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ABSTRACT

T h is  re v ie w  o f  th e  l i t e r a t u r e  on t o x i c o l o g i c a l  t e s t i n g  o f  m arin e  
m olluscs d e sc r ib e s  "standard  techn iques" employed in  such work, and p re se n ts  
some exam ples o f  th e  r e s u l t s  o f  th e se  t e s t s  u s in g  a  v a r ie ty  o f m olluscs a t  
d i f f e r e n t  l i f e  s ta g e s  exposed to  v a rio u s  p o l lu ta n ts .

R e lia b le  tech n iq u es have been d ev e lo p ed  f o r  c u l t u r i n g  m o llu sc s  u n d er 
c o n tro lle d  c o n d itio n s  in  th e  la b o ra to ry , th u s  making i t  p o ss ib le  to  s tu d y  
th e  e f f e c t s  o f  a  v a r ie ty  o f  p o llu ta n ts  on a l l  l i f e  s ta g e s , u s in g  reasonably  
s tan d a rd ized  methods. Although to x ic o lo g ic a l  t e s t i n g  o f  m olluscs has taken  
p lace  f o r  a t  l e a s t  50 y ea rs , i t  has been only w ith in  th e  l a s t  2 - 3  decades 
th a t  reaso n ab ly  s tan d a rd ized  methods o f  t e s t in g  have been perform ed u s in g  
th re e  c r i t e r i a  : (1 ) responses o f organism s exposed to  chem ical contam inants 
under la b o ra to ry  c o n d itio n s  ; (2) responses o f  organism s in  th e  la b o ra to ry  
t o  w a te r  sa m p le s  c o l l e c t e d  fro m , o r  d ep lo y ed  in  th e  f i e l d  w here  th e y  have 
been, a re , o r w i l l  be su b jec ted  to  p o llu ta n t  exposure.

Although many sp e c ie s  have been used fo r  to x ic i ty  (b ioassay) t e s t s ,  th e  
m ost i n t e n s i v e  t e s t i n g  h as  fo c u se d  on o n ly  a  few . T hese a r e  th e  A m erican  
o y s te r  (C ra s so s tre a  v irg in ic a ), th e  P a c if ic  o y s te r  (Cra s s o s tre a  g ig as), th e  
b lue  m ussel (M y tilu s  e d u l is ), and th e  hard clam (M ercenaria m ercenaria).
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M arine b iv a lv e  m o llu s c s  -  o y s te r s ,  c la m s , s c a l l o p s ,  m u s s e ls  -  a re  a  
va lu ab le  in te r n a t io n a l  food commodity. M arket p r ic e s  o f  th e se  m olluscs have 
g r e a t l y  in c r e a s e d  in  r e c e n t  y e a r s  b e c a u s e  o f  lo w e re d  p ro d u c tio n  and 
h a r v e s t a b i l i t y  due in  p a r t  to  r i s i n g  p o l l u t a n t  c o n c e n t r a t io n s  in  t h e i r  
environm ent. I t  i s  perhaps f i t t i n g  th a t  th e s e  an im als a re  a lso  p a r t ic u la r ly  
s u i ta b le  su b je c ts  fo r  e v a lu a tin g  th e  to x i c i t y  o f in d iv id u a l and com binations 
o f  p o llu ta n ts . B iva lves in  p a r t ic u la r  have c h a r a c te r i s t ic s  which make them 
s u i ta b le  fo r  e c o to x ic o lo g ic a l t e s t in g  : abundance o f  sp e c ie s , sed en ta rism , 
m in im a l l i f e  sp a n , h ig h  s e n s i t i v i t y  to  p o l l u t a n t ,  and an a d u l t  s i z e  la r g e  
enough fo r  making a  v a r ie ty  o f  p h y s io lo g ic a l, b io c h e m ic a l, and h is to lo g ic a l  
analyses. In  a d d itio n , th e  development o f  r e l ia b le  tech n iq u es fo r  c u ltu r in g  
m o llu sc s  in  th e  la b o r a to r y ,  made p o s s i b l e  by a d v an ces  in  m a r ic u l tu r e  
r e s e a r c h  ( lo o s a n o f f  and D a v is , 1963), h a s  le d  to  r e a s o n a b ly  s ta n d a r d iz e d  
methods (APHA, 1975 ; ASTM, 1980).

T o x ic o lo g ic a l  t e s t i n g  o f  m arin e  m o llu s c s  in  th e  la b o r a to r y  h as  been  
g o in g  on f o r  many y e a r s .  Some s t u d i e s ,  such  a s  th o s e  on th e  e f f e c t s  o f  
s u l f i t e  w aste l iq u o rs  from p u lp -m ill  p la n ts  on a d u lt  Olympia o y s te rs  (O strea  
l u r i d a ) , w ere  p e rfo rm e d  a s  e a r ly  as 1931 (H opkins, 1931 ; K in c a id  and 
B enson , 1931 )• I t  h a s  been  o n ly  w i th in  t h e  - la s t  25 y e a r s  o r s o , how ever, 
t h a t  th o ro u g h  and s t r i n g e n t  t o x i c i t y  t e s t s  w ith  m o llu s c s ,  b o th  a d u l t  and 
e a r ly  l i f e  s ta g e s , have been perform ed. A reasonab le  degree o f s tan d ard ized  
te s t in g  methodology has been achieved d u rin g  th e  p a s t 25 years. E a rly  t e s t s  
w ith  a d u lt m olluscs were o f  r e la t iv e ly  s h o r t  d u ra tio n , from  24 -  28 h to  as 
long  as 575 days (McKernan e t  a l . ,  1949). Advances in  m a ric u ltu re  techn iques 
o f  m ollu scs, p a r t i c u l a r ly  b iv a lv e s , l a t e r  provided th e  c a p a b i l i ty  o f  working 
w ith  embryos, la rv a e , and ju v e n ile s  in  to x ic i ty  t e s t s .  Because th e se  e a r ly  
l i f e  s ta g e s  a r e  g e n e r a l l y  more s e n s i t i v e  th a n  th e  a d u l t s  to  c h e m ic a l 
t o x i c a n t s ,  a  num ber o f  i n v e s t i g a t o r s  b eg an  w o rk ing  w i th  them (D av is and 
C han ley , 1956 ; W oelke, 1960ab ; D a v is , 1961 ; Okubo and Okubo, 1962). 
Woelke (1961) proposed th e  u se  o f  b iv a lv e  la rv a e  fo r  b io assay s o f  w ate rs  in  
w hich  o y s te r  and clam  p o p u la t io n s  w ere  p r e s e n t .  D im ick  and B re e se  (1965)
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proposed th a t  embryos o f  th e  b lu e  (or common) m ussel M ytilus e d u lis  be used 
as a  stan d ard  organism  f o r  m arine w a te r b io assay s  because th ey  a re  found in  
n e a r ly  a l l  e s tu a r ie s  o f th e  world.

Many m olluscan sp e c ie s  have been u sed  fo r  to x ic i ty  t e s t s ,  b u t th e  most 
in t e n s iv e  t e s t i n g  h as fo c u se d  on o n ly  a  few . E a r ly  t e s t s  u sed  th e  O lym pia 
o y s te r  (O strea  lu r id a ) , b u t more r e c e n t ly  th e  m olluscs o f  choice have been 
th e  American o y s te r  (C ra s so s tre a  v i r g in ic a ), th e  P a c if ic  o y s te r  (C ra sso s tre a  
g ig a s ) ,  th e  b lu e  o r  common m u sse l ( M y t i lu s  e d u l i s ) , and th e  h a rd  clam  
(M ercenaria m ercenaria). O ther m olluscan b iv a lv e s  can be employed in  s im ila r  
t e s t s ,  th u s  e n a b l in g  th e  u se  o f  m o llu s c a n  t o x i c i t y  t e s t i n g  o v e r a  w ide  
geographic ran g e .

G astro p o d  m o llu s c s ,  a l th o u g h  th e y  have  been  u sed  in  t o x i c i t y  t e s t s ,  
have n o t been u sed  to  t h e i r  f u l l  p o t e n t i a l  ( E i s l e r ,  1966, 1970 ; M aclnnes 
and T h u rb e rg , 1973 ; E i s l e r  and H ennekey, 1977 ; M a r tin  e t  a l . ,  1977 ; 
S a l ib a  and V e l la ,  1977 ; F i t z p a t r i c k  and S u th e r la n d , 1978 ; N e lso n , 1978 ; 
C a la b re s e  e t  a l . ,  1981 ; N e lso n  e t  a l . ,  1983a). C a la b re s e  and Rhodes (1974) 
developed techn iques fo r  c u l tu r in g  th e  s l ip p e r  lim p e t (C rep id u la  fo rn ic a ta ) 
th ro u g h  s e v e r a l  g e n e r a t io n s  in  th e  la b o ra to ry  and suggested  t h i s  organism 
f o r  u s e  in  t o x i c o l o g i c a l  t e s t i n g .  L a te r ,  N elso n  (1978) d e te rm in e d  th e  
e f f e c t s  o f  m e r c u r y , s i l v e r ,  and co p p er on th e  s u r v iv a l  and g ro w th  o f  C. 
f o r n i c a t a  l a r v a e ,  and C a la b re s e  e t  a l .  (1981) and N e lso n  e t  a l .  (1983a) 
exam ined th e  e f f e c t s  o f  s i l v e r  on t h i s  s p e c ie s ,  d o cu m en tin g  f e c u n d i ty ,  
l a r v a l  s u rv iv a l and grow th, v i a b i l i t y  o f  succeeding  g en e ra tio n s , and m etal 
uptake a f t e r  e i th e r  12 or 24 months o f  exposure, re sp e c tiv e ly .

Three t e s t  c r i t e r i a  a re  in  u se  : (1 ) responses o f  organism s exposed to  
in d iv id u a l or m ix tu res o f  chem ical contam inants under la b o ra to ry  co n d itio n s  
-  b o th  a d u l t  and e a r l y  l i f e  s ta g e s  ; (2) re s p o n s e s  o f  o rg a n ism s  in  th e  
la b o ra to ry  to  w ater sam ples c o lle c te d  from th e  environm ent -  p r im a r i ly  th e  
e a r l y  l i f e  s ta g e s ;  and (3) re s p o n s e s  o f  o rg a n ism s  e i t h e r  d ep lo y ed  in ,  o r  
c o lle c te d  from th e  f i e ld  under p o llu ta n t-e x p o su re  co n d itio n s .

S tu d ie s  o f  th e  e f f e c t s  o f  v a r io u s  c h e m ic a l p o l l u t a n t s  u s in g  a d u l t  
m o llu s c s  in c lu d e  : (1 ) th e  e f f e c t s  o f  p e s t ic id e s / in s e c t ic id e s  on American 
o y s te rs , C ra sso s tre a  v i r g in ic a  (B u tle r e t  a l . ,  1960 ; B u tle r , 1966ab ; Lowe 
e t  a l ., 1971), on h a rd  c la m s  (M e rc e n a r ia  m e rc e n a r ia ) and mud s n a i l s  
(N assa riu s  o b so le tu s ) (E is le r ,  1970), on K a te ly s ia  opima and Donax cuneatus 
(Mane e t  a l . ,  1979) and on th e  common m u sse l ( M y ti lu s  e d u l i s ) (R o b e rts ,
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1975) ; (2) o i l  and o i l  d i s p e r s a n t s  on v a r io u s  b iv a lv e s  (P ortm ann  and 
C onnor, 1968 ; E i s l e r ,  1973 ; N a g e ll  e t  a l . ,  1974 ; A nderson and A nderson , 
1976 ; S te k o l l  e t  a l . ,  1980) ; and (3) v a r io u s  heavy  m e ta ls  on b iv a lv e s  and 
gastropods (Olson and H a rre l, 1973 ; O kazaki, 1976 ; E is le r ,  1977ab ; E is le r  
and H ennekey, 1977 ; M a r tin  e t  a l . ,  1977 ; K um araguru and R am am oorth i, 
1978).

S im i la r  s t u d i e s  have a l s o  been  p e rfo rm e d  on th e  e a r l y  l i f e  s ta g e s  o f  
m olluscs, in c lu d in g  embryos, la rv a e , and ju v e n i le s .  These s tu d ie s  have been 
perform ed w ith  : (1 ) o i l  and o i l  d is p e r s a n ts  (Renzoni, 1973a, 1975 ; LeGore, 
1974 ; Byrne and C alder, 1977 ; S ig le r  and L e ib o v itz , 1982) ; (2) d e te rg e n ts  
(H idu, 1965 ; C a la b re s e  and D a v is , 1967 ; Granmo, 1972 ; R en zo n i, 1973b) ; 
(3) p e s t ic id e s / in s e c t ic id e s  (Davis, 1961 ; S tew art e t  a l . ,  1967 ; Davis and 
H idu , 1969 ; Lucu e t  a l . ,  1980) ; and (4 ) m e ta ls  (W ise ly  and B lic k , 1967 ; 
C a la b re s e  _et a l . ,  1973 ; C a la b re s e  and N e lso n , 1974 ; N e lso n  ert a l . ,  1976, 
1983a ; C a la b re se  e t  a l . ,  1977a, 1981 ; C o g lia n e se  and M a r tin ,  1981 ; 
W atling , 1982).

This review  d e sc rib e s  "s tandard  tech n iq u es"  used in  th e  to x ic o lo g ic a l  
t e s t i n g  o f marine m olluscs, and sum m arizes the  l i t e r a tu r e .

SIEtffO -  LARVAL TEST (O -  48  H)

S ta n d a rd  b io a s s a y  p ro c e d u re s  have b e e n  d ev e lo p ed  f o r  u se  o f  b iv a lv e  
embryos and la rv ae  in  to x ic i ty  te s t in g .  Woelke (1961, 1967) proposed th e  u se  
o f  b iv a lv e  la r v a e  f o r  t o x i c i t y  t e s t i n g  and l a t e r  p re p a re d  a  d e t a i l e d  
handbook o f  m ethods d e s c r ib in g  th e  u se  o f  th e  P a c i f i c  o y s te r  embryo a s  a 
b io assay  organism (Woelke, 1972). These methods were l a t e r  fo rm alized  by th e  
A m erican  P u b lic  H e a l th  A s s o c ia t io n  (1975) and th e  A m erican  S o c ie ty  f o r  
T e s t in g  and M a te r i a l s  (1980) a s  " s ta n d a r d  p r a c t i c e s " .  T hese t e s t s  a r e  
e s s e n t i a l ly  l im ite d  to  embryos and la rv a e  (up to  48 h old) o f  th e  American 
o y s te r , P a c if ic  o y s te r , b lue  m ussel, and hard clam because th ese  organism s 
have been te s te d  more e x te n s iv e ly . Embryos and la rv a e  o f o th e r sp e c ie s  may 
be s i m i l a r l y  t e s t e d  w i th ,  p e rh a p s , some m o d i f ic a t io n s  in  th e  p ro c e d u re s . 
T hese t e s t s  a re  l i m i t e d  t o  48 h b e c a u se  t h e  la r v a e  a t  t h i s  s ta g e  b e g in  to  
r e q u ire  feed in g  and b io assay  t e s t s  w ith  la rv a e  th a t  m ust be fed  a re  no t y e t 
s t a n d a r d iz e d .  A c q u ir in g  th e  p ro p e r  l a r v a e  fo r  t e s t in g  re q u ire s  th a t  a d u lt  
b iv a lv e s  be cond itioned  in  th e  la b o ra to ry  to  ensure m a tu ra tion  o f gam etes. 
Spaw ning i s  th e n  in d u ced  w i th  a  s e l e c t e d  p h y s ic a l  (_e.£. t e m p e r a tu r e ) ,
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chem ical (e.g. potassium  c h lo rid e ), or b io lo g ic a l  (e.g. sperm) s tim u lu s , or 
a  com bination o f th e se . S e lec ted  d e n s i t i e s  o f th e  embryos (15 -  30.ml-  ̂ ) a re  
th e n  exposed  to  th e  to x i c a n t  f o r  48 h , d u r in g  w h ich  tim e  th e  em bryos w i l l  
d e v e lo p  in to  f u l l y  s h e l le d  l a r v a e  o r  p ro d is s o c o n c h  I  l a r v a e .  T o x ic i ty  to  
th e se  la rv a e  i s  then  measured a s  (1 ) th e  48 h median e f f e c t iv e  co n cen tra tio n  
(EC50) b ased  on abnorm al s h e l l  d e v e lo p m e n t, o r  (2) th e  48 h m edian l e t h a l  
c o n c e n t r a t io n  (LC50) based  on m o r t a l i t y .  O th e r c r i t e r i a  o f  t o x i c i t y  a r e  
d e c re a s e d  f e r t i l i z a t i o n  a n d /o r  d e c r e a s e s  in  th e  r a t e  o f  deve lopm en t to  
s p e c i f ic  s ta g e s  (e.g. tro chophore , v e l i g e r ,  p ro d is s o c o n c h  I  la rv a e )  (ASTM, 
1980).

The degree o f s ta n d a rd iz a tio n  o f  t h i s  method i s  much f u r th e r  along than  
th a t  f o r  many o f th e  o th e r m arine in v e r te b ra te s  be ing  te s te d  today as some 
form s o f  t h i s  b io assay  have been p ra c t ic e d  fo r  th e  l a s t  30 y e a rs . The t e s t s  
a re  s e n s i t iv e  because b iv a lv e  la rv a e  a r e  e s p e c i a l l y  s e n s i t i v e  to  ch e m ic a l 
t o x i c a n t s  (D av is , 1961 ; D av is and H idu , 1969 ; C a la b re s e  _et a l . ,  1973 ; 
C a la b re s e  and N e lso n , 1974 ; LeG ore, 1974). M oreover, th e  m ethodology  i s  
sim p le  and s tra ig h tfo rw a rd  so th a t  p ro p e rly  equipped m arine la b o ra to r ie s  can 
p e rfo rm  b io a s s a y s  u s in g  s ta n d a r d  t e s t i n g  p ro c e d u re s  t h a t  have been 
e s t a b l i s h e d  and do them  in e x p e n s iv e ly .  The US E n v iro n m e n ta l P r o te c t io n  
Agency (1981) perform ed a  "round-robin" o r  i n te r  la b o ra to ry  com parison usin g  
th e  A m erican  o y s te r  (C. v i r g i n i c a ) e m b ry o - la rv a l  a s s a y  to  e v a lu a te  i t s  
u t i l i t y  in  r e g u la to r y  p ro c e s s e s .  P our l a b o r a t o r i e s  w ere  in v o lv e d  in  t h i s  
"round-rob in", in  which s e v e ra l o rgan ic  chem ica ls  and s i lv e r  n i t r a t e  were 
te s te d .  Because th e  r e s u l t s  in d ic a te d  a  v a r ie ty  o f  problem s w ith  th e  organic 
chem ical t e s t s ,  i t  was recommended th a t  th e  o y s te r  em bryo -la rva l t e s t  not be 
a c c e p te d  a s  a  s ta n d a rd  b io a s s a y  m ethod f o r  u se  in  e v a lu a t in g  th e  r e l a t i v e  
t o x i c i t y  o f  o r g a n ic  p o l l u t a n t s  in  t h e  m a r in e  e n v i r o n m e n t .  T h is  
recom m endation in  no way p rec lu d es  re finem en t o f  th e  procedure so th a t  i t  
can be used a s  one o f a  s u i t e  o f  standard  b io a ssa y  to o ls .

The t e s t  i s  s im p le  i f  th e  p ro p e r  f a c i l i t i e s  and c a p a b i l i t i e s  a r e  
a v a i l a b l e .  I t  i s  a l s o  r a p id ,  and a  number o f  t e s t s  can  be p e rfo rm ed  in  a  
r e la t i v e ly  sh o r t period  o f tim e. Because b iv a lv e  m olluscs can be conditioned 
and e a s i l y  in d u ced  to  spawn in  th e  l a b o r a to r y  "o u t o f  se a so n " , th e  l a r v a l  
s ta g e  o f  th e se  organism s can be a v a ila b le  a lm o st year-round in  more northern  
g e o g ra p h ic a l a rea s .
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VATBÏ QUALITY BIOASSAY

T e s ts  u s in g  th e  o y s te r  e m b r y o - la r v a l  b io a s s a y  f o r  m o n ito r in g  w a te r  
q u a li ty  o f  a  p a r t ic u la r  environm ent were p ioneered  by Woelke (1961, 1965, 
1966, 1967, 1972). S u b se q u e n tly  Okubo and Okubo (1962) p ro p o sed  th e  u se  o f  
m ussel and o y s te r  embryos and Dimick and B reese (1965) suggested  th e  use o f 
m ussel embryos fo r  such s tu d ie s  because th e y  a re  u b iq u ito u s . More re c e n tly , 
S te b b in g  e t  a l .  (1980) p ro p o sed  th e  u s e  o f  b io a s s a y s  in  w a te r  q u a l i t y  
m o n ito r in g  p ro g ram s and recommended th e  u se  o f  o y s te r  and o th e r  b iv a lv e  
em bryos. W oelke (1967), C a rd w e ll e t  a l .  (1 9 7 7 ab, 1979), and N elso n  e t  a l .  
(1983b) have s u c c e s s fu lly  used t h i s  te c h n iq u e  to  determ ine w ater q u a l i ty  of 
p a r t i c u l a r  b o d ie s  o f  w a te r  a f f e c t e d  by p o l l u t i o n .  I n  t h i s  ty p e  o f  t e s t ,  
w ate r sam ples a re  c o lle c te d  a t  s p e c i f ic  s i t e s  in  th e  f i e ld ,  brought back to  
th e  la b o ra to ry  and th e  o y ste r  em b ry o -la rv a l b io assay  t e s t  i s  ap p lied  u s in g  
s tan d ard  methods.

The methodology described  above i s  designed  fo r  acu te  s t a t i c  to x ic i ty  
t e s t i n g .  The p r e s e n t  tr e n d  i s  to  d e v e lo p  f lo w - th ro u g h  b io a s s a y s  even f o r  
s h o r t - t e r m  t e s t s ,  w hereby th e  c o n c e n t r a t io n s  o f  th e  t e s t  to x i c a n t  can be 
b e t te r  m ain tained . P low -through t e s t s  fo r  m olluscan embryos and la rv a e  need 
to  be f u r t h e r  d ev e lo p e d , r e f in e d ,  and v a l id a te d  b e fo re  standard  p ra c tic e s  
can  be f o rm u la te d .  The f lo w - th ro u g h  t e s t  can be u sed  w ith  m ost ty p e s  o f  
t o x i c a n t s  t h a t  o rg a n ism s  a s s i m i l a t e  f ro m  w a te r .  S p e c ia l  a p p a ra tu s  o r 
c o n d i t io n s  may be n e c e s s a ry , how ever, t o  t e s t  such  s u b s ta n c e s  a s  d redge 
m a te r ia l  and v o la t i l e  chem icals.

LARVAL TESTS (FEEDING STAGE)

A lth o u g h  " s ta n d a rd  ...e thods" o f  t e s t i n g  have n o t y e t  been  a d o p ted  f o r  
l a r v a l  m a rin e  b iv a lv e s  and g a s tro p o d s  i n  th e  f e e d in g  s ta g e ,  a  num ber o f  
to x ic i ty  s tu d ie s  have been perform ed on th e s e  e a r ly  l i f e  s ta g e s  (W isely and 
B lic k , 1967 ; C unningham , 1972 ; B r e r e to n  e t  a l . ,  1973 ; T h u rb e rg  e t  a l . ,  
1975 ; Boyden_et a l . ,  1975 ; C a la b re s e  e t  a l . ,  1 9 7 7 a ; N e lso n , 1978 ; N elson  
e t  a l ,  1983a). The w ork c i t e d  in c lu d e s  t h e  e f f e c t s  o f  t o x i c a n t s  on l a r v a l  
s u rv iv a l , grow th, r e s p ir a t io n , and swimming behavior. Because la rv a e  have 
to  be fe d  and th e  t e s t s  a re  o f  lo n g e r  d u r a t io n  (up to  w eeks) r a t h e r  th a n  
s h o r t - t e r m  (up to  48 h ), th e  te c h n iq u e s  w i l l  be more d i f f i c u l t  to  
s t a n d a r d iz e .  As w ith  th e  em bryos, m ost t e s t s  u s in g  la r v a e  have been u n d er 
s t a t i c  co n d itio n s , and i t  i s  now recogn ized  th a t  flow -th rough  t e s t  system s
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a re  m ore r e l i a b l e  in  d e te rm in in g  th e  e f f e c t  o f  a  p a r t i c u l a r  to x i c a n t  on 
l a r v a e .  The m ethodo logy  f o r  t h i s  k in d  o f  t e s t ,  how ever, w ould become more 
demanding and th u s  more r e s t r i c t i v e  as t o  th e  ty p es o f  la b o ra to r ie s  th a t  can 
perform  such s tu d ie s .

JUVHULE TESTS

T e s ts  w ith  ju v e n ile  m olluscs have been perform ed in  e i th e r  s t a t i c  or 
f lo w -th ro u g h  system s la s t in g  from a  few days to  s e v e ra l months. B u tle r  e t  a l  
(1960), B u t le r  (1962, 1966ab), and Lowe e t  a í .  (1971, 1972) exposed  th e  
American o y s te r  C. v i r g in ic a  to  e i th e r  p e s t ic id e s  or PCBs in  flo w in g  w ater 
and used s h e l l  d ep o sitio n , a  measure o f grow th, as th e  response c r i te r io n .  
In  t h i s  case , th e  b i l l  o f  th e  o y s te r  was f i l e d  down and a  new la y e r  o f s h e l l  
was a llow ed  to  grow. B u tle r e t  a l .  (1968) measured grow th in  ju v e n ile  cockle 
clam s (C linocardium  n u t t a l l i ) exposed to  th e  in s e c t ic id e  Sevin fo r  20 days 
in  s ta n d in g  w a te r .  Cunningham (1976) m easu red  s h e l l  g ro w th  in  A m erican 
o y s te rs  exposed f o r  47 days to  mercury in  a  com bination  s ta t ic /f lo w - th ro u g h  
w a te r  sy s te m  w i th  a  su b se q u e n t p e r io d  o f  162 days in  f lo w in g  c le a n  w a te r . 
N elso n  e t  a l .  (1976, 1977) s tu d ie d  th e  e f f e c t  o f  h eavy  m e ta ls  on m o r t a l i t y  
in  j u v e n i l e  bay  s c a l lo p s  (A rg o p ec ten  i r r a d i a n s ) h e ld  f o r  96 h in  s t a t i c  
t e s t s ,  w hereas Pesch e t  a l .  (1979) s tu d ied  th e  e f f e c t  o f  copper on m o rta li ty  
in  ju v e n ile  bay s c a llo p s  held  f o r  42 days in  a  flo w -th rough  system . Thunberg 
e t  a l . (1975) measured changes in  r e s p i r a t io n  r a te s  o f  ju v e n ile  s u r f  clam s 
(S p is u la  s o l id is s im a ) exposed to  s i l v e r  f o r  96 h in  a  s t a t i c  system .

A m u  TOXICITY TESTS

A dult m ollu scs, being  perhaps more e a s i ly  m ain tained  in  th e  lab o ra to ry  
than  o th e r  m ac ro in v e rteb ra te s  or f in f i s h ,  a re  u se fu l organism s fo r  to x ic i ty  
t e s t i n g .  They can  be e a s i l y  c o l l e c t e d  and r e q u i r e  l i t t l e  h o ld in g  sp a c e . A 
v a r ie ty  o f  u s e fu l  measures o f  s t r e s s  can be made on them , _i.e. r e s p ir a t io n , 
g ro w th  b u d g e ts  ( s c o p e - f o r - g ro w th ) ,  o sm o tic  and io n ic  r e g u la t i o n ,  enzyme 
k i n e t i c s ,  h i s t o p a t h o l o g y ,  and  im m une r e s p o n s e .  B e in g  e f f i c i e n t  
b io a c c u m u la to r s  o f  a  v a r i e t y  o f  t o x i c a n t s ,  th e y  can a l s o  be u sed  to  s tu d y  
mechanisms o f b ioaccum ulation , s to ra g e , and d e to x if ic a t io n .
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A dult m olluscs have been u t i l i z e d  in  b o th  s h o r t-  and long -term  to x ic i ty  
t e s t s  c o n d u c ted  in  th e  l a b o r a to r y .  T h e se  t e s t s  have been  u sed  f o r  
d e te rm in in g  : (1 ) m o r t a l i t y  caused  by p o l l u t a n t s  ( E i s l e r ,  1966, 1977b ; 
N a g e ll  e t  a l . ,  1974 ; A nderson and A n d erso n , 1976 ; E i s l e r  and Hennekey, 
1977 ; Mane e t  a l . ,  1979 ; F r a n k l in  and L lo y d , 1982) ; (2) f o r  a  v a r i e t y  o f  
s u b le th a l  e f f e c t s  ( B u t le r ,  1966ab ; Lowe ejfc a l . ,  1971, 1972 ; T h u rb e rg  e t  
a l . ,  1974, 1975 ; S tep h en so n  and T a y lo r , 1975 ; C a la b re s e  e t  a l . ,  1977b, 
1962 ; S a lib a  and V e lla , 1977 ; McGreer, 1979 ; Manley and Davenport, 1979 ; 
Strömgren, 1982) ; (3) in  b ioaccum ulation  s tu d ie s  (Brooks and Rumsby, 1965 ; 
P r in g le  e t  a l ., 1968 ; S h u s te r  and P r i n g l e ,  1969 ; R o b e r ts , 1972 ; 
Cunningham and T r ip p , 1973 ; S c h u lz -B a ld e s ,  1974 ; L an g sto n , 1978 ; Nunes 
and B e n v i l l e ,  1979 ; Z a ro o g ian  e t  a l . ,  1979 ; Z a ro o g ia n , 1980) ; and (4) in  
d e to x if ic a t io n  s tu d ie s  (see  review  by G eorge, 1982).

Cunningham  (1979) re v ie w e d  th e  l i t e r a t u r e  on th e  u se  o f  b iv a lv e  
m o llu sc s  in  heavy  m e ta l  p o l l u t i o n  r e s e a r c h  and su g g e s te d  t h a t  s t u d i e s  o f  
to x ic o lo g ic a l e f f e c t s  o f  heavy m eta ls  cou ld  be expanded to  inc lu d e  re sea rch  
on p o p u la t io n  e f f e c t s ,  o rg an ism  e f f e c t s ,  o rg an  and t i s s u e  e f f e c t s ,  and on 
c e l lu la r  and s u b c e llu la r  e f f e c t s .  Reviews by K idder (1977) and E is le r  (1982) 
provide com prehensive d a ta  on contam inant le v e ls  in  m olluscs derived  from 
both  f i e ld  and la b o ra to ry  s tu d ie s .

T here  a r e  no " s ta n d a rd  m ethods" f o r  p e r fo rm in g  s u b l e t h a l ,  lo n g - te rm  
p h y s io lo g ic a l t e s t in g  o f a d u lt  m olluscs, b u t  one t e s t  which has been in  u se  
fo r  some tim e , b e .  th e  s h e l l  d ep o s itio n  t e s t  (B u tle r e t  a l . ,  1960 ; B u tle r , 
1966ab ; Lowe e t  a l . ,  1971, 1972), h a s  been su g g e s te d  f o r  u se  by th e  
American P u b lic  H ea lth  A sso c ia tio n  (1975) fo r  d e te rm in ing  to x ic a n t e f f e c ts .  
This t e s t  i s  q u ite  s e n s i t iv e  in  th a t  new s h e l l  growth can be observed in  a  
few  d ay s. I t  i s  s im p le  to  p e rfo rm  and d o e s  n o t r e q u i r e  any s o p h i s t i c a t e d  
in s t r u m e n ta t io n  f o r  m aking m easu rem en ts . I t  i s  n o t ,  how ever, th e  o n ly  
measurement o f  to x ic i ty  th a t  could or should  be made w ith  a d u lt  m olluscs. As 
mentioned above, th e re  a re  a  number o f p h y s io lo g ic a l/b io c h e m ic a l t e s t s  to  
m e a s u re  s u b l e t h a l  s t r e s s .  T h e se  t e s t s ,  h o w e v e r , do r e q u i r e  m ore 
s o p h is tic a te d  in s tru m e n ta tio n  and c a p a b i l i t i e s  and i t  may not be p o ss ib le  to  
apply them ro u tin e ly . T es ts  o f  t h i s  type can l a s t  from a  few days to  months 
o r  y e a r s .

The American S o c ie ty  f o r  T es tin g  and M a te r ia ls  i s  developing a  stan d ard  
p r a c t i c e  f o r  c o n d u c tin g  b io c o n c e n t r a t io n  t e s t s  w ith  m arin e  b iv a lv e s .  
Although t h i s  p r a c t ic e  has no t y e t  been adopted , i t  does prov ide g u id e lin e s
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f o r  p e r fo rm in g  b io c o n c e n t r a t io n  t e s t s  over a  2 8 -day  p e r io d . The US 
E n v iro n m e n ta l P r o te c t io n  Agency r e c e n t l y  co n d u c ted  an i n t e r l a b o r a t o r y  
"round-robin" com pariso n -b io co n cen tra tio n  t e s t  u s in g  th e  American o y s te r  (C. 
v i r g i n i c a ) and fo llo w e d  th e  p ro p o sed  s ta n d a r d  m ethods o f  ASTM. A lthough  
th e re  were some problem s w ith  th e  t e s t  m ethodologies, th e  conclusions were 
t h a t  th e  ASTM p r a c t i c e s  on b io c o n c e n tr a t io n  can gen era te  rep ro d u c ib le  and 
com parative r e s u l t s  (Schimmel and G arnas, 1981).

E ith e r  th e  s h e l l  d e p o s itio n  or b io c o n c e n tra tio n  t e s t  can be used as i t  
i s  or m odified to  meet th e  needs o f  th e  in v e s t ig a to r  in  perform ing  long-term  
to x ic i ty  t e s t s  w ith  a  v a r ie ty  o f  s u b le th a l  p h y s io lo g ic a l s t r e s s  measurements 
as  th e  endpoints.

lo n g -te rm , flow -th rough  s tu d ie s  w ith  m olluscs a re  more involved and may 
re q u ire  w ell-equ ipped  la b o ra to r ie s  to  perform  such te s t s .  Although th i s  may 
be considered  a  weakness, i t  should not be construed  as a  c o n s tra in t .  P low - 
through t e s t s  can provide s u b s ta n t ia l  in fo rm a tio n  fo r  a  v a r ie ty  o f purposes 
and should be developed and u t i l i z e d  w herever p o ss ib le .

RESPONSES QP MOLLUSCS CGLLBCTHD ÏR0H, CR DEFLOTH) IN TOE PTKTD

In  a d d itio n  to  to x ic o lo g ic a l  t e s t in g  o f  m olluscs in  th e  lab o ra to ry , i t  
has been suggested th a t  th e se  organism s be used in  th e  n a tu ra l  environm ent 
a s b io lo g ic a l  in d ic a to r  organism s. The use o f b io lo g ic a l  in d ic a to r  organism s 
to  q u a n t i ta te  p o llu ta n ts  in  th e  m arine environm ent i s  now w idespread (see 
re v ie w s  by P h i l l i p s ,  1977a, 1978a, 1980). G o ld b erg  (1975) and P h i l l i p s  
(1976, 1977a) have s u g g e s te d  b iv a lv e  m o llu s c s  a s  c a n d id a te s  f o r  th e  
m o n ito r in g  o f  t r a c e  m e ta ls  on a  g lo b a l  s c a l e .  R e s u l t s  o f  l a r g e - s c a l e  
n a tio n a l  and in te r n a t io a l  program s have provided support fo r  t h i s  concept o f  
world m on ito ring  o f m olluscs f o r  tr a c e  m eta ls  and o th e r contam inants (e.g. 
B u t le r ,  1973 ; M a jo ri and P e t r o n io ,  1973 ; N av ro t e t  a l . ,  1974 ; Shaw e t  
a l . ,  1976 ; P h i l l i p s ,  1977b, 1978b, 1979 ; G o ld b erg  e t  a l . ,  1978 ; B reck , 
1978 ; Z a ro o g ia n  e t  a l . ,  1979 ; Gordon e t  a l . ,  1980 ; Z a ro o g ia n , 1980 ; 
D av ies  and P i r i e ,  1980 ; Popham e t  a l . ,  1980 ; Klumpp and B u rd o n -Jo n e s , 
1982).

Although th e  use o f m o llu scs, p a r t ic u la r ly  th e  m ussel M ytilus e d u l i s , 
in  m o n ito r in g  p ro g ram s i s  w id e sp re a d , th e r e  a r e  c e r t a i n  d i f f i c u l t i e s  
a sso c ia te d  w ith  in te r p r e t in g  r e s u l t s  o f  such s tu d ie s . I t  must be recognized
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th a t  accum ulation  o f  p a r t ic u la r  p o l lu ta n ts  can v a ry  in  any one p a r t ic u la r  
g roup  o r  s p e c ie s  o f  o rg a n ism s  b e c a u se  o f  s i z e ,  a g e , s e x , r e p ro d u c t iv e  
c o n d i t io n ,  p h y s io lo g ic a l  s t a t e ,  s e a s o n a l  v a r i a t i o n ,  e t c .  The c o n d i t io n  o f  
th e  anim al may a ls o  be a f fe c te d  by th e  q u a l i ty  o f  i t s  environm ent and th i s ,  
in  tu r n ,  can  a f f e c t  e i t h e r  i t s  u p ta k e  r a t e  o r s a t u r a t i o n  c a p a c i ty .  Thus, a  
low er le v e l  o f accum ulation in  an organism  from one a re a  r e la t iv e  to  another 
may sim ply r e f l e c t  a  low er e f f ic ie n c y  o f accum ulation . I t  i s  a lso  known th a t  
d i f f e r e n t  sp ec ie s  o f m olluscs may p r e f e r e n t i a l ly  accum ulate one p o llu ta n t  
over ano ther, th u s causing  an a d d it io n a l  degree o f  v a r ia t io n  in  a  m onitoring  
program.

M o llu scs  can a l s o  be d ep lo y ed  in  t h e  f i e l d  and used  a s  b i o l o g i c a l  
i n d i c a t o r  o rg an ism s f o r  a  v a r i e t y  o f  p u rp o s e s , o n ly  one o f  w hich  i s  f o r  
b ioaccum ulation  s tu d ie s . Phelps and Galloway (1980) and Phelps e t  a l .  (1981, 
1983) placed m ussels (M. e d u l is ) in  p l a s t i c  cages a t  s e le c te d  s ta t io n s  along 
a  p o llu ta n t  g ra d ie n t in  N a rrag an se tt Bay, Rhode Is la n d  to  compare a  v a r ie ty  
o f  p h y s io lo g ic a l and b iochem ical p aram eters . R o e s ija d i and Anderson (1979) 
pu t clam s (Macoma in q u in a ta ) in  boxes o f  sed im ent dosed w ith  o i l  and p laced  
th e  boxes in  th e  i n t e r t i d a l  zone o f  Sequim  Bay, W ash ing ton , to  d e te rm in e  
co n d itio n  index and f re e  amino ac id  co n ten t. Arim oto e t  a l .  (1979) s tu d ied  
g o n a d a l  d e v e lo p m e n t  in  m u s s e l s  M. e d u l i s  and  M o d io lu s  m o d io lu s  
ex p erim en ta lly  tra n sp la n te d  to  d i f f e r e n t  dredge s p o i l  dump s i t e s  a long  th e  
co as t o f  New England.

t o x ic ity  testing  costs

C osts o f to x ic i ty  t e s t s  w ith  m arine m olluscs can be from inexpensive to  
v e ry  e x p e n s iv e , d ep en d in g  on th e  ty p e  and le n g th  o f  th e  t e s t .  The 48 h 
em bryo-larval t e s t  i s  r e l a t iv e ly  inexpensive  in  th a t  i t  i s  o f sh o rt d u ra tio n  
and r e q u i r e s  l i m i t e d  l a b o r a to r y  f a c i l i t i e s .  B ecause th e  t e s t s  p r e s e n t ly  
being  conducted a re  s t a t i c  t e s t s ,  a  la rg e  number o f them can be done ra p id ly  
in  a  s m a ll  sp a c e . T e s ts  w ith  ju v e n i l e  and a d u l t  m o llu sc s  u t i l i z i n g  f lo w ­
th ro u g h  sy s te m s , on th e  o th e r  hand , r e q u i r e  more s o p h i s t i c a t e d  a n im a l 
ex p o su re  sy s te m s  and s e a w a te r  d e l iv e r y  s y s te m s , th e re b y  r e s t r i c t i n g  th e  
number o f  la b o ra to r ie s  capable  o f  perfo rm ing  them. S ince t e s t s  w ith  th e se  
l i f e  s ta g e s  can be o f longer d u ra tio n , few er t e s t s  can be done. Because th e  
ju v e n ile s  and a d u lts  a re  la rg e r  in  s iz e  and i t  takes f a i r  numbers o f  an im als 
to  co n d u c t a p ro p e r  t o x i c i t y  t e s t ,  th e  s c a le  o f  l a b o r a to r y  h o ld in g
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f a c i l i t i e s  would n e c e s sa r ily  have to  be expanded. With embryos and la rv a e , 
th e  endpo in ts  fo r  de term in ing  m easures o f  s t r e s s  can be e a s i ly  d e tec ted  by 
m ic ro s c o p ic  e x a m in a tio n  o f  th e  sa m p le s  and s t a t i s t i c a l  t r e a tm e n t  o f  th e  
d a ta .  W ith  l a r g e r  o rg a n ism s , d e p e n d in g  on th e  m easu re  o f  s t r e s s  b e in g  
analyzed , i t  i s  more than l ik e ly  th a t  c e r t a in  s o p h is tic a te d  in s tru m e n ta tio n  
would be req u ired  to  make th e  d e s ire d  m easurem ents, such as in s tru m en ts  fo r  
d e t e r m i n i n g  c o n t a m i n a n t  l e v e l s  i n  t i s s u e s  a n d  f o r  m a k in g  
p h y s io lo g ic a l/b io c h e m ic a l m easurem ents.

In  a d d itio n  to  th e  requ irem en ts m entioned above, s tu d ie s  w ith  f i e l d -  
c o l l e c t e d  a n im a ls  would r e q u i r e  a  c e r t a i n  am ount o f  t im e  in  th e  f i e l d  t o  
make th e  c o l le c t io n s ,  thu s in c re a s in g  th e  c o s ts . For fie ld -d e p lo y e d  an im als, 
a  SCUBA-diving team  may be n e c e s s a ry  t o  p la c e  th e  a n im a ls  in  th e  d e s i r e d  
lo c a tio n  and to  r e t r ie v e  them.

As one p ro c e e d s  from  s m a l l - s c a l e  l a b o r a t o r y  t e s t s  w ith  em bryos and 
la rv a e  to  la rg e - s c a le  f i e ld  m onito ring  program s, th e  c o s ts  fo r  perform ing  
to x ic i ty  t e s t s  w i l l  in c re a se  concom itan tly .

SOWAHY

T his review  p re se n ts  a  g e n e ra l h is to r y  o f  to x ic i ty  te s t in g  w ith  m arine 
m olluscs over th e  l a s t  50 y ea rs . As e a r ly  as  1931, to x ic i ty  t e s t s  w ith  a d u lt  
m o llu scs were perform ed, bu t a s  r e l ia b le  methods f o r  a c q u ir in g  embryos and 
la rv a e  o f m olluscs were developed, th e se  e a r ly  l i f e  s ta g e s  were challenged  
w ith  a  v a r i e t y  o f  c h e m ic a l t o x i c a n t s .  R e a so n a b ly  s ta n d a r d iz e d  m ethods o f  
t o x i c i t y  t e s t i n g  w i th in  th e  l a s t  tw o to  t h r e e  d e cad es  have been u sed  w ith  
t h r e e  c r i t e r i a  in  mind : (1 ) re s p o n s e s  o f  o rg a n ism s  exposed  to  c h e m ic a l 
con tam inan ts under la b o ra to ry  co n d itio n s  ; (2) responses o f  organism s in  th e  
l a b o r a to r y  to  w a te r  sa m p le s  c o l l e c t e d  from  th e  e n v iro n m e n t ; and (3) 
r e s p o n s e s  o f  o rg a n ism s  c o l l e c t e d  fro m , o r  d ep lo y ed  in  th e  f i e l d  u n d e r 
v a rio u s  p o llu ta n t  exposure co n d itio n s . C osts o f  to x ic i ty  t e s t s  w ith  m arine 
m o llu s c s  can be from  in e x p e n s iv e  t o  v e ry  e x p e n s iv e , d ep en d in g  on th e  ty p e  
and le n g th  o f th e  t e s t .
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