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Canadian Water Quality
Guidelines for the Protection
of Aquatic Life

GLYPHOSATE
lyphosate (C3H8NO5P) has a CAS name and
number of N-(phosphonomethyl)glycine and
1071-83-6, respectively. The isopropylamine sa

of glyphosate (CAS 38641-94-0) is the active ingredie
in a number of herbicides including Roundup, Visio
Clear-it, and Sidekick. Roundup and Vision contain th
equivalent of 356 g⋅L-1 of glyphosate
(480 g⋅L-1 of the isopropylamine salt) (Worthing and
Walker 1983; WSSA 1983; Monsanto Company 1987).

Glyphosate, introduced in 1971, was registered in Can
in 1976 as a nonselective systemic herbicide. It acts 
various enzyme systems to interfere with the formation
amino acids and other important endogenous chemic
(Tomlin 1994). Glyphosate is registered to control annual
and perennial grasses, sedges, broadleaf weeds, 
woody brush and trees in fruit and nut orchards, whe
barley, canola, flax, peas, lentils, dry beans, legumes, 
in forestry, nursery, and noncrop areas such as rights
way and industrial sites (Agriculture and Agri-Foo
Canada 1997).

Glyphosate may be introduced into the aqua
environment through spillage, accidental discharge, 
waste disposal during production, packaging, storage, 
use. When applied according to label instructions, t
likelihood of aquatic contamination is remote (BrUnstad
and Friestad 1985). Glyphosate can, however, en
freshwater by direct use near aquatic environments, run
or leaching from terrestrial applications, or drift durin
agricultural or silviculture applications (Tooby 1985
Beck 1987). Concentrations found in Canadian freshwa
range from 1.5 µg⋅L-1, due to direct overspray, to 5153 µ
⋅L-1 in runoff water where two to four times the
recommended application rate of glyphosate was appl
(Edwards et al. 1980; Feng et al. 1986). Concentratio
found in sediments range from 0.05 to 0.4 mg⋅kg-1

(Newton et al. 1984; Wan 1986).

Glyphosate dissipation in water follows two majo
pathways: microbial breakdown to the inactive glyphosa
metabolite aminomethylphosphonic acid (AMPA) an
CO2 and adsorption to sediments with subseque
microbial breakdown of bound residues under anaero
conditions (Tooby 1985). The half-life values for th
dissipation of glyphosate range from 1.5 d to 10 wee
(Ghassemi et al. 1981; Goldsborough and Beck 1989).
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The photodegradation half-lifes were reported as 4 d a
3–4 weeks for concentrations of 1.0 and 2000 mg⋅L-1,
respectively (Lund-Høie and Friestad 1986).

Reports indicate that particulate matter has a hi
adsorptive capacity for glyphosate (Hance 1976; Hens
et al. 1978; Newton et al. 1984; Lund-Høie and Friest
1986; Wan 1986). The adsorption coefficient o
glyphosate increases as the ratio of soil to water decrea
(Damanakis 1976).

Glyphosate has a low potential for accumulation 
aquatic organisms. Reported BCFs range from 0.03 
rainbow trout (Oncorhynchus mykiss) to 1.6 for bluegill
sunfish (Lepomis macrochirus) (Sacher 1978).
t,
nd
of-

c

Water Quality Guideline Derivation

The interim Canadian water quality guideline for
glyphosate for the protection of freshwater life wa
developed based on the CCME protocol (CCME 1991).
r
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Freshwater Life

The available toxicity data for the effects of glyphosate 
vertebrates include data for glyphosate, techni
glyphosate, the isopropylamine salt, Roundup, and 
surfactant (MONO818) found in Roundup. The 96
LC50s for glyphosate range from 86 mg⋅L-1 for rainbow
trout (USDA 1984) to 150 mg⋅L-1 for bluegill sunfish
(Folmar et al. 1979). The 96-h LC50s for technical
glyphosate range from 16 mg⋅L-1 for bleak (Alburnus
alburnus) (Linden et al. 1979) to 168 mg⋅L-1 for harlequin
fish (Rasbora heteromorpha) (Monsanto Company

Table 1. Water quality guidelines for glyphosate for the
protection of aquatic life (CCME 1989).

Aquatic life Guideline value (µg·L-1)

Freshwater 65*

Marine NRG†

*
Interim guideline.

†
No recommended guideline.
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to 12 mg⋅L-1 (Mitchell et al. 1987b) and from 1.3 to 48 m
⋅L-1, respectively (Folmar et al. 1979; USDA 1981). Th
surfactant was much more toxic than glyphosate, with
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LC50 of 934 mg⋅L-1 for fiddle crabs (USDA 1981;
Monsanto Company 1982a). For Roundup, the toxic
values ranged from a 48-h EC50 of 3.0 mg⋅L-1 for Daphnia
magna (Folmar et al. 1979) to a 96-h LC50 >1000 mg⋅L-1

for crayfish (Monsanto Company 1982b).

The toxicity of glyphosate for algal species ranged fro
1 mg⋅L-1, based on the inhibition of oxygen evolution, t
203 mg⋅L-1, based on reduction of cell numbers i
Euglena gracilis (Richardson et al. 1979; Christy et a
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Toxicity endpoints:

Canadian Water Quality Guideline 
65 µg·L-1 
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secondary
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Canadian Guideline

101 102 103 104 105

O. mykiss
O. mykiss
O. mykiss
P. promelas
P. promelas
L. macrochirus
C. carpio

96-h LC50

24-h LC50

24-h LC50

96-h LC50

24-h LC50

96-h LC50

96-h LC50

Daphnia sp.
D. magna
C. plumosus
N. spinipes
G. pseudolimnaeus
D. pulex

48-h LC50

48-h EC50

48-h EC50

96-h LC50

96-h LC50

96-h EC50

Lemna sp.
L. minor
L. minor

7-d EC37

14-d EC50

ED50

  Figure 1. Select freshwater toxicity data for glyphosate.
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1981). Glyphosate toxicities for the vascular pla
duckweed ranged from a 14-d EC50 of 2.0 mg⋅L-1 for
Lemna minor (Hartman and Martin 1985) to an effect o
enzyme activities at 169.1 mg⋅L-1 for L. gibba (Hoagland
1978; Hoagland and Paul 1978).

Given the fact that residues of Roundup in the Canad
aquatic environment will continue to be monitored by t
presence of glyphosate, it is appropriate that the guide
for the active ingredient (glyphosate) be set using toxic
data for the formulated product (Roundup). The inter
water quality guideline for glyphosate for the protection 
freshwater life is 65 µg⋅L-1 (CCME 1989). It was derived
by multiplying the lowest acceptable 96-h LC50 value for
Roundup of 1300 µg⋅L-1 for the most sensitive organism
O. mykiss (Folmar et al. 1979), by a safety factor of 0.0
(acute toxicity study, nonpersistent substance) (CCM
1991).
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