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ABSTRACT 

To manage, on a s c i e n t i f i c  bas i s ,  the quan t i t i e s  of a l l  kinds 

of waste disposal t o  coastal  waters and open oceans, i t  i s  necessary 

t o  assess  the  environmental o r  ass imi la t ive  capacity f o r  these 

mate r ia l s  which wi l l  not  resul t i n  an unacceptable bio130gical 

impact upon the components of the ecosystem nor on man who uses 

i t s  resources.  One approach ava i lab le  i s  t h a t  which has been 

demonstrated f o r  the  management o t  the disposal of radioact ive  

wastes to  the  oceans. Methodologies have been developed, both 

generic and s i t e - s p e c i f i c ,  which allow the re la t ionsh ip  between 

discharge o r  re lease  r a t e  and the rad ia t ion  dose t o  be es tabl ished.  

Guidelines and recommendations which govern acceptable rad ia t ion  

exposed t o  man have been developed by t h e  International  Commission 

on Radio1 oqical Protection (ICRP) . These methodologies developed 

f n r  the  cnntrol  of radioact ive  wastes can be applied d i r e c t l y  f o r  

pub1 i c  heal t h  protect ion f o r  non-radioactive wastes such as metals 

and organochlorine pes t ic ides .  ICRP recommendations on j u s t i f i c a t i o n  

and optimization can be in tegrated i n to  an overall  management 

philosophy i n  order t o  quantify a1 t e rna t ive  waste disposal options. 



1.  INTRODUCTION 

. . 

The oceans have been used since time immemorial as a repository 

for  man's wastes. In the l a s t  century, and before, the majority 

of the wastes were natural products which when degraded entered 

the natural biogeochemical cycles of the oceans with l i t t l e  or no 

apparent detriment to  the system. 

However, in the present century the quantit ies have not only 

increased as functions of population and production b u t  the composition 

has changed and now include complex anthropogenic chemical materials 
. ,  

which can cause detriment to ecosystems, including man a t  extremely . . 

low concentrations. In some si tuat ions man has continued to load 

the system to the stage tha t  natural processes are  so reduced tha t  

ecosystems operate with reduced efficiency. In other cases the 

quant i t ies  of inorganic and organic toxic materials a re  so great 

.as to  r e su l t  in debi l i ta t ion or  death of the inarine resources. 

Sometimes the toxic materials a re  transferred through the food web 

resulting i n  these materials being incorporated in the d ie t s  of 

hig'h trophic organisms, including man. 

While there a re  no doubt local areas of our coastal waters 

tha t  have suffered from unlimited disposal of our waste products 

the currently legis lated solutions do not appear to  have sc i en t i f i c  

jus t i f ica t ion .  The a1 ternatives to zero discharges 'and "clean 

water" can only r e su l t  in disposal on land. 



Yet t h e  r e g u l a t o r s  and the  s c i e n t i f i c  community have n o t  

developed a  management p h i  1  osophy t o  t h e  a1 t e r n a t i v e s  as regards 

environmental  capac i t y ,  t he  de t r iments  and the  f i n a n c i a l  cos ts  o f  

these op t i ons .  A f i r s t  s tep  i n  t h i s  d i r e c t i o n  was made when i t  

was concluded t h a t  t he  waste capac i t y  o f  US waters i s  n o t  now 

f u l l y  used; based upon an endpoint  o f  unacceptable d is tu rbance t o  

t h e  communi t,y o f  o rqan i  sms (NOAA 1979) .' Go1 dberq ( 1  981 ) and 

Osterberg (1981 ) have b o t h  r e c e n t l y  c r i t i c i z e d  ou r  phi losophy o f  

o v e r p r o t e c t i n g  t h e  oceans and have c a l l e d  f o r  a  reexaminat ion o f  

o u r  wastc d i sposa l  op t i ons  i n  o r d c r  t h a t  t hc  p ropcr  choiccs can bc 

made on de fens ib le  s c i e n t i f i c  grounds. The bas i s  f o r  these arguments 

i s  t h a t  coas ta l  waters and the  oceans have a  d e f i n a b l e  capac i t y  t o  

r e c e i v e  these wastes w i t h o u t  unacceptable r i s k  o f  harm e i t h e r  t o  

t h e  ecosystem, t h e  mar ine resources harvested by man o r  t o  man 
i 

h i m s e l f .  C l e a r l y  t h e r e  i s  some evidence a v a i l a b l e  today t h a t  

w h i l e  t he  c a p a c i t y  f o r  some m a t e r i a l s  i s  very  c lose  t o  zero, t he re  

i s  a1 so ample evidence t h a t  t he  capac i t y  f o r  o t h e r  m a t e r i a l s  i s  

l a r g e  enough t o  take  care  o f  a  l a r g e  p r o p o r t i o n  o f  t he  a r i s i n g s .  

One example of a  management phi losophy t h a t  has proven successfu l  

over  t h e  l a s t  f o u r  decades i s  t h a t  a p p l i e d  t o  t he  d isposa l  o f  

l i q u i d  and dumping o f  s o l i d  l ow- leve l  r a d i o a c t i v e  wastes. 



2. RADIOLOGICAL PRINCIPLES FOR THE DISPOSAL OF RADIOACTIVE WASTES 

. . .  

The bas i c  g u i d e l i n e s  which have been developed a r e  t h e  recommendations 

o f  t h e  I n t e r n a t i o n a l  Commission on Rad io l og i ca l  P r o t e c t i o n  (ICRP) 

on t h e  exposure o f  man and h i s  progeny t o  i o n i z i n g  r a d i a t i o n .  

I t should be p o i n t e d  ou t ,  however, t h a t  mere ly  recommending 

. upper l i m i t s  which should n o t  be exceeded i s  n o t  p a r t i c u l a r l y  

h e l p f u l  when i t  i s  known t h a t  t h e  1  i ~ n i  t s  w i l l  n o t  be exceeded and 

y e t  t h e r e  i s  s t i l l  a  lower  p r o b a b i l i t y  o f  some fo rm o f  h e a l t h  

d e t r i m e n t  occu r r i ng .  Obvious ly  r i s k s  shou ld  n o t  be taken un less  

t h e r e  i s  some b e n e f i t  ' t o  be gained, and some guidance needs t o  be 
\ 

p rov ided  as t o  where t h e  1  i n e  shou ld  be drawn. ICRP (1977) t h e r e f o r e  

goes f u r t h e r  than mere ly  p ropos ing  exposure l i m i t s  and recommends 

t h a t :  ( a )  no p r a c t i c e  s h a l l  be adopted un less  i t s  i n t r o d u c t i o n  produces 

a  p o s i t - i v e  n e t  b e n e f i t ,  ( b )  th ,a t  a l l  exposures s h a l l  be k e p t  as l ow  

as reasonably  ach ievable,  economic and s o c i a l  f a c t o r s  be ing  taken 

i n t o  account,  and ( c )  t h a t  t h e  dose e q u i v a l e n t  t.o i n d i v i d u a l s  s h a l l  

n o t  exceed t h e  l i m i t s  recommended f o r  t h e  a p p r o p r i a t e  c i rcumstances by 

t h e  Commission. 

I t i s  impo r tan t  t o  s t a t e  here  t h a t ,  f o r  a  number of reasons, 

separate l owe r  l i m i t s  a r e  recommended f o r  t h e  p u b l i c  as a  whole 

compared t o  workers who a r e  r o u t i n e l y  exposed t o  i o n i z i n g  r a d i a t i o n s  

o c c u p a t i o n a l l y .  Yet f o r  bo th  ca tego r i es  t h e  same t h r e e  b a s i c  

I 



principles  apply. The f i r s t  of these ( a )  i s  referred t o  as  

j u s t i f i c a t i o n .  I t  may be assumed tha t  the  use of nuclear power, 

o r  the  use of radioisotopes i n  other forms, has been considered 

j u s t i f i a b l e  a t  a  national level in  those countries where they a re  

used because of the  benef i ts  they bring t o  members of t h e i r  

population. The second pr inciple  ( b )  i s  referred to  as  optimization 

and t h i s  i s  perhaps the more d i f f i c u l t  t o  resolve. I t  i s  a  pr inciple  

which has cont inual ly  evolved within the  ICRP recommendations, the 

cur ren t  expression c i t ed  above being referred t o  by the phrase ' a s  

low a s  reasonably achievable'  (ALARA) . Inevitably i t  involves 

what a r e  commonly known a s  cos t / r i sk  and cos t lbenef i t  f a c to r s ,  

subjects  which evoke considerable debate, b u t  nevertheless these 

f ac to r s  a r e  used continually i n  other everyday prac t ices ,  pa r t i cu la r ly  

in  those involving sa fe ty  features .  
>- 

In optimization calcula t ions  the term "cost" comprises the 

sum to t a l  of - a l l  negative aspects of the  equation, and the "benef i ts"  

include a l l  of the benef i ts  gained by socie ty  a s  a whole. The 

concept of " r i sk"  and i t s  acceptance i s  a much debated subject  and 

wi l l  no t  be discussed here. However, there  i s  no reason in pr inciple  

why such approaches should not be used i n  radia t ion protection 

pract ices  a s  they a r e  used in other  f i e l d s  of r i s k  assessment, 

especia l ly  when i t  i s  real ized t h a t  zero r i sk  and absolute safe ty  

a r e  i l l ~ ~ s i o n s .  1.n f a c t ,  the e f f ec t s  nf radia t ion lend themselves, 

t o  some extent ,  t o  such calcula t ions  because they a r e  already 



evaluated in terms of detrimental r i sk  per uni t  dose. 

ICRP does not recommend any dose l imits  for  populat'ions as 

opposed to  individuals which are  expressed in rem or  mSv per year. 

  evert he less i t  i s  important fo r  optimization to  estimate the 

exposure of the general public in a col lect ive manner (col lect ive 

dose equivalent), and the doses to  which populations will be 

committed in the future (coll  ective dose equivalent commitment) , 

in order to  jus t i fy  a particular choice of waste disposal. One 

should note tha t  the col lect ive quantit ies are expressed as man- 

rem or  man-Sv to distinguish them from individual doses. l-. 

Essentially the.optimization procedure attempts to  assess the 

level of expenditure on 'protection a t  which the total  cost of the . .' 

waste disposal i s  l eas t .  There a re ,  in f a c t ,  two se t s  of "costs" 

(Figure 1 ) .  One s e t  i s  the d i rec t  monetary cost of storing or 
--- 

handling and packaging the waste and minimizing i t s  introduction 

into the environment (Set 1 ) .  The greater the e f f o r t  spent on 

th i s  aspect the lower the col lect ive dose to  the general population. 

The second s e t  i s  primarily tha t  of radiological detriment (Set 

2 ) .  So f a r ,  t h i s  second s e t  has largely been dominated by attempting 

to  p u t  a monetary value on the health detriment, b u t  quite c lear ly 

other "detrimental" factors need to be considered. A t  present, 

therefore, monetary values based on health detriment represent the 

minimum values which can ,be used. The optimization technique 

at tenpts  to determine the level of expenditure a t  which the combined 
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cos t s  a r e  a t  a  minimum. From an a d m i n i s t r a t i v e  p o i n t  o f  view, 

t he re fo re ,  i t  i s  n o t  s imp l y  a  ques t i on  of ba lanc ing  a  , s t r a i g h t f o r w a r d  

c o s t l b e n e f i t  o r  c o s t l r i s k  equa t i on  b u t  of  s o l v i n g  a  d i f f e r e n t i a l  

equa t i on  which a t tempts  t o  maximize t h e  n e t  b e n e f i t  i n  r e l a t i o n  t o  

t he  c o l l e c t i v e  dose. I t  shou ld  be s t r essed  t h a t  t h e  o b j e c t i v e  o f  

t h i s  ph i losophy,  as recommended by t h e  ICRP, i s  n o t  t o  r e t a i n  a l l  
. 
o f  t h e  waste f o reve r ,  even i f  i t  were t e c h n i c a l l y  f e a s i b l e ,  because 

t h i s  would n o t  ach ieve  t h e  optimum l e v e l  o f  p r o t e c t i o n  (Pen t rea th ,  

The r o l e  o f  r a d i a - t i o n  p r o t e c t i o n  w i t h  r ega rd  t o  j u s t i f i c a t i o n  

procedures i s  t h e r e f o r e  t o  ensure t h a t  t h e  r a d i a t i o n  d e t r i m e n t  i s  

taken i n t o  c o n s i d e r a t i o n  and t h a t  t h e  comparisons between d i f f e r e n t  

p r a c t i c e s  a r e  made a f t e r  a p p l y i n g  t h e  o p t i m i z a t i o n  procedures on 

as r e a l i s t i c  a  bas i s  as poss ib l e ,  as d iscussed above. The a c t u a l  
i- 

acceptance o f  any one p r a c t i c e ,  choosing between d i f f e r e n t  p r a c t i c e s ,  

o r  even p a r t s  of  them, depends upon many f a c t o r s ,  and o n l y  some o f  

these may be assoc ia ted  w i t h  r a d i a t i o n  p r o t e c t i o n .  To t h i s  e x t e n t  

such ca l cu la t ' l ons .a re  t he re fo re  o n l y  an a i d  t o  t h e  f i n a l  process 

o f  decis ion-making, n o t  an end i n  themselves, and have t o  be 

cons idered  a longs ide  any o t h e r  p o l i t i c a l ,  s o c i a l  and economic 

f a c t o r s  which p l a y  a  p a r t  i n  t h e  f i n a l  d e c i s i o n  which i s  taken. 

3. THE MANAGEMEN'I' APPROACH 

The approach, suggested by ICRP ( 1  966,1979) recogn ized  t h e  



f a c t  t h a t  a l though t h e r e  w i l l  be a  l a r g e  number o f  p o t e n t i a l  

pathways from the  environment t o  man, i t  w i l l  be found i n  p r a c t i c e  

t h a t  a t  any g iven  s i t e ,  one o r  perhaps two w i l l  prove t o  be so 

l i n i i t i n g  t h a t  i f  exposure along these pathways i s  k e p t  w i t h i n  t he  

recommended dose l i m i t s ,  a l l  o t h e r  exposure pathways w i l l  be 

r e l a t i v c l y  minor-. A d d i t i o n a l l y  i t  w i l l  bc found t h a t  o n l y  a few 

o f  t h e  discharged o r  re leased rad ionuc l i des  w i l l  predominate. I n  

t h i s  way o n l y  a  few c r i t i c a l  r ad ionuc l i des  a re  t r a n s f e r r e d  a long a  

few c r i t i c a l  pathways, and of these u s u a l l y  one combinat ion predominates 

abovc a l l  o thers .  Th i s  r r t ~ t h o d  nf l i m i t a t i o n  was t h e r e f o r e  c a l l e d  

t h e  c r i t i c a l  pathway approach. Th i s  approach f o r  chron ic  discharges 

t o  t h e  oceans requ i res  a  cons iderab le  amount of i n v e s t i g a t i v e  

e f f o r t ,  i n c l u d i n g  phys i ca l ,  chemical and b i o l o g i c a l  oceanography; 

radioecology;  f i s h e r i e s ;  h a b i t  surveys; model development; and 
A. 

e x p e r t i s e  i n  t he  appl i c a t i o n  o f  r a d i a t i o n  p r o t e c t i o n  pr4 n c i  p l  es. 

The general  s teps a r e  o u t l i n e d  i n  F igu re  2. 

A t  the  pre-opera t iona l  s tage i t  i s  usual f o r  a  p r o v i s i o n a l  

assessment t o  be made o f  the probable t?,P.fluer.~l: culi. iposit ion and 

p o t e n t i a l  pathways of consumption. P r e d i c t i o n s  a r e  then made o f  

t h e  average concent ra t ions  which a re  l i k e l y  t o  a r i s e  i n  t he  immediate 

r e c e i v i n g  water  mass as a  t u n c t i o n  o f  u n i t  r a t e  o f  dischdvcje. 

Th is  requ i res  est imates o f  t he  tu rnover  o f  water a t  the  s i t e  o f  

d ischarge and the  r a t e  of t r a n s p o r t  i n t o  o t h e r  areas based upon 

hydrographic  data. The concen t ra t i on  o f  t h e  rad ionuc l i des  i n  t h e  



F i g .  Out1 ine of the  c r i t i c a l  pathway approach to  the assessment 
of re lease  .of  radioact ive  wastes 
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r a t e  I 



and bottom sediments. The nex t  s tep  must be made o f  the  degree o f  

accumulat ion o f  t he  rad ionuc l i des  i n  t he  r e c e i v i n g  body of water 

by aquat ic  organisms which a r e  l i k e l y  t o  p rov ide  a  pathway back t o  

man. 

Th is  can be expressed as a  concent ra t ion  f a c t o r ,  de f ined as 

the  r a t i o  between the  concen t ra t i o r~  u f  .the rsad i u ~ ~ u c l  ide -i 1.1 the 

organism and the  concen t ra t i on  o f  the  rad ionuc l i de  i n  the  water. 

Th i s  f a c t o r  does n o t  necessa r i l y  imp ly  t h a t  the  b i o l o g i c a l  procesq 

was one o f  d i r e c t  accumulat ion from the  water s ince  i t  may have 

accumulated t h c  r a d i o n u c l i d e  from o the r  organisms i n  the  l o c a l  

food web. Nevertheless, under chron ic  d ischarge o r  re lease ra tes ,  

i t  i s  probable t h a t  t he  organism w i l l  a t t a i n  a  reasonably constant  

va lue r e l a t i v e  t o  t h a t  o f  the  water.  Where f i e l d  i n fo rma t ion  i s  

n o t  a v a i l a b l e  concen t ra t i on  f a c t o r  da ta  can be obtained, i n  some 
A 

instances by s t a b l e  element analyses, however ' there a r e  d i f f i c u l t i e s  

i n  a t t a i n i n g  accurate d e t e c t i o n  1  eve1 s  f o r  many elements. Whi 1  e  

d e f a u l t  values f o r  these f a c t o r s  a re  a v a i l a b l e  i n  t he  publ ished 

l i t e r a t u r e  i t  i s  necessary t o  con f i rm  these i n  t he  e a r l y  opera t iona l  

stages. 

One o f  t he  most impor tan t  aspects o f  the  c r i t i c a l  pathway 

approach i s  t he  de terminat ion  o f  the  working, e a t i n g  and rec rea t i ona l  

h a b i t s  o f  t h e  l o c a l  popu la t i on  - and i n  c e r t a i n  instances o f  

popu la t ions  a t  some d is tance from the  s i t e  - i n  o rder  t o  e s t a b l i s h  

q u a n t i t a t i v e  est imates o f  marine products consumed, hours spent on 



the beaches, mud f l a t s ,  sand banks and handling f i sh ing  gear, e t c .  

These s i t e  spec i f i c  habi t  surveys allow the determination of the 

c r i t i c a l  groups, t h a t  i s  those members of the public most l i ke ly  

to  be exposed, and from the consumption data to  make est imates of 

the da i ly  r a t e  of intake of each radionuclide - o r  external exposure 

t o  i t  - resul t ing from a un i t  r a t e  .of discharge. The calculated 

r a t e  of discharge or'  re lease  which would, in theory, r e s u l t  in the 

def ined .c r i t i ca1  groups of the public being exposed a t  the recommended 

dose l im i t  i s  referred to  a s  the  l imi t ing environmental capacity.  

Before the s i t e  becomes operational i t  i s  usual f o r  the regulating 
. * agency to  apply an a rb i t r a ry  safe ty  fac tor  and allow an i n i t i a l  

discharge o r  re lease  r a t e  a t  a much lower r a t e  i n  order f o r  the 

cal cul ated- capaci ty  t o  be val idated.  

Having s e t  the maximum permissable discharge r a t e s  f o r  t h a t  

s i t e  i t  i s  then necessary t o  monitor the concentrations i n  the  

potential  pathways in order t o  confirm the predictions.  The most 

pract ical  method has been found to  be t h a t  of using the value from 

the calcula t ions  which r e l a t e s  to  the  concentration of the radionucl ide  

in  the c r i t i c a l  mater ia l .  In t h i s  way each component of the 

c r i t i c a l  pathway used d i r ec t l y  by man be i t  species of f i s h ,  

she l l f i sh  o r  sediment can be sampled and analysed t o  demonstrate 

t h a t  i t  does not exceed the proscribed concentrat ion- 

This methodology has been applied and validated a t  a number 

of controlled coastal discharges, and i s  presently applied to  

dumping of so l id  wastes in the  deep oceans. 



The ICRP g u i d e l i n e s  were developed t o  p r o t e c t  man and the re  

a r e  no comparable dose l i m i t s  t o  p r o t e c t  marine organisms. However, 

comparison o f  exper imenta l  e f f e c t s  data, f i e l d  dosimetry  and 

p r o d u c t i v i t y  s tud ies  a t  contaminated s i t e s  would i n d i c a t e  t h a t  t h e  

s t r i n g e n t  re lease  r a t e s  developed by the  methodology t o  p r o t e c t  

man appear l u  be adequate t o  p r o t e c t  t he  marine resources (TAEA, 
. 
1976).  

4. UISCUSSION 

How can we app l y  t h i s  approach t o  non- rad ioac t ive  re leases? 

The fundamental s c i e n t i f i c  requirement f o r  t h e  de termina t ion  o f  a  

permissable d ischarge o r  re lease r a t e  i s  t h e  de termina t ion  o f  t he  

r e l a t i o n s h i p  between ra ' te  o f  i n p u t  and e f f e c t . '  I n  t he  case o f  t h e  

ICRP c r i t i c a l  pathway approach the  e f f e c t  i s  de f i ned  i n  terms o f  
i. 

r a d i a t i o n  dose t o  man. However, should man n o t  be . - i r~volved i n  any 

pathway the  concept cou ld  e q u a l l y  w e l l  be a p p l i e d  t o  t h e  marine 

b i o t a ,  where some popul a t i o n s  would become the  c r i t i c a l  groups. 

'There i s  no reason why , t h i s  ayp13.0ack has t o  be 1 i m i  t e d  t o  

radio'nucl  ides ,  s i nce  t h e  e f f e c t s  of metal  s, o rganoch lo r ine  p e s t i c i d e s  

and PCB res idues,  f o r  example, can be expressed i n  t he  same terms 

o f  'dose'  e i t h e r  t o  man o r  t o  t he  mars-ir~e b i o t a .  I see l i t t l e  

d i f f e r e n c e  between 'dose '  and 'endpoint , '  t he  l a t t e r  term used by 

the  proponents o f  t h e  ass imi  1 a t i v e  capac i t y  approach (NOAA 1979) 

(Goldberg 1981 ) . Whi le  t he  l a t t e r  approach prec ludes p r o t e c t i o n  o f  



public heal tti by def in i t ion  I would suggest t h a t  i f  we a r e  to  have 

a rat ional  and s c i e n t i f i c  approach to  t h i s  problem we need to  

apply these concepts in concert.  

The appl icat ion of the c r i t i c a l  pathway approach t o  non- 

nuclear mate r ia l  f o r  the protection of man can be d i r ec t l y  applied 

today. However, i t  i s  indeed r a r e  to  see reported in  any assessment 

of coastal  water contamination whether the consumption of marine 

resources i s  detrimental t o  those who consume them o r  not. I t  

would be i n s t ruc t i ve  to  determine, f o r  instance,  to  what degree 

f i s h  and she l l f i sh  from the Southern California B i g h t ,  i f  consumed 

by a c r i t i c a l  group in  t h a t  a rea ,  poses any publ i c  health problem. 

Such a determination would a l so  allow a preliminary assessment of 

whether publ i c  heal t h  o r  ecosystem e f f e c t s  consti.tute the 1 imi t ing  

e f f e c t .  
i. 

The establ  ishment of ' doses' o r  ' .endpoints1- for:.marine' bidta 

a r e  more d i f f i c u l t .  We need to  pose the  question 'What to  protect? '  

and par t i cu la r ly  t o  agree on what cons t i tu tes  'harm' t o  the  ecosystem. 

I f  damage i s  to  be established i t  must be shown to  occur on a 
i 

scale'which can be rela.ted to  the  changes produced by other natural 

environnrental var ia t ions .  I n i t i a l  l y  we need to  develop simp1 i f i e d  

ecosystem models t o  es tab l i sh  some agreed upon c r i t i c a l  pathways 

and concentrate our research t o  va l ida te  them. Although most of 

our research i s  of ten experimental and laboratory-oriented, the 

s ignif icance of .tha.t research 1 i e s  i n  i t s  capacity to  provide 



meaningful  i n f o r m a t i o n  on the  a b i l i t y  of an i n d i v i d u a l  organism t o  

s u r v i v e  and success fu l l y  i n h a b i t  i t s  na tu ra l ,  b u t  poss ib l y  perturbed, 

environment. The importance o f  such i n fo rma t ion  on the  understanding 

o f  t h e  v i a b i l i t y  o f  more complex systems o f  b i o l o g i c a l  organizat ion;  

i .e., popu la t ions  and communi t i e s ,  i s  ev ident .  Such an approach 

t o  research demands t h a t  s tud ies  a r e  n o t  r e s t r i c t e d  t o  the  examination 

o f  processes o r  cond i t i ons  which a re  r e l e v a n t  o n l y  t o  the l a b o r a t o r y  

c o n t e x t  and which o n l y  t e s t  t he  respunses o f  organisms i n  the  

extremes o f  environmental cond i t i ons  as i s  o f t e n  done w i t h  s tud ies  

on the  e f f e c t s  o f  p o i  l u t a n t s .  

In t h i s  contex t ,  one area o f  research t h a t  I f i n d  p a r t i c u l a r l y  

e x c i t i n g  i s  t he  recen t  research on the occurrence, s t r u c t u r e  and 

f ~ r n c t i o n  o f  metal  b ind ing  p ro te ins ,  and t h e i r  poss ib le  r e l a t i o n s h i p s  

w i t h  t h e  c e l l u l a r  v e s i c u l a r  systems. I f  i t  can be es tab l i shed  

t h a t  t he re  a r e  d e f i n a b l e  upper 1  i m i  t s  t o  s a t u r a t i o n  of metal  l o th ione ins ,  

be fo re  ' s p i l l  ove r '  and t o x i c i t y  occurs, and t h a t  these processes 

can be r e l a t e d  t o  environmental concentrat ions,  we w i l l  have gone 

a Song way .Lu es thb l  i s h i n g  q u a n t i f i a b l  c 'endpoints' and t o  determin ing 

environmental o r  ass imi ' la t ive c a p a c i t i e s  f o r  sovlle i f  n o t  a l l  

species. 

Of  equal i ~~~pur . tance  i s  the  need t o  app ly  the  I C R P  recommendations 

on j u s t i f i c a t i o n  and op t im iza t i on .  The a l t e r n a t i v e s  t o  us ing  the  

oceans, i n  Goldbery 's  pdr.lclnce, as 'waste spacc' i s  t o  u t i l i z e  the  

t e r r e s t r i a l  environment. However, be fore  we can make t h a t  dec i s ion  



we need t o  compare t h e  cos ts  o f  ocean d isposal  w i t h  t h a t  on land; 

t o  compare the  cos ts  of t he  pub1 i c  h e a l t h  and eco log i ca l  de t r iments  

i n  each medium; and t o  balance those cos ts  and de t r iments  i f  we 

a re  t o  achieve the  optimum l e v e l  of p r o t e c t i o n  f o r  t he  environment. 
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Figure 1.  Differential  cost-benefit analysjs in which cost i s  

related to  a  variable reflec.ting exposure - for  example 

col lect ive or  committed dose A i s  d i rec t  monetary cost 

(Set I ) ,  B i s  the cost of radiological detriment (Set 2 ) .  

The dotted arrow indicates the minimum value of A and B. 

.(After Pentreath, 1980). 

Figure 2 ,  Qutl ine of the c r i t i ca l  pathway approach to  the 
. .- 

assessment of release of radioactive wastes to  the ocean~ .  


