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ABSTRACT

F ifty-tw o com pounds were tested  for th e ir  effects on 
em bryos of th e  hard  c lam , Mercenaria mercenaria, and 
th e  Am erican oyster, Crassostrea virginica, and  on the ir 
larvae. T he pesticides included 17 insecticides, 12 h er­
bicides, one nem atocide, four solvents, and  18 m iscel­
laneous bactericides, fungicides, and  algicides.

M ost of th e  com pounds affected em bryonic develop­
m e n t m ore th a n  survival o r grow th of larvae. Some, 
however, drastically  reduced grow th of larvae a t  con­

cen tra tions th a t  had relatively lit tle  effect on em bry­
onic developm ent. I t  is necessary, therefore, to  evaluate 
th e  effects of pesticides on all stages of th e  life cycle of 
an  organism  before th e  pesticide can  be considered safe. 
Nevertheless, differences in  toxicity to  bivalve larvae 
am ong com pounds of each category of pesticide are 
large enough th a t  it  should  be possible to  select com ­
pounds to  contro l pest species w ith o u t serious dam age 
to  com m ercial shellfish.
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T h e  e x t e n s i v e  u s e  i n  r e c e n t  y e a r s  o f  h i g h ly  
p e r s i s t e n t  p e s t i c i d e s  f o r  c o n t r o l  o f  c e r t a i n  i n s e c t s  
a n d  u n d e s i r a b l e  p l a n t s ,  n o t  o n l y  o n  a g r i c u l t u r a l  
l a n d s  b u t  a ls o  o n  r e c r e a t i o n a l  a r e a s ,  l a k e s ,  s t r e a m s ,  
a n d  m a r s h e s ,  h a s  m a d e  i m p e r a t i v e  a n  e v a l u a t i o n  
o f  t h e  e f f e c ts  o f  t h e s e  c o m p o u n d s  o n  f is h  a n d  
w i ld l i f e .  'F l ie  e v e n t u a l  g o a l  i s  t o  c o n t r o l  u n d e s i r a b l e  
s p e c ie s ,  w i t h  t h e  l e a s t  h a r m  to  t h e  d e s i r a b l e  
m e m b e r s  o f  t h e  e c o s y s t e m .  A t t a i n m e n t  o f  t h i s  g o a l  
r e q u i r e s  e x t e n s i v e  k n o w l e d g e  o f  h o w  e a c h  p e s t i c i d e  
a f f e c ts  e a c h  s p e c ie s  o r  r e p r e s e n t a t i v e  s p e c ie s  o f  
t h e  s y s t e m .  A ls o ,  { lie  p e s t i c i d e  m u s t  b e  h ig h ly  
s p e c if ic  o r  b e  a p p l i e d  so  t h a t  i t s  d i s p e r s i o n  is  
s t r i c t l y  l im i te d .

P e s t i c i d e s  m a y  e n t e r  t h e  h a b i t a t  o f  s h e l l f i s h  in  
s e v e r a l  w a y s .  O n e  i s  b y  b e in g  c a r r i e d  t h e r e  i n  
r u n o f f  w a t e r  f r o m  t r e a t e d  l a n d  a r e a s .  C o t t a m  
(1 9 6 0 )  s t a t e d  t h a t  2  t o  3  b i l l io n  p o u n d s  (9 .0 7  to  
1 3 .6 1  x  1 0 s k g . )  o f  p e s t i c i d e s  a r e  u s e d  a n n u a l l y  in  
t h e  U n i t e d  S t a t e s  o n  a b o u t  100  m i l l io n  a c r e s  
( 4 0 .5  x  10(‘ h a . )  o f  l a n d .  T h i m a n n  (1 9 6 4 )  s t a t e d  

t h a t  t h e  U n i t e d  S t a t e s  u s e d  1 7 5 ,0 0 0  s h o r t  t o n s  
(1 5 8 ,7 6 0  m e t r i c  t o n s )  o f  i n s e c t i c i d e s  i n  1 9 6 2  a n d  
a b o u t  h a l f  t h a t  m u c h  o f  f u n g i c i d e s  a n d  h e r b ic id e s .

1 Present address: U n ivers ity  of M aryland , N a tu ra l Resources Institu te , 
Box 38, Solomons, M d. '20688.
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D o u d o r o f f ,  K a t z ,  a n d  T a r z w e l l  (1 9 5 3 )  m a d e  
l a b o r a t o r y  t e s t s  o f  s o i l s  c o l l e c t e d  f r o m  to x a p h e n e -  
t r e a t e d  f ie ld s  a n d  c o n c l u d e d  t h a t  s t r e a m  w a t e r s  
c a n  b e  m a d e  to x ic  to  f i s h  b y  t h e  d r a i n a g e  f r o m  
s u c h  f ie ld s .  S u c h  r u n o f f  w a t e r  m a y  c a r r y  t h e  
p e s t i c i d e s  i n  s o l u t io n ,  a d s o r b e d  o n  s u s p e n d e d  
p a r t i c l e s ,  o r  i n c o r p o r a t e d  i n  p l a n t s  a n d  a n im a l s  
i n  t h e  w a t e r .  C e r t a i n l y ,  l a r g e  q u a n t i t i e s  o f  t h e  
p e s t i c i d e s  t h a t  l e a c h  f r o m  t h e  so il  m u s t  e v e n t u a l l y  
r e a c h  c o a s t a l  m a r i n e  w a t e r s  a n d  s e d i m e n t s .

A  s e c o n d ,  m o r e  d i r e c t ,  a n d  p e r h a p s  m o r e  
e a s i l y  r e g u l a t e d  m e t h o d  b y  w h i c h  p e s t i c i d e s  m a y  
e n t e r  t h e  e s t u a r i n e  e n v i r o n m e n t  i s  t h e  u s e  o f  
i n s e c t i c i d e s  a n d  h e r b i c id e s  o n  s a l t  m a r s h e s  a n d  
e s t u a r i e s  to  c o n t r o l  m o s q u i t o e s  a n d  u n d e s i r a b l e  
p l a n t s .  I n  s o m e  r e g io n s  l a r g e  a r e a s  a r e  s p r a y e d  
n e a r  s h e l l f i s h  b e d s .  P e s t i c i d e s  u s e d  in  t h i s  w a y  
p r o b a b l y  c r e a t e  h i g h e r  c o n c e n t r a t i o n s  o f  t h e  
a c t i v e  i n g r e d i e n t s  i n  t h e  e s t u a r i n e  w a t e r  t h a n  a r e  
a c h i e v e d  b y  a n y  o t h e r  m e t h o d .

L o o s a n o f f ,  M a c K e n z i e ,  a n d  S h e a r e r  (1 9 5 9  2) , 
L o o s a n o f f  e t  a l .  ( 1 9 6 0 ) ,  a n d  L o o s a n o f f  (1 9 6 1 )  
p r o p o s e d  t h e  u s e  o f  s e v e r a l  p e s t i c i d e s  f o r  t h e  
c o n t r o l  o f  c e r t a i n  p r e d a t o r s  a n d  c o m p e t i t o r s  o f

2 Loosanoff, V . L ., C . L . M acKenzie , Jr., and L . W. Shearer. 1951). Use 
of chemical barriers to protect shellfish beds from predators. B u r. Commer. 
Fish. Biol. Lab ., M ilford, Conn., B u ll. 0, 23: 1 11.
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c o m m e r c i a l  s h e l l f i s h .  T h e  m e t h o d s  o f  a p p l i c a t i o n  
p r o p o s e d  b y  t h e s e  a u t h o r s ,  h o w e v e r ,  w e r e  d e ­
s ig n e d  to  r e s t r i c t  t h e  d i s p e r s a l  o f  t h e  p e s t ic id e .  
C o m p o u n d s  r e l a t i v e l y  i n s o lu b le  i n  w a t e r  w e r e  
d i s s o lv e d  i n  p o l y c h l o r i n a t e d  b e n z e n e s ,  w h i c h  a r e  
t h e m s e lv e s  v i r t u a l l y  i n s o l u b le  i n  w a t e r — a  c h a r a c ­
t e r i s t i c  t h a t  f u r t h e r  l i m i t e d  t h e  s o l u b i l i t y  o f  t h e  
p e s t i c id e .  M o r e o v e r ,  t h e  p o l y c h l o r i n a t e d  b e n z e n e s ,  
w h ic h  a r e  h e a v i e r  t h a n  s e a  w a t e r ,  w e r e  m ix e d  
w i t h  d r y  s a n d  t o  a n c h o r  t h e  p e s t i c i d e  t o  t h e  
b o t t o m  o f  t h e  p a r t i c u l a r  s h e l l f i s h  b e d  t r e a t e d .  
T h i s  e s s e n t i a l l y  t w o - d i m e n s i o n a l  t r e a t m e n t  o f 
l i m i t e d  a r e a s  w i t h  a  c o n t r o l  p e s t i c i d e  h a d  l i t t l e  o r  
n o  e f f e c t  o n  p e la g i c  o r  p l a n k t o n i c  o r g a n is m s .

B u t l e r ,  W il s o n ,  a n d  R i c k  (1 9 6 2 )  p r e s e n t e d  d a t a  
o n  t h e  e f f e c ts  o f  s o m e  p e s t i c i d e s  o n  a d u l t  o y s t e r s  
a n d  D a v i s  (1 9 6 0 )  r e p o r t e d  t h e  e f f e c ts  o f  31  c o m ­
p o u n d s ,  i n c l u d i n g  s e v e r a l  t y p e s  o f  p e s t i c id e s ,  o n  
f e r t i l i z e d  e g g s  a n d  l a r v a e  o f  b i v a lv e s .  T h e  a u t h o r s  
o f  t h e  tw o  p a p e r s  c o n s i d e r e d  t h e  e f f e c t  o f  p e s t i ­
c id e s  o n  g r o w t h  t o  b e  t h e  m o s t  s e n s i t i v e  i n d e x  f o r  

t h e s e  m o ll i ts k s .
T h e  h i g h e s t  c o n c e n t r a t i o n  o f  a n y  p e s t i c i d e  t h a t  

c a n  b e  c o n s i d e r e d  “ s a f e ”  f o r  u s e  i n  w a t e r s  i n  
w h ic h  v a l u a b l e  s p e c ie s  o f  b i v a l v e s  r e p r o d u c e  is  
t h e  h i g h e s t  c o n c e n t r a t i o n  t h a t  h a s  n o  a p p r e c i a b l e  
e f f e c t  o n  s u r v i v a l  o f  t h e  d e v e l o p i n g  e m b r y o  o r  o n  
g r o w t h  a n d  s u r v i v a l  o f  t h e  f u l ly  f o r m e d  v e l ig e r  
l a r v a e .  I t  i s  a l s o  n e c e s s a r y  t o  d e t e r m i n e  t h e  c o n ­
c e n t r a t i o n s  t o l e r a t e d  b y  s p a w n i n g  i n d i v i d u a l s  a n d  
b y  o r g a n i s m s  t h a t  s e r v e  a s  f o o d  f o r  l a r v a l  a n d  

a d u l t  b i v a l v e s  ( U k e le s ,  1 9 6 2 ) .
A  d i s t i n c t i o n  is  m a d e  b e t w e e n  e f f e c ts  o n  d e v e l ­

o p m e n t  o f  t h e  e m b r y o  a n d  o n  s u r v i v a l  a n d  g r o w t h  
d u r i n g  t h e  l a r v a l  s t a g e  b e c a u s e  t o l e r a n c e s  o f  t h e s e  
tw o  p e la g i c  s t a g e s  t o  a  g i v e n  t o x i c a n t  a r e  o f t e n  
m a r k e d l y  d i f f e r e n t .  G r o w t h  o f  t h e  v e l i g e r  l a r v a e ,  
m o r e o v e r ,  m a y  b e  d r a s t i c a l l y  r e t a r d e d  a t  c o n ­
c e n t r a t i o n s  o f  t o x i c a n t s  t o o  lo w  to  c a u s e  d i r e c t  
m o r t a l i t y  o f  e i t h e r  e m b r y o n i c  o r  l a r v a l  s t a g e s .  
S u c h  a  r e t a r d a t i o n  o f  g r o w t h ,  h o w e v e r ,  s e r v e s  to  
p r o lo n g  t h e  p e la g i c  l i f e  o f  t h e  l a r v a e  a n d ,  t h u s ,  
i n c r e a s e s  t h e  c h a n c e  f o r  t h e i r  lo s s  t h r o u g h  p r e d a ­

t i o n ,  d i s e a s e ,  a n d  d i s p e r s io n .
T h i s  r e p o r t  s u m m a r i z e s  t h e  d a t a  o b t a i n e d  a t  

t h e  B u r e a u  o f  C o m m e r c i a l  F i s h e r i e s  B io lo g ic a l  
L a b o r a t o r y  i n  M i l f o r d  c o n c e r n in g  t h e  e f f e c ts  o f  
v a r i o u s  c o m p o u n d s  u s e d  i n  c o n t r o l  o f  v a r io u s  
t y p e s  o f  u n d e s i r a b l e  o r g a n i s m s ,  o n  t h e  d e v e l o p ­
m e n t  o f  f e r t i l i z e d  e g g s  o f  h a r d  c la m s ,  M ercen a ria , 
m ercen a ria , a n d  A m e r i c a n  o y s t e r s ,  C rassostrea
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v ir g in ic a ,  a n d  o n  t h e  s u r v i v a l  a n d  g r o w t h  o f  t h e  
l a r v a e .  T h e  d a t a ,  u n f o r t u n a t e l y ,  a r e  n o t  c o m p l e t e  
f o r  a l l  o f  t h e  c o m p o u n d s  t e s t e d .  T h e  w o r k  o n  
p e s t i c i d e s  a t  t h e  l a b o r a t o r y  i n  M i l f o r d  h a s  b e e n  
t e r m i n a t e d  b y  t r a n s f e r  o f  p e s t i c i d e  w o r k  t o  t h e  
B u r e a u ’s  B io lo g ic a l  L a b o r a t o r y  a t  G u l f  B r e e z e ,  
F l a .  I n  t h e  e a r l y  e x p e r i m e n t s  t h e  e f f e c ts  o f  t h e  
c o m p o u n d s  o n  d e v e l o p m e n t  o f  f e r t i l i z e d  e g g s  w e r e  
n o t  d e t e r m i n e d  a n d  m a n y  w e r e  t e s t e d  i n  o n l y  a  
s in g l e  e x p e r i m e n t .  F u r t h e r m o r e ,  f o r  s o m e  e x p e r i ­
m e n t s  i n  w h i c h  g r o w t h  o f  l a r v a e  i n  c o n t r o l  c u l ­
t u r e s  w a s  n o t  s a t i s f a c t o r y ,  w e  c a n  g i v e  o n l y  t h e  
d a t a  o n  d e v e l o p m e n t  o f  f e r t i l i z e d  e g g s .  T h e  e f f e c ts  
o f  a  n u m b e r  o f  t h e s e  p e s t i c i d e s  o n  s o m e  o f  t h e  
a l g a l  f o o d s  o f  b i v a l v e  l a r v a e  h a v e  a ls o  b e e n  

d e t e r m i n e d  ( U k e l e s ,  1 9 6 2 ) .

M E T H O D S

M e t h o d s  f o r  s p a w n i n g  o y s t e r s  o u t  o f  s e a s o n  
a n d  s t a n d a r d  m e t h o d s  f o r  c u l t u r i n g  t h e  l a r v a e  
h a v e  b e e n  d e s c r i b e d  i n  d e t a i l  b y  L o o s a n o f f  a n d  
D a v i s  (1 9 6 3 ) .  T h e s e  m e t h o d s  w e r e  f o l lo w e d  
t h r o u g h o u t  t h e  p r e s e n t  s e r i e s  o f  e x p e r i m e n t s .

I n  m o s t  e x p e r i m e n t s  a l l  p e s t i c i d e s  w e r e  t e s t e d  a t  
c o n c e n t r a t i o n s  o f  0 .2 5 ,  0 .5 0 ,  1 , 2 .5 ,  5 , a n d  10 p .p .m .  
( p a r t s  p e r  m i l l io n ) ,  w i t h  d u p l i c a t e  c u l t u r e s  a t  e a c h  
c o n c e n t r a t i o n .  I f  a  t o x ic  r a n g e  w a s  n o t  e s t a b l i s h e d  
i n  t h e  f i r s t  e x p e r i m e n t ,  t h e s e  c o n c e n t r a t i o n s  w e r e  
in c r e a s e d  o r  d e c r e a s e d  b y  a  f a c t o r  o f  10  i n  t h e  n e x t  
e x p e r i m e n t .  U s u a l l y ,  h o w e v e r ,  t h e  r a n g e  o f  0 .2 5  
to  10  p . p .m .  i n c l u d e d  c o n c e n t r a t i o n s  t h a t  h a d  n o  
e f f e c t  a n d  c o n c e n t r a t i o n s  t h a t  c a u s e d  100  p e r c e n t  
m o r t a l i t y .  S t o c k  s o l u t io n s  o f  w a t e r - s o l u b l e  p e s t i ­
c id e s  w e r e  m a d e  u p  i n  w a t e r ;  a l l  o t h e r s  w e r e  m a d e  
u p  i n  a c e to n e ,  e x c e p t  f o r  a  v e r y  f e w  t h a t  w e r e  i n ­
s o l u b l e  i n  e i t h e r  w a t e r  o r  a c e to n e .  T h e  l a t t e r  w e r e  

u s e d  a s  w a t e r  s u s p e n s io n s .
F o r  o b s e r v a t i o n s  o n  d e v e l o p m e n t  o f  e m b r y o s ,  

f e r t i l i z e d  e g g s  w e r e  i n t r o d u c e d  i n t o  t h e  t e s t  c o n ­
c e n t r a t i o n s  s o o n  a f t e r  r e l e a s e  a n d  f e r t i l i z a t i o n ,  
u s u a l ly  w h e n  t h e  e g g s  w e r e  i n  t h e  tw o - c e l l  s t a g e  o f 
d e v e l o p m e n t .  Q u a n t i t a t i v e  s a m p le s  w e r e  t a k e n  4 8  
h o u r s  l a t e r  to  d e t e r m i n e  t h e  p e r c e n ta g e  o f  t h e  
f e r t i l i z e d  e g g s  i n  e a c h  c u l t u r e  t h a t  h a d  d e v e lo p e d  
to  n o i m a l  s t r a i g h t - h i n g e  v e l i g e r  l a r v a e .

F o r  t e s t s  to  d e t e r m i n e  t h e  e f f e c t  o f  c o m p o u n d s  
o n  s u r v i v a l  a n d  g r o w t h  o f  v e l ig e r  l a r v a e ,  w e  u s e d  
c u l t u r e s  o f  2 - d a y - o l d  l a r v a e  t h a t  h a d  b e e n  r e a r e d  
t o  t h e  s t r a i g h t - h i n g e  s t a g e  u n d e r  n o r m a l  c o n d i t i o n s .  
T h e s e  l a r v a e  w e r e  t h e n  r e a r e d ,  i n  t h e  d i f f e r e n t  
c o n c e n t r a t i o n s  o f  s u b s t a n c e s  b e in g  t e s t e d ,  f o r  a
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p e r io d  o f  10  d a y s  f o r  c l a m  l a r v a e  o r  12  d a y s  f o r  
o y s t e r  l a r v a e .  T h u s ,  w h e n  t h e ' q u a n t i t a t i v e  
s a m p le s  w e r e  t a k e n  a t  t h e  e n d  o f  t h e  p e r io d ,  t h e .  
l a r v a e  w e r e  12 a n d  14 d a y s  o ld ,  r e s p e c t iv e l y .  
T h e s e  p e r io d s  r e p r e s e n t  t h e  n o r m a l  t i m e  o f  s e t t i n g  
f o r  t h e  tw o  s p e c ie s  u n d e r  g o o d  e n v i r o n m e n t a l  
c o n d i t i o n s  a t  t h e  t e m p e r a t u r e s  u s e d  ( 2 4 ° ± 1 °  C . ) .

W e  f e d  t h e  t e s t  l a r v a e  a  m i x t u r e  o f  l iv e  f l a g e l l a te s ,  
g e n e r a l l y  a t  a  r a t e  o f  0.0 1  m l .  o f  p a c k e d  c e l ls  to  
e a c h  1 - l i t e r  c u l t u r e  p e r  d a y .  S e a  w a t e r  a n d  t e s t  
c o m p o u n d  w e r e  r e n e w e d  i n  t h e  c u l t u r e s  e v e r y  
s e c o n d  d a y .  T h e  c o n t e n t s  o f  a  c u l t u r e  v e s s e l  w e r e  
w a s h e d  o n t o  a  s t a in l e s s  s t e e l  s c r e e n  t h a t  r e t a i n e d  
t h e  l a r v a e  b u t  a l l o w e d  t h e  s e a  w a t e r  a n d  d i s ­
s o lv e d  p e s t i c i d e  t o  p a s s  t h r o u g h .  T h e  P y r e x 3 

c u l t u r e  v e s s e l s  u s e d  i n  t h e  e x p e r i m e n t s  w e r e  t h e n  
t h o r o u g h l y  w a s h e d  b e f o r e  t h e  l a r v a e  a n d  t h e  f r e s h

s o l u t io n  o f  p e s t i c i d e  i n  s e a  w a t e r  w e r e  a g a i n  a d d e d .  
T h e  r e n e w a l  o f  t h e  c u l t u r e  m e d i u m  e v e r y  s e c o n d  
d a y  in  t h i s  m a n n e r  m in i m iz e d  t h e  b u i l d u p  o f  
h a r m f u l  m e t a b o l i t e s  a n d  m a d e  i t  p o s s ib le  to  
m a i n t a i n  a c c u r a t e l y  t h e  c o n c e n t r a t i o n  o f  t e s t  

c o m p o u n d  a t  t h e  d e s i r e d  le v e l .

Q u a n t i t a t i v e  s a m p le s ,  c o n s i s t i n g  o f  1 .6  p e r c e n t  

o f  t h e  t o t a l  l a r v a l  p o p u l a t i o n  o f  a  c u l t u r e ,  w e r e  

t a k e n  a t  t h e  e n d  o f  t h e  2 - d a y  a n d  t h e  1 2 -  o r  1 4 - d a y  

e x p e r i m e n t a l  p e r io d s  a n d  p r e s e r v e d  f o r  m ic r o s c o p ic  

e x a m i n a t io n .  W e  d e t e r m i n e d  t h e  s u r v i v a l  b y  

c o u n t i n g  t h e  n u m b e r  o f  l a r v a e  t h a t  h a d  b e e n  

l iv in g  a t  t h e  t i m e  o f  p r e s e r v a t i o n .  S u r v i v a l  v a lu e s  

( t a b l e  1 , c o ls .  1 , 2 ) a r e  e x p r e s s e d  a s  a  p e r c e n t a g e  

( R )  o f  t h e  s u r v i v a l  in  c o n t r o l  c u l t u r e s  a n d  w e r e  

c a l c u l a t e d  a s  f o l lo w s :

^ _  Average number of larvae in experimental cultures ̂  j qq 
Average number of larvae- in control cultures

G r o w t h ,  o r  i n c r e a s e  in  m e a n  l e n g t h s  i n  t h e  12 - 
a n d  1 4 - d a y  e x p e r i m e n t s  ( t a b l e  1, c o l.  3 ) ,  is  
e x p r e s s e d  a s  a  p e r c e n t a g e  ( G )  o f  t h e  i n c r e a s e  in

m e a n  l e n g t h  o f  l a r v a e  in  c o n t r o l  c u l t u r e s  a n d  w a s  
c a l c u l a t e d  a s  f o l lo w s :

Mean length of larvae in experimental cultures— mean length at 2 d a y s ^ ^  
* Mean length of larvae in control cultures—mean length a t 2 days3 n g t h

M e a n  l e n g t h  w a s  d e t e r m i n e d  b y  m e a s u r i n g  t h e  
m a x i m u m  l e n g t h  o f  t h e  s h e l l ,  p a r a l l e l  t o  t h e  h in g e  
l in e ,  o f  1 0 0 - o y s t e r  l a r v a e  o r  o f  5 0 - c la m  l a r v a e  
f r o m  t h e  p r e s e r v e d  s a m p le s .  T h e  e x p r e s s io n  o f  
r e s u l t s  a s  p e r c e n ta g e s  o f  t h e  i n c r e a s e  in  m e a n  
l e n g t h  a n d  s u r v i v a l  o f  l a r v a e  in  c o n t r o l  c u l t u r e s  
m a d e  p o s s ib l e  t h e  d i r e c t  c o m p a r i s o n  o f  d a t a  f r o m  
t h e  d i f f e r e n t  e x p e r i m e n t s .

M e a s u r e m e n t s  o f  e f f e c ts  o f  t o x i c a n t s  o n  g r o w t h  
a n d  s u r v i v a l  o f  l a r v a e  a r e  s u b j e c t  t o  c o n s i d e r a b le  
e r r o r  d u e  t o  r a n d o m  s a m p l i n g  e r r o r  a n d  v a r i a t i o n s  
i n t r o d u c e d  b y  t h e  s l i g h t  u n c o n t r o l l e d  e n v i r o n ­
m e n t a l  d i f f e r e n c e s  b e tw e e n  c u l t u r e s .  I n  a d d i t i o n ,  
c h a n g e s  i n  s e a  w a t e r  a n d  f o o d  q u a l i t y  b e tw e e n  
s u c c e s s iv e  e x p e r i m e n t s  u n d o u b t e d l y  c a u s e d  v a r i a ­
t io n  i n  o b s e r v e d  e f f e c ts .  T h e s e  f a c t o r s  m u s t  b e  
t a k e n  i n t o  c o n s i d e r a t i o n  in  j u d g i n g  r e l i a b i l i t y  o f  
t h e  d a t a  a n d  in  a s c e r t a i n i n g  s a f e  a n d  h a r m f u l  
le v e l s  o f  t h e  t e s t  c o m p o u n d .

T h e  s t a n d a r d  e r r o r  i n  m e a s u r e m e n t s  o f  g r o w t h  
i s  c o n s i d e r a b ly  g r e a t e r  f o r  o y s t e r  l a r v a e  t h a n  f o r  
c l a m  l a r v a e .  A  l e n g t h - f r e q u e n c y  d i s t r i b u t i o n  o f  
c l a m  l a r v a e  r e c e iv i n g  a  g i v e n  t r e a t m e n t  is  h ig h ly  
k u r t o t i c ,  w h e r e a s  t h a t  f o r  o y s t e r  l a r v a e  e x h ib i t s

gth a t 2 days

t h i s  c e n t r a l  t e n d e n c y  to  a  m u c h  l e s s e r  d e g r e e .  
F i g u r e  1 s h o w s  t h e  9 5  p e r c e n t  c o n f id e n c e  l i m i t s  o f  
t h e  m e a n  ( ± 2  S E ra) i n  m ic r o n s ,  w i t h  N  =  1 0 0  f o r  
o y s t e r  l a r v a e  a n d  N = 5 0  f o r  c l a m  l a r v a e ,  a t  t h e  
v a r i o u s  m e a n  l e n g t h s  e n c o u n t e r e d  i n  o u r  
e x p e r i m e n t a l  c u l t u r e s .

A f t e r  c o n s i d e r i n g  t h e  v a r i a t i o n s  e n c o u n t e r e d ,  
in  a d d i t i o n  to  s a m p l i n g  e r r o r s ,  w e  b e l i e v e  o u r
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3 Trade  names referred to in this publication do not im p ly  endorsement of 
commercial products.

F ig u re  1.—The 95 percent confidence, limits of measure­
ments of mean lengths of oyster and clam larvae of 
different sizes. Values indicate ± 2  SEn,. N = 1 0 0  for 
oyster larvae; N =  50 for clam larvae.
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t r a n s f o r m e d  v a l u e s  ( G )  f o r  m e a s u r e m e n t s  o f  
g r o w t h  a r e  g e n e r a l l y  a c c u r a t e  to  a b o u t  ± 1 0  p e r ­
c e n t  f o r  o y s t e r  l a r v a e  a n d  to  a b o u t  ± 5  p e r c e n t  fo r  
c la m  l a r v a e .  T h e  c o n f id e n c e  l i m i t s  f o r  o y s t e r  l a r v a e  
w e r e  n o t  n a r r o w e d  a p p r e c i a b l y  e v e n  b y  i n c r e a s in g  
N  to  3 0 0 ;  t h e r e f o r e ,  i t  w a s  c o n s id e r e d  i m p r a c t i c a l  
t o  i n c r e a s e  t h e  n u m b e r  o f  m e a s u r e m e n t s  o f  o y s t e r  
l a r v a e  s u f f i c ie n t ly  t o  r e d u c e  t h e  e r r o r  t o  t h a t  o f  
m e a s u r e m e n t s  o f  c l a m  l a r v a e .

E r r o r s  i n v o lv e d  i n  o u r  t e c h n i q u e s  f o r  d e t e r m i n ­
i n g  n u m b e r s  o f  l a r v a e  d e v e l o p i n g  f r o m  f e r t i l i z e d  
e g g s  t o  s t r a i g h t - h i n g e  l a r v a e  o r  t h e  n u m b e r  s u r ­
v i v in g  in  g r o w t h  e x p e r i m e n t s  h a v e  b e e n  f o u n d  to  
b e  a b o u t  ± 1 0  p e r c e n t .

I n  a n y  e v e n t ,  t h e  e f f e c ts  o f  t e s t  c o m p o u n d s  o n  
l a r v a l  g r o w t h  a n d  s u r v i v a l  a r e  r e a d i l y  d i s t i n ­
g u i s h e d ,  f r o m  r a n d o m  v a r i a t i o n ,  b y  t h e  r e g u l a r  
s t e p w i s e  r e d u c t i o n  a t  e a c h  s u c c e s s iv e  i n c r e a s e  in  
c o n c e n t r a t i o n  o f  t h e  t e s t  c h e m ic a l .

E F F E C T S  O F  D I F F E R E N T  C O M P O U N D S  
O N  E M B R Y O S  A N D  L A R V A E

T a b l e  1 s h o w s  t h e  r e l a t i v e  p e r c e n t a g e  o f  f e r t i l ­
i z e d  o y s t e r  a n d  c l a m  e g g s  t h a t  d e v e l o p e d  t h r o u g h  
n o r m a l  e m b r y o n i c  s t a g e s  i n t o  s t r a i g h t - h i n g e  
l a r v a e ,  t h e  r e l a t i v e  p e r c e n t a g e  o f  l a r v a e  t h a t  
s u r v i v e d ,  a n d  t h e  r e l a t i v e  p e r c e n t a g e  in c r e a s e  in  
m e a n  l e n g t h  w h e n  e x p o s e d  to  v a r i o u s  p e s t i c i d e s  
a n d  c h e m ic a ls .  W e  c a l c u l a t e d  t h e  r e l a t i v e  p e r ­
c e n t a g e s ,  a s  l i a s  b e e n  p r e v i o u s l y  s t a t e d ,  b y  u s in g  
t h e  s u r v i v a l  a n d  r a t e  o f  g r o w t h  o f  l a r v a e  in  t h e  
c o n t r o l  c u l t u r e s  o f  e a c h  e x p e r i m e n t  a s  100  p e r c e n t .  
T h e  v a lu e s  g iv e n  ( e x c e p t  w h e r e  n o t e d )  a r e  a v e r ­
a g e s  f o r  d u p l i c a t e  c u l t u r e s  a t  e a c h  c o n c e n t r a t i o n  
i n  e a c h  e x p e r i m e n t .  W h e n  m o r e  t h a n  o n e  e x p e r i ­
m e n t  w a s  r u n ,  w e  c o m b i n e d  t h e  r e s u l t s  o f  a l l  
e x p e r i m e n t s .

S o m e  c o m p o u n d s  w e r e  m o r e  t o x ic  t o  e m b r y o s  
t h a n  to  l a r v a e  ( d e s p i t e  t h e  m u c h  s h o r t e r  e x p o s u r e  
p e r io d  o f  t h e  e m b r y o s ) ,  a l t h o u g h  t h e  r e v e r s e  is  
g e n e r a l l y  i n d i c a t e d  i n  o u r  t e s t s .  T h e  d i f f e r e n c e s  
b e tw e e n  t h e  t o l e r a n c e  o f  d e v e l o p i n g  e m b r y o s  a n d  
l a r v a e  o f  o y s t e r s  t o  t h e  s a m e  p e s t i c i d e  a r e  s t r i k ­
i n g ly  e v i d e n t  f r o m  t h e  e f f e c ts  o f  t h e  w e e d ic id e s ,  
A m i t r o l  a n d  E n d o t h a l  ( t a b l e  1 ) .  E m b r y o s  d e ­
v e lo p e d  n o r m a l l y  i n  h i g h e r  c o n c e n t r a t i o n s  o f  
A m i t r o l  (5 0 0  p .p .m . )  t h a n  t h o s e  a t  w h i c h  l a r v a e  
s h o w e d  g o o d  g r o w t h  (1 0 0  p . p .m . ) .  I n  c o n t r a s t ,  
e g g s  c o u ld  t o l e r a t e  o n l y  10 p .p .m .  o f  E n d o t h a l ,  
w h e r e a s  l a r v a e  s h o w e d  a b o u t  n o r m a l  g r o w t h  a t  
c o n c e n t r a t i o n s  a s  h i g h  a s  5 0  p .p .m .
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'P l ie  c o m p o u n d s  w e  u s e d  i n  o u r  t e s t s  d i f f e r e d  
w i d e ly  in  c h e m ic a l  c o m p o s i t i o n  a n d  p r e s u m a b l y  
h a v e  d i f f e r e n t  m o d e s  a n d  s i t e s  o f  a c t i o n .  I t  is  n o t  
to o  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  a l t h o u g h  t h e  to x ic  
l e v e l s  o f  m o s t  c o m p o u n d s  a r e  a b o u t  t h e  s a m e  fo r  
c l a m s  a n d  o y s t e r s ,  s o m e  a r e  a p p r e c i a b l y  m o r e  
to x ic  t o  o n e  t h a n  to  t h e  o t h e r .  T h e  t o l e r a n c e  o f 
o y s t e r  l a r v a e  t o  E n d o t h a l ,  f o r  e x a m p le ,  w a s  c o n ­
s i d e r a b l y  g r e a t e r  t h a n  t h a t  o f  c la m  l a r v a e  ( a l ­
t h o u g h  o y s t e r  e m b r y o s  w e r e  s l i g h t l y  le s s  t o l e r a n t  
t h a n  w e r e  c la m  e m b r y o s ) .  O y s t e r  l a r v a e  s h o w e d  
f a i r  s u r v i v a l  a n d  n o r m a l  g r o w t h  a t  2 5  p .p .m . ,  
w h e r e a s  t h i s  c o n c e n t r a t i o n  c a u s e d  100  p e r c e n t  
m o r t a l i t y  o f  c l a m  l a r v a e .  I n  g e n e r a l ,  h o w e v e r ,  t h e  
r a t e s  o f  g r o w t h  o f  c l a m  l a r v a e  a r e  le s s  a f f e c te d  b y  
t o x i c a n t s  t h a n  g r o w t h  o f  o y s t e r  l a r v a e .

A s  h a s  b e e n  r e p o r t e d  p r e v io u s ly  ( D a v i s ,  1 9 6 0 ) , 
s o m e  o f  t h e  l o w e r  c o n c e n t r a t i o n s  o f  c e r t a i n  c o m ­
p o u n d s  s i g n i f i c a n t l y  a c c e l e r a t e d  g r o w t h  o f  l a r v a e  
( n o t a b l y  S e v in ,  E n d o t h a l ,  2 - 4 - D  s a l t ,  p h e n o l ,  a n d  
S u l m e t — t a b l e  1 ) .  A l t h o u g h  t h e  r e a s o n s  f o r  t h i s  
p h e n o m e n o n  a r e  n o t  c le a r ,  w e  b e l i e v e  i t  i s  t h e  
r e s u l t  o f  t h e  b a c t e r i o s t a t i c  o r ,  p o s s ib ly ,  c h e l a t i n g  
e f f e c t  o f  t h e s e  c o m p o u n d s .  B e c a u s e  g r o w t h  o f 
c la m  l a r v a e  i s  le s s  a f f e c te d  b y  b a c t e r i a l  a n d  
a lg a l  t o x in s  t h a n  i s  g r o w t h  o f  o y s t e r  l a r v a e ,  a n y  
b a c t e r i o s t a t i c  o r  c h e l a t i n g  e f f e c t  t h e s e  c o m p o u n d s  
m i g h t  h a v e  w o u ld  b e  e x p e c te d  t o  h a v e  a  le s s  
m a r k e d  e f f e c t  o n  g r o w t h  o f  c la m  l a r v a e  t h a n  o n  
g r o w t h  o f  o y s t e r  l a r v a e .

Synergistic Action of Solvent W ith Some Com pounds

W it h  c e r t a i n  p e s t i c i d e s ,  t h e  s o l v e n t  m a y  a c t  
a s  a  s y n e r g i s t  a n d  i n c r e a s e  t h e  t o x i c i t y  o f  t h e  
c o m p o u n d ,  b u t  w i t h  o t h e r  p e s t i c i d e s  t h e  s a m e  
s o l v e n t  m a y  s h o w  n o  s u c h  a c t i o n .  A c e t o n e  a p ­
p e a r e d  to  a c t  a s  a  s y n e r g i s t  w i t h  C o - R a l  b u t  n o t  
w i t h  D i - S y s t o n  a n d  P h y g o n .  I n  e x p e r i m e n t s  
w h e n  t h e  s t o c k  s o l u t i o n s  o f  t h e s e  t h r e e  w a t e r -  
in s o lu b le  c o m p o u n d s  w e r e  m a d e  u p  in  a c e to n e  
( a p p e n d i x ) ,  t h e  p a i r  o f  c o n t r o l  c u l t u r e s  r e c e iv in g  
100  p . p .m .  a c e t o n e  ( t h e  m a x i m u m  c o n c e n t r a t i o n  
u s e d  i n  a n y  o f  t h e  e x p e r i m e n t a l  c u l t u r e s  ) sh o w 'e d  
n o  s i g n i f i c a n t  r e d u c t i o n  i n  g r o w t h  o r  s u r v i v a l  o f  
e i t h e r  c l a m  o r  o y s t e r  l a r v a e .  S u r v i v a l  a n d  g r o w t h  

o f  c la m  l a r v a e  r e c e iv i n g  D i - S y s t o n  a n d  P h y g o n  

d e c r e a s e d  p r o g r e s s i v e l y  a s  t h e  c o n c e n t r a t i o n s  o f  

t h e s e  c o m p o u n d s  i n c r e a s e d ,  j u s t  a s  i t  d i d  in  

v a r i o u s  c o n c e n t r a t i o n s  o f  t h e  w a t e r - s o l u b l e  t o x i ­

c a n t s  ( t a b l e  1 ) .  T h e  t o x ic  e f f e c ts  o f  C o - R a l ,  h o w ­

e v e r ,  s h o w  a  d e f in i t e  b r e a k  i n  t h e  m id d l e  o f  t h e
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s e r ie s  t h a t  c o r r e s p o n d s  t o  t h e  b r e a k  i n  a c e t o n e  
c o n c e n t r a t i o n s .

T o  o b t a i n  t h e  s ix  c o n c e n t r a t i o n s  o f  t h e s e  
a c e to n e - s o l u b l e  c o m p o u n d s ,  f r o m  0 .2 5  t o  10 p .p .m . ,  
w e  u s e d  tw o  s t o c k  s o l u t io n s .  T h e  c o n c e n t r a t i o n s  
o f  0 .2 5 ,  0 .5 ,  a n d  1 p .p .m .  o f  t o x i c a n t s  w e r e  o b t a i n e d  
b y  i n c r e a s i n g  v o l u m e s  o f  t h e  le s s  c o n c e n t r a t e d  
s t o c k  s o l u t i o n  s o  t h a t  t h e  c o n c e n t r a t i o n s  o f 
a c e t o n e  w e r e  2 5 , 5 0 , a n d  1 0 0  p .p .m .  T h e  c o n ­
c e n t r a t i o n s  o f  2 .5 ,  5 ,  a n d  1 0  p .p .m .  w e r e  a c h i e v e d  
b y  i n c r e a s in g  v o l u m e s  o f  t h e  m o r e  c o n c e n t r a t e d  
s t o c k  s o l u t io n ,  a g a i n  g i v in g  c o n c e n t r a t i o n s  o f  
a c e t o n e  o f  2 5 , 5 0 , a n d  1 0 0  p . p .m .

T h e  s t e p w i s e  d e c r e a s e  i n  s u r v i v a l  a n d  g r o w t h  
o f  c l a m  l a r v a e  a t  0 .2 5 ,  0 .5 ,  a n d  1 p . p .m .  C o - R a l ,  
f o l lo w e d  b y  b e t t e r  s u r v i v a l  a n d  g r o w t h  a t  2 .5 

p .p .m .  a n d  s t e p w i s e  r e d u c t i o n  a t  5  a n d  10 p .p .m .  
i n d i c a t e s  t h a t  t h e  a c t i o n  o f  C o - R a l  w a s  b e in g  
s y n e r g i z e d  b y  t h e  a c e t o n e  s o l v e n t  ( t h e  a c t i o n  o f  
D i - S y s t o n  a n d  P h y g o n  w a s  n o t ) .  T h e  e f f e c t  o f  
A l d r i n  o n  c la m  e m b r y o s  s h o w s  s o m e  e v id e n c e  o f 
s i m i l a r  s y n e r g i s m .

Variable Effects of E nd rin  an d  D ieldrin

R e s u l t s  o f  d i f f e r e n t  e x p e r i m e n t s  w i t h  t h e s e  
tw o  c o m p o u n d s  v a r i e d  c o n s i d e r a b l y  e v e n  w h e n  
a c e to n e  s t o c k  s o l u t i o n s  w e r e  u s e d .  T h e  r e s u l t s  
g iv e n  f o r  e n d r i n  a n d  d i e l d r i n ,  t h e r e f o r e ,  a r e  t h e  
a v e r a g e  v a lu e s  o f  a  n u m b e r  o f  e x p e r i m e n t s  b u t  
i n  s o m e  e x p e r i m e n t s  t o l e r a n c e s  w e r e  s i g n i f i c a n t l y  
b e lo w  t h e s e  a v e r a g e s .  W e  a s s u m e  t h a t  t h e  v a r i a ­
t i o n  in  t h e  s e v e r a l  e x p e r i m e n t s  w a s  c a u s e d  b y  
d i f f e r e n c e s  i n  p a r t i c l e  s iz e  a n d  d e g r e e  o f  s u s p e n ­
s io n  a t t a i n e d  in  t h e  t e s t  c u l t u r e ,  s i n c e  t h e s e  
c o m p o u n d s  a r e  e s s e n t i a l l y  i n s o l u b le  i n  w a t e r .  W e  
w o u ld  e x p e c t  f i e ld  o b s e r v a t i o n s  o n  c o m m e r c i a l  
a p p l i c a t i o n s  t o  y i e l d  c o n f l i c t i n g  d a t a ,  d e p e n d i n g  
u p o n  t h e  d e g r e e  o f  d i s p e r s i o n  a t t a i n e d  w h e n  t h e  
p e s t i c i d e  r e a c h e s  t h e  w a t e r .

Possible In d irec t Effect of C om pounds T hrough  Food 
C hain

U k e le s  (1 9 6 2 )  s h o w e d  t h a t  t h e  t o l e r a n c e  f o r  
p e s t i c id e s  o f  s o m e  o f  t h e  b e s t  a lg a l  f o o d s  f o r  

b i v a l v e  l a r v a e  w a s  c o n s i d e r a b l y  l o w e r  t h a n  t h e  

t o l e r a n c e s  o f  t h e  l a r v a e .  T h e r e f o r e ,  e v e n  a  c o n ­

c e n t r a t i o n  o f  a  p e s t i c i d e  t h a t  s h o w e d  n o  e f fe c t  

o n  e g g s  o r  l a r v a e  m i g h t ,  i n d i r e c t l y ,  i f  u s e d  in  t h e  

f ie ld ,  m a r k e d l y  r e d u c e  t h e  g r o w t h  o f  b i v a l v e  

l a r v a e  b y  k i l l i n g  o r  p r e v e n t i n g  r e p r o d u c t i o n  o f 

t h e  a lg a e  t h a t  s e r v e  a s  f o o d s .

W e  b e l i e v e  t h e  r e s u l t s  g i v e n  in  t a b l e  1 a r e ,  
a t  l e a s t  p r i m a r i l y ,  t h e  d i r e c t  e f f e c t  o f  t h e s e  c o m ­
p o u n d s  ; o n  t h e  e m b r y o s  o r  l a r v a e  t h e m s e l v e s  

b e c a u s e  w e  a r e  n o t  d e p e n d e n t  u p o n  r e p r o d u c t i o n  
o f  t h e  a lg a e  i n  o u r  l a r v a l  c u l t u r e s .  W e  a d d  t h e  
f o o d  c e l ls  t o  o u r  e x p e r i m e n t a l  c u l t u r e s  d a i l y ,  a n d  
t h e  p e s t i c i d e  w o u ld  h a v e  a n  i n d i r e c t  e f fe c t  t h r o u g h  
t h e  f o o d  c h a i n  o n l y  if  i t  d e s t r o y e d  t h e  f o o d  c e lls .  
T h e  c o n c e n t r a t i o n  o f  S u l r n e t  ( s o d iu m  s u l f a m e t h ­
a z in e )  u s e d  r o u t i n e l y  a s  a  b a c t e r i c i d e  i n  o u r  
l a r v a l  c u l t u r e s ,  f o r  e x a m p le ,  i s  s u f f i c ie n t  t o  i n h i b i t  * 
o r  p r e v e n t  r e p r o d u c t i o n  o f  t h e  a lg a e  u s e d  f o r  fo o d ,  
y e t  i t  l ia s  n o  a d v e r s e  e f f e c t  o n  g r o w t h  o f  l a r v a e  
u n d e r  o u r  l a b o r a t o r y  c o n d i t i o n s  o f l l e e d in g .

Significance of T L m Values

I n  t a b l e  2 w e  h a v e  l i s t e d  t h e  2 4 - h o u r  T L m ( t h e  
c o n c e n t r a t i o n ,  i n  p .p .m .  t h a t  w o u ld  c a u s e  a n  
a p p r o x i m a t e  5 0 - p e r c e n t  r e d u c t i o n  in  t h e  n u m b e r  
o f  e g g s  d e v e l o p i n g  i n t o  n o r m a l  s t r a i g h t - h i n g e  
l a r v a e )  f o r  o y s t e r  a n d  c l a m  e g g s .  A ls o  l i s t e d  a r e  
t h e  1 2 - d a y  T L m f o r  c l a m  l a r v a e  a n d  t h e  1 4 - d a y  
T L m f o r  o y s t e r  l a r v a e .  W e  b e l i e v e  t h e  T L m v a lu e s  
l i s t e d  a r e  o f  v a l u e  o n l y  f o r  r o u g h  c o m p a r i s o n s  o f 
t o x i c i t y  b e c a u s e  s o m e  c o m p o u n d s  d r a s t i c a l l y  r e ­
d u c e  t h e  r a t e  o f  g r o w t h  o f  l a r v a e  a t  c o n c e n t r a t i o n s  
t o o  lo w  t o  c a u s e  a p p r e c i a b l e  m o r t a l i t y  o r  m a y  k i l l  
e m b r y o s  a t  l o w e r  c o n c e n t r a t i o n s  t h a n  a r e  r e q u i r e d  
t o  a f f e c t  g r o w t h  o r  s u r v i v a l  o f  l a r v a e .  B o t h  e n d r in  
a n d  d i e l d r i n ,  f o r  e x a m p le ,  h a d  1 4 - d a y  T L m’s  f o r  
o y s t e r  l a r v a e  g r e a t e r  t h a n  10  p . p .m . ,  y e t  e i t h e r  o f 
t h e s e  c o m p o u n d s ,  a t  c o n c e n t r a t i o n s  o f  o n l y  1 

p .p .m . ,  r e d u c e d  t h e  r a t e  o f  g r o w t h  o f  t h e s e  l a r v a e  
d r a s t i c a l l y .  O t h e r  c o m p o u n d s ,  s u c h  a s  N e m a g o n ,  
A ld r in ,  a n d  t o x a p h e n e ,  p e r m i t t e d  d e v e l o p m e n t  o f 
e m b r y o s  a t  c o n s i d e r a b ly  h i g h e r  c o n c e n t r a t i o n s  
t h a n  t h o s e  a t  w h ic h  t h e  l a r v a e  c o u ld  s u r v i v e  a n d  
g r o w . C o n v e r s e ly ,  o t h e r  c o m p o u n d s ,  s u c h  a s  
g r i s e o f u lv in  ( o n  c la m s )  a n d  E n d o t h a l  ( o n  o y s t e r s ) ,  
a lm o s t  c o m p l e t e ly  s t o p p e d  e m b r y o n i c  d e v e lo p ­
m e n t  a t  c o n c e n t r a t i o n s  t o o  lo w  t o  a f f e c t  s e r io u s ly  
s u r v i v a l  a n d  g r o w t h  o f  t h e  l a r v a e .

I n  c o m p a r i s o n  w i t h  t h e  T L m v a lu e s  g iv e n  f o r  
o t h e r  s p e c ie s ,  t h e  r a n k i n g s  o f  A m i t r o l ,  E n d o t h a l ,  
O m a z e n e ,  a n d  P h y g o n  a r e  t h e  s a m e  f o r  c la m  a n d  

o y s t e r  l a r v a e  a s  B o n d ,  L e w is ,  a n d  F r y e r  (1 9 6 0 )  

f o u n d  f o r  l a r g e m o u t h  b a s s ,  M k r o p te r u s  sa lm o id es , 
a n d  tw o  s p e c ie s  o f  s a l m o n ,  O n c o rh y n c h u s  k is u tc h  

a n d  0 . tsh a w y tsch a . T h e  m e d i a n  t o l e r a n c e  l im i t s  

f o r  t h e  l e a s t  t o l e r a n t  s t a g e s  i n  t h e  l i f e  c y c le  o f  

c la m s  a n d  o y s t e r s  f o r  t h e s e  c o m p o u n d s ,  h o w re v e r ,
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w e r e  lo w e r  t h a n  t h e  v a lu e s  g  i v e n  f o r  f is h .  T h e  
9 6 - h o u r  T L m f o r  b lu e g i l l s ,  L e p o m is  m a c ro c h iru s ,  t o  
C o - R a l  a n d  D i - S y s t o n ,  r e p o r t e d  b y  H e n d e r s o n ,  
P i c k e r i n g ,  a n d  T a r z w e l l  ( 1 9 6 0 ) ,  w a s  a l s o  h i g h e r  
t h a n  t h a t  f o r  t h e  l e a s t  t o l e r a n t  s t a g e s  o f  c la m s .

N E E D  F O R  F U R T H E R  S T U D Y

T h e  e x a m p l e s  c i t e d  i n d i c a t e  t h e  n e e d  f o r  e v a l u ­
a t i n g  a l l  a s p e c t s  o f  t o x i c i t y  o n  r a p i d l y  g r o w in g  a n d  
c h a n g i n g  a n im a l s  a t  e a c h  s t a g e  o f  t h e i r  l i f e  c y c le .  
T h e  h i g h  t o l e r a n c e  o f  b i v a l v e  l a r v a e  t o  s o m e  o f 
t h e s e  p e s t i c i d e s  a ls o  s u g g e s t s  t h a t  c o m p o u n d s  c a n

b e  c h o s e n  to  c o n t r o l  p e s t  s p e c ie s  w i t h o u t  s e r io u s  
d a m a g e  t o  c o m m e r c i a l  s h e l l f i s h .  W i t h i n  t h e  s e r ie s  
o f  in s e c t i c id e s ,  f o r  e x a m p l e ,  D a v i s  (1 9 6 0 )  s h o w e d  
t h a t  D D T  w a s  m u c h  m o r e  t o x ic  t o  o y s t e r  l a r v a e  
t h a n  l i n d a n e .  S i m i l a r ly ,  w i t h i n  t h e  s e r ie s  o f  h e r b i ­
c id e s  t e s t e d ,  A m i t r o l  w a s  “ s a f e ”  a t  1 0 0  p .p .m . ,  
w h e r e a s  M C P A  c a u s e d  a  s i g n i f i c a n t  r e d u c t i o n  in  
t h e  r a t e  o f  g r o w t h  o f  o y s t e r  l a r v a e  a t  a l l  c o n c e n ­
t r a t i o n s  a b o v e  0 .2 5  p .p .m .  W e  b e l i e v e ,  a s  T h i m a n n  
(1 9 6 4 )  s u g g e s t e d ,  t h a t  e m p h a s i s  s h o u l d  b e  p l a c e d  
o n  d e v e l o p i n g  “ s u b s t a n c e s  w h o s e  a c t i o n  is  s e l e c t i v e  

a n d  o n  t h o s e  w h ic h  d e c o m p o s e  q u i c k l y . ”

T a b l e  1 .— Percentage o f eggs o f A m erica n  oyster and hard clam  that developed norm ally , percentage o f larvae that survived, 
an d  percentage increase in  m ean length, in  the presence o f d ifferent concentrations o f chemicals  1

Oysters Clams

Compound Concentration Eggs Survival of Increase in Eggs S urv ival of Increase in
developing larvae length of developing larvae length of

larvae larvae

Insecticides:
A ld rin  (2 experiments; acetone solution)

Co-Ral (2 experiments; acetone solution)

D D T  (1 experiment; w ater suspension) 

Dicapthon (1 experiment; w ater solution)

D ie ld rin  3 (4 experiments; 1 w ater suspen­
sion and 3 acetone solution)

D ipterex (1 experiment; w ater solution)

D i-Syston (2 experiments; acetone solu­
tion)

E n d rin  « (5 experiments; 2 w ater suspen­
sion and 3 acetone solution)

P.p.m .
0.25

.50
1.00
2.50
5.00 

10.00
.0025
.0050
.01
.026-
.050
.10
.25
.50

1.00
2.50
5.00 

10.00
.025
.050
.10
.20

1.00 
2.00

Percent Percent Percent

89 74 83
100 66 105
103 87 92
111 91 88
98 90 72
55 95 61
0 104 49
0 99 38
0 75 17

80
0

Percent Percent
96 »75
90 * 37
71 0
86 0
83 0
64 0

.025 95 69 95

.05 75 68 79
. 10 74 66 67
.25 67 58 30
.50 60 59 42

1.0 29 63 35
2.5 46 91 37
5.0 40 84 27

10.0 31 80 13

67
78

1.00 50 64

.025 110 103 106
.050 98 99 116
. 100 96 115 117
.25 103 97 101
.50 82 91 80

1.00 75 76 51
2.50 53 64 9
5.00 56 34 2

10.00 21 0

.025 103 79 111

.050 91 67 70

.100 92 70 61

.25 52 67 38

.50 58 66 20
1.00 44 50 30
2.5 44 78 35
5.0 42 79 12

10.0 48 83 11

112
91
95
60
0

Percent
*20

95 87 89
97 72 67
99 44 39
88 74 57
87 52 44
42 5 14

99 91 98
92 81 96
80 67 74
75 2 14
52 0
16 0

See fo o tn o tes  a t  end  o f ta b le .
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Compound Concentration

Insecticides—Continued
G uth ion (1 experiment; w ater solution)

Lindane (1 experiment; w ater solution)

M ala th io n  (2 experiments; acetone solu­
tion)

N-3452 (1 experiment; w ater solution)

N-3514 (1 experiment; w ater solution) 

Parathion (1 experiment; w ater solution)

Sevin (3 experiments; 1 w ater solution and
2 acetone solution)

T E P P  (1 experiment; w ater solution)

Toxaphene (2 experiments; acetone solu­
tion)

Herbicides:
A in itro l (2 experiments; w ater solution)

A m itro l-T  (1 experiment; w ate r solution)

2-4-D  ester (1 experiment; acetone solution)

P.p.m.
.25
.50

1.00
2.50
5.00 

10.00

.25

.50
1.00
2.50 
5.00

10.00

.25

.50
1.00
2.50
5.00 

10.00

.50
1.0 
2.5
5.0

1.0 
10.0

.025

.050
1.00

.02

.025

.050
.10
.20

1.00
2.00
2.50
4.00
5.00 

10.00

1.00
2.50 
5.00

10.00

.25
.50

1.00
2.50
5.00

10.00

2.50 
5.00 

10.00
25.00
50.00 

100.00
250.00
500.00 

1, 000.00

43

104
95

101
89
85
42

See fo o tn o tes  a t  end o f tab le .

.25 93

.50 100
1.00 48
2.50 93
5.00 89

10.00 88

.025

.05 ........

.10 .......... .
.25 90
.50 89

1.00 80
2.50 89
5.00 85

10.0 27

Oysters Clams
1 Eggs 

developing
Survival of 

larvae
Increase in 

length of 
larvae

Eggs
developing

Surv ival of 
larvae

Increase in 
length of 

larvae

Percent
91

Percent Percent Percent Percent Percent
65 95

0 81 95
98

0 0
0
0

127
114 117 86
84 102 98

101

104
78

97
80

102

90
77
74
72
41

116
107 
109 
105 
99

108

95

70
100

60
107
71

0 0

0

0 0
300 0

103
87

88 111

22

109 85
97

113 119
124

100
77
91

90 135 72
94
77

103 92

0 48
0

M l

85 30

0 0

100 101 80
70
61
41

21
5

39
37

0
0
0

101 99 117
111
96

117
112
116
71

0
36
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T v b l e  1 — Percentage o f eqgs o f A m erican  oyster and hard clam that developed norm ally  percentage o f larvae that survived, 
a n d p e rc e n Z e  increase in  mean length, in  the presence of d ifferent concentrations o f chemicals » - C o n t i n u e d ______________

Compound

Herbicides—Continued .
2-4-D salt (2 experiments; w ater solution)

D iuron (1 experiment; w ater solution)

E M ID  (4 experiments; w ater solution)

EndOthal (2 experiments; w ater solution) - -

Fenuron (2 experiments; w ater so lu tio n )..

M C P A  (2 experiments; w ate r s o l u t io n ) .

Monuron (1 experiment; w ater so lu tio n )..

Neburon (1 experiment; w ater solution).  - 

Silvex (1 experiment; acetone solution)-----

Nematocide: .
Nemagon (2 experiments; acetone solution)

Solvents: , , ,
Acetone (1 experiment; confirmed by 

others)

See fo o tn o tes  a t  end  o f  ta b le .

P.p.m.
.025
.05
.10
.25
.50

1.0
2.5
5.0 

10.0
25.0
50.0 

100.0

.25
.50

1.00 
5.00

.025 

. 050 

.20 
.25 
.50 

1.00 
2.00
4.00
5.00

10.00 
.25 
.50

1.00 
2.50
5.00 

10.00
25.00
50.00 

100.00
.25
.50

1.00
5.00
2.4 
4.8

.025

.05

.1

.25

.50
1.0
2.5
5.0

10.0

.25 
.50 

1.00 
2.50 
5.00 

10.00

10.0
25.0
50.0

100.0 
250.0

Oysters

Concentration Eggs
developing

Survival of 
larvae

100
81
75
78
56
22

162

122
158

Clams

Increase in 
length of 

larvae

Eggs
developing

Survival of 
larvae

Percent Percent
84 148
98 194
93 134

84 92 124
91 89 111
82 102 119
78 103 83
79 112 86
88 97 77
29 104 62
32 52 39

0 45 8

.25 103 99 81
101 92 99

1.0 107 95 87
2 5 101 106 94

101 106 82
10.0 90 98 78
25.0 2 61 47
50.0 0 11

100.0 0 0

95 97 124
.50 108 98 148

1.00 101 97
2.50 91 111 130
5.00 102 109 129

10.0 94 109 119
57 74 96

50.0 1 48 90
100.0 0 2 18

89 128
101 108
99 91

102 94
85 38

0

Percent

100 75 69
103 89 99
99 89 110
94 88 86
96 80 77
80 89 61

0 64 30
0 8 14
0 0

100
98

100

91
107

93

Percent

116
97
14

<1
0
0

100
100
100
100
100

Increase in  
length of 

larvae

Percent

92 128 99
91 112 101
81 127 94

0 5 100 62

98 100 104
86 104 108
85 103 104
98 92 99
93 91 91
89 60 64
76 0
51 0

0 0

100 92 6 76
100 53 6 64
100 69 6 38
?91 86 7 110
" 92 7 75 7 115

98 7.8 95 7.8 119
8 97 «0 «0
8 98 «0 »0
7 95 7 115 7 109

« 115 8 0 »0

93 120 114
99 122 109
91 128 86
92 111 93
0 0
0 0

110
104
91
91
87
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T a b l e  L f p Z T Z :

Compound Concentration Eggs
developing

Solvents—Continued p
A lly l alcohol (1 experiment; w ater solution)

Orthodichlorobenzene (1 experiment; ace­tone solution)

TsoluUoSenZene ^  experiraeut: acetone

Bactericides, fungicides, algicides, miscella- 
neons;

Cso°ut!on)leniC01 ^  exPeriment: water

D elrad  (1 experiment; w ater solution)

Dowicide A  (1 experiment; w ater solution)

Dowicide G  (1 experiment; w ater solution)

G riseofulvin (1 experiment; w ater solution)

P V P -Iod ine (2 experiments; w ater solution)

Nabam  (1 experiment; w ater solution)

Nitrofurazone (1 experiment; w ater solution)

Omazene (2 experiments; w ater solution)

See fo o tn o tes  a t  end  o f  tab le .

.p.m.
.25
.50

1.0
2.5
5.010.0

.25

.50
1.0
2.5
5.0

10.0

1.0
10.0

.1

.2
1.0
2.0

10.0
100.0

.01

.05
.1
.2

.25

.50
1.00
2.50
5.00 

10.00

.25

.50
1.00 
2. 50 
5. 00

10.00

.025 

. 050 

. 10 

.25 

.50 
1.00
2.50
5.00 

10.00

.25

.50
1.00
2.50 
5. 00

10.00 
25. 00
50.00 

100.00

.5
1.0 
2.5
5.0 

10.0

2.50
5.00 

10. 00
25.00
50.00 

100. 00

.025 

.05 

. 10 

.25 

.50
1.00

Oysters

Survival of 
larvae

Increase in 
length of 

larvae

Percent Percent Percent

50

87 107 122
103
84
76 22
0

0 0

, Eggs 
developing

Percent
95
76
51
0
0
0

107
94

94
106
79

72
58

108
111
106
100
107
30

104
86

102
100

94
55

0
0
0
0
0
0

108
103 
94
1
0
0

0
0
0
0
0

104 
111 
111 
119
103
102

101
97
21

0
0
0

Clams

Survival of 
larvae

Percent
0
0
0
0
0
0

121
111
123
107
107
82

108

97
104
84
87

117
8 88 

0 
0

70
136

0
0
0
0

0
0
0
0
0
0

106
94
99

101
105

118
102

0
0
0

94
101
101
87
93
80
93
91
93
90
12
0

Increase in 
length of 

larvae

Percent

92

102
104

111
117
104
101
81

42

114
119

101
100
109
98

103
101

99 106
103 101
108 102
11(1 100
85 97
92 93
82 56

1 9

97 
83 
75 
53 
45 
23

104
104
98 
74 
33
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Oysters

Compound Concentration Eggs
developing

Bactericides—Continued
Pentaehlorophenol (1 experiment; acetone 

solution).................................  ..................

Pentachlorophenyl acetate (1 experiment; 
acetone so lution)........................................

Phenol (1 experiment; w ater solution)-.

Pnygon (2 experiments; acetone solution) -

Roccal (1 experiment; w ater solution)..

Rosin A m ine  D  (1 experiment; acetone 
solution)............................

Su lm et (1 Experiment; w ater solution of 
tin ted  veterinary form ula)...................

Sulm et (1 experiment; w ater solution of 
new untinted 1962 formulation)

T C C  (1 experiment; w ater solution)

T C P  (1 experiment; w ate r solution)

P.p.m. 
.025 
.05 
.10 
.25 
.50 

1.00 
2. 50 
5. 00

.025 

.05 
. 10 
.25 
.50 

1.00 
2. 50
5.00 
.025 
.05
. 10 
.20

1.0 
2.0 
10.0

100. 0 
. 00025 
. 0050 
.01 
.025 
.050 
.10 
.25 
.50 

1.00 
.1 
.2 

1.0

.025 

.05 

. 10 

.25 

.50 
1.00 
2.50
5.00

.1 _ 2 
l ’.O
2.0 
10.0

100. 0

50.00 
100. 00 
150. 00 
200. 00 
300. 00
400.00
500.00
600.00 

1,000.00

.0025 
.005 
.01 
.025 
.05 
. 1 
.25 
.50 

1.00

.025 

.05 

. 10 

.25 

.50 
1.00 
2. 50 
5.00 

10.00

Percent

0
0
0
0
0

103
110
112
102
103
94

102
5

110
101
69
0
0
0

62
2

20
0
0

Survival of 
larvae

Percent
115
86

0
0
0

41
0
0
0
0

100
94

Increase in 
length of 

larvae

Eggs
developing

Clams

S urv ival of Increase Jn
larvae length of

larvae

Percent
104
80

Percent Percent

111
101 131
126
105
99 137

113 166
95 149

0
106
113
95
79
32
0

100
76
39
20

9

97
91
65

1
0
0

99
104
94
58
34

0 0
0 0
0 0

97
045

0

90 150
95 155
94 148

108 138
108 131
110 121
112 92
101 72

116
129
117
116
114
14

103
108
111
105
95

107

97 
113 
103 
106 
113
98

111
90

114
111
108
110

106
92
19
89

7
0

Percent

109
114
115 
119
125
128
55

99
99
96
76
31
21

86

109
112
106
87
83
37

101
100
98
96

85

91
48

5 
18
6

> Relative percentages calculated by using survival and 

larvae in control cultures.
J 1 experiment only.
s Results w ith  D ie ld rin  very erratic (see text), 
t Results w ith  E n d rin  very erratic (see text).

402

growth rates of s 1 culture only; duplicate 97 percent m orta lity .
8 1st experiment.
'  2d experiment.
’ 97 percent m o rta lity  in  1st experiment.
• 1 culture only; duplicate 100 percent m orta lity .
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T a b l e  2 .— E stim ated concentrations  ( T L m values), calcu­
lated by in terpolation  fro m  data in  table 1, at which 50 
■percent o f the eggs o f oysters an d  clam s develops norm ally  
or 5 0  percent o f  the larvae survives

Oysters Clams

Compound 48-hr. 14-day 48-hr. 12-dayTLrn TLrn TLm TLm
eggs larvae eggs larvae

Insecticides:
A ld rin .............................. >10.00 0.41
C o -H a l............................. 0. 11 >1.00 9. 12 5.21
D D T ................................ .034

3.34 5.74
.64

Dipterex..........................
D i-Syston....................... 5.86 3.67 5.28 1.39

>10.00 >10.00
M ala th ion....................... 9.07
N-345'2............................. < .5 0 < .5 0
N -3 5 1 4 -........................... <1 .00 <1 .00 <1.00 <1.00

Sevin................................ 3. (H) 3.00 3.82 >2 .50
T E P P ........................ >10.00 >10 .00
Toxaphene..................... . 1.12 < .2 5

Herbicides:
A m itro l........................... 733. 70 255.44
A m itro l-T ................. >10.00 >10.00
2-4-1) ester................... 8.00 .74
2 -4 -D  salt....................... 20.44
D iu ro n .......................... 2.53 >5 .00
E M I I ) .............................. 16.82
E ndotlia l........ ............... 28.22 48.08 51.02 12.50
Fenuron............................ >10.00
M C P A ............................. 15.62 31.30 .
M o n u ro n ......................... >5 .00 >5 . 00
N e b u ro n .. _.................... <2 .4 < 2 .4
Silvex............................. 5.90 .71 .

Nematocide: Nemagon___ .78
Solvents:

1.03 < .2 5
Orthodichloroben-

T rich  loro benzene......... 3.13 >10.00 >10.00
Bactericides, fungicides,

aleicides, miscellaneous:
74.29

D e lr a d . . ........................... .031 .

Oriseofulvin..................... < .2 5
P V P -Io d in e ..................... 17.10 34. 94
N a b am ............ ............... < .5 0  . < .50 1.75
N'itrofurazone...............
Oma/.ene_ ................. .078 .34 .081
Pentacliloroplienol. . . < .2 5 .071
Pentachlorophenyl

Phygon............................ .014 .041 .014 1.75
Koccal............... . 19
Hosin Am ine I ) _____ < .2 5
Subnet, tin ted ................ >100.00 >100.00
Sulm et, u n tin te d ......... >600.00 >600.00 >1,000.00 >1, 000.00TCC.......... .032 .037
T C P ........................... .60 >1.00 .
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APPENDIX
T a b l e  A - ! . — Source, solubility, and chemical names o f compounds tested

Common name Chem ical name S o lub ility  in  p .p .m . Source

InA l Ä eS:. ............. - ........  ............... Hexachlorohexahydro-endo, exo-dimetha- Insoluble in  water; 1,590,000 in  acetone. Shell Chemical Corp.

c  Ral . . . . .  O .'o -d t'u ^y l 0C-^chloro-4-methyl-2<xo-2H- Insoluble in  water; soluble in  acetone. .  Chemagro Corp.
l-benzopyran-7-yl phosphorothioate. nrin

n n -p  D ichlorodiphenyltrichloroethane..............  0.0002 in  water (0.2 as colloid), 590,000
.................................................  in  acetone. „

Dicapthon ................... ........0 -0 -d im e th y l-0 (2  chloro-4 n itrophenyl) Very low so lu b ility  in  water; very low  Am erican Cyanam id Co.

D ie ld rin  ..........................................H exa°cfioroe^yoctahydro-endo, exo-di- Insoluble in  water; 540,000 in  acetone. Shell Chemical Corp.

D ip tere* .....................................O !<) -*cl : i' nie thy'/-1 - 'h y < Ir ox y - 2,2,2 - trichloro- 130,000 in  w a te r.. ........................................Chemagro Corp.
ethyl-phosphonate. , , ,  , .

D i-Syston...........................................  O .O -d ie thyl S -2-(ethyltliio )e thyl phos- 25 in  water; soluble in  acetone...............  i»o.

p . I l e x a c h l o r o e p o x y o c t a h y d r o - e n d o ,  endo-dl- “ Inso lub le" in  water; "m oderate ly Shell Chemical Corp.

Guthl01; .......................... ; ; ; ..........0 .............................. c h ^ c o n ,
L indane..............................................  i f f l U Ö  10 in  water; 440,000 in  acetone.............. N ÿ o r a  C l^cm ica^ D iv is ion, Food

Malathion............................................ 0 ,0 -d im e th y l cjithiophosphate of d ie t l i y l ........................ - ..............— '......................... American Cyanam id Co.

N-3452.................................................  A l S Ä t h y l  benZyl ........... ................................................................. ......... N M Ìch% C “ coPpW,S,° n’ F00d
N  3514 .............................  ........  2-chloro-l-nitropropane- . . . . . . . . .  8,000in w ate r...................................... .... rhem airro Coro
P a ra th io n ..............................................  O ,O -d iethyl O-p-nitrophenyl thiophos- 20 in  w a te r .............................................. ......... Chemagro Corp.

o ■ l-nnnhthvl-N -m ethvlcarbam ate . . .  1,000in  w ater; 300,000 in  acetone..........  U n ion Carbide C liem . Co.ÏSfe::::::;::::::::::::::::::::: iaffiÄS»* - ..NÄ Ä Ä o 7 “°°'
ToxaDhene ...........................M ixture of polychloro bicyclic terpenes 1.5 in water; 4,800,000 in acetone.......  Hercules Powder Co.

w ith  chlorinated camphene predominat-

“fflS " A m in o tr ia z o le ............. 3-a m in o -lIM ,2,4-tria7.ole ................... Very soluble in water
A m itro l-T ................. . . .  ____  3 -a m in o -lIl- l,2,4-triazole w ith  am m onium  . .  do

M . D  ester............................................... Butoxyethanol ester of (2,4-diehloro- “ Insoluble” in  w ate r...................................  Thompson H a y w a rd  Chemical Co.
phenoxy) acetic acid. . . . . . .  »

___ D im eth y lam in e  salt of (2,4-diehlorophen- V e ry  soluble in  w ater....................................  u o -

. . . .  3- (3* 4-(fitìdorophenyl)-l;,l-dim ethylurea—  42 in water ... .........................................E . I .  duP ont de Nem ours &  Co.
___2.4-dichlorophenoxy-acetamide . . .  . .  V e ry  soluble m  w a te r .. - ........................ rh o m i™ !

ï î t p ï Â S L  & C o .
Dim e thy lamine salt" of (2-methyi-4-chloro- V e ry  soluble in  w ate r . . . . .  --  - Am erican Chemical Paints Co.

phenoxy) acetic acid. . . . . . . .
2 -4 -D  salt................................................  D im eth y lam in e  salt of (2,4-dichlorophen- V e ry  soluble in  w ater.................................. i »o.

D iu r o n . . . . . ............................................  3 - ( S Ä  42 in w a te r . . . . .  ................................. - ......... E . I .  duP ont de Nemours 4  Co.
E M I D ............
E n dotha l___
F e n u ro n ............................  .  , , ,
M C P A .................................................................................................................  .......... ........................ ........................ D im ethy lam ine i

M onuron ...........................—  3- ^ X o r o p h o n % T dl-d im ethvlu rea-. . .  230 in w ater...................................................... E .  I.< lu P o n t de Nemours & Co.
Neburon..."..................  .......................l-n -bu ty l-3-(3,4-dlchlorophenyl)-l-m ethyl- 4.8 in w ate r........................................ - - -  D o -

q jiVnv ........................... Butoxvethanol ester of (2,4.5-trichloro- 0.014 percent in water; 15.2 percent in
phctioxy)propionic acid. acetone.

N N em aäne:.......................- ......................  l , 2-dibromo-3-chloropropane..........................  1.000 in water; very soluble hi acetone.. Shell Chem ical Corp.

S° A < f f ie  —  P r ,' ! " n " i n  -  M iscible in  w a te r .. ; ; ;  "  S l C h c f f i S ^ O c a ® * 1

Trichlorobenzene................... - .........Trichlorobenzene.................................................... 25 in water; miscible in acetone..............  Do.
Bactericides, fungicides, algicides,

Cldoramphenicol ........  (Chlorom ycetin) I)-(-)-threo-2-dichloro- 2,500 in  water; very soluble in acetone.. Parke, D av is  &  Co.
acetam ido-l-p-nitrophenyl-l,3-pro-

D elrad  ..........................  D e lTvdr'ä 'b iety lam ine acetate........................V e ry  soluble in  w ater .............................. r n  ° '
Dowicide V O -plienvlphenol. sodium salt______ 1,220,000 m w ate r.............................. - . D o w  Chemical ( o.
Dowicide O  ....................  Sodium  pcntachloroplienate, technical------ 330,000 m  w ate r.........  ........  ..............  m pVm i I nJmratories Inc
Griseofulvin .......................7-chloro-2' ,4.(5-trim etboxy-6'-m eth vl- 10.0 m  w a te r............... ....................................M cN eil Laborator.es, Inc.

..................  spiroll ienzofuran-2(3l 1 ) ,1 '-[2]cyclo-

P V P -Ip d in e________ _____ _ P t f jn r ^ lp x ^ lid o i ie - io d in e  complex............. V e ry  soluble In w a te r . ........  A n « , . C h e r n i y  D M s Io n , General

N a b am ________ _____ - ......................D to ff lo m e th jl.n e b la C d ltW o ^ b a m .te ) .  . . . . d o . . . .  - ........................ - ............. - ......... N l g j »  O t a j W s  r i lv is to ,  Food

Nitro furazone........................................5-nitro-2-furaldehyde semicarbazone................. 238 in  w ate r................................................... 11ms C lark  Division, \  ick ( hemical

Omazene Copper dihydrazinium  sulfate......... ............. “ Very s lightly”  soluble in  w ate r............. C° rP-
Pentaoììlorophêïio l.I "  ...........Petïtachlorophenol . ................................... 80 in water; very soluble in  acetone. . Co ̂
Pentachlorophenyl acetate.............. pentachlorophenyl acetate..................................................................  ........................................... Mach. &  Chem . Corp.
P h m ni Phenol ............................. - ................ 82,000 in water; very  soluble in acetone. M allin ckrodt Chemical Works.
Phygon'::: : :: : :  : :::  : : £ Ä r o r i . : i , v . . a p h t ho<1Uinone..................... “ insoluble” m w ater. • NM . S S S c K  *
Rocclil A lk y l (C iH u -C iiH « )d im e th y lb e n zy l-a m - 10 percent solution; very soluble in Sterw in Chemicals, Inc.

Rosin A m ine D ....................................R osin 'am ine £>' (technical grade of de- “ Insoluble” in water; very soluble in Hercules Powder Co.

Sulmet (tinted veterinary soluble), (S o d ilm ^ ff im S h Â e J s o d iu m W .e ^ l-  V ery  soluble in w a te r.................................  A  C v a n a m fd ^ ò  ÌSÌ0‘' ’ Avaetiemi
m ethyl-2-sulfaiiilam idopyram idine). cya n am ia  i_o.

“  TC C ^^11."111' 16^  SOlU-bIP!"” . . . . .  3 '4t’4('^rich loröcarban iride ..Iiy -. . ^ 1 " . ".y. “ ï n ^ u b ï ê ” Vn water; 40,000 in acetoneJ M onsanto Chemical Co.
2,4,5 T C C P Ä " I I I I I I I I I P r o p y l e n e  glycol to b u ty l ether esters of

2-(2,4,5-trich}orophenoxy)propionicacid.
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