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Rodeo Q and Roundup Q herbicides are manufactured by 
Monsanto Company. This paper summarizes the results of 
aquatic toxicity testing of these two herbicides using 
three different fish species, different sized fish, and 
differences in dilution water (type/source, pH, 
hardness and conductivity). 

MATERIALS AND METHODS 

A c u t e  l e t h a l i t y  ( 9 6 - h  LCSO) t e s t i n g  was c o n d u c t e d  i n  
a c c o r d a n c e  w i t h  p r o c e d u r e s  o u t l i n e d  by APHA (1985 )  f o r  
s t a t i c  a c u t e  b i o a s s a y s .  R a i n b o w  t r o u t  ( S a l m o  
9 a i r d n e r i ) ,  c h i n o o k  sa lmon ( O n c o r h y n c h u s  tshawytsch-~-a~ 
and  c o h o  s a l m o n  ( 0 .  k i s u t c h )  w e r e  o b t a i n e d  f r o m  
c o m m e r c i a l  h a t c h e r i e s  and a c c l i m a t e d  to  l a b o r a t o r y  
c o n d i t i o n s  f o r  a minimum p e r i o d  o f  5d p r i o r  to  b i o a s s a y  
i n i t i a t i o n .  F i s h  were fed  Oregon M o i s t  t r o u t  p e l l e t s  
ad l i b i t u m .  F e e d i n g  was d i s c o n t i n u e d  24-h  p r i o r  to  and 
d u r i n g  t e s t i n g .  

W a t e r  u s e d  i n  t h e  b i o a s s a y s  c o n s i s t e d  o f  e i t h e r  
c h a r c o a l  d e c h l o r i n a t e d  m u n i c i p a l  w a t e r  ( t o t a l  c h l o r i n e  
l e s s  t h a n  0 . 0 1  m g / L ) ,  d e c h l o r i n a t e d  w a t e r  r e c o n s t i t u t e d  
w i t h  NaHC03, CsCI2 ,  MgS04 and KC1 (U .S .  EPA 1 9 8 5 ) ,  o r  
n a t u r a l  l a k e  w a t e r  o b t a i n e d  f r o m  t h e  I n t e r n a t i o n a l  
P a c i f i c  Salmon F i s h e r i e s  Commiss ion  L a b o r a t o r y ,  C u l t i s  
Lake,  B . C . ,  Canada. 

T e s t s  w e r e  c o n d u c t e d  w i t h  s t a n d a r d  c o m m e r c i a l  
f o r m u l a t i o n s  o f  Roundup and Rodeo h e r b i c i d e s .  Roundup 

Send r e p r i n t  r e q u e s t s  to  D r .  Chapman 
a d d r e s s .  

Roundup  @ and Rodeo @ a r e  r e g i s t e r e d  
Monsanto  Co. 
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was d i r e c t l y  d i l u t e d  to  o b t a i n  the  d e s i r e d  exposure  
c o n c e n t r a t i o n s .  Rodeo was m ixed  w i t h  O r t h o  X-77TM 
s u r f a c t a n t  p r i o r  to t e s t i n g  at  the maximum-use d i l u t i o n  
recommended by Monsanto.  S p e c i f i c a l l y ,  a s t ock  s o l u t i o n  
was p repa red  w i t h  312 mL Rodeo, 699 mL water  and 4 mL 
X-77 s u r f a c t a n t .  A l i q u o t s  o f  t h i s  Rodeo/X-77 s t o c k  
s o l u t i o n  were v o l u m e t r i c a l l y  d i l u t e d  f o r  t e s t i n g .  
D u p l i c a t e  w a t e r  s a m p l e s  were t a k e n  f rom s e l e c t e d  
Roundup t e s t  c o n c e n t r a t i o n s ,  f r o z e n  i n  p o l y e t h y l e n e  
b o t t l e s ,  and used f o r  a c t i v e  i n g r e d i e n t  ( g l y p h o s a t e )  
a n a l y s i s  by HPLC t o  c o n f i r m  t h e  b i o a s s a y  t e s t  
c o n c e n t r a t i o n s .  

Ten f i s h  ( w e i g h t s  p r o v i d e d  i n  T a b l e s  i and 2) were 
exposed per t e s t  c o n c e n t r a t i o n .  Rainbow t r o u t  t e s t l n g  
was c o n d u c t e d  i n  g l a s s  a q u a r i a ;  t e s t i n g  of coho and 
ch inook  salmon was conducted i n  f i b e r g l a s s  t a n k s .  F i sh  
l o a d i n g  d e n s i t i e s  were m a i n t a i n e d  below 1.0 g / L .  

T e s t i n g  was conduc ted  at  a t e m p e r a t u r e  of  I I  + loC and 
a 16 h l i g h t : 8  h dark p h o t o p e r i o d  reg ime .  D ~ s s o l v e d  
oxygen  l e v e l s  were m a i n t a i n e d  above 60% s a t u r a t i o n  a t  
a l l  t imes  w i t h  m in ima l  a e r a t i o n  (<7 .5  o o / m i n / L ) .  

Med ian  l e t h a l  v a l u e s  (96 -h  LCSOs) and 95,~ c o n f i d e n c e  
l i m i t s  were c a l c u l a t e d  from s u r v i v a l  data  u s i n g  p r o b i t ,  
m o v i n g - a v e r a g e  or  b i n o m i a l  p r o b a b i l i t y  a n a l y s i s ,  and 
were c o n f i r m e d  by g r a p h i c a l  l o g - p r o b i t  a n a l y s i s .  Acute 
l e t h a l i t y  v a l u e s  are p r e s e n t e d  in  terms of the t o t a l  
h e r b i c i d e  f o r m u l a t i o n  a n d  i n  t e r m s  o f  t h e  
i s o p r o p y l a m i n e  ( IPA)  s a l t  of g l y p h o s a t e .  

RESULTS AND DISCUSSION 

Acute t o x i c i t y  va lues  d e r i v e d  in  t h i s  and in  p r e v i o u s  
s t u d i e s  w i t h  Roundup h e r b i c i d e  are p r e s e n t e d  i n  T a b l e  
I .  P r e v i o u s  s t u d i e s  have p resen ted  such data  in  terms 
of  e i t h e r  the  t o t a l  f o r m u l a t i o n  ( H i l d e b r a n d  e t  a l .  
1982)  or  t h e  i s o p r o p y l a m i n e  ( IPA)  s a l t  of g l y p h o s a t e  
( F o l m a r  e t  a l .  1 9 7 9 )  �9 I n  o r d e r  t o  a l l o w  d a t a  
c o m p a r i s o n s ,  bo th  methods of  data  p r e s e n t a t i o n  are used 
h e r e i n .  

The re  w a s  no s i g n i f i c a n t  d i f f e r e n c e  (P<O.05) i n  the 
t o x i c i t y  of  Roundup h e r b i c i d e  to 0.37 g ra inbow t r o u t ,  
4 . 6  g c h i n o o k  sa lmon and 11.8 g echo salmon.  Acute 
t o x i c i t y  v a l u e s  r anged  f rom 7 . 4  mg/L to  12 mg/L i n  

T M O r t h o  X - 7 7  i s  a t r a d e m a r k  o f  C h e v r o n  C h e m i c a l  
Company. 
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terms of the IPA salt of glyphosate, with 95~ 
confidence limits ranging from 5.7 - 18 mg/L. Varying 
dilution water type (dechlorinated, dechlorinated and 
reconstituted, and natural lake water), pH (range 6.1- 
7.7), hardness (4.5 - 85 mg/L as CaC03) and 
conductivity (12 -132 umhos/cm) did not significantly 
affect Roundup toxicity to 0.37 g rainbow trout. 

The Roundup  h e r b i c i d e  9 6 - h  LCSO v a l u e  o f  8 . 5  mg/L 
p r e v i o u s l y  d e t e r m i n e d  by Fo lmar  e t  a l .  ( 1979 )  f o r  2 .0  g 
r a i n b o w  t r o u t  t e s t e d  a t  1 2 o c ,  pH 7 . 2  and 40 mg/L 
h a r d n e s s  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P<O.05)  f rom 
the  p r e s e n t  v a l u e s  ( T a b l e  1 ) .  However~ i n  c o n t r a s t  to  
t he  p r e s e n t  s t u d y ,  Fo lmar  e t  a l  ( 1979 )  a l s o  p r e s e n t e d  
da ta  show ing  a s i g n i f i c a n t  i n c r e a s e  (P<O.05)  i n  Roundup 
t o x i c i t y  when t e s t i n g  was done a t  pH 6 .5  compared w i t h  
pH 7.5 (96-h LCSO values, in terms of the IPA salt of 
glyphosate, decreased from 7.6 mg/L to 1.6 mg/L). 
Folmar et al. (1979) reported a similarly large 
difference in Roundup toxicity of 8.5 mg/L versus 1.3 
mg/t for tests with rainbow trout weighing 2.0 g 
compared with trout weighing 1.0 g. Large differences 
in toxicity such as those determined by Folmar et al. 
(1979) are unexpected given the small changes in test 
pH and fish size and in particular are not supported by 
the values obtained in the present study. 

H i l d e b r a n d  e t  a l .  ( 1 9 8 2 )  r o u n d  t h a t  d i f f e r i n g  w a t e r  
t y p e  ( d e c h l o r i n a t e d  v e r s u s  n a t u r a l  s t r e a m )  a n d  
c o n d u c t i v i t y  (14  v e r s u s  190 umhos/cm) d i d  no t  a f f e c t  
Roundup t o x i c i t y .  However~ the  a c u t e  9 6 - h  LCSO v a l u e s  
o b t a i n e d  by H i l d e b r a n d  e t  a l .  (1982)  were o v e r  t w i c e  as 
g r e a t  as t h o s e  d e t e r m i n e d  i n  t he  p r e s e n t  s t u d y  ( T a b l e  
i). The reason for this difference in toxicity is 
unknown, but could be due to differences in bioassay 
testing methodology between the two studies. 

Test concentrations used in the present study with 
Roundup were confirmed by glyphosate analysis of the 
bioassay tank solutions. These analyses indicated that 
after 24 h of testing, 70 - 87% of the original target 
levels remained in the chinook and echo salmon test 
tanks. Levels in the rainbow trout tanks were 21 - 65% 
of the target levels after 24 h. These differences may 
be largely due to higher rates of herbicide adsorption 
onto the glass aquaria utilized in the rainbow trout 
bioassay, than onto the fiberglass tanks used in the 
chinook and coho salmon tests. The fact that these 
differences are not reflected in significant 
differences (P<O.05) between the acute toxicity values 
of these species may indicate that the majority of the 
lethal herbicide dose was absorbed by the test fish 
prior to loss of the test material from solution. 
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No significant differences (P<O.05) were found between 
the Rodeo/X-77 acute toxicity values for rainbow trout, 
chinook salmon, and coho salmon (Table 2). The 96-h 
LCSO values ranged from 120 mg/L to 290 mg/L in terms 
of the IPA salt of glyphosate, with 95~ confidence 
limits ranging from 68 - 580 mg/L. There was some 
indication that the use of waters with relatively high 
pH, hardness and conductivity values resulted in a 
decrease in Rodeo/X-77 toxicity (maximum values in the 
present study were pH 7.8, 77 mg/L and 150 umhos/cm, 
respectively). However, these toxicity differences 
were not significant (Table 2). Fish size also did not 
significantly (P<O.05) affect Rodeo/X-77 toxicity; test 
fish mean size ranged from 0.21 g for the rainbow trout 
to 17.9 g for the coho salmon. 

Comparison of Roundup and Rodeo/X-77 acute toxicities 
indicates that the 96-h LCSO values, in terms of the 
IPA salt of glyphosate, differ by approximately lO- 
fold (Tables 1 and 2). This difference may be due to 
the difference in the type of surfactants present in 
these two formulations. Testing of Rodeo without prior 
formulation with its X-77 surf~ctant significantly 
(P<O.05) decreased toxicity from 150 mg/L to 580 mg/L, 
in terms of the IPA salt of glyphosate (Table 5). 
Tests of the surfactant in Roundup herbicide and of 
technical glyphosate [N - (phosphonomethyl) glycine] 
conducted by Folmar et al. (1979) also suggested that 
the surfactant was the primary toxic agent in the 
Roundup formulation. The 96-h LCSO values obtained by 
Folmar et al. (1979) were 2.0 mg/L for the surfactant 
and 140 mg/L for technical glyphosate. 

While materials used to formulate Roundup and Rodeo 
herbicides are more toxic than the active ingredient 
itself, the representation of the acute toxicity of 
these two herbicides in terms of the IPA salt of 
glyphosate can be useful. Trace levels of glyphosate 
are quantifiable and from such data tile total herbicide 
concentrations can be readily obtained by back- 
calculation. 

The results of the present studios indicate that, 
according to a toxicity classification scheme currently 
in use (U.S. Fish and Wildlife Service 1984), Roundup 
and Rodeo herbicides would be considered to be slightly 
toxic and practically non-toxic, respectively, to trout 
and salmon species. No acute toxicity hazard to 
aquatic environments would be expected during the 
course of normal usage. 

Acknowledgments. H. Villette, K. McKim and V. Funk of 
E.V.S. Consultants assisted with the bioassays. 
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Glyphosate ana lyses were conducted by J .E.  Cowel l ,  C.M. 
Lot tman, M.E. Oppenhuizen and 3 .R.  S t e i n m e t z  of  the 
Monsanto Co.,  St .  Lou i s ,  M i s s o u r i .  We thank Monsanto 
Co. fo r  pe rmiss ion  to p u b l i s h  t h i s  paper .  The paper 
was word processed by A. N i l s s o n .  

T a b l e  3. Acute toxicity of Rodeo and Rodoe X/-77 
to rainbow trouta 

96-h Lcsob 
(95% con f idence  l i m i t s )  

To ta l  IPA salt 
Herbicide formulation of glypho- 
formulation (mg/L) sate (mg/L) 

Rodeo ii00 580 
(850-1300) (460-730) 

Rodeo /X-77c 680 130 
( 6 0 0 - 8 2 0 )  ( 120 -160 )  

a Comparison of acute toxicity values obtained for 
Rodeo herbicide alone, and for Rodeo herbicide with 
X-77 surfactant. Tests conducted with 0.52 g fish 
in dechlorinated municipal water (pH 6.0, hardness 
5.0 mg/L, conductivity 15 umhos/cm). 

b Acute toxicity values given in terms of the total 
formulation and the isopropylamine (IPA) salt of the 
active ingredient glyphosate. 

c Rodeo /X-77 consists of 312 mL Rodeo mixed with 699 
mL water and 4 mL X-77 surfactant. 
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