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Glyphosate [N-(phosphonomethyl) g lyc ine]  is a broad 
spectrum herbicide manufactured by Monsanto Company I t s  
formulated product Roundup R, also known as Vision ~ in 
Canada, is a non-selective herbicide. Concerns have 
been raised about the a p p l i c a b i l i t y  to natural water of 
the 96-h LC50 data for young salmon of Roundup R assayed 
in reconst i tuted water (Servizi  et al .  1987). This study 
compares the ef fects of reconst i tuted water and four 
natural sources of d i l u t i on  water on the acute t o x i c i t y  

t r  ut of to juveni le  Paci f ic  salmonids and rainbow 
glyphosate and i t s  formulated products: Roundup , MON 
8709 (a new formulation of glyphosate), and the i r  sur- 
factant MON 0818. 

MATERIALS AND METHODS 

The common names and concentration of test  materials are 
summarized in Table 1. The test  materials were supplied 
by Monsanto Company, U.S.A, Chester f ie ld,  Missouri ;  and 
Monsanto Canada Incorporated, Delta, B r i t i sh  Columbia. 

A series of 96-h s ta t i c  acute t o x i c i t y  tests was con- 
ducted using 5 species of juveni le  salmonids (see foot- 
note, Table 4) obtained in fresh water f rom Br i t i sh  
Columbia hatcheries. The tests were carried out from 
February to June 1988 in accordance with the protocols 
of Environment Canada (1980), Buchanan (1982), and the 
procedure outl ined by Wan et al .  (1988). Testing was 
undertaken at a temperature of 14 + lOC, and with a 16-h 
l i g h t : 8 - h  dark photoperiod regime~ The average loading 
density was 0.25 (0.10 - 0.4) g/L, and the test  volume 
was 20 L. Ten f ish were placed in each test  vessel. The 
cumulative f ish mor ta l i ty  was recorded and the LC50 
values were  calculated using the "Lethal" computer 
program developed by Stephan (1983). 

Five d i f f e ren t  sources of water were used as d i l u t i on  
water: (1) c i t y  tap (Vancouver dechlor inated),  (2) creek 
(Chehalis Creek, B r i t i sh  Columbia), (3) reconst i tuted 
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Table 1. L i s t  of tes t  mater ia ls  
Common name Abbrev. Concentration of act ive ingredient  

Glyphosate Gly. 
(Technical grade) 

MOW 0818 0818 

NON 8709 8709 

RoundupR Rdup. 
( V l s l o n  e ) 

N-(phosphonomethyl) glycine; batch sample # I - 
88.5 %; batch sample # 2 - 95.4 % 

75 % tallow amine surfactant 

41% N-(phosphonomethyl) glycine as Isopropyl- 
amine salt (30.5 % glyphosate equiv.), I0 % MON 
0818, 49 % water and inerts; % by wt. 

41 $ N-(phosphonomethyl) glycine as Isopropyl- 
amine salt (30.5 % glyphosate equiv.), 15 % MON 
0818, 44 % water and inerts; % by wt. 

deionized c i t y  tap (CaSO4.2H20, KCI, MgSO 4, and NaHCO 3 
APHA 1985), (4) well (Cypress Well, B r i t i s h  Columbia, 
Canada), and (5) lake (Cultus Lake, B r i t i s h  Columbia). 
Each water was checked once for  ch lo r ina ted  pes t i c ide  
residues and at regular  i n t e r v a l s  for  i t s  q u a l i t y .  
Dupl icate 50 mL water samples were co l lec ted  at random 
from the mid concentrat ion of each coho tes t  so lu t i on  to 
ascer ta in glyphosate concent ra t ion .  Sampling was 
conducted a f te r  the add i t ion of tes t  chemicals and the 
30-min preaerat ion process but before f i sh  i n t r o d u c t i o n .  

The screening of water samples for  ex t rac tab le  metals, 
n u t r i e n t s ,  and ch lor ina ted  pest ic ides was conducted (us- 
ing in-house methods) at Environment Canada Laboratory, 
West Vancouver, B.C. Glyphosate and amino methylphos- 
phonic acid (ampa, the major metabol i te of glyphosate) 
residue analyses in water were performed (using methods 
developed in-house) by the B r i t i s h  Columbia Research 
Laboratory, Vancouver, B.C., Canada. The recovery rates 
for  glyphosate and ampa in water were both 98.5 • 1.0 %; 
n = 5, i . e . ,  (mean • S.E.; n = q u a l i t y  contro l  samples). 
No attempt was made to recover the ta l low amine residues 
of MON 0818, as a high reso lu t i on  recovery method for  
t h i s  chemical is present ly not ava i l ab le .  

RESULTS AND DISCUSSION 

Chemical q u a l i t y  of each source of water was r e l a t i v e l y  
cons is ten t  throughout the study period from February to 
June 1988, (Table 2). Each water d i f f e red  from the 
other s i g n i f i c a n t l y  (p < 0.05) in terms of a l k a l i n i t y ,  
c o n d u c t i v i t y ,  hardness, pH, and some chemical elements/ 
ions (those above the detect ion l i m i t s ) .  The f i ve  
d i l u t i o n  waters can be categorized in to  three main water 
types: (1) sof t  water ( c i t y ,  creek);  (2) hard water 
( l ake ) ;  and (3) intermediate between sof t  and hard water 
( recons t i t u ted  and w e l l ) .  Notably, the r a t i o  of hard- 
ness for  c i t y ,  creek, r e c o n s t i t u t e d ,  we l l ,  and lake 
water was respec t i ve l y :  1, 2, 8, 13, and 16 times that  
of so f t  ( c i t y )  water. This r a t i o  ind ica tes  the 
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Table 2. Quality* of d i lu t ion  waters 
Parameter  Type o f  d i l u t i o n  wa te r  

ana lyzed  S o f t  So f t  I n t e r m e d i a t e  I n t e r m e d i a t e  Hard 
( c i t y )  ( c r e e k )  ( r e c o n s t i t u t e d )  ( w e l l )  ( l a k e )  

A l k a l i n i t y  2 .5  + 0 .2  6 .7  + 0 .2  29 .2  ! 0 .4  27 + 1 65 + 0 .7  
Chemical e l e m e n t s / i o n s  

C ( t o t a l )  4 • 1 4 . 8  + 0 .7  7.2 _+ 1 7 .8  _+ 1 .8  17 + 2.5 
C a  1.4 0.1 3 ,3  +_ 0 .2  6 .9  + 0,1 18.5 + 0 .3  29.8 +_ 0 .3  
K 0.1  0 . I  1 2 0 . I  
Mg 0 .2  0 .3  5 .5  _+ 0 . I  5.1 _+ 0 .1  2.7 _+ 0 . I  
Na 0 .7  + 0 .1  1 .0  +- 0 .1  13.6 + 0 .5  34.7 -+ 0 . 2  3 .3  + 0 .1  
Si 1.4 ~ 0 .1  1.9 -+ 0 .1  ND 7.3  +__ 0 .1  2 .8  _t+ 0 . I  
Cl 1.6 + 0 .9  0 .8  + 0 . 3  1.1 -+ 0 .4  63 .6  + 5 3 .9  + 1.1 
SO 4 3 .0  + 0.1 4 .5  -+ 0 .1  35 + O.S 15 + 0 . 2  2 + 0 .4  

C o n d u c t i v i t y  (umhos/cm) 
17 + 0 .5  28 + 3 148 + 1 318 + 26 180 + 3 

Hardness ( t o t a l )  6 .3 ~ 0 .2  10 ~ 0 .5  40 +_- 0 .5  68 ~ 1.3 86 T 1 m 
pH ( r e l .  U. )  6 .3  +- 0 .03  7 .2  _+ 0 .05  7 .8  + 0 .04  7 .8  + 0 .1  8 .2  + 0.06 

* - pa ramete r  measured in  mg/L (mean + S . E . ,  n - 8 ) ;  ND - not  d e t e c t e d ;  d e t e c t i o n  
l i m i t s ,  < 0.001 - 0.01 mg/L 

Table 3. Concentrations of test chemicals 
D i l u t i o n  wa te r  C o n c e n t r a t l o n  o f  t e s t  chemica ls  (mg/L) a t  O-h Chemical 

and t e s t  l h e o r e t l c a l  Measured C a l c u l a t e d  c Loss (%) 
chemica ls  Gly.  0818 8709 Rdup. Gly.  Ampa 0818 8709 Rdup. Gly.  0818 8709 Rdup. 

So f t  ( c i t y )  a 
(; [yphosa.te 25 20.8  ND - 16.8 - 
MON 0818 I) - 6 .5  ND 4 .9  - 24.7 - - 
NON 870 R 15.3  50 13.7 ND - 44 .8  - 10.4 - 10.4 - 
Roundup ~ 4 .6  i 5  4 .3  ND - 14 6 .5  - 6 .6  

S o f t  ( c r e e k )  
(i lyphosa~te a 25 20 ND - 16 - - 
MON 0818 u 5 .5  - ND 4.1 - 

.0.870~ is3 ;0 134 ND - ;38-  i24-2S'4124- 
Roundup K 5 .8  - - 19 5 .8  ND 19 0 0 

I n t e r m e d i a t e  ( r e c o n s t i t u t e d )  
{~ lypl losate = 75 71 .8  ND - 4 .3  - 
MON 0818 b - 3 .7  - - ND 2.8  - - - 24 .3  - 
MON 8709 7.6 25 1.4 ND 24.3  2.6 - 2.8 - 
RoundupR 3 .8  12 .5  3 .6  ND 11.8 5 .3  ~ 5 .6  

I n t e r m e d i a t e  ( w e l l )  
{~lyphosate a 75 72.4  ND - 3 .5  ~ - 
MON 0818 b - 3 .9  - - ND 2 . 9  - - 2 5 . 6  - 

MON 870~ 7.6 2fl 7 .3  ND 24 4 - 4 

Roundup ~ 3 . 8  1 2 . 5  3 . 7  ND 1 2 . 2  2 . 6  2 .4  
Hard ( l a k e )  

G l yphosa }e  a 175 157 NO - 1 0 . 3 -  - 
MON 0818 D - 2 .4  - - ND 1 .8  - - - 25 - * 
. 0 . 8 7 0 ~  8 8  19 8 4  WD - 1 7 . 7 -  6 8 -  6 8  
Roundup R 4 .6  i 5  4 ,5  ND - 14.7 2 - 2 

a - t e c h n l c a l  grade g l y p h o s a t e ;  b - t e c h n i c a l  
o n  a 30.5 % Gly.  i n  Rdup. and MON 8709 (% by 
MON 0818;  ampa - amino methy lphosphon ic  a c i d ;  

grade 0818;  c - back c a l c u l a t i o n  based 
w t . ) ,  a 75 % t a l l o w  amine s u r f a c t a n t  in  
ND - not  d e t e c t e d ,  l i m i t  = ( I mg/L 

prevalence of Ca ++ and Mg ++ ions and the potential buf- 
fer ing capacity of each water in re lat ion to the softest 
water (c i t y )  used in this tes t .  

No detectable residues ( l i m i t  of detection, I ~g/L) were 
found in each water for the fol lowing chlorinated pest i -  
cides: DDT analogues, benzene hexachloride, cyclodiene 
and phenoxy compounds, PCB, PCP, and picloram. However, 
the measured concentration of glyphosate of each test  
material in d i f fe ren t  d i lu t ion  water types in the coho 
test  vessels before f ish introduct ion was less than the 
corresponding theoret ical  concentration (Table 3). The 
data suggests that glyphosate loss occurred in the tech- 
nical and the formulated materials. Losses for techni- 
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cal glyphosate and MON 8709 seemed to be greater in both 
soft  and hard  but not in intermediate water type. 
Several factors may have contributed to this loss, i . e . ,  
v o l a t i l i z a t i o n  during the i n i t i a l  aeration process 
(Doudoroff et al. 1951); glass adsorption (Sharom and 
Solomon 1981); reduced s o l u b i l i t y  of test chemicals (Dow 
Chemical 1981); and possibly the varying pur i ty  of 
glyphosate in the technical material (Table 1). 

The 24, 48, 72, and 96-h LC50 values for the test mater- 
ia ls  were adjusted to the measured concentration, except 
for MON 0818; i t s  adjustment was based on the concentra- 
tion of tallow amine surfactant provided by Monsanto 
Company (Table I ) .  

The results show that the LC50 values not only varied 
but also changed considerably during the 96-h of 
exposure for the d i f ferent  materials tested in d i f fe ren t  
d i lu t ion  water types (Table 4). Glyphosate appeared to 
have the least s t a b i l i t y  within the 96-h test period. 

The 96-h t o x i c i t y  data in Table 4 show that between f ish 
species, glyphosate is most toxic to chum and rainbow 
trout in soft water ( c i t y ,  creek; hardness 5.3, 10 res- 
pect ive ly ) ,  least toxic to chinook in hard water (lake, 
hardness 86) and equally toxic to the f ish in interme- 
diate water types (reconst i tuted, well ;  hardness 40, 68 
respect ively) .  MON 0818 is most toxic to pink and chum 
in hard water, and least toxic to coho in soft water. 
MON 8709 is most toxic to rainbow trout in hard water 
and least toxic to chinook in soft water types. This 
product is also s imi lar ly  toxic to f ish in intermediate 
water water type. Roundup K is most toxic to chum in 
hard water, and least toxic to coho in intermediate 
water type, and to chinook, pink and rainbow trout  in 
soft water. 

The 96-h LC50 value appears to vary considerably for the 
same f ish species tested under similar condit ions. For 
example the 96-h LC50 for rainbow trout (0.48 g) of 
Roundup ~ in reconstituted water (pH 7.8, hardness 40 
mg/L CaCO 3) of th is test is 18 mg/L. Other studies us- 
ing the same fish species under comparable rearing tech- 
niques and test conditions of f ish size, pH, hardness, 
and water temperature in reconstituted water (APHA 1985) 
reported values varying from 1.6 mg/L (Folmar et al .  
1979) to 22 mg/L (Mitchell et al .  1987). Dif ferent 
strains of rainbow trout tested under similar conditions 
may have varying 96-h LC50 values, but these values 
would be unl ikely to vary by an order of magnitude. 

Factors such as hardness and pH in water affect the tox- 
i c i t y  to salmonids of heavy metals (Mi l ler  and Mackay 
1980; Lauren and McDonald 1986). These factors, includ- 
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Table 5. Comparison of t o x i c i t y  (mg/L) to salmonids in 
d i f f e r e n t  d i l u t i o n  water types 

lest chemicals .... pH 
and dilution 
water types 

Toxicity Statistical tests and comparison 
g6-h LC50 Student "t" P < 0.05 
(Mean ~ S.E.) N1;N2 a "t" test Value 

Glypnosate 
I. Lake (hard) 8.2 184 • 12 
2. Well (intm.) c 7.8 104 • S 
3. Recon b (intm.) c 7.8 101 • 3 

5;5 
4 ; 5  d 
5;5 

4. Creek ( s o f t )  7.2 27 • 3 5;5 
5. C i t y  ( s o f t )  .... 6.3 16 • 3 5;5 
MUN U618 
6. C i t y  ( s o f t )  6.3 3.3 • 0 .6  5;5 
7. Creek ( s o f t )  7.2 2.7 + 0.2 5;5 
8. Well ( i n t m . )  c 7.8 2.7 ~ 0.1 4;5 d 
g. Recon b ( i n t m . )  c 7.8 2.3 • 0.3 5;5 
10. Lake (hard ) .  8.2 1.6 • 0.1 5;5 
MON 8709 

( s o f t )  6.3 61 • 6 5;5 
12. Creek ( s o f t )  7.2 60 ~ 6 5;5 
13. We]l ( i n t m . )  c 7.8 38 • 5 4;5 d 
14.  Recon b ( i n t m . )  c 7.8 31 • 2 5;5 
15. Lak~ (hard)  8.2 25 • 3 5;5 
KOUnOUp~ 
i-6~ C - ~  ( s o f t )  6.3 30 • 3 5;5 
17. Creek ( s o f t )  7.2 24 + 3 5;5 
18. Well ( l n t m . )  c 7.8 22 ~ 3 4;5 d 
19. Recon b ( i n t m . )  c 7.8 20 • 4 5;5 
20. Lake (hard)  8.2 14 • 1 5;5 

3 vs. I 6.71 
3 vs. 2 O. 51 
3 vs. 4 17.44 
3 vs. 5 17 
I vs. 5 13.44 

9 vs .  6 1 . 4 9  
9 vs .  7 1 .11  
9 vs .  8 1 . 2 7  
9 vs .  10 2 . 2 1  
6 vs .  10 2 . 8  

14 vs .  11 3 . 1 6  
14 vs ,  12 3 
14 vs .  13 1 . 3  
14 vs .  15 1 . 6 6  
11 vs .  15 3.88 

19 vs .  16 2 
19 vs .  17 0 . 8  
19 vs .  18 0 . 4  
19 vs .  20 1 . 4 6  
16 vs .  20 5 . 0 6  

a - sample size; b - reconstituted; c - intermediate; d -unequal 
sample size "t" analysis; S - significant; NS - not significant 

S 
NS 
S 
S 
S 

NS 
NS 
NS 
NS 
S 

S 
S 

NS 
NS 
S 

NS 
NS 
NS 
NS 
S 

ing a l k a l i n i t y ,  conduc t i v i t y  and metal e lement/ ionic 
content,  may also a f f ec t ,  and possibly cause, the va r i a -  
t ion of acute t o x i c i t i e s  to salmonids of glyphosate, MON 
0818, MON 8709, and Roundup R. 

Table 5 compares the a p p l i c a b i l i t y  of recons t i tu ted  
water to natural sources of water in tes t ing  the acute 
t o x i c i t y  to salmonids of glyphosate, MON 0818, MON 8709, 
and Roundup R. Glyphosate is s i g n i f i c a n t l y  more tox ic  (p 
< 0.05) to juven i le  salmonids in sof t  ( c i t y ,  creek) 
water than in reconst i tu ted  water. This chemical is a l -  
so s i g n i f i c a n t l y  more tox ic  (p < 0.05) to the f i sh  in 
recons t i tu ted  water than in hard ( lake) water. However, 
i t  is equal ly tox ic  to salmonids in s im i l a r  (wel l )  water 
type. MON 0818 t o x i c i t y  to salmonids in recons t i tu ted  
water is not s i g n i f i c a n t l y  d i f f e r e n t  (p > 0.05) to tes t  
resu l t s  of the other water types. 

Of the formulated products, MON 8709 is s i g n i f i c a n t l y  
more tox i c  (p < 0.05) to salmonids in recons t i tu ted  wat- 
er than sof t  ( c i t y ,  creek) water but not in s im i l a r  (we- 
l l )  water and hard ( lake) water types. Roundup R t o x i c i -  
ty to salmonids (96-h LCso 20 mg RoundupR/L) in reconst-  
i t u ted  water is not s i g n i f i c a n t l y  d i f f e r e n t  (p < 0.05) 
to tes t  resu l t s  of the other water types. This observa- 
t ion  is contrary to the f ind ing of Serv iz i  et a l .  (1987) 
but confirms the study of Mi tchel l  et a l .  (1987). Tests 

383 



of Roundup R in a sof t ,  s l i gh t l y  acidic water y ie ld the 
upper range of the 96-h LC50 value (30 mg RoundupR/L), 
while test results from a hard and s l ight lyna lka l ine pH 
water produce the lower range (14 mg RoundupK/L). 

The surfactant MON 0818 is the most potent toxicant to 
salmoni~s when compared to glyphosate, MON 8709, and 
Roundup", i r respect ive of water types (Table 5). Gly- 
phosate by i t s e l f  is most toxic to salmonids in soft 
water and least toxic (12 times less) to the f ish in 
hard water. MON 0818 is most toxic to salmonids in hard 
water. In the formulated products, both MON 8709 and 
Roundup R are s ign i f i can t l y  more toxic (p < 0.05) to 
salmonids in hard water than they are in soft water, 
with Roundup R almost twice as lethal as MON 8709. 
Roundup R contains 50 % more MON 0818 surfactant than 
MON 8709. As well ,  MON 0818, MON 8709, and Roundup R are 
s i gn i f i can t l y  (p < 0.05) more toxic (twice as toxic)  to 
salmonids in hard water than they are in soft water. 
This observation indicates that MON 0818 surfactant by 
i t s e l f  and in the formulated products reduces the 
buffering capacity of hard water and thereby increases 
the t o x i c i t y  of the materials to salmonids. 

To sum up, this study indicates that a notable var iat ion 
of 96-h LC50 values is attained for the same fish 
species when d i f fe rent  water types are used in the bio- 
assay of glyphosate, MON 0818, MON 8709, and Roundup R. 
Variation o~ 96-h LC50 values for MON 0818, MON 8709, 
and Roundup K is in the same order of magnitude, i r res-  
pective of water types. For glyphosate, the 96-h LC50 
values for d i f fe rent  water types can vary by an order of 
magnitude. Hardness of water and pH appear to be the 
key factors causing the var iat ion of 96-h LC50 values. 
Roundup R, MON 8709, and MON 0818 are more toxic to young 
salmonids in hard than they are in soft water, while the 
reverse holds for glyphosate. Salmonid 96-h LC50 data 
for RoundupK and MON 0818, but not for glyphosate and 
MON 8709, obtained from reconstituted water (APHA 1985) 
are generally similar to 96-h LCso values generated from 
natural sources of d i lu t ion  water. 
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