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Canadian Water Quality
Guidelines for the Protection
of Aquatic Life

CYANAZINE
yanazine (C9H13CN6) is a selective systemic
triazine herbicide that inhibits photosynthes
(Tomlin 1994). It is used for general weed contr

in dry bulb onions and corn (Agriculture and Agri-Foo
Canada 1997). Cyanazine is the trade name for 2-[
chloro-6-(ethylamino)-1,3,5-triazin-2-yl]amino]-2-methylpro-
panenitrile (CAS 2175-46-2). Its common names inclu
Bladex, Fortol, and Payze. At standard temperature a
pressure, cyanazine is a white, crystalline, odourless so
Cyanazine has an aqueous solubility of 171 mg⋅L-1 at
25°C (Worthing and Walker 1987), a low vapour pressu
(200 nPa at 20°C) (Worthing 1987), and a log octano
water partition coefficient (3.68) (Banerjee et al. 1980).

Cyanazine is formulated as either a wettable powder
liquid flowable suspension, or as wettable or solub
granules (Smith et al. 1982; USEPA 1988; Agricultu
and Agri-Food Canada 1997). Cyanazine can 
incorporated into the soil as a pre-plant treatment 
applied pre- or postemergence to crops. Cyanazine ma
formulated with atrazine as Blazine, with MCPA a
Blagal, or with butylate, metolachlor, or dicamba (OMA
1988).

Cyanazine can enter the environment through applicat
to crops or accidental spills. Translocation of cyanazine
surface waters results from direct deposition of spray 
from vapour drift or precipitation. Surface runoff an
groundwater intrusions from treated lands also ca
cyanazine to watercourses (Smith et al. 1982; Pionke e
1988). Losses of soil-applied triazine herbicides such
cyanazine are dominated by movement in the water ph
as opposed to movement with eroded soil sediment (Ba
et al. 1976; Leonard et al. 1979; Johnson and Baker 19
1984).

Cyanazine runoff losses have been reported betw
<0.01% to an average of 11%. Leonard et al. (197
found that cyanazine is transported primarily in solutio
rather than adsorbed to soil particles, and cyanaz
concentrations in the particles were 2 to 5 times high
than in an equivalent amount of water. Runoff losses
cyanazine vary with tillage plots and soil types (Baker 
al. 1976; Hall et al. 1984).

Isensee et al. (1988) studied the movement of cyanaz
from soil into wells sunk into field plots. The range o
concentrations was 0.1–0.7 µg⋅L-1 . The concentration of
cyanazine in the pit water at the base of a corn field ove
years averaged 29.3 µg·L-1  (maximum 73.0 µg⋅L-1 ), but

C
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the herbicide was found in only 16 of 327 samples (4.9%
The average concentration in pit bottom soil wa
approximately 40.3 µg⋅g-1 (maximum of 125 µg⋅g-1), and
cyanazine was found in 3.4% of pit bottom sample
(Kadoum and Mock 1978).

Cyanazine may also move into groundwater. Muir an
Baker (1976) found cyanazine (applied at 3.36 kg⋅ha-1) in
tile outlets draining a corn field in Quebec in
concentrations ranging from <0.01 to 0.68 µg⋅L-1 . A
metabolite of cyanazine, cyanazine amide, was found
similar concentrations.

In Ontario, cyanazine was found in only 2 out o
360 samples (detection limit 0.02 µg⋅L-1 ), and the
maximum concentration was 13 µg⋅L-1  (Roberts et al.
1979). Frank and Logan (1988) analyzed water samp
collected from the mouth of the Grand, Saugeen, a
Thames rivers in southwestern Ontario from 1981 
1985. Out of 440 water samples, cyanazine was found
45 (10.2%, detection limit <0.02 mg⋅L-1). The highest
mean annual concentration measured was 2.6 ± 4.3 µg⋅L-1. In
Quebec, cyanazine was detected at levels as high
11 µg⋅L-1 (Giroux et al. 1997).

Cyanazine was not found in wells (detection lim
0.1 µg⋅L-1 ) in any of the water samples collected from
26 farms where cyanazine had been used as a herbi
that year (Ripley et al. 1986; Frank et al. 1987
Cyanazine was found (with a concentration of 0.1 µg·L-1 )
in 1 of 112 wells investigated for contamination from
surface runoff and spray drift, and in 6 out of 48 wel
where contamination resulted from spills. The maximu
reported concentration of cyanazine resulting from a sp
was 125 mg⋅L-1. After sampling 351 private wells in 1985
and analyzing 1881 samples, the Ontario Ministry of th
Environment reported cyanazine contamination 
17 wells with a maximum concentration of 4.0 µg⋅L-1

(OMOE 1987a).

Table 1. Water quality guidelines for cyanazine for the
protection of aquatic life (CCME 1990).

Aquatic life Guideline value (µg·L-1)

Freshwater 2.0*

Marine NRG†

*
Interim guideline.

†
No recommended guideline.
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Out of the 422 raw surface-water samples collected 
25 different municipal waterworks, cyanazine wa
detected in 34 samples from 13 of the waterwork
Reported levels were from <0.08 to 6.8 µg⋅L-1 . In another
study, cyanazine was not detected in 747 groundwa
samples from 37 domestic wells and five municipa
groundwater supply wells in southern Ontario (OMO
1987b).

Soil degradation of cyanazine results from both chemic
and biochemical processes, but the primary route 
cyanazine degradation in soil is through microbial activi
(USEPA 1987). Metabolic degradation of cyanazin
involves removal of the ethyl group, hydration of th
cyano group, and exchange of the chlorine atom with
hydroxyl group (WSSA 1983). When wheat and potato
were grown in soils treated with 14C-cyanazine, the
cyanazine breakdown products in the crops were the re
of hydrolysis reactions of the nitrite and chlorine group
and of de-N-alkylation reactions; the residues we
present in both free and conjugated states (Beynon et
1972). Under field conditions, losses by eithe
photodecomposition or volatilization are minimal (WSSA
1983; USEPA 1987).

The longest half-lives for hydrolysis of cyanazine in so
have occurred near neutral pH and at room temperatu
The compound is stable to degradation at pH values o
7, and 9 for greater than 30 d (USEPA 1988). Cyanaz
half-life estimates are generally 2 months or less.

Data on the aquatic fate of cyanazine are limited. T
USEPA (1988) indicated that cyanazine persistence 
water was not known and that the aquatic half-life had n
yet been determined. Bioaccumulation from water shou
be negligible, as suggested by the low log Kow (3.68)
(Banerjee et al. 1980). Volatilization to the atmosphere
not a major fate process for cyanazine in water (Smith
al. 1982).

The fate of 14C-labelled cyanazine in a model aquati
ecosystem was investigated by Yu et al. (1975). Aft
35 d, a concentration of 3.21 µg⋅L-1  of cyanazine was
measured in the water after an application equal to 0.78
⋅ha-1. The half-life of cyanazine in this model ecosyste
was less than 35 d. Degradation of the triazine ring to C2

proceeded slowly in the water, as indicated by th
persistence of the radioactivity, but cyanazine and 
metabolites did not biomagnify in the food web.

In another study, cyanazine was applied at a rate 
60 µg⋅L-1  in an aquatic microcosm consisting of pon
sediment, water, and plants (Roberts 1974). The half-l
in water was 14 d, but in sediment, cyanazine w
degraded more slowly, with a half-life greater than 28 d.
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Sanborn (1974) studied the fate of cyanazine in a mo
terrestrial/aquatic ecosystem. The aquatic plant Elodea
accumulated 0.621 µg⋅g-1 of the cyanazine, while the cra
Uca manelensis accumulated 0.172 µg⋅g-1 of N-de-
ethylated cyanazine after 33 d. None of the other 
organisms (algae, Daphnia, fish, mosquito larvae, and
snails) had residues of identifiable metabolites. At the e
of the experiment, the concentration of cyanazine in 
water was calculated to be 3.2 µg⋅L-1 . Neither cyanazine
nor its metabolites accumulated in the components of 
model ecosystem.

Metcalf and Sanborn (1975) reported that the behavi
of cyanazine in the model ecosystem would indicate tha
was susceptible to degradation; only the water pl
Elodea contained cyanazine residues. The auth
concluded that the continued use of cyanazine should
result in its accumulation in aquatic food chains.

Leung et al. (1981) demonstrated that, although cyanazine
was detected in the Des Moines River and Saylorv
Reservoir at a mean concentration of 0.09 µg⋅L-1 , no
cyanazine residues were detected in any of the seven 
warm-water fish species (detection limit approximate
10 µg⋅kg-1).
re.
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Water Quality Guideline Derivation

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

Discussions of the aquatic toxicity of cyanazine usual
take into account its phytotoxic mechanism through th
inhibition of photosynthesis. Because of this primar
mode of action, much of the published information dea
with the effect of cyanazine on aquatic macrophytes a
algae. Data on cyanazine levels in aquatic biota a
extremely limited. This is a reflection of cyanazine’s low
bioaccumulation potential and the low environmenta
concentrations to which biota are exposed.

Using algae, Foy and Hiranpradit (1977) found tha
cyanazine levels of 0.052–0.208 mg⋅L-1 stimulated
Chlamydomonas reinhardtii chlorophyll production, but
0.416 and 0.832 mg⋅L-1 reduced chlorophyll content by
40.8 and 80.3%, respectively. In the same experime
Chlorella sp. chlorophyll production was reduced by
35.8% when the culture was treated with 0.208 mg⋅L-1

cyanazine.
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Figure 1. Select freshwater toxicity data for cyanazine.
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sediment, however, cannot be discounted. Several stu
have addressed acute lethality to fish and seve
invertebrate species. Data are limited, however, on aqu
plants and on sublethal effects. The interim water qua
guideline for cyanazine for the protection of freshwat
organisms is 2.0 µg⋅L-1 . It was derived by multiplying the
LOEL, which caused an inhibitory effect with a 35%
decrease in cell chlorophyll content o
0.208 mg⋅L-1 for the green alga Chlorella sp. (Foy and
Hiranpradit 1977), by a safety factor of 0.01 (CCM
1991).

The aquatic life guideline is given an interim statu
because of the limited information available on th
environmental fate of cyanazine in aquatic systems, 
lack of chronic toxicity information, and the fragmentar
nature of the phytotoxicity data.
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