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IUPAC name 1-(6-chloro-3-pyridylmethyl)-N-

nitroimidazolidin-2-ylideneamine) is a synthetic

active ingredient used in various insecticide
products registered for use in Canada. It is a colourless
crystalline solid, has the molecular formula CoH;oCINsO,
and a molecular weight of 255.7 (Tomlin 2000).
Imidacloprid is very soluble in water, with a solubility of
0.51 to 0.61 gL at 20°C (Krohn 1989; Tomlin 2000),
and is relatively non-volatile with reported vapour
pressures of 2 x 107 to 4 x 107'° Pa at 20°C (EXTOXNET
1998; Tomlin 2000).

I midacloprid (CAS Registry Number 13826-41-3;

Imidacloprid, produced by Bayer CropScience Inc., was
sold and used for the first time in Canada in 1995 for the
control of the Colorado potato beetle in eastern Canada
(PMRA 2001). Since then, its registered uses have
expanded to include: control of various insects on field
and greenhouse crops, orchards, and nurseries; flea
control on household pets; control of turf pests in urban
areas; and others. Formulations of imidacloprid are
available as: a slurry for seed treatments, flowable
concentrate for seed treatment, granule, wettable powder,
soluble concentrate, suspension concentrate, water
dispersible granules, and dustable powder (Tomlin 2000).
Trade names used for imidacloprid-based pesticides
include, but are not limited to, Admire, Advantage,
Confidor, Gaucho, Genesis, Impower, Intercept,
Maxforce IC, and Merit (PMRA 2005).

In agriculture, imidacloprid is used to control sucking
insects such as aphids, leathoppers, psyllids, thrips,
whiteflies and beetles. It is most commonly applied as a
soil and foliage treatment, and as a seed dressing (Tomlin
2000). Typical application rates to foliage or soil range
from approximately 50 to 320 g-ha™, depending on the
crop (PMRA 2005). Imidacloprid is used to treat the
seeds of crops such as canola, mustard, and corn (PMRA
2001). On potatoes, the recommended application rate is
6.2 to 9.4 g imidacloprid per 100 kg seed pieces (PMRA
2005). In urban areas, imidacloprid is used to control turf
pests in household lawns, parks, athletic fields, golf
courses, etc. For treatment of turfgrass to control white
grubs, the recommended application rate is approximately
280 g a.i.-ha™ (PMRA 2005). Imidacloprid is also used to
control domestic pests such as fleas and cockroaches. For
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flea control on domestic pets, it is typically available as a
solution that can be applied topically once a month to
dogs and cats (PMRA 2005). Products contain varying
percentages of active ingredient depending on the weight
of the animal to which it is intended to be applied.

Based on data available for 7 provinces (NS, NB, PEI, ON,
MB, AB, and BC), the total annual quantity of imidacloprid
sold or used in Canada has been estimated at approximately
19,600 kg a.i. (Brimble et al. 2005). The actual quantity is
probably considerably higher because the data for some
provinces only reflected agricultural sales, and did not
account for other uses such as flea and tick control on pets
and applications in greenhouses and on turfgrass. Also,
estimates of quantities sold or used in Saskatchewan were
unavailable, but data suggest that imidacloprid is currently
among the top 10 pesticides in use in that province (Sam
Ferris, Saskatchewan Environment, Regina, personal
communication, 2004). Several recent trends also suggest
that imidacloprid use is likely to increase in the coming
years. In Ontario, licensed pesticide applicators are using
imidacloprid on lawns and turf as a replacement for
diazinon, which was taken off the market for lawncare use
in 2004 (Struger et al. 2002). In Alberta, imidacloprid is
expected to replace lindane, which is being phased out, and
this could result in increased sales in future years (Byrtus et
al. 2002). Since the late 1990s there have also been major
increases in imidacloprid useage for flea control in BC
(ENKON Environmental Limited 2001).

Direct application of imidacloprid to water bodies is not
permitted in Canada. Nonetheless, use of imidacloprid to
control terrestrial pests could potentially result in
unintended transport to aquatic habitats and indirect
contamination through spray drift, atmospheric
deposition, soil erosion, and runoff.

Table 1. Water quality guidelines for imidacloprid for the
protection of aquatic life (CCME 2007).

Aquatic life Guideline value (ug a.i-L™)
Freshwater 0.23"
Marine 0.65

=
Interim guideline.
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Several analytical methods exist for measuring imidacloprid
in water, but for quantification of low levels, the preferred
method is solid-phase extraction with the use of liquid
chromatography - mass spectrometry - mass spectrometry
(LC-MS-MS). Specific methods using this approach have
reported detection limits ranging from 0.1 pg-L™" (Culp et al.
2006) to 0.001 pg-L™" (Giroux 2003).

Monitoring for imidacloprid has been conducted at
various Canadian locations in surface waters, runoff, and
groundwater. In surface waters, imidacloprid has rarely
been measured above detection limits. For example,
analyses of Alberta surface water samples collected in
1999 and 2000 found no imidacloprid above the detection
limits of 0.02 — 0.05 pgL”' (Byrtus et al. 2002).
Monitoring of the Don and Humber River watersheds in
Ontario in 2000-2001 also did not detect imidacloprid, at
a detection limit of 1 pg-L™" (Struger et al. in press). Out
of 167 samples collected from approximately 40 different
sites in surface waters of Ontario in 2004, again no
concentrations of imidacloprid were found, though it
should be noted that the detection limit in this study was
somewhat high at 4 ug'L" (John Struger, Environment
Canada, personal communication, October 2006;
Environment Canada 2006). Sampling of surface waters
in the Atlantic provinces from 2003 to 2005 did not detect
imidacloprid in any of the 82 samples analyzed from PEI
(detection limit of 0.2 ug-L™"), nor any of the 48 samples
analyzed from Nova Scotia (Murphy et al. 2006).
However, imidacloprid was detected in two out of 57
samples from New Brunswick surface waters, with a
maximum concentration of 0.3 pg'L” (Murphy et al.
2006; Environment Canada 2006). Similarly, in a study
that looked at imidacloprid in both runoff from potato
fields and in surface water of Black Brook, New
Brunswick from 2003 to 2005, maximum spike
concentrations during rain events were nearing 0.3 pg-L™
(Hewitt 2006).

Imidacloprid has more commonly been detected in
surface runoff from agricultural fields. For example,
runoff collected from potato farms in PEI following
rainfall events in 2001 and 2002 had concentrations
ranging from below the detection limit of 0.5 pg-L” to
11.9 pg'L" (Denning et al. 2004). Studies in Ontario on
tile drains also found low concentrations of imidacloprid
in runoff water (PMRA 2001). However, a monitoring
effort in Prince Edward Island (45 samples), New
Brunswick (42 samples) and Nova Scotia (18 samples),
conducted throughout 2003 and 2004, did not detect
imidacloprid in any of the runoff water samples, at
detection limits of 1.0 to 2.0 ug-L™" (Murphy and Mutch
2005).

Only one study that monitored imidacloprid in Canadian
groundwater was found. A report from the Ministére de
I’Environnement states that imidacloprid (with a detection
limit of 0.001 pg-L™") and its metabolites (with detection
limits of 0.0007 to 0.0009 pg-L™") were detected in 35%
of groundwater samples collected near potato fields
throughout Quebec (Giroux 2003). Samples were
collected from shallow wells located close to the treated
fields, and therefore represented a worst-case scenario.
The maximum concentration of imidacloprid detected
was 6.4 pg'L', and maximum concentrations of the
metabolites imidacloprid-urea, imidacloprid-guanidine
and imidacloprid-olefin were 0.018, 0.4, and 0.0023
ng-L?, respectively (Giroux 2003).

Persistence of imidacloprid in soil is affected by various
factors, including temperature, organic matter of the soil,
and whether the field is cropped or not (Rouchaud et al.
1994; Flores-Cespedes et al. 2002; Krohn and Hellpointer
2002). It is likely that persistence in vegetated areas is
decreased through plant (Rouchaud et al. 1994) and
microbial (Krohn and Hellpointner 2002) uptake and
metabolism. The time required for 50% of the field-
applied imidacloprid to dissipate (DTsy) can range
anywhere from approximately 80 days to 2 years (Mulye
1996; Sabbagh et al. 2002; Krohn and Hellpointer 2002).
Assuming typical DTsos of 1 to 2 years, PMRA has
classified imidacloprid as persistent in soil based on the
classification scheme of Goring et al. (1975).

Adsorption is the main fate process for imidacloprid in
soil (Sabbagh et al. 2002). Imidacloprid has a medium to
high sorption tendency for soil, with reported soil
adsorption coefficients (K,.) ranging from 210 to 262
(Krohn and Hellpointer 2002; Nemeth-Konda et al. 2002;
Orme and Kegley 2003). Sorption intensity for
imidacloprid and its metabolites is influenced by soil type
and depends largely on organic carbon content (Cox et al.
1998). Soil sorption is also influenced by the soil:solution
ratio, with lower sorption when the soil contains a higher
water content, and it is concentration-dependent, with
higher sorption rates when there is a lower initial
concentration of imidacloprid present (Cox et al. 1998).

Due to its high water solubility, imidacloprid can leach to
depths of at least 105 cm when irrigation conditions are
unmatched to water evapotranspiration rates so that the
soils become saturated or near-saturated (Felsot et al.
1998). However, there is evidence to suggest that, if used
correctly (e.g., at recommended rates, without irrigation,
and when heavy rainfall is not predicted), imidacloprid
does not characteristically leach into the deeper soil layers
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(Rouchaud et al.
Hellpointner 2002).

1994; Tomlin 2000; Krohn and

The persistence of imidacloprid in the aqueous
environment depends on environmental factors including
exposure to light, pH, temperature and microbial
community. Photolysis appears to be a major process for
degradation. DTs, values of 30, 130 and 160 days have
been calculated in the absence of light and with variable
sediment (Krohn and Hellpointner 2002). Similarly,
Spiteller (1993) found that the half-life of imidacloprid
under dark conditions was 129 days. Combining
metabolic and photolytic processes reduces the DTsg
values to the range of days (Heimbach and Hendel 2001).
The aqueous photolysis half-life for imidacloprid has
been determined at approximately 4 hours (Tomlin 2000;
Krohn and Hellpointner 2002).

Mesocosm studies suggest that under natural conditions,
dissipation times are shorter than those seen in laboratory
tests. Moring et al. (1992) determined a half-life for
imidacloprid in the water column of 1.4 days in an
outdoor microcosm study with four surface applications
of the active ingredient, each spaced two weeks apart.
Imidacloprid did not appear to persist in the sediment
either, with residues below detection limits one month
after the last application (Moring et al. 1992). In another
mesocosm study, Confidor SL 200 (containing 17.3%
imidacloprid) was applied twice, three weeks apart, to
artificial ponds at concentrations ranging from 0.6 to 23.5
pg ai-L' (Ratte and Memmert 2003). The calculated
mean DTsy for imidacloprid in water was 8.2 days. The
average DTy, for the whole pond system (water and
sediment) was 14.8 days (Ratte and Memmert 2003).

The formulation of the imidacloprid product further
influences persistence in the aquatic environment. Higher
half-life values were found for powder formulations than
for liquid (Sarkar et al. 1999). Persistence also increased
with increase of application rate (Sarkar et al. 1999).
Imidacloprid is generally stable to hydrolysis at
environmentally relevant pH, so this is not expected to be
a major fate process (U.S. EPA 2005).

The major breakdown products of imidacloprid in water
are 6-chloro-3-pyridyl-methylethylendiamine, 6-chloro-
nicotinaldehyde, 6-chloro-N-methylnicotinacidamide, 1-
[(6-chloro-3-pyridinyl)methyl]-2-imidazolidinone  (i.e.,
imidacloprid urea), and 6-hydroxynicotinic acid. A minor
breakdown product is imidacloprid guanidine (Wamhoff
and Schneider 1999; Zheng and Liu 1999; Bacey 2000).
Under dark, anaerobic conditions, des-nitro imidacloprid
is produced. Des-nitro imidacloprid has been found to be

more persistent than its parent compound (Fritz and
Hellpointner 1991). Both des-nitro imidacloprid and
imidacloprid urea are highly water soluble, with
solubilities of 180 — 230 g-L" and 9.3 gL at 20°C,
respectively (Krohn 1996a, 1996b).

Imidacloprid has a log K,, of 0.57 (Krohn and
Hellpointner 2002; Tomlin 2000) indicating a low
potential for accumulation in aquatic species.
Imidacloprid does not appear to bioaccumulate in biota
(Krohn and Hellpointner 2002; PMRA 2001). The
transformation products des-nitro imidacloprid (log K, <
-2 for pH between 4 and 7 and log K,, = -1.7 at pH = 9)
and imidacloprid urea (log K., = 0.46) should also have
low bioaccumulation potential (Krohn 1996a,b).

Imidacloprid is a systemic insecticide (Tomlin 2000)
meaning that it is taken up by plants, primarily through
the roots, and transported within the vascular system of
the plant where it can affect plant-feeding pests.
Imidacloprid acts as a nicotinic acetylcholine (Ach)
agonist (Song and Brown 1998). It binds irreversibly to
the nicotinergic receptors in postsynaptic nerves,
preventing acetylcholine from binding. Imidacloprid is
not degraded by acetylcholinesterase, and therefore this
blockage leads to the accumulation of acetylcholine,
which ultimately results in paralysis and death (Hovda
and Hooser 2002). Imidacloprid has been shown to have a
higher binding affinity for insect nerve receptors than for
mammalian receptors (Matsuda et al. 2000). Imidacloprid
is highly toxic to aquatic insects, as well as some other
aquatic invertebrates, but has only low toxicity to fish,
algae, amphibians, or mammals (CCME 2007).

Several studies have demonstrated that the transformation
products of imidacloprid are considerably less toxic to
invertebrates than the parent compound (see Mulye
1997). The toxicity of formulated products relative to
technical grade imidacloprid is less clear. Stoughton
(2006) compared the toxicities of technical grade
imidacloprid and the formulated product Admire® to two
freshwater invertebrates, the midge Chironomus tentans,
and the amphipod Hyalella azteca. Different results were
observed with the two species. In the case of H. azteca,
Admire® was considerably more toxic than the technical
grade imidacloprid, with 96-h LCses of 17.44 ug ai.-L’
for Admire® and 65.43 pg a.i-L”' for imidacloprid.
However, C. tentans showed similar responses to the two
substances, with 96-h LCsps of 5.40 pg ai-L! for
Admire® and 5.75 pg a.i.-L' for the technical grade
imidacloprid. Therefore, it may not be possible to make
any general statements on the relative toxicity of
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imidacloprid and its formulated products, as this could
vary depending on the species.

Water Quality Guideline Derivation

The interim Canadian water quality guidelines for
imidacloprid for the protection of freshwater and marine life
were developed based on the CCME protocol (CCME
1991). For more information, see the scientific supporting
document (CCME 2007).

Toxicity studies that were conducted with formulated
products, rather than technical grade imidacloprid, were
not considered for use in guideline derivation. Formulants
used in pesticide products may augment the toxicity of
the active ingredient by making it more bioavailable, or
there may be toxicity associated with formulants
themselves. Therefore, by not considering toxicity tests
with formulated products, it is possible that the guidelines
could be underprotective. However, the formulants used
will not be the same across all pesticides with the same
active ingredient, and potential effects of the formulants
themselves may differ among species. For these reasons,
it then becomes difficult to make comparisons of toxicity
across studies. Therefore, the guidelines are based only
on studies with technical grade imidacloprid.

Freshwater Life

Freshwater fish do not appear to be particularly sensitive
to imidacloprid, with toxic effects occurring at
concentrations that are at least two orders of magnitude
higher than imidacloprid concentrations that have been
measured in Canadian waters. In a 60-day exposure of
rainbow trout (Oncorhynchus mykiss), from newly
fertilized eggs to juveniles, a LOEC of 2300 pg a.i.-L’
was reported for effects on growth, while no effects on
hatching or survival were observed at the highest test
concentration of 19,000 pg a.i.-L"' (Cohle and Bucksath
1991; Gagliano 1992). Acute 96-h LCsys that have been
reported for fish typically fall in the range of 200,000 to
300,000 pg a.i-L"' (e.g., Grau 1987; Grau 1988). A 96-h
study on juvenile rainbow trout also reported a LOEC for
behavioural effects of 64,000 pg a.i-L”' (Bowman and
Bucksath 1990).

There appears to be a wide range in toxicity of
imidacloprid to different invertebrate species, with
reported short-term LCsy values ranging from 3 to
>130,000 pg a.i.-L' (CCME 2007). Insects and ostracods
appear to be particularly sensitive, while cladocerans are
relatively insensitive. The most sensitive study is a 10-d

LOEC of 1.24 pg a.i-L", based on growth of the larval
midge Chironomus tentans (Gagliano 1991). However,
there are some concerns with this study due to low levels
of contamination detected in some of the control samples.
The second most sensitive study is a 28-d LOEC (ECs)
of 2.25 pg a.i-L" for reduced emergence of the midge
Chironomus riparius (Dorgerloh and Sommer 2001).
Several other effect concentrations for technical grade
imidacloprid (as well as numerous effect concentrations
with formulated products) fall within a factor of 10 of
2.25 pg ai-L”, lending support to this sensitive study.
For example, Sanchez-Bayo and Goka (2006) reported
48-h ECs¢s for immobilization in the ostracod species
llyocypris dentifera and Cypridopsis vidua both at 3 pg
a.i-L?'. Stoughton (2006) reported a 96-h LCs, for
Chironomus tentans of 5.75 pg a.i.-L". Larvae of another
insect species, the black fly Simulium vittatum, showed
similar acute sensitivity, with 48-h LCs, values ranging
from 6.75 t0 9.54 pug a.i..L™' (Overmyer et al. 2005).

In general, it appears that algae are at least three orders of
magnitude less sensitive to imidacloprid than many insect
and ostracod species. The most sensitive algae data
reported is a 4-d ECsy for growth inhibition in the
freshwater diatom Navicula pelliculosa of 12,370 pg
a.i-L" (Hall 1996). A 4-d ECs, of 32,800 pg a.i..L™' was
reported for decreased growth by the blue-green alga
(Anabaena flos-aquae) (Bowers 1996). In a 96-h toxicity
test with the green alga Scenedesmus subspicatus, no
effects on growth rate or biomass were observed at the
highest test concentration of 10,000 pg a.i.-L" (Heimbach
1986). Similarly, in a 5-d test with the green alga
Pseudokirchneriella subcapitata no effects on growth
were observed at the highest test concentration of
119,000 pg a.i.-L” (Gagliano and Bowers 1991).

A small number of mesocosm and field studies have been
conducted with imidacloprid. Moring et al. (1992)
reported an overall mesocosm “no significant adverse
effect concentration” of 6 pg a.i.-L”. At the next highest
concentration of 20 pg a.i-L"' there were decreases in
overall phytoplankton density and densities of Copepoda,
mayflies, caddisflies, and the amphipod Hyalella azteca
(Moring et al. 1992). Ratte and Memmert (2003) reported
an overall mesocosm NOEC of 0.6 pg ai-L”' and a
LOEC of 1.5 pg a.i.-L™". The results of this study must be
treated with caution, however, because they are based on
nominal concentrations and a formulated product was
used which contained only 17.3% active ingredient.
Therefore, it is unknown what effect the other substances
in the formulation had.
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Studies that have looked at the effect of pulses versus
continuous exposure to imidacloprid suggest that less
mortality may occur under pulse exposures, but that
short-term pulses may still have long-term impacts
(Alexander 2006; Stoughton 2006). Alexander (2006)
found that adverse effects were observed at the same
concentration for either a 12-hour pulse exposure
(followed by 19 days exposure to clean control water), or
a 20-day continuous exposure to imidacloprid.

The interim water quality guideline for imidacloprid for
the protection of freshwater life is 0.23 pg a.i..L™. It was
derived by multiplying the 28-d LOEC of 2.25 pg a.i.-L"
for the midge (C. riparius) (Dorgerloh and Sommer 2001)
by a safety factor of 0.1 (CCME 1991).
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Figure 1. Select freshwater toxicity data for
imidacloprid
Marine Life

Only two toxicity studies were available for marine fish.
A 7-d LOEC for growth inhibition of 34,000 pg a.i..L"

was reported for larvae of the marine inland silverside,
Menidia beryllina (Environment Canada 2005). The 7-d
LCso from this same study was 77,500 pg a.i.L’
(Environment Canada 2005). A study on adult
sheepshead minnow, Cyprinodon variegatus, reported a
96-hour LCsq of 161,000 pg a.i.-L"' (Ward 1990a).

Toxicity data for marine invertebrates were available for
three species: the mysid shrimp Mysidopsis bahia, the salt
marsh mosquito Aedes taeniorhynchus, and the brine
shrimp Artemia sp. The mysid shrimp (M. bahia) appears
to be very sensitive, with reported 96-h LCs, values of
34.1 and 37.7 pg ai-L' (Ward 1990b). For the juvenile
salt marsh mosquito (A. taeniorhynchus) the 72-h LCs,
was 21 pg a.i-L”' (Song and Brown 1998), while the 48-h
LCs, for the first instar stage was 13 pg a.i-L" (Song et
al. 1997). Song et al. (1997) reported a 48-h LCsy of
361,000 pg a.i-L' for adult saltwater brine shrimp
(Artemia sp.). Juvenile brine shrimp exhibited lower
toxicity with approximately 40% of the juveniles dying at
800,000 pg ai.-L', the highest dose administered, after
72 hours (Song and Brown 1998).

No studies were available on the toxicity of imidacloprid
to marine algae or plants.

The interim water quality guideline for imidacloprid for
the protection of marine life is 0.65 pg a.i-L”. It was
derived by multiplying the 48-h LCsy value of 13 pg
a.i-L" for A. taeniorhynchus (Song et al. 1997) by an
acute application factor of 0.05 for nonpersistent
substances (CCME 1991).
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Figure 2. Select marine toxicity data for imidacloprid
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