accum ulated  by f i s h  i s  o n ly  th e  f i r s t  s te p  in  a s s e s s in g  th e  l ik e l ih o o d  o f 
p o l lu t io n .  O bviously o th e r  s p e c ie s ,  p a r t i c u la r l y  th o se  a t  th e  end o f th e  
food c h a in s , a re  p a r t i c u l a r l y  v u ln e ra b le  because o f th e  p o s s i b i l i t y  o f 
biom agnification.
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AIMS AHD QBJBCTIVES

The p rim ary  aim o f e c o to x ic o lo g ic a l  t e s t s  w ith  m arine f i s h  i s  to  
provide s c ie n t i f i c  inform ation which can he used fo r  deciding what a re  the  
a c c e p ta b le  en v iro n m en ta l q u a l i ty  s ta n d a rd s  f o r  ch em ica ls  or m ix tu re s  o f 
ch em ica ls  in  seaw a te r in  o rd e r to  ach iev e  th e  en v iro n m en ta l q u a l i ty  
ob jec tiv e  o f p ro tec tin g  marine f is h  and f is h e r ie s  ag a in st po llu tion .

The IMCO/FAO/UIŒSCO/WMO/WHO/IAEA/UN/UNEP Group o f E x p e rts  on th e  
S c ie n tif ic  Aspects of Marine P o llu tio n  s ta te  th a t  p o llu tio n  of the  marine 
environm ent means " the  in tro d u c t io n  by man, d i r e c t l y  or i n d i r e c t l y ,  o f 
substances or energy in to  the marine environment (includ ing  es tu arie s) which 
re s u lts  in  such d e le te rio u s  e f fe c ts  as harm to  l iv in g  resources, hazards to  
human hea lth , hindrance to  marine a c tiv i ty  including  fish in g , impairment o f 
th e  q u a l i ty  f o r  use o f s e a w a te r , and re d u c tio n  o f a m e n itie s " . Manee and 
O 'Donnell (1983) has d efin ed  th e  en v iro n m en ta l q u a l i ty  s ta n d a rd s , EQS, as 
the  concentration  of a  substance which must not be exceeded i f  a  sp ec if ied  
use of the  aquatic  environment is  to  be maintained.

Since i t  i s  im possible to  reproduce in  the  labo ra to ry  or f ie ld  t r i a l s  
th e  h ighly v a riab le  conditions l ik e ly  to  be found in  e s tu a r ie s  or the  sea, 
p r e d ic t in g  a c c e p ta b le  en v iro n m en ta l q u a l i ty  s ta n d a rd s  must be a  v a lu e  
judgm ent w hich may be h ig h ly  s u b je c t iv e  as f u l l  en v iro n m en ta l d a ta  a re  
u s u a l ly  la c k in g . In  f a c t ,  i t  i s  im p o ss ib le  to  prove c o n c lu s iv e ly  on 
s c i e n t i f i c  grounds th a t  any su b s tan ce  i s  c o m p le te ly  f r e e  o f d e le te r io u s  
e f f e c t s ,  so when s e t t i n g  s ta n d a rd s  i t  i s  common p r a c t ic e  to  app ly  
su b s ta n tia l sa fe ty  fac to rs .

There a re  two b asic  elements in  p red ic tin g  the  lik e lih o o d  of p o llu tio n . 
F ir s t ly ,  th e  maximum concentration  of the  b io lo g ic a lly  ac tiv e  form of each 
p o te n t i a l  p o l lu ta n t  or m ix tu re  in  th e  t i d a l  w a te rs ,  and seco n d ly , th e  
minimum concentration  considered to  be harmful to  marine f is h , the  l a t t e r  
b e in g  d e riv ed  from  th e  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 s .  I f  th e  maximum 
c o n c e n tra tio n  o f th e  p o te n t i a l  p o l lu ta n t  in  sea w a te r  i s  w e ll  below th e  
harmful le v e l measured in  the  labo ra to ry , p o llu tio n  i s  un like ly . However, as 
the  margin of sa fe ty  decreases, th e  g rea te r the care required  when defin ing 
and measuring th e  two elem ents.
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Many p e rtin e n t questions then a r is e . I s  i t  necessary to  s e t  standards 
which w il l  p ro tec t a l l  species of f is h  in  the sea or should the standards be 
re s tr ic te d  to  species found in  th e  area of contaminated seaw ater ? As many 
im portant spec ies spawn offshore w h ils t most discharges a re  made to  inshore 
w a te rs , shou ld  d e le te r io u s  e f f e c t s  on f i s h  eggs and la rv a e  be co n s id e red , 
since they are  frequen tly  much more sen s itiv e  to  p o llu ta n ts  than juven ile  or 
a d u lt  f i s h  ? These problem s a re  u s u a l ly  re so lv e d  p ra g m a tic a l ly  by 
consu lta tion  between a l l  i n t e r e s te d  p a r t i e s ,  c o n t r o l l in g  a u th o r i t i e s  and 
d is c h a rg e rs ,  who j o i n t l y  d ec id e  which s p e c ie s  shou ld  be t e s te d  and th e  
methods. F re q u e n tly  th e re  i s  an ongoing d ia lo g u e  w here a f t e r  i n i t i a l  
in v es tig a tio n s  fu r th e r  experim ental work i s  agreed to  f i l l  gaps in  knowledge 
and to  confirm i n i t i a l  re su lts .

In  th e  p a s t  th e  u se  of s h o r t - te rm  in ex p en siv e  t e s t s  a llow ed  jo in t  
d e c is io n s  to  be tak en  q u ick ly  t o  ab a te  o r p re v e n t g ro ss  p o l lu t io n .  The 
a lte rn a tiv e , the  counsel of p e rfec tio n , u su a lly  e n ta i ls  long delays in  the 
d ec is io n -m ak in g  p ro c ess  and a d d i t io n a l  ex p e n d itu re . I d e a l ly ,  f o r  each 
troph ic  le v e l, th e  most s e n s itiv e  form of the most se n s itiv e  species must be 
i d e n t i f i e d  and lo n g - te r m  t e s t s  d ev e lo p e d  w h ich  w i l l  p e r m i t  th e  
id e n t i f i c a t i o n  o f a  "no d e te c ta b le  e f f e c t"  le v e l  to  be m easured fo r  each 
contaminant or mixture. However, th e re  w il l  always be concern whether or not 
t h i s  id e a l  i s  ach ieved  and th e r e  i s  alw ays th e  p o s s i b i l i t y  o f sy n e rg ic  or 
an tag o n is tic  e f fe c ts  a r is in g  from th e  m u ltip lic i ty  of chem icals in  seawater. 
Thus i t  seem s v e ry  u n l i k e l y  t h a t  an EQS w i l l  e v e r  be s e t  w i th o u t  
incorporating  a  su b s ta n tia l a rb i t r a ry  sa fe ty  fac to r. Once an EQS i s  applied 
i t  c r e a te s  a  p re ced e n t w hich may be ex trem ely  d i f f i c u l t  to  change even 
though ev id en ce  i s  su b seq u e n tly  produced th a t  th e  s ta n d a rd  i s  f a r  too  
s tr in g e n t. Once a  s tr in g e n t standard  i s  u n iv e rsa lly  applied  the opportunity 
may be l o s t  to  p ro d u c e  i n f o r m a t io n  sh o w in g  t h a t  th e  s ta n d a r d  i s  
'in n ec essa rily  severe.

E ffec tiv e  co n tro l o f marine p o llu tio n  may be achieved by applying BQSs 
to  th e  r e c e iv in g  w a te rs . A p rob lem  a r i s e s ,  however, d e c id in g  where in  th e  
sea the  ac tu a l environm ental concentrations should be measured fo r con tro l 
purposes. The sea occupies some th ree -q u a rte rs  of the e a r th 's  surface w ith 
an average depth of two and a  h a l f  m iles, hence in  g lobal term s d ilu tio n  in  
th e  s e a  i s  v i r t u a l l y  i n f i n i t e .  F u rth erm o re , th e  c o n c e n tra t io n  o f most 
su b s tan ce s  e n te r in g  th e  s e a  i s  reduced  by n a tu r a l  ch em ica l, p h y s ic a l  and 
b io lo g ic a l  p ro c e s se s . Thus f o r  c o n t r o l  p u rp o s e s  th e  e n v iro n m e n ta l  
concentration  o f a  substance must be re la ted  to  a  p a r tic u la r  body of w ater.
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In  e s tu a r ie s  and embayments i t  may be p o s s ib le  to  m easure s te a d y  s t a t e  
concentrations w ith in  a  p a r tic u la r  sec to r but in the open sea where th ere  
a re  few p h y s ic a l c o n s t r a in t s  on m ixing p ro c e sse s , th e  c o n c e n tra t io n  w i l l  
decrease w ith d istance from the  po int of entry.

At a  s p e c if ie d  tim e th e  p r e c is e  d i l u t i o n  a ffo rd ed  w i l l  depend on th e  
lo c a l  m e te o ro lo g ic a l and t i d a l  c o n d itio n s  th u s  th e  c o n c e n tra t io n  o f  a 
p o llu tan t w il l  vary both tem porally  and s p a tia l ly . The area around th e  po in t 
o f  e n try , th e  zone o f i n i t i a l  d i lu t io n ,  i s  u s u a l ly  d efin ed  as th e  m ixing 
zone, and subsequently as the d ilu ted  plume moves away, secondary d ilu tio n  
and d isp ersa l take place due to  n a tu ra l turbulence and d iffu s io n  processes. 
There is  a  re la tio n sh ip  between the  i n i t i a l  and secondary d ilu tio n . I f  the 
i n i t i a l  d ilu tio n  i s  sm all, secondary d ilu tio n  w il l  be very la rg e , bu t should 
the  i n i t i a l  d ilu tio n  be la rge , the  secondary d ilu tio n  w i l l  correspondingly 
be reduced. The magnitude of d ilu tio n  and d isp ersa l processes in  the co a s ta l 
w a te rs  o f th e  UK i s  such th a t  from a  p o in t  sou rce  o f d is c h a rg e , i f  th e  
i n i t i a l  d ilu tio n  o f a  conservative substance is  of the order of one hundred 
in  th e  m ixing zone, secondary  d i lu t i o n  w ith in  hours w i l l  u s u a l ly  be a 
fu r th e r thousand tim es or more and eventually  concentrations w i l l  f a l l  to  
background le v e l s .  C onsequen tly , c o n tro ls  a re  u s u a l ly  a p p lie d  in  such a 
manner th a t any d e le te rio u s  e f fe c ts  are contained w ith in  the  mixing zone, 
w ith the knowledge th a t away from the  mixing zone de tec tab le  e f fe c ts  w i l l  be 
t r a n s i t io n a l  and minimal. The problem i s  defin ing  the  s iz e  and p o s itio n  of 
th e  m ixing zone, which changes w ith  th e  t i d a l  c o n d it io n s , how ever, i t  i s  
u sually  a very sm all p a r t of the  surrounding sea.

With th e  knowledge th a t  d i l u t i o n  and d is p e r s a l  r a p id ly  reduce 
en v iro n m en ta l c o n c e n tra tio n  away from  th e  o u t f a l l  a re a , and t h a t  many 
su b stan ces  a re  broken down or ch e m ic a lly  changed in  ê e a w a te r , th e  
p o s s ib il i ty  of long-term  su b le th a l e f fe c ts  assume le s s  p ra c tic a l  importance 
than  th e  problem  o f  d e le te r io u s  e f f e c t s  w ith in  th e  m ixing zone. T h is  i s  
undoubted ly  an o th e r reaso n  fo r  th e  la c k  o f in fo rm a tio n  in  th e  l i t e r a t u r e  
about ch ro n ic  e f f e c t s  o f  p o l lu ta n ts  on m arine f i s h .  F u rth e rm o re , f i e l d  
in v e s t ig a t io n s  show th a t  th e  e f f e c t s  o f  man-made changes in  th e  s e a  a re  
u s u a lly  very  sm a ll compared w ith  th e  n a tu r a l  changes c o n s ta n t ly  ta k in g  
place. C ontro lling  a u th o r it ie s  preoccupied w ith the  problems of the  mixing 
zone, may be aware of these o ther asp ects , but ra re ly  have the  resources fo r 
th e i r  in v e s tig a tio n .
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B iological or chemical m onitoring of the e f fe c ts  of p o llu tan ts  in  the 
sea is  tech n ica lly  d i f f ic u l t  and expensive. I t  i s  an area where much fu r th e r 
re se a rc h  i s  re q u ire d  to  v e r if y  t h a t  s u b le th a l  e f f e c t s  measured d u rin g  
ecotoxico logical te s t in g  have re a l  s ig n ifican ce  fo r the na tu ra l environment. 
Are they d e le te rio u s and th e re fo re  p o llu tin g  ?

TYPES OP EOOTQXICX3LOGICAL TESTS WITH PISH AND STANDARDISATION

Over the  years th e re  has been a  p ro l ife ra t io n  in  the number and types 
of t e s t s  ava ilab le  and th is  has led  to  a  need fo r stan d ard isa tio n  o f t e s t s  
to  meet s p e c i f ic  pu rp o ses. The a im s o f s ta n d a r d is a t io n  a re  to  en su re  th a t  
the methods are tech n ica lly  sound, th a t  re s u lts  from d iffe re n t lab o ra to rie s  
are comparable, and to  provide an equ itab le  b asis  fo r s e t t in g  environm ental 
q u a lity  standards or consenting discharges.

Two main ty p es  o f t e s t  a re  a p p a re n t, a c u te  and ch ro n ic . The a c u te  
to x ic ity  of a substance in  the aqua tic  environment i s  normally expressed as 
the concentration of a  substance in  the w ater which has a  harmful e f fe c t  on 
50 $ of a  batch of t e s t  organisms in  a  sh o rt exposure tim e, re la t iv e  to  the 
liv e  span of the f is h . The normal exposure tim e i s  % h so th a t t e s t s  can be 
completed w ith in  the working week. Chronic to x ic i ty  is  th a t  re su lt in g  from 
much lo n g er p e r io d s  o f exposure u s u a l ly  a t  l e a s t  s e v e ra l  weeks w hich i s  a 
s ig n if ic a n t proportion of the l i f e  span of the fish .

A f u r t h e r  c a t e g o r i s a t i o n  o f  t e s t s  b a se d  on e f f e c t  i s  common, 
d is tin g u ish in g  between le th a l  ( in  which d ea th  i s  th e  observed phenomenon) 
and su b le th a l ( le s s  than death) which includes e ffe c ts  on behaviour, growth, 
re p ro d u c tio n , b io c h e m is try , and p h y sio logy . Thus i t  i s  p o s s ib le  to  have 
acute le th a l  t e s t s ,  chronic su b le th a l and so on.

Within each type of t e s t s  th e re  are many d if fe re n t methods which might 
be used depending, fo r  example, on the spec ies involved or the p rec is io n  of 
th e  r e s u l t s  re q u ire d . The most w id e ly  a p p lie d  t e s t  rem ains th e  a c u te  t e s t  
fo r  l e t h a l i t y ,  b u t a  la rg e  p a r t  o f  th e  p h ilo so p h y  and fu n d am en ta ls  a re  
common to  a l l  types of t e s t s  w ith  f is h . Consequently, during the p ast decade 
many w orking groups a s s o c ia te d  w ith  bo th  in te r n a t io n a l  and n a t io n a l  
o rgan isa tions (ISO, OECD, EIFAC, EPA in  the  USA, Department of Environment 
in  the UK, etc.) have been s e t  the task  of p reparing standard procedures fo r
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f i s h  t e s t s  b u t th e  outcome i s  u s u a l ly  a  s e t  o f g u id e l in e s  or recommended 
procedures. These provide a  broad framework fo r  t e s t s ,  leav ing  the d e ta i ls  
to  the operating  laboratory.

GUIDELINES PGR PEffi TESTS

Numerous p u b lic a t io n s  (EIFAC, 1975 ; FAO, 1977, 1981) a re  a v a ila b le  
d e s c r ib in g  g u id e lin e  p ro ced u res  fo r  la b o ra to ry  t e s t s  w ith  f i s h ,  and th e  
fu ndam en ta ls  apply  e q u a lly  to  bo th  f r e s h w a te r  and m arine sp e c ie s . The 
o p e ra to r  i s  g iven  wide d i s c r e t io n  in  co n d u c tin g  th e  t e s t s ,  hence w e ll  
balanced  judgm ent based on sound p r a c t i c a l  ex p e rien ce  i s  re q u ire d  i f  th e  
optimum inform ation is  to  be obtained from a  sp e c if ic  in v estig a tio n . Various 
aspects of the  gu idelines a re  b r ie f ly  considered in  order to  h ig h lig h t some 
o f th e  d i f f i c u l t i e s  w ith  t e s t s  on m arine f i s h  and th o se  f a c to r s  which 
determ ine th e  p recision  and accuracy of the  re s u lts .

CONDITIONS OP TEST 

S p e c ie s

A v a ilab ility  of species in  adequate numbers a t  a l l  seasons of the year 
i s  a m ajor problem , and o f th e  many thousands o f d i f f e r e n t  s p e c ie s  which 
frequent the  seas only a  few tens of species have been used fo r  labora to ry  
in v estig a tio n s. The s e n s i t iv i ty  of the se lec ted  species depends on i t s  age, 
s i z e  and p re v io u s  h is to ry .  The most w id e ly  used  so u rce  o f m arine f i s h  i s  
c o l le c t io n  from  th e  w ild  so t h a t  th e  a v a i l a b i l i t y  o f  eggs, la rv a e  and 
juven ile  forms is  u su a lly  r e s tr ic te d  to  a few weeks in  the year. A r t i f ic ia l  
spaw ning may be induced in  com m ercial or la b o ra to ry  re a re d  s to c k s  to  
overcome th e  problem s o f a v a i l a b i l i t y .  W hatever th e  so u rc e , ca re  must be 
taken to  elim ina te  diseased or damaged stock and w h ils t i t  i s  desirab le  to  
have some m easure o f th e  c o n d itio n  o f th e  t e s t  o rganism s t h i s  i s  r a r e ly  
achieved w ith marine f ish . Provided co n tro ls  survive the experim ental period 
w ith  l e s s  th an  10 # m o r ta l i ty ,  i t  i s  u su a l to  assume t h a t  a l l  th e  t e s t  
organisms are  not unduly s tre ssed , except by the  t e s t  substance.

S tr e s s  i s  l i k e l y  to  develop i f  f i s h  a re  s ta rv e d  fo r  lo n g  p e r io d s  bu t 
s ta r v a t io n  i s  u n l ik e ly  to  be o f s ig n i f ic a n c e  d u rin g  a c u te  t e s t s .  When 
feeding takes place during chronic t e s t s  th e re  may be a  su b s ta n tia l increase 
in  th e  u p tak e  o f th e  t e s t  su b s tan ce  and co n seq u en tly  an in c re a se  in
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to x ic ity . This w il l  depend on the nature of the t e s t  substance, the type of 
food and th e  freq u en cy  o f feed in g . I t  i s  u n l ik e ly  t h a t  f i s h  from th e  w ild  
w il l  be acclim ated to  the con tro lled  conditions of the labo ra to ry  and tim e 
i s  re q u ire d  to  a llo w  fo r  a d a p ta tio n  to  th e  ex p e rim e n ta l regim e o f w ate r 
tem perature, dissolved oxygen and q u a lity  of water.

T e st apparatus

M a te r ia ls  of c o n s tru c tio n  a re  o f g r e a te r  im p o rtan ce  th an  w ith  
freshw ater t e s t s  because of the corrosive  nature o f seaw ater, hence p la s t ic s  
are often  used which contain chemical s ta b i l is e r s  which may leach out and 
have d e le te rio u s  e ffe c ts , p a r t ic u la r ly  on eggs and larvae. Test containers 
must n o t be such a  shape and s i z e  to  r e s t r i c t  th e  a b i l i t y  o f th e  f i s h  to  
move f r e e ly  (a  p a r t i c u la r  problem  w ith  f l a t f i s h )  and should  ho ld  a 
s u f f i c i e n t  volume o f th e  t e s t  s o lu t io n  so th a t  th e  c o n c e n tra tio n  of t e s t  
substance and dissolved oxygen are not unduly reduced during the te s t .

D ilu tio n  w ater

A v a ilab ility  of adequate su pp lies  of seaw ater a t  inland s i te s  presen ts 
many p ra c tic a l  problems, p a r t ic u la r ly  tran sp o rt, w h ils t supplies taken from 
c o a s ta l  w a te rs  may be p o llu te d  o r  co n tam in ated . F o llo w in g  tre a tm e n t  to  
remove ex cess m e ta ls , s y n th e t ic  sea w a te r  may be s u i t a b l e  fo r  s h o r t- te rm  
te s t s  but v i t a l  co n s titu en ts  may be lacking which may produce undue s tre s s  
d u rin g  ch ro n ic  t e s t s .  M o n ito rin g  th e  l e v e ls  o f t r a c e  co n tam in an ts  in  
seawater supp lies i s  h ighly  d e s irab le  but th is  i s  freq u en tly  very d i f f ic u l t  
and expensive.

T e st s o lu t io n s

Prelim inary  so rtin g  t e s t s  w ith  f is h  are necessary in  order to  s e le c t 
the  optimum concentrations of t e s t  so lu tions and the concentrations should 
be m a in ta in e d  c o n s t a n t  th ro u g h o u t  th e  t e s t .  A t l e a s t  d a i l y ,  th e  
concentrations should be monitored by chemical an a ly sis . During s t a t i c  te s ts  
s u b s ta n t i a l  changes in  t e s t  c o n c e n tra tio n s  o ften  occur, due to  b io lo g ica l 
breakdown, ae ra tio n , etc. Changes a re  le s s  l ik e ly  in  flow-through t e s t s  but 
even so m o n ito r in g  c o n c e n tra t io n s  by chem ical a n a ly s is  i s  d e s ir a b le  even 
though r e l i a b l e  d o sin g  equipm ent i s  used fo r  p re p a r in g  s e r i a l  s o lu t io n s .  
Problem s f r e q u e n t ly  a r i s e  b ecau se  o f th e  l im i te d  s o l u b i l i t y  o f th e  t e s t  
substance in  seaw ater and recourse may be made to  the  use of lo w -to x ic ity
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so lvents fo r preparing stock so lu tio n s of high concentration . Tile presence 
o f th e se  s o lv e n ts  in  th e  t e s t  s o lu t io n s  may have an e f f e c t  on th e '-r a te  o f 
e n try  o f th e  t e s t  su b s tan ce  in to  th e  f i s h  w hich may in v a l id a te  th e  
experim ental re su lts .

The cost o f developing and applying se n s itiv e  a n a ly tic a l  techniques fo r  
m o n ito rin g  t e s t  su b s tan ce s  and co n tam in an ts  in  sea w a te r  i s  n o rm ally  f a r  
g rea te r than fo r  freshw ater. In p ra c tic e  chemical an a ly sis  may re s u lt  in  the 
t o t a l  c o s t  o f  an in v e s t ig a t io n  b e in g  doubled or t r e b le d .  Many months of 
p a tien t research  using very expensive a n a ly tic a l equipment may be necessary 
to  develop and v a l id a te  a s e n s i t i v e  tech n iq u e  fo r  m easu ring  very  low 
c o n c e n tra tio n s  o f complex o rg a n ic  compounds such as p e s t i c id e s ,  weed 
k i l le r s ,  e tc . in  seawater.

ÏTOCHMR8

T est o rgan ism s a re  n o rm a lly  s e le c te d  a t  random from  s to c k  and 
d is tr ib u te d  randomly w ith in  the t e s t  containers. F a ilu re  to  randomise the 
animals may decrease the p rec is io n  of the t e s t  since se le c tio n  o f a c tiv e  or 
inac tive  in d iv id u a ls  can e a s ily  occur and lead to  nonuniform d is tr ib u tio n  in  
t e s t  con tainers.

P re c is e  d e f in i t io n  o f th e  e f f e c t  under s tu d y  i s  im p e ra tiv e . For 
example, in  a c u te  l e t h a l  t o x i c i t y  t e s t s  ca re  m ust be tak en  to  d e f in e  th e  
c r ite r io n  to  measure death. C essation of opercular movement fo r  a  period of 
ten  seconds i s  a  common c r ite r io n . Controls are  e s s e n tia l  fo r  comparison of 
e f fe c ts  and an acute t e s t  would be invalidated  i f  more than 10 % m o rta lity  
were recorded in  the con tro ls. F a ilu re  to  m aintain constan t the  d issolved 
oxygen c o n c e n tra t io n ,  w a te r te m p e ra tu re , s a l i n i t y ,  and pH o f th e  t e s t  
so lu tio n  may influence the  r e s u l ts  and should be monitored throughout the 
t e s t .

RESOUS

There are  numerous methods o f  recording and ca lc u la tin g  the  r e s u lts  of 
t o x i c i ty  t e s t s  on f i s h  and d e r iv in g  s t a t i s t i c a l  d a ta . The method s e le c te d  
w i l l  depend on th e  u se  to  be made o f th e  d a ta  b u t th e re  i s  much common 
ground amongst the methods accep tab le  to  co n tro llin g  a u th o r itie s .
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Toxicity i s  u su a lly  expressed in  term s of the concentration which w il l  
produce a sp ec ified  e f fe c t  in a  sp ec if ie d  proportion of the population a f te r  
a  s p e c if ie d  tim e . The measured s t a t i s t i c  fo r  a p o p u la tio n  re sp o n se  i s  
u sually  the median, thus where a  death i s  the response i t  becomes the  median 
le th a l  concentration, the LC50. The concentrations are commonly ca lcu la ted  
f o r  24, 48 and 96 h s in c e  the  c o n c e n tra tio n - re s p o n s e  r e la t io n s h ip s  a re  o f 
importance. I f  the  concentration-response re la tio n sh ip  p lo tte d  on a  lo g -lo g  
paper i s  c u rv ilin ea r and becomes asym ptotic to  the tim e ax is, the  asym ptotic 
concentration can be in te rp o la ted . This value has probably g rea te r p ra c tic a l  
and th e o re tic a l  s ig n ifican ce  than a  LC50 a t  some a rb itra ry  tim e, s ince i t  
g iv e s  a  p re lim in a ry  in d ic a t io n  o f  th e  c o n c e n tra tio n  which must n o t be 
exceeded i f  the death of the t e s t  sp ec ies i s  to  be avoided.

ACCURACY AND PFDBCISICH

One o f th e  b a s ic  re q u ire m e n ts  o f a l l  ex p e rim en ta l r e s u l t s  i s  a 
knowledge o f th e  p re c is io n  of th e  method and th e  accu racy  o f th e  r e s u l t s .  
The p rec isio n  of th e  method i s  u su a lly  expressed as the confidence l im i ts  on 
th e  range o f v a lu e s  w ith in  w hich , a t  a  g iven le v e l  o f  s t a t i s t i c a l  
p ro b ab ility , the re s u lts  from subsequent t e s t s  w il l  f a l l ,  using  ex ac tly  the 
same experim ental conditions, and an equally  rep resen ta tiv e  batch of f ish . 
Changes in  the experim ental cond itions or in  the s u s c e p tib il ity  of the  batch 
o f  f i s h ,  could g iv e  r e s u l t s  o u ts id e  th e  range exp ressed  a s  co n fid en ce  
l im i ts .

The accu racy  o f  th e  r e s u l t s  i s  b e s t  determ ined  by r e p l i c a t io n  o f th e  
ex p e rim en ts  under e x a c t ly  th e  same e x p e rim en ta l c o n d itio n s  so t h a t  th e  
v a r ia b i l i ty  of response o f d if f e re n t  batches of f is h  can be measured.

Because the  resources fo r  t e s t in g  are  lim ited , a  balance u su a lly  has to  
be m aintained between a  few t e s t s  o f  high p rec ision  or more t e s t s  of lim ite d  
p rec ision , which give some idea o f accuracy. In  any event a l l  e f fo r ts  should 
be made to  r e p l i c a t e  a l l  t e s t s .  D a ta  fo r  th e  accu racy  and p r e c is io n  o f 
marine t e s t s  i s  lack ing  bu t some in d ic a tio n  i s  forthcoming' from rin g  t e s t s  
w ith  f re s h w a te r  f i s h .  In  1979 th e  Commission o f th e  European Community 
organised a r in g  t e s t  involv ing  51 lab o ra to ries . An ISO d ra f t p ro toco l was 
th e  b a s is  fo r  m easuring  th e  a c u te  t o x i c i ty  o f f iv e  s p e c ia l ly  s e le c te d  
chem ica ls  to  th e  ze b ra  f i s h  Brach.ydanio r e r io  em ploying a  s t a t i c  t e s t  
p rocedure . S t a t i s t i c a l  a n a ly s i s  o f  th e  r e s u l t s  showed th a t  th e  s ta n d a rd  
deviation fo r re p ro d u c ib ility  between the  d iffe re n t lab o ra to rie s  i s  of the
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o rd e r o f 20 % o f th e  LC50 a t  24 h fo r  su b s ta n c e s  such a s  p o tass iu m  
d ichrom ate  which a re  re a d i ly  s o lu b le  in  w a te r. As th e  s o l u b i l i t y  o f t e s t  
substance decreases the range of re s u lts  becomes much wider. Thus, a t  b est, 
the r a t io  of the h ighest 1050 to  the low est 1050 measured in  the d iffe re n t 
l a b o r a to r ie s  m ight be expected  to  l i e  w ith in  a  f a c to r  o f two. T h is  i s  a  
measure of the accuracy of the t e s t  method.

I t  ap p ears from  s t a t i s t i c a l  a n a ly s is  o f a l l  th e  r e s u l t s  t h a t  th e  
p rec isio n  of the t e s t  method i s  s a tis fa c to ry  since the  standard dev ia tion  
fo r  r e p e a t a b i l i t y  i s  on ly  10 % of th e  LC50 a t  24 h. T his in d ic a te s  t h a t ,  
w h ils t a  given laborato ry  may record a high degree of p recision , i t  does not 
n ecessa rily  follow  th a t  th e re  i s  a correspondingly high degree of accuracy. 
A laborato ry  may record l i t t l e  s c a tte r  amongst re s u lts  of re p lic a te  te s t s  
c a r r ie d  ou t over a p e r io d  o f s e v e ra l  weeks, b u t v a lu es  may d i f f e r  
su b s ta n tia lly  from one laborato ry  to  the next or a t  d if fe re n t seasons o f the 
year in  the  same laboratory .

Obviously, the range of re s u lts  would be f a r  wider i f  d if fe re n t species 
of f is h  were used by each laborato ry  or d if fe re n t  forms of the same species, 
nam ely eggs, la rv a e ,  ju v e n i le s  or a d u l t s .  Thus v a lu es  o f th e  LC50 f o r  a 
named substance quoted in  the l i te r a tu r e  may extend over several o rders of 
magnitude.

APPLICATION OP BOOTQXICCELOGICAL TESTS WITH MARINE ETUf 

SETTING HJVIRCHMENTAL QUALITY STANDARDS : EQSs

There i s  a  grow ing need fo r  en v iro n m en ta l q u a l i ty  s ta n d a rd s  fo r  
e x is t in g  su b s tan ce s  and new ch em ica ls  w hich may co n tam in a te  or p o l lu te  
seawater. Under EC le g is la t io n  i t  i s  necessary to  define EQSs fo r  a l l  grey 
l i s t  m e ta ls , and th e  f i r s t  s te p  i s  a su rvey  o f th e  s c i e n t i f i c  l i t e r a t u r e .  
Table I  has been prepared from two recen t surveys, Taylor (1982) and Manee 
and O'Donnell (1983), which summarise a l l  av a ilab le  data about the le v e ls  of 
th e  m e ta ls  copper, chromium , z in c ,  le a d , n ic k e l ,  and a r s e n ic  w hich a re  
acu te ly  or ch ron ically  to x ic  to  marine f is h  or marine in v erteb ra tes . Surveys 
o f o th e r  su b stan ces  would be expected  to  re v e a l  a  s im i la r  p a u c ity  o f 
re levan t inform ation. A number of im portant po in ts  a r is e  from the ta b le  :
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(a) I t  shows th a t data fo r acute to x ic ity  are re s tr ic te d  to  a t o ta l  of 
ten  species of marine f is h  but fo r any one metal the number of t e s t  
species is  f a r  le ss .

(b) l i t t l e  r e le v a n t  in fo rm a tio n  i s  a v a i la b le  abou t th e  ch ro n ic  
to x i c i ty  o f th e se  m e ta ls  to  m arine f i s h .  What in fo rm a tio n  i s  
av a ilab le  comes la rg e ly  from extended t e s t s  fo r le th a l  e f fe c ts . Par 
more inform ation is  av a ila b le  about chronic su b le th a l e f fe c ts  on 
in v erteb ra te  species, mainly e f fe c ts  on growth and reproduction.

(c) Values of the  IC50 fo r 96 h show th a t in v erteb ra te  species a re  in 
general f a r  more se n s it iv e  to  the d e le te rio u s e f fe c ts  of the m etals 
th an  th e  few named s p e c ie s  o f m arine f i s h .  The d if f e re n c e  
freq u en tly  exceeds a fa c to r  of 10.

(d) I f  the low est recorded concentration  fo r chronic adverse e f fe c ts  on 
th e  most s e n s i t iv e  s p e c ie s  o f in v e r te b r a te  i s  compared w ith  th e  
l im i te d  d a ta  f o r  a c u te  l e t h a l i t y  to  m arine f i s h ,  i t  ap p ears  th a t  
m arine f i s h  a re  r e l a t i v e l y  in s e n s i t iv e  to  th e  e f f e c t s  o f  th e  
m etals.

D i f f i c u l t i e s  a r i s e  when a t te m p tin g  to  use  th e  r e s u l t s  o f  la b o ra to ry  
te s ts ,  p a r tic u la r ly  chronic su b le th a l e f fe c ts  on in v e rteb ra te s , fo r  s e t t in g  
EQSs. W hilst i t  may be c le a r ly  dem onstrated in  the laborato ry  th a t prolonged 
exposure to  very  low c o n c e n tra t io n s  o f m e ta ls  may have an e f f e c t  on th e  
v i t a l  functions o f t e s t  organisms, i t  does not n ecessa rily  fo llow  th a t  such 
e f f e c ts  occur in  th e  sea  w ith  s u f f i c i e n t  i n te n s i ty  to  be reg ard ed  as 
d e le te rio u s . The d i f f ic u l ty  i s  dec id ing  the  boundary between acceptable and 
unacceptable e f fe c ts , a  su b jec tiv e  decision. Should i t  be decided to  s e t  the 
s ta n d a r d  a t  th e  l e v e l  o f  "no d e t e c t a b l e  e f f e c t"  d u rin g  la b o ra to ry  
experiments i t  would be the s e n s i t iv i ty  of the method which determ ines the 
acceptable lev e l. How th is  r e la te s  to  events in  the  n a tu ra l environment is  
un lik e ly  to  be known.

W h ils t d a ta  on to x i c i ty  to  m arin e  f i s h  a re  u s u a l ly  l im i te d  to  l e t h a l  
e f fe c ts , they provide the  t r a d i t io n a l  s ta r t in g  point fo r s e t t in g  r e a l i s t i c  
EQSs. Comparison of the  LC50 fo r  f i s h  w ith  the le v e ls  fo r  su b le th a l e f fe c ts  
on in v e r te b r a te  s p e c ie s  g iv e s  some gu ide to  th e  m agnitude o f  th e  s a f e ty  
fac to r which should be applied . Prom Table I i t  w il l  be seen th a t  acceptable 
sa fe ty  fa c to rs  may vary from one to  several orders of magnitude. Obviously 
each s ta n d a rd  must be judged on th e  m e r i ts  o f th e  d a ta . A nother s t a r t i n g  
point fo r deciding EQSs fo r  m eta ls  is  th e i r  n a tu ra l le v e l in  seaw ater. The 
difference between th e  n a tu ra l l e v e l  and the  EOS in d ica tes  the  magnitude of
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the window fo r man-made inputs. In the  absence of adequate eco tox ico log ica l 
inform ation th ere  is  a n a tu ra l tendency to  r e s t r i c t  the s iz e  of the  window 
and so reduce th e  p r o b a b i l i ty  o f p o l lu t io n .  However, i t  i s  u n l ik e ly  th a t  
s o c ie ty  w i l l  be p rep ared  to  pay th e  c o s ts  o f im plem enting  u n n e c e s s a r i ly  
s tr in g en t standards and a  balance has to  be maintained between r e a l i s t i c  and 
u n re a l is t ic  environmental q u a lity  ob jec tives.

DISCHARGES KRCM LAND-BASH) SOURCES AND QFFSEKE PTATFQRïe

The con tro l of discharges of liq u id  e fflu en ts  in to  the sea from land- 
based sources and offshore p latform s i s  norm ally achieved through a  consent 
or l ic e n c e  given  by a  lo c a l  or n a t io n a l  a u th o r i ty  in  accordance w ith  
In te rn a tio n a l Conventions. A consent normally s t ip u la te s  the  maximum ra te  of 
discharge and the maximum concentration  o f each co n stitu en t together w ith 
any o th e r  c o n d itio n s  w hich a re  n ec e ssa ry  to  p re v en t p o l lu t io n .  I f  th e  
d ilu tio n  in  the mixing zone i s  ca lcu la ted  from hydrographical da ta  -and .the 
q u a lity  of the rece iv in g  w aters taken in to  account then consent conditions 
may be s e t  to  ensure th a t environm ental q u a lity  standards are not exceeded 
outside the mixing zone.

U n fo r tu n a te ly , EQSs fo r  th e  m a jo r ity  o f su b s tan ces  have no t been 
agreed , and th e re  i s  alw ays th e  p o s s i b i l i t y  o f sy n e rg ic  or a n ta g o n is t ic  
e f f e c t s  betw een d i f f e r e n t  w aste s  or co n stitu en ts  of the receiv ing  w aters. 
Recognising th is ,  c o n tro llin g  a u th o r it ie s  normally requ ire  measurements "txv 
be made of the  acute to x ic i ty  o f  re p resen ta tiv e  samples of the discharge to  
ind igenous s p e c ie s  o f f i s h  in  o rd e r to  a s s e s s  th e  minimum d i lu t io n  in  th e  
sea to  prevent acu te ly  to x ic  e f fe c ts .  I f  the  o u tfa l l  i s  constructed  so th a t 
t h i s  minimum d i lu t io n  i s  ra p id ly  exceeded w ith in  th e  m ixing zone, 
c o n t r o l l in g  a u t h o r i t i e s  a re  u n l ik e ly  to  w ith h o ld  t h e i r  co n sen t fo r  th e  
d isch a rg e . I f  f u r th e r  e c o to x ic o lo g ic a l  d a ta  a re  re q u ire d  abou t ch ro n ic  
e f f e c t s  on ind ig en o u s s p e c ie s  o f f i s h ,  th en  w ith  th e  agreem ent o f th e  
co n tro llin g  au th o rity  "ad hoc" in v es tig a tio n s  may be ca rried  out.

G u id e l in e s  f o r  t e s t  m eth o d s a r e  u s u a l l y  produced by n a t io n a l  
a u t h o r i t i e s ,  in c lu d in g  l i s t s  o f  recom m ended s p e c ie s  o f  f i s h  and 
in v e r te b r a te s ,  b u t most g u id e l in e s  a ls o  encourage th e  u se  o f o th e r 
ind igenous s p e c ie s  f o r  t e s t i n g  w ith  th e  ap p ro v al o f th e  c o n t r o l l in g  
a u th o r i t i e s .  Each co u n try  ap p ears  to  have i t s  own p a r t i c u la r  l i s t  o f 
recommended s p e c ie s  f o r  t e s t s  b u t t h i s  fo llo w s  from th e  f a c t  th a t
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a v a ila b il i ty  is  the prime concern and to  a  la rg e  ex ten t a v a ila b il i ty  depends 
on g eo g rap h ica l f a c to r s  in c lu d in g  c l im a te . W h ils t f i s h  a re  w idely  
recommended fo r  t e s t s  fo r  a c u te  t o x i c i ty  and p o s s ib ly  b io accu m u la tio n , 
in v erteb ra te  species are preferred  fo r  measuring su b le th a l e ffec ts .

OCEAN DUMPING

The system of con tro l is  s im ila r  to  th a t  fo r  discharges from land-based 
so u rces . In  o rd e r to  comply w ith  I n te r n a t io n a l  C onventions, c o n tro l  o f 
dumping is  achieved through the issu e  of a perm it or licence by the na tio n al 
au tho rity . E cotoxicological te s t in g  of the waste i s  required in support of 
an ap p lica tio n  fo r  a  perm it and in v arib ly  includes t e s t s  w ith marine f is h  
fo r  acute le th a l i ty  as w ell as s im ila r  t e s t s  w ith  in v erteb ra te  species. As 
f a r  as  i s  known th e re  a re  no s ta n d a rd  m ethods l a id  down by n a t io n a l  
a u th o r itie s , only recommended procedures.

The Ocean Dumping Com m ittee o f th e  EPA, 1978, r e q u ire s  t e s t s  on a 
minimum of th re e  s p e c ie s  o f m arine o rgan ism s to  be s e le c te d  from a l i s t  
which includes nine species o f in v e rteb ra te s  and eleven species of marine 
f i s h .  I t  i s  a ls o  s ta te d  th a t  ind ig en o u s sp e c ie s  should  be te s te d  whenever 
p ossib le , and the t e s t s  should cover d if fe re n t taxonomic groups. Including 
in  th e  recommended p rocedure  i s  a  l i f e - e y c l e  t e s t  w ith  a  m arine f i s h ,  th e  
sheepshead minnow Cyprinodon v arieg a tu s . The t e s t  requ ires from four to  s ix  
months fo r  co m p le tio n  and i t  i s  s ta te d  to  have l im i ta t io n s .  Sheepshead 
minnows a re  known to  t o l e r a t e  low d is so lv e d  oxygen and a wide range of 
tem perature and s a l in i ty ,  th e re fo re , they may be re la t iv e ly  in sen s itiv e  to  
to x ic  substances.

In  the United Kingdom, eco tox ico log ica l t e s t s  in  support of a  licence 
ap p lica tio n  would norm ally be r e s tr ic te d  to  acute te s t s  fo r le th a l i ty  with 
one s p e c ie s  o f m arine f i s h  and one s p e c ie s  o f in v e r te b r a te ,  nam ely, th e  
pogge Agonus cataphractus, and the shrimp Crangon crangon. Ey agreement w ith 
th e  c o n t r o l l in g  a u th o r i ty  r e le v a n t  d a ta  on o th e r  s p e c ie s  a re  a c c e p ta b le , 
p a r tic u la r ly  t e s t s  w ith spec ies indigenous to  the dumping area.

The r e s u lts  o f te s t s  w ith  f i s h  and in v e rteb ra te s  provide the b asis  fo r 
a s s e s s i n g  th e  p o t e n t i a l  h a z a rd  by c o m p a r iso n  w i th  th e  p r e d ic t e d  
c o n c e n tra tio n s  o f th e  w a ste  a t  th e  dumping s i t e .  A l ic e n c e  fo r  a  w aste
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acceptable on to x ico lo g ica l grounds usually  includes a  sp e c if ic a tio n  of the 
ra te  of discharge which w il l  give an acceptable margin of sa fe ty  fo r  species 
more se n s it iv e  than those used in  the te s t .

EVAEUATICW OF THE HAZARDS OF HARMFUL SUBSTANCES CARREE» BE 33IPS

The marked in c re a s e  in  th e  t r a n s p o r t  o f  bu lk  ch em ica ls  by s h ip s  has 
in c re a sed  th e  p o s s i b i l i t y  o f  m arine p o l lu t io n  r e s u l t i n g  from  s p i l la g e s  
fo llow ing c o ll is io n s  or strandings. A fter the  In te rn a tio n a l Convention fo r 
the Prevention of Marine P o llu tion  from Ships, MARPOl 1973, the J o in t Group 
o f E x p e rts  on th e  S c i e n t i f i c  A spects o f  M arine P o l lu t io n ,  GESAMP, was 
com m issioned to  produce hazard  p r o f i l e s  so t h a t  ch em ica ls  could  be 
c l a s s i f i e d  in to  groups. The aim i s  to  reduce th e  r i s k  o f  p o l lu t io n  by 
r e s t r ic t in g  each group of chemicals to  a p a r tic u la r  c la ss  of vesse l which 
provides adequate containment of the chemical. Thus the  most hazardous c lass  
may on ly  be tra n s p o r te d  in  p u rp o se ly  designed  sh ip s  w ith  ro b u s t s to ra g e  
tanks which are u n like ly  to  be ruptured even a f te r  a c o ll is io n  or stranding.

The GESAMP hazard  e v a lu a tio n  p ro ced u re , IMCO 1982, d e s c r ib e s  th e  
e v a lu a tio n  o f e c o to x ic o lo g ic a l  d a ta  about d i r e c t  to x ic  e f f e c t s  to  l iv in g  
resources and bioaccum ulation. D irect to x ic  e f fe c ts  a re  ranked according to  
LC50s fo r  96 h measured w ith  ju v e n ile  or a d u l t  s p e c ie s  o f f i s h  or 
crustaceans. Where data  are not av a ilab le  fo r  marine spec ies but ava ilab le  
f o r  f re s h w a te r  s p e c ie s  th ey  have been used a f t e r  due c o n s id e ra t io n  o f th e  
possib le  e f fe c ts  on to x ic ity  of th e  d iffe re n t water medium.

GESAMP has ra te d  ch em ica ls  as h ig h ly  to x ic  i f  th e  LC50 f o r  96 h i s  
le s s  than 1 mg.l- ^, moderately tox ic  from 1 to  10 mg.l- ^, s l ig h tly  tox ic  
from 10 to  100 mg.l- ^ , p r a c t i c a l l y  non to x ic  from  100 to  1 000 mg.l- ^, and 
f in a l ly  nonhazardous g rea te r than 1 000 mg.l-1 . The ranking i s  not r ig id ly  
a p p lied  as each su b s tan ce  i s  judged  on i t s  own p a r t i c u l a r  m e r i ts  by the  
expert group tak ing  in to  account su b le th a l or in d ire c t  e f fe c ts .

The GESAMP ra n k in g s  fo r  b io acc u m u la tio n  a re  a ls o  v a lu e  judgm ents. A 
su b stan ce  ra te d  +, would be b io accu m u la ted  to  a s ig n i f i c a n t  e x te n t  and 
known to  produce a  hazard to  aqua tic  l i f e  or human health . The next rank, Z, 
includes substances bioaccumulated w ith attendan t r is k  to  aquatic  organisms 
or human hea lth , however w ith a  sh o rt re ten tio n  tim e of one week or less .



522 L .  CARTER

T-ranking includes substances bioaccumulated and l ia b le  to  produce ta in t in g  of 
seafood. F in a lly , the  O-category, where th ere  is  no evidence to  support the 
o th e r ra tin g s .

The m ajority  o f the inform ation on bioaccum ulation a r is e s  la rg e ly  from 
"ad hoc" s tu d ie s  w ith  s p e c i f ic  compounds or re s e a rc h  p r o je c t s .  Proposed 
s tan d a rd  p r a c t ic e s  f o r  m easuring  th e  b io c o n c e n tra tio n  o f ch em ica ls  w ith  
f i s h e s  a re  under c o n s id e ra t io n  b u t ,  depending on th e  method, s p e c ie s ,  and 
environmental conditions employed, d iffe re n t re s u lts  may be obtained from 
the same t e s t  m ateria l. I t  appears th a t  standard methods fo r  measuring the 
e x te n t o f b io c o n c e n tra tio n  a re  some way o f f .  What i s  a ls o  la c k in g  a re  
methods of determ ining whether bioaccumulated m ate ria ls  a re  harmful to  f ish  
or p redato rs, including man. Such in v es tig a tio n s  are norm ally of an "ad hoc" 
or research nature and not s u ita b le  fo r standard isa tion .

SUMMARY AHD CONCLUSIONS

A lim ited  number of marine sp ec ies of f is h  are  used fo r in v estig a tio n s  
in  the labo ra to ry  of the to x ic i ty  of substances to  marine organisms and fo r 
s e tt in g  environmental q u a lity  standards in  order to  prevent po llu tio n . With 
a knowledge of the concentration  o f  substances or m ixtures which are acu te ly  
tox ic  to  marine f is h  and allow ing  a  margin of safe ty , i t  i s  possib le  to  se t 
s t a n d a r d s  w h ich  w i l l  p r e v e n t  th e  d e a th  o f  f i s h  in  th e  open s e a . 
T rad itio n a lly , th is  i s  the f i r s t  s te p  in  p ro tec tin g  marine f is h e r ie s ,  which 
are of g reat economic importance fo r  man.

I f  th e  m argin o f s a f e ty  i s  s u b s ta n t i a l ,  m arine f i s h  may a ls o  be 
p ro te c te d  to  some e x te n t  a g a in s t  ch ro n ic  l e t h a l  and ch ro n ic  s u b le th a l  
e f f e c ts  o f p o l lu ta n ts .  Because o f  th e  d i f f i c u l t i e s  o f  o b ta in in g  s u i ta b le  
s p e c ie s  o f  f i s h  fo r  t e s t i n g  th ro u g h o u t th e  y ea r and t h e i r  r e l a t i v e ly  long 
l i f e  cycle, f is h  do not lend them selves to  long-term  in v es tig a tio n s  which 
may be very expensive because of th e  problems of containment and providing 
adequate s u p p lie s  o f u n co n tam in a ted  seaw a te r. I n v e r te b r a te  s p e c ie s  from 
d i f f e r e n t  t ro p h ic  l e v e ls  w ith  r e l a t i v e l y  s h o r t  l i f e  c y c le s  a re  much more 
s u i ta b le  f o r  in v e s t ig a t io n s  in  th e  la b o ra to ry  o f s u b le th a l  e f f e c t s ,  fo r  
example, growth ra te s , rep roduction , behavioural response, e tc . These t e s t s  
are fa r  le s s  expensive than comparable te s t s  on f ish , fo r  obvious reasons.
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Because of the p ro life ra tio n  of t e s t  methods fo r  measuring the  acute 
to x ic ity  of substances to  f is h ,  some s tan d ard isa tio n  appears necessary, i f  
only to  ensure th a t  the methods are  tech n ica lly  sound and th a t the re s u lts  
from  d i f f e r e n t  l a b o r a to r ie s  a re  d i r e c t l y  com parable. Only g u id e l in e s  or 
recommended methods have so fa r  been produced, which .provides a  degree of 
f l e x i b i l i t y  fo r  th e  o p e ra to rs ,  s in c e  a  few la b o r a to r ie s  engaged in  t e s t s  
w ith  marine f is h  could comply w ith  r ig id  t e s t  protocols.

Various aspects of these gu idelines have been h igh ligh ted  which have a 
bearing on the p rec is io n  and accuracy of experim ental re su lts . W hilst the 
p recision  of the method may appear h ighly  s a tis fa c to ry  from re p lic a tio n  of 
t e s t s  in  one laboratory , i t  does not n ecessarily  follow  th a t the r e s u lts  are 
o f com parable accu racy . Ring t e s t s  w ith  f re s h w a te r  f i s h  u s in g  a  s ta n d a rd  
p ro to c o l su g g es t t h a t ,  a t  b e s t ,  th e  accu racy  could be a f a c to r  o f  two 
betw een th e  h ig h e s t  and lo w es t r e s u l t s  from d i f f e r e n t  l a b o r a to r i e s .  W ith 
m arine f i s h  c o l le c te d  from  th e  w ild , l e s s  accu racy  would be ex p ected  as 
th e re  i s  no accep ted  method o f m easuring  th e  c o n d itio n  o f f i s h  used in  
t e s t s .  The use  o f s p e c ie s  o f f i s h  ind igenous to  th e  re c e iv in g  w a te rs  i s  
frequen tly  encouraged by co n tro llin g  a u th o r it ie s , and a lso  sim u la tion  o f the 
c o n d itio n s  o f th e  d isch a rg e  so th a t  th e  maximum amount o f re le v a n t  
in fo rm a tio n  may be o b ta in e d . F u r th e r  "ad hoc" t e s t s  f o r  t a i n t i n g  or 
behavioural responses may be required  since the response depends la rg e ly  on 
the chemical and physical p ro p e rtie s  of the  t e s t  substances, to g eth er w ith  
the appropriate method o f te s t in g  which is  adopted.

I t  i s  e v id e n t t h a t  in v e r te b r a te  sp e c ie s  o f  m arine o rgan ism s a re  f a r  
more widely used in  labora to ry  t e s t s  fo r chronic e f fe c ts  than f is h , thus the 
trend in  eco tox ico log ica l te s t in g  may be said  to  be away from f is h . To what 
e x te n t t h i s  w i l l  co n tin u e  w i l l  l a r g e ly  depend on c u r re n t re s e a rc h  on th e  
e ffe c ts  of p o llu ta n ts  on marine f is h . Whatever species or methods are  used 
fo r te s tin g , i t  i s  im possible to  reproduce in  the  laboratory  the  co n stan tly  
changing conditions found in  the  sea , and i t  fo llow s th a t th e re  w il l  always 
be i n s u f f i c i e n t  e c o t o x i c o l o g i c a l  d a ta  f o r  p r e d i c t i n g  a c c e p ta b l e  
environmental q u a lity  standards. Standards w il l  be value judgments which 
may be highly su b jec tiv e . In  th e  absence of adequate data th e re  is  a  n a tu ra l 
tendency to  s e t  s tr in g e n t standards. I f  a  standard i s  unnecessarily  severe 
and i t  i s  a p p lie d  u n iv e r s a l ly  th e  o p p o rtu n ity  may be l o s t  fo r  a c q u ir in g  
f ie ld  data confirm ing the  stringency  of the  standard. Thus a  p ressin g  need
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f o r  e c o to x i c o lo g i c a l  r e s a r c h  i s  th e  developm ent o f p ro ced u res  fo r  
co r re la tin g  the re s u lts  of labora to ry  t e s t s  w ith  events in  the sea so th a t 
r e a l i s t i c  environmental q u a lity  standards may be se t.
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