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ABSTRACT

Marine m acroalgae (seaweeds) a re  b e s t s u ite d  fo r  f i e ld  t e s t s  because o f 
th e i r  s iz e  and requ irem ent fo r  la rg e  volumes o f  seaw ater. T heir com position  
i s  d o m in a ted  by a c i d i c  h y d r o c o l lo id s  and th e y  a re  v e ry  l ip o p h o b ic .  T h e ir  
ro le  in  e c o to x ic o lo g ic a l t e s t i n g  i s  th e re fo re  m ostly  l im ite d  to  grow th and 
accum ulation  s tu d ie s  in  a re a s  exposed to  heavy m etal p o llu tio n .

Seaw eeds can  f u n c t io n  a s  u s e f u l  in d ic a to r s  o f b io lo g ic a l ly  a v a ila b le  
to x i c  m e ta l io n s  in  s e a w a te r .  The m o n ito r in g  can be b ased  on l o c a l  
po p u la tio n s o f  a lg ae  or on t e s t  specim ens t r a n s fe r re d  from u n p o llu ted  s i t e s .  
U p take  r a t e s  a r e  u sed  and have to  be r e l a t e d  to  u p ta k e  a t  c o n t r o l  s i t e s .  
Growth r a te s  and o th e r p h y s io lo g ic a l p aram eters  a re  norm ally  o f  l i t t l e  use 
in  f i e ld  s tu d ie s  s in c e  th e  g ra d ie n ts  in  to x ic a n ts  a re  u su a lly  fo llow ed  by 
changes in  s a l i n i t y ,  n u t r i e n t  l e v e l s ,  l i g h t ,  and o th e r  e n v iro n m e n ta l  
f a c to r s .  To some e x te n t th e se  f a c to r s  may a ls o  in flu en ce  th e  up take r a te  o f  
m e ta ls  by th e  a lgae .
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TWmXKJCTIOB

Seaweed i s  a  common d e s ig n a t io n  f o r  a  l a r g e  and v a r i a b l e  g roup  o f  
m a c ro sc o p ic , m a in ly  b e n th ic  m arin e  a lg a e .  T a x o n o m ic a lly  th e s e  p r im i t i v e  
p la n ts  a re  grouped in to  th re e  phy la , namely green a lg ae  (C hlorophytes), red 
a lg a e  (R hodophy tes), and brown a lg a e  (P h a e o p h y te s ) . They o f te n  form  dense  
underw ater f o r e s t s  a long  th e  co as t in  t r o p ic a l  a s  w e ll as tem pera te  and cold 
w a te r s ,  and a r e  th e n  r e s p o n s ib le  f o r  a  c o n s id e r a b le  p a r t  o f  th e  p r im a ry  
p ro d u c tio n  in  s h a llo w  r e g io n s .  The seaw eed s n o rm a lly  ra n g e  from  a  few  
m illim e te r  in  len g h t to  se v e ra l m eters . The la rg e  k e lp s  grow beyond 30 m and 
a re  among th e  la r g e s t  p la n ts  in  th e  world.

Chem ically  th e  seaweeds a re  dom inated by carbohydra tes , th e  so -c a lle d  
h y d ro co llo id s , which fre q u e n tly  a re  a c id ic  p o ly sacch arid es such as a lg in ic  
a c id ,  v a r io u s  fu c o id a n s ,  a g a r ,  and c a r ra g e e n a n . T hese re n d e r  th e  seaw eed s 
very  h y d ro p h ilic  and g ive them ion-exchange p ro p e r t ie s . T his, to g e th e r w ith  
t h e i r  l a r g e  s i z e  and r e l a t i v e l y  s lo w  g ro w th , d e te rm in e  t h e i r  r o le  in  
e c o to x ic o lo g ic a l  t e s t i n g .  They b in d  m e ta l io n s  and may c o n c e n tr a te  th e s e  
a g a in s t  s t r o n g  g r a d ie n t s .  G e n e ra l ly ,  th e y  do n o t  a c c u m u la te  l i p i d  t o x in s ,  
and in  p r i n c i p l e  a re  n o t  w e l l  s u i t e d  f o r  t e s t s  w hich  a r e  based  on g ro w th  
m easu rem en ts , m a in ly  b e c a u se  th e y  r e q u i r e  l a r g e - s i z e  ta n k s  and huge 
q u a n t i t ie s  o f seaw ater f o r  t h e i r  c u l t iv a t io n .  A sem im icro technique which 
circum vents some o f th e se  problem s has, however, been developed.

DESCRTPTICR OP THE TESTS

Although many seaw eeds, both  g reen , and red or brown a re  e a s i ly  k ep t 
a l iv e  and grow w e ll in  a q u a r ia  under la b o ra to ry  co n d itio n s , th e  m aintainance 
o f  seaw eed c u l tu r e s  m ust be re g a rd e d  a s  f a i r l y  d i f f i c u l t  and q u i t e  
expensive. Long-term o p e ra tio n  o f seaw a te r la b o ra to r ie s  alw ays lead s to  much 
c o rro s io n  and expensive m ain ta inance .

Seaweed c u ltu re s  a re  th e re fo re  seldom used f o r  la b o ra to ry  sc reen in g  of 
to x ic  chem icals. T heir m ajor use in  to x ico lo g y  i s  as in d ic a to r  organism s fo r 
heavy m eta l p o llu t io n  o f  in sh o re  w a te rs . For t h i s  purpose w ild  p o p u la tio n s 
may be s tu d ie d  in  s i t u , o r  s e l e c t e d  p l a n t s  may be t r a n s p la n te d  and t h e i r  
development fo llow ed . No s ta n d a rd iz a tio n  o f th e  t e s t s  have been a ttem pted  
y e t .
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IABQRATORY TESTS FOR EFFECT OP CHEMICAIß C» GROWTH OP SEAWEEDS

At th e  p r e s e n t  t im e  th e  a u th o r  s e e s  o n ly  one p ro c e d u re  w hich  a p p e a rs  
p ro m is in g  f o r  th e  r o u t in e  t e s t i n g  o f  c h e m ic a ls  on th e  b a s i s  o f  seaw eed 
g ro w th , and t h a t  i s  th e  sy s te m  worked o u t by S trö m g ren  (1977a, 1979a). The 
method works w e ll  w ith  a lg ae  which have a p ic a l  grow th and a  c le a r ly  defined  
sh ap e . Many o f  th e  i n t e r t i d a l  F u caceae  and a  num ber o f  re d  a lg a e  form  
s u i ta b le  t e s t  organism s. Young s tag es  o f  th e  L am inariaceae may a ls o  be used.

V e g e ta t iv e  a p ic e s  some 20 mm lo n g  a r e  c u t  from  th e  t e s t  p la n t s  and 
mounted on p le x ig la s s  fram es as described  by Strömgren (1977a). Each ap ice  
i s  clam ped o n to  th e  p l a t e  w ith  a  second  t h i n  p l a t e ,  and s e c u re d  w ith  a  
s t r i n g  (F ig . 1 ). The a p ic e  p r o t r u d e s  3 t o  4 mm in to  a  c i r c a  10 mm h o le  in  
th e  m iddle o f th e  fram e. O pposite to  th e  sam ple an a d ju s ta b le  po lyethy lene  
d i f f r a c t io n  edge i s  mounted. The a lg a l  sam ples w ith  th e  p le x ig la s s  fram es 
a r e  p la c e d  in  t r a y s  o r a q u a r ia  w ith  ru n n in g  s e a w a te r  and i l lu m in a te d  
c o n t in u o u s ly  o r in  a  day : n ig h t  re g im e . The l i g h t  c o n d i t io n s  m ust be 
a d ju s te d  to  f i t  th e  sp e c ie s  s tu d ied . For Fucus sp e c ie s  from th e  i n t e r t i d a l  
zone Strömgren (1977b) found 12.5 Wm- ^ from  w hite  f lu o re s c e n t  l i g h t  tubes 
s u i ta b le .

F ig . 1. P le x ig la s  fram e (A) w ith  ap ice  (B) mounted under th in  p la te s  
(C). The d i f f r a c t io n  edge (D) i s  a d ju s ta b le .

The g ro w th  i s  m easured  by a  l a s e r  d i f f r a c t i o n  te c h n iq u e  o r i g i n a l l y  
developed to  study  m ussels (Strömgren, 1975). The a lg a l  a p ice s  a re  mounted 
on p le x ig la s s  fram es w ith  th e  grow ing t i p  c lo se  to  an a d ju s ta b le  d if f r a c t io n  
edge. L a se r  l i g h t  s e n t  th ro u g h  th e  n arrow  o p en in g  w i l l  be d i f f r a c t e d ,  and 
th e  d i f f r a c t i o n  p a t t e r n  i s  re c o rd e d  on a  f i l m  s t r i p  p la c e d  u n d e r th e
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o p en in g . G row th o f  th e  a lg a  w i l l  n arrow  th e  s l i t  and change th e  p a t t e r n  
acco rd in g ly . The techn ique  has been improved re c e n tly  by Ström gren and Carry 
(1984). In  th e  new v e rs io n , th e  s ig n a ls  a re  s to re d  on tap e  and processed in 
a  m inicom puter which p re se n ts  grow th r a te s  by th e  hour. Increm ents in  growth 
down to  c i r c a  1 pm a re  measured w ith  s a t i s f a c to r y  accuracy. Each measurement 
ta k e s  l e s s  than  30 s ,  and a  couple o f hundred a p ice s  may be handled d a ily .

F o r t o x i c i t y  t e s t i n g  c o n t r o l  g ro u p s a r e  ru n  in  p u re  s e a w a te r  and 
com pared to  th e  t e s t  g ro u p s in  t r a y s  w hich a r e  f lu s h e d  c o n t in u o u s ly  w ith  
seaw ater co n ta in in g  known co n c e n tra tio n s  o f  th e  chem ical to  be te s te d . Then, 
th e  g ro w th  i s  fo l lo w e d  f o r  1 t o  3 d ay s . From th e  d a ta  o b ta in e d , th e  
co n c e n tra tio n  o f th e  chem ical g iv in g  a  50 $ red u c tio n  in  grow th i s  estim ated  
or th e  h ig h e s t co n cen tra tio n  which does no t g ive  'a red u c tio n  computed.

TESTS BASED (W UPTAKE (ACCUMUIATIGN) CP CHM CAIS U i SEAWEEDS

Many seaw eed s a c c u m u la te  t o x i c  m e ta ls  b u t  i t  i s  unknown when th e  
accum ulated m eta ls  become to x ic  to  th e  a lg ae . T herefore  t e s t s  based on m etal 
u p ta k e  by seaw eed s a r e  n o t r e a l l y  t o x i c o l o g i c a l  t e s t s .  In  e c o to x ic o lo g y  
th e i r  v a lue  l i e s  in  th e  f a c t  th a t  th e  accum ulation  in  th e  a lg ae  re v e a ls  the 
p resence o f  th e  chem ical in  th e  environm ent. I t  can in d ic a te  th e  s e v e r i ty  of 
th e  con tam ination , and s in ce  accum ulation  s t a r t s  a t  s u b le th a l  le v e ls  o f  the  
m e ta l  and le a d s  to  e f f i c i e n t  c o n c e n t r a t io n  o f  th e  e le m e n t in  q u e s t io n ,  
s t u d i e s  o f  m e ta l  c o n te n t  in  seaw eed s may be v e ry  u s e f u l ,  e s p e c i a l l y  in  
m o n ito ring  program s.

The seaw eed s to  be used sh o u ld  be ab u n d a n t, i d e n t i f i a b l e  and ea sy  to  
h a r v e s t ,  q u i t e  t o l e r a n t  to  e n v iro n m e n ta l  a d v e rse  in f lu e n c e ,  r e a c t  in  
p r o p o r t io n  to  th e  lo a d ,  and be a v a i l a b l e  m ost o f  th e  y e a r .  Some o f th e  
i n t e r t i d a l  brown seaweeds, such a s  Ascophyllum nodosum and se v e ra l o f the 
Fucus sp e c ie s  a re  id e a l  fo r  North European and North American w a te rs .

A f a i r l y  l a r g e  number o f  sp ec im en s  i s  needed f o r  th e  t e s t s  (20 to  30) 
to  reduce th e  e f f e c t  o f  in d iv id u a l v a r ia t io n  in  th e  m a te r ia l  (B aardseth and 
Haug, 1953). E p ip h y te s  and o th e r  c o n ta m in a tio n  m ust be rem oved p r i o r  to  
d ry in g . D ry in g  c a b in e t s  w ith  f o r c e d  a i r  a t  40 to  50 °C a r e  s u i t a b l e  and 
sh o u ld  be used  to  p ro d u ce  b o n e -d ry , b r i t t l e  m a te r i a l  w h ich  can be b roken  
in to  sm a ll p ie c e s  by hand. At t h i s  p o in t q u a r tin g  out a  s u i ta b le  subsample 
may be p r a c t i c a l  b e fo re  i t  i s  g round  to  a  f i n e  pow der in  a  p o r c e la in  b a l l  
m il l  o r a  s im i la r  nonm etal dev ice . The dry  m a tte r  co n ten t o f  th e  product i s
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determ ined, and subsam ples a re  weighed out fo r  m eta l a n a ly s is , n o rm ally  by 
atom ic a b so rp tio n , X-ray spectroscopy  o r a c t iv a t io n  a n a ly s is .

Whole p la n ts , or in  th e  case o f  Ascophyllum nodosum and a  few o th e rs , 
t i s s u e  d iv id e d  in to  age c l a s s e s ,  may be u sed . By s e p a r a te  a n a l y s i s  o f  
m a te r ia l  o f known age and com parison o f t h e i r  m eta l co n ten t, in fo rm a tio n  on 
th e  t r e n d s  in  m e ta l  c o n ta m in a tio n  may be o b ta in e d  from  a  s in g l e  sam p le  
w ithou t having to  s e t  up a  t im e - s e r ie s  o f sam ples.

APPLICATION Œ  TESTS. VIRTUES AHD WMKHES3ES

The l i t e r a t u r e  co n ta in s  a  r a th e r  l im ite d  number o f  reco rd s o f  s tu d ie s  
on th e  t o x i c  e f f e c t  o f  heav y  m e ta ls  on seaw eed s (B ryan , 1969 ; R u s s e l  and 
M o rr is , 1970 ; N o rth  e t  a l . ,  1972 ; Goodman e t  a l . ,  1976 ; S trö m g re n , 
1977ab, 1980 ; Reed and M offat, 1983). These s tu d ie s  show th a t  z in c , copper 
and some o th e r  m e ta l io n s  become to x ic  to  seaw eed s a t  f a i r l y  h ig h  
co n cen tra tio n s  (0.1 -  5 mg.l~1 ), b u t th e y  a lso  dem onstrate  th e  many problem s 
involved in  th e  use o f seaweeds in  e c o to x ic o lo g ic a l t e s t s ,  e.g. th e  need fo r  
la rg e  sam ples, th e  requ irem ent f o r  la rg e  tanks in  la b o ra to ry  experim en ts, 
and the  extended t e s t - t im e  req u ired  to  measure e f f e c ts  on grow th or changes 
in  biom ass in  th e  conven tiona l way.

IABGRATORY TESTS BASH) CW ŒOWH AHD VIABILITY

The in tro d u c tio n  o f  th e  la s e r  method to  determ ine len g h t increm en ts o f 
grow ing t i p s  o f  seaweeds has allow ed th e  development o f  a  p r a c t ic a l  to x ic i ty  
t e s t  w ith  th e se  p la n ts . By t h i s  sem im icro method Str&ngren (I979ab, 1980) 
s tu d ie d  th e  to le ra n c e  le v e ls  o f  a  number o f  i n t e r t i d a l  seaweeds to  copper 
and z in c  io n s  A. nodosum d id  n o t  r e a c t  to  30 p g . l -  ̂ o f  co p p er o r  to  100 
P g .l-1 o f  z in c , w hile  a l l  sp e c ie s  in v e s tig a te d  showed reduced grow th a t  1.4 
mg.l-1 z in c . The red u c tio n  in  grow th was p a r t ic u la ry  s ig n i f ic a n t  d u rin g  th e  
f i r s t  2 to  3 days o f  e x p o su re . T h is  m ethod can e a s i l y  be s t a n d a r d iz e d  to  
become a  rap id  t e s t  f o r  to x ic  e f f e c t s  o f  in d u s t r ia l  w aste  w ate r on m arine 
m a c ro a lg ae . A l a r g e  num ber o f  sa m p le s  can be h an d led  in  a  s h o r t  t im e ,  and 
th e  e x p e r im e n ta l  c o n d i t io n s  a r e  e a s i l y  c o n t r o l l e d .  The eq u ip m en t and 
o p e ra tio n a l expenses a re  reaso n ab le . Continuous a d d itio n  o f to x ic a n t  to  the 
medium w i l l  p ro v id e  a  c o n s ta n t  c o n c e n t r a t io n  o f  a v a i l a b l e  m e ta l  (o r 
to x ic a n t) , and w i l l  a ls o  secu re  th a t  most o f th e  m etal i s  in  th e  f r e e  io n ic  
form.



186 A. JENSEN

A p ro b lem  i s  t h a t  th e  r e l a t i o n s h i p  b e tw een  th e  in c r e a s e  in  le n g h t  o f 
th e  a p ic a l p a r t  and th e  growth ( in c re a se  in  biom ass) o f th e  whole p la n t  may 
be q u ite  complex and i s  not known in  most cases . I t  may a lso  be questioned  
to  w hat e x te n t  th e  rem o v al o f  th e  a p ic e  from  th e  r e s t  o f  th e  p l a n t  w i l l  
in flu en ce  th e  growth o f  th e  ap ice .

F u r th e rm o re  i t  m ust be a d m it te d  t h a t  th e  seaw eed s seem to  be r a t h e r  
in s e n s i t iv e  to  many chem icals and w i l l  p ro b a b ly  s u rv iv e  p o l l u t i o n  b e t t e r  
th a n  many o th e r  o rg a n ism s  in  th e  m arin e  e n v iro n m e n t. The h y d r o p h i l ic  
c h a r a c te r  o f  th e  seaw eed s w i l l  in  g e n e r a l ly  p r o t e c t  them  a g a in s t  l i p o i d  
to x ic a n ts , and no accum ulation  o f  such compounds as petro leum  hydrocarbons, 
PCB, DDT, PAH, and l ip id - s o lu b le  p e s t ic id e s  can th e re fo re  be expected.

The d iscovery  by Taylor and West (1980) th a t  th e  pigm ent, Evan's b lu e , 
i s  ta k e n  up by dead c e l l s  and ex c lu d e d  from  l i v i n g  c e l l s ,  h as  been u sed  by 
Reed and M offat (1983) to  develop a  v i a b i l i t y  t e s t  fo r  m acroalgae. In  t h i s  
way th e  prolonged in cu b a tio n  p e rio d s  needed in  conventional grow th t e s t s  was 
a v o id e d . Reed and M o ffa t (1983) a p p l ie d  t h i s  method in  s t u d i e s  on th e  
t o x i c i t y  o f  and to l e r a n c e  to  co p p e r in  th e  g re e n  seaw eed E n te ro m o rp h a  
com pressa.

Other p h y s io lo g ic a l param eters  may a ls o  be q u ite  s e n s i t iv e  in d ic a to rs  
o f  t o x i c i t y  and  may be  u s e d  in  t o x i c i t y  s t u d i e s .  The r a t e  o f  n e t  
p ho tosy n th esis  i s  e a s i ly  determ ined u s in g  an oxygen e le c tro d e  (Reed e t  a l ., 
1980), and t h i s  lo o k s  p ro m is in g  f o r  th e  d ev e lopm en t o f  a  r a p id  t o x i c i t y  
t e s t .

R hizoid fo rm atio n  in  E. com pressa and r e la te d  green a lg ae  may a ls o  form 
th e  b a s is  fo r  a  quick  b io assay  (Reed and M offat, 1983).

TESTS BASH) ®  UPTAKE OP CHHCCAIS IN  SEA WEHS

During th e  l a s t  decade seaweeds have been rep ea ted ly  used as in d ic a to rs  
o f  heavy  m e ta l  p o l l u t i o n  in  e s t u a r i e s  and c o a s t a l  w a te r s .  R e se a rc h  team s 
from  G re a t B r i t a i n  (P re s to n  e t  a l . ,  1972 ; B ryan and H um m erstone, 1973 ; 
Ire la n d , 1973 ; Fuge and Jam es, 1974 ; M orris and B ale, 1975) were among th e  
f i r s t  to g e th e r  w ith  Norwegian re se a rc h e rs  (Haug e t  a l . , 1974) to  study  th e  
m e ta l c o n c e n t r a t io n  in  seaw eed s in  r e l a t i o n  to  e n v iro n m e n ta l p o l l u t i o n  
p ro b lem s. P h i l l i p s  (1977) h as  re v ie w e d  th e  p ro g re s s  up to  1977. S e e l in g e r  
and Edw ards (1977) d e te rm in e d  c o r r e l a t i o n  c o e f f i c ie n t s  and co n cen tra tio n
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f a c t o r s  o f  co p p er and le a d  in  some b e n th ic  a lg a e ,  and th e  N orw egian team s 
continued  t h e i r  s tu d ie s  on th e  use o f  seaw eeds a s  b io lo g ic a l  in d ic a to rs  o f  
heavy  m e ta l  c o n ta m in a tio n  in  N orw egian  f j o r d s  (M elhuus e t  a l . ,  1978 ; 
M y k lestad  e t  a l . ,  1978 ; E id e  e t  a l . ,  1980). S im i l a r  s t u d i e s  b ased  on a  
brown seaweed C y sto ce ira  c r in i t o , to  m on ito rin g  heavy m eta l p o llu tio n  in  
th e  B lack  s e a  w ere a l s o  i n i t i a t e d  by B u rd in  e t  a l .  (1980). R e c e n tly ,  
W oolston  e t  a l .  (1982) c a r r i e d  ou t a  s a m p lin g  s tu d y  on th e  brown seaw eed  
Ascophyllum nodosum as a  m onitor f o r  t r a c e  m e ta ls  in  th e  S t Croix E stu a ry  
and Passamaquoddy Bay which form th e  boundary betw een Canada and the  USA on 
th e  A tla n tic  co as t.

I t  h as  been  p o s s ib le  to  e s t a b l i s h  b a s e l in e  l e v e l s  f o r  th e  c o n te n t  o f  
s e v e r a l  heavy  m e ta ls  in  A. nodosum and a  few  F u cu s s p e c ie s  in  N orw egian  
w a te r s  (Haug e t  a l . ,  1974 ; M elhuus e t  a l . ,  1978). The b a s e l in e  d a ta  f o r  A. 
nodosum a re  summarized in  Table I .  A nalyses o f  lo c a l  sam ples o f  seaweed can, 
in  com parison w ith  th e se  f ig u re s ,  dem onstrate  h igh  m eta l co n ten ts  which a re  
to  be a t t r i b u t e d  e i t h e r  to  n a tu r a l  s o u r c e s ,  i_.e. th e  p re s e n c e  o f  s p e c i a l  
m in e ra l  r e s o u r c e s  a lo n g  th e  c o a s t ,  o r  to  man-made s o u rc e s  _i.£. m in in g  o r  
m e t a l l u r g i c a l  i n d u s t r i e s  in  th e  a r e a .  The l o c a t io n  o f  th e  m e ta l in p u t  can 
o f te n  be re v e a le d  th ro u g h  s tu d i e s  on th e  m e ta l  c o n te n t  in  th e  seaw eed s in  
c o m b in a tio n  w ith  s tu d i e s  on th e  h y d ro g rap h y  o f  th e  a r e a .  T h is  i s  c l e a r l y  
dem onstrated  in  th e  d i s t r ib u t io n  o f  th e  m eta l c o n c e n tra tio n  in  seaweeds in  
S ö r f jo rd e n  in  W este rn  Norway (Haug e t  a l . ,  1974), a s  shown in  F ig .  2 and 
Table I I .

Table I .  Heavy m eta l co n ten t o f Ascophyllum nodosum from
uncontam inated w a te rs  in  Norway, based on Haug e t  a l .(1 974)

Metal C ontent (mg.kg  ̂ dry wt)

Zn 60 -  100
Cu 5 -  10
Fb < 3
Cd < 0 .7
Hg 0.05  -  0 .08
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Table I I .  Heavy m e ta l c o n te n t  o f  A scophyllum  nodosum (mg.kg  ̂ dry wt) 
from f iv e  d i s t r i c t s  in  th e  H ardangerfjo rd  (Haug e t  a l . ,  1974)

Area

M etal I I I  I I I IV V

Zn 3 220 2 140 2 140 1 420 315
Cu 111 29 15 6 5
Pb 81 22 5 < 3 < 3
Cd 14 7 6 4 1
Hg 12 2 1 0.3 0

P ig . 2 . D i s t r i b u t i o n  o f  m e ta l  c o n c e n t r a t io n  in  seaw eed s  in  th e  
H ardangerfjo rd  (Haug e t  a l . ,  1974).

a c t o r y

A r e a  V
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I t  i s  im p o r ta n t  t h a t  th e  a l g a l  m a te r i a l  in  th e  v a r io u s  sa m p le s  o f  a 
s e r ie s  i s  o f th e  same age s in ce  accum ulation o f m eta ls  i s  very  much a  one
way p ro cess , _i.e. o ld  t i s s u e  has h igher co n ten ts  than  younger m a te r ia l .  This 
m eans, how ever, t h a t  when th e  a l g a l  m a te r i a l  can  be s e p a r a te d  i n t o  age 
c la s s e s , as i s  th e  case w ith  A. nodosum, more in fo rm a tio n  may be o b ta in ed . 
A nalysis o f  a  s in g le  sam ple, d iv ided  in to  subsam ples o f  0, 1, 2, 3, 4 y ea rs  
and o ld e r age c la s s e s , can id e n t i fy  any heavy m eta l p o l lu ta n t  and in d ic a te  
th e  se rio u sn e ss  o f th e  con tam ination  a s  w e ll as show w hether th e  s i tu a t io n  
i s  im proving or d e te r io r a t in g . A m athem atical model fo r  th e  uptake o f  heavy 
m e ta ls  in  b e n th ic  a lg a e  h as  been  worked o u t (S e ip , 1979), and th e  heavy 
m etal p o llu t io n  in  s e v e ra l Norwegian f jo rd s  i s  ro u tin e ly  m onitored th rough 
a n a ly s is  o f  th e  m eta l co n ten t in  lo c a l  seaweeds. The m o n ito ring  i s  c a r r ie d  
out by th e  m ining and m e ta l lu rg ic a l  in d u s tr ie s  in  th e  a re a s  a s  p a r t  o f  th e  
o f f i c i a l  re g u la tio n s  c o n tro ll in g  t h e i r  a c t iv i ty .

M yk lestad  and c o l l a b o r a t o r s  (M y k lestad  e t  a l . ,  1978 ; E id e  e t  a l . ,  
1980) have used a  r e l a t i v e l y  e a sy  t r a n s f e r  te c h n iq u e  in  s t u d i e s  on heavy  
m e ta l u p ta k e  and r e l e a s e  in  seaw eed s . Whole p l a n t s  and th e  p ie c e  o f  ro c k  
th e y  w ere a t ta c h e d  t o ,  w ere t r a n s f e r r e d  from  p o l lu te d  to  p u re  w a te r s  and 
v ic e  v e r s a . The a u th o r s  co n c lu d ed  t h a t  th e  u p ta k e  o f  z in c  and cadmium was 
slow  in  w in te r  and ra p id  in  sum m er, w h ile  le a d  a c c u m u la te d  a t  a  n e a r ly  
co n stan t r a te  th roughout th e  seasons. Some seaso n a l v a r ia t io n  a ls o  occurred  
in  th e  re le a se  p ro cesses  o f  th e se  m eta ls .

S tu d ies  on th e  k in e t ic s  and mechanisms o f m etal uptake and re le a s e  have 
been i n i t i a t e d  in  s e v e ra l l a b o r a to r i e s .  The i n s i g h t  o b ta in e d  h a s  im proved 
th e  v a lu e  o f  th e  t e s t  in  e c o to x ic o lo g ic a l  m o n ito r in g . A tw o -c o m p a rtm e n t 
m odel seem s to  f i t  th e  u p tak e  o f  z in c  in  A. nodosum v e ry  w e l l .  (S k ip n e s  et^ 
a l ., 1975). A m ajor p a r t  o f  th e  z in c  i s  p robab ly  bound to  po lyphenols in  th e  
a lg a ,  w h ile  a l g i n i c  a c id  seem s to  be th e  m a jo r b in d in g  s i t e  f o r  s t r o n t iu m  
and maybe le a d  in  th e  brow n seaw eed s  (S k ip n es  e t  a l . ,  1975 ; E id e  e t  a l . ,  
1980). F i l io n -M y k le b o s t  and N orto n  (1981) have shown t h a t  A. nodosum may 
shed i t s  ep iderm is under c e r ta in  c o n d itio n s , and s in c e  z in c  and some o th e r 
heavy m e ta ls  te n d  to  a c c u m u la te  in  th e  p h e n o l - r ic h  e p id e rm is  c e l l s ,  t h i s  
shedding may have some in flu en ce  on th e  t e s t  r e s u l t s  and may a ls o  be o f some 
e c o lo g ic a l s ig n if ic a n c e  f o r  th e  a lg a .

Whereas th e  c o r r e la t io n  betw een th e  m etal co n ten t in  th e  seaweeds and 
th e  so u rc e  o f  th e  c o n ta m in a tio n  h as  been  e s t a b l i s h e d  in  m ost c a s e s ,  th e  
re la t io n s h ip  to  th e  m eta l con ten t in  th e  surround ing  seaw ater appears to  be
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more dubious. The form er c o r re la t io n  has beyond doubt been m ediated by the  
seaw ater, b u t th e  v a r ia t io n s  in  th e  co n cen tra tio n  o f m e ta ls  in  th e  w ater are 
f re q u e n tly  to o  la rg e  to  a llow  any c o r r e la t io n  to  be d e tec ted  in  th e  sam pling 
programs norm ally  a p p lied . Eide (1977) in tro d u c e d  in t e g r a t e d  s a m p lin g  and 
used  c h e l a t i n g  r e s i n s  t o  o b ta in  good a v e ra g e  v a lu e s .  T h is  te c h n iq u e  i s  
recommended in  a tte m p ts  to  c o r r e la te  m eta l con ten t in  th e  seaweeds w ith  th a t  
o f th e  surrounding  seaw ater.

CdOBSICHS

In  th e  p r e s e n t  c o n te x t  seaw eed s seem to  be b e s t  s u i t e d  f o r  i_n s i t u  
m onitoring  o f  heavy m eta l p o llu t io n  in  c o a s ta l  w a te rs , a lthough  th e  speed 
and e f f ic ie n c y  o f th e  sem im icro la se r-b a se d  method o f S tr ta g re n  (1975) makes 
to x ic i ty  te s t in g  w ith  seaweeds in  th e  la b o ra to ry  both p ra c t ic a b le  and rap id . 
The common seaw eed  A. nodosum i s  p a r t i c u l a r l y  u s e f u l  when age c l a s s e s  o f 
t i s s u e  a re  analyzed se p a ra te ly . The au th o r i s  no t aware o f  any o th e r method 
which can g ive  in fo rm a tio n  on bo th  th e  id e n t i ty  and co n cen tra tio n  a s  w e ll as 
on th e  tren d  in  heavy m eta l p o l lu t io n  in  seaw ater on th e  b a s is  o f  one s in g le  
sam ple.

The enrichm ent o f  th e  m e ta ls  in  th e  a lg a , which may be in  th e  o rd er o f 
103 to  10 5 t im e s  above th e  l e v e l  in  th e  s e a w a te r ,  a l s o  c o n s id e r a b ly  
s im p l i f ie s  th e  d e te rm in a tio n  o f th e  m e ta ls . The seaweeds g ive some s o r t  o f 
average p ic tu re  o f  th e  m eta l load a t  a  p a r t ic u la r  s i t e ,  and a ls o  re a c t  only 
to  b io lo g ic a l ly  a v a ila b le  m eta l. T his i s  th e  type o f in fo rm atio n  needed in  
eco tox ico logy .

I t  m ust be a d m it te d  t h a t  th e  re sp o n se  o f  seaw eeds h as  no p r e d i c t i v e  
y a lu e  f o r  th e  t o x i c  e f f e c t s  on o th e r  o rg a n ism s  exposed  to  th e  same 
p o l l u t i o n ,  b u t  t e s t s  w ith  seaw eed s  c e r t a i n l y  appear more in fo rm a tiv e  and 
re le v a n t than  sim p le  chem ical m onitoring .
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