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R i v e r  and m a r i n e  s e d i m e n t s  a b s o r b  v a r i o u s  c 
c o n t a i n e d  in i n d u s t r i a l  and d o m e s t i c  w a s t e w a t e r s  
f o r e ,  s e d i m e n t s  a r e  u s e f u l  m a t e r i a l s  f o r  e s t i =  
aquatic environmental pollution. Recently, b 
mutagenicity test have widely been used for dete 
mutagens and carcinogens in the environmental =a 
However, sediment samples often give diffi 
determination of the =utagenicity because of the 
effect of sulfur on bacteria. For removing th 
compound from sediment samples, several te 
containing liquid-liquid extraction, high per 
liquid chromatography and column chrolatograp 
been examined. In these experiments, sediment 
were separated into a number of fractions. Th 
these techniques are not necessarily simple and 
methods for preparation of sediment test samples 

On the other hand, blue cotton bearing copper 
cyanine trisulfonate can easily adsorb po 
aromatic hydrocarbons having more than three 
rings in their molecules and is actualty u 
isolation of mutagens in urine, cooked beef an 
water(Hayatsu et al. 1983). In this study, we 
blue cotton method in connection with the Ames t 
et al. 1975) for detection of =utagens in the r 
marine s e d i m e n t s .  T h i s  m e t h o d  was confirmed 
a u s e f u l  t e c h n i q u e  f o r  m o n i t o r i n g  o f  e n v i r  
m u t a g e n s .  

MATERIALS AND METHODS 
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Sediment  samp les  were c o l l e c t e d  f rom t h r e e  r i v e r s ( K i n o ,  
Arida and Hidaka) and eight seashoresCWakayama, Kainan, 
S h i m o t s u - H a t s u s h i m a ,  Yurs  Bay ,  T a n a b e  Bay ,  K u s h i m o t o ,  
Katsuura-Moriura Bay and Miwasaki) in Wakayama Pre- 
fecture, s o u t h - w e s t  o f  J a p a n ( F i g u r e  1 ) .  Each s t a t i o n  

Send r e p r i n t  r e q u e s t s  to T. Hashizume at  the above 
address. 
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S a m p l i n g  s t a t i o n s  and p o i n t s  o f  s e d i m e n t  

4 s a m p l i n g  p o i n t s  and t h e  n u m b e r s  o f  
s e d i m e n t  s a m p l e s  in 1987,  1988 ,  1989 and 1990 were  27,  
11, 27 and 25,  r e s p e c t i v e l y .  T h e s e  s a m p l i n g  e x p e r i m e n t s  
h a v e  b e e n  done  in J u l y  to  O c t o b e r  o f  e a c h  y e a r .  In 
a d d i t i o n  t o  t h e  s e d i m e n t s  m e n t i o n e d  a b o v e ,  two k i n d s  o f  
s e d i m e n t  A and B w e r e  c o l l e c t e d  f rom u r b a n  r i v e r s  in 
Wakayama C i t y  due t o  t h e  a d s o r p t i o n  e f f i c i e n c y  t e s t  o f  
s e d i m e n t  e x t r a c t  t o  b l u e  c o t t o n .  

The c o l l e c t e d  s e d i m e n t  s a m p l e s  were  s p r e a d  o u t  in a t r a y  
and d r i e d  a t  room t e m p e r a t u r e .  Then ,  t h e  s p e c i m e n  was 
p o w d e r e d  in a m o r t a r  w i t h  a p e s t l e  and f i l t e r e d  t h r o u g h  
a 22 m e s h - s i e v e .  The p o w d e r e d  s a m p l e ( 4 0  g)  was s h a k e n  
w i t h  80 mL o f  m e t h a n o l  f o r  10 s i n  and c e n t r i f u g e d  a t  
1 , 3 0 0 X g  f o r  5 min.  A f t e r  t h e  s u p e r n a t a n t  f l u i d s  were  
c o m b i n e d ,  t h e  s o l v e n t  was r e m o v e d  by a r o t a r y  e v a p o -  
r a t o r .  The r e s i d u e  was d i s s o l v e d  in a m i x t u r e  o f  2 mL 
of  d i m e t h y  l s u  1 fox  ide(DMSO) and 98 mL o f  w a t e r .  The 
f o l l o w i n g  p r o c e d u r e  was c a r r i e d  o u t  a c c o r d i n g  to  t h e  
me thod  o f  [ t a y a t s u  e t  a i . ( 1 9 8 3 ) .  One h u n d r e d  mg o f  b l u e  
c o t t o n ( F u n a k o s h i  C h e m i c a l s ,  T o k y o ,  J a p a n )  was a d d e d  to  
t h e  mixed  s o l u t i o n  and t h e  m i x t u r e  was s h a k e n  f o r  30 
min.  A f t e r  t a k i n g  o u t  t h e  b l u e  c o t t o n ,  t h i s  t r e a t m e n t  
was r e p e a t e d  o n c e  more w i t h  100 mg o f  new b l u e  c o t t o n .  
The b l u e  c o t t o n  was washed  w i t h  w a t e r  and t h e n  m o i s t u r e  
o f  b l u e  c o t t o n  was r e m o v e d  w i t h  f i l t e r  p a p e r .  The 
m u t a g e n s  a d s o r b e d  to  t h e  b l u e  c o t t o n  were  e l u t e d  w i t h  20 
mL o f  m e t h a n o l - 2 8 %  N H 3 ( 5 0 : 1 )  by s h a k i n g  f o r  30 min .  
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The e l u t i o n  t r e a t m e n t  was r e p e a t e d  a g a i n  and t h e  
c o m b i n e d  e l u a n t  was e v a p o r a t e d  to  d r y n e s s  u n d e r  r e d u c e d  
p r e s s u r e .  The r e s i d u e  was d i s s o l v e d  in 0 . 4  mL o f  DMSO 
and s u b j e c t e d  t o  t h e  m u t a g e n i c i t y  a s s a y .  

The m u t a g e n i c  a c t i v i t y  was d e t e r m i n e d  to  S a l m o n e l l a  
t y p h i m u r i u m  TA 98 w i t h  $9 s i x  by a m o d i f i e d  Ames 
p r e i n c u b a t i o n  = e t h o d ( S u g i m u r a  and Nagao  1 9 8 0 ) .  The $9 
was p u r c h a s e d  f r o m  O r i e n t a l  Y e a s t  C o . ( T o k y o ,  J a p a n ) .  The 
= u t a g e n i c i t y  a s s a y  was p e r f o r m e d  w i t h  0 . 1  mL, 0 . 0 5  mL 
and 0 . 0 2 5  =L p o r t i o n s  o f  t h e  t e s t  s o l u t i o n  in d u p l i c a t e  
and t h e  number  o f  n e t  r e v e r t a n t  c o l o n i e s  pe r  10 g o f  
d r i e d  s e d i m e n t  was c a l c u l a t e d  by u s i n g  e a c h  l i n e a r  d o s e  
r e s p o n s e  c u r v e .  When t h e  d o s e  r e s p o n s e  c u r v e  was n o t  
o b t a i n e d  or  t h e  number  o f  r e v e r t a n t  c o l o n i e s  o f  t e s t  
s o l u t i o n  was l e s s  t h a n  t w i c e  c o m p a r e d  w i t h  t h a t  of  
s p o n t a n e o u s  r e v e r t a n t  c o l o n i e s ,  t h e  v a l u e  was d e f i n e d  as 
z e r o .  

RESULTS AND DISCUSSION 

The c r u d e  s e d i m e n t  e x t r a c t  was n o t  e a s i l y  d i s s o l v e d  in 
w a t e r  o r  s a l i n e .  T h e r e f o r e ,  a f t e r  t h e  c r u d e  s e d i m e n t  
e x t r a c t  was d i s s o l v e d  in O, 2, 5 and 10 mL of DMSO and 
then added 100, 98, 95 and 90 mL of water ,  r e s p e c t i v e l y ,  
the b lue c o t t o n  t r e a t u e n t  and then m u t a g e n i c i t y  assay on 
S. t y p h i n u r i u m  TA 98 w i th  $9 n ix  were c a r r i e d  ou t .  In 
t h i s  e x p e r i m e n t ,  two k inds  of s e d i m e n t ( l  and B) were 
used. Mutagenic  a c t i v i t y  of sediment B is  h ighe r  than 
t h a t  o f  s e d i m e n t  A. As shown in T a b l e  1, t h e  h i g h e s t  
= u t a g e n i c  a c t i v i t y  was o b s e r v e d  in t h e  s o l v e n t  c o n s t i t u -  

T a b l e  1. M u t a g e n i c  a c t i v i t y  of  s e d i m e n t  e x t r a c t s  as  a 
f u n c t i o n  o f  s o l v e n t  c o = p o s i t i o n .  
The m e t h a n o l  e x t r a c t  f r o m  s e d i m e n t  A or  B was d i s s o l v e d  
in DMSO(O~ 10 mE) and t h e n  a t o t a l  v o l u m e  o f  I00  =L was 
made by a d d i t i o n  o f  w a t e r .  The m i x t u r e  was t r e a t e d  w i t h  
b l u e  c o t t o n  and  s u b j e c t e d  t o  t h e  n u t a g e n i c i t y  a s s a y  
u s i n g  S . t y p h i s u r i u =  TA 98 w i t h  $9 mix.  

So lven t (mL)  Net r e v e r t a n t  c o l o n i e s / p l a t e *  

DMSO + Water Sediment k Sediment B 

0 + 100 57 740 

2 + 98 81 922 

5 + 95 59 738 

10 + 90 59 617 

* The doses used in Sediment A and B corresponded to I0 
g and 0.01 g of dried sediment samples, respectively. 
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F i g u r e  2. N u t a g e n i c  a c t i v i t y  o f  f i v e  s e d i m e n t s  c o l l e c t e d  
in 1987 on S . t y p h i m u r i u m  TA 98 wi th  $9 mix 

t i o n  o f  2 mL o f  DMSO and 98 mL of w a t e r  in  bo th  s a m p l e s .  
From t h i s  r e s u l t ,  2 % DMSO s o l u t i o n  was s e l e c t e d  as a 
o p t i m a l  s o l v e n t  f o r  a d s o r b i n g  t r e a t m e n t  u s i n g  b l u e  
c o t t o n .  As m u t a g e n i c  a c t i v i t y  o f  s e d i m e n t  B used in  t h i s  
e x p e r i m e n t  was v e r y  h i g h ,  a sample  dose l e s s  than 40 g 
had to use to e x t r a c t  mutagens f rom the  d r i e d  s e d i m e n t .  
In g e n e r a l ,  i f  m u t a g e n i c  a c t i v i t y  o f  s e d i m e n t  sample  is  
v e r y  h i g h ,  the  dose (40  g) of  d r i e d  s e d i m e n t  f o r  e x t r a c -  
t i o n ,  or  t he  v o l u m e ( 0 . 4  mL) of  DMSO to  p r e p a r e  the 
s o l u t i o n  o f  m u t a g e n i c i t y  assay  would  have to be a j u s t e d .  
F u r t h e r m o r e ,  even  w i t h  a u l t r a s o n i c  c l e a n e r ,  s e v e r a l  
c r u d e  e x t r a c t s  were no t  f r e e l y  d i s s o l v e d  in 2 % DMSO 
s o l u t i o n ,  and t h e r e f o r e ,  i t  was n e c e s s a r y  to  f i l t r a t e  
t he  i n s o l u b l e  m a t e r i a l s  t h r o u g h  a w h i t e  c o t t o n  to  a v o i d  
p h y s i c a l  a d s o r p t i o n  by b l u e  c o t t o n .  I f  t h i s  t r e a t m e n t  
was o m i t t e d ,  a k i l l i n g  e f f e c t  on b a c t e r i a  was u s u a l l y  
o b s e r v e d  a t  h igh  c o n c e n t r a t i o n .  

The dose r e s p o n s e  c u r v e s  o f  samp les  c o l l e c t e d  f rom 5 
r e p r e s e n t a t i v e  s t a t i o n s  in 1987 t o w a r d  S . t y p h i m u r i u m  
TA 98($9 m i x )  a re  g i v e n  in F i g u r e  2. The dose o f  d r i e d  
s e d i m e n t  and the  number o f  r e v e r t a n t  c o l o n i e s  per  p l a t e  
were p l o t t e d  as a b s c i s s a  and o r d i n a t e ,  r e s p e c t i v e l y .  All 
of  them were found  to  he l i n e a r ,  and no k i l l i n g  e f f e c t  
was o b s e r v e d .  S i m i l a r  r e s u l t s  were a l s o  o b t a i n e d  in the 
m u t a g e n i c i t y  a s s a y  o f  o t h e r  s a m p l e s .  The m u t a g e n i c  
a c t i v i t y  o f  r i v e r  and m a r i n e  s e d i m e n t s  c o l l e c t e d  in 1987 
to 1990 a r e  shown in T a b l e  2 as t h e  number o f  ne t  
r e v e r t a n t  c o l o n i e s  pe r  10 g of d r i e d  s a m p l e .  These  
r e s u l t s  showed t h a t  t he  m u t a g e n i c  a c t i v i t y  of  m a r i n e  
s e d i m e n t s  was h i g h e r  t h a n  t h a t  of  r i v e r  s e d i m e n t s .  Among 
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Table 2, Mutagenic a c t i v i t y  of r i ve r  and i a r i n e  sediment ex t rac t s  on 
S.typhimurium TA 98 with $9 mix. 

Sampling s t a t i o n  
No. of 

sampling 
point 

Mutagenic a c t i v i t y  (Ne t  rever tan t  
colonies / 10 g of dried sediment) 
1987 1988 1989 1990 

a 
Kino River 1 0 -- 57 - 

2 0 - 43 - 
3 30 57 44 29 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ar ida River 4 0 - 32 - 
5 39 34 0 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H i daka River 6 0 -- 34 - 
7 0 0 84 0 

Wakayama seashore  8 - - - 350 

9 - - - 29 

I0 - - - 500 

I I  - - - 410 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ka inan seashore 12 170 82 160 150 

13 170 - I I0  180 

14 110 -- 100 170 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Shimotsu-Hatsushima 15 68 53 65 54 
seashore !6 78 - 78 93 

17 76 -- 68 59 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Yura Bay 18 77 57 60 -- 
19 63 -- 57 58 

20 46 -- 35 46 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tanabe Bay 21 62 48 79 45 
22 85 98 65 0 

23 76 -- 45 47 
24 49 -- 59 57 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Kushimoto seashore 25 39 54 38 27 
26 43 - 74 36 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Katsuura-Mor i ura Bay 27 34 - 29 - 

28 30 - -  0 0 
29 81 86 57 32 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Miwasaki seashore 30 96 -- 35 0 
31 32 32 38 0 

a A dash i n d i c a t e s n o t  tes ted .  
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20 r i v e r  s e d i s e n t s ,  9 s a m p l e s  d i d  n o t  i n d u c e  t h e  
r e v e r t a n t  c o l o n i e s  more  t h a n  t w i c e  c o s p a r e d  w i t h  t h a t  o f  
t h e  DMSO c o n t r o l  a t  I0 g d o s e .  The s a x i m u s  r e v e r t a n t  
c o l o n i e s  p e r  10 g o f  d r i e d  s e d i s e n t  was 57 .  On t h e  o t h e r  
h a n d ,  among 70 s a r i n e  s e d i m e n t s ,  5 s a m p l e s  d i d  n o t  show 
any s u t a g e n i c  a c t i v i t y  and t h e  s ax imum r e v e r t a n t  c o l o -  
n i e s  p e r  10 g o f  d r i e d  s a m p l e  was 500 .  

The W a k a y a s a  P r e f e c t u r e  i s  s i t u a t e d  on t h e  s o u t h - w e s t e r n  
p a r t  o f  t h e  Ki i  P e n i n s u l a ,  w h i c h  i s  t h e  b i g g e s t  
p e n i n s u l a  in J a p a n .  In t h e  P r e f e c t u r e ,  t h e  n o u n t a i n s  a r e  
c l o s e  t o  t h e  c o a s t l i n e  and t h e r e  a r e  few f l a t l a n d s .  The 
main c i t i e s  a r e  l o c a t e d  a l o n g  t h e  c o a s t  o f  t h e  Kii  
P e n i n s u l a .  The n o r t h e r n  c o a s t a l  p a r t  o f  t h e  W a k a y a l a  
P r e f e c t u r e  i s  an i n d u s t r i a l  z o n e ,  w h i c h  h a s  t h e  s t e e l ,  
p e t r o l e u u ,  t e x t i l e ,  l e a t h e r ,  c h e n i c a l  and o t h e r  i n d u s -  
t r i e s .  On t h e  o t h e r  h a n d ,  t h e  s o u t h e r n  c o a s t a l  p a r t  i s  a 
s i g h t s e e i n g  z o n e .  T h e r e f o r e ,  t h e  a q u a t i c  e n v i r o n s e n t  o f  
t h e  n o r t h e r n  p a r t  s e e s s  t o  be s o r e  c o n t a s i n a t e d  w i t h  
i n d u s t r i a l  w a s t e s  t h a n  t h a t  o f  t h e  s o u t h e r n  p a r t .  The 
h i g h e s t  s u t a g e n i c  a c t i v i t y  o f  s a r i n e  s e d i m e n t  was 
o b s e r v e d  in Waka~asa  s e a s h o r e  s a s p l e s  N o . 8 ,  lO and 11 as 
shown in T a b l e  2,  and t h e  v a l u e s  r a n g e d  f r o s  350 to  500 
r e v e r t a n t s  in 1990.  T h e s e  d a t a  showed  t h a t  t h e  s a r i n e  
s e d i n e n t s  in W a k a y a s a  s e a s h o r e  c o n t a i n  r e l a t i v e l y  s t r o n g  
s u t a g e n s .  K a i n a n  s e a s h o r e ,  w h i c h  i s  on t h e  s o u t h  of  
W a k a y a s a  s e a s h o r e ,  a l s o  showed  h i g h  s u t a g e n i c  a c t i v i t y .  
The s u t a g e n i c  a c t i v i t y  of  o t h e r  s a r i n e  s e d i s e n t s  e x h i b -  
i t e d  t h e  t e n d e n c y  t o  b e c o s e  l o w e r  w i t h  g o i n g  t o  s o u t h  
f r o s  K a i n a n  s e a s h o r e .  S i n c e  t h e  v a r i a t i o n  o f  s u t a g e n i c  
a c t i v i t y  o f  s a r i n e  s e d i s e n t s  in t h e  n o r t h e r n  p a r t  was 
a p p r o x i s a t e l y  c o n s t a n t  f o r  l a s t  4 y e a r s ( f r o s  1987 to  
1 9 9 0 ) ,  i t  i s  p r e s u s e d  t h a t  an a q u a t i c  e n v i r o n n e n t  in t h e  
n o r t h e r n  p a r t  i s  n o t  c l e a r f i e d  as  t i s e  p a s s e s .  H o w e v e r ,  
in t h e  s o u t h e r n  p a r t ,  K u s h i s o t o  s e a s h o r e ,  K a t s u u r a -  
M o r i u r a  Bay and M i w a s a k i  s e a s h o r e ,  t h e  m u t a g e n i c  
a c t i v i t y  o f  t h e s e  s e d i s e n t s  c o l l e c t e d  in 1990 was l o w e r  
t h a n  t h a t  o f  f o r s e r  s a s p l e s .  

I t  h a s  been a l s o  r e p o r t e d  t h a t  t h e  s e d i n e n t  c o n t a a i n a -  
t i o n  w i t h  m u t a g e n s  i s  p r i m a r i l y  a t t r i b u t a b l e  t o  p o l a r  
m u t a g e n i c  c o m p o u n d s  r a t h e r  t h a n  t o  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 ( S u z u k i  e t  a l .  1982 ; S a t o  e t  a l .  1 9 8 3 ) .  
From o u r  e x p e r i m e n t ,  i t  was d e n o n s t r a t e d  t h a t  t h e  r i v e r  
and c o a s t a l  s e d i n e n t s  a r e  c o n t a = i n a t e d  w i t h  s e v e r a l  
s u t a g e n i c  c o n p o u n d s  c o n t a i n i n g  ~ o r e  t h a n  t h r e e  a r o n a t i c  
r i n g s  in t h e  ] o l e c u l e s ,  t h e  e o n t a a i n a t i o n  can  be s i a p l y  
a o n i t o r e d  by u s i n g  b l u e  c o t t o n  t r e a t l e n t  f o l l o w i n g  to  
t h e  Aries t e s t .  R e c e n t l y ,  s e v e r a l  r e s e a r c h e r e s  i n v e s t i -  
g a t e d  t h e  a u t a g e n i e  a c t i v i t y  o f  r i v e r  w a t e r  t r e a t e d  w i t h  
b l u e  r a y o n  w h i c h  h a s  h i g h e r  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  c o n t e n t  t h a n  t h a t  o f  b l u e  c o t t o n ( S a k a m o t o  
and H a y a t s u  1 9 9 0 ) .  The c o m p a r i s o n  o f  t h e  r e t e n t i o n  
e f f i c i e n c y  of  n u t a g e n s  b e t w e e n  b l u e  c o t t o n  and b l u e  
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r a y o n  i s  u n d e r  i n v e s t i g a t i o n .  
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