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M u s s e l s  p r o v i d e  an  e x c e l l e n t  s y s t e m  f o r  m o n i t o r i n g  
m a r i n e  p o l l u t a n t s ;  t h e  s y s t e m  i s  o f t e n  c a l l e d  " m u s s e l  
w a t c h "  ( G o l d b e r g  1 9 7 5 ) .  I n v e s t i g a t o r s  h a v e  r e p o r t e d  t h e  
s u s c e p t i b i l i t y  o f  t h i s  o r g a n i s m  t o  p e t r o l e u m  h y d r o -  
c a r b o n s  ( L e e  e t  a l .  1 9 7 2 )  a n d  p o l y n u c l e a r  a r o m a t i c  
h y d r o c a r b o n s  ( D u n n  a n d  Y o u n g  1 9 7 6 ) .  We a l s o  s h o w e d  t h e  
a p p l i c a b i l i t y  o f  t h i s  o r g a n i s m  t o  m o n i t o r  t h e  o i l  
p o l l u t i o n s ,  by  d e t e c t i n g  o r g a n o s u l f u r  c o m p o u n d s  i n  
f i e l d  s a m p l e s  ( K i r a  e t  a l .  1 9 8 3 ) .  I n  t h e  p r e s e n t  s t u d y ,  
we m e a s u r e d  t h e  m u t a g e n i c i t y  o f  m u s s e l  b o d i e s  a n d  t h a t  
o f  t h e i r  a m b i e n t  w a t e r ,  a n d  i n v e s t i g a t e d  t h e  c o r -  
r e l a t i o n  b e t w e e n  t h e  m u s s e l -  a n d  w a t e r - m u t a g e n i c i t i e s .  
M u t a g e n i c  c o m p o u n d s  b e i n g  d e t e c t e d  h e r e  a r e  t h o s e  
a d s o r b a b l e  t o  b l u e  c o t t o n  ( H a y a t s u  e t  a l .  1 9 8 3 )  o r  b l u e  
r a y o n  a n d  a r e  e x t r a c t a b l e  w i t h  a m e t h a n o l - a m m o n i a  
s o l u t i o n ,  a n d  t h e  Ames a s s a y  was  u s e d  f o r  t h e  d e t e c t i o n  
o f  m u t a g e n i c i t y ,  w i t h  S a l m o n e l l a  t z p h i m u r i u m  TA98 a s  
t h e  t e s t e r  s t r a i n  a n d  w i t h  S 9 - m i x  f o r  m e t a b o l i c  
a c t i v a t i o n .  

MATERIALS AND METHODS 

M u s s e l s  w e r e  c o l l e c t e d  d u r i n g  A u g u s t  l l - 1 3 t h ,  1 9 8 8 ,  i n  
t h e  S e t o  I n l a n d  S e a  o f  J a p a n  s h o w n  i n  F i g u r e  1 .  S i t e  A 
i s  n e a r  an  a g r i c u l t u r a l  a r e a ,  B a n d  C a r e  p o r t s  
s u r r o u n d e d  b y  l a r g e  i n d u s t r i a l  a r e a s  w h i c h  a c c o m m o d a t e  
p e t r o c h e m i c a l  o p e r a t i o n s ,  o i l  r e f i n e r i e s ,  a p o w e r  p l a n t  
a n d  o t h e r  m a n u f a c t u r e r s .  S i t e s  D, G, H, a n d  I a r e  s m a l l  
f i s h e r y  p o r t s .  S i t e s  E a n d  F a r e  c o m m e r c i a l  p o r t s  w h e r e  
f e r r y b o a t s  a n d  o t h e r  s h i p s  m o v e  i n  a n d  o u t  f r e q u e n t l y .  
T h e r e  a r e  s e v e r a l  c u l t i v a t i o n  s t a t i o n s  f o r  s e a  w e e d s  
a n d  o y s t e r s  i n  a r e a s  o f f s h o r e  f r o m  s i t e s  G, H a n d  I .  
M u s s e l s  w e r e  h a r v e s t e d  w i t h  a s m a l l  r a k e  a t t a c h e d  t o  a 
c o l l e c t i n g  n e t  ( s e e  t h e  t o o l  i n  F i g u r e  2 ) .  We c o l l e c t e d  
1 8 - 4 0  m u s s e l s  p e r  s i t e  a n d  t h e  f l e s h  was  

S e n d  r e p r i n t  r e q u e s t s  t o  D r .  S .  g i r a  a t  t h e  a d d r e s s  
g i v e n  a b o v e .  
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Figure 1. Sampling s i tes  in the Seto 
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Figure 2 .  C o F l e c t i o n  o f  mussels and immersion of blue c o t t o n  

in the ambient water. 
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Scheme 1. E •  of  mutagens from blue rayon (o r  c o t t o n )  

I .  Take out the blue rayon and wash u i th  50 mL d i s t i l l e d  ~'at+er. 
2. Remove the ~'ater u i th  asp i ra t ion and ~,,ipe out the t'esidual 

~'ater" t.'ith papec to~'el. 
3. Transfer tile blue rayon into a f lask  and ex t rac t  the rayon 

t+'ith 150 mL methanol/concentrated ammonia (50:1) b3, shaking 
for" 30 rain at room l;emperature. 

4. Evaporate the ex t rac t  under reduced pr'essur'e to dryness. 
5. Dissolve t.he residue in a small amount of methanol and 

t ransfer  the so lu t ion into a test  tube. 
6. Remove the methanol I)3' evaporation under ceduced pressure 

and store the residue at -20 + fo r  mutagenicit~, assay. 
7. Dissolve the sample in 0.1 mL dimethy]sul fox ide for" the 

mutagenic  i t.'y a s s a y .  

t a k e n  o u t  a n d  w e i g h e d .  One  g r a m  o f  b l u e  c o t t o n  i n  a 
n e t  was  a l l o w e d  t o  s t a n d  a t  a d e p t h  3 0 - 5 0  cm f r o m  t h e  
w a t e r  s u r f a c e  a s  s h o w n  i n  F i g u r e  2 ,  a n d  t h e  c o t t o n  was  
r e c o v e r e d  a f t e r  24 h r  s t a n d i n g .  B l u e  c o t t o n  w a s  
p u r c h a s e d  f r o m  F u n a k o s h i  C h e m i c a l s  ( K a n d a  S u r u g a d a i  2 -  
3 ,  C h i y o d a - k u ,  T o k y o  1 0 1 ) ;  t h e  s a m e  m a t e r i a l  i s  
a v a i l a b l e  a l s o  f r o m  S i g m a  ( S t .  L o u i s ,  MO) a n d  P i e r c e  
( R o c k f o r d ,  I L ) .  

T h i r t y  g r a m s  o f  m u s s e l  f l e s h  was  h o m o g e n i z e d  w i t h  3 5 0  
mL o f  a c e t o n e  i n  a W a r i n g  b l e n d e r  a n d  t h e  h o m o g e n a t e  
was  c e n t r i f u g e d  a t  1 3 0 0 0  x g f o r  30 m i n .  T h e  a c e t o n e  
l a y e r  was  c o l l e c t e d  a n d  e v a p o r a t e d  u n d e r  r e d u c e d  
p r e s s u r e  t o  g i v e  a t h i c k  b r o w n  o i l .  To t h e  o i l  w a s  
a d d e d  4 mL a c e t o n e  a n d  t h e  s o l u t i o n  o b t a i n e d  w a s  p o u r e d  
i n t o  5 0 0  mL d i s t i l l e d  w a t e r .  To t h e  r e s u l t i n g  
s u s p e n s i o n ,  b l u e  r a y o n ,  1 g ,  w a s  a d d e d  a n d  t h e  m i x t u r e  
w a s  g e n t l y  s h a k e n  f o r  30 m i n  a t  r o o m  t e m p e r a t u r e .  B l u e  
r a y o n  i s  a r e c e n t l y  d e v e l o p e d ,  i m p r o v e d  p r e p a r a t i o n  o f  
b l u e  c o t t o n ,  h a v i n g  g r e a t e r  c o n t e n t  o f  t h e  c o p p e r -  
p h t h a l o c y a n i n e - l i g a n d  t h a n  b l u e  c o t t o n ,  a n d  w a s  
o b t a i n e d  f r o m  F u n a k o s h i  C h e m i c a l s  ( f o r  a d d r e s s  s e e  
a b o v e ) .  E x t r a c t i o n  o f  p o l y c y c l i c  c o m p o u n d s  a d s o r b e d  t o  
t h e  b l u e - r a y o n  a n d  - c o t t o n  w a s  c a r r i e d  o u t  a s  d e s c r i b e d  
i n  S c h e m e  1 .  I n  t h e  c a s e  o f  m u s s e l  f l e s h ,  t h e  e x t r a c t  
t h u s  o b t a i n e d  w a s  a g a i n  d i s s o l v e d  i n  w a t e r  ( 2 0 0  mL) a n d  
e x t r a c t e d  w i t h  b l u e  r a y o n  (1 g )  t o  e n s u r e  c o m p l e t e  
r e m o v a l  o f  h i s t i d i n e ,  w h i c h  c a n  i n t e r f e r e  t h e  
m u t a g e n i c i t y  a s s a y .  

T h e  t e s t e r  s t r a i n  u s e d  w a s  S a l m o n e l l a  ~ Y P b L ~ E L ~  T A 9 8 ,  
w h i c h  i s  a k i n d  g i f t  o f  D r .  B . N .  Ames  o f  t h e  U n i v e r s i t y  
o f  C a l i f o r n i a ,  B e r k e l e y .  T h e  b a c t e r i a  w e r e  p r e i n c u b a t e d  
w i t h  t h e  t e s t  s a m p l e  a n d  S 9 - m i x  f o r  20  m i n  a t  3 7 ~  
T h e  $9 w a s  p r e p a r e d  f r o m  l i v e r s  o f  S D - r a t s  t r e a t e d  w i t h  
p o l y c h l o r i n a t e d  b i p h e n y l  ( P C B - 5 4 ,  T o k y o  K a s e i  C o . ,  
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f i g u r e  3.  F tu tagenic  a c t i v i t y  of  ambien t  sea  w a t e r  

A - I " s a m p l i n g  s i t e s  ( s e e  t e x t  and F i g u r e  1) 
SC " s o l v e n t  c o n t r o l  

Nihonbashi-honcho, 3-1-13, Chuo-ku, Tokyo 103; the 
chlorine content, 54~). These procedures were worked 
out according to the techniques previously reported 
(Ames et al. 1975; Yahagi et al. 1977). 

RESULTS AND D I S C U S S I O N  

I n  t h e  p r e p a r a t i o n  o f  s a m p l e s  f o r  m u t a g e n i e i t y  a s s a y s ,  
we u s e d  b l u e  c o t t o n  a n d  b l u e  r a y o n .  T h e s e  a d s o r b e n t s ,  
t h e  c h e m i c a l  s t r u c t u r e  o f  w h i c h  i s  c e l l u l o s e  b e a r i n g  
c o v a t e n t l y  l i n k e d  c o p p e r  p h t h a l o c y a n i n e  t r i s u l f o n a t e ,  
h a v e  a s t r o n g  a f f i n i t y  t o  p o l y c y c l i c  c o m p o u n d s ,  s u c h  a s  
p o l y c y c l i c  a r o m a t i c  h y d r o c a r b o n s  a n d  m u t a g e n i c  h e r e t o -  
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Table i .  Mutagenicity of mussel bodies and ambient sea water 

Mutagenicity (Number of revertants per p la te)  ~ 
S i t e s  b~ Mussel (10 g mussel Sea ~ a t e r  (0 .8  g b lue  Rat io  

e q u i v a l e n t ; A )  c o t t o n  e q u i v a l e n t ; B )  ~ (A/B) 
A 407 73 5.6  
C 414 94 ~.4 

D 365 130 2.8  
F 220 104 2.1 
G 104 88 1.2 

_ _ _ _ H  . . . . . . . . . . . . . . .  __97_5 . . . . . . . . . . . . . . . . . . . . .  _L8_7 . . . . . . . . . . . . . . . . .  _1:_5_ 

Solvent control d' 35 32 
Blue rayon ( c o t t o n )  

control J~ 45 38 
a) The assay ~as done ~'ith Salmonella Lyphimurium TA98 in the 

presence of S9-mix. Tile preincubation method (\'ahagi et  a l .  
1977) ~,'as used. Values other than those fo r  cont ro ls  represent 
net increase over" tile solvent  cont ro l .  

b) No mussels ~,'ere found at, s i tes  B, E, I. 
c) Values t.aken from resu l ts  i l lus t ra l ,  ed in Figure 3. 
d) Dimeth.vlsulfoxide ( 0 . |  mL) only ~,'as used for  the solvent  

contro I. BIue- rayon- and b I ue-cot ton-contro l  s ~,'ere prepared 
using d i s t i l l e d  ~,'ater in place of mussel homogenate and sea 
water. 

c y c l i c  a m i n e s  ( H a y a t s u  e t  a l .  1 9 8 3 ) .  B l u e  c o t t o n  h a s  
b e e n  e x t e n s i v e l y  u s e d  f o r  i s o l a t i n g  p o l y c y c l i c  m u t a g e n s  
f r o m  c r u d e  s a m p l e s  s u c h  a s  c i g a r e t t e  s m o k e  c o n d e n s a t e s  
( u  e t  a l .  1 9 8 5 )  a n d  o p i u m  p y r o l y s a t e s  ( F r i e s e n  
e t  a l .  1 9 8 7 ) .  B l u e  r a y o n  h a s  r e c e n t l y  b e e n  u s e d  f o r  
a d s o r p t i o n  o f  m u t a g e n s  f r o m  r i v e r  w a t e r  ( S a k a m o t o  a n d  
H a y a t s u  1 9 8 8 )  a n d  s h e l l - f i s h  m e a t s  ( H a y a t s u  a n d  H a y a t s u  
1 9 8 8 ) .  

F i g u r e  3 s h o w s  the m u t a g e n i c  a c t i v i t i e s  o f  e x t r a c t s  
f r o m  a m b i e n t  w a t e r s .  E v e r y  s a m p l e  s h o w e d  d o s e - d e p e n d e n t  
i n c r e a s e  i n  t h e  n u m b e r  o f  r e v e r t a n t  c o l o n i e s ,  a n d  t h e  
n u m b e r s  f o u n d  f o r  0 . 8  g E b l u e  c o t t o n  w e r e  a l l  o v e r  2 
t i m e s  t h e  v a l u e  f o r  t h e  s o l v e n t  c o n t r o l .  T h u s  a t  a l l  
t h e  s i t e s  e x a m i n e d ,  t h e  s e a  w a t e r  c o n t a i n e d  m u t a g e n s .  
T h e  s a m p l e s  f r o m  s i t e  E a n d  H g a v e  c o l o n i e s  g r e a t e r  
t h a n  2 0 0 .  I t  s h o u l d  b e  n o t e d  t h a t  o u r  p r e v i o u s  w o r k  
i n d i c a t e d  t h a t  s o m e  r i v e r - w a t e r  c a n  g i v e  r i s e  t o  
f o r m a t i o n  o f  g r e a t e r  t h a n  1 0 0 0  c o l o n i e s  w i t h  t h e  s a m e  
m o n i t o r i n g  t e c h n i q u e  ( S a k a m o t o  a n d  H a y a t s u  1 9 8 8 ) .  

T a b l e  1 s h o w s  t h e  r e s u l t s  o f  t h e  m u t a g e n i c i t y  a s s a y  f o r  
m u s s e l s ,  t o g e t h e r  w i t h  t h o s e  f o r  t h e  c o r r e s p o n d i n g  s e a  
w a t e r .  At  e v e r y  s i t e ,  t h e  m u s s e l  s a m p l e  g a v e  a g r e a t e r  
n u m b e r  o f  r e v e r t a n t  c o l o n i e s  t h a n  t h e  w a t e r  s a m p l e .  T h e  
r a t i o  b e t w e e n  t h e  a c t i v i t i e s  o f  t h e s e  two s a m p l e s  
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d i f f e r  s i g n i f i c a n t l y  a m o n g  t h e  s i t e s ,  
t h e r e  i s  no i m m e d i a t e  p a r a l l e l i s m  
m u t a g e n i c  a c t i v i t i e s .  

i n d i c a t i n g  t h a t  
b e t w e e n  t h e s e  

T h e  24  h r  h a n g i n g  o f  b l u e  c o t t o n  i n  t h e  a m b i e n t  w a t e r  
w o u l d  a d s o r b  p o l y c y c l i c  c o m p o u n d s  t h a t  h a v e  m a d e  
c o n t a c t  w i t h  t h i s  a d s o r b e n t ;  t h e  m u t a g e n i c i t y  o f  t h e  
b l u e  c o t t o n  e x t r a c t  may  t h u s  b e  r e g a r d e d  a s  a s e m i -  
q u a n t i t a t i v e  i n d i c a t i o n  o f  s h o r t - t e r m  p o l l u t i o n  w i t h  
m u t a g e n s  b e a r i n g  p o l y c y e l i c  s t r u c t u r e s .  On t h e  o t h e r  
h a n d ,  t h e  m u t a g e n i c i t y  d e t e c t e d  i n  m u s s e l s  may  b e  a 
r e s u l t  o f  l o n g - t e r m  e x p o s u r e  o f  t h i s  o r g a n i s m  t o  s u c h  
p o l l u t a n t s .  I t  i s  a l s o  p o s s i b l e  t h a t  t h e  m u t a g e n s  i n  
m u s s e l s  i n c l u d e  t h o s e  t h a t  a r e  m e t a b o l i t e s  o f  n o n -  
m u t a g e n s .  T h e r e f o r e  i t  i s  n o t  s u r p r i s i n g  t o  f i n d  
d i s c r e p a n c i e s  b e t w e e n  t h e  m u s s e l - b o d y  m u t a g e n i c i t y  a n d  
a m b i e n t - w a t e r  m u t a g e n i e i t y .  T h e  h i g h  m u s s e l -  
m u t a g e n i e i t y  may  b e  r e l a t e d  t o  t h e  p r e s e n c e  o f  a 
h e a v i l y  i n d u s t r i a l i z e d  a r e a  i n  v i c i n i t y .  S i t e  G, w h e r e  
b o t h  t h e  m u s s e l - m u t a g e n i c i t y  a n d  w a t e r -  m u t a g e n i c i t y  
w e r e  l o w ,  i s  r e l a t i v e l y  f a r  f r o m  e i t h e r  an  i n d u s t r i a l  
a r e a  o r  a l a r g e  c i t y .  

O u r  r e c e n t  s t u d i e s  h a v e  s h o w n  t h a t  o y s t e r s  i n  t h e  S e t o  
I n l a n d  S e a  a r e a  a r e  m u t a g e n i c  ( H a y a t s u  a n d  H a y a t s u  
1 9 8 8 ) ,  a s  d e t e c t e d  w i t h  t h e  t e c h n i q u e  u s e d  i n  t h e  
p r e s e n t  w o r k .  A p r e l i m i n a r y  a n a l y s i s  i n d i c a t e s  t h a t  t h e  
c o m p o n e n t s  i n  t h e  b l u e - r a y o n  e x t r a c t s  o f  o y s t e r s  a c e  
p o l y c y e l i c  a r o m a t i c  h y d r o c a r b o n s .  An a n a l y t i c a l  s t u d y  
h a s  s h o w n  t h a t  t h e  o y s t e r s  f r o m  t h i s  a r e a  a r e  
c o n t a m i n a t e d  w i t h  p o l y e y c l i c  a r o m a t i c  h y d r o c a r b o n s  
i n c l u d i n g  b e n z o ( a ) p y r e n e  ( O b a n a  e t  a l .  1 9 8 1 ) ,  w h i c h  i s  
m u t a g e n i c  i n  t h e  S a l m o n e l l a  a s s a y  ( M c C a n n  e t  a l .  1 9 7 5 ) .  
T h e  m u t a g e n i c  c o m p o n e n t s  i n  t h e  m u s s e l s  we e x a m i n e d  a r e  
p r o b a b l y  s i m i l a r  t o  t h o s e  i n  o y s t e r s ,  a l t h o u g h  t h e y  a r e  
t o  b e  i d e n t i f i e d  b y  f u r t h e r  s t u d i e s .  

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

A c k n o w l e d g m e n t s .  We e x p r e s s  t h a n k s  t o  Mr.  T a k e h i k o  I t o h  
a n d  Mr .  M a s a z u m i  K o d a m a  o f  O k a y a m a  U n i v .  Med .  S c h o o l  
f o r  t h e i r  a s s i s t a n c e  i n  c o l l e c t i n g  m u s s e l s  w i t h  a t o o l  
o f  t h e i r  own d e v i c e .  We a l s o  t h a n k  M i s s  Y o s h i k o  O h a r a  
f o r  h e r  t e c h n i c a l  a s s i s t a n c e .  
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