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EXECUTIVE SUMMARY

This report provides an in-depth review of the environmental toxicity, environmental concentrations and
potential for endocrine disruption of a selection of pesticides used in Ontario.  Our goal was to identify the
potential for adverse effects to wildlife at environmentally relevant concentrations of the compounds
extensively used in agricultural and urban landscapes.

There is growing evidence that many environmental pollutants have mechanisms of action which
directly or indirectly disrupt/modulate the endocrine system.  Such pollutants have been termed endocrine
disrupting chemicals (EDC); for the purposes of this assessment, the working definition of an EDC is:

An exogenous agent that directly interferes with the synthesis, secretion, transport, binding
action, or elimination of endogenous hormones and neurohormones, resulting in physiological
manifestations of the neuroendocrine, reproductive or immune systems in an intact organism.

Pesticides or pesticide families were selected from 1993 and 1998 Ontario agricultural use estimates.
The report is based on published information from the period 1978 to 1998, with additional review literature
published in 1999.  Compounds were chosen for review based on comparative use and toxicity class
information.  Only those compounds whose estimated use within Ontario exceeded 10,000 kg were evaluated.
Review results of the selected compounds will be reported in several volumes.  Volume one includes the
assessments of eight compounds within five pesticide familes: an organochlorine insecticide (endosulfan),
three ethylenebisdithiocarbamate fungicides (maneb, mancozeb, metiram), two dinitroaniline herbicides
(trifluralin, pendimethalin), a halogenated hydrocarbon nematocide (1,3-dichloropropene), and an
organophosphorus insecticide (azinphos-methyl).  Pesticide mixtures are also discussed. Later volumes will
examine the triazine herbicides, glyphosate, and metalochlor, as well as 2,4-dichlorophenoxyacetic acid (2,4-
D) and other pesticides in extensive use in the urban landscape.

Profiles for each pesticide or pesticide family include: a brief description of active ingredients; use
patterns in Ontario; occurrence in surrounding natural environments; associated acute and chronic toxicity
and potential for endocrine disruption; evaluation of risk to wildlife; and recommendations for further
research and monitoring.

Endosulfan:
• Surface waters in southern Ontario periodically contain concentrations of endosulfan that are lethal to

fish.
• The possibility of fish and amphibian mortality in wetlands adjacent to sprayed fields is a serious

environmental concern.
• There is potential for endocrine-modulated effects because endosulfan is an extremely potent

neurotoxin and has moderately high bioaccumulative capacity.

Ethylenebisdithiocarbamate fungicides (EBDCs):
• Fish and amphibian studies using indigenous species describe chronic effects of EBDC exposure at

environmentally relevant concentrations that are at or below currently applied analytical detection
limits.

• Given the rapid degradation of the parent compounds and the substantial toxicity associated with
several EBDC metabolites, the greatest environmental concern for this pesticide class likely lies with
the rarely monitored breakdown products.

• There is insufficient evidence to confirm endocrine disruption in wildlife exposed to a principal
breakdown product, ethylene thiourea (ETU) which produces high chronic toxicity in laboratory
animals.  Investigations have been hindered by the apparent species-specific nature of detoxification
pathways.
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Dinitroanilines:
• Existing information on environmental concentrations of trifluralin and pendimethalin suggest that

neither compound is present in Ontario at levels capable of inducing acute or chronic effects in
wildlife.

• Research is insufficient to confirm the reported endocrine disrupting capacity of trifluralin.

Dichloropropene:
• Inhalation of this compound may cause toxicity in wildlife inhabiting terrestrial ecosystems near areas

of recent use.
• The literature does not indicate that dichloropropene acts as an endocrine disrupter, but few studies

examined relevant endpoints.

Azinphos-methyl:
• Azinphos-methyl is frequently detected in surface water at concentrations that are acutely toxicity to

aquatic wildlife. However, if azinphos-methyl is applied properly, away from open water, and measures
are taken to decrease the amount entering the surface water through runoff, the acute risk to aquatic
ecosystems can be diminished.

• Organophosphorus insecticides (OPs) have been shown to cause inhibition of cholinesterase activity in
Ontario wildlife.

• There is evidence that OPs can affect reproduction and the endocrine system in birds but more research
is needed to confirm these effects in the field.

Pesticide Mixtures:
• The practice of mixing pesticides during manufacturing and field application is common, yet the

toxicological properties of such mixtures are generally unknown.

Priorities for further research:

1. More exposure data are critical for the accuracy of provincial risk assessments.  Well designed
monitoring of the environmental concentrations of these pesticides (water, sediment, soil, and animal
tissues) must precede further assessments (i.e. keeping use patterns and chemical mixtures in mind).

2. Efforts should be made to investigate associated toxicity in indigenous species, particularly in those
taxa that have traditionally been poorly represented (e.g. amphibians, reptiles, wild birds) with special
attention paid to most sensitive life stages.

3. Endosulfan is a chemical of concern.  Its use must be better documented, especially in the agricultural
sectors that have not been well monitored to date (e.g. greenhouse production).  Acute and chronic
effects studies using indigenous species and environmentally-relevant exposures should be conducted.

4. Analytical chemistry methods used to detect EBDCs must be modified to improve detection limits to
environmentally relevant concentrations.  Further assessments should also include the primary toxic
metabolites.

5. A number of field and laboratory inhalation toxicity studies on indigenous amphibian, reptile and small
mammal species should be conducted.

6. Azinphos-methyl is a chemical of concern. Lethal concentrations occur in the environment. The
endocrine-disruption effects found in wild birds need further evaluation to determine long-term
impacts of OPs alone or in mixtures.

7. Toxicity assessments of pesticide mixtures must be initiated, and combinations should reflect those
most likely to occur in the environment (outlined in Table 7.2).
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SOMMAIRE EXÉCUTIF

Ce rapport fournit une revue en profondeur des concentrations dans l’environnement,  de la toxicité
environnementale, et du potentiel de perturbation endocrinienne de certains pesticides utilisés en Ontario.
Nous avions pour objectif d’identifier le potentiel d’effets nocifs pour la faune, à des concentrations pouvant
être rencontrées dans l’environnement,  des composés largement utilisés dans les paysages agricoles et
urbains.

On a de plus en plus d’indications que nombre de polluants environnementaux ont des mécanismes
d’action qui peuvent, directement ou indirectement,  perturber ou moduler le système endocrinien. Ces
polluants ont été nommée perturbateurs endocriniens; aux fins de la présente évaluation, la définition de
travail d’un perturbateur endocrinien est la suivante :

Un agent exogène qui interfère directement avec la synthèse, la sécrétion, le transport, la
fixation ou l’élimination d’hormones et neurohormones endogènes, entraînant des
manifestations physiologiques des systèmes neuro-endocrinien, reproducteur ou immunitaire
dans un organisme intact.

Des pesticides ou familles de pesticides ont été choisis à partir des estimations de 1993 et 1998 de leur
utilisation agricole en Ontario. Ce rapport repose sur de l’information publiée entre 1978 et 1998, ainsi que
sur une revue supplémentaire de la littérature publiée en 1999. Ces composés ont été retenus sur la base
d’informations comparatives sur l’utilisation et la classe de toxicité.  Seuls ceux dont l’utilisation estimative
sur le territoire de l’Ontario dépassait 10 000 kg ont été évalués.  Les résultats des revues sur les composés
examinés seront publiés en plusieurs volumes.  Le premier inclut les évaluations de huit composés de cinq
familles de pesticides : un insecticide organochloré (endosulfan), trois fongicides à base
d’éthylènebisdithiocarbamate (manèbe, mancozèbe, métirame), deux herbicides à base de dinitroaniline
(trifluraline, pendiméthaline),  un nématocide hydrocarboné halogéné (1,3-dichloropropène), et un insecticide
organophosphoré (azinphos-méthyl). On a aussi étudié des mélanges de pesticides.  Des volumes ultérieurs
porteront sur les herbicides à base de triazine, de glyphosate et de métalochlore,  ainsi que sur l’acide 2,4-
dichlorophénoxyacétique (2,4-D) et d’autres pesticides largement utilisés en milieu urbain.

Les profils des pesticides ou familles de pesticides incluent les éléments suivants:   une courte
description des ingrédients actifs; les modalités d’utilisation en Ontario;  l’occurrence dans les milieux
naturels environnants; la toxicité aigüe et chronique, et le potentiel de perturbation endocrinienne associés à
ces composés;  une évaluation du risque pour la faune; et des recommandations en vue de travaux
supplémentaires de recherche et de surveillance.

Endosulfan:
• Les eaux de surface du sud de l’Ontario contiennent périodiquement des concentrations d’endosulfan

qui sont léthales pour le poisson.
• La possibilité de mortalité des poissons et amphibiens dans les milieux  humides proches des champs

traités est un grave problème environnemental.
• Il y a un  risque de modulation du système endocrinien parce que l’endosulfan est une neurotoxine

extrêmement puissante et a une capacité de bioaccumulation modérément élevée.

Fongicides à base d’éthylènebisdithiocarbamate (EBDC):
• Des études menées sur des espèces indigènes de poissons et d’amphibiens ont permis de décrire les

effets chroniques de l’exposition au EBDC à des concentrations,  susceptibles d’être rencontrées dans
l’environnement,  qui sont égales ou inférieures aux limites de détection analytique présentement
appliquées.

• Étant donné la dégradation rapide des composés parents et la toxicité marquée de plusieurs métabolites
de l’EBDC,  le plus grand risque environnemental posé par cette classe de pesticides est probablement
lié aux produits de dégradation rarement surveillés.
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• On ne dispose pas encore de suffisamment d’indications pour confirmer la perturbation endocrinienne
chez la faune exposée à un produit principal de dégradation,  l’éthylènethiourée (ETU), qui a une forte
toxicité chronique chez les animaux de laboratoire.  Les études ont été entravées par la nature
apparemment propre à l’espèce des voies de détoxification.

Dinitroanilines:
• Les informations dont on dispose actuellement sur les concentrations environnementales de trifluraline

et de pendiméthaline suggèrent que ni l’un ni l’autre de ces composés n’est présent en Ontario à des
niveaux susceptibles d’induire des effets aigüs ou chroniques chez la faune.

• Les recherches ne sont pas suffisantes pour confirmer la capacité de perturbation endocrinienne
attribuée à la trifluraline.

Dichloropropène:
• L’inhalation de ce composé peut être toxique pour la faune habitant des écosystèmes terrestres situés à

proximité d’une zone où le composé a été récemment utilisé.
• La littérature n’indique pas que le dichloropropène ait une action de perturbateur endocrinien,  mais

peu d’études ont examiné des paramètres pertinents à mesurer.

Azinphos-méthyl:
• L’azinphos-méthyle est souvent détecté dans les eaux de surface à des concentrations présentant une

toxicité aigüe pour la faune aquatique.  Cependant,  si l’azinphos-méthyl est appliqué correctement, à
distance de l’eau libre, et que des mesures sont prises pour abaisser la quantité atteignant les eaux de
surface via le ruissèllement,  le risque aigü pour les écosystèmes aquatiques peut être réduit.

• Il a été montré que les insecticides organophosphorés (OP) causaient une inhibition de l’activité de la
cholinestérase chez la faune ontarienne.

• Il y a des indications que les OP peuvent affecter la reproduction et le système endocrinien chez les
oiseaux,  mais il faudra effectuer d’autres recherches pour confirmer ces effets in situ.

Mélanges de pesticides:
• Il est courant que des pesticides soient mélangés aux stades de la fabrication et de l’application au

champ,  mais les propriétés toxicologiques de ces mélanges sont généralement inconnues.

Priorités des recherches supplémentaires:

1. La précision des évaluations du risque dans la province exigera que l’on dispose de plus de données
sur l’exposition. Toute évaluation ultérieure (c.-à-d. en gardant à l’esprit les modalités d’utilisation et
les mélanges de substances chimiques) devra être précédée d’une surveillance bien conçue des
concentrations environnementales de ces pesticides (eau,  sédiments,  sol,  tissus animaux).

2. Il faudrait s’attacher à étudier la toxicité associée chez les espèces indigènes, surtout chez les taxons
qui sont d’habitude mal représentés (p. ex. les amphibiens, les reptiles, les oiseaux sauvages), et en
accordant une attention particulière aux stades biologiques les plus vulnérables.

3. L’endosulfan est une substance chimique préoccupante.  Il convient de mieux documenter son
utilisation, surtout dans les secteurs de l’agriculture qui n’ont pas encore fait l’objet d’une surveillance
poussée (p. ex. la production en serre).  Il faudrait mener des études des effets aigüs et chroniques
faisant intervenir des espèces indigènes et des expositions susceptibles d’être rencontrées dans
l’environnement.

4. Les méthodes de chimie analytique utilisées pour détecter les EBDC doivent être modifiées pour
abaisser les limites de détection aux concentrations possibles dans l’environnement.  Les évaluations
supplémentaires doivent aussi inclure les métabolites primaires toxiques.
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5. Il faudrait aussi effectuer un certain nombre d’étude de toxicité par inhalation in situ et en laboratoire
sur des espèces indigènes d’amphibiens,  de reptiles et de petits mammifères.

6. L’azinphos-méthyle est une substance chimique préoccupante.  Des concentrations léthales sont
présentes dans l’environnement.  Les effets de perturbation endocrinienne observés chez les oiseaux
sauvages doivent être mieux évalués afin de pouvoir déterminer les impacts à long terme des OP,  seuls
ou en mélanges.

7. Des évaluations de la toxicité des mélanges de pesticides doivent être lancées,  et les combinaisons
devraient refléter celles qui sont le plus susceptibles d’être rencontrées dans l’environnement
(présentés au tableau 7.2).
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1.0 INTRODUCTION

1.1 PURPOSE OF REPORT

The purpose of this report is to provide an in-depth review of the environmental toxicity, environmental
concentrations and potential for endocrine disruption of a selection of pesticides used in Ontario.  Our
particular goals were to identify adverse effects at environmentally relevant concentrations of these com-
pounds and to prioritize compounds that may pose a risk to populations of non-target vertebrate and inverte-
brate wildlife, and, based on findings, to point out data gaps in specific areas and to recommend directions
for future research and monitoring.

1.2 OVERVIEW  OF THE ENDOCRINE DISRUPTION ISSUE

The last decade has been one of intense focus on pollutants that may affect the function of the endo-
crine system in humans, fish, and other wildlife. This report places some emphasis on potential endocrine-
disrupting properties of in-use pesticides.  There has been a growing concern of contaminant-induced repro-
ductive effects in wildlife and humans resident in the Great Lakes region [1-4].

Although many of the adverse physiological effects of chemicals affecting the neuroendocrine system
have been known for over three decades, widespread attention to this issue had only materialized in the early
1990s.  Previous to this time, some of the effects that are now considered endocrine disruption were classi-
fied as sublethal or chronic toxicity and for the most part were not used for regulatory purposes, with the
exception of some reproductive endpoints.

The events that brought endocrine disruption to the forefront of environmental toxicology were reports
of reproductive abnormalities in American alligators [5,6,7], declining sperm counts in humans [8,9], induc-
tion of female specific protein production in male fish and the lack of gonad development in both sexes
[10,11,12], masculinization of marine snails [13], as well as endocrine toxicity and vaginal cancer in the
daughters of diethylstilbestrol (DES) treated women [14,15].

The heightened interest in endocrine related effects in recent years is evidenced by the vast number of
articles and reviews published about various aspects of endocrine disruption (see [10,12,16-31]) and the
numerous meetings and workshops that have been held [32,33].

In the US, congress passed the Food Quality Protection Act (1996) and the Safe Drinking Water Act
(1996) which mandated the US EPA to establish an advisory committee to assist in developing a screening
and testing strategy for evaluating chemicals for their potential to cause effects via endocrine disruption.
This strategy had to be developed and implemented within three years (by 1999) [27,8].  A more extensive
exploration of environmental endocrine disruption will be completed by the National Academy of Science.

The US EPA’s Science Policy Council’s interim position [27] on endocrine disruptors states that:

“The EPA is aware of and concerned about information indicating the possibility of
adverse effects on human health and the environment associated with exposure to endocrine
disrupters” and that “The agency does not consider endocrine disruption to be an adverse
endpoint per se but rather to be a mode or mechanism of action potentially leading to other
outcomes, for example carcinogenic, reproductive, or developmental effects routinely consid-
ered in reaching regulatory decisions”.

Although the above US legislation focus primarily on human health consequences of endocrine active
chemicals, the US EPA has included wildlife health as an endpoint of concern.  In this context, wildlife
includes vertebrate and invertebrate species [12].
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1.2.1 DEFINITIONS  AND TERMS OF ENDOCRINE DISRUPTION

The US EPA [27] uses the terms “endocrine disrupting chemical (EDC)” “hormone disrupter” and
“environmental endocrine disrupter” synonymously, and defines them as:

“An exogenous agent that interferes with the synthesis, transport, secretion, binding-action or elimina-
tion of natural hormones in the body that are responsible for the maintenance of homeostasis, reproduction,
development and/or behavior”.

This definition, however, does not directly address the interactions of the nervous and endocrine
systems and therefore allows for some ambiguity.  The neuroendocrine system is any of the systems of dual
control of certain activities in the body of some higher animals by nervous and hormonal stimulation.  For
example, the posterior pituitary gland and the medulla of the adrenal gland receive direct nervous stimula-
tion to secrete their hormones, whereas the anterior pituitary gland is stimulated by releasing hormones from
the hypothalamus.

Also, neurohormones are not specified in the above definition.  Neurohormones are hormones that are
produced not by an endocrine gland but by a specialized nerve cell and are secreted from nerve endings into
the bloodstream or directly to the tissue or organ whose growth or function it controls.  Examples of
neurohormones are norepinephrine, vasopressin, insect juvenile hormone and ecdysone.

As stated by the US EPA [27], of importance here is the concept that endocrine disrupting chemicals
encompass more than just environmental estrogens and include any agents that adversely affect any aspect of
the entire endocrine system.  The endocrine system includes a number of central nervous system (CNS)-
pituitary target organ feedback loops involved in regulating a multitude of bodily functions and maintaining
homeostasis.

As such, there are potentially several target sites through which environmental endocrine disruptors
could act.  Thus, impaired hormonal action could result as a consequence of altered hormone synthesis,
release, clearance, or binding, regardless of the initial site of action.

Effects may be acute, although are more likely to be delayed or not expressed for a period of time.
Emphasis is placed on disruption of CNS- pituitary integration of hormonal and sexual behavior, female and
male reproductive system development and function and thyroid function.

The European community [33] defines an EDC as:

“An exogenous substance that causes adverse health effects in an intact organism or its progeny,
secondary to changes in endocrine function”

For the purposes of the current assessment the following definition of an EDC is used:

An exogenous agent that directly interferes with the synthesis, secretion, transport, binding action, or
elimination of endogenous hormones and neurohormones, resulting in physiological manifestations of the
neuroendocrine, reproductive or immune systems in an intact organism.

1.2.2 MECHANISMS OF ACTION  OF ENDOCRINE DISRUPTION

In order to elucidate the mechanisms of action of endocrine active compounds (EACs), background
information on endocrine physiology in the current context is provided by several recent reviews
[25,14,9,21].  The modes of action of EACs can be categorized into five groups [14]; they may act as:

1. Alternate ligands that can bind in place of endogenous hormones.
2. Modulators of hormone metabolism.
3. Modifiers of signalling occurring subsequent to receptor-ligand binding.
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4. Modulators of CNS components responsible for neuroendocrine regulation.
5. Target organ toxicants.

Other modes of action are also possible, including those not associated with the endocrine system.
Some chemicals are active through several modes of action that may vary depending on the dose or other
conditions.  For example, several phytoestrogens bind to the estrogen receptor, inhibit the enzymatic conver-
sion of estradiol to estrone and/or androgens to estrogens [16].

The plasticizer diethylhydroxylphthalate, alters xenobiotic metabolism, activates the peroxisome
proliferation activated receptor and affects testicular follicle stimulating hormone (FSH) signal transduction.

The estrogen and androgen receptors are nuclear receptors and the steroid hormones that bind them, as
well as any estrogen or androgen mimic, must diffuse through the plasma membrane.  Following steroid
receptor binding, the activated receptor complex seeks out specific DNA motifs, termed hormone response
elements, upstream of hormone responsive genes [19].  This results in mRNA production followed by
protein expression.

Estrogen mimics act intra cellularly via three main mechanisms [19]:

1. Direct binding and activation of the estrogen receptor.
2. Binding to other nuclear receptors that then interact with an estrogen responsive element.
3. Through other receptor and /or signal transduction pathways that alter estrogen signalling.

Some endocrine disrupters such as the fungicide vinclozolin, cause estrogenic effects although they
are antiandrogens [27,16] while others may be estrogenic or antiestogenic depending on the cellular environ-
ment [19].  Other EDCs act on the aryl hydrocarbon receptor (AhR) including dioxins and PCBs [10].

Non-receptor mediated mechanisms of action of EDCs are exemplified by the phytoestrogen  -sito-
sterol and the organotin tributyltin (TBT).  The former reduces the biosynthetic capacity of gonadal steroids
while the latter inhibits the enzymatic conversion of androgens to estrogens.

The US EPA [27] states that:

“For virtually all toxic chemicals, the toxic action or stress imparted on an organism will
likely be moderated by endocrine and immune processes that exist to maintain homeostasis.
Because of this, it is difficult to elucidate whether a toxic action is directed specifically at an
endocrine function or whether an endocrine process disruption is an indirect consequence of
some other stress to the immune, nervous and /or reproductive system”.

The evaluation of endocrine disruption in wildlife is further complicated by critical windows during
development and taxa/species specific endocrine function.  The developing fetus is extremely sensitive to
the hormonal environment in the uterus, for example, natural differences in hormone levels surrounding rat
or mouse fetuses of only 10-12 M influence the timing of sexual development and the behavior of the animal
in adult life [10].

Similarly for fish, exposure to estrogen mimics during a narrow window spanning just 10 days either
side of hatching can cause feminization of the subsequent fry, whereas at high doses the exposure period
need only be two hours in some fish [10].  In birds, sexual differentiation is estrogen dependent but this is
not the case in mammals.  Consequently, birds may be far more sensitive to EDCs than mammals during
embryonic development.
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1.3 PESTICIDE USE IN ONTARIO

Pesticides are applied to terrestrial and aquatic ecosystems within Ontario.  The agriculture and forest
industries rely heavily on pesticides, even though some integrated pest management programs have been
implemented to reduce their use.  Many green areas in urban environments are maintained with herbicides,
and even the aquatic realm is periodically directly sprayed with lampricides to control sea lamprey
populations in the Great Lakes Basin.

Pesticides were first applied in Ontario in 1885, when acetoarsenite and copper sulphate were sprayed
in apple orchards to control insect pests [35].  Since then, pesticides have gone through several transitions:
from primarily inorganic and organometallic formulations to the organochlorine insecticide, triazine herbi-
cides, organophosphorous, carbamate, and later, pyrethroid insecticides, and, more recently to sulfonyl urea
and imidazolinone herbicides.   Many of the earlier products, such as the organochlorine DDT, have been
withdrawn from use in Canada and other developed countries because of unacceptable levels of toxicity or
environmental persistence.  In general, pesticides have become less persistent, lower in toxicity to non-target
organisms with greater specificity, but with high efficiency at very low volumes.

Unlike most developed countries, Canada no longer requires pesticide manufacturers to provide public
access to records of product sales, so there is no direct way to obtain accurate information on pesticide use.
However, every five years since 1973, Ontario Ministry of Agriculture and Rural Affairs (OMAFRA) has
conducted a voluntary survey of Ontario farmers regarding pesticide use, in an effort to estimate this infor-
mation.  Products and quantities used for different crop types reported through the survey are used in con-
junction with known acreages of each crop type per county as attained through OMAFRA’s annual statistical
crop surveys [36] to extrapolate county-wide estimates of pesticide use.  The two most recent surveys
conducted were in 1993 [37] and 1998 [38].  In 1993, pesticide use estimates were based on 1800 farm
surveys out of a provincial total of 61,432 farms (2.9 %) whereas in 1998, only 1200 farms responded.
Rapidly growing segments of the agricultural industry like greenhouse and nursery operations were not
surveyed prior to 1998. The 1998 survey included nursery, sod and ginseng farms but still did not include
greenhouses.  Treatments with surfactants and oils, livestock sprays and rodenticides were also not included.

In 1998 [38] the estimated total pesticide active ingredients that had been applied to field crops, fruits
and vegetables that year, was 5,214,402 kg.  The previous survey of 1993 [37] estimated a total pesticide use
of 6,246,442 kg, representing a reduction in the volume of pesticide use by 16.5%.  The 1993 and 1998
surveys show a general decline in pesticide use from earlier surveys.  However, some compounds, including
glyphosate and metolachlor have increased overall through time, and markedly since 1993.

Newer, high efficacy pesticides are being used more widely.  These are applied at grams per ha instead
of kg per ha, which is reflected in the reduced total volume of pesticides used.  For example, the sulfonyl
urea and imidazolinone herbicides have acute phytotoxicity to non-target organisms at concentrations below
the limits of analytical chemical detection [39,40].  The inability to detect these compounds in environmen-
tal samples is just one of the many factors that makes enviromental risk assessment very challenging.

Pesticide use in urban areas is more poorly assessed than in agriculture.  The Ontario Ministry of the
Environment (MOE) surveys individuals receiving commercial pesticide applicators licenses every five
years [37]. However, totals obtained through these surveys represent an unknown proportion of the total
urban use of pesticides, given that most pesticides may be purchased and applied by unlicensed homeowners
for which there are no sales records.

Historical monitoring by Frank and associates [41-49] in the 1970s and 1980s documented pesticide
concentrations in surface water, groundwater and Great Lakes tributaries in southern Ontario.  More recent
surface water quality monitoring has been focussed on pesticides in agricultural ecosystems of concern (ie:
fruit, tobacco, muck crops, row crops) and the urban environment [50-56].
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1.4 ASSESSMENT METHODS

A subset of the pesticides used in Ontario agriculture [37] was selected for critical evaluation in this
report.  Selection was based on comparative use patterns and toxicity class data (Table 1.1).  Only those
compounds whose estimated use exceeded 10,000 kg [37] were evaluated.  As part of the toxicity characteri-
zation, the inclusion or exclusion of each pesticide from the lists of potential endocrine disrupters drafted by
the World Wildlife Fund (http://www.wwfcanada.org/hormone-disruptors/) and the US EPA [27] was consid-
ered.  With these use and toxicity guidelines, seven pesticides or pesticide families were selected for review
in Volume 1.  They are underlined in Table 1.1. Volume 2 will include the triazine herbicides, glyphosate and
metalochlor.

  Each chapter profiles a pesticide or family of pesticides that was heavily applied in Ontario in 1993
and/or showed a relatively high level of toxicity to non-target organisms.  Each chapter contains the follow-
ing components:
• A basic description of the pesticide, including the nature of the active ingredient and any information

on other surfactants or inert ingredients in applied formulations
• Use patterns in Ontario agriculture.
• Occurrence  in surrounding natural environments
• Associated acute and chronic toxicity, and a critical assessment of its potential for endocrine

disruption.
• A critical evaluation of risk posed to Ontario wildlife by continued use.
• Recommendations for research and monitoring relevant to Ontario environments.

For Volume 1, the use pattern maps were derived using 1993 data from Hunter and McGee [37] for
Ontario, and from Gianessi and Anderson [57] for US states in the Great Lakes Basin.  Environmental
concentration maps were primarily derived from information in the US EPA STORET water quality data-
base.  Concentrations for Ontario were obtained from datasets from the Ontario Ministry of Environment
and Environment Canada.  Assessment of toxicity was conducted by examining peer-reviewed publications
and government reviews of pesticides and endocrine-disruption, and by systematically searching for all
combinations of active ingredient and/or chemical family names in the Life Sciences Index, Environment
Abstracts, Water Resources Abstracts, and Pollution Abstracts  (1978 - 1998).  Information from a 1999
issue of Toxicology and Industrial Health [29, 30] focussing on pesticides was incorporated.

1.5 REALISTIC  ASSESSMENT OF RISK: M IXTURES, UNKNOWN  INGREDIENTS, SURROGATE DOSES, AND

HISTORICAL  PERSISTENCE

Before continuing with independent evaluations of the selected pesticides, the influence of mixtures,
surfactants, and historical loads of banned compounds on the assessment of overall risk should be briefly
addressed.  A more detailed discussion of pesticide mixtures present in Ontario may be found in chapter 7 of
Volume 1.

A comprehensive review of pesticide use in England, Scotland and Wales found that 59 different
combinations of two or more active ingredients were applied to 30 000 ha or more, and that an average of
two mixtures per crop were sprayed simultaneously [58].  Spray recommendations published by OMAFRA
for local fruit, vegetable, and flower (greenhouse) production [59-62] also refer frequently to co-formula-
tions and mixtures of formulations, suggesting there is also widespread use of pesticide combinations in this
country.  Since most toxicity testing is completed with one treatment ingredient at a time, the toxic behav-
iour of mixtures is largely unknown [58].

Pesticides also contain what have traditionally been referred to as “inert ingredients” which may be
surfactants, solvents, emulsifiers, adjuvants, stabilizers, etc.  The use of the term “inert” has been criticised
in the literature recently [63], since several of these components have been shown to disrupt the endocrine
system, for example, nonylphenol.  Typically, only information on the active ingredient is divulged by the
manufacturer, with information on other ingredients considered proprietary.  Sometimes limited data are
available (e.g. the diazinon formulation, Basudin 500EC contains a >petroleum derivative solvent), usually
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Table 1.1 A selection of agricultural pesticides used in ontario. Compounds that are underlined were se-
lected for review in this publication (Volume 1) and those in italics will be included in subsequent volumes.

a Use estimate based on 1800 farm surveys (1993) [37] and 1200 surveys (1998) [38].  b Potential for endocrine-disruption as per the US EPA [27]
and the World Wildlife Fund (http://www.wwfcanada.org/hormone-disruptors/); a * signifies that it was only listed by WWF, while a t signifies
that it was only listed by the US EPA.  c source: Tomlin [69]; d Toxicity class based on World Health Organization (WHO) classification; Ia =
extremely hazardous, Ib = highly hazardous, II = moderately hazardous, III = slightly hazardous. e Rainbow trout 96-hr LC

50
 unless otherwise

indicated.  f the sum of 1,3-dichloropropene and dichloropropene. g the sum of amines and butyl esters of 2,4-D ([2,4-dichlorophenoxy]acetic
acid). h Fathead minnow 96-hr LC

50
. i the sum of MCPA ([4-chloro-2-methylphenoxy]acetic acid) and MCPA/MCPB.  j Bluegill sunfish 96-hr

LC
50

. k EPTC = dipropylcarbamothioic acid S-ethyl ester = dipropylthiocarbamic acid S-ethyl ester.  l Carp 96-hr LC
50

. m Goldfish 48-hr LC
50

. n

Golden orfe 96-hr LC
50

.  (H)-herbicide, (I)-insecticide, (F)-fungicide, (N)-nematocide, (-)-not available.

Active Ingredient 1993 Use
(kg ai.)a

1998 Use
(kg ai.)a

%
Change
1993-98

Potential
Endocrine--
Disrupterb

Soil Half-
life (days)c

Solubility
(mg/L)c

Mammalian
Toxicityc,d

Fish
LC50
(mg/L)c,e

Metolachlor (H) 1 327 315 1 376 570 +4 20 488 III 3.9

Atrazine (H) 589 852 598 206 +1 16-77 33 III 4.5-11

Glyphosate (H) 414 821 647 494 +56 3-174 11 600 III 86

Dichloro-propene (N) 410 512f 177 000 -57 2-17 2 000 III 3.9

Dicamba (H) 255 528 205 522 -20 <14 6 500 III 135

Metribuzin (H) 254 276 71 761 -72 - 1050 III 76

2,4-Dg (H) 222 746 145 720 -35 <7 311 II >100

Cyanazine (H) 215 480 49 038 -77 14 171 II 16h

MCPA (H) 161 605i 119 700 -26 <7 734 III 232

Mancozeb (F) 155 463 156 269 +1 6-15 6.2 III 2.2

Captan (F) 151 468 101 276 -33 1 3.3 III 0.072j

Chlorothalonil (F) 115 613 120 751 +5 5-36 0.81 III 0.049

EPTCk (H) 113 030 46 312 -59 - 375 II 19

Trifluralin (H) 83 945 23 250 -72 57-126 0.184 III 0.01-0.04

Sulphur (F) 72 338 55 670 -23 - insoluble III non-toxic

Azinphos-methyl (I) 71 983 14 120 -80 weeks 28 Ib 0.02

Metiram (F) 57 230 131 113 +129 - insoluble III 1.1

Pendimethalin (H) 51 414 115 687 +125 90-120 0.3 III 0.14

Maneb (F) 49 440 1 873 -96 25 insoluble III 1.8l

Bromoxynil (H) 45 317 58 854 +30 10 130 II 0.46m

Terbufos (I) 38 282 1 297 -97 9-27 4.5 Ia 0.01

Endosulfan (I) 25 930 6 909 -73 30-70 0.32 II 0.002n

Carbaryl (I) 16 882 15 334 -9 7-28 120 II 1.3

Carbofuran (I) 15 213 2 652 -83 30-60 320-350 Ib 22-29

Cypermethrin (I) 12 780 6 310 -51 5 0.004 II 0.001

✗

✔*

✗

✗

✗

✔

✔*

✔*

✗

✔

✗

✔*

✗

✔

✗

✗

✔

✔ t

✔

✔*

✗

✔

✔

✗

✔
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because legislation demands that all hazardous ingredients be listed on material safety data sheets.  In other
instances, impurities may be surmised by knowing something of the manufacturing process; for example,
when organochlorines like endosulfan are synthesized, dioxins, furans and hexachlorobenzene will likely be
present in small quantities in the commercial formulation [1, 63].

Also, alkyl phenols (including nonylphenols) are commonly used as surfactants for insoluble pesti-
cides.  The small quantities of inert ingredients and impurities in formulations likely preclude acutely toxic
effects, but their presence may contribute to additivity or synergy, particularly with responses of the endo-
crine system.  Polycyclic aromatic hydrocarbons (PAHs) from petroleum solvents, dioxins, furans,
hexachlorobenzene and nonylphenol have all been implicated as potential endocrine disrupters [27].

In addition to these factors that complicate assessments of toxicity, there are others that complicate
assessments of exposure.  Water concentrations are generally a poor surrogate for internal dose of toxicant.
They may be too low to be detected by standard analytical methods, yet be bioconcentrated in sensitive
species over time.  These and other factors make chemical concentrations in abiotic media a poor choice for
pesticide risk assessment.  Body residues generally provide a better surrogate of the dose at the site of toxic
action.  A body residue known to be associated with a particular biological response (e.g. acute lethality) is
termed a critical body residue.  By comparing critical body residues to known tissue concentrations it may
be possible to improve determinations of environmental risk for those compounds.  Existing tissue and
sediment analyses have verified that several banned chlorinated compounds persist in Ontario environments
[64-68].  These chemicals include DDT, mirex, dieldrin, and polychlorinated biphenyls (PCBs). Their
presence in the environment, in combination with mixtures of in-use pesticides, might contribute to triggers
of toxic response pathways in wildlife.  By nature of their persistence, these chemicals are more likely to
affect species higher in the food chain.  The persistent organochlorines are also those which are most fre-
quently discussed as potential or known endocrine-disrupters [1,27].
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2.0 ENDOSULFAN

Use of organochlorine (chlorinated hydrocarbon) insecticides in North American agriculture has been
gradually phased out due to their highly persistent and toxic nature.  Banned organochlorines which persist
in Ontario environments (from past use and atmospheric deposition) include DDT and its derivatives,
dieldrin, chlordanes, lindane, and heptachlor epoxide [1-5].  Endosulfan, dicofol and methoxychlor were the
only organochlorines used as pesticides in 1993, according to the Ontario Ministry of Agriculture, Food and
Rural Affairs (OMAFRA) [6].  Dicofol and methoxychlor are DDT-type insecticides with limited use in
Ontario fruit- and vegetable-growing industries.

In 1993, the use estimate for the miticide, dicofol was 8,372 kg active ingredient (a.i.), while that for
methoxychlor was 3, 791 kg a.i. [6].  Although they are  recommended for use on greenhouse (dicofol) and
mushroom (methoxychlor) crops [7,8], these applications were not accounted for in the 1993 estimates.
Endosulfan is a cyclodiene insecticide with far wider application in Ontario agriculture.  On fruit and veg-
etable crops alone, 25,930 kg endosulfan (a.i.) were applied in 1993 [6]; greenhouse industries also rely
heavily on endosulfan [8], but provincial estimates of use are not available.

Organochlorines characteristically exhibit low water solubility, high lipid solubility, and environmental
persistence; their chief toxic action is on the nervous system [9].  Endosulfan was chosen for further investi-
gation in this report, because it is the most heavily applied organochlorine in Ontario.

2.1 DESCRIPTION AND USE

The cyclodiene, endosulfan was introduced as a broad spectrum insecticide in 1956 [10].  It is used
globally as an alternative to more persistent organochlorines, for control of insect pests on a multitude of
crops, including fruits, vegetables, tea, coffee, rice, cereals, cotton, sugar cane and tobacco [11,12].  In
addition, a good portion of available toxicity data has been compiled due to its use in tropical countries for
tsetse fly control [13-18].

Endosulfan ([1,4,5,6,7,7-hexachloro-8,9,10-trinorbon-5-en-2,3-ylenebismethylene]sulfite; CAS No.
115297) is marketed in a variety of commercial- and domestic-use formulations in Ontario, predominantly as
wettable powders or emulsifiable concentrates, but also in dusts (at <3% active ingredient).  Table 2.1 lists
its recommended uses on Ontario fruit, vegetable and greenhouse crops; it is applied principally for control
of leafhoppers, aphids, tarnished plant bug, silver-leaf whitefly, and cyclamen mite [8,19,20].

Several domestic and some commercial products include both endosulfan and an
ethylenebisdithiocarbamate (EBDC, see chapter 3).  The principal commercial products, Thiodan 50WP and
Thiodan 4EC, contain 47-50% and 4 lb/gallon endosulfan, respectively.  The remaining inert ingredients are
unknown, although the EC (emulsifiable concentrate) must contain some form of petroleum distillate as an
emulsifier and the WP (wettable powder) some form of wetting agent [21].  One author reported that the EC
formulation available in Australia contained 620 g/L xylene as an emulsifier [22].  Technical grade
endosulfan is a mixture of two stereoisomers; the alpha and beta isomers are present in approximately a 7:3
ratio, respectively [21].  Without the addition of emulsifiers or wetting agents, solubility in water is low (60-
150 mg/L).

Use of endosulfan in Ontario is shown on a county-wide basis in Figure 2.1.  Applications were among
the highest recorded in the Great Lakes basin.  Heaviest use was recorded in southern and western portions
of the province (i.e. Lambton, Kent, Elgin, Haldimand-Norfolk, Niagara, Durham, York, and Simcoe coun-
ties).  This likely reflects its frequent use for apple, strawberry and greenhouse pests.



12

N
ot

 u
se

d 
or

 n
ot

 r
ep

or
te

d

<
 1

00

10
0 

- 
10

00

10
00

 -
 5

00
0

50
00

 -
 1

00
00

E
nd

os
ul

fa
n 

us
e 

by
 c

ou
nt

y 
19

93
K

ilo
gr

am
s

F
ig

ur
e 

2.
1 

E
nd

os
ul

fa
n 

us
e 

in
 th

eG
re

at
 L

ak
es

 B
as

in
.



13

<
 D

et
ec

tio
n 

lim
it*

<
.0

5

.0
5 

- 
.1

.1
 -

.5

>
 .5

N
o 

in
fo

rm
at

io
n

E
nd

os
ul

fa
n 

(U
g

/L
)

F
ig

ur
e 

2.
2 

  M
ax

im
um

 c
on

ce
nt

ra
tio

n 
of

 e
nd

os
ul

fa
n 

 fo
un

d 
in

 s
ur

fa
ce

 w
at

er
 b

y 
co

un
ty

.
 *

D
et

ec
tio

n 
lim

its
 r

an
ge

 f
ro

m
 .0

1 
-.

2 ug
/L

.



14

Table 2.1 Recommended [8,19,20] applications of endosulfan in 1998 Ontario agriculture.

Crop(s) Protected Insect(s) Controlled Application Ratea

beans (green, wax, lima) leafhoppers, Mexican bean beetle, green
cloverworm

2.1 L/ha

cabbage, cauliflower, broccoli, brussels sprouts flea beetle, cabbageworm, cabbage looper,
diamondback moth caterpillar

2.0 L/ha

kale cabbageworm, cabbage looper, diamondback moth 1.5-2.0 L/ha

celery tarnished plant bug, aphids, cabbage looper 1.75 kg/ha

squash squash vine borer 1.0 kg/ha

cucumber cucumber beetle 1.5 L/ha

cucumber, muskmelon, watermelon, pumpkin,
squash, pepper (sweet, hot, mini, pimento),
tomato

aphids 1.5 L/ha

eggplant flea beetle, aphids, Colorado potato beetleb 1.1-2.25 kg/ha

head lettuce aphids, cabbage looper, tarnished plant bug 2.1 L/ha

pepper (sweet, hot, mini, pimento) pepper maggot 1.1 kg/ha

rutabaga flea beetle, aphids, cabbageworm, cabbage looper,
zebra caterpillar

2.0 L/ha

spinach aphids, cabbage looper 2.0 L/ha

tomato hornworm 1.1 kg/ha

apple green apple aphid, rosy apple aphid, white apple
leafhopper

3.25 kg/ha

apple potato leafhopper 2.6 kg/ha

apple woolly apple aphid 4.25 kg/ha

cherry (sour), plum aphids 3.25 kg/ha

cherry (sour), peach, nectarine, plum peach tree borer 1.5 kg/1000L

cherry (sweet) black cherry aphid 4.5 kg/ha

grape grape phylloxera 2.25 kg/ha

peach tarnished plant bug 4.5 kg/ha

pear pear psylla, plum curculio 5-6.75 kg/ha

pear plant bugs, blister mite 3.25-4.5 kg/ha
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a - Two or more forms of endosulfan were usually listed in OMAFRA publications [8,19,20] (primarily Thiodan 50WP, 4EC, Endosulfan 50WP,
400EC), but only one was chosen as an example for this table. Note that recommendations for vegetables listed an applied mass (kg) or volume
(L) only [19]; it was assumed that these values were to be applied on a ‘per hectare’ basis.  Fruit tree ‘per hectare’ recommendations were based
on 4.5-5.5 m high trees.
b - although endosulfan is still listed as a potential control agent for Colorado potato beetle on potato crops, the resistance of this beetle to many
historically effective insecticides has virtually eliminated endosulfan use for its control in Ontario.
c - includes African violet, azalea, begonia, tulip (bulb), calceolaria, chrysanthemum, cineraria, cyclamen, geranium, gloxinia, hydrangea, easter
lily, rose, snapdragon.

2.2 ENVIRONMENTAL  CONCENTRATIONS

Endosulfan is typically applied to crops using air-blast or ground boom sprayers, thus allowing for
chance of drift and longer-range atmospheric transport [23].  Surface water concentrations detected in
Ontario over the past 2 decades ranged from <0.01 mg/L to 0.54 mg/L (Fig. 2.2).  Samples collected from
the open waters of Lake Erie in 1993 showed less than 1.0 ng/L endosulfan  (J. Struger, Environment
Canada, pers. comm.).

However, water monitoring was sporadic and limited.  One study of residues in sediment and green
frog fat bodies collected from ponds in apple orchards suggests that environmental exposure to endosulfan is
more widespread than estimated by random surface water collections [24].  Sediment concentrations of b-
endosulfan ranged from <2.9 ng/g to 64.5 ng/g (n=8 samples), while frog fat body concentrations of
endosulfan sulfate ranged from 0.7 mg/g to 10.0 mg/g (n=6 samples).  Sediment and frogs were collected
from Ontario apple orchard ponds in the spring and fall, thus endosulfan was persisting over a year in some
environments.  Tree swallow eggs collected from the same orchards contained very little endosulfan (maxi-
mum residue of 0.057 mg/g wet weight), suggesting there was limited food chain transfer of contamination
to a terrestrial insectivore [25].  The isomers a- and b-endosulfan (as well as methoxychlor) were detected in
precipitation at several locations along the northern edges of Lakes Ontario, Erie and Superior [2,5] during
comprehensive scans for persistent chlorinated contaminants.  This suggests that some atmospheric transport
of endosulfan occurs within and perhaps into Ontario.

In soils and sediments, a- and b-endosulfan degrades primarily via microbial biotransformation to
endosulfan sulphate (the major metabolite); other minor products include the diol, ether, a-hydroxy ether,
and lactone forms. a-Endosulfan disappears quickly in the environment, within 60 days in soil and within 7
days in river water [26,27]; b-endosulfan and endosulfan sulphate may not disappear for over two years [21].
During the winter, degradation is effectively halted, and it may also be considerably slowed under conditions
of low pH (below pH 7) or dissolved oxygen, or in highly organic soils or sediments [21].  For example,
Greve [28] found that, under anaerobic conditions and neutral pH, the half-life of endosulfan in water was
five weeks rather than one week; under anaerobic, acidic (pH 5.5) conditions, the half-life was extended to
five months.  In Ontario, this suggests that the environments most likely to act as sinks for endosulfan are
marshy wetland adjacent to sprayed croplands, or muck crop areas.  Stagnant water in such wetlands are
subject to eutrophication,  resulting in highly anaerobic sediments and seasonal lows in dissolved oxygen
concentrations.  Where peaty bottoms exist (an infrequent phenomenon given the predominance of limestone
deposits in Ontario soils), there will be additional acidity.

Crop(s) Protected Insect(s) Controlled Application Ratea

greenhouse flower cropsc aphids, cyclamen mite, whitefly, two-spotted
spider mite

1.25 L/1000L

greenhouse tomato, cucumber, lettuce aphids, whitefly 1.25-1.5 L/1000L

greenhouse pepper lygus bug, tarnished plant bug 1.24-1.5 L/1000L

Table 2.1 Continued.
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2.3 BIOCONCENTRATION  AND METABOLISM  OF ENDOSULFAN

Bioconcentration data for endosulfan is available for several species of freshwater fish and inverte-
brates (Table 2.2).  Estimates of a bioconcentration factor vary by almost four orders of magnitude ranging
from 1.97 to 11583, likely due to the lipid content and the metabolic ability of the organisms tested.  The
endosulfan sulfate metabolite is generally included in the calculation of the bioconcentration factor (BCF),
since it is just as toxic as the parent compound.  The only indigenous species for which data was available
was the white sucker, and endosulfan showed only a moderately low BCF ranging between 65 in muscle to
550 in liver (gill, kidney, gut and skin accumulation was also measured).

Although endosulfan sulfate is typically the only metabolite included in bioconcentration calculations,
investigators have detected many other metabolites; some have suggested that the sulfate is just an interme-
diate metabolic form in vertebrates [35] and endosulfan ether is the main product of detoxification [37].  Rao
et al. [37] report finding ether, alcohol, a-hydroxy ether and lactone forms of endosulfan as well as two
unidentified metabolites in tissues of the fish Macrognathus aculeatum.

2.4 TOXIC  MECHANISMS OF ACTION

Unlike the DDT-type organochlorines (methoxychlor, dicofol) which act primarily on the peripheral
nervous system, cyclodienes like endosulfan are thought to act on the central nervous system by binding at
the picrotoxinin site in the g-aminobutyric acid (GABA) chloride ionophore complex [9,38,39].  GABA is
an inhibitory neurotransmitter that operates through membrane hyperpolarization as mediated by increased
chloride flux into nerve cells.  By impairing the inhibitory actions of this complex, and, thus, chloride influx
into the nerve, hyper excitation results which, when prolonged, may lead to respiratory failure.  External
symptoms include depressed activity a few hours after exposure followed by hyper excitability, tremors and
convulsions [9].  Convulsions can lead to death by interfering with pulmonary gas exchange and by generat-
ing severe metabolic acidosis [9].

An alternate hypothesis of cyclodiene toxicity is based on the observation that a-endosulfan inhibits
Ca+Mg-ATPase and Ca-ATPase [9,40].  This effect may be specific to the stereo chemistry of the a- isomer,
since b-endosulfan did not elicit the same response in rat brain during in vitro studies [40].  An energetic
mode of action is further supported by the observation that endosulfan impairs respiration in rat liver mito-
chondria, in vitro [41], and in rainbow trout and catfish (Clarias batrachus) liver mitochondria, in vitro [42]
and in vivo [42,43].

2.5 ACUTE TOXICITY

Field data on acute toxicity is limited and the bulk of observations were collected after aerial spray applica-
tions of endosulfan, which are not routinely conducted in Ontario.  Several studies were completed in the
Okavango Delta in Botswana, where endosulfan was tested as an alternative tsetse fly control to previously
applied DDT and dieldrin.  With a single application of 200 g active ingredient/ hectare, all fish in rivers
within the spray area were killed [17].  With six applications of 6-12 g/ha, fish kills were reduced to 0-2350
fish/ha, but mortalities still represented up to an estimated 60% of the population of some species [15].  The
distribution of mortality was extremely patchy and possibly related to amount of submerged vegetation and
silt.  During the second study, a piscivorus bird species, the pied kingfisher (Ceryle rudis), was also assessed
for effects higher in the food chain.  Although kingfisher  were observed feeding on poisoned fish, they
suffered no acute ill effects [14].  Endosulfan residues in the brains of three kingfishers were 0.2 mg/g wet
weight; similar concentrations were measured in fish species, suggesting that bioaccumulation was not
occurring.  In Canada, the aerial application of endosulfan to potato fields in Prince Edward Island resulted in
90% mortality of threespine stickleback (Gasterosteus aculeatus) 200 m downwind where water concentra-
tions never exceeded 4 mg/L [53].
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Table 2.2 Bioconcentration factors in invertebrate and fish species for a- and b-isomers of endosulfan as
well as for the principal metabolite, endosulfan sulfate.

Within Ontario, fish kills have been observed occasionally as a result of accidental spills of endosulfan
into waterways.  In 1969, 300-400 dace (Chrosomus sp.), white sucker, rock bass (Ambloplites rupestris) and
other species were killed in the North Thames River upon exposure to 0.096 - 0.26 mg/L endosulfan origi-
nating from off-target spraying of potato fields [21].

Acute toxicity of endosulfan to non-target organisms has been documented in the field and the labora-
tory.  The sensitivity of aquatic invertebrates ranges over several orders of magnitude (Table 2.3); not sur-
prisingly, the arthropods, specifically crustaceans and insects, were the most sensitive invertebrates.  Physi-
ologically, these species are most like the target terrestrial insect pests that organochlorines are meant to kill.
Nonetheless, some fish species, notably young rainbow trout, mosquitofish, and several Australian species
(Table 2.4), were more sensitive than aquatic insects to endosulfan.  The 96-hr LC50s for rainbow trout fry,
mosquitofish, bony bream, golden perch, European carp and Harlequin fish were 0.1 - 0.5 mg/L, while that
for naiads of the stonefly, Pteronarcys californicus, was 2.3 mg/L.

Amphibians, the only other aquatic group to be tested in the laboratory, exhibited a wide range of
toxicities (Table 2.5), but were all less sensitive than the afore-mentioned fish.  Two indigenous species,
white sucker (Catostomus commersoni) and northern pike (Esox lucius), appeared slightly less sensitive than
fish species already mentioned, with LC50s in the range of 3 - 6.6 mg/L [21].

In general, bird and mammal studies used a small number of species to test the toxicity of endosulfan
(Table 2.5), which was almost always administered orally (a few dermal and intra peritoneal applications
were discussed in WHO [23]).  Mallards, starlings and rats all exhibited LD50s in the range of 30 - 70 mg/kg
body weight.  This form of exposure may best estimate toxicity associated with food chain transfer of
endosulfan.

In 1972, rainbow trout in a pond near Simcoe died from a similar application of endosulfan to tobacco
fields [21].  Frank et al. [78] also recorded three more recent (1971-1985) fish kills in rural ponds contami-
nated with 0.11-2.0 mg/l endosulfan.  In addition, fall applications of endosulfan to cole crops are suspected
as the cause of several recent fish kills in southern Ontario (Paul McCubben, Ontario Ministry of the Envi-
ronment, pers. comm.).  Fall sprays pose a unique risk to temperate environments because of the reduced
rates of degradation in colder months [21].

As with most chemicals, there were several factors noted within the original laboratory data that
mitigated or exacerbated toxicity.  Several authors described an increase in toxicity (i.e. lower LC

50
 with

increasing water temperature in aqueous fish exposures [55,61,67].  Since endosulfan is sprayed mostly
during the summer months in Ontario, elevated surface water temperatures in shallow or stagnant water
bodies may have important consequences for toxic effects in wild fish.

Species α β α + β + Sulfate R

Louisiana crayfish (Procambarus clarkii) - 1.97 - 29

Mussel (Mytilus edulis) - - 600 30

Scallop (Chlamys opercularis) - - 26 31

Zebra fish (Brachydanio rerio) 2006 1398 2650 32

Yellow tetra (Hyphessobrycon bifasciatus) 10994 9908 11583 33

Mosquitofish (Gambusia affinis) 71.5 15.5 86.5 34

White sucker (Catostomus commersoni) - - 65-550 35

Goldldfish (Carassius auratus) - 350 36
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Sunderam et al. [55] also noted that toxicity in Australian fish species was greater during flow-through
tests compared to static tests, a finding with considerable ramifications, since many LC50s are derived under
static conditions.  The effects of age, life stage and body size on toxicity were observed in both invertebrates
and fish.  Early larval stages of tiger prawn were more sensitive than juveniles [50], while among adult
catfish, smaller individuals were more sensitive than larger ones [61].  Among bird species, the egg-laying
condition of hens was proposed as an explanation for inter-species differences in sensitivity [72].  Delayed
mortality in egg-laying pheasant hens exposed to endosulfan was thought to be partly related to the presence
of eggs as an additional route of toxicant metabolism.  Since endosulfan is lipophilic, it is probably elimi-
nated from the adult by deposition into the egg yolk.

One relative constant across test groups was the description of symptoms accompanying acute toxicity.
All behavioural anomalies in invertebrates, fish, amphibians, birds and mammals suggested the initiation of
nervous and respiratory dysfunction.  In worms [48], stoneflies [52], mosquitofish [56], and green frog and
Indian toad tadpoles [69,71] the sequence of behavioural changes was excitation or irritability (including
erratic swimming in fish and frogs) followed by loss of equilibrium, tremors or twitching, then either con-
vulsions or immobility just prior to death.  In addition to these signs, yellow tetra, zebrafish [58], snakehead
fish [59,60], and eel [68] displayed multiple signs of respiratory distress including erratic opercular move-
ments.

The latter two species also reacted with mucous secretions and a general loss of colour.  In birds dosed
orally with endosulfan, symptoms of toxicity included ataxia, jerkiness, high carriage, tremors, wing shivers
and falling [72].  In an accidental poisoning of calves (they were dusted with endosulfan for lice control and
all five animals soon died), toxic reactions were tremors, ear twitching, eyelid snapping, body jerks severe
enough to result in falls, and various signs of disorientation  [79].

The symptoms were also fairly uniform across chemical variations of endosulfan.  The tests with
formulations (wettable powders and emulsifiable concentrates) and a- and b-isomers produced the same
behavioural anomalies as tests with technical grade endosulfan.  This suggests that endosulfan, rather than
the inert ingredients, is responsible for acute effects.  However, where different forms were compared in
concurrent tests with fish, an EC formulation was 1 to 2 times more toxic [59,60,63], and the isomer a-
endosulfan was 3 to 30 times more toxic [59,63] than the technical (96% endosulfan) form.  This does not
conform with mammalian studies, which have shown equivalent toxicity of both stereoisomers, endosulfan
sulphate and the technical form [23].  Formulations have not been intentionally tested on higher vertebrates.

There is a limited data set on critical body residues of endosulfan.  Residues in the accidentally ex-
posed calves mentioned above ranged from 0.73 mg/kg in brain to 3.78 mg/kg in liver [79].  In another cattle
poisoning, the a- and b-isomers, and sulphate metabolite of endosulfan were measured and reported as 0.083,
0.065, and 4.23 mg/kg respectively.  Lethal dose in carp (total endosulfan) was 3.5 mg/kg in liver 4.9 mg/kg
in gill [80].

Although the volume of information summarized here implies that the acute toxicity of endosulfan to
wildlife has been thoroughly evaluated, closer examination reveals that there is little data for species indig-
enous to Ontario.  In particular, only seven fish species and one frog species from Ontario have been subject
to acute toxicity tests.  Information on reptiles and wild mammals (e.g. mink, otter, voles, etc.) is lacking in
the open literature.  This gap increases uncertainty when attempting to establish the risk endosulfan use in
Ontario agriculture poses to surrounding environments.
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2.6 CHRONIC  EFFECTS

The mechanisms of action described for endosulfan, and organochlorines in general, relate to central
nervous system reactions (see section 2.4).  Hence, it is likely that other effects documented in reproductive
and detoxification (hepatic) systems represent secondary (physiological) responses to the initial effects on
the neurological network.

2.6.1 CHRONIC  EFFECTS IN MAMMALS

Studies of endosulfan chronic toxicity in mammals, in vivo, are limited to only a few studies.  One set
of evaluations focused on the issue of mutagenicity/carcinogenicity.  Endosulfan inhibited chemical commu-
nication between cells across gap junctions in several in vitro experiments [81-84].  Inhibition of gap junc-
tion communication is thought to be one mode of action by which tumour promoters operate, thus implicat-
ing carcinogenicity as a chronic effect of endosulfan exposure.  However, endosulfan was not mutagenic in
the Ames test [85], and a comprehensive rat in vivo carcinogenicity study by Hack et al. [86] indicated no
tumour formation at endosulfan doses ranging from 3 to 75 mg/kg.  Thus, the studies of gap junction com-
munication inhibition may have little environmental (i.e. in vivo) relevance.

Only two studies directly examined mammalian reproductive toxicity.  Gupta et al. [87] showed an
increased rate of litter resorption in rat dosed orally with 5 or 10 mg/kg technical endosulfan.  This was
accompanied by a twofold increase in abnormal fetuses at the same doses.  Experiments by Pandey et al.
[88] showed mutation in the sperm of male rats, but at essentially irrelevant doses that approached the LD50
level.  Also, sperm mutations did not result in any effects on fertility when these male rats were mated.

Behaviour of rats was examined by Lakshmana and Raju [89] upon exposure to sublethal levels of 6
mg/kg endosulfan. Deficits in memory acquisition and retention were observed and were associated with
fluctuations in levels of brain neurotransmitters.  In an independent study, increases in foot shock-induced
aggressive behaviour upon exposure to 1 mg/kg endosulfan was related to increased binding of serotonin to
serotonergic receptors in the rat pup brains [90].

 2.6.2 CHRONIC  EFFECTS IN FISH

Chronic effects in fish were linked to primary responses of the nervous and respiratory systems, and
secondary responses of the respiratory, digestive (hepatic) and reproductive systems.

Behavioural manifestations of nervous disorders described by several investigators [55,56 58-60,91-93]
were further evaluated via histological examination of the brain and pituitary gland.  After a 20-day expo-
sure to 1 mg/L Thiodan 35EC (sublethal level), tilapia (Tilapia rendalli) pituitary cells became structurally
compromised, the axons of the neurohypophysis deteriorated, and neurosecretory material in the pars
intermedia was reduced compared to that in control fish [94].  Wild tilapia and catfish exposed to aerial
sprays of endosulfan in Botswana also showed severe damage in brain cells.  Effects on the brain included
edema, meningitis and encephalitis, which the authors linked causally to hyperactivity and uncoordinated
swimming observed in surviving fish in sampled rivers [95].  Continued monitoring showed that most
histological changes in the brain disappeared within a couple of weeks of spray termination; however, glial
scarring in brain tissue persisted for 20 months post-spray.

Respiratory responses observed in several species might be partly due to primary as well as secondary
toxic reactions.  Studies with both rats [41] and fish [42,96] suggest that endosulfan acts as an oxidative
phosphorylation uncoupler, inhibiting respiration by impairing membranes and respiratory interfaces.  When
the short-term respiratory response of rainbow trout exposed to an acutely lethal concentration of endosulfan
was evaluated, the predominant effects were an increase in cough frequency and oxygen consumption with a
decrease in arterial oxygen and carbon dioxide [96].

Rao et al. [63] examined oxygen consumption in an Indian carp species (Labeo rohita) over a concen-
tration gradient, and also found that consumption increased during sublethal exposures up to the 96-hr LC50
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concentration; individuals exposed for short periods to greater endosulfan levels showed decreased con-
sumption.  This pattern of initial stimulation then inhibition of oxygen consumption along a chemical con-
centration gradient is characteristic of oxidative uncouplers [97].  Histological studies also showed severe
structural damage of gills with sublethal endosulfan concentrations [58,98]; however, these effects may be
partly the result of a different toxic action, namely that of a surficial irritant.  Johal and Dua [99] found that
endosulfan disrupted the calcareous construction of snakehead fish (Channa punctatus) scales, thereby
reducing their adhesive capacity and disrupting the principal protective interface of the fish body.

In vivo and in vitro studies of liver mitochondria in catfish (Clarias batrachus) and rainbow trout also
suggest inhibition of respiratory function by endosulfan.  Technical grade material decreased the respiratory
capacity of liver mitochondria to oxidize isocitrate and succinate entering the electron transport pathway in
catfish; it also increased ATPase activity [42].  The authors suggest that endosulfan prevents ATP formation,
thereby blocking the utilization of oxygen.  Arnold et al. [43] propose that loss of ultra structural integrity
seen in rainbow trout liver mitochondria with endosulfan exposure represented the morphological counter-
part to respiration disturbances.

Several studies described reproductive and endocrine response patterns in exposed fish that likely
originated with primary reactions in the hypothalamo-pituitary-gonadal axis.  In the well-studied tsetse fly
spray region of Botswana, the nest-building behaviour of tilapia (Tilapia rendalli) during spawning season
was reduced by 75% in sprayed river reaches, and juvenile recruitment declined by 25% [100].  Supporting
laboratory studies with a closely related species (Sarotherodon mossambicus) found that exposure to suble-
thal levels of endosulfan (0.5 mg/L) delayed male breeding behaviour, and, in turn, female egg-laying by 15-
20 days [64].  This cichlid does not build nests, but broods young in the mouth; hence, with delays in male
sexual activity, several clutches were aborted by females by discontinuing brooding behaviour before
clutches were fertilized.

Although no changes in steroid hormone concentrations were observed with these behavioural changes,
other in vitro and in vivo assays suggest that steroid pathways are influenced by endosulfan.  When
endosulfan was introduced to leutinizing-hormone (LH)-induced carp (Cyprinus carpio) oocytes in vitro, the
process of germinal vesicle breakdown was significantly inhibited [101].

This process is a critical step in oocyte maturation, thought to be controlled by the action of 17a- and
20b-dihydroxyprogesterone on the germinal vesicle.  The progesterones are produced by 3b-hydroxysteroid
dehydrogenase (3b-HSD), which the authors believed to be the point of inhibition by endosulfan.  Their
hypothesis is supported by histochemical studies with snakehead fish (Channa punctatus) ovaries (in vivo)
that detected inhibition of 3b-HSD and glucose-6-phosphate dehydrogenase (G-6-PD), along with the com-
plete disappearance of mature oocytes upon exposure to sublethal endosulfan (0.24-0.72 mg/L) for 120 days
[102].

Shorter exposure times (20-75 days) with other fish species (Rasbora daniconius, Sarotherodon
mossambicus, and Colisa fasciatus) identified comparable disruptions in ovarian tissues [57,92,94].  In
general, the frequency of immature and atretic (dead) oocytes increased, while numbers of maturing and
mature oocytes declined disproportionately.  Cellular damage in all stages of oocytes was also detected,
including increased lumen size, fibrous matting, and reabsorption and clumping of yolk in mature stages (a
precursor to cell death).

Other changes in reproductive and endocrine function were observed in the vitellogenic catfish.
Plasma vitellogenin levels were decreased upon endosulfan exposure, but effects could be partially reversed
by supplementing concentrations of 17b-estradiol, triiodothyronine (T

3
), and luteinizing hormone-releasing

hormone (LHRH).  The authors suggested that endosulfan was acting by decreasing estrogen production or
by impairing the estradiol trigger for vitellogenin production in the liver [103].  However, given the primary
neurological mode of action of organochlorines, it seems more likely that vitellogenin production was
reduced because of dysfunction at multiple points along the hypothalamo-pituitary-gonadal axis.  Related
studies by the same research group found that the extrathyroidal conversion of thyroxine (T

4
) to

triiodothyronine (T
3
) was impaired in catfish [104].  This supports our suggestion that endosulfan produces a

general endocrine dysfunction.
Several investigators described endosulfan-induced changes in hepatic tissues, some of which were
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likely linked to detoxification processes (Jensen et al. [105] reported that endosulfan induced both P450-1A
and 2B in rainbow trout liver), but others of which were purported signs of liver degeneration [22,43,58,95,
106].  During morphological studies of rainbow trout liver, Arnold et al. [43] distinguished alterations which
were likely adaptive from those which were degenerative effects.  Adaptive changes were not specific to
endosulfan, and were reported to disappear in wild fish livers within 40 days of spray cessation in Botswana
[95].

Degenerative changes were also generally not specific to endosulfan, except perhaps for observed
increases in cellular heterogeneity and loss of mitochondrial integrity, which were indicative of the already
described inhibition of respiration.  Nowak [22] measured endosulfan residues in catfish (Tandanus
tandanus) liver coincident with histological examinations and found a correlation between a degenerative
effect, namely percentage of pyknotic nuclei, and residues of b-endosulfan.  The same author suggested that
the b-isomer also produced a disproportionate amount of the damage seen in gill tissue [98].

This implication has important ramifications for wild fish populations, because the b-isomer persists in
the environment for far greater periods.  Acute toxicity comparisons in fish had suggested that the a-isomer
was more toxic [59,63], but it may simply produce a more immediate response.

The remainder of chronic effects studies with endosulfan in fish investigated changes induced in
carbohydrate and protein metabolism [37,65,91,93,107-117].  These authors report symptoms that indicate
the mobilization of a general physiological stress response [118].  The response patterns were non-specific
and typical of those described for many pollutants as well as abiotic factors (e.g. fluctuating water tempera-
tures, low dissolved oxygen, eutrophied conditions).  They, therefore, have less relevance in specifically
describing the toxic action of endosulfan.

2.6.3 CHRONIC  EFFECTS IN INVERTEBRATES

Chronic studies of endosulfan in invertebrates are restricted mostly to cladoceran species.  Two Aus-
tralian cladocerans Ceriodaphnia dubia and Moinodaphnia macleayi had NOECs for reproductive impair-
ment of 10 and 20 mg/L respectively [119]. Levels of 320 mg/L were observed to reduce Daphnia carinata
brood size in laboratory experiments [120], and 160 mg/L endosulfan are sufficient to reduce population
density of Daphnia carinata in microcosms [121].  In Moina micrura, levels representing 25% of the LC50
(4 mg/L) were sufficient to induce decreases in egg production and growth [122].

 A crayfish species, Procambarus clarkii, showed no reductions in reproduction or growth after a 20
week exposure to 400 mg/L endosulfan [123].  These limited data for invertebrates indicate that all chronic
effects occur at concentrations higher than the lethal levels for most fish species.

 2.7 POTENTIAL  FOR ENDOSULFAN TO ACT AS AN ENDOCRINE DISRUPTER

Our working definition of an endocrine disrupting compound:

An exogenous agent that directly interferes with the synthesis, secretion, transport, bind-
ing action, or elimination of endogenous hormones and neurohormones, resulting in physiologi-
cal manifestations of the neuroendocrine, reproductive or immune systems in an intact organ-
ism.

Recent projections that endosulfan is an endocrine disrupter [124-126] have been almost exclusively
based on observations that endosulfan was weakly estrogenic when applied to the in vitro estrogenicity
bioassay or ‘E-screen’ [127,128].  E-screens are extremely sensitive and can detect estrogen receptor-
binding chemicals over ten orders of magnitude concentration range [126].  Endosulfan is six orders of
magnitude less potent than estradiol in the E-screen bioassay.

There are no in vivo studies to support an estrogenic mode of action for endosulfan.  To the contrary,
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studies in fish demonstrate that endosulfan inhibits vitellogenesis - making endosulfan an antiestrogen
[103,129,130].  The endosulfan example clearly illustrates the danger of classifying a compound based on in
vitro bioassays of little or no known relevance.

There is, nonetheless, sufficient evidence that endosulfan meets the criteria of our definition of an
endocrine disrupter.  It is clear that endosulfan is an extremely potent neurotoxin, and, therefore, it is likely
that neurological tissue would be the primary site of endosulfan action.  Chronic neural damage can clearly
mediate other effects in an organism through endocrine pathways.  One such example is the behavioural
changes observed in rats due to alterations in neurotransmitter concentrations and binding.  We also would
hypothesize that reproductive effects observed in fish [57,64,92,94,101-103] originate at the hypothalamo-
pituitary-gonadal axis.  Neurological damage in this area would result in problems with hormonal release,
synthesis and feedback regulation, the ultimate result of which would be impaired gonadal development.

Histological data on brains of fish exposed to endosulfan would tend to support this hypothesis.  Al-
though little data are available from field studies, we feel that there is sufficient evidence from chronic
studies to classify endosulfan as an endocrine disrupter.  We would further suggest that any neurologically-
active pesticide (e.g. other organochlorines) is likely to act as an endocrine disrupter in a related fashion.

2.8 RISK TO ONTARIO  ENVIRONMENTS  AND RECOMMENDATIONS

Based on very limited information on environmental concentrations of endosulfan in Ontario, some
biota inhabiting aquatic ecosystems may be exposed to potentially acutely lethal as well as more frequently
chronic levels of contamination.  Surface water concentrations of <0.01 - 0.54 mg/L lie within the range for
acute and chronic aquatic toxicity.  The following issues should be priorities for further evaluation of the
extent and degree of risk posed by endosulfan:

• a more comprehensive survey of surface water, sediment and tissue concentrations must be completed
to identify levels of contamination

• more precise use information would help narrow the geographic focus for monitoring in high-risk
counties;

• high-risk environments to be targeted for residue monitoring include shallow wetlands, slow-moving
small streams and dugout ponds within or adjacent to sprayed crops;

• terrestrial environments may be at risk, but there is little relevant toxicity data on wild birds and small
mammals - an information gap that should be addressed with well-designed studies of critical body
residues and related effects;

• aquatic environments are most likely at risk, but aquatic-based food chains should also receive con-
taminant evaluation - for example, endosulfan residues in the food chain sediment   aquatic inverte-
brate/frog/benthic fish  muskrat/tree swallow/great blue heron/green-backed heron should characterize
the maximum trophic transfer of chemical and its metabolites from aquatic to terrestrial systems;

• the range of acute toxicity among fish species is extremely narrow so indigenous species’ sensitivity
probably falls within the range outlined; however, given that surface water concentrations lie just
within the acute range of the most sensitive fish species, acute toxicity tests with some benthic (e.g.
suckers) and small stream (e.g. dace, minnows) fish species would be advisable;

• the lack of acute toxicity data for indigenous frog, toad and snake species should be rectified;
• the potential endocrine-disruption effects produced in wild fish and amphibians should be evaluated

with indigenous species by in vivo tests of nervous and reproductive indicators in lab-exposed and
field-exposed animals - histological examinations could be paired with biochemical assays such as
analysis of plasma vitellogenin concentrations;

• residues of related organochlorines (DDE, dicofol, dieldrin, methoxychlor) should be assessed and
combined effects on reproduction and nervous function evaluated;

• no information is readily available on possible spray mixtures which include endosulfan, although it is
likely that it is sprayed with ethylenebisdithiocarbamates - characterization of mixtures should be
completed.
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3.0 ETHYLENE BISDITHIOCARBAMATE (EBDC) FUNGICIDES

Dithiocarbamates are a class of compounds widely applied in industry and agriculture for their biocidal
properties as well as for their metal chelating abilities [1,2].  They may be subdivided by chemical structure
into two distinct groups: 1) the N,N’-ethylene bisdithiocarbamates (EBDCs) which are derived from primary
amines, and 2) the N-substituted mono- and di-alkyl dithiocarbamates which are derived from secondary
amines.

Most chemicals in both groups contain metals and share many structural elements; however, there are
some fundamental differences in how they degrade and react within environmental - and specifically biologi-
cal - systems.  In general, the EBDCs induce less acute and chronic responses than the alkyl
dithiocarbamates [1-3].  Since the EBDCs are the predominant class of dithiocarbamates used in Ontario
agriculture [4], this chapter will discuss their presence in Ontario environments, with only a peripheral
mention of other dithiocarbamates where relevant.

3.1 DESCRIPTION AND USE

The ethylene bisdithiocarbamates (EBDCs) were developed as broad spectrum contact fungicides
during and shortly after World War II [1].  In Ontario, 1993 agriculture surveys listed three EBDCs in use on
fruit and vegetable crops.  Mancozeb (155 463 kg), metiram (57 230 kg), and maneb (49 440 kg) were
applied as fungicides to control rusts, blights, scabs and mildews [4].  Table 3.1 elaborates on EBDC use as
recommended by the Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) [5-9].

Maneb (CAS No. 12427-38-2) was developed in 1950 [10] by adding manganese sulphate or manga-
nese chloride to nabam (carbon disulfide and ethylene diamene combined in the presence of sodium hydrox-
ide); if zinc salts are substituted for manganese, the EBDC zineb (CAS No. 12122-67-7) is formed [3].

Mancozeb (CAS No. 8018-01-7) was developed later, in 1961 [10] by forming a complex of maneb
with zinc salts.  In addition to the applications listed in Table 3.1, mancozeb is also used in several combina-
tions: with copper to control bacterial diseases; with metalaxyl (Ridomil MZ 72WP) to control downy
mildew and root rot; with dimethomorph (Acrobat MZ) to control potato blights; and with benomyl to
control gummy stem blight and powdery mildew [5,7,9].  Metiram (CAS No. 9006-42-2) is a polymer
complex of zineb and ethylenebisthiuram disulfide.  Metiram or mancozeb may be combined with
myclobutanil or Superior oil to control scabs, and with benomyl to control powdery mildew [8].  Zineb was
recommended for application to several crops in 1997/98 spray guidelines (Table 3.1), but was not evident in
1993 provincial use estimates [4].  The EBDC compounds are all very closely related, and their use is
interchangeable on many crops [5-9].

Commercial formulations of maneb, mancozeb, metiram and zineb registered in Canada [11] include
wettable powders (containing 75-80% active ingredient), wettable or soluble granules (75% active ingredi-
ent), solutions (37% active ingredient), and dusts (7-50% active ingredient, for seed treatments only).  Do-
mestic use products are not widely available which likely indicates Canadian support of a United States
Environmental Protection Agency (EPA) recommendation.

Upon special review of EBDCs, the EPA cancelled several home-and-garden uses, as they assumed
non-registered users would not wear the protective clothing essential during application and would, thus,
expose themselves to the potential teratogenic, carcinogenic and goitrogenic properties of this class of
dithiocarbamates [12,13].  The limited presence of inert ingredients in most formulations reduces the poten-
tial for non-active ingredient toxic effects, but does not eliminate it.

A group of Italian researchers reported that the commercial formulation, Maneb 80, contained 20%
sodium lignin sulfonate and n-butyl-naphthalene sulfonate as dispersal and wetting agents, respectively [14-
16]; their inert ingredient control did not produce teratogenicity in test subjects.  The latter compound is a
substituted polycyclic aromatic hydrocarbon (PAH).

The presence of PAHs in wettable powders and solutions available in Ontario is likely but not con-
firmed.  The mancozeb dispersable granular product available in Ontario, Dithane DG, contains sodium
lignosulfonate, sodium sulfate, and manganese sulfate, with a further 1-2% in unknown “related reaction
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products” [17] which are probably ethylenethiourea and derivatives thereof.
Use of mancozeb and maneb in Ontario are shown on a countywide basis in Figures 3.1 and 3.2.

Mancozeb applications are widespread throughout the southern portion of the province, and even further
north into Georgian Bay and Ottawa regions.  Increased use in Middlesex, Niagara, Grey, Dufferin and
Simcoe counties reflects applications to fruit and cole crops.  Metiram and maneb were not relied upon as
heavily for fungicidal uses, with a combined total still several thousand kilograms less than mancozeb.
Reported use of maneb was limited to Elgin, Simcoe and York counties.  It should be noted that these use
maps do not include ginseng, greenhouse, or mushroom treatments; thus, they likely underestimate the
magnitude and distribution of EBDC use in Ontario.

3.2 ENVIRONMENTAL  CONCENTRATIONS

EBDCs may be applied to Ontario crops by ground boom or airblast sprayers and infrequently, aircraft.
These application methods in some conditions increase the risk of off-target spraying and drift.  Despite this
increased probability and the substantial use of EBDCs in Ontario agriculture, routine chemical analyses
have not detected residues in surface waters [18].  However, the lack of detections may be the result of
several factors other than the lack of EBDC introductions to surface waters, and, more importantly, may not
be indicative of the lack of associated toxicity in Ontario wildlife.

Analytical methods developed for EBDCs in several media were essentially created in an effort to
quantify human exposure.  They were intended to assess the presence of hazardous residues on food, and
consequently exhibit relatively high detection limits around 10-50 ppb - i.e. mg/L, mg/kg [18-20].  If this
limit lies above that associated with toxicity, then lack of detections does not imply lack of toxic concentra-
tions in various environmental media.  More sensitive analytical methods have since been developed, but are
still not widely applied [20].

The second and perhaps more critical factor in terms of toxicity concerns the degradation behaviour of
EBDCs in soil and water.  EBDCs are highly unstable in the presence of moisture and oxygen.  Rhodes [21]
determined that maneb had a half-life of 4-8 weeks in a Keyport silt loam soil.  Maneb also adsorbs strongly
to soil particles, decreasing the likelihood of groundwater contamination [22].  Van Leeuwen et al. [23]
provide half-conversion times for hydrolysis of several dithiocarbamates, including maneb and zineb.  They
conclude that their stability in water is highly dependent on pH and the metal present; maneb half-conver-
sion times varied from 0.08 h at pH 3.8 to 265 h at pH 8.0 (data taken from Klisenko and Vekshtein 1971,
cited in [23]).  Mancozeb has a reported half-life of less than one day in sterile water, pH 5-9 [1].

The principle breakdown products of all EBDCs are ethylene thiourea (ETU), ethylene urea (EU),
ethylene diamine (EDA), ethylene bisisothiocyanate sulfide (EBIS), carbon disulfide, and inorganic metallic
salts [3,24].  Some of these products, especially ETU, produce high chronic toxicity in laboratory animals
[20].  Despite the greater likelihood of the presence of breakdown products in environmental compartments
and their sometimes high relative toxicity, routine analytical methods do not detect ETU, EU or EBIS.
Sensitive analytical methods exist for some of these compounds, but have not been applied to water, plant or
soil/sediment samples collected in Ontario.  For example, Hogendoorn et al. [25] describe a reverse-phase
liquid chromatography procedure with a reported detection limit for ETU in ground-water of 0.05 ppb.
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Table 3.1 Recommended [5-9] applications of EBDCs in Ontario agriculture, 1998.

a - Two or more formulations (often with differing EBDC active ingredients) were usually listed in OMAFRA publications, but only one was
chosen as an example for this table.  Note that recommendations for vegetables listed an applied mass (kg) or volume (L) only [7,9]; it was
assumed that these values were to be applied on a ‘per hectare’ basis.  Fruit tree ‘per hectare’ recommendations were based on 4.5 - 5.5 m high

trees.

Fungicide Crop(s) Protected Pest(s) Controlled Application Ratea

amancozeb ginseng leaf blight, stem canker, head blight 4.4 kg/ha in 2000L water

carrot leaf spots, blight 2.25 kg/ha

celery early, late & bacterial blights 2.25 kg/ha

cucumber, melon, pumpkin, squash cucumber scab, anthracnose, leaf spot 1.1-3.25 kg/ha

greenhouse tomato early & late blight, Septoria leaf spot 2 kg/ha

apple scabs, cedar apple rust, quince rust 6.0 kg/ha

grape downy mildew 3.25-5.5 kg/a

maneb cabbage black leaf spot 2.25-3.25 kg/ha

celery, potato early, & late blights 2.25 kg/ha

lettuce, endive downy mildew 2.25-3.25 kg/ha

onion downy mildew, leaf blight, purple blotch 3.25 kg/ha

tomato early blight, Septoria leaf spot, anthracnose 3.25 kg/ha

metiram asparagus rust, gray mold 2.25-3.25 kg/ha

celery early, late & bacterial blights 2.25 kg/ha seed

potato seed-piece decay 225-325 g/50 kg

grape downy mildew, black rot 3.25-5.5 kg/ha

zineb mushroom dry & wet bubble, green & cobweb molds 60-125 g/100 m2

cabbage, cauliflower, broccoli,
brussels sprouts

downy mildew, black leaf spot 2.25-3.25 kg/ha

greenhouse lettuce downy mildew 1.75-2.25 kg/ha
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3.3 BIOACCUMULATION  AND METABOLISM  OF EBDCS

Several studies in mammals and fish have shown that EBDCs do not bioaccumulate or bioconcentrate,
and are rapidly excreted or metabolized [1,20,26].  However, metabolism pathways are distinct in several
test species [20,27,28], suggesting that species differences in metabolite production and subsequent toxicity
may be great.

When Brocker and Schlatter [29] examined the metabolism of maneb in female rats, they found that
over 95% of the radio-labelled compound was excreted in faeces, urine and respired air within 72 hours of
oral exposure.  When treatment was supplemented with metal ions, excretion rates were essentially un-
changed, although less was actually absorbed by the intestine since the proportion excreted via the faeces
increased considerably.  Similar excretion rates have been reported in mice administered maneb and zineb
[30].  Although Van Leeuwen et al. [26] could not distinguish between parent and metabolite compounds in
a retention study in rainbow trout, retention times appeared considerably longer in this fish species with a
96-h aqueous exposure to radio-labelled zineb.  Substantial activity was still discernable in some tissues (e.g.
melanophores and thyroid follicles) after 16 days.

The metabolism of EBDCs is complex and involves decomposition into carbon disulfide, EDA, EBIS,
ETU, 5,6-dihydro-3H-imidazo (2,1-c)-1,2,4-dithiazole-3-thion (DIDT), polymeric ethylenethiuram disulfide
(PETD), 2-imidazoline, and hydrogen sulfide [1,2].  Subtle differences in metabolism pathways have been
suggested as possible explanations for toxicity differences amongst species.  For instance, Iverson et al. [28]
found that ETU was rapidly metabolized to S-methyl ETU in cats, but not in rats; they suggested that this
explained why teratogenicity was associated with ETU exposure only in rats.

Additionally, researchers have observed either inhibition or induction of the cytochrome P450 detoxifi-
cation system in different species exposed to EBDCs, suggesting that this basic mechanism for metabolism
may be functional in only some species with respect to this set of compounds (discussed further in [20]).
These findings have important ramifications for assessing risk to wildlife, because one cannot predict how a
particular EBDC fungicide will be metabolized in untested wild species based on available information from
laboratory animals.

3.4 TOXIC  MECHANISMS OF ACTION

The rapid and complex degradation and metabolism pathways characteristics of EBDCs hinder investi-
gations of modes of action. Few published studies that apply EBDCs to biological systems attempt to differ-
entiate between effects produced by specific parent compounds and their metabolites.  A general in vitro
study of acute toxicity of dithiocarbamates suggested that there was a common cellular/cytotoxic mechanism
of action [31].  Aside from the reasonably well-documented effects of ETU on the pituitary-thyroid axis
[1,32-34], most effects may be best explained by a general cytotoxic mechanism, with multiple pathways
tied to the redistribution and action of metals on enzyme biochemistry.

3.5 ACUTE TOXICITY

Concerns of human health effects from exposure to EBDCs have been expressed, with respect to the
suspected carcinogenic and teratogenic properties of ETU.  ETU residues were detected in food and were
found to be enhanced by some cooking processes [1,20].  Consequently, the vast majority of toxicity studies
have assessed responses of laboratory animals (rats, mice, chickens) with little effort made to extract envi-
ronmental relevance from the derived data.

Acute toxicity tests are summarized in Tables 3.2 and 3.3.  The majority of analyses were completed on
laboratory mammals, but some limited information was also available for fish, amphibians and birds.  Al-
though differences in exposure and test conditions make it difficult to compare, the aquatic species appear to
be more acutely sensitive to EBDCs than mammals or birds by several orders of magnitude.  In addition, the
one invertebrate (Daphnia magna) and one amphibian (green frog) tested, along with the most sensitive fish
species (rainbow trout) tested, showed approximately equal sensitivity to a common EBDC, mancozeb.



40

This suggests that the acute lethality response in water occurs within a relatively narrow range of
concentrations for all aquatic groups.  A comprehensive study by Van Leeuwen provided most of the aquatic
data listed, and showed considerably greater toxicity associated with some metabolites compared to parent
compounds.  While ETU and EU exhibited very low acute toxicity, less studied metabolites like PETD and
DIDT exhibited toxicity about an order of magnitude greater than the parent compounds mancozeb and
maneb.

Aquatic LC50 values for maneb, mancozeb and metiram could still be considered high compared to
other pesticides.  For example, endosulfan produced 96-hr LC50s for most sensitive fish species in the range
0.0002 - 0.001 mmol/L (0.0001 - 0.0005 mg/L), whereas these EBDCs produced 96-hr LC50s in the range
1.3 - 13.9 mmol/L (0.34 - 6.4 mg/L).  The EBDC LC50s also lie above the current detection limits (0.01 -
0.05 mg/L); however, even though the three major aquatic groups tested appear to have similar sensitivity to
parent compounds, the actual number of species tested is extremely low - one invertebrate, one amphibian
and three fish.  The possibility that other indigenous aquatic species might be more sensitive than those
assessed needs to be investigated, given the relatively narrow margin of safety provided by currently used
analytical detection limits.  In addition, the more toxic metabolites, which have not been assayed for in
Ontario surface waters and which are more likely to be present in higher concentrations need further
evaluation.

Among tests with birds and mammals, LD50s for most species could not be accurately derived because
they lay above the range of test concentrations.  Since bioaccumulation and bioconcentration of EBDCs is
low, the most likely scenario for substantial intake of EBDCs by these animal groups might be by incidental
ingestion while foraging in treated fields.  Even then, it seems unlikely that wildlife could ingest enough to
attain acutely lethal body burdens.

Persistence of organophosphorus insecticides in granular form on treated fields in B.C. has been
identified as a major source of waterfowl and raptor poisonings [37], but EBDCs are less likely to persist as
granules, given that the only granular formulations are soluble or dispersable slurries more amenable to
environmental breakdown.  Accessibility of granules to waterfowl, gulls, small birds or mammals in
agricultural fields has not been evaluated and cannot be dismissed, but it does seem unlikely to be of a
magnitude capable of producing acute effects.

Many studies with rats, mice and birds described a common set of neurological symptoms associated
with exposure to lethal concentrations of EBDCs.  Animals exposed to EBDCs for extended periods in their
diet exhibited ataxia and, in mammals, paralysis of hind limbs [1,24,40,41,44].  Unresponsiveness, loss of
muscular tone, and alopecia were also observed.  When investigators searched for nervous lesions to explain
these symptoms they could find none [24,41], and they concluded that the behaviour was a manifestation of
biochemical processes, rather than a specific neurological mode of action.

This summary of acute information and available monitoring data for water and sediment suggests that
the EBDCs are likely not present in Ontario environments at acutely toxic concentrations.  However, this
conclusion is based on a very small number of tests on indigenous wildlife species and a slightly larger
number of tests on laboratory species.  Data for invertebrates, fish, amphibians and birds is sparse, while that
for reptiles and wild mammals is nonexistent.  The apparent low risk posed by EBDCs and some of the
common metabolites to wildlife is still connected with a high degree of uncertainty.



41

Ta
bl

e 
3.

2 
Aq

u
a

tic
 t

o
xi

ci
ty

 o
f 

E
B

D
C

s 
a

n
d

 t
h

e
ir

 m
e

ta
b

o
lit

e
s.

  
S

p
e

ci
e

s 
in

d
ig

e
n

o
u

s 
to

 O
n

ta
ri

o
 a

re
 id

e
n

tif
ie

d
 b

y 
a

n
 (

I)
 a

ft
e

r 
th

e
 s

p
e

ci
e

s
n

a
m

e
. 

 S
a

m
p

le
 s

iz
e

 (
N

) 
in

d
ic

a
te

s 
th

e
 n

o
. 

a
n

im
a

ls
/r

e
p

lic
a

te
 x

 n
o

. 
re

p
lic

a
te

s.

G
ro

up
S

p
ec

ie
s

C
om

m
o

n
N

am
e

A
ge

N
C

he
m

ic
a

l F
o

rm
D

os
e

 M
e

th
o

d
Te

st
Ty

p
e

C
ru

st
ac

e
a

D
a
p

h
n
ia

 m
a

g
n
a

 (
I)

W
a

te
r 

fle
a

-
-

m
an

e
b 

(9
0

%
)

st
a

tic
 r

e
ne

w
a

l
4

8-
hr

C
ru

st
ac

e
a

D
a
p

h
n
ia

 m
a

g
n
a

 (
I)

W
a

te
r 

fle
a

-
-

m
an

co
ze

b
 (

6
4%

)
st

a
tic

 r
e

ne
w

a
l

4
8-

hr

C
ru

st
ac

e
a

D
a
p

h
n
ia

 m
a

g
n
a

 (
I)

W
a

te
r 

fle
a

-
-

m
an

co
ze

b
-

4
8-

hr

C
ru

st
ac

e
a

D
a
p

h
n
ia

 m
a

g
n
a

 (
I)

W
a

te
r 

fle
a

-
-

m
et

ira
m

 (
61

.5
%

)
st

a
tic

 r
e

ne
w

a
l

4
8-

hr

C
ru

st
ac

e
a

D
a
p

h
n
ia

 m
a

g
n
a

 (
I)

W
a

te
r 

fle
a

-
-

P
E

T
D

 (
9

7%
)

st
a

tic
 r

e
ne

w
a

l
4

8-
hr

C
ru

st
ac

e
a

D
a
p

h
n
ia

 m
a

g
n
a

 (
I)

W
a

te
r 

fle
a

-
-

D
ID

T
 (

98
%

)
st

a
tic

 r
e

ne
w

a
l

4
8-

hr

C
ru

st
ac

e
a

D
a
p

h
n
ia

 m
a

g
n
a

 (
I)

W
a

te
r 

fle
a

-
-

E
T

U
 (

9
9%

)
st

a
tic

 r
e

ne
w

a
l

4
8-

hr

C
ru

st
ac

e
a

D
a
p

h
n
ia

 m
a

g
n
a

 (
I)

W
a

te
r 

fle
a

-
-

E
U

 (
9

7%
)

st
a

tic
 r

e
ne

w
a

l
4

8-
hr

C
yp

rin
od

o
nt

ifo
rm

e
s

P
o

ec
ili

a
 r

e
tic

u
la

taa
G

up
p

y
-

-
m

an
e

b 
(9

0
%

)
st

a
tic

 r
e

ne
w

a
l

9
6-

hr

C
yp

rin
od

o
nt

ifo
rm

e
s

P
o

ec
ili

a
 r

e
tic

u
la

taa
G

up
p

y
-

-
m

an
co

ze
b

 (
6

4%
)

st
a

tic
 r

e
ne

w
a

l
9

6-
hr

C
yp

rin
od

o
nt

ifo
rm

e
s

P
o

ec
ili

a
 r

e
tic

u
la

taa
G

up
p

y
-

-
m

et
ira

m
 (

61
.5

%
)

st
a

tic
 r

e
ne

w
a

l
9

6-
hr

C
yp

rin
od

o
nt

ifo
rm

e
s

P
o

ec
ili

a
 r

e
tic

u
la

taa
G

up
p

y
-

-
P

E
T

D
 (

9
7%

)
st

a
tic

 r
e

ne
w

a
l

9
6-

hr

C
yp

rin
od

o
nt

ifo
rm

e
s

P
o

ec
ili

a
 r

e
tic

u
la

taa
G

up
p

y
-

-
D

ID
T

 (
98

%
)

st
a

tic
 r

e
ne

w
a

l
9

6-
hr

C
yp

rin
od

o
nt

ifo
rm

e
s

P
o

ec
ili

a
 r

e
tic

u
la

taa
G

up
p

y
-

-
E

T
U

 (
9

9%
)

st
a

tic
 r

e
ne

w
a

l
9

6-
hr

C
yp

rin
od

o
nt

ifo
rm

e
s

P
o

ec
ili

a
 r

e
tic

u
la

taa
G

up
p

y
-

-
E

U
 (

9
7%

)
st

a
tic

 r
e

ne
w

a
l

9
6-

hr

LC
5

0
(m

g/
L)

R

1
.0

2

1
.3

2

1
.0

1
7

2
.2

2

0
.2

8
2

0
.2

1
2

2
6

.4
2

5
6

00
2

3
.7

2

2
.6

2

6
.4

2

0
.8

8
2

0
.4

9
2

7
5

00
2

1
3

00
0

2



42

G
ro

up
S

p
ec

ie
s

C
o

m
m

o
n 

N
a

m
e

A
ge

N
C

he
m

ic
al

 F
o

rm
D

o
se

 M
e

th
o

d
Te

st
 T

yp
e

S
a

lm
o

ni
d

a
e

O
n

co
rh

yn
ch

u
s 

m
yk

is
s 

(I
)

R
a

in
b

o
w

 t
ro

ut
e

m
b

ry
o-

la
rv

a
l

1
00

 x
 2

m
a

ne
b

 (
9

0
%

)
st

a
tic

 r
e

ne
w

al
6

0-
d

S
a

lm
o

ni
d

a
e

O
n

co
rh

yn
ch

u
s 

m
yk

is
s 

(I
)

R
a

in
b

o
w

 t
ro

ut
e

m
b

ry
o-

la
rv

a
l

1
00

 x
 2

zi
ne

b
 (

9
5

%
)

st
a

tic
 r

e
ne

w
al

6
0-

d

S
a

lm
o

ni
d

a
e

O
n

co
rh

yn
ch

u
s 

m
yk

is
s 

(I
)

R
a

in
b

o
w

 t
ro

ut
e

m
b

ry
o-

la
rv

a
l

1
00

 x
 2

E
T

U
 (

9
9%

)
st

a
tic

 r
e

ne
w

al
6

0-
d

S
a

lm
o

ni
d

a
e

O
n

co
rh

yn
ch

u
s 

m
yk

is
s 

(I
)

R
a

in
b

o
w

 t
ro

ut
e

m
b

ry
o-

la
rv

a
l

1
00

 x
 2

E
U

 (
97

%
)

st
a

tic
 r

e
ne

w
al

6
0-

d

S
a

lm
o

ni
d

a
e

O
n

co
rh

yn
ch

u
s 

m
yk

is
s 

(I
)

R
a

in
b

o
w

 t
ro

ut
e

ar
ly

 fr
y

1
0 

x 
2

m
a

ne
b

 (
9

0
%

)
st

a
tic

 r
e

ne
w

al
9

6-
hr

S
a

lm
o

ni
d

a
e

O
n

co
rh

yn
ch

u
s 

m
yk

is
s 

(I
)

R
a

in
b

o
w

 t
ro

ut
-

-
m

a
nc

o
ze

b
-

9
6-

hr

C
e

nt
ra

rc
hi

d
ae

L
e

p
o

m
is

 m
a

cr
o

ch
iru

s 
(I

)
B

lu
eg

ill 
su

nf
is

h
-

-
m

a
nc

o
ze

b
-

9
6-

hr

A
m

p
hi

b
ia

R
a

na
 c

la
m

ita
n

s 
(I

)
G

re
e

n 
fro

g
e

m
b

ry
o-

la
rv

a
l

1
0 

x 
2

D
ith

an
e

 D
G

st
a

tic
 r

e
ne

w
al

9
6-

hr

A
m

p
hi

b
ia

R
a

na
 c

la
m

ita
n

s 
(I

)
G

re
e

n 
fro

g
e

m
b

ry
o-

la
rv

a
l

1
0 

x 
2

D
ith

an
e

 D
G

st
a

tic
 r

e
ne

w
al

2
(9

6-
hr

)
b

A
m

p
hi

b
ia

R
a

na
 c

la
m

ita
n

s 
(I

)
G

re
e

n 
fro

g
e

m
b

ry
o-

la
rv

a
l

1
0 

x 
2

D
ith

an
e

 D
G

st
a

tic
 r

e
ne

w
al

1
3-

d

Ta
bl

e 
3.

2 
C

o
n

tin
u

e
d

.

a  
- 

n
o

t 
in

d
ig

e
n

o
u

s,
 b

u
t 

in
tr

o
d

u
ce

d
 t

o
 C

a
ve

 a
n

d
 B

a
si

n
 H

o
ts

p
ri

n
g

, 
B

a
n

ff
 N

a
tio

n
a

l P
a

rk
.

b  
- 

te
st

 c
o

n
si

st
e

d
 o

f 
tw

o
 9

6
-h

r 
e

xp
o

su
re

s,
 s

e
p

a
ra

te
d

 b
y 

7
.5

 d
a

ys
 in

 w
h

ic
h

 a
n

im
a

ls
 w

e
re

 t
ra

n
sf

e
rr

e
d

 t
o

 c
le

a
n

 r
e

fe
re

n
ce

 w
a

te
r.

LC
5

0 
(m

g/
L)

R

0.
1

65
2

0.
2

11
2

18
00

2

10
00

0
2

0.
3

4
35

0.
4

6
17

1.
3

5
17

0.
9

6-
2

.2
1

36

0.
2

36

0.
0

23
36



43

S
p

ec
ie

s
C

o
m

m
o

n 
N

a
m

e
A

ge
N

C
he

m
ic

al
 F

o
rm

D
o

se
 M

e
th

o
d

Te
st

 T
yp

e

A
g

el
a

iu
s 

p
h

o
en

ic
e

u
s 

(I
)

R
e

d-
w

in
ge

d
 b

la
ck

b
ird

a
du

lts
-

m
a

ne
b

 (
te

ch
ni

ca
l)

o
ra

l, 
ga

va
ge

LD
50

A
g

el
a

iu
s 

p
h

o
en

ic
e

u
s 

(I
)

R
e

d-
w

in
ge

d
 b

la
ck

b
ird

a
du

lts
-

zi
ne

b
 (

te
ch

ni
ca

l)
o

ra
l, 

ga
va

ge
LD

50

S
tu

rn
u

s 
v

u
lg

a
ris

 (
I)

E
ur

o
pe

a
n 

st
a

rli
ng

a
du

lts
-

zi
ne

b
 (

te
ch

ni
ca

l)
o

ra
l, 

ga
va

ge
LD

50

C
o

tu
rn

ix
 j

a
p

o
n
ic

a
Ja

p
an

e
se

 q
ua

il
1

4-
d

1
0

m
a

nz
a

te
 (

m
a

ne
b)

d
ie

t
5

-d
 L

C
5

0

C
o

tu
rn

ix
 j

a
p

o
n
ic

a
Ja

p
an

e
se

 q
ua

il
1

4-
d

1
0

zi
ne

b
d

ie
t

5
-d

 L
C

5
0

C
o

tu
rn

ix
 s

p
.

Q
ua

il
-

-
m

a
nc

o
ze

b
o

ra
l

LD
50

A
n

a
s 

p
la

ty
rh

yn
ch

o
s 

(I
)

M
a

lla
rd

1
-y

r
6

zi
ne

b
 (

9
5

%
)

o
ra

l, 
ga

va
ge

1
4-

d 
LD

50

A
n

a
s 

p
la

ty
rh

yn
ch

o
s 

(I
)

M
a

lla
rd

-
-

m
a

nc
o

ze
b

o
ra

l
LD

50

P
h

a
si

a
n

u
s 

co
lc

h
ic

u
s 

(I
)

R
in

g-
ne

ck
e

d 
p

he
a

sa
nt

3
-4

 m
o

.
3

zi
ne

b
 (

9
5

%
)

o
ra

l, 
ga

va
ge

1
4-

d 
LD

50

R
a

tt
u

s 
n

o
rv

e
g

ic
u

s 
(I

)
R

a
t

ju
ve

ni
le

s
8

-1
6

m
a

ne
b

si
ng

le
 o

ra
l

2
8-

d 
LD

50

R
a

tt
u

s 
n

o
rv

e
g

ic
u

s 
(I

)
R

a
t

ju
ve

ni
le

s
8

-1
6

zi
ne

b
si

ng
le

 o
ra

l
2

8-
d 

LD
50

R
a

tt
u

s 
n

o
rv

e
g

ic
u

s 
(I

)
R

a
t

-
-

m
a

nc
o

ze
b

o
ra

l
LD

50

R
a

tt
u

s 
n

o
rv

e
g

ic
u

s 
(I

)
R

a
t

-
-

m
e

tir
a

m
o

ra
l

LD
50

M
u

s 
m

u
sc

a
ris

 (
I)

M
o

us
e

ju
ve

ni
le

s
8

-1
6

m
a

ne
b

si
ng

le
 o

ra
l

2
8-

d 
LD

50

M
u

s 
m

u
sc

a
ris

 (
I)

M
o

us
e

-
-

m
a

ne
b

o
ra

l
LD

50

M
u

s 
m

u
sc

a
ris

 (
I)

M
o

us
e

ju
ve

ni
le

s
8

-1
6

zi
ne

b
si

ng
le

 o
ra

l
2

8-
d 

LD
50

M
u

s 
m

u
sc

a
ris

 (
I)

M
o

us
e

-
-

m
e

tir
a

m
o

ra
l

LD
50

G
ui

ne
a

 p
ig

-
-

m
e

tir
a

m
o

ra
l

LD
50

Ta
bl

e 
3.

3 
M

a
m

m
a

lia
n

 a
n

d
 a

vi
a

n
 t

o
xi

ci
ty

 o
f 

E
B

D
C

s 
a

n
d

 t
h

e
ir

 m
e

ta
b

o
lit

e
s.

  
S

p
e

ci
e

s 
in

d
ig

e
n

o
u

s 
to

 O
n

ta
ri

o
 a

re
id

e
n

tif
ie

d
 b

y 
a

 (
I)

 a
ft

e
r 

th
e

 s
p

e
ci

e
s 

n
a

m
e

. 
 S

a
m

p
le

 s
iz

e
 (

N
) 

=
 n

o
. 

a
n

im
a

ls
 (

re
p

lic
a

te
s)

.

a  
- 

a
ct

iv
e

 in
g

re
d

ie
n

t 
in

 m
g

/k
g

 b
o

d
y 

w
e

ig
h

t

C
on

ce
nt

ra
tio

na
R

>
1

0
0

3
8

>
1

0
0

3
8

>
1

0
0

3
8

>
5

0
00

3
9

>
5

0
00

3
9

6
40

0
1

7

>
2

0
00

4
0

>
6

4
00

1
7

>
2

0
00

4
0

>
8

0
00

4
1

8
20

0
-8

9
00

4
1

>
8

0
00

4
2

>
1

0
00

0
4

2

>
8

0
00

4
1

4
10

0
1

7
60

0
-7

7
00

4
1

>
5

4
00

4
3-

2
40

0
-4

8
00

4
3



44

3.6 CHRONIC  EFFECTS

The complexity associated with investigating chronic, sublethal effects in organisms exposed to a
highly metabolized set of compounds is likely responsible for what often seems to be contradictory
interpretations of effects in the published literature.  The predominant effects described with some consensus
involve the pituitary-thyroid axis and are ramified in the thyroid and in the early development process.

3.6.1 CHRONIC  EFFECTS IN MAMMALS

The bulk of experiments with laboratory rats and mice have focussed on the mutagenic and
carcinogenic properties of EBDCs and their metabolites.  Although most investigators found that ETU was a
carcinogen and not a mutagen, there was little consensus regarding the parent compounds, maneb,
mancozeb, metiram and zineb.  Reviews of the early literature on mutagenicity of maneb and zineb
concluded that the burden of evidence was not indicative of mutagenic effects [1,45].  Another assessment of
over 90 genotoxicity studies also confirmed that ETU is not mutagenic [46].

However, more recent investigations, all with mancozeb, detected a low level of mutagenicity
associated with prolonged exposure to high doses [47-53].  All of these recent tests based their positive
conclusions on increased frequency of sperm head abnormalities or bone marrow cell structural
chromosomal aberrations, which became significant at concentrations approaching LD50 or maximum
tolerable dose values.  In another mancozeb experiment with high doses but much shorter exposure times, no
evidence of mutagenicity was found [54].

Given the negative results of the Ames test, combined with the extreme nature of exposure conditions
in other tests, one could argue that observed aberrations represented a general cytotoxic response triggered
by the toxic stress, and were not indicative of mutagenicity per se.  At the very least, the experimental design
provides little context for environmentally relevant exposure and suggests that there would be little risk of
mutagenicity in natural environments.

Similar contradictory information exists for the carcinogenic potential of EBDCs.  Again, reviews of
the early literature suggest that maneb and zineb are not carcinogenic in mice, but may be in rats, and ETU is
carcinogenic in both species [1,45,55].  Pulmonary and thyroid tumours were most frequently encountered in
positive tests with ETU and zineb in rats.  More recent studies, again all with mancozeb, found that it was a
tumour-promoter and co-carcinogen when applied to mouse skin [56-58].  The mouse studies all found that
only benign tumours resulted from exposure, while another similar experiment with rats found carcinomas
when mancozeb was used as a promoter with nitrosomethylurea [59].  As in the mutagenicity studies,
however, exposure conditions were characterized by high doses, often incurring substantial mortality, over
prolonged periods.  The relevance for environmental exposure is questionable.

The teratogenicity of EBDCs in rats has been fairly well-documented (reviewed in [1,55]), but there is
some question of how widespread this property is amongst other exposed species.  When Larsson et al. [60]
dosed pregnant female mice and rats once by gavage with maneb or mancozeb on the 9th - 13th day of
gestation, they found significantly greater frequencies of skeletal and internal deformities in rat foetuses but
not in mouse foetuses.  They noted that additions of zinc reduced effects and also that the zinc-complexed
mancozeb was less potent than maneb; these observations supported their theory that rats were particularly
susceptible to embryonic zinc deficiency caused by the chelating properties of EBDCs, which in turn made
the species particularly susceptible to teratogenic effects.

The teratogenic properties of ETU also appear to be species-specific; exposure to ETU during
pregnancy produced teratogenicity in rats [61,62] and (at very high doses) in mice, but not in guinea pigs or
hamsters (reviewed in [1]).  Rats given a single oral dose of ETU (30 mg/kg) on the 15th day of gestation
had foetuses with brain deformities ranging from hydrocephalus to a condition resembling hydrancephaly,
defined as the complete absence of cerebral hemispheres [61].  They could not determine if the anomalies
were the result of negative effects on the maternal thyroid gland or developing thyroid gland (which matures
on the 18th day of gestation) or the result of some other toxic mechanism.  Another study found that
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teratogenic abnormalities produced by ETU in rats could be prevented by simultaneous exposure to sodium
nitrite [63].

Further investigation found that addition of the nitrite resulted in the transformation of ETU to the
apparently non-teratogenic form, N-nitrosoethylenethiourea.  Even though rats show the most convincing
evidence for teratogenicity of EBDCs, the route of exposure also appeared to influence the teratogenic
potential; researchers exposing females to mancozeb during the gestational period via inhalation rather than
oral gavage did not observe any effects on the foetuses [44].

The suggested primary mechanism of action for EBDCs and/or their metabolites is linked to the
pituitary-thyroid axis.  Colborn et al. [64] used a thyroid study by Laisi et al. [65] as justification for
including maneb and zineb in their list of potential endocrine disrupters.  Laisi and collaborators found that
an acute intra peritoneal exposure to either compound decreased cold-stimulated thyroid-stimulating
hormone (TSH) secretion in rats.  From their findings, they hypothesized that the EBDCs were acting on
endogenous thyrotropin-releasing hormone (TRH) at the hypothalamic or pituitary level, possibly by
inhibiting dopamine b-hydroxylase.

Inhibition of this enzyme leads to accumulation of dopamine and depletion of noradrenaline in the
brain.  Some support for their theory may come from a related study with the dithiocarbamate thiram in
which exposure resulted in an increase in adrenal dopamine via a decrease in the b-hydroxylase assisted
conversion of dopamine to noradrenaline [66].  The authors suggested that plasma levels of the enzyme were
undergoing chelation with copper released during the metabolism of thiram.

Other qualitative studies with maneb, mancozeb and zineb found that thyroids were enlarged in treated
rats [67,68], but no mechanistic pathway could be determined.  Other peripheral evidence of thyroid
dysfunction involves the consistent observation of body weight loss upon exposure to EBDCs
[24,32,33,41,68,69] and the teratogenic properties discussed above.  Thyroid hormones play key roles in
processes of growth and development [34].

Laisi et al. [65] also tested the effects of the metabolite ETU on rat TSH secretion and found no effect.
Earlier studies with ETU found it to be goitrogenic, causing severe thyroid hyperplasia (reviewed in [1]).
Rats developed both benign and malignant thyroid tumours after prolonged (12-mo.) dietary exposure to
elevated (500 mg/kg) ETU concentrations [32].

More recent enzyme studies found that ETU competitively inhibited thyroid peroxidase activity [70]
and decreased plasma thyroxine (T

4
) concentrations [33].  In keeping with the high degree of inter-species

variability in responses, Nebbia et al. [69] found that zineb exposure produced no effect on serum TSH
concentrations (contrary to Laisi’s findings with rats), but decreased serum triiodothyronine (T

3
) and T

4

concentrations in rabbits.  These later studies suggest that more than one metabolic route may be affected in
thyroid tissue of EBDC-exposed animals.  Arnold et al. [33] also suggested that ETU-induced thyroid
lesions may be partly reversible when a recovery period is allowed.

3.6.2 CHRONIC  EFFECTS IN BIRDS

Most studies involving birds and EBDC exposure concerned teratogenic effects and, as with
mammalian experiments, the results were often contradictory.  Embryo-toxicity tests with chickens were
conducted by dipping eggs in a maneb solution for 30 seconds and then incubating treated eggs for a set
period, around 19 days.  One set of investigators found that concentrations as low as 1/5 the recommended
application rate increased the frequency of unilateral limb deformities in developing embryos [71].  A
second set of investigators repeated the study with minor modifications and found no teratogenicity [72];
however, closer examination of their data showed that the authors dismissed a potentially important increase
in the frequency of  ‘dead-in-shell’ deformities.

Both sets of authors showed some bias in design and interpretation that detracted from the credibility
of their findings.  The latter study by Munk and Schulz [72] suggested that design elements such as the
dipping procedure and experimental termination before chick hatching might have influenced the results
obtained in the first study by Maci and Arias [71].  Nonetheless, Munk and Schulz (employees of the
manufacturer of maneb) seemed to be more concerned with negating the results of the earlier study and
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actually interpreted some potentially important findings in their own study (mentioned above) rather
peripherally.  An earlier study in which chicken eggs were injected with the metabolite ETU, Korhonen et al.
[73] concluded that, with an ED50 of 4.5 mmol/egg, ETU was a relatively weak teratogen.

De Snoo [3] reviewed the reproductive toxicity of dithiocarbamates in birds, reporting on studies with
maneb and zineb as well as with the alkyldithiocarbamates (the other division of dithiocarbamates besides
EBDCs).  While the alkyldithiocarbamates produced dramatic effects on ovaries and testes, the EBDCs had
no effect on egg production or ovary weight in laying hens.  It was hypothesized that the reproductive effects
produced by some of the non-EBDCs were related to inhibition of dopamine b-hydroxylase, a primary toxic
mechanism discussed previously in the mammalian section.  The lack of inhibition by EBDCs was attributed
to steric restrictions that prevented their access to the active site [74].

3.6.3 CHRONIC  EFFECTS IN AMPHIBIANS

The bulk of data available on amphibians was conducted by one set of investigators and concerned the
teratogenic potential of maneb in newts.  Zavanella and collaborators used the regenerating limb of the newt
as an experimental model to evaluate teratogenicity of aquatic pollutants [15,75,76].  Adult limbs were
bilaterally amputated under anaesthesia, followed by a brief recovery period before percutaneous discontinu-
ous exposure to maneb solutions.

This protocol produced delayed growth and numerous skeletal deformities at a concentration of 5 mg/L
[15,76].  Secondary observations of increased skeletal bulk, decreased muscular development, and vascular
hyperplasia supported their theory that deformities were related to vascular disruptions; they suggested that
observed large hemorrhagic regions might have acted as mechanical or biochemical obstacles to normal
morphogenesis of cartilaginous skeletal elements [15].  No effects on thyroid or nervous tissues were seen
during histological examinations [15,16].

Other embryo-larval studies also detected teratogenic effects in frogs.  Notochord deformities were
observed in African clawed frog (Xenopus laevis) larvae exposed to 2.5 mg/L maneb [77], and in green frog
(Rana clamitans) larvae exposed to 0.08 mg/L mancozeb [37].  Tests with the transparent larvae of the
clawed frog showed internal abnormalities of the gut and the otoliths (an organ of balance) as well.  The
latter were suggested as the cause for observed behavioural anomalies where tadpoles were unable to orient
themselves to swim.  Both Bancroft and Prahlad [77] and Zavanella et al. [15] also observed delayed pig-
mentation in developing tissues.  The latter authors suggested that EBDCs may inhibit tyrosinase activity,
thus interfering with normal melanogenesis.

Maneb and mancozeb delayed growth in regenerating limbs of newts [15] and in developing tadpoles
of clawed frogs [77] and green frogs [37].  Green frog tadpoles exposed to mancozeb appeared to be most
sensitive, showing significant growth inhibition at 0.08 mg/L [37].

3.6.4 CHRONIC  EFFECTS IN FISH

A compilation of studies completed in the Netherlands by Van Leeuwen is the only examination of
EBDC chronic effects in fish [2]. In 60-day early life stage tests, rainbow trout were exposed to several
EBDCs and related metabolites from fertilized egg to juvenile stages.  Growth was reduced at 18 mg/L
maneb and 32 mg/L zineb.  An increased frequency of deformities was also observed and most were noto-
chordal in nature; they included lateral (scoliosis), ventral (lordosis), and dorsal (kyphosis) curvature/
flexure, and dwarfing of the trunk section.

Histological examination showed that deformities were the result of ectopic osteogenesis of the bone
and to irregularities in surrounding muscle tissue.  Teratogenicity became apparent at 32 mg/L maneb, but
was more prevalent upon exposure to some of the metabolites, such as PETD (effects at 10 mg/L) and DIDT
(effects at 3.2 mg/L).  Van Leeuwen suggested that teratogenic effects might be induced by chelation of
metal ions.  By chelating copper, EBDCs could reduce the amount available for the enzyme lysyl oxidase
which is necessary for reactions strengthening the structural integrity of collagen in the developing noto-
chord.
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Some similarities were seen between effects in rainbow trout and early life stage tests with other
animals.  Van Leeuwen [2] found that the 21-day LC50 values for Daphnia magna correlated strongly
(r=0.93-0.96) with the rainbow trout 60-d EC50 values.  Also, impaired balance and other swimming behav-
ioural anomalies observed were identical to those described by Bancroft and Prahlad [77] in tadpoles of
clawed frogs.

Vascular disruptions reported were similar to those described by Zavanella et al. [15] in regenerating
newt limbs.  Retarded rates of pigmentation noted in rainbow trout juveniles were also seen in amphibians
[15,77].  Further analysis of pigmentation effects in rainbow trout showed that EBDCs or their metabolites
were accumulating in melanophores [23]; the authors suggested that EBDCs inhibit phenoloxidase (an
enzyme involved in melanin synthesis) via chelation with copper.  Similar accumulation of EBDCs in
thyroid follicles was tentatively related to other chelating properties or the affinity for sulfhydryl groups of
thyroglobulin [23].

3.6.5 CHRONIC  EFFECTS IN INVERTEBRATES

Van Leeuwen et al. [78] also provided the only information on invertebrate chronic effects.  During
Daphnia magna life cycle tests, reduced population growth with EBDC exposure was due to both increased
mortality and fewer clutches per female.  Since effects were typically not observed until the LC50 concen-
tration was approached, Van Leeuwen suggested that all life cycle effects could be explained by general
cytotoxicity mechanisms.

3.7 POTENTIAL  FOR EBDCS TO ACT AS ENDOCRINE DISRUPTORS

Our working definition of an endocrine disrupting compound:

An exogenous agent that directly interferes with the synthesis, secretion, transport,
binding action, or elimination of endogenous hormones and neurohormones, resulting in
physiological manifestations of the neuroendocrine, reproductive or immune systems in an
intact organism.

The rationale for including EBDCs such as maneb, mancozeb and metiram in lists of potential endo-
crine disruptors is founded on in vivo observations of effects originating along the pituitary-thyroid axis
[1,32-34,64,65].  Although several effects studies found similar symptomology and enzyme studies sup-
ported theories of a point of action somewhere in the hypothalamic-pituitary region, there has never been
clear evidence that the parent compounds elicit the toxic mechanisms.  The major metabolite, ETU, has been
implicated as the causative agent in many cases, but it is also not clear that all thyroid-related effects re-
sulted from this metabolite alone [65].  This ambiguity does not negate the endocrine disruption capabilities
of the class of compounds; however; it does imply that these capabilities may be of a species-specific nature
(given observed differences in metabolism pathways).  There is no evidence from any organism class that
EBDCs act via the endocrine disruption pathway of most concern - that is, via effects on reproductive
hormones.

To meet the criteria of our definition of an endocrine disrupter, a compound must interfere with endog-
enous chemical messengers at non-lethal doses that are relevant to environmental or tissue concentrations
(see chapter 1).  The discussions above imply that experimental mammals only show thyroid interference at
concentrations approaching lethal doses which are most definitely not environmentally relevant; effects in
these species would therefore, not meet our criteria for endocrine disruption.  However, teratogenicity
observed in amphibians and fish did occur at environmentally relevant concentrations (at or below analytical
detection limits) and may qualify EBDCs or their metabolites as endocrine disruptors in these animal groups.

 Although some investigators postulated a pituitary-thyroid foundation for teratogenic effects in rats
[62], others suggested that they were the result of a general cytotoxic mechanism [2].  Further mechanistic
investigations with aquatic species must be completed to clarify the endocrine disrupting potential of
EBDCs in lower vertebrates.
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3.8 RISK TO ONTARIO  ENVIRONMENTS  AND RECOMMENDATIONS

One of the primary limitations for evaluations of risk associated with EBDCs is the high analytical
detection limits characteristic of surveys for the environmental presence of residues in surface waters, soil
and tissues.  Although limited assessments of toxicity in wildlife suggest that parent compounds are not
present at levels capable of producing acutely lethal effects, there is insufficient information to also dismiss
acute lethality induced by some of the more toxic breakdown products (PETD, DIDT).  In addition, there are
fish and amphibian studies using indigenous species that describe chronic effects manifested at aqueous
concentrations at or below currently applied analytical detection limits.  The following issues should be
priorities for further evaluation of the extent and degree of risk posed by EBDCs and their metabolites and
degradation products:

· analytical chemistry methods used in environmental monitoring must be modified to improve detec-
tion limits for EBDCs, and also must be expanded to include some of the most important/toxic
metabolites, such as ETU, DIDT and PETD;

· high-use regions should be identified so that they may be the focus of a multi-year survey (which uses
improved chemical methods) to quantify the worst-case scenario for environmental concentrations of
EBDCs and metabolites in Ontario;

· surveys of environmental concentrations should include evaluations of tissue concentrations of ETU
in wild mammals, birds, reptiles, amphibians and fish.  This metabolite shows the most convincing
evidence of thyroid goitrogenic effects and pathological studies suggest that Great Lakes fish and bird
populations are particularly susceptible to goiter induction [79,80].  Surveys should include seed-
eating birds foraging in fields in the spring where potato seeds or other treated seeds have been re-
cently sown;

· chronic effects studies with indigenous fish and amphibians should be expanded to identify relevant
variations in metabolic pathways, and to explore mechanisms of action, specifically as they relate to
endocrine disrupter potential.

Further studies may build on these suggested priorities, but currently the emphasis should be placed
on improved field quantification of exposure and laboratory expansion of data on chronic effects in lower
vertebrates.
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4.0 THE DINITROANILINE HERBICIDES, TRIFLURALIN AND PENDIMETHALIN

The 2,6-dinitroanilines were first marketed as selective weed control agents in the early 1960s [1-2].
There are three herbicides from this class currently used in Ontario agriculture - trifluralin, pendimethalin
and ethalfluralin [3]; only the first two (most commonly applied) will be discussed in this chapter.

4.1 DESCRIPTION AND USE

Manufacture and herbicidal use of trifluralin (2,6-dinitro-N, N-dipropyl-4-[trifluoromethyl]
=benzenamine, CAS No. 1582-09-8) and pendimethalin (N-[1-ethylpropyl]-3,4-dimethyl-2,6-
dinitrobenzenamine, CAS No. 40487-42-1) began in 1960 and 1974, respectively [2]. They may both be
used to control a number of annual grass and broadleaf weed species (Table 4.1); 1993 agricultural surveys
suggest that trifluralin use (83 945 kg) was slightly greater than pendimethalin use (51 414 kg) in the
province [3].  Although they have similar chemical structures and modes of action in target plants [1-2], they
are applied in very different ways to Ontario crops.  Pendimethalin is applied to fields as a pre- or post-
emergence spray, while trifluralin is generally applied by pre-plant injection into crop soils [4].

These two distinct application methods have some obvious ramifications for environmental fate of the
two herbicides, particularly since dinitroanilines can adhere very strongly to soil particles [5-6].

Pendimethalin, available in two emulsifiable concentrate (EC) forms with the trade-name PROWL, is
strictly limited to agricultural land applications in Ontario.  Trifluralin may have broader applications within
the commercial (i.e. licenced/permitted) sector; although OMAFRA [4] does not indicate that it is available
for domestic use, a 1996 pesticide registration guide indicated that domestic products were available in
Canada [7].  Trifluralin is produced for agricultural purposes in emulsifiable concentrate (Bonanza 400,
Rival, Treflan) and dry flowable (Rival DF) forms.  The EC formulations must contain solvents, but their
identity is unknown.  Two formulation mixtures are also used in Ontario agriculture, where these
dinitroanilines are paired, during production, with an imidazolinone and a triazolopyrimidine sulfonanilide
herbicide for application to soybean fields [4].  Tank mixes of trifluralin with either EPTC (a
thiocarbamate), imazethapyr (an imidazolinone), metolachlor (an acetanilide) or metribuzin (a triazine) are
recommended for the pre-plant control of weeds in bean, tomato, and several fruit crops [4].  Pendimethalin
tank mixes with either atrazine (a triazine), cyanazine (another triazine), dicamba (a benzoic acid),
imazethapyr or rimsulfuron (a sulfonylurea) are recommended for pre- or post-emergence control of weeds
in field corn crops [4].  The latter dinitroaniline is also often mixed and sprayed with fertilizers.

Use estimates of trifluralin and pendimethalin in Ontario are mapped on a county-wide basis in Figures
4.1 and 4.2.  Trifluralin applications in Ontario are more limited than in some US states within the Great
Lakes basin.  Perth county showed the highest provincial use in 1993 (Fig. 4.1), a likely reflection of its
incorporation into bean fields.  Pendimethalin was used heavily in Middlesex, Bruce and Wellington
counties (Fig. 4.2), reflecting a greater density of onion and field corn crops in these regions.  As with
trifluralin, pendimethalin appears to be applied at much higher rates in some US states bordering the Great
Lakes compared to Ontario.

4.2 ENVIRONMENTAL  CONCENTRATIONS

As mentioned, the differences in application methods for trifluralin and pendimethalin have
repercussions for the availability of the compounds in soil and water.  Pendimethalin, which is applied via
spray to the surface of the soil, may be more susceptible to runoff during precipitation events than trifluralin,
which is injected 8-10 cm deep in the soil [4].  However, trifluralin is considerably more volatile than
pendimethalin (vapour pressures of 13.7 and 4.0 mPa, respectively), and high rates of volatilization to the
atmosphere have previously been recorded (reviewed in [8]).  Hoff et al. [9] recorded a maximum
concentration of 3400 pg/m3 and an annual mean of 270 pg/m3 trifluralin in southern Ontario air collected
during 1988-89.
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Table 4.1 Recommended [4] applications of Trifluralin and Pendimethalin in Ontario agriculture.

* rates for mineral and muck soils, respectively

Environmental persistence of these compounds is related to climate and soil composition [6],
particularly moisture content and microbial make-up [8].  Both compounds can bind strongly, almost
irreversibly to soil particles [6].  In general, soil persistence increases with decreasing temperature and
moisture [8].

Therefore, trifluralin and pendimethalin in Ontario environments might be expected to degrade more
slowly than they would in more southern US states where many of the environmental fate studies have been
conducted.  In southwestern Ontario, Gaynor [10] calculated a soil half-life for trifluralin of 63 to 77 days,
while half-lives ranging from 140 to 164 days were observed in more northern (also more sandy) maritime
soils [11].  Soil half-lives for pendimethalin ranged from 33 to 67 days, depending on the soil moisture and
microbial activity [12].

In the atmosphere, trifluralin is rapidly degraded via vapor phase photochemical pathways into 2,6-
dinitro-a,a,a-trifluoro-p-toluidine and 2-ethyl-7-nitro-5-trifluoromethyl benzimidazole [8].  A peak trifluralin
concentration detected in Ontario air in June coincided closely with its application season; concentrations
detected in subsequent months dropped sharply [9].  Similar degradation pathways ultimately produce the
same compounds in water.  Isensee et al. [13] identified 8 non-polar metabolites as well as some unknown
polar compounds in water from treated artificial ecosystems.  The product 2-ethyl-7-nitro-5-trifluoromethyl
benzimidazole predominated over time.  Degradation products for pendimethalin are also numerous, and
include N-(1-ethylpropyl)-5,6-dimethyl-7-nitrobenzimidazole [12].

Herbicide Crop Protected Weed(s) Controlled Application Rate

Trifluralin beans (white, kidney, lima and snap),
soybeans, sunflowers, peppers, rutabaga

barnyard, crab & old witch grasses,
fall panicum, foxtail, lambs-quarters,
pigweed

0.6 - 1.155 kg/ha

canola, forage legumes barnyard, crab & old witch grasses,
fall panicum, foxtail, wild oats, lamb's-
quarters, pigweed

0.6 - 1.147 kg/ha

winter wheat, fall rye silky bentgrass 0.383 - 0.546 kg/ha

asparagus barnyard, crab & old witch grasses,
fall panicum, foxtail, lamb's-quarters,
pigweed

1.0 - 2.0 kg/ha

cabbage, carrots, cauliflower, broccoli,
brussels sprouts, tomatoes

barnyard, crab & old witch grasses,
fall panicum, foxtail, lamb's-quarters,
pigweed

0.6 - 1.1 kg/ha

peas barnyard, crab & old witch grasses,
fall panicum, foxtail, lamb's-quarters,
pigweed

0.6 - 0.8 kg/ha

Pendimethalin apples, apricots, cherries, plums,
peaches, pears, strawberries,
herbaceous ornamentals

barnyard, crab, witch & brome
grasses, fall panicum, chickweed,
lamb's-quarters, pigweed

0.6 - 1.155 kg/ha

field corn barnyard grass, fall panicum, foxtail,
lamb's-quarters, pigweed

1.68 kg/ha

onions barnyard grass, fall panicum, foxtail,
lamb's-quarters, pigweed

1.2 - 1.8, 3.005* kg/ha
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Environmental concentrations of trifluralin documented in Ontario are shown in Figure 4.3.  Similar
data was not available for pendimethalin.  Surface water concentrations of trifluralin in the Great Lakes
basin parallels use patterns.  Recorded aqueous concentrations have not exceeded 0.04 mg/L in Ontario,
whereas as much as 0.3 mg/L has been found in some of the US states where use on a county basis exceeded
10 000 kg.  However, detections in Ontario did not always coincide with high use areas, implying that higher
surface water contamination may occur elsewhere in the province.  Environmental sampling routinely takes
place on particular streams or regions of interest from human health perspectives or unrelated environmental
perspectives (i.e. in broad chemistry scans); this unsystematic approach to monitoring might, in this case,
underestimate maximum environmental exposure.  Sediment concentrations of trifluralin were only available
for Ontario and ranged from 0.26 to 0.35 ng/g.  Again, they were documented in a moderate use region of
the province.

4.3 METABOLISM  AND BIOCONCENTRATION  IN BIOTA

Trifluralin has a moderately high potential to bioconcentrate in aquatic biota, particularly fish.  An
estimated bioconcentration factor (BCF) of 1030 was derived for rainbow trout muscle, based on
calculations using log K

ow
 values [14].  BCFs in five riverine fish species were evaluated in situ and found to

range from 1800 for the golden redhorse (Moxostoma erythrurum) to 5800 for the sauger (Stizostedion
canadense) [14].  The half-life for trifluralin in these larger species was calculated as ranging between 17
and 57 days.  In this same study, laboratory experiments measured the BCF for fathead minnows as 3261,
even though the half-life for excretion in the species was only 3 days.

A study of trifluralin toxicokinetics in rainbow trout estimated a BCF of 2280 for adults, based on a
multi-compartment toxicokinetics model [15].  Wells and Cowan [16] estimated the half-life of trifluralin in
Atlantic salmon (Salmo salar) tissue to be 40.5 days.  Estimates of trifluralin bioaccumulation (tissue/water
ratios) in snails (Hellisoma sp.) and mosquitofish (Gambusia affinis) in mesocosms with 14C-spiked
sediment were 878 and 3919, respectively [17].

Estimates based on radio-labelled herbicides should be interpreted with caution as these methods
cannot differentiate between parent compounds and metabolites in either water or tissue.  Similar mesocosm
studies treating with pendimethalin indicated that the BCFs in mosquitofish and snails were low compared to
those for trifluralin - approximately 250 and 150, respectively [18].  No other studies for pendimethalin
accumulation in aquatic species were found.

Estimates of critical (lethal) body residues have not been made for fish or other aquatic biota.
However, based on LC50 values (see below) and a conservative BCF value of 1000, the range of critical
body residues for trifluralin would likely lie between 8.4 and 560 mg/g body weight.  Environmental
concentrations in fish tissue measured around the Great Lakes generally fall short of this range.  A study of
coho salmon (Oncorhynchus kisutch) captured in 12 Great Lakes tributaries all showed levels of trifluralin
below 0.01 mg/g [19].  A subsequent study performed on fish resident in Lake Michigan tributaries found
measurable levels of trifluralin in fish from all 14 streams.  Values ranged from 0.004 to 0.126 mg/g
trifluralin [20].  In Indiana, residues in several species of fish collected downstream of a trifluralin
manufacturing plant were within the estimated critical body residue range; samples were taken prior to the
implementation of effluent treatment [14].

Metabolism of trifluralin and pendimethalin occurs rapidly in rats, and specific transformation
pathways have been studied in detail.  Dinitroaniline herbicides in general are metabolized by a combination
of alkyl oxidation, N-dealkylation and nitro-group reduction [21-23].  These initial reactions can proceed in
any order leading to multiple metabolic pathways, but they are all ultimately followed by cyclization to a
two-ring benzimidalole.  After conjugation, excretion occurs by both biliary and renal routes.   One study
showed fish to have similar metabolic patterns [24].  In green sunfish (Lepomis cyanellus) the nonspecific
cytochrome P450 inhibitor, piperonyl butoxide, inhibited the metabolism of trifluralin considerably [24],
indicating that P450 enzymes are important in this metabolic pathway.
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4.4 TOXIC  MECHANISMS OF ACTION

Although the mode of action of dinitroanilines in target plants is reasonably well understood, there is
very little to suggest that these compounds behave similarly in animals.  In weeds, they inhibit growth,
primarily of the root system [1].  Intensive studies with trifluralin suggest that it inhibits cell division by
binding to tubulin, thus impairing microtubule formation during mitosis [1].  Other investigators suggested
that trifluralin affected plant microtubules by interfering with mitochondrial calcium accumulation [25].
The only evidence that these mechanisms may also operate in animals is a demonstrated inhibition of Ca2+

accumulation in rat liver mitochondria [26].

4.5 ACUTE TOXICITY

Most of the published toxicity data for dinitroanilines report trifluralin acute lethality values.  Only a
handful of studies used pendimethalin in their evaluations; however, these few studies suggest that the acute
toxicity of the two related compounds is within an order of magnitude.  The crustacean Daphnia magna
(Table 4.2) seemed much more sensitive to pendimethalin (48-hr EC50 = 0.017 mg/L) than to trifluralin (48-
hr EC50 = 0.19-0.56 mg/L), but other tests with fish (rainbow trout, bluegill sunfish, channel catfish: Table
4.3), birds (quail) and mammals (mice, rats: Table 4.4) showed very similar toxicities within a species for
the two chemicals.

With the notable exceptions of water fleas and one shrimp species (Table 4.2), fish appeared more
sensitive to both compounds than aquatic invertebrates.  Juvenile rainbow trout and bluegill sunfish, adult
mosquitofish, and several larval marine fish species (Red Sea bream, herring, yellowtail, mullet, grunt)
showed LC50s less than 0.05 mg/L (Table 4.3).  The only invertebrate with an LC50 recorded in this range
was the immature shrimp (Palaemonetes kadiakensis) with a 96-hr LC50 of 0.037 mg/L.

Nonetheless, many crustaceans and the one amphibian tested were only slightly less sensitive than
these fish, with LC50s ranging 0.1 to 0.5 mg/L.  Although differences in exposure conditions make
comparisons difficult, most tests with birds and mammals found that LD50s were greater than the highest
test concentration (Table 4.4), implying that these vertebrates were not very sensitive to either trifluralin or
pendimethalin when administered orally.

When these herbicides were compared to the organochlorine, endosulfan, using toxicity values for a
sensitive fish species, they were much less acutely toxic.  Rainbow trout showed 96-hr LC50s of 0.00074,
0.03, and 0.491 mmol/L for endosulfan, trifluralin and pendimethalin, respectively.  Unlike data available for
other reviewed compounds such as EBDCs, indigenous invertebrate and fish species are fairly well
represented in the published toxicity literature, at least for trifluralin, and the data in Tables 4.2 and 4.3
likely provide a reasonable range of sensitivities for wild populations in Ontario.  There is, however, only
one amphibian represented in the available literature and no data for reptiles.  Given the consistency of the
bird and mammal values for acute toxicity and the application methods for these compounds in Ontario
fields (i.e. no granular forms), the risk to wild birds and small mammals posed by trifluralin and
pendimethalin appears low.  However, dinitroanilines do bioaccumulate to a moderate degree in fish, and the
risk this exposure route poses to predators at the top of aquatic food chains has not been identified for either
compound.  The aquatic ecosystems once again appear to be most at risk from the environmental presence of
these pesticides.
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4.6 CHRONIC  EFFECTS

4.6.1 CHRONIC  EFFECTS IN MAMMALS

Most of the chronic mammalian studies examined the mutagenic and carcinogenic potentials of
trifluralin.  The variability in test results among investigators suggests their results are conflicting.

In two independent studies, trifluralin was not found to be mutagenic in the Ames test [45-46].  The
same assay detected no mutagenic activity with pendimethalin exposure [46].  Mutagenicity studies with
fruit flies (Drosophila melanogaster) are often utilized for their ability to detect lesions that bacterial muta-
genicity assays (like the Ames test) are incapable of detecting.  However, studies of chromosomal effects in
Drosophila exposed to dinitroanilines produced equivocal results.  Murnik and associates [47-48] initially
found that 100 mg/L trifluralin was capable of inducing chromosomal lesions, loss and nondisjunction in
Drosophila.

Further studies verified that trifluralin induced paternal chromosomal loss and increases in deletion of
the X:Y chromosome [49], but did not find corresponding maternal lesions [50].  Another study using two
mutagenicity assays could neither implicate nor discount trifluralin as a mutagen in Drosophila [51].  Recent
work by Kale et al. [52] showed that the Treflan formulation was mutagenic to fruit flies.  However, this
same group also determined that all of nine major herbicides were mutagenic, making the accuracy of their
assay somewhat suspect.

Tests with the Olitref formulation of trifluralin found chromosomal mutations in mice at 33% of the
LD50, but failed to show the same mutations at 1% of the LD50 [53].  However, prolonged treatment with
the lower dose did increase the frequency of chromosomal aberrations [54].  A micronucleus assay with
trifluralin in human lymphocytes was inconclusive since results varied with blood donor [55].  Tests with
pendimethalin failed to show mutagenicity in the human sister chromatid exchange assay [56].

Mixed results with trifluralin and its formulations may have been due in part to the presence of
dipropylnitrosamine (DPNA), a known carcinogen, in the trifluralin formulations.  The US EPA required
manufacturers to reduce levels of DPNA in formulations below 1 mg/kg in the early 1980s [57].  Subsequent
2-year dietary carcinogenicity testing revealed no benign or malignant neoplasms in mice [58-59].

A study with rats and rabbits observed that trifluralin has a low potential for developmental toxicity
[60].  Lower fetal weight in rats was observed at 1000 mg/kg maternal dose.  Similar effects were seen at
500 mg/kg in rabbits.  Since substantial adult mortality occurred at lower doses than those inducing develop-
mental effects, the authors concluded that trifluralin posed little risk as a developmental toxicant to these
species.  Pregnant mice exposed to 1000 mg/kg of trifluralin demonstrated a higher frequency of stillborn
and atypical pups than controls [61].  Several skeletal deformities were observed in the in utero exposed
pups.

4.6.2 CHRONIC  EFFECTS IN FISH

The majority of studies on fish exposure to trifluralin have focused on the phenomenon of vertebral
deformities.  Couch et al. [62] first recorded vertebral dysplasia in sheepshead minnows (Cyprinodon
variegatus) exposed to trifluralin concentrations ranging from 1.2 to 31 mg/L.  Minnows exposed from the
zygote stage showed vertebral dysplasia characterized by hyperostosis of acellular bone at concentrations
above 5.5 mg/L.

No mechanism was determined, but deformities in adults exposed to 16.6 mg/L were associated with
elevated levels of plasma calcium.  Further study [63] showed that trifluralin-induced pituitary enlargement
was related to compromised structural integrity of the organ and a striking occurrence of fluid-filled
pseudocysts.   These anomalies were observed both in individuals exposed to 1-5mg/L from zygote to 19
months and in a second group exposed from age 30 d to 19 months, suggesting that exposure of the zygote
was not necessary for either vertebral dysplasia or pituitary anomalies.



66

Subsequent to Couch’s studies, an accidental spill of trifluralin was recorded in Berwickshire,
Scotland; it was implicated as the cause of death of over 200 brown trout (Salmo trutta) in the Eden Water
[16].  Several months after the spill, anglers reported catching brown trout with spinal deformities.  In order
to determine if trifluralin was the cause of the observed deformities, a pulse exposure using the Treflan
formulation was performed with Atlantic salmon.  Parr were exposed to 500mg/L for 11 h and maintained in
clean water for 12 months.  Signs of vertebral fusion and dysplasia were observed as soon as 10 d
post-treatment [16].

A recent study by Koyama [39] tested 10 species of marine fish for vertebral deformities after
trifluralin exposure.  Eight of the 10 species exhibited vertebral deformities, but one of these was at a
concentration greater than the 96-h LC50.  The lowest observed deformity concentration for the remaining
species ranged from just slightly below the LC50 to 6-fold lower than the LC50.  The most sensitive species
was mullet (Mugil cephalis) with a no-observed-deformity concentration of 3 mg/L.

Long-term exposures of fathead minnow to trifluralin were conducted as part of an EPA study [29].  At
5.1 mg/L more than half of the fatheads died between 163-263 d.  A delay in spawning behaviour was
observed in the survivors at this concentration.  Based on these data a maximum acceptable toxicant
concentration (MATC) between 1.95 and 5.1 mg/L was suggested.

No information regarding the chronic toxicity of pendimethalin in fish could be found.

4.6.3 CHROMIC  EFFECTS IN INVERTEBRATES

Multi-generational studies with Daphnia magna showed decreased reproduction with each generation,
and no survival in the third generation at 7.2 mg/L trifluralin [29].  The MATC for survival over three
generations was  between 2.3 and 7.2 mg/L.  A subsequent study on this species using microcosms failed to
demonstrate any effects on Daphnia reproduction or survival at concentrations between 10 and 1000 mg/L
Treflan added to the sediment [35].  As this study did not measure resultant water concentrations while using
a formulation, it is of no practical value with regard to chronic toxicity.

The trifluralin formulation Treflan has been used as a mycostatic agent in shrimp aquaculture.  Studies
to determine the sensitivity of shrimp found no effect on hatching at 200 mg/L trifluralin or at 10 mg/L
Treflan [64].  The only effect observed was a reduction in nauplii 96 h survival at 10 mg/L Treflan.

4.7 POTENTIAL  FOR ENDOCRINE DISRUPTION

Our working definition of  an endocrine disrupting compound:

An exogenous agent that directly interferes with the synthesis, secretion, transport,
binding action, or elimination of endogenous hormones and neurohormones, resulting in
physiological manifestations of the neuroendocrine, reproductive or immune systems in an
intact organism.

After examination of the relevant literature, we do not completely concur with the conclusion of
Colborn et al.[65] that trifluralin has reproductive and endocrine-disrupting effects.  Their categorization
was founded on the single observation of histological pituitary anomalies in fish described above [63].  This
paper on its own does not sufficiently demonstrate a pituitary-linked mechanism of action behind the major
effect observed in fish; vertebral deformities.

Taken in the context of the overall data for fish, it seems more likely that vertebral deformities are
caused by direct action of trifluralin on bony structures.  Support for this hypothesis include the amazing
rapidity with which vertebral deformities were manifested in test fish, and an unrelated observation that
trifluralin appears to have a direct-acting effect on cellular calcium homeostasis [26].

The carcinogenic potential of trifluralin is also disputed in the literature, although it remains listed as a
suspected carcinogen.  Developmental toxicity studies in mammals have clearly demonstrated that trifluralin
only has effects at concentrations approaching acute lethality [60-61].  Given these high concentrations and
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the lack of mechanistic evidence for endocrine disruption, we would conclude that the probability of
trifluralin acting as an endocrine-disrupter at environmental concentrations is exceedingly low.

4.8 RISK TO ONTARIO  ENVIRONMENTS  AND RECOMMENDATIONS

Measurement of dinitroanilines in Ontario environments suggests that environmental levels are not
sufficient to induce acute or chronic effects in tested animal species.  The most sensitive fish species
investigated showed deformity effects upon exposure to trifluralin as low as 1-3 mg/L, whereas the highest
surface water concentration of trifluralin in the province was 0.04 mg/L.  Also, tissue concentrations of
trifluralin in Lake Michigan fish were well below the estimated critical (lethal) body burden.

However, exposure estimates have thus far appeared to result from incidental detections collected
during surveys for other pesticides, and the measured concentrations in surface water and sediment may not
be representative of maximum levels in the province.  In addition and as was found with several other
pesticides in this document, the empirical database for toxicity in several potentially high risk aquatic and
semi-aquatic vertebrate groups is extremely limited.  Only one paper discussed trifluralin effects in
amphibians, and no literature of effects in reptiles or wild bird or small mammal species were found.

As such, the apparent low risk associated with dinitroaniline use in Ontario agriculture must be
qualified by acknowledging the high degree of uncertainty surrounding responses of these wildlife groups.
Given this uncertainty, the following rudimentary investigations are recommended:

· environmental concentrations of trifluralin and pendimethalin should be evaluated in high use areas
such as Perth, Middlesex, Bruce and Wellington counties - surface water, sediment and fish tissue
samples would provide a satisfactory basis for calculation of exposure estimates;

· the deformity effects observed in some fish should be expanded upon, using indigenous species and
realistic exposure scenarios - amphibian and fish larvae may be the most sensitive test subjects to
complete initial tests;

· given the frequency with which dinitroanilines are applied with other herbicides (particularly
triazines) and with fertilizers, some examination of relevant mixture toxicity should be pursued.
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5.0 1,3-DICHLOROPROPENE

5.1 DESCRIPTION AND USE

1,3-Dichloropropene was introduced as a commercial fumigant nematicide in 1955 (1).  It is widely
used in agriculture as a soil fumigant for control of parasitic plant nematodes on a multitude of crops,
including tobacco, tomatoes, potatoes, peaches, strawberries and any crop that is susceptible to nematodes
[2,3].

1,3-Dichloropropene is marketed in a variety of commercial formulations in Ontario (Table 5.1).   1,3-
Dichloropropene, a mixture of cis and trans isomers, is a clear, straw coloured liquid that quickly disperses
from the liquid form to the vapour phase, it has a penetrating, irritating, chloroform-like odour [4]. Large
areas of subsoil can be fumigated from applications along a narrow path. However, the performance and
effective radius of 1,3-dichloropropene is dependent on the vapour pressure, diffusion coefficient, soil type,
moisture content, temperature and organic content of the soil [5].

Use of 1,3-dichloropropene in Ontario is shown on a county-wide basis in Figure 5.2.  Application was
highest in south western portions of the province ie. Haldimand-Norfolk, Brant, Elgin, and Oxford counties.
This reflects its frequent use on tobacco pests.  Across Ontario, 1,3-dichloropropene is used to combat root-
lesion nematode Pratylenchus penetrans that causes brown-root rot of tobacco and lesions in strawberries
and raspberries [6,7].  It is also an important pesticide when planting a new orchard or when replanting an
orchard on an old tree site [6]. In 1993, use estimates for 1,3-dichloropropene in Ontario were 35,2709 kg
for field crops (mainly tobacco) and 951 kg for fruits (8).  1,3-Dichloropropene is typically applied to crops
using a subsoil injection technique [9].  Application of 1,3-dichloropropene takes place in late April or early
May in Ontario.

5.2 ENVIRONMENTAL  CONCENTRATIONS

Very little information exists on surface water concentrations in Ontario because surface water
monitoring has been limited.  Only one study has looked for it in surface waters in Ontario [10].  It is not
expected to be found in surface water mainly due to its high volatility and low solubility in water, losses are
more likely to occur from volatilization than from leaching.  However, Merriman et al. [10], found
detectable quantities of 1,3-dichloropropene in six surface water samples collected at four stations in Big
Creek Watershed downstream of tobacco growing areas between 9 May and 18 May. The concentrations of
1,3-dichloropropene range from 0.18 mg/L to 4.12 mgL (Figure 5.3).  The evaporation of 1,3-
dichloropropene from water has been reported to have a half-life of less than 5 h and in a soil/water slurry, it
was rapidly converted to 3-chloroproponoic acid [11].

The half-life of 1,3-dichloropropene in soil has been estimated to be between 3 days and 37 days
depending on various environmental conditions [12].  In a more recent study, the half-lives of the cis and
trans isomers of 1,3-dichloropropene in four water-saturated sandy subsoil materials collected between 2
and 4 m below the soil surface, were between 16 and 64 days [13].   On a tomato field in Florida soil
concentrations ranged from 0.61 mg/kg 3 days after application to 0.01 mg/kg at 90 days [14].  In soils cis
and trans isomers of 1,3-dichloropropene degrade primarily to 3-chloroallyl alcohol [15].

After application of 1,3-dichloropropene appreciable amounts of the chemical can be measured in the
air around the applied area [5,16].  These concentrations in the air can remain quite high (up to 10 ppm) at
ground level on the application site for many days [5].  However, concentrations disperse as the distance
from the site increases [16].  The concentration of 1,3-dichloropropene in the air in Simcoe, Ontario on 3
May, 1995 was 164.96 mg/m3 (Tom Dann, unpublished data). Simcoe is located in a tobacco agricultural
area.
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Table 5.1 Commercial Fumigant Formulations Used in Ontario.

5.3 BIOCONCENTR ATIO N AND METABOLIS M OF 1,3-DICHLOROPROPENE

 The main metabolic pathway of 1,3-dichloropropene is a glutathione-dependent reaction in which 1,3-
dichloropropene is conjugated with glutathione which is further metabolized to mercapturic acid and ex-
creted in urine [17,18,19,20]. 1,3-Dichloropropene is not believed to bioaccumulate because of its low
octanol water partition coefficient (K

ow
= 1.82) [21,10].

5.4 TOXI C MECHANISM S OF ACTION

In nematodes, 1,3-dichloropropene is believed to act by chemically combining with a nucleophilic
centre of an essential enzyme [22].  In non-target organisms, it depletes tissue nonprotein sulfhydryl by
binding to it and binds to macromolecules which causes tissue damage [23].

5.5 ACUTE TOXICITY

Very little information exists on the acute toxicity of 1,3-dichloropropene to non-target wildlife.  How-
ever, the data available indicates 1,3-dichloropropene is low to moderately toxic (Table 5.2). Furthermore,
the concentrations found to be acutely toxic to aquatic organisms have not been found in aquatic environ-
ments in Ontario.

Inhalation studies with rats and other small mammals have found that single inhalation exposures of
1,3-dichloropropene at concentration between 400 and 1000 ppm for short periods of time (two hours to
seven hours) resulted in severe lung, nasal, liver and kidney injury as well as death [24,25].

Small terrestrial organisms, such as, mammals, retiles and amphibians may potentially be exposed to
toxic concentrations of 1,3-dichloropropene in the air when moving through or around fields where 1,3-
dichloropropene was recently applied.  However, the lack of 1,3-dichloropropene inhalation studies on
wildlife limits making conclusions on the risk associated with this type of exposure.

Trade name Formulation

Telone II - Dow Chemical 94% 1,3-dichloropropene
6%  inert ingredients

Telone - C17 - Dow Chemical 78% 1,3-dichloropropene
16.5% chloropicrin

Vorlex Plus - Nor-Am Chemical 40% 1,3-dichloropropene
20% methly isothiocyanate

Vorlex Plus CP - Nor-Am Chemical 34% 1,3-dichloropropene
17% methly isothiocyanate
15% chloropicrin
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 5.6 CHRONIC  EFFECTS

The amount of information on the chronic toxicity of 1,3-dichloropropene to wildlife is extremely
limited.  A flow through 28 day chronic toxicity study on fathead minnows (Pimephales promelas) exposed
to 1,3-dichloropropene a no observable adverse effect level of 0.18 mg/L, a lowest observable effect level of
0.33 mg/L and a maximum allowable toxic concentration of 0.29 mg/L [26].

A chronic inhalation study on male and female rats and mice exposed for 13 weeks found depressed
growth rates in animals exposed to 90 or 150 ppm. The primary target tissues were identified as the nasal
mucosa in both species and the urinary bladder in female mice. No treatment-related effects were observed
in rats or mice exposed to 10 ppm [27].

1,3-dichloropropene is a suspected carcinogen [28,29] and mutagen [30,31].  1,3-dichloropropene was
found to be mutagenic in strain TA1535 of Samonella tryphimurium; with the addition of rat liver the
mutagenicity and cytotoxicity were reduced [31].  However, Talcott and King [32] believe impurities in the
formulation, mainly two known mutagens, epichlorhydrin (CAS: 106-89-8; 1-chloro-2,3- epoxypropane) and
1,3-dichloro-2-propanol (CAS: 96-23-1) were the cause of observed mutagenicity.  A dose-related amount of
DNA fragmentation was observed at 62.5 to 250 mg/kg body weight in liver and gastric mucosa of rats.
Evidence of DNA fragmentation was absent in lung, bone marrow, and brain [28]

5.7 POTENTIAL  FOR 1,3-DICHLOROPROPENE TO ACT AS AN ENDOCRINE DISRUPTER

Our working definition of an endocrine disrupting compound:

An exogenous agent that directly interferes with the synthesis, secretion, transport,
binding action, or elimination of endogenous hormones and neurohormones, resulting in
physiological manifestations of the neuroendocrine, reproductive or immune systems in an
intact organism.

1,3-dichloropropene is not suspected to be a endocrine disrupting compound.  No evidence in the
literature indicates that it affects reproduction or endocrine function.  However, few studies examined
endpoints such as reproductive success or endocrine disruption.

5.8 RISK TO ONTARIO  ENVIRONMENTS  AND RECOMMENDATIONS

No definite conclusions on risk to wildlife can be made at this time because of the extremely limited
nature of toxicity and environmental concentration information. There may be a potentially toxic inhalation
exposure to wildlife in terrestrial ecosystems near areas of recent use.  The following issues should be
priorities for further evaluation of the extent and degree of risk posed by 1,3-dichloropropene in Ontario.

· a comprehensive survey of air and surface water concentrations during times of application in the
areas where 1,3-dichloropropene is heavily used should be conducted;

· a number of field and laboratory inhalation toxicity studies on indigenous amphibian, reptile and small
mammal species must be completed;

· more precise use information would help narrow the geographic focus for monitoring in high-risk
counties.
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6.0 AZINPHOS-METHYL

Organophosphorus (OP) pesticides have replaced more persistent organochlorine pesticides in the
treatment of agricultural pesticides [1,2].  The choice to switch to the use of organophosphorus pesticides
was based on their properties of low bioaccumulation or bioconcentration and increased rate of
biodegradation (relatively low environmental persistence) as well as governmental restrictions on the use of
organochlorines. However, several field studies revealed that organophosphorus pesticides can cause adverse
effects in some non-target wildlife by means of a variety of nuerotoxic and biochemical mechanisms
including the inhibition of cholinesterase enzyme activity, behavioral effects, embryo-toxicity and
teratogenicity [2-7].

6.1 DESCRIPTION AND USE

Azinphos-methyl (CAS No. 85-50-0; O,O-Dimethyl S-[(4-oxo-1,2,3-benzo-triazin-3(4H)-yl) methyl]
phosphorodithioate) was introduced as a broad spectrum insecticide in 1956 [8]. It is used primarily as a
foliar application against phytophagous insect pests on fruit, field and to smaller extent, vegetable crops
(Table 6.1). It works as both a contact insecticide and a stomach poison [8-11]. In one season it may be
applied on multiple occasions by both power-operated ground sprayers and aircraft.

Azinphos-methyl is sold in a variety of formulations in Ontario, predominantly as wettable powders,
emulsifiable concentrates and sprayable concentrates.  The principal commercial products are Guthion
50WP and Guthion 240SP, which contain 50% and 240 g/L of azinphos-methyl respectively [12].  The inert
ingredients are proprietary and thus, not reported.

Use of azinphos-methyl in the Great Lakes basin is shown on a county-wide basis in Figure 6.2.
Agricultural surveys conducted in 1993 suggest that total azinphos-methyl used in Ontario was 71,983 kg
with the highest use in southwestern Ontario and major fruit and vegetable, growing areas [15].

6.2 ENVIRONMENTAL  CONCENTRATIONS

Azinphos-methyl adsorbs strongly to soil particles and exhibits relatively low water solubility.
Therefore, it is reasonably immobile in soil and has low leaching potential [16,17,18]. Azinphos-methyl
dissipates from soil more rapidly in the surface layers (0-2.5 centimeters deep) than in deeper layers (2.4-7.5
cm), and may be degraded by microbial actions, ultraviolet (UV) light and hydrolytic decomposition.  It
volatilizes when exposed to air. Biodegradation and volatilization are the primary routes of dissipation in
soil. High levels of soil moisture and the presence of UV light may make photodecomposition an important
degradation pathway as well [19]. Estimates vary on how quickly it disappears from the soil, one estimated
half-life in sandy loam is five days [19]. Its reported half-life in nonsterile soil is 21 days under aerobic
conditions or 68 days under anaerobic conditions [11].  Field studies on the break-down and dissipation of
azinphos-methyl in soil demonstrate that it is not persistent and is degraded by 90% within 30 days [16].
Azinphos-methyl is also not persistent in alkaline surface waters, but is more persistent at acidic pH [20].

In water, azinphos-methyl is subject to degradation by sunlight and microorganisms with a
half-life between two and three days [8 ]. Biodegradation is probably the most important degradation process
for azinphos methyl in natural waters. Concentrations of azinphos-methyl in Ontario surface waters have
occurred at  levels that are lethal to some aquatic organisms. Azinphos-methyl at concentrations of 6.5 and
7.9 mg/L were found in surface waters from two streams (2nd order and 3rd order) collected in the summer of
1996 and 1997 in the Niagara Peninsula, down stream from a mixed orchard agricultural region [21].
However, most of the samples collected in the summer were usually below 1 mg/L at both locations.
Azinphos-methyl was not found in surface water at these two locations in early spring or in the fall,
indicating that azinphos-methyl is not persistent in the environment.  Harris et al.[22], found azinphos-
methyl in surface waters in orchards in southern Ontario at concentrations up to 1 mg/L (Figure 6.2).
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Table 6.1 Recommended [8,19,20] applications of azinphos-methyl in 1998 Ontario agriculture.

a - Two or more forms of azinphos-methyl were usually listed in OMAFRA publications [8,19,20] (primarily Guthion 50WP, 240 SC, APM
50WP), but only one was chosen as an example for this table. Note that recommendations for vegetables listed an applied mass (kg) or volume (L)
only [19]; it was assumed that these values were to be applied on a ‘per hectare’ basis.  Fruit tree ‘per hectare’ recommendations were based on
4.5-5.5 m high trees.

6.3 BIOCONCENTRATION  AND METABOLISM  OF AZINPHOS-METHYL

Both the route and rate of metabolism of azinphos-methyl  is highly species-specific.  Azinphos-methyl
undergoes an oxidative desulfuration resulting in an increase in toxicity of the biotransformation product [8].
This product is an oxygen analog, which can be readily hydrolyzed in mammals but not usually in insects
[8].

The metabolism of a single oral dose of radio labelled azinphos-methyl was investigated in the rat.  The
majority of the radioactivity was eliminated in the expired air within 48 hours as radioactive carbon dioxide.
The organs of the rat did not contain significant radioactive residues.  Multiple radioactive metabolites were
detected in the urine. The authors concluded that most of the identified metabolites were formed via
cleavage of P-O methyl ester bonds [23].

Crop(s) Protected Insect(s) Controlled Application Ratea

beans (green, wax, lima)
leafhoppers, Mexican bean beetle, green cloverworm, corn
borer

2.25 L/ha

cabbage, cauliflower, broccoli,
brussels sprouts

cabbageworm, cabbage looper, diamondback moth caterpillar,
ahids

2.25 L/ha

kale cabbageworm, cabbage looper, diamondback moth caterpillar 2.25 L/ha

cucumber cucumber beetle 1.5 L/ha

Potato
Colorado potato beetles, flea beetles, tarnished plant bug,
leafhoppers

2.25 L/ha

spinach leaf miner, aphids 1.8 L/ha

tomato aphids 2.25 kg/ha

apple
Spring feeding caterpillars, Green fruitworm, leafrollers,
oystershell scale, European apple sawfly, codling moth, apple
maggot,

2.10 kg/ha

blueberries Cherry fruitworm, Cranberry fruitworm 1.10 kg/ha

cherry (sour),cherry (sweet), plum Plum curculio, Cherry fruit fly 2.00 kg/ha

grape grape berry moth, leafhoppers 1.75 kg/ha

peach tarnished plant bug 2.00 kg/ha

pear pear psylla, plum curculio 2.10 kg/ha

strawberry Strawberry leafroller, potato leafhopper 1.50 kg/ha
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6.4 TOXIC  MECHANISMS OF ACTION

Azinphos-methyl is highly toxic by inhalation, dermal absorption, ingestion, and eye contact (24,25].
Like all organophosphorus chemicals, azinphos methyl is referred to as a cholinesterase inhibitor. Upon
binding to the serine-OH active site of acetylcholinesterase (AChE) (which is phosphorylated in the process)
the normal functioning of the enzyme is blocked.  AChE is responsible for the neutralization of the
biological activity of the neurotransmitter acetylcholine (ACh), which is essential to the proper functioning
of the nervous system [11].  With the accumulation of free, unbound ACh at the nerve ending of all
cholinergic nerves, there is a continual stimulation of electrical activity.

All organophosphorus insecticides have the same principal mode of action.  The reaction between the
insecticide and the active site in the AChE protein results in the formation of a transient intermediate
complex that hydrolyzes with the loss of a substituent group. This reaction results in a stable, unreactive
phosphorylated inhibited enzyme that can only be reactivated at a very slow rate.  With many
organophosphorus insecticides, enzyme inhibition is irreversible, thus the symptoms of intoxication are
prolonged and the toxicity will persist until new AChE are synthesized.  However, the specificity for the
enzyme and the rate at which the phosphorylated enzyme dissociates to produce free AChE varies between
the different organophosphorus insecticides.

Severe poisoning will affect the central nervous system, producing loss of coordination, loss of
reflexes, weakness, fatigue, involuntary muscle contractions, twitching, tremors and eventually paralysis of
the body extremities and the respiratory muscles.  There may also be involuntary defecation or urination,
psychosis, irregular heartbeats, unconsciousness, convulsions and coma. Death may be caused by respiratory
failure or cardiac arrest [25].

6.5 ACUTE TOXICITY

There is wide variation in the recorded LD50s for azinphos-methyl depending on the route of exposure
and the test animal.

 Azinphos-methyl is moderately toxic to mammals. The oral LD
50

 for azinphos methyl in rats is 4.4 to
16 mg/kg body weight [8,26,11,19], in guinea pigs is 80 mg/kg [8,27], and in mice is 8 to 20 mg/kg [26]. The
dermal LD50 in rats is 88 to 220 mg/kg [10,28;27,11], and in mice is 65 mg/kg [25].

Azinphos-methyl is also moderately toxic to birds (Table 6.2). Acute symptoms of azinphos-methyl
poisoning in birds include pupil dilation, clenched talons, regurgitation, wing drop, wing spasms, diarrhea
and lack of movement [29].  When chickens were fed azinphos-methyl at a dosage of 40 mg/kg, they
developed leg weakness.  The acute toxicity data for fish indicate that azinphos-methyl is moderately to very
highly toxic depending on the species tested (Table 6.3).  Fish poisoned with azinphos-methyl exhibit
impairment of the central nervous system; a response pattern that is typical of organophosphorus toxicity.
This includes erratic swimming, accompanied by uncontrolled convulsions at varying intervals, rapid gill
movements, paralysis, and death [8].

Azinphos methyl is highly toxic to aquatic invertebrates (Table 6.4).  A microcosm experiment found
concentration as low as 0.8 mg/L reduced cladoceran populations slightly [30].  The study also found that
greater than 95% of the amphipods were killed at a concentration of 8 mg/L.

Azinphos-methyl is moderately toxic to amphibians for the species tested (Table 6.5).  The No
Observed Adverse Effect Level (NOAEL) values for Guthion and Guthion 2S ranged from 0.48 to 7.96 mg/
L for the African clawed frog (Xenopus laevis) [31,32].
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Table 6.2 Avian toxicity of azinphos-methyl.  Species indigenous to Ontario are identified by an (I) after the
species name.

6.6 CHRONIC  EFFECTS

Studies suggest that the effects of sublethal multiple organophosphorus insecticide exposures exhibit
cumulative toxicity, in decreasing ChE activity. As well, exposure to a mixture or a number of different
organophosphorus insecticides may be additive in toxicity because the mechanism of action is the same.
There is also some evidence that suggests that organophosphorus pesticides may cause reproductive effects.

6.6.1 CHRONIC  EFFECTS IN MAMMALS

A number of studies examining chronic mammalian toxicity of azinphos-methyl have utilized labora-
tory rats and mice; unfortunately only a few studies measuring acute or chronic toxicity in the field exist.

A study in which rats were fed 2 and 5 mg/kg body weight of azinphos-methyl for 60 days showed no
adverse effects, however concentrations of 10 mg/kg or greater did [27]. In another study rats exhibited no
cholinesterase inhibition when fed 0.25 mg/kg/day for 60 days. However, 1 mg/kg/day resulted in decreased
growth and slight inhibition of brain and red blood cell cholinesterase [8].  Two studies did not show in-
creases in the incidence of tumours in mice or rats [11,26].  A study on pine voles in apple orchards found
azinphos-methyl decreased AChE activity which correlated with reduced food consumption and decreased
weight. The same study also found that the voles became less aggressive after exposure to azinphos-methyl
[43].

6.6.2 CHRONIC  EFFECTS IN BIRDS

A number of studies have described testicular dysfunction in a wild psittacine bird  (Psittacula
krameri) exposed to a variety of organophosphates [44,45].  Maitra and Sarka [45] found that 10 mg/100g
body mass/day of methyl parathion, an organophosphorus insecticide with a similar mode of toxicity as
azinphos-methyl, caused testicular injury in a wild passerine, white-throated munia (Lonchura malabarica).
They found decreases in seminiferous tubular diameter and testicular weight, which may be attributed to
impairment of hypophysial (pituitary) function.  Significant negative correlation was found between the
number of degenerated germ cells containing tubules and the rate of AChE activity in the testes as well as in
the brain. A field study found sertoli cell development was either delayed or unusual in male tree swallow
(Tachycineta bicolor) chicks in apple orchards that were sprayed with a number of different pesticides
including organophosphorus insecticides [46].

Multiple studies have shown decreased reproductive success in birds from orchards sprayed with
organophosphorus insecticides among other chemicals.   The effects included reduced fertility, reduced egg
production, hatchability of eggs and fledging of young [47, 7, 48].  Although chemicals other than

Species Common name Test Type Concentration R

Agelaius phoeniceus (I) Red-winged blackbird LD50 8.5 mg/kg 11

Sturnus vulgaris (I) European starling LD50 27.0 mg/kg 11

Phasianus colchicus (I) Ring-neck pheasant LD50 283 mg/kg 11

Colinus virginianus (I) Bobwhite quail LD50 32.2 mg/kg 29

Anas platyrhynchos (I) Mallard duck LD50 136 mg/kg 11
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Table 6.3 Fish toxicity of azinphos-methyl.  Species indigenous to Ontario are identified by an (I) after the
species name.

Species Common Name Age Dose Method
Test
Type

LC50
ug/L

R

Salmo salar Atlantic salmon juvenile flowthrough 96-hr 2.5 33

Salmo salar Atlantic salmon fry static 96-hr 1.8 33

Ictalurus melas Black bullhead - static 96-hr 3500 34

Promoxis Black crappie - static 96-hr 3 11

Lepomis macrochirus (I) Bluegill sunfish - - 96-hr 4.6 35

Lepomis macrochirus (I) Bluegill sunfish - - 96-hr 4 34

Lepomis macrochirus (I) Bluegill sunfish - static 96-hr 40.4 33

Lepomis macrochirus (I) Bluegill sunfish - static 96-hr 22 34

Lepomis macrochirus (I) Bluegill sunfish - static 96-hr 4.1 32

Lepomis macrochirus (I) Bluegill sunfish - static 96-hr 5.2 37

Lepomis macrochirus (I) Bluegill sunfish - flowthrough 96-hr 4.8 33

Lepomis macrochirus (I) Bluegill sunfish - - 48-hr 25 36

Salvelinus fontinalis (I) Brook trout - static 96-hr 3.5 33

Salvelinus fontinalis (I) Brook trout - static 96-hr 1.2 33

Salmo trutta (I) Brown trout - static 96-hr 4 34

Cyprinus carpio (I) Carp - static 96-hr 695 34

Ictalurus puncatatus (I) Channel catfish - static 96-hr 3290 34

Ictalurus puncatatus (I) Channel catfish - static 96-hr 3220 38

Oncorhynchus kisutch Coho salmon - static 96-hr 4.2 37

Oncorhynchus kisutch Coho salmon - static 96-hr 6.1 33

Pimephales promelas (I) Fathead minnow - static 96-hr 93 37

Leuciscusidus melan Golden orfe - static 96-hr 120 33

Carassius auratus Goldfish - static 96-hr 4270 34

Mi cropterus salmoides (I) Largemouth bass - static 96-hr 52 34

Micropterus salmoides (I) Largemouth bass - static 96-hr 48 33

Carassius auratus Goldfish - - 96-hr 1.4 20

Esox lucius (I) Northern pike - static 96-hr 0.36 39

Oncorhynchus mykiss (I) Rainbow trout - - 96-hr 2 35

Oncorhynchus mykiss (I) Rainbow trout - static 96-hr 14 34

Oncorhynchus mykiss (I) Rainbow trout - static 96-hr 3.2 37

Oncorhynchus mykiss (I) Rainbow trout - static 96-hr 6 33

Cryprinodon variegatus Sheepshead minnow - static 96-hr 1.86 33

Cryprinodon variegatus Sheepshead minnow - static 96-hr 2.3 33

Leiostomus xanthuru Spot - flowthrough 48-hr 28 33

Mugil cephalus Striped mullet - flowthrough 48-hr 3.2 36

Perca flavescens (I) Yellow perch - static 96-hr 2.4 33

Perca flavescens (I) Yellow perch - static 96-hr 20 33

Gasterosteus aculeatus 3-spine stickleback - - 96-hr 8.5 33

Lepomis cyanellus Green sunfish - static 96-hr 52 33

Micropterus salmoides (I) Largemouth bass - - 48-hr 25 36
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Table 6.4 Invertebrate toxicity of azinphos-methyl. Species indigenous to Ontario are identified by an (I)
after the species name.

Table 6.5 Amphibian toxicity of azinphos-methyl.  Species indigenous to Ontario are identified by
an (I) after the species name.

OPs were sprayed in these orchards, studies implicated cholinesterase inhibiting pesticides such as OPs
and carbamates insecticides because they have the highest known acute and chronic toxicity to avianspecies
in toxicity tests as compared to other compounds used in orchards such as EBDCs, fungicides, synthetic-
pyrethroids insecticides, endosulfan and dicofol (Canadian Wildlife Service database, unpublished).

Patnode and White [47] also found that daily egg and chick survival rates decreased as pesticide
toxicity increased in three species of  birds, northern mockingbird (Mimus polyglottus), northern cardinal
(Cardinalis cardinalis), and brown thrasher (Toxostoma rufum) in pecan orchards.

Graham and DesGranges [49] examined the affect of azinphos-methyl on the biology and physiology of
birds inhabiting sprayed apple orchards and potato fields in Quebec. They found decreases in cholinesterase
activity for 3 species of birds; Chipping sparrow (Spizella passerina), American robin (Turdus migratorius),
and Song sparrow (Melospiza melodia) in apple orchards, but no statistical effect was demonstrated in birds
from potato fields. They feel that lack of a measurable impact in potato fields was largely attributed to the
lower dose rate and to the behavior of resident birds, which led them to avoid sprayed areas. They found no
reproductive effects in either the orchards or the fields when compared to controls, however sample size of
monitored nests was small (<20 in exposure area).

Fluetsch and Sparling [7] examined the effects of pesticides on avian species inhabiting apple orchards
in Pennsylvania. Nests of two species, Mourning dove (Zenaida macroura) and American robin were

Species Common name Dose Method Test Type LC50 ug/L R
Procambarus sp.   (I) Crayfish static 96-hr 56 33
Callinectes sapidus Blue crab flowthrough 48-hr 320 33
Chironomus tentans  (I) midge - 96-hr 0.37 33
Mysidopsis bahia opossum shrimp - 96-hr 0.24 33
Gammarus fasciatus  (I) Scud static 96-hr 0.1 40
Gammarus lacustris  (I) Scud static 96-hr 0.14 33
Palaemonetes kadiakensis Glass shrimp static 96-hr 0.2 40
Penaeus aztecus Brown shrimp flowthrough 48-hr 2.4 33
Crassostrea virginica Eastern osyter static 96-hr 4700 33
Daphnia magna  (I) Water flea - 48-hr 1.6 41

Species Common name Age Chemical Dose method Test type Conc. mg/L R
Xenopus laevis African clawed frog embryo Guthion renewal 96-hr 1660 32
Xenopus laevis African clawed frog tadpole Guthion renewal 96-hr 2940 32
Xenopus laevis African clawed frog embryo Guthion2S renewal 96-hr 1600 32
Xenopus laevis African clawed frog tadpole Guthion 2S renewal 96-hr 420 32
Pseudacris triseriata (I) Chorus frog tadpole Guthion static 96-hr 3200 41
Pseudacris regilla Chorus frog tadpole Guthion renewal 96-hr 4140 32
Pseudacris regilla Chorus frog tadpole Guthion2S renewal 96-hr 460 32
Bufo woodhouseii fowleri (I) Fowlers toad tadpole Guthion static 96-hr 130 40
Bufo woodhouseii fowleri (I) Fowlers toad tadpole Guthion static 96-hr 109 41
Rana clamitans Green frog tadpole Guthion 50 stat. renewal 96-hr >5000 42
Rana clamitans Green frog tadpole Guthion 50 stat. renewal 13-d 2610 42
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monitored in 3 organic and 3 conventional apple orchards during 1990 and 1991. Organophosphorus
pesticides (including azinphos-methyl, phosphamidon, parathion, dimethoate), carbamate and
organochlorine pesticides were sprayed individually or in mixtures as many as 19 times each year.

Spray card tests found that organophosphorus insecticides were deposited on 86% of the nests in
conventional orchards. Daily survival rates for nests and hatching success of both species were higher in the
organic orchards than in the conventional orchards for the two years combined. Fluetsch and Sparling
believe that repeated applications of pesticides within the conventional orchards reduced the reproductive
success of doves and robins and may have lowered avian species diversity compared with organic orchards.
Unfortunately, no medical pathological (endopathology, histopathology, cytopathology, etc) investigations
were undertaken in this study, thus no information was obtained pertaining to mechanisms of action in the
dove and robin.

The egg and chick survival and pesticide exposure of tree swallows and eastern bluebirds (Sialia sialis)
were annually monitored using nest boxes in sprayed and non-sprayed apple orchards in southern Ontario
during 1988-1994 [48]. Associations were determined between reproductive success of the nests and
organochlorine residues in eggs and the degree of exposure and toxicity of pesticides applied during the
study period. Because many pesticides in current use are not persistent in wildlife tissues, a toxicity score
was developed to describe the exposure in each nest. The toxicity score was calculated as the product of the
extent of the orchard sprayed and the application rate of the chemicals divided by an acute toxicity index of
each chemical. The toxicity scores for cholinesterase inhibiting chemicals such as OPs, including azinphos-
methyl, and carbamate insecticides were the highest among all the compounds applied in orchards.

Bishop et al. [48] also found total organochlorine concentrations in tree swallow eggs ranged from 0.74
to 3.5 mg/g and in eastern bluebird eggs ranged from 0.47 to 106.3 mg/g wet weight. There was a significant
increase in infertile and early embryonic death and unhatched eggs in eastern bluebirds as organochlorine
concentrations increased in eggs. At the gradient of contamination found in tree swallow eggs, there were no
trends between reproduction and organochlorine levels.

In more than half the study years and over the entire study period, egg fertility and daily survival rates
of eggs and chicks of tree swallows declined with increasing toxicity scores of pesticides used during 1988-
1994 [48]. Fewer years and reproductive parameters were appear affected in eastern bluebirds. Reduced egg
fertility was detected in eastern bluebirds as toxicity scores increased but this only occurred in two years and
there was no overall trend for 1988-1994. Daily egg and chick survival was not associated with pesticides in
the clutches of eastern bluebirds initiated prior to 1st June in each year.

The bluebird nests produced after that date had significantly lower daily chick or egg survival rates as
pesticide exposure and toxicity increased in four study years. Although these findings are consistent with
those of  Patnode and White [47] and Fleutsch and Sparling [7] in which OPs and carbamates are implicated
in decreased reproduction in birds nesting in orchards, we cannot discount the possibility that
organochlorine chemicals contributed to these effects in bluebirds nor can we discount the possible impact
of other chemicals such as fungicides, synthetic pyrethroids, and acaricides that are often applied to orchards
alone or with OP and carbamate chemicals.

Taken together, the studies indicate that birds nesting in orchards are lethally and sublethally affected
at every critical stage of reproduction and development by pesticides used in orchards.  The studies mainly
indicate that the use of OP and carbamate insecticides are the main concern but other chemicals including
organochlorine residues may also be affecting reproduction.
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6.6.3 CHRONIC  EFFECTS IN FISH

In a study conducted by Tanner and Knuth [50] in northern Minnesota, adult Bluegill sunfish (Lepomis
macrochirus) were exposed to a single application of azinphos-methyl in 12 littoral enclosures. The
responses measured were adult behavior and spawning, embryo hatchability, larval survival until swim-up,
young-of-year, young-of-year growth and total biomass. They treated 4 enclosures with 1.0 and 4.0 mg/L
and 4 remained untreated. Quantifiable residues remained in the water for 8 days. Concentrations of 4.0 or
1.0 mg/L did not cause any significant long-term (63 day) effects on reproduction, embryo hatchability,
larval survival, growth or biomass. They concluded that the apparent lack of significant long-term effects on
reproductive success can be partially explained by the relatively short half-life of azinphos-methyl in littoral
enclosures.

Adelman et al. [51] found azinphos-methyl reduced fecundity in fathead minnow (Pimephales
promelas) at concentrations as low as 0.51 mg/L in chronic tests. The concentration was maintained over the
course of the test (250 days).

6.7 POTENTIAL  FOR ENDOCRINE DISRUPTION

Our working definition of an endocrine disrupting compound:

An exogenous agent that directly interferes with the synthesis, secretion, transport,
binding action, or elimination of endogenous hormones and neurohormones, resulting in
physiological manifestations of the neuroendocrine, reproductive or immune systems in an
intact organism.

After examination of relevant literature, we conclude that cholinesterase inhibiting pesticides have  the
potential to affect reproduction and the endocrine system. However, the lack of studies on azinphos-methyl
and its affects pertaining to endocrine endpoints makes it very difficult to determine if azinphos-methyl is a
true endocrine disrupter.  The reproductive effects in recently reported in orchard-nesting birds do not
specifically link azinphos-methyl with endocrine disruption, however they do imply a possible interactive
effect of OPs with other compounds on the endocrine system.  More research on azinphos-methyl effects on
reproduction is essential to determine if it is disrupting the endocrine system.  The documented research to
support endocrine disruption in fish and amphibians for azinphos-methyl is not strong.  Thus, more studies
are necessary before conclusions on aquatic organisms can be made.

6.8 RISK TO ONTARIO  ENVIRONMENTS  AND RECOMMENDATIONS

Azinphos-methyl does pose an acute risk to wildlife in Ontario.  Aquatic ecosystems are at the highest
risk after spray events, during this time azinphos-methyl, as well as other OPs (Diazinon) can run off  into
water bodies at concentrations that are lethal to a number of aquatic species.

· high use regions need to be identified, water samples taken at appropriate times (after spray events)
and residues of a number of organophosphorus pesticides measured.

· evaluation of the toxicity of  mixtures of OPs with other compounds such as fungicides, in aquatic and
terrestrial systems needs to be conducted.

· laboratory and field studies using endocrine disruption endpoints must be completed on terrestrial and
aquatic species which are found in ecosystems that are considered to be in high-risk areas.

· endocrine-disruption effects found in wild birds need further evaluation to determine long-term
impacts of organophosphorus pesticide alone or in mixtures.

· similar studies to those on reproduction of birds should be performed on organisms such as fish in
aquatic ecosystems.
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7.0 PESTICIDE MIXTURES

The practice of mixing pesticides during manufacturing and field application is quite common in
agriculture, yet the toxicological properties of such mixtures are often unknown.  The following discussion
serves to emphasize the lack of and need for relevant research on herbicide, fungicide and insecticide mixes.

7.1 DESCRIPTION OF MIXTURES RELEVANT  TO ONTARIO

Pesticide mixes used in Ontario may be divided into three broad categories: 1. those combined during
the manufacture of a formulation (i.e. coformulation); 2. those recommended [1-4] for simultaneous
application in one spray tank to combat a particular pest; and 3. those commonly applied by farmers in one
spray tank to combat multiple pests that are present in crops at the same time.  The first two are easily
identified in agricultural publications, but the third group is difficult to identify without a more intimate
knowledge of regional farming practices.

There are several examples of formulations containing more than one active ingredient.  Of the 36
available to Ontario farmers (Table 7.1), 26 (72%) are herbicide combinations, mostly containing more than
one class of chemical.  The phenoxy and s-triazine classes predominate in mixes designed to control
multiple species of grasses, thistles and weeds.  The only strictly insecticidal formulation (malathion plus
pyrethrin) is registered for the relatively small provincial mushroom industry.  The nematocides listed are all
fumigants used primarily on tobacco, but also on a variety of fruits and vegetables.

Herbicides and fungicides also dominate the list of tank mixes recommended [1-4] by the Ontario
Ministry of Agriculture, Food and Rural Affairs (OMAFRA) in fruit and vegetable production (Table 7.2).
With the exception of one mix of two s-triazines (atrazine and cyanazine), all involve combinations of two or
more pesticide classes.  The s-triazines, acetanilides, dinitroanilines and ethylenebisdithiocarbamates
(EBDCs) occur frequently in spray tank mixes.

Although there has been no comprehensive, province-wide assessment of the pesticide combinations
farmers routinely apply to crops, some information on tank mixes used in Ontario apple orchards has been
gathered during amphibian and avian research studies (C. Bishop, Canadian Wildlife Service, unpublished
data).  Aside from the frequent use of myclobutanil with an EBDC (as outlined in Table 7.2), some other
combinations found in 1993-94 spray schedules were as follows:

· an EBDC (mancozeb or metiram) and myclobutanil with one or more of streptomycin sulphate,
deltamethrin, chinomethionat, simazine, azinphos-methyl, phosmet and clofentezine;

· myclobutanil plus diazinon;
· metiram plus phosmet;
· captan plus phosmet and dicofol;
· dicofol plus deltamethrin;
· diazinon plus carbaryl;
· Dikar (no common name) plus a miticide and azinphos-methyl;
· captan plus an organophosphate (azinphos-methyl or diazinon); and
· captan plus endosulfan and propargite or dicofol.

Since apple production recommendations closely parallel those for other fruit crops like apricots,
cherries, peaches and pears (see Table 7.2), we might expect similar combinations to be applied to other fruit
orchards.  It is unclear whether the frequency and form of tank mixes could also be extrapolated to estimate
spray practices in vegetable and field crop production.  Nonetheless, existing information would suggest that
the application of insecticide and fungicide mixes is more common than agricultural publications indicate.
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7.2 TOXICITY  OF PESTICIDE  MIXTURES

A comprehensive review of all pesticide mixture toxicity studies is beyond the scope of this report.
Thompson [5] provides an excellent recent review.  An overview of her discussion, along with reference to
other literature relevant to those compounds discussed in chapters two to six will be conducted here.

The greatest concern with pesticide mixtures in natural environments is the characterization of their
interactive toxicity.  Most risk assessments assume that combinations exhibit additive toxicity, but synergism
and antagonism have also been seen in some studies.  For example, over one-third of binary pesticide
combinations tested in one laboratory with bluegill sunfish showed greater than additive toxicity [6].

The majority of studies testing interactions among pesticides have investigated the most common
insecticide classes, e.g. organochlorines, organophosphates, pyrethroids and carbamates.  Four references to
endosulfan mixtures were discovered [7-10], and two of these detected greater than additive toxicity.  When
rainbow trout were exposed to endosulfan mixed with the diethyl-phosphorodithionate disulfoton, acute
toxicity increased by two orders of magnitude and chronic effects were also dramatically enhanced
compared to singular exposures [7].

Similarly, an in vitro examination of estrogen receptor activation showed greater than additive effects
of binary combinations of endosulfan with dieldrin, toxaphene and chlordane [8].  Conversely, an
organophosphate (azinphos-methyl)/organochlorine (endosulfan) mixture produced simply additive acute
effects in the mummichog (Fundulus heteroclitus) [9].  The fourth endosulfan study assessed an
organochlorine (endosulfan)/ pyrethroid (deltamethrin) formulation used to control the tsetse fly in
Botswana; unfortunately, although significant acute and chronic effects were detected, no comparisons were
made to effects produced by either compound administered independently [10].

Although a great deal of speculation has surrounded the effects of EBDCs in mixture, few investigators
have attempted to quantify EBDC interactions using relevant combinations.  Thompson [5] reports that
EBDCs are of interest from the perspective of mixture toxicity because  they have an inhibitory effect on the
principal vertebrate detoxification pathway - the cytochrome P450 enzyme system.  Inhibition may prolong
or delay the metabolism and excretion of other compounds (e.g. organochlorines) present in the mixture that
usually induce cytochrome P450.

However, such studies would be further complicated by the fact that EBDCs affect the P450 system in
a time-dependent manner; they produce inhibition during the first few hours after exposure, then induction
for up to 3 days post-exposure [5].  Two relevant EBDC mixture studies were found in the recent literature
[11,12].  When mancozeb was fed in combination with deltamethrin (a pyrethroid) to rats, the toxicity
associated with mancozeb was dramatically increased [11].  In another study testing the combined effects of
a variety of dithiocarbamates and copper, strong synergistic toxic effects were observed with maneb and
zineb, but not with mancozeb [12].  The authors suggested that the metals associated with the different
EBDCs were responsible for the discrepancies in synergistic behavior.

Despite the fact that most of the pesticide mixtures used in agriculture involve combinations of
herbicides, the literature on herbicide interactions is sparse.  This may be because, based on a small number
of studies [13,14] along with described similarities in modes of action, the assumption is made that many
herbicide mixtures will show simple toxic additivity.  When crayfish (Procambarus clarkii) were exposed to
a mixture of two dinitroaniline herbicides (trifluralin and oryzalin), there was a 20-fold decrease in
associated toxicity compared to single compound tests [15].  However, when the synergist piperonyl
butoxide was added to test solutions of trifluralin and methoxychlor, the metabolism of both pesticides by
the green sunfish was greatly inhibited [16].  Piperonyl butoxide has been routinely used by manufacturers
for years to increase the efficacy of pyrethrin insecticides.  Apparently, its synergistic capabilities extend to
at least one class of herbicide as well.  Given the complexity of pesticide mixtures present in aquatic
environments, it would be reasonable to expect that influxes of herbicides and insecticides would coincide.
Thompson [5] emphasizes the varying effects of different compounds on drug-metabolizing enzymes and
their relevance in creating synergism.  While her arguments are valid, the most relevant mixtures are not
always those most commonly studied nor those known to inhibit or induce cytochrome P450 or esterase
enzyme systems.  It would seem more relevant to identify the most common combinations found in Ontario
surface waters and use them as a basis for mixtures research.
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Table 7.1 Formulations composed of two or more active ingredients.

Groupa Pesticide Classes Active Ingredients Formulation Name(s)

H phenoxy/benzoic acid 2,4-D/dicamba Kil-mor, Tricep, Premium 3-way Turf, Par
III, Killex, Dycleer 24

H phenoxy/s-triazine 2,4-D/atrazine Shotgun

H s-triazine/benzothiadiazine atrazine/bentazon Laddok

H phenylcarbamate (2) desmedipham/ phenmedipham Betamix

H triazolopyrimidine
sulfonanilide/acetanilide

flumetsulam/ metolachlor Broadstrike Dual

H triazolopyrimidine
sulfonanilide/dinitroaniline

flumetsulam/ trifluralin Broadstrike Treflan

H uracil/phenoxy bromacil/2,4-D Calmix Pellets

H uracil/substituted urea bromacil/diuron Krovar

H hydroxybenzonitrile/ phenoxy bromoxynil/MCPA Buctril M

H imidazolinone/s-triazine imazethapyr/ metribuzin Conquest

H benzoic acid/s-triazine dicamba/atrazine Marksman

H benzoic acid/phenoxy dicamba/MCPA Dyvel

H benzoic acid/phenoxy (2) dicamba/MCPA/ mecoprop Target

H phenoxy (2) dichlorprop/2,4-D Dichlorprop-D, Weedone CB, Diphenoprop
BK 700, Estaprop, Diphenoprop See

H acetanilide (2) metolachlor/ benoxacor Dual II

H phenoxy (2) mecoprop/2,4-D Expedite Broadleaf, Meco-D, Premium 2-
way Turf. Turf-Rite 2+2

H triazolopyrimidine
sulfonanilide/pyridine/phenoxy

flumetsulam/clopyralid/2,4-D Striker

H imidazolinone/dinitroaniline imazethapyr/ pendimethalin Valor

H acetanilide/s-triazine metolachlor/atrazine Primextra Light

H sulfonylurea (2) nicosulfuron/rimsulfuron Ultim, Ultim DF

H bipyridylium (2) paraquat/diquat Weed & Grass Killer

H bipyridylium/s-triazine paraquat/simazine Terraklene

H pyridine/phenoxy picloram/2,4-D Tordon 101 Mixture
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Table 7.1 Continued.

a - H = herbicide, F = fungicide, N = nematocide, I = insecticide.

Groupa Pesticide Classes Active Ingredients Formulation Name(s)

H acetanilide/phenoxy propanil/MCPA Stampede CM

H sulfonyl urea (2) thifensulfuron-methyl/ tribenuron methyl Refine Extra

F morpholine/EBDC dimethomorph/ mancozeb Acrobat

F acylalanine/EBDC metalaxyl/ mancozeb Ridomil MZ

F acylalanine/copper metalaxyl/copper hydroxide Ridomil/Copper

F carbamate/acid/chlorophenyl propamocarb/HCl/ chlorothalonil Tattoo C

F/N halogenated hydrocarbon/
chloroalkene

dichloropropene/chloropicrin Telone C17R

F/I organophosphate/ dithiocarbamate ethion/thiram Ethion 5/Thiram G

I organophosphate/ pyrethroid malathion/pyrethrin Mushroom Fly Dust

H/F/N/I isothiocyanate/halogenated
hydrocarbon

methyl isothiocyanate/ dichloropropene Vorlex Plus

H/F/N/I isothiocyanate/halogenated
hydrocarbon/chloroalkene

methyl isothiocyanate/ dichloropropene/
chloropicrin

Vorlex Plus

H/F/N/I organohalogen/chloroalkene methyl bromide/ chloropicrin Terr-O-Gas 67 
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Table 7.2 Tank mixes of pesticides recommended [1-4] for Ontario fruit and vegetable production.

Pesticide Classes in Mix Active Ingredients Crop(s) Protected

s-triazine + dinitroaniline
metribuzin+trifluralin, atrazine/
cyanazine+pendimethalin

apple, apricot, cherry, plum, peach, pear,
tomato, field corn

s-triazine + dinitroaniline +
acetanilide

metribuzin+trifluralin+metolachlor tomato

s-triazine + acetanilide
simazine/atrazine/cyanazine/metribuzin+meto-
lachlor

apple, apricot, cherry, plum, peach, pear,
sweet corn, tomato, potato

s-triazine + acetanilide +
amino acid

atrazine+metolachlor+glyphosate sweet corn

s-triazine + amino acid simazine+glyphosate apple, grape

s-triazine + s-triazine cyanazine+atrazine sweet corn

s-triazine + substituted urea atrazine/metribuzin+linuron sweet corn, potato

s-triazine + substituted urea +
acetanilide

metribuzin+linuron+metolachlor potato

s-triazine + hydroxybenzonitrile atrazine+bromoxynil sweet corn

s-triazine + phenyl pyridazine atrazine/metribuzin+pyridate tomato, sweet corn

s-triazine + amide simazine+napropamide
apple, apricot, cherry, plum, peach, pear,
asparagus

s-triazine + bipyridylium simazine/atrazine+paraquat
apple, pear, blueberry, raspberry, sweet
corn

s-triazine + thiocarbamate metribuzin/atrazine/cyanazine+ EPTC sweet corn, potato

s-triazine + uracil metribuzin+terbacil apple, apricot, cherry, plum, peach, pear

acetanilide + substituted urea
metolachlor+linuron/monolinuron/
metobromuron

potato

acetanilide + thiocarbamate metolachlor+EPTC sweet corn

dinitroaniline + thiocarbamate trifluralin+EPTC snap bean, lima bean

dinitroaniline + imidazolinone trifluralin/pendimethalin+ imazethapyr field corn

dinitroaniline + benzoic acid pendimethalin+dicamba field corn

dinitroaniline + sulfonylurea pendimethalin+rimsulfuron field corn



97

Tab;e 7.2 Continued.

7.3 RISK TO ONTARIO  ENVIRONMENTS  AND RECOMMENDATIONS

• an ongoing program of environmental monitoring of pesticides in Great Lakes tributaries needs to
implemented in addition to existing periodic monitoring that is carried out in agro-ecosystems of
concern, to continue to assess the mixtures of pesticides that occur in the environment.

• analytical methods for the analysis of fungicides and ultralow volume pesticides such as the
imidazolinone and sulfonylurea herbicides and other newly registered compounds must be established
as part of an environmental monitoring program.

• Laboratory or mesocosm studies must be undertaken to experimentally evaluate the synergistic effects
of environmentally relevant mixtures.

Pesticide Classes in Mix Active Ingredients Crop(s) Protected

amide + uracil napropamide+terbacil apple, apricot, cherry, plum, peach, pear

ethofumesate + thiocarbamate ethofumesate+cycloate sugar beet

pyridazinone + trichloroacetic
acid

pyrazon+TCA red beet

EBDC + conazole mancozeb/metiram+myclobutanil apple

EBDC + carbamate mancozeb/metiram+benomyl apple, pear

EBDC + oil mancozeb/metiram + Superior oil apple

EBDC + copper mancozeb + copper sulphate
greenhouse, bean, cole & vine crops,
potato, pepper, tomato

captan + conazole captan+myclobutanil apple

captan + benzimidazole captan+thiophanate-methyl apple

captan + carbamate captan+benomyl apple, cherry, raspberry, blackberry

captan + organophosphate +
organochlorine

captan+diazinon+lindane fruit & vegetable seed

dithiocarbamate +
organophosphate +
organochlorine

thiram+diazinon+lindane fruit & vegetable seed
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GLOSSARY OF TERMS

Active ingredient - in a pesticide formulation, the chemical with biocidal properties, intended as the pest-
targeting agent.

Acute - having a sudden onset, lasting a short time; of a stimulus, severe enough to induce a response rap-
idly.

Additivity - referring to the toxicity of a mixture of chemicals, which is approximately equal to a simple
summation of known toxicities of individual elements of the mixture.

Antagonism - referring to the toxicity of a mixture of chemicals, which is less than a summation of known
toxicities of individual elements of the mixture.

Autocrine - cellular communication in an organism in which cells secrete agents that have specific actions
on the secreting cell, alone.

Bioaccumulation - process by which chemicals are taken up by organisms

Bioaccumulation factor - a value that is the ratio of tissue chemical residue to chemical concentration in an
external environmental phase such as food or soil/sediment.

Bioconcentration - process by which there is a net accumulation of chemical from external environments
into an organism; uptake > elimination.

Biomagnification - the trophic result of bioaccumulation and bioconcentration processes; in which tissue
concentrations of chemicals increase as the chemical passes up through two or more trophic levels in a food
chain.

Chronic - involving a stimulus that is lingering or continues for a long time.

Endocrine-disrupter - an exogenous agent that interferes with the synthesis, secretion, transport, binding
action or elimination of natural hormones in the body.

Endocrine system - the communication system in an organism that involves carrying messenger molecules
in the bloodstream to distant target tissues; sister to autocrine and paracrine systems .

Estrogen - a family of female sex steroids responsible for producing estrus and the female secondary sex
characteristics, and preparing the reproductive system for fertilization and implantation of the ovum.

Estrogenic - a chemical having qualities that allow it to function as estrogen in a body.

Formulation - the commercial form of a pesticide; includes active ingredient as well as inert ingredients
(surfactants, process impurities, etc.).

Growth regulators - a chemical/hormone that directly influences metabolism of an organism and regulates
growth rate.

Hormone - a chemical compound synthesized and secreted by an endocrine tissue into the bloodstream;
influences the activity of a target tissue.
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Inert ingredient - those chemical(s) in a pesticide formulation that are thought to have no adverse biocidal
properties, intended as solubility agents etc. or with other proprietary functions.

In vitro - in an artificial environment outside the body; often used to describe toxicity tests performed using
isolated cell cultures.

In vivo - within the living organism or tissue.

Mechanism of action - the pathway by which a toxicant produces an effect in an organism.

Neuro-endocrine system - a major form of communication within the body, in which nerve cells release
messenger molecules (hormones) into the bloodstream for transport to a distant target tissue.

Organochlorine - a family of chemicals that includes all chlorinated hydrocarbons.

Paracrine - cellular communication in an organism in which cells secrete agents that influence neighbouring
cells.

Pesticide - a substance used to kill undesirable ...fungi, plants, insects, or other organisms ... [a] generic term
... used to describe fungicides, algicides, herbicides, insecticides, rodenticides and other substances.

Surfactant - a surface-active substance that tends to reduce surface tension; used to describe synthetic and
natural detergents added to pesticides to increase the solubility of the active ingredient.

Synergism - referring to the toxicity of a mixture of chemicals, which is greater than a summation of known
toxicities of individual elements of the mixture.

Target site - the tissue or cell or receptor that a toxicant acts upon to produce a response in the organism.

Testosterone - a steroid androgen (hormone having masculinizing activity) synthesized by the testicular
interstitial cells of the male, and responsible for the production and maintenance of male secondary sex
characteristics.

Thyroid gland - an endocrine gland responsible for regulation of energy metabolism; the two major thyroid
hormones are thyroxine and 3,5,3-triiodothyronine.

Toxicant - an agent capable of producing an adverse response (effect) in a biological system.

Toxicity - the inherent potential of a toxicant to cause adverse effects in a living organism when the organism
is exposed to it.
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a.i. - Active Ingredient

ACh - Acetylcholine

AChE - Acetylcholinesterase

AhR - Aryl Hydrocarbon Receptor

ATP - Adenosine Triphosphate

BCF - Bioconcentration Factor

CAS - Chemical Abstracts Number

ChE - Cholinesterase

CNS - Central Nervous System

DIDT - 5,6-dihydro-3h-imidazo(2,1-c)-1,2,4-dithiazole-3-thion

DNA - Deoxyribonucleic Acid

EAC - Endocrine Active Chemical

EBDC - Ethylene Bisdithiocarbamate

EBIS - Ethylene Bisisothiocyanate Sulfide

EC - Emulsifiable Concentrate

EC
50 

- effective Concentration Causing a Response in 50% of a Test Population

ED
50 

- Effective Dose Causing a Response in 50% of a Test Population

EDA - Ethylene Diamine

EDC - Endocrine Disrupting Chemical

EEC - Expected Environmental Concentration

ETU - Ethylene Thiourea

EU - Ethylene Urea

FSH - Follicle Stimulating Hormone

GABA - Gamma-amino Butyric Acid

K
ow 

- Octanol/Water Partition Coefficient
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LC
50 

- Concentration (In Water) Causing 50% Mortality

LD
50 

- Oral Dose Causing 50% Mortality

LH - Luteinizing Hormone

LHRH - Luteinizing Hormone Releasing Hormone

LOEC - Lowest Observable Effect Concentration

MATC - Maximum Allowable Toxicant Concentration

MOE - Ministry of the Environment

NAS - National Academy of Sciences

NOAEC - No Observable Adverse Effect Concentration

NOEC - No Observable Effect Concentration

OMAFRA - Ontario Ministry of Agriculture, Food and Rural Affairs

OP - Organophosphorus Pesticide

PAH - Polycyclic Aromatic Hydrocarbon

PCB - Poly Chlorinated Biphenyl

PETD - Polymeric Ethylenethiuram Disulfide

TBT - Tributyltin

TRH - Thyroid Releasing Hormone

TSH - Thyroid Stimulating Hormone

US EPA - United States Environmental Protection Agency

WHO - World Health Organization

WP - Wettable Powder
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