
State of California 
The Resources Agency 

DEPARTMENT OF FISH AND GAME 

b 
I 

il HAZARD ASSESSMENT OF THE RICE HERBICIDES 
MOLINATE AND THJOBENCARB TO  AQUATIC ORGANISMS 

IN THE SACRAMENTO RIVER SYSTEM 

ENVIRONMENTAL SERVICES DIVISION 
Administrative Report 90-1 

1990 



PREFACE 

The  California  Department  of Fish and  Game (CDFG) is exclusively 

responsible  for  fish  and  wildlife  management  programs in 

California and is the  principal  agency  responsible  for  the 

protection  of  fish  and  wildlife.  The  CDFG  protects  fish  and 

wildlife  from  damage  caused by pesticides  through  consultation  as 

a member  on  the  mandated  California  Department  of  Food  and 

Agriculture (CDFA) Pesticide  Registration  and  Evaluation 

Committee  and  Pesticide  Advisory  Committee  and  through  two 

memoranda o f  understanding with CDFA.for investigations o f  fish 

and  wildlife  losses  and  protection o f  threatened  and  endangered 

species.  In  recognition of  the  need  for  applicable  environmental 

standards  for  fish  and wildlife, CDFA  contracted  with  CDFG  for 

the  development  of  water  quality  criteria  for  pesticides  which 

will protect fish and wildlife.  This  document is the  first in a 

series  of  hazard  assessments  for  pesticides  which  recommends 

conditions  and  studies  necessary  for  the  prstection 3f fish and 

wi ldl ife. 
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SUMMARY 

Water q u a l i t y   c r i t e r i a   f o r   t h e   r i c e   h e r b i c i d e s   m o l i n a t e   ( O r d r a m R )  
and  th iobencarb   (Bo le roR)   were   deve loped f o r  C a l i f o r n i a ' s  
Sacramento  River  System. The d i s c h a r g e   o f   r i c e   h e r b i c i d e s   i n t o  
the   Sac ramen to -San   Joaqu in   Es tua ry   l as ts   f o r  45 t o  60 days  f rom 
May t h r o u g h   J u n e .   S e v e n t y   l a b o r a t o r y   t o x i c i t y   s t u d i e s  on t h e  

organisms  were  rev iewed  and  evaluated.   Procedures f o r  e v a l u a t i n g  
a c u t e   a n d   c h r o n i c   e f f e c t s   o f   m o l i n a t e   a n d   t h i o b e n c a r b   t o  aquat ic  

d a t a   a n d   d e t e r m i n i n g   w a t e r   q u a l i t y   c r i t e r i a   a r e   d e s c r i b e d .  

The hazard  assessment   procedure was used t o  d e t e r m i n e   t h e  
e f f e c t i v e n e s s   o f   t h e   w a t e r   q u a l i t y   c r i t e r i a  i n  p r o t e c t i n g  
s e n s i t i v e   a q u a t i c   o r g a n i s m s  i n  t h e  Sacramento-San  Joaquin 
Es tua ry .  The hazard   assessment   p rocedure  i s  a r e i t e r a t i v e  
process  by  which new data a r e   e v a l u a t e d   t o   r e f i n e   w a t e r   q u a l i t y  
c r i t e r i a .  New c r i t e r i a   c a n  be  generated when more t o x i c i t y   d a t a  
become a v a i l a b l e  on n a t i v e   s p e c i e s .  

F i f t y   o f   t h e   s t u d i e s   r e v i e w e d   w e r e   d e t e r m i n e d   a c c e p t a b l e  f o r  use 
i n   d e r i v i n g   w a t e r   q u a l i t y   c r i t e r i a .  The F ina l   Acute   Va lues   (FAV)  
f o r   m o l i n a t e  and  th iobencarb   were   2 .4  mg/L and 2 4 7  ug/L,  

t h iobencarb   were  52  ug/L  and 1 6  u g / L ,   r e s p e c t i v e l y .  The most 
r e s p e c t i v e l y .  The F i n a l   C h r o n i c   V a l u e s  (FCV) f o r   m o l i n a t e  and 

s e n s i t i v e   s p e c i e s  was t h e   n a t i v e   C a l i f o r n i a   m y s i d   N e o m y s i s  

v a l u e s   o f  26 ug /L   mo l i na te   and   6 .2   ug /L   t h iobencarb .  To p r o t e c t  
mercedis with 4 2 - d   n o   o b s e r v a b l e   e f f e c t   c o n c e n t r a t i o n  (NOEC) 

t h i s  impor tan t   spec ies   i n   t he   Sac ramen to -San   Joaqu in   Es tua ry ,   t he  
w a t e r   q u a l i t y   c r i t e r i a  were  lowered t o  26  ug/L f o r   m o l i n a t e   a n d  
6 . 2  ug/L f o r  t h i o b e n c a r b ;   t h e s e   c o n c e n t r a t i o n s   a r e  50% and 6 1 %  
l o w e r   t h a n   t h e   c a l c u l a t e d  FCV. M o l i n a t e   a n d   t h i o b e n c a r b  i n  a 

90-1 . 
' E n v i r o n m e n t a l   S e r v i c e s   D i v i s i o n   A d m i n i s t r a t i o n   R e p o r t  No. 
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S t u d y  f u n d e d   b y   C a l i f o r n i a   D e p a r t m e n t   o f  Food  and 
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m i x t u r e   h a v e   s i m p l e   a d d i t i v e   t o x i c i t y .   T h e r e f o r e ,   t h e   c r i t e r i a  
w e r e   l o w e r e d   f u r t h e r   t o   o n e - h a l f   b e c a u s e   t h e   t w o   h e r b i c i d e s   a r e  
u s u a l l y   a l w a y s   p r e s e n t   t o g e t h e r ,   y i e l d i n g   t h e  recommended 

The  recommended w a t e r   q u a l i t y   c r i t e r i a   r e p r e s e n t   a b s o l u t e  maximum 
c r i t e r i a   o f  13 u g / L   f o r   m o l i n a t e  and 3 . 1  u g / L   f o r   t h i o b e n c a r b .  

h e r b i c i d e s   a r e   a p p r o x i m a t e l y   t w i c e   t h e   a v e r a g e   c o n c e n t r a t i o n s   a n d  
ra the r   t han   ave rage   va lues .  Maximum c o n c e n t r a t i o n s   o f   r i c e  

t h u s ,   p r o v i d e   f o r  a t w o - f o l d   m a r g i n   o f   s a f e t y .  

The  recommended w a t e r   q u a l i t y   c r i t e r i a   o f  1 3  u g / L   f o r   m o l i n a t e  

mysid may e x i s t   i n   t h e   a g r i c u l t u r a l   d r a i n s   b u t   n o t   i n   t h e  
and 3 . 1  u g / L   f o r   t h i o b e n c a r b   i n d i c a t e  a c u r r e n t   h a z a r d   t o   t h e  

Sac ramen to   R ive r .   However ,   t he   mys id   does   no t   i nhab i t   t he  
a g r i c u l t u r a l   d r a i n s .   C o n c e n t r a t i o n s   o f   m o l i n a t e  and  th iobencarb  
h a v e   s t e a d i l v   d e c l i n e d   i n   r e c e n t   Y e a r s   t o   l e v e l s   w e l l   b e l o w   t h o s e  

were 340 ug 
r e c o r d e d   i n  

2 7  ug/L  mol 
S ince  1 9 8 6 ,  
7 . 4  ug/L t h  
ug/L i n   t h e  

/ 
i 

i 

t h e   e a r l y  1 9 8 0 ’ s  ( h i g h e s t   r e c o r d e d  c o n c e n t r a t i o n s  

n a t e  and 6 u g / L   t h i o b e n c a r b   i n   t h e  Sacramento   R iver ) .  
L m o l i n a t e  and 60 ug /L   t h iobencarb  i n   t h e   d r a i n s  and 

concent ra t ions   have  no t   exceeded 7 7  ug /L   mo l ina te   and 
obencarb i n   t h e   d r a i n s  and 1 1  ug /L   mo l ina te   and 1 . 2  
Sacramento  River .  

C h r o n i c   t o x i c i t y   l e v e l s   a r e   t h e   m o s t   c r i t i c a l   v a l u e s   u s e d   f o r  
d e t e r m i n i n g   w a t e r   q u a l i t y   c r i t e r i a .   T h i s   i s   e s p e c i a l l y   t r u e  
b e c a u s e   t h e   c r i t e r i a   w e r e   l o w e r e d   t o   p r o t e c t  t h e  i m p o r t a n t   n a t i v e  
mysid  Neomysis  mercedis.   These  data came f r o m   p a r t i a l   l i f e - c y c l e  
t e s t s  done p r i o r   t o   t h e   d e v e l o p m e n t  of s t a n d a r d i z e d   t e s t  
p r o c e d u r e s   f o r   m y s i d s .   T h e r e f o r e ,   a d d i t i o n a l   c h r o n i c   t e s t s   w i t h  
Neomysis   mercedis   are recommended f o r   r e f i n i n g   t h e   c r i t e r i a   f o r  
the   Sacramento   R iver .  
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I N T R O D U C T I O N  

Fo r   t he   pas t   decade   the re   has   been   concern   ove r   t he   haza rd   o f  

r i c e   h e r b i c i d e s   m o l i n a t e  a n d   t h i o b e n c a r b   t o   a q u a t i c   o r g a n i s m s   i n   t h e  

Sacramento  River   system.  Recent ly ,   the  hazard  assessment   procedure 

was used t o   d e t e r m i n e   t h e   h a z a r d  o f  r i c e   h e r b i c i d e s   t o   o r g a n i s m s  i n  

the   Sacramento   R iver   sys tem  (Fagge l la   and  F in layson 1 9 8 7 ) .  The 

hazard  assessment   procedure  compares  est imated  or   measured 

e n v i r o n m e n t a l   c o n c e n t r a t i o n s   w i t h   t o x i c   e f f e c t s   l i k e l y   t o   r e s u l t   f r o m  

those   exposures .   Env i ronmen ta l   concen t ra t i ons   a re   de te rm ined   th rough  

m o n i t o r i n g   p r o g r a m s   o r   p r e d i c t i o n   m o d e l i n g   b a s e d   o n   t h e  

p h y s i c o c h e m i c a l   p r o p e r t i e s   o f   t h e   s u b s t a n c e .  The t o x i c i t y   o f   t h e  

substance i s  d e t e r m i n e d   b y   t e s t s   l i s t e d   i n   t h e   p u b l i s h e d   l i t e r a t u r e  

a n d   p u b l i c  and c o r p o r a t e   l a b o r a t o r y   r e p o r t s .   C o r p o r a t e   l a b o r a t o r y  

r e p o r t s  w e r e   o b t a i n e d   t h r o u g h   C a l i f o r n i a   D e p a r t m e n t  of Food  and 

A g r i c u l t u r e  (CDFA) c o n f i d e n t i a l  files w h i c h   a r e   s u b m i t t e d   t o  U . S .  

Env i ronmenta l   Pro tec t ion   Agency  ( E P A )  i n   s u p p o r t   o f   p e s t i c i d e  

r e g i s t r a t i o n .  These t e s t s   m u s t   f o l l o w   s t r i n g e n t   p e s t i c i d e   a s s e s s m e n t  

g u i d e l i n e s   e s t a b l i s h e d  by t h e  EPA ( 1 9 8 8 ) .  

C o n s i d e r a b l e   i n f o r m a t i o n   h a s   b e e n   c o l l e c t e d  on t h e   c o n c e n t r a t i o n s  o f  

m o l i n a t e  a n d   t h i o b e n c a r b   i n   t h e   S a c r a m e n t o   R i v e r   s y s t e m   ( F i n l a y s o n  

and Lew 1983a;  19836; 1984;  1 9 8 5 ;   1 3 8 6 ;  H a r r i n g t o n  and Lew 1 3 8 9 ) .  

C o n s i d e r a b l e   i n f o r m a t i o n  also e x i s t s  o n   t h e   t o x i c i t y   o f   m o l i n a t e  and 

t h i o b e n c a r b   t o   a q u a t i c   o r g a n i s m s .   T h i s   r e p o r t   e v a l u a t e s   t h e  

a v a i l a b l e   t o x i c i t y   d a t a  on   mo l ina te   and  th iobencarb   and  de termines  

w a t e r   q u a l i t y   c r i t e r i a   f o r   t h e   p r o t e c t i o n   o f   a q u a t i c   o r g a n i s m s .  
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METHODS 

The w a t e r   q u a l i t y   c r i t e r i a   p r e s e n t e d   i n   t h i s   r e p o r t   w e r e  

de te rm ined   us ing  a p rocedure   mod i f i ed   f rom  gu ide l i nes   deve loped  

by   t he  U . S .  E n v i r o n m e n t a l   P r o t e c t i o n  Agency ( E P A )  ( S t e p h a n   e t   a l .  

1985) .  A l l  a c c e p t a b l e   a c u t e   a n d   c h r o n i c   t o x i c i t y   d a t a   o n  

f reshwater   and  sa l twater   o rgan isms  were   used i n  d e t e r m i n i n g  a 

F ina l   Acu te   Va lue   (FAV) ,   F ina l   Ch ron ic   Va lue   (FCV)   and   F ina l  

P l a n t   V a l u e  ( F P V ) .  The w a t e r   q u a l i t y   c r i t e r i a   w e r e   t h e n   d e r i v e d  

f r o m   t h e   l o w e s t   o f   t h e s e   t h r e e   v a l u e s .   B i o a c c u m u l a t i o n   o f   t h e s e  

h e r b i c i d e s   w e r e   n o t   c o n s i d e r e d   i m p o r t a n t   i n   d e r i v i n g   t h e   c r i t e r i a  

because o f   t h e i r   r e l a t i v e l y   s h o r t   h a l f - l i v e s  and  low  res idue 

v a l u e s  i n  f i s h  from a g r i c u l t u r a l   d r a i n s   ( F i n l a y s o n  and Lew 

1983(a ) ,   1983(b ) ,   1984 ,  1985 ,  1986;   Har r ing ton   and Lew 1989) .  

The EPA m e t h o d   a l l o w s   f o r   t h e   c r i t e r i a   t o  be l o w e r e d   f u r t h e r   t o  

p r o t e c t   i m p o r t a n t   s e n s i t i v e   s p e c i e s .  

F ina l   Acute   Va lue   (FAV)  was d e r i v e d   u s i n g   t h e   f o l l o w i n g  

procedure :  

1 .  The Spec ies  Mean Acute  Value ( S M A V )  was c a l c u l a t e d   f o r   e a c h  

s p e c i e s   f o r   w h i c h   a t   l e a s t  one  acu te   va lue  was a v a i l a b l e   a s  

t h e   g e o m e t r i c  mean o f  t h e   r e s u l t s   o f   a l l   a c c e p t a b l e   t o x i c i t y  

t e s t s .   ( N o t e :  When one o r  more l i f e   s t a g e s   w e r e   a v a i l a b l e  

f o r   t h e  same s p e c i e s ,   t h e   d a t a   f o r   t h e  more s e n s i t i v e   l i f e  

s t a g e s   w e r e   u s e d   i n   c a l c u l a t i n g   t h e  SMAV.  A c u t e   v a l u e s   t h a t  

appeared t o  be q u e s t i o n a b l e   [ i . e . ,   d i f f e r   b y  more  than a 

f a c t o r  of 10 i n   c o m p a r i s o n   w i t h   o t h e r   a c u t e   d a t a   f o r   t h e  
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same  species and for  other  species in the  same  genus]  were  not used 

in calculating  the SMAV). 

2 .  

3 .  

4. 

5 .  

6. 

The Genus Mean  Acute  Value (GMAV) was  calculated  for  each 

genus  for  which  one  or  more  SMAV's  were  available  as  the 

geometric  mean o f  the SMAV's available  for  the  genus. (Note: 

rainbow  trout and chinook  salmon  were  considered  separate 

genera in calculation  of GMAV's even  though  the  genus  name  for 

rainbow  trout and steelhead  was  recently  changed  from Sa7mo to 

Oncorhynchus. 

The  GMAV's  were  ranked ( R  

the highest. (Note: GMAV 

successive  ranks when two 

) from " 1 "  for  the  lowest  to "N" for 

' s  were  arbitrarily  assigned 

or  more  were  identical). 

The  cumulative  probability ( P )  was  calculated  for  each GMAV as 

R / ( N + 1  ) .  

The f o u r  GMAV's which  had cumulative  probabilities  closest  to 

0.05 were selected (Note: When there  are  less  than 5 9  GMAV's, 

these will always be  the four  lowest  GMAV's). 

The FAV was  calculated using  the  selected  GMAV's and P's, as: 

S 2  Z((ln  GMAV)')-((X(ln  GMAV))'/4) 

X ( P )  - ((1(JP))2/4) 
L = ( x ( 1 n  GMAV) - s(zJP)))/~ 
A S ( y ' 0 . 0 5 )  + L 

FAV e* 
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Final  Chronic  Value (FCV) could not  be calculated  using the same 

procedure a5 described  for the FAV because o f  limited  chronic 

data. The FCV  was  derived  using  the  following  procedure: 

1 .  Chronic  values  were  obtained by calculating  the  geometric 

mean o f  the  NOEC  and the LOEC from  an acceptable  chronic 

toxicity tests. 

2 .  The  Acute-Chronic  Ratio (ACR) was  calculated  for  each 

chronic  value  for  which at  least  one  corresponding 

appropriate  acute  value  was  available  using  for  the 

numerator  the  geometric  mean of the  results of all 

acceptable  acute  tests.  Whenever possible, the  acute 

test(s)  should  have  been  part  of the same  study  as  the 

chronic test. 

3. The  species mean  ACR  was  calculated  for  each species as  the 

geometric  mean o f  all ACR’s available  for  that  species. 

4. The  Final  ACR  was calculated as the  geometric mean o f  all 

the  species  mean ACR’s available  for both freshwater and 

saltwater species, 

5. The FCV was  calculated by dividing the FAV by the  Final  ACR. 
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F'inal Plant  Value (FPV) was  derived  using  the  following 

procedure: 

1 .  A plant  value  should be the  result  of a 96-hour test 

conducted with an algae or a chronic  test  conducted  with an 

aquatic  vascular  plant. (Note: Standardized  testing 

procedures  have  not been established  for  algae  or  aquatic 

vascular plants, therefore all test  durations  were 

considered.) 

2 .  The FPV was  obtained by selecting the'lowest result  from a 

test  with an important  aquatic  plant species in which  the 

endpoint  was  biologically  important. 

For this report, seventy  available  studies  on  the  acute  and 

chronic  toxicity  of  molinate  and  thiobencarb  to  aquatic 

organisms  were  assessed  for  their  acceptability in 

determining  water  quality  criteria.  Procedures  used in the 

studies to generate  these  indices  were  evaluated  for  conformity 

with  accepted test standards  and  guidelines.  Criteria  for 

evaluating  these  procedures  were  derived  from  those used by EPA 

and  outlined by the  American  Society  for  Testing  and  Materials 

(ASTM).  California  Department of Fish and Game (CDFG) summarized 

these  criteria in a working  format  for  use in this report  and 

future  hazard  assessments  (Appendix A). 
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The criteria f o r  acute and chronic  toxicity tests were 

divided  into  six  categories (Appendix A): ( i )  test method; 

( i i )  test type; ( i i i l  test species; (iv) water  quality 

maintenance and monitoring; ( v )  toxicant  maintenance and 

monitoring; and (vi) test  design.  Within  each  category  as  many 

as  nine  criteria  were used to evaluate  test  procedures.  While it 

was not necessary to comply  with  every criterion, studies were 

rejected if they  failed  certain  fundamental  procedures  such as 

maintaining p 

and  testing w 

also  rejected 

system  instab 

r 

i 

i 

oper survival of  organisms in a  control  treatment 

th  disease and stress free organisms. Studies were 

if they  had  incomplete  reports or demonstrated 

lity. 
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ACUTE T O X I C I T Y  TO AQUATIC ANIMALS 

AcceDted Data 

F o r t y - n i n e   s t u d i e s   o n   t h e   a c u t e   t o x i c i t y   o f   m o l i n a t e  and 

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

i n  d e r i v i n g   t h e  FAV (Appendix  E ) .  T h i r t y - f i v e   o f   t h e s e   s t u d i e s  

were   assessed  as   acceptab le   accord ing  t o  CDFG g u i d e l i n e s  

(Appendix  A ) ;  u n a c c e p t a b l e   v a l u e s   a r e   t a b u l a t e d   ( T a b l e s  B . l ,  B . 2 ,  

and   8 .3 ) .  

A c c e p t a b l e   a c u t e   v a l u e s   f o r   m o l i n a t e   ( T a b l e  1 )  w e r e   a v a i l a b l e   f o r  

13  f reshwa te r   and   one   sa l twa te r   spec ies   and   ranged   f rom a 96-h 

LC,, o f  42 .8  mg/L f o r   j u v e n i l e  common c a r p  Cyprinus c a r p i o   ( U n i o n  

Carb ide  1978)  t o  1 . 3  mg/L f o r   t h e   j u v e n i l e   m y s i d   N e o m y s i s  

m e r c e d i s   ( F a g g e l l a   a n d   F i n l a y s o n   1 9 8 8 ) .  Woodard ( 1 9 6 5 )   r e p o r t e d  

a 96-h LC,, o f  1 .3  mg/L f o r  ra inbow t r o u t  Oncorhynchus mykiss 

which was n o t   u s e d   i n   c a l c u l a t i n g   t h e  FAV because it was lower   by 

a f a c t o r   o f  10 t h a n   t h e   o t h e r   v a l u e s   f o r   t h i s   s p e c i e s .  

A c c e p t a b l e   a c u t e   v a l u e s   f o r   t h i o b e n c a r b   ( T a b l e  2) w e r e   a v a i l a b l e  

f o r  1 2  f reshwa te r   and   seven   sa l twa te r   spec ies   and   ranged   f rom 

6 , 5 0 0   u g / L   f o r   r e d   c r a y f i s h  Procambarus c l a r k i  (Sanders  and  Hunn 

1982) t o  101 ug /L  f o r  f i r s t  i n s t a r   D a p h n i a  magna (Wheeler  1978b).  

B a i l e y   ( 1 9 8 4 a )   r e p o r t e d  a 96-h LC,, o f   2 6 . 6   u g / L  f o r  t h e   m y s i d  

Neomysis mercedis wh ich  was not  used i n   c a l c u l a t i n g   t h e  FAV 

because it was  much lower   (by  more  than a f a c t o r   o f  1 0 )  t h a n   t h e  

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



Table 1. Acceptable v a l u e s  for  acute toxicit?.  of molinate  to  aquatic  animals 

Species 

Rainbov  trout 
Oncorhvnchus &ss 

Life 
Stage  Method*  Formulation Hardness Length  Effect (95% confidence  limits)  Reference 

juvenile F, N Tech 1 9 7 . 6 % )  __. 96-h LC5 0 13.0 (10.6-15.7) IC1  1988b 

Salinitr/  Test Values frnx/L) 

Rainbov trout 
Oncarhynchus  mrkiss 

juvenile S, U Tech 199%) 35 mg/L 96-h LC5 0 7.015.2-9.31 
CaCOJ EG&G Inc 1 9 1 0  

Bionomics 

Steelhead  juvenile F. n OrdramR 8 E C  
Oncorhrnchus m r k i s s  (90.3%) 

Chinook salmon juvenile F, H 
Oncorhrnchus 

Ordram' 8EC 20-21 mg/L 96-h LC5 0 

tshavvtscha 

~ ~~ . 

20-21 mg/L 96-h LC5 0 14.Of4.i-23.3) 
CaCOl 

Finlayson  and 
Faggella 1986 

13.0110.5-15.21 Finlayson and 
Faggella  1986 I90.3XI CaC03 

Striped  bass 
Norone sasatilis 

Striped bass 15-d  old F, H OrdramR 5EC 139 m g / ~  
saxatilis (90.3%1 

96-h 
CaC03 
1.7 o / o o  

13-d old F, H Ordram' 8EC 1.7 o / o o  96-h 
l90.3%1 

LC4 0 10.019.7-11.0) 

LC; 0 8 . 8 f 8 . 1 - 9 . 7 )  Faqqella  and 

Fapzella and 
Finlasson 1958 

Finlayson 1988 

Striped  bass  juvenile F. Y Ordram' 8EC 
Horone saxatilis 

Striped  bass 
Norone sasatilis 

20-21 m q / L  96-h 
190.3%) CaC03 

LC5 0 8.1(6.4-9.31h Finlasson  and 
lZ(5.4-15.6)c 

6 . 6 ( 6 . 1 - i . 1 1  fagqella and 

Fasgella 1986 

6-d old F. H Ordrums 8 K  2.0 e / - "  96-h LC5 0 

190.341 finlarson 1 9 8 7  

Striped bass 21-d  old F, 'M Ordram" 8EC 
norone saxatilis (90.3%) 

Striped bass 
Elorone saxatilis 

B l u e q i l l  
LePamis  macrochirus 

2.1 =-/OD 96-h LC5 I) i.9(7.1-5.7) Faggella  and m 
Finlarson 1987 

90-d  old F, n Ordrams 8EC 20-21 mg/L 96-h 
(90.3%) CaCOJ 

juvenile F, n Tech I9i.6XI 96-h LC5 0 

LC5 0 14.0113.0-15.0) Faxgella and 
Finlajson  1987 

_ _ _  24.7(20.7-29.21 IC1 1988c 

Bluegill 
Lepomis  macrochirus 

juvenile S, U Tech (99%) 35 mg/L 96-h LC% 0 18.8(16.7-21.1) 
cac03 

Bionomics 
E G G  I n c  1970 



Table 1. c o n t i n u e d  . . . 
L i f e  
Staqe Y e t h o d l   F o r m u l a t i o n   H a r d n e s s  L e n g t h   E f f e c t  ( 9 3 %  c o n f i d e n c e  limits) R e f e r e n c e  

j u v e n i l e  S ,  U Tech  1 9 7 . 8 % )  4 8  mg/L 96-h LCS 0 2 9 . 0 ( 2 0 . 4 - 3 9 . 7 )   K o o d a r d  

- 

S p e c i e s  

B l u e g i l l  
Leoomis 

S a l i n l t s /  T e s t  V-alues img/L! 

CaCO3 
m a c r o c h i r u s  

R e s e a r c h  
Cocp. 1965 

C h a n n e l   c a t f i s h   j u v e n i l e   F ,  H OrdramR 8EC 
1 c t a l u r u s  l3C.39.1 

20-21 mg/L 96-h LC5 0 3 1 . O i 2 0 . 0 - 4 8 . 0 )  
C a C O l  

F i n l a y s o n   a n d  
F a g g e l l a   1 9 8 6  

El lnCtatuS 

C h a n n e l   c a t f i s h  
1 c t a 1 u r u s  

6-wk old S ,  U Tech 

PUnCtatUS 

K h i t e   s t u r g e o n   2 3 - d   o l d   F ,  H 
Acipenser 

Tech  

t r a n s m o n t a n u s  

( 9 8 . 3 % )  22mg/L 
cac03 

96-h LC5 0 33.2131.8-35 .O)a  
29 .4119.7-46 .41e  

Brow" e t  81. 
1379 

- 

I - - I  32  mg/L 96-h LC5 0 1 8 . 1 ( 1 4 . 4 - 2 6 . 9 1  Bailey 
taco, 1985c 

W a t e r f l e a  
Daphn ia  maqna 

L a t e r f l e a  
Daphn ia  m a m a  i n s t a r  

'IY*id 
N'eomrsis mercedis 

j u v e n i l e  F ,  !I OrdramR 8EC 138 mg/L 96-h LC5 0 1 . 3 1 1 . 0 - 1 . i )  
190.32) cac03 

Hl-s id  ... F, \1 Tech  I - - )  2 . 5  o/.,o 36-h LC5 0 3 . 9 ( 7 . i - 1 3 . 6 )  
Neom,;sis m e r c e d i s  

Mss id  28-d o l d  F ,  !I OrdramR 8EC 224 mg/L 96-h LC5 0 1 . 3 1 1 . 1 - 1 . 6 1  
N e o m v s i s   m e r c e d i s  

M y s i d   j u v e n i l e  F, M Ordrams 8 E C  __ Yeomvs i s   merced i s   (90 .39 .1  
225 m:/L 36-h LCS 0 2 . 3 i 2 . 1 - 2 . 6 1  
CaCOl 

Red sx-amp immatu re  S .  ti-- 4 m:/L 96-h LC5 0 1 4 . 0 1 1 1 . 0 - 1 6 . 0 )   C h e a h  et a l .  

Procambarus M 

P a c i f i c   o y s t e r  
CrhsIostrea * embryo 5 ,  ?( Tech  ( 3 i . 6 5 )  3 3 . i  o / o o  18-h f C S  0 3 8 . 0 1 3 3 . 0 - 4 1 . 0 )  Thompson 

1 s t  F, M Tech 1 3 i . 6 9 . 1  ... 48-h EC5 0 1 4 . 9  

1st F, 3 Tech ( - - I  5 2  mg/L 48-h LC5 0 1 9 . 4 i l j . i - 2 4 . 4 1   L n i o n   C a r b i d e  

I n s t a r  
I C 1  19S8a 

cac03 1377 

F a g g e l l a  and 
Finlaseon 1988 

B a i l e y  
1385, 

Faggella et a l .  
190 .3%)  cac03 1930 

Faggella e t  hl. 
1 9 3 0  

c r a y f i s h  
_.. 

1380 

e t  a 1 .   1 9 8 8  

EG&G 1970 
Bionomics 

P i m e p h a l e s   p r o m e l a s  
F a t h e a d  minnow j u v e n i l e  S ,  ti Tech 1 3 3 1 1  3 5  m g / L  36-h LC5 0 

Common carp j u v e n i l e  S ,  G 96-h LC5 0 42.8  U n i o n   C a r b i d e  
C v u r i n u s   c a r p i o  

Tech f97.8'Xl 46  mq/L 

cac03 
26(20.5-32.9) 

cac01 1 3 i 8  
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Striped bass 
Morone sasatilis 

43-d old F, >I BoleroR 8Ec 2 . 5  o / o o  96-h ,LC50 880(830-9401 
(85.2%) 

Chapman 1938 

Striped bass 
Norone saxatilis 

6-d  old F, Y BoleroR 8EC 491 rn*/L 96-h LC50 1000 (870-1300) 
185.2%) 

faggella et 
CaCO3 al. 1S90 

Striped bass 
Elorone sasatilis 

13-d old f, >I Bolero8 8Ec 451 mg/L 96-h LCIO 8 3 0  1 i 3 0 - 9 4 0 )  
CaCOz 185.2%1 

foggella  et 
al. 1990 

Striped bass 
Norone sasatilis 

39-d old F ,  ?I Bolero. 8EC 360 ms/L 96-h LCsa 760 1630-890) Fagsella et 
CaCOl al. 1990 ( 8 5 . 2 % )  

Striped bass 
Elorone saxatilis 

13-d  old F ,  ?I BoleroR 8EC 
1 8 5 . 2 4 1  

490 mg/L 96-h LC50 640 ( j + O - i 6 0 1  
CaCO3 al. (in  press) 

Fu j imura  et 

Striped bass 
Horone sasatilis 

45-d old F, >I Bolero" 8EC 396 m q / L  96-h LCso i i 0  1590-940)  

Striped b a s s  45-d  old f, X Bolero' 8EC 
Horone saxatilis 185.2%1 

3 i 9  mz/L 96-h LCso 
CaCOl 

(aj.z%~ CaCOs 
Fujimura et 
al. (in press) 

al. (in press) 
Fujimura et 690 (520-820) 

Xhite sturseon 
Acipenser 

28-d old f. !I Tech (96.6%) 32 mg/L 96-h LCIO 260(230-3001 Bailei- 1985, 

transmontanus 
CaCOl 

Bluegill  juvenile 5, C Bolero' 8EC 
Lepomis  macrochirus 185.2%) 

40 mg/L 96-h LC30 liOO(1200-23001 
CaCOf H u m  1982 

Sanders  and 

Bluegill  juvenile 5 .  11 Bolero' 10G 4 5  mg/L 96-h LC;o 
m 560(330-1200) 

(10%) 
Thompson 

macrochirus 
CaC03 1980b 

Channel  catfish  juvenile E, N Bolero' 8EC 
Ictalurus punctatus (85.2%1 

20-21 mg/L 96-h LCjo 1800 
CaCOl 

Finlayson  and 
Fagzella 1986 

Channel  catfish  juvenile S. U Bolero' 8 E C  
Ictalurus  punctatus 185.2%) 

10 mg/L 
CaC03 

96-h LCsa 2300(1200-44001 Sanders and 
Hunn 1982 

Mosquitofish 
Gambusia affinis 

adult 5 .  Y Tech (94.5%) --- 96-h LC;o 3100(2590-3710) Schaefer 
et al. 1982 



c. 
W 

Table 2. continued. .. 
Life 
Species  Stage  Methodl  Formulation Hardness Length  Effect  (95%  confidence  limits) 

Mosquitofish  adult S. M BoleroR  8EC --- 96-h LCID 
Gambusia eff inis 

260012390-2780) 
et al. 1982 
Schaefer 

Gambusia affinis 
Mosquitofish  adult F, H BoleroR 8EC _-. 96-h LC50 13OOl1170-1580) Schaefer 

et al. 1982 

Waterflea 
Daphnia m a m a  instar 

Uheeler 19T8a 

Waterflea  1st 
DaDhnia magna instar 

5, M Tech  194.4%) 4 0  mg/L 48-h  LCIO 101(74-139)  %heeler  1978b 

Waterflea 
Dauhnia magna instar 

Waterflea  adult S ,  M Bolero@ 10G 4 5  mg/L 48-h LCIO 
Daohnia maxna 

120011100-19001 

Waterflea 
Daphnia magna 

Amphipod  mature S. U BoleroR 8EC 4 0  mg/L 48-h LC50 10001600-17001 
Gammarus nseudolimnaeous 

Crayfish 

Salinity/ Test Values (ug/L) 

1 8 5 . 5 % )  

1 8 5 . 5 % 1  

1st S ,  t! Boleros  8EC 48-h LCso 21111T6-253) 40 m*/L 
CaCOl 1 8 5 . 2 % )  

CaC03 

1st s. c Bolero9 8EC 40 mg/L 48-h  ECIO 12001400-31001 
( 8 5 . 5 X I  CaCOJ H u m  1982 

Sanders and 

(10%) 
Thompson 

CaCOl 1980C 

adult 5, M Tech 1100%) 4 5  mg/L 48-h ECsa 4601390-540)  Thompson 
CaCOs 1 9 8 0 ~  

Sanders and 
( 8 5 . 2 % )  CaCOa Hunn 1982 

orconectes & 
juvenile S ,  U Bolero” ~ E C  40 mg/L 96-h LCso 

( 8 5 . 5 % )  
200011400-3600) Sanders and 

Hunn 1982 cac03 

Red Crayfish  mature S. U Bolero’ 8EC  40  mgfL  96-h LC50 
Procambarus dg&L ( 8 5 . 5 % )  CaCOl 

Mysid  juvenile F ,  M Bolerd 8EC 
Neomvsie  mercedis ( 8 5 . 2 % )  

139  mg/L  96-h LCso 300(250-390) 
CaC03 

Mysid --_ F, M Tech I--) 2 . 5  a/.,* 96-h L C r o  304(137-675)  Bailey 
Neomvsis  mercedis 

MYsidousiS bahia 
Hysid  I-d old S ,  U Tech ( 9 5 . 5 % )  20 o / o Q  96-h LCLO 370(317-433)  Borthuick  and 

Mysid 6 to 8-d old S, U Tech (100%) 30 96-h LCsa 1501110-2001  Bionomics 
Hvsiduosis bahia EGbG  1980 

6500(5700-7100)  Sanders and 
uunn 1982 

Faggella and 
Finlayson  1988 

1985a 

Walsh 1981 



Table 2. continued... 

Life  Salinity/  Test 
Stage Method' Formulation Hardness  Length  Effect  (95%  confidence  limits)  Reference Snecies 

Values  (ug/L) 

Hysid 
Hvsidopsis k&& 

6 t o 8 6 0 l d  F, H Tech (95.1%) 25-28 01.. 96-h Lcso 288(237-356)  Bionomics 
EGbG 1979c 

Tidewater 

Henidia  peninsula 

Tidewater 7-d old F, U Tech (95.5%) 20 '1.0 96-h LC60 383(344-850)  Borthwick 

Henidia  Deninsula 

silverside 
1-d old F, U Tech (95.5%) 20 O 1 - o  96-h LCso 328(102-547)  Borthwick 

et al. 1985 

silverside et al. 1985 

Tidewater 14-d old F, U Tech (95.5%) 20 "/*e 96-h LCso 455(223-514)  Borthuick 
silverside et al. 1985 

nenidia  Deninsula 

Tidewater 28-d old F, U Tech (95.5%) 20 o/o.s 96-h LC$@ 865(415- - )  

Henidia  peninsula 
silverside 

Borthwick 
et al. 1985 

Tidewater 1-d old S, U Tech (95.5%) 20 o/oo 96-h LC50 560(257-750)  Borthwick 
silverside dt al. 1985 

Henidia peninsula 

Tidewater 7-d old S, U Tech (95.5%) 20 " / O S  96-h LCso 3241194-1500) 

Henidia  peninsula 
silverside 

Borthwick 
et al.  1985 

Tidewater 14-d old S, U Tech (95.5%) 20 O1.o 96-h  LCIO  511(238-1100) 
~ i l " * r i d c  

Borthwick 
et al. 1985 

Henidia  Peninsula 

Tidewater 28-d old S, U Tech  (95.5%) 20 O/oo 96-h LC50 1405(450-2080) 
silverside 

Borthwick 
et al.  1985 

Henidia peninsula 
Atlantic 1-d old F, U Tech (95.5%) 20 "1.0 96-h LC50 

.~~ ~~ 

380(102-547) 
silverside 

Borthwick 
et al. 1985 

Henidia  menidia 

Atlantic 7-d old F, U Tech (95.5%) 20 "1.0 96-h LCso 199(130-3251 Borthwick 
silverside et al. 1985 

Henidia  menidia 

Atlantic 14-d old F, U Tech (95.5%) 20 * / a *  
silverside 

Henidia  menidia 

Atlantic 28-d old F. U Tech (95.5%) 20 O / o o  96-h LC50 
silverside 

Henidia  menidia 

96-h LCra 455(223-514) Borthwick 
et al.  1985 

674( 547- * Borthwick 
et al. 1983 



Table 2. continued.. 

Species 
Life  Salinity/  Test 
Stage Method. Formulation  Hardness  Length  Effect (95% confidence  limits)  Reference 

Values (UE/L) 

Atlantic 
silverside 

____ Menidia  menidia 

I-d old S .  U Tech  (95.5%) 2 0  D / , , ~  96-h  LCID 531(216-1000) Borthwick 
et al. 1985 

Atlantic 
silverside 

Henidia  menidia 

Atlantic 
silverside 

Menidia  menidia 

Atlantic  28-d  old S ,  U Tech 195.5%) 20 o / o o  96-h LCso 
silverside 

Henidia  menidia 

I-d old S ,  U Tech (95.5%) 20 o / ~ , ,  96-h LCro 4001194-1500) Borthwick 
et al. 1985 

14-d old S ,  U Tech (95.5%) 20 96-h LCso 840(288-12001 Borthwick 
et al. 1985 

____ 
103(0-1230) Borthwick 

____ 
et al. 1985 

Lr 
c. California grunion 1-d  old F, U Tech (95.5%) 25 o/oo 

Lieuresthes fenuis 

California grunion I-d old F, U Tech (95.5%) 25 o / o o  
Leuresthes  tenuis 

California  grunion 14-d old F, U Tech (95.5%) 25 a/oo 
Leuresthes fenuis 

96-h  LCIO 386(220-755) 

California  grunion 28-d  old F, U Tech (95.5%) 25 o/oo 
Leuresthes fenuis 

96-h LCso 3621195-535) 

California  grunion 1-d old S ,  U Tech (95.5%) 20 o / o o  

Leuresthes renuis 
96-h LCso 269(170-100) Borthwick 

96-h LCso 2671235-310)  Borthwick 
et al. 1985 

96-h LCro 241(125-350) Borthwick 
et al. 1985 

et al. 1985 
Borthwick 

et al. 1985 
Borthwick 

et al. 1985 

California  grunion 7-d old S ,  U Tech (95.5%) 2 0  L - / ~ ~  
Leuresthes tenuis 

96-h LCso 549(153-108)  Borthwick 

California  grunion 14-d old S ,  U Tech (95.5%) 20 o / o o  

Leuresthes fenuis 
96-h LCIO 660(0-1100) Borthwick 

California  grunion 28-d old S ,  U Tech  (95.5%) 20 a/oo 
Leuresthes fenuis 

96-h LCso 522(325-917) Borthwick 

Sheepshead minnow 28-d  old S ,  U Tech (95.5%) 20 
CvDrinodon 

et al. 1985 

et al. 1985 

et al. 1985 

96-h LCso )loo0 Borthuick and 

variezatus 
Walsh 1981 

Sheepshead minnow juvenile S ,  U Tech (95.1%) 2 2  96-h LCso 
CvDrinodon 

900(100-1200) 

VaPie4atus 

Bionomics 
EG&G 1919a 



Table 2. continued... 

Life 
Species Stage Method. Formulation  Hardness  Length Effect (95% confidence  limits) Reference 

Sheepshead minnow juvenile S, U BoleroR 8EC 22 "I.,.. 
Cvorinodon ( 8 5 . 2 % )  

96-h LCso 1400(1100-1eoo) Bionomics 

variegatus 

Sheepshead minnow  juvenile F, H Bolero' Tech 
Qvrinodon 

30 "1.. 96-h LCao 690(60o-eoo) Bionomics 

Salinity/  Test Values  (ug/L) 

E G G  1979b 

- 

(95.1%) EGkG 1979g 
variecatus 

Fiddler  crab _ _ _  s,  u Bolero" 8EC 27 O/oo 96-h LCso )400(3500-5800) 
Uca vueilator 

Bionomics 

Crassostrea 
Eastern  oyster t2-h old S. U Tech (95.5%) 20 a/oe 48-h ECso 1000 < x < 10000  Borthwick and 

larvae 
virainica 

Eastern oyster 
Crassostrea 

larvae S. U ~ ~ l e r o "  8EC 26 -/so 48-h ECID 320(200-510)  Bionomics 

virzinica 

(85.2%) EGkG 1979e 

Walsh  1981 

(85.2%) EGkG 1979f 

Eastern  oyster  larvae S. U Tech (95..l%I 26 q1.. 48-h ECSO 5601230-13001 Bionomics 
EGkG 1979d 

W 
-i 

S = static. F = flow  through, H = measured concentration, U = unmeasured concentration 



reported by the same  researcher a year  later  (Bailey 1985a). 

Acceptable acute values for mixtures of molinate  and  thiobencarb 

(Table 3 )  were available for five freshwater species and  ranged 

from 18.0 (molinate) and 0.99 mg/L (thiobencarb) for juvenile 

channel  catfish Ictalurus punctatus (Finlayson  and  Faggella 1986) 

to  0.19 (molinate) and 0.06 mg/L (thiobencarb) for 28-d  old  Mysid 

Neomysis mercedis (Faggella et  al. 1990).  In  all studies on 

mixtures, molinate  and  thiobencarb  had  additive  toxicity. 

Technical  and  Formulated  Toxicity 

Comparison  of  toxicity  data on  technical  molinate  and  thiobencarb 

and  formulated  products  OrdramR  and  BoleroR did not  show  any 

systematic  difference (Table 4 ) .  This could  probably be 

attributed  to the high percent  of  technical  material ( 8 4  to  92%) 

in the  commercial  products. 

Final  Acute  Values 

There  were  twenty-eight  acceptable  acute  values  and  fourteen 

Genus Mean  Acute  Values (GMAV) available  for  calculating  the FAV 

for  molinate (Table 5). The FAV for molinate  based  on  acceptable 

data was 2 . 4  mg/L. There  were  seventy-three  acceptable  acute 

values and nineteen  GMAV  available  for  calculating  the FAV for 

thiobencarb (Table 5 ) .  The FAV for thiobencarb  based  on 

acceptable  data  was 2 4 7  ug/L. 
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T a b l e  3. A c c e p t a b l e  values for a c u t e   t o x i c i t r  o f  m o l i n a t e   a n d   t h i o b c n c a r b   m i x t u r e s   t o   a q u a t i c   a n i m a l s  

S p e c i e s  

S t e e l h e a d   j u v e n i l e   F ,  El 
Oncorhvnchus  _mu Ordram' (90.3%) 20-23 mg/L 96-h 

BoleroP ( 8 5 . 2 1 1  CaCOa 

C h i n o o k   s a l m o n   j u v e n i l e  F ,  H OrdramR ( 9 0 . 3 : : )  20-23 m g / L  96-h 
-~___ Oncorhvnchus  Bolero' (85 .2%)  C ~ C O ~  

L i f e   S a l i n i t y /   T e s t  
S t a q e   M e t h o d '   F o r m u l a t i o n   H a r d n e s s   L e n g t h   E f f e c t  (95% c o n f i d e n c e  limits) ~ e f e r e ~ ~ c ~  

Values ( m g / L )  

LC5 " Elol. 6.8(2.7-11) F i n l a y s o n   a n d  

LC5 0 X o l .  9.3(8.6-10) F i n l a y s o n   a n d  

T h i o .  0.36iO.35-0.37) F a g g e l l a  1986 

t s h a v y t s c l l a  
T h i o .  0.43(0.40-0.461 F a q g e l l a  1986 

Channel c a t f i s h  
-__ 1 c t a 1 u r u s  

j u v e n i l e   F ,  n OrdramR 1 9 0 . 3 % )  2 0 - 2 3  m q / L  96-h 
BoleroR ( 8 5 . 2 % )  CaCn3 

punc tatus 

LC5 0 Yul .  18 (13-23) F i n l a y s o n  and 
T h i o .  0 . 9 9 ( 0 . 8 8 - 1 . 1 1  ~ a g a e l l ~  1986 

S t r i p e d   b a s s  
Morone saxati l is  

S t r i p e d   b a s s   1 3 - d   o l d  F. X Ordram'  190.37.1 1 . 6  a / o *  

Horone s a x a t i l i s  

S t r i p e d   b a n s  2 4 - d  o l d   F ,  SI Ordram' (90.3%:) 2 . 1  - I . ,  
?lorone s a x a t i 1 i s  

90-d o l d   F ,  ?I 
Nurone s a x n t i 1 i s  
S t r i p e d  bass Ordram' (90.3%) 2 0 - 2 3  m%/L 96-11 

S t r i p e d   b a s s  
Norone s z x a t i l i s  

S t r i p e d   b a s s  
Morone s a x a t i l i s  

S t r i p e d   b a s s  
Elorone s a x a t i l i s  

Yys id  ._- F ,  >I l l o l i n a t e   T e c h  2 . 5  o/oo 
N e o m r s i s   m e r c e d i s  

6-d o l d   F .  X Ordram' i90.3%1 2 . 0  o l . .  

BoleroR ( 8 5 . 2 %  1 
96-h LCjO 801. 3.813.5-1.2) 

T h i o .  0.33iO.30-0.371 F i n l a r s o n  1987 
F a g g e l l a   a n d  

96-h LC3 0 :101. 3.01Z.i-3,3I 
BoleroR ( 8 5 . 2 % )  

F ~ g e l l a  and 
T h i o .  0 .?1 (0 .21 -0 .261  F i n l a r s o n  1 9 8 i  

96-h 
B o l e r o 8  ( 8 5 . 2 % )  

LC5 0 Xol .  3.1(2.6-3.6) 
T h i o .  0 . 2 1 1 0 . 2 1 - 0 . 2 8 1  F i n l a s s o n  1 9 a i  

F a g g e l l a  and 

Boleroa 1 8 5 . 2 % 1  C a c o z  
LC5 0 Mol. 7.917.4-8.6) 

T h i o .  0.52(0.49-0.561 F i n l a + s o n  1987 
F n g s e l l a  and 

13-6  old F,  H Ordram' (90.37.) 382 m g / ~  96-h 
BoleroR ( 8 5 . 2 % )  CaCOa 

LC5 0 M o I .  4 . 5 1 3 . 4 - 5 . 8 )  F q q e l l a  and 
T h i o .  0 . 4 7 1 0 . 3 3 - 0 . 6 2 )  F i n l a s s o n   I 9 8 8  

15-d o l d  F, >I Ordram' (90.3%) 4 2 1   ma/^ 
BoleroR ( 8 5 . 2 % )  CaCOz 

96-h LC5 0 Elol. 3.6(3.2-4.1) F a g g e l l a   a n d  
T h i o .  0.2310.21-0.26) Finlayson 1988 

9-d o l d  F ,  L.1 Ordram' (90.3%) 4 3 7  mg/L 96-h 
Bolero '  ( 8 5 . 2 % )  C a C 0 3  

LC5 0 Nol. 6.4(5.4-7.1) F a g s e l l a   a n d  
T h i o .  0.35(0.32-0.39) F i n l a y s o n  1988 

96-h LC5 0 Mol. 4 .  6 
T h i o b e n c a r b   T e c h  T h i o .  0 .16  

Bai ley-  I 9 8 5 a  

Elysid 
N e o m v s i s   m e r c e d i s  

Hys id  
N e a m v s i s   m e r c e d i s  

Elyeid 
Neoolvsis m e r c e d i s  

28-d o l d   F ,  M OrdramR (90.3%) 2 4 5  mg/L 96-h 
Bolero. ( 8 5 . 2 % )  C a c o z  

LC5 0 Llol. 0.19(0.11-0.201 Faggella e t  a l .  

LC5 0 Elol. 0.8(0.68-0.961 F a g q e l l a   e t  a l .  

T h i o .  0 . 0 6 ( 0 . 0 1 - 0 . 0 i )  1990 

j u v e n i l e  F. >I Ordram' ( 9 0 . 3 2 1  233 m g / ~  96-1, 
BoleroR ( 8 5 . 2 % )  C a c o ~  T h i o .  0.17(0.11-0.20) 1990 

Mol. 0 .88 (0 .7 -1 .11  F a x g e l l a   e t  al. 
T h i o .  0 . 1 8 ( 0 . 1 6 - 0 . 2 2 )  1990 

j u v e n i l e   F ,  ).I Ordrarnn (90.3%) 2.14 m q / ~  96-h LC50 
B o l e r o R  ( 8 3 . 2 % )  CaCnl 

S = s t a t i c .  F = f l o w  t h r o u g h .  N = measured c o n c e n t r a t i o n ,  u = unrneasuret~ cOOcrn~rs t ion  



Channel  Catfish 
Icta7urus  punctatus 29.4 (98.3%) 

3 3 . 2  (98.3%) Brown e: ai. 1979  34.0 (90.3%) Finlayson  and  Faggella 1986 
Brown et a1. 1979 

Mysid 
Neomysis mercedis 

9.9 (Tech) Bailey 1935a 1.3 (90.2%) Faggeiia and  Finlayson  198s 
1.3 (30.3%)  Fagqella et al. 1 9 9 0  

w Waterf  lea 101 (94.4%) Wheeler  1978b  211 ( 3 5 . 2 % )  Wheeler  1978a 
Daohina magna 

Mysid 
Neomysis mercedis 

304 (Tech) Bailey  1985a 300 ( 8 5 . 2 % )  Faggella  and  Finlayson  1988 

Sheepshead Minnow >lo00 (95.5%) 
Cyprinodon  variegatus 900 (95.1%) 

Borthwick and Waish  1981 1400 ( 8 5 . 2 % )  
Bionomics EG&G 1979c 

Bionomics 1979b 

690 ( 8 5 . 2 % )  Bionomics  19799 

Eastern  Oyster 
Crassostrea v i r g i n i c a  560 (95.1%)  Bionomics  1979d 

loa( x <~o,aoa Borthwick and walsh 1981 320 ( 8 5 . 2 % )  Bionomics 1979f 



Table 5. Acceptable  acute  values used for  calculating Final Acute  Value (FAY) for 
molinate and thiobencarb 

-~ Rank  Value 

14 42.8 

13 38 

12 33.6 

11 30 

10 25 

9 23.6 

8 18.4 

7 17 

Holinate ( m s l u  

SDecieS 

Common  Carp 
Cyprinus  carpio 

Pacific  oyster 
Crassostrea  gigas 

Channel  catfish 
Icta lurus punctatus 

Goldfish 
Carassius  auratus 

Fathead  minnow 
Pimepha les prome 7as 

Bluegill 
Lepomis  macrochirus 

White  sturgeon 
Acipenser transmontanus 

Waterflea 
Daphnia  magna 

___ Rank Value 

19 

18 

1 7  

16 

15 

14 

13 

12 

1 1  

6500 

4400 

2188 

2035 

2000 

I124 

1000 

965 

975 

Thiobencarb (uo/Ll 

SDeCieS 

Red Crayfish 
Procambarus c lark i 

Fiddler  crab 
Uca pugi lator 

Hosqui tafish 
Gambusia affinis 

Channel  catfish 
Ictalorus mmctatus 

0 
N 

Crayfish 
Oroconectes n a i s  

Rainbow  trout 
Oncorhynchus  myk iss 

Amphipod 
Gammarus pseudolimnaeous 

Sheepshead  minnow 
Cyprinodon  variegatus 

Bluegi 1 1  
Lepomis  macrochirus 



Table 5. continued . . .  

Molinate 1mq)L )  Thiobencarb lus/L] 

Rank  Value 

6 1 J  

5 14 

4 13 

3 10.8 

2 9 . 4  

1 2.5 

SDeCies Rsnk Value 

10 

9 

s 

7 

6 

5 

4 

3 

2 

1 

760 

742 

7 39 

5 0 7  

423 

383 

302 

295 

260 

2 5 2  

Chinook  salmon 
o~Icot-hyIIcI Ius t5I13WytSClIJ 

Waterflea  (adult) 
Ddpnn i a  magna 

Striped bass 
Morone saxatilTs 

Silversides 
Menidra spp. 

Eastern oyster 
crassostrea v i r g i n i c a  

California  grunion 
Leutesthes t enu i s  

Mysid 
Neornys i s  mercedis 

Waterflea  (1st instar)  
Daphnia magna 

White sturgeon 
Acienser  transmontanus 

Mysid 
Mysrdopsis bahia  



CHRONIC  TOXICITY  TO  AQUATIC ANIMALS 

Acceoted Data 

Twenty  studies  on  the  chronic  toxicity  of  molinate and 

thiobencarb to aquatic  animals  were  evaluated  for  acceptability 

of  data  for  use in deriving  the  FCV (Appendix  C).  Eleven  of 

these  studies  were  assessed  as  acceptable  according  to  CDFG 

guidelines (Appendix A); unacceptable  values  are  tabulated 

(Tables C.l  and C.2). 

Acceptable  chronic  values  for  molinate  (Table 6) were  available 

for  nine  freshwater  species and  ranged from a 28-d NOEC  of 6.05 

mg/L  for juvenile bluegill Lepomis  macrochirus (Stauffer  1984a) 

to a 42-d  NOEC of  0.026  mg/L  for  the  mysid Neomysis  mercedis 

(Bailey 1985b). 

Acceptable  chronic  values  for  thiobencarb  (Table 7) were 

available  for  four  freshwater and one  saltwater  species o f  

animals and  ranged  from a 44-d NOEC  of 58 ug/L  for  larvae-to-fry 

striped  bass Morone saxatilis (Faggella and  Finlayson 1988) to a 

42-d NOEC  of 6.2 ug/L for  the mysid Neomysis mercedis (Bailey 

1985b). 

Acceptable  chronic  values  for  mixtures  of  molinate and 

thiobencarb  were  available  for  three  freshwater  species o f  

animals (Table 8 )  and  ranged  from a 44-d NOEC  of 290 ug/L 
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Table 6 .  Acceptable  values for chronic  toxicity of molinate to aquatic  animals. 

Life 
Stage Method' Formulation  Hardness Species 

Rainbou  trout F ,  M 
Oncorhvnchus 

Salinit.r/ Test 
Lensth  Effect ( 9 5 %  confidence limits1  Reference 

386 mslL 60-d  NOEC 0.39 
CaCOJ  LOEC 0.83 

McAllister 
1 9 8 8  

Chinook salmon egg- 
Oncorhsnchus to-fr). 

f, El OrdramR 8EC 18-22 mg/L 90-d 

tshaurtscha 
(90.3%) 

LCi " 
NOEC 
LOEC 0. i 3  

CaC03 
O . i l ( O . 6 i - 0 . 8 3 1  Faggella and 
0 . 4 2  Finlayson 1 9 8 8  

faggella and 
finlasson 1 9 8 8  

1 . i  e / s o  LOEC 0.38 

Vhite  sturgeon  i5-d old F. M Tech [ - - I  *2-d LC5 0 2.7(2.1-3.31 Bailer 

Bluegill 
LeDomis  macrochirus 

juvenile F ,  H OrdrarnR 8EC 300 mg/L 
( 9 2 . 1 % )  

28-d HOEC 6 . 0 6  Stauffer 1984a 
CaCOJ 

Common carp 
Cvorinus  caruio 

juvenile F, Sf Ordram' 8EC 20-21 m g / ~  28-d 
l 9 0 . 3 % )  CRC03 

LC5 0 
AOEC 
LOEC 

NOEC 0.026 Bailey 
LOEC 

0.21 
0 . 0 9  
0.13 

finlayson and 
faggella 1986 

Mys  id 
Keomvsis  mercedis  old 

1 to 14-d f, N Tech ( - - )  42-d appros .  
2 . 0 - 2 . 5  a / o o  0.045 1985b 

Waterflea 1st 2 2 5 - 2 i 5  mg/L  21-d 
Dauhia  maqna 

f, M Tech ( - - I  
instar CKOl 

XOEC 0.38 Forbis 1 9 8 7  
LOEC 0.90 

9 S = static. F = f l o w  through, El = measured  concentration, L' = unmeasured  concentration 



N 
Ip 

S t r i p e d  bass larvae- F ,  M 
Yoronr salarills 

Bolero* SEC 
t o - f r r  

4.54 m g / L  
lYj.2ll 

4 4 - d  
C a C O l  ZOEC 

LOEC 
5a Finlayson 1 9 3 8  

LC3 0 1 3 0 1 1 2 0 - 1 5 0 )  Faggella and 

91 

S t r i p e d  bass larvae- F ,  ?I Bolero' 8EC 
Norone saxatilis t o - i P I  1 9 5 . 2 % 1  

4 i 8  mg/L 36-d SOEC 
C a C O l  

S t r i p e d  bass eggs- F. N 454 mg/L 46-d  
Horone saxatills t o - f r y  

t 2 3  
LOEC 23  

NOEC 21 
LOEC 3 6  

Fujimura e t  al. 
( i n  p r e s s )  

Fujimura  et al. 
1 in PL-~SS  I 

Bolero' 8 E C  
1 8 5 . 2 % )  C a C C 3  

k ' h i t e  sturdeon is-d F ,  ?I 
Aci'oenser o l d  

Tech I - - )  33 ms/i ? I - d  LC; 0 ? Z i i 1 8 5 - 2 8 7 1  
C d C 0 3  

Bailey 
1 9 8 5 ~  

transmontanus 

Hysid 
Neomvsia mercedis  old 

1 io 14-d F ,  !l Tech I - - )  appros .  42-d SOEC 6.2 
2 . 0  to 2.5 

B a i l e y  
LOEC 1 3  1385b 

lrsid 
N v s i d o D s i s  
bahia 

2 4 - 4 8  f, M Tech 1 9 5 . 2 % 1  1 6 - ? 6 0 / 0 0  28-d SOEC 19 
h o u r s  
0 1 , j  

Bionomics 
LOEC 30  EGG6 1 9 i 9 c  

S = s t a t i c ,  F = flow t h r o u g h ,  M I measured concentration. U = unmeasured Concentration 



a 



m o l i n a t e  and 20  u g / L   t h i o b e n c a r b   f o r   l a r v a e - t o - f r y   s t r i p e d   b a s s  

Morone saxati7is t o  a 90-d NOEC o f  160 ug/L  rnol ' inate  and 9 ug/L 

t h i o b e n c a r b  f o r  eggs- to - f ry   ch inook   sa lmon  Oncorhynchus 

tshawytcha ( F a g g e l l a  and F i n l a y s o n  1 9 8 8 ) .  

F i n a l   C h r o n i c   V a l u e s  

The ACR was used t o   d e t e r m i n e   t h e  FCV f o r   m o l i n a t e   a n d  

t h i o b e n c a r b .  The F i n a l  ACR o f  45 f o r   r n o l i n a t e  was based  on 

accompanying  acute  and  chronic  GMAV f o r   s i x   s p e c i e s   ( T a b l e   9 ) .  

The FCV fo r   rno l ina te   based  on   acceptab le   da ta  was 5 2  ug/L .  The 

F i n a l  ACR o f  1 6  f o r   t h i o b e n c a r b  was based  on  accompanying  acute 

a n d   c h r o n i c  GMAV f o r   f o u r   s p e c i e s   ( T a b l e  9 ) .  The FCV f o r  

t h iobencarb   based   on   accep tab le   da ta  was 16 ug /L .  

26 



Table 9 .  A c u t e - c h r o n i c   r a t i o   u s i n g  EPA methodology  (Stephan  1985) f o r  
mo l i na te  and  th i ,obencarb.   Acute-chronic  rat io  based  on  those 
GMAV's fo r   accep tab le   ch ron ic   va lues   (Tab le  6 and  7)  which  have 
corresponding  acceptable  acute  va lues  (Table 1 and 2 ) .  

Mol i n a t e  m q / 4  

Soeciee  Chronic  Value  Acute  Value  Acute/Chronic 

Rainbow t r o u t  
St r iped  bass  0 .29 

Channel c a t f i s h  
0.57 

Common carp  0 . 1 1  
1 . 6  

Mysid ( N .  mercedis)  
Chinook  salmon 

0.034 
0 . 5 5  

9.4 
10.8 

43 
34 

13 
2 . 5  

32  
19  
21 

390 
74 
24 

Geometric Mean  45 

Thiobencarb  uq/l  

Chinook  salmon 
St r iped  bass  

37.0 

Mysid ( N .  mercedis)  
7 2 . 6  
8.9 

Mysid (M. bah ia )  23.9 

739 
760 

302 
252  

20 
10 
34 
10 

Geometric Mean 16 
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Alqae .._ s ,  u T e c h  195.5%)  30 oleo 
S k e l e t o n e m a  48-h ECj o 4101368-461 1 

costaturn 

B o r t h x i c h  and 
nalsh 1981 

A l g a e  
S h e l e t o n e m a  

.-_ s, c T e c h  ( 9 5 . 5 % )  3 0  oleo 4 8 - h  EC5 0 3 ? 7 ( 2 9 0 - 3 6 8 )  B o r t h u i c h  and 

Costaturn  Walsh 1981 

Algae ._. 
S k e 1 e t o n e . a  

Costaturn 

s, c Tech 1 9 5 . 5 X I  30 o / ~ . ,  48-h EC: o 3 7 7 1 3 2 6 - 4 3 9 )  B o r t h v i c k  and 
Y d s h  1981 

Algae -._ 
S k e l e t o n e m a  

Costat". 

S, ti Tech 195.5%) 30 -/a- 4 8 - h  EC5 0 3891338-452) B o r t h v i c k  and 
Walsh 1 9 8 1  

& Algae 
Chlorella p v r e n o i d o s a  

_.. s ,  L' T e c h  I - - )  _.. 5-4  I L. 1600 
30 
60 

NOEC 
LOEC 

Yo0 1 9 7 9  



TOXICITY TO AQUATIC  PLANTS 

Three studies on the  acute and chronic  toxicity o f  thiobencarb 

(plant  toxicity  data  was not available  for  molinate) to aquatic 

plants  were  evaluated  for  acceptability  of  data for use in 

deriving  the FPV (Appendix 8). Two studys were  assessed as 

acceptable  according  to CDFG guidelines; unacceptable  values  are 

tabulated  (Table 8 . 4 ) .  Acceptable  toxicity  values for 

thiobencarb (Table 10)  were  available  for  two  algal species, and 

ranged  from 48-h EC,, of 4 5 9  to 327 ug/L  based on growth 

inhibitions  for Skeletonema costatum  (Borthwick  and  Walsh 1 9 8 1 )  

to  a NOEC of 30 ug/L  based on maximum  specific  growth  rate for 

C h l o r e 7 l a  pyrenoidosa (Yo0 1 9 7 9 ) .  

Final Plant Value 

The FPV based on acceptable  data  was 30 ug/L for  thiobencarb  and 

could  not be determined  for  molinate  because  there  were no data 

available. 

2 9  





HAZARD ASSESSMENT 

Water Quality C r i t e r i a  

The m o s t   s e n s i t i v e   s p e c i e s   t e s t e d  was the   mys id  Neomysis mercedis 

wi th   42 -d  NOEC v a l u e s   o f  2 6  u g / L   f o r   m o l i n a t e   a n d  6 . 2  u g / L   f o r  

t h i o b e n c a r b .   T h i s   z o o p l a n k t o n   s e r v e s  as an i m p o r t a n t   f o o d   i t e m  

f o r  many young f i s h   i n c l u d i n g   s t r i p e d   b a s s   i n   t h e  Sacramento-San 

Joaqu in   Es tuary   (S tevens   e t   a l .   1985;   Knutson  and  Ors i   1983) .  To 

p r o t e c t   t h i s   i m p o r t a n t   n a t i v e   s p e c i e s   i n   t h e   S a c r a m e n t o - S a n  

J o a q u i n   E s t u a r y ,   t h e   w a t e r -   q u a l i t y   c r i t e r i a   w e r e   l o w e r e d  

a c c o r d i n g   t o  €PA methodology  (Stephan e t   a l .  1985) t o  26  ug/L f o r  

mo l i na te   and  6 . 2  u g / L   f o r   t h i o b e n c a r b ;   t h e s e   c o n c e n t r a t i o n s   a r e  

50% and 61% l o w e r   t h a n   t h e   c a l c u l a t e d  F C V ' s  o f  52  and 1 6  ug/L,  

r e s p e c t i v e l y .   M o l i n a t e  and   t h iobencarb   i n   m ix tu res   have   been  

demonstrated t o  be a d d i t i v e ,  so t h e s e   c r i t e r i a   a r e   r e d u c e d  by 

o n e - h a l f   s i n c e   t h e   t w o   h e r b i c i d e s   a r e   u s u a l l y   a l w a y s   p r e s e n t  

t o g e t h e r ,   y i e l d i n g  recommended c r i t e r i a   o f  13 u g / L   f o r   m o l i n a t e  

and 3 . 1  u g / L   f o r   t h i o b e n c a r b .  The  recommended c r i t e r i a   a r e  

e s s e n t i a l l y   t h e  same numbers  recommended  as g u i d e l i n e s  by 

F a g g e l l a   a n d   F i n l a y s o n   ( 1 9 8 7 )   f o r   t h e   p r o t e c t i o n  o f  t h e   m y s i d   i n  

the   Sacramento-San  Joaqu in   Es tuary .  

These  recommended w a t e r   c r i t e r i a   r e p r e s e n t  maximum r a t h e r   t h a n  

a v e r a g e   c o n c e n t r a t i o n s .  Maximum c o n c e n t r a t i o n s   o f   r i c e  

h e r b i c i d e s  

thus,  p rov  

a re   app rox ima te  

i d e   f o r  a two- fo  

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

' I d   m a r g i n   o f   s a f e t y .  
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The  recommended w a t e r   q u a l i t y   c r i t e r i a   o f  13  u g / L   f o r   m o l i n a t e  

and 3 . 1   u g / L   f o r   t h i o b e n c a r b   i n d i c a t e  a h a z a r d   t o   t h e   m y s i d  may 

e x i s t   i n   t h e   a g r i c u l t u r a l   d r a i n s   b u t   n o t   t h e   S a c r a m e n t o   R i v e r .  

H o w e v e r ,   t h e   m y s i d   d o e s   n o t   i n h a b i t   t h e   a g r i c u l t u r a l   d r a i n s .  

C o n c e n t r a t i o n s   o f   m o l i n a t e  and t h i o b e n c a r b   h a v e   s t e a d i l y   d e c l i n e d  

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

1 9 8 0 ’ s   ( h i g h e s t   r e c o r d e d   c o n c e n t r a t i o n s   w e r e  340 u g / L   m o l i n a t e  

and 60 u g / L   t h i o b e n c a r b   i n   t h e   d r a i n s  and 27 ug /L   mo l ina te   and 6 

u g / L   t h i o b e n c a r b   i n   t h e   S a c r a m e n t o   R i v e r   ( H a r r i n g t o n  and Lew 

1 9 8 9 ) ) .   S i n c e  1986 concent ra t ions   have  no t   exceeded 7 7  ug/L 

m o l i n a t e  and  7 .4  ug/L  th iobencarb i n   t h e   d r a i n s   a n d  11  ug/L 

m o l i n a t e  and 1 . 2  ug/L i n  t h e   S a c r a m e n t o   R i v e r ,   w e l l   b e l o w   e f f e c t  

l e v e l s   f o r   t h e   m y s i d .  

Recommended Data  Needs 

Many o f   t h e   a q u a t i c   o r g a n i s m  s i n h a b i t i n g   t h  ,e  Sacrament o-San 

J o a q u i n   R i v e r   s y s t e m   a r e   n o t   r e p r e s e n t e d   i n   t h e   a v a i l a b l e  

t o h i c i t y   d a t a b a s e   f o r   m o l i n a t e  and t h i o b e n c a r b .  The f o l l o w i n g  

a c u t e   t e s t s   f o r   t h e  more common f r e s h w a t e r   o r g a n i s m s   w o u l d   b e t t e r  

d e f i n e   t h e   : r i t e r i a :  ( I) mol ina te   w i th   amph ipods  Gammarus sp: 

( 2 )  m o l i n a t e  a n d   t h i o b e n c a r b   w i t h   m a y f l i e s   H e x a g e n i a  sp;  and 

( 3 )  m o l i n a t e   a n  

s h o u l d   a l s o  be 

e s t u a r i n e   s p e c i  

Estuary  system. 

d t h i o b e n  

conducted 

es  which 

c a r b   w i t h   m i d g e s  Chironomus s p . .  T e s t s  

, i f  p o s s i b l e ,   u s i n g   t h o s e   f r e s h w a t e r  and 

inhab i t   t he   Sac ramen to -San   Joaqu in  
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Chronic  toxicity  tests  are  the  most  critical  values  used for 

determining  water  quality, criteria. This is especially  true 

because  the  criteria  were  lowered to protect  the  important  native 

mysid Neomysis  mercedis. These data  came  from  partial  life-cycle 

tests  done  prior to the development of a  standardized  test 

procedure  for  mysids. Therefore, complete  life-cycle  chronic ' 

tests  with  Neomysis  mercedis  on  molinate  and  thiobencarb  are 

recommended  for  refining  the  criteria f o r  the Sacramento River. 

In addition, subsequent  new  information may reveal the need for 

testing  other  important  sensitive  species. 
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Appendix A. Toxicity Test Evaluation  Form  and  description of 

criteria used in determining  acceptability  of 

acute and chronic toxicity  tests for use in water 

quality  criteria  and  hazard  assessment. 

INTRODUCTION 

The  following  criteria  descriptions  are  to be  used in conjunction 

with  the  Toxicity Test Evaluation  Form (last page  of  appendix)  to 

evaluate the acceptability  of  toxicity  test. These criteria 

which  can be  used  to evaluate both acute and chronic  toxicity 

tests  are  divided  into six categories: 

I .  Test  Method 

11. Test Type 

111. Test Species 

IV. Water  Quality  Maintenance  and  Monitoring 

V .  T ~ x i c a r - ~ t  Maintenance and  Monitoring 

VI. Test 3e;. ;gr 

Within  each  category as many  as  nine  criteria  are  used  to 

evaluate  test  procedures.  While it is not  necessary  that  a  study 

comply  with  every criterion, tests  are  rejected i f  they  fail 

certain  fundamental  procedures  such as maintaining  proper 

survival o f  organisms in a  control  treatment  or  testing  with 

diseased or stressed  organisms.  Studies  are  also  rejected if 

they  contain  insufficient  information  to be properly  evaluated or 
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demonstrate bad testing  practices.  American  Society  for  Testing 

and Materials (ASTM) standard  guides  (ASTM 1980; 1987; 1988a; 

1988b) should be  used  for detailed  requirements of particular 

test  type  and species. 

CRITERIA  DESCRIPTION 

Reference 

Author ( s )  

Title 

Source (journal) 

Tox i cant  (Common  name  of  pesticide.) 

Formulation  (Formulation of pesticide and percent 

active  ingredient.) 

I. Test  Method 

A .  Reference  Guide (ASTM,  APHA, EPA or other  established 

guide which was  used in carrying  out test.) 

B. Test  Date(s)  (Beginning and completion  dates  of test.) 

11. Test  Type 

A. Duration (Note hours  or  days  of testing.) 

8. Dynamics (Note whether static, renewal, or  

flow-through  design  was  used.  Static is acceptable if 

test  was less  than  or  equal  to 96 hours.  Flow-through 

preferred if test  was  96  hours  or greater.) 
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111. Test  Species 

A. Common Name 

8. Scientific  Name 

C. Life Stage (Note life  stage  description.  Should be 

detailed  description  such as daphnid (24  hr old, or 

mysids ( 2 4  hr post-release  from  brood sac and 

appropriate for particular  test  and species as  outlined 

by ASTM. ) 

D .  Size (Note weight  and length.) 

E .  Disease (Organisms should be observed for disease  and 

stress. Signs of disease,  stress, discoloration, 

death, etc. must be less  than 10% during acclimation.) 

F. Acclimation  (Organisms  should be acclimated at least 

48 hr before  testing.) 

G. Feeding  (Note  feeding  regime  of  test organisms.) 

H. Source (Note origin  of  test organisms.) 

IV. Water  Quality  Maintenance  and  Monitoring 

A .  Dissolved  Oxygen (Note method  and  monitoring 

frequency.  Should be recorded  at  beginning, end, and 

every 48 hr in a static and at  least  twice  weekly in a 

chronic  test.  Every  measured DO concentration  should 

be between 60 and 100% of saturation during a  renewal 

or  flow-through  test  or  during  the first 48 hr in a 

static test.) 

E. Temperature (Note method  and  monitoring frequency. 

Should be recorded  every hour, or high and  low 
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C .  

0. 

E .  

F .  

G .  

H .  

I. 

recorded.  There  should  be  no  more  than 3 OC change. 

Tempera ture   shou ld   be   ma in ta ined  a t  ASTM recommended 

t e m p e r a t u r e   f o r   s p e c i e s . )  

pH (No te   me thod   and   mon i to r i ng   f requency . )  

Ammonia (No te   me thod   and   mon i to r i ng   f requency .  It 

shou ld  be ( 3 5  u g / L . )  

Hardness   (Note   method  and  mon i to r ing   f requency . )  

S a l i n i t y   ( N o t e   m e t h o d  and m o n i t o r i n g   f r e q u e n c y .   T e s t  

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

o rgan ism. )  

C o n d u c t i v i t y   ( N o t e   m e t h o d   a n d   m o n i t o r i n g   f r e q u e n c y . )  

A l k a l i n i t y   ( N o t e   m e t h o d  and m o n i t o r i n g   f r e q u e n c y . )  

D i l u t i o n  Water  Source  (Note  source  and t y p e  o f  

d i l u t i o n   w a t e r   u s e d . )  

V .  Tox i can t   Ma in tenance   and   Mon i to r i ng  

A .  Measured   Concen t ra t i on   (No te   whe the r   t ox i can t  

c o n c e n t r a t i o n  was measured.)  

9 .  Frequency  (Note  f requency o f  t c 2 : i c a n t   s a m p l i n g  

u n s ’ l - , i s . )  

G .  Sp ike   Recovery /QA  (No te   pe rcen t   recove ry   o f   sp  

s a m p l e s   o r   o t h e r   q u a l i t y   a s s u r a n c e   p r o g r a m . )  

f o r  

i ked 

D .  A n a l y t i c a l   P r e c i s i o n   ( N o t e   p r o c e d u r e  and r e s u l t   o f  

i n t r a l a b o r a t o r y   q u a l i t y   c o n t r o l . )  
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VI. Test  Design 

A. Solvent  Control/Water  Control  (Note  whether  control 

was used  and  what  type.  If  solvent  used  with  test 

chemical, there  should be a control treatment using 

identical  solvent  at  highest  concentration  used.) 

E. Control  Survival (Note percent  survival in dilution 

water  and  solvent  controls.  Survival  should  generally 

be 90% or  greater  for acute  tests and 80-65% for 

chronic tests, depending  on  species  and  life-stage  of 

test organisms.) 

C. Test  Chamber  Type and Size  (Note  type and size of test 

chambers. All test  chambers  should be  identical  and at 

least 3 times  the  size  of  the  largest  test species.) 

D. Concentration  Scale (Note number  of  treatments  or 

concentration  levels and their  relationship  to  each 

other. Also  note  whether  levels  are  nominal  or 

measured.  Must be 4-5 concentrations  other  than 

control  with  each 60% of  the  next  highest 

concentration.) 

E .  Replicate/Treatment (Note number o f  replicates per 

treatment  or  concentration.  Should be at  least two.) 

F .  Organisms/Replicate (Note number  of  test  organisms  per 

replicate: generally, each  replicate  should  have 10 

organisms.) 

G. Loading  (Note  organism  loading  rate in g/L (static) or 

g/L/d (flow-through).  Loading  rate  for  static  test 
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should no exceed 0.5 to 0.8 g/L  and for  flow-through 

test, not exceed 5 to 10 g/L/d.) 

H. Statistical  Methods  (Note  statistical tests used to 

.analyze data.  Should  use  log-probit, moving average, 

or Litchfield-Wilcoxon  methods for LC,, values  and 

parametric  [Dunnet’s] o r  nonparametric  (Kruskal-Wallis) 

ANOVA  tests for determining  significant  differences 

among  treatment  levels.) 

Test Summary 

A .  LC,, (Lethal  concentration  to 50% of test  organisms. 

Should  be  calculated  with 95% confidence  limits.  At 

least one treatment  other  than a control  should  kill or 

affect  less  than 3 7 %  of the  organisms  and at least one 

treatment  should kill or affect  more  than 63%.) 

E. EC,, (Concentration  that  elicited an effect to 50% of 

test  organisms  with 95% confidence  limits.  Must 

indicate  effect  criteria  and  meet the requirements for 

LC,, calculations.) 

C ,  NOEC (No observable effect concentration.  The  highest 

concentration  which did not  have an effect 

significantly  different  than control. Must  indicate 

effect criteria.) 

D. LOEC 

1 owest 

signif 

effect 

Lowest  observable effect concentration. The . 

concentration  which did have  an effect 

cantly  differently  than  control.  Must  indicate 

1 
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E .  E f f e c t   ( N o t e   s i g n i f i c a n t   b i o l o g i c a l   e f f e c t   t o   t e s t  

organisms.  Use w i t h  EC,,, NOEC, and LOEC. )  

F .  Freguency  (Note  frequency  and  method o f  o b s e r v a t i o n s  

t o   d e t e r m i n e   e f f e c t ;  and t h e   p r e c i s i o n   o f   m e a s u r e m e n t s  

i f  a p p l i c a b l e ) .  

Other  Notes 

A .  Uncon t ro l l ab le   I nc iden ts   (No te   unexpec ted   p rob lems  

w h i c h   o c c u r r e d   d u r i n g   t e s t s  and p o s s i b l e  

r a m i f i c a t i o n s . )  

5. L i t e r a t u r e   C i t e d   ( N o t e   i m p o r t a n t   s t u d i e s   w h i c h   w e r e  

l i s t e d   i n   L i t e r a t u r e   C i t e d   s e c t i o n   t o   a i d   f u t u r e  

1 i t e r a t u r e   r e s e a r c h .  ) 

C .  T a b l e   o f   D a t a   ( I n c l u d e   d a t a   w h i c h   c o u l d  be  used t o  

b e t t e r   i n t e r p r e t   w o r k . )  

REFERENCES 

A m e r i c a n   S o c i e t y   f o r   T e s t i n g   a n d   M a t e r i a l s ,  1989 (1980a) .  

S t a n d a r d   p r a c t i c e   f o r   c o n d u c t i n g   s t a t i c   a c u t e   t o x i c i t y   t e s t s  

w i t h  l a r v a e  o f  f o u r   s p e c i e s   o f   b i v a l v e   m o l l u s c s .  ASTM 

Committee E-47 P u b l i c a t i o n  E724-89  (€724-801,   Phi ladelph ia,  

Pennsy lvan ia  

ASTM. 1 9 8 8 a .   S t a n d a r d   g u i d e   f o r   c o n d u c t i n g   e a r l y   l i f e - s t a g e  

t o x i c i t y   t e s t s  w i th  f i s h e s .  ASTM Committee E-47 P u b l i c a t i o n  

E1241-88,   Ph i lade lph ia ,   Pennsy lvan ia .  

ASTM. 1 9 8 8 b   ( 1 9 8 0 b ) .   S t a n d a r d   p r a c t i c e   f o r   c o n d u c t i n g   a c u t e  

t o x i c i t y   t e s t s   w i t h   f i s h e s ,   m a c r o i n v e r t e b r a t e s ,   a n d  

5 1  



amphibians. ASTM Committee E-47 (E729-80),  Publication 

E729-88, Philadelphia,  Pennsylvania. 

ASTM. 1987. Standard  guide f o r  conducting  life-cycle  toxicity 

tests  with  saltwater  mysids. ASTM Committee E-47 

Publication  €1191-87,  Philadelphia,  Pennsylvania. 

52 



TOXICITY TEST EVALUATION FORM 

Reference 
Author (  s )  
T i t l e  

. Source   ( Jou rna l )  
T o x i c a n t  

Formulatio_n__ 
I .  Test  Method 
Reference  Guide 
Tes t   Da te (s )  

11. Test  TYDe 

- 

- 

. .  

Dynamics 
D u r a t i o n  

- 

I V .  Water   Qual i ty   Maintenance 8 M o n i t o r i n g  
Method  Frequency  Average h Range 

Temperature 
~~~ ~~ 

pH 
Ammonia 

A NaJ. inity~. 
D i l u t i o n  Water  Source 

V .  Toxicant   Maintenance e. M o n i t o r i n g  
Measured  Concentrat ion 
Leauencv  
Spike  Recoverv/QA 
A - n d t i c a l   P r e c i s i o n  

VI . Test  Design 
So lven t   Con t ro l /Wate r   Con t ro l  
C o n t r o l   S u r v i v a l  

Concen t ra t i on  Scale 
Tes t  Chamber Type 8 Size  

Rep l ica tes /Trea tment  
@g_anisrns/Reolicate 
Logd i nq 
S t i t i s t i c a l  Methods 

-. __ 

Tes t  Summary 
LC50 ( C o n f i d e n c e   L i m i t s )  
5C50 (Con f idence   L im i t s )  
NOEC 

E f f e c t   C r i t e r i a  
LOEC 

Q the r  

Other  Notes 
Lrrsontrollable-Incidents 
L i t e r a t u r e   C i t e d  
Table  of   Data 

~ ~ ~~~ ~ ~~ 

53 



Append i x E. Study  descriptions  for  accepted  and  unaccepted 

data used in deriving Final  Acute  Values  for 

molinate and thiobencarb. 

ACUTE  TOXICITY TO AQUATIC  ORGANISMS 

Accepted Data - The  following  studies  were  accepted  toxicity 

tests used in deriving  the  Final  Acute  Values  for  molinate and 

thiobencarb. 

Bailey (1985a: 1985~1 - In 1985, 96-h  flow-through  toxicity  tests 
were  conducted by SRI  International  for  the  State  Water  Resources 

Control  Board  on  molinate  and  thiobencarb  technical  (X  not  given) 

and molinate-thiobencarb  mixtures ( 1 : l  LC,, value  ratios)  with 

the mysid Neomysis  mercedis  (Bailey  1985a) and 28-day old 

white  sturgeon  Acipenser  transmontanus  (Bailey 1985~). 

Concentrations  were  replicated and there  was a control  treatment 

and a series o f  four  concentrations  (dilution  factor o f  0 . 6 ) .  

Water  quality  parameters during the mysid tests were: 

temperature 17-18 OC, pH 8.0-8.3, salinity  2.5 o / Q o ,  and dissolved 

oxygen 7.7-9.5 mg/L. Water  quality  parameters during the 

sturgeon  tests  were:  temperature  15-17.5 OC, pH 6.7-8.6, 

hardness  32  mg/L  CaCO,,  alkalinity 34 mg/L  CaCO,,  dissolved 

oxygen 7.6-9.9 ppm. Toxicant  concentrations  were  measured  at 2 4 ,  

48 and 96 hours during the  test and were close to 10096 o f  
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expected  concentrations.  There  was 100% survival  of controls. 

The 96-h LC,, values  for  molinate and thiobencarb  with  mysid  were 

9.9  mg/L (Table 1 )  and 304 ug/L  (Table 2), respectively and  with 

white  sturgeon  were 18.4 mg/L (Table 1 )  and 260 ug/L (Table 2 ) ,  

respectively.  The  mixture  exhibited  additive  toxicity  to  mysids 

with a LC,, value of 4.6 mg/L  for  molinate  and 0.16 mg/L  for 

thiobencarb (Table 3). 

- In 1970, 96-h static  toxicity  tests  were 
conducted on molinate  technical (99%) with  bluegill  sunfish 

Lepomis  macrochirus,  rainbow  trout Oncorhynchus mykiss and 

fathead  minnow  Pimephales  promelas.  Test  procedures  outlined by 

APHA (1971) were  followed. Tests had a control (no solvent 

control  used)  and a series of six  (bluegill and trout  test) and 

eight  (minnow test) concentrations.  Water  quality  parameters 

were: temperature 18 OC (bluegill and  minnow test) and 13 OC 

(trout test), pH 7.1, hardness 35 mg/L  and  dissolved  oxygen 

4.9-8.4 mg/L. Toxicant  concentration  was  not  measured.  Control 

survival  was 100%. The 96-h LC,, values  were 18.8, 7.0 and 26.0 

mg/L for sunfish, trout  and minnow, respectively (Table 1 ) .  

Bionomics EG&G (1979~11 - In 1978, 96-h flow-through  toxicity  test 

was  conducted by Bionomics EG&G for  Chevron  Chemical  Company on 

thiobencarb  technical ( 9 5 . 1 % )  with juvenile  sheepshead  minnow 

Cyprinodon variegatus.  Testing  procedures  outlined by ASTM 

(E7291  were followed. The  test had dilution  water and solvent 

control treatment and a geometric series of  five  concentrations. 
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Water  quality  parameters  during the test  were:  temperature  25t1 

OC, pH 7.7-8.0,  salinity 30t3 o/oo and  dissolved  oxygen 59-94% 

saturation.  Toxicant  concentrations  were  measured  at  day 0 and 4 

and  were  41-55%  of  expected  concentrations.  Spiked  recovery was 

98%.  Control  survival  was 100% for water  and  95% for solvent. 

The  96-h LC,, value  was 690 ug/L (Table 2). 

Bionomics EG&G (1979a: 1979bl - In 1979,  96-h static toxicity 

tests  were  conducted by Bionomics  EG&G for Chevron  Chemical 

Company  on  thiobencarb  technical (95.1%) (Bionomics EG&G Inc. 

1979a)  and  BoleroR  8EC (85.2%) (Bionomics  EG&G  Inc.  1979b)  with 

sheepshead  minnows Cyprinodon v a r i e g a t u s .  Concentrations  were 

replicated  and  there  was  a  dilution  water  and solvent control 

treatment and a  geometric series of five  concentrations.  Water 

quality  parameters  with  thiobencarb  technical were: temperature 

22  OC, pH 7.5-7.6, salinity 22 o/oo, and  dissolved  oxygen  55-93% 

saturation; and  with  BoleroR 8EC were:  temperature 22 OC, pH 

7.7-8.0, salinity 22 o/oo, and  dissolved  oxygen  78-90%  saturation. 

Toxicant  concentrations  were  not  measured.  Control  survival  was 

100%. The 96-h LC,, values  were 900 ug/L (technical) and 1,400 

ug/L (BoleroR 8 E C )  (Table 2 ) .  

Bionomics EG&G (1979~1 - In 1979, 96-h flow through  toxicity  test 

was  conducted by Bionomics EG&G for Chevron  Chemical  Company  on 

thiobencarb  technical (95.1%) with 6-8 day  old rnysid Mysidopsis 

b a h i a .  Testing  procedures  outlined by ASTM (E729) were followed. 

Each test had  a  dilution  water  and solvent control  treatment  and 
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a g e o m e t r i c   s e r i e s   o f   f i v e   c o n c e n t r a t i o n s .   W a t e r   q u a l i t y  

p a r a m e t e r s   d u r i n g   t h e   t e s t   w e r e :   t e m p e r a t u r e  25 O C ,  pH 7 . 9 ,  

s a l i n i t y  25-28 o/o,, and d i sso l ved   oxygen   87 -94%  sa tu ra ted .  

Tox i can t   concen t ra t i ons   were   measured   a t  day 0 and  4  and  were 

62-102% o f   e x p e c t e d   c o n c e n t r a t i o n s .   S p i k e d   r e c o v e r y  was 98%. 

C o n t r o l   s u r v i v a l  was 100%.  The  96-h LC,, v a l u e  was 288 ug/L 

( T a b l e  2 ) .  

Bionomics. EG&G (1979d: 1 9 7 9 f l  - I n  1979 ,  48-h s t a t i c   t o x i c i t y  

t e s t  were  conducted by Bionomics EG&G fo r   Chevron  Chemica l  

Company o n   t h i o b e n c a r b   t e c h n i c a l   ( 9 5 . 1 % )   ( B i o n o m i c s  EG&G I n c .  

1979d)  and  BoleroR 8EC ( 8 5 . 2 % )  (B ionomics  EG&G I n c .  1 9 7 9 f )  with 

l a r v a l   e a s t e r n   o y s t e r s  C r a s s o s t r e a   v i r g i n i c a .  T e s t i n g   p r o c e d u r e s  

o u t l i n e d  by ASTM ( € 7 2 4 )  were   f o l l owed .   Concen t ra t i ons   were  

r e p l i c a t e d   t h r e e   t i m e s  and t h e r e  was a d i l u t i o n   w a t e r  and s o l v e n t  

c o n t r o l   t r e a t m e n t  and  a g e o m e t r i c   s e r i e s  o f  f i v e   c o n c e n t r a t i o n s .  

Water q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t s  with t h i o b e n c a r b  

t e c h n i c a l  and  BoleroR 8EC were:   temperature 22 'C, pH 7 .7 -7 .8 ,  

s a l i n i t y  2 6  o/oo and  d isso lved  oxygen 82% s a t u r a t e d .   T o x i c a n t  

c o n c e n t r a t i o n s   w e r e   n o t   m e a s u r e d .   C o n t r o l   s u r v i v a l  was 100% f o r  

d i l . u t i o n   w a t e r  and 96% f o r   s o l v e n t .  The  48-h LC,, va lues   were  

560 u g / L   ( t e c h n i c a l )  and 320 u g / L   ( B o l e r o R  8EC) ( T a b l e   2 ) .  

B ionomics EG&G ( 1 9 7 9 e l  - I n  1 9 7 9 ,  96-h s t a t i c   t o x i c i t y   t e s t  was 

conducted by Bionomics EG&G f o r  Chevron  Chemical Company on 

Bo le roR 8EC ( 8 5 . 2 % )   w i t h   s u b a d u l t   f i d d l e r   c r a b s  Uca p u g f l a t o r .  

T e s t i n g   p r o c e d u r e s   o u t l i n e d  by ASTM (€729)   were   f o l l owed .  Each 
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t e s t  had a d i l u t i o n   w a t e r  a n d   s o l v e n t   c o n t r o l   t r e a t m e n t   a n d  a 

g e o m e t r i c   s e r i e s  o f  f i v e   c o n c e n t r a t i o n s .   W a t e r . q u a l i t y  

p a r a m e t e r s   d u r i n g   t h e   t e s t s   w e r e :   t e m p e r a t u r e  2 2  "C, pH 7 .8-8 .0 ,  

s a l i n i t y  27 o / o o  and d isso lved  oxygen  89-92%  sa tura ted .   Tox icant  

c o n c e n t r a t i o n s   w e r e   n o t   m e a s u r e d .   C o n t r o l   s u r v i v a l  was 100%. 

The 96 -h  LC,, v a l u e  was 4,400  ug/L  (Table 2 ) .  

Bionomics EG&G (19801 - I n  1980,  96-h s t a t i c   t o x i c i t y   t e s t  was 

conduc ted   on   t h iobencarb   t echn ica l   (100%)   6 -8   day   o ld   mys id  

sh r imp   Mys fdops is  bah ia .  Tes t ing   p rocedures   ou t l i ned   by   Chev ron  

Chemical Company (1980)   were   fo l lowed.  Each t e s t  had a d i l u t i o n  

wa te r   and   so l ven t   con t ro l   and  a s e r i e s   o f   f i v e   c o n c e n t r a t i o n s .  

Water q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t   w e r e :   t e m p e r a t u r e  2221 

"C, pH 7 . 9 ,  s a l i n i t y  30  o/oo  and d i sso l ved   oxygen   >78%  sa tu ra t i on .  

T o x i c a n t   l e v e l   m o n i t o r i n g  was. n o t   m e n t i o n e d .   S u r v i v a l   o f   t h e  

c o n t r o l s  was 100%. The 96-h LC,, va lue  was 150  ug/L  (Table 2 ) .  

Bor thwick  and  Walsh  (19811 - I n  1981,  48-h  and  96-h s t a t i c  

t o x i c i t y   t e s t s  were  conducted  on  th iobencarb ( 9 5 . 5 % )  w i t h   a l g a e  

Ske  letonema costaturn, e a s t e r n   o y s t e r   l a r v a e   C r a s s o s t r e a  

v i r g i n i c a ,   j u v e n i l e   m y s i d   s h r i m p   M y s i d o p s i s  b a h i a ,  and  28-day o l d  

sheepshead  minnow C y p r  i nodon   va r iega tus .   Tes t i ng   p rocedures  

o u t l i n e d   b y  ASTM ( E 7 2 4 ;  E729)   were   fo l lowed.   Water   qua l i t y  

p a r a m e t e r s   f o r   a l g a e   c u l t u r e   d u r i n g   t h e   t e s t   w e r e :   t e m p e r a t u r e  

20.0+0.5 "C, s a l i n i t y  30 o / o o  and   pho to   pe r iod  14 hours /day .  

Water q u a l i t y   p a r a m e t e r s   f o r   a n i m a l   t e s t s   w e r e :   t e m p e r a t u r e  

2 5 2 1  "C and s a ' l i n i t y  20 O / O O .  C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d  
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t h r e e   t i m e s  and t h e r e  was a c o n t r o l .  Number o f  exposure 

c o n c e n t r a t i o n s   w e r e   n o t   g i v e n .  The  96-h LC,, f o r   m y s i d  was 

370 ug/L  and f o r  sheepshead  minnow was >1,000 ug /L   (Tab le  2 ) .  

The  48-h EC,, f o r   E a s t e r n   o y s t e r  was 1,000<  (10,000  ug/L  (Table 

2 ) .  The 48-h EC,, f o r   a l g a e   r a n g e d   f r o m  327  t o  459  ug /L   (Tab le  

1 0 ) .  The EC,, f o r   a l g a e  was d e t e r m i n e d   u s i n g   g r o w t h   i n h i b i t i o n  

as t h e   e f f e c t .  

B o r t h w i c k   e t   a l .   ( 1 9 8 5 1  - I n  1985,  96-h s t a t i c  and  f low- th rough 

t o x i c i t y   t e s t s   w e r e   c o n d u c t e d  on t e c h n i c a l   t h i o b e n c a r b   ( 9 5 . 5 % )  

w i th   four   ages   (day-o f -ha tch ,   7 -day ,   14-day ,   28-day)  o f  t h r e e  

e s t u a r i n e   f i s h e s :   C a l i f o r n i a   g r u n i o n   L e u r e s t h e s   t e n u i s ,   A t l a n t i c  

s i l v e r s i d e   M e n i d i a   m e n i d i a ,  and t i d e w a t e r   s i l v e r s i d e  Menidia  

peninsu7a.  T e s t i n g   p r o c e d u r e s   o u t l i n e d  by ASTM (€729)   were 

f o l l o w e d .   T e s t s   h a d   s o l v e n t   a n d   d i l u t i o n   w a t e r   c o n t r o l  

t r e a t m e n t s  and  a g e o m e t r i c   s e r i e s   o f   f i v e   e x p o s u r e  

c o n c e n t r a t i o n s .   W a t e r   q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t s   w e r e :  

t empera tu re  25 'C and s a l i n i t y  20-25 o/oo. T o x i c a n t  

concen t ra t i ons   were   measured   a t   48 -h   and   96 -h   du r ing   t he   t es t   and  

r e c o v e r y   o f   s p i k e d   s a m p l e s  was 96%.  S u r v i v a l   o f   c o n t r o l s  

averaged 95%. The 96-h LC,, v a l u e s   f o r   f l o w - t h r o u g h   t e s t s   r a n g e d  

f rom 199-865 u g / L   a n d   f o r   s t a t i c   t e s t s   r a n g e d   f r o m   2 6 9 - 1 , 4 0 5   u g / L  

( T a b l e   2 ) .  

Brown e t   a l .  ( 1 9 7 9 1  - I n  1978,  96-h s t a t i c   a c u t e   t o x i c i t y   t e s t s  

were   conduc ted   on   mo l i na te   t echn ica l   (98 .3%)   w i th  6 - w k  o l d  

c h a n n e l   c a t f i s h  I c t a l u r u s   p u n c t a t u s .  T e s t i n g   p r o c e d u r e s  

c 
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o u t l i n e d , b y  APHA ( 1 9 7 1 )  were  fo l lowed.  Tap  and r i c e  paddy  water 

were  used as d i l u t i o n   w a t e r .   C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   a n d  

t h e r e  was a s o l v e n t   ( a c e t o n e )   c o n t r o l .   W a t e r   q u a l i t y   p a r a m e t e r s  

d u r i n g   t h e   t e s t   w e r e :   t e m p e r a t u r e  2 3 t 2  O C ,  pH 6 . 4 - 8 . 5 ,  

a l k a l i n i t y  22  mg/L CaCO, and tes t   vesse ls   were   ae ra ted .   The re  

was n o   s p e c i f i c   m e n t i o n  o f  t o x i c a n t   c o n c e n t r a t i o n   l e v e l s ,  

t o x i c a n t   l e v e l   m o n i t o r i n g ,   o r   a n a l y t i c a l   q u a l i t y   c o n t r o l .  

S u r v i v a l   o f   c o n t r o l s  was g rea te r   t han   90%.  The  96-h LC,, v a l u e s  

were  29.4 mg/L f o r   r i c e  paddy  water  and 3 3 . 2  mg/L f o r   t a p   w a t e r  

( T a b l e  1 ) .  

Cheah e t   a l .   ( 1 9 8 0 1  - I n  1 9 7 9 ,  96-h s t a t i c   t o x i c i t y   t e s t  was 

conducted   on   mo l ina te  ( %  n o t   g i v e n )   w i t h   j u v e n i l e   c r a y f i s h  

P r o c a m b a r u s   c 7 a r k i i .   T e s t   p r o c e d u r e s   o u t l i n e d   b y   t h e  

E n v i r o n m e n t a l   P r o t e c t i o n  Agency (U.S. EPA 1975)   were  fo l lowed 

w i t h  some m o d i f i c a t i o n s .   C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   t h r e e  

t imes  and  there  was a d i l u t i o n   w a t e r  and s o l v e n t   c o n t r o l s .   W a t e r  

q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t   w e r e :   t e m p e r a t u r e ' Z O i 3  'C, pH 

8 . 4 ,  and  hardness 100 mg/L. S p e c i f i c   t o x i c a n t   c o n c e n t r a t i o n s  and 

a n a l y t i c a l   q u a l i t y   c o n t r o l  were n o t   m o n i t o r e d .   S u r v i v a l   o f  

c o n t r o l s   a v e r a g e d  95%. The 96-h LC,, v a l u e  was 1 4  mg/L 

( T a b l e  1 ) .  

F a c l q e l l a   e t   a l .  1990 - I n  1 9 8 8 ,   9 6 - h   f l o w - t h r o u g h   t o x i c i t y   t e s t s  

were  conducted  on  BoleroR 8EC (85 .2%  th iobencarb) ,   OrdramR 8EC 

( 9 0 . 3 %   m o l i n a t e ) ,   a n d   m i x t u r e s  of t h e   t w o   w i t h   j u v e n i l e   s t r i p e d  

bass   Morone   saxa t i7 i s   and   j uven i l e   mys id   Neomys is   merced is .  
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Test   method  ou t l ined   by  ASTM ( E 7 2 9 1  was f o l l o w e d .   F i v e   t o x i c a n t  

c o n c e n t r a t i o n s   ( d i l u t i o n   f a c t o r   0 . 5 6 )   w e r e   t e s t e d   i n   d u p l i c a t e  

w i t h  a w a t e r   c o n t r o l .   W a t e r   q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t s  

were:   temperature  16.5-18.8 O C ,  d isso lved  oxygen  8 .43-9.40  mg/L,  

pH 8 .06-8 .43 ,   conduct iv i t y   1353-3587 usemens,  hardness 215-491 

mg/L CaCO,, and a l k a l i n i t y  115-168 mg/L CaCO,. C o n t r o l   s u r v i v a l  

was >90% f o r   t h e   v a l u e s   u s e d .   T o x i c a n t   l e v e l  was m o n i t o r e d   a t  24 

and 7 2  hours   and  ranged  f rom  74-145%  o f   nomina l   fo r   th iobencarb  

and  60-76% o f   n o m i n a l   f o r   m o l i n a t e .  The 96-h LC,, va lues  were 

1 . 3  mg/L f o r   m o l i n a t e  with 28-d o l d   m y s i d  and  2.3  mg/L f o r  

m o l i n a t e   w i t h   j u v e n i l e   m y s i d   ( T a b l e  1 ) ;  760-1000  ug/L f o r  

t h i o b e n c a r b   w i t h   j u v e n i l e   s t r i p e d   b a s s  and  350  ug/L f o r  

t h i o b e n c a r b   w i t h  28-d o l d   m y s i d   ( T a b l e  2 ) ;  and  0.19 mg/L m o l i n a t e  

and  0.06 mg/L t h i o b e n c a r b   f o r   t h e   m i x t u r e   w i t h   2 8 - d   m y s i d  and 0 .8  

mg/L m o l i n a t e  and 0 . 1 7  mg/L t h i o b e n c a r b   f o r   t h e   m i x t u r e   w i t h  

j u v e n i l e   m y s i d   ( T a b l e  3 ) .  

F a a a e l l a  and F i n l a v s o n   ( 1 9 8 7 1  - From  1984 through  1986,  96-h  and 

144-h t o x i c i t y   t e s t s  were  conducted  by CDFG on  OrdramR 8EC 

( 9 0 . 3 % )  and B o l e r o R  8EC ( 8 5 . 2 % )   w i t h   l a r v a l  and j u v e n i l e   s t r i p e d  

bass Morone saxatilis. T e s t i n g   p r o c e d u r e s   o u t l i n e d  by ASTM 

(E729)   were  fo l lowed.  CDFG had a v a r y i n g   d e g r e e   o f   s u c c e s s   i n  

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

c o n t r i b u t i n g   t o   p o o r   s u r v i v a l .   C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d  

and t h e r e  was a c o n t r o l   t r e a t m e n t  and  a g e o m e t r i c   s e r i e s   o f   f i v e  

c o n c e n t r a t i o n s   ( d i l u t i o n   f a c t o r   o f   0 . 6 ) .   W a t e r   q u a l i t y  

p a r a m e t e r s   d u r i n g   t h e   t e s t s   w i t h   l a r v a e   w e r e :   t e m p e r a t u r e  1 7  t o  

20 O C  a n d ' d i s s o l v e d   o x y g e n   > 9 0 %   s a t u r a t e d .   T e s t s   w i - t h   j u v e n i l e  

6 1  



bass  were  conducted i n  f r e s h w a t e r   a t  a tempera tu re  o f  17 .4  'C. 

Tox icant   concent ra t ions   were   measured  a t   24-h ,   72-h ,   and  96-h  

d u r i n g  the t e s t  and average 86% o f  e x p e c t e d   c o n c e n t r a t i o n s   f o r  

mo l ina te   and 7 7 %  f o r   t h i o b e n c a r b .  The t e s t s   w h i c h   w e r e  

s u c c e s s f u l  ( (10% c o n t r o l   m o r t a l i t y )  showed  96-h LC,, o f   6 . 6   t o  14 

mg/L f o r  m o l i n a t e   ( T a b l e  1 1 ,  6 7 0  u g / L   f o r   t h i o b e n c a r b   ( T a b l e  2 )  

a n d   t h e   m i x t u r e  was found t o  e x h i b i t   a d d i t i v e   t o x i c i t y   w i t h  LC,, 

v a l u e s   r a n g i n g  from 3 .0 -7 .9  mg/L f o r   m o l i n a t e   a n d   0 . 2 4 - 0 . 5 2  mg/L 

f o r   t h i o b e n c a r b   ( T a b l e  3 ) .  

Faqae l la   and  F in layson  (19881  and Chaoman (19881  - I n  1987, 

9 6 - h   f l o w - t h r o u g h   t o x i c i t y   t e s t s   w e r e   c o n d u c t e d   b y  CDFG ( a t  

A q u a t i c   T o x i c o l o g y   L a b o r a t o r y )   a n d  EPA on  OrdramR 8EC (90.3%)  and 

Bolero '  8EC ( 8 5 . 2 % )   w i t h   s t r i p e d   b a s s  Morone saxati7is. CDFG 

a l s o   c o n d u c t e d   t e s t s  w i th  t h e   m y s i d  Neomysis mercedis. T e s t i n g  

p r o c e d u r e s   o u t l i n e d  by ASTM (E7491  were   fo l lowed.   Concent ra t ions  

w e r e   r e p l i c a t e d   a n d   t h e r e  was  a c o n t r o l   t r e a t m e n t   a n d  a geomet r i c  

s e r i e s  o f  f i v e   c o n c e n t r a t i o n s .  Water q u a l i t y   p a r a m e t e r s  d'.t:-<q'; 

t h e  CDFG t e s t s   a v e r a g e d :   t e m p e r a t u r e  1 8 . 5  O C ,  pH 8 . 3 ,  h a r d r e s s  

443 mg.'- :CaCO,, a l k a l i n i t y  1 5 4  mg/L CaCO,, s a l i n i t y  1 . 7  a/oo ; - : S  

d i s s o l v e d   o x y g e n  8 .8  mg/L.  Water q u a l i t y   p a r a m e t e r s   d u r i n g   t h e  

EPA tes ts   ranged :   t empera tu re   16 .2 -19 .0  O C ,  pH 7 . 8 - 8 . 0 ,   s a l i n i t y  

2 . 5  o/oo and  d isso lved  oxygen  9 .1 -9 .6  mg/L. T o x i c a n t  

concent ra t ions   were   measured  a t   24-h   and  72-h   dur ing   the   tes t   and 

averaged  107% o f   e x p e c t e d   c o n c e n t r a t i o n s  f o r  mo l ina te   and  109% 

f o r   t h i o b e n c a r b .  EPA f o l l o w e d   t e s t i n g   p r o c e d u r e s   o u t l i n e d   b y  

CDFG. T o x i c a n t   c o n c e n t r a t i o n s   f o r  EPA t e s t s   a v e r a g e d  76% o f  
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e x p e c t e d   c o n c e n t r a t i o n s   f o r   t h i o b e n c a r b .   S u r v i v a l   o f   c o n t r o l s   i n  

CDFG t e s t s   w i t h   j u v e n i l e   s t r i p e d   b a s s   a v e r a g e d  95% and t h e   m y s i d  

91%. EPA r e p o r t e d   s u r v i v a l   o f   t h e   s t r i p e d   b a s s   c o n t r o l s   a t  

92-100%. The 96-h LC,, v a l u e s   f o r  CDFG and EPA t e s t s   r a n g e d   f r o m  

8.8-10 mg/L f o r   m o l i n a t e  and  440-1,000  ug/L f o r   t h i o b e n c a r b   w i t h  

j u v e n i l e   s t r i p e d   b a s s  and 1 . 3 .  mg/L f o r   m o l i n a t e  and 300 u g / L ' f o r  

t h i o b e n c a r b  with t h e   j u v e n i l e   m y s i d   ( T a b l e s  1 and 2 ) .  

F i n l a v s o n  and F a q q e l l a   ( 1 9 8 6 )  - I n  1983  and  1984, 96-h 

f l o w - t h r o u g h   t o x i c i t y   t e s t s   w e r e   c o n d u c t e d   o n   O r d r a m R  8EC 

( 9 0 . 3 %   m o l i n a t e )  and  BoleroR 8EC ( 8 5 . 2 %   t h i o b e n c a r b ) ,  and 

m o l i n a t e - t h i o b e n c a r b   m i x t u r e s   ( a p p r o x i m a t e l y  1 : i  LC,, v a l u e  

r a t i o s )   w i t h   j u v e n i l e   s t e e l h e a d  Oncorhynchus mykiss,  ch inook  

salmon  Oncorhynchus tshawtscha, c h a n n e l   c a t f i s h  I c t a l u r u s  

punctatus,  and s t r i ped   bass   Morone  s a x a t i l i s .  T e s t i n g   p r o c e d u r e s  

o u t l i n e d  by ASTM (E749) were   f o l l owed .   Concen t ra t i ons   were  

r e p l i c a t e d  and t h e r e  was a c o n t r o l   t r e a t m e n t  and  a geomet r i c  

s e r i e s   ( d i l u t i o n   f a c t o r   o f  0 . 6 )  o f   f i v e   c o n c e n t r a t i o n s .   W a t e r  

q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t s   w e r e :   t e m p e r a t u r e   1 1 - 1 8  O C ,  

pH 6 . 9 - 7 . 2 ,  a l k a l i n i t y  18-19 mg/L CaCO,, and d i sso l ved   oxygen  90% 

s a t u r a t e d .   T o x i c a n t   c o n c e n t r a t i o n s   w e r e , m e a s u r e d   a t  24-h and 

72-h d u r i n g   t h e   t e s t  and  averaged 95% o f   e x p e c t e d   c o n c e n t r a t i o n s  

f o r   m o l i n a t e  and  64% f o r   t h i o b e n c a r b .   A n a l y t i c a l   p r e c i s i o n  was f 

10% w i t h  9 0 %   r e c o v e r y   o f   s p i k e d   s a m p l e s .   S u r v i v a l   o f   c o n t r o l s  

w i t h   j u v e n i l e   f i s h   a v e r a g e d  97%. The LC,, ranged  f rom  8.1-34.0 

mg/L f o r   m o l i n a t e   ( T a b l e  l ) ,  760-1,800  ug/L f o r   t h i o b e n c a r b  

( T a b l e  2 )  and t h e   m i x t u r e  was f o u n d   t o   e x h i b i t   a d d i t i v e   t o x i c i t y  
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w i t h  LC,, rang ing   f rom  6 .8 -18  mg/L fo r   mo l i na te   and   0 .36 -0 .99  

mg/L f o r  t h i o b e n c a r b   ( T a b l e   3 ) .  

F u . i i m u r a   e t   a l .   ( i n   D r e s s 1  - I n  1989, 9 6 - h  f l o w - t h r o u g h   t o x i c i t y  

t es ts   were   conduc ted   on   Bo le roR 8EC ( 8 5 . 2 %   t h i o b e n c a r b )  wi th 

j u v e n i l e   s t r i p e d   b a s s  Morone saxati7is. T e s t   m e t h o d s   o u t l i n e d   b y  

ASTM ( E 7 4 9 )   w e r e   f o l l o w e d .   F i v e   t o x i c a n t   c o n c e n t r a t i o n s  

( d i l u t i o n   f a c t o r   0 . 5 6 )   w e r e   t e s t e d   i n   d u p l i c a t e  w i th  a wa te r  

c o n t r o l .   W a t e r   q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t s   w e r e :  

tempera ture   18 .0-18 .5  OC,  d i sso l ved   oxygen   7 .17 -7 .37  mg/L, pH 

7 . 5 3 - 7 . 8 0 ,   c o n d u c t i v i t y  2600-2975  usemsns,  hardness  379-490 mg/L 

CaCO,, and a l k a l i n i t y  1 5 2 - '  

ranged  f rom  97-100%.  Toxi  

hours   and  ranged  f rom 7 1 - 1  

ranged  f rom  640-770  ug/L ( 

I C 1  (1988a1 - I n  1988,  48 

.:(:::ducted by IC1 Amer ica,  

03% 

Tab 

h f  

I n c ,  

154  mg/L CaCO,. C o n t r o l   s u r v i v a l  

c a n t   l e v e l  was m o n i t o r e d   a t  24  and 72 

o f   n o m i n a l .  The  96-h LC,, va lues  

l e  2 ) .  

l o w - t h r o u g h   t o x i c i t y   t e s t  was 

( f o r m e r l y  Stc~~"er~ .?hem;cal 

?T:qpany) on m o l i n a t e   t e c h n i c a l   ( 9 7 . 6 % )  witi- C 3 s w i a  magna. 

- + - L i n g   p r o c e d ~ . r e s   o u t l l c e d  by A S T M  (E7491 31: ~ . S .  EPA ( ' 2 7 5 '  

w e r e   f o l l o w e d .   C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   a n d   t h e r e  was a 

c o n t r o l   t r e a t m e n t   a n d  a s e r i e s  o f  s i x  c o n c e n t r a t i o n s   ( d i l u t i o n  

f a c t o r   0 . 6 ) .   W a t e r   q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t s  

were:   temperature  19.5-20.5 O C ,  pH 8 .2-8 .3 ,   and  d isso lved  oxygen 

92% s a t u r a t e d .   T o x i c a n t   c o n c e n t r a t i o n s   w e r e   m e a s u r e d   a t  0 and  48 

h o u r s   a n d   w e r e   8 7 - 1 0 6 %   o f   e x p e c t e d   c o n c e n t r a t i o n s .   S u r v i v a l   o f  

c o n t r o l s  was 100%.  The  48-h LC,, v a l u e  was 14.9 mg/L ( T a b l e  1 ) .  
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IC1  (1988b: 1988~) - In 1988, 96-h flow-through  toxicity tests 
were  conducted by IC1 America, Inc.  on  molinate  technical (97.6%) 

with juvenile bluegill  sunfish Lepomis  macrochirus (IC1  1988c) 

and  rainbow  trout Oncorhynchus  mykiss (IC1 1988b). Testing 

procedures  were  outlined in a  Stauffer  Chemical  Company  protocol 

which closely  resembled  those  of  ASTM  (€749).  Concentrations 

were  replicated  and  there was a  control  treatment  and  a  geometric 

series  of five concentrations  (dilution  factor 0 . 5 ) .  Water 

quality  parameters  during the bluegill tests were:  temperature 

22 'C,  pH 7 . 1 ,  dissolved  oxygen 7 . 0 - 8 . 4  mg/L (90% of saturated). 

Water  quality  parameters  during the trout  test  were:  temperature 

1 2 . 3 - 1 2 . 5  'C,  pH 7 . 1 - 7 . 2 ,  and  dissolved  oxygen  7.6-8.4  mg/L  (74% 

of  saturated).  Toxicant  concentrations  were  measured at 24 and 

96 hours during  the  test  and  averaged  between 62 and 103% of  

expected  concentrations.  Survival of controls was 100% for both 

species. The 96-h LC,, values for bluegill  and  rainbow trout 

were 2 4 . 7  and 13 .0  mg/L,  respectively  (Table 1 ) .  

Sanders (1970al - In 1970, 96-h static toxicity test was 

conducted on molinate  technical ( %  not  given)  with  four and 

five-week old Fowler's toads Eufo  w o o d h o u s i i   f o w l e r i i .  Tests had 

solvent  control  treatment  and a series of  four  or five (varied 

with  test)  concentrations.  Water  quality  parameters  were: 

temperature 1 5 . 5 t 0 . 5  OC, pH 7 . 1 ,  alkalinity 30 mg/L CaCO,,  and 

the water was aerated. Specific toxicant concentrations, and 

toxicant level  monitoring  were  not  mentioned.  Control  survival 

was 100%. The 96-h'LC5,, value was 14.0 mg/L (Table 1 ) :  
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Sanders  and  Hunn (1982) - In 1981, 48-h and 96-h static  toxicity 

tests  were  conducted  on  BoleroR  (85.2%)  with first instar Daphnia 

magna, amphipod Gammarus pseudolirnnaeous, juvenile and  mature 

crayfish Oronectus n a i s ,  and Procambrus c l a r k i ,  rainbow  trout 

Oncorhynchus mykiss, channel  catfish Ictalurus punctatus,  and 

bluegill Lepomis macroch i rus .  Test procedures  outlined by the 

U . S .  €PA (1975) were  followed.  Water  quality  parameters during 

the  test were: temperature  varied  per species from 12-21  OC, pH 

7.4, alkalinity 35 mg/L CaCO,,  and hardness 40 mg/L  CaCO,. 

Specific  concentration  levels,  toxicant level monitoring, 

analytical  quality control, and  control  survival  were  not 

mentioned  but  verified as acceptable by authors  (personal 

communication  with J. Hunn). The 96-h LC,, and 48-h EC,, values 

ranged  from 1,000-6,500 ug/L (Table 2). These  values  are  about 

channel 

1986). 

,If  times  those  obtained  for  rainbow  trout 

low  through  tests by Finlayson and Faggel 

one'and a ha 

catfish in f 

and 

la ( 

Schaefer et  al. (19821 - In 1982, 96-h static and  flow-through 

toxicity  tests  were  conducted on thiobencarb  technical  (94.5%) 

and  BoleroR 8 EC (85.2%)  with  mosquitofish Gambusia a f f i n i s .  

Each  test  had  a solvent (acetone) control  and a series of five 

concentrations.  Dissolved  oxygen and pH were  monitored 

continuously  during  the  tests  though  values were not given. 

Toxicant  concentrations  were  measured at 0 and 96-h and  averaged 

28% and 106% of  expected  concentrations for static and 

flow-through tests, respectively.  Percent  recoveries o f  spiked 
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samp les   were   g rea te r   t han   92%.   Con t ro l   su rv i va l  was n o t  

m e n t i o n e d   b u t   s t a t e d   a s   a c c e p t a b l e  by a u t h o r s   ( p e r s o n a l  

communicat ion,   8 .   Schaefer) .  The 96-h LC,, va lues   ranged   f rom 

1,300-3,100 ug /L   (Tab le  2 ) .  The v a l u e   o b t a i n e d   i n   t h e   s t a t i c  

t e s t  on t h e   B o l e r o R  8EC was t w i c e   t h e   v a l u e   o b t a i n e d   i n   t h e   f l o w  

t h r o u g h   t e s t .  

ThomDson ( 1 9 8 0 a :   1 9 8 0 b :   1 9 8 0 ~ 1  - I n  1980,  48-h  and  96-h s t a t i c  

t o x i c i t y   t e s t s  were   conduc ted   by   Ana ly t i ca l   B io   Chemis t r y  ( A B C )  

L a b o r a t o r i e s ,   I n c .   f o r   C h e v r o n   C h e m i c a l  Company on   Bo le roR 10G 

(10%) w i t h   r a i n b o w   t r o u t   O n c o r h y n c h u s  mykiss (Thompson  1980a), 

b l u e g i l l  Lepornis  macrochirus,  (Thompson  1980b),  and 

Daphnia magna (Thompson 1 9 8 0 ~ ) .   T e s t i n g   p r o c e d u r e s   o u t l i n e d   b y  

t h e  APHA (1976)   were   f o l l owed .  Each t e s t  had a c o n t r o l   t r e a t m e n t  

and  a g e o m e t r i c   s e r i e s   o f   f i v e   c o n c e n t r a t i o n s   ( s i x   f o r   d a p h n i a ) .  

Water q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t s   w e r e :   t e m p e r a t u r e  

12-22 'C, pH 7.6, hardness 25 mg/L CaCO,, and d i s s o l v e d   o x y g e n  

40-100% s a t u r a t e d .   T o x i c a n t   c o n c e n t r a t i o n s   w e r e   m e a s u r e d   a t  0 

and 96  h o u r s   o f   t e s t i n g  and  averaged  88-118% o f  expec ted  

c o n c e n t r a t i o n s .   S u r v i v a l  o f  c o n t r o l s  was 100%. The LC,, v a l u e s  

a re   based   on   measured   t h iobencarb   concen t ra t i on   and   t he   med ia   f o r  

t h e   g r a n u l e s  was assumed t o  h a v e   n o   i n f l u e n c e   o n   t o x i c i t y .  The 

96-h LC,, va lues   ranged from 560 u g / L   f o r   b l u e g i l l   t o  1 ,500  ug/L 

f o r   t r o u t .  The 48-h EC,, f o r   d a p h n i a . b a s e d   o n   c l u m p i n g   e f f e c t  

( a d h e r e n c e   o f   t w o   o r  more  daphnids t o  e a c h   o t h e r )  was 460 ug /L  

( T a b l e  2 ) .  

E 
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Thomoson  et al. (19881 - In 1988, 48-h static  toxicity  test was 

conducted  on  molinate  technical  (97.6%)  with  pacific  oyster 

Crassostrea g i g a s  embryos.  The  embryos  were 2.3 hours 

post-fertilization  at  the start  of the  test.  Testing  procedures 

outlined by ASTM (E724) were followed. Concentrations  were 

replicated  four  times  and  there was a  control  and  a series of 

eight  concentrations.  Water  quality  parameters  during the test 

were:  temperature 2 0 + l  OC, p H  7.09-8.10, salinity 33.7 o / o o ,  and 

dissolved  oxygen 7.07-7.6 mg/L. Toxicant  concentrations  were 

measured  at  the start and finish  of  each  test and  ranged  from 94 

to  99% of expected  concentrations.  Control survival was 86% and 

75% of the embryos developed  normally.  The 48-h EC,, based  on 

abnormal  larvae  development  as effect was 38 mg/L (Table 1 ) .  

Union  Carbide (1977) - In 1977,.48-h static  toxicity  test was 

conducted on rnolinate technical ( %  not given) with Daphnia magna. 

Tests procedures  outlined by the U.S. EPA (1975) were  followed. 

Concentrations  were  replicated  four tiimc. :"c + I  , ' C Y  AijS 2 

dilution  water and s:,lvent  control  and 3 : I + . +  CT ~ ive 

concentrations. h i L c : .  quality  paranet+ . . .  ~. .~ . -  . .:e.ra- - 

17t1 'C,  pH 7.5-7.6, hardness 52 mg/L CaCO,, alkalinity  27 mg/L 

CaCO,,  and dissolved  oxygen 7.8-8.4. Control  survival  was 100% 

for  water  and  95% for solvent.  The 48-h LC,, was 19.4 mg/L 

(Table 1 ) .  

- -  , -  

Union  Carbide (19781 - In 1978, 96-h static toxicity  test was 

conducted  on rnolinate technical (97.8%) with  common  carp 
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Cyprinus  carpio. Test  procedures  outlined by the U.S .  EPA (1975) 

were  followed.  Tests had a dilution  water and solvent  controls 

and a series  of  five  concentrations.  Dilution  water  quality 

parameters  were:  temperature 22t0.5 'C, pH 6.2-7.3, hardness 46 

mg/L, and dissolved  oxygen 1.3-8.7 mg/L. Specific  concentration 

levels  and  toxicant  level monitoring  were  not  mentioned. 

Dilution  water  and solvent  control  survival  were 100%. The 96-h 

LC,, value  was 42.8 mg/L (Table 1 ) .  

Wheeler (1978a: 1978b) - In 1978, 48-h static  toxicity  tests  were 
conducted by Chevron  Chemical  Company  on  thiobencarb  technical 

(94.4%) (Wheeler 197813)  and BoleroR 8EC ( 8 5 . 5 % )  (Wheeler  1978a) 

with first instar  Daphnia magna. Concentrations were replicated 

three  times and there  was a control  treatment  and a geometric 

series (dilution factor of 0.6) of three  concentrations.  Water 

quality  parameters during the  test  were:  temperature  17+1.5 'C, 

pH 8.0-8.1, hardness 36-39 mg/L  CaCO,,  and dissolved  oxygen 

94-100% saturation.  Toxicant  concentrations  were  measured  at 0 

and 48 hours and  were 88-109% of  expected  concentrations with an 

average 13% loss o f  active  thiobencarb in the  test  solutions 

after 48 hours.  Survival  of  controls  was 100%. The 48-h EC,, 

values for daphnia were 101 ug/L (technical) and 211  ug/L 

(BoleroR 8EC) (Table 2 ) .  

Woodard  Research  Comuanv (19651 - In 1965, 96-h static toxicity 
tests  were  conducted  on  molinate  technical (97.8%) with goldfish 

Carrassius auratus and bluegill Lepomis  macrochirus. 
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Concent ra t ions   were   rep l i ca ted   and  had a d i l u t i o n   w a t e r   a n d  

s o l v e n t   ( a c e t o n e )   c o n t r o l   a n d   g e o m e t r i c   s e r i e s  o f  f i v e   ( g o l d f i s h  

t e s t )  and f o u r   ( s u n f i s h   t e s t )   c o n c e n t r a t i o n s .   W a t e r   q u a l i t y  

parameters  were:   temperature 6 1 - 6 6  OF ( f o r   a l l   s p e c i e s )  and 

hardness 48 mg/L CaCO, (no   o ther   parameters   were   ment ioned) .  

Tox i can t   concen t ra t i ons   were   no t   measured .   D i l u t i on   wa te r   and  

s o l v e n t   c o n t r o l   s u r v i v a l  was 100X f o r   t e s t s   w i t h   t h e   t w o   s p e c i e s .  

The  96-h LC,, values  were 30 .0  and  29.0 mg/L f o r   g o l d f i s h  and 

s u n f i s h ,   r e s p e c t i v e l y   ( T a b l e  1 ) .  

Yo0 ( 1 9 7 9 1  - I n  1 9 7 8 ,   a p p r o x i m a t e l y   7 - d   t o x i c i t y   t e s t s   w e r e  

conducted   on   th iobencarb   techn ica l  ( %  n o t   g i v e n )   w i t h   t h e   a l g a e  

Ch lo re7 l   py reno idosa .   Th i s  was a Ph.D.   research   s tudy   wh ich   d id  

n o t   f o l l o w   s t a n d a r d   p r o c e d u r e s   o u t l i n e   b y  ASTM o r  APHA. 

C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   t h r e e   t i m e s ,   t h e r e  was a s o l v e n t  

( a c e t o n e )   c o n t r o l  and  a s e r i e s   ( d i l u t i o n   f a c t o r  o f  0 . 5 )  o f   e i g h t  

concen t ra t i ons .   Wate r   qua l i t y   pa ramete rs   were :   t empera tu re  22+2 

OC, pH 8 . 2 - 9 . 2 ,   a n d   c u l t u r e   a e r a t i o n .   T o x i c a n t  was i n t r o d u c e d   t o  

g r o w t h   c u l t u r e   e v e r y  3 d a y s   t h r o u g h   n u t r i e n t  medium.  The  Medium 

I n h i b i t o r y  L i m i t  ( IL,),  LOEC and NOEC based  on maximum s p e c i f i c  

growth  ra te  were  1 ,600,  60  and 40 u g / L ,   r e s p e c t i v e l y   ( T a b l e   1 0 ) .  

The  IL,  based on 3 - d   p r o d u c t i o n  was 30 ug/L  and  based  on  standing 

c r o p  was 60 ug/L.   Exper iments on c o n t i n u o u s   c u l t u r e s   i n d i c a t e d  

an i n c r e a s e   i n   t h e   l a g   p h a s e   o f   b a t c h   c u l t u r e   C h 7 o r e 7 7 a  p .  a t  a 

c o n c e n t r a t i o n   o f  10 ug /L ,   however   the   inc rease was n o t  

s i g n i f i c a n t   a t  95%.  The  IL,  based  on  increase i n   l a g  phase was 

30 ug/L.  
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Unaccepted Data - The f o l l o w i n g   s t u d i e s   w e r e   u n a c c e p t e d   t o x i c i t y  

t e s t s  and t h e r e f o r e   n o t   u s e d   i n   d e r i v i n g   F i n a l   A c u t e   V a l u e s   f o r  

m o l i n a t e  and t h i o b e n c a r b .  

B a i l e v   ( 1 9 8 4 b r  - I n  1 9 8 3 ,   9 6 - h   f l o w - t h r o u g h   t o x i c i t y   t e s t s   w e r e  

conduc ted   on   t h iobencarb   t echn ica l  ( 9 6 . 6 % )  w i t h   w h i t e   s t u r g e o n  

f r y  Acipenser transmantanus. Tes ts   had   wa te r   con t ro l   t r ea tmen t  

( s o l v e n t   c o n t r o l   n o t   m e n t i o n e d )  and  a s e r i e s   o f   f i v e  

c o n c e n t r a t i o n s .   W a t e r   q u a l i t y   p a r a m e t e r s   w e r e :   t e m p e r a t u r e  

1 5  OC, pH 7 . 4 - 7 . 5 ,  hardness 42 mg/L CaCO,, a l k a l i n i t y  36  mg/L 

CaCO, and d i sso l ved   oxygen   9 .4 -10 .2  mg/L. T o x i c a n t   c o n c e n t r a t i o n  

was measured a t  0 and 96 h o u r s   o f   t e s t i n g  and  averaged  51-218% of 

e x p e c t e d   c o n c e n t r a t i o n s .   C o n t r o l   s u r v i v a l  was 90%.  The  96-h 

LC,, v a l u e  was 1 ,050  u g / L   ( T a b l e   8 2 ) .   T h i s   v a l u e  was 

u n a c c e p t a b l e   b e c a u s e   o f   t h e   i n s t a b i l i t y  with t o x i c a n t  

c o n c e n t r a t i o n s .  

B a i l e v   ( 1 9 8 4 ~ )  - I n  1 9 8 3 ,   9 6 - h   f l o w - t h r o u g h   t o x i c i t y   t e s t s   w e r e  

conduc ted   on   t h iobencarb   t echn ica l  ( 9 6 . 6 % )  w i t h   s t e e l h e a d  f r y  

Oncorhynchus mykiss. T e s t s   h a d   w a t e r   c o n t r o l   t r e a t m e n t   ( s o l v e n t  

c o n t r o l  not  ment ioned)  and a s e r i e s   o f   f i v e   c o n c e n t r a t i o n s .  

Water q u a l i t y   p a r a m e t e r s   w e r e :   t e m p e r a t u r e  1 2  OC, pH 7.2-7.4,  

hardness 42  mg/L CaCO,, a l k a l i n i t y  36  mg/L CaCO, and d i s s o l v e d  

oxygen  9 .2 -10 .0   mg/L .   Tox icant   concent ra t ion  was measured a t  0 

and 96 h o u r s   o f   t e s t i n g  and  averaged 9-35% o f   e x p e c t e d  

c o n c e n t r a t i o n s .   C o n t r o l   s u r v i v a l  was 100%. The LC,, v a l u e  was 
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840 u g / L   ( T a b l e   8 2 ) .   T h i s   v a l u e  was unacceptab le   because  o f  

i n s t a b i l i t y  w i th  t o x i c a n t   c o n c e n t r a t i o n s .  

B a i l e v   ( 1 9 8 4 a )  - I n  1 9 8 5 ,   9 6 - h   f l o w - t h r o u g h   t o x i c i t y   t e s t s   w e r e  

conducted on t h i o b e n c a r b   t e c h n i c a l  ( 9 6 . 6 % )  w i th  rnysid  Neomysis 

m e r c e d i s .   T e s t s   h a d   w a t e r   c o n t r o l   t r e a t m e n t   ( s o l v e n t   c o n t r o l   n o t  

ment ioned)  and a s e r i e s   o f   s i x   c o n c e n t r a t i o n s .   W a t e r   q u a l i t y  

parameters   were :   tempera ture  1 5 - 1 6  OC, pH 7 . 7  a n d   d i s s o l v e d  

oxygen  9.7-10.0 m g / L .  Tox i can t   concen t ra t i ons   were   measured   a t  0 

t o  96  h o u r s   o f   t e s t i n g  

c o n c e n t r a t i o n s .   C o n t r o  

was 2 6 . 6  ug /L   (Tab le  E2 

was o f f  by a f a c t o r  of 

t h i s   s p e c i e s .  

a 

1 

nd  averaged 86-138% of expec ted  

s u r v i v a l  was 100%. The 96-h LC,, v a l u e  

. T h i s   v a l u e  was unacceptable  because it 

0 f r o m   o t h e r   a c u t e   t o x i c i t y   v a l u e s   f o r  

C h a i y a r a c h   e t  a l .  ( 1 9 7 5 1  - I n  1 9 7 5 ,  96-h s t a t i c   t o x i c i t y   t e s t s  

were  conducted  on  mol inate ( %  n o t   g i v e n )   w i t h   m o s q u i t o f i s h  

Gambusia a f f i n i s ,  grass   sh r imp   Pa7aemone tes   kad iakens is ,   c ray f i sh  

Oronectus n a i s ,  and m a c t r i d   c l a m  Rang ia  cuneata .  T e s t i n g  

p r o c e d u r e s   o u t l i n e d  i n  APHA ( 1 9 7 1 )   w e r e   f o l l o w e d .   S p e c i f i c  

t o x i c a n t   c o n c e n t r a t i o n s ,   t o x i c a n t   l e v e l   m o n i t o r i n g ,   w a t e r   q u a l i t y  

p a r a m e t e r s   a n d   c o n t r o l   s u r v i v a l   w e r e   n o t   m e n t i o n e d .  The  96-h 

LC,, va lues   ranged   f rom 1 5 . 9  mg/L f o r   g r a s s   s h r i m p   t o  1 9 7  mg/L 

f o r  m a c t r i d   c l a m   ( T a b l e  E l ) .  These va lues  were  unacceptable 

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

su rv i   Va l  . 
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and  BoleroR 8EC ( 8 5 . 2 % )  w i th  l a r v a l  and j u v e n i l e   s t r i p e d   b a s s  

Morone saxatilis. T e s t i n g   p r o c e d u r e s   o u t l i n e d   b y  ASTM (E749) 

were   f o l l owed .   Concen t ra t i ons   were   rep l i ca ted   and   t he re  was  a 

c o n t r o l   t r e a t m e n t   a n d  a g e o m e t r i c   s e r i e s   o f   f i v e   c o n c e n t r a t i o n s  

( d i l u t i o n   f a c t o r   o f  0 . 6 ) .  Water q u a l i t y   p a r a m e t e r s   d u r i n g   t h e  

t e s t s   w e r e :   t e m p e r a t u r e  1 7  O C  t o  20 'C, 1 .6 -4 .0  o / o o  s a l i n i t y ,  

and  d isso lved  oxygen )90% s a t u r a t e d .   T o x i c a n t   c o n c e n t r a t i o n s   w e r e  

measured at 24-h, 72-h,  and  96-h   dur ing   the   tes t   and  average  86% 

o f   e x p e c t e d   c o n c e n t r a t i o n s   f o r   m o l i n a t e   a n d  7 7 %  f o r   t h i o b e n c a r b .  

The  96-h LC,, v a l u e s   f o r   m o l i n a t e ,   t h i o b e n c a r b   a n d   t h e   m i x t u r e  

ranged  f rom 2 . 1  t o  1 1  mg/L ( T a b l e  61 

and  >4.4  and 7 . 5  mg/L ( m o l i n a t e )   a n d  

( t h i o b e n c a r b )   ( T a b l e   B 3 ) ,   r e s p e c t i v e  

u n a c c e p t a b l e   b e c a u s e   o f   l o w   s u r v i v a l  

1 ,  350 t o  670  ug /L   (Tab le   82)  

> 0 . 2 6  t o   0 . 6 5  mg/L 

l y .  These  values  were 

( ( 9 0 % )  o f   c o n t r o l s .  

F a n n e l l a   a n d   F i n l a v s o n  ( 1 9 8 8 1  - I n  1987,  96-h f l o w   t h r o u g h  

t o x i c i t y   t e s t s   w e r e   c o n d u c t e d  by CDFG on   Bo le roR 8EC ( 8 5 . 2 % )   w i t h  

s t r i ped   bass   Morone  saxati7is and  the   mys id   Neornys is   merced is .  

T e s t i n g   p r o c e d u r e s   o u t l i n e d  by ASTM (E7491  were  fo l lowed.  

C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   a n d   t h e r e  was  a c o n t r o l   t r e a t m e n t  

and a g e o m e t r i c   s e r i e s   o f   f i v e   c o n c e n t r a t i o n s .   T h i o b e n c a r b  

concentrat ions  were  measured a t  24-h  and  72-h  dur ing  the  test   and 

averaged 109%. The  96-h LC,, values  were  430  and  550  ug/L 

t h i o b e n c a r b   f o r   s t r i p e d   b a s s   a n d  230   ug /L   t h iobencarb   f o r   t he  

mysid  (Table  82) .   These  va lues  are  unacceptable  because o f  low 

s u r v i v a l  ( < g o % )  o f   c o n t r o l s .  
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F a c i a e l l a   e t   a l .   ( 1 9 9 0 1  - I n  1 9 8 8 ,   9 6 - h   f l o w   t h r o u g h   t o x i c i t y   t e s t  

was conducted   on   Bo le roR 6EC ( 8 5 . 2 %   t h i o b e n c a r b )   w i t h   m y s i d  

Neomysis merCediS.   Test   method  out l ined  by ASTM (E729) was 

f o l l o w e d .  The LC,, v a l u e  was 350  u g / L   t h i o b e n c a r b   ( T a b l e   8 2 ) .  

T h i s   t o x i c i t y   v a l u e  i s  u n a c c e p t a b l e   b e c a u s e   c o n t r o l   s u r v i v a l  was 

< 90%.  

H i r a t a   e t   a l .   ( 1 9 6 4 )  - In 1 9 9 4 ,   4 - d   g r o w t h   r a t e   t o x i c i t y   t e s t s  

a1  gae 

1 v e n t  

i o n s  . 

were  conducted  by a Japanese  researcher   on   th iobencarb   w i th  

Ch lo re l7a   saccharoph i l a  and r o t i f e r  B r a c h i o n u s   p l i c a t i l i s .  

C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   a n d   t h e r e  was a water   and so 

( e t h a n o l )   c o n t r o l   t r e a t m e n t   a n d  a s e r i e s   o f   f i v e   c o n c e n t r a t  

Water q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t   w e r e :   t e m p e r a t u r e  

2 3  ‘C, pH 7 .7 -8 .2 ,   and  cons tan t   aera t ion .   Growth   ra te   and 

p o p u l a t i o n   d e n s i t y   w e r e   m o n i t o r e d .  The LC,, v a l u e   f o r   t h e  

r o t i f e r  was n o t   g e n e r a t e d   f o r   t h i s   t e s t   b e c a u s e   t h e r e  was  a 

s i g n i f i c a n t   d i f f e r e n c e   b e t w e e n   w a t e r   a n d   e t h a n o l   c o n t r o l  

t r e a t m e n t s ;   s i m i l a r   e f f e c t s   w e r e   s e e n   w i t h   t h e   a l g a e   c o n t r o l  

t r e a t m e n t s .  The r e p o r t   s t a t e d   p l a n k t o n   g r o w t h   r a t e s   w e r e  

a f f e c t e d  by t h i o b e n c a r b   a t  100  and 300 u g / L   b u t   t h e   e f f e c t  was 

n o t   s t a t i s t i c a l l y   s i g n i f i c a n t   ( T a b l e   8 2 ) .  Both zoop lank ton  

( T a b l e  8 2 )  a n d   p h y t o p l a n k t o n   ( T a b l e   8 4 )   t o x i c i t y   v a l u e s   w e r e  

u n a c c e p t a b l e   b e c a u s e   o f   s i g n i f i c a n t   e f f e c t s   b e t w e e n   c o n t r o l s .  

Raus ina   (19751 - I n  1 9 7 5  I n d u s t r i a l   B i o - T e s t   L a b o r a t o r i e s  

c o n d u c t e d   a c u t e   t o x i c i t y   t e s t s   o n   B o l e r o R  8EC ( %  n o t   g i v e n )  wi th  

g rass   sh r imp  Palaemonetes  vu lgar is .  The  96-h LC,, o f  9 1 0  ug/L 
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( T a b l e  6 2 )  was g i v e n   b u t   t e s t   p r o c e d u r e s   w e r e   u n a v a i l a b l e .  These 

v a l u e s   w e r e   u n a c c e p t a b l e   b e c a u s e   t h e   r e p o r t   l a c k e d   e s s e n t i a l  

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

Sanders 1 1 9 6 9 )  - I n  1 9 6 9 ,  96 -h  s t a t i c   t o x  

conducted  by USFWS on 7 0  d i f f e r e n t   p e s t i c  

( %  n o t   g i v e n )   w i t h  Gammarus 7 a c u s t r i s .  A 

i c i t y   t e s t s  were 

i d e s   i n c l u d i n g   m o l i n a t e  

s e r i e s   o f   f o u r   o r   f i v e  

( n o t   s p e c i f i e d   f o r   m o l i n a t e   t e s t )   c o n c e n t r a t i o n s   w e r e   u s e d .  

Water q u a l i t y   p a r a m e t e r s   w e r e :   t e m p e r a t u r e  2 1  O C ,  pH 7 . 1 ,  

a l k a l i n i t y  3 0 . 0  mg/L CaCO,, a n d   n o   a e r a t i o n   ( d i s s o l v e d   o x y g e n   n o t  

m e n t i o n e d ) .   S p e c i f i c   t o x i c a n t   c o n c e n t r a t i o n s ,   t o x i c a n t   l e v e l  

m o n i t o r i n g ,   a n d   c o n t r o l   s u r v i v a l   w e r e   n o t   m e n t i o n e d .  The 96-h 

LC,, v a l u e  was 4 . 5  mg/L ( T a b l e  8 1 ) .  T h i s   v a l u e  was unaccep tab le  

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

s u r v i v a l  

Sanders  (1970bL - I n  1970, 4 8 - h  and  96-h s t a t i c   t o x i c i t y   t e s t s  

were   conducted   on   mo l ina te   techn ica l  ( %  n o t   g i v e n )  w i th  s i x  

s p e c i e s   o f   f r e s h w a t e r   c r u s t a c e a n s :   s c u d  Gammarus f a s c i a t u s ,  

g rass   shr imp  Pa laemonetes   kad iakens is ,  sowbug  Ase7 Jus 

brev i caudus ,   c ray f i sh   Oronec tus   na i s ,   wa te r f l ea   Daphn ia  magna, 

and  seed  shr imp  Cypr idopsis   v idua.   Each  test   had a s c l v e n t  

c q n t r o l  and f o u r   o r   f i v e   ( n o t   s p e c i f i e d )   c o n c e n t r a t i o n   l e v e l s .  

Water q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t   w e r e :   t e m p e r a t u r e  

1 5 . 5 + 1  OC ( s e e d   s h r i m p   t e s t )   a n d  2 1 i 0 . 5  'C ( o t h e r   t e s t s ) ,  pH 7 . 4 ,  

t o t a l   a l k a l i n i t y  2 6 0  mg/L CaCO,, and t o t a l   h a r d n e s s  2 7 2  mg/L 

CaCO,. S p e c i f i c   t o x i c a n t   c o n c e n t r a t i o n s ,   t o x i c a n t   l e v e l  
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m o n i t o r i n g ,   a n d   c o n t r o l   s u r v i v a l   w e r e  no t  mentioned.  The  48-h 

LC,, w i t h   s c u d  was 0.39 mg/L and LC,, and EC,, va lues  based  on 

i m m o b i l i t y   a s   e f f e c t   c r i t e r i a   r a n g e d  f rom 0 . 1 8   t o  5 . 6  mg/L ( T a b l e  

8 1 ) .  These  va lues   were   unacceptab le   because  the   repor t   lacked 

e s s e n t i a l   i n f o r m a t i o n   i n c l u d i n g   c o n t . r o 1   s u r v i v a l .  

S t a u f f e r   ( 1 9 6 8 1  - I n  1968, 96-h s t a t i c   t o x i c i t y   t e s t s  were 

conducted  on  OrdramR 6 E  (71 .0%)  w i th  m o s q u i t o f i s h  Gambusia 

a f f i n i s .  T e s t s   h a d   w a t e r   c o n t r o l s   a n d  a s e r i e s   o f  four  

concent ra t ions .   Tempera ture   (20-22  OC) was t h e   o n l y   w a t e r  

p a r a m e t e r   m o n i t o r e d .   C o n t r o l   s u r v i v a l  was 96%.  The  97-h LC,, 

v a l u e  was 17 .0  mg/L ( T a b l e   8 1 ) .   T h i s   v a l u e  was unaccep tab le  

b e c a u s e   t h e   r e p o r t   l a c k e d   e s s e n t i a l   i n f o r m a t i o n   a n d   t h e  

f o r m u l a t e d  compound  (OrdramR 6 E )  was n o t   c l o s e  enough i n   p u r i t y  

t o   t e c h n i c a l   g r a d e .  

S t a u f f e r   ( 1 9 7 2 )  - I n  1 9 7 2 ,  96-h s t a t i c   t o x i c i t y   t e s t s  were 

c o n d u c t e d   o n   m o l i n a t e   t e c h n i c a l  ( %  n o t   g i v e n )   w i t h   c h a n n e l  

c a t f i s h  Ictalurus punc ta tus  ( S t a u f f e r  1 9 7 2 ) .  Tes t   p rocedures  

o u t l i n e d  by APHA ( 1 9 7 1 )  were   fo l lowed.   Tes ts   had a s e r i e s  o f  

f i v e   c o n c e n t r a t i o n s .   W a t e r   q u a l i t y   p a r a m e t e r s   w e r e :   t e m p e r a t u r e  

60-62 OF and pH 7.0. (No  o ther   parameters   were   ment ioned) .  

Tox i can t   concen t ra t i ons   were   measured   and   ranged   f rom  90 -140%  o f  

e x p e c t e d   c o n c e n t r a t i o n s .   C o n t r o l   t r e a t m e n t  was no t   men t ioned .  

The  96-h LC,, v a l u e  was 13 .0  mg/L ( T a b l e   E l ) .  These  values  were 

u n a c c e p t a b l e   b e c a u s e   t h e   r e p o r t   l a c k e d   i n f o r m a t i o n   o n   c o n t r o l  

s u r v i v a l .  
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Woodard Research ComDany (1965)  - I n  1 9 6 5 ,   9 6 - h   s t a t i c   t o x i c i t y  

t e s t  was conducted  on m o l i n a t e   t e c h n i c a l  ( 9 7 . 8 % )  w i th  ra inbow 

t rou t   Oncorhynchus   myh iss .   Concen t ra t i ons   were   rep l i ca ted  and 

had a d i l u t i o n   w a t e r  a n d   s o l v e n t   ( a c e t o n e )   c o n t r o l   a n d  a 

g e o m e t r i c   s e r i e s   o f   e i g h t   c o n c e n t r a t i o n s .   W a t e r   q u a l i t y  

parameters   were :   tempera ture  6 1  OF and  hardness 48 mg/L CaCO,. 

T o x i c a n t   c o n c e n t r a t i o n s   w e r e   n o t   m e a s u r e d .   D i l u t i o n   w a t e r   a n d  

s o l v e n t   c o n t r o l   s u r v i v a l   w e r e  100%. The 96-h LC,, v a l u e  was 1 . 3  

mg/L ( T a b l e  E l ) .  T h i s   v a l u e  was unacceptable  because it was o f f  

by a f a c t o r   o f  10 f rom o t h e r   t o x i c i t y   v a l u e s   f o r   t h i s   s p e c i e s .  
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S t r i p e d   b a s s  6-d o l d   F ,  n O r d r a m a  ~ E C  
Norane sasatilis 190.3%) 

G i p e d   b a s s  
KO- s n x a t i l i s  

G r e e n  s u n f i s h   . j u v e n i l e  5 .  u 
Lepomis cyanellus 

H o s q u i t o f i s h   m a t u r e  5 ,  u 
Gambusia affinis 

> l o s q u i t o f i s h  
Gambusia affinis 

Y o s s o i t o f i s h   m a t u r e  5 ,  u 
!%&ssia a f f i n i s  

C h a n n e l   c a t f i s h  30-d o l d  S. N T e c h  I-.) 
1 c t a t u r u s  

1965 

1.6-4.0 96-h LC5 n 2.111.8-2.4) F a g g e l l a   a n d  
F i n l a s s o n   1 9 8 7  

F a g q c i l a  and 
F i n l a y s o n   i 9 8 i  

Dave)' e t  a i .  
1976 

Ii.OiI5.3-18.2) Dave? e t  al. 
1976 

S t a l l f f e r  
1968 

C h a i y a r a c h  
e t  al. 1 9 7 5  

S t a u f f e r   1 9 7 2  

13-d old F, H Ordram' 8 E C  1.6-4.0 o/c.o 96-h 
( 9 0 . 3 % 1  

LC$ n 11.018.0-16.0)  

_ _  
ordrJirnn ~ E C  

- 

( - - I  
.._ 72.1, LC3 0 34.5(28.2-36.9) 

OrdramR 8EC .__ 96-h LC5 " 
( - - )  

m a t u r e  s ,  u Ordram' GE __. 
1 71%) 

96-h LC3 0 l T . O  

._. _._ 96-h LC5 0 16.4 

_ _ _  $6-h LC5 0 13.0(10.6-16) 

PYnCtatUs 

r a t e r f l e a  1st 5 ,  U Tech I--) 
Daphnia mama i n s t a r  

DaDhnia maxna 
W a t e r f l e a  early s, u Tech  I - - )  272  mg/L 

i n s t a r  

Scud -_ Garnmarus 
e a r l y  5. u Tech  ( - - )  272 mg/L 48-h 
i n s t a r  

LC5 0 0 . 3 9 i O . 2 1 - 0 . 5 6 )  
96-h LC5 0 0.3OlO.10-0.70)  

4 0  mg/L I C 5  0 0 . 7 ( 0 . 4 6 - i . 0 5 )  CPosbI- and  25-h 
taco, Tucker 1966 

taco, 
18-h  EC5 0 0 . 6  Sanders 

-1970b 

Sanders   197Ob 

f a n c i a t u s  
caco, 

Scud 2 mo.  s, u 
Garnmarus o ld  

T e c h  ( - - )  88 mg/L 96-h LC5 I) 4 . 5 ( 3 . 5 - 5 . 8 )  S a n d e r s  1969 

l a c u s t r i s  
CaCOa 

Sorbug  
Arellus 

ear l s  s.  u Tech  I--) 272 m ~ / ~  48-h LC5 0 0 . 4  
i n s t a r  

b r e v i a c a u d u s  
CaCOJ 

S a n d e r s   1 9 7 0 b  

C r a y f i s h  
o r c o n e c t e s  a 

e a r l y  
i n s t a r  

s, u Tech  ( - - I  2 i Z  mg/L 18-h L.CS 0 5 . 6  
caco, 

S a n d e r s   1 9 i O b  

C r a y f i s h   m a t u r e  5 .  u _._ .._ 
Procambarus 

s i m u l a n s  

96-h LC5 0 21 .8   Cha iya rnch  
e t  al. 1975 

- 
Grass s h r i m p   i n s t a r  5 .  C ' r e d m  ( - -  1 272 m q / L  
Palaemone- 

18-h  LC$ (I 1.0 Sande r s   19 iOb  

h a d i a k e n s i s  
taco, 

m 
P 



Table  El. c o n t i n u e  ... 

S p e c i e s  
L i f e  S a l i n i t y /  T e s t  
S t a x e  Methoda F o r m u 1 a t . i o n  Hardness 

Values ( m g / L l  
L e n g t h  Effect  ( 9 5 %  confibence l imits )  ~ ~ f ~ ~ ~ ~ , ~ ~  

Grass shrimp ._. 
P a l a e m o n e t e s  

s .  u _. 

h a d i a k e n s i s  

-.. C h a i y a r a c h  
e t  2.1. 1 9 i 5  

Seed s h r i m p  
CyDridoDsis 

earl? s, c Tech ( - - I  212  mg/L 
instar 

48-h EC3 0 0 . 1 8  
CaCOJ 

Sanders   19 iOb 

__ v i d u a  

? [ a c t r i d  clam mature  s, E ... 
R a n s i a   c u n e a t a  

.__ 9 6 - h  LC5 " 1 9 i  C h a i y x r a c h  
et  al. 1 9 7 5  

m 
0 



Table B Z .  L'nacceptable values for  acute  toxicitr of thiobencarb to agllatiC animals, 

Life 
Species 

Steelhead  fru F ,  M Tech (96.6'6) 42 m q / ~  
Oncorhrnchus  mvkiss 

Striped  bass  6-d  old F, ?I BoleroR  8EC 
Morone sasatilis 

llorone saxatilis 
Striped bass 13-d  old F, >I BoleroR 8EC 

Striped bass 24-d  old F, El Bolero' SEC 
?lorone sasatilis 

Striped  bass 
Horone saxatilis 185.2 '61 

Striped  bass 
Nlorone saxati1is 

White  sturgeon f r>- F, H Tech ( 9 6 . 6 % )  4 2  m q / ~  
Acioenser 

Salinity/ Test 
Stage Nethod. Formulation  Hardness Lenzth  Effect (95%  confidence  limits) ~~f~~~~~~ 

Values (ug/Ll 

96-h LC5 0 8401750-9401 Bailey 1984c 
CaCOi 

__. 
2.0 o / o o  96-h LC: " 3501300-390) 

( 8 5 . 2 % 1  Finlayson 198i 
Faqsella and 

1.6 
1 8 5 . 2 E l  

96-h LCS 0 5101440-8601 Fasgella  and 
Finlayson 1987 

Fagsella  and 
Finlayson I987 

Fagvella  and 
Finla,-son 1988 

02.1  .=/no 96-11 LC5 (I 6i0~61O-i901 
1 8 5 . 2 ' 6 )  

14-d old F, n Bolero' 8EC 5 3 1  m q / L  96-d LC; 0 550(400-740) 
CaCOa 

41-4 old  F. !I Bolero' 8EC 371 mg/L 96-d LC5 0 4301100-4iO1  Faggella  and 
185.2%)  cac03 Finlayson  1988 

Bailer  1984b 96-h LC5 0 10501880-12601 

transnontanuq 
CaC03 

Mgsid  28-d F, El BoleroR 8EC 
Nearnrsis mercedis 

215 m q / L  96-H LC5 0 3 5 0 ( 2 i 0 - 4 6 0 )  Fagsella  et al. 
CaCOl 

i'lysid 
Neomvsis mercedis 

Grass shrimp 
Palaemonetes sul~aris 

( 1 1 5 . 2 % )  1990 

juvenile F, ?I Bolero' 8 E C  1 2 1  m q / L  96-H LC5 0 

185.2%) CaC03 
23Ol170-290l  Finlayson  and 

Faggella 1988 

Rausina 1975 .-_ s, c Bolero* 8EC .__ 96-h LCIO 910 
( 8 5 . 5 % )  

Rotifer -__ s, u Tech 1100%) __. 
Brachionus 

96-h _.. 100 Hirata et al. 
1984 

plicatilis 

a 5 = static, F = flow through. M = measured concentration, u = unmeasured 
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Species 

L i f e  
S t a g e  ?lethod" Formrtlatiott l l ardn l s s  Lens th  Effect ( 9 5 %  confidence limits1 Reference 

Salinity/ T e s t  Values ( m q / L  I 



R3 



Appendix C .  S t u d y   d e s c r i p t i o n s   f o r   a c c e p t e d   a n d   u n a c c e p t e d  

da ta   used  i n  d e r i v i n g   F i n a l   C h r o n i c   V a l u e s   f o r  

mo l i na te   and   t h iobencarb .  

Accepted Data - The f o l l o w i n g   s t u d i e s   w e r e   a c c e p t e d   t o x i c i t y  

t e s t s   u s e d   i n   d e r i v i n g   t h e   F i n a l   C h r o n i c   V a l u e s  f o r  mo l ina te   and 

t h i o b e n c a r b .  

B a i l e y   ( 1 9 8 5 b )  - I n  1 9 8 5 ,   4 2 - d   f l o w - t h r o u g h   t o x i c i t y   t e s t s   w e r e  

conducted  by S R I  I n t e r n a t i o n a l   f o r   t h e   S t a t e   W a t e r   R e s o u r c e s  

Con t ro l   Board   on   t h iobencarb   and   mo l i na te   t echn ica l  ( %  n o t   g i v e n )  

wi th  mys id  Neomysis  mercedis. Young mys ids   were   ob ta ined  f rom 

g r a v i d   f e m a l e s   f o r  14 days  and  pooled.   Tests   were  conducted  on 

m o l i n a t e ,   t h i o b e n c a r b ,   a n d   m o l i n a t e / t h i o b e n c a r b   m i x t u r e  w i th  one 

t o  14-d o l d   m y s i d s .   C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   a n d   t h e r e  was 

a c o n t r o l   t r e a t m e n t   a n d  a s e r i e s  o f  f i v e   c o n c e n t r a t i o n s .   W a t e r  

q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t   w e r e :   t e m p e r a t u r e   1 7 . 5 - 1 8 . 5  

'C, pH 6 . 9 - 7 . 9 ,   s a l i n i t y   2 . 5  o/oo,  and   d i sso l ved   oxygen   8 .3 -9 .4  

rng/L. T o x i c a n t   c o n c e n t r a t i o n s   w e r e   m e a s u r e d   t w i c e   w e e k l y   a n d  

averaged 97  t o  135% o f   e x p e c t e d   c o n c e n t r a t i o n s .  The NOEC v a l u e  

f o r   m o l i n a t e  was 0 . 0 2 6  mg/L and  the  LOEC v a l u e  was 0.045 mg/L 

( T a b l e  6 )  and f o r   t h i o b e n c a r b   t h e  NOEC was 6 . 2  ug/L  and  the LOEC 

v a l u e  was  13 ug /L   (Tab le  7 )  based   on   g rowth   and   su rv i va l .  
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B a i l e y   ( 1 9 8 5 ~ )  - I n  1985,   t ime- independent   s tud ies  were  conducted 

a s   p a r t  o f  a c u t e   t o x i c i t y   t e s t s   b y  S R I  I n t e r n a t i o n a l   f o r   t h e  

S ta te   Wate r   Resources   Con t ro l   Board   on   mo l i na te   and   t h iobencarb  

( %  not  g i v e n )   w i t h   w h i t e   s t u r g e o n   A c i p e n s e r   t r a n s m o n t a n u s .   T e s t s  

w e r e   c o n d u c t e d   f o r   1 4 - d   o r   u n t i l  a p e r i o d   o f  48 h o u r s   p a s s e d   w i t h  

n o   m o r t a l i t y .   C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   a n d   t h e r e  was a 

c o n t r o l   t r e a t m e n t   a n d  a s e r i e s   o f   f i v e   c o n c e n t r a t i o n s .   W a t e r  

q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t   w e r e :   t e m p e r a t u r e  18-19 O C ,  

pH 6 . 0 - 7 . 0 ,   c o n d u c t i v i t y  45-80  umhos,  and d i s s o l v e d   o x y g e n  

4.4-11.8 ppm. Tox ican t   concen t ra t i ons   were   measured   tw ice   week ly  

and  were  c lose t o  100% o f  expec ted   va lues .   There  was 90-100% 

s u r v i v a l   o f   c o n t r o l s .  NOEC v a l u e s   w e r e   n o t   c a l c u l a t e d   b e c a u s e  

a l l   c o n c e n t r a t i o n s   t e s t e d   h a d   s i g n i f i c a n t   m o r t a l i t y .  The  22-d 

LC,, v a l u e  f o r  m o l i n a t e  was 2 . 7  mg/L ( T a b l e  6 )  and  21-d LC,, v a l u e  

fo r  t h i o b e n c a r b  was 2 2 1  ug /L   (Tab le  7 ) .  

B ionomics EG&G ( 1 9 7 9 ~ )  - I n  1 9 7 9 ,   2 8 - d   f l o w - t h r o u g h   t o x i c i t y  

t e s t s  were   conduc ted   on   t h iobencarb   t echn ica l   (95 .2%)   w i th   mys id  

Mysidopsis bah ia .  Tes t   p rocedures   ou t l i ned   by   Chev ron   Chemica l  

Company (1980)   were   f o l l owed .   Concen t ra t i ons   were   rep l i ca ted   and  

t h e r e  was a d i l u t i o n   w a t e r   a n d   s o l v e n t   c o n t r o l   a n d  a s e r i e s   o f  

f i v e   c o n c e n t r a t i o n s .   W a t e r   q u a l i t y   p a r a m e t e r s   w e r e :   t e m p e r a t u r e  

2 5 + 1  'C , pH 7 . 6 - 8 . 0 ,   s a l i n i t y  1 6 - 2 6 %  and  d isso lved  oxygen 

7 1 - 1 0 1 %  s a t u r a t e d .   T o x i c a n t   c o n c e n t r a t i o n s   w e r e   m e a s u r e d   n i n e  

t i m e s   d u r i n g   t h e   t e s t   a n d   r a n g e d   8 3 - 9 6 %   o f   e x p e c t e d  

c o n c e n t r a t i o n s .  Control s u r v i v a l  was  90% f o r   b o t h   c o n t r o ' l s .  The 
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NOEC and LOEC based  on   surv iva l   were  1 9 . 0  and 3 0 . 0  ug /L ,  

r e s p e c t i v e l y   ( T a b l e  7 ) .  

Fac lqe l la   and  F in lavson ( 1 9 8 8 1  - I n  1985  and  1986 c h r o n i c   t o x i c i t y  

t e s t s  were  conducted  on  OrdramR 8EC ( 9 0 . 3 % )  and  BoleroR 8EC 

(85 .2%)   w i th   ch inook   sa lmon   Oncorhynchus  tshawytscha e g g s - t o - f r y .  

The f i s h  were   cha l lenged i n  a c o n t i n u o u s - f l o w   s y s t e m   f o r  a t o t a l  

o f  6 0   ( 1 9 8 5 )  and 9 0   ( 1 9 8 6 )  days   us ing   p roposed  ASTM (E12411 

g u i d e l i n e s .  The t e s t s   w e r e   t e r m i n a t e d   a t  60  d a y s   a f t e r   h a t c h ,  30  

d a y s   a f t e r   t h e  swim-up f r y   s t a g e  and commencement o f   f e e d i n g .  

C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   a n d   t h e r e  was  a c o n t r o l   t r e a t m e n t  

and a g e o m e t r i c   s e r i e s   ( d i l u t i o n   f a c t o r   o f  0 . 6 )  o f   f i v e  

c o n c e n t r a t i o n s .   W a t e r   q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t   w e r e :  

t empera tu re  1 2 f O . 8  O C  ( 6 0 - d ) ,  1 0 . 4 t O . 7  OC ( 9 0 - d ) ;  pH 7 . 0 f 0 . 3 ;  

hardness 2 0 + 2  mg/L CaCO,; and  d isso lved  oxygen 9 . 1 + 4  mg/L ( 6 0 - d ) ,  

9 . 4 t 1 . 5  mg/L (90 -d ) .   Tox i can t   concen t ra t i ons   were   measured   tw ice  

w e e k l y   d u r i n g   t h e  t e s t  and averaged 96% o f  expec ted  

c o n c e n t r a t i o n s   f o r   m o l i n a t e   a n d  89% f o r  t h i o b e n c a r b .   A n a l y t i c a l  

p r e c i s i o n  was 88-89% w i th  95-101% r e c o v e r y   o f   s p i k e d   s a m p l e s .  

S u r v i v a l   o f   c o n t r o l s   a v e r a g e d  9 7 % .  Chron ic  LC,, va lues  were 0 . 7 4  

mg/L f o r   m o l i n a t e   ( T a b l e  6 )  and 200 ug /L  for  t h i o b e n c a r b   ( T a b l e  

7 ) .  The NOEC and LOEC ranges  based  on   surv iva l   and  g rowth   were  

0 . 4 2  and 0 . 7 3  mg/L f o r   m o l i n a t e   ( T a b l e  6 )  and 28 and 49 ug/L  f o r  

t h i o b e n c a r b   ( T a b l e  7 ) ,  r e s p e c t i v e l y .  The LC,, v a l u e s   f o r   t h e  

m i x t u r e   w e r e  580  and 36 ug/L f o r   m o l i n a t e   a n d   t h i o b e n c a r b ,  

r e s p e c t i v e l y   ( T a b l e   8 ) .  The NOEC and LOEC r a n g e s   f o r   t h e  
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m o l i n a t e - t h i o b e n c a r b   m i x t u r e   w e r e  160  and  230  ug/L f o r   m o l i n a t e  

and 9 and 13 ug/L f o r  t h i o b e n c a r b ,   r e s p e c t i v e l y   ( T a b l e  8 )  

Fac lc le l la   and  F in lavson  (1988)  - I n  1987,   44-d  f low- through 

t o x i c i t y   t e s t s  were   conduc ted   by   Ca l i f o rn ia   Depar tmen t  o f  F i s h  

and Game ( C D F G )  ( a t   A q u a t i c   T o x i c o l o g y   L a b o r a t o r y )   o n  OrdramR 8EC 

(90 .3%)   and  Bo le roR 8EC (85 .2%)  w i th  s t r i p e d   b a s s   M o r o n e  

saxatilis l a r v a e - t o - f r y .   W a t e r   q u a l i t y   p a r a m e t e r s   d u r i n g   t h e  

t e s t s   a v e r a g e d :   t e m p e r a t u r e  1 8 . 5  "C, pH 8.3,   hardness  443 mg/L 

CaCO,, s a l i n i t y  1 . 7  o / o o ,  and  d isso lved  oxygen 8 . 8  mg/L. 

C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   a n d   t h e r e  was a c o n t r o l   t r e a t m e n t  

and a g e o m e t r i c   s e r i e s   o f   f i v e   c o n c e n t r a t i o n s .   T o x i c a n t  

c o n c e n t r a t i o n s   w e r e   m e a s u r e d   t w i c e   w e e k l y   d u r i n g   t h e  t e s t  and 

averaged  107% o f   e x p e c t e d   c o n c e n t r a t i o n s   f o r   m o l i n a t e   a n d  109% 

f o r   t h i o b e n c a r b .   S u r v i v a l   o f   c o n t r o l s   a f t e r  42  days  ranged  f rom 

80 t o  82%.  S u r v i v a l   a n d   g r o w t h   w e r e   u s e d   a s   e f f e c t   c r i t e r i a .  

The LC,, v a l u e s   f o r   s t r i p e d   b a s s   w e r e   0 . 6 4  mg/L f o r   m o l i n a t e  

( T a b l e  6 )  and 130 u g / L   f o r   t h i o b e n c a r b   ( T a b l e  7 ) .  The NOEC and 

LOEC v a l u e s   f o r   m o l i n a t e  were 0 . 2 2  and 0 . 3 8  mg/L ( T a b l e  6 ) ,  

r e s p e c t i v e l y   a n d  f o r  th iobencarb   were  58  and 91 u g / L   ( T a b l e  7 ) ,  

r e s p e c t i v e l y .  The LC,, v a l u e s   f o r   t h e   m i x t u r e   w e r e  7 2 0  and 49 

ug/L f o r   m o l i n a t e   a n d   t h i o b e n c a r b ,   r e s p e c t i v e l y   ( T a b l e  3 ) .  The 

NOEC and LOEC v a l u e s   f o r   t h e   m i x t u r e   ( T a b l e  8 )  were  290  and  520 

u g / L   f o r   m o l i n a t e   a n d  20  and  36  ug/L f o r   t h i o b e n c a r b ,  

r e s p e c t i v e l y   ( T a b l e  8 ) .  
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F in lavson   and   Faqqe l l a   (1986)  - I n  1983  and  1984,  28-d 

f l o w - t h r o u g h   t o x i c i t y   t e s t s   w e r e   c o n d u c t e d   o n   O r d r a m R  8EC 

( 9 0 . 3 % )  w i t h   j u v e n i l e   c h a n n e l   c a t f i s h  I c t a l u r u s  p u n c t a t u s  and 

common c a r p  Cyprinus carp io .  T e s t i n g   p r o c e d u r e s   o u t l i n e d   b y  ASTM 

(E729)   were   f o l l owed .   Concen t ra t i ons   were   rep l i ca ted   and   t he re  

was a c o n t r o l   t r e a t m e n t   a n d  a g e o m e t r i c   s e r i e s   ( d i l u t i o n   f a c t o r  

o f  0 . 6 )  o f   f i v e   c o n c e n t r a t i o n s .   W a t e r   q u a l i t y   p a r a m e t e r s   d u r i n g  

t h e   t e s t s   w e r e :   t e m p e r a t u r e  1 5 - 1 7  O C  f o r   c a t f i s h   a n d  20-22 'C 

f o r   c a r p ,  pH 6 . 9 - 7 . 2 ,  a l k a l i n i t y  18-19  mg/L CaCO,, a n d   d i s s o l v e d  

oxygen a t  90% sa tu ra ted .   Tox i can t   concen t ra t i ons   were   measured  

t w i c e   w e e k l y   d u r i n g   t h e   t e s t   a n d   a v e r a g e d  95% o f   e x p e c t e d  

c o n c e n t r a t i o n s   f o r   m o l i n a t e .   A n a l y t i c a l   p r e c i s i o n  was +_IO% wi th  

90% recove ry   o f   sp i ked   samp les .   The re  was 100% s u r v i v a l   o f  

c o n t r o l s   f o r   b o t h   s p e c i e s  o f  f i s h .  The  28-d LC,, v a l u e   f o r  

common c a r p  was 0.21 mg/L ( T a b l e  6 ) .  Surv iva l   and  hemoglob in   and 

h e m a t o c r i t   l e v e l s   w e r e   u s e d   a s   e f f e c t .  The NOEC and LOEC v a l u e s  

f o r   c h a n n e l   c a t f i s h   w e r e  1 . 7  and  2.6 mg/L, r e s p e c t i v e l y  and f o r  

common carp  were  0 .09  and  0 .13  mg/L,   respect ive ly   (Table 6 ) .  

F o r b i s   ( 1 9 8 7 1  - I n  1987, 2 

conducted  by AEC L a b o r a t o r  

I-d f l o w - t h r o u g h   t o x i c i t y   t e s t  was 

i e s ,   I n c .   o n   m o l i n a t e   t e c h n i c a l  

( %  n o t   g i v e n )  w i th  Daphnia magna. T e s t   p r o c e d u r e s   o u t l i n e d  by 

ASTM (€729) and U.S. EPA (1975b)   were   f o l l owed .   Concen t ra t i ons  

w e r e   r e p l i c a t e d   f o u r   t i m e s   a n d   t h e r e  was a wa te r   and   so l ven t  

c o n t r o l  and a s e r i e s   o f   f i v e   c o n c e n t r a t i o n s .   W a t e r   q u a l i t y  

parameters  were:   temperature  20+2 O C ,  pH 8 .1-8 .4 ,   hardness  

225-275 mg/L CaCO, and  d isso lved  oxygen 7 6 - 9 5 %  s a t u r a t e d .  
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Toxicant   concentrat ions  were  measured  weekly   and  averaged  88-92% 

o f   e x p e c t e d   v a l u e s .  Control  s u r v i v a l  was 100% f o r   w a t e r   a n d  98% 

f o r   s o l v e n t .  The NOEC and LOEC va lues   based  on   g rowth  as t h e  

e f f e c t   w e r e   0 . 3 8   a n d  0 . 9 0  mg/L, r e s p e c t i v e l y   ( T a b l e  6 ) .  

Fu. i imura e t   a l .   ( i n   D r e s s )  - I n  1989,  46-d  and  36-d  f low-through 

t o x i c i t y   t e s t s  were  conducted  on  BoleroR 8EC ( 8 5 . 2 %   t h i o b e n c a r b )  

w i t h   j u v e n i l e   S t r i p e d  Bass Morone saxati7is ( F u j i m u r a   e t  a l .  i n  

p r e s s ) .   T e s t   m e t h o d s   o u t l i n e d  by A8TM (€1241)   were   fo l lowed.  

F i v e   t o x i c a n t   c o n c e n t r a t i o n s   ( d i l u t i o n   f a c t o r  0 . 5 6 )  were   t es ted  

i n  d u p l i c a t e  w i th  a w a t e r   c o n t r o l .   W a t e r   q u a l i t y   p a r a m e t e r s  

d u r i n g   t h e   t e s t s   w e r e :   t e m p e r a t u r e   1 8 . 0  oC, d i s s o l v e d   o x y g e n  

8 .16-8 .19 ,  pH 7.87-7.89,   conduct iv i ty   2 ,924-4,642  usemens,  

hardness  454-478 mg/L CaCO,, and a l k a l i n i t y  1 5 6 - 1 5 7  mg/L CaCO,. 

C o n t r o l   s u r v i v a l   r a n g e d   f r o m  60-85%.  Tox 

mon i to red   tw ice   week ly   and   ranged   f rom  88  

NOEC and LOEC values  were 21 and 36 ug/L,  

46-d e g g s - t o - f r y   t e s t   a n d  ( 2 3  u g / L   f o r  t h  

t e s t   ( T a b l e   7 ) .  

e 

c a n t   l e v e l  was 

91% o f   n o m i n a l .  The 

r e s p e c t i v e l y   f o r   t h e  

3 6 - d   l a r v a e - t o - f r y  

M c A l l i s t e r   ( 1 9 8 8 1  - I n  1987 ABC L a b o r a t o r i e s   I n c .   c o n d u c t e d  a 

60-day e a r l y   l i f e   s t a g e   ( e g g - t o - f r y )   t o x i c i t y   t e s t  w i t h  ra inbow 

t r o u t  Oncorhynchus mykiss .  The f i s h  were   cha l lenged i n  a 

f l o w - t h r o u g h   s y s t e m   u s i n g   m o l i n a t e   t e c h n i c a l  ( %  n o t   g i v e n ) ,   T e s t  

p r o c e d u r e s   o u t l i n e d  by ASTM (€1241)   were   fo l lowed.   F ish   eggs  

were  incubated i n  exposure   aquar ia .  On day 1 4 ,  10 f i s h   w e r e  

t r a n s f e r r e d   t o   g r o w t h  chambers  and  the  60-day  post-hatch  growth 
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p e r i o d  commenced. C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   f o u r   t i m e s   a n d  

t h e r e  was  a w a t e r   a n d   s o l v e n t   c o n t r o l   t r e a t m e n t   a n d  a s e r i e s   o f  

f i v e   c o n c e n t r a t i o n s .   W a t e r   q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t  

were:   temperature  8-13 O C ,  pH 1 1 . 0 - 5 . 2 ,  a l k a l i n i t y  386 mg/L 

CaCO,, and  d isso lved  oxygen  8 .2 -10 .0  mg/L ( 6 2 - 9 0 %   s a t u r a t e d ) .  

Tox icant   concent ra t ions   were   measured  every   seven  days   and 

averaged 98 t o  104% o f   e x p e c t e d   c o n c e n t r a t i o n s .   S u r v i v a l  o f  

c o n t r o l s   a f t e r  60  days  averaged  90%. The NOEC was 0 . 3 9  mg/L and 

LOEC was 0.83 mg/L ( T a b l e  6 ) .  

S t a u f f e r   ( 1 9 8 4 a :  1984131 - I n  1 9 8 4 ,   2 8 - d   f l o w - t h r o u g h   t o x i c i t y  

t es ts   were   conduc ted   by   t he   S tau f fe r   Chemica l  Company on  

OrdramR 8EC ( 9 2 . 1 % )  w i th  c h a n n e l   c a t f i s h  Icta7urus p u n c t a t u s  

( S t a u f f e r   1 9 8 4 b )   a n d   b l u e g i l l   L e p o m i s  macroch i rus  

( S t a u f f e r   1 9 8 4 a ) .   C o n c e n t r a t i o n s   w e r e   r e p l i c a t e d   a n d   t h e r e  was  a 

c o n t r o l   t r e a t m e n t   a n d  a s e r i e s   o f   f i v e   c o n c e n t r a t i o n s .  Water 

q u a l i t y   p a r a m e t e r s   d u r i n g  t h e  t e s t   w e r e :   t e m p e r a t u r e  17-19 OC, pH 

6 . 8 - 7 . 5 ,  hardness  300 mg/L CaCO,, and  d isso lved  oxygen 5 . 1 - 8 . 5  

mg/L. Tox i can t   concen t ra t i ons   were   measured   week ly   du r ing   t he  

t e s t  and  averaged  66-103% o f   e x p e c t e d   c o n c e n t r a t i o n s .   T h e r e  was 

100% s u r v i v a l  o f  c o n t r o l s .   S u r v i v a l  and  hemoglobin  and 

h e m a t o c r i t   l e v e l s   w e r e   u s e d   a s   e f f e c t   c r i t e r i a .   T h e r e  was no 

e f f e c t   i n  a n y   t r e a t m e n t s   w i t h   b l u e g i l l .  The NOEC v a l u e   f o r  

s u n f i s h  was r e p o r t e d   a s  6 . 0 5  mg/L wh ich  was t h e   h i g h e s t   e x p o s u r e  

l e v e l   t e s t e d .  The c h a n n e l   c a t f i s h  LC,,, v a l u e  was 6 . 1 ,  and NOEC 

o f  0 . 9  and LOEC o f  1 . 6  mg/L ( T a b l e  6 ) .  
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Unaccepted Data - The  following studies were  unaccepted  toxicity 

tests  and therefore, not  used in deriving  Final  Chronic  Values 

for  molinate  and  thiobencarb. 

Bailev (1985a1 - In 1985, time-independent studies were 
conducted as part o f  acute  toxicity  tests  conducted by SRI 

International  for  the State Water  Resources  Control Board, on 

molinate  and  thiobencarb  with  mysid Neomysis mercedis.  Tests 

were  conducted for 14-d or until  a  period  of 48 hours  passed  with 

no  mortality.  Concentrations  were  replicated and there  was  a 

control  treatment and  a series of  five  concentrations.  Water 

quality  parameters during the test were: temperature 16-20 OC, 

pH 8.6-8.9, conductivity 3,650-3,850 umhos and  dissolved  oxygen 

8.1-9.2 mg/L. Toxicant  concentrations  were  measured  twice  weekly 

and  were  close  to 100% o f  expected  values.  There was 80-100% 

survival o f  controls. No Observable Effect  Concentration (NOEC) 

values  were  not  calculated  because  each  concentration  tested had 

significant  mortality. The 28-d LC,, for molinate was 0.23 mg/L 

(Table C1) the  18-d LC,, for thiobencarb was 5 3  ug/L (Table C2), 

and  the 18-d LC,, for the  mixture was 290  and 9 ug/L (Table 8 )  

for  molinate and thiobencarb, respectively. These values  were 

unacceptable  because LC,, values  could  not be  used in deriving 

the FCV. 

Bailev  (1985131 - In 1985, 42-d  flow-through  toxicity  tests  were 

conducted by SRI International  for  the State Water  Resources 

Control  Board  on  thiobencarb  and  molinate  technical (.% not  given) 
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w i t h   m y s i d  Neomysis  rnercedis. Young mys ids   were   ob ta ined  f rom 

grav id   females   in   exposure   d ishes   wh ich   were   p roduc ing   young  fo r  

14 days o f  t h e   t e s t .   A f t e r  14 days  the  adul ts   were  removed  and 

the   young   tes ted  f o r  s u r v i v a l .   T e s t s   w e r e   c o n d u c t e d  on  rno l inate 

t h i o b e n c a r b ,   a n d   m o l i n a t e / t h i o b e n c a r b   m i x t u r e .   C o n c e n t r a t i o n s  

were r e p l i c a t e d   a n d   t h e r e  was a c o n t r o l   t r e a t m e n t   a n d  a s e r i e s  o 

f i v e   c o n c e n t r a t i o n s .   W a t e r   q u a l i t y   p a r a m e t e r s   d u r i n g   t h e   t e s t  

were:   temperature  17.5-18.5 OC, pH 6 . 9 - 7 . 9 ,   s a l i n i t y  2 . 5  

and   d i sso l ved   oxygen   8 .3 -9 .4   mg /L .   Tox i can t   concen t ra t i ons   were  

measured  twice  weekly  and  averaged 97 t o  135% of expec ted  

c o n c e n t r a t i o n s .   R e s u l t s   o f   m i x t u r e   t e s t s   w e r e   n o t   a c c e p t e d  

f 

because   su rv i va l   o f   young  was l e s s   t h a n   t h e   c o n t r o l   v a l u e s  by  day 

14  due t o  f a i l u r e   o f   t h e   b i o a s s a y   r o o m ' s   t e m p e r a t u r e - c o n t r o l  

system. 

Bionomics EG&G ( 1 9 7 9 ~ 1 )  - I n  1 9 7 9 ,  28-d f l o w - t h r o u g h   t o x i c i t y   t e s t  

was conduc ted   on   t h iobencarb   t echn ica l   (95 .1%)  w i th  sheepshead 

minnows Cypr inodon  var iegatus .  T e s t   p r o c e d u r e s   o u t l i n e d  by 

Chevron  Chemical Company ( 1 9 8 0 )   w e r e   f o l l o w e d .   C o n c e n t r a t i o n s  

w e r e   r e p l i c a t e d   a n d   t h e r e  was  a d i l u t i o n   w a t e r  and   so l ven t  

con t ro l   and  a s e r i e s   o f   f i v e   c o n c e n t r a t i o n s .   W a t e r   q u a l i t y  

parameters   were :   tempera ture  25+1 'C, pH 7 . 3 - 8 . 1 ,   s a l i n i t y  18-26 

0 
/ o o  and  d isso lved  oxygen 4-115% s a t u r a t e d .   T o x i c a n t  

c o n c e n t r a t i o n s   w e r e   m e a s u r e d   t w i c e   w e e k l y   d u r i n g   t h e   t e s t   a n d  

ranged  68-83% o f   e x p e c t e d   c o n c e n t r a t i o n s .   C o n t r o l   s u r v i v a l  was 

81% f o r  b o . t h   c o n t r o l s .  The NOEC and LOEC values  based  on 

s u r v i v a l   w e r e  180  and 2 3 0  u g / L ,   r e s p e c t i v e l y   ( T a b l e  C 2 ) .  These 
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va lues   were   unacceptab le   because  d isso lved  oxygen i n   t h e   s o l v e n t  

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

r e a c h e d   l e v e l s  as low as 0 . 3  mg/L due t o   a l g a l   g r o w t h .  The 

problem wi th  a l g a e   g r o w t h   i n   t e s t  chambers   p robab ly   con t r i bu ted  

t o  t he  l o w   c o n t r o l   s u r v i v a l  ( 8 1 % ) .  

Browne  (19791 - I n  1 9 7 9 ,  2 1 - d   f l o w - t h r o u g h   t o x i c i t y   t e s t  was 

c o n d u c t e d   b y   U n i o n   C a r b i d e   C o r p o r a t i o n   o n   t h i o b e n c a r b   t e c h n i c a l  

( 9 5 . 2 - 9 5 . 9 % )   w i t h  Daphnia magna. Each t e s t  had a s o l v e n t   a n d  

d i l u t i o n   w a t e r   c o n t r o l   a n d  a s e r i e s   o f   f i v e   c o n c e n t r a t i o n s .  

Water q u a l i t y   p a r a m e t e r s   d u r i n g   t , h e   t e s t   w e r e :   t e m p e r a t u r e  

18.9-24.3 O C ,  pH 7 . 6 - 8 . 1 ,   a l k a l i n i t y  141  mg/L CaCO,, and 

d isso lved  oxygen  9 .2   mg/L .   Tox icant   concent ra t ions   were   measured 

s e v e n   t i m e s   d u r i n g   t h e   t e s t   a n d   a v e r a g e d  90% o f  expec ted   va lues .  

S u r v i v a l   o f   t h e   c o n t r o l s  was 90% f o r   w a t e r  and 78% f o r  s o l v e n t .  

The  21-d LC,, v a l u e  was 9 . 0   u g / L ,   r e s p e c t i v e l y   ( T a b l e  C 2 ) .  These 

va lues  were  unacceptable  because o f  t h e   s i g n i f i c a n t   d i f f e r e n c e s  

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

Kawatsu ( 1 9 7 7 1  - I n  1 9 7 7 ,  2 1 - d   f l o w - t h r o u g h   t o x i c i t y   t e s t  was 

conducted by a Japanese   researcher   on   mo l i na te  ( %  n o t   g i v e n )  w i th  

c a r p   ( s c i e n t i f i c  name n o t   g i v e n ) .   W a t e r   t e m p e r a t u r e  was 

m a i n t a i n e d   a t  23-25 O C .  Each t e s t  h a d   t h r e e   c o n c e n t r a t i o n  

l e v e l s .   T o x i c a n t   l e v e l   m o n i t o r i n g ,   w a t e r   q u a l i t y  

pa ramete rs   and   t es t   an ima l   desc r ip t i ons   were   no t   men t ioned .  

S u r v i v a l  o f  c o n t r o l s  was 100%.   Surv iva l ,   g rowth   and  hemoglob in  
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c o n t e n t   w e r e   u s e d   a s   e f f e c t   c r i t e r i a .  The  21-d LC,, v a l u e  was 

0 . 1 8  mg/L and NOEC and LOEC values  were  0.032  and 0 . 1 0  mg/L 

( T a b l e   C I ) .   T h i s   v a l u e  was unacceptab le   because  the   s tudy   lacked 

e s s e n t i a l   i n f o r m a t i o n   n e c e s s a r y   t o   e v a l u a t e   s t a b i l i t y   o f   t h e  

t e s t i n g   s y s t e m .  

McKennev (19.352 - I n  1 3 8 5 ,  24-d s t a t i c   t o x i c i t y   t e s t  was 

conducted   on   th iobencarb  ( %  n o t   g i v e n )   w i t h  Mysidopsis b a h i a .  

T h i s  was  a r e s e a r c h   s t u d y   w h i c h   d i d   n o t   f o l l o w   s t a n d a r d  

p r o c e d u r e s   o u t l i n e  by ASTM o r  APHA.  Concen t ra t i ons   were  

r e p l i c a t e d   t h r e e   t i m e s  and t h e r e  was  a s o l v e n t   ( t r i e t h y l e n e  

g l y c o l )   c o n t r o l   a n d  a s e r i e s   ( d i l u t i o n   f a c t o r   0 . 4   t o  0.6) o f   s i x  

concen t ra t i ons .   Wate r   qua l i t y   pa ramete rs   were :   t empera tu re  ?5+1  

' C  and s a l i n i t y  20+2% (no   o the r   pa ramete rs  wet-e g i v e n ) .   T o x i c a n t  

concen t ra t i ons   were   measured   week ly   du r ing   t he   t es t   and   ranged  6% 

t o  46% o f  expec ted   concen t ra t i ons .   The re  was 9 6 %  r e c o v e r y   o f  

sp ihed  samples.  The LOEC based   on   su rv i va l  as t h e   e f f e c t  was 7 6  

ug /L   and   based   on   p roduc t i on   o f   young   as   t he   e f fec t  was 35 ug/L 

( T a b l e  C2). These  va lues  could  not   be  used  because NOEC was 

necessary t o  c a l c u l a t e  FCV. 

N i s h i u c h i   e t   a l .  ( 1 9 8 2 )  - I n  1982,   29-d   f low- tk l rough  to . * i c i . t y  

t e s t  was conducted  by a Japanese  researcher   on  technica l  

m o l i n a t e  ( 9 7 . 6 % )  w i t h  common c a r p  C y p r i n u s  c a r p i o .  Test   had a 

c o n t r o l   t r e a t m e n t   ( u n a b l e   t o   d e t e r m i n e  i f  s o l v e n t   c o n t r o l  was 

used)  a s e r i e s   o f   f o u r   c o n c e n t r a t i o n s  and  unable t o  de te rm ine  

numbers o f   i n d i v i d u a l s   i n   e a c h   t r e a t m e n t .   T o x i c a n t  
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i ncomprehens ib le .  

were  used  as  the e 

s t a t i s t i c a l l y   s i g n  

was r e p o r t e d   a t  an 

concentrat ions  were  measured 12 t i m e s   d u r i n g   t h e  2 9  day t e s t  and 

v a r i e d   c o n s i d e r a b l y   a r o u n d   e x p e c t e d   c o n c e n t r a t i o n s .   T h e r e  was no 

m e n t i o n   o f   t e s t   r e p l i c a t i o n ,   s t a t i s t i c a l   p r o c e d u r e  o r  s t u d y  

d e s i g n .  The a r . t i c l e  was i n  Japanese so much of  t h e   d e t a i l  was 

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

f f e c t .  A r e m a r k a b l e   ( n o t   s t a t e d   a s  

i f i c a n t )   d e c r e a s e   i n  RBC,  Hgb,  and H c t   v a l u e s  

0 .01  mg/L m o l i n a t e   e x p o s u r e   l e v e l   a f t e r  1 5  

) . These t o x i c i t y   v a l u e s   w e r e   u n a c c e p t a b l e   b e c a u s e  

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

a t i o n ,  and cont ro l   g roup  measurements   over lapped 

t h e   t r e a t m e n t   g r o u p .  

days   (Tab le  C 1  

t h e r e  was h i g h  

unknown r e p l i c  

Rao e t  a i .  (19831  - I n  1983,  10-d t o x i c i t y   t e s t  was conducted  on 

t h i o b e n c a r b   ( 9 8 % )   w i t h   t h e   A f r i c a n   c i c h l i d  Sarotheradon 

mossambicus (Rao e t   a l .   1 9 8 3 ) .  The LC,, was 9500  ug/L  (Table 

1 1 ) .  S p e c i f i c   t o x i c a n t   c o n c e n t r a t i o n s ,   t o x i c a n t   l e v e l  

m o n i t o r i n g ,   w a t e r   q u a l i t y   p a r a m e t e r s ,   a n d   c o n t r o l   s u r v i v a l   w e r e  

n o t   m e n t i o n e d .   T h i s   v a l u e  was unacceptab le   because  the   s tudy  

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

t h e   t e s t i n g   s y s t e m  and c o n t r o l   s u r v i v a l .  
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Table C 1 .  .Accep tab le  values f o r  a C U t 2  t o x i c i t y  o f  m o l i n a t e   t o  aquatic animals. 

L i f e  
Spacies Staqe !lethod' F o r m u l a t i o n  Hardness Length E f f e c t  ( 9 5 %  confidence limits) Reference 

common carp _-. F ,  U Comnnrrcial ? I  -d LC$" 0.18 

S a l i n i t y /   T e s t  Values (ol:/L) 

CvDrinus carpio  Ordram' 
._- 

NOEC 0 . 0 3 2  
Kawatsu 1 9 7 7  

( - - )  LOEC 0 . 1 0  

common carp 
CYorinus caroio 

Mysid _.- F ,  Y Tech  I - - )  __. 2 8 - d  LC5 0 0.2310.15-0.34) 
Neomvsis mercedis 

a 5 = s t a t i c .  F = f l o s  t h r o u x h ,  11 = measured c o n c e n t r a t i o n ,  U = unmeasured c o n c e n t r a t i o r ~  

.._ F.  H Tech ( 9 i . 6 X )  --- 19-11 LOEC 0.01 l l i sh iuchi  
e t  a1. 1 9 8 2  

Bailey 
19858 



Table C2. Enacceptable values f o r   c h r o n i c   t o x i c i t y   o f   t h i o b e n c a r b  t o  aqua t ic  animals. 

S p e c i e s  
L i f e   S a l i n i t r /  T e s t  
Stase n e t h o d .   F o r m u l a t i o n   l l a r d n e s s   L e n q t h   E f f e c t  (95% c o n f i d e n c e  limits) Reference 

A f r i c i a n   c i c h l i d  --- 5, L' ' 98% x/.: -._ 10-d LC;o 9500 Rao et a l .  
S a r o t h e r a d G  

Values (up /L  1 

_ _ ~ _  mossnrnbicun -. .. 
1983 

- 
F a t e r f l r a  1st F ,  $1 Tech  
Daohnia  maqna i n s t a r  

3 3 - s i d   j u v e n i l e  S. ?I 20 "I.. 2 4 4  LOEC 
Y r s i d o u s i s  ballia 

Xlr-sid _ _ _  F. >I Tech [ - - I  _._ 18-d LCso 9 3 ( 2 3 - 1 0 0 1  Bailer 
Xieomrsis m e r c e d i s  

Sheepshead  minnol i  jurenile F. )I Tech 1 9 5 . 1 % )  --- 28-d SOEC 
C v u r i n o d o n   v a r i n a t u s  

212 m%/L 21-d LCIO 9 ( 5 - 1 3 1  Brovne 1 9 i 9  
1 9 3 . 2 - 9 9 . 5 % 1  CaC03  

_ _ _  
LOEC 35 r e p r o d u c t i o n ]  

i6 ( s u r r i i - n l  I Ycl<et~ne>- 1985 

1989a 

a i o n o m i c s  
EG&G 1 3 i 9 g  

180 
LOEC 230 

a S = s t a t i c ,  F = flax t h r o u q h ,  H = measured c o n c e n t r a t i o n ,  U = u n m e a s u r e d   c o n c e n t r a t i o n  


