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1.0

Introduction

This section provides general information relevant to all of the
Herbicide Background Statements. It primarily addresses those
factors which are important to an understanding of the technical
information presented in each background statement. General
information concerning toxicity testing procedures, rating of
relative toxicities^ environmental fate and transport of pesticides,
and assessment of hazards is presented as background for the
discussion of specific material in the background statements for each
herbicide. For convenience, a table of useful conversion factors and
a glossary of terms and definitions have been included as Sections
5.0 and ö.O^ respectively.
The individual Herbicide Background Statements have been
compiled to provide a comprehensive review of the available
information concerning the use^ chemistry^ toxicology, environmental
fate5 and comparative hazard of the herbicides In forest
applications. It is not within the scope of the Herbicide Background
Statements to critically evaluate and/or independently analyze the
raw data from which conclusions were reached in the various studies
and reports examined in preparing the background statements contained
in this document* References to the published literature at the end
of each background statement are provided for those Individuals who
wish to independently evaluate the toxicological data and environmental fate information that is presented in summary form. In many
instances I secondary sources^ such as review articles^ handbooks, and
company technical data sheets^ were used. Wherever possible in these
instances 5 the primary source was also Indicated and referenced^
although it may not have been examined.
1.1

Herbicide Use by the USDA Forest Service

Vegetation management programs are used by the USDA Forest
Service for control of noxious and poisonous plants^ wildlife habitat
improvement, domestic range revegetation, maintenance of forest
improvements, site preparation^ conifer release^ and thinning timber
stands* A number of means are used for vegetation management^
including fire, mechanical methods, manual methods^ biological
control^ and herbicides* These means of control are often used in
combination rather than alone, and they vary in effectiveness and
utility with factors such as vegetation, topography, proximity of
inhabited areas^ and competing management objectives (U.S. Department
of Agriculture 1978)«
A wide variety of chemicals that show herbicidal activity are
available to land managers* Most herbicides are originally produced
as water insoluble crystalline acids or powders that are processed to
3

form more soluble compounds (e.g., salts) or to produce formulations
(e.g, emulsions) that can be readily applied to, and taken up by,
plants.

The quantities of herbicides applied depend upon the time of
year, type of vegetation, specific management objectives s and the
properties of the herbicide. Rates of application are generally
stated in terms of pounds of acid equivalent (a,e.) or pounds of
active ingredient (a.ie) applied per acre, depending on the specific
chemical nature of the herbicide formulation and carrier (ü,S.
Department of Agriculture 1978).
1.2

Physical and Chemical Properties

A number of physical and chemical properties of the pesticide
active ingredient5 carrier, surfactant, or other adjuvants ultimately
determine the behavior of the chemical in the environment. For
instance, cationic (positively charged) pesticides tend to be readily
adsorbed by colloidal soil particles and thus become Immobilized.
ànlonic (negatively charged) and nonionic (neutral) pesticides are
more mobile in the soil since they do not tend to adsorb to soil
particles. Water solubility of pesticides also affects their
mobility—chemicals with a low water solubility (l,e,, less than
1 ppm) tend to be relatively immobile, while chemicals with a high
water solubility tend to be more readily leached out of soils,
particularly if they also do not bind tightly to soil. The vapor
pressure of a pesticide affects its volatility and thus its ability
to dissipate through the atmosphere. The degradability of a
pesticide by sunlight or by chemical or biological activity
determines its persistence in the environment. Finally, the
biological properties of a pesticide, such as its mode of action and
its biological storage (bioaccumulation) properties, determine its
effect on nontarget organisms (Weber 1977).
Each of the individual Herbicide Background Statements briefly
presents Information on normal use patterns and application rates,
particularly as used by the USDA Forest Service, In addition, a
summary of available data on chemical and physical properties is
provided, with emphasis on parameters such as solubility in water,
solubility in organic solvents^ and vapor pressure, all of which
influence behavior in the environment.

2.0

Toxlclty of Herbicides

A pesticide, by definition, is toxic to living organisms.
Ideally, the toxic activity of a pesticide should be limited to its
intended target organism^ such as unwanted woody plants or weeds in
the case of a herbicide. However, this limitation does not always
occur« Sometimes nontarget plants, insects, or other animal species
may be adversely affected by the pesticide. The potential hazard to
humans and wildlife is obviously a major concern following any
pesticide application*
For each Herbicide Background Statement, the toxicology data
from the open literature is presented in appendices and summarized in
the text by taxonomic grouping (invertebrates^ fish, birds, and
mammals). Mammalian toxicology data is further divided into acute,
subchronlc, chronic, and reproductive toxicity studies* Finally^
available information on mutagenicity and carcinogenicity is
presented.
The following discussions provide a brief overview of toxicity
testing and comparative ratings of toxicity* More complete treatment
of toxicology methods can be found in Guthrie and Perry (1980), Doull
et al. (1980), Loomis (1978), or Hamburger et al, (1983).
2.1

Toxicity Testing

To determine the range and magnitude of potential toxic hazards
associated with their use, pesticidal compounds are tested on a wide
spectrum of organisms. These organisms include microorganisms,
invertebrates such as insects and crustácea, fish^ birds, and
mammals. Tests are usually performed under controlled laboratory
conditions. As such, the tests provide data on the inherent toxicity
of the compounds. Although they simulate normal routes of exposure,
they do not simulate natural environmental conditions. Mammals most
often used are rodents^ rabbits, and dogs^ Farm animals such as
chickens5 sheep, pigs, dairy cows, and beef cattle, as well as fish^
aquatic invertebrates, and wildfowl may also be used. Information
from these tests regarding potential hazards can then be extrapolated
to other species, including humans,
Toxicity tests in mammals fall into several categories. For all
practical purposes, the duration of exposure determines whether a
test is regarded as acute, subchronlc, or chronic.
In an acute test conducted with terrestrial animals, a single
dose or exposure is given over a short period, such as 24 hours, and
the effects are observed over several days to several weeks. The
most frequently determined indices of toxicity are the median lethal
5

dose (LD5Q) and the median lethal concentration (LC^Q), which are
defined as the dose or concentration that are lethal to 50 percent of
a group of treated animals. Lower numerical values for the LD5Q or
LC5Q indicate greater toxicity than do higher values.
The acute toxicity of a compound may be based upon oral,
inhalation, or dermal studies. In oral studies, the LD5Q or LC5Q is
stated in terms of milligrams of compound administered per kilogram
of body weight of the animal (mg/kg) or in terms of the parts per
million (ppm) of chemical in the diet, respectively. For inhalation
studies, median lethal concentrations are given in terms of parts per
million for vapors and gases, or milligrams per cubic meter of air
(mg/m-^) for dust or particulates. For dermal studies, test
substances applied to the skin are given in terms of milligrams of
compound per kilogram of body weight.
For fish and other aquatic organisms, the median lethal
concentration (LC5Q) is used as an index of acute toxicity. The LCC^Q
refers to the concentration of chemical In water necessary to kill
50 percent of the aquatic test organisms during a specific exposure
period. The LC5Q is usually expressed as parts per million of
chemical in water for 24, 48^ 72, or 96 hours of exposure.
In addition to determining dose levels that are lethal, acute
toxicity tests are also used to determine dose levels that produce
eye irritation, dermal Irritation and sensltlzatlon, and neurotoxic
effects« Neurotoxicity testing is particularly important with
organophosphate insecticides, since the nervous system is a target
for these chemicals,
Subchronlc studies are designed to determine adverse effects of
regularly repeated doses or exposures over periods ranging from a few
days to several months. Exposure may be by oral ingestions dermal
application, or inhalation. Death is usually not the endpoint.
Manifestations of toxicity may include effects on the clinical health
of the animal such as changes in food consumption or rate of growth,
loss of weight, and behavioral changes. Signs of clinical pathology
include changes in hematology, blood and serum chemistry, and urine
chemistry. Animals are also examined to detect gross or histologlcal
pathologic changes* The intent is to identify target organs and the
manifestations of toxicity and to define a dose level that produces a
no-observable effect (i.e., a NOEL or No Observable Effect Level).
Chronic studies involve the exposure of the test animals to
appropriate dosages of the pesticide for a major portion of the
lifespan of the animal. The objective is to assess potential health
hazards that might be associated with long-term, low-=level exposure.
Mice and rats have been the traditional test species for chronic
exposure studies because of their relatively short lifespans and the
6

availability of extensive data on their biology in laboratory
environments. Dogs are also used. Test procedures vary depending
upon the toxlclty endpoint being investigated.
In addition to detecting injury to various organs, tests
employing sublethal levels of a particular compound are designed to
detect the potential for carcinogenic, teratogenic, or adverse
reproductive effects of chemicals as well as for mutagenic
potential, Carcinogenicity studies are designed to determine the
ability of a test substance to cause the induction and growth of
malignant or benign tumors, Teratogenlcity studies are conducted to
detect fetal abnormalities, and reproductive studies are designed to
detect adverse reproductive effects over more than one generation.
Mutagenicity tests are performed to determine whether a chemical has
the potential to cause an increase in the mutation rate of either
(1) germ cells (eggs or sperm) or (2) somatic cells (body cells found
in the various organs and tissues)• Such mutations may be inherently
undesirable and may also be indicative of the carcinogenic potential
of the test substance•
Tests for carcinogenicity usually Involve either lifetime
studies or exposure of the organism to the test substance for a large
portion of the organism's lifetime. In most instances, rats and
mice I having relatively short lifespans^ are the test organisms of
choice, although dogs have been used. Statistically increased
incidences of tumors (in test versus control animals) are indicative
of carcinogenic potential,
Teratogenlcity studies, which involve the treatment of pregnant
animals s are conducted to identify agents that cause malformations
(called terata) of the fetus. Although many chemicals have been
shown to be teratogenic in laboratory animals^ only a few compounds
have been demonstrated to be teratogenic in man* Fetal malformations
can also be caused by hereditary factors^ as well as by such
environmental factors as dietary deficiency^ viral infections,
hyperthermia, hormonal imbalance, and physiological stress (Loomis
1978).
Reproductive studies are performed to identify agents acting on
the reproductive capacity of the animal in terms of parameters such
as fertility and lactation performance^ Reproductive studies also
usually provide information on the effects of chemical substances on
teratogenlcity and, since they are often conducted through several
generations, on mutagenicity. Endpoints of these tests are to
determine 1) toxic effects on parents in terms of altered gonadal
function^ estrus cycles^ mating behavior, conception rates^ and early
pregnancyi 2) toxic effects on fetal development in terms of
7

normality, teratogenic/mutagenic effects, and mortality in the
uterus I and 3) toxic effects on the mother in terms of lactation
performance and behavior towards the offspring (Loomis 1978)•
Presently, there is no unequivocal evidence for the mutagenicity
of any specific chemical in man, since mutagenicity tests are
equivocal and difficult to interpret* Most mutagenicity tests are
conducted on laboratory animals, microbial cells, and mammalian
cells. They are designed to determine point mutations, gene
mutations, chromosomal aberrations, or damage to DNA. Increases in
the mutation rates of germ cells may lead to increased incidences of
genetic disease in future generations- increases in the mutation
rates in somatic cells may lead to increased incidences of diseases
in the generation exposed to the chemical, A number of mutagenicity
test systems are available and include the use of microbial or
mammalian cells or whole animals and plants• Mutagenicity tests with
submammalian systems, such as microorganisms (bacteria or yeast),
plants^ and insects offer the advantage of simplicity and the
availability of large populations to increase the probability of
occurrence for rare mutation events. The disadvantage of such
submammalian systems is their lack of similarity to mammalian
physiology and metabolism. This disadvantage has led to the
development of systems in which mammalian metabolizing systems, such
as liver homogenates, are added to a bacterial test system and
development of cytogenetic methods in which mammalian cells are
examined for evidence of chromosomal changes (Loomis 1978). It
should be noted that a positive result in a mutagenicity test cannot
be extrapolated directly to humans, but indicates only that a
chemical can act as a mutagen and as such, may pose a potential
hazard to humans^
Given the assumption that a mutagenic response may be indicative
of the carcinogenic potential of a substance, simple microbial test
methods for the detection of mutagens can be used to screen
substances for potential carcinogenic activity. More than 100 test
systems exist. One of the most widely used test system is the Ames
Salmonella/ microsome ^ vitro test which uses mutant strains of
Salmonella typhlmurlum that require the amino acid hlstidine in the
culture medium to grow. In the presence of mutagenic substances^
these mutant strains will revert to the original, or wild type, which
are not hlstidine dependent (Loomis 1978).
2,2

Rating of Relative Toxic1ties

The comparative toxicities of pesticides vary over a wide range.
Several schemes have been proposed to categorize them. For example,
the median lethal dose of a chemical can be given a relative toxicity
rating from "highly toxic" if the LD50 Is less than 50 mg/kg to
8

''practically nontoxlc" if the LD50 is greater than 5,000 mg/kg (Hodge
and Sterner 1949j Radeleff 1964| and Melnikov 1971). A similar
system was proposed for rating subchronic toxicities in which
chemicals administered in the diet are placed into five toxicity
classes according to the lowest dose eliciting a toxic response (Hill
et al, 1973)• This system is as follows! Class 15 less than 41 ppm;
Class II, 41 to 100 ppmi Class III, 201 to 1,000 ppm; Class IV, 1,001
to 5^000 ppmI and Class V, greater than 5,000 ppm. The U.S.
Environmental Protection Agency (EPA) guidelines for categories of
acute and subchronic toxicity used for precautionary labeling under
the Federal Insecticide^ Fungicide, and Rodentleide Act (FIFRA), as
amended, are shown in Table 2-1. The toxicity categories range from
I through IV depending upon either the median dose required to cause
death or upon the severity of the reaction elicited by the chemical«
All of the above ratings of relative toxicity may be referred to in
the specific Herbicide Background Statements*
In terms of lethal oral acute doses in man, a similar scheme for
rating toxicity has been devised (Table 2-2) and indicates the
probable oral lethal dose of the different toxicity classes for an
average adult human* Although such a toxicity rating system is only
qualitative. It serves as a practical and useful guide by which to
place toxicity categories in perspective.
Fish swimming in water containing toxicants are exposed
simultaneously to the compounds by more than one route of exposure.
Consequently^ toxicity data for fish cannot be compared directly with
toxicity data derived from studies in birds or mammals.
Studies of
the toxicity of pesticides to fish are conducted in laboratory
environments with the fish swimming in water containing a given
concentration of the pesticide formulation* These studies are either
static bioassaySj in which the system is not renewed during the
course of the study, or flow-through bioassays^ in which there is
fresh test solution flowing through the exposure chambers. Data from
laboratory studies must be interpreted with care when extrapolating
to natural environments^ since responses of fish to environmental
pollutants are affected by many other environmental factors Including
temperature, water hardness, salinity, oxygen and carbon dioxide
content, oxygen depletion, and pH (Clarke et al. 1970)* In general,
"cold-water" fish, such as trout and salmon, are often more sensitive
to herbicides and other pollutants than the "warm-water" fish, such
as carp and bass« Finally, it should be noted that laboratory
aquarium studies may not always show sublethal toxic effects, such as
impairment of chemical homing behavior in migratory fish which could
reduce their ability to reach spawning grounds*
Clarke et al. (1970) proposed that toxic substances with an LC50
for fish of less than 1 ppm for a 96-hour exposure should be

Table 2-1
Categories of Acute Toxicit^r

Toixiclty
Catego-ry

II

Inhalation LC50
Dust OT' Mist Gas or Vapor
(mg/llter)
(ppm)

Signal
Woxd

Oxal LD50

Danger
Poiisoiii

50' or
less

200' or
less

2 oT less

2O1O' or less

Irrewersible co^reeal
opacity at 7 days»

Severe irritation
or damage at 72 hours»

Warning

50' through
500

200i through
2,000

2 through
20

20f) through
2,000'

Coixneal opacity reversible within 7 days, or
irr 1 tatlo'O persisting

Moderate irritatlo^n
at 72 ho'urs*

(mgV'kg)

Dermal LD5()
(mg/kg)

Eye Effect

Skin Irritation

fOit 7 days.

III

Caution

500' thro^ugh
5„0€0

2,000 through
20,,000

IV

Caution

5,0001 O'F
greater

20,0'€0 or
greater

20' through
200

200 or
greater

2,000 through
20,000

No corneal opacity,
irritation reversible
within 7 days»

Mild 01: slight irritation at 72 hours.

20,000 OT
greater

No^ IrritatiO'E»

No' irritation at
72 hours»

Adapted from U.S. Envlro^nmental Pro^tectloo, Ag,ency toxicology guidelines, summarized In Ashton 1982,

Table 2-2
Toxicity Rating Chart for Acute Oral Doses in Man

Toxicity
Rating

Classification

LD50
(mg/kg)

Probable Lethal Oral Dose
for Average Adult Human

1

Super toxic

Less than 5

A taste (less than 7 drops)

2

Extremely toxic

5 to 49

7 drops to 1 teaspoonful

3

Very toxic

50 to 499

1 teaspoonful to 1 ounce

4

Moderately toxic

500 to 4,999

1 ounce to 1 pint (1 pound)

5

Slightly toxic

5,000 to 14,999

1 pint to 1 quart

6

Practically
nontoxic

15,000 and above

More than 1 quart

Adapted from Heikes 1967; Hodge and Sterner 1949; Klaasen and Doull 1980;
and Loomls 1978.
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considered "dangerous" (or highly toxic). Similarly, substances with
an LC50 between 1 and 10 ppm should be considered "harmful" (toxic)
and those with an LCCQ above 10 ppm should be considered "slightly
toxic." The toxlclty of chemical substances to fish varies widely
with substance, fish species and age, and environoaental variables.
Table 2-3 illustrates the range of toxicities of various substances
to young rainbow trout when tested in water at 50 to 55.4°F.
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Table 2-3
Comparative Acute Toxiclties of
Selected Substances to Rainbow Trout^

Substance

Principal Use

96-Hour LC5Q

95% Confidence Limits
Î ■nTl!Ii )

\ FF"^'

Acepbate
Flre-trol 931
Ureabor
Glyphosate
Simazlûe
Mirex
Propham
Amimocarb

Insecticide
Fire Retardant
Herbicide
Herbicide
Herbicide
Insecticide
Herbicide
Insecticide

Diuron
Vemolate
Alachlor
Feaitrothion
Carbaryl

Herbicide
Herbicide
Herbicide
Insecticide
Insecticide

4.9
4,3
2.4
2.4

Coumaphos
Benomyl

Insecticide
Fungicide
Insecticide
Insecticide
Herbicide
Insecticide
Insecticide
Insecticide
Insecticide
Picicide

0,89
0.17
0.07
0.042
0.041
0.032
0.027
0.011
0.0087
0.000012

DDD
Chlordane
Trifluralin

DDE
Lindane
Toxaphene

DDT
Antimycin â

1,100

940
640
130
100
100
38
13.5

1.95

775-1,561
796-1,110
387-1.057
108-156
not given
not given
34-43
11,3-16.2
4,1-5.9
3.9-4.7
1.8-3.1
2.0-2.9
1,45-2.63
0,65-1.15
0.12-0.23
0.057-0,087
0.037-0.048
0.026-0.062
0.026-0.040
0.020-0.036
0.079-0.013
0.0068-0.0114
0.000007-0.000023

^ata from 0.8 to 1.5 gram fish tested at 50 to 55,4°F (10 to I3°C)
using technical material containing from 93 to 100% active ingredient.
Source:

Johnson and Finley 1980.
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3.0

Fate and Transport of Pesticides

In natural environments^ pesticides are transported through
various environmental compartments, stored^ and/or degraded or
otherwise inactivated by a variety of biological, physical, and
chemical mechanisms. The fate and transport of any pesticide depends
upon the physical and chemical properties of both the pesticide and
the environment.
The ability of a pesticide to be transported within the environment depends primarily upon its vapor pressure^ its solubility in
water5 and its adsorption to soil particles. Pesticides with high
vapor pressures are volatile and are very mobile in the gaseous
state« Unless techniques such as soil incorporation are used during
application, such pesticides are readily transported through air.
Highly water soluble pesticides, that are not otherwise bound to soil
particles, can be carried into waterbodies such as rivers and streams
by overland runoff following precipitation or as a result of leaching
by underground water. Pesticides that are strongly adsorbed onto soil
particles are not readily transported, nor are they readily available
for uptake by biological organisms, in many instances*
Some pesticides tend to accumulate in animals and/or plants,
while others do not. Highly toxic chemicals that bioaccumulate
present a greater degree of potential harm to animals that eat the
affected plants and/or prey species than chemicals that do not
bioaccumulate•
Finally, pesticides may be degraded in soil and water by
biological, physical, and chemical processes. Pesticides are subject
to biodégradation, metabolic detoxification and decomposition by
organisms, or to photodegradation. Many are degraded, to varying
degrees, by light.
Each of the individual Herbicide Background Statements addresses
environmental fate and transport of the subject herbicide in terms of
bioaccumulation and metabolism in plants and animals, behavior in
soils, and behavior in aquatic environments. Available experimental
data obtained from animal bioaccumulation and metabolism studies are
summarized in the text and presented in more detail in Appendix F in
each of the individual Herbicide Background Statements. Behavior of
each herbicide in soil is discussed in terms of persistence, mobility,
adsorption, chemical and microbial degradation, and volatilization.
Behavior in water is similarly discussed in terms of persistence,
mobility, and degradation.
3.1

Bioaccumulation and Metabolism

An understanding of the ultimate fate and transport of chemicals
in the environment can only be reached with some knowledge of how
15

readily these chemicals accumulate in living organisms as well as how
readily they are metabolized or eliminated from plants and animals.
Such information is important for toKic substances that tend to
bioaccumulate in food-chain organisms as well as for substances that
are metabolized in plants or animals to toKic metabolites.
The degree to which a chemical substance is accumulated by
biological systems depends upon a variety of factors^ including
solubility in organic solvents, solubility in water5 rate of excretion
by organisms, and rate of metabolism into toxic or nontoxic products.
Solubility of the chemical substance in organic solvents influences
its ability to pass through cell walls^ mucus membranes, cuticle5
and/or other surfaces of an organism and to remain in cellular or
interstitial fluids. The solubility of substances in water influence
the degree to which they are available for uptake by aquatic
organisms• Animals accumulate toxic chemical substances by eating
food containing a body burden of such substances» Accumulation of
toxic substances in such organisms is Influenced to a large extent by
the amount of substance in the food organismsj as well as the degree
to which such substances tend to be stored in tissues rather than be
excreted or metabolized.
Weber (1977) compared bioaccumulation for a wide variety of
pesticides^ ranging from a factor in oysters of 70^000 for DDT to 0
for carbaryl (also in oysters). For comparative purposes, Weber
proposed a classification of pesticides based on bioaccumulâtion5
presented in Table 3-1.
Many organisms metabolize pesticides, either into other toxic
substances^ nontoxic materials that are storedj nontoxic materials
that are used for normal metabolic purposes, or materials that are
readily excreted by the organism. These metabolic processes are
generally collectively referred to as biotransformations.
3.2

Soil

The behavior of a chemical substance in soil is determined by a
number of properties relating to both the chemical and the soil
environment. Properties of the chemical include water solubility^
adsorption onto soil particles, chemical degradation^ degradation by
soil organisms5 and volatility. Environmental properties include
precipitation levels as well as soil type^ organic matter content,
temperature, and pH* Chemical substances that are highly soluble in
water tend to be readily leached from soil, particularly if there are
large amounts of precipitation and/or the chemical does not tend to
adsorb readily to soil particles.

16

Table 3-1
Classification of Pesticides Based
on Bioaccumulation Factor

Classification

Bioaccumulation
Factor^

Characteristics

Nonaccumulative

10 or less

Pesticides readily
decreases when organism
is removed from
exposure.

Slightly
accumulative

60 to 700

Pesticide is only
gradually lost when
organism is removed
from exposures or
pesticide is degraded
by the organism.

Moderately
accumulative

700 to 8,000

Pesticide is only
gradually lost when
organism is removed
from exposure, or
pesticide is slowly
degraded by the
organism.

Highly
accumulative

8,000 or more

Pesticide is not lost
when organism is
removed from exposure,
or pesticide is not
significantly degraded
by the organism*

^Bioaccumulation factor is the ratio of the concentration of
chemical substance in tissues of an organism to the concentration in
the environment a A bioaccumulation factor of 1 indicates the same
concentration in both organism and environment.
Source t Adapted from Weber 1977
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Adsorption of chemical substances to soil particles depends on a
number of factors. Chemical substances tend to adsorb more readily to
soils with higher organic matter content than to soils with low
content of organic material. Adsorption rates decrease with
increasing temperatures and increased soil moisture content. Soil pH
has a strong influence on adsorption of chemical substances* The
processes of adsorption of pesticides on soil have been reviewed in
detail by Hamaker and Thompson (1972),
Chemical substances in soil are subject to degradation by
chemical and biological means/as well as to movement by diffusion,
dissolution, or vaporization. Chemical degradation may occur by
photolysis if the substance is exposed to light at wavelengths causing
its photodegradation. Many soil microorganisms are capable of
metabolizing a wide variety of chemical substances and^ in soils with
environmental conditions fostering microbial growth, biological
degradation is an important means by which substances are removed from
the soil. Volatile substances are capable of moving through the soil
by diffusion and of vaporizing into the atmosphere. Finally, chemical
substances that are soluble in water are leached into deeper soil
zones or carried by overland flow into adjacent waterbodies*
3,3

Water

The behavior of chemical substances in water is influenced by the
same factors of water solubility, adsorption onto sediment, chemical
and microbial degradation, and environmental conditions that influence
their behavior in soils (Norris et al. 1983), Chemical substances,
particularly agricultural chemicals such as pesticides, can enter
aquatic systems in various ways, including direct application to
surface waters, drift from spray operations close to surface
waterbodies, mobilization of residues in ephemeral stream channels,
overland flow, and leaching. The relative contribution of chemicals
to waterbodies by any of these routes results from an interaction of
the properties of the chemical and specific environmental factors.
Generally, chemical substances that enter waterbodies are rapidly
diluted, either by the large relative volumes of water in lakes and
ponds, or by the addition of stream and overland flow in stream
systems.
For the most part, chemical substances used in forest management
applications rarely reach high concentrations in aquatic systems. The
substances are rapidly diluted, are adsorbed onto sediments, or are
metabolized or bioaccumulated by aquatic organisms.
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4.O

Assessment of Hazards

Toxlcity Is an inherent property of herbicides, which are
designed to kill living organismsj specifically vegetation. However,
misuse of herbicides may also cause adverse effects on nontarget
organisms, such as humans and other animals. Consequently, it is
Important to assess the potential hazard that could be incurred
following exposure of these nontarget organisms to specific
herbicides.
Proper evaluation of the hazards associated with each herbicide
requires data on the toxicity of the compounds and on the level of
exposure to the compounds* In practice, the toxicity of the herbicides is assessed through controlled laboratory tests, which are
conducted to determine the quantity of herbicides required to produce
specific toxic effects. Laboratory data can then be compared to
human exposures estimated for USDA Forest Service uses to indicate if
actual use practices for a particular herbicide are likely to result
in adverse effects to man or the environment.
The toxicity of noncarcinogens is assessed in terms of the no
observable effect level (NOEL)^ while the toxicity of carcinogens is
assessed in terms of potency. NOEL's are not used to assess the
toxicity of carcinogens since there is evidence that there is no
finite dose, or threshold, of a carcinogen that is without potential
harmful effect. In the absence of a scientific consensus concerning
thresholds for carcinogens, regulatory considerations adopt the
conservative assumption that such thresholds do not exist.
The quantities of herbicides required to produce toxic effects
are measured either in terms of the level of exposure or in terms of
dose. Theoretically, dose is the actual quantity absorbed by the
test animal. In actual practice with oral studies, it is generally
assumed that the amount of material administered to the animal is the
amount absorbed. Thus, in oral studies, the administered quantity is
usually expressed as the dose. Rarely, except in metabolism studies,
is the actual amount of absorption quantified.
Although the assessment of hazards is simple in principle, the
necessary data are not easy to obtain, especially with regard to
exposures or absorbed quantities. Actual exposure in the field is
difficult to asgess since application procedures vary widely, environmental and climatological conditions differ between sites» and very
few studies have been conducted to determine the actual levels of
exposure resulting from on-site applications of herbicides.
Similarly, few studies have been conducted to determine absorbed
quantities. However, based on a few exposure studies conducted
during application, absorption quantities can be estimated as a
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percentage of the exposure level. In preparing the individual
Herbicide Background Statements, a number of these estimates or
assumptions have been made. The general and specific assumptions
used to calculate exposures are described below in detail, and are
used in each Herbicide Background Statement.
4,1

General Assumptions

It is USDA Forest Service policy to use only those pesticides
registered by the Environmental Protection Agency. It is assumed
throughout the Herbicide Background Statements that this policy is
followed. Assessments of hazards associated with nonlabelled uses or
application rates were not considered.
The organisms considered for hazard assessment in the Herbicide
Background Statements include (at a minimum) humans, deer, rabbits,
and fish. Deer represent a valuable environmental and recreational
resource. Rabbits represent a worst case for exposure due to their
relatively high ratio of surface area to body weight and their
relatively small size, which results in a proportionately higher food
intake compared to larger mammals. Fish were considered because
herbicides can contaminate recreational waterse Hazard assessments
for all organisms, with the exception of herbicide applicators
(occupational)^ were conducted using estimated exposure data
according to the methodology described in Sections 4,2.2.
Organisms may be exposed to herbicides by dermal means (skin
contact), by inhalation (breathing), and by ingestion (eating or
drinking). These three routes of exposure include virtually all
exposure situations. Fish may be considered to be exposed by
immersion (a combination of the routes).
The hazard assessments in the Individual Herbicide Background
Statements consider occupational doses and environmental exposures.
Occupational doses, which refer to the dose incurred by workers
during herbicide application^ were used for the basis of worker
hazard assessment because of the availability of experimental data on
doses incurred by phenoxy herbicide applicators. Specific
assumptions Involved in calculating occupational doses are given in
Section 4.2,1. Environmental exposures estimated for nonoccupational hazard assessments are used to permit comparisons with
toxicological data based on known exposure levels. Environmental
exposures refer to those exposures incurred directly by persons
entering a forest after application operations have ceased^ as well
as those incurred indirectly by persons who consume animals and
vegetation indigenous to the sprayed forest. Exposures incurred by
representative animals (deer, rabbits, and fish) are also considered
as environmental exposures for the purposes of these analyses,
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Environmental exposures to humans from ingestion of contaminated
material were calculated using explicitly stated assumptions for each
route of exposure. No attempt is made to convert these exposure
values to doses (actual absorption), since the laboratory toxicity
data used for comparison are based on exposure levels rather than
dose. However, in the case of oral ingestion of animal and plant
material by humans, it is necessary to derive animal and plant tissue
concentrations of the herbicides so that human exposure levels from
such ingestion can subsequently be calculated. Calculations were
based on a 50 kg person.
Occupational doses and environmental exposures are assumed to be
directly related to application rate for any given herbicide. Thus,
if the application rate is doubled, the occupational dose and
environmental exposures are also expected to double. Within each
Herbicide Background Statement, maximum reasonable occupational doses
and environmental exposures are calculated. These calculations are
based upon actual Forest Service application rates multiplied by
occupational dose and environmental exposure factors based on a 1 lb
a.e. or a.1./acre application rate. These dose and exposure factors,
and the detailed assumptions involved in their derivation, are
presented in Section 4.2 below.
It should be noted that the calculations that follow in Section
4.2 of this General Introduction^ as well as the calculations in
Section 4 of each of the individual Herbicide Background Statements,
were based on available information from various sources. The
precision of measurement in the original data or estimates varied.
However, to generate comparative data regarding occupational doses
and environmental exposures, assumptions and mathematical operations
were applied consistently for each chemical, but this resulted in
indicated degrees of accuracy and precision unwarranted by the
original data. For example, application data were measured to the
nearest 0,1 lb a.i./acre. Estimates such as herbicide concentrations
in mushrooms, on the other hand, were 1 percent of 5 ppm. This
resulted in estimates at the 0.01 ppm level, which were further
manipulated to estimate human exposure at the 0.0001 ppm level per
pound applied per acre. Although human exposure was not actually
measured to the nearest ten-thousandth ppm, the calculation is useful
in indicating the approximate level of expected exposure. Similarly,
calculated exposure levels of 0.005 mg/kg and 0.0002 mg/kg for two
particular compounds may not be indicative of differences in actual
measurement precision, but rather may result from the mathematical
operations conducted. No attempts were made to round down such
values, since it was important to discern the relative differences
between all means of exposure.
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4,2

Specific Assumptions
4.2.1

Occupational Doses

Occupational exposures or doses incurred by workers during
application of most of the herbicides reviewed in the individual
Herbicide Background Statements have not been reported in the
literature. Lavy and coworkers (Lavy 1978, 1980; and Lavy et al.
1983) have attempted to quantify occupational exposures and absorbed
doses of several herbicides (primarily 2,4-D and 2,4,5-T) based on
urinary output, sampling of air, and deposition on patches. Results
of these studies indicated that, although workers were exposed to
herbicides, the levels of exposure were below any amounts that
produce toxic effects in laboratory animal studies. The major route
of exposure was dermal. Lavey (1980) estimated average 2,4-D doses
ranging from 0.00049 mg/kg body weight for observers to 0.0198 mg/kg
body weight for pilots and mixer/loaders during application at 2 lb
a.e./acre with ordinary safety precautions.
These doses were
significantly reduced when special precautions, such as disposable
clothing and stringent hygienic practices, were employed. For
2,4,5-T, Lavey (1978) found average absorbed doses of 0,002 mg/kg
body weight in flagmen and 0,045 mg/kg body weight in mist-blower
operators at an application rate of 2 IB a.e,/acre and an average
absorbed dose of 0.063 mg/kg body weight in backpack applicators at
an application rate of 1.6 lb a.e,/acre.
In the individual hazard assessments, occupational doses are
considered for three worker categories: mixer/loaders; observers;
and backpack sprayers. For mixer/loaders and backpack sprayers,
maximum reasonable occupational doses were derived from urinary
output studies with workers based on normal procedures and work
clothes. For observers, estimates of maximum reasonable occupational
doses were based on assumptions of exposure and dermal absorption to
account for the possibility that an observer may accidentally be
overflown by an aerial spray craft. In the absence of comparable
data on occupational doses, by worker category, for all of the
herbicides of concern, occupational doses derived for phenoxy
herbicides (2,4-D and 2,4,5-T) were assumed to be reasonable
surrogates for assessing hazards from application of other
herbicides. Determination of occupational doses, based on an
application rate of 1 lb a.e. or a.i./acre for each of the three
worker categories was derived as follows:
Mixer/loader. Urine analysis with 2,4-D indicated an
occupational dose of 0.0198 mg/kg In mixer/loaders in a study
using ESTERONS 99 (4 lb a.e. 2,4-D/gallon concentrate) applied
at 2 lb a*e./acre under normal operating procedures (Lavy
1980). Doses of 0.1 mg/kg body weight were reported in a
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mixer/loader during l^^^S-T application (Lavy et al. 1980 in
U.S. Department of the Interior 1983 and Lavy 1978).
For the hazard assessments in the individual Herbicide
Background Statements, a dose of 0.1 mg/kg body weight/day was
assumed for mixer/loaders based on the maximum value reported by
Lavy and his coworkers. Since the mixer/loaders handle
concentrated formulations, this dose level was assumed to be
independent of application rate, and was therefore constant for
all the herbicides unless data, such as increased rates of
dermal absorption, indicate otherwise.
Observer. Based on urine analysis during 2,4--D application,
Lavy (1980) estimated average occupational doses of 0.00231
mg/kg and 0.00049 mg/kg for supervisors and observers,
respectively, at an application rate of 2 lb a*e./acre. In a
similar study with 2,4,5"T, he estimated an average dose for
flagmen to be 0,0777 mg/kg with an application rate of 2 lb
a.e./acre.
Since accidental direct exposure of observers is possible as
part of a maximum reasonable exposure scenario, an occupational
dose based on theoretical calculations was derived that is
higher, and thus more conservative, that the values derived by
Lavy (1978 and 1980). It was assumed that a 50 kg observer
receives one direct exposure per day, that the area of exposed
skin is 2 ft^, and that the dermal absorption rate of the
herbicide is 10 percent. (Feldmann and Maibach [1974] reported
a dermal absorption rate of 5.8 percent for 2,4~D.) Thus, for
every pound of active ingredient applied per acre, approximately
10 mg will be deposited on each square foot of surface area
(454 g/lb X 1000 mg/g x 1 lb/acre x 1 acre/43,560 ft^). This is
a conservative estimate, since the exposed body surface is
neither flat nor exposed horizontally to the falling herbicide
deposit• Consequently, the theoretical-maximum reasonable dose
for the observer is 0.04 mg/kg/day (10 mg/ft^ x 0.1 x 2 ft^/man x
man/50 kg) for each pound of herbicide applied per acre.
Backpack Sprayer. Based on urine analysis during 2,4,5~T
application in the fall in south central Arkansas, Lavy (1978)
estimated an average absorbed dose of 0.063 mg/kg for backpack
sprayers at an application rate of 1.6 lb a.e./acre. This
dosage is equivalent to 0.04 mg/kg per 1 lb a.e, applied per
acre.
In summary, the occupational doses assumed for the Herbicide
Background Statements were as follows:
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Mixers/loaders

- 0.1 mg/kg/day, Independent of application
rate

Observers

- 0.04 mg/kg/day for each pound a.i.
applied/acre

Backpack sprayers - 0.04 mg/kg/day for each pound a»l.
applied/acre
4,2,2

Environmental Exposures

Environmental exposures to herbicides in humans and other
animals occur through all major routes of exposure. Such exposures
result from spray drift, runoff, and accumulated concentrations of
herbicides in water, vegetation, and meat. Exposure decreases with
time after application due to degradation and/or loss by transport or
dilution of herbicide. Environmental exposures to herbicides are
discussed in the Herbicide Background Statements in terms of route
of exposure. Calculations were made for the organisms of concern
for each route of exposure^ where appropriate, based on available
data and/or reasonable assumptions regarding application practices
and organism behavior.
Visitors to the forest, or persons downwind of the application
site, may be exposed to herbicides by dermal contact, inhalation, or
ingestion. However» dermal and Inhalation exposures of nonapplicators were considered to be low relative to those experienced
by applicators. For example, a casual visitor to spray units would
receive a dermal exposure much lower than that of workers involved in
application of the herbicide. Consequently, occupational exposures
to the herbicides were considered to be a maximum reasonable
exposure, and direct environmental exposures to humans by dermal
contact and inhalation were not considered further. However, since
any human may eat vegetation, wildlife, or fish that may contain
herbicide residues, direct environmental exposure from ingestion was
considered. Consequently, all routes of exposure were considered for
animals that may be eaten by humans.
Calculations of environmental exposures that would result from
spray drift outside of the target area, such as drift into
waterbodies or onto vegetation that may be eaten by humans, require
consideration of spray drift. For herbicides applied aerially in a
5 mph wind, concentrations of spray drift 100 feet downwind are
approximately 1 percent of tjiose onsite (U.S. Department of the
Interior 1983).
Dermal
Dermal exposure to herbicides for an animal in the spray zone is
a function of the deposition rate on the animal, of the surface area
24

contacted by the deposited spray, and of the actual amount of
dislodgeable residues that actually penetrate the pelage and thus
contact the skin surface. Smaller animals represent a proportionately
larger surface area per unit weights Therefore, rabbits represent
game mammals with a relatively high potential exposure on a per unit
weight basis compared to deer«
Actual exposures are difficult to estimate. For example, forest
characteristics and animal behavior may affect deposition rate or
contact area. Specifically, herbicide deposits on the forest floor
were estimated at approximately one-third of the overstory canopy
deposit (Newton and Dost 1981), or 35 mg/m^ at 1 lb/acre application,
since aerially applied sprays are partially intercepted by overstory
foliage. In addition, aircraft overflights normally frighten game
into seeking cover. Rabbits will likely seek their burrows. It is
not anticipated that deer will run into open-area spray clouds, but
will move away from spray craft or into covered areas. Since such
events cannot be assumed to prevent all exposure, conservative
assumptions were made.
For dermal exposures, the following assumptions were made:
-

deer were estimated to weigh 80 kg and have 2.3 m^ surface
area;

-

rabbits were estimated to weigh 2.0 kg and have 0,23 m^
surface area;

-

the total body surface of the animal is equally exposed to
spray, either from direct deposit or contact with treated
foliage as the animal walks through it; and

-

10 percent of the deposited spray actually penetrates the
pelage resulting in dermal exposure.

The estimated dermal exposure to deer is 0.101 mg/kg (35 mg/m^ x
2.3 m^/deer x deer/80 kg x 10 percent) for each pound of active
ingredient applied per acre. The estimated dermal exposure to
rabbits is 0.403 mg/kg (35 mg/m2 x 0.23 m^/rabbit x rabbit/2 kg x
10 percent) for each pound of active ingredient applied per acre.
Deer dermal exposure
- 0.101 mg/kg
Rabbit dermal exposure - 0.403 mg/kg

1 for each pound a.i.
j applied per acre

Inhalation
Environmental inhalation exposures of animals in the spray target
area would occur on a one-time basis and would be limited to a time
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measured In minutes. Exposure would result from Inhalation of spray
droplets of respirable size as well as from herbicide vapor for those
substances with a high vapor pressure. Exposure by this route is
expected to be of such short duration that It can be neglected.
Immersion
Exposure to fish was based on the assumptions that a 100-foot
buffer zone would be maintained adjacent to streams and ponds during
herbicide application and that the minimum average water depth would
be 6 inches. Using the assumed buffer zone, the downwind con^
centration of herbicide applied in a 5 mph wind would be approximately 1 percent of the on-target concentration (U.S. Department of
the Interior 1983). Thus, for each pound of active ingredient
applied per acre, the concentration 100 feet from the target site
would be 0,1 mg/ft^. For a waterbody with a depth of 6 inches^ the
resulting concentration would be 0.2 mg/ft^, or 7.067 mg/m^^ for
every pound of active Ingredient applied per acre* This is equivalent to a concentration of 0.007 ppm (7.067 mg/m^ x m^ water/10^ mg
water) for every pound of active Ingredient applied per acre. To be
conservative, this figure was rounded upward and exposure to fish was
assumed to be 0.01 ppm per lb a.i. applied per acre. This estimate
does not include the presence of residues that may reach waterbodies
via runoff. However, the estimated concentration of 0.01 ppm for 1 lb
a.i. applied per acre is higher than that of 99 percent of sampled
streams following actual upstream phenoxy herbicide application
(Neisess 1983).
Oral
Humans and other animals may be exposed to herbicides through
oral Ingestion of contaminated materials. Animals may Ingest plant
material and water and may also be exposed because of grooming or fur
licking. Humans may ingest vegetation (e.g., berries and mushrooms),
game, fish, and water. Since herbicides are usually rapidly degraded
or, if not degraded, translocated to often inedible plant parts,
exposure by ingestion of plants in humans and other animals will be
only a short-lived phenomenon. Similarly, exposure by ingestion of
game, fish, and water will also be short-lived, as will animal
exposure due to licking of fur.
Oral exposure of animals to aerially applied pesticides due to
Ingestion of water was not considered in the background statements,
since estimated water contamination, as calculated, would amount to
0.01 ppm per lb a.i. applied per acre for 6-inch deep watercourses.
This concentration would be less for deeper waterbodies and is
several orders of magnitude less than food'concentrations. Animals
may consume some amounts of herbicide if they lick dewfall from
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foliage that has recently been sprayed; howeverj such exposure due to
ingestion has not been adequately quantified in field studies. In
addition^ oral exposure due to ingestion of herbicide by licking of
fur has not been quantified in field or laboratory studies*
Animal exposures due to Ingestion of contaminated plant material
were calculated separately for deer and rabbits due to differences in
browsing patterns in these animals. It was assumed that deer browse
at forest edges where foliage is maximally exposed to herbicides
following aerial sprayings whereas rabbits were assumed to eat
foliage that is at least partially protected from deposition by
overstory vegetation. Throughout the background statementsi the
application rate that was greatest (i*e., either aerial or ground)
was used to show worst-case situations. Absent specific data, it was
assumed that exposure would last 2 days.
Deer exposure calculations assume the following:
^

post-spray concentration of herbicide in browse would be, as
a maximum reasonable case, 100 ppm per lb of herbicide
applied per acre (Newton and Dost 1981) and

-

a typical deer weighs 180 lbs (80 kg) and eats 2.5 lb
(1.15 kg) field weight foliage per day (Moen 1973)

Thus s daily exposure for deer due to ingestion of herbicides would be
1.44 mg/kg (100 mg/kg x 1.15 mg/deer x deer/SO kg) for each pound of
active ingredient applied per acre.
Rabbit exposure calculations assume the following:
-

herbicide concentrations in food foliage would be 35 ppm
per lb of herbicide applied per acre (Newton and Dost 1981)
and
a typical rabbit weighs 2.0 kg, eats 60 grams of dry food
daily, and receives a dose of 0.03 mg/kg/day for each ppm in
food (Lehman 1959 and Table 5-2 of this introduction)

Thus s rabbits would have a daily exposure due to ingestion of
herbicides of 1,05 mg/kg (35 ppm x 0.03 mg/kg/day/ppm) for each pound
of active ingredient applied per acre.
Deer Oral Exposure
- 1«44 mg/kg
RaJbbit Oral Exposure - 1.05 mg/kg

1 for each pound a«i,
J applied per acre

Oral exposures to humans occur through ingestion of fish^ meat,
vegetation^ and water. The levels of exposure would be a function of
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herbicide concentration in the food or water as well as the quantity
of material consumed. Furthermore^ not all of the ingested material
would be assimilated once it is eaten by the human.
Estimates of oral exposure for human consumption of flsh^ which
are exposed through immersion^ have the following assumptions for a
maximum reasonable case:
streams and ponds containing fish will be protected from
aerial spray by a 100-foot buffer zone and will be at least
6 inches deepj
herbicide concentrations in water beyond the buffer zone are,
at a maximum^ 1 percent of on-target concentrations, or
0.01 ppm per pound of active ingredient applied per acre;
~

a bioconcentration factor of one exists unless specific data
to the contrary are available;
herbicide residues are evenly distributed in fish tissue
unless otherwise indicated by specific data;

-

fish with the highest tissue concentrations are most likely to
be in shallow streams and ponds and thus would be too small to
be edible; and

~

fish catch would be 1 kg per day for two days, with 50 percent
of the fish biomass eaten over a two-day interval.

Consequently^ concentrations in fish tissue were estimated to be
0.01 ppm, (0.01 ppm x 1), which is equivalent to 0.01 mg/kg, for each
pound âei, applied per acre. Human consumption of 0.5 kg of fish for
two days would result in an oral human exposure of 0.0002 mg/kg
(0.01 mg/kg X 0.5 kg/day/person x 2 days x person/50 kg).
Human exposure from eating fish - 0.0002 mg/kg for each pound
a.i. applied per acre.
Oral exposure estimates for human consumption of both deer and
rabbit meat make the following assumptions as a maximum reasonable
case :
-

deer and rabbit meat will come from game that may have been in
the target spray zone during herbicide application and that
may have eaten sprayed vegetation;
residues of herbicide in the meat result from both oral and
dermal exposure of the game, which in turn result from the
level of exposure of the game to the herbicide, assimilation
of the herbicide, and duration of exposure;
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-

assimilation by deer and rabbit is 10 percent of exposure for
both dermal and oral routes unless otherwise indicated by
specific data to the contrary;

-

herbicide residues would be evenly distributed in meat tissuej
unless otherwise indicated by specific data; and

-

maximum human daily consumption of game totals 0.5 kg per day
over a two--day interval.

Deer tissue concentrations were determined by combining the
maximum estimated doses resulting from dermal and oral exposures.
Since dermal exposures in deer were previously determined to be
0,101 mg/kg for each pound a.i. applied per acre, the dose resulting
from this exposure is estimated to be 0.01 mg/kg (0.101 mg/kg x 0.1),
Since dally oral exposures were previously determined to be 1.44 mg/kg
for each pound a.i. applied per acre, the dose resulting from this
exposure was estimated to be 0.288 mg/kg (1.44 mg/kg/day x 2 days x
0.1). Thus, total deer tissue concentration was the sum of the two
doses (0.01 mg/kg + 0.288 mg/kg).*
Total deer tissue concentration* - 0.298 mg/kg for every pound
a.i. applied per acre
Since it was assumed that a person would eat as much as 0.5 kg of
deer meat per day for two days, the human exposure resulting from
eating contaminated deer meat would be 0.006 mg/kg (0.298 mg/kg/day x
0.5 kg/day/person x person/50 kg x 2 days). It should be emphasized
that not all of the ingested material would be assimilated once it is
eaten by the human.
Human exposure from eating deer* - 0.006 mg/kg for each pound
a.i. applied per acre
Rabbit tissue concentrations were also determined by combining
the estimated doses resulting from dermal and oral exposures. Since
dermal exposures were previously determined to be 0.403 mg/kg for each
pound a.i. applied per acre, the dose resulting from this exposure is
estimated to be 0.04 mg/kg (0,403 mg/kg x 0.1). Since daily oral
exposures were determined to be 1.05 mg/kg for each pound a.i. applied
per acre, the dose resulting from this exposure was estimated to be
*These calculations assume that aerial application and ground
application rates are the same. When the rates differ, deer and
rabbit dermal doses are based on aerial application rates and the
oral doses based on the higher of the two application rates.
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0.21 mg/kg (1.05 mg/kg/day x 2 days x 0.1)« Thus total rabbit tissue
concentration Is the sum of the two doses (0.04 mg/kg + 0.21 mg/kg).*
Total rabbit tissue concentration* - 0.25 mg/kg for every pound
a.i. applied per acre
Since it was assumed that a person would eat as much as 0.5 kg of
rabbit meat per day for two days, the human exposure resulting from
eating contaminated rabbit meat would be 0.0005 mg/kg (0.25 mg/kg/day
X 0.5 kg/person x person/50 kg x 2 days). As with deer meat, it
should be emphasized that not all of the ingested material would be
assimilated once it is eaten by the human.
Human exposure from eating rabbit* - 0.005 mg/kg for each pound
a.l« applied per acre
Oral exposure estimates for human consumption of contaminated
water assume the following:
-

water sources adjacent to aerial spray zones will be protected
by a 100-foot buffer and will receive a maximum drift
deposition that is 1 percent that of the on-target deposition;

-

water sources will have a minimum average depth of 6 inches^
resulting in maximum herbicide concentrations of 0.01 ppm
(.01 mg/llter) at 1 lb/acre application;
human daily consumption of water is 2 liters;
contaminated water will be consumed for only one day; and
runoff into such waterbodies from precipitation events soon
after spray application may result in brief increases in
concentrations of herbicide: however, due to the transitory
nature of these events and the relatively small contribution
of drinking water to human exposure, runoff is unlikely to be
a significant contributing factor for exposure and thus need
not be considered in this analysis.

Thus^ the human exposure to herbicides contributed by drinking water
would be 0.0004 mg/kg (0.01 mg/liter x 2 liter/person/day x 1 day x
person/50 kg). As with game, it should be emphasized that not all of
the Ingested material would be assimilated by humans.

See previous page for footnote.
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Human exposure from drinking water - 0.0004 mg/kg for each pound
a.l. applied per acre
Oral ingestion of contaminated vegetation is considered in terms
of berries and mushrooms collected at least 100 feet off of the
target Eone^ where concentrations of herbicide on the plant material
would be a maximum of 1 percent of those directly deposited on plant
material within the target zone. Such an assumption assumes adequate
posting of spray buffers and ignores the intentional disregard of
such postings by forest visitors* The U,S, Department of the Interior
(1983) has assumed a maximum of 10 ppm (10 mg/kg) herbicide on
berries and 5 ppm (mg/kg) on mushrooms following aerial spray based
on actual maximum measured values of phenoxy herbicides of 7 ppm in
berries and 4.5 ppm in mushrooms. Specific data on spray and
measurement of residues in these studies are not available. However,
since reliable data on herbicide concentrations on berries and
mushrooms are not available^ these values are assumed in this
analysis. A maximum daily consumption of 0.5 kg (for one day) of
either berries or mushrooms was assumed. It was further assumed that
collection would take place at least 100 feet off of the target zone
where concentrations would be 1 percent of the on~target measurements , or 0.1 ppm (0,1 mg/kg) for berries and 0,05 ppm (0.05 mg/kg)
for mushrooms. Implied are the assumptions that spray buffers will
be adequately posted and that such posting will be obeyed by forest
visitors* Thus5 the human exposure to herbicides contributed by
contaminated vegetation would be 0.001 mg/kg (0.1 mg/kg x 0.5 kg/
person x person/50 kg) for berries and 0.0005 mg/kg (0.05 mg/kg x
0.5 kg/person x person/50 kg) for mushrooms. As with game and water,
it should be noted that not all of the ingested material would be
assimilated. In addition, much of the initially deposited material
would be dislodged during picking or rinsed during washing.
Human exposure from berries
- 0.0010 mg/kg 1 ^^r each pound a.i.
Human exposure from mushrooms - 0.00052 mg/kg Japplied per acre
4.2.3

Summary

The exposure and dose information calculated for animals and
humans is summarized below, and results from an application rate of one
pound a.i. applied per acre. An Increase in the application rate is
assumed to produce a proportionately higher number. All data are for
one days except for human ingestion of meat, which are for two days.
Occupational Doses
Mixers/loaders

- 0.1 mg/kg (independent of application
rate)

Observers
- 0.04 mg/kg l(per lb a.i. applied/acre)
Backpack sprayers - 0.04 mg/kgJ
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Environmental Exposures for Animals (per lb a«l* applied/acre)
Dermal

Rabbit - 0.404 mg/kg
Deer
- 0.101 mg/kg

Immersion

Fish

=- 0.01 ppm (water)

Oral

Rabbit - 1,05 mg/kg
Deer
- 1.44 mg/kg

Environmental Doses for Animals
Immersion

Fish

- 0,1 ppm (tissue)

Oral and Dermal

Deer
- 0,298 mg/kg*
Rabbit - 0.25 mg/kg*

Environmental Exposures for Humans (due to Ingestion)
Eating fish
Eating rabbit
Eating deer
Drinking water
Eating berries
Eating mushrooms

--

0.0002 mg/kg
0.005 mg/kg*
0.006 mg/kg*
0.0004 mg/kg
0.0010 mg/kg
0,00052 mg/kg

*These calculations assume that aerial application and ground
application rates are the same. When the rates differ^ deer and
rabbit dermal doses are based on aerial application rates and the
oral doses based on the higher of the two application rates,
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5.0

Conversion Factors

A number of useful conversion factors are listed in Table 5-1.
Ordinarily, to obtain the desired unit, one simply multiplies the
known unit by a conversion factor. However, this is not always the
case. For example, in a feeding study to convert parts per million
(ppm) of a toxicant in the diet to mg/kg/day, it is necessary to know
the weight of food consumed daily and the body weight of the animal
under test. Approximate relationships of ppm to mg/kg/day for a
variety of experimental animals are shown in Table 5-2. When the
actual values for body weight of the animal and the weight of food
consumed daily are known, then for 1 ppm in food the mg/kg/day is
obtained by the formulas
Grams Food Consumed/Day x 0.001 ^ mg/kg/day for 1 ppm
Body Weight in kg
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Table 5-1
Useful Conversions

Multiply

To Obtain

Gallon (U.SO

3.785

Liters

Gallon (U.S.)

0.833

Gallon (Imperial)

Gallon (Imperial)

1.201

Gallon (U.S.)

Gallon (Imperial)

4.80

Quarts

Gallon
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By

128.00

Fluid ounces

Gallon/acre

9.354

Liters/hectare

Hectares

2.471

Acres

Kilograms

2.205

Pounds

Kilograms/hectare

0.892

Pounds/acre

Kilometer

0.62

Miles

Liters/hectare

0,107

Gallons/acre

Miles

1.61

Kilometers

Ounces (fluid)

29.573

Milliliters

Ounces

28.35

Grams

Pounds

453.59

Grams

Pounds/gallon

0,12

Kilograms/liter

Pounds/acre

1.12

Kilograms/hectare

Table 5-2
approximate Relation of Parts Per Million in Diet to mg/kg/day

Animal

Weight in
Kilograms
0.02
0.40
0.10
0,40
0,75

Mouse
Chick
Young rat
Older rat
Guinea pig
Rabbit

2.0

1 ppm in Food
Equals in
mg/kg/day^

1 mg/kg/day
Equals in
ppm of Diet

3
50
10
20
30
60
250

0,150
0.125
0.100
0.050
0.040
0.030
0.025

7
8
10
20
25
33
40

100
250
750

20
20
13
40
25
67
33
50

Dry Food Consumed
Per Day in Grams

Dog

10.0

Cat

2
5
10
60

1 ,500

0.050
0.050
0.075
0.025

60
500
500
500

2 ,400
7 ,500
15 ,000
10 ,000

0.040
0.015
0.030
0.020

Monkey

Dog
Man
Pig or Sheep
Cattle, laaintenance
Cattle, fattening
Horse

a Grams Food Consumed/Day x 0,001

mg/kg/day for 1 ppm

Body Weight in Kg
Adapted from Lehman 1959.
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6*0

Glossary

A number of terms and definitions that will be used in
individual background statements are listed in Table 6-1.
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Table 6-1
Glossary
Acceptable Dally Intake (ADI)

The maximum dose of a substance
that is anticipated to be without
lifetime risk to humans when
taken daily.

Acid equivalent (a,e.)

The amount of active ingredient
expressed in terms of the parent
acid.

Active Ingredient (a,l.)

The agent primarily responsible
for the intended herbicidal
effects of a product.

Adjuvant

Substance added to a spray to act
as a wetting or spreading agent,
sticker, penetrant, or emulsifier
in order to enhance the physical
characteristics of the herbicidal
materials.

Adsorb

Adherence of a substance to a
surface.

Bioassay

Determination of the quantity of
a substance present by the use of
sensitive indicator organisms.

Carcinogen

Any cancer-producing substance.

Carrier

Material added to an active
ingredient to facilitate its
preparation, storage, shipment,
or use.

Chronic toxicity

The poisoning effects of a series
of small doses applied over a
long period.

Concentration

The amount of active ingredient
or herbicide equivalent in a
quantity of diluent, expressed as
lb/gal, ml/liter, etc.
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Table 6-1 (Continued)
Glossary

Congenital

Existing at birth but acquired in
the uterus rather than inherited.

Cytological aberration

A deviation from normal cell
structure or function,

Dose

A given quantity of test material
that is taken into the body;
quantity of material to be
administered.

Dust

A dry, finely ground carrier
material containing a pesticide
active ingredient; used without
further dilution.

Emulsifiable concentrate

A liquid formulation obtained by
dissolving the technical active
ingredient in a liquid solvent,
and adding one or more
emulsifiers, so that the
formulated pesticide can be
further diluted with water or oil
for spray application.

Exposure

Application of test material to
the external surfaces of a test
organisms; takes into
consideration route, duration,
and frequency^

Formulation

(1) A pesticide preparation
supplied by a manufacturer for
practical use.
(2) A manufacturing process by
which technical active
ingredients are prepared for
practical use by mixing with
liquid or dry diluents, grinding,
or by the addition of
emulsifiers, stabilizers, and
other adjuvants.
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Table 6-1 (Continued)
Glossary
Granular

á dry formulation of pesticide
active Ingredients mixed with or
coated onto inert carrier
material and other components in
discrete particles generally less
than 10 cubic millimeters in
size. The carrier materials may
be claysj sand, carbon, or ground
corn cobs.

Hazard

The potential that the use of a
pesticide would result in an
adverse effect on man or the
environment in a given situation.

Herbicide

A chemical used to control^
suppress, or kill plants, or to
severely interrupt their normal
growth processes.

Intubation

Oral administration of a
substance by means of a tube*

LC

Lethal concentratione

LC50

The median lethal concentration!
the concentration of toxicant
necessary to kill 50 percent of
the organisms being tested. It
is usually expressed in parts per
million (ppm).

LCioo

An LC which kills all of the test
organisms«

L%0

The median lethal dosai the size
of a single dose of a chemical
necessary to kill 50 percent of
the organisms in a specific test
situation* It is usually
expressed in the weight of the
chemical per unit of body weight
(mg/kg). It may be fed (oral
LD50), applied to the skin
(dermal LD^Q), or administered in
the form of vapors (inhalation
LD50).
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Table 6-1 (Continued)
Glossary

LEL

Lowest effect level. In a series
of dose levels tested^ it is the
lowest level at whidi an effect
is observed in the species tested.

MLD

Minimum lethal dose; the smallest
of several doses which kills one
of a group of test animals*

^tagenic

Capable of inducing a mutation.
An agent that tends to increase
the occurrence or extent of
mutation.

^fcltation

A new type of organism produced
as a result of a heritable change.

NOEL

In a series of dose levels
tested, it is the highest level
at which no effect is observed,
i.e., safe, in the species tested.
It is the No Observable Effect
Level

Nontarget vegetation

Vegetation which is not expected
or not planned to be affected by
the treatment.

Oncogenic (tumorigenic)

Capable of producing or inducing
tumors in animals. The tumors
may be either malignant
(cancerous) or benign
(non-cancerous)•

Organogénesis

The time period during embryonic
development
during which all major organs and
organ systems are formed. During
this period, the embryo is most
susceptible to factors
interfering with development.
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Table 6-1 (Continued)
Glossary
Pelleted formulation

à dry formulation of herbicide
and other components in discrete
particles5 usually larger than 10
cubic millimeters.

Persistent herbicide

A herbicide which^ when applied
at the recommended rate, will
harm susceptible crops planted in
normal rotation after harvesting
the treated crop^ or which
interferes with regrowth of
native vegetation in noncrop
sites for an extended period of
time.

Pesticide

Any substance or mixture of
substances intended for
controlling insects, rodents,
fungi, weeds, and other forms of
plants or animal life that are
considered to be pests.

Phloem

The living tissue in plants which
functions primarily to transport
metabolic compounds from the site
of synthesis to the site of use.

Photodegradation

A process of breaking down a
substance through reaction to
light.

Phytotoxlc

Injurious or lethal to plants.

Rate

The amount of active ingredient
or acid equivalent applied per
unit area or other treatment unit,

Residue

That quantity of herbicide, its
degradation products, and/or its
metabolites remaining on or in
the S0II5 plant parts^ animal
tissues, whole organisms, and
surfaces.
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Table 6-1 (Continued)
Glossary
Residual herbicide

A herbicide that
soil and injures
germinating weed
relatively short

persists in the
or kills
seedings^ over a
period of time.

Risk

The probability that a substance
will produce harm under specified
conditions.

Safety

The reciprocal of risk, i.e.^ the
probability that harm will not
occur under specified conditions*

Selective pesticide

A chemical that is more toxic to
some species than to others.

Soluble powder

Similar to a wettable powder,
except that the technical active
ingredient as well as the other
formulation components will
dissolve in water or othe^r liquid
for which the powder is
formulated,

Spot treatment

A herbicide applied over a small
continuous restricted area of a
whole unit; i^e., treatment of
spots or patches of brush within
a larger field,

STEL

Short--term exposure limits The
maximal allowable concentration,
or ceiling, not to be exceeded at
any time during a 15-minute
exposure period.

Surfactant

A material which favors or
Improves the emulsifying,
dispersing^ spreading, wetting,
or other surface modifying
properties of liquids.

Susceptibility

Capacity to be adversely affected
by pesticide treatment.
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Table 6-1 (Continued)
Glossary
Technical active ingredient

The active chemical alot^ with
unavoidable impurities remaining
from the manufacturing process.

Teratogen

Any substance capable of
producing structural
abnormalities of prenatal origin,
present at birth or manifested
shortly thereafter (the ability
to produce birth defects)*

nireshold

A dose or exposure below which
there is no apparent or
measurable adverse effect.

TLm (TL50)

Median tolerance limit; the
concentration of chemical in
water necessary to kill 50
percent of the test aquatic
organisms during a specific
exposure period« The TL^ is
usually expressed as parts per
million parts of water for 24,
48j 72s OT 96 hours of exposure.

TLV-TWA

Threshold limit value-time
weighted average.
The time-weighted average
concentration for a normal 8-hour
workday and a 40-hour work week,
to which nearly all workers may
be repeatedly exposed without
adverse effect•

Tolerance
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(1) Capacity to withstand
pesticide treatment without
adverse effects on normal growth
and function.

Table 6-1 (Continued)
Glossary
Tolerance (Concluded)

(2) The maximum residue
concentration legally allowed for
a specific pesticide, its
metabolites, or breakdown
products, in or on a particular
raw agricultural product,
processed food, or feed item.
Expressed as parts per million
(ppm)•

Toxicity

(1) The capacity or property of
a substance to cause any adverse
effects. It is based on
scientifically verifiable data
from animal or human exposure
tests.

Translocation

(2) That specific quantity of a
substance which may be expected,
under specific conditions, to do
damage to a specific living
organism.
Movement of a pesticide or other
substance within a plant via the
phloem or xylem.

TWA

The time-weighted average
concentration is the average
exposure concentration based on
the duration of exposure to
airborne concentration as it
varies during an 8-hour workday.

Weed control

The process of limiting weed
infestations or killii^ weeds for
aesthetic, economic, public
health, or other reasons.

Weed eradication

The elimination of all live parts
of plants and viable seeds of a
weed from a site.

Weed suppression

The process of retarding weed
growth.
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Table 6-1 (Concluded)
Glossary
Wetting agent

A substance which serves to
reduce Interfacial tensions and
causes spray solutions or
suspensions to make better
contact with treated surfaces.

Wettable powder

A finely ground, dry powder
formulation that can be readily
suspended in water for
application in spray equipment.

Xylem

The non-living tissue which
functions primarily to conduct
water and mineral nutrients from
the roots of plants.
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maintenance.

Detailed information on toxicology, environmental fate, and hazard
assessment can be found in the body of the Herbicide Background
Statement,
Toxicology
Amitrole is a herbicide of very low acute toxicity and is
generally nontoxic to a variety of nontarget organisms. Formulation
with ammonium thiocyanate to increase its systemic action also
increases its toxicity for several species. Studies with a variety
of freshwater, marine, and terrestrial invertebrates demonstrated low
acute toxicity (LC50 greater than 10 ppm) of amitrole. The acute
oral toxicity for fish ranges from an LC3Q of 10 ppm for amitrole
to 10,000 ppm for Cytrol Amitrol-T®. The LD50 is greater than
2,000 mg/kg body weight for various species of birds.
Amitrole shows only very low toxicity in mammals following
ingestion of single doses. The LD5o's range from 25,000 mg/kg for
rats to 14,700 mg/kg for mice. For Amitrol-T®, the acute LD50 in
rats is 5,000 mg/kg. Mice, cats, or dogs were unaffected when
amitrole was injected intravenously at dose levels of 1,600, 1,750,
and 1,200 mg/kg, respectively.
Amitrole poses no hazard from dermal exposure. A single dose
of 1,500 mg/kg applied to the skin of rats resulted in no signs of
toxicity. The dermal LD50 for Amizol® was 10,000 mg/kg in rabbits.
Eye irritation studies on experimental animals have not been
reported. Subchronic toxicity studies show that amitrole affects
primarily the thyroid gland resulting in adenomatous changes,
hyperplasia, or goiter formation in rodents.
Amitrole is considered to be nonmutagenic, or a weak mutagen at
best, since negative results were obtained in most of the mutagenicity
assay systems. However, amitrole appeared to damage DNA as evidenced
by the induction of unscheduled DNA synthesis in mammalian cells
in vitro. Amitrole is not teratogenic in rats. In a multigeneration
Am-3

reproduction study, pups bom to parents fed high doses (500 and
IgOOO ppm) of amitrole were runted and had atrophie thymuses and
spleens* There was no runting at lower dietary levels, although
hyperplasia of the thyroid was observed in all animals fed 100 ppm
amitrole or greater.
Amitrole has been sho^m to be carcinogenic in animals, with
induced tumors generally restricted to the thyroid gland in rats and
mice. Benign and maligimnt liver tumors have been observed in rats
and mice but no tumors were detected in dogs. An epidemiologic study
of railroad workers in Sweden suggests that amitrole may be
carcinogenic for man. However^ the causal relationship between
exposure to amitrole and tumor induction was unclear since workers
were exposed to amitrole alone or with a combination of pesticides.
Environmental Fate
Amitrole is taken up by plants through both leaves and roots and
is readily metabolized to a variety of compounds. In animals,
amitrole is rapidly absorbed and eliminated, primarily in the urine,
essentially as the parent compound but with small amounts of
metabolites. It does not bioaccumulate in animals.
Amitrole has a very short persistence in soil (1 month or less)
and is adsorbed to soil colloids. Although amitrole is biodegraded
by organisms, it is primarily lost from soil by oxidation. In water,
it tends to adsorb to sediments and is degraded by algae.
Exposure and Hazard
Estimated occupational and environmental exposures to amitrole
from normal use are below those levels that would be expected to have
acute or chronic toxic effects or reproductive effects. Although
there is evidence that amitrole is carcinogenic in animals^ there are
insufficient epidemiological data concerning its carcinogenicity in
humans. For forestry applications^ the extremely small exposures and
their short durations are considerably less than those that have
caused toxicity and carcinogenicity in laboratory animals.

Am-4

1.0

General Information

Ámitrole (also known as aminotriazole and by the major trade
names* Amitrol-T®, Cytrol Amitrole-T® Weedazol®, Mino Triazole
Weedkiller 90®, Herbizole®, AmiEol®^ Fenamine®^ Fenavar®, and
Kleer-Loti^ is a nonselective systemic herbicide originally patented
in 1954 as a herbicide and plant growth regulator (Carter 1975 and
Meister Publishing Company 1981). Studies reviewed by Carter (1975)
indicate that amitrole affects a variety of biochemical processes in
plants5 including inhibition of amino acid and protein metabolism^
interference with nucleotide and nucleic acid metabolism, and disruption of plastid development. In addition^ amitrole is readily
absorbed by both leaves and roots and is rapidly translocated up and
down plant stems by xylem and phloem. Amitrole accumulates at the
sites of new growth where its herbicidal effectiveness is increased
(Carter 1975).
1.1

Normal Use Patterns

Amitrole was originally used for weed control around crops such
as alfalfa5 apples, clover, grains, grapes, legumes, pears, peas, and
soybeans, as well as for weed control along fences, ditchbanks and
highways. A^itrol-T®, a formulation of equal amounts of amitrole and
anunonium thiocyanate, has been used for noncropland weed management
and to control aquatic weeds such as water hyacinth (International
Agency for Research on Cancer 1974). In 1959, however, amitrole was
reported to induce thyroid tumors in rats and amitrole residues were
found in marketed cranberries. Consequently, certain lots of cran-berries and cranberry products from the 1958 and 1959 crops were
withdrawn from the market and, in 1971, all registered uses of
amitrole on food crops were canceled (House et al. 1967 in
International Agency for Research on Cancer 1974 and Carter 1975).
Amitrole is used in forestry applications for conifer release,
general weed control, poisonous plant control, range improvement, and
rights~of-way maintenance. Data on the use of amitrole by the USDA
Forest Service are presented in Table 1-1. Application rates for
these uses range from an average of 1.7 lbs a.i. (active ingredient)
per acre (1.9 kg/ha) for broadcast applications in general weed
control to an average of 3.8 lb a.i./acre (4.6 kg/ha) for
rights-of~way maintenance (Gross 1983). According to product
literature summarized by the Weed Science Society of America (1979)^
amitrole is usually applied at rates of 2 to 10 lb a.i. per acre (2^2
to 11.2 kg/ha).
*Trade names are used only to provide information and do not imply
product endorsement.
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Table 1-1
USDA P3rest Service Amitrole Use

Active Ingredient Per Acre (lbs)
Purpose

Average

Acres
Treated

1.8

1.8

482

Liquid

Helicopter

0.4 - 3,0'
1.7
1.1 - 2.2
2.0^
0.9 - 5.5

2-3

119
60
73
10
243

Liquid
Liquid
Liquid
Liquid
Liquid

Individual plant
Broadcast
Individual plant
Broadcast
Individual plant
and Broadcast

505

Liquid

Ground foliar

Range

Formulation

Application
Method

Aerial
Conifer release
Ground
Conifer release
General weed control
Poisonous plant control
Range improvement
Right-O'f-way

K7
1,9
2«0
3.,8

■

Ground (14 projects)
Noxious Weeds, Range,
Recreation, Wildlife
Timber
Source:

Gross 1983'.

0.5 - 4.7

iq«*^

2.9

Amitrole is marketed in the United States under a variety of
trade names (Table 1-2)« It is also formulated with various other
herbicides. In general practice^ Amitrol-T®formulations are diluted
such that, for one acre of application, 1 to 2 gallons of formulation
(1 gallon of formulation contains 2 lbs each of amitrole and ammonium
thiocyanate) in 20 to 100 gallons of water are used for ground
applications and 0.5 to 10 gallons of formulation in 5 to 15 gallons
of water are used for aerial applications (Amchem product literature
cited in U.S. Department of Agriculture 1981).
1-2

Physical and Chemical Properties

The active ingredient of the various amitrole formulations is
3-"amino-l5 2,4-triazole (also known as S-amino-s-triazole) with the
following structural formula (Weed Science Society of America 1983)s
H

I
H—C^/^ N

11

II

Amitrole has a molecular formula of C2H4N4 and a molecular weight of
84•I. Pure amitrole consists of colorless crystals (when crystallized
from water^ ethanol^ or ethyl acetate) with a melting point of 318°F
(159°C). It is soluble in water (28 grams per 100 ml or 28 percent
at 77°F [25^C]) and in ethanol (26 grams per 100 ml or 26 percent at
167°F [75^Cl); only slightly soluble in acetonitrile^ chloroform^
ethyl acetate5 and méthylène chloride; and insoluble in acetone^
ether5 and hydrocarbons (International Agency for B.esearch on Cancer
1974). Although the triazole ring structure around which the amitrole
molecule is centered is stable to a wide variety of chemicals 5 it
is cleaved by (OH«) or other free radicals* In the presence of
riboflavin (a common vitamin [B2] of plants and animals) and lights
amitrole is oxidized^ resulting in production of carbon dioxide,
urea, cyanamide, and possibly nitrogen (Plimmer et al, 1967 in Carter
1975). This oxidation may be responsible for the rapid disappearance
of amitrole from soils (Carter 1975). Amitrole will not decompose
when heated to 212°F (100°C) for 2 hours. Under reduced pressure,
amitrole crystals will sublime (evaporate) without decomposing.
Aqueous solutions (solutions in water) of amitrole are neutral, but
in the presence of acids, amitrole will act as a weak base to form
salts.
In the presence of metal ions such as iron or copper, amitrole
forms a ring structure incorporating the metallic ion (chelation)
(Carter 1975). Consequently, amitrole is mildly corrosive to iron,
aluminum, copper, and copper alloys. Equipment should be thoroughly
flushed after use with amitrole formulations to avoid corrosion (Weed
Science Society of America 1983).
^ ^^

Table 1--2
A^mitrole Formulations^

Formulation

Active Ingredients

Formulator

Âmitrol-T®

3-Âmino-l,2,4-trlazole 21.1%

Arnchem

Cytrol Amitrole-T®
Liquid Weedkiller

3-Amiño-l,2,4-triazole 21.1%/w
Âmmonimum thiocyanate 19el%/w
Hydrochloric acid 9,8%/w

American Cyanamid

Weedazol®

3-Âmino-l,2,4=tria2ole 50,0%

Amchem

Amlno Trlazole Weedkiller 90®

B'-Amino-l,2,4-trlazole 90.0%/w

American Cyanamid

^Formulations with other herbicides are omittedt
SourceÎ
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Gosselln et al* 1976.

2e0

Toxlclty of Amitrole

A summary of toxicologlcal properties of amitrole (Table 2-1)
shows that this herbicide is generally nontoxlc to a variety of
organisms* Studies with rodents indicate that amitrole is
nonteratogenic and has little or no effect on reproduction• Amitrole
has been shown to be carcinogenic in animals^ and evidence shows it
may be carcinogenic in man* It is nonmutagenic.
In the case of formulations in which ammonium thiocyanate have
been incorporated to increase its systemic action (such as in
Amitrol"T®and Cytrol Amitrole-=T^^ an increased toxicity has been
observed in several species. In rats^ an acute oral LD50 <^f ammonium
thiocyanate is about 750 mg/kg body weighty while for amitrole, an
acute oral LD^Q in rats of as high as 25,000 mg/kg has been reported.
For this reason5 in the event of acute ingestion of amitrole formulations containing ammonium thiocyanate, ammonium thiocyanate
poisoning rather than amitrole poisoning should be of concern (Weed
Science Society of America 1983),
2*1

Invertebrates and Microorganisms

A variety of invertebrates (almost exclusively arthropods) and
microorganisms from freshwater, marine, and terrestrial ecosystems
have been studied for toxic effects of amitrole and amitrole formulated with ammonium thiocyanate. Major findings of these studies are
presented in Appendix A and indicate a range of susceptibility to
amitrole in the organisms tested demonstrating low toxicity (LC50
greater than 10 ppm)*
For the most part^ toxicity studies with Invertebrates and
microorganisms have been conducted in controlled laboratory environments. As a consequence of the laboratory environment and the
experimental designs employed^ the results do not necessarily present
a true reflection of the potential effects of amitrole in a natural
environment« For example, in the laboratory, aquatic organisms were
kept for as long as 4 days in water containing dissolved amitrole at
various concentrations, and microorganisms were grown in culture
media containing amitrole. In contrast, in natural aquatic and
nonsoil terrestrial environments, exposure to amitrole or to other
man-made chemicals is usually a transient phenomenon depending on
streamflow, chemical dissipation, or decomposition. Additionally,
in natural systems, interactions with other man-made and naturally
occurring chemicals, as well as changes in environmental factors
such as temperature and moisture, all potentially affect herbicide
assimilation and metabolism by invertebrates and microorganisms and
thus alter their tolerance levels.
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Table 2-1
Sundry of Toxlcological Properties of Amitrole^
1.

Acute Oral Toxicity

Organism (Formulation)

Adverse Effects

Rat (Amitrole)
Mouse (Amitrole)
Human (Amitrole)
Rat (Amltrol-i%
Fish (various)
Birds (Amitrole)
2*

LD30 ^ 1,100 to 25,000 mg/kg
LD50 « 14,700 mg/kg
No signs of intoxication after ingesting 20 mg/kg
LD30 " 5,000 mg/kg
LC3Q - 10 ppm (Amitrole) to 10,000 ppm (Cytrol Amitrol-T®)
LD3Q - 2,000 mg/kg

Acute Intravenous Toxicity

Organism (Formulation)

Adverse Effects

Mouse (Amitrole)
Cat (Amitrole)
Dog (AMtrole)
3.

No effect at 1,600 mg/kg
No effect at 1^750 mg/kg
No effect at 1,200 mg/kg

Acute Dermal Toxicity

Organism (Formulation)

Adverse Effects

Rat (Amitrole)^
Rabbit (Amizol®)
4,

No signs of toxicity at 2,500 mg/kg
LD30 was 10,000 mg/kg

Eye Irritation

Organism (Formulation)

Adverse Effects

Human (Amitrole)

Eye Injury reported after accidental exposure

Human (.^izol^)

Eye injury reported after accidental exposure

5,

Subchronic Oral Toxicity

Organism (Formulation)

Length of Treatment

Dose Tested

Rat (Amitrole)

2 weeks
in diet

15 to 122 ppm

Thyroid enlargement.

Rat (Amitrole)

3 weeks

1,000 mg/kg
I.P. (Intraperitoneal)

Thyroid enlargement.
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Adverse Effects

Table 2-1 (Continued)
5,

Subchronlc Oral Toxlcity (Concluded)

Organism (Formulation)

Length of
Treatment

Dose
Tested

Rat (Amitrole)

15 weeks

50 ppm in
drinking
water

Thyroid enlargement.

Mouse (Amitrole)

12 weeks

1% in diet

Thyroid hyperplasia, inhibition of whole
body catalase enzyme activity.

Rabbit (Ami20l®5
98% active
ingredient)

25 weeks

0.2% in
drinking
water

Cataract formation; inhibition of lens
catalase enzyme activity.

6.

Adverse Effects

Teratology, Reproduction and Fertility

Organism (Formulation)

Dose and
Length of Treatment

Adverse Effects

Rat (Amitrole)

Multigeneratton study.
Animals fed 25 and
100 ppm

Runting of progeny, no
teratogenic effects^
hyperplasia of thyroid.

Rat (Amitrole)

20 or 100 mg/kg from
days 7 through 15 of
gestation

No reproductive or
teratogenic effects.

Mouse
(Aminotriazole)

500 to 5,000 ppm in
drinking water from
days 6 through 18 of
gestation

No teratogenic effects.

7.

Carcinogenicity

Organism (Formulation)

Dose and
Length of Treatment

Adverse Effects

Rat (Amitrole)

10 to 100 ppm in diet
for 2 years

Thyroid adenomas and adenocarclnomas<

Rat (Mitróle)

20 to 25 mg/day in
drinking water; 250
or 50 mg/day in diet
for lifetime

Thyroid tumors; hepatocellular and
hepatocholangiocellular carcinomas•

Am-ll

Table 2-1 (Continued)
7.

Carcinogenlclty (Continued)

Organism (Formulation)

Dose aad
Length of Treatment

Adverse Effects

Rat (Mitróle)

Subcutaneous adminis^
tration of 125 ng/rat
twice weekly for 11
months.

Th3?Toid and liver tumors.

Rat (Amitrole)

Implantation of pellets
under skin; 500 mg
monthly for 5 monti^
followed by 125 mg
twice weekly for 6
months

Sarcomas at sites of treatment.

Mouse (Amitrole)

IjOOO mg/kg by stomach
tubes for 3 weeks;
2,192 ppm (330 mg/kg)
in diet for 53 to 60
weeks

Carcinoma of thyroid; hepatomas.

Mouse (Amitrole)

0.1 or 10 mg applied
to skin weekly for
life

No skin tiuttors observed.

Dog (Amitrole)

10 to 500 ppm (0,75
to 37.5 mg/kg) in diet
for 2 years

No tumors observed.

Man (Amitrole)

Railroad workers
exposed amitrole alone
or in combination with
phenoxy herbicides
for 46 or more days*

Increase in overall tumor morbidity and
and mortality. Causal relationship imclear.

Virus-infected
Rat embryo cells
(Amitrole)

Cell cultures treated
with 10 to 1,200 ppm

In vitro transformation.

Hamster embryo
cells
(Amitrole)

Cultures treated with
0,1 to 100 p^

In vitro traaeformatlon.

Hamster kidney
cells
(Amitrole)

Cultures treated with
0.025 to 250 p^

In vitro transformation.
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Table 2-1 (Concluded)
7t

Carclnogenicity (Concluded)

Organism (Formulation)
Hamster kidney
cells
(Amitrole)
8,

Dose and
Length of Treatment
Cultures treated with
0.2 to 2,000 ppm

Adverse Effects
No in vitro transformation.

Mutagenicity
Adverse Effects

Microorganism
Salmonella
typhimurium
Strains TA98,
TAIOO, TÁ1535,
TÁ1537, Tàl538

Nonmutagenic

ñ' typhimurium
Strains TÂ1530,
and TÂ1538

Equivocal results in host-mediated mutagenicity test

Âspergillus
nidulans

Nonmutagenic

Escherichla coll

Nonmutagenic
Nonmutagenic

bacteriophage
Streptomyces
coellcolor

Induction of resistance to streptomycin

Saccharomyces
cervisiae

Inhibition of DNA repair

£• ce^^siae,
Strains JDl and D6

Mutagenic

HeLa cells

Induction of unscheduled DNA synthesis

Fruit Fly (Insect)
Drosophila
melanogaster

Adverse^ Effects
Nonmutagenic

^Toxicology data are extracted from Appendices A through E.
in the appropriate Appendix.

Source references can be found
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Among the invertebrates tested (Appendix A), honeybees,
representing Insects of commercial value, exhibited a mortality of
less than 5 percent when they were dusted with amitrole at rates
equivalent to 12.09 fj.g/bee (Atkins et al. 1975 in Ghassemi et al.
1981). When bees were fed sugar water containing 250 ppm amitrole
for six weeks, there were no changes in colony weight compared to
controls^ and no abnormalities attributable to amitrole were observed
(King 1964).
Larval fruit flies raised in a medium containing amitrole
exhibited a prolonged development time at concentrations as low as
10 ppm amitrole. The LD50 of amitrole to fruit flies, however,
was 40 ppm in the culture medium (Laamanen et al. 1976). Amitrole
was toxic to German cockroach nymphs (100 percent mortality) at
levels of IgOOO ppm in food and it reduced the fecundity of adults
(Mviere 1976).
Various studies with both marine and freshwater crustaceans
indicated a variation in toxicity to amitrole formulations ranging
from a 96'-hour LD30 of 0,43 ppm (a.l,) for Amitrol^T®to larval
copepod crustaceans (Bunting and Robertson 1975) to a 48-hour TL^Q
of >100 ppm for Amitrol-T®to such crustaceans as scuds, sowbugs,
glass shrimp, and crayfish (Sanders 1970)* Most studies with
crustácea^ however, resulted in median toxic levels greater than
10 ppm amitrole or Ámitrol-T®^ indicating that amitrole and its
formulations as tested are only slightly toxic to crustácea.
In one study of field application of amitrole at a rate of
5 lb/acre (5.6 kg/ha)^ a 49 percent reduction in the number of soil
nematodes was observed (Courtney et al. 1962 in Pimentel 1971).
Whether this reduction in nematode numbers was due to toxic effects
of amitrole, or to changes in the soil micro-habitat due to amitrole
effects on plants^ was not indicated.
The available information on the effect of amitrole and its
formulations on microorganisms is somewhat ambiguous« Studies
indicate that in conditions of minimal culture media^ bacterial
growth was inhibited or repressed at lower concentrations of amitrole
than when a complete medium was used (Bamford et al. 1976) or when
adenine (a precursor of DNA and MA) and histidine (an amino acid)
were added to the medium (Franco and Municio 1975). Cooper and
co-workers (1978) cultured bacteria, actinomycetes, fungi^ and yeast
for 7 days in cultures containing 50 ppm of Weedazol-T® formulation.
Only 2 percent of the actinomycetes cultures showed reduced or no
growth with Weedazol-T®, while 27 percent of the fungal cultures
had reduced or no growth. For bacteria and yeasts^ 9 percent and
7 percent of the cultures were similarly affected in this study.
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2,2

Fish and Amphibians

A wide variety o£ studies on amltrole, its formulations
(Amitrol-T®s Weedazol TL Plus®, Cytrol Amitrole-^^ and ammonium
thiocyanate, an ingredient in many amitrole formulations^ have
indicated LCSQ'S greater than 10 ppm when tested with fish and
amphibians (Appendix B). Clarke et al» (1970) suggest that
pesticides with median lethal doses of 10 ppm or more for fish be
considered "slightly toxic/* Actual toxiclties range from an
amitrole LC50>10 ppm in mosquito fish (96-hour static bioassay;
Johnson and Finley 1980) to a Cytrol Amitrole-T® LC50 of 10,000 ppm
in bluegills (96--hour study; Cope 1963 in Pimentel 1971) •
It has already been pointed out that ammonium thiocyanate has an
acute oral toxicity to rats that is considerably greater than that of
amitrole alone (Weed Science Society of America 1983). A Russian
study reported by Springer (1957) in Pimentel (1971) indicated that
200 ppm of ammonium thiocyanate was lethal to "fish."
In a study of the toxic effects of Weedazol-TL Plus® to frog
tadpoles, the 24-hour TL50 was 5,200 ppm and the 96-hour TL50 ^^^
3,000 ppm (Johnson 1976).
At the high doses of amitrole that fish and amphibians have been
subjected to in the tests described in Appendix Bj a number of
subiethai effects have been observed. Rainbow trout, fed 1^200 and
4,800 ppm amitrole in their diet, were reported to have a high
incidence (up to 56 percent) of hepatomas (liver tumors) when
autopsied after 9 months of feeding (Halver 1967 in International
Agency for Research on Cancer 1974)« Yearling coho salmon exhibited
a dose-dependent mortality 24 to 48 hours after being transfered to
sea water from freshwater containing Amitrol--T^ although there
appeared to be no effect of the herbicide treatment on the
osmoregulatory ability of the fish gills (Lorz et al* 1979). Frog
tadpoles subjected to a dose of 1^000 ppm Weedazol TL Plus® (a
subacute dose) for 96 hours had a reduced temperature tolerance
compared to controls (Johnson 1976).
2«3

Birds

Dietary studies with amitrole indicate a low toxicity to birds
(Appendix G). Japanese quail, rlng--necked pheasants^ and mallard
ducks ingested as much as 5^000 ppm amitrole in their diet for 5 days
without mortality (Hill et al. 1975)^ The acute oral LD5Q for young
male mallards (3 to 4 months old) was determined by Tucker and
Crabtree (1970) to be in excess of 2,000 mg/kg body weight. In this
latter study, the birds were observed to exhibit loss of coordination^
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a slight wing dropi and weakness for the first 3 days after the acute
dose. Mallards fed amitrole in doses 25 percent less than those that
would normally lead to mortality suffered depressed reproduction
(U*S, Department of the Interior 1962 in Pimentel 1971). When white
leghorn chicks^ 3 to 38 days old, were injected intraperltoneally
with amitrole at doses as high as 1^000 mg/kg body weighty they
displayed a reduced rate of weight gain and changes in the microanatomy of the thyroid gland (Wishe et al, 1979)* Amitrole injected
into embryonated chicken eggs at 100 ppm resulted in toxic effects
(Dunachie and Fletcher 1970). Landauer et al. (1971) found
dose-dependent abnormalities (primarily malformed beaks) in chicken
embryos when the 96-hour embryonated eggs were injected with 10 to
40 mg amitrole per egg,
2.4

Mammals

The potential health hazards from exposure to amitrole have been
evaluated primarily with laboratory animals such as mice and rats*
No studies have been conducted on wildlife animals in the field.
Results of the various toxicity tests are described below and
summarized in Table 2-1 and Appendix D*
2.4,1

Acute Toxicity

Acute toxicity data have been reported for oral, intravenous,
and dermal studies,
2.4.1.1 Oral. Amitrole shows very low toxicity following
ingestion of single doses. Weir et al. (1958) reported values for
acute oral toxicity of amitrole ranging from 25^000 mg/kg for rats to
14,700 mg/kg for mice. Amitrole elicited no signs of toxicity when
administered to rats by stomach tube at 4^080 mg/kg body weight
(Gaines et al, 1973). In a review, Bailey and White (1965) reported
an acute oral LD50 of 1,150 mg/kg for rats. This latter value
appears to be inconsistant when placed in context with median lethal
doses reported by others. For Amitrole=-T®, however, the acute oral
LD3Q in rats has been reported as 5,000 mg/kg (Weir et alt 1958), A
39 year old woman showed no signs of intoxication following ingestion
of amitrole at a dose of 20 mg/kg (Geldmacher^v, Mallinckrodt and
Schmidt 1970),
2.4.1.2 Intravenous, No effect was observed when amitrole was
injected intravenously into mice, rats, or dogs at dose levels of
1,600, 1,750, and 1,200 mg/kg, respectively (Weir et al. 1958),
Amitrole injected intravenously Into rabbits at 1,000 mg/kg resulted
in decreased catalase activity in ocular tissues (Bhuyan et al. 1974).
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2.4.1.3 Dermal. The LD50 for Amizol^ applied to the shaven
skin of rabbits was 10^000 mg/kg (U.S. Department of Agriculture
1981). A single dose of 1,500 mg amitrole/kg applied to the skin
of rats resulted in no signs of toxicity.
2.4*1.4 Eye Irritation^ Acute eye irritation studies in
experimental animals have not been reported. Two gardeners, one
accidentially exposed to amitrole and the other to Amizol®, were
reported to have eye injuries (Swift 1976)• No information on the
exposure dose levels or severity of the eye injuries was presented.
2.4.2

Subchronlc Toxicity

2*^-2.1 Oral. Subchronic toxicity studies show that amitrole
affects primarily the thyroid gland. Rats fed amitrole in the diet
at 155 305 605 or 120 ppm for two weeks exhibited thyroid gland
enlargement in the 60 and 120 ppm groups (Jukes and Shaffer 1960).
When rats ingested amitrole in the diet at 150 mg/kg/day for 90 days,
a 15 percent loss of weight during the first 6 weeks of exposure was
noted (Gaines et al. 1973), When administered in the diet at 1,000
and 10,000 ppm for 63 days, toxic signs consisted of altered body
weight gains and fatty changes in liver cells (Weir et al. 1958).
However, when administered in drinking water at 50 ppm (approximately
2.5 to 5 mg/kg) for 15 weeks, rats exhibited slight retardation of
growth and enlargement of the thyroid (Weir et al. 1958). When mice
were fed amitrole in the diet at a level of 1 percent (10,000 ppm),
thyroid hyperplasia was induced. Whole body catalase activity was
also inhibited (Feinstein et al. 1978a).
When Amiz;ol^ was administered in the diet or drinking water of
rabbits at 0.2 percent concentration for 25 weeks, cataracts were
produced. Earliest changes were
w^
seen after 2 to 4 weeks of Amizol^
feeding (Bhuyan et al. 1973).
2.4.2.2 Intraperitoneal. Enlargement of the thyroid was
observed in rats when the animals were treated with 21 doses of
1,000 mg/kg given intraperitoneally over a 45 day period (Weir et al.
1958).
2.4.3

Chronic Toxicity

In one study, rats fed amitrole in the diet at 50 ppm
(2.5 mg/kg body weight) for 476 days showed no toxic effects.
When rats were fed 100 ppm (5 mg/kg body weight), thyroid adenomas
and adenocarcinomas were induced; however, when rats were fed
amitrole in the diet at 500 ppm (25 mg/kg body weight) for 119 days,
the thyroid glands were normal (U.S. Department of Agriculture
1981). In another study, rats were fed amitrole at dietary levels of
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10, 50, 100, and 500 ppm (0.5, 2.5, 5, and 25 mg/kg body weight) for
2 years. At 13 weeks, male rats receiving 50 ppm (2.5 mg/kg body
weight) exhibited enlarged thyroids. Female rats showed no effects.
Levels of 150 and 500 ppm (5 and 25 mg/kg body weight) produced
growth suppression, enlarged thyroids, and altered food utilization
ratios. Microscopic examination of tissues revealed hyperplasia and
toxic degeneration of the thyroids in rats on dietary levels of 50,
100, and 500 ppm amitrole.
2*4.4

Reproductive and Teratogenic Effects

In a multi-generation reproduction study, groups of male and
female rats (designated as Fg) were fed 500 and 1,000 ppm amltrole
for 107 to 110 days. Others were fed 25 and 100 ppm for 240 to 247
days. The progeny of these animals (designated as F^^) were fed 25
and 100 ppm amitrole for 141 days. Pups born to parents fed 500 and
1,000 ppm amitrole were smaller, and had atropic th3rmuses and spleens
indicative of runting. There was no runting observed at lower dietary
levels, Hyperplasia of the thyroid was observed in all animals fed
100 ppm or greater. In the group fed 25 ppm, 40 percent of the FQ
and Fj females developed hyperplasia of the thyroid (Gaines et al.
1973).
When pregnant rats were treated with 20 or 100 mg amitrole/kg
body weight by oral intubation from days 7 through 15 of gestation,
no reproductive or teratogenic effects were observed« In another
study (Tjalve 1974), pregnant mice were treated with 500, 1,000,
2,500, and 5,000 ppm amitrole in the drinking water from days 6
through 18 of gestation. No teratogenic effects were observed.
Fetuses from dams treated with the three highest doses were small and
underdeveloped with immature skeletons. Résorptions of embryos were
high among the group treated with 5,000 ppm. No adverse effects were
seen in animals treated with 500 ppm amitrole in the drinking water.
2.4e5

Carcinogenicity

Amitrole has been shown to be carcinogenic in animals*
Individual studies are summarized in Appendix D. Induced tumors are
generally restricted to the thyroid gland in rats and mice following
oral administration of amitrole. Significant levels of benign and
malignant liver tumors also have been observed in rats and mice.
No tumors were detected in dogs following oral administration of
amitrole.
Evidence suggests that amitrole may be carcinogenic for man* An
epidemiologic study in Sweden of railroad workers exposed to herbicides containing amitrole and phenoxy acids showed an increase in
stomach tumors over the number expected. No thyroid tumors were
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observed in this study. The causal relationship
tion and exposure to amitrole was unclear^ since
combination of the herbicides were more severely
exposed to amitrole alone. Some of the relevant
below.

between tumor inducworkers exposed to a
affected than those
studies are described

In an editorial concerning the hazard of amitrole residues on
cranberries (DuShane 1959)5 it was reported that when rats were fed
a diet containing 100 ppm amitrole for 2 years, a signifiant number
of thyroid adenomas and adenocarcinomas were observed. Animals fed
50 ppm amitrole in the diet developed adenomas but no adenocarcinomas.
In another study (Jukes and Shaffer 1960), no thyroid tumors were
observed in rats fed amitrole in the diet at 500 ppm for 17 weeks.
However, rats fed amitrole at 10, 50, and 100 ppm for 2 years
developed thyroid adenomas (Jukes and Shaffer 1960 and Hodge et al.
1966).
When amitrole was administered in the drinking water at 20 to
25 mg/day or in the diet at 250 or 500 mg/day for their lifespan,
rats developed thyroid tumors as well as malignant liver tumors
(Napalkov 1969, cited in International Agency for Research on Cancer
1974). Rats were treated with amitrole in the drinking water at
2,500 ppm for 70 weeks. All rats developed goiters. Invasive tumors
and adenomas of the thyroid were observed in a number of animals
(Tsuda et al« 1976). The subcutaneous administration of amitrole at
125 mg/rat twice weekly for approximately 11 months resulted in the
formation of tumors of the thyroid and liver. However, when 3 pellets
of 500 mg amitrole were implanted under the skin o£ rats each month
for 5 months, followed by the subcutaneous injection of 125 mg
amitrole from the 6 through the 12th month, sarcomas developed at the
sites of treatment in 50 percent of the animals* No thyroid or liver
tumors were reported (Napalkov 1969, cited in International Agency
for Research on Cancer 1974).
In a study designed to determine the potential carcinogenlcity
of a number of pesticides, amitrole was used as a positive carcinogen
control (Innes et al. 1969). Mice were treated by stomach tube with
1,000 mg amitrole per kg body weight from 7 to 28 days of age. The
animals were then treated with 2,192 ppm amitrole in the diet
(equivalent to approximately 330 mg/kg body weight) for 53 to 60
weeks. Two hybrid strains of mice were used. Carcinomas of the
thyroid were observed in 64 of 72 treated mice examined. No thyroid
carcinomas were found in 338 control mice. Liver tumors (hepatomas)
were observed in 67 of 72 treated mice and 14 of 338 control mice.
When either 0.1 or 10 mg amitrole was applied to the skin of
mice, weekly for life or as a single injection of 10 mg amitrole per
animal, no skin tumors or evidence of other tumors were observed
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during an observation period lasting 39 to 82 weeks (Hodge et al.
1966). Amitrole was fed in the diet at a 1 percent concentration to
strains of mice which were either normal or deficient in body catalase
activity (acatalasemlc). A larger portion of the acatalasemic mice
developed liver tumors and the tumors were detected earlier than in
normal mice. No thyroid tumors were reported (Feinsteln et al.
1978b).
In lifestime studies with rats, mice, and golden hamsters, the
animals were fed diets containing amitrole at concentrations of 1,
10, and 100 ppm^ At 100 ppm an increased number of thyroid and
pituitary gland tumors were observed in rats. No tumor induction was
observed in mice and golden hamsters (Steinhoff et al. 1983).
No tumors were detected when dogs were fed amitrole in the
diet at 10, 50, 100, or 500 ppm (equivalent to 0,25, 1.25, 2.5, and
12.5 mg/kg body weight/day) for 52 weeks (Hodge et al. 1966).
The morphological transformation of mammalian cells in culture
is an in vitro endpoint which reflects the potential carcinogenlcity
of chemicals. Amitrole induced morphological transformation in early
passage Syrian hamster embryo cells (Pienta et al. 1977j Inoue et al.
1981; and Dunkel et al. 1981) following treatment of the cells with
the chemical at levels of 0.1 to 100 ppi. Rat embryo cells,
concurrently Injected with a murine leukemia virus and subsequently
treated with amitrole at dose levels of 10 to 1,200 ppm, also
exhibited morphological transformation (Dunkel et al. 1981).
An epidemologic study of 348 Swedish railroad workers exposed
to various herbicides, mainly amitrole and phenoxy acids such as
2,4«dichlorophenoxy acetic acid (2,4--D) and 2,4,5-trichlorophenoxy-^
acetic acid (2,4,5-1), during the period 1957-1976, indicated a
possible relationship between exposure to the herbicides and an
increased overall tumor morbidity and mortality (Ajcelson and
SundeU 1974). In an updated study (Axelson et al. 1980), which
followed the group of workers through 1978, the data were divided
into subgroups with exposure to either amitrole, phenoxy acids,
or to a combination of the two herbicides. This updated analysis of
the causes of death among the railroad workers with exposure to the
herbicides showed that the observed number of deaths was higher than
expected, especially among those workers with an early exposure to a
combination of both amitrole and phenoxy acids. The mortality among
persons exposed to amitrole alone was lower than expected; however,
three of the four deaths observed were attributed to tumors. No
specific type of tumor was predominant, although there were three
stomach tumors and three lung tumors among the variety of tumors
reported. Instead, the trend seemed to be an increase in overall
tumor mortality. The causal relationship of tumor production to
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exposure to specific herbicides remains unclear, since workers exposed
to a combination of amitrole and phenoxy acids seemed to be the most
seriously affected.
2.5

Mutagenicity

Amitrole has been evaluated extensively in a variety of
genotoxicity test systems designed to determine the extent to which
the compound induces mutations or otherwise causes damage to DNA*
Tests were performed in systems employing bacteria (Salmonella
typhimurium, Escherichia coli^ Bacillus subtilis, Streptomyces
coelicolor), yeasts (Saccharomyces cerevlsiae)» fungi (Aspergillus
nidulans), bacteriophage (E* coli)^ mammalian cells (HeLa, EUE^
Chinese hamster ovary, human lymphocytes, mouse bone marrow, mouse
embryo), and insects (fruit fly, Drosophila melanogaster)« Results
from the individual tests are summarized in Appendix E. Amitrole is
considered to be nonmutagenic since negative results were obtained in
the Ames Salmonella/microsome bacterial mutagenicity assay when tested
at least 14 times with strain TA98, 13 times with strains TAlOO and
TA1535, 12 times with strain TA1537 and 4 and 6 times with strains
TA1536 and TA1538 respectively. Negative mutagenicity results were
also obtained in systems employing the fungus A* nldulans, E. coli
bacteriophage, and Drosophila melanogaster. No evidence of sister
chromatid exchanges were observed when amitrole was tested with
Chinese hamster ovary cells, Amitrole did not produce chromosomal
aberrations in human lymphocytes in culture or bone marrow cells of
mice. Negative results were also obtained in a mouse cell system
designed to measure an increase in infection by a murine leukemia
virus. Since most of the other standard ¿n vitro tests gave negative
results, only the few giving positive responses are discussed here.
Simmon et al. (1979) reported that amitrole gave positive
responses in a host-mediated mutagenicity assay employing
£• typhimurium strains TA1530 and TA1538 in mice treated with 12
and 125, but not 250 mg amitrole/kg, A host-mediated assay employing
£• typhimurium strain TA1950 was negative when mice were treated with
1450-2900 [j.mole of amitrole alone. When treated with equimolar
combinations of amitrole and nitrite, positive results were obtained
indicating that amitrole can be nitrosated to an active mutagenic
compound (Braun et al. 1977). Kada (1981) reported the differential
Inhibition of a repair deficient strain of B. subtilis when tested
in the presence of metabolic activation S-9 fractions prepared from
yellowtail fish or clams. However, amitrole gave a negative response
when tested in the presence of conventional 5-9 fraction prepared from
rat liver. Venitt and Crofton-Sleigh (1981) reported that amitrole
was mutagenic for E. coli strain WP2uvrA, when tested at 10 to
500 fig/plate. Nine other studies with E. coli by other investigators gave negative results. Shirasu et al. (1981) reported that the
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same strains of B. subtllls gave negative responses when tested with
amitrole. By using a mutation system based on the induction of
resistance to low levels of streptomycin in the filamentous bacterium Streptomyces coglicolor^ Carere et al. Cl976| 1978) and Garere
and Morpugo (1981) showed that amitrole was weakly mutagenic when
tested at 1,000 {ag/plate. This novel forward mutation system has not
been further evaluated. Sharp and Parry (1981a) observed an
inhibition of DNA repair when repair deficient and wild type strains
of £. cerevisiae were tested with amitrole at 100 to 730 ppm. These
authors (Sharp and Parry 1981b and Parry and Sharp 1981) also
reported that amitrole was mutagenic for £. cerevisiae strains JDl
and D6•
Amitrole appears to damage DNA as evidenced by positive
responses for unscheduled DNA synthesis observed with HeLa cells
(Martin and McDermid 1981) and ELJE cells (Benigni and Dogliotti
1980a,b).
With the exception of the few positive studies, the overwhelming
body of data were negative. Therefore, amitrole is considered not
mutagenic.
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3.0

Environmental Fâte

Amitrole is an effective herbicide for a variety of annual and
perennial grasses and broadleaf weeds, yet it has a low to moderate
persistence in soll^ appears generally to disappear fairly rapidly
from water, and has a relatively low toxicity to most animal species.
The effectiveness of amitrole is due largely to foliar uptake of the
herbicide followed by translocation through the plant to other
structures. Amitrole is readily metabolized in plants. In animals,
amitrole is primarily excreted unchanged in urine although some is
eliminated in feces and small amounts are metabolized (Carter 1975
and Ghassemi et al* 1981).
^•1

Bioaccumulation and Metabolism
3.1,1

Plants

The major pathways for uptake of amitrole in plants is through
the leaves and roots. Amitrole uptake can be affected by variations
in plant leaf structure which alter wetting of the leaf and subsequent
herbicide penetration (Carter 1973).
More than a dozen compounds have been isolated from
amitrole-treated plants and identified as derivatives of amitrole
(Ashton 1963 in Ghassemi et al. 1981). A major metabolic breakdown
product of amitrole is 3-(3-amino-s-triazole~l-yl)2-aminopropionic
acid (3-ÁTAL). This metabolite appears to have a lower toxicity than
the parent amitrole and to be less mobile. Thus the metabolism of
amitrole to 3-ATAL is assumed to result in detoxification of the
parent amitrole. Ammonium thiocyanate inhibits formation of 3-ATAL
and is thus added to formulations such as Amitrol-T®and Cytrol
Amitrole-T®to inhibit detoxification of the herbicide in the plant
and to maintain amitrole mobility (Carter 1975).
There is some degree of variation in metabolism of amitrole in
different plant structures and species. Miller and Hall (1961)
identified a metabolite they designated as Y as the most abundant
metabolite of amitrole in cotton leaves, whereas in the seed, they
found 3-ÂTAL as the predominant metabolite. In such plants as beans,
Canada thistle, bindweed, silver maple, honeysuckle, and alfalfa,
however, 3-ATAL was identified as the primary metabolite of
amitrole. Herrett and Bagley (1964) isolated a metabolite of
amitrole from Canada thistle that they designated as Unknown III.
This metabolite had a strong herbicidal activity and was 5 to 8 times
as effective as the parent amitrole in suppressing growth of tomato
and lettuce roots. The molecular structures of the metabolites other
than 3-ATAL have not been determined.
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3.1,2

Animals

In animals5 amitrole is rapidly absorbed and eliminated,
primarily in the urine^ essentially as the parent compound but with
small amounts of metabolites. Because amitrole is readily soluble in
water but relatively insoluble in fats such as cellular lipids^ it
does not tend to accumulate in plant and animal tissue to any great
extent* The major studies of bioaccumulation and metabolism of
amitrole in animals are summarized in Appendix F.
Most of radiolabelled amitrole fed to rats in a single dose of
50 mg/kg body weight was excreted in the urine within 24 hours.
Within three days^ only 6 percent of the original dose had been
metabolized to other compounds (Grunow et al. 1975).
Fang et al. (1964) fed radiolabelled amitrole to rats at a dose
of 1 mg per rat and then analyzed expired air^ urine^ feces^ internal
organs3 and tissues for radioactivity. After absorption^ the parent
radiolabelled amitrole was distributed throughout most of the body
tissues but was rapidly eliminated. During the first 24 hours after
ingestion^ 70 to 95.5 percent of the radioactivity was found in the
urine^ primarily as parent amitrole along with two metabolites• In
a second study, radiolabelled amitrole was fed to rats at doses from
1 to 200 mg per rat to determine whether the excretory pattern and
tissue accumulation of amitrole, and metabolite formation, are a function of oral dose (Fang et al. 1966). No significant difference in
the percent recovery of radioactivity in urine and feces was observed
in relation to the administered dose.
A 39~year old woman ingested a commercial preparation of
30 percent amitrole (20 mg/kg body weight) and 56 percent diuron
(35 4'^dichlorophenyl N^N^-dimethylurea) . Fifty percent of the
estimated intake was found in the woman*s urine within a few hours
after ingestion as unchanged amitrole. No metabolites were identified and no signs of intoxication in the woman were observed
(Geldmacher-v, Mallinckrodt and Schmidt 1970).
Franco and Municio (1975) compared the metabolism of amitrole
in animals5 plants, and bacteria. Unaltered amitrole and three
metabolites were identified in the urine of treated rats. Unaltered
amitrole appeared in the urine of the rats within 24 hours of initial
treatment, and amitrole and metabolite excretion ceased within 24
hours of the final treatment.
3.2

Soil

In the soil^ amitrole is adsorbed to colloids or is complexed
with metallic ions such as nickel, cobalt, copper^ iron, or magnesium
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(Sund 1956 in Ghassemi et al. 1981). Amitrole has a very short
persistence (1 month or less) in soil compared with other pesticides
and thus exhibits only temporary effects on soil biota (Ashton 1982).
Disappearance from soil has been attributed to adsorption and
mlcrobial degradation, although it appears that the primary means
of amitrole degradation is by nonbiological reactions in which it
is oxidized by free radicals. Because of the low volatility of
amitrole5 volatilization is not considered to be a major route for
loss of amitrole from the soil. Amitrole appears to be stable under
ultraviolet light, consequently photodecomposition in natural conditions does not appear to be an important degradation process for
amitrole* In the laboratory^ however, photodecomposition of amitrole
has been demonstrated under ultraviolet light in the presence of
riboflavin (Vitamin B2)$ a common chemical in biological systems
(Carter 1975 and Ghassemi et al, 1981).
Amitrole is adsorbed to soil particles fairly readily, but this
adsorption is also readily reversed by water percolating through the
soil (Ghassemi et al* 1981), Compared to other pesticides, amitrole
is relatively mobile in silty clay loam soils (Helling 1971). The
capacity of soils to adsorb amitrole is a function of organic matter
content, acidity, and possibly base exchange capacity of the soil.
In a high organic soil suspension of peat and water, more than
59 percent of applied amitrole was adsorbed onto soil particles
within one minute and more than 68 percent was adsorbed within
24 hours (Nearpass 1969)• In organic soil, amitrole adsorption was
as high as 40 percent, whereas in an inorganic sandy soil, only
5 percent of applied amitrole was adsorbed onto soil particles (data
cited in Ghassemi et al. 1981). Amitrole is more readily adsorbed in
acidic soils than in basic soils (Nearpass 1969), Several authors
have examined the adsorption of amitrole relative to the base exchange
capacity of soils and have found generally that amitrole adsorbs
rapidly and tightly to particles in soils with a high base exchange
capacity, which would be expected in soils with large amounts of
organic matter that can serve as a chelating agent and as a sorbent
to bind up nonlonic molecules such as amitrole.
Adsorption of amitrole to soil particles tends to decrease the
availability of amitrole for leaching. As a result, amitrole is
more readily leached from sandy soils in which there has been little
adsorption than from high organic soils in which more amitrole is
adsorbed. Amitrole is relatively highly soluble in water and consequently it moves readily with the leaching water.
Ghassemi et al. (1981) describe amitrole as having a low to
moderate persistence in soil, depending on soil type and environmental conditions. Persistence of amitrole in soil is influenced by
soil moisture, temperature, acidity, base exchange capacity, and
activity of soil microorganisms. Studies by Ercegovich and Frear
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(1963 in Ghassemi et al* 1981) indicated that amltrole persistence
decreases with increasing soil moisture^ probably as a result of an
increased rate of degradation and/or leaching* Residues were also
decreased as soil temperatures were raised to as much as Zll^F
(lOO^C). Loss of amitrole continuing at temperatures as high as
212^F (lOO^C) confirms that degradation is at least partially due to
chemical processes^ since microbial activity would not continue at
such elevated temperatures. These authors also found that amitrole
persistence was shortened by pH levels that were much above or below
neutral (pH 7,0). Sund (1956 in Ghassemi et al. 1981) found that a
high base exchange capacity in the soil increased persistence of
amitrole while high clay and organic matter decreased persistence.
In studies of adsorption and desorption of amitrole on forest
floor litter material (air dried red alder litter) in the laboratory
(Norris 1970, 1971, and 1976 and Tarrant 1971), it was found that
amitrole degrades rapidly. When amitrole was applied at a rate
equivalent to 2 lb/acre (4»2 kg/ha), only 20 percent of the applied
material remained adsorbed onto the litter after 35 days, Tarrant
(1971) concluded that amitrole would not be available for transport
through soil to streams within one summer after application.
Several authors have studied the interactions between
microorganisms and amitrole applied to the soil, resulting in
controversy over the relative role of soil microorganisms and
nonbiological chemical processes in the degradation of amitrole
(Carter 1975 and Ghassemi et al, 1981). In a study of the effects of
amitrole and 35 5-D (a chemical derivative of amitrole) on nitrogen
fixation by blue-green algae, DaSilva et al. (1975) found an initial
depression in nitrogen fixation followed by Increased activity.
Several soil bacteria of the genera Pseudomonas, Bacillus, and
Corynebacterium will degrade amitrole following a three-week lag
period if sufficiently diluted (studies cited in Ghassemi et al*
1981). Laboratory studies of microbial degradation of amitrole
should not s however, be taken to indicate that such degradation plays
a major role in natural environments. Kaufman (1966) showed that
amitrole inhibited microbial degradation of dalapon^ another
herbicide 5 but that dalapon did not inhibit microbial degradation
of amitrole• Franco and Municio (1975) found that bacterial growth
(Escherichia coll) was repressed with levels of 0*1 percent amitrole
in the culture medium^ and Bamford et al. 1976 were able to grow both
E* coli and Salmonella typhimurium in complete culture media at
amitrole concentrations of 1.7 to 2*4 percent* Cooper et al. (197Ö)
found that 50 ppm of the amitrole formulation Weedazol'-T® resulted in
some reduction of culture growth for bacteria^ actinomycetes, fungi,
and yeasts* Fletcher (1960 in Ghassemi et al. 1981) found reduced
nitrification rates and reduced microorganism populations following
field applications of amitrole at rates ranging from 1 to 8 lb/acre
(1*1 to 9.0 kg/ha). Other studies with amitrole have demonstrated
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Inhibition of microbial respiration and nitrification in activated
sludgej inhibition of nitrifying bacteria in soil^ and inhibition of
cellulose decomposition by fungi (Ghassemi et al« 1981).
3.3

Water

The fate and persistence of amitrole in aquatic systems has not
been studied to any great extent. The major studies that have been
conducted, however^ indicate that normal field applications of
amitrole do not result in appreciable amounts of amitrole residues in
stream systems« Furthermore5 these studies indicate that any amitrole
residues that do get into the stream systems are rapidly dissipated or
adsorbed onto bottom sediments•
Valentine and Bingham (1976) demonstrated that algae of several
species were able to metabolize amitrole and thereby remove the
herbicide from water. From these studies, they concluded that
accumulation of amitrole "would not appear to be a problem."
Amitrole concentrations were monitored in downstream creek
waters from a small, 100-acre watershed that had been aerially
sprayed with amitrole at a rate of 2 lbs/acre (2.2 kg/ha) for
salmonberry control (Marston et al. 1968). Amitrole was found in
measurable amounts in water samples near the downstream edge of the
sprayed area during the spray operation and for 5 days subsequent to
spray. The maximum amitrole concentration observed was 155 ppb
(parts per billion)^ found in a sample 30 minutes after initiation of
spray. By the end o£ the 2-hour spray operation, amitrole levels in
the streamflow had decreased to 26 ppb^ and six days after spray there
were no detectable levels of amitrole in the streamflow. By the end
of the study, only 15.19 grams, representing 0.0167 percent of the
200 lbs. of the total active ingredient applied to the watershed,
were calculated to have left the area in the 457^000 gallons of
streamflow leaving the area over the six-day post-spray period. It
should also be noted that 1.8 miles below the sprayed area 5 amitrole
concentrations were below detectable levels, due probably to a combination of dilution and both degradation and adsorption in the stream
bottom.
Morris (1968) reported on a study of amitrole residues in
streams flowing nearby or through forest areas treated with amitrole.
Creek water flowing through an area treated in March was sampled
during the following September and October (average daily rainfall of
0.63 inches) and did not contain measurable quantities of amitrole.
As pointed out by Norris and Moore (1970), quantities of herbicide
that can be found in streams are a function of the location of the
spray unit boundaries with respect to the stream. Highest concentrations of herbicides are found in streams originating in or flowing
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through the spray zone, lowest concentrations in streams totallv
excluded from the spray zone.
Amltrole residues and dissipation rates in irrigation water were
examxned by Demint et al. (1970) since amitrole is often used f¿r the
control of dltchbank vegetation. Following application "of I^itiol-Ï®
at rates of 4 and 3 lb/acre (4.5 and 3.4 kg/ha) to a single ditcibank
or ^ flowing canals, maximum concentrations of 31 and 43 ppb amitrole
were measured in the canal flow. When two banks of a dry canal were
treatea wxth Amitrol-T^B^at a rate of 6 lb/acre (6.7 kg/hi) and witer

Z\t:"Tltr\^'T ' ''''' ' "•^^'"^"' °' '' PP"- amitrole'w:sobtai;ed

Í nn™% V
Î
''^''^^'' ^"^it^«!^ levels had decreased to about
1 ppm 2 hours after passage of the main body of amitrole-bearin. water
by the last sampling station. The authors found that the dl¡:Í;atlon
of amxtrole xn the canal waters, for distances up to 8 mil^s '"P^''^^''
vl'^... km), was a linear function of amitrole concentration and
downstream flow.
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Exposure and Hazard Assessment

Forest workers, visitors, and resident or transient animals are
all potentially exposed to amitrole during forest spray operations•
For humans and other terrestrial animals, exposures can be by dermal,
inhalation, and oral (ingestion) routes« Aquatic animals are potentially exposed by immersion in waterbodies that may contain dissolved
amitrole. Calculations of exposure to amitrole in this section follow
the assumptions and methodology detailed in Section 4.0 of the General
Introduction to the Herbicide Background Statements. In general, it
should be noted that environmental exposures to amitrole are brief,
and that any area sprayed in a given year may well not be sprayed
again for several years. Occupational exposures, at least for some
individuals, may be of longer duration than environmental exposures.
However, only a limited number of individuals are so exposed.
4.1

USDA Forest Service Amitrole Application

Available application data for amitrole use by the USDA Forest
Service for 1982 are presented in Table 4-1. Actual exposure to
amitrole differs among Forest Service personnel involved in herbicide
use, other Forest Service personnel, visitors to Forest Service lands
that have been treated with herbicides, and wildlife species that are
permanent or transient inhabitants of treated areas.
The data presented in Table 4-1 indicate the number of forest
workers involved in application of amitrole in 1982, as well as the
duration of exposure on a daily and an annual basis. However, the
actual exposure of these workers depends not only upon the specific
formulation, method, and rate of application, but also on the protective measures employed, the operating condition of the equipment used,
and accidental events which expose workers to the pesticide.
Amitrole is adsorbed to colloids or is complexed with metals in
soil. Its persistence in soil is among the shortest (1 month) of the
pesticides and is a function of soil pH, moisture, temperature and
texture. However, amitrole is soluble in water and will persist more
than 200 days in aquatic conditions although it tends to adsorb
readily to sediments. The potential for incidental exposure of
humans and wildlife to amitrole is low, existing only for a short
period after its application.
4.2

Exposure

Estimates of potential exposure to amitrole are based on aerial
as well as ground application. The maximum aerial application rate
for amitrole (see Table 1-1) is 1.8 lb a.i./acre, while the compound
is applied from the ground (broadcast) at rates as high as 5.5 lb
a,i./acre^ In both aerial and ground application, amitrole is applied
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Table 4-1
üSDá Forest Seorlce Application Data for Aailtrole (1982)

Duration of Exposure
Formulation
(Number
of
Projects)

Method of
ApplicatiO'E

Amitrole
(14)

GrO'tittd
Foliar

So-urce:

Average Nunnber People
ExpO'fi'ed/Project

Total Peo'ple
Exposed

Average

Maximoii

Mrs/Da 3^ ] Days/Yr|' Hrs/Day
L ^

Gro^ss 1983

4

56

4»5

5.3

5„9

Type Oi'f Maiiageraent
(Projects)

Dajrs/Yr

8»!

No'Xious Weeds (6)
RecreatiO'ö (4)
Range (2)
Wildlife (1)
Timber (1)

as a liquid. The calculations in Table 4-2 that are based on aerial
application (e.g*, spray/observer dose^ wildlife dermal exposures^
and water concentrations) assume an application rate of 1*8 lb
a*i./âcre. Those calculations in Table 4-2 that are based on ground
spraying (e,g.s backpack sprayer dose^ and wildlife oral exposures)
assume an application rate of 5*5 lb a«i./acre. Other specific
assumptions, based upon the toxicological and chemical
characteristics of amitrole and on its behavior in the environment,
are discussed in the following sections. Table 4-2 summarizes the
estimates for occupational and environmental doses and exposures by
means of immersion^ dermal, inhalation^ and oral routes.
4»2,1

Occupational Doses

Data are not available on the daily occupational exposures or
doses of amitrole to forestry workers. However, estimates of
occupational doses have been derived based on the urinary output of
several categories of workers exposed to phenoxy herbicides (e.g.^
254-D and 254^5-T)* As indicated in the General Introduction to the
Herbicide Background Statements, urinary output was used to calculate
total doses (i.e*, regardless of route) to workers exposed to phenoxy
herbicides, and this quantity was then expressed on the basis of an
application rate of 1 lb/acre. Dally occupational exposure estimates
for amitrole are based on exposures on a per pound per acre application rate multiplied by 1.8 lb/acre for observers and 5.5 lb/acre for
backpack sprayers. In the case of the aerial spray observer, dose
estimates are based upon a maximum of one daily exposure to direct
aerial spray with an unprotected skin surface area of 2 square feet
(see General Introduction to the Herbicide Background Statements).
The maximal herbicide dermal absorption rate is assumed to be, in the
absence of data to indicate otherwise, 10 percent. Since amitrole
has a low solubility in organic solvents other than ethanol, this is
a conservative estimate for dermal absorption« Ât 1,8 lb a.i./acre
aerial application rate, the following estimate of daily dose is
derived:
Observer with Direct Spray Deposition! up to 0,072 mg/kg
(0.04 mg/kg at 1 lb/acre application rate).
For ground applications at 5.5 lbs/acre application rates, the
following estimate of daily dose is derived!
Backpack Sprayer! 0.22 mg/kg (0.04 mg/kg at 1 lb/acre
application rate)
Occupational doses for the mixer/loader are assumed to be independent
of application rate and have been estimated to be 0.1 mg/kg,
Am-ai

Table 4-2
Summary of Occupational Dose, Envlroimental Exposure
and Toxlcity for Amitrole
Exposure Route^
Occupational
Dose

Dermal

Mixer/Loader
Observer
Backpack Sprayer

Inhalation

Oral

b

0.1 mg/kg
_ up to 0,072 mg/kg
0.22 mg/kg

Environmental
Exposure
0.018 ppm (Immersi on)

Fish
Rabbits
Deer
Man
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)
Toxlcity SiiTnmary

0.725 mg/kg
0.182 mg/kg

Negligible
Negligible

_-d

^^à

NAe
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Acute LD5Q «
10,000 mg/kg
in rabbits

m

^

5.78 mg/kg
7.92 mg/kg

=^d
0.00036 mg/kg (2 days)
0.025 mg/kg (2 days)
0.032 mg/kg (2 days)
0.00072 mg/kg (1 day)
0.0018 mg/kg (1 day)
0.00090 mg/kg (1 day)

Acute oral LD5Q^S
>1,000 mg/kg in rats and
mice. Chronic feeding of
100 ppm in rats caused
thyroid adenomas and
adenocarclnomas.

Most studies, LC50 >100 ppm for fish

^Assumes aerial application at 1.8 lb active Ingredient per acre and ground foliar
application at 4 lb active ingredient per acre. See text for further explanation.
^Occupational doses include all routes of exposure,
^Fish exposure results from immersion In water containing ami trole.
"Human environmental exposures via dermal and inhalation routes will 1^ considerably
less than occupational doses. Therefores occupational doses are used as a worstcase rather than an estimate of environmental dermal and Inhalation expousre.
Oral environmental exposures are estimated for six sources.
®NA represents nonappllcable data.
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Total occupational doses are^ of course, a function not only of
application rate and specific occupational category^ but also of
duration of e^sposure. Table 4-1 includes estimates of the number of
days per year of exposure^ by amitrole application method and
formulation used^ in 19B2. It should be noted, however^ that in many
instancesj the same individuals are not exposed throughout the entire
spray period*
4.2.2

Environmental Exposures

Environmental exposures in man occur when forest visitors or
others not directly involved in spray operations come in contact with
spray or sprayed foliage, inhale spray mist^ eat plants or animals
contaminated with herbicide, or drink water containing herbicide.
Animals5 both terrestrial and aquatic, are subject to environmental
exposures as well.
4•2.2.1 Dermal Exposures. Human dermal environmental exposures
would be less than occupational exposures since only spray operators
and observers are directly involved with actual activities on the
spray units. A casual visitor to spray units should be expected to
receive an exposure much less by orders of magnitude than that of the
observer receiving direct spray deposition. Animals in the target
spray zone, however, are subject to dermal exposure. Rabbits and
deer, representing both small and large game animals respectively,
have the following estimated dermal exposures based on 1.8 lb
a.i./acre aerial sprays
Rabbits in Aerial Spray Zones 0,7254 mg/kg (0.403 mg/kg at
1 lb/acre application rate)
Deer in Aerial Spray Zoneî 0.1818 mg/kg (0.101 mg/kg at
1 lb/acre application rate)
4.2.2.2 Inhalation Exposures. Human inhalation environmental
exposures would be less than occupational exposures since spray operators, involved with activities on the spray units, are more likely to
be subject to spray mist than is a casual visitor. Thus a casual
forest visitor should be expected to receive an inhalation exposure
orders of magnitude less than that of a backpack sprayer.
Environmental inhalation exposures of animals in the spray target
area would occur on a one-time basis and would be limited to a time
frame that can be measured in minutes. Inhalation of amitrole vapor
would be negligible since the vapor pressure of amitrole is reported
to be low (Carter 1975), Inhalation exposure is therefore expected
to be so small that it can be neglected in this analysis.
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4*2.2*3 ImmersIon Expo sure s. Aquatic organisms are subject
to environmental exposures from Immersion in streams and ponds
adjacent to target spray zones. Assuming a buffer zone of
approximately 100 feet between aerial spray zones and waterbodles,
environmental exposures for aquatic organisms would be equivalent to
the estimated concentration of amitrole in water, calculated asj
Water concentration! 0,018 ppm (0*01 ppm at 1.0 lb/acre aerial
application rate)
This concentration of amitrole represents the estimated maximum concentration immediately after spraying. Although amitrole can
potentially be leached from soil and carried into waterbodies in
runoff water, monitoring studies indicate very low concentrations of
amitrole residues in ditches after ditchbank application of amitrole
(Demint et al* 1970).
4,2.2.4 £^1_E^£££H£E£* ^^ terms of oral exposures, any incidental ingestion of amitrole by workers on the spray unit would be
accounted for by the estimates of occupational dose. Oral environmental exposures would occur for wildlife eating contaminated
vegetation and for human consumption of fish, deer, rabbit, water,
berries, and mushrooms. Basic assumptions for estimates of oral
environmental exposures for both man and wildlife are presented in
the General Introduction to the Herbicide Background Statements.
Oral exposures for deer and rabbits, representing game animals
potentially eaten by humans, assume vegetation is sprayed from the
ground at 5,5 lb a.i•/acre and that rabbit browse is partially
shielded by overstory. These estimates are as follows!
Deerî
Rabbit;

7*920 mg/kg (1.44 mg/kg at 1 lb/acre application)
5.7 75 mg/kg (1,05 mg/kg at 1 lb/acre application)

Estimates of human oral exposures from consumption of fish, deer,
and rabbit require, as a starting point, estimates of maximum
tissue concentrations of amitrole in fish, deer^ and rabbit.
Pish tissue concentrations are derived as_ followsî

" water concentrations! 0.018 ppm
- bioconcentration; 1.0
Fish tissue concentration = 0.018 ppm (0.018 mg/kg)
Deer and rabbit tissue concentrations Include amitrole accumulated
from both oral and dermal exposure. Tissue concentration estimates
for deer and rabbit assume that dermally applied amitrole is absorbed
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at a rate of 10 percent for reasons discussed in Section 4.2.1 with
regard to spray observer absorption rates. It is also assumed that
oral exposure of deer and rabbit to aaitrole lasts only for 2 days
due to the relatively short environmental persistence of amitrole and
that 10 percent of the ingested amitrole is assimilated. In view of
the rapid (on the order of 2 to 3 hour half-life) elimination of
amitrole from mammals indicated in Appendix F, this latter assumption
is a conservative one. Deer tissue concentrations of amitrole are
derived as follows:
Dermal Exposure contribution assumes 10 percent absorption of a
single exposure, or 0.1818 mg/kg (dermal exposure) x 0.10 =
0.01818 mg/kg.
Oral Exposure contribution assumes 10 percent assimilation of
two-days feeding, or 7.92 mg/kg/day (oral exposure) x 0.10 x
2 days ^ 1.584 mg/kg.
Total Deer Tissue concentration = 0.01818 mg/kg + 1.584 mg/kg ^
1.6022 mg/kg (1.602 ppm).
Rabbit tissue concentrations of amitrole are derived in the same
way as for deer, as follows:
Dermal Exposure contribution assumes 10 percent absorption of a
single exposure, or 0.7254 mg/kg (dermal exposure) x 0.10 =
0.07254 mg/kg.
Oral Exposure contribution assumes 10 percent assimilation
absorption of two-days feeding, or 5.775 mg/kg/day (oral
exposure) x 0.1 x 2 days ~ 1.155 mg/kg.
Total Rabbit Tissue Concentration = 0.07254 mg/kg + 1.155 mg/kg
1.2275 mg/kg (1.228 ppm).
Based upon the above fish, deer, and rabbit tissue concentrations and
human consumption rates, the following estimates of maximum human
oral exposures to amitrole from eating meat are derived:
Fish meat:
0.018 mg/kg x 2 days x 0.5 kg/day/person T 50 kg
person = 0.00036 mg/kg
Deer meat:
1.602 mg/kg x 2 days x 0.5 kg/day/person 4- 50 kg
person - 0.032 mg/kg
Rabbit meats 1.228 mg/kg x 2 days x 0.5 kg/day/person T 50 kg
person = 0.025 mg/kg
Am-35

Water and plant consumption by man would result in the following
oral exposures to amtirole based on assumptions stated in the Gênerai
Introduction of the Herbicide Background Statements at an application
rate of 1.8 lb a.i./acre (aerial)j

4.3

Water:

0.00072 mg/kg (0,0004 mg/kg at 1 lb/acre application)

Berries:

0.0018 mg/kg (0.001 mg/kg at 1 lb/acre application)

iMushroomsi

0.00090 mg/kg (0.0005 mg/kg at 1 lb/acre application)

Haz ar d_As s e ssmgti t

Toxicological properties of amitrole to man, fish, and small
mammals have been summarized in Table 2-1 and detailed in Section 2
of this Herbicide Background Statement. Table 4-2 compares estimates
for both occupational doses and environmental exposures in man and
wildlife with reported toxicity information (dermal LD5Q in rabbits,
rodent acute oral LD3o's, and immersion LC5o's for fish).
As part of its reregistration guidance for pesticide products
containing amitrole, the U.S. Environmental Protection agency (1984)
provided preliminary exposure estimates for various applications of^
amitrole. The maximum daily exposures Incurred during forest
application were estimated to be 0.03, 0.30, 0.004, and 3.0 mg/kg for
knapsack applicators, knapsack mixer/loaders, helicopter pilots,"and
helicopter mixer/loaders, respectively, and concluded that dermal
exposures through the hands was the major route of exposure. These
maximum exposure estimates for knapsack applicators and helicopter
pilots are less than the dose estimates for applicators (backpack
sprayers) and observers used in this assessment. Mixer/loader
exposure estimates are higher than dose estimates made here, but with
the assumption of a 10 percent absorption of dermal exposures, the
maximum exposure for mixer/loaders during helicopter application
(3.0 mg/kg/day) becomes a dose of 0,3 mg/kg/day, slightly more than
the estimated dose (0.22 mg/kg) for backpack sprayers in this
assessment.
Small mammal studies have shown that amitrole applied to the
skin of rabbits does not cause toxic signs. Eye injuries have been
reported in two gardners accidentally exposed to amitrole, Rats^fed
100 ppm amitrole for 2 years developed thyroid adenomas and adenocarcinomas, while the lower dose of 50 ppm amitrole in the diet only
induced adenomas. Thyroid hyperplasmia and runting of progeny, but'
no apparent teratogenic effects, have been observed in rats fed 25 to
100 ppm amitrole. Although nonmutagenlc in the Salmonella
tjghimurlum bacterial system and most other syst^s~tested, amitrole
has been shown to Induce DNA damage. These studies are summarized in
Am-3 6

Table 2-1 and detailed in the Appendices. Generally, they suggest
that amitrole may have the potential to induce adverse reproductive
or carcinogenic effects.
Although there is sufficient evidence that amitrole is
carcinogenic in animals, there are insufficient epidemiological data
concerning its carcinogenicity in humans. Railroad workers exposed
to amitrole and other herbicides had a slight excess of cancer when
all sites were considered together. Whether the excess cancer was to
amitrole alone is unknown. For forestry applications, the extremely
small exposures calculated here and their short duration (8.1 days
per year and 5.9 hours per day) are orders of magnitude less than
those that have been shown to cause cancer in laboratory animals.
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Appendix 4
Summary of Anitrole Toxicity Data for Invertebrates and Mîcroorgânisœs

Fonmlation

OTganîsm

Nature of
Expo««re

Exposure
Tirae

Effects

âŒitrole
(501 a.io,
fornmlation)

CladO'Ceran (Daplmia
nagiaa; Crustacea)

Surface
abso'TptiO'iis
static
îaioassay

24 iioijrs
48 hours
96 hours

IC5Q « 53.50 ppiiî
IC5Q; =• 3^55 ppii
IC^Q » 1.43 ppm

Amitrole

Copepod (Cyclops
venialie;
Crustácea, 0-4 îiour
nauplii larvae),

Sttrface
absorptions.
atatic
bloaseajr

48 hours

^?i?.76

Amitrole

Hoaeybees (Apis
me 111 fera s Iiisecta.)

Surface
alíSorptlO'Hi

âmltrole

Germaii cockroach
(Blattella
geraiaiiica; Insects)

Ingestion

Aialtrole

Frtiit fly
(Drosoptiiia
melanogaster;
îasecta)

Surface
absorption

96 hours

^„b

Through
larYal
develojpfment

y

58.5 P|M
to 124»0)*
.D50 - 22.1 ppffl
18.54 to 27.71)

Comments

References

Soîoe suMetÎMl effects
were a,oted., iaciuding
retarded growthj inhibited reproduction,
reduced îiatcîiîng
sníccess.,

Flmdley 1966 íE
Burntîng and
Robertson 1975

pH - 6=7

Buntlag and
Robertson 1975 j.
and Robertson
and Bunting 1976

Mortality less
than 51 when
beea dtisted at
12.09 g/bee

Atkins et al.
1975 in, Gtossemi
et al. 1981

âmltrole at
1,000 ppia ia
food was toxic
for nymphs (lO'OZ
niortalitjr) and
reduced adult
fecuniditjr.

Ri¥iere 1976

in tBedium

Developîaent tine prolonged at concentrations as lo%r as 10 ppin.

Laaiaan.eii et al,
1976

Appendix A (Co'n.tinued)

ForHwlatlon

Organism

Nature of
Exposure

Exposure
Time

Conmierits

ânitro'le

Cladoceran (Daphnla
pu lex ; Cm, staceaT"

Surface
aboorptlon

up to
24 tioura

Animals became
inmoblle. Molting
individuals were
more rapidly
immobilized.

átmltro'le

Cladoceran (Daphuta
magna, ; Cnietacea)

Surface
abBOirptîon

26 hotirs

Median imiobilization concentra-"
tion ~ 23 ppDO!

ÄJil trole

Neot,atode
(Ac róbeloIdee
buetschlll)

SMrfac,e
absorptloa

Amitrole

Hoaey'beea (Aple
laelllfera; Ineecta)

Ingestion

§ weeks

âaitroile

B'rliie Shrimp
(Áltenla sp.
Crustacea)

Surface
absorptloiii,
static
"bioasBiay

up tO' 36+
5 days

Reduced zygote
production, when
tCiBted in 5 ppa
amitrol In water.

Surface
absorption,
Bitatic
l)loas,say

48 hours

EC50 18.0' to
56.0 ppm

Cytrol
Cladocerao (Da|>hnia,
Aiiltrole-T® gagna ; Crustacea T"

501 mo^rtality at,
184 pp«, almost
tO'tal mortality
at 600' ppB

Kept at 24°C (75°F)

References
Scliiiltz and
Kennedy 1976

Crosby and Tucker
1966 in Bunting
and Robertson
1975
At 300 ppm,, egg laying
was inhibited with
tendencia for larvae to
liatch within adult.
Cuticular otitgro'Wtho
were coomon..

250' pp'Bi in sugar
syrup fed to bee
colonies did not
result la changes
in, colo'iny weight
cota pa red to controls. No abnormalities attribut™
-^«bie-^tcr^-aisrltTTCfle—
were obeerved.

Frey 1979

King 1964

Grosch 1980'

210 C (700'F),
first Instar..

JohnsOifii and
Fin ley 1980'

Appendix A (Continued)

Formulation

Organism

Exposure
Time

References

Surface
absorption,
static
bioassay

96 hours

LC5Q, >100 ppm

150c (590F),
matiire animals

Johnson and
Finley 1980

Copepod (CyclO'ps
vemalig; Crustacea
0-4 hour aauplil
larrae)

Surface
absorptlom,
etatic
Moassay

48 hours

LB50 (a.i.)
0.81)
LD^Q "
(a.i.)
0.51)

pH « 6.7

BtiH-ting and
Robertson 1975

Amitrol-T^

Cladoceraû (Daphnla
aagna; Crustacea)

Surface
absorption

48 hotira

Amitrol-T ^

Waterflea (DapfaiJa '
aagna; CnistaceaT
Seed Bfirimp
(CyprtdopBts vldtaa ;
Crustacea)
Scud (Gammarus
fasciatus;
Crustacea)

Isopod (Asellus)
Cytrol
r® ep. ; Crustacea)
Anitrole-T^

iteiltrol'-T'-

AiBltrol"T,®

Anltirole

I

Nature of
Exposure

Sowbug (Asellus
brevicaudus;
Crustacea)
Glass shrimp
(Palaemonetea
kadtakeneis;
Crustacea)
Crayfish (Orconectea
naile; Crustacea)
Neniatodes

96 hours

0.49 ppm
(0.38 to
0.43 ppn
(0.40 to

TL5Q - 30'.0 ppïB
TL50 - 32.0 ppm

Suface
absorption,
static
bioassay

Field application at
5 lb/aere
(5.6. kg/ha)

Crosby and Tucker
1966 in Bunting
and Robertson
1975

LD5Q * 40' ppn

21.0°C (70'^F),
pH 7.4
21.0°C (700F),
pH 7.4

TL50 >100.0 ppm

15.50c (6OOF),
pH 7.4

TL50 > 100.0 ppm

15.50c (6OOF),
pH 7.4

TL50 >100.0 ppm

Zl.O^C (700F)»
pH 7.4

TL50 > 100.0' ppm

15.50'C (6OOF),
pH 7.4

Sanders 1970

48' hours -

No't given

Forty-ninG percent
reduction in
number of nematodes.

Courtney et al.
1962 in Pliaentel
1971

appendix A (Concluded)
f

Organism

Ha ture of
Ex insure

Exposure
Time

Amitrole

Racteriiiai:
(EscfiericnJLa coll)

Surface
absorption

Cultured
to 10^0
ho^urs

Bacterial growth
repressed by
amitrole at 0.11
ill culture
medio, IB.

/teltrole

Bacteria
(Escherlcilia coli
aod Salmoaella
t y ph 1 mur1jlmy"°~"

Surface
absorption

24 iioure

In œlrâîial
médium^ growth
was repressed at
0\1I co'Q,centration and. Inhibited at 0.5%. la
complete médium,
bacteria toderated concentrations ol 1.7 to
2,4%.

-1®
lEedazol~r^

Bacteria,

Surface
absorption

7 days

ííine percent Oif 50
cultures sho^wed
reduced o-r no growth
at 50 ppm herbicide
in medium.

Weedazol-l*^''^

Ac t ioiciiayce te s

Surface
absorption

7 days

Tw'o percent of 40
cultures showed
reduced or no growth
at 50 ppn herbicide
in, medium.

Meedazol-1^^"'

F\ingi

Surface
absorption

7 daya

Twentjr-seven percen,t
of 70' cultures
showed reduced or
no growth, at ,50 ppm
herbicide in medium.

Weedazol-r"''

Yeasts

Surface
abstorptioii

7 dajrs

Seven percent oif
15 cultures showed
reduced ox QO growth
at 50' ppm herbicide
in tied lull!»

Fo-rmulatioitt

79'5 percent confidence limits in parentheses,
"Data not available or not applical,>le.

Effects

Comments
Growth-curve lag phase
prolonged, and ceil
growth (Dtumbers) below
control. Effect of
aai trot 1 e wa s IM r M « 1 "3 v
reversed with addition
of 0'.,1I adeniiie and O'.IX
liistidirie to medium»

Re fere ne es
Franco and
Äniclo' 1975

Bäm,ito-rd et al,
1976

Cooper et al.
1978

Cooper et al»
1978
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Summary of Amitrole Toxicity Data for Fish and Amphibians

Formulation

Organism

Nature of
Exposure

Exposure
Time

References

Effects

FISH

I

ânltrole

Rainbow trout

Amitrole

Largemotith baas

Oral!
feeding at
1,200 and
4,800 ppm
In diet

9, 12,
15, 16
and 20
months

High Incidence
(24 and 56S) of
hepatoraas at 9
months, low Incidence (6 to 211)
at 12, 16 and 20
months, and none
at 15 months.
1,200 ppm and
4.800 ppm in diet,

" Static
bloassay

—-^

Flowthrough
bloassay

6 days

All fish died at
1,000 ppm

No pattern of correlation in hepatotia incidence with either dose
or duration. Hepatoma
incidence in controls
did not exceed IX.
Diet composition and
possible contamination
were not indicated.

Nontojcic at
1,000 ppm
Bond et al. 1959
in Lorz et al«
1979

amitrole

Coho salmon

Flowthrough
bloassay

48 hours

LD50 " 325 ppm

Water pH 7,5 to 7.7.
Total alkalinity 41
to 71 ppra

amitrole

Mosquitofish

Static
bloassay

96 hours

LC50 >10 ppm

I80C

Ä»ltrole

Fathead minnow

Static
bloassay

95 hours

LC50 >100 ppm

180 C

Aaitrole

Channel catfish

Static
bloassay

96 hours

LC501 > 160 ppm

18« C

Aaltrole

Mug11 cephalua
(Common name not
given)

Static
bloassay

24
48
72
96

LC50
LC50
LC50
LC5Q

hours
hours
hours
hours

Halver 1967 in
International
Agency for
Research on
Cancer 1974

- 320 ppm
"■ 180 ppm
" 100 ppm
•■68.0 ppm

Johnson and
Flnley 1980

Tag El-dln et al.
1981

Appendix B (Continued)

œ
Formulation

Organism

Exposure
Time

Nature of
Exposure

Effects

References

Coimeeots

FISH (continued)
âmitrole

Salfflott

Amitrole

Bluegill

Amitrole

Green sunfish

Amitrole

Lake cbub-sucker

âmitrole

Sraallüiiouth bass

Amitrole

Bluegill

.-M..^.1-T®

Mosquito fish

—
^
Static
- bioassay

48 hours

Estimated
LC50 - 3,250 ppm

8 days

Survived 50 ppm

8 days

Survived 50 ppm

8 days

Survived 50 ppm

8 dayB

Survived 50 ppm

24 hours

LC5(| - 1,200 ppm

Static
bioassay

24 hours
48 hours
96 hours

TL50 - 5,000 ppm 1
TL50 - 3,100 ppm .
TL50. - 2,100 ppm _

—

--

Bofmont 1976 in
Pimentel 1971.

"
Fertilized eggs and
fry.

Hiltibran 1967
In Lorz et al.
1979 and
Pimental 1971

pH of 6.9; hardneas of
29 ppm

Hughes and Davis
in hoTz et al.
1979

21 to 220c

Johnson 1978

Sanders 1970

Amitrol-T®

BlutîK. ' '

Static
bioassay

48 hours

Survived concentrations 100 ppm

240c, pH 7.4

Amitrol-T®

Coho salmón
(yearling)

"--Mr
bioassay

96 hours

LC50 * 70 ppïB

A dose-dependent morLorz et al«
tality was observed
1979
upon transfer to m a
WRte.T 24 to 48 huurs
after transfer. V.oi tality wae not considered be due to osmoregulatory Impaimnent.

Appendix B (Concluded)

Formulâtion

Organism

Nature of
Exposure

Expo^sure
Time

Comments

References

FISH (co'ncluded)
Cope 1963 in
Pimentel 1971

Cytrol
^
Aiiitrole-T^

Blueglll

96 hours

LC5Q, » 10,000 ppn

Cytrol
Amltrole-T^

Lake Emerald sliiner

24 hours

1X50 - 455 ppn

Heditim-hard water.

Cytrol
ÄJiit.role-T®'

Chanuel catfish

Static
Moassay

96 hours

LC5Q >160 ppa

la^C, 1.8 graas fish

Cytrol
Aaltrole-T^St

Bluegill

Static
Moassay

9§ hours

LCSQ >280

ppi

18 •'C, 1.1 grams fish

Afflaonlini
Tíiio^cyanate
(ingrédient 1E
AiiÍtrol-T®and
Cytrol

"Fish'* (species
not specified)

Not given

Mot given

200 ppm lethal

Swabey and
Schenk 1963 Itt
Pimeatel 1971

Johnson and
Fiîiley 1980
Russian study
reported by
Springer 1957 in
Pimentel 1971

MPHIBIANS
Weedazol TL^
Plus

ânuran (frog);
Melotus brevis
"(Amphibia, tadpole»
common name not
given)

^Data nO't available or not applicable.

Static
bioassay

24 hours
48 hours
9§ hours

TL50, - 5,200 pp«
TL50 - 5,000 ppm
TL50 - 3,000 ppœ

Conducted at 21 to
220c. Tadpoles
subjected to eubacwte
(1,000 ppœ) dose for
96 hours had a reduced
temperature tolerance
compared to controls.

Johnson 1976
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Suimnary of Amitrole Toxicity Data for Birds

Formulâtion

>
¡

Organism

Nature of
Exposure

Exposure
Time

Effects

References

Amitrole

White leghorn
chick

Injected
lutraperitonea lly
with
500 rag/kg or
1,000 mg/kg
body weight.

Varied
from 3 to
38 days.

Reduced rate of
weight gain and
changes In microanatomy of
thyroid gland.

Mitróle

Japanese quail

Ingestion

5 days

I^^so >5,000 ppm
in diet

No mortality to
5,000 ppm. Birds were
12 days old at start
of test.

Amitrole

Ring-necked
pheasant

Ingestion

5 days

LC50' >5,000 ppm
in diet

Mo mortality to
5,000 ppm. Birds were
10 days old of start
of test.

Amitrole

Mallard duck

Ingestion

5 days

LC50 >5,000 ppm
in diet

No mortality to
5,000 ppm. Birds were
10 days old of start
of test.

Amitrole

Mallard duck

Ingestion
(acute)

Observed
14 days
after
single
dose

LD50 >2,000 mg/kg

Male birds, 3 to 4
months old. Loss of
coordinationj slight
wing drop, and weakness
was observed the first
3 days after dose.

Wishe et al.
1979

Hill et al. 1975

Tucker and
Crabtree 1970

Appendix C (Concluded)

I
4^Organis«

Mature O'f
ExpO'Sure

Exposure
Time

Amitrole

Mallard duck

Ingeation

Not given

Depressed reproduction In ducks
fed doses 25%
below levels that
would result in
mortality.

II. S « DepartneEt
of the Interior
1%2 in Piroetitel
1971

Amitrole

Chicken (eggs)

Injected
into eggs

Not given

Lowest concentration Bt which
toxic effects
were noted wae
100, ppm.

Dunachie and
Fletcher 1970

Amitrole

Chicken eggs

Aqueous solutions injected into
yolk sacs at
0, 24, 48,
and 96 hoors
of incubation. Up to
40 mg/egg.

Embryos
examined
after 19
days of
incubation

Amitrole toxicity
was dosage dependent and'high at
0 and 96 hours,
lower at 24 and
48 hours.

ForroulatlO'ti

Data not available or not applicable«

Effects

References

Principal malformations Involved beak
beak*
Some malformations of
the tibia were also
observed.

Landauer et al.
1971
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Surnmar}? of Ami trole Toxic i ty in Mammals

Formulât iofii.

Organism

Nature of
Exposure

Effects

Comments

References

Acute Oral Toxicity
Amitroae

Rat

Ingestion of a single
dose

LD50' was 1,100 mg/kg

Bailey and l&lte
1965

/lîtiltrole

Rat

IngestioE of a single
dosG

LD5O' was 25,0>OO mg/kg

tfelr et al, 1958

Stomactt tube

No sign-s of toxicity
with up to 4j080 mg/kg

Gaines et al» 1973

Ingestion of a single
dose

LD5(} was 14,700 mg/kg

Wp_ir et al. 1958

20 mg/kg of amitrole
ingested by a 39-year
old woman

No signa of intoxication

Ingeation of a single
dose

LD50 was 5,000 mg/kg

Amitrole

Amitroile

Mouse

Amitroie

Amltrol-T'^

Rat

The cammercial preparation
ingested contained 301
amitrole and 56X Diuron,

GeIdmaclier-¥#
Malllnckrodt and
Schmidt I970i
Weir et al. 1958

Acute Intravenous TO'XJcJty
Amitrole

Mo'use

Intraveiiotis injection

No effect at 1,600 mg/kg

Cat

Intravenous injection

No effect at 1,750 mg/kg

Dog

Intravenous injection

No effect at 1,20'0 mg/kg

P.abbit

1,000 mg/kg
intravenously

Decreased catalase activity in ocular tissues
injected with 1,000 mg/kg

Weir et al^ 1958

Bhuyan et al. 1974

Appen.dix D (Continu.ed)
1
oo
ForTO.iilatiO'11

Organism

Nature of
Exposure

Effects

Co'imnetitö

References

Acute Dermal Toxlcity
âm-t trole

Rat

Single dose applied to
the skin

No signs of toxicity
at 2,500' mg/kg

âmizol1®

P>.abblt

Applied to shave« skin

LD50 was 10,000 mg/kg,

Hair was clipped.

Gaines et al« 1973

U,S, Department of
Agriculture 1981

Eye Irritation
Amitrol

Accidental ey^posure
to a gardner

Eye Injury reported

Ho Infor Elation on
f^xposurp dose levfl or
sevfxity of eye injury.

Swift

AmizO'l'"-

Accidental exposure
to a garduer

E_ye' injury repcjrted

No Information OR
expO'Sure dose' Ipvel or
s e V e r 11 y o f e y e i n, j u r y *

Swift 1976

1976

Subchronic Oral Toxicity
Anil trole

Aradtrole

âniitrole

Rat

63-day oral administra tloo. of lO'O'O aud
10,000 ppm ill the diet

Altpred body weight gain
and fatty changes 1R
liver cells

Cited 111 Weitet ai. 1958

90--day, 150i mg/kg in
diet

15Z weight lo'ss during
first 6 weeks of
exposure

Gaines et al» 1973

Fed ill 'diet at 15, 30,
60,, or 120 ppm fotr
2 weeks

Thyroid gland eiilargement Ini 60 and 120 ppra
groups

Jukes atid Shafer
1960

Appendix D (Continued)

Formulation

Organism

Nature of
Exposure

Effects

References

Subchronic Oral Toxiclty
(Concluded)
Amitrole

Ami trole

Rat

Amitrole

ámizol®
(94»1%
active
ingredient)

Rabbit

50 ppm in dririking
water for 15 weeks

Slight retardation of
growth; thyroid
enlargemeEt

Cited in Weir et al»
1958

21 doses of i,0'0'0 mg/kg
given ititraperitoneally
over a 45"-iiay period

Thyroid ealargemeEt

Cited itt Weir et al«
1958

n la diet for 12
weeks

Thyroid hyperplasia. Inhibition of whole body
catalase enzyme activity

Feinstein et al» 1978

Fed in diet or
drinking water at
OüZZ concentration
for about 25 weeks

Cataract productiO'E.
Earliest changes seen
after 2-4 weeks of Amizol
feeding* Inhibition of
lens catalase enzymes

Bhuyan et al, 1973

Chronic Toxiclty
Araitrole

I

un

Rat

Fed in diet at 10, 50',
100 and 500 ppm for
2 years

At 13 weeks levels up to
50 ppm had no effect on
female animals; male
animals had enlarged
tfiyrold glands» Levels
of 10Ü and 500 ppm
produced suppression of
growthj, enlarged thyroids
and altered food utilization. Hyperplasla and
toxic degeneration of
thyroids occfjrred at all
dose levels*

Weir et al. 1958

Appendix D (Continued)

I
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Fo'iTCTLul <at ion

Cf rgati ism

Nature of
Exposure

Co'Diments

Preferences

Chrooic Toxlcity
^ ^(Co'iicluded) ^ ^
AfliitrO'le
Amitroile

Rat

Fed in diet at 50 ppn!
for 476 days

No,i tojcic effects
reported-

Ü'.S. Department O'f
Agriculture 1981

Fed In diet at 500 ppm
for 119 days

{'.[(srmal tirFfO'id glands,

U.S., OeparCmetit o-f
Agriculture 1981

Re pr ociuc 11 ve and
T'eratogentclty
âîiol trole

Rat

Multi-geiipration study»
Malf-' and female Ffj
animaLls fed 500 and
1,000 ppm íor 1LV7-110
days, or 25 and lO'O ppm
for 240'-247 days; Fi
animals fed 25 and
100 ppm for 141 da3rs*

Pups born to parpiits fed
500 and lOüOí ppm amitrolf" were smaller, and
had, a tropic thymuses and
s pipens indicative ol
r un ting. No effect at
lower dletar'/ levels,
Hyperplasia of thyro^ld
In all animals fed
100 ppm or g,re'at€»r„ In
the 25 ppm groups, 40-%
of FQt and F| femaltas and
60'% oif F|^ RMIPS développé hypiPíTplasia O'f
thp thyroid.

Gaines et al*

Amitrole

Rat

Pregnant animals
treated with 20 or
lOiO mg,/kg of amlti-ole
by oral intubation
from days 7 thro'Ugh 15
of gestation.

No reproductive or teraLogenic effects otbservecl-

Gaines et al» 1973

Mouse

Pregnant anímala
treated with 500',
1,000, 250'0', or
5,000 ppm in drinking
watPC from days 6
through 18 of gestation.

No teratogenlc effects
oliserved. Fetuses fro-m
dams treated with 3
highest doses were small
and underdeveloped,, with
immature skeleton.
FLeso'rptlO'ns high amoing
group treated with
5,0^0^01 ppm. No effect
se-pn at 300 ppm«

Tjalve 1974

Aminotriazole

1973

Appendix D (Continued)

Formulation

Organism

Nature of
Exposure

Effects

References

Carclnogeniclty

>
B
I

Amitrole

Rat

Fed in diet at 10, 50,
and 100 ppm for 2 years

Thyroid adenomas developed in 1 of 10. 2 of 15,
and 17 of 26 rats treated
at the respective dose
levels. No tumors in control animals.

Jtikes and Shafer 1960

Amltrole

Rat

Fed in diet at 500 ppm
for 17 weeks

No thyroid tumors.

Jukes and Shafer 1960

Amitrole

Rat

Fed in diet at 10, 50,
and 100 ppm for 2 years

Thyroid tumors developed
in 15 of 27 rats
treated with 100 ppm
amltrole. Incidence
was 1-3 of 27 in groups
treated with 10-50 ppm.

Hodge et al. 1966

Amltrole

Rat

20-25 tag/day in
drinking water; 250 or
500 mg/day in diet for
lifespan of the animals (10-32 months)

Thyroid tumors developed
in 54 of 104 animals»
Malignant tumors Included
hepatocellular and hepatocholangiocellular carcinomas in 5 of 44 rats
receiving amltrole in
drinking water; in 17 of
52 rats receiving amitrole in diet-

Occurrence of tumors
by specific dose level
not reported. No control data presented.

Napalkov 1969, cited in
International Agency
for Research on
Cancer 1974

Amltrole

Rat

Subcutaneous administration at 125 ppm
rat, twice weekly for
approximately 11
months

5 thyroid tumors and 5
liver tumors developed
Itt 7 animals

No Information
regarding controls»

Napalkov 1969, cited in
International Agency
for Research on
Cancer 1974

Appendix C (Continued)

Nature of
Expo'sure

Foirmiiîatioîi

References
Carclnogeni cLty
(Gon„t;lnued)

l!iplan,'ta.tioa of 3
pellets of 500 mg atai™
trole undf'C skin each
month for 5 mo^nths.
From 6th to Í2th month
125 mg amitroile injec™
teá twice weekly su,bciitaneo.u3ly

lu 7 Q'f 14 aointals stir-'
¥iving at least 21 monthe
7/ sarcomas developed at
siLiPS of treatmettt.

Ami trole

2,50'0 ppEE ia drinking
water for 70' weeks

Goiters developed in all
rats. Increasf'd IncldenLces of invasive tutncjrs
or papillary adettomas
of thf thyroid wpre
ob'Served.

Anima Is were either normal o^r had either partial thjTToldectomlPS orr
h p" t e r oi t o p i c au t o i rop lan';~
tatioii of thyroid tissue.

Tsuda et al». 1976

Amitrole

lO'O ppiii ia diet for 2
years

Significant numbpr oi'
thyroid adenomas and

Suunmat")" stateme-at onlv.

Cited in DuShane
1959

Napalkov 1969, cited
in International
Agenc_v foir Research
on Cancer 1974

adp IIoi'ca. r c 1 ooiiia s o bs e rv ed,
amitrole

50 ppin in. di'et foe 2
years

ánima1s developei
ade'inomasi but no
adeaO'Carcinomas.

Siimmarjr statement only«

Cited in D'lrShane
1959

Ami trole

Dally oral doses for
unspecified time

Doses of 0,5 to
2,000' mg/kg l*»ad to
tuíiOit formation.

Summary stateimeEt only*

Terracini 1971

Amitroie

Fed in diet at 100 ppm
fo^r 730 days

Ttiyraiid adf^nomas and
adetiOiCarcl nO'tnas.

âmltroile

Mouse

IZ Amitrole fed in diet
tot normal and acata-laaipmlc mice

à larger portion of acatalaaemlc C3H tnice de¥el-op<pd liver tumors that
were detected f^arller
than EO'Tiial mice.

ami trole

Mouse

0*1 Oir IQ mg applied
tO' skin weekly for life

KOi skin tumors ob5€»r"\Fed.

Ü«S'* Department of
Agriculture 1981
C3K and C57BC/6 mice
strains were used.

Feinstelrii et al»
1978

Hodge et al. 1966

Appendix O (Continued)

Formulation

Organism

Nature of
Exposure

Effects

References

Carclnogenlclty
(Continued)
Amitrole

Lu

Single Bubcutaaeous Injection of 10 ng
amitrole per animal

NO' evidence of carcinogenicity throughout 3982 weeks observation
period.

Hodge et al. 1966

Amitrole

Mouse

Mice treated by stomach
tube with 1,000 mg/kg
from 7 to 28 days of
age. Then treated with
2,192 ppm (approxi
mately 330 mg/kg) in
diet for 53-60 weeks

Carcinoma of thyroid
observed in 64 of 72
treated mice» Mo
thyroid carcinomas in
338 control aiice.
Liver tumors (hepatomas)
observed In 67 of 72
mice treated with
ami trole and in 14 of
338 control mice.

Two hybrid strains of
mice used., i.e. (C57
Bl/6 X C3H/A nf) Fj_ and
(C57 Bl/6 X AI<ä) Fi«

Innés et al. 1969

Ami trole

Mouse

öaily oral doses

Doses of 330 to
1,000 mg/kg lead to
tumor formation.

Summary statement only,

Terracini 1971

Amitrole

Dog

Fed in diet at 10', 50,
lO'O, or 500 ppm for
52 weeks

No tumors detected.

¿IJJQítrole

Human

348' Swedish railroad workers were exposed to herbicides
during period of 19571972

There was an increase In
overall tumor morbidity
and mortality. The observed number of deaths
was higher than expected j,
especially among those
with an early exposure
to both amitrole and
phenoxy acids. The mortality among workers exposed to- ami trole alone
was lower than expected,
however, 3 of the 4
deaths reported were due
to tumors»

Q'uoted in Hodge
et al. 1966

The causal relationship
Is unclear since the
workers exposed to a
combination of amitrole
and phenoxy acids were
more seriously affected«

AxeIson and Sunde11
1974 and líbrelson
et al., 1980

Appendix D (Concluded)
I
FormMlation

Oxganlsm

Nature of
Exposure

Effects

Co'inrnents

References

Carelnogenlclty
(Concluded)
âmîtrole

Rat cells

Cell cultures treated
with 10, 80',, 100, or
1,200' ppra.

Transformât,!oni oí
Rauscher-muriae leukemia
virus-Infected rat embryoi.
cells at 3 highest dcises.

In vitro transfoirmation^

Dunkel et aim 1981

amitrole

Hamster
cells

Cell cultures treated
wltti OM, I, 10', and
lO'O' ppm.

Transformation oif Syrian
hamster embryo cells
treated at I and 10 ppm,

In vitro tran.sformatioii.

Duiakel et aJ « 1981
^^¿ p^^^^^a et al.
J^Qj-j

Aniitrole

Hamster
cells

Cell cultures treated
with 10, 50, and
100 ppm.

Transformation observed
at all dose levels tested.

_Iri vitro trains format ion.

Inoue et al. 1981

Ami trole,
Technical,
98% pure

Hamster
cells

BHK21, C113/I-IRC1 line.
treated with 0»2, 2.0-,
200 and 2,000 Ppm In
presence or absence
of S-9

No evlden,ce of
cell transformatiO'ii»

Daniel and Dehnel
1981

Ami trole.
Technical,
981 pure

Hamster
cells

BHiai C113 cells
treated with 0,025,,
0»25, 2.5, and 250 ppm.

Positive results
for cell
trans forma tl o-n.

Stylf-s 1981

Data not available or not applicable.
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Formulation

ON

Organism

Nature of
Exposure

References

Amltro'le
(50'Z pure)

Salmonella
typhlmurlma

Tested with 8 unspecified
strains of S_«_ typhimurlum
at unspecified dose levels

Nonmiitagenic

Amitrole

S« typhimurlum

Strains TA98, TAIOO,
Nonmutagfulc
TA1535, and TA1537,
treated at unspecified
dose levels In the presence
and absence of S-9

SuiMoary infomatio'n
oaly.,

McCann et al- 1975

Aminotriazole

Sj^ typhimuriitm

Tested with strains
TA1535, TA1536, TA1537,
TA1538 at unspecified dose
levels in the presence and
absence of S-9

Nonmutagenic

Summary information
only* No data
presentad»

Torracca et al.
1976

Amitrole,
Technical

S# typhimuxium,

Tested with several
trp^iMJtants» Doses
and conditions
unspecified

Nonmutagenic

Summary information
only. No data
presented»

Sorsa and Gripenberg
1976

Amitrole
Technical

S. typhimurium

Tested with strains
TA1535, TA 1536, TA1537
and TA1538 at unspecified
dose levels

Nonmutagenic

Summary information
only» No data
presented«

Shirasu et al»
1976

Amitrole

S« typhimmriiim

Strains TA98, TA100
TA1535, TA1536, TA1537
and TA1538 tre>ated with
250 ]jg/plate In the
presence of S-9 fraction

Nonmutagenic

Slmnton 1979

Amitrole

S_^ typhimurium

Strains TA1535 and
TA1538 treated at
dose levels of 25,
100, and 250 |,ig/pl-ate,
in the presence and
absence of S-9

Nonmutagenic

Rosenkranz and
Poirier 1979

Andersen et al.
1972

Appendix. E (Continued)

I
CO

Formula tio^n

Organism

trole,
Techalcal

S« typhiiauritm

,AJQ:1

Nature of
Exposure

References

Tee tea with strains
Tâ98, TAIOO, TA1535,
TAI537 and TA1538 at
half-log cO'iiceiitraLioEis
from 0'..3 to 333.3 ¡jg/
plate,, 1E the presence
and aïïseiice of S-9

Naiimutageiiic

Compound was tested!.
in three laboratories
under co'ded conditions
by "statP of art"

Duiikel 1979

Cechiniques.

Amltrolfi,
Technical, 98Ï
pure

S.>

typhlnmrium

Strains TA98, T/ilGÜ,
TA.1535, TA 1538 and TA92
treated with 0'.2, 2^0,
20, 200', and 2,0'00 pig/
plate, with preIncubation in tlip presen.cp' and
absencp of rat IJver 5-9
fractiO'ri

Ni oriBi 11 ta genie

Amitrole,
Technical, 981
pure

^•

typhirctiirluiii

Strains TA98, TAlOCí
TA1535,, TA1537, and
TAI538 treated with tip
to a Diaxinium dose leve.l
of 1 mg/platf; In. the
preseiicp and absence of
rat liver S-9 fraction.

Noiitnutagenic

S umma r y 1 a f o r ma t i O' ii.
only.

Baker and Hiotiin
1981

/Jual trole
Technical, 98Z
pure

£,

t Y phi mor Imp

Strains TA98, TAlOO, and
TA1537 treated at dose
levels of 100, 200-,
500, and 2,00'0 |j.g/plate,
In the presence and
absence of rat liver
S-9 fractio'ii

Nonrautag*pnic

SiiiBmary informatîoiE
only.

MacDoiiald 1981

Araltrole,
Technical, 98%'
pure

S_,

typhimurlmi

Strains TÄ98 and TAlQiOi
treated with unspecified
dose Ip've.ls In the
présence and absence of
S-9 fraction

Nonmutagenic

S ttnima r y 1 n. f o t ma 11 o; n
only «

.Ichirmtsubct et al«
1981

/Vmj-ti'ol-p,.
Technical„ 98X
purtpj

Si*

tYplilffliurlutii

Stxalns Tâ98j, TAlOiO
Tâl537 treated, with
uns pí=íci f i ed. dO'Se lev els j
IE the présence and
absence O'f S-9

N O'liiTJu tañen,;! c

Sutiraary inf o-rtita tio^n
onl y a.

Magao) and! Takahashi
1981

Bro'oks and Dean 1981

Appendix E (Continued)

Formulation

I
ON

Organism

Nature of
Exposure

References

Effects

Ami trole.
Technical, 98Z
pure

S» typhimuriuat

Strains TA98, TAlOO, and
TA1535 treated at dose
levels of 10, 100,
1,000 and 10,000 |ig/
plate, in the presence
and absence of S-9

Nonniutagenlc

Summary information
only.

Rlchold and Jones
1981

Amitrole.
Technical, 98%
pure

S, typhlmurlum

Strains TA98, TAlOO, and
TAI535 treated at dose
levels of 0.1, 1.0,
10, 100, 500, and
2,000 ^ig/plate, in the
presence and absence
of S"9

Nonurautagenic

Summary information
only*

Rowland and Severn
1981

Amitrole.
Technical, 98%
pure

S« typhimurluM

Strains TA98, TAIOO,
TA1535, and TA1537
treated with unspecified doses in the
presence and absence
of S-9

Nonmutagenlc

Summary information
only.

Simmon and Shepherd
1981

Amitrole,
Technical, 98%
pure

Sm typhlmurlum

Strains TA9B, TAlOO,
TA1535, TA1537 and
TA1538 treated at dose
levels of 4, 20, lOO,
500 and 2,500 pg/plate

Nonmutagenie

Summary information
only.

Trueman 1981

Amitrole,
Technical, 98%
pure

S* typhlmurlum

Strains TA98 and TAlOO
treated at 0.5, 1,0,
5.0, 10, 50, and
100 fjg/plate, in the
presence and absence
of S-9

Mutagenic

Summary information
only.

Venltt and CroftonSleigh 1981

And trole,
Technical 98%
pure

S. typhlmurlum

Strain TM677, treated
with dose levels up to
100 ppm, than tested
for resistance to
8-azaguanlne.

Nonmutagenlc; no
evidence of
increased resistance to
S-azaguanlne.

Skopek et al. 1981

Appendix E (Co'intioued)
I

o

Formulation

Organism

Nature O'f
Expoisure

Effects

Coraments

References

S» typhlmurlmn

Strains TA98, TA1535,
and TA1537 tested in a
mlcrotlter fluctuatioin
test with dose levels
from 1 to 1,000 ppm in
the presence and absence
of S-9

Noimutagenlc

Gatehouse 1981

Amitrole,
Technical, 98Ï
pure

S# typhlmuriiim

Strains TA98 and TAIOO
tested with doses of
10, 100, 20'0, and
5001 ppm in the
presence of rat
hepatocytes

Questionable
results (p <0.025)
noted at 500 ppm.

Hubbard et al., 1981

Amitrole.
Technical, 952
pure

S« typhlmurlum

Tested with strains
TA1535, TA1536,
TA1537, and TA1538
at a level of
2,0'00" ^g/plate in the
presence and absence
of S-9

Nonmutagenie

Garere et al» 1977
and Garere and
Morpugo 1981

Aaltrole„
Technical

S« typhimuritim

Tested In a hostmediated assay employing strain TA1950«
Mice treated with
amltrole alone or'In
coni,bination with
equlmOilar nitrite
(1,^50', 2.175, and
2,900 |imoles/kg)

NoiiiTHitageolc

Weakly mutagenlc In
presence of nitrite
Indicating, that the
compound can be
nltrosated to a mutagenlcally active
form«

Braun et al, 1977

Amltrolej
Technical

St_ typhlmurlmn

Tested in a hostmediated assay emplo^jrlEg strains TA1530 and
TA15.3Ö in mice injected
with 12,125 and
250 mg/kg

Mutagenic;
Increased
frequency of
mutation,
observed at 2
lowest doses
with TAI530 and
at middle dose
with TAÍ538.

Not motagenlc at
highest dose
tested»

Sinuion et al« 1979

/mitrólej

Technical, 98Z
pure

Appendix E (Continued)

Formulation

!

Organism

Nature of
Exposure

Effects

References

Ami trole,
Technical

Escherlchia
coli

Tested with strains
W3110 thy polA"
defective In DNA
polyiaerase 1 and
strain pclA"**

Nonmutagenlc;
no evidence of
preferential
inhibition

Ami trole,
Technical

E« coll

Tested with polA"
strain (defective of
DNA polynierase). Doses
and conditions
unspecified

Nonmutagenic

Ami trole.
Technical

E. coll

Tested with normal
(polA+)and DNA polymorase 1 - deficient
(polA~) strains at
250 ppm in the presence
and absence of S-9

Honmutagenie

Rosenkranz and
Poirier 1979

Ami trole,
Technical, 98X
pure

E„ coli

Strain WP2uvrA(p)
(pKMlODj treated at
10, 20, 50, 100, 200,
and 500 jig/plate

Mutagenlc

Venitt and CroftonSleigh 1981

Ami trole.
Technical, 98X
pure

E, coll

Strain WP2uvrA(trp-)
WP2 u vr A/ pKMlO 1 ( tr p- ) .
Doses unspecified

Nonmutagenic

Ami trole,
Technical, 98Z
pure

E. coli

Strains WP2, WP67
(uvrA PolA), and CM871
(UVTA lexA recA)tested
with compound at
up to 50 mg/m^

Nonmutagenic;
no significant preferential killing
observed

Tweats 1981

Amitrole
Technical, 981
pure

E, coll

Strains W3110 CpolA"*")
and P3478 (polA*-)
tested in a liquid
suspension assay for
preferential Inhibition
with 50 piß of chemical

Nonmutagenic

Rosenkranz et al»
1981

Bamford et al, 1976

Summary Information
only. No data
presented.

Summary infomuation
only,

Sorsa and Gripenberg
1976

Matsushlma et al,
1981

Appendix E (CO'Titinued)
I
Fortiiulation

Organism

Nature of
Exposyre

Effects

References

Amltrole,
Technical, 981
pure

E. coll

Strains WP2 (repair
proficient) and WP67
uvTA PolA and CM87I
UVTA recA lexA (repair
deficient), tested with
concentrations up to
2,50'0 ppm

Nonmutageiilc,
Eo evidence of
preferential
killing of
repair deficient
strains.

Green 1981

AmltrolCj,
Technical, 98Z
pure

Et coll

Strain, WP2 uvrk, tested
in a ralcrotlter fluctuation test with dose
levels from 1 to
1,000 ppm in the
presence and absence of
S-9

Noiirautagenic

Gatehouse 1981

Amitrolej
Technical, 98%
pure

E» coll

A lysogenlc strain of
E» coll carrying
prophage lambda was
treated with amltrole
at levels of 1,, 2, 4,
and 10 mg/mi In the
presence and absence O'f
5-9 and assayed for
phage induction

Nonmutagenlc;
no evidence of
induction of
lambda phage was
observed.

Thomaon 1981

Amitrolcj
Technical

E«. coll

Tested with strains
B/R try WP2 and UP2
try her at unspecified
dose levels

Nonmutagenlc

amltrole j,
Technical

Saccharomyces
cerevisiae

Tested in a hostmediated assay employing strain D3 in mice
treated orally with
5,000 mg/kg

Nonmutageoic

Simmon et al, 1979

Amltrole,
Technical, 982
pure

S. cerevisiae

Strain D7 tested with
dose level of 12,5 mg/mi''
In a mltotic gene
conversion assay

Nonmutagenlc

ZlmmermaE and Scheel
1981

Summary Information
only. No data
presented.

Shirasu et al.
1976

Appendix E (Continued)

Formulation

Organism

Nature O'f
ExpO'Rure

Effects

References

Amitrolej
Technical, 98%
pure

S. cerevislae

Strain JDl, tested
against a range of
unspecified doses, in
the presence and absence
of rat liver S-9

Mutagenlc; a
significant
increase in gene
conversion above
the controlled
level was reported
at a minimum dose
of 30'0 ppm.

Sharp and Parry 1981^

Amitrole.
Technical, 98%
pure

S. cerevislae

Strain î>4, tested at
dose levels of 0»33,
1,0, 20, 33.33, 100
and 333.33 jjig/plate

Nonmutagenlc

Jagannath et a.l#
1981

Amitroile ,
Technical, 98%
pure

S. cerevislae

Strains D6, tested
at concentration of
50 ppm in the
presence of S-9

Mutagenlc;
mitotlc
aneuploidy

Sharp and Parry 1981°

/ijal trole,
Technical, 98%
pure

S. cerevislae

Strain Tl and T2
tested at 1,000 ppni
in presence of 5-9,
and at 100 ¡, and
1,000 g/ra£ in the
absence of S-9

N onmu t a geni c;
no evidence of
increased mltotic
crossing over or
preferential
inhibition of a
repair deficient
strain.

Kassinova et al.
1981

Amitrole,
Technical, 981
pure

S. cerevislae

Strain XV185-14C tested
with dose levels of
88,9 and 889 Ppm

Nonmutagenlc;
no significant increases in His"*",
Thr+, and Arg+
revertants.

Mehta and Borstel
1981

Amitrole,
Technical, 98%
pure

S. cerevislae

Repair deficient strain
rad 3, rad 18, rad 52^
trp 2j and wild type
(W4-) strain 197/2d.
Tested at dose levels
of 100, 300, 500, and
750 ppTTi in the presence
and absence of S-9

Mutagenlc;
inhibition
of DNA repair
observed at
all doses
tPSted.

Sharp and Parry 1981^

Appendix E (Continued)
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Nature ctf
Exposure

References

Eïaclllus
Subtill9

Tested with iil7 Rec+
and M45 Rec"* strains at
unspecified dose levels

Noínnutagenlc

Summary information
only»
No data
presented«

Shirasu et al,.
1976

Bacillus
subtills

Spores O'f atralos
H17rec+ and M45 rec"
were treated with
amltioile (1 mg/dlsc),
In the presence and
absence of rat, yellowtail fish and clam S-~9

Mutagenie;
differential
Inhibition of
repair deficient
M43 rec" strain
was observed when
cO'iBpound was tested
in the presence of
S-9 prepared from
yellowtall fish or
clam •

Rat S-9 did no^t
activate amltrole
in this system-

Kada 1981

Amitrole,
Techalcalj, 952
pure

Streptomyces
coellcolor

Tested at l,0fl'O' ¡xgi
plate for resistance
to lo¥ levels of
streptomycin

Weakly

AmlnO'trlazole

S* coellcolor

Tested for resistance
to streptO'inyclii at
tmspeclfled dose levels
«if ami tro le

MutagenJc

Summary InformatJo^n
only»
No data
presented».

Tairracco et al,.
1976

Amitrole,
Technical,
pure stan,dard

Aspergillus
nldiilaiis

Tested with stralD.s
35 and P at 2,000 pg
per plate

Nonmutagealc
for point
mutatio^ns.

Kltotlc segregatloo
(ci:*cjisslng-0'Ve''r and
non-disjunction)
was observed.

Bignaml et al,
1977

Amitrole
(50'I pure)

Bacterlophage

Tested vrlth E^ coll
bacterlophage T¿^ and
and two mutants oí T4
at 50-1,OO'O |jLg/plate

Nonmutagenlc

Tested with two strains
of E» coliphage, X and
Xclts 857, at coocentratloiis up to 40,0'00'
and 15,000 ppa with
aud without prior
metabolic activation

Induced prophage
Xclts 857 but
not Xy and oioly
In presen.ce O'f
metabolic
activation*

Amitrole,
Technical

Techalcal,
pure

Amltrole
Technical

981

phagp

Garere et al«
1976, 1978 and
Carere and
Morpugo 1981

mutageiilc

Andersen et al»
1972

A novel system
testP'd with a
limited n^uraber of
chemicals«

Ko and Ho 1979

Appendix E (Continued)
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I

Organism

Nature of
Exposure

Comments

References

Only summary statement given» No data
presented.

Benigni and
Dogliottl 1980a,
1980b

Amitrole,
Technical

EUE cells

Tested for induction
oí unscheduled DNA
synthesis at unspeeldose levels in cells
in vltrO'

Positive for
unscheduled
DNA synthesis

Amitrole,
Technical,, 981
pure

HeLa cells

Tested for Induction of
unscheduled DNA repair
synthesis. Cells treated
with 0.1 to 100 ppm
test material in the
presence and absence of
rat liver S-9 fraction

Positive 1Q
presence of
S-9 fraction.

Martin and
McDermid 1991

Amitrole,
Technical 981
pure

Chinese
hamster cells

CHO cells treated 1 hr
in the presence and
absence of S-9, or
treated for 24 hours.
Dose levels were 0.01,
0»1» 1.0, 10, and 100 ppm

Nonmutagenic; no
evidence of sister
chromatid exchanges•

Perry and Thomson
198l'

Amitrole,,
Technical

Chinese
hamster cells

CHO^ cells treated with
10-3 and lOi--* molar
concentrations

Negative for
sister chroraatld
exchanges.

Attianasiou and
Kyrtopoulus 1981

Amitrole, 96»3Z
pure

Drosophila
melanogaster

Fed at (10 ppm) 0,001^
in diet for nondlsjunction test and sex-linked
recessive lethal test

Nonmutagenic

Laamanen et al.
1976

Amitrole,
Technical

D« gielanog.aBter

Tested with Oregon-R
strain; O.OOII amitrole
in diet

Nonmutagenic;
no evidence of
sex-linked recessive Ipthals in
males and sex
cîiromosome nondisjunction in
females•

Sorsa and
Grlpenberg 1976

Amitrole,
Technical, 98%
pure

E" tP^^l^tios^ster

Compound tested at
0.2% concentration
in the diet

Nonmutagenic in
the sex-linked
recessive lethal
test-

Vogel et al. 1981

Appendix E (Concluded)
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Formulâtion

Nature of
Exposure

Organism

Effects

References

Ami trole

Human
lymphocytes

Te8tf='d at concentrations of O'«0'001% to
1,0% (0.1 to IjOOO ppm)

Nonmutagenic;
ao clastogpftlc
effect, i.e.,
no- evidence of
damage to
chromosomes.

Meretoja et al»
1976

Amitrole,
Technical

Human
lymphocytes

Cells treated Jn culture
with concentratioiiis
exceeding 0.2% w/v

No'iimu ta genie;
noi evidence of
Increase in
aneuploldy or
structural
changes In
chromosomes.

Sorsa and
Gripenberg 1976

Amitrole.
Technical, 981
pure

CD-I mouse bone niarrow
cells from animals
treated with 125, 250,
and 500 ra,g tests material
per kg body weight

NoEclas togenic;
no evidence o-f
chromosome aberrations when bone
marrow cells
examined for
mlcronucleated
polychromatic
erythrocytps.

Tsuchlmoto and
Matter 1981

Amitrole,
Technical, 98Z
pure

Strain B6C3F, bone
marrow cells examined
after treatment of mice
at dose levels of 1,800
to 2,800 ^ig test
compound

Nonelastogenic

Strain C3H.2K: cells
treated with compound
at 0,1 to 10 |dg/dish,
then infected witii
murine leukemia virus
(MLV)

Negative response.
No evidence of
enhanced infection of C3H2IC
cells»

Amitrole,
Technicalj 98Z
pure

Mouse cells

Data not available or not applicable.

Initial weak response
Salamone et al«
1981
after treatment with
2,800 p-g compound
could not be confirmed
when retested at 1,800^
2,400 and 3,000 i^g .
Yoshikura and
Matsuslhlma 1981
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Appendix F
Summary of Metabolism Studies with Amitrole

Formulation

1

Organism

Bose

Coimnents

References

Amitrole (l^C)
{3-Amlno"-l,2,4triazolG-[5-Gl^I)

50 mg/kg body weight,
single dose

Most of the administered dose
was excreted in the urine
within 24 hours* Six percent
of the dose was metabolized
to other compounds within
3 days*

Grunow et al. 1975

Amitrole (l^C)
(3~Amino-l,2,4triazole-tS-cl^l)

1 to 200 mg/rat via
stomach tube

From 70,0 to 95,51 of the
total radioactivity administered was found in urine
within 24 hours« Feces
contained a small but
variable amount of activity«
Tissues absorbed material
rapidly, reaching a maximum
within 1 hour, remaining
constant for 2 to 3 hours »
and then decreasing with a
halflife of 2 to 3 hours»

Fang et al. 1964,
1966

Amitrole

Hiuikan (adult
female)

20 mg/kg body weight

100 mg amitrole per 100 m?
urine was recovered several
hours after ingestion, representing 50X of the estimated
intake.

Geldmacher-v.
Mallinckrodt
and Schmidt 1970

Amitrole

Rats

Animals Injected with
amitrole for 8 days

Unaltered amitrole appeared
in the urine within 24
hours of first injection,
and amitrole and metabolite
excretion ceased within 24
hours of final injection..

Franco and
Municio 1975
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Átrazine Summary

Major Trade Names^
Chemical Namei

AAtrex® ^ Co--ops Co-op Atra-pril

2-chloro-4-ethylamino~6-"isopropylamino-s-~triazine

Major Forestry Applications!

Applied as a selective herbicide for
conifer release^ site preparationj
grass and noxious weed control^ and
management of wildlife habitat and
rights-of-way.

Detailed information on toxicology, environmental fate, and hazard
assessment can be found in the body of the Herbicide Background
Statement.
Toxicology
AtraElne is generally nontoxic or only slightly toxic to a
variety of animal species^ although it is toxic to some aquatic
organisms at concentrations below 10 ppm. Atrazine has very low
toxicity to birds and fish. The acute oral toxicity is approximately
3,000 mg/kg in rats and l^TSO mg/kg in mice. No observable adverse
effects were detected in sheep and calves fed a diet containing
760 ppm atrazine or cattle fed daily doses of 100 ppm for three
weeks. Rats fed triazine at dietary levels of 100 and 500 ppm for
six months exhibited growth retardation, which was attributed in part
to a reduction of food Intake. Atrazine was nontoxic to rats fed
diets containing atrazine at levels up to 100 ppm for two years.
Application of atrazine (80% wettable powder) to the skin of rats
showed an LD50 of 9,300 + 990 mg/kg, and repeated applications of
2,800 mg/kg produced redness of the skin but no systemic effects.
Rats exposed to aerosol dust containing 1.6 ppm active ingredient
produced no evidence of toxicity.
Feeding atrazine at levels up to 1,000 ppm to pregnant rats
throughout gestation had no effect on the number of offspring or
their weight at weaning. Subcutaneous injections of 800 mg/kg or
higher were embryotoxic. Atrazine was generally nonmutagenic in the
^^® Salmonella/microsome test and a number of microbial mutagenicity
tests. In a few instances5 positive results were obtained when
atrazine was tested in the presence of extracts prepared from plants
such as potato or Nicotiana. The relevance of these results for
potential hazards to animals is unclear. Equivocal results were
obtained in mutagenicity tests employing the fruit fly. Atrazine was
noncarcinogenic when fed to mice at 82 ppm in the diet for 18
months. Gross and microscopic examination revealed no significant
increase and distribution of tumors when compared with controls.
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Environmental Fate
Atrazine is absorbed primarily by plant roots^ readily
translocated to all above-ground parts of the plant, and accumulates
in the margins of leaves. It is readily metabolized by plants by a
variety of pathways. It has a low tendency to bioaccumulate in
animals and is rapidly metabolized to nontoxic metabolites that are
readily excreted via the kidneys.
Atrazine is moderately persistent in soilj from which it is lost
primarily by means of chemical and microbial degradation. It is
moderately mobile and adsorbs readily to soil particles, particularly
in soils with high organic matter content. Atrazine is only slightly
soluble in water and its low solubility^ coupled with a tendency to
adsorb to soil particles, results in only relatively small amounts of
atrazine in water. It degrades slowly in water and therefore is lost
by dilution, transport, and metabolism by organisms.
Exposure and Hazard
The reported exposure levels at which toxic effects have been
observed in experimental animals are considerably higher than levels
anticipated for Forest Service applications. There should be no
significant potential for adverse reproductive, mutagenic, or
carcinogenic effects to individuals from atrazine use, if proper care
is taken during application*
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1*0

General Information

Atrazine has, since discovery of its herblcidal properties in the
early 1950*s^ been widely used for selective applications in crop,
rangej and forest lands and for nonselective vegetation control applications in noncrop lands. In the United States, atrazine is also
known by the trade names* Mtrex®, Co-op, and Co-op Atra-pril, It is
formulated with other herbicides under other trade names. Atrazine
Is absorbed through both roots and foliage and is translocated through
the plant to leaves and to areas of cell proliferation where it acts
primarily as a photosynthetlc inhibitor (Ghassemi et al* 1981 and
Weed Science Society of America 1983).
1.1

Normal Use Patterns

Atrazine has been among the most widely used herbicides in the
United States since its introduction in 1958. Atrazine is used on
crops such as corn, sorghum, sugar cane, and pineapple and on conifers
for pre- or post-transplant applications, Atrazine is used in
forestry applications for conifer release, site preparation5 grass
and noxious weed control, and in management of wildlife habitat and
rights=-of-way (Gross 1983). Application rates ranged from 0.5 to
5.0 lbs active ingredient (a*i.) per acre for 41 USDA Forest Service
projects in which atrazine was used in 1982. Atrazine is usually
applied at a rate of 2 to 4 lbs a«i./acre (2«24-4.48 kg/ha) for
selective weed control applications, and at higher rates for non-selective weed control applications. For some weed control uses^
particularly in rangeland applications and applications against
common annual broadleaf weeds, lower rates can be effectively utilized
(Weed Science Society of America 1983). Statistics on the use of
atrazine by the USDA Forest Service are presented in Table 1^1,
Atrazine is manufactured and marketed in the United States by
the Clba-Geigy Chemical Corporation under the trade name AAtrex® and
is available as wettable powders, water dispersible granules, and
liquid suspension (Esser et al. 1975 and Weed Science Society of
America 1983)« Abroad^ atrazine is manufactured and/or marketed
under a variety of trade names by several companies including
Clba-Geigy Chemical Corporation, Atrazine is variously formulated
with other herbicides, including alachlor^ propachlor, sodium
chlorate and sodium metaborate, prometon, and metolachlor for a
variety of uses (Ghassemi et al. 1981 and Weed Science Society of
America 1983).

^Trade names are used only to provide information and do not imply
product endorsement.
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Table I-l
rt

ÜSDA Forest Service Atrazine Use

_
Active Ingredient Per Acre (lbs)
Purpose

Range

Acres
Treated

Average

Formulation

™_—™_..__™.-._-.->_-^

Application
Method

^

Aerial
Conifer release
Site prepaxatiott

4.0
3.4-5.6

' 4.0
5.1

1,152
2,649

Liquid
Liquid

Helico-pter
Helicopter

2.0-4.0
1»7
1.2
2»1
1.0-8.0^

2.6
1.7
1.2
2.1
1.3

380'

20i5
1,370

Liquid
Liquid
Liquid
Liquid
Liquid

Bro-adcast
Bro'adcast
Byroad cast
Broadcast
Spot
Broiadcast

Ground
Conifer release
Grass cO'n,trol
Noxiows weeds
Right-of-way
Site préparation

, ,..-

-, ,,„ _„.,,

.„„,, _,.

103
95

IQiOin'

Aerial (7 projects)
Timber

3»0'-4«0'

3.8

7,852

Liquid

Aerial

0.5-5,.0

3.3

4,350

Liquid

Ground foliar

Ground (34 projects)
Nursery, Timber,
Research, Wildlife,
No'XlO'Us Weeds j
Engineering

Source:

Gro'ss 1983.

1^2

Physical and Chemical Properties

The effective ingredient of atrazine and its formulations is
2-chloro-4-ethylamino-6-isopropylamino-s-triazine^ with the following
structural formula (Esser et al. 1975)î
Cl

pu

C.H,-NH--^K^^,^\

'T'5

/ 3
NH-CH
\
CH

Atrazine has a molecular formula of C8H14CIN5 and a molecular
weight of 215*7. In its pure form, atrazine is a white^ crystalline
solid with a melting point of 343.4 to 347^F (173 to 175°C). Atrazine
is relatively insoluble in water^ having a solubility of 33 ppm by
weight at 80.6^F (27°C), It is far more soluble in organic solvents
than in water, having solubilities of 183,000, 52,000, 28,000, 18,000,
12^0005 and 360 ppm by weight in dimethyl sulfoxide^ chloroform,
ethylacetate, methanol, diethylether, and n»pentane, respectively,
at 80,6°F (27°C) (Weed Science Society of America 1983).
Atrazine is degraded by both biological and nonbiological
mechanisms^ Jordan et al. (1970) reviewed the processes by which
atrazine and other s-triazines are degraded, including photodecomposition, volatilization, hydroxylation, and dealkylation. Laboratory
studies have shown that exposure of atrazine to both ultraviolet and
infrared light results in loss of herbicidal activity due to decomposition. However, data from field studies and from soil^applied
atrazine in the laboratory indicate that other environmental factors,
such as leaching below light penetration zones in soil, affect the
actual rate of atrazine photodegradation under natural conditions,
Atrazine has a relatively low vapor pressure, ranging from 5.7 x
10-8 mm Hg at 50°F (10°C) to 2.3 x lO^^ mm Hg at 122°F (50°C) (data
furnished by Geigy Chemical Corporation in Jordan et al. 1970).
However, although volatilization of atrazine does not appear to be
a major factor for its dissipation from soil, it does appear that
volatilization is a major factor for atrazine dissipation from
foliage (Burt 1974)* Atrazine is readily hydrolyzed by a nonbiological reaction to form a nonphytotoxic metabolite, hydroxyatrazine. Finally, there is evidence that dealkylation by nonbiological free radical reactions in soil environments act to
degrade atrazine.
The physical and chemical properties of atrazine have had a
profound influence on the nature of atrazine formulations.
At-7

Specifically, liquid formulations with high concentrations of
atrazine in water are precluded by the low solubility of atrazine.
Consequently, wettable powders which also permit ease of transport,
measurement, and application have been developed. These powders, in
commercial form^ contain as much as 80 percent atrazine or mixtures
of atrazine with other herbicides. In addition to atrazine, such
powders contain wetting agents^ dispersing agents, and inert chalk or
clay to make up the bulk of the formulation. Granular formulations
of atrazine permit application without the added bulk or weight of
waterj and are particularly useful in large-scale ground and aerial
applications (Esser 1975); however, none are registered for use in
forestry applications«
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2.0

Toxiclty of Àtrazine

The toxicological properties of atrazine, summarized In
Table 2-15 show that this herbicide is generally nontoxic or only
slightly toxic to a variety of animal species^ although a few studies
found toxic effects, particularly in aquatic organisms. Atrazine is
relatively toxic to a wide range of nontarget plant species in both
forest and crop applications. Studies with rodents indicate that
atrazine is nonteratogenic; has little or no effect on fertility,
reproduction, or development of offspring; is nonmutagenic; and
appears to present little or no carcinogenic risk. In fish and
amphibians I however, teratogenic effects have been shown at doses
of 5 to 25 ppm atrazine«
2.1

Invertebrates and Microorganisms

Atrazine toxiclty has been determined In a wide variety of
invertebrate species and microorganisms from terrestrial^ marine, and
freshwater ecosystems. Major findings of these studies are presented
in Appendix A and indicate a wide variety of toxic responses ranging
from a 48-hour LC5Q of 0*72 ppm in midge larvae (Macek et al. 1976)
to a chronic dietary tolerance of 1^000 ppm in the cockroach (Riviere
1976). In general, the data indicate that atrazine is only slightly
toxic to most terrestrial and intertidal marine organisms, in which
species toxic effects are generally observed at levels far greater
than 10 ppm. In aquatic Invertebrates, however^ toxic effects
generally appear at concentrations below 10 ppm, and for some species
below 1 ppm. In aquatic organisms, effects at concentrations above
10 ppm are considered indicative of highly toxic compounds^ effects
at concentrations between 1 and 10 ppm are considered indicative of
toxic compounds5 and effects at concentrations below 1 ppm are
indicative of highly toxic compounds (Clarke et al. 1970).
Two cautions should be borne in mind when considering atrazine
toxiclty data* Firsts toxiclty studies with invertebrates and microorganisms have been conducted in controlled laboratory environments.
As a consequence of the laboratory environment and the experimental
designs employed, the results do not necessarily present a true
reflection of the potential effects of atrazine in a natural environment. For example5 in the laboratory^ aquatic organisms were kept
for as long as 120 days (in some cases continuously for several
generations) with continuous exposure to atrazine. Microorganisms
were grown in a culture medium containing atrazine, often at concentrations several orders of magnitude greater than those normally
found in the environment following application. In contrast, in
natural aquatic and nonsoil terrestrial environments^ exposure to
atrazine or other man-made chemicals is usually a transient phenomenon
whose duration depends on the rate of streamflow and on the rate of
chemical decomposition of the chemical. Additionally, in natural
At-9

Table 2-1
Summary of Toxicological Properties of Atrazine^

1,

Acute Oral Toxlclty
Exposure

Organism (Formulation)

Adverse Effects

Rat (Atrazine)

Ingestion of a single
dose

LD50 ^ 1,^00 to 3,000 mg/kg

Rat (AAtrex®)

Ingestion of a single
dose

LD50 - 3,080 mg/kg

Rat (Atrazine SOW)

Ingestion of a single
dose

LD^Q « 5,100 + 400 mg/kg

Mouse (Atrazine)

Ingestion of â single
dose

LD50 ^ i,75û mg/kg

Fish, various species
of adults (various
formulations)

96 hours

LC5Q> 1*0 ppm

2^

Acute Intraperitoneal Toxiclty

Organism (Formulation)
Rat (Atrazine)

3.

(Formulation)

Rat (AAtrex® (80W))

LD50 " 125 mg/kg

ExpOBure
Application to skin

Adverse Effects
LD5Q " 9,300 + 990 mg/kg

Skin Irritation

Organism (Formulation)
Rat (Atrazine)
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Single Intraperitoneal
injection

Adverse Effects

Acute Dermal Toxlcity

Organism

4.

Exposure

Exposure
Unspecified

Adverse Effects
2^800 mg/kg produced erythe
but no systemic effects

Table 2--3. (Continued)
5*

Inhalation Toxiclty
Exposure

Org^ism__(Foraula^ira)__
Rat (âtrazlne)

6.

animals exposed for
unspecified time to
aerosol dust containing
1*6 ppm active ingredient

No evidence of tosicity.

Primary Eye Irritation

Organism (Formulation)

Rat
7.

Adverse Effects

Exposure
Dose and conditions for
exposure unspecified

Adverse Effects
"Irritating"

Subchronic Oral Toxlcity

Organism (Formulation)

Exposure

Adverse Effects

Fed at dietary levels
of 100 and 500 ppm for
6 months

Retardation of growth due
in part to decreased food
intake.

Fed at dietary level of
100 ppm for 21 days or
30 ppm for 28 days

No observable effects.

Sheep (Atrazine)

Fed on hay containing
approximately 500 and
760 ppm for 4 weeks

No significant adverse
effects.

Birds (Atrazine)

Fed up to 5,000 ppm in
feed for 5 days.

No mortality to 5,000 ppm
for bob^ite, Japanese
quail, or ring-necked
pheasant, and mallards.
Thirty percent mortality
at 2,500 p^.

Rat (Atrazine)

Cattle
(Atrazine (80W))

8.

Chronic Toxiclty

0^^is^^_(Foraulatlon)_
Rat

_^X£OSUr£_
Fed at dietary level of
100 ppm for 2 years

Adverse Effects
No gross or microscopic
effects observed.
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Table 2-1 (Contiaued)
9s

Reproduction and Teratogenicity

Organism (Formulation)

Adverse Effects

Exposure

Rat (Atrazlne)

Fed at dietary levels
of 50 to 1,000 p|»a from
day 1 throughout
gestation.

No effects on number of pups
per litter or weight at
weaning.

Rat (Atrazine)

Subcutaneous Injections
at levels of 50 to
2,000 mg/kg on days 3,
6 and 9 of gestation.

Levels of 800 mg/kg or higher
embryotoxic, with résorptions
occurring in most of the
litters.

10,

Carcinogenlclty

Organlsm (Formulation)

Exposure

Adverse Effects

Mouse (Atrazine)

21*5 mg/kg by stomach
tube from days 7 through
28 followed by 82 ppm
in diet for 18 months

No gross or microscopic induction of tumors related to
treatment.

Mouse (Fogard S^;
25% atraslne,
37.5% simazine)

13 subcutaneous injections for total of
0.0065 mg a.i.;
13 intraperitoneal
Injections for total
of 0.0065 mg a.i.

Apparent increase in incidence
of lymphomas.

11,

Mutagenlcity

Organism (Formulation)

Adverse Effects

Salmonella
typhimurium
(Atrazine)

Except for one report, atrazine was nonmutagenlc when
tested at doses up to 5 mg/plate in the presence or
absence of mammalian metabolic activation.

Saccharomyces
cerevlsiae
(Atrazine)

Atrazine alone was generally aonmutagenic when tested
in the presence of mammalian or plant Mtabolic
activation systems. An increase In frequency of
mitotic gene conversion was observed when cultures
of the yeast were treated with ejctracts of i^ize
plants treated with atrazine.

Escherichia
CQli
(Atrazine)

Equivocal results« Mutagenic in a forward mutation
hoSt-mediated test in one laboratory but negative in
another laboratory^
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Table 2-1 (Concluded)
11.

Mutagenicity (Concluded)
Adverse Effects

Organism (Formulation)

Asperglllus
nidulans
(Atrazine)

Generally nonmutagenic for atrazine itself.
Metabolite from treated Nicotlana plants give
positive results for 8-azaguanine resistance
and mltotic crossing over,

Schizosaccharomyces
pombe
(Atrasine)

Mutagenic when tested in the presence of potato
microsomes or animal S-9 fraction for metabolic
activation,

Streptomyces
coelicolor
(Atrazine)

Mutagenic when tested in the presence of potato
microsomes.

Bacteriophage T4 and
rll mutants of
bacteriophage T4

Nonmutagenic

Drosophila melanogaster

Increase in rate of dominant lethals,
X-liî^ed recessive lethals.

V79 hamster cells

Mutagenic for resistance to 6-thioguanine
when tested in the presence of potato
microsomes.

Chinese hamster cells

No cytogenetic damage when tested with or
without metabolic activation. No increase
in sister chromatid exchanges.

EUE human cells

Positive for unscheduled DNA synthesis
when tested in the presence of potato
microsomes.

House bone marrow cells

Increase in chromosome aberrations.

Mouse

Induction of dominant lethal mutations
when mice were dosed orally with 1,500 and
2,000 mg atrazine/kg body weight.

Barley seeds or
seedlings

Induced chromosomal aberrations in root
top cells.

Maize seedling
roots

Increased frequency of sister chromated
exchanges in root cells.

Maize plants

Increased frequency of reversion at the
waxy locus in pollen grains from plants
growd in the presence of atrazine.

^Toxicology data are extracted from Appendices A through E.
can be found in the appropriate Appendix.

Source references
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systems, interaction with other man-made and naturally occurring
chemicals and changes in environmental factors may affect herbicide
assimilation and metabolism by invertebrates and microorganisms.
These interactions, in turn, potentially alter the tolerance levels
of organisms to the herbicides. Secondly, atrazine has a relatively
low solubility in water (33 ppm at 80°F [Weed Science Society of
America 1983]). Any toxicities in excess of 30 to 40 ppm atrazlne in
water are a measure of both dissolved and undissolved atrazlne or of
the solvent, such as metlmnol, used to dissolve the atrazine prior to
mixing aqueous solutions for toxiclty studies. For the most part, in
actual field situations, aquatic organisms should rarely, if ever, be
exposed for long periods of time to atrazine concentrations much in
excess of atrazine solubility.
Insect studies with atrazine, summarized in Appendix A, report
lethal effects ranging from a 48-hour LC50 ^^ 0.72 ppm in midge larvae
(Macek et ala 1976) to an 18-hour stressed (0.5 percent methanol in a
25 ml test system) LC50 200 ppm in the mosquito (Bowman et al. 1981)•
A feedin.g study with the cockroach determined that 1,000 ppm in the
diet through two generations had negligible effects on growth and
reproduction (Riviere 1976). Nonletlml effects reported by Macek et
al. (1976) included reduced hatching success, increased larval
mortality, retarded development, and a reduced rate of both pupation
and emergence in midge larvae exposed through two generations to
0,23 ppm or more of atrazine. Atrazine is reported not to have
insecticidal activity (VJeed Science Society of America 1983),
Specific data on beneficial insects, such as honeybees, are not
available.
Numerous studies have shovm a wide range of toxiclty values for
atrazine in freshwater^ marine, and intertidal crustaceans ranging
from an IB-hour LC^Q of 0^6 ppm for Daphnia^ stressed with 0*4 percent
methanol in a 25 ml test system (Bowman et al, 1981) to no observable
effects in fiddler crabs exposed for 8 vjeeks in early winter to
100 ml of a 1,000 ppm atrazine suspension (Plumley et al, 1980). In
general, studies with aquatic crustácea (scuds, Daphnla^ shrimp, and
gammarid amphlpods) indicated LC50*s between 1 and 10 ppm. Studies
with fiddler crabs and shore crabs (intertidal crustaceans) indicated
no lethal effects at concentrations as high as 100 ppm atrazine. A
seasonal study with the fiddler crab (Plumley et al. 1980) indicated
that adverse effects noted at 100 ppm atrazine in a study in August
diminished with new crabs in subsequent tests so that by November, no
adverse effects were noted at 1^000 ppm atrazine.
Studies with molluscs indicated variable responses to atrazine.
In freshwater pond enclosures with atrazine doses of 0.5 and 2.0 ppm
in the water, clam populations were reduced to 1/8 of their original
number while snail populations increased by a factor of 4 (Walker 1962
in Pimentel 1971). This increase in snail populations may have
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resulted from reduced competition due to decreased numbers of Indi-viduals in populations of potential competitors. In marine molluscs^
eastern oysters suffered no noticeable effect on shell growth after
96 hours exposure to 1 ppm atrazine (Butler 1965) and the cockle was
determined to have an LC50 in excess of 100 ppm (Portmann and Wilson
1971 in Ghassemi et al. 1981),
In studies with microorganisms^ including soil and aquatic
species3 atrazine was generally found to be more toxic to aquatic
phytoplankton (such as algae) than to soil microorganisms (bacteria^
fungi5 actinomycetes and algae). In a study with soil amoeba5 Pons
and Pussard (1980) reported that only 2 of 22 strains were retarded
in their growth when atrazine was incorporated into culture media at
rates of up to 70 ppm. Prescott and Olson (1972), however, found
reduced growth in cultures of the soil amoeba Acanthamoeba castellani
at 0.1 ppm atrazine and arrested growth at 1 and 10 ppm. In terms of
soil microorganisms (primarily bacteria, fungi, and actiíQomycetes)
Mijd^hopadhyay (1980) found reduced growth and decreased production CO2
(GO2 production is a sign of microorganism metabolic activity) 5 days
after application of 0.89 lb a.i. atrazine per acre. He found a
return to growth and activity equivalent to that of controls after
15 days. Richardson (1970) reported reduced growth in some species
of soil fungi exposed to 4.4 to 140 ppm atrazine incorporated into a
culture medium. Stojanovic et al. (1972) also found growth inhibition
and reduced CO2 production when microogranisms were treated with
atrazine, but they applied the equivalent of 5 tons a.i^/acre. Other
studies with microorganisms demonstrated the ability of such organisms
to metabolize atrazine (Schocken et al. 1982 and Giardina et al,

1980). In terms of soil algae, Loeppky and Tweedy (1969) found
conflicting responses with two species each of the genera
Chlamydomonas and Chlorella, with one species of each having a marked
toxic response to atrazine and one species having only a slight
response. Other authors (Karlander et al. 1983; Hutber et al. 1979;
Butler et al. 1975a and 1975b) found atrazine to reduce growth of
aquatic algae (including blue-green algae) at concentrations of 1 ppm
or less.
2.2

Fish and Amphibians

The toxic effects of atrazine and several of its formulations on
fish and amphibians are summarized in Appendix B. In most cases,
adult fish LC5o's were reported to be greater than 1.0 ppm and, in
many instances, greater than 10 ppm. For adult fish, 96-hour LCSQ'S
for immersion ranged from 0.55 ppm in the harlequin fish (Alabaster
1969 in Pimentel 1971) (all other adult LC5o's 4.5 ppm) to greater
than 100 ppm in the Crucian carp (Bathe et al. 1976). For many
species of fish, the LC50^B of fry were lower than adults and ranged
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from an LC50 of 0.22 ppm for the channel catfish (Birge et al. 1979
and 1983) to a report of no mortality at 11 ppm for Lake chubsucker
fry (Hiltibran 1967)* Clark et al. (1970) suggest that pesticides
with median lethal concentrations of 10 ppQ or more for aquatic
species be considered "slightly toxic," between 1 and 10 ppm be
considered "toxic,'* and less than 1 ppm be considered ''highly
toxic/' Thus, atrazine should be considered toxic to highly toxic to
fry of most species of fish, and slightly toxic to toxic for adults
of most species of fish.
Atrazine toxicity studies with amphibians have included egg and
early tadpole stages of frogs and toads (Birge et al. 1980 and 1983
and data cited in Hine et al. 1981) and a report of letlial thresholds*
in developing larvae of leopard frogs (Hovey 1975 in Hine et al,
1981). These studies, suoamarized in Appendix B^ indicate that LC5o's
from spawning through 96-hours post hatching (4*-day old tadpoles)
ranged from 0.41 ppm in the bullfrog to greater than 48 ppm in the
American toad (both extremes from Birge et al. 1980 and 1933), With
the exception of the low bullfrog toxicity cited, LC5o's for frog and
toad eggs and tadpoles were greater than 5 ppm^ indicating that
atrazine is toxic to slightly toxic to amphibian eggs and tadpoles•
Atrazine was found to have teratogenic effects5 particularly
manifested as spinal cord and other skeletal malformations, in fish
fry and in frog tadpoles that had hatched from eggs exposed to lethal
concentrations (Birge et al« 1979, 1980 and 1983). In channel
catfish eggs exposed to 4.83 ppm atrazine, 69 percent of the eggs
that hatched displayed teratogenic effects. Sixty-two percent of
rainbow trout eggs exposed to 5,02 ppm atrazine hatched into
teratogenic fry. For both secies, these concentrations are well
above the median lethal concentrations for eggs kept from spawning
through 4-days post-hatch (0.22 and 0.87 ppm for channel catfish and
rainbow trout, respectively), Teratogenic effects in 97 percent of
the hatched tadpoles were observed when bullfrog eggs were kept in
24*4 ppm atrazine. For American toad eggs exposed to a maximum of
48.2 ppm atrazine, 17 percent of the eggs that hatched resulted in
teratogenic effects. The median lethal concentrations for eggs of
bullfrogs and American toads kept in atrazine from spawning through
4-days post hatching were 0.41 and >48 ppm, respectively,
2.3

Birds

Dietary studies and egg injection bioassays with atrazine are
summarized in Appendix C and indicate a low toxicity to birds.
Adverse affects ranged from reduced weight gain in chickens dosed at

*Lethal threshold is the concentration at which one more individual
died in the exposed group than in the control group.
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50 mg/kg for 10 days by capsule (Palmer and Radeleff 1969) to an LC50
of 193650 ppm in feed in an 8-day dietary study with mallards reported
by Ciba-Geigy Chemical Corporation (Weed Science Society of America
1983),
In general, dietary studies Indicated a low toxicity of atrazine
to bird species. Results of 8-day feeding studies (usually reported
as 5 days ingestion of atrazine in diet followed by 3 days of
observation) ranged from an LC50 of 700 to 800 ppm in bobwhite (Heath
et al. 1972 in Ghassemi et al* 1981 and in U.S. Department of Energy
1983) to LC5o^s greater than 5^000 ppm for bobwhite^ Japanese quail,
ring-necked pheasant and mallard (Hill et al. 1975) and the LC50 of
19^650 ppm in mallards (CibaHSeigy Chemical Corporation data reported
in Weed Science Society of America 1983) cited above* In a 14 day
ingestion study with female chickens, 100 ppm in feed for 7 days,
followed by 7 days observation, indicated no adverse effects (Foster
and Khan 1976)« In longer-term studieSs chickens treated with 10
daily doses of 50 mg/kg had 24 percent weight gain^ compared to
45 percent gain in untreated controls and 2 percent loss in chickens
fed 250 mg/kg (Palmer and Radeleff 1969)* However, in pheasant hens
fed 15 weekly doses of up to 400 mg atrazine, there were no adverse
effects in terms of weight gain, number of eggs laid, or eggshell
thickness (Melius 1975). The offspring of these hens were not
adversely affected in terms of sensory-motor behavior (visual-cliff
performance), survival, or weight gain. However, eggs of hens
treated at 200 and 400 mg were lighter than controls, chicks of hens
treated at 100 mg were more readily captured than controls or than
chicks from more heavily dosed hens, and there was an increase in
fertility and in hatchability of eggs in hens fed low doses of
atrazine compared to both controls and to hens fed high doses.
In an egg injection study, Dunachie and Fletcher (1970) injected
atrazine into chicken eggs to give concentrations of 10, 100, 200,
300, and 400 ppm in the egg. Reduced hatching (73 percent of control)
occurred only for eggs with 400 ppm atrazine. No teratogenic effects,
such as feather blanching, or malformation of beak, limbs, or spine,
were observed in hatchlings from atrazine-treated eggs,
2.4

Mammals

The potential health hazards from exposure to atrazine have been
evaluated in various species of mammals. Studies have been done
mostly with mice 5 rats, and dogs. Few studies on sheep, cows and
horses were reported. No studies were available on wildlife mammals.
Results of the various toxicity tests are described below and
summarized in Appendix D and Table 2-1.

At-17

2.4.1

Acute Toxlclty

Acute toxicity data have been reported for atrazine administered
by orals intraperitoneal, dermal, Inhalation, and ocular routes.
2.4*1.1 Oral. Atrazine has low toxicity in rats and mice. In
rats, the oral LD50 ranged from 1,400 to 3^000 mg/kg (Gzhegotskiy et
al. 1977 and Bashmurin 1974 in Hayes 1982). The LD50 for atrazine
formulated as AAtrex® was 3,080 mg/kg (Geigy Agricultural Chemicals
1971 in U.S. Department of Agriculture 1978) and for Atrazine 80W was
5,100 mg/kg (Geigy Agricultural Chemicals 1971b), In mice, the oral
LD50 for atrazine and AAtres^ was 1,750 mg/kg (Bashmurin 1974 in Hayes
1982 and Geigy Agricultural Chemicals 1971a). Atrazine is much more
toxic when given by routes other than oral. The LD50 of atrazine
given to rats by the intraperitoneal route was reported to be
125 mg/kg (Gzegotskiy et al, 1977 in Hayes 1982).
2.4^1*2 Dermal. When applied to the skin of rats5 the LD^g ^^r
AAtrex (SOW) was reported to be approximately 9,000 mg/kg (Geigy®
Agricultural Chemicals 1971b). In skin irritation tests^ a dose of
2,800 mg/kg of the same compound produced erythema but no systemic
effects (Gzhegotskiy et al. 1977 in Hayes 1982),
2,4*1.3 Inhalation. According to a summary statement alluding
to an inhalation study, rats exposed to an aerosol dust containing
1.6 ppm active Ingredient atrazine produced no evidence of toxicity
(Geigy Agriculture Chemicals 1971a).
2A.1A Eye Irritation. Atrazine was reported to be
"irritating'' to the eyes when tested in rats (Gzhegotskiy et al. 1974
in Hayes 1982). No details regarding dosages or test conditions were
presented in the secondary literature source.
2.4.2

Subchronic Toxicity

2.4.2.1 Oral. Administration of daily dosages of 100 ppm of
an 80 percent wettable powder formulation of atrazine to cows for
21 days, or feeding 30 ppm of this formulation in grain to cattle
for four weeks, resulted in no observable effect (Geigy Agricultural
Chemicals 1971a).
When rats were fed atrazine at dietary levels of 100 and 500 ppm
for 6 months, growth retardation was observed. This retardation in
growth was attributed in part to a reduction of food intake by the
animals (Suschetet et al. 1974).
No significant adverse effects were observed when sheep were fed
hay containing approximately 500 and 760 ppm for a total of 865 and
1,200 mg/kg body weight over a 4-week period (Johnson et al. 1972).
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Calves similarly fed hay containing approximately the same content of
atrazine showed no adverse effects after 4 weeks (Suschetet et al.
1974).
2.4.3

Chronic Toxicity

Atrazine fed to rats at dietary concentrations of 100 ppm for
2 years produced no gross or microscopic signs of toxicity (National
Research Council 1971). In another report (Geigy Agricultural
Chemicals 1971a)5 no ill effects were observed when rats, dogs,
horses, and cattle were fed atrazine at 25 ppm over ''extended
periods."
2.4.4

Reproductive and Teratogenlc Effects

No multigeneration reproductive studies on atrazine are
available, Peters and Cook (1973) tested the effect of atrazine on
reproduction in rats. In one experiment, pregnant rats were fed
atrazine at dietary levels of 50 to 1,000 ppm from day 1 throughout
gestation. No effect on reproduction, as reflected by the number of
pups per litter or their weights at weaning, was observed. In another
series of experiments, pregnant rats were injected subcutaneously with
atrazine at levels of 50, 100, 200, 800, 1,000 and 2,000 mg/kg body
weight on days 3, 6 and 9 of gestation. No effect on the number of
pups per litter was observed at levels up to 200 mg/kg. Doses of
800 mg/kg or higher were embryotoxic. Résorptions of embryos occurred
in most of the litters at these doses. Exposure on day 6 appeared to
be critical for the induction of effects on organogénesis.
When pregnant mice were dosed with atrazine at 46.4 mg/kg from
days 6 through 14 of gestation, no teratogenlc effects were observed
in the three strains of mice tested (Mrak 1969 in Hayes 1982).
In a study in farm animals, ewes were treated with atrazine
at levels up to 30 mg/kg throughout pregnancy. Ewes treated with
15 mg/kg delivered normal lambs. The ewes were treated for an
additional 30 days during which the lambs nursed without any apparent
toxic effects. The dosage of 30 mg/kg was embryotoxic and fatal to
pregnant as well as nonpregnant ewes (Binns and Johnson 1970).
2.4.5

Carcinogenicity

In a long-term bioassay for carcinogenicity, male and female mice
of two hybrid strains, (C57BL/6 x C3H/Ânf)Fi and (C57BL/6 x ÂKR)Fi
were treated with atrazine for about 18 months. In this study, mice
were given the maximum tolerated dose of 21e5 mg atrazine/kg by
stomach tube from days 7 to 28 of age. After weaning at 28 days of
age, atrazine was mixed in the diet at 82 ppm for the remainder of
the experiment. Gross and microscopic examinations revealed no
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significant increase in tumors when compared with the controls (Innes
et al. 1969).
A preliminary study of the carcinogenic potential of the formulation Fogard S® (25 percent atrazine and 37,5 percent simazine as
active ingredient) was reported by Donna et al. (1981). In this
study limited3 25 Swiss albino mice weighing 25 grams each were given
13 subcutaneous injections of 0.005 mg Fogard S® at 3-day intervals
for a total dose of 0.0065 mg active ingredient (0.0026 mg atrazine
equivalent to 0.104 mg/kg), Fogard S® was administered intraperitoneally to a second group of mice* In both groups^ the individual dosages were equivalent to 0.08 mg atrazine/kg body weight.
The animals were observed for 7 months, Hlstological examinations
were performed on all animals which died spontaneously or were
sacrificed at the end of the experiment. Following subcutaneous
treatment with Fogard S®^ malignant lymphomas (cancer of the lymph
nodes) were observed in three animals which died spontaneously* A
peritoneal mesothelioma (a tumor arising from the cells of membranes
lining the abdominal cavity) was observed in one sacrificed animal•
In the group treated intraperltoneally with Fogard S®, five
animals were lost to cannibalism. Of the remaining animals, two
spontaneous deaths were due to malignant lymphomas. No tumors were
found in control animals. This preliminary study appears to indicate
that Fogard S® has the potential to induce malignant lymphomas in
mice although the small sample size and short observation period are
not adequate for further evaluation of the study. The role of tumor
induction by atrazine alone in this study is uncertain. In light of
the long-term chronic feeding study by Innes et al. (1969)^ in which
mice were given much larger (approximately 12.3 mg/kg vs 0.02 mg/kg)
doses and observed for 18 months without any significant increases in
tumor induction, the apparent tumorigenicity of Fogard S® is
questionable.
2.5

Mutagenlcity

Atrazine has been examined in a variety of microbial mutagenlcity
tests and generally gave negative results when tested in the presence
or absence of metabolic activation systems prepared from animal
tissues* However5 when tested in the presence of extracts prepared
from plants such as potato or Nicotiana, several systems gave positive
mutagenlcity results. Results of the various studies are summarized
in Appendix E and Table 2-1.
Except for the report by Njagi and Gopalan (1980), all results
were negative when atrazine was tested in the Salmonella typhimurium
microbial mutagenlcity test system in the presence or absence of an
S-9 metabolic activation system or when tested in a host-mediated
Ât-20

assay (Andersen et al, 1972; Simmon et al. 1977; Loprieno and Adler
1980; and Seller 1973). In the study by Njagi and Gopalan (1980),
alachlor, containing 34 percent atrazine as active ingredient, was
reported to be mutagenic for S^. typhimurlum strains TA 98, TA 1535,
TA 1537 and TA 1978. Surprisingly, these results were obtained in
the absence of an exogenous metabolic activation system. The study
could not be critically evaluated because no numerical data were
presented.
Plewa and Gentile (1976) reported that extracts of maize plants
treated with atrazine were mutagenic for the yeast Saccharomyces
cerevisiae. Atrazine was not mutagenic when applied directly to the
yeast culture. Atrazine was not mutagenic to S* cerevisiae when
tested in the presence of mammalian metabolism system (deBertoldi et
al. 1978, 1980 and Marquardt 1980), in a host-mediation assay
(Marquardt 1980), or when tested in the presence of potato microsomes
(Loprieno and Adler 1980).
Solt and Neale (1980) reported tliat atrazine was mutagenic in a
host-mediated system employing Escherichia coli. In this system mice
were treated orally with the herbicide. Bacteria were then injected
intravenously, reisolated several days later, and screened for
resistance to antibiotics. Doses of atrazine, test conditions, and
results of the tests were not further described. Previously,
deBertoldi et al. (1978) reported that atrazine was nonmutagenic to
E. coli in a host--mediated forward mutation assay measuring resistance
to ampicillin.
Atrazine was mutagenic to Aspergillus nidulans in a forward
mutation assay for resistance to 8-azaguanine and for mitotic
crossing over when tested in the presence of plant microsomes, but
nonmutagenic in a mitotic gene conversion assay (deBertoldi et al,
1978). In another study (Garere and iMorpugo 1981), atrazine was
positive for the induction of 8-azaguanine resistance and mitotic
crossing over in A. nidulans only after cultures were treated with
metabolities extracted from treated Nicotiana plants.
Loprieno and Adler (1980) reported that atrazine was mutagenic
to the yeast Schizosaccharomyces pombe in forward mutation assays
when tested in vitro in the presence of either potato microsomes or
liver microsomes from mice treated orally with atrazine. The same
authors reported that atrazine was mutagenic to Streptomyces
coelicolor in a forward mutation assay for resistance to the antibiotic streptomycin when the bacterial culture was tested in the
presence of potato microsomes.
Atrazine was not mutagenic to the E. coli bacteriopliage T4 or
to rll mutants of the bacteriophage (Andersen et al. 1972).
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Results with the fruit fly Drosophila melanogaster are
equivocal. Murnik and Nash (1977) assayed atrazine for dominant
lethal mutations, sex-linked recessive letlxal mutations5 chromosomal
breakage, and nondisjunction or loss in Drosophila. A significant
increase in the rate of dominant lethals was observed* The authors
attributed this increase to a reduction in sperm transferred from
treated males or to toxicity, X-linked recessive lethals occurred
when atrazine was injected^ but not when fed to the mice. They
observed no significant increase in partial loss of the Y chroaosome
or sex chromosome disjunction.
In another study in D, melanogaster, atrazine was reported to be
nonmutagenic when tested for recessive lethals. No details of the
study were presented (Loprieno and Adler 1980),
Atrazine was tested in a number of mammalian cell systems. In a
forward mutation assay for resistance to ô-tnioguanine^ atrazine was
mutagenic when tested in the presence of potato microsomes (Loprieno
and Adler 1980)^ When tested for the induction of chromosome
aberrations in the presence or absence of metabolic activation,
atrazine was nonmutagenic to Chinese hamster cells (Sobéis et al.
1980) or CHO hamster cells (Loprieno and Adler 1980), but gave
positive results with mouse bone marrow cells (Ehling 1980 and
Loprieno et al« 1980)* Equivocal results were reported for the
induction of dominant lethal mutations in mice, Ehling (1980)
reported positive results while Loprieno and Adler (1980) reported
negative results. Atrazine gave negative results when tested for the
induction of sister chromatid exclianges in CHO hamster cells but gave
positive results for unscheduled DNA synthesis in EUE human cells
(Loprieno and Adler 1980).
Several mutagenicity studies were performed in plants. Atrazine
was shown to induce chromosomal aberrations in root tip cells of
barley following the treatment of seeds or seedlings with solutions
of the herbicide (Wuu and Grant 1966a and 1966b). Soaking or spraying barley seeds with a solution of atrazine induced chromosomal
aberrations in the meiotic cells of barley plants (Wuu and Grant
1967), Maize plants were grown in the presence of atrazine to determine the effect on plant germ cells. Chou and Weber (1981) reported
the induction of sister chromatid exchanges in maize after strain B37
inbred seedling roots were treated with atrazine at 10 and 20 ppm.
The effect was due to the conversion of atrazine to a mutagenic
metabolite by the plant* An increased frequency of reversion at the
waxy locus was observed when pollen grains from tassels at the
anthesls stage were removed and examined (Plewa and Gentile 1976).
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3.0

Environmental Fate

Atrazine is a nonselective herbicide which can be used to
control perennial grasses and broadleaf weeds^ however, it may be
toxic to nontarget plant species* It is persistent to moderately
persistent in soil, is moderately persistent in water, and has a
relatively low toxicity to most species of animals. It is absorbed
primarily by plant roots from which it is readily translocated to all
of the above-ground parts o£ the plant, with some accumulation at the
margins of leaves, Atrazine is readily metabolized in plants by a
variety of metabolic pathways. It is rapidly metabolized and does
not tend to bioaccumulate in animals (Esser et al. 1975).
3.1

Bioaccumulation and Metabolism

Bioaccumulation and metabolism of atrazine in both animals and
plants have been extensively reviewed by Esser et al. (1975). Plant
metabolism of atrazine is also reviev?ed by Ghassemi et al. (1981) and
by Ebert and Dumford (1976). A number of studies, reviet^ed in
Section 3.1.2, examine the bioaccumulation and metabolism of atrazine
in animals.
3.1.1

Plants

For the most part, studies of the uptake and metabolism of
triazines (including atrazine), have been undertaken with plants
grown in nutrient solution rather than in plants grown under normal
field conditions (Esser et al, 1975). These studies Indicate that
the major pathway in plants for uptake of atrazine is through the
roots, with both susceptible and resistant plants readily absorbing
the compound. Atrazine applied to plant foliage does not penetrate
readily, although the addition of an adjuvant, such as petroleum oil,
tends to increase the rate of foliar penetration (Nalewaja and
Adamczewski 1976). Studies with radiolabeled atrazine have shown
that once the herbicide is absorbed into the plant roots, it is
rapidly translocated by the xylem into the above-ground portions of
the plant. It is then distributed throughout the plant with some
tendency for accumulation in the leaf margins. The rates of uptake
and translocation appear to be increased by factors such as higher
temperature and lower relative humidity, which tend to increase the
rate of transpiration and fluid movement within the plant. The
increased movement of water thus facilitates movement of atrazine
into, and through, the plant (Esser et al. 1975).
Phytotoxicity of herbicides is generally due to inhibition of,
or interference with, one or more plant biochemical pathways. The
triazines, including atrazine^ act on a variety of biochemical
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processes iñ plaats^ including photosynthesis^ plant growth regulation, nitrogen metabolism, and nucleic acid metabolism (Esser et al,
1975). Ashton et al. (1977) found >90 percent inhibition of photosynthesis, 71 to 90 percent inhibition of RNA synthesis, 41 to
70 percent inhibition of lipid synthesis, and 20 to 40 percent inhibition of protein synthesis compared to controls in isolated bean leaf
cells incubated in lO^^M atrazine.
Atrazine interference with photosynthesis involves inhibition of
the Hill reaction, the reaction in which oxygen is evolved from water
in the presence of chloroplasts (Shimabukuro and Swanson 1969). The
impairment of photosynthesis has several indirect effects, such as
closing of stomata (openings through which gases pass) in the leaves
as a result of increased carbon dioxide levels in the plant. The
closed stomata in turn lead to a decreased rate of transpiration and
consequent reduction in water uptake by the plant roots.
Although the exact biochemical events involved are unclear^
a large amount of data indicate that atrazine (as well as other
triazines) affects plant metabolism, particularly as it is governed
by growth regulation hormones* This conclusion results from studies
in which triazines (including atrazine), when applied at low rates,
resulted in more vigorous and healthy plants than controls, yet at
hi^er rates of application, resulted in growth inhibition. The
enhancement and inhibition of plant growth at different levels of
application has been shown to occur in a wide variety of plant
species, including both atrazine resistant and susceptible plants.
Nitrogen metabolism is influenced by sublethal levels of
triazine, resulting in increased protein fractions and dry matter of
seeds from some treated plant species. Field and laboratory studies
Indicate that applications of triazines result in increased uptake of
mineral nutrients, including nitrogen (when supplied as nitrates but
not when supplied as ammonium). The increased uptake may be due to
membrane changes facilitating more rapid uptake, or to larger roots
with greater absorptive surface area in sublethally treated plants.
Finally, there has been some consideration of the possible effect of
triazines on nucleic acid metabolism, since nucleic acid metabolism
is closely linked with growth and with protein metabolism. Experimental results are such that it is difficult to interpret the potential influence, if any, on plant nucleic acid metabolism.
The ability of any given plant species or variety to resist
herbicidal activity of atrazine is directly related to its ability
to degrade atrazine, hence those species or varieties which readily
degrade atrazine to nonphytotoxic or less phytotoxic compounds are
less susceptible to its herbicidal activity. In plants, at least six
types of reactions by which atrazine can be biodegraded have been
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identified, including hydrolysis, conjugation of atrazine with other
molecules in the plant, removal of side chains from the atrazine
molecule with liberation of carbon dioxide, modification of the side
chain of the atrazine molecule by processes such as oxidation^
replacement of amino groups (NH2) by hydroxy (OH) substituants^ and
cleavage of the triazine ring structure with ultimate production of
carbon dioxide (Esser et al. 1975). Studies with various chlorotriazines (of which atrazine is one) in living plants indicate that
"hydroxytriazines" formed by hydrolysis of the parent triazine are
the primary degradation products.
3*1.2

Animals

Atrazine has a low tendency to bloaccumulate in animals and,
once absorbed by animals^ it is rapidly metabolized to nontoxic
metabolites that are readily excreted via the kidneys. Appendix F
surmnarizes studies on the bioaccumulation and metabolism of atrazine,
A detailed review of the metabolism of atrazine5 as well as the other
triazine herbicides, can be found in Esser et al. (1975).
Atrazine degradation in animals has been shown to occur by
several pathways and has been postulated to occur by several others
(Esser et al* 1975). These pathways include hydrolysis of the parent
atrazine to hydroxyatrazine^ conjugation (combining) of the parent
herbicide with other organic metabolites in the animal 5 removal of
the side chains and their further degradation to carbon dioxide^
modifications to the side chains, and cleavage of the triazine ring.
In general^ when atrazine is Ingested by animals, it is degraded
into intermediate metabolites that are readily excreted by the
kidneys. When plant metabolites are fed to animals^ they are further
metabolized by the animals. Studies with ^^C-labeled triazines
indicated rapid and complete elimination of radioactivity, primarily
via urine. Generally, triazines are excreted very rapidly, with
50 percent of the applied dose eliminated within 12 to 26 hours in
laboratory animals and 1 to 2 days in ruminants. Wien goats and cows
are given single doses of triazine at a rate of 1 mg/kg, transient
residues occur in the milk, with peak concentrations 8 to 24 hours
after ingestion and rapid decline in residues to the limit of
detection within 2 to 4 days (Esser et al. 1975).
Bioaccumulation studies^ and studies of atrazine and metabolite
residue levels in animal tissues (Appendix F), indicate generally low
concentration factors for atrazine (Bathe et al. 1975; Gunkel and
Streit 19801 and Gunkel 1981) as well as low residual levels of
atrazine and metabolites in tissue (Khan and Foster 1976; Bathe et al,
1975; and Newton and Morris 1968 in U.S. Department of Energy 1983).
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These factors, coupled with the very rapid excretion of atrazine and
its metabolites (Foster and Khan 1976i Bakke et al. 1972a and 1972b;
and Erickson et al. 1979)3 Indicate that low levels of atrazine and
its metabolites, if any at all^ can be expected in most wildlife
animals soon after atrazine application.
3.2

Soils

The fate and transport of atrazine In soil has been reviewed by
a number of authors, including Esser et al. (1975) and Ghassemi et
al* (1981). In addition^ Volume 32 of Residue Reviews is a compilation of 14 papers on the fate and transport of triazines In the soil
environment, some of which have been incorporated in this discussion,
Atrazine is moderately persistent (3 to 12 months) in soil
compared to other herbicides, permitting full season control of
vegetation (Ashton 1982)• Atrazine has a relatively low solubility
in water (Weed Science Society of America 1983), has a moderate
mobility in sllty clay loam (Helling 1970^ 1971), and is relatively
readily adsorbed onto soil particles, particularly in muck and clay
soils with high organic matter content (Weed Science Society of
America 1983). Chemical and microbial degradation are the primary
means by which atrazine is lost from soil environments. In field
situations5 particularly in forest environments, photodegradation and
volatilization should not account for any significant loss of atrazine
(Ghassemi et al. 1981 and Weed Science Society of America 1983),
The persistence of atrazine has been studied in a wide variety
of soil types. The relative persistence of atrazine under most
conditions provides residual activity that makes it particularly
useful for weed control and soil sterilization applications. At the
same time, however, this persistence can result in injury to plants
such as sensitive rotational crops (Sheets 1970 and Mullison 1970),
In an early review of soil persistence of triazines, Sheets (1970)
reported that most studies found atrazine to be less persistent than
simazine and that it was more readily lost during warmer weather and
heavy precipitation than during cold weather and under dry conditions.
He also reported that atrazine persistence increases with depth to
about 24 inches, below which loss may increase in some soils^
probably due to dilution. Table 3-1 summarizes major studies on
atrazine persistence in soil conducted in the United Kingdom and in
North Perica, mostly during the past 10 years* These studies confirm
that atrazine is moderately persistent (with residual activity often
lasting up to a year) and that atrazine tends to remain in the top
layers of the soil« Of particular interest in Table 3-1 are the
studies by Khan and Saidak (1981 in Smith 1982) and by Jones et al.
1982, in ^ich hydroxyatrazine, the primary soil metabolite, was
found to have a relatively long persistence in soil.
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Table 3-1
Sumittary of Soil Persistence Studies with âtrazine

Formulation and
Application Rates

to

Effects

Comments

References

Atrazine, 2 to 10 lb/acre
(2.24 to 22»4 kg/ha)
applied in field in June
(loam, Quebec)

After 10 weeks, 18 to 44%
remained and after 52 weeks j,
6 to Bl remained.

Depth of 0 to 2 inchee.
Slight leaching observed.

Blrk and Readhouse 1964
in Smith 1982

Atrazlnej,! tO' 3 lb/acre
(1.12 to 3.36 kg/ha)
applied in field in May
to June (clay loam.
Ontario)

After 22 weeks, about 151
remained, and after 52 weeks,
less than 10% remained.

Depth of 0 to 2 inches.

Sirona et al. 1973 in
Smith

Atrazine, 0.25 to
2 lb/acre (0'.28 to
2.24 kg/ha) appUed in
field In May to June
(clay loam, Oiatarlo)

10 to 201 remained after
52 weeks

Depth of 0 to 6 inches»

Marriage et al„ 1978 in
Smith 1982

Atrazinej 1.5 lb/acre
(1.68 kg/ha) applied in
field in May to June
(clay loam,, Ontario)

After 7 weeks, 48. to 53%
remained, after 18 weeks» 23
to 28Z,, and after 52 weeks,
about 10% remained«

Depth of 0 to 6 inches

UmB. et al. 1981 in
Smith 1982

atrazine applied in May at
1.25 to 2 lb/acre (1.4 to
2.24 kg/ha) to com plots
that had been treated 20
consecutive years (sandy
loaia¡, Ontario)

In October, 102 ppb atrazine
and 378' ppb hydroxyatrazine
detected.
In following May
(1 year) 55 ppb atrazine and
296 ppb hydroxyatrazine
detected.

Depth of 0 to 6 inches»
Other herbicides used for
weed control during.
20-year pretreatment«

Khan and Saidak 1981
in Smith 1982

Atrazine applied In late
14ay at 4 lb/acre
(4«5 kg/ha) to^ peach
orchard that had been
treated 9 consecutive
years (Bandy loam^
Ontario)

Maximum residues during
October sampling (last
3 years) were 0'.36 lb/acre
(0.4 kg/ha) for atrazine.

Depth of 0 to 6 inches.
Other herbicides used for
weed control. Trees
removed 3 years before
end of reported study.

Marriage et al. 1975

Atrazine, 3 lb/acre
(3.36 kg/ha) applied in
sandy loam (Ireland)

After 6 months, 0',57 ppm
atrazine in soil*

Depth of 0 to 3 inches.
No post harvest
cult iva tiO'n,

Mitchell 1973

Table 3-1 (Continued)

I
00

Formulation and
Application Rates

Effects

Goaaents

References

Atrazlne, 4 lb/acre
(4.48 kg/ha) two applications in tiedlum loam
(Ireland)

After 9 months, 0.89 ppm
atrazine in soil.

Depth of 0 to 3 inches.
No post harvest
cultivation.

Atrazine, 4 lb/acre
(4.40 kg/ha) applied im
clay (Ireland)

After 9 «onths, 0.15 ppm
atrazine In soil.

Depth of 0 to 3 inches.
NO' post harvest
cultivation.

Atrazine, 3.2 to
25.6 lb/acre (3.6 to
28.7 kg/ha) applied per
year for 9 years
(California)

Nine months after 4th application, residues of 0.81 and
10.8 lb/acre were measured
(for soils treated with 3.2
and 25.6 Ib/acre/year,
respectively); 21 months
after 9th application total
residues were 0.47 and
3.46 lb/acre, 70% breakdown
per year.

In 0 to 6 inch layer
21 monthly after 9th
application, 0.13 and
1.40 ppm atrazine (for
soils treated with 3,2
and 25.6 Ib/acre/year
respectively). In 6 to
12 inch layer, 0.06 to
0.39 ppm and 0.06 to
0.33 ppm in 12 to
18. inch layer.

Leonard et al. 1975

Atrazine,, 3,3 to
4.1 lb/acre (3.66 to
4.54 kg/ha) applied In
May (Eastern Ohio)

Degraded through 3 to
4 half-lives during the
160-day growing season.

Under both no-tlll and
conventional management.

Nearpass et al, 1978

Atrazine, 1.8 lb/acre
(2 kg/ha) applied in
late April to coarse
sandy loan (U„K.)

Percent atrazine recovered in
sample cores were 94 + 111
at 3 days; 84 + 14.9Z at
14 days; 76 + 9.7% at
27 days; 51 + 7.7% at
57 days; 34 + 4.3% at
83 days and 19 + 2.11 at
111 days.

Cores taken to a depth
of 6 Inches.

Nicholls et al. 1982

Atrazine» 1 lb/acre
(0.89 kg/ba)

Persistence greater than
60 weeks.

Further details not
given in review.

Hocombe et al. 1966 in
WiUiam® 1970

Atrazine, 1.6 lb/acre
(1.8 kg/ha) la desert
cropland soils, (Arizona)
and incorporated by disk

Atrazine reduced soybean
growth (fresh weight)
29 souths after application
to soil. At one site (luiaa)
stands of cabbage and sugarbeets were reduced at
24 months and at Mesa, stands
of alfalfa, barley, sugarbeets and lettuce.

l

* Mitchell 1973

—a

Hamilton and Arle 1972

Table 3-1 (Concluded)

Formulation and
Application Rates

>

rt
I

Effects

Comnents

References

Atraslne, incorporated In
soil at 6, 16 and
36-inch depths at 1 and
2; 1; and 0.5 and 1 pp«.
respectively, in silty
clay loam and sandy loam
(Nebraska)

After 5 months, differences in
aerobic degradation observed
with depth-more degradation
near surface In warmer, higher
organic matter and microorganlsBi populaus upper layers.
At 17 months, all atrazine
gone from 6 and 16-lnch layers,
but even at 41 months, phytotoiic activity remained at
36 inches.

Both aerobic and
anaerobic degradation
patterns were similar,
suggestive of strict
chemical conversion
or presence of facultative microorganisms.

Lavy et al. 1973

Atrazine. ^^C-labeled
applied to sandy loam and
to sllty loaia to give
concentrations of 6.A and
5.0 ppm with soils kept
in flasks held in eiin~
light and ambient
temperature (Chesapeake
Bay)

Atrazine half-lives were calculated to be 330 and 385 days
for the sandy loam and silty
loam respectively. Hydroxyatrazine was the raajor
short-term metabolite.

Sandy loam soil
(Sassfras) held at 60%
water holding capacity
(17% water by weight).
Silty loam soil
(Mattapex) held at
100% water holding
capacity (50% water by
weight).

Jones et al

Atrazine, (80% wettable
powder) 0.0, 0.5, 1.0, 2,
4, 6, and 8 lb a.i./acre
(0.0, 0.6, 1.1. 2.2, 4.5,
6.7 and 9.0 kg/ha)
applied in mid-May in
field to silty clay loam
(Pennsylvania)

Average of 67,91 in soil
1 month after application;
3 months later, 21.4%;
11 months later, 15.9%;
16 months later, 5.4%.

Atrazine applied at 2 lb
and 4 lb/acre (2.28 and
4.48 kg/ha) applied to
loamy sand soil in late
May after planting with
com (Georgia)

Persistence of atrazine did not
vary with application rate;
concentration in top 4 inches
of soil increased with application rate but not concentrations at lower soil levels,
atrazine persisted in surface
4 inches for over 4 months, but
could not be detected at lower
levels after 2 months.

^Data not available or not applicable.

1982

_-

Hall et al. 1972

__

Rohde et al . 1081

Helling (1970j 1971) compared atrazine to 39 other herbicides,
including other triazines, in the laboratory and demonstrated that, in
silty clay loam, atrazine was only moderately mobile. Lavy (1970)
compared movement of atrazine^ propazine, and simazine in soil due to
diffusion and leaching and reported that, although atrazine diffused
faster than the other two triazines studied, it occurred at such a
slow rate that diffusion could not be an important mechanism of
vertical movement of triazines in soil* He therefore concluded that
under most circumstances, leaching with water would be the more
important means of atrazine transport in soil. Dao (1979) concluded
that diffusion as a process was only a small contributor to the
overall movement of atrazine in the soil, with diffusion rates in
saturated soils on the order of 0.2 to 1.1 X 10^^ cm^/sec. The movement of atrazine by leaching in a saturated soil column was reduced
by a reduction in the rate of water flow through the column, Rao and
Davidson (1979) and Davidson et al. (1980) report that atrazine mobility was greater for higher concentrations than for lower concentrations in a silty clay loam^ a sandy loam^ and in a fine sand in
water-saturated soil columns in the laboratory. The actual proportional amount of soil-applied atrazine in field situations that is
leached to soil depths (28 to 64 inches; 70 to 163 cm) is quite low,
with 0,13 to 1.1 percent of the applied atrazine recovered in tile
drainage water from cornfields (Von Stryk and Bolton 1977 and Muir
and Baker 1978, both in Smith 1982).
A number of studies have examined the potential for runoff loss
of soil-applied atrazine. Foy and Hiranpradit (1977) compared runoff
losses of atrazine from "no-till" and *'conventionally-planted" corn
plots treated with 4 lb/acre (4.5 kg/ha) sprayed pre^emergence.
Atrazine runoff from these plots during a single sprinkler irrigation
resulted in runoff loss of 0,5 and 1.7 percent of the total applied
atrazine from the no--till and conventionally-planted plots, respectively. During rainfall^ 3,9 percent of the total applied atrazine
was collected in runoff from conventionally-planted plots, while
no-runoff occurred from the no-till plots. For small (1.9 to
3*8 acre) watersheds of loessial soil in Iowa, planted in corn and
sprayed with at a rate of 3 lb/acre (3,36 kg/ha) in early May, up to
0^448 lb/acre (15 percent o£ total applied atrazine) was in runoff

from a rainfall event 7 days after atrazine application. Of this
amount, 0.339 lb/acre was in the runoff water and 0.109 lb/acre was
in the runoff sediments (Ritter et al. 1974). The amount of atrazine
in runoff generally decreased when the time between application and
precipitation increased. Gaynor and Volk (1981) compared runoff
losses of atrazine from a silt loam soil either unllmed or treated
with lime, Atrazine (80 percent wettable powder formulation) was
applied at a rate of 3.2 lb a.i./acre (3.6 kg/ha) and treated with
5.5 to 7*4 cm of water 12 hours later. The runoff water and sediment
for unlimed soil contained 0,3 percent of the total applied atrazine^
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of which all of the total atrazlne was in the water • In the 8-hour
watering, no atrazlne was detected in runoff from limed soil. When
the unlimed soil plots were watered (6.9 to 7^3 cm) 8 days after
atrazlne application^ 1,6 percent of the atrazlne applied was in
runoff water and 0.05 percent was found in sediments» For limed
soil5 less than 0.1 percent was found in water and less than 0.01
percent in sediments. Lime application appeared to have improved
soil structure, resulting in reduced runoff and herbicide loss
compared to the unlimed soil. When the amounts of residual atrazlne
in both soils were assayed at 10 to 12 days post-application, 25
percent was recovered from unlimed soils (12 days) cornered to 74
percent from limed soils (10 days). The low recovery from unlimed
soils is probably due to chemical degradation to hydroxyatrazine« In
a field study with pre-emergent application of atrazlne to corn at
rates up to 8 lb a.it/acre (up to 9 kg/ha) in a silty clay loam^ Hall
et al. (1972) found that, during the year of application, average
losses for all rates of application in runoff water and soil sediment
equaled 2.4 percent and 0.16 percent of the total amount of atrazlne
applied, respectively. A wettable powder (80 percent active
ingredient) formulation of atrazine (AAtresd®) was surface applied and
incorporated into coastal plain soils (sandy loam and sandy clay
loam) at rates of 1,5 and 3.0 lb a,i*/acre (1.68 and 3.36 kg/ha) and
then followed, 1 hour later, by a simulated rainfall equivalent to 5
inches (13 cm) in 2 hours to represent a 100-year frequency storm.
Average atrazine losses in runoff were 10.7 percent (6.4 to 13*3
percent), most of which occurred during the first 40 to 50 minutes of
rainfall. In terms of the absolute amount of herbicide loss, 70 to
80 percent was in runoff water although actual concentrations of
atrazine were greater in runoff sediment, probably due to adsorption
of atrazine to clay and silt particles. Atrazine losses of 7.3
percent were reported in the runoff of a 10-year frequency storm (2.5
inches rainfall per hour) occurring 96 hours after atrazine was
applied to fallow plots of soil with a 6.5 percent slope (White et
al. 1967 in Ghassemi et al, 1981). After application of 2 and 4 lb
atrazine/acre (2.24 and 4,48 kg/ha) to a loamy sand soil, Rohde et
al* (1981) could not detect si^ificant amounts of atrazine in
surface runoff after 26 days nor in subsurface flow at any time.
Total losses of atrazlne over a 2 year period ranged from 0.22 to
2,24 percent of that applied.
Atrazine is readily adsorbed to soil particles, with a greater
tendency to adsorb on muck or clay soils than on soils with a low
clay and organic matter content. This tendency for atrazlne to
adsorb to soils serves to limit downward movement of the herbicide to
deeper soil layers by leaching and reduces uptake by crops and weeds
because there is less atrazine available for soil solution as a
result of adsorption (Weed Science Society of America 1983 and
Williams 1970). Since forest soils have large amounts of organic
matter, there should be a strong tendency for atrazine to adsorb
At-31

to soll particles and these soils should offer a high degree of
resistance to leaching of atrazine. In additions soil organic matter
appears to be the most active soil component involved in reducing the
phytotoxic effects of triazine herbicides (Hayes 1970 and Adams and
Pritchard 1977), Dao (1979) found atrazine adsorption to increase
with decreased soil moisture, to increase with an increase in
electrolyte (salt) levels in soil, and to increase with an increase
in temperature. Scott and Phillips (1972) demonstrated an increase
in soil diffusion of atrazine with increasing amounts of soil water^
reflecting decreased adsorption to soil particles at higher levels of
water content.
Microbial degradation of atrazine has been variously reviewed by
Esser et al. (1975), Ghassemi et al. (1981), Kaufman and Kearney
(1970) and Paris and Lewis (1973). There is a large body of literature indicating that soil microorganisms are capable of metabolizing
triazines in general, and atrazine in particular, as a source of
energy, Kaufman and Kearney (1970) list 4 species of bacteria and
21 fungi that have been shown effective in metabolizing atrazine.
Srirama Raju and Rangaswami (1972) reported that some bacteria and
fungi were resistant to both atrazine and slmazine at herbicide
concentrations as high as 7,500 ppm. The three major routes for
microbial degradation of atrazine are dealkylation (removal of the
side chains and evolution of carbon dioxide)^ hydrolysis to form the
metabolite hydroxyatrazine, and cleavage of the triazine ring
(Ghassemi et al. 1981). As one would expect, the highest rates of
atrazine inactivation are generally found under those conditions that
are favorable for microbial growth, such as warm temperatures^ high
moisture, and high organic matter content (Esser et al. 1975). In a
laboratory study with atrazine incubated in soils taken from different
depths, Roeth et al, (1969) demonstrated that atrazine degraded 2 to
3 times more rapidly in topsoils than in subsoils, that each lO^C
temperature increment (from 15°C to 35°C) resulted in a two- to
threefold increase in degradation rate, and increased soil moisture
content (from 0.4 to 0.8 field capacity) resulted in ^^002 evolution
from -^^C atrazine-treated soil to increase from 0 to 6 times.
Chemical degradation of atrazine has been discussed in
Section 1.2. Studies with sterilized soil indicate that hydrolysis
to form hydroxyatrazine is a major route of nonbiological degradation
of atrazine. Organic matter in the soil, such as humic acid and soil
colloids, catalyse this hydrolytic degradation at low pH, while other
soil compounds, such as iron and aluminum ions, promote replacement
of the chlorine on the triazine ring by the OH"" ion (Khan 1978 in
Ghassemi et al. 1981).
Volatilization and photodegradation of atrazine is reviewed in
Jordan et al. (1970) and Ghassemi et al. (1981) and is briefly
discussed in Section 1.2 of this Background Statement, Atrazine has
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a relatively low vapor pressure. It is more readily volatilized from
the surface of foliage than from the surface of soil, Atrazine
volatilization from soil is reduced by soil moisture (Kearney et al,
1964 in Ghassemi et al. 1981). Atrazine has been demonstrated to
photodegrade when exposed to ultraviolet radiation in sunlight when
applied to soil surfaces (Jordan et al. 1970), Photodecomposition
occurs to some extent in field situations if high temperatures and
prolonged sunlight follow application of atrazine before precipitation (Weed Sciences Society of America 1983), However^ the mechanism
and products of photodegradation in soil have not been investigated
to the extent that they are clearly understood. In forest soils,
increased moisture and reduced sunlight should reduce further the
small potential for atrazine volatilization and photodegradation,
3.3

Water

Atrazine is only slightly soluble in water and its low
solubility5 coupled with a tendency to adsorb to soil particles^
results in only relatively small amounts of atrazine in runoff water,
Atrazine degrades slowly in water 5 thus dilution5 transport 5 and
metabolism by aquatic plants, algae, and bacteria are the prime means
by which atrazine concentrations are reduced in aquatic environments.
The aesthetic qualities of water containing atrazine were
examined by Martynyuk and Gzhegotskii (1967 in Mullison 1970), Water
containing 0,1 to 5e0 ppm atrazine did not differ from control samples
in terms of its sensory qualities, even when heated to 140 to 158^F
(60 to 70 C) to increase vaporization of noxious substances. Higher
concentrations of atrazine (50 ppm or greater) resulted in greatly
altered sensory qualities of the water. When bottled ground water
containing 600 to 1,000 ppm atrazine was stored at 6 to 22®C for as
long as 6 months, no decrease in atrazine concentration was observed.
Atrazine is transported in water either in surface runoff
following precipitation events, in groundwater flow, or in streamflow,
Atrazine transport in surface runoff has been discussed In Section 3.2
of this background statement. Under most environmental conditions,
only relatively small amounts of atrazine should be transported in
runoff water. Such transport would occur primarily during rainstorm
events within 1 or 2 days after atrazine application. Schneider
et al, (1971) evaluated the potential for atrazine contamination of
groundwater aquifers by pumping water containing 1.28 ppm atrazine
into the Ogallala aquifer at an average rate of 360 gallons per
minute for 10 days. Atrazine could be detected in water pumped from
a well 66 feet from injection after 10 days of pumping, but not in a
well 150 feet from the injection well, VJhen groundwater was pumped
out of the injection well (starting 10 days after injection stopped)
at a rate of 500 gallons per minute for 9 days and 480 gallons per
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minute for 3 days^ essentially all of the injected atrazine was
recovered. After 189 hours of pumping, atrazine concentrations in
the well water were 0.25 ppm. The authors concluded that water from
a dual-purpose well (aquifer recharge and pumping) contaminated with
a herbicide such as atrazine could be used for irrigation of atrazine
tolerant crops, and the injected contaminated water would not move
very far in the aquifer if it were pumped out relatively soon.
Atrazine transport in streamflow could occur mainly as a result of
surface runoff of atrazine from soils or direct application of
atrazine to watercourses« Such transport and subsequent dilution
would result in a relatively rapid decrease in atrazine concentrations in water. Atrazine measurements in water are discussed below
in this Section*
Degradation of atrazine has been studied in marine and estuarine
systems and in aquatic soils, Jones et al* (1982) compared persistence of atrazine in estuarine water and sediments under both aerobic
and low oxygen conditions in a laboratory environment. They reported
a relatively rapid loss of atrazine in the water (half-life of 3 to
12 days) and in the estuarine sediment (half-life of 15 to 20 days)*
The major short-term metabolite was hydroxyatrazine and it appeared
that decreased oxygen levels had little effect on atrazine
degradation.
Several studies have measured residues of atrazine in streams as
a result of normal agricultural activities or as a result of experimentation. Roberts et al. (1979) monitored atrazine and its residues
in a watershed in southwestern Ontario in which approximately 25.6 to
26.8 percent of the total area (4,500 hectares) had been planted in
corn and treated with atrazine at average rates of 0.9 to 1.04 lb/acre
(1.02 to 1.16 kg/ha) in 1973 and 1974, respectively. Of 360 water
samples within the watershed taken from May 1973 through February
1975, 320 (89 percent) contained atrazine. Of 235 samples taken from
May 1974 through February, 121 (34 percent) contained
desethylatrazine, an atrazine metabolite. The highest level of
atrazine in creek water, 34.7 ppb, was observed in mid-June. Of the
water samples taken at the mouth of the creek draining the watershed,
however, maximum levels of 3.3 ppb atrazine were detected in July.
Desethylatrazine levels rarely exceeded 1 ppb in this watershed,
however. Frank (1981) monitored atrazine residues in the water of
two agricultural water-sheds in Ontario encompassing a total of
1,079,000 hectares on which an estimated total of 209,800 kg of
atrazine were applied in 1975. Maximum concentrations of 2 ppb (in
June 1975) and 1,5 ppb (in July 1976) were measured at the mouths of
the rivers draining the two watersheds. Based upon masurements of
monthly flow volume and atrazine concentrations at the river mouths,
it was estimated that less than 0.6 percent of the total atrazine
applied to the two water-sheds was in the discharge at the river
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mouths. Frank and Sirons (1979 in Norris et al* 1983) found atrazine
or its metabolites in 80 percent of streams in 11 small agricultural
watersheds (average size of 4,279 ha). Average concentrations of
residues were 1^4 ppb with a peak concentration of 32 ppb.
Approximately 62 percent of the atrazine discharge from these
watersheds was associated with storm runoff. Richard et al. (1975)
monitored atrazine residues during the 1974 growing season and found
atrazine residue levels ranging from 0.05 ppb to 42 ppb in surface
waters and residues of 0.480 ppb to below detectable limits in
finished city water supplies in 12 Iowa cities* The highest
concentrations of atrazine in surface waters were generally observed
in June, and the highest concentrations in finished waters were
observed in July, Atrazine residues were monitored in July 1977 in
the Black Creek watershed, an 18.7 square mile (48.5 sq. km)
watershed in Indiana (Dudley and Karr 1980). In 14 sediment samples,
7 water samples, and 18 fish samples, no atrazine residues were
detected at a lower limit of detection of 0.1 ppm. Hoermann et al.
(1979) monitored residues of triazines, including atrazine, at 17
sites along 9 rivers in central Europe from the spring of 1976
through the fall, 1911. Of a total of 118 samples, 59 percent
contained less than 0,4 ppb atrazine, 24 percent contained 0.4 to 1.0
ppb, 15 percent contained 1,1 to 10 ppb, and only 2 percent contained
more than 10 ppb atrazine. As with U.S. studies, peak residue levels
occurred in June*
Atrazine residue levels have been monitored in agricultural
runoff, in irrigation tailwater pits, and in irrigation ditches
to determine the potential for residual toxic effects, Ritter et
al. (1974) measured concentrations of atrazine in runoff water
between 1,17 and 4.91 ppm during a storm 7 days after application
of atrazine (wettable powder) at a rate of 2 lb/acre (2.24 kg/ha)
to a surface-contoured watershed planted in corn« Maximum atrazine
residues measured in water samples from tailwater pits used to
collect irrigation runoff in Kansas were 1,074.1 ppb and residues
persisted throughout the year (Kadoum and Mock 1978)^ No residues
were detected in irrigation ditches and basins that had been sprayed
with atrazine when dry and then subsequently filled twice with water
(Smith et al. 1975 in Norris et al. 1983).
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4.0

Exposure and Hazard Assessment

Forest workersj visitors 5 and resident or transient animals are
all potentially exposed to atrazine during forest spray operations•
For humans and other terrestrial animals^ exposures can be by dermal,
inhalationj and oral (ingestion) routes. Aquatic animals are poten^
tially exposed by immersion in waterbodies that may contain dissolved
atrazine« Calculations of exposure to atrazine in this section
follow the assumptions and methodology detailed in Section 4.0 of the
General Introduction to the Herbicide Background Statements. In
generals it should be noted that environmental exposures to atrazine
are brief, and that any area sprayed in a given year may well not be
sprayed again for several years. Occupational exposures, at least
for some individuals, may be of longer duration than environmental
exposures. However, only a limited number of individuals are so
exposed.
4.1

USDA Forest Service Atrazine Application

Available application data for atrazine use by the USDA Forest
Service for 1982 are presented in Table 4-1. Actual exposure to
atrazine differs among Forest Service personnel involved in herbicide
use, other Forest Service personnel, visitors to Forest Service lands
that have been treated with herbicides, and wildlife species that are
permanent or transient inhabitants of treated areas.
The data presented in Table 4-1 indicate the number of forest
workers involved in application of atrazine in 1982, as well as the
duration of exposure on a daily and an annual basis. However, the
actual exposure of these workers depends not only upon the specific
formulation, method, and rate of application, but also on the
protective measures employed, the operating condition of the
equipment used, and accidental events which expose workers to the
pesticide.
Atrazine is readily adsorbed to soil particles. It has low
water solubility and moderate soil mobility. It is primarily
degraded by chemical and microbial processes. Atrazine is moderately
persistent in soil with residual activity often lasting up to a
year. The potential for incidental exposure of humans and wildlife
to atrazine is moderate.
4.2

Exposure

Estimates of potential exposure to atrazine are based on aerial
as well as ground application. The maximum aerial application rate
for atrazine (see Table 1^-1) is 5.6 lb a«i*/acre, while the compound
is applied from the ground (ground foliar) at rates as high as 8,0 lb
a.i./acre for spot broadcast applications. In both aerial
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Table 4-1
0SDA Forest Service Applicatton Data for Atrazine (1982)

Duration o^f Exposure
Formulation
(Number
of
Projects)

Method of
Application

Atrazlae
(34)

Ground
Foliar

Average Number Peciple
Exposed/Project

6.7

Total People
Exposed

228

Average

Gross 1983

Type of Management
(Projects)

Hrs/Day

Days/Yr

Hrs/Day

Days/Yr

4.9

9.4

6.6

10.6

...
Source:

Maximum

Timber (28)
Wildlife (2)
Nursery (1)
Research (1)
Noxious Weeds (1)
Engineerleg (1)

application and ground foliar application, atrazine is applied as a
liquid. Calculations in Table 4-2 that are based on aerial
application (e.g.^ observer dose, wildlife dermal exposures, and
water concentrations) assume an application rate of 5.6 lb a.i./acre
Those calculations in Table 4-2 that are based on ground spraying
(e.g., backpack sprayer dose and wildlife oral exposures) assume an
application rate of 8.0 lb a.i./acre. Other specific assumptions,
based upon the toxicological and chemical characteristics of atrazine
and on its behavior in the environment, are discussed in the
following sections. Table 4-2 summarizes the estimates for
occupational and environmental dose and exposures by means of
immersion, dermal, inhalation, and oral routes.
4.2.1

Occupational Doses

Data are not available on the daily occupational exposures or
doses of atrazine to forestry workers. However, estimates of
occupational doses have been derived based on the urinary output of
several categories of workers exposed to phenoxy herbicides (e.g.,
2,4-0 and 2,4,5-T). As indicated in the General Introduction to the
Herbicide Background Statements, urinary output was used to calculate
total doses (i.e., regardless of route) to workers exposed to phenoxy
herbicides, and this quantity was then expressed on the basis of an
application rate of 1 lb/acre. Daily occupational dose estimates for
atrazine are based on exposures on a per pound per acre application
rate multiplied by 5.6 lb/acre for observers and 8.0 lb/acre for
backpack sprayers.

In the case of the aerial spray observer, dose

estimates are based upon a maximum of one daily exposure to direct
aerial spray with an unprotected skin surface area of 2 square feet
(see General Introduction to the Herbicide Background Statements).
The maximal herbicide dermal absorption rate is assumed to be, in the
absence of data to indicate otherwise, 10 percent.
At 5.6 lb a.i./acre aerial application rate, the following
estimate of daily dose is derived:
Observer with Direct Spray Deposition: up to 0.224 mg/kg
(0.04 mg/kg at 1 lb/acre application rate).
For ground applications at 8.0 lbs/acre application rates, the
following estimate of daily dose is derived:
Backpack Sprayer; 0.32 mg/kg (0,04 mg/kg at 1 lb/acre
application rate)
Occupational doses for the mixer/loader are assumed to be independent of application rate and have been estimated to be 0.1 mg/kg.
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Table 4-2
Summary of Occupational Dose, Environmental Exposure
and Toxicity for Atrazine
Exposure Route^
Occupational
Dose

Dermal

Inhalation

Mixer/Loader
Observer
Backpack Sprayer

Oral

0,1 me/k£
-Up to 0.224 mg/kg
0.32 me/kg

^

Environmental
Exposure
Fish
Rabbits
Deer
Man
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)

Toxicity Summary

--

^_.

0.056 ppTTi (ImTTiprslon)

2.262 mg/kg
0,566 mg/kg

Negligible
Negligible

„^d

^-d

NA.e
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

LD50 « 9,300±
990 mg/kg in
rats

Most studies^

1,6 ppm a.l,
dust exposure
caused no toxic
effect in rats

LCCQ

.

.

8.40 mg/kg
11.52 mg/kg

^-d
0,0056 mg/kg (2 days)
0,038 mg/kg (2 days)
0.047 mg/kg (2 days)
0.0022 mg/kg (1 day)
0.0056 mg/kg (1 day)
0.0028 mg/kg (1 day)

Acute oral LDJQ'S
>1,400 mg/kg in rats and
mice.
Chronic feeding of
100 ppm to rats for 2 years
caused no adverse effects.

>5 ppm for fish

^Assumes aerial application at 5.6 lb active ingredient per acre and ground foliar
application at 8.0 lb active ingredient per acre. See text for further explanation.
^Occupational doses Include all routes of exposure,
^Fish exposure results from immersion in water containing atrazine.
^Human environmental exposures via dermal and inhalation routes will be considerably
less than occupational doses. Thereforej occupational doses are used as a worstcase rather than an estimate of environmental dermal and inhalation exposure.
Oral environmental exposures are estimated for six sources.
®NA represents nonapplicable data.
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Total occupational doses are^ of course^ a function not only
of application rate and specific occupational category, but also of
duration of exposure. Table 4-1 includes estimates of the number of
days per year of exposure, by atrazine application method and
formulation used s in 1982* It should be noted^ however, that in many
instances 5 the same individuals are not exposed throughout the entire
spray period*
4.2.2

Environmental Exposures

Environmental exposures in man occur when forest visitors or
others not directly involved in spray operations come in contact with
spray or sprayed foliage^ inhale spray mist^ eat plants or animals
contaminated with herbicide, or drink water containing herbicide.
Animals5 both terrestrial and aquatic, are subject to environmental
exposures as well,
4.2.2.1 Dermal Exposures. Human dermal environmental exposures
would be less than occupational exposures since only spray operators
and observers are directly involved with actual activities on the
spray units. A casual visitor to spray units should be expected to
receive an exposure much less by orders of magnitude than that of
forest applicators. Animals in the target spray zone, however, are
subject to dermal exposure. Rabbits and deer, representing both
small and large game animals respectively, have the following
estimated dermal exposures based on 5.6 lb a.i./acre aerial spray:
Rabbits in Aerial Spray Zone; 2.262 mg/kg (0.404 mg/kg at
1 lb/acre application rate)
Deer in Aerial Spray Zones
application rate)

0.566 mg/kg (0.101 mg/kg at 1 lb/acre

4.2.2.2 Inhalation Exposures. Human inhalation environmental
exposures would be less than occupational exposures since spray operators, involved with activities on the spray units, are more likely to
be subject to spray mist than is a casual visitor. Thus a casual
forest visitor should be expected to receive an inhalation exposure
orders of magnitude less than that of a backpack sprayer.
Environmental inhalation exposures of animals in the spray target
area would occur on a one-time basis and would be limited to a time
frame that can be measured in minutes. Inhalation of atrazine vapor
would be negligible since the vapor pressure of atrazine is
negligible (Weed Science Society of America, 1983). Inhalation
exposure is therefore expected to be so small that it can be
neglected in this analysis.
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4.2.2.3 Imnerslon Exposures, Aquatic organisms are subject
to environmental exposures from immersion in streams and ponds
adjacent to target spray zones. Assuming a buffer zone of
approximately 100 feet between aerial spray zones and waterbodies,
environmental exposures for aquatic organisms would be equivalent to
the estimated concentration of atrazine in water, calculated as:
Water concentrationî 0,056 ppm (0,01 ppm at 1*0 lb/acre aerial
application rate)
This concentration of atrazine represents the estimated maximum
concentration immediately after spraying. Due to the low potential
for leaching of atrazine from soils, only negligible amounts of the
herbicide would be expected to be carried into streams and ponds^
even during rainfall soon after application.
4*2.2.4 Oral Exposures> In terms of oral exposures^ any incidental ingestion of atrazine by workers on the spray unit would be
accounted for by the estimates of occupational dose. Oral environmental exposures would occur for wildlife eating contaminated
vegetation and for human consumption of fish, deer^ rabbit, water,
berries, and mushrooms« Basic assumptions for estimates of oral
environmental exposures for both man and wildlife are presented in
the General Introduction to the Herbicide Background Statements.
Oral exposures for deer and rabbits, representing game animals
potentially eaten by humans^ assume vegetation is sprayed from the
ground at 8,0 lb a»i,/acre and that rabbit browse is partially
shielded by overstory. These estimates are as followsî
Deer:
B.abbit!

11,52 mg/kg (1.44 mg/kg at 1 lb/acre application)
8.40 mg/kg (1.05 mg/kg at 1 lb/acre application)

Estimates of human oral exposures from consumption of fish, deer, and
rabbit require, as a starting pointy estimates of maximum tissue
concentrations of atrazine in fish, deer^ and rabbit.
Fish tissue concentrations are derived as follows:
- water concentrations:

0.056 ppm

-- bioconcentration: 5*0 (actual values reported in Appendix F
generally range from 2 to 3).
Fish tissue concentration:

0.28 ppm (0.28 mg/kg)

Deer and rabbit tissue concentrations include atrazine accumulated
from both oral and dermal exposure. Tissue concentration estimates
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for deer and rabbit assume that dermally applied atrazine is absorbed
at a rate of 10 percent and that 10 percent of the atrazine ingested
by deer and rabbits is assimilated into muscle tissue* Data
presented in Appendix F indicate that only a small amount of Ingested
atrazine is found in animal muscle tissue. Maximum residues of
atrazine in tissues from deer collected an atrazine-treated forest
lands were 0.076 ppm (Newton and Norris 1968 in U.S. Department of
Energy 1983). It is also assumed that oral exposure of deer and
rabbit to atrazine lasts only for 2 days due to the moderate
persistence of atrazine« Deer tissue concentrations of atrazine are
derived as follows:
Dermal Exposure contribution assumes 10 percent absorption of a
single exposure, or 0^566 mg/kg (dermal exposure) x 0.10 0.0566 mg/kg.
Oral Exposure contribution assumes 10 percent assimilation of
two--days feeding^ or 11.52 mg/kg/day (oral exposure) x 0,10 x
2 days = 2.304 mg/kg*
Total Deer Tissue concentration - 0*0566 mg/kg + 2*304 mg/kg ~
2.3606 mg/kg (2.361 ppm).
Rabbit tissue concentrations of atrazine are derived in the same
way as for deer^ as follows:
DermalExposure contribution assumes 10 percent absorption of a
single exposure, or 2.262 mg/kg (dermal exposure) x 0^10 ^
0*2262 mg/kg.
Qral^Exposure contribution assumes 10 percent absorption of
two-days feeding, or 8*4 mg/kg/day (oral exposure) x 0.10 x 2
days - 1.680 mg/kg.
Total Rabbit Tissue Concentration ^ 0.2262 mg/kg + 1.680 mg/kg =
1.9062 mg/kg (1.906 ppm).
Based upon the above fish^ deer^ and rabbit tissue concentrations and
human consumption rates^ the following estimates of maximum human
oral exposures to atrazine from eating meat are derived:
Fish meats
0.28 mg/kg x 2 days x 0«5 kg/day/person T 50 kg
person = 0.0056 mg/kg
Deer meat:
2.361 mg/kg x 2 days x 0.5 kg/day/person T 50 kg
person = 0.0472 mg/kg
Rabbit meat: 1.906 mg/kg x 2 days x 0.5 kg/day/person v 50 kg
person = 0.0381 mg/kg
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Water and plant consumption by man would result in the following
oral exposures to atrazine based on assumptions stated in the
introductory chapter of the Herbicide Background Statements at an
application rate of 5,6 lb a.i./acre (aerial)i

4«3

Water;

0,0022 mg/kg (0.0004 mg/kg at 1 lb/acre application)

Berriesî

0.0056 mg/kg (0,001 mg/kg at 1 lb/acre application)

Mushrooms;

0.0028 mg/kg (0.0005 mg/kg at 1 lb/acre application)

Hazard Assessment

Toxicological properties of atrazine to man^ fish, and small
mammals have been summarized in Table 2-1 and detailed in Section 2
of this Herbicide Background Statement. Table 4-2 compares estimates
for both occupational doses and environmental exposures in man and
wildlife with reported toxicity information (dermal LD5Q in rats, rat
inhalation results, rodent acute oral LD^Q'B^ and immersion LC5Q'S
for fish)• The reported exposure levels at which toxic effects have
been observed in experimental animals are considerably higher than
levels anticipated for Forest Service applications.
Small mammal studies have shown that atrazine applied to the eye
is ''irritating" and that skin irritation tests produced some erythema.
Fosgard S®, containing 25 percent atrazine^ appeared to increase the
incidence of lymphomas in mice in a preliminary study. However, a
chronic lifetime study in mice with atrazine failed to show any
carcinogenic activity,, although much higher doses were employed.
Atrazine increased the incidence of malignant lymphomas in one study
in mice and caused no teratogenic effects in studies in rats, mice or
sheep. It was non-mutagenic in most in vitro test systems.
These studies are summarized in Table 2-^1 and detailed in the
Appendices. Generally^ they indicate that there should be no significant potential for adverse reproductive, mutagenic^ or carcinogenic
effects to individuals from atrazine use, if proper care is taken
during application*
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Appendix A
Summary of Atrazixie Toxicity Data For
Invertebrates and Microorganisms
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Appendix A
Summary of Atrazine Toxiclty Data for Invertebrates and Microorganisms

Formulation

I

Organism

Nature of
Exposure

Exposure
Time

Effects®

Coaunenta

References

Atrazlne

Midge Larvae
(Chlronomua
tentans;
Inaecta)

Surface absorption,
static bloasaay
(acute toxlcity)

48 hour

LCcç - 0.72 pp« (0.36 to
1,4A ppm), BBortality
observed at 0,5 ppm.

Atraztne

Midge larvae
(ChironomuB
tentans;
Inaecta)

Surface absorption,
static bloassay
(chronic toxiclty)

2 generations

Continuous exposure to
measured concentrations
of 0.23 ppm or more
through 2 generations
resulted In reduced
batching success,
increased larval
mortality, retarded
development, reduced
rate of pupation and
emergence, No adverse
effect observed at
0.11 pp«.

AtraEine

Mosquito
(Culejt
reetuans;
Íñsectal

Surface absorption,
static bloassay

18 hours

LC5O 200 ppm for
animals stressed with
0.41 methanol in 25 ml
test system,

Bowman et al.
1981

Atrazlne

German
cockroach
(Blatella
germánica i
Inaecta)

Ingestion

A negligible effect on
growth and reproduction
through 2 generations
was observed in animals
fed 1,000 ppm atrazlne
in diet.

Riviere 1976

Atrazlne

Cladoceran
(Daphnia
pulex;
Crustacea)

Surface absorption,
static bloassay

18 hours

LC5n - 0.6 ppm (0.22 to
14,44 ppm) for animals
stressed with 0.4%
methanol in 25 ml
test system.

Bowman et al.
1981

Atrazlne
(Atrazln®
99.2X)

Cladoceran
(Daphnia
pulex;
Crustacea)

Surface absorption,
media exchanged
daily

28 days and
entire
llfespan

Longevity was not
affected by concentrations up to 10 ppm, but
was reduced in animals
exposed to 20 ppm.
Reproduction (number of
young per animal) was
reduced at 1 ppm compared to control.

68 4- l.e^F
(20 + 1°C)

_b

Use of ethanol
(0.5X) as a solvent significantly reduced
longevity and
reproduction, A
synergistic
effect observed
between atrazlne
and ethanol.

Macek et al. 1976

Macek et al. 1976

Schober and
Lampert 1976,
1977
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Formulation

Organism

Nature oí
Exposure

Expó'Sure
Time

Effects

ConMnen,ts

References

00
Atraziae

Cladoceraa
(Baphiiia
magoMi
Crustacea)

Surface absorption;
static bioasaa)?

48 hours

Ampliipod
(Gamma rus
fasclacus;
Crustacea)

(acute toxicity)

48 hours

Atrazitte

Cladoceran
(Daphnia
iftagifta ;
Crustacea)

Sö.rface abBorptlom,
static bioaseay
(chroalc toxlcity)

21 days

Continuous ejcposirre tomean measured atraxine
concentrations «p to
1.15 ppm did DO't advereely affect 8u,njrival
through three generatiO'QS, Mean number of
youttg per female during
first generatiO'E eatpo8«re was significantly
reduced.

Atraziiie

Amphlpod
(Ganmarua
fagciatus;
Crustacea)

Surface absorption,
static bioaaeay
(chronic toxicity)

30' days tO'
17 weeks

Survival oi" iadlvidual
exposed continuO'Usly fo-r
30 days tci 0,94 ppm was
reduced.
No reduction
observed la, stirK'Í¥al of
individuals exposed to
O1.49 ppm for 119 days.
Reproductive effects and
iopaired suorival of
offspring observed at
concent rationna as lo%f
as 0.14 ppm,

Macek et al,
1976

AtraEiae

Scud
(Hyalella
az teca;
Crustacea)

Surface absorption j,
static bioassa}?

18 hO'urs

1X5,0 « 8.8 ppm (7.2 to
18.64 ppm) for animalBstreas^ed with 0,5Z
methanol In 25 ml test
systems.

Bowman et al.
1981

Mtre«®
(802

Fiddler crab
(Oca pugna]E;
Crustacea)

Surface absorption
ÍE field enclosures
and in. greenho'use
nicrohabltate.

10 weeks

Crabs, exposed to a single
application of 0, 100,
1,000 and lOjO'OO' pptn a.l.
Treatment at 10,00-0 ppn
resulted in decreased swrviva! in both field and
greenhouse treatments.

Plumley et al.
1980

LC5Q - 6.9 ppiB C5.2 to
8,1 ppm), mortality
obser\fed at 3.0 ppm.

68 + l.e^'F

Macek et al.
'1976

■" (20' + i"C)

wettable
powder)

LC50 " 5-'' PP™ (^'^ to
8.0 ppm)j oortaiitjr
observed at 2.4 ppm.

-

j

Data indicate
that De magna
repro'ductlon 1B
more sensitive
to atrazlne than
is survival.

Macek et al.
1976
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Organism

Nature of
Exposure

Exposure
Time

Effects

Coîimeiits

References

AAtre3t®
(80%
wettable
powder )

Fiddler crab
(Uca pugna»;
Crustacea)

Surface absorption,
in laboratory
containers

8 weeks

Crabs exposed to lO'O ml
of 0, 1, 100, or
1,000 ppm a.i, suspension« In August,,
1,000 ppm either killed
crabs or eliminated their
escape re8pon.8e„ Adverse
effects noted at 100 ppm,
with severity a function
of crab size and sex.
With new crabs In subsequent tests, effects
diminished so that in
November, no effects
observed at 1,000 ppm.
Following August, tests
confirmed seasonality of
response with adverse
effects similar to
initial ones.

Pluttley et al,
1980

AAtre^.®
(80%
wettable
powder)

Fiddler crab
(Uca pugoax;
Crustacea)

Oral, chronic
exposure

20 days

No adverse effects in
crabs fed detritus soaked
with a 22 ppm atrazine
solution.

Pluialey et al.
1980

Atrasine

Cladoceran
(Daphnia
magna;
Curstacea)

Surface absorption

48 hours

LC 50

U.S. Department
of the Interior
1968 in
Plmentel 1971

Atrazine

Brown shriinp
(Penaeus
aztecus;
Crustacea)

Surface absorption

48 hours

Thirty percent mortality
or paralysis in shrimp
exposed to 1 ppm«

Butler 1965

Atrazlne

Shore crab
(Carcinus
maenua;
Crustacea)

LC50 >100 ppm

Portmann and
Wilson 1971 in
Gliassemi et al.
1981

Atrazine

Clam
(Pelecypod
Mollusc)

Clams reduced to 1/8 of
original number after
application of atrazine
at dosages of 0.5 to
2.0 ppm.

Walker 1962 in
Ptmentel 1971

Exposed in pond
enclosures, surface
absorption

—

3,6 ppim
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Formulâtloa

Organism

Nature of
Exposure

àtrazlne

Snails
(Gastropod
Mollusc)

Exposed in pond
enclosures, surface
abeorptlott

Atrazine

Eaatem
oyeter
(Craasostrea
virginlca;
Pelecypod
Mollusc)

Surface absorption

Atrazlne

Cockle
(Cardiun
edule;
Mollusc)

âtrazlae

Freshwater
beathlc
(bottom)
organisas,
primarily
insects and
insect larvae

átraziiie

Exposure
Time

Effects

Conmaents

References

Snail popitlatlon increased nearly 4 tlwe®
after application, of
atrazlne at dosages of
0,5 to 2.0 ppn.,

Walker 1962 in
Plmeatel 1971

Mo noticeable effect on
shell growth In oysters
exposed to 1 ppm.

Butler 1965

LC5Q >iOO ppm

Portmann and
Wilaon 1971 In
Ghasaeiii et al«
1981

Surface abeorptioa

Most species reduced by
at least 50'Z after applicatiott of atrazlne at
0.5 to 2.0 ppm.

Walker 1962 in
Pimentel 1971

Soll orgaalsnis

Surface absorption

In plots treated at 2 to
4 acres, wirewornts ^
earthworms and springtails decreased in
aumbers, numbers of mites
and nillipedee did not
change.

Atrazlne

Soil animals

Surface absorption

Did not cause significant
reduction In number when
applied at normally
recommended doses.

Edwarde 1964 la
Plmeatel 1971

Atrazlne

Soil amoeba
(22 atraltts)

Atrazlne Incorporated into culture
roedluDi

Atrazlne at 40' and 70 pp«
retarded growth of only 2
of the 22 strains tested.

Pone and
Pussard 1980'

96 ho«rs

Fauaal changes
may ha¥e been
due to changes
vegetation
rather than to
direct effects
of atrazlne.

Fox 1964 in
Pimente! 1971
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Orgemlsii

Nature of
Exposure

Exposure
Time

Atratine

Soil
aicrcKjrgaftie»

àtrastne Incorporated intO' »oil
cultures.

56 days

atraelie

Marine fungi:
Ceriosporopsi®
hallma; Leptosphaeria
oraemaris;
Lulworthia ®p*;
Dendryphiella
salina ; Monodictys pelágica ;
Periconia
iprolifica;
TrichocladiuM
achrasporun;
and Zaleriog,
ittarltiiMum

âtraEiae incorpofarioiis, up
rated into culture
to 24 days
médium of artificial
seawater.

Atrazlme

Soil bacterium
Nocardia sp.

Atraztne incorporated into culture
mediuii..

Not given

Effects

CoBmeiits

Referencea

Stojaaovic et
al. 1972

atraslne incorporated at
rate equivalent to 5 tone
a,1./acre (11,227 kg/ha)
in laboratory resulted In
22% inhibition of CO2
production compared to
controle » Formulated
wettable powder incorporated at the sane rate
resulted in 431 inhibition of CO2 production«
Bacterial grO'Wth was inhibited by both pure
atrazine and ite fomulationî streptonycea
growth was enhanced by
pure atrazine and inhibited by its formulation; and fungia
growth was unaffected by
pure atrassine and inhibited by its
fornulatlonffl
Eight to 181 reduction In
a trajine at 30 ppn, and
9 to 68X reduction at
500 ppm.

Leptosphaeria
grew with
500 ppo a»i.
as sole source
of either carbon
or nitrogen (but
not bO'th).
Periconia grew
with atraaiine «s
sole nitrogem
source better
than without„

Schocken et.
al. 1982

ffocardia exposed to
30 ppffi atrazine was able
to utilise the herbicide
as a sole source of both
carbon and nitrogen.

â metabolite
produced in
presence of
glucose without
phytotoxic
activity»

GtardlnÄ et
al„ 1980

Appendix A (Continued)
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Formilation

Orgaulsm

Nature O'f
Exposure

ExpO'Sure
Time

Effects

Atrazlae

Soil fungi:
29 species

âtrazine Incorpo-'
rated Into culture
mediuB,

Various, 1 to
14 days.

Fungi exposed to 4.4,
8.8^,, 17.5, 35, 70, and
140 ppm atrazine. No
lethal effect oibserved^
most species retarded in
growth with percent
retardation varying with
atrazlne concentratioa..
Oinè specie» only slightly
affected, 5 species
stimulated at low doses
and retarded at high
dosea, and 1 speciea
stimulated at higher
doses up to 70 ppn.

Atrasine

Soil algae;
Chlamydoa'Onas
reinhardt

Atrazlne incorporated lato culture
medluiB-, .

tip to 2 weeks

Autotrophic (light
exposed) growth completely inhibited at
at 0.5 ppm atrazlne
but heterotraphlc (dark
eiposed) growth was not
affected.

Chlaiiydoit.opa8
eugametO'8i

átraxine iacorpo'rated in to« culto, re
laediiui,

up to 2 weeks

AtJtotrO'phic growth was
only 8lightl.y affected at
5-0 ppn atrazlne.

Chlorella
vulgarig

Atraxine Incorporated into culture
mediuM»

op to 2 weeks

Slight toxic effect at
5»0 ppm atrazlne.

Chlorella
pyrenoldoaa

Atrazlne incorporated into culture
medium,

up to 2 weeks

Marked tojcic effect.

Marine
phytoplanktoa.
(Waanochlo'rta
occulata)

Atrazlne incorporated into culture
meditUB.

Not specified.
Kept iJîitll a
constant
growth rate
observed for
3 days.

At 100 ppb atrazine, percent Inhibition in cul-*
ture growth ranged from
46.21 at low temperature
C59''F) and light to
54.01 at high temperature
C77''F) and light.

atrazlne

Comments

References

Richardsoa
19701

Leoppky and
Tweedy 1969

KaTlander et
al« 1983

Appendix â (Concluded)

Formulation

Orgaatsai

Nature oí
Exposure

I

Effects

References

0.01 to 5 pptB atrazine
lohibited growth of all
4 algae tested.

Hutber et al.
1979

5 days

Growth of amoeba cultures
greatly reduced at
0.1 ppa atrazineÎ at
1 ppm and at 10 ppni,
growth arrested.

Prescott &ná
Olson 1972

Atrasine incorporated into culture
Dedlun.

2 weeks

At a concentration of
1 ppB, none of the 12
algae isolates capable of
growth in atrazine were
able to remove atrazine
from growth medium.

Bulter et al.
1975a

Planktottic algae
(36 Isolates)

AtraEine incorporated into culture
mediuii.

2 weeks

Cultures grown at 0.001,
0.01, 0.1, 1.0, 5.0, and
10.0 ppi» atrazine. Algal
growth retarded at
0.01 ppra, concentrations
of 1 ppw and greater were
highly toiic to algae.

Bulter et al.
1975a

Soil nlcroorganisms
(Bacteria,
Futtgi, and
Actinomycetes)

Atrazine Incorporated into potted
soil.

5 to 15 days

Atrazine applied at a
rate of 0.89 lb a.1./acre
(1 kg/ha) resulted in a
decrease in soil microflora populations and
CO2 evolution measured
5 days after application.
After 15 days mlcroflora
populations and CO2
evolution approached control levels.

Mukhopadhyay
1980

Atrazine

Blue-greea algae
(Cyanobacteria)

Atrazine iacorporated Into culture
medium.

àtrasîne

Soil amoeba
(Acantliaiioeba
castellanil)

AtraElsi® incorporated into culture
medium.

Atrazine
(99X)

Plaisktomlc
algae

Atraxlne
(99X)

Atrasine

®95 percent confidence limits In parentheses.
*^ata not available or not applicable.

>
rt

Exposure
Time

—
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Appendix B
Summary of atraaine Toxicity Data fox Fish and Amphlbiana

Foraulatioti

Organism

Âtrazitie
(Tectinical)

Rainbow trout

Nature of
Exposure

Surface absorption,
static bioasaay

Exposure
Time

96 hours

Crucian carp

Atraziae
(Technical)

Rainbow trout

f

Bluegill

LCcQ - 4.5 ppm (3.5 to
5.7 ppm)^
LC50 100 ppm

CommentB

Water temperature
57,2 + 3.6"? (14 +
2*0. average
pH ■« 7.2 and 10 ppa
oxygen.

Intraperitoaeal
injection

7 days
observation

LDcn « 1,439 mg/kg
(974 to 2,124)
LD5A - 2,895 mg/kg
(2,402 to 3,488)

Water temperature
57.2 ± 3.6**F (14 +
2®C). Average
pH " 7.2 and 10 ppa
oxygen.

Surface absorption,
flow-through
bioasaay

% hours

LC30 " >8.0 ppn

Water temperature
66.2 ± 1.8*F (19 +
l^'C), 6.5 gram fish,
Fiah appeared
darkened and
stressed at 1.4 ppa
concentration.

Crucian carp

AtraEine

Effects

Atraeine

Brook trout

Surface absorption,
flow-through
bioasaay

96 hours

ÎXcQ ■• 6,3 ppm (4.1 to
9.7 ppm)

Water temperature
55.4 + 1.8°F (13 +
1**C), 55 grant fiah.
Fish appeared
darkened and
stressed at 1.4 ppm
concentration.

Atraztne

Fathead
minnow

Surface absorption
flow-through
bioassay

96 hours

LC50 - 15 ppm (11 to
20 ppm); MOEL 8.0 ppm

Water temperature
66,2 + 1.8°F (19 +
l^'C), 1.8 gram fish.
Fish appeared
darkened and
stressed at 1.4 ppm
concentration.

Atrazlne

Bluegill

Surface absorption,
flow-through
bloassay

28 days

Fish exposed to 0.5 ppim
became lethargic, fed
poorly and partially
lost equiltbriuiB.

15 gran fish.
Toxic effects were
dose-related,

Atrazine

Fathead
minnow (fry)

Surface absorption,
static bioassay

96 hours

3 to 5 day old fry exposed to 0,52 ppm exhibited 25% mortality.

Mortality was
dose-related.

References

Bathe et al.
► 1976

Macek et al*
^1976

Macek et al.
1976

Appendix B (CO'Ot in,iied)
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00'

Nature of
Exposure

Eîtpoaiire
Time

Surface absorption

up to
44 veeks

Fish exposed to concentrations up to 0.72 ppm
not affected in terms
of parental survival,
egg production, and
hatchability. Growth
and survival of fry
were reduced with
90-day expO'Sure to
0.72, 0'.45 and
0.24 ppm atrazine.

Surface absorption,
static bioassay

48 hours
96 hours

LC5O'
LC50

30' ppm
17 pptn

Cnucian Carp

Surface absorption,
static bioaasay

48 hours
96 hours

LC50
LC50

100 ppm
100 ppm

Catfish

Surface absorption,
static bioassay

48 hours
96 hours

^^50
LC50

37 ppm
- 35 ppm

Perch

Surface absorption,
static bioaasay

48 hours
96 ho^urs

LC50
LC50

• 80 ppm
' 50' ppm

âtrazlnc
(wettable
powder)

Blueglll

Surface absorption

96 hours

LC50, approximately
6 ppm

Mtrex®

Coho Salmon

Surface absorption

144 hours

Gradual concentrationdependent mortality In
freshwater with 0' mortality at 5 ppm, and
5% mortality at 8 ppm,
and 252 mortality at
15 ppm.

Formulation
Atrazine

Gesaprim
(80%
Mettable
powder)

Organism
Brook trout

Effects

Comments

References
Macek et al.
1976

Water temperature
57.2 + a^b^F
(14 + 2°C)
Water temperature
57.2 + 3.6°F
(14 + 2°C)
Water temperature
68 + 3.6"F
(20 + 2°'C)
Water temperature
57.2 ^- 3.6'"F
(20 +~2"'C)

Bathe et ai.
1975 (96-hour
LC50 for Trout
from Utchfleld
and WiIcoxon
1949 in Bathe
et al. 1975)

Walker 1964 in
Lorz et al.
1979
When survivors were Lorz et al»
transferred to sea
1.979
water for 244 hours,
those that had been
exposed to 5 ppm
suffered 6Z in,ortallty, those exposed to 15 ppm
suffered 25% mortality. Mortality
occurred during the
first 24 hours and
was due to poo^r
overall condition of
the fish rather than
direct osmoregulatory effects.

Appendix B (Continued)

Formilation

I

Nature of
Exposure

Exposure
Time

Effects

Comment8

Refereaces

Bluegill

Surface absorption

up to
18 naontha

Fish ex:p08ed to concentrations up to
0,095 ppm were not
affected in ternas of
survival growths,
hatching, and growth
of fry.

Atrazine

Fathead
minnows

Surface absorption

up to
43 weeks

Fish eiposed to concentrations up to
0.213 ppm were not
affected In terms of
survival, growth and
spawning.

Atrazine

Rainbow trout

Surface absorption

48 hours

LC'50 - 12.6 ppm

Ü«S. Department
of the Interior
1968 in
Pimentel 1971

âtrazine

Harlequin fish

Surface absorption

24 hours

LC5Q "» 0»55 ppm

Alabaster 1969
in Pimentel
1971

Atrazlne

Spot

Surface absorption

48 ho'ura

No effect when exposed
to 1.0 ppffl.

Butler 1965

Atrastlne

Bluegill

Surface absorption,
static bloassay

96 hours

LC5Q ■ 15 ppm

îClaasen and
Kadoum 1979 in
Spehar et al,
1981

Atrazine
(gran.ular)

Bluegill

Surface absorption

12 days

No mortality observed
at 10 ppoi.

Fish 1 to 3 inches
in length.

Atrazine
(wettable
powder)

Blueglll

Surface absorption

12 days

No mortality observed
at 5 ppm.

Fish 1 to 3 Inches
In length.

Atrazine
(granular)

Blueglll (fry)

Atraziae

VXD

Organism

Surface absorption

8 days

No mortality observed
at 10 ppm.

Macek et al,
r 1976

.Hiltfbran 1967

Appendix B' (Contloued)
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Forimilation

Orgaatsn

Nature of
Exposure

Exposure
Time

Effects

Atrazlae,
(graiwlar)

Greea sunftah.
(fry)

Surface absorption

8 days

Uo mortality observed
at 11 ppni.

Atrazltte
(wettable
powder

Lake chtibBucker (fry)

Stir face abaorptiott

8 days

No mortality observed

átrazlme
(wettable
powder)

SmallaiO'Uth'
bass (fry)

Surface abaoTptioa

3 days

Fish died within
3 days when exposed
tO' 10 ppm,

âtrazlne

Trout

Surface absorption

48 hours
96 hours

LC5Q •■ 10 ppn
LCqn ■■ 8,8 ppitt

Atrazlae

Crucian, carp

Surface absorption

48 hours
96 hours

100 ppn
-50
LC50 " 76 ppm

âtrazlne

Catflah

Surface absorption

48 hours
96 hours

LC 50
8 ppm
LC50 "7.6 ppœ

AtraEine

Perch

Surface^ absorption

48 hours
96 hours

LC5Q >21 ppm
LC^Q ■ 16 ppm

Atraasine

Guppj

Surface aböorption

40 hours
96 hours

LC5Q
^50
LC 50

Atrazlne

Orfe

Surface absorption

48 hours
96 hours

LC5Q ■ 70 ppm
44 ppm
LC 50

Atrazioe

Chattael
catfish

Surface absorption,
flow-through
bioassay

From spawning
through
96 hours post
hatching

LC5Q "■0.22 ppm
(0.15 to 0.32 ppn)

Comnents

Refereaces

10 ppflji.

^Hlltibran, 1967

10 ppm
4^3 ppm

Water temperature
57.2 + 3.6°F
(14 if2"C)
Water temperature
57.2 4- 3.6^F
(14 if 2°C)
Water temperature
68 + l.b^F
(20 ± 2°C)

Bathe et al.
1975 (96-hours
LC 50 's fo,r all
but the Orfe
are from
Lltchfield and
Wllcoxon 1949
in Bathe et al»
1975)

Water temperature
57.2 + J.Ô^F
(14 + 2*0
Water temperature
68 + 3,6.°F
(20 + 2''€)
Water teoperature
57.2 + 3.6**F
(14 + 2*0

Bathe et al.
1975 (96-ho-ur
LC5,o*8 for all
but the Orfe
are fron
Lltchfield and
Wllcoxon 1949
in Bathe et al.
1975)

At exposures to
O.,06,, 0.43, 4.83 and
46.7 ppm atrazlne,
4, 13. 69 and 1001
respectively, of
hatched fl8:h displayed teratogenlc
effects.

Birge et al,
1979 and 1983

Appendix B (Continued)

Formulation

Atrasine

Organisa

Nature O'f
Exposure

Exposure
Time

Effects

Rainbow
trout

Surface absorption,
flow-through
bloassay

From spawning
through
96 hours post
hatching

LC50 - 0.87 ppm
(0.63 to 1.15 ppm)

Rainbow
trout

Surface absorption

96 hours

LC50 " 4»5 ppm

Bluegill

Surface absorption

96 hours

1X50 > 2A ppm

Atrazlne

Goldfish

Surface absorption

96 hours

LC501 " 60 ppn

Atrazlne

Bullfrog

Surface absorption,
flow-through
bioassay

From spawning
through
96 hours post
hatching.

LC5Q - 0.41 ppm
(0.27 to 0.59 ppm)

Cooments

At exposures to 0.05,
0.54, and 5.02 ppm
atrazlne ¡,3,6 and
62% respectively, of
hatched fish displayed teratogenic
effects.
No fish
hatched frosn eggs
exposed to 50.9 ppm
atrazlne.

Reference®

Birge et al. 1979
1983

/3\

AAtrex" 80W

Atrazlne

rt
1

Anerlcan
toad

Surface absorption,
flow-through
bioassay

From spawning
through
96 hours post
hatching

LC5Q> 48 ppm

Clba-Geigy
Chemical Corporation data in
Weed Science
Society of
America 1983
Gelgy Agricultural Chemical
Company product
literature
reported in U.S.
Department of
Agriculture 1978
At exposures to 0.4,
6.33, 14.8, 26.4 and
45,8 ppm atrazlne,
3, 7, 22, 47 and
lOOX, respectively,
of hatched toads
displayed teratogenic
effects.
At exposures to 10.8,
24.8 and 48.2 ppm
atrazlne, 3, 6 and
17X respectively, of
hatched toads displayed teratogenic
effects.

Birge et al.
1980 and 1983
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Formulation

Organism

Nature of
Exposure

Exposure
Time

Effects

âtrasine

Bullfrog

Surface absorption,
flow-through
bloassay

From spawning
to tiatching.

LC^Q » 11«55 ppn
(9.8 to 13.26' ppm)

átrazlne

Leo^pard
frog

Surface absorptlO'iij,
flow-through
bloaasay

From apawning
to hatching.
From spawning
through
96 houra post
hatching.

LC5Q » 22»89 ppm
(17.18 to 30'.01 ppm)
LC5Ç * 7.68 ppm
(4.84 to 11.90' ppm)

Pickerel
frog

Surface absorption„
flow-through
bloassay

From Bpawning
to hatching.
From spavralag
through
96 hours post
hatching.

C50 «
17.77 to 22.96 ppm)
^50 " 17.96 ppn
(15.86 to 20,11 ppm)

Atrazine

"Leopard
frog

Surface absorptionj
static bloassay

96 hours

Lethal threshold "

Leopard
frog
(Tadpoles)

Surface absorption

54 days

^95 percent confidence limits In paxenthescB...
^'Data not available or aot applicable.

References

Blrge et al. 1980

Atrazine

Atraziae

Comiaeats

81.5 pipm

Tadpoles exposed to
0'.31 to 12 ppm
atrazine without
significant mortality
for first 27 day»,
after 27 days, significant increase in mO'Ttallty was observed.
ConcentratloHB of
0.31 ppm significantly
retarded growth.

Lethal threshold Is
the coaceûtratloo. at
which one tno'te
Individual died ia
the expO'Sed group
than iû the control
grou p,

Hovey 1975 in
Hine et al. 1981

Data cited In
Hine et al. 1981
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Appendix C
Summary of Atrazine Toxlcity for Birds

Formulatiou

Organls»

Nature of
Exposure

Exposure
Time

Effects

Comments

References

Atrazlee
(99X a.i.)

Bobwhlte

Ingestion

8 days (5 days
in diet, 3 days
observation)

LC5o> 5,000 ppm In
feed,

No Biortality to
5,000 ppm.
Mine-day
old birds.

âtraxine
(99X a.i.)

Japanese
Quail

Ingestion

8 days (5 days

LC5o> 5,000 ppra in

in diet, 3 days
observation)

feed

No mortality to
2,500 ppm, 71 mortality at 5,000 ppm.
Seven-day old birds.

Atrazine
C99X a.l.)

Ringnecked
pheasant

Ingestion

8 days (5 days
in diet, 3 days
observation)

LC5Q>

Atrazine
(99% a.ij

Mallard

Ingestion

8 days (5 days
in diet, 3 days
observation)

LC5Q>

Atrazine
(801
wettable
powder)

Mallard

Ingestion

Atrazine
(801
wettable
powder)

Chickens

Ingestion by
capsule

10 dally doses

Chickens treated
with 10 daily doses
of 0, 25, 50, 100,
and 250 mg/kg had
weight changes of
+ 45%, + 61%, + 24%,
+ 20X, and - 2X,
respectively.

Palmer and
Radeleff 1969

AAtrex

Chicken
(female
singlecomb
white
leghorn)

Ingestion

14 days (7 days
in diet, 7 days
observation)

100 ppm in diet did
not result in toxic
symptoms, visible
adverse physiological effects, or
changes In egg production or egg weight.

Foster and Khan
1976

Hill et al. 1975

rt
I

80W

5,000 ppm in

No Mortality to
5,000 ppm. Ten-day
old birds»

5,000 ppm in

No mortality to
2,500 ppm; 30% mortality at 5,000 ppm.
Ten-day old birds.

feed

feed

LD5o> 2,000 mg/kg

Six month old males.
Acnte toîle symptoms
were weakness, tremors,
ataxia, and weight loss
and lasted from 1 hour
to 11 days posttreatment.

Tucker and
Crabtree 1970

Appendix C (Concluded)
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FoomilatloEL
Mtrest® 80W

Organism

Nature, of
Exposure

Exposure
Time

Effects

References

Bobwhite

Ingestion

8 days

Mallard

Ingestion

8 days

Mtrex® 80W
(80% a.l.)

Pheasante
(female)

Ingestion by
capsule

15 weekly doses

Hen pheasants fed
weekly oral doees
of 0, 100, 200, and
400 mg atrazine were
not affected in terms
of weight gain, number
of eggs laid, eggshell
thlcknesa, visual
cliff perfornaance
of offspring, and
survival and weight
gain of offspring.
Eggs of hens treated
at 200 and 400 mg were
lighter than controls,
chicks of treated with
100 ng, were more
readily hand-captured
than controls or chicks
from hens treated with
200 or 400 ag, and
there was an increase
In fertility and hatchability at low doses.

Weight of hene not
given.

Melius 1975

Atrazine

Bobwlilte

Ingestion

8 days (5 days
in diet, 3 days
observation)

LC50 " ^00 to 800 ppm

Several of the authors
of the primary report
have reported a Bobwhite LC50 of
>5,000 ppn with the
same protocol (Hill et
al. 1975).

Heath et al. 1972
from O.S.
Environmental
Protection Agency
registration data
reported by
Ghassemi et al,
1981 and cited in
U.S. Department
of Energy 1983

Atrazine
(HCl In
90Z

Chicken
eggs

Injection

Atrazine injected into
hens eggs to give 10,
100, 200, 300, and
400 ppm in the egg
resulted, In reduced
hatching (73Z of control) only at 400 ppm.

No teratogenic effects
were observed.

Dunachle and
Fletcher 1970

^Data not available or not applicable.

LC^Q • 5,760 ppm in
feed
LC50 » 19,650 ppm In
feed

Ciba-Geigy
Cherolcal Corporation data in
Meed Science
Society of
America 1983
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Appendiîc D
Suamary of Toxiclty Data for Atrazine

Formulation

Organism

Nature of
Exposure

Effects

Conineiits

References

Acute Oral Toxicjty
Rat

Single dcse

LD50 wao 3,000 ng/kg

BashiHurin 1974
in Hayes 1982

Rat

Single dose

LD5Q was lj,40'O Mg/kg

Gzhegotakiy et
al. 1977 in Hayes
1982

Ltrazine
Technical,
(AAtreiiS^

Rat

Single dose

LD5Q was 3,080 mg/kg

Geigy Agricultural
Chemicals 1971a

ktrassine,
80W

Rat

Single dose

W^Q was 5,100 ± 400 mg/kg

Gelgy Agricultural
Chemicals 1971b

ttrazlne

Mouse

Single dose

LD50 was 1,750 mg/kg

Bashmurin 1974 in
Hayes 1982

Ltrazine,
Technical

Mouse

Single dose

LD50 was 1»750 mg/kg

Geigy Agricultural
Chemicals 1971a

Atrazine

(kktreiß)
Acute Intraperitoneal
Toxtcity
Atrazine

Rat

I.P, Injection

LD^g was 125 mg/kg

Gzhegotskly et
al. 1974 In
Hayes 1982

Acute Dermal Toxicity
AAtrex®
(80W)

Rat

LD5Q was 9,300 +
990 mg/kg

Atrazine

Rat

2,800 mg/kg produced
erythema but no systemic
effects.

Geigy Agricultural
Chemistry 1971b

Skin Irritation

I

vo

Gzhegotskiy et
al. 1977 in Hayes
1982
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Organ ism

Atrasine,
Technical

Rat

Nature of
Exposure

Effects

Comments

References

Intialatlopi Toiclclty
Rats exposed toi
aerosol diast
co'Qtaiiiiïig
1.6 ppm a,l.

No eTldence of
toxicity.

Geigy agricultural
Chemicals 1971a

Eye Irritation
âtrazine

Not, specified

"Irritatin.g"

Gzhegotskly et
al. 1974 in Hayes
1982

Subclirontc Oral Toxicity
Ätra2lo,e
C80W)

Cattle

Fed at 100 ppm to cows
for 21 days or 30 pp-m to
cattle for 28 days.

No obaeomble effects.

Atrazine

Kufttfî

Fed at dietary level» of
lO'O and 500' ppn for
6 months«,

Growth retardation.
other effects,

Sheep

Fed on liay treated tfith
22.5 and 44.9 kg
atrazlïie/hectare (deter™'
mined to' contaiti an
average of appro'xlmately
50'0 and 760 ppm) fo-r
4 weekB for a to'tal
intake of approximately
of 865 and 1,200 nig/kg
body weight.
Fed on. hay containing
appro'jtlnately 50'0 and
760 ppm fo-r 4 weeks.

Atrazine

No

Geigy Agriculture
Chemicals 1971a
Due in part to redtiction. of food Intaike.

Suschetet et al«
1974

No Bigtidf leant .adverse
effect8 observed.

Efldpoitits iacluded
blood chetBi8tr3r, food
iatake body weight,
histopathology.

Johnson et al.
1972

No öignJ.fleant adiirerse
effects obsenred.

Endpoiiits included
blood chemistry, food
intake body weight,
hlBtopathology,

Jo'hnson et al.
1972

Appendix D (Contltiued)

Formalatlon

Organism

Nature of
Exposure

Effects

References

Chronic Toxiclty

A-trazlne

Cattle,
dog,
horse »
rat

Animale fed 25 ppm over
"extended periods."

Mo observable ill
effects.

Geigy Agricultural
Chemicals 1971a

Atrazlme

Rat

Fed in diet at 100 ppm
for 2 years.

No gross or imlcroBCopic
effects observed.

Natioaal Research
Council 1977 In
IÎ.S, Department
of Agriculture
1978

Reproduction and Teratogenicity
Atraslne

>
rt
I

Rats were fed at dietary
levels of 50, 100, 200,
300, 400, 500 and
1,000 ppffi fro« day one
throughout gestation.

No effect on the number of
pups per litter or their
weights at weaning was
observed.

Atrazine

Rat

Rats were injected subcutaneously with atrazine
at the level of 50, 100,
200, 800, 1,000 and
2,000 mg/kg body weight
on days 3, 6 and 9 of
gestation.

No effect on the number of
pups/litter was observed at
levels up to 200 mg/kg.
Levels of 800 mg/kg or higher
were embryotoxic. Résorptions
occurred in most of the
litters. The critical day
of treatment appeared to
be day 6.

Atrazine

House

Mothers dosed with
46.4 mg/kg from days
6 through 14 of
gestation.

No significant increase
in fetal anomalies in
three strains of mice
tested.

Mrak 1969 in
Hayes 1982

Atrazine

Sheep

Ewes treated with
15 «g/kg/day throughout
pregnancy.

Mo adverse effects, A
dosage of 30 mg/kg/day
killed pregnant and
unpregnant ewes in 36 to
60 days.

Binns and
Johnson 1970
in Hayes 1982

Peters and Cook
^1973
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Carclpogenlcity
Fog,ard S^
atrazlne
and 37.5X
slmazlne)

âtrazlne

Motise

One group^ of animals
given 13 aubctitaneous
Injections at 3 day
Intervals fot a total of
0.0065 mg active lagredlent.
Second group was
treated sintilÄrly, but
with interperitoiieal
injections for a total
of 0.0065 mg active
Ingredient,

Increased ittcidence of laallg"
nant lymphomas was observed.

OonnÄ et al.
1981

Mice treated with
21,5 Bg/kg by stomach
tube from days 7 through
28 of'age followed by
B2 ppn in the diet for
about 18 mottths.

No gross or saicroicopic
evidence of any signlflcaEt
Increase in tumorô.

lîiïiee et al.
1969

*0ata ttot available or not applicable»
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Atrazlne

Atrazine

I
UT

Organ!e

Nature of
Exposure

Effects

Comieiits

References

Andersen et al«
1972

Saltttonella,
typhlmurtmn

Eight histldine requiring
mitants were treated with
a "small crystal" per
plate.

Nonmutagenie, no Induction
of rcYertant colonies,

S. typhiaurliuiM

In the Salmonella/
micro'Some assay, Strains
TÂ1535, TA1538, TA98 and
TAIOO were treated with
atrazine at doses up to
5 mg/plate or which were
toxic.

Nonmutagenlc, no increase
In reversion to hietldlne
prototrophy (l»e. wild
type)»

Teat done in preBence
and of rat liver S-9
metabolic activation«

S« typhiainrlmB

Tested for reverse nutation at the hlstidine
marker in a host-mediated
assay. Tested in the
presence of anliaal and
plant microsomes for
metabolic activation.
Aniinals treated with
1,000 mg/kg body weight.

Nonmutagenic

Suamiary report. No
details presented.

Simmon et al.
1977

^ Loprleno and Adler
1980

Summary report. No
details presented.

âtrazlne

S_. typhiwiriuii

Tested in a forward
Nonnutagenlc
mu.tation assay for
8-azagnanine Ino.tance.
Tested at 4.62 x 10"^ to
2.3 X W^in mM per plate.

àtrazlne

S_. typhimurimi

Straine his G46, Tâl530,
TA1531, TAÍ532, and
TAI534 used in a reverse
mutation assay. Doses
and conditions of test
unspecified.

Nonmutagenic for reversion to histldine
independence«

Suraniary report.
Probably tested In
the absence of
metabolic activation.

Seller 1973

AlacWLor
(341 a„l»)

£"■ typhimurimM

Strains TA98, TAIOO,
TA1537, Tâl538 and TA1978
used in a reverse mutation assay. Tested at
0.001 to 51 in the
aba^ence of metabolic
activation.

Positive mutageniclty
with strains TA981,
TA 1535, TA1537, and
TA 1978.

Summary report,
numerical data
presented.

NJagi and Gopalan
1980

No
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Organlsii

âtmEiiie®
(Aàtreji
80W)

Sacctiaroiiyces
cerevisiae
Strain D4

Maize seedlings were
ezpO'Sed to^ 10-25 ppm
atrazine. Extracts (IS
fraction) fro» the plants
were applied to the yeast
culture In a nitotic gene
conversion assay.

Increased frequency of
«Itotlc gene conversion»

Atrazine alone was
Plewa and Gentile
not iwitagenlc to
1976
È.' cereals iae indicating that the compound is .converted to
a mutagenic form by
the plant since plant
extracts are mutagenic.

àtracine

S « cercTloiae

Tested for gene converaio'HL conditions

Monautagenlc in the
presence of manmallon
metabolism.

SiUDimary refjort« No
details presented.

deBertoldi et al.
1978

âtrasIne

S» cerevisIae

Mitotic gene conversion
aaeay. Marker at
trp 5-127'27 locwo.
Tea ted at 2.5 to 10 inM in.
the presence of potato
mitroeomea.

NoiwMitagenlc

Suimiary report. Mo
details presented.

Loprieno and Adler
1980

Atrazlne

S. cerevlolae

Strain D4-RD1I was used
in a direct or host mediated ultotlc geo,e conversion assay. Doses or
conditions were not
apeclfled.

Nonmutagenic

Stunaarf report» No
details presented

Marquardt 1980

Atraslne

S. cereirlslae

Strain D4 used in a
mltotic gene converolon
assay. Tested at 1,000'
and 4,0'00 pp« in the
presence of mouse liver
mlcroaomes•

Nomautagenic

Atrazlne

Escherlchla
coll

Tested in a ho«t-i»ediated
mutagenlcity test In which
test compound is given
orally to mice, bacteria
«re injected intravenoosly
then recovered several
days later and screened
for forward mutations in
antibiotic-resistance
markers. Aleo tested In
^^ M ^^<^^Q bacterial
mutagenlcity test with
liver homogenate metabo'llc
activation« Conditions
tins pMÊclf led.

Mutagenlc when atrazine
was given orally to mice
in the host-mediated
testi» but negative In
the in vitro test.

Effects

Comnetits

References

deBertoldi et al.
1980

Suifflniary report. No
details presented.

Soit and Neal 1980i
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átrazine

Orgaaism

E. coll

References

Effects

Tested In a forward mutation hoBt-medlated assay
for resistance to
ampicillln. Tested at 0.5
to 2.0 mM. Animals dosed
orally with 10 mg/kg body
weight for possible hostmediated activation.

Nonmtitagenic

Suunnary report« No
details presented.

deBertoldi et al.
.1978

AtraaiiEe

Aapergtllus
nJ-dulans

Tested for gene conversion.
Conditions unspecified.

Nonmutagenlc

Summary report. No
details presented.

Atraziae

A. nldulans

Forward nutation assay for
resistance to S-azaguanine.
Tested Inthe presence of
plant ralcrosomes for metabolic activation. Doses
unspecified.

Mutagenlc

Summary report. No
details presented.

Atrazlne

A. nldulaas

Tested for «itotlc crossing
over. Marker at the fpa Al
locus. Tested in the
presence of potato microsomes at unspecified doses-

Mutagenlc

Summary report. No
details presented.

àtrazlne

A. nldulans

Diplold strain used In a
mltotlc gene conversion
assay. Tested at 500 to
8,000 ppm.

Nonmutagenlc

Atrazine

A. tiidulana

Tested for induction of
forward gene mutations
(8-azaguanine resistance)
and mltotlc crossing over.
Tested at 1 to 5 mg/plate
with metabolites from
treated Nicotlana plants.

Positive for 8-azaguanlne
resistance and mltotlc
crossing over only after
treatment with plant
metabolites.

Atrazine

Schlzosaccharomyces
pombe

Tested for forward mutations. Conditions
unspecified#

Mutagenlc; increase in
forward mutations.

Summary report. No
details presented.

Atrazine

S. pombe

Forward mutation hostmediated assay. Markers at
5 loci. Animals treated
orally with 1,000 mg/kg
body weight.

Mutagenlc when tested in
vitro at 3.0 mM or greater
in the presence of either
potato microsomes or
animal S-9 fraction.

Summary report. No
details presented.

Atrazine

Streptoiiyces
coelicolor

Forward mutation assay for
resistance to streptomycin.
Doses unspecified.

Mutagenlc In the presence
of potato microsomes.

Summary report. No
details presented.

>
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■-^

Nature of
Exposure

deBertoldi et al.
1978

Garere and Morpugo
1981

Loprleno and Adler
H980

Appendii; E (Continued)

i
00

Formulât i O'E

Organls
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References

Bacterio" pfiÄ ge
T4

Ctiltures treated with
20 jjLg/plate«

No Inductloa of Btitanta.

Mdere^ea et al,
1972

âtrazine

rll aiutaiits of
bacteriopliage
T4

Cultures treated irf.th
1,000 |jg/pla,te.

No reveraiO'Q of owtao.ts tO'
to wild type bacteriopha.ge.

Andersen et al.
1972

hktreßhdV
(801
atrazlae)

BToeophlla
melanogaster

Asoays foT doiDÍiM.iit
lethal initatlono,,
sex-llnked receasive
lethal mutations',
ehr oïBo s offiÄ 1 br eaka ge,
nondlBjunction andl
loss were done«
adulta or larvae
were appropriately
injected ox fed
atrazlne at O'.OII,

A 8lg!il,.flca]at iiicreai,se in
rate O'f dominant let hals was
O'bserved. X-Linked recessive let hals Q»cciirre:d whea
atraziiie waa injected but
not when fed. There was 11.0
significant increase in
partial loss of the Y
chro-niosoinie and ao oei
cliromosome disjunct Ion was
observed.

Authors ascribed
increaae in dominamt
let hals tot a reductioiD. ill sperm transferred from treated
Bales or tO' tO'Xicitjf,

M'iimlk aad Maath
1977

Atrazlne

_D. aelano'gaater

Tested for recessive
leth-als at 5 and
10 mM In. vivo.

No'imijtagettic

Suiiiia,ry repoTt. No
detailB presented.

Loprieno and ádler
1980

àtrazlne

¥79 Itamster
cells

Forward arutatiO'ii
aBBBf for resistance
tO' ô-thlogmanlne.

Mutagenic whea, tested at
3„0^ BM OX greater in the
presence of potato
Hiicro'sooaes.

SuBiifta,ry refW'rt. No
details pres^eiited.

Loprieno and Adler
1980

âtrazine

ChineBe
hamater celle

Tested for induction
of cliroŒoso'Hie aberrations at conceotrations of 12»5 to
100' mM, lilt hi. and
without metabolite
ac t i ¥at ion. Co-aditioiis unspecified.

Noi cyto,genetic damage
observed.

Summary report. No
details presented.

Sobéis 1980'

Atrazlne

CHO hamster
cells,

Tested for chromoaoine
breakage at 1.25 tO'
10 mM.

Negative

âtraîElne

CHO haiiBter
cells

Tested lor sieter
càroiiatid exchanged
at doses Q£ 1.25 to
10 IBM.

Itegatiire for oister
chr oma 11d e »change s.
SiJiDuiary report. Uo
details presented«

Lo'prieno and Adler
1980

Tested for
uttsctieduled DNA
synthesis, Conditions
unepecifled.

Po'Sitlve for imschedtiled
DNA Siyiithesis when tested
at doses of 3,0' mM or
greater in the presence o,f
potato ttdcroisomes.

Atrazine

EUE hijiEa,ii celle
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Ehling 1980

âtraziae

Mouse bone
marrow cells

Tested for chromosome
aberrations. Animals
treated with
2,000 mg/kg body
weight.

Increased induction of
chromosome breaks (4X v
0.7X in controls).

Atraaime

Mouse boae
marrow cells

Tested for chronosome
aberrations. Animals
treated with single
dose of 1,000 or
2,000 mg/kg body
weight.

Increased induction of
chromosome aberrations.

Summary report. No
details presented.

Loprieno et al.
1980

Tested for dominant
lethals. Males
dosed orally with
1,500 mg/kg body
weight.

Negative

Sumniary report. No
details presented.

Loprleno and Adler
1980

àtraziae

Mouse

Tested for dominant
lethal effects, Male
mice dosed orally with
1,500 and 2,000 mg/kg
body weight.

Induction of dominant
lethal mutations.

Ehling 1980

Atraziae

Atraasiae

Barley

Seeds or seedlings
were soaked (12 hrs)
or sprayed with solution of herbicide at
1,000 ppm.

Induced chromosomal aberrations in root tip cells
at frequencies greater
than that induced in controls by 5,500 R of
x-rays.

Wuu and Grant
1966a.b

Atraziae

Barley

Seeds soaked in or
sprayed with a solution
containing 1,000 pp«.

Induced chromosomal aberrations in meiotic cells
of plants.

Wuu and Grant
1967

Atraziae

Maize plants

Plants were grown in
the presence of
35.3 mg atrazine. At
the anthesis stage
tassels were removed
and pollen grains
scored for reversion
frequency at the waxy
locus to determine
effect on plant germ
cells.

Increased frequency of
reversion at the waxy
locus.

Plewa and
Gentile 1976

Atrasclne

Maize seedling roots

Maize seedlings exposed
to Atrazine at 10 and
20 ppm.

Increased frequency of
sister chromâtid
exchanges.

Chou and Weber,
1981

*Data not available or not applicable.
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âtraziae
(Mtreï® 80M)

Chicken (Single Comb
White LeghO'iti hens)

100 .ppm in feed fox 7 days
followed by 7 days without
atrazine In feed before
sacrifice»

A high concentration (38.8 ppm)
of unctianged atrazine found in
abdominal fat,, 0.04 ppm found
in leg miiscle, and no atrasine
detected in other tissues.
Three metabolites found in
various tissueB-up to 2*33 ppm
deethylatrazine in gizard, up
to 16.18 hydroxyatrazlne in
llTer and 4.28 ppm in kidneyj
and 15.5 ppm deethylhydroxatrazine in liver and 2.29 ppm
In kidney.

f3ian and
Foster 1976

atrazine
(99.2Z a.i.)

Whiteflflli

Fish inimeraed in water with
210 to 284 ppb atrazine for
up to 30 days without
feeding or immersed in
water with 54 to 389 ppm
atrazine for up to 30' days
while fed non-contamlnated
food.

Initial (up to 2 or 3 days) concentratlon factors^ of 3 to 6
were observed followed by a
leveling, off to a concentration
factoT of 2 to about 3» In
starved fish, the highest concentration (factor 20') was in
gall bladder followed by li¥er,
brain and gut (2 to 15). Small
residues found in skeletal
muscle. In fish fed
non-contaminated food ¡, similar
concentration patterns occurred
with high initial residues, in
liver,, brain, gills and muscle
with gill, ntuscle and liver
residues decreasing over time
with continued exposure.

Gunkel 1981;
Gunkel and
Streit 1980

âtrazine
(99.2% a.l.)

Whitefish

Fish fed contaminated
(0.59§ ppb atrazine) food
for 24 days.

Average residues in fiah about
0.25 ppb. Of the total offered
atrazine, 10% less accumulated
per day after day 10.

Gunkel 1981
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Co'imiettts

Orgatiisii

Dose

Atrazine
(M.trex@ 80W)

Ctî,ickeiî (Single Comb
White Leghorn heas)

lO'O ppB in feed for 7 days
followed by 7 days without
atrazto,e in feed.

Uttchanged atrazine and 3 netabollcea detected in excremeEt
collected 24 hours after initial
treatment and continued up to
4 days of uncontaminated feed.
Majoir metabolite was deethylated
atrasine with levels up to
3,52 pfw in excrement (4 daya
after ötart of atrazine diet),
followed by hydroxyatrazine with
levels of up to 1,13 ppm la
excrement (5 days after start of
atrazine diet. Maximum atraziae
levels in excrement were 0.52 ppn
OÖ, the 7th day of atrazine in feed.

Khan and
Foster rl976

Atrazlne C^^C)

Rat

Rats doBed by stowach tube
with 0„53 mg or 5.5 nig
atrazlne.

Rato given 0',53 mg atrazloe
excreted 65.5Z of the total
radioactivity in urine within
72 hours (mostly, 85 to^ 951, la
24 hours),, 20.32 excreted in
feces aod 15.81 renalned in body
tisauea with fat and muscle
tissue having the least residues.
Rats given the 5.5 rag dose
excreted 92.9X of total radioactivity in the urine as
metabolites.

Bakke et al.
l;972a

Hydrozyatrazine

Rat

Rata doaed by stO'iaach tube
with O'.S mg or 5.0 mg
hydroiyatrazlne.

Rate giveîa. 0.5 mg îiydroxyatrasslne excreted 78.OZ of the
total radioactivity In urine
within 24 hoars anÛ 5.5% was
excreted in the feces, â total
of 83.5X of the activity was
accounted for. Rats do-aed with
5.0 mg of hydrojcyatrazitie
excreted 841 of the total radioactivity in the urine as metabo'lites, Including hydrO'Xatrazioe.

Bakke et al«
1972a
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2^^-D Summary

Major Trade Names:
Chemical Names

Numerous trade names are used.

(2 5 4-dichlorophenoxy)acetic acid

Major Forestry Applications s

Conifer release^ noxious and poisonous
weed control, range improvement,
right-of-^way maintenance, site
preparation^ aquatic weed control^
general weed control, thinning, timber
management, wildlife habitat improvement, range management, research and
engineering, recreation management,
firebreak management, and nursery stand
improvement.

Detailed information on toxicology, environmental fate, and hazard
assessment can be found in the body of the Herbicide Background
Statement,
Toxicology
Toxicity of 2,4-D to aquatic organisms depends upon the specific
formulation. Most ester formulations are toxic to highly toxic to
aquatic invertebrates and fish, while salt and acid formulations are
generally only slightly toxic to these organisms. In general, 2,4-D
and its formulations have a low toxicity to birds.
Acute and chronic toxicity studies in mammals revealed
gastroenteritis, skeletal and cardiac myotonia, and central nervous
system depression following ingestion of large doses of 2,4-D,
Similar clinical symptoms have been observed in human case reports.
In mammals 5 2 5 4-D is moderately toxic having acute oral LD5o's in the
range of 300 to 1,000 mg/kg except in dogs (LD50 "^ 100 mg/kg).
Various salts and esters of 2,4-D are mild skin, eye, and respiratory
tract irritants« In chronic toxicity studies in mammals, both the
subcutaneous and oral routes of 2,4-D exposure caused adverse effects
including renal gout, stomach ulcers, anemia, and death. Although
increased tumor incidences were observed in rats (treated orally with
2,4-D) and mice (treated by subcutaneous injection with the isooctyl
ester of 2,4-^0), because of the small number of animals tested and
possibly inadequate reporting of the data, the evaluation of the
carcinogenicity of 2,4~D is inconclusive. In reproduction and
teratogenesis studies, decreases In birth weight, litter size, and
fertility were observed; however, these adverse effects were caused
by high doses that caused maternal toxicity« Epidemiology studies
D-5

have suggested an increased cancer risk in humans exposed to phenoKy
acids and chlorophenols* Because of the concurrent exposure in these
studies to 2,4-D and other chemicals, possibly including the
contaminant 2,3^7,8-=tetrachlorodibenzo-para-dioxing the carcinogenic
potential of 2,4-D alone cannot be evaluated« Generally, 2^^-D has
been found to be noninutagenic in most of the microbial systems
investigated.
Environmental Fate
Uptake of 2^4--D by plants occurs through leaves, stems^ and
roots. It is translocated within the plant to regions of growth
where it interfers with normal growth processes. Plants metabolize
2^4-0 readily by a variety of pathways to various degradation
products. Animals do not bioaccumulate 2^4-0 to any great extent.
The 2 5 4-D that is absorbed is usually eliminated very rapidly in
unmetabolized form. Esters of 2,4-D, however, are usually hydrolyzed
to the free acid form in animals prior to excretion.
In soils, 2^4-D generally has a short (one month or less)
persistence. It tends to be mobile and is primarily degraded by
microbial activity. In aquatic environments^ 254-D is readily
degraded by microbial activity^ which, along with dilution, is the
major means for its loss of activity in aquatic systems. Some
photodegradation takes place in surface waters and highly volatile
formulations vaporize to some extent.
Exposure and Hazard
The reported exposure levels at which toxic effects have been
observed in experimental animals are considerably higher than levels
anticipated for USDA Forest Service applications.

D-6

1.0

Introduction

The herbicidal and plant growth-regulating properties of 2,4-D
were first discovered as a result of secret research during World
War II (Loos 1975). Since the war, 2,4^D has become the most
extensively used herbicide in forestry (Morris et al. 1983). It is
one of the phenoxy herbicides, which, in addition to 2,4-D, includes
2,4,5-T, 2,4-DP (Dichlorprop), 2,4,5-TP (Silvex), and MCPA in
addition to others (Morris 1981)• 2,4-D is also known under a
variety of trade names* or other names^ including Agrotect®^ Amgxone,
Aqua-Kleen®, Ghipco Turf Hericide "D"®, Chloroxone®, Crop Rider®,
Decamine®, Dedweed®, Dinoxol®, DMA®, Emulsamine B#, Emulsamine £-#,
Envert DT®, Envert 171®, Esteron®, Estone®, Fernesta®, Fernimine®,
Fernoxone®, Formula 40^ Lawn-Keep®, Lo-Vol 4D, Macondray®, Pennamine®
D, Pianotox®, Plantgard®, Rhodia®, Salvo®, Super D Weedone,
Transamine®, Tributon® Verton®2D, Visko-Rhap®, Weed-B-Gon®, Weedar®,
Weedone®, and Weed-Rhap® (Meister Publishing Company 1981), 2,4-D is
marketed alone and as a combined formulation with other herbicides,
including MSM, 2,4,5-T, and MCPP (Meister Publishing Company 1981).
The various commercial formulations of 2,4-D are generally
either salt or ester formulations. Salt forms of 2,4-D are most
readily absorbed through plant roots, whereas the ester forms are
most readily absorbed through foliage. Both forms are readily
translocated within the plant where the herbicide tends to accumulate
at the meristematic areas of both shoots and roots* Although the
primary mode of action of 2,4~D has yet to be determined, various
studies have shown it to interfere with normal cell growth and to
impair respiration, food reserves, and cell division (Weed Science
Society of America 1983)*
Since their introduction, 2,4~D and the other phenoxy herbicides
have been studied and reviewed extensively in terms of toxicity and
health effects, environmental fate, and mode of action. This
background statement will not attempt to comprehensively review all
that has been written about 2,4-D^ but rather, will summarize what is
known about its toxicity, health effects, environmental fate, and
mode of action, with emphasis on studies that have been conducted
over the past two decades* Reviews of 2,4-D can be found in Morris
(1981), Morris et al. (1983), Ghassemi et al. (1981), Loos (1975),
Mullison (1981), Minnesota Department of Health (1978), Lommen
(1980), and International Agency for Research on Cancer (1977) among
others*

Trade names are used only to provide information and do not imply
product endorsement.

1.1

Normal Use Patterns

Since its introduction as a selective weed killer in the
mid-1940^s^ 2,4-D has become one of the most widely used herbicides
in the world, and the most widely used herbicide in the United States
for forestry application. In 1976, approximately 240,200 lbs
(108s950 kg) of 2,4-D were applied to lands administered by the USDÁ
Forest Service as part of the National Forest System (Norris 1981).
In 1975, approximately 59,500,000 lbs (27 million kg) of 2,4-D acid
equivalent were used in the United States, most of which (58 percent)
were applied to wheat, corn, sorghum, rice, fruit, and other grains
(International Agency for Research on Cancer 1977).
Phenoxy herbicides such as 2,4-D are particularly useful, since
they are toxic to a wide variety of broadleaved weeds but not to most
species of the grass family, such as cereal crops and plants grown
for pasture forage and ornamental lawns (Loos 1975). 2,4-D is
registered for use on grasses, wheat, barley, oats, sorghum, corn,
and sugarcane, as well on noncrop areas for post-emergent control of
thistle, dandelion, annual mustards, ragweed, and lambs quarters.
Some formulations are registered for pine release, water hyacinth
control, and prevention of seed formation (Meister Publishing Company
1981). Use of 2,4-D by the USDA Forest Service includes conifer
release, noxious and poisonous weed control, range improvement,
right-of-^ay maintenance, site preparation, aquatic weed control,
general weed control, thinning, timber management, wildlife habitat
improvement, range management, research and engineering, recreation
management, firebreak management, and nursery stand Improvement
(Gross 1983)* Application rates ranged from 0.5 to 8,5 lb a.i.
(active ingredient) per acre (0.56 to 9,5 kg/ha) for 163 USDA Forest
Service projects in which 2s4-=D was used in 1982. These projects
used either 2,4-D amine formulations or a low-volatile ester
formulation of 2,4-0, Statistics on use of 2,4-D by the USDA Forest
Service are given in Table 1-1.
Recommended rates for application of 2,4-D for post--emergence
control of weeds in most crops and pastures range from 0.25 to
2 lb/acre (0.28 to 2.2 kg/ha). Brush control applications usually
require spray mixtures of 3 to 4 lb/100 gallons. Depending upon the
specific formulation, water, diesel oil, or both are used as the
carrier. Low volumes of spray mixture (3 to 10 gallons per acre) are
used for aerial applications and higher volumes (up to 400 gallons
per acre) are used for ground applications. Some formulations are
enhanced by the use of surfactants (Weed Science Society of America
1983).
There are a variety of commercial formulations of 2,4-D
available in the United States and abroad, either of 2,4-D alone or
D-8

Table 1-1
ÜSDA Forest Service 2,4-D Use

Purpose

Active Ingredient Per Acre (lbs)
Range
Average
^

^

1981

Acres
Treated

Formulâtion

Application
Method

—^

Aerial*
Confier release
Noxious weeds
Range improvement
Right-of-way
Site preparation

1.9
7.8
3.4

2.6
2.0
1.6
3.0
2.9

6,127
163
22,527
1,232
3.784

Uquid
Liquid
Uquid
Liquid
Uquid

Helicopter
Helicopter
Helicopter, Fixed-wing
Helicopter
Helicopter

2.0 - 18.9
0.2 - 3.4

12.1
1.4

19
39,376

Granule
Liquid

Hand broadcast
Injection, Broadcast,
Cut Stuntp
Individual plaut,
Broadcast
Individual plant,
Broadcast
Individual plant
Broadcast
Individual plant,
Broadcast
Injection, Individual
plant. Broadcast
Cut Stump, Injection
Injection, Basal spray,
Individual plant

1.9 2.0
1.5 0.8 2.2 -

2.6

Ground^
Aquatic weed control
Conifer release

I

General weed control

0.5 -

3.8

1.0

445

Liquid

Noxious weeds

0.5 -

3.1

1.5

9,799

Liquid

Poisonous plant control
Range improvement
Right-of-way

0.7 1.5 1.2 -

2.4
2.0
4,1

0.9
1.5
2.4

235
1,877
3,231

Liquid
Uquid
Liquid

Site preparation

0.4 -

3.3

1.3

47,477

Liquid

Thinning
Wildlife habitat
improvenient

0.8 0.6 -

1.8
1.8

0.9
1.1

3,493
5,097

Liquid
Uquid

Table 1-1 (Concluded)

Purpose

I

Active Ingredient Per Acre (lbs)
Range
Average

Acres
Treated

Application
Method

Formulation

-

irtoo

Aerial«^
35 Projects for Tinber,
Range, Noxious weeds
Wildlife, Right-of-way,
Firebreaic

1.0 -

4.0

2.6

1.0 -

4.0

2.4

19 Projects for Range,
Noarioua Weeds, Wildlife,
Recreation, Engineering,
Nursery, Timber

0.5 -

6.0

2.5

25 Projects for Timber
and Wildlife

1.0 -

8.5

3.8

Ground ^
84 Projects for Research,
Engineering, Timber, Range,
Noxious Weeds, Wildlife,
Recreation, Nursery

35,658

91,152
[total]

Low volatile
ester

—

Low volatile
ester

Ground Foliar

Anine

Ground Foliar

Amlne
(undiluted)

Injection and Cut Stump

»Includes 353 acres right-of-way, 1,244 acres site preparation using 2',4-D/plcloram" 4:1 (TordoiíB^lÓl), and
1,062 acres conifer release using 2,4-D/2,4-DP (Weedone®170).
'^Includes the following tiilxee of herbicides with 2,4-D:
Mcaaiba - 391 Ac. conifer release
Pi cloram
106 Ac. general .weed control
(Tordon®-101)
647 Ac. noxious weeds
311 Ac. right-of-way
41 Ac Thinning
116 Ac wildlife habitat Improvement
'41 Ac. thinning
116 Ac wildlife habitat improvenent
2,4-DP ^
55 Ac, conifer release
(Weedone® 170)
253 Ac. right-of-way
^ Includes 198 Acres site preparation with 2,4-D and picloram
(Tordon® 101) and 1,078 acres site preparation with 2,4-D and
2,4-DP (Weedone® 170).

- 19304
1015
165
339
55
41349
2902
3055

Ac.
Ac.
Ac.
Ac.
Ac.
Ac.
AcAc.

conifer release
noxloue weede
poisonous plants
right-of-way
range improvement
site preparation
thinlng
wildlife habitat improvement

^ Includes the following mixes of herbicides with 2,4-D:
Dicamba - 2,462 Ac noxious weeds
Picloram -1,943 Ac conifer release
131 Ac. range
510 Ac. noxious weede
209 Ac wildlife habitat inproveoient
10 Ac. range
374 Ac. right-of-way
2,4-DP
100 Ac right-of-way
427 Ac, thinning
645 Ac. wildlife habítate Improvement
SourceÎ

Gross 1983

in combination with other herbicides. Table 1-2 lists some of the
commercial formulations of 2,4-D available in the United States.
Amine salts are particularly important, although inorganic salts of
sodium, potassium, and ammonium are also used. Esters, which are oil
soluble, generally are more effective against plants because they are
more readily absorbed. Low-molecular-weight alcohol esters have a
relatively high volatility, and may therefore present a potential
hazard to nearby nontarget crops. Esters of heavier molecular
weight, as used by the USDA Forest Service, have a relatively low
volatility and do not present such a hazard (Loos 1975).
In the United States, 2,4-D is manufactured and marketed by
several chemical companies, including Diamond Shamrock, Dow, Vertac,
Union Carbide, and Farmland Industries (Weed Science Society of
America 1983), Combinations with other herbicides include MSMA,
dicamba, picloram, and MCPP (Meister Publishing Company 1981 and Weed
Science Society of America 1983).
1.2

Chemical and Physical Properties

The active ingredient of 2,4-D is (2,4-dichlorophenoxy)acetic
acid. Table 1-3 illustrates the structural formula and selected
properties of 2,4-D acid, the dimethylamine salt of 2,4-D, the
n-oleyl-l,3-propylenediamine salt of 2,4-D (oil soluble amine salt),
and the butoxyethanol ester of 2,4-D. The essential practical
differences in the various forms of 2,4-D relate to their solubility,
their volatility, and as a consequences of their solubility, their
absorption by target plants. In general, the amine salts of 2,4-D
are highly soluble in water and therefore can be used in water-based
formulations. An exception to this generalization is the
n-oleyl-l,3-propylenediamine salt of 2,4-D which is insoluble in
water but soluble in most organic solvents. The ester forms of 2,4-D
are likewise oil soluble and require the inclusion of an emulsifying
agent if they are to be applied as an aqueous solution. Because of
their high degree of solubility in oils and most organic solvents,
the ester forms of 2,4-D generally tend to be more readily absorbed
by plants and consequently have a stronger toxic effect on target
species. The use of surfactants in 2,4-D formulations (acids and
ester formulations) often leads to increased efficacy as a
consequence of increased absorption of the herbicidal compound as the
surfactants tend to dissolve surface waxes, loosen cuticular
structure, and, in some cases, interact with cuticular lipids (Loos
1975).
Esters of low-molecular-weight alcohols, such as the methyl
ester and the ethyl ester of 2,4-D, have relatively high vapor
pressures (23 x lO"^ and 11 x 10""4 ^^ Hg, respectively, at 77''F
D-11

Table 1-2
Selected 2,4-D Formulatiens*

I
Fo nimia t ion
Amoco 2»4-D LV Eater-M

Weed Killer

Active Ingredients
Propylene glycol butyl ether ester
of 2,4-D
(44,9% acid equivalent)

Manufacturer^
Amoco
72.8X

Ifiopropyl eaters of 2,4-D ................... 37.7%
Butyl esters of 2,4~D ....................... 39*7%
(63,3Z acid equivalent)

Amoco

Amoco 2,4-D Weed Killer
No. 2-M

Dlmethylamine salt of 2.4~D
(40.9% acid equivalent)

49.3%

Amoco

Amoco 2,4-D Weed Killer
No. 5-M

Butyl ester of 2,4-D ........................ 58.6%
(46,76% acid equivalent)

Amoco

Aqua-Kleen 20

ButoKy ethanol eater of'2,4-D ............... 29.OZ

AacheiH

Chlpmaü 2,4-0 Aminé No. 4

Dlmethylamine salt of 2,4-D ................. 49.,8%

Rhodia, Chipman
Dliílslon«^

Chipman 2,4-0 Amlne No. 6

Dlmethylamine salt of 2,4-D ................. 70.IX

Ehodla, Chipman
Division^

ChlpM.n 2,4~D Butyl Ester 6

n-Butyl ester of 2,4-D .................

«. 80.31

Rhodia. Chipman
Division*^

CMpfflan '2,4-D B«tyl Ester 4E

Butyl ester of 2,4-D ........................ 59.2X

Rhodia, Chipman
DlvialonC

Chipman 2,4-D Butyl Ester 6E

Butyl ester of 2,4-D ........................ 79.6%

Rhodia, Chipman
Dlvieion*^^

ChipmaE 2,4-D Butyl'
Ester 334E

Butyl eater of 2,4-D

Rhodia, ' Chipman
DlvlsionC

Chipman 2,4-D Gran 20'

Isooctyl ester of 2,4-D ...... c.............. 30.151

Rhodia, Chipman
DlvlBlonC

Chipman 2,4-D Low Volatile
Ester 6

Isooctyl ester of 2,4-D

Rhodia, Chipman
Division^

AJüOCO 2,4~D

No. 3-E-M

49.0'X

95.6%

Table 1-2 (Coatlnued)

Formulation

I

Active Ingredients

Manufacturer^

Chlpman 2,A-D Low Volatile
Ester 4L

iBooctyl ester of 2,4-D

94.81

Rhodia, Chlpman
Division^

Chipman 2»4~D Low Volatile
Eater 6L

Isooctyl ester of 2,4-D ...»

94.8Z

Rhodia, Chipman
Division«^

Crop Rider 20X Aqua
Granular

Isooctyl ester of 2,4-D

30.171

Diamond Shamrock

Crop Rider 2.67D

Butyl ester of 2,4-D

40.0%

Diamond Shamrock

Crop Rider 3.34D

Isopropyl ester of 2,4-D

46X

Diamond Shamrock

Crop Rider 6D--0S Weed Killer

Butyl ester of 2,4-D

78%

Diamond Shamrock

Diaiiiiiond Shamrock Amine 4D

Dimethylamine salt of 2,4-D ................ 49%

Diamond Shamrock

Dlamoûd Shanrock Amiae 6D

Dimethylamine salt of 2,4-D

Diamond Shamrock

Diamond Shamrock Butyl 4D

Butyl ester of 2,4-D ....................... 56.5Z

Diamond Shamrock

Diaœoad Shamrock Butyl 6D
Weed Killer

Butyl ester of 2,4-D ....................... 78%

Diamond Shamrock

Diamond Shawrock LO-Vol 4D

Isooctyl eater of 2,4-D

Diamond Shamrock

Diamond Shamrock LO-Vol 6D

Isooctyl ester of 2,4-D

92.8%

Diamond Shamrock

Emulsamine E-3

Dodecyl amine salts of 2,4-D
Tetradecyl amine salts of 2,4-D

50.7%
12.7%

Anachem

Esteron 6E Herbicide

Isooctyl ester of 2,4-D .................... 94.4%
(63.2% acid equivalent)

Vertac

Esteron 76BE Herbicide

Butyl esters of 2,4-D
(63.2% acid equivalent)
in petroleum solvent

79,21

Vertac

Esteron 44 Improved Weed
Killer

Butyl esters of 2,4-D
in emulsifiers and petroleum solvent

51.0%

Vertac

Esteron® 99 Weed Killer

Propylene glycol butyl ether esters
of 2,4-D
in petroleum solvent

41.0%

Vertac

70%

..,..,...,..... 69%

Table 1-2 (Coütlmied)

a.
Formulation

Active Ingredients

Manufacture'^

Estero^n® 99 Weed Killer
Concentrate

Propylene glycol butyl ether eaters
of 2,4-D .....................
in petroleum solvent

Penaamlne D

.Heptylamine salt of 2,,4-D
(liquid concentrate)

Weede th

Mmethylaolne salt of 2,4-D ................ 49X

Miller

Weedez Wonder Bar

Trie thy lamine salt of 2,4-D

Rhodla, CMpman
Division«^

Weedone 638

2,,4-Dlchorophenoxyacetlc acid ............

. 3Í.0Z

anchen

Weedo-ne Aero-Concentrate 96

Butyl ester of 2,4-D ....................... 75.2X

Aadie«

.Weedone Aero-Concentrate E

Butyl ester of 2,4-D

,...,.,... 76.OX

Anchen

Weedoo,e Concentrate 48

Ethyl ester of 2,4-D ........................ 38.6X

Anchen

Weedone LV4

Butoacy ethanol ester of 2,,4-D „.....,..,.... §2.5X

Amcheii

Weedone LV6

Butoxy ethanol ester of 2,4-D .............. 88.11

Aachem

Meed-Rhap A-4D'

Dimethylamlne salt of ,2,4-D
(41.'IS acid equivalent)

,.... 49.5Z

Transvaal

Weed-Rhap B-4D

Butyl ester of 2,4-0 ..,.....,.
(46.92 acid equivalent)

58.8Z

Transvaal

Weed-Rhap B-6D

Butyl ester of 2,4-0 ......................... 79,1%
(63.12! acid equivalent)

Transvaal

Weed-Rhap LV-4D

2-Ethylhex3rl ester of 2,4-D ................ 69.9Z
(46«3Z acid equivalent)

Transvaal

Sal¥o Weed Killer

2-Ethylhe3iyl ester of 2,4~D ,.»....

Oilö

Tranaaalne 0Ä-3D

NjN-Dimethyloleyl-llnoleyl anine
salt of 2,4-D
......,..♦.,,
(35.21 acid equivalent)

Verton 2D<1

Vertac
, 72.8X

4 lb/gal.

,.. 18. OX

Propylene glycol butyl ether esters
of 2,4-D
,
(24.51 acid equivalent) in xylene

.

86.7X

Pennwalt

Transvaal
61.51
Dow
39.6X

Table 1-2 (Concluded)

Formulation

Actl¥e Ingredients

Manufacturer^

Visko-Rhap 2,4-D Low
Volatile Ester 4L

laooctyl ester of 2,4-D .................... 67.751

Rhodia, CMpman
Dlvi.sion^

Visko-Rhap Low
Volatile Ester 2D

2-Ethylhexyl ester of 2,4-D'
(isooctyl ester) .................. 36.81, 37,IX

Rhodia, Chipman
Division^

Visko-Rhap Oil-Soluble
Aulne A-3D

N,N-Diffiethyloleyl-linoleyl amlee
aalt of 2 »4-D .................

Rhodia, Chipman
Division'^'

Weedar 64

Dime thy lamine salt of 2,4~D ................. 49.51

Amchem

Weedar 64A

Dimethylamine salt of 2,4-D ................ 57.4%

Amchem

Weedar 96

Dimethylamine salt of 2,4-D ................ 69.7%

Amchea

Weed-Rhap L¥-6D

2-Ethylhexyl ester of 2,4-D ................ 94.2X
(62.51 acid equivalent)

Transvaal

....... 63.86%

^Formulations with herbicide other than 2,4-1) are omitted.
Use of trade names and company nanea is only to provide information and does not imply product
endoirsement.
c
Rhodia no longer produces phenox^f herbicides.
No lounger available.
Source: Gosselin et al. 1976.
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Table Í-3
Selected 'Cheniical and Physical Properties of 2j4-D and Two- of Its Salts and a Low-Volatile Ester

f
Name

Molecular Formula
(Molecular Weight)

Structural Formula

Vapor Pressure

Solubility

(2,4-d ichloTophenoxy)
acetic acid
Cl~y

y—0-CH^-COOH

\^

Jl

^8^6^^ 2*^3

^

(221.0)

'

Dimethylamine salt
of 2,4-D
Cl-~^

^V-0-CH2-C00H»HN

N-oleyl-1,3propylenedlamine
salt of 2,4-D

C^^H,3Cl2N03
(266.1)

^Cl

Cl ~L

'^

NA^

'

^

-^^ci

NA^

Cl^

\

.

'

'

.....

'

Insoluble in water, soluble
in most organic solvents.

.
O-CH^-COOCH^CH^OCH^CH^CH^CH^

CIAHHC120^

(321.2)
^""-ci
Not available.
Source:

„..„.

juu/« in water töö"t, /U"L;
Soluble in acetone and in
methyl, ethyl and isopropyl
alcohols. Insoluble in
kerosene and' diesel oil.

0-CH2-CO0""'NH^

\:i
ButO'xyethanol ester
o-f 2,4-D

0.09% in water (77"^F, 25"C)
85.0% in acetone (77°F, ZS^C)
O.I to 0.351 in kerosene and
diesel oll (770F, 250'C)
130% in ethyl alcohol
(95%; 77ÛF, 250C)

0.4 otmHg
(320ÛF, lóQO'C)

Loos 1975 and Weed Science Society of America

1983.

Less than 1.5 x 10-"^oin)Hg
(770F, 250C), estimated

-

,

Insolublp in water, soluble
in most organic solvents.

(25^C). Consequentlyj formulations derived from such low-molecularweight alcohols tend to volatilize readily and pose a potential toxic
hazard to nearby susceptible nontarget crops. The introduction of
esters based on high-molecular-weight alcohols^ such as the
2-ethylhexyl5 isooctyl^ butoxyethyl^ propylene glycol butyl ether,
and tetrahydrofurfural esters of Z^A-^D, with estimated vapor
pressures less than 1.5 x 10""^ mm Hg at IT'Y (25°C), has overcome the
problem of volatility hazard to sensitive nontarget crops (Loos 1975).
Various forms of 254-D are degraded by both biological and
nonbiological mechanisms. Degradation of 2,4-0 is reviewed
extensively in Loos (1975) as well as in Ghassemi et alt (1981)5
Norris (1981), Lommen (1980), Mullison (1981), and Weed Science
Society of America (1983). In soil, 2,4-0 is subject to loss by
volatilization as well as by chemical and biological degradation.
Volatilization rates depend to a large extent on the specific 2,4-D
formulations. Acid, inorganic salt, and amine formulations are
generally less volatile than ester formulations, which in turn range
from low to high volatility (Weed Science Society of America 1983).
Soil microorganisms readily metabolize 2,4-D, with a higher rate of
2,4-D degradation occurring under conditions of warmth and moisture
that also promote growth of microorganism populations (Weed Science
Society of America 1983), In animals, 2,4-D esters are readily
hydrolyzed to the free acid form which is in turn eliminated,
primarily in the urine. In plants, 2,4-D may be metabolized,
resulting in degradation of the side chain, hydroxylation of the ring
structure (addition of OH"^ to the ring structure of 2,4-D), conjugation of 2,4-D with plant constituents such as glucose or aspartic
acid, formation of various metabolites, or, in some cases, ring
cleavage or side-chain lengthening (Loos 1975), Photodecomposition
is a minor factor in the loss of 2,4-D from soil (Weed Science
Society of America 1983).
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2.0

Toxlcity of 2,4-D

The toxicological properties of 2,4-0^ summarized in Table 2-1^
indicate that most formulations of 2,4-D are mildly toxic to mammals
and birds. Most ester formulations are toxic to highly toxic to
aquatic invertebrates and to fish, while salt and acid formulations
are generally only slightly toxic to these organisms. Some formulations, such as salts, esters, and concentrated solutions, are eye
irritants that can cause injury. Some formulations may cause
irritation to the skin (Mullison 1981 and Weed Science Society of
America 1983). Inhalation toxlcity is minimal. There are no
conclusive data demonstrating the carcinogenic!ty or teratogenicity
of 2,4-D« However5 several studies have indicated embryotoxic and
fetotoxic effects of some formulations of 2,4-D.
Due to the large body of literature on 2,4-D toxlcity generated
since its introduction as a herbicide in the mid-1940's, the following
discussions of 254-D toxlcity in animal species are based primarily
on studies that have been conducted within the past 20 years*
Various reviews on the toxlcity of 2,4-D that incorporate earlier
studies include Mullison (1981)^ Pimentel (1971), Minnesota
Department of Health (1978), Lommen (1980), Ghassemi et al, (1981),
and the International Agency for Research on Cancer (1977).
2*1

Invertebrates and Microorganisms

Toxlcity of 2^^-d (technical acid) and many of its formulations
have been determined for a wide variety of invertebrate species and
microorganisms from terrestrial^ marine^ and freshwater ecosystems.
Table 2-2 is a comparison of the ranges of observed toxic effects for
2,4"-D (technical^ acid, or formulation unspecified), for salts of
2,4-D, and for esters of 2,4-D in insects, crustaceans, other
invertebrates, and microorganisms. In general, for aquatic
organisms, lethal effects (LC5o's) at concentrations below 1 ppm are
considered indicative of highly toxic substances, effects at
concentrations of 1 to 10 ppm are considered indicative of toxic
substances, and effects at concentrations above 10 ppm are considered
indicative of slightly toxic compounds (Clarke et al. 1970), The
toxlcity data presented in Appendix A and compared in Table 2-2
indicate a wide range of toxicities, from highly toxic to slightly
toxic, for 2,4-0, its salts, and its esters in most invertebrate and
microorganism groups. This variation is a function of real
differences in chemical toxicities of the 2s4-D formulations to
different species as well as numerous other factors. These include
experimental and environmental variability; water temperatures and
chemistry! test organism nutritional status, sex, and life stage;
photoperiod; season; and flow dynamics of test apparatus. In
considering these data, it should also be noted that, for the most
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Table 2-1
Summary of Toxlcological Properties of 2,4-D
1,

Acute Oral Toxicity

Organlgm
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Formulatloa

adverse Effects

Mouse
Rat
Guinea pig
Rabbit
Dog
Chick
Mule deer

2,4-D (acid)

LB50 ^ 368 to 375 mg/kg
LD5Q « 375 to 666 mg/kg
LD5Q<320 to 1,000 mg/kg
LD50 ^ 800 mg/kg
LD50 ^ 100 mg/kg
LD50 "^ 541 mg/kg
LD50 " ^00 to 800 mg/kg

Mouse
Rat
Guinea pig
Rabbit
Chick
Cattle
Cats

2,4-0 (butyl ester)

LD50
LD50
LD5Q
LD50
LD50
LD50
LD3Q

^ 380 to 731 mg/kg
^ 620 to 1,500 mg/kg
« 848 mg/kg
^ 424 mg/kg
== 2,000 mg/kg
<100 mg/kg
- 820 mg/kg

Mouse
Rat
Guinea pig
Chicks

2,4~D (isopropyl
ester)

LD50
LD3Q
LD50
LD50

^
-

Chicken
Sheep
Cattle
Pig

2,4-D (amines)

LD50 - 380 to 765 mg/kg
Adverse effects at doses
Adverse effects at doses
Adverse effects at doses

Mouse
Rat
Guinea pig
Rabbit
Chicken

2,4-D (sodium salt)

LD50
LD50
LD50
LD50
LD50

Monkey

2,4-D (unspecified)

Adverse effects at doses

^
•
^
«
'^

541 mg/kg
700 mg/kg
550 mg/kg
1,420 mg/kg

360
666
551
800
655

250 mg/kg
50 mg/kg
50 mg/kg

to 375 mg/kg
to 2,000 mg/kg
to 1,000 mg/kg
mg/kg
mg/kg
428 mg/kg

Table 2-1 (Continued)
2.

Acute Dermal Toxicity

Organism

Formulation

Adverse Effects

Rat
Rabbit
Human

2|4-D (unspecified)

LD5Q - 1,500 mg/kg
LD3Q »^ 1,400 mg/kg
Skin irritant

Rabbit

2,4-D (amine and
esters)

Subepithelial fibrosis and
mononuclear infiltration.

3.

Eye Irritation

Organism
(unspecified
species)

4.

Formulation

Adverse Effects

2,4~D
DMÂ®4, Formula 40®
Esteron 99®,
concentrated
solution, or wetted
material

Eye irritation involving
conjunctival membranes and
cornea.

Inhalation Toxicity

Organism

Adverse Effects

Formulation

Human

2,4-D (unspecified)

Airborne TLV ^ 10 mg/m^. TLV
short-term exposure
limit - 20 mg/m-^. Can cause
coughing, burning, dizziness,
and muscle incoordination.

Guinea pig

2,4-0 (sodiiun salt)

No adverse systemic effects«

5.

Subchronic Oral Toxicity

Organism

Formulation

Length of
Treatment

Dose
Tested

Adverse Effects

Mouse

2,4-D (sodium salt)

3 to 12 weeks

93 mg/kg daily
in diet

No adverse effects.

Rat

2,4-D (unspecified)

1 month

1,000 ppa in
diet

No adverse effects,

Rat

2,4-D (unspecified)

1 month

0 to 300 mg/kg
by intubation

Gastrointestinal
irritation and
depressed growth rate.
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Table 2-1 (Continued)
5.

Subchronic Oral Toslcity (Concluded)

Organism

Formulation

Length of
Treatment

Dose
Tested

Adverse Effects

Rat

2j4-D (sodium salt)

1 month

0 to 500 mg/kg
in diet

Death at 500 mg/kg.

Rat

2,4-D (amine)

U3 days

0 to 10,000 ppm
in diet

Weight loss^ liver and
kidney damage, death.

Rat

2,4-D (amine)

10 months

1,000 ppm in
diet

No adverse effects*

Guinea pig

2,4-D (unspecified)

12 days

10 doses of
100 mg/kg

No adverse effects.

Dog

2,4-D (unspecified)

90 days

Fed 0 to
20 mg/kg/day
for 5 days/week
by capsule

Difficulty swallowing,
bleeding gums, stiff
legs, liver and kidney
damage, and death.

Chicken

2,4-D (unspecified)

7 days

0 to 3,000 ppm
in diet

Retarded growth rate.

Chicken

2,4-D (amine)

10 days

100 mg/kg/day
orally

No adverse effects.

Chicken

2,^-^ (amine)

24 days

300 mg/kg/day
orally

Renal and visceral
gout, enlarged kidney,
and death.

Chicken

2,4-D (unspecified)

1 day old to
n^turlty

1,000 ppi in
drinking water

Reduced egg production, increased weight,
and epithelial hyperplasla of kidney.

Cattle

2,4-D (amine and
ester)

112 days

50 mg/kg/day
orally

No adverse effects.

Sheep

2g4-D (amine and
ester)

481 days

100 mg/kg/day
orally

Weight loss.

Pig

2,4-D (amine and
ester)

103 days

50 to
300 mg/kg/day

Pig

2,4-D (amine and

12 months

500 ppm in diet

Anorexia, retarded
growth, locomotion
disturbances,
decreased hemoglobin,
hematocrit, and
albumin.
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Table 2-1 (Continued)
6.

Abdominal Toxicity/Subchronic Intravenous

Organis

Length of
Treatment

Formulation

Dose
Tested

Adverse Effects

Dog

2j4-D (sodium salt)

32 to 37 days

1.17, 2.6 and
3.2 mg/kg/day

No adverse effects.

Dog

254-D (unspecified)

6 days

25 mg/kg/day

Liver damage.

Human

2,4-D (unspecified)

32 days

16.3 ^ total
dose

Stupor, incoordination, weak reflexes,
and urinary
incontinence.

7.

Subchronic Dermal Toxicity

Organism
Rabbit

8.

Formulation
2^4-0 (amines and
esters)

Length, of
Treatment

Dose
Tested

up to 3 weeks

up to 3,980 mg/kg

Length of
Treatment

Dose
Tested

Adverse Effects
Local skin Inflammation;
LD50 • 3,980 mg/kg

Chronic Toxicity

Organism

Formulation

Adverse Effects

Mouse

2,4-D (acid and
esters)

Single subcutaneous
injection and
observed 78 weeks

Varied with
formulation
from 21.5 to
215 mg/kg.

Reduced survival; reticulum
cell sarcomas.

Rat

2,4-D (acid)

2 years

1,000 ppm in
diet

No adverse effects.

Chicken

2,4-D (amine)

18 months

500 p^ in
diet

Renal gout, death, muscle
degeneration, stomach
ulcer, anemia, and
lymphocytic peribronchitis

Dog

2,4-D (96.6%
pure)

2 years

0 to 500 ppm
in diet

Death
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Table 2-1 (Continued)
9,

Teratology^ Reproduction and Fertility

Organism

Formulation

Dose and Length of Treatment

Adverse Effects

Mouse

2j4-D (acid and
esters)

Treated orally or subcutaneously
on days 6-14 of pregnancy*
Doses unspecified.

Increased incidence of fetal
abnormalities.

Rat

2,4-D
(unspecified)

Doses up to 188 mg/kg during
pregnancy. Route unspecified.

Not teratogenic. Decreased
body weight and size of
fetuses* Abdominal bleeding.
Increased intrauterina
mortalities.

Rat,
SpragueDawley

2,4-D

Fed IjOOO ppm in drinking water
during pregnancy, an additional 10 months to mother, and
an additional 2 years to
offspring.

Reduced food consumption^ water
consumptionj and growth rate in
offspring maintained on treatment. No adverse clinical
signs ; no malformations ;
normal pregnancy, birth,
and litter sizes.

Rat,
Wlstar

2,4-D (acid,
amine and
esters)

Single oral daily doses of
0 to 150 mg/kg on days 6-15 of
pregnancy. Sacrificed on
day 22.

Embryotoxic, fetopathlc, and
potentially teratogenic.
Decreased litter size, fetal
weight, and newborn survival.
Increased skeletal abnormalities (e.g. wavy ribs, and
extra ribs, delayed
ossification).

Rat,
Sprague
Drawley

2,4-0 (acid and
ester)

Intubation of doses up to
142 mg/kg/day on days 6-15
of pregnancy.

Embryotoxic and fetotoxic but
not teratogenic* Esters
decreased litter size and
newborn survival rate*
Observed edema, delayed
ossification, wavy ribs, and
lumbar ribs.

Hamster
SyrianGolden

2,4-D (acid and
eaters)

Intubation of 20 to
100 mg/kg/day on days 6-10
of pregnancy. Sacrificed
on day 14.

Not teratogenic,
fetal viability.

Sheep

2,4-D
(unspecified)

Intubation of 40 mg/kg daily
for 30, 60, and 90 days
following breeding.

No birth defects and no
clinical or histopathological
signs of toxicity.
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Decreased

Table 2-1 (Continued)
9.

Teratology, Reproduction and Fertility (Concluded)

Organism

Sow

10.

Formulation
2,4-D
(unspecified)

Dose and Length of Treatment

Adverse Effects

Fed 500 ppm in diet during
pregnancy. Piglet fed 500 ppm
in diet for 8 months.

Ten of 15 piglets died.
Surviving piglets had depressed
growth, anemia, and degenerative changes in liver and
kidney.

Carcinogenicity

Organism

Formulation

Dose and Length of Treatment

Adverse Effects

Mouse

2,4-D (amine and
esters)

Dermal application of 2 drops
of 10% solution or intubation
of doses up to 100 mg/kg
followed by diets up to
149 ppm for 18 months.

Not carcinogenic.
tumorigenic.

Rat

2,4-^D (amine)

Lifetime feeding of doses up
to 0.1 X LD'50

Not carcinogenic.

Dog

2,4-D (acid)

0 to 500 ppm in diet for
2 years

Not carcinogenic; one death.

11.

Not

Mutagenicity

Organism

Adverse Effects

Salmonella typhimurlum (2,4-D)

Nonmutagenic when tested at concentrations up to
5,000 jig/plate in the absence or presence of metabolic
activation or in host-mediated assays.

Bacillus subtilis (2,4-D)

Nonmutagenic in the Rec assay or in differential
toxicity assays employing DNÂ-proficient or
DNA-deficient strains.

Escherlchia coli (2,4-D)

Nonmutagenic when tested in forward mutation, reverse
mutation, or differential toxicity assays.

Saccharomyces cerevisiae

Mutagenie. Reverse mutation to (2,4-D) histidine
independence or mltotic gene conversion and mitotic
recombination observed only at low pH (4.5 and below).

Serratia macescens (2,4^D)

Nonmutagenic.

Bacteriophage (E. coli T4)
(2,4-D)

Nonmutagenic.
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Table 2-1 (Concluded)
11^

Mutagenicity (Concluded)

Organism

Adverse Effects

Blue-green algae (2,4-D)

Nonmutagenie.

Drosophila aelanogaster (2,4~D)

Weakly mutagenic. Increased numbers of recessive
lethals at very high doses (1^000 ppm). Increased
frequency of somatic mutations in unstable but cot in
stable stream of fruit flies^

Rat hepatocytes C2,4-D)

No inductioti of UDS,

Human lymphocytes (2.4-D)

Decreased chromosome aberrations and
ester chromâtid exchanges observed
generally at doses of 50 to 60 ppm
or above.

Mous« bone marrow cells (2s4-D)

Noncytogenetlc to bone marrow
erythrocytes but increased chromosome
aberrations observed in bone marrow
cells of mice treated with 100 to
300 mg/kg.

Rat bone marrow cells (2,4-D)

No chromosomal aberrations.

Mouse spleen cells (2,4-D)

Inhibition of Gamma and UV-induced DNA repair
synthesis.

Embryonic bovine kidney (EBK)
cells and bovine peripheral
blood (BPB) cells (2,4-D)

No chromosomal damage* In EBK cells 2,4-D may have
affected spindle protein and cell division.

Mouse C2,4-D)

Nonmutagenie,
mutations.

Fava beans. Vicia faba (2,4-D)

Chromosome aberrations observed in pollen mother cells
following spraying of plants or soaking of
seeds in 2,4-"D.

Barlej seeds (2,4-D)

Increased chromosomal aberrations and
chlorophyl-deficient mutants.

Tobacco plant cells in culture
(2,4-D)

Increased chromosome aberrations.

Various cultivated planes and
weeds (2,4-D)

Increased chromosome aberrations.

#

No increase in dominant lethal

^Toxicology data are extracted from Appendices A through E.
the appropriate Appendix,
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Source references can be found in

ïable 2-2
Comparison of Toxic Effects of 2,4-D Formulations For
Selected Invertebrate and Microorganism Taxa

Taxoiapjalc Group

Insects

î^pe of Formulation

Range of Effects^

2s4-D (technical, acid, or
no fonaulation specified)

LD5Q «^11.5 t^g/honeybee. No
significant effects on reproduction through three generations in
cockroaches fed 1,000 ppm 2,4-D
in diet.

Salts

Seventy percent mortality of
mayfly nymphs after 1 hour In
100 ppm dimethylamine.
Twenty-four hour IC50 ■ 1,490 ppm
for planktonic dipteran larvae
at 59^F in 2,4-D amine.

Esters

Larval midges exposed to 1 ppm
butoxyethanol ester had greater
mortality than controls.
Honeybees fed up to 1,000 ppm
butoxyethanol ester or isooctyl
ester in diet had same longevity
as controls.

2,4-1) (technical, acid, or
no formulation specified)

Forty-eight hour TL50 * 3.2 ppm
for scuds (Gammarus sp,).
Ninety-six hour LC5Q « 417,8 ppm
for Daphnia.

Salts

Forty-eight hour ECCQ ^0.15 ppm
dimethylamine salt for mature
glass shrimp. Ninety-six hour
LC50 "^ 1,389 ppm alkanolamine salt
for immature crayfish.

Esters

Forty-eight hour TL^Q - 0.1 ppm
propylene glycol butyl ether ester
for Daphnia, Forty-eight hour
LC5Q« 100 ppm propylene glycol
butyl ether ester or butoxy
ethanol ester for crayfish.

Crustaceans
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Table 2-2 (Concluded)

Tazonomic Group

Invertebrates
other than
Insects or
Crustacea

Type of Formulation

Range of Effects

2,4-D (technicals acid, or
no formulation specified)

No effect on shell growth in
oysters after 96 hours in
2 ppiB 2,4-D. Ninety-six hour
LCjQ ^ 122,2 ppm for freshwater
ollgochaete worm with no toxic
effects at 86,7 ppm^

Salts

No effect on shell growth In
oysters after 96-hour in 2 ppm
dimethylamine salt.

Esters

Reproductive impairment in freshwater ectoprocts in 0.01 ppm butyl
ester after 84 hours.
Thirty-eight percent reduction in
shell growth in oysters after
96 hours in 5.0 ppm 2^ethylhexyl
ester.

2,4-D (technical, acid, or
no formulation specified)

Euglena cultures were not
adversely affected after 3 days
in 220 ppm 2,4-D,

Salts

No decrease in carbon fixation was
observed in phytoplankton after
4 hours In 1.0 ppm dimethylamlne
salt.

Esters

Forty-nine percent decrease in
carbon fixation was observed in
phytoplankton after 4 hours in
1.0 ppm 2-ethyl hezyl ester.
Ten percent of planktonic algal
cultures showed inhibited growth
response after 2 weeks in 4.0 ppm
butoxy ethanol ester.

Microorganisms

Data abstracted from Appendix A.
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See Appendix A for references.

part5 the studies on toxicity of 2,4-D and its formulations to
invertebrates and microorganisms have been conducted in controlled
laboratory environments. As a consequence of the laboratory
environment and the experimental designs employed^ the results do not
necessarily present a true reflection of the potential effects of
2,4-D or its formulations in the natural environment. For example,
in the laboratory, aquatic organisms were kept for as long as 69 days
with continuous exposure to 2s4-D. Microorganisms were grown in
culture medium containing 2,4-05 often at concentrations several
orders of magnitude greater than those normally found in the
environment following application. In contrast, in natural aquatic
and nonsoil terrestrial environments, exposure to 2,4-D or other
man-made chemicals is usually a transient phenomenon whose duration
depends on the rate of streamflow and on the rate of chemical
decomposition of the substance* Additionally, in natural systems,
interaction with other man-made and naturally occurring chemicals and
changes in environmental conditions may affect herbicide assimilation
and metabolism by invertebrates and microorganisms. These
interactions, in turn, potentially alter the tolerance levels of
organisms to the herbicides.
The following subsections review the data on comparative toxicity
of 2,4-0 and its formulations to insects, crustaceans, other invertebrates, and microorganisms,
2.1,1

Insects

Insects appear to be relatively tolerant to high levels of 2,4-D.
The few studies in which median lethal concentrations on the order of
1 ppm were observed were with 2,4-D ester formulations* Honeybees,
representing insects of commercial importance, show a tolerance to
2,4-D, which is considered a stomach and contact poison with low
toxicity to honeybees (Glynne Jones and Connell 1954 in Way 1969).
Bees directly dosed with 2,4-D varied in response from an LD5Q of
11.525 ^jig/bee for an unspecified route of exposure (Beran and
Neururer 1955 in Pimental 1971) to an oral LD^Q of 105 |j.g/bee (Glynne
Jones and Connell 1954 in Way 1969). Bees fed up to 1,000 ppm of the
butoxyethanol ester, isooctyl ester, or the dimethylamine salt of
2,4-D had half-lives (length of time for half of the bees in the
colony to die) as long or longer than control bees (Morton et al.
1972). On the other hand, bees fed purified 2,4-D had a shorter life
span when fed 1,000 ppm than controls, but not when fed 100 ppm
(Morton et al. 1972). Bees fed 100 ppm or more of an unspecified
2,4-D formulation (presumed here to be an acid) had a temporary
(reversible) decrease in reproductive rate (brood production) that
did not appear when bees were fed 10 ppm 2,4-D (Morton and Moffett
1972).
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Lichtenstein et al. (1973) found application of 10 to 40 p,g
2,4-D (analytical grade) per bloassay jar to potentiate the toxic
effects of insecticides in some insects* They observed a slgnfleant
Increase in the toxiclty of DDT to fruit files exposed to 2,4-D and
in the toxicity of parathion to mosquito larvae exposed to 2,4-D.
2.1.2

Cni^tacgans

Studies
formulations
formulations
formulations
and Appendix

with crustácea indicate that 2,4--D technical and acid
are toxic or slightly toxic to most species, that salt
are slightly toxic to most species, and that ester
are toxic to highly toxic to most species (see Table 2-2
A for specific results).

Several studies indicated subiethai effects of 2,4-D and formulations to Crustacea. For instance, Caldwell (1977) and Caldwell et
al. (1979) found chronic exposure of larval dungeness crabs to
concentrations of 2,4-D as low as 1 ppm to result in delayed molting,
while juvenile molting was advanced in crabs exposed to 100 ppm.
Sigmon (1979a) found a higher rate of respiration in adult Daphnla
exposed to 3 ppm of the butoxyethanol ester of 2,4'-D than controls,
although this difference was not statistically significant.
2^1.3

Inwr^bm^^^£t^r_than^lnsects or Crustaceans

In addition to insects and crustaceans, toxic effects of 2,4-D
have been reported for invertebrates such as molluscs (oysters),
annelids (freshwater oligochaete worms), rotifers, and several
species of freshwater ectoprocts. For the Eastern oyster, Butler
(1965) reported 39 percent reduction in shell growth (compared to
controls) at 1.0 ppm propylene glycol butyl ether ester of 2,4«-D| no
effect at 2.0 ppm 2,4-D acid or dimethylamine salt of 2,4-D| 38
percent reduction in shell growth at 5.0 ppm 2=-ethyl hexyl ester of
2,4-D; and an EC50 of 375 ppm for butoxy ethanol ester of 2,4-D
during 96-hour bioassays. A freshwater oligochaete worm (Lumbriculus
sp.) had a 96-hour LC50 ^f 122.5 ppm 2,4-D acid with no toxic effects
observed at a concentration of 86,7 ppm (Bailey and Liu 1980).
Rotifers (Brachlonus sp,) tested in 5 ppm 2,4-D were all dead within
31 hours and had 50 percent mortality within 24 hours (George et al.
1982). Rao and Dad (1979) tested three genera of freshwater
ectoprocts in the butyl ester of 2,4-D and reported 100 percent
mortality in all three after 48 hours at 4 ppm 2,4--D,
2.1.4

Mlgroorganisms

Microorganisms, including soil fungi and amoeba, blue-green
algae, and planktonic algae have been grown in cultures of 2,4-D or
its salts and esters. The growth of soil fungi In laboratory
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cultures of 2,4-D (specific formulations not reported in some
Studies3 reported as acid in others) was in enhanced at levels as
high as 15 ppm (Moubasher et al. 1981)* Fungal growth was stimulated
in agar at 6.3 ppm^ for some species^ and toxic to all species at
25.2 ppm (Moubasher et al^ 1981), The population growth or
metabolism of bacteria and fungi was unaffected at 10 ppm (Tu 1979)j
but the growth and reproduction of a soil amoeba were stimulated at
concentrations as high as 100 ppm (Prescott and Olson 1972)• Varying
effects s ranging from inhibition to enhancement of growth, were
observed in soil microorganisms grown in soil cultures with 2,4-D
incorporated at a rate equivalent to 105000 lbs/acre (Stojanovic et
al^ 1972)* All of 23 strains of free-living amoeba were unaffected
when grown in cultures with up to 84 ppm of an unspecified
foDnulation of 2,4-D (Pons and Pussard 1980)• Concentrations up to
100 ppm 2s4~D (formulation not specified) incorporated into culture
medium did not affect metabolism as measured by oxygen consumption of
sewage sludge microorganisms in a culture derived from sewage organic
matter (Lleberman and Alexander 1981 and Rosenberg et al* 1979).
Algae have been grown in cultures containing unspecified
formulations of 2^^-^ as acid^ salts^ or esters. Butler (1965)
reported no decrease in carbon fixation for phytoplankton cultures
following 4-hour exposure to 1*0 ppm 2^4~D acid or to 1,0 ppm of the
dimethylamine salt of 234-D. Exposure of phytoplankton for 4 hours
to 1.0 ppm of the butoxyethanol ester of 2^4-0 resulted in a 16
percent reduction in carbon fixation* Exposure to the 2-ethyl hexyl
ester of 2 3 4~D resulted in a 49 percent reduction in carbon fixation^
and exposure to the propylene glycol butyl ether ester produced a 44
percent reduction in carbon fixation compared to controls (Butler
1975). Euglena, cultured for 3 days in 2j4-D (99 percent) at a
concentration of 220 ppm, were unaffected in terms of motility or
population growth (Morre 1974 and Elder et al. 1970). However^ the
growth rate of cyanobacteria (blue-green algae) cultured in 2,4-D
(unspecified formulation) was reduced at concentrations as low as
50 ppm5 and population growth was completely inhibited at 100 ppm for
some cultures (Hutber et al. 1979). For planktonic algae cultured 2
weeks in media with the butoxyethanol ester of 2,4-D, concentrations
of 1 ppm or less did not change algal population growth patterns,
while 10 percent of the cultures had inhibited growth responses when
cultured in 4.0 ppm of the ester formulation (Butler et al. 1975b).
2,2

Fish and Amphibians

Recent studies (primarily reported within the past 20 years) on
the toxicity of 2,4-D and its formulations to fish and amphibians are
summarized in Appendix B. In most cases, fish LC5o's were reported
to be greater than 1.0 ppm and, in many instances, greater than 10
ppm. LC5Q'S less than 1.0 ppm were reported in various fish species
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tested In the n-=oleyl-l,3-propylenediamine salt of 2^4-D (Johnson and
Flnley 1980), some species tested in the butyl ester of 2,4-D
(Johnson and Finley 1980| Meehan et al. 1974| and Woodward 1982), and
some species tested in the propylene glycol butyl ether ester of
2,4-D (Johnson and Finley 1980).
Clarke et al. (1970) suggest that pesticides with median lethal
concentrations of 10 ppm or more for fish be considered "slightly
toxic,*' between 1 and 10 ppm be considered "toxic/* and less than
1 ppm be considered "hi^„ly toxic." Thus, 2,4-D technical or acid
formulations should be considered toxic to slightly toxic to fish.
With the exception of n-oleyl^-l^S-propylenediamine^ which should be
considered highly toxic, organic salts of 2j4-D should be considered
toxic to slightly toxic to fish. Inorganic salts of 2,4-D such as
potassium, sodium, and lithium salts tend to be only sli^tly toxic
to fish, with LC5o's generally greater than 10 ppm. Esters of 2,4-D
generally have LCJQ'S of 1 ppm or less and should be considered
toxic to fish. Table 2-3 provides a comparison of median lethal
concentrations of various formulations of 2,4-0 to bluegill sunfish
and Indicates not only the variability in lethal effecte of different
fonaulations of 2,4-D, but also the variability in different batches
of the same formulation. Table 2-4 summarizes the extreme ranges of
lethal effects of selected 2^4-0 formulations to fish derived from
the data In Appendix B.
In addition to lethal effects of 2,4-D and its formulations^
various studies with fish have noted varied subiethai effects^ often
manifested at concentration levels well below those that would produce
death. The addition of 1 ppm of the insecticide carbaryl (a nonlethal
concentration) to the butyl ester of 2,4-D potentiated toxic responses
of the 2,4^D formulation in rainbow trout (Statham and Lech 1975).
Addition of carbaryl resulted in mortality at concentrations of 2,4-D
which, by Itself did not result in death. The addition of carbaryl
also Increased the rate of fish mortality when added to lethal
concentrations of 2,4-D. Impaired swimming performance was observed
in green sunfish within 1 hour after exposure to 110 ppm (a,e,) of
the butoxyethanol ester of 2,4-D (Morre 1974, Sergeant et al. 1971
and Sargent et al. 1970 [the latter two references are to the same
material and authors, but different spellings of the name of the
first author] ). Sockeye salmon juveniles showed stress responses in
the form of elevated blood plasma cortisol after 1-hour exposure to 5
ppm of the butoxyethanol ester of 2^4"=D in August and September, but
not in June. The minimal concentration required to induce a stress
response was reported to be only marginally below lethal levels of
2,4-D (McBride et al. 1981). Rainbow trout exposed to low
concentrations of the dimethylamine salt of 2,4-D in a Y-maze
displayed avoidance reactions to concentrations of 2,4-D as low as
1 ppm (Folmar 1976, 1878).

Table 2-3
Comparison of LCSQ^S for Bluegill Exposed to
Different Formulations of 2s4-D

Formulation of 2,4-D^

LC50
(Acid Equivalent in PPM)
24-Hour

48-Hour

Alkanolamine, ethanol and
isopropanol series

900

840

Alkanolamlne, ethanol and
isopropanol series

588

530

Alkanolamlne, ethanol and
isopropanol series

450

435

Dimethylamine

542

458

Dime thylamine

500

416

Dimethylamine

390

353

Dimethylamine

273

273

Dimethylamine

220

220

Dimethylamine

166

166

Dl-n,-v~dimethylcocoâmine

1-5

1.5

2,4-D acid, with emulsifiers

8.0

8.0

Isooctyl ester

66.3

59.7

Isooctyl ester

36.0

36.0

Isooctyl ester

8.8

8.8

Propylene glycol butyl ether ester

2.1

2.1

Butoxyethanol ester

2.1

2.1

Butyl ester

1.3

1.3

Mixed butyl and isopropyl esters

1.7

1.7

Mixed butyl and isopropyl esters

1.6

1.5

Isopropyl ester

0.9

0,8

Ethyl ester

1.4

1.4

^Includes different batches of the same formulation.
Source!

Hughes and Davis 1963 in Pimentel 1971.
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Table 2-4
Extreme Median Lethal Concentrâtio-ns of Selected 2,4-D Fo^rmulations in Fish.

Fo muí at ion

Observed Median Lethal Concentrations (1X50)
Lowest

References^

Highest

2,4-D (acld)

5»1 ppm, C96-hour)
Common carp (May)

N'OEL at 50 ppm (48-hoer)
Spot

fardia and Durve 1981;
Butler 19§5

Dlme tliylamine salt

>100 ppœ (96 hour)
Chinook salmon and
Rainbow trout

3,080 ppm (24-hoiÄr)
1,313 ppni (96-hoiir)
Grass carp

Johnson and Finley 1980;
Tooby et al. 1980

2j4-D (sodliim salt)

32.0 ppii (%-ho«r)
Mullet (30-day fry)

NOEL at 100 ppm (8-day)
Blueglll (young fish)

Tag El»Din et al. 1981;
Hiltibran 1967

Butoxyetlianol ester

1.2 ppm (%-hoijr)
Blueglll (1,4 gram)

10'-0 ppm (24-lio«r)
Rainbow trout (yearlings)

Johnson and Finley 19Ö0;
Dodson and Mayfield 1979

PrO'pylene glycol
butyl ether ester

0.6 ppm (96~hour)
Bluegill (1.0 gram)

4.5 ppm (48-hoiir)
Long-nosed killifish

Johnson and Finley 1980;
Butler 1965

BiUtyl ester

0.78 ppm (96-hour)
Cutthroat trout

1*0<LC5Q<5.0 (96-hour)
Alaska coho salmon,
Dolly Warden char, and
Oregon coho salmon
(all flngerlings)

Woodward 1982; Meeliaa et
al. 1974

^First reference is the source for the lowest LC5Q,, second reference Is the source for' the
highest LC5O',

In a summary of toxicity tests conducted at the Columbia^
Missouri National Fisheries Research Laboratory, Johnson and Finley
(1980) reported on the effects of enviroiunental factors affecting
the toKicity of 2,4-D and its formulations to fish. Differences in
test-water hardness from 44 to 300 ppm did not have any effect on
toxicity of 2,4-0 or its formulations. With some formulations,
toxicity was affected by pH variations in the range of 6.5 to 8.5.
Within this range, toxic effects of 2,4-0 acid, butyl ester, and
dimethylamine salt were half as toxic at pH 8.5 than at pH 6.5. For
the dodecyl/tetradodcyl amine of 2,4-D, toxicity to fathead minnows
was 4 times as great at pH 8.5 than at 6»5 (96-hour LC5Q =2.4 ppm at
pH 8.5; 8.4 ppm at pH 6.5). Several formulations, such as the butyl
ester and the propylene glycol butyl ether ester, had reduced fish
toxicities when the test solutions were aged prior to testing.
Finally, for several 2,4-D formulations, the actual age of the fish
at testing affected toxicity levels for the formulation. In general,
fry and fingerlings were more sensitive than eggs for rainbow trout
tested with dodecyl/tetradodecyl amine salts and for fathead minnows
tested with the dimethylamine.
For amphibians, studies have been conducted on the toxic effects
of 2,4-D amine on frog and toad tadpoles indicating only slight
toxicity, with 96-hour TL5o's of 200 ppm or greater for three species
of 1 to 2-week old tadpoles (Johnson 1976). Older tadpoles (4-weeks)
of the one species tested at that age (Adelotus brevis) were more
resistant than younger individuals, indicating an increased
resistance to 2,4-D amine with age.
2,3

Birds

The toxicity of various formulations of 2,4-D to birds has been
studied by dietary and oral studies, egg injection bioassays, and by
means of solutions sprayed onto eggs. These studies, summarized in
Appendix C, indicate that 2,4-D and it formulations have low toxicity
to birds.
In general, dietary studies indicated a low toxicity to birds
for formulations such as 2,4-D technical, acid, and amine as reported
in the literature. Reported acute oral LD5Q'S range from 472 mg/kg
body weight for 2,4-0 (technical) administered by capsule to 3 to
4 month old male pheasants, to »2,025 mg/kg body weight, for 2,4-D
sodium salt administered by capsule to 3 to 5 month old male and
female mallards (Tucker and Crabtree 1975). Subchronic oral
toxicities range from reduced weight gains in chickens fed 10 daily
doses of 100 mg propylene glycol butyl ether ester (Palmer and
Radeleff 1969) to LC5o's >5,000 ppm for the butoxyethanol ester or
the dimethylamine salt of 2,4-0 fed to bobwhites, Japanese quail,
ring-necked pheasants, or mallards, or for 2,4-D acetamine fed to
Japanese quail (Hill et al. 1975)*

Injection of 2,4-D (specific formulation not given) in an
acetone carrier into fertile chicken eggs to give concentrations of
10 to 300 ppm resulted in reduced hatch (71 percent of controls) at a
concentration of 100 ppm 2,4-D (Dunachie and Fletcher 1970). Aqueous
solutions of 2,4-D amlne, the propylene glycol butyl ether ester of
2,4-D, or the isooctyl ether ester of 2,4-D, sprayed at various
concentrations on eggs of chickens and pheasants^ caused no adverse
effects. The endpoints examined Included deaths during early or late
Incubation, failed pipping of shell, failure of hatching, and
abnormal weight gain or mortality rate of successfully hatched
offspring (Somers et al. 1973, 197tía,b| Kopischke 1972).
2.4

Mammaj^s

2,4-D is a widely used herbicide that has been intensively
studied. The potential health hazards from acute and chronic exposure
to 2,4-D have been evaluated in laboratory mammals including rats,
mice, rabbits, guinea pigs, dogs, and sheep. Limited data relating
effects of human and wild animal exposures are also available* The
results of toxicity tests in mammals and the effects of exposure in
humans are summarized in Table 2-1 and Appendix D*
Based on acute and chronic toxicity studies, 2,4-D is mildly
toxic causing gastrointestinal disturbances, weight loss, muscle
weakness, and incoordination. Some formulations cause mild eye,
skin, and respiratory irritation. There are no conclusive data
demonstrating the carcinogenlcity of 2,4-D* There is, however,
evidence that 2,4-D is potentially teratogenic. Several studies in
laboratory animals also have disclosed embryotoxic and fetotoxlc
properties of 2,4-D.
The phenoxy herbicides 2^4-D and 2,4,5-T (2^4,5-trichlorophenoxy
acetic acid) have been combined in some herbicide mixtures* A unique
contaminant of 2,4,5-1 is TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxln)•
The toxic effects of TCDD, namely chloracne and fetal malformations,
have attracted considerable public and scientific attention. It
should be emphasized that the mammalian toxicology discussed in this
report is for 2,4-D and that the 2,4^D formulations do not contain
TCDD,
2,4-D has been used for nearly 40 years. A review of early
toxicity studies follows. In the first report in 1946 on the effects
of 2,4-D in small animals, a single injection of 150 to 250 mg/kg
caused muscle spasms in rats, mice, rabbits, and dogs. Repeated
injections of 50 to 100 mg/kg for 90 days in mice did not cause
muscle spasms. Mice treated with 2 5 4^0 became pregnant and bore
normal litters (Bûcher 1946). In 1947, Hill and Carlisle published
acute oral LD5ü'S (Included in Table 2-1) for various preparations of
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2j4-D in small animals. They observed death at highest doses and
nausea5 vomiting, lethargy, muscle incoordination, paralysis, and
stiffness at other doses. All species appeared to respond similarly
and the potency between pure and crude preparations, or between
sodium and anamonium salts, did not differ significantly (Hill and
Carlisle 1947),
Early subchronic toxicity studies using the intravenous,
inhalationj and dietary routes of 2,4-D exposure in small animals
revealed little evidence of adverse toxic effects (Hill and Carlisle
1947 in Rowe and Hymas 1954)* In contrast, early chronic toxicity
studies with 2,4-D in rats produced visceral congestion^ kidney
edema, and kidney tubule degenerative changes. Chronic exposure in
dogs resulted in liver damage, degeneration, and congestion (Hill and
Carlisle 1947 in Rowe and Hyroas 1954), Details of other mammalian
toxicity studies spanning nearly four decades are reviewed in
Section 2,4.1 through 2.4.6 below«
2,4.1

Acute Toxicity

Acute toxicity data for oral, skin, eye and inhalation exposure
are summarized in Table 2-1,
2,4,1,1 Oral. 2,4-D is moderately toxic. The acute oral
LD3Q*s for mice, rats, guinea pigs, rabbits, and mule deer fall in
the range of 300 to 1,000 mg/kg* Dogs are more susceptible, with an
acute oral LD^Q of 100 mg/kg. The 2,4-D acid is usually formulated
using salts or esters. Dosages in Appendix D are based on the 2,4-0
acid content of the formulations. In general, the salts and esters
of 2^4-0 have approximately the same toxicity as the 2,4-D acid in
mammals. Note that the solvent used for oral toxicity testing can
greatly influence the toxicity, giving rise in part to the range of
LD3Q'S.
For example, the range of LD5o's for the butyl ester of
2,4-D in water is 920 to 1,500 mg/kg and in diesel fuel is 300 to
400 mg/kg (Appendix D)* Adverse effects observed in acute toxicity
studies include excessive thirst, loss of appetite, loss of weight,
depression, roughness of coat, tremors, muscular weakness particularly
in posterior quarters, rapid breathing, and salivation (Tucker and
Crabtree 1970; Gehring and Betso 1978; and Rowe and Hymas 1954).
Post-mortem findings include irritation to the stomach, mild liver
and kidney injury, and occasional lung congestion. Muscle spasms and
incoordination have been observed following 2,4-D administration
under the skin, into the abdominal cavity (e.g. 100 to 250 mg/kg
dosage), or intravenously into the blood stream (e.g. 2 mg dosage)
(Eyzaguirre et al. 1948 in Mullison 1981).
Approximately 20 cases of 2,4-D toxicity in humans have been
reported (U.S. Department of Energy 1983). Toxic signs have resulted
from accidental or deliberate ingestion. In an extreme case, an
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individual committed suicide by swallowing a 2,4-D formulation. In
humans, 2,4-D ingestion or skin exposure can cause irritation to the
gastrointestinal tract, chest pain, and muscle twitching (Mullison
1981). àri 80 mg/kg dose of the dimethylamine salt of 2,4-D caused
congestion in all organs, degenerative nerve cells, and death. In
another isolated case reported for humans, accidental swallowing of
weed killer containing a dosage of 110 mg/kg of the isooctyl ester of
2,4-D caused muscle twitching and paralysis, although the individual
recovered in 24 hours (Mullison 1981). In summary, ingestion of
large doses of 2 3 4-D induces the clinical triad of gastroenteritis,
skeletal and cardiac myotonla, and central nervous system
depression. The same symptoms are observed in man and experimental
animals.
2.4.1.2 Dermal, administration of various salts and esters
of 2,4-D (Table 2-1) result in low acute and subchronic dermal
toxicities, with LD5o's from 1,400 to 3,980 mg/kg. Formulations
diluted with oil are more likely to cause local inflammatory skin
reactions than formulations diluted with water| however the oil
itself can be a skin irritant. No adverse systemic effects, such as
blood or clinical abnormalities, or adverse neuropathology, are
observed following application of 2,4-0 formulations to the skin
(Mullison 1981). In humans, excessive contact causes skin
irritation, tingling of extremities, nausea and vomiting, and muscle
aches and loss of function (Mullison 1981 and U.S. Department of
Energy 1983).
2.4.1.3 E£^_^r^ta^^n. The 2,4-D acid as a dry powder is
slightly irritating to the conjunctival membranes of the eye. The
salt and ester formulations and concentrated solutions of 2,4-D can
cause appreciably more eye irritation and potential eye injury
(Gehring and Betso 1978 and Rowe 1952 in Mullison 1981). Eye'irritation or eye injury are caused by three commonly used 2,4-D formulations available commercially, DMá5^4, Formula 40^', and Esteron 99®l
2.4.1.4 Inhalation. 2,4-D is slightly toxic by inhalation
exposure, Tifo Threshold Limit Values (TLV) have been set by the
American Conference of Governmental Industrial Hygienists for workers.
The airborne TLV is 10 mg/m^. This is a time weighted average for
an 8 hour workday or 40 hour workweek for repeated exposure without
adverse effects. The TLV short-term exposure limit is 20 mg/m^.
This is the maximum allowable dose in a 15 minute continuous exposure
period. Only four such exposures separated by at least one hour are
allowed daily (TLVs 1983). In humans, prolonged breathing of 2,4-D
spray causes coughing, burning, dizziness, and temporary loss of
muscle coordination (Mullison 1981).
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2*4.2

Subchronlc Toxícity

Repetitive daily oral dosing of dogs with 20 mg/kg, cattle with
50 mg/kgs and sheep with 100 mg/kg for periods of 10 to 481 days
cause no adverse effects. The effects of an amine salt and an ester
of 2,4~D were examined in these subchronic studies. Toxic effects
observed at higher doses than designated above include loss of
appetite5 loss of weighty muscular weakness, and gastrointestinal
disturbances (Mullison 1981).
Several subchronic toxicity studies have been reported in rats*
In rats fed 5 to 500 mg/kg/day for periods up to 113 days, the no
observed effect level (NOEL) was 15 mg/kg/day. Depressed growth,
excessive mortality, and increased liver weight occurred with 50
mg/kg 2j4-D in the diet. Doses at 150 mg/kg and above were not
tolerated, (Rowe and Hymas 1954 in Mullison 1981). In contrast. Hill
and Carlisle (1947 in U.S. Department of Energy 1983) reported no
adverse effects of doses up to 400 ppm in the diet for 30 days. At
500 ppm, death resulted from feeding the 2,4-D sodium salt, A third
rat study reviewed (U.S, Department of Energy 1983) showed no
detrimental effects from doses up to 1,000 ppm daily of the 2,4-D
amine salt in the diet for 10 months, Subchronic studies are
currently in progress to clarify the low but measurable toxicity of
2,4~D foimulations.
In humans, ingestion of B mg/kg/day for 3 weeks or 21 intravenous
(iv) injections of 800 to 960 mg over 32 days caused no adverse
effects. Injection of 3,600 mg (equivalent to 51,4 mg/kg/day caused
stupor, incoordination, weak reflexes, and urinary incontinence, all
of which returned to normal in 24 hours (Mullison 1981).
2*4e3

Chronic Toxicity

Chronic toxicity studies on various 2,4-D formulations are
described in chronic toxicity, carcinogeniclty and teratogenicity
sections of Table 2-1« Both the subcutaneous and oral routes of
exposure can cause adverse effects including renal gout, stomach
ulcers, anemia, and death» In two specific chronic toxicity studies,
rats fed up to 1,250 ppm 2,4-D and dogs fed up to 500 ppm 2,4~D for
2 years were normal clinically and had normal gross and microscopic
pathology. In another study, one male dog died at 10 months with no
apparent 2,4--D related effects (Hansen et al, 1971 in U,S, Department
of Energy 1983).
2.4*4

Carc^nogenicity

Based on long-term studies in rats, mice, and dogs with several
formulations, 2,4-D is a suspect carcinogen; however, there are no
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conclusive data demonstrating the carcinogenlcity of 2,4"'D (International Agency for Research on Cancer 1977j Mullison 1981| and
Minnesota Department of Health, 1978), In one study, rats were fed 0
to 1^250 ppm for 2 years and dogs fed 0 to 500 ppm for 2 years* Only
at the highest dose provided male rats was there a significant
increase in the total number of animals with malignant tumors. This
increase was not significant for any particular tissue. In females,
a dose-related increase In both malignant and benign tumors was
observed. Because no single dose of 2,4-D in either male or female
rats caused a significant Increase in a specific tumor type in a
specific tissue, no carcinogenlcity was originally reported in this
rat study. However, a re-evaluation of this study by Dr. Reuber^ an
independent pathologist, revealed unreported neoplasms. His
conclusion was that the tumors were in fact organ specific and that
2,4-D is carcinogenic in rats (Halts 1980 in Lommen 1980). This
re-evaluation provides an interpretation of one study that suggests
2^4-0 causes cancer in rats; however, this is Dr. Reuber's
interpretation and it is not in accord with the conclusions of the
original researchers.
In another chronic toxicity study described in Appendix D^ mice
were given a single subcutaneous injection of 2,4-D and observed
until 78 weeks old (International Agency for Research on Cancer
1977)* In female mice given 2,4-D isooctyl ester, 5 of 17 developed
significantly increased (p^O.Ol) reticulum-cell sarcomas (National
Technical Information Service 1968 in Minnesota Department of Health
1978). Dermal application to mice of the amine salt of 2^4-0 was not
carcinogenic* In other studies in mice, the 2,4-D acid and the
isopropyl, n-butyl^ and isooctyl esters of 254-D were given by
stomach tube for 3 weeks and then fed in the diet until terminal
sacrifice at 18 months. Both sexes of two mouse strains tested
according to this protocal developed no carcinogenic responses to
the acid and ester forms of 2,4-'D (International Agency for Research
on Cancer 1977 and Mullision, 1981). Although no statistically
significant increase in tumor incidence of any type in either sex
appeared^ these studies were declared inadequate. The time span of
only 18 months and the group sizes of only 18 mice per group were
considered to be an inadequate experimental design in order to allow
reliable detection of carcinogenesis even at high doses (Lommen 1980)«
The last carcinogenlcity study in Appendix D was a 2 year feeding
study in dogs« The dogs were fed 0 to 500 ppm 2^4-0 acid in their
diet and developed n.o evidence of carcinogenlcity. The inability to
demonstrate carcinogenlcity may have been due to at least two major
experimental flaws. Specifically, the experimental duration was too
short and there were too few animals to adequately evaluate the
carcinogenlcity.
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In summary 3 all of the above carcinogenicity data on 2,4-0 has
been reviewed by the International Agency for Research on Cancer
(lARC), The lARC have concluded that the existing data in animals
had limitations due either to Inadequate reporting or to the small
number of animals tested* Although increased tumor incidences were
observed in rats treated orally with 2s4-D and in mice treated by
subcutaneous injection with the isoctyl ester of 2s4-D, no evaluation
of the carcinogenicity of this compound could be made (International
Agency for Research on Cancer^ 1977)*
2,4.5

Reproductive and Teratogenic Effects

Studies on sheep^ rats5 and hamsters, described in Table 2-1,
indicate 2j4-D causes few teratogenic or adverse reproductive effects.
Subtle reproductive effects such as decreased birth weighty decreased
litter size, or decreased fertility often occur in dosage ranges that
cause adult (maternal) toxicity. It is possible that part of the
teratogenic potential attributed to 2,4-D may be due to as yet
unidentified impurities (Khera and McKinley 1972).
Administration of 40 mg/kg 2^4-D to sheep resulted in no birth
defects and no histopathological lesions in lambs• In two Russian
studies5 no teratogenic effects were induced* However^ administration
of 188 mg/kg 2,4-D during pregnancy caused decreased body weighty
increased intrauterine death rate, enlarged fetal brain cavity^ and
bleeding in the fetal abdominal cavity (Aleksashina et al, 1973 in
Mullison 1981). The study that provides some evidence for the
teratogenic potential for the 2^4-D acid^ dimethylamine salt 5 and
three ester derivatives was conducted in rats (Khera and McKinley
1972), Doses of 0 to 150 mg/kg of each derivative were administered
on days 6 through 15 of pregnancy. The animals were sacrificed on
day 22^ and the viable fetuses were subsequently examined. The acid
and 2^4-D derivatives at high doses (e.g, 100 to 150 mg/kg) caused
decreased litter size^ decreased fetal weighty and decreased survival
of newborne. In addition5 all forms of 2^4-0 increased the number of
skeletal malformations. These included wavy ribs^ extra ribs,
delayed ossificationj and sternum abnormalities. In another study,
the 2j4-D acids dimethylamine salt^ and several esters were
administered in doses up to 500 mg/kg on days 6 through 15 of
pregnancy. The observed effects included fetotoxicityj such as
decreased litter size3 and decreased newborne survival. At higher
doses^ an increased number of skeletal anomalies occurred, but Z^A-D
and its formulations induced no true teratogenic effect.
One of the early studies to evaluate reproductive effects was
done with the 2^4-=D amine in pregnant sows (Bjorklund and Ernz
1966). The amine was fed at 500 ppm through pregnancy, then
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continued in the food of surviving offspring from 2 months of age.
During a protracted parturition, one mummified fetus and 15 piglets
ranging from 380 to 1^090 g were born. The piglets were anemic,
underdeveloped, apathetic^ and would not suck^ Ten piglets (2 males
and 8 females) died during the first day. Histopathology revealed
embryonic hematopoietic foci in the livers. The surviving 5 piglets^
placed on 500 ppm diets from 2 months of age until they were 8 months
of age5 developed retarded growth^ locomotor disturbances, fissures
and ulcérations of hoofs^ depressed hematocrit and hemoglobin values,
elevated GOT^ and reduced albumins globulin ratios. Six weeks after
parturition^ the sow developed hind leg lameness^ could not rise, and
was killed^ Only disc degeneration and abnormalities of the spine
were observed. All offspring were sacrificed at 7 to 8 months of
age. The organ weights were normal• Multiple disc degenerations
were observed. Microscopic pathology revealed kidney tubule
dilationj slight degeneration of epithelial cells and parenchyma, and
multiple sclerotic foci in spinal cord (in one animal).
Based on the studies in mammals described above^ the threshold
dose below which no teratogenic response is observed is very high and
is expected to be considerably above any potential environmental
exposure. Therefore^ the levels of 2,4-D used in forestry management
are not likely to cause teratogenic responses in humans.
2*4.6

Epidemiology and Human Exposure

Human exposures to 2^4-0 do not appear, based on available
evidence, to produce carcinogenic or reproductive effects,
Epidemiological studies provide the best available sources of
information for evaluating health hazards resulting from human
exposure to 2,4-D. The effects of isolated exposure to 2,4-D
alone are difficult to ascertain because people are exposed to many
chemicals over a lifetime and some of these^ other than the 2j4-='D
in question, may be the agent responsible for an adverse effects
An example of an erroneously interpreted epidemiological study^
was conducted in Sweden. A two-fold excess of cancer was reported in
Swedish railroad workers exposed to different herbicides compared
with the national average (Axelson and Sundell 1970). Evaluation of
the data was difficult because of the small number of workers and the
concurrent exposure to 2j4-D, amitrole, and 2,4j5^T. The excess
cancer may have been due either to exposure to amitrol or to
2g3s7,8-tetrachlorodibenzo-para-dioxin, a known carcinogen and
contaminant of 2,4s5-T (Axelson and Sundell 1974 in Lommen 1980 and
International Agency for Research on Cancer 1977) rather than to
2,4-D.
In other epidemiological studies^ no relationship between
2s4-D exposure and spontaneous abortions (miscarriages) was evident
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(Carmelli et al. 1981 in U.S. Department of Energy 1983). These
studies were conducted in Washington and Oregon where 2$4-0 is
extensively used in forests and farmlands.
Several reports of toxic effects experienced by workers in 2,4-D
manufacturing plants or in agricultural use (e.g. aerial spraying)
are described in Appendix D. The workers were exposed to salts,
amines^ and esters of 254-D for periods from 0.5 to 22 years.
Symptoms that developed included weakness, fatigue^ headache,
dizziness, loss of appetite, nausea, eye irritation, nasopharyngeal
irritation, burning sensation of the skin, hypertension, and
bradycardia. All symptoms disappeared within days. In one report,
long exposure caused liver dysfunction (Bashirov 1969 in Minnesota
Department of Health 1978). No adverse clinical effects or
chromosomal abnormalities were observed in humans exposed to 2,4-0
formulations. The major shortcoming of these human exposure reports
is that only cross-sectional data are available. Exposed populations
were observed once and occasionally twice. Longitudinal studies,
whereby the same exposed individuals are observed at regular
intervals over long periods of time, have not been made. Although
there is no evidence for 2,4--D carcinogenicity in humans, there are
reports that adverse health effects can be produced in humans by
acute and chronic exposure to 2,4-0.
2.5

Mutagenicity

The mutagenicity of 2,4-0 has been reviewed extensively (Hayes
1982; Mullison 1981; Lommen 1981; Mnnesota Department of Health
1978; Seller 1978; Dost 1978; International Agency for Research on
Cancer 1977; and Fahrig 1974). These sources and a number of the
original articles which were cited in them were used in this report.
Generally, 2,4-0 has been found to be nonmutagenic in most of
the microbial systems investigated. For example, 2,4-0 was not
mutagenic in histidine-dependent Salmonella typhimurium mutant
strains TA1535, TA1536, TA1537, TA1538, TA98, and TAIOO, even when
some of the tests were performed in the presence of metabolic
activation (Anderson et al. 1972; Shirasu 1975; Shirasu et al. 1976;
Zetterberg et al. 1977; and Simmon 1979). When tested in a back
mutation assay, 2,4-0 was not mutagenic to Serratia marcescens
(Fahrig 1974). Similarly, 2,4-0 was not mutagenic to various strains
^^ Escherichla coll, either in reverse mutation (Shirasu 1975;
Shirasu et al. 1976; and Simmon 1979) or forward mutation assays
(Fahrig 1974). However, in a relative toxicity assay with E. coli.
2,4--0 was more toxic to the DNA repair-deficient strain (p3478) than
to the DNA repairs-proficient strain (W3110). This occurred only at
the highest of the concentrations tested (the range was 0.01 to
5 mg/disc). Similarly, in the Rec assay, which gives an indication
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of repairable DNA damage, 2^4^-0 was not more toxic to the DNA
repair-deficient strain of Bacillus gubtllis M45 (P^ec") than to
strain H17 (Rec*^), suggesting that the compound does not damage
DNA (Shirasu 1975 and Shirasu et al, 1976). However, in subsequent
tests by Simmon (1979), 2,4"-'D was relatively more toxic to the DNA
repair-deficient strain, but only at the highest concentration tested
(5 mg/disc; concentrations ranged from 0.01 to 5 mg/disc).
In the yeast, Saccharomyces cerevisiaey strain D4 gene conversion
was increased by concentrations of 2,4-D above 400 ppm. Mitotic
recombination in £. cerevisiae strain D5 was also increased by 2,4-D
at 300 ppm (Siebert and Lemperle 1974; Zetterberg et al. 1977j cited
in International Agency for Research on Cancer 1977). £. cergvlsla^
RAD18 (a histldine-dependent haploid strain) was reverted to histidine
independence at levels of 150 ppm 2,4-D and above (Zetterberg 1978),
Both mutagenlc and toxic effects in S^. cerevj.slae were dependent on
low pH (4.5 and 4.3 tested). In £. typhlmurlum, although toxlcity to
the bacteria was pH dependent, 2,4-D was nonmutagenic in strains
TA1535 and TA1538 even when tested at concentrations of 30 to 80 ppm
at pH 4.3 (Zetterberg et al, 1978).
2,4--D did not induce forward mutations in bacterlophage to
E. coli or revert E. colj^ bacterlophage mutants to the wild T^
phenotype (Mderson et al, 1972)* Das and Singh (1978) observed no
increase in morphological mutants when clonal populations of several
blue-green algae were treated with 100 to 1,000 ppm 2,4-D*
In host-mediated assays with £. cerevlsiae^ strain D4 or with
£• typhimurium strains TA1530 or TA1531, as indicator cells, no
mutagenlc effects were observed when adult mice were given 6 mg 2,4-D
(200 mg/kg body weight) by gavage and microorganisms recovered from
the peritoneal cavity were examined (Zetterberg et al. 1977). Serum
from rats treated orally with 2,4-D was not mutagenlc when tested
in vitro with S. typhlmurium (Styles 1973).
The feeding of adult male Drosophila melanogaster fruit flies
4.5 or 9,0 mM 2,4-D in sucrose did not increase the frequency of
recessive lethals (¥ogel and Chandler 1974)• In another study
(Magnussen et al* 1977), a slight increase in recessive lethals was
reported when larvae were fed corn agar containing 1,000 ppm 2,4-D,
Larvae of genetically stable and unstable strains of D. melanogaster
were treated with 25 ppm 2j4"-D. No mutagenic effect was seen with
the stable strain. A si^ifleant increase (p< 0,001) was seen in the
frequency of somatic mutations (pigmented sectors for eye color) in
males of the unstable strain in which spontaneous mutations occur
(Rasmuson and Svahlin 1978).
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Embryonic bovine kidney cells (EBK) and bovine peripheral cells
(BPB) were exposed in vitro to concentrations of 1 to 1,000 ppm 2,4-D
for 6 to 9 hours resulting in the stimulation of mitosis* No chromosomal aberrations were detected in the PBB cells^ but nucleolar
abnormalities and polyploid mitotlc stages were observed in the EBK
cells (Bongso and Basrur 1973).
Fahrig (1974) reported that human lymphocytes exposed in vitro
to 254-D showed no increase in chromosomal aberrations. In contrast,
an increase in chromosomal aberrations was observed at all but the
lowest concentrations to which human lymphocytes were exposed (range
of concentrations was 0.002 to 50 ppm) in another study (Pilinskaya
et al. 1974 in Hayes 1982). Korte and Jalal (1982) exposed cultures
of human lymphocytes to concentrations of 254-D ranging from 0.2 to
60 ppm for 20 hours. Although statistically insignificant increases
in chromosome aberrations (deletions and gaps) were observed at low
concentrations s significant increases occurred at concentrations of
50 and 60 ppm^ indicating that at these or higher levels, 2,4-D may
be a potential mutagen to human cells in culture*
In mice, toxic concentrations (100 to 300 mg/kg body weight)
administered orally as a single dose significantly increased the
frequency of aberrant metaphases two to four-fold. Single fragments
were the primary aberration observed (Pilinskaya et al* 1974 in
International Agency for Research on Cancer 1977)^ The oral
administration of 2^4-0 to rats did not induce chromosomal
aberrations in their bone marrow cells (Styles 1973).
The intraperitoneal administration of 100 mg 2,4-D per kg body
weight to mice did not increase the number of micronuclel in the
erythrocytes of the bone marrow (Jenssen and Renberg 1976),
In an assay for detecting unscheduled DNA synthesis (UDS) human
embryonic lung cells of the WI-38 strain were exposed to 2,4-D at
concentrations of 0.1 to 100 ppm in the presence and absence of a
metabolic activation system. There was no evidence for the induction
of UDS, indicating that 2,4"-D did not interact with DNA and that no
DNA damage-repair took place in these cells (Simmon 1979).
Similarly, cultured rat hepatocytes showed no evidence of UDS after
exposure to 2,4-D (Probst and Hill 1981 and Probst et al. 1981).
Earlier, Balo-Banga et al. (1973) showed that DNA-^repair synthesis
induced by either gamma rays or ultraviolet light was inhibited when
irradiated cells were subsequently treated with 10°°^ and 5 x 10""^M
2,4-D.
When given as a single intraperitoneal injection of 125 mg
2,4"-D per kg body weight, or when given orally on 5 successive days
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for a total dose of 75 mg/kg body weight, 2,4-D did not increase
dominant lethal mutations in mice (Epstein et al. 1972).
Studies in higher plants (Seller 1978), in most cases, show no
mutagenic activity of 2,4-D* However, chromosomal anomalies have
been observed in a number of cultivated plants and weeds (Mohandas
and Grant 1972; Amer and Mi 1974; and Kialatkar and Bhargava 1982),
as well as in plant cells cultured in vitro (Singh and Harvey 1975a,b
and Ronchi et al. 1976), Some of these effects may be the result of
general toxicity due to the herbicidal and auxin-=like action of
234-D. Owing to the complex physiological activities of 2,4-D on
plant cells, the significance for animals and man is not clear.
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3.0

Environmental Fate

2^4--D and its formulations are effective systemic herbicides
used to control broadleaf weeds in cereal crops5 sugarcane, turf, and
pastures as well as in noncrop situations (Weed Science Society of
America 1983). Formulations of 2,4-D tend to be toxic to broadleaf
nontarget plant species, with the highly volatile esters particularly
prone to causing toxic effects in crops close to application sites if
care is not taken. In addition to its herbicidal properties^ 2^4-»D
acts as a plant growth regulator. At low application rates, it can
be used to induce rooting and blossom set, to control ripening of
bananas and citrus fruits, and to delay dropping of some fruits until
harvest (Weed Science Society of America 1983). Persistence of 2^4-0
is relatively short in most soils and is moderate in water (Mullison
1981; Ghassemi et al, 1981; Weed Science Society of America 1983; and
Ashton 1982)* It has a highly variable toxicity to fish and aquatic
invertebrates depending upon formulation, environmental parameters^
and species s and has a generally low to moderate toxicity to most
other animal species.
Formulations of Z^A-D are absorbed by both plant roots and
foliage and are translocated up and down the plant stem. The major
sites for 2^¿^-B accumulation are in meristematic tissues. 2,4-D is
readily metabolized in plants by a variety of metabolic pathways
(Weed Science Society of America 1983 and Ghassemi et al. 1981). In
animals5 2^^-D tends to be readily excreted in the urine and does not
bioaccumulate (Hayes 1982),
3.1

Bioaccumulation and Metabolism

Bioaccumulation and metabolism of 2|4-D in animals^ plants, and
microorganisms are extensively reviewed in Loos (1975) and in
Ghassemi et al. (1981), Mullison (1982) has reviewed the physiology
of 254-D in plants, and a number of studies reviewed in Section
3.1.2, along with Hayes (1982), examine the bioaccumulation and
metabolism of 2,4-D in animals*
3.1.1

Plants

Since its introduction as a herbicide in the mid-1940's^ the
physiology and toxicity of 2,4-D, along with other phenoxy herbicides,
has been studied extensively. Loos (1975) has reviewed in detail the
behavior of 2g4-D and other phenoxy herbicides in plants. Discussion
of 2,4^D bioaccumulation and metabolism in this section will briefly
consider uptake^ translocation^ mode of actioUj metabolism,
persistence, and residues with examples drawn primarily from the
recent literature«
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uptake of 2^A-B by plants occurs through leaves^ sterns^ and
roots. Of particular concern in foliar applications of herbicides,
including 2,4-D, is the problem of penetrating the cuticular surface
of the leaf. The cuticle is composed of waxes and cutin and is more
rapidly penetrated by 2s4-D formulations with high lipid solubility^
such as the ester formulations and the free-acid form of 2^^-^^ than
by salt formulations derived from strong bases^ such as the potassium
and sodium salts of 2,4-D. Absorption into green stems is similar to
foliar absorptions but bark covering of stems is an added barrier to
penetration by aqueous solutions* Basal sprays of Z^A-B^ therefore^
are usually mixed with an oil carrier, such as diesel oil, to enhance
penetration. Aqueous solutions can^ however, be applied directly to
the sap-wood through a cut in the bark, as by a "hack-and-squirt"
application. Root-applied 2,4-0 formulations, including salt formulations, are readily absorbed by plants (Loos 1975), Mayeux and Scifres
(1980) studied foliar uptake of 2s4-D and reported that leaves of
Drummond's goldenweed absorbed 50 percent of available 25 4-D
(dimethylamlne) within 5 days of application at a rate equivalent to
2 lb/acre (2.2 kg/ha) in July and November• Detached leaves of
goldenweed absorbed significantly more 2,4-D (potassium salt) 2^ 4^
and 6 hours after application when the carrier contained 0*5 percent
(volume) of a commercial surfactant than when the carrier was pure
water.
Translocation of 2,4-D, once absorbed in the plant, depends
on a variety of factors including the point of entry into the plant,
environmental conditions such as moisture and temperature, and the
physiological status of the plant. In general, foliar-applied 2^4-0
translocates readily and is carried with assimilated material (such
as the material from photosynthesizing leaves) to growth sites in
roots, shoots, flowers, and fruits. Foliar^applied 2,4^D in
dark-grown plants is not translocated until sugar is available for
transport in the phloem. Translocation is strongly affected by soil
moisture and atmospheric humidity^ with low soil moisture resulting
in reduced translocation from leaves to roots and high atmospheric
humidity stimulating downward translocation of 2,4-D. Increased
temperature in the 68 to Sö'T (20 to 30^C) range results in increased
rates of translocation of 2^4-D. Translocation upward by root-applied
2,4-D is restricted and takes place primarily in the transpiration
stream of xylem (Loos 1975). Studies with small aspen plants (Populus
trémula, approximately 1 foot high) ^ however, Indicated that trans-location of foliar-applied 2,4-D occurred mainly upward to the growing
shoot tip. Very little additional herbicide ended up in the roots
when Injected via cut stems (Eliasson and Hallmen 1973). These data
indicated a ready transfer of 2,4-0 from phloem to xylem in the plant.
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The herbicidal activity of 2,4-D is due to its interference with
normal plant growth processes. It does so by acting like the normal
plant growth hormones, called auxins. Normally in the plant, the
concentration and distribution of auxins is precisely controlled by
synthesis and degradation reactions^ resulting in control of the
growth and development of the plant• The absorption of 2,4-D
disturbs this delicate balance by altering the normal distribution of
growth-regulating substances.
In addition to acting physiologically like the natural auxins in
plants, 2,4-D tends to persist in the plant tissues for a longer
period than the natural hormone (Loos 1975 and Mullison 1982),
Various physical manifestations of altered growth responses due to
2^^-D in plants have been observed, includingî a downward-bending of
plant parts due to more rapid growth of dorsal tissues; abnormal
twisting and bending of stems; swelling and splitting of stems;
altered leaf growth resulting in fo:mation of fringes or altered
patterns of vein formation; lack of proper expansion of young leaves;
lack of normal root elongation; cessation of apical growth; and
induction of secondary roots (Mullison 1982), Physiological effects
of 2^4-D Include inhibition of photosynthesis3 RNA synthesis, protein
synthesis, and lipid synthesis, as well as changes in carbohydrate
metabolism and interference with various enzyme systems (Mullison
1982 and Ashton et al. 1977). Hanson and Slife (1969) proposed that
the immediate cause of plant death due to auxin-like herbicides such
as 254-D is dysfunction of leaf and root tissue due to abnormal
growth, which in turn appears to be due to abnormal metabolism of
nucleic acids.
Plants metabolize 2,4-D readily by a variety of pathways to
various degradation products. These pathways and processes are
discussed in detail in Loos (1975). Such metabolic pathways include
degradation of side chains, metabolism of 2^^-B to unidentified
compounds by lengthening of side chains in a manner similar to fatty
acid synthesis, hydroxylation of the ring structure to form a
hydroxyphenoxyacetic acid, formation of conjugates with normal plant
constituents such as formation of a glucose ester of 2,4-D, cleavage
of the 2,4-D ring structure, and formation of various unidentified
metabolites. Studies by Mumma and Hamilton (1979 in Mullison 1982)
indicate that 2,4^D resistant plants, such as corn, can convert 2,4-D
into an inactive, and thus nontoxic, carbohydrate conjugate. In 2^4-0
susceptible plants, however, 2,4-D is converted into amino acid
conjugates which interfere with normal nucleic acid metabolism and
protein synthesis. Based on studies with root-applied l^C-labeled
2,4-D (sodium salt), Hallmen (1975) found that 2,4-D was converted
into complexed forms in tolerant species, but very little complexing
of 2,4-D resulted in intolerant species* Derivatives of 2,4-D, such
as esters, appear not to function as plant growth regulators until
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they are first converted to an active acid form (Loos 1975), This
conversion occurs rapidly/, with most esters converted to the acid
form within approximately half an hour (Selfres 1977).
Several studies have addressed the persistence of 2,4-D residues
following application to various types of vegetation in both
laboratory and field situations. Table 3-1 summarizes some of these
studies* In addition. Norris (1981) discusses the persistence of
2,4-D in forest vegetation following application. Residues of 2,4-D
are generally relatively nonpersistent in plants.
3.1*2

Animals

Various reviews of animal metabolism and bioaccumulation of
2j4-D and its formulations include Mulllson (1981), Loos (1975)^
Hayes (1982), Lommen (1980)^ and Minnesota Department of Health
(1978)• Appendix F summarizes the available literature on human
metabolism and bioaccumulation of 2^4-0 as well as the data on other
animal species from the recent literature. Bioaccumulation of 2,4~D
or its formulations is low and any material that is absorbed tends to
be rapidly eliminated, primarily via the kidney* For the most part,
254-D is not metabolized in animals, although the ester formulations
are usually hydrolyzed to an acid form. Some studies have indicated
the formation and excretion of metabolites of l^A-D in the form of
taurine conjugates in fish, or of other unidentified conjugates.
In general, 2j4-~D and its various formulations, except nonpolar
estersj are more soluble in water than they are in organic solvents
or lipids. As a consequence of this differential solubility, 2,4-D
does not tend to accumulate in the bodies of animals^ but rather is
carried in blood and interstitial fluid which comprise the aqueous
portions of the body, and in the gut and kidney during Ingestion and
excretion. Although animals that are exposed to 2,4-D will take up
some of the chemical, the bioaccumulation ratios (amount in tissue
compared to ambient levels) will be low and the small amounts
accumulated will be rapidly eliminated once exposure ceases (Norris
1981). Bluegllls exposed to 3 ppm butoxyethanol ester of 2,4-D for 8
days had a mean body concentration of< 0.05 ppm (Sigmon 1979b), while
the same species exposed to 2 ppm dimethylamine salt of 2,4-D for 7
days reached a whole body concentration 0.98 ppm (Sikka et al.
1977). Aquatic animals dosed with 2,4=-D or its formulations by
injection rapidly eliminated the injected material. Bluegills
injected intraperitoneally with radiolabelled dimethylamine salt of
2,4-D excreted 90 percent of the ^^C-labeled 2,4-D within 6 hours
(Sikka et al. 1977). Winter flounder, similarly injected with
radiolabelled 2 5 4^D acid, excreted almost 53 percent of the labeled
material within 6 hours, 10 percent of which was a conjugate of 2,4-D
and 90 percent of which was unchanged 2,4-D (Pritchard and James
1979). Dogfish sharks^ also injected with 2,4-D, rapidly excreted
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Table 3-1
Suiranary of Residue and Persistence Studies *fith 2,4-D

FoTTOulation

Residue Levels and
Time After Aoolication
ppm Residue

Days

References

Polyethylene glycol butyl
ether ester of 2,4-0

3 lb a.e. per acre la water.
Siawlated aerial applicatioa
im May. South California

Chaaiise

95
70
69
20
16
3.8

0
14
29
69
146
379

Plumb et al.
1977

Butoxy propyl ester
of 2>4-D

4 lb a.e. per acre in water.
Ground sprayer ia April and
May. South California

Chamise

221
60
35
22
12
0.1

0
30
60
90
180
360

Radosevich and
Winterlin 1977

Butoxy propyl ester
of 2.4-D

4 lb a.e. per acre in water.
Ground s-prayer in April and
Hay, South California

Grass and Forbs

269
21

0
30

Radose^ich and
WlnterltE 1977

2,4-D amiae

1 lb a.e, per acre in water.
Simulated aerial application
in June.

Grass

80
70
45
30
6
1

0
7
14
28
56
112

Morton et al.
1967

Butoxyethyl ester
of 2,4-1)

Rate notj, given» in diesel
oil. Glass house application. Sweden

Poplar

2300
2500
1800
1300
870

1
3
9
37
365

Eliasson 1973

"Ester" of 2,4-D

Ground.

Cowberry
Bilberry
Cowberry
Bilbery
Cowberry
Bilberry

34
29
35
29
35
29

Raatikainen et
al. 1979

0.22 lb per acre
0.67 lb per acre
2.0 lb per acre

Sweden
2,4-D (formulation aot
S|3ecified)

Ground,

0.22 lb per acre
0.67 lb per acre
2.0 lb per acre

Sweden

\

Plant

Application Data

Source:

Adapted with additional data from Morris 1981.

Bilberry

0.3
0.1
1.0
1.3
3,7
4.8
none detected
(<0.05)

1 year

Sutanen et al.
1981

the injected material, eliminating nearly 60 percent of the dose
within 24 hours* In the dogfish, however, 90 to 95 percent of the
excreted material was the taurine conjugate of 2,4-*D rather than the
acid form (James and Bend 1976 and Guarlno et al* 1971^ both in
Pritchard and James 1979). When 2,4-D was injected into the spiny
lobster, the half-life of 254-D in the lobster was 6 to 8 hours (Tuey
and James 1980 and James 1979).
Bioaccumulation studies of 2^h-^ and its formulations have been
conducted in mammals, Including humans, rodents, and domestic
livestock. Human studies have been based primarily on cases of
accidental or intentional injestion of 2^4-D or its formulations^
or on studies of 2^4-D uptake during application of 2 5 4^0. Ingested
2^4-D was eliminated in the urine by human subjects, with a half-life
of 17.7 hours (Sauerhoff et al. 1976) and with 75 percent of the
total dose excreted within 96 hours (Kohll et al, 1974) during
controlled laboratory studies. In the first study (Sauerhoff et al,
1976), 12*8 percent of the excreted material was an unidentified
conjugate of 2,4--D, while no metabolites were detected in the latter
study (Kohli et al, 1974). Based on urinalyses of aerial application
crews applying the propylene glycol butyl ether ester of 2s4-D in a
forest situation at a rate of 2 lb a*e,/acre and under controlled
conditions, Lavy et al. (1982) determined that total doses ranged
from nondetectable to 0.0557 mg/kg body weight for normal spray
procedures. For crews using protective gear and special precautions,
the levels ranged from nondetectable to 0.0237 mg/kg body weight* In
general, the highest doses were observed in those individuals working
most closely with the spray concentrate or handling spray equipment
such as the pilots, mechanics, and batchman-loaders^ as compared to
supervisors and observers.
Lack of bioaccumulation and rapid urinary excretion of 2^k-l^
has been confirmed in several nonhuman mammalian studies* Khanna
and Fang (1966 in Loos 1975 and in Hayes 1982) report 40 to 60 percent
elimination of 60 to 100 mg doses of 2^4-D within 24 hours in a rat.
In this study, dose appeared to influence excretion^ with a more
rapid proportional elimination of herbicide at the lower doses than
at the higher doses* Rates of blood plasma clearance were greatest
for butyl esters^ followed by the isooctyl ester and the 2,4-D acid
in mice given subcutaneous injections at a rate of 100 mg/kg body
weight (Zlelinski and Fishbein 1967 in International Agency for
Research on Cancer 1977).
Finally^ various studies have shown that residues of 2,4-D in
humans and animals are low following exposure to 2,4-D and are
virtually nonexistent in terms of background levels. Following
treatment of irrigation canal banks with 4 lb a.e,/acre of the
dodecyl-tetradecyl amine and dimethylamine salts of 2j4-D, Schultz
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and Whitney (1974) found only 0.30 and 0.675 ppm 2j4-D in breast
muscle and liver tissue^ respectivelyj 1 day later in the Common
Florida gallinule. No detectable residues were found 4 days after
spray* In the same study, these authors report that of 60 fish
samples taken along the canal, 3 had residue levels greater than
0.01 ppm^ 16 had detectable residue levels less than 0,01 ppm^ and
the rest had no detectable residue levels. Cows and sheep^ fed up to
2^000 ppm 254-D in their diet for 28 days, had average residue levels
of less than 1.0 ppm in muscle^ fat^ and liver (Clark et al. 1975 in
Lommen 1980). The higher residues detected in kidney tissue in this
study were interpreted as a reflection of the excretion of 2,4-0 by
the kidney. Milk samples from cows allowed to graze on pastures
sprayed with 2,4-D (unspecified esters sprayed at an unspecified
rate) contained 2,4-D residues of 0.01 to 0.09 ppm during the first
2 days after spray with lower levels thereafter (Klingman et al. 1966
in Minnesota Department of Health 1978). Of 416 samples of human
urine from the general population, no samples tested positive for
2,4-0, with a few samples showing unquantifiable trace amounts
(Kutz et al. 1978).
3.2

Solls

The fate and transport of 2,4--D in soil has been reviewed by
several authors including Ghassemi et al. (1981) and Norris (1981).
Loos (1975) discusses in detail the effect of soil microorganisms on
2,4-D.
2,4-0 has a very low persistence (one month or less) in most
soils compared to other herbicides, providing only temporary
herbicidal effects (Ashton 1982). The acid and salt forms of 2,4-D
are highly water soluble, while the ester forms tend to be water
insoluble (Weed Science Society of America 1983). In general, 2,4-D
is relatively mobile in soil compared with other herbicides (Ghassemi
et al. 1981), although this mobility is strongly influenced by
various factors such as the water solubility of the specific
formulation and the organic content and pH of the soil. Microbial
activity is the major means for degradation of 2,4-D in soil, with
the most active breakdown occurring under conditions of warm moisture
and high organic content. Volatilization of 2,4-D depends upon a
number of factors including specific vapor pressure of the
formulation and specific field conditions. Most formulations used in
forestry applications are based on low-volatility forms of 2,4-D.
Photodegradation does not appear to play any significant role in the
loss of herbicidal activity in soil (Weed Science Society of America
1983; Ghassemi et al. 1981; and Norris et al. 1983).
The persistence of 2,4-D has been studied in a wide variety of
soil types and under a wide range of environmental and laboratory
conditions. Persistence of 2,4-D in most soils is short and is
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generally less than one month (Ashton 1982). Table 3-2 summarizes
selected studies on the persistence of 2,4-D in acid, salt, and ester
formulations under laboratory and field conditions, primarily in
North America and Europe, and primarily within the past decade.
These studies confirm that 2,4-D and its formulations have a short
persistence in most soil environments and that the primary mechanism
for degradation of 2,4-B in the soil is microbiological activity. A
review of the persistence of 2,4-0 and its formulations in forest
floor litter and in soil, particularly forest soils, is contained in
Norris (1981). Of particular significance to forest applications of
2,4-0 are that; (1) there are statistically significant (but
ecologically unimportant) differences in persistence of 2,4=-D in
different forest floor materialsi (2) purified forms of 2,4^D are
more readily degraded than commercial formulations, probably due to
synergistic effects of components of the formulation; (3) the
half-life of 2,4-D formulations in forest floor material is
independent of the initial applied concentration; (4) the persistence
of 2,4-D in forest floor material is not significantly altered when
the material has been pretreated with insecticides such as DDT or
phosphamidon (a small reduction in 2,4-D degradation in material
treated with carbaryl is not thought to be important in field
situations); (3) in the case of 2,4-D esters^ the rate of ester
hydrolysis to the acid form is Important and this rate decreases with
decreasing soil moisture and with an increase in the molecular weight
of the alcohol moiety of the ester; and (6) with 2,4-D in general^
the rate of degradation decreases with decreasing soil temperature,
decreasing soil moisture (although it is also slower in flooded soil
than soil at 85 percent field capacity), and decrease in pH below 5.5
(Norris 1981; Smith and Hayden 1981 and Torstensson 1975),
Helling (1971) compared 2,4-D to 39 other herbicides in the
laboratory and demonstrated that 2,4^D was mobile in a silty clay
loam soil, although 2,4-D metabolites were less mobile than the
parent compound. Studies with various formulations of 2 5 4--D indicate
that it is not strongly adsorbed to soil (Davidson et al* 1980; Rao
and Davidson 1979 and Scott and Phillips 1972) although it is rapidly
and reversably adsorbed to organic material such as one would find In
forest soils (Norris 1970, 1981 and Norris et al. 1983). In a
laboratory study with ^^C-labeled 2,4-D in a silty clay loam soil,
Scott and Phillips (1972) report that 2,4~D was the least adsorbable
of 10 herbicides studied, Davidson et al. (1980) and Rao and
Davidson (1979) examined movement of 2,4=-D amine solutions of 50 and
3^000 ppm concentration through soil columns (silty clay loam, sandy
loam, and fine sand) and report a higher mobility at the higher
concentration. Percentage adsorption of 2,4-D is increased by higher
levels of soil organic matter, greater amounts of exchangable
aluminum, and decreasing soil pH (Moreale and van Bladel 1980)^
Although the Weed Science Society of America (1983) reports that
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Table 3-2
Sumïtiary of Soil Persistence Studies with 2,4-D Formulations

Formulation and
Application Rate

Effects

References
Nash and Beall 1980

2,4-D (granular) applied at B:esidue concentration half-life
ia§ lb/acre (1.3 kg/ha) to in soil was 10 days»
bluegrass turf in laboratory cliambers in July
(Maryland)
2,4-D applied at rates of
0', 1, aad 4 lb a. 1./acre
(0, 0.9 and 3,6 kg/ha) with
fertilizer to barley and
rapeseed plots on silt loam
and sand in spring
(InteriO'T Alaska)

In fall, traces of 2j4-D found in No signs of leaching downward
of herbicides. 2^4-0 was
5 of 135 satttples (all 5 from 1
ailt loam and from sand).
applied to soil and leaf
surfaces.
Highest concentration was.
0.163 ppm 2,4-0«

Knight and Lewis 1981

2 ,4"-D incorporated IntO'
soil sample to give 10 and
1 ^OO'O ppo. Soil was. sandy
clay and was incubated in
laboratory for 96 weeks.
(Finland)

Within 6 weeke^j, 2,4-D coittcea,tration less tiian half initial concentration for field capacity
moisture soil. Flooded soil at
63.4 to 66.0X of initial concentration at 24 weeks, <50% at
48 weeks,, showing effect of sodl
moisture«

Sattar and Paa^aivirta 1980

Soils kept at both field
capacity moisture and water
under floodinig conditions for
both herbicide concentrations.

2,4~D (^■^C-labeled) incor- Rapid degradation of 2,4-D with
porated into laboratory
half-life of about 7 days at 59
soil samples (heavy clay)
to 77'*F (15 to 25**C) and aoll
to give 2 ppti and incubated moisture above 65% of field capacat various controlled
ity. At lower temperatures and
températures and moistures» B^oil moisture, breakdoim, was also
(Saskatchewan, Canada)
slower.
2A-~D (95X) applied in
laboratory to soil, sand^
silt, clay or organomineral complex to give
20 ppm a.i. by weight.
(United Klagdom)

i

Half-life of 2,4-D was 10 days in
aonsterile soil (8 day-lag
followed by rapid decline ) but
breakdown in irradiated and autoclaved soil was inhibited.

Smith and Hayden 1981

Indicative that soil breakdo-wn
of 2,4-D is essentially a
microbial process. Soil fractions (sand, silt, and clay)
with microbial populations
retaln.ed ability to degrade
2,4-D but at a slower rate
than parent soil. No breakdown in clay which was
sterile.

Burns and Gibson 1980'

Table 3-2 (Continued)
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Formulation and
ApplicatlO'ti Rate

Effects

References

2.4-I> (analytical grade,
i^C-la'beled) applied to
representative soils (sand
and loam) at 10 ppm and Incubated in the laboratory,
(Belglim)

After 1 month, 80 to 95% of
applied 2,4-D was degraded.

Degradation curves typical of
nilcroblal adaptation and
growth. Soils with pH <6,0
with a low degradation rate.

Mo reale and van Had el
1980

2,4-D (analytical grade
and liquid .commercial
formulatioa at 4 Ib/gallo'ii)
Incorporated lato a
calcareO'Us loam at a rate
equivalent to 5 tons/acre
(11,227 kg/ha) aad incuba ted lo laboratory.
(Mississippi)

;Forty-flve percent relative Inhibition in CO2 prodyction with
2,4-D.(analytical grade) compared
to control. Formulated 2,4~D
resulted in roore CO2 production
(approximately 30Z} than controls.

Both analytical and coamerciai
2,4-D resulted in lower bacterial pop'Ulatlons compared to
controls. Streptomyces
enchanced with analytical 2,4-D
and in.hibited with commercial;
fungi encha.nced with analytical,
unaffected by commercial.

Stojanovic et al. 1972

2,4-D acid applied at
2 lb/acre (2.2 kg/ha) to
siaall plots of clay, sandy
loan, and silty loam,, soils
in May.. (Saskatchewan,,
Canada)

No 2j,4-D detected in the 0 to
4 inch (0 to 10 cm) level after
22 weeks•

No field leaching detected.

Smith and Hayden
1976 in Siilth,19a2

2,4-D (imspe'Cifled
formulations), (U.S.A.)

One hundred eighty-eight samples
from cropland soils were aniilayzed
for 2,4-D re8.idue8 Î 3 samples were
positive, with a mean level of
<0.01 ppm.

Only samples from soils, where
2,4-D had been used were
analyzed.

Wierama et al, 1972

2,,4-D (unspecified
formulations) applied at
839 lb/acre (940 kg/lia)
with other herbicides in
1964-65. (Thailand)

Two of 6 sam.pleB in 1971 contained
2,4-D' residues equivalent ' tO' 0.16
and 0.188' lb/acre (0'.18 and
0.21 kg/ha).

Area used, to calibrate aerial
spray equipment.

Committee on. Effects of
Herbicides la Vletnaii
1974 In International
Agency for Research on
Cancer 1977

2,4-D (acid) applied at
264.5 lb/acre to Florida
site.

No 2,4-D detected 10 years later.

Area used to calibrate aerial
spray equipment.

Young et al. 1975,

2,4-D incorporated in
laboratory samples of heavy
clay, clay loam, and sandy
loam to give a concentration of 2 ppm.
(Saskatchewan, Canada)

For soils kept at 851 of field
capacity, the half-life for 2,4-D
was lees than 7 days. However,
staall amounts of 2,4-D were lost
after 14 days at 15Z ol field
capacity.

Soils maintained in the dark at
6Ö + 1.8''F (20 + 1^*0 and 85Ï
or 15X of field capacity
(moisture).

Smith 1978

Table 3-2 (Continued)

Formulation and
Application Rate

I

Effects

References

2,4-D incorporated into
soil pits at 6, 16, and
35 lach (15, 40, and 90-cm)
depths in sllty clay loam
and sandy loaat in early
summer«, (Nebraska)

Degradation of 2,4-D was rapid
under aerobic conditions, with
essentially total dissipation
within 5 months. Under anaerobic
conditions, degradation was
similar to aerobic condition in
silty clay loam, but there were
significant levels of phytotoxic
activity after 41 months in all
3 levels in the sandy loam.

Degradation detenalned by
soybean bioassay.

Lavy et al. 1973

2,4-D (l\:"labeled)
incorporated in a sandy
soli and in a sandy loam
soil, at 2 ppm in pots and
kept In a glass hous either
with ox without corn
(nialze) plants. (Germany)

During a 78-day period, 53 to 77%
of the applied radioactivity was
released as CO2. Differences due
to differing pH, clay content,
water content, texture, and carbon
and nitrogen, all influencing
Bîicrobial activity.

Plant roots did not affect rate
of mineralization of 2,4-D„ but
they did enhance formation of
non-extractable residues.

Siebert et al. 1982

Dimethylamlne salt of 2,4-D
applied to small field plot
at 2.0 lb/acre (2.2 kg/ha)
to sandy loam, heavy clay
and silty clay in northern
prairie (Saskatchewan,
Canada) in October and In
all soils in October and
In May.

No residues of 2,4-D were detected
in the top 2 inches (5 cm) of soil
in May following O'Ctober applications or in October following May
applications. Negligible residues
(<22 of applied 2,4-D) found in 2
to 4 inch levels (5 to 10 cm) in
October and in May.

Smith 1975

Diethanolamine salt of
2 5,4-D applied to soils
from forest and grassland
to give concentration of
4.79 ppm and incubated in
laboratory, (Oklahoma)

Rapid degradation, without lag
phase, with a 4 to 5 day
half-life.

Altom and Stritzke 1973

Mixed amines of 2,4-D
(Chipman 2,4-D Amine 80)
applied to silt loam
soil at 5, 10, and
20 lb a.e./acre (5.6,
11.2, and 22.4 kg a.e,/ha)
in late summer under field
conditions» (Nova Scotia,
Canada)

Maximum soil residues found
14 days after application with
subsequent rapid decomposition.
Less than 5% remained at 70 days.
Small amounts penetrated to the
4 to 8 Inch depth, but none found
in the 8 to 12 inch depth.

Soil with 2.6% organic laatterj
pH 5.8, and cation exchange
capacity of 12.0 meg/lOOg,
Slight field leaching occurred.

Stewart and Gaul 1977

Table 3-2 (Concluded)

I
00'

Fortnulation and
Application Rate

Effects

Trlethanolaiatne salts of
2,4-D, ,('^*C-labeled)
applied to forest-floor at
2 lb a.e./acre (2.24 kg/ha)
(prefiumably in the
laboratory),

at 315 hours, 891 of the ^\ material had been released as CO2.

2,4-D ester and ¿utlee
formulations applied to clay
annually in spring since
1947 at ratea of (0.5 and
1.69 kg/ha) to 1969 and 0.38
and 1.0 lb/acre (0.42 and
1.12 kg/ha) since 1969.
(Saskatchewan, Caaada)

Sampled every October since 1978
with, saioples from 0 to 4 inch
(0 to 10 cja) depth.
No detectable
trace of 2,4^D (<0.05 ppm) could
be fownd in any soil sample.

flwtyl ester of 2,4-D
applied to unspecified soil
type in a field study at
0.375 lb/acre (0'.42 kg/ha)
In'June.
(Alberta, Canada)

no 2,4-1) detected in the 0 to
2 inch (0 to 5 c») level after
4 weeks.

2,,4-D (^^C-labeled) acid
applied in the laboratory
to soils at I ppm and" 25°C.

Averaged of 80Z loss in 4 days;
average of 90Z loss after 11 days.

TIata not available or not applicable.

Conimenta

References

Norria 1966 In Norria

1981

Indicative of no 2,4-D'carryover for the last 34 years.

Smith and Hayden 1981

Cochrane and Rusaell 1975
in Smith 1982

No correlation of degradation
rate with soil properties
"Cood" soil moisture.

McCall et al. 1981

salts of 2j4-D are leached in sandy soils 5 a wide variety of field
studies indicate that 254-D does not leach downward through the soil
to any appreciable extent• Stewart and Gaul (1977 in Norris 1981)
were unable to find 234-D residues deeper than 8 inches (20 cm) 55
weeks after application. Despite its relative mobility as reported
by Helling (1971)^ 2^^-^ is not thought to leach into streams (Norris
1981) since it is adsorbed to soil organic material and rapidly
degraded by soil microorganisms.
Microbial degradation is the major mechanism by which 2,4-0 is
lost from soil* Behavior of microbial populations treated with 2,4-D
and the mechanisms by which 2^¿¥-B is degraded by microorganisms are
extensively reviewed by Loos (1975). Early evidence that microorganisms play an important role in the degradation of 2^4-0 in soil
came from stimulation of 2^4-D degradation under warm moist
conditions with high soil organic matter, which are conditions that
also stimulate growth of microorganisms. Other evidence came from
correlations between 2^4-D degradation rates and aerobic bacterial
populations in soil and from inhibition of degradation in dried or
sterilized soils (Loos 1975). In soils that have not been treated
with 254-Dj microorganisms capable of degrading 2j4-D appear to exist
at relatively low density [1 to 245 organisms per gram of soil in 8
soils from Natal in South Africa^ Loos et al* (1979)]. Burns and
Gibson (1980) demonstrated a lag in the degradation of 2,4-0 in soil
which they attributed to microbial enrichment of the soil. This lag
was followed by a rapid decline of 2^4-D residues due to microbial
activity, Moubasher et al. (1981) reported a stimulatory effect on
total counts of fungi as well as on specific species of fungi when
incorporated into soil at 1.9 to 15.2 ppm (dry soil). When
incorporated into agar medium at 6.3 to 50,4 ppm, 2^A-B stimulated
counts only of some species of fungi and was toxic to most species at
medium and high doses.
Only minor losses of 2,4-D activity occur due to photodegradation and5 for most formulations^ due to volatilization (Weed Science
Society of America 1983). The differences in volatility of 2,4~D
formulations have been discussed in Section 1.2 and are illustrated
in Table 1-3» Ester formulations of 2,4-D hydrolyze rapidly in soil
to the acid form under suitably moist conditions. This hydrolysis
appears to occur^ at least in some instances^ as a nonbiological
reaction (Ghasseml et al. 1981). löiare and Dubey (1979) exposed
250 ppm solutions of 2j4-D continuously for 4 days to "light" and
"far red" treatments (wavelengths not specified) and compared germination of weed seeds treated with light exposed 2,4~D and controls.
They reported a significantly greater proportion of seeds germinating
when exposed to "light'* and "far red" treated 2,4--D compared to
controls, indicating reduction of herbicidal activity due to light.
In this study, controls consisted of exposure to herbicides held in
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the dark, or to untreated herbicide. However, no attempt was
reported to determine the rate of seed germination absent from any
2,4=-D at all.
3,3

Water

Herbicides such as 2j4-D can enter ponds and streams by direct
application or accidental drift; by inflow of herbicide previously
deposited in dry streambeds, pond bottoms, or irrigation channels; by
overland flow during periods of heavy precipitation; or by leaching
from soils (Norris 1981)* Morris and Moore (1970) have reviewed the
processes by which forest applied herbicides are carried into streams
and the fate these herbicides in aquatic systems. In a study with
2s4-D applied with either plcloram or silvex for brush control on
hill pastures in southern Oregon, Norris et al. (1982) reported that
during a 7 month period following application^ 4.5 grams of 2,4-D
(representing 0.014 percent of the total applied amount) were
discharged into streams. They further concluded that most of the
herbicide discharged into streams in this study resulted from
material deposited in dry stream channels or from stream banks• The
herbicide was then carried in flow from fall rains, and did not
result from overland transport of herbicides from upslope areas.
Frank and Sirons (1980) reported an analysis of 949 samples from 11
agricultural water sheds in Ontario, Canada^ finding that 66 samples
(7 percent) contained 2,4-D residues ranging from Q.l ppb to
320 ppb. The two highest residues^ 320 ppb and 15,9 ppb, involved
sample collections during application of 2,4-D to ditch and stream
bank and in the latter case, involved spillage of 2,4-D material.
Transport of 2,4-D to waters during 1975 to 1976 ranged from 0 to
0,0005 Ibs/acre/year (0 to 553 mg/ha/yr), and during the 1976 to 1977
season ranged from 0 to 0*0001 Ibs/acre/year (0 to 124 mg/ha/yr)*
The higher losses were due to ditch bank spraying, storm runoff from
treated agricultural fields, and spillage. Transport losses from
forest soils to water bodies should be considerably less than from
agricultural soils, due to factors such as reduced surface runoff,
adsorption to litter^ absorption by plants^ and possible greater
organic material and microbiological activity in forest soils.
In aquatic enviropiments, 2,4-D is usually ionized to the free
anion, since salt formulations dissociate to the anion, and ester
formulations rapidly hydrolyze to the anion (Halter 1980 in Ghasseml
et al. 1981). For this reason^ the fate and persistence of the free
anion is of primary concern in aquatic environments« Various studies
have shown that 2^4^D is readily degraded by microorganisms if
environmental conditions are favorable for their growth; that 2 5 4~D
esters are readily hydrolyzed in aquatic environments by nonenzymatlc
means; that although 2,4-D does photodecompose near the surface of
water, photodecomposition is not a major mechanism for the loss of
D'-ÓO

2,4-D in waters; that 2,4-0 esters can be lost from water by
vaporization^ especially at lower pH values; that 2s4-D does not
adsorb readily to particles and sediment in water; and that maximum
residues of 2s4-D in aquatic environments^ when they are found, are
in the parts per billion (ppb) range rather than in parts per million
(ppm) (Ghassemi et al. 1981), The behavior of 2,4~D and its
formulations in aquatic environments has been reviewed by Ghassemi et
al, (1981), Lorz et al. (1979), Norris (1981), Norris et al. (1983),
and Scott et al. (1981).
In several studies, 2,4-D applied to fish culture ponds resulted
in stimulation of microbial growth, growth of rooted plants, or
growth of fish, Jana and De (1982) applied a commercial formulation
of 2,4-D (specific formulation not given) at a dosage of 500 ppm to
fish ponds. They reported increased populations of heterotrophic
bacteria over a period of one year in these ponds compared to
controls. This stimulation was attributed to an increase in
bacterial nutrients as a result of death of the planktonic algae
populations due to 2,4-D. Boyle (1980) treated fish ponds with the
dimethylamine salt of 2,4-D at 4*5 or 8.9 lb a.i./acre (5.0 and 10
kg/ha) to give 2,4-D concentrations of 0.5 and 10 ppm herbicide in
the watere At 0.5 ppm, growth of rooted macrophytes was stimulated,
and, at 1.0 ppm, fish growth rates were accelerated. The increased
growth rate of fish may be due to increased phytoplankton productivity, although the author did not rule out the possibility of a
direct stimulatory effect of 2,4-D on fish growth.
Degradation of 2,4-D in aquatic systems will occur by microbial
metabolism if environmental conditions are favorable in terms of pH,
nutrient levels, and temperature so as to promote growth of microorganisms capable of degrading 2,4-D. However, such degradation may
be slow in cool, nutrient poor conditions with dilute concentrations of 2,4-D, as may be found in most naturally occurring surface
waters (Ghassemi et al. 1981). Zepp et al, (1975) reported that all
2,4-D esters hydrolyzed in water. Based on direct kinetic measurements made on methyl and butoxyethyl esters of 2,4-D in water, they
calculated hydrolysis half-lives ranging from 0.6 days for
2-butoxyethyl ester to 37 days for 2-octyl ester at 28°C and at a
pH of 9. Half-lives were considerable longer at a pH of 6. They
also calculated photolysis and vaporization half-lives. At 25 ""Cj
they obtained photolysis half-lives in the 16 to 29 day range and
half-lives for vaporization in the 1.1 to 895 day range (based on a
one-meter deep water body) on a clear September day in the southern
United States. In basic water, hydrolysis is the most important
mechanism for degradation of esters, while in acidic and neutral
waters, vaporization may be more important. Nesbitt and Watson
(1980a,b) studied microbial degradation of 2,4-D in a river in
southwest Australia and reported that the rate of degradation was
D-61

Increased with increased nutrients, sediment load, and dissolved
organic carbon. Khare and Dubey (1979) demonstrated that visible
light and far red light both reduced phytotoxicity of 2,4-D in a
laboratory study»
Despite often heavy application rates directly into water bodies
or along ditch and canal banks for control of aquatic weeds, residues
of 2,4-D in water bodies seldom exceed 10^s of ppb. Table 3^3
summarizes selected residue studies of 2,4-D in water is and
Indicative of the low levels of 2,4-D that actually occur in water
bodies following application.
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Table 3-3
Summary of Selected Water Residue Studies with 2,^-D and its Formulations

Formulation and
Application Rate

Ö
I
LÛ

Residues

Comments

a

References
Meisess 1983

2,4-D applied to National Forest
lands, Pacific Northwest Region,
1974 to 1978.

Two hundred fifty four samples
representing 133 sprayings
monitored for 2,4-D were
analyzed. Of the 133
sprayings, 117 had no confirmable residues, 13 had residues
<5 ppb, 2 had residues of 5 to
10' ppb, and 1 had a residue of
40 ppb.

2,4-0 applied in states west of
the Mississippi.

Of 62 samples taken January to>
September, none had detectable
levels of 2,4-D. For the two
year period of October 1966 to
September 1968, 36 samples
contained detectable levels of
2,4-D, with a maxiraum concentration of 0.35 ppb.

2,4-D applied in 11 agricultural
watersheds in Cto,tario, Canada.

Of 949 samples, 66 contained
2,4-D; 58 with 0.1 to 1 ppb.
6 with 1 to 10 ppb, 1 sample
with 15«9 ppb, and one with
320 ppb.

The high concentrations
were associated with
ditchbank spraying or
spill«

Frank and Sirons 1980

D'odecyl-tetradecyl amine salte
of 2,4-D applied to over
7,000 acres along perimeter
canal in Loxahatchee National
Wildlife Refuge, Florida,
Applied at 4 lb a.e»/acre
(4.48 kg/ha) in June,

Water samples were taken at
3 sites up to 113 days after
appllcatioE. Highest residue
levels, 1 day after treatment
were 37 and 16 ppb, all other
samples were less than 10 ppb»
The highest residues in
hydrosol were 5 ppb, occurring
3 to 15 days alter treatment.

Initial application was
followed by spot treatments with same formulation or dimethylamine
salts over a 4~month
period.

Schultz and Whitney 1974

-„

Brown and Mlshioka 1967
and Manlgold and Schulze
1969

Table 3-3 (Continued)
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Formulation and
Application Rate

Residues

Comraents

Dimethylamine salt of 2,4-D
applied at 40 lb a»e«/acre for
submersed aquatic plant control
(Site not given).

Residues of 1.8 ppm 8 hours
after application.

As cited in Lorz et al.
1979,, ."residues (in
water) greater than
0.02 ppm' at only 2 of
19 stations 4 'weeks
after 'treatment,"

Wojtalik et al. 1971 In
Schultz and Whitney 1974

Dimethylamine salt of 2,4-D
applied to irrigation canals at
4 lb a»e. and Ö lb a.e./acre
(4.48 kg and 8.96 kg/ha) in
Southern Louisiana

Highest concentrations of 15.8
and 10.4 ppb in samples at
treatment site'48 and 0.5 hour
after application. Highest
average values 2 hours after
application and were 4.9, 4.7
and'4.6 ppb 92, 806', and 403
meters downstream, respectively.

Low concentrations due
to rapid dilution.
Adsorption to suspended
clay particles was
minimal. If spray
properly applied,,it
will cover vegetation
and be absorbed or
degraded before
entering water.

Foret and Barry 1979

Dimethylamine salt of 2 3,4-D
applied to 11 ponds in Georgia,,
Florida, and Missouri

Residues declined to 5 ppb in
water samples taken 28 days
after application in Florida
and Georgia, and 56 'days in
Missouri. Highest sediment
residues of 170 ppb In Missouri
pond treated at 8 lb/acre,
residues never more than
500 ppb in Florida/Georgia
pond sediment.

—.

Dimethylamine salt of 2,4-D
applied at 4.5 and 8.9 lb/acre
(5 and 10 kg/ha) to experimental fish ponds (Missouri)

Residues peaked 7 days after
application at approximately
1.2 ppm and 0.6 ppm, and
declined to below detectable
limit (0.1 ppm) at 56 days.

.

References

Schultz 1974 in Foret and
Barry 1979

Boyle 1980

Table 3-3 (Concluded)

Formula ti O'O and
Application Rate

Residues

Trlisopropanol amine salts of
2,4~D with picloram at 4.1 and
6.0 lb/acre in Soutbera Oregon
June

Residues from area receiving
4.1 lb/acre were a maximum of
22 ppb during a storm event in
October. Maximum 10 ppb
occurred in September from the
site receiving 6.0 lb/acre»

Butyl ether ester of I^^-D
(granular) applied to
1144»4 acres (463.3 ha) at
8.1 lb/acre (9,1 kg/ha) la June
and to 512.8 acres (207^6 ha)
at 16.5 lb/acre (18.5 kg/ha) in
August 1978 in Reservoir la
Eastern. Oklahoma.

Of 240 samples tested for butyl
ether ester, only 1 contained
detectable residues (3 ppb) and
it was taken 4 hours after
application. A possible trace
detected in a 2nd sample. Of
158 samples analysed for
2,4-dichlorophenol (breakdown
product)» none were positive.

Butyl ether ester of 2,4-D
applied at 40 to
100 lb a.e./acre to
reservoir in the Tennessee
Valley Authority system.

Residues of 6.8 ppb found
8 hours after application.

Low volatile esters of 2,4-D
applied at 2 lb/acre in June to
2 watersheds in Eastern Oregon.

Maximum residues of 132 ppb
1.75 hours after treatment.
Residues of 0 ppb by 168 hours.

^Data are not available or not applicable.
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Comments

References
Norris et al. 1982

State (Oklahoma)
standard of 100 ppb was
not exceeded.

Morris and Jarman 1981

Smith and Isom 1967 in
Schultz and Whitney 1974

Highest concentrations
from watershed having
streams flowing through
it.

Norris 1967 in Norris and
Moore 1970

4*0

Exposure and Hazard Assessment

Forest workers, visitors, and resident or transient animals are
all potentially exposed to 2,4-0 formulations during forest spray
operations• For humans and other terrestrial animals, exposures can
be by dermal, inhalation, and oral (ingestion) routes. Aquatic
animals are potentially exposed by immersion in waterbodies that may
contain dissolved 2,4-D, Calculations of exposure to 2^4-0 in this
section follow the assumptions and methodology detailed in Section
4.0 of the General Introduction to the Herbicide Background
Statements. In general, it should be noted that environmental
exposures to 2,4-D are brief, and that any area sprayed in a given
year may well not be sprayed again for several years. Occupational
exposures, at least for some individuals, may be of longer duration
than environmental exposures. However, only a limited number of
individuals are so exposed.
4*1

USM Forest Service 2,4-0 Application

Available application data for 2,4-D use by the USDA Forest
Service for 1982 are presented in Table 4-1. Actual exposure to
2,4-0 differs among Forest Service personnel involved in herbicide
use, other Forest Service personnel, visitors to Forest Service lands
that have been treated with herbicides, and wildlife species that are
permanent or transient inhabitants of treated areas.
The data presented in Table 4-1 indicate the number of forest
workers involved in application of 2,4-D in 1982, as well as the
duration of exposure on a daily and an annual basis. However, the
actual exposure of these workers depends not only upon the specific
formulation, method, and rate of application, but also on the
protective measures employed, the operating condition of the
equipment used, and accidental events which expose workers to the
pesticide«
In general, 2,4-D is rapidly degraded in the environment and
does not bioaccumulate in animals. Consequently, the potential for
incidental exposure of humans and wildlife to 2,4-D is low, existing
only for a very short period immediately after its application.
4.2

Exposure

Estimates of potential exposure to 2,4-D are based on aerial as
well as ground application. The maximum aerial application rate for
2,4-D (see Table 1-1) is 7.8 lb a.e./acre for right-of-way
maintenance, while the compound is applied from the ground (ground
foliar) at rates as high as 6.0 lb a.e./acre (excluding granular,
hand broadcast, and injection application). In aerial application
D-67

Table 4-1
i

USDA Forest Service Application. Data for 2,4-1} (1982)

CD

Duration of Exposure
Formulation
(Number
of
Projects)

Method of
Application

Average Number People
Exposed/Project

Total People
Exposed^

Ma'xlmum

Average
Hrs/Day

D'ays/Yr

Hrs/Day

Type of Management
(Projects)

Days/Yr

Low Volatile
Ester (35)

Aerial

8.5

298

3.9

4.8

5.8

5.7

Low Volatile
Ester (84)

Ground
Foliar

5«6

471

6,3

12.5

7.9

15.2

Timber (35), Range (24)
Noxious Weeds (15)
Wildlife (3)
Research (1)
Engineering (2)
Recreation (2)
Nursery (2)

ámlne
(19)

Ground
Foliar

4,3

82

5.1

13„3

7.2

16.2

Range (9)
Noxious Weeds (5)
Wildlife (1)
Recreation (1)
Engineering (1)
Nursery (1), Timber (1)

Amlne
(25)

Injection
and Cut
Stump
(undiluted)

13,5

338

5.3

33.8

6.3

49»4

Timber (19)
Wildlife (6)

!

i

^Grand Total » 1,189
Source:

Gross 1983

Timber (23),, Range (8)
Noxious Weeds (1)
Wildlife (1)
Rlght-of-Way (1)
Firebreak (1)

and In. ground foliar application, 2,4-D is applied as a liquid. The
calculations in Table 4-2 that are based on aerial application (e.g.,
spray/observer dose, wildlife dermal exposures, and water
concentrations), assume an application rate of 7.8 lb a,e./acre.
Those calculations in Table 4-2 that are based on ground spraying
(e«g., backpack sprayer dose) assume an application rate of 6*0 lb
a*e./acre. For those ground applications in which 2^^-^ is applied
as a granular form^ as well as for hand broadcast and injection
applications, 2,4-D exposure is assumed to be equal to^ or less than,
exposures calculated in this analysis. Other specific assumptions,
based upon the toxicological and chemical characteristics of 254-D
and on its behavior in the environment^ are discussed in the
following sections* Table 4-2 summarizes the estimates for
occupational and environmental doses and exposures by means of
immersion, dermal5 inhalation, and oral routes.
4.2,1

Qc cupati onal Do s e s

Lavy et al. (1982) have estimated 2^4-0 doses as high as
0,0557 mg/kg body weight for aerial applicators treating forests with
2,4-D at 2 lb a*e,/acre* These figures are based on urinalyses of
workers using normal precautions and customary clothing. This
figure, while lower, is in the same order of magnitude as the data
used for the occupational doses for the other herbicides in this
study. To be conservative, this analysis will utilize the dose
estimates for mixer/loader, observer, and backpack sprayer discussed
in Section 4,0 of the General Introduction to the Herbicide
Background statement.
As indicated in the General Introduction, urinary output was
used to calculate total doses (i.e., regardless of route) to workers
exposed to phenoxy herbicides, and this quantity was then expressed
on the basis of an application rate of 1 lb/acre* Daily occupational
dose estimates for 2,4-D are based on exposures on a per pound per
acre application rate multiplied by 7.8 lb/acre for observers and 6.0
lb/acre for backpack sprayers. In the case of the aerial spray
observer, exposure estimates are based upon the maximum of one daily
exposure to direct aerial spray with an unprotected skin surface area
of 2 square feet (see General Introduction to the Herbicide
Background Statements)e The maximal herbicide dermal absorption rate
is assumed to be, in the absence of data to indicate otherwise, 10
percent. At 7.8 lb a^e^/acre application rate, the following
estimate of dally dose is derivedî
Observer with Direct Spray Deposition; up to 0.312 mg/kg
(0.04 mg/kg at 1 lb/acre application rate)
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Table 4-2
Summary of Occupational Dose, Environmental Exposure
and Toxlcity for 2,¿i-B

Exposure Route^
Occupational
Dose
Mixer/Loader
Observer
Backpack Sprayer

Inhalation

Dermal

Oral
b

0. 1 ing/kp
————----—-^ up to 0.312 mg/kg
0. 24 mg/kg

Environmental
Exposure
^

Fish
Rabbits
Deer
Man
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)
Toxiclty Summary

3.143 mg/kg
0.788 mg/kg

0.078 DpTD f Tmm«rfiinrt>

Negligible
Negligible

^-.d

^-d

NAe
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Acute LD5o's

Human TLV «

for rabbit *
1,400 mg/kg

10 mg/m^l
short-term TLV «
20 mg7m3

8.19 mg/kg
11.23 mg/kg
_U

0.0016 mg/kg (2 days)
0.039 mg/kg (2 days)
0,047 mg/kg (2 days)
0.0031 mg/kg (1 day)
0.0078 mg/kg (1 day)
0.0039 mg/kg (1 day)
Acute oral LD50 for mule
deer is 400 to 800 mg/kg
(acid). Acute oral LD50
for rabbit is 424 to
800 mg/kg.f

Most studies, LC50 >1 ppm for fist1 (esters); »1 for salts.
^Assumes aerial application at 7.8 lb active ingredient per acre and ground foliar
application at 6 lb active ingredient per acre. See text for further explanation.
^Occupational doses include all routes of exposure and are on a daily basis^
CFish exposure results from Immersion in water containing 2,4-D,
^Human enviroranental exposures via dermal and inhalation routes will be considerably
less than occupational doses. Therefore^ occupational doses are used as a worstcase rather than an estimate of envlrormental dermal and inhalation exposure.
Oral environmental exposures are estimated for six sources.
^NA represents nonapplicable data*
^Various formulations.
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For ground applications at 6*0 lb/acre application rates^ the
following estimate of daily dose is derivedf
Backpack Sprayers 0.24 mg/kg (0.04 mg/kg at 1 lb/acre
application rate)
Occupational doses for the mixer/loader are assumed to be independent
of application rate and have been estimated to be 0.1 mg/kg.
Total occupational doses are^ of course, a function not only of
application rate and specific occupational category, but also of
duration of exposuret Table 4-1 includes estimates of the number of
days per year of exposure, by 2,4-D application method and formula^
tion used, in 1982. It should be noted, however, that in many
instances, the same individuals are not exposed throughout the entire
spray period.
4.2.2

Environmental Exposures

Environmental exposures in man occur when forest visitors or
others not directly involved in spray operations come in contact with
spray or sprayed foliage, inhale spray mist, eat plants or animals
contaminated with herbicide, or drink water containing herbicide.
Animals, both terrestrial and aquatic, are subject to environmental
exposures as well.
4.2.2.1 Dermal Exposures. Human dermal environmental exposures
would be less than occupational exposures since only spray operators
and observers are directly involved with actual activities on the
spray units. Â casual visitor to spray units should be expected to
receive an exposure much less by orders of magnitude than that of the
observer receiving direct spray deposition. Animals in the target
spray zone, however, are subject to dermal exposure. Rabbits and
deer, representing both small and large game animals respectively,
have the following estimated dermal exposures based on 7.8 lb
a.e./acre aerial sprayi
Rabbits in Aerial Spray Zonet 3.1434 mg/kg (0.403 mg/kg at
1 lb/acre application rate)
Deer in Aerial Spray Zoneî 0.7878 mg/kg (0.101 mg/kg at
1 lb/acre application rate)
4.2.2.2 Inhalation Exposures. Human inhalation environmental
exposures would be less than occupational exposures since spray operators, involved with activities on the spray units, are more likely to
be subject to spray mist than is a casual visitor. Thus a casual
forest visitor should be expected to receive an inhalation exposure
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orders of magnitude less than that of a backpack sprayer.
Environmental inhalation exposures of animals in the spray target
area would occur on a one-time basis and would be limited to a time
frame that can be measured in minutes. This exposure is therefore
expected to be so small that it can be neglected in this analysis.
4,2*2.3 Imme r s ion Expo s urg s^, Aquatic organisms are subject
to environmental exposures from immersion in streams and ponds
adjacent to target spray zones• Assuming a buffer zone of
approximately 100 feet between aerial spray zones and waterbodies^
environmental exposures for aquatic organisms would be equivalent to
the estimated concentration of 2,4-D in water, calculated asî
Water concentration;
application rate)

0*078 ppm (0.01 ppm at 1.0 lb/acre

This concentration of 2,4-D represents the estimated maximum
concentration immediately after spraying. If heavy rainfall occurred
immediately after spraying, higher transient concentrations could
occur in streams and ponds. However, such high concentrations result
from high application rates or result from precipitation soon after
application, and would be transient since they are rapidly diluted by
resident waters* Actual levels of 2,4--D residues in ponds and
streams monitored after application of 2,4-D to surrounding
watersheds were in the ppb-range in a variety of studies summarized
in Table 3-3.
4.2.2.4 Oral Exposures. In terms of oral exposures, any
incidental ingestion of 2,4-0 by workers on the spray unit would be
accounted for by the estimates of occupational dose. Oral environmental exposures would occur for wildlife eating contaminated
vegetation and for human consumption of fish, deer, rabbit, water,
berries, and mushrooms« Basic assumptions for estimates of oral
environmental exposures for both man and wildlife are presented in
the General Introduction to the Herbicide Background Statements.
Oral exposures for deer and rabbits, representing game animals
potentially eaten by humans, assume vegetation is aerially sprayed at
7.8 lb a.e./acre and that rabbit browse is partially shielded by
overstory. These estimates are as follows:
Deerî
RabbitÎ

11.232 mg/kg (1.44 mg/kg at 1 lb/acre application)
a«190 mg/kg (1,05 mg/kg^at 1 lb/acre application)

Estimates of human oral exposures from consumption of fish, deer,
and rabbit require, as a starting point, estimates of maximum
tissue concentrations of 2,4-D in fish, deer, and rabbit.
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Fish tissue concentrations are derived as follows:
«■ water concentrations: 0*078 ppm
- bioconcentration: 1»0 (actual bioconcentration for 2,4-0 is
< 1,0 in most studies [see Appendix F]).
Fish tissue concentration: 0.078 ppm (0.078 mg/kg)
Deer and rabbit tissue concentrations include l^h-B accumulated from
both oral and dermal exposure. Tissue concentration estimates for
deer and rabbit assume that dermally applied 254-D is absorbed at a
rate of 10 percent. It is also assumed that oral exposure of deer
and rabbit to 2,4-D lasts only for 2 days and that only 10 percent of
the ingested material is assimilated^ since ingested 254-D is rapidly
eliminated in animals (See Appendix F). Deer tissue concentrations
of l^h-D are derived as follows:
Dermal Exposure contribution assumes 10 percent absorption
of a single exposure^ or 0*7878 mg/kg (dermal exposure)
X 0.1 - 0.07878 mg/kg
Oral Exposure contribution assumes 10 percent assimilation
of two-days feeding^ or 11,232 mg/kg/day (oral exposure)
X 0.1 X 2 days - 2.2464 mg/kg
Total Deer Tissue concentration - 0.07878 mg/kg 4- 2.2464 mg/kg
= 2.32518 mg/kg (2.325 ppm)
Rabbit tissue concentrations of 2j4-D are derived in the same way as
for deer, as follows:
Dermal Exposure contribution assumes 10 percent absorption of a
single exposures or 3.1434 mg/kg (dermal exposure) x 0.1 ~
0.31434 mg/kg
Oral Exposure contribution assumes 10 percent assimilation of
two-days feeding, or 8.190 mg/kg/day (oral exposure) x 0.1 x 2
days = 1.6380 mg/kg
Total Rabbit Tissue Concentration = 0.31434 mg/kg ■+■ 1.6380 mg/kg ^
1.95234 mg/kg (1.952 ppm)
Based upon the above fish, deer^ and rabbit tissue concentrations and
human consumption rates, the following estimates of maximum human
oral exposures to 2,4--D from eating meat are derived:
Fish meat: 0.078 mg/kg x 2 days x 0.5 kg/day/person ^ 50 kg
person - 0.00156 mg/kg
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Deer meati
2.325 mg/kg x 2 days x 0*5 kg/day/persoa ^ 50 kg
person = 0.0465 mg/kg
Rabbit meatî 1.952 mg/kg x 2 days x 0.5 kg/day/person ? 50 kg
person - 0.0390 mg/kg
Water and plant consumption by man would result in the following
oral exposures to 2,4-D based on assumptions stated in the General
Introduction to the Herbicide Background Statements at an aerial
application rate of 7.8 lb a.i/acre:

4.3

Waters

0.00312 mg/kg (0.0004 mg/kg at 1 lb/acre application)

Berries I

0.0078 mg/kg (0.001 mg/kg at 1 lb/acre application)

Mushrooms s

0.0039 mg/kg (0.0005 mg/kg at 1 lb/acre application)

Hazard Assessment

Toxicological properties of 2,4-D to man^ fish, and small
mammals have been summarized in Table 2^1 and detailed In Section 2
of this Herbicide Background Statement. Table 4-2 compares exposure
estimates for both occupational doses and environmental exposures in
man and wildlife with reported toxicity information (dermal LD^Q in
rabbits, rabbity mule deer, and human acute oral LD5o's^ and
immersion LC^Q'S for fish). The reported exposure levels at which
toxic effects have been observed in experimental animals are
considerably higher than levels anticipated for USDA Forest Service
applications.
The International World Health Organization has established an
acceptable daily intake of 0,3 mg/kg for 2^4-D by humans (Mullison
1981). The oral exposures (environmental) presented in Table 4^2 are
below this value and represent exposures that would occur only on a
transient basis.
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Appendix A
Summary of 2j4-D Toxicity Data
for Invertebrates and Microorganisms
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Appendix A
Summary o£ 2,4-D Toxicity Data for Invertebrates and Microorganisms

Formulation

O
I

Nature of
Exposure

Organism

Exposure
Time

Effects

Coiranents

References

2,4-D

Honeybees (Apia
nellifera;
Insecta)

Oral (in feed)

At 1,000 ppm weight,
brood production
severely impaired;
at 100 ppm, amount
of brood reduced;
at 10 ppm, no
adverse effect on
brood compared to
controls.

Effects were temporary
and abated when herbicide was removed.

Morton and
Moffett 1972

2,4-D

Honeybees (Apis
inellifera;
Insecta)

Surface absorption
(contact)

Aœlne salt formulations toxic only at
"excessively high
concentrations"
while ester formulations very toxic
(direct contact) at
normal use
concentrations.

No hasard to colonies
fed 250 ppm a.i.

King 1964

2,4~D

Honeybees (Apia
melllfera;
Insecta)

Oral

LD50 " 0.105 mg

Classed as a stomach/
contact poison with
low toxlcity to bees.

Glynne Jones
and Connell
1954 In Way
1969

2,4-D

Honeybees (Apia
melllfera;;
Insecta)

Oral

One hundred percent
mortality In bees
4 days after feeding
of 30 |j.g. Ten percent mortality at
3 days and 20% at
5 days and after
feeding 20 |dg.

2,4-D
(purified)

Honeybees (Apis
melllfera;
Insecta")

Subchronic, oral

Newly emerged honeybees with half-lives
of 33.4, 37.2, 40.4,
40,4, and 18.6 days
with 0, 10, 100, and
1,000 ppm weight
2,4-D in feed,
respectively.

2,4-D

Honeybees (Apia
melllfera;
Insecta)

LD50 - 11.525 |ig/bee

Byrdy 1969 in
Way 1969

Bees fed 10 and
100 ppm 2,4-D by
weight in feed lived
signlfiantly longer
than controls, bees
fed 1,000 ppm by
weight lived a
significantly shorter
lifespan»

Morton et al.
1972

Beran and
Neururer 1955
in Pimentel
1971
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Formulation

Organism

Nature of
Exposure

Exposure
Time

wp to 3 days

Effects

CoîOTîeftts

Mortality O'f bees
sprayed with 2,4-D'
in water at a rate,
equivalent to 4 lb/
acre was similar to
that of bees sprayed
with, water alotie.

References

Moffett et al„
1972

Honeybees (apis
melllfera ;
Ins'ecta)

Surface absorption,
(contact)

Dtiiethylamin« salt
of 2,4-D'
(Dow
Dm-4)

Honeybee« (Apia
mellifera;
Insect al~"

Subchronic oral

Newly emerged bees
liad tmlf-llvea of
25.8, 44.4, 43.2.
and 15.6 daye with
0, 10, 100, and
1,000 ppm weight
coiniaerclal 2,4-D!
salt in feed,
respectively*

Half lives of beea fed MortO'îi et al.
1972
10 and, lO'O' pp« were
Blgnlflcaatly longer
tha,ni cO'iitrols and bees
fed 1,000 ppM. NO'
differen.ce between controla and bees fed
1,00'0' PP™'

Iso'octyl
ester of

Honeybees (Apis
mellifera;,,

Subchroaic oral

Newly emerged bees
had half-lives oif
30.2, 27.2, 36.4,
and 28.9 days with
0, 10, 100, and
1,000 ppii weight
commercial 2,,4-D'
ester in. feed,
respectively.

No significant difference in half-llvea
between co^ritrolö and
any treatnent groups.

Morton et
1972

Honeybeea (Apis
mellifera;
InsectaT"

Subclironlc oral

Newly emerged bees
had lM,lf-lives of
39.0',, 45«2, 48.2,
and 15.6 days with
0', 10, 100, ao,d
l.OO'O ppœ weight
2,4-D ester in feedj,
respectively.

NO' slgaiftcattt difference In half-lives
between CODtrola and
aay treatment groups.

Morton et al,
1972

Fruit flies
(DrosQiphlla
melanogaater;
iiisecta)

Surface absoirption

Exposure tO' 40 ¡ig
2,4-0 per blocas say
jar with 50 flies
resulted in 1,7-foM
increase in mortality with 2,4-» +
DOT compared to^
Insecticide exposure
without 2,4-D.

Increase In moTtallty
with DDT + 2,4-0
significant at 95%
level..

Dtaethyl™
anioe salt

oi 2,4"D
(DMA-4 Ä04
Weedar 64^-¿)

îttse'c'tâu
(Cîiip»aE
133, 2.4--D'
low volatile
eater 4L)

Butoxyethanol
ester of
2 ,4-D'
(purified)

(analytical
grade)

24 hours

Lie ht ens, te la et
al. 1973
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Fomulation
2,4-D
(Chipaan
2,4-0 amine
No, 4)

Organism

Planktonic
dipteran
(ChaoboruB
|>uncti|>ennia;

Nature of
Exposure

Surface absorption,
static bloassay

Insecta)

Exposure
Time

Effects

24 hours

IC50 - 1,490 ppm
(Sg^F) and 1,124 ppoi
(68°F)

49 hours

IC50 " 1,142 ppm
(0 to 1,871 ppm)
at 5T¥ (901 limits)

96 hours

Comments

References

Larvae (3rd and 4th
instar) tested at
59'*F (IS^C) and 68**F

Bunting and
Robertson 1975

IC50 - 890 ppm (421
to 1,211 ppm) at
59**F (90% limits)

Buyoxfettianol
eeter of
2,4-D

Midge
(Chironomufl„
sp.; Insecta)

Surface absorption

Larvae and pupae
exposed to 0, 1, and
3 ppm 2,4-D at 68**F,
ly^'F, and 86" F,
respectively.
Greater larval mortality occurred with
2,4-D than with controls . A reduced
rate of pupal emergence occurred at
86"* F in 1 and 3 ppm
2,4"D compared to
lower temperatures
on controls (0 ppm
2,4-D).

Sigmon 1979

Butoxyethanol
ester of
2,4-D

Mosquito
(Anopheles
quadriroaculatus î
Insecta, larvae)

Surface absorption

Larvae survived
100 ppm 2,4-D in
laboratory. Adults
from the treated
larvae raised
through two generations with no
impairment of hardiness or reproductive
ability.

Smith and Isom
1967 in
Mullison
1970a,b

2,4-D
(free acid)

Gopepod (Cyclops
vemalis;
Crustacea)

Surface absorption,
static bloassay

48 hours
96 hours

LC50
LC50
5.32
(901

■ ^^'^^ PP"
- 3.72 ppm
to 11.57 ppm)
limits)

0-4 hours nauplii,
tested at 68*F
(20°C). Median
lethal times ranged
from 110.12 (95.57
to 344.41) hours
with 5 ppm 2,4-D to
36.11 (31.49 to
41.40) hours with
40 ppm 2,4-D.

Bunting and
Robertson
1975;
Robertson
1975; and
Robertson and
Bunting 1976
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Formylatlon

Organism

Nature of
Exposure

o

2,4-0^

2,4»D (acid)

Cladocerao
Liadocerao
Cfaphnta »agaa;
Crustacea)

Surface absorption.
static bioasaly

Exposure
Time

% houre

Scud C€amttariii
faeclatys
Cryatacea)

2,4-D

2,4-0 (acid)

2A-B
(Techttlcalj
90X)

Comments

ir. - AI7 o
^^
^^''^ ^^

^«^* ^O'C

IL^Q >100 pp«

?Ü'F» 20"C

1^50 - 3.2 ppn

60'fr\ 15.5*C

References

Pj^ealng 19«i

Cladoceran

(ittepíinía na^oa;
Crustacea)

2 „4-0

Effects

Cladoceran
(Da pimía
lumtiolEzi;
Cruatocea)

Cotpeptxt
(Megocyclope
leuckartl_j
Cruatace«

Surface «bfiiorpcioo, " 48 hours
static bioassay

Surface absorptioa

up to
71 hours

At 10 pp« concentration, 501 died at
38 hour«,» lOOX at
71 hours. At 20 ppm
concentration, 50X
died at 21 hours, 1001
died at 31 hours.

Surface absorption

up to- 30 days

Mo effect at coacentratlooa of 1„0 to
50 ppn.

Brown Sihrl«p
(Panaeua
aztecue;
Cr its tace«,)

Surface abaiorptioo

48 ho-ura

Ten percent showed
■ortailty or paralyal«
at 2.0 ppiMi 2,4~Ö„

Dwngeeess Crab
(Cancer magigterj
Crustacea)

Surface abaoxptioE,
static bioassay

96 hours

First Instar zoeae

SaEder» 1970

George et al.
1982

Butler 1965

Tested at 55.4 +
Caldwell 1971
3.6'F (13 + 2»C
and Caldwell
>10 pp«.
Firat Inetar and 25 + 0T5 pp
et al. 1979
Juvenile eraba LC^Q
thousand salinity.
and KC^Q both >10ü ppm„ Egg hatching at
3« 3 to 10 ppiB was
BOX or better, at
330 ppm was almost
completely inhibited, with
opaque uohatched
egge.
For zoeael
developmeot^ no
effect at 33 ppm.
Inhibition at
100 ppm.
Up to
33 ppm„ firststage zoeae with
unaffected motility, but those at
100 ppm were
mtiatly nomnotlle
if they survived.
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Formulation

Ö
1
00

Crganlsm

Nature of
Exposure

Exposure
Time

Effects

Comments

References

Exposure to 2,4-D
at 1 and 10 ppii
resulted In
delayed molting
during larval
development.
Juvenile molting
advanced when
crabs are exposed
to 2.4-D at
10 ppm.

Caldwell 1977
and Caldwell
et al. 1979

Immature individuals . Water
temperature 68 +
5.4"? (20 + 3"CT

Cheah et al.
1980

2,4-D
(Technical,
98%)

Bungeness Crab
(Cancer maglster;
Crustacea)

Surface absorption,
chronic exposure

69 days

Larval survival
impaired by exposure
to 10 ppm 2,4-D with
only 50% survival to
day 20 and less than
101 survival to day
50. Survival of
larvae exposed to
1 ppm did not differ
from controls.
Juvenile crabs exposed to 10 ppm exhibited poorer survival after 10 days
than controls or crabs
exposed to 10 ppm in
one experiment- In
another, no effect was
observed with 10 ppo
or 1 ppm compared to
controls. With adult
crabs, no effect on
survival was observed
at concentrations of
10 ppm 2,4-D for a
period of 85 days.

Alkanolamine
salt of
2,4-D

Crayfish
(Procambarus
clarkll;
(Crustacea)

Surface absorption,
static bioaasay

96 hours

a%

Sodium salt
of 2,4-D

Cladoceran
(Daphnia magna;
Crustacea)

Surface absorption,
static bloassay

96 hours

LC50 - 1042.3 ppm

IS-F, 20°C

Dikonlrt
(71.21
sodium salt
of 2,4-D
and 1.8Z
dichlorophenol)

Cladoceran
(Daphnia magna;
Crustacea)

Surface absorption,
static bloassay

24 hours
48 hours
96 hours

LC50 - 507.8 ppm
372.1 ppm
LC50 - 268.5 ppm

59°F, IS^'C

1,389 ppm
to 1,681 ppm)

.Preslng 1981

ö
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Formulât iO'n

Organism

Mkao-olamine
aalt of
2,4-D

Copepod (Cyclops

Olmethylamine aalt
of 2,4-P
(liquid,
49Z)

Cladoceran,
(Daphiiia iaa,gtia;
Crustacea)

vemalls;
Crustacea)

Nature o£
Exposure

Exposure
Time

Effects

Comments

References
Bunting and
Robertson
1975, and
Robertson and
and Bunting
1976

Surface abiaorptioii ,
static bioassay

48 hours

LC50 " "^ôZ.!! ppn
(225.57 ppm a.e.)
LC50 - 142.0 ppm
(120.34 to 167.3 ppm)
(54.8 ppm a.e. Í46.45
to 64.6 ppra a.e»])
(901 confidence
limits)

0-4 hour nauplil,
tested at 68"F
(20 "O. Median
lethal timeä
ranged from
102.77 (92.36 to
124.80 hours with
100 ppm 2,,4-D
salt to 51.22
43.10' to 57.49)
hours with
800 ppm 2,4-D
ealt.

Surface absorption,
static bioassay

48 hours

EC^Q - 4.0 ppm (3.4 to
4.9 ppm)

Hard water
(272 ppii CaCOj).
First instar,

70°F (2rc)
Seed shriiip
(Cypridopsia
vidiia ;
Craustacea)

Surface absorption,
static bioassay

48 houra

EC 50 "8,0 ppm (5.9 to
10,8 ppm)

Hard water
(272 ppm CaCO'3).
Mature, 70*F
(21'*C)

Send (Ganmarus
faeciatus;
Crustacea)

Surface absorption,
static bioassay

96 hours

LC5O >100 ppm

Hard water
(272 ppm CaCO'3).
Mature, 5Tf

Johnson and
Finley 1980,
Sanders 1970

(is-^c)
Surface abBorption^
static bioassay

48 howrs

EC50 "0.15 pp« (CLll

Mature, 70"F
(21°C)

Scud (Gammarus
fasclatus;
Crustacea)

Surface absorption,
static bioassay

48 hours

TL50 >10'0 ppm

60''F, IS.S^C

Sowbwg (AeelliiB
brevicaijidus,
Isopodo;
Crustacea)

Surface absorption,
static bioassay

48 hours

TL5Q, >100 ppm

60"F, 15.5*C

Glaas shriap
(PalaenMonetea
kadiakensta;
Crustacea)

Surface absorption,
static bioassay

48 hours

TL50 >100 ppm

70*'F, 21'C

Crayfish
(Qronecteg nais
Crustacea)

Surface absorption,
static bioassay

Giasa shrimp
(Palaemonetes

Johns O'H and
Finley 1980

Crustacea)
Dimiethylamine salt
O'f 2,4"D

Sanders 1970

Sanders 1970
48 hours

TL5Q >100 ppm

60'*F, IS.S^C
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Forroulation

Organism

Nature of
Exposure

Exposure
Time

Effects

Comments

References

Brown shirmp
(Panaeiis aztecus;
Crustacea)

Surface absorption

48 hours

Ten 1percent showed
mortality or paralysis
at 2 .0 ppin.

—

Butler 1975

Btitoxyethanol
ester of
2,4-D

Cladoceran
(Daphnia pU-Iex;
Crustacea)

Surface absorption

—

adults exposed to 0,
Ij and 3 ppni 2,4-D at
m°F , 77°F, and 86*F
had no statistically
significant difference
in oxygen consumption
although mean respiration increased with
temperature, and
highest respiration
at 3 ppm 2,4-0.

—_

Slgmon 1979

Butoxyethanol
ester of'
2.4-0
(Technical
§2.5%)

Cladoceran
(Daphnia magna;
Crustacea)

Surface absorption,
static bioassay

48 hours

LCt^O - 6,4 ppm
(4.5 to 9.1 ppm)^

First instar,
70"? (21''C)

Seed shrimp
(Cypridopsis
vidua; Crustacea)

Surface absorption.
static bioassay

48 hours

EC50 - 2.2 ppia
(1:5 to 3.3 ppm)

Hard water
(272 ppa CaCOq),
Mature, 70°F

Sowbug (Asellus
brevicaudis;
Isopod, Crustacea)

Surface absorption,
static bioassay

96 hours

ï'Cso "2.6 ppm
(1.3 to 5.3 ppm)

Mature, 59''F

Scud (GamiaaruB
fasciatus;
Crustacea)

Surface absorption,
static bioassay

96 hours

LC50 «6.1 ppm
(4?5 to 8.3 ppm)

Hard water
(272 ppm CaCOa).
Mature, SS'^F
(15^C)

Cladoceran
(Daphnia inag^na. ;
Crustacea)

Surface absorption,
static bioassay

48 hours

TL5Q, " 5.6 ppm

70"F, 21°C

Seed ahlrmp
(CyrtdopsÍB
vídua; Crustacea)

Surface absorption,
static bioassay

48 hours

TL50 » 1.8 ppm

7o*'F, irc

Sowbug (Asellus
brevicaudus;
Isopoda,
Crustacea)

Surface absorption,
static bioassay

48 hours

Dimethylantine salt

of 2,4-D

^

Johnson and
•Finley 1980

(2rc)

Butoxyethanol
ester of
2,4-D

OO

I

(15'"O
Johnson and
rPinley 1980

.Sanders 1970
TL5Q =3.6 ppm

eO'F, 15,5"C

Appendix à (Cootlnued)
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Formulation

Butoxyethaûol
ester of
2,4"D

Oirganls'tn

Nature of
Bxposure

Exposure
Time

Effects

Cotmnents

Glass shrimp
(PalaemO'ttetea
kadiakensis,
Crustacea)

Surface absorption,
static bloaasay

48 hours

TL30 - 1.4 ppm

70'F, Zl'^C

Crayfish
(Oroiiectee nais
Crustacea)

Surface absoirptioû,
static bioassay

48 houra

TL50

eO^F. 15.,5*C

Scud (Gammarua
fasciatus;
Crufltacea)

Surface abaorptloQ,
static bioassay

24 hour»

TL50 - 6.5 ppn
(1.0 to 8.6 pp»)

Surface abaoTptiO'E,
static bioasaay

4i liO'tir®

TL50 " 5.9 ppn
(3.1 to 11 ppa)

Surface absorption,,
static bloasaay

96 hour«

TL50 - 5.9 ppm
(3.1 to. U ppn)

100. pp«

References

,-Sander» 1970i
§0*F, X5.,5"C

Butoxyethanol
ester ol"
2,4-D
(500 g/liter)

Harpactlcoid
(Nttocra
apinipes;
Crustacea)

Surface abaorptiO'O»
static bloaasay

% hours

LC^Q ■ 3.1 pp«
(2,4 to 4.1 ppn)

70 + l.e^F,
21 ? I'C

Littdea et al.
1979

Butoxyetliano'l
eater of
2.4-D

Pink ehrimp
(Faoaetis
duorar uw;
Cruatacea)

Surface absorptioo

48. hours

No effect observed
at 1.0 pp«, 2,4-0.

Mortality or
paralysis as
the endpoiut*

Butler 1975

Propylene
glycol butyl
ether ester
of 2,4-0
(lOOX. llqyid
EBteroû®99)

Cîadocerati,
(Simocephaloa
serrulatue;
Crustacea)

Surface abaorptioû,,
static bloaeaay

96 hours

LC5Q * 4.9 ppm
(4.0 to §.7 ppm)

First ioa'tar,
59"C (IS'C)

Cladoceraa (Daphnla
ntagiaai Crustacea)

Surface absorptioa,
static bloaasay

48 ho«rs

EC^Q "1.2 ppm
(0'.7 to 2.0 ppn)

Hard water
(272 pp» CaCOj).
First instar»
70"F (21*C)

Seed ahrimp
(Cyprldopaia
¥idua;, Crustacea)

Surface aboorptloE,
Btatic bloaasay

48 hours

EC5A - O1.4 PI»
(Oj to 0.7 ppn)

Mature, JO^F

Scud (GajiiaaruB
faeclatua;
Crustacea)

Surface aboorptlo'iij,
static bioaeaay

96 hours

LC50 -"2.9 pp«
(1.7 to 4.7 ppa)

Mature, 59"F
(15'C)

GlasB shrimp
(Palaemonetee
ka.dtakepale;
Crustacea)

Surface abBorptioü,,
static bloasaay

96 hours

^^501 "0.4 pp«
(0.09 to 1.4 ppn)

Hard water
(272 ppai CaCOj).
Mature^ 70*r

arc)

Sanders: 1970'

"Saaderai 1970

A (Continued)

Formulation
Propylene
glycol butyl
ether ester
of 2,4~D
(100%, liquid
E8teron®99)

Propylene
glycol butyl
ether ester
of 2,4-D

Organism

Nature of
Exposure

Exposure
Time
96 hours

Comments

Effects
LC50 - 2.6 ppm
(1.8 to 3.8 ppm)

Hard water
(272 ppm CaC03).
Second year
class, 50°F
(10°C).

Stoaefly
(Pteronarcys
californica;
Crustacea)

Surface absorption,
static bioassay

Stonefly
(Pteronarcella
badia; Crustacea)

Surface absorption,
static bioassay

96 hours

LC50 - 2.4 ppm
(1*9 to 3.2 ppm)

Naiad stage,
50°F (10°C).

Surface absorption,
static bioassay

48 hours

TL50 - 0.1 ppm

70°F, Zl^'C

Cladoceran
(Daphtiia magaa;
Crustacea)

Surface absorption,
static bioassay

48 hours

TL5Q - 0.32 ppm

70"F, 21'C

Seed Bhrimp
(Cypridopsis
vldua; Crustacea)

Surface absorption,
static bioassay

TL50 - 2.2 ppn

ÔO^'F, 15.5°C

SowbuR (Aselltis
brevlcaudus;
iBOpod, Crustacea)

48 hours

Surface absorption,
static bioassay

48 hours

TL50, -" 2.7 ppra

70°F, 21°C

Glass shrimp
(Palaemontes
kadiakensls,
Crustacea)
Crayfish
(Oro'nectes nais;

Surface abso-rptlon,
static bioassay

48 hours

TL50 >100' ppm

Scud (Gannnarus
fasciatus;
Crustacea)

Surface absorption,
static bioassay

24 hours
48 hours

TL50, - ^-1 PP™
(2.8 to 5.8 ppm)
TL50 - 2.6 ppm

96 hours

TL50 " 2»5 ppm

References

Johnson and
Finley 1980

.Sanders 1970

craytish)

it

7 (hn

"^ _q

1
00

"Sanders 1970'

nnm')

(1.7 to 3.7 ppm)

ö

'60"F, 15.5"C

J

Pink shrimp
(Panaeus
duorarum;
Crustacea)

Surface exposure

48 hours

No effect observed
at 1.0 ppm 2,4'D.

Endpoint was
mortality or
paralysis.

Butler 1975

Propylene
gljrcol butyl
ether ester
of 2,4-D
Isooctyl
(2-ethyl~
hexyl) ester
of 2,4-D
67%)

Scud (Gammarus
fasciatus;
Crustacea)

Surface absorptioa,
static bioassay

96 hours

2.4 ppm
-50
(1.9 to 3.0 ppm)

Mature, 70"*?
(21°C)

Johnson and
Finley 1980

Appendix A (Continued)
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FormulatiO'Ti
2,4-D
(analytical
grade)

(analytical
grade)

Organism

Nature of
Exposure

Expo'sure
Time

Effects

Comments

References

House files
(Muaca
doaeatlca;
Iiia.ecta)

Surface abaorptioci 24 ho«rs
(applied tO'plcally
to ventral surface)

Exposure to 15 ¡i,g
2,4-D per fly
resulted la 1»4-fold
lacrease lo, mortality with 2,4-D -f
parathion compared
tO' parathiom aloEe«
NO' cliange observed
In (mortality with
2,,4-Di ati.d DDT com-'
pared to DDT alone.

Increaee la mo^rtallty
with parathion + 2,4-D
not significant.

Llchteoisteln et
al» 1973

Mosq«ltcit (Aedee

Stirface water

Exposure tO' 10' ppni,
2,,4-D resulted in
3.2-fold Increase In
mortality with
2,4-D + parathiom
and 1.7-fold Increase in mortality
vit h 2,4-D f- DDT conto insectleide exposure without 2,4-0.

Increase In tuortality
with parathion +
2,4-D öignlficant at
99,91 level.

iichtenstelo, et
al. 1973

24 hours

Iasecta„
la r/ae )

2,4-Di

Cockroach
(Blattella
germaaiica;
lasecta)

Dlmethylamine salt
2,4-D (4 lb
per gallO'O
a.e.)

Mayfly
(Ephem srella
valkerl;
Insecta,
nymphs}

Oral (iiigeoted
with food)

When cO'Ckroaches
were fed 1,000 ppm,
2,4~D in foodj there
were only negligible
effects in ternis of
larval mortality»
larval developmeut
tiie,, or reproductive potential
through the third
generatton.
1 hO'ur

At 1.0 ppn, 38% In
untreated water; at
lO'O ppm, Ot in
untreated water with
no avoidance
observed and 70'%
mortality« No
avoidance shown at
10' ppiB,

Riviere 1976

Tenperattire 32^ F
(IPC)» p« 8.0,
hardness 90 ppra as
CaC03, 7.0 ppm
dissolved oxygen.

Folmar 1978

Appendix A (Continued)

Formulation

I

Nature of
Exposure

Exposure
Time

Effects

2-Ethylhexl
ester of
2,4-D

Brown shrimp
(Panaeus aztecua;
Crustacea)

Surface absorption

48 hours

Ten percent showed
mortality or paralysis at 2.0 ppm,

Butyl ester of
2,4-D (9B.4%
liquid,
Esteron
76-BE)

Stonefly
(Peteronarcella
badia; Crustacea)

Surface absorptionj
static bloassay

96 hours

LC5Q - 1.5 PPŒ (1.2
to 1.9 ppm)

2,4-D

Rotifer
(BrachioEUB
calyciflorus)

Surface absorption

up to
31 hours

At a 5 ppm concentration, 50X of the test
animals died within
24 hours, 1001 died
within 31 hours.

2,4-D (acid)

Freshwater
oligochaete worm
(Lumbriculus
varlegatue;
Annelida)

Surface absorption,
static bloassay

48 hours

LG50 - 122.2 ppm

Eastern oyster
(Craaaostrea
vlrginlca;
Mollusca)

Surface absorption

2,4-D (acid)

00

Organism

5^6 hours

LC5Q - 122.2 ppm

96 hours

No effect observed
at 2,0 ppm 2,4-D.

Comments
~-

Nymph stage»
50°F, 10"C

References
Butler 1975

Johnsoin and
Finley 1980

George et al.
1982

Montoxic concentration of
86.7 ppm.
Temperature 68 +

Bailey and
Liu 1980

i.8^F (20 + ro

Dlmethylamine
salt of 2,4-0

Eastern oyster
(CrassoBtrea
virglnica j
Mollusca)

Surface absorption

96 hours

No effect observed
at 2.0 ppm 2^4-D.

Butyl ester of
2,4-D

Freshwater
Ectoprocta
(Plumatella
casmiana)

Surface absorption

up to
84 hours

at 4 ppn, individuals
were all alive at
12 hours, sluggish at
24 hours, extremely
sluggish at 36 hours,
and all dead at
48 hours.
At 3.0 pptB, individuals were all
alive at 12 hours,
sluggish at 24 to
hours, extremely
sluggish at 60 hours,
and with 501 mortality at 72 and
84 hours.

Endpoint for
effect was a
decrease in
sheel growth«
EC51Q was the
concentration
causing a 50X
decrease in
shell growth»

At 0.01 ppm,
there was no
reduction in
staoblast germination compared
to controls.
Reduced gemination observed
at 1.5 ppm
2,4-D.

Butler 1975

Rao and Dad
1979

Ai>pcndîx A (Co'nL Inued)
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Formulation

O'rgiinlsm

Nature oí
Exposure

Exposure
Time

Effects

Butyl ester of
2,,4-D

Freshwater
Ectoprocta
(Lophopdella
carter!)

Surface absorption

up to
48 hours

At 4 ppnij Individuals
were sluggish at
12 ho'urs, extremely
sluggish at 24 hours
and all^ dead at
36 hours.
At 3.0 ppm, all indivldtialB reoialned alive
a 84 hours and were
not sluggish.

Butyl ester of
2,4-D

Freshwater
EctO'pro'Cta
(Hyalloella
puneta ta)

Surface absorption

up to84 hours

At 4 ppm, iodividuale
were all alive at
12 hours s sluggish at
24 hours, extremely
sluggish at 36 ho'urs
and all dead at
48 hours.
At 3.0 ppm, all individuals remairied alive
at 84 hours and were
not sluggish.

BiUtoxyethanol
ester of
2 ,4-D

Estern Oyster
(Craaeostrea
¥lrglnlca;
Mollusca)

Surface abaorption

96 hoara

EC50 - 3,75 ppm

Comments
At both O'»01 and
1.5 ppm 2,4-D,
reductioo, In,
8tatoblast
germination compared tO' control 8 was
observed.

References
Rao ao-d Dad
1979

Rao aad Dad
1979

Endpoint for
effect wag a
decrease In
ahell growth.

B.wtler 1965

con ceo, t ration
causing a 50%
decrease io
shell growth.
2-EtliyJhexyl
■ester of
2,4-D

Eastern Oyster
(Craeaostrea
virginlca;

Surface abaorption

96 hours

Thirty-eight p«:rcent
growth reduction at
5.0 ppm 2,4~D.

Mollusca)

Endpoint fo^r
effect was a
decrease in
shell growth.

Butler 1965

concentration
causing a 50%
decrease in
shell growtihi.
Propylene
glycol butyl
ether ester

of 2,4-D

Easterti Oyster
(Crassostrea
vlrglnica;
Mollusca)

Surface absorption

96 howrs

Thlrtjir-nine percent
growth reductioo. at
1.0 ppm 2,4-D.

Endpolnt for
effect was a
decrease in
shell growth.
EC50 was the
concentration
causing a 5ÜZ
decrease in
shell gro'Wth»

B^utler 1965

Appendix A (Continued)

Formulation

CO

Organism

Nature of
Exposure

Exposure
Time

References

Effects

2,4-D (acid)

Soil
microorganioaafi

2,4-D incorporated
tEto soil cultures

56 days

2,4-D incorporated into
soil at a rate equivalent to 5 tons a.i./acre
(11,227 kg/ha) in
laboratory resulted in
45% inhibition of CO2
production conpared to
controls. Bacterial
growth was inhibited by
both pure 2,4-D and its
fornjulationj streptomyces growth was
enhanced with pure
2,4-D and inhibited
by its formulationÎ
and fungal growth was
enhanced with pure
2,4-D and unaffected
by its formulation.

2,4-D

Soil amaeba
(Acanthatnoeba
castellanii)

2,4-D Incorporated
ittto culture
medium

5 days

Growth and reproduction
stimulated at 0.1 and
and 1.0 ppm 2,4-D, Less
pronounced stimulation
at 10 and 100 ppm, with
a longer lag phase than
controls for 100 ppm
2,4-D.

2,4-D (acid)

12 strains of
algae

2j,4-D incorporated
into culture
medium

14 days

Low concentrations
usually stimulated algal
cultures, higher concentrations stimulated or
stopped growth. In
ntixed cultures, most
tolerant species
decreased toxlctty of
the herbicide to more
sensitive species.

2,4-D

Soil fungi

Incorporated Into
field-collected
Boil and incubated
in laboratory.

40 days

applied at 1.9, 7.6,
and 15.2 ppm in dry
soil. Stimulated total
count of soil fungi and
several fungal species,
especially between 5 and
20 days after treatment.

Stojanovlc et
al, 1972

Acanthamoeba may
be able to
degrade 2,4-D
and use it as a
carbon/energy
source.

Frescott and
Olson 1972

Bednarz 1981

Incubated at
80.6°F (27°C)

Moubasher et
al. 1981

Append ¡x A (Contintied)
t3f
I
VO

O

Formulation

Organism

Nature of
Exposure

Exposure
Time

References

2,4-D

Soil fungi

lîicorpoirated in
agar médium.

Not given

Stimulated total co-utit
of soil fungi as well as
Asperigillus sp. j,
ál* BIâëK* ^* f^pl8at^8i,
and FnaarimiB sp* at
6,3 ppin. Toxic at
6.3 ppŒ to Hum!cola
grlaea and Myrotlieclun
verrucaria. At 25.2 and
50'.4 pptii, toxic to total
fungal coimta and to
most species.

Moiibaslier et
al, 1981

2,4-D

Sewage
nticroorganisms

Incorporated la
inoculum

up to
190 hours

Concentrations of 0.1,
1.0, and 100 ppm' 2,4-D
did' not affect rate of
Oj depletion caused by
mlcroorganisiiis degrading
organic taatter in
sewage. Nitrification
by an enrichmemt Culture
derived "irom sewage was
not affected with 1.4' or
14 ppm '2,4-D, Inocula
with 10' ppm 2,4-D did
not metabolize significant ani,oun.t8 of herbicide as the S'Ole source
of carboD.

Lieberittan and
Alexander
1981 an.d
Rosenberg et
al. 1979

2,4-D

Soil
.
mlcroo'rgaEisiiB

IncorpoTated in
organic soil.

2 to 7 days

Concentratlone of 5 and
10 ppm (weight) 2,4-D
did not significantly
alter noneymbtotic
nitrogen fixation,
acetylene redyctlon, or
popul.atlon growth of
fungi or bacteria contpared to controls.

Tu 1979

2,4-D (acid)

Phytopla'DJcton

Surface absorption,

4 hours

No decrease In carbon
fixation at 1,0 ppm.

Bo, tier 1965

2,4-D (99X)

Eugleaa yacilia
(Algae)

Surface absorption

3 days

220 pp«i 2,4-D did not
adversely affect Euglena
cultures In te ruai of
percent motile cells,
or population growth
as measured by O'ptical
density, coiipared to
controls.

Cultured in soil
water (slurry)
at 770F (250c)

Horre 1974 and
Elder et al.
1970

Appendix A (Concluded)

Formulation

Organism

Nature of
Exposure

Exposure
Time

Effects

Comments

References

2,4-D

Free living
Amoebae
(23 strains)

Surface absorption

28, 54, and 84 ppm 2,4-D
did not adversely affect
any strain of Amoebae
tested.

Pons and
Pussard 1980

2,4~D

Blue-gree algae
(Cyano
bacteria)

Incorporated into
culture medluii

Exponential growth rate
reduced to 50X of control at 50 to 700 ppiB
and growth was completely inhibited at
100 to 1,000 ppm.

Hutber et al.
1979

Dimethylanlne
salt of 2,4-D

Phytoplankton

Surface absorption

4 hours

No decrease in carbon
fixation at 1.0 ppn.

Butoxyethatiol
ester of
2,4-D

Phytoplankton

Surface absorption

4 hours

Sixteen percent decrease
in carbon fixation at
at 1.0 ppm.

2-Ethylheityl
ester of
2,4-D

Phytoplankton

Surface absorption

4 hours

Forty-nine percent
decrease in carbon
fixation at 1.0 ppn«.

Propylene
glycol butyl
ether ester
of 2,4-D

Phytoplankton

Surface absorption

4 hours

Forty-four percent
decrease in carbon
fixation at 1.0 pp©.

ButojLyethanol
ester of
2,4»D (98.2X)

Planktonic algae

Incorporated into
culture medium

2 weeks

At a concentration of
0,01 ppn 2,4-D, all 21
strains of algae tested
were capable of removing
2,4-D from the culture.
Remaining 2,4-D ranged
from 13 to 64% of the
original amount.

Butoxyethanol
ester of
2,4-D (98.2Z)

Planktonic algae
(36 isolates)

Incorporated into
culture medium

2 weeks

Cultures grown at 0.001,
0.01, 0.1, 1.0, and
4.0 ppm. Concentrations
of 1.0 ppm and less did
not change population
growth patterns of the
Isolates compared to
controls. At 4.0 ppm,
some Inhibition of
growth response occurred
(lût of cultures).

I
'Data not available or not appUcahlo.
95% coinfldence limits in parentheseis-

Butler 1965

Disappearance
of 2,4-D from
actively growing
culture may not
conclusively
demonstrate
metabolism of
2,4-0 by those
strains.

Butler et al,
1975a

Butler et al.
1975b
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Formulation

Nil ture of
Exposure

Exposure
Time

0.3 gram fish, 50°F
(10-C)

96 hours

LC5O - *5 pp«
(35-56 pp»)

0.3 gram fish, 50*F
(10'*C)

Surface absorption,
static bioassay

24 hours

TL5Q - 5.92 ppm
(May) to
45.00 ppm
(February)

Surface absorption*
static bioassay

48 hours

TL50 " 5'®^ PP*
(May) to
42.50 ppm
(February)

Mean test temperatures
ranged from 62.6"F
(IT^C) in February to
102.Z^F) (39°C) In
May. Toxic i ty increased with Increase
in temperature.

Surface absorption,
static bioassay

96 hours

TL50 " 5.10 ppm
(May) to
35.00 ppm
(February)

Cutthroat
tro^ut

Surface absorption,
static bioassay

96 hours

2,4-D (acid.
granular,
lOOX)

Lake trout

Surface absorption,
static bioassay

2,4-D
(Technical)

Coomoii carp

I^SQ

2,4-D (acid)

Channel
catfish

Surface absorption,
static bioassay

48 hours

Less than lOX
mortality at
10 ppm.

2,4-D (acid)

Spot

Surface absorption,
static bioassay

48 hours

Ho obserifed effect
at 50 pp».

2,4~B (acid)

Pink salmon
(fry)

Surface absorption,
static bioassay

96 hours

Mean mortality
of lOZ at 1 ppm,
13.3X at 5 ppm,
43.3% at 10 ppm,
and lOOX at
50 ppm.

Chum salmon
(fry)

References

Effects
•■ 64 ppm£
(57-72 ppœi)

2,4-D (acid.
granular,
lOOZ)

2j,4~D (acid)

I

Organism

Surface absorption,
static bioassay

96 hours

No mortality at
1, 5, or 10 ppm.
Mean mortality of
66.7X at 50 ppm.
No effect level «
10 ppm.

Johnson and
.Finley 1980

One year old fingerlings (14 grams) were
used. Temperature 68
to ög.S^F (20 to 21*0.

Vardia and Durve
1981

McCorkle et al.
1977

Butler 1965

Temperature 50 +
18"F (10 + rc).

Meehan et al,
1974

Appendix B^ (Continued)
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Formulation

Organism

2,4-D (acid)

Coho Ba-lmon
(fry)

Nature of
Exposure

Exposure
Time

Surface absorption,
static bloasoay

96 hours

Effects

References

No mortality at '
1, 5, or 10 ppia.
Mean mortality of
801 at 50 pprn.
No effect level ■
Temperature 50 ± IB"F
10 ppm.
'(10'+ l^'C).
No mortality at
1, 5, or 10 ppBi.
Mean mortality of
6.7% at 50 ppn»
No effect level '"
10 ppm.

2,4--D (acid)

Sockeye salmoE
Csmolta)

Surface absorption,
static bloassay

96 hours

2,-4-D (acid)

Alaska cotio
salmoii
(finger lings)

Surface absorptionj,
static bloassay

96 hours

Dolly farden
char
(finger lings)

Surface absorption,
static bioaesay

96 hours

No mortality at
concentrations up
to' 50 ppm.

Rainbow trout
(fingerlings)'

Surface absorptlou,
static bloassay

96 hours

No moTtality at
concentrations up
to 50 ppm.

Oxegon coho
salmon
(fingerlings)

Surface absorption,
static bloassay

96 hours

2,4-D (acid,
991)

Green sunflsh

Surface absorption

Dimethylamlne salt
of 2,,4-D
(liquid)

Bluegill

Surface absorption

Green sunflsh

Surface abeorptlon

No mortality at
concentrations' up
to 50 ppm.

Meehan et al.
1974

Temperature 50 + l.e^F
.10 + I'^C

Meehan et al»
1974

No mortality at
1, 5, or 10 ppm.
Mean mortality of
73351: at 50 ppm.
No effect level *
10 ppm.

Temperature 50 + 1.8"F
(10'+ IC)

Meehan et al.
1974

41 hours

No effect on
swimming response
io fish exposed
to 110 ppra a.e.

Temperature 75.2*'F
(25°C)

Morre 1974 ;
Sergeant et
al. 1971 and
Sargent et al.
1970

12 days

At 25 ppm, study
terminated at
8 days wi th no
deaths (fry)«

NOEL (no death) for
small fish ■" 40 ppra, fox
12 days.
^Hlltibran 1967

At 25 ppm, study
terminated' at
8 days with no
deaths (fry).

Appendix B (Continued)
Nature of
Exposure

Exposure
Time

Organism

Dimethylamloe salt

Lake
chubsucker

Surface absorption

At 25 ppm, study
terminated at
8 days with no
deaths (fry).

Smallmouth
bass

Surface absorptlom

At 25 ppo, study
terminated at
8 days with no
deaths (fry).

Dimethylamine salt
of 2,4-D

Cobo salmon
(yearling
fish)

Surface absorptiofk,
static bioasaay

144 hours

No mortality was
observed in fish
exposed to 2,4-D
at (nominal) concentrations as
high as 200 ppn»»

Actual measured concentrations were as
237 ppm. No effects
on gill ATPase noted
and little mortality
resulted when fish
were placed in seawater for 240 hours.

Dinethylamine salt
2,4-D (DMâ)
(liquid,
491)

Chinook salmon

Surface absorption,
static bioassay

96 hours

LC50

100 PP"

1.0 grams fish, 50"F
(10"C)

Rainbow trout

Surface absorption,
static bioassay

96 hours

LC5Q

100 ppm

1.4 gram fish, 50°F
(10°C)

Fathead minnow

Surface absorption,
static bioassay

96 hours

LC3Q - 335 ppm
(245 to 458 ppm)

0.8 gram fish, 62.6'"F

(liquid)

O
I
KO

References

Effects

Formulation

.Hlltlbran 1967

Lorz et al. 1979

.Johnson and
Finley 1980

(n^c)

Channel
catfish

Surface absorption,
static bioassay

96 hours

1X50 » 155 ppm
(142 to 169 ppm)

1.9 grams fish, 64.4'*F
(18"C)

Bluegill

Surface absorption,
static bioassay

96 hours

LC50 " 168 ppw
(123 to 230 ppm)

1.1 gram fish, 64.4'F
(18°C)

Smallmouth
bass

Surface absorption,
static bioassay

96 hours

LC5Q - 236 ppm
(185 to 300 ppm)

0.4 gram fish, 50*F
(lO'^C)

2,4-D amlne
(Farmco
D50)

Mosquito fish

Surface absorption,
static bioassay

24 hours
48 hours
96 hours

TL50 "• 500 ppm
TL50 - 445 ppm
TL5Q « 405 ppm

Dlmethylaraine salt
of 2,4-D

Channel
catfish

Surface absorption,
static bioassay

48 hours

Less than 10%
mortality at
10 ppm.

}

69.8 to /Ló^F
(21 to 22°C)
One year old finger-lings (14 grams) were
used. Temperature " 68
to 69.8°F (20 to 21**C).

Johnson and
Finley 1980

1

Johnson 1978

McCorkle et al,
1977
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Formulation

Organism

2,4-D-aiiÍAe
(50'X a.l.)

Grass carp

Nature of
Exposure
Surface absorption,
flow-through
bioaseay

Exposure
Time
24 hours

48 tioitra

96 hours

Effects
hC^Q " 3,080 ppœ
(2,,622 to,

ConOTentg
Fish weight 15.8 +
8»1 gram. Tests run at

3,613 ppn)

64.4 to 69.8'*F C18-2rc),

LC5Q ** 2,540 pp«
(2,184 to
2,952 ppo).
LC,'50
1,313 ppin
(1,116 to
1,544 ppm)

water hardness of 270 ppni
as CaCOj, pH 8.1.

References
Tooby et al.
1980

2,4-D-aiilne

Major carp

Surface absorptloiii,
static Moaasay

96 hours

No mortality
observed at
10Ü ppm, the
highest dO'Se,

Singh and Yadav
1978

Dliiethylamine salt
of 2/4-D

Long-ttosed
kllllfiah

Surface absorption,
static bloassay

48 hour®

No effect
observed at
15 ppm.

Butler 1965

Blnethyl-

Rainbow trout

Surface absorption»
fish in Y-maze to
choose freshwater
or water with 2,4-D

1 hour

At 0.1 ppm, 49%
of fish in
freshwater. At
1.0 ppiD' and
10.0' pp«, 701
and 75% respectively, in
freshwater*

Significantly more fish
chose freshwater at 1.0
and 10.0 ppot than
expected,,showing avoidance reaction at concentrations as low as 1 ppm.

N-oleyl1,3-propy-"
lenedlamlEe
salt of
2,4-D
(co'nmercial.
57Z)

Chaimel
catfleh

Surface absorption,,
static bloassay

96 hours

IX5Q » 0.3 ppn
(0.2 to 0.5 ppn)

1.9 grame fish, 64.4"F
(18'*C)

Bluegill

Surface absorption,
static bloassay

% hours

l£^Q - 0.8 ppffl
(0.6 to 0.9 ppm)

1.1 grajffls fish, 64 .4"^F
(la^C)

Dodecyl
(50.7X)/
tetradodecyl
(12.7%)
aulne salt
of 2,4-D
(oil soluble
liquid.
63.4%)

Chinook
ealmon

Surface absorption,
static bloassay

96 hours

LC5Q, * 4.8 ppm
(4.0 to 5.8 PI»)

1.0 gram flah, 50'*F
(10*'C)

Rainbow trout

Surface absorption,
static bioasaay

96 hours

IX5Q "* 2.7 ppm
(2.2 to 4.3 ppm)

1.4 grans fish, 50"F
(10°C)

Fathead
nlnnow

Surface absorption,
static bioaasay

96 hours

LC5Q »«2.7 ppim
(IJ to 4.0 ppm)

0.9 gram fish, 68"F
(20*0

Channel
catfish

Surface absorption,
static bloassay

96 hours

1X50 - 7.0 ppm
(5^6 to 8.7 ppm)

0.8 grao fish, 68*F
(20'*C)

of 2,4~D

FolMr 1976,
1978

Johnson and
Finiey 1980

Johnson and
Flnley 1980
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Organism

Nature of
Exposure

Exposure
Time

References

Comments

Effects

Dodecyl
(50.7X)/
teradodecyl
(12.7X)
amlne salt
of 2,4-D
(oil soluble
liquid.
63.4X)

Bluegill

Surface absorption,
static bloassay

96 hours

LC50 « 7.4 ppm
(6,1 to 9.0 ppm)

1.4 gram fish, 68*F

1

Smallmouth
bass

Surface absorption,
static bloassay

96 hours

LC50 - 3.1 ppm
(2.6 to 3.7 ppm)

0.4 gram fish, 68"?
(20"C)

IsopropylDlethylamolamlne salt
(28X)

Green aunfish

Surface absorption

41 hours

No effect on
swimming
response in fish
exposed to
110 ppm a.e.

Temperatures 75.2°F
(25°C)

Morre 1974,
Sergeant et al.
1971 and Sargent
et al. 1970

2,4-D
(potassium
salt)

Goldfish

Surface absorption,
flow-through
bloassay

Contlntious
from
fertilization
through
4 days post
hatch

LC50 for 0-days
post hatch
>187 ppm in soft
water (50 ppm
CaCOj) and
>201 ppm in hard
water (200 ppm
CaCOj). LC50
for 4-days post
hatch »
133.1 ppm (108.6
to 174.8 ppm) in
soft water and
119.1 ppm (98.5
to 150.6 ppm) in
hard water.

In soft water j LCj^ «
8.21 pp» (2.677 to
15.027 ppm) and in hard
water is 8.851 ppm
(3.835 to 14.637 ppm).
At approximately 0.2 ppm
2,4-0, 0 to 1% of hatch
were teratlc; at appoxinately 200 ppm, 11 to 12X
of hatch were teratlc.
At higher concentrations,
73 to 76X of eggs hatched

Birge et al.
1979

2,4-D
(potassium
salt)

Largemouth
bass

Surface absorption¡,
flow-through
bloassay

Continuous
from
fertilization
through
4 days post
hatch

LC50 ^^^ O-days
post hatch ■
165.4 ppm (130.6
to 274,1 ppm) in
soft water
(50 ppm CaC03)
and 160.7 ppm
(122.9 to
230.6 ppm) In
hard water
(200 ppm CaC03).
LC5Q for 4-day8
post hatch ■
108.6 (92.5 to
138.4 ppm) in
soft water and
81.6 ppm (64.8
to 103.5 ppm)
in hard water.

Birge et al.
In soft water, LCj^ ■
1979
13.102 ppm (4.418 to
21.886 ppm) and in hard
water is 3.214 ppm (1.218
to 5.989 ppm). At approximately 1.0 ppm 2,4-D
0 to IX of hatch were
teratlc; at approximately
180 ppm, 15X of hatch were
teratlc. At higher concentrations, 49 to 65% of
eggs hatched.

(zo-^c)
. Johnson and
Finley 1980

.
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Nature of
Exposure

Exposure
Time

Formulation

Organism

2.4-D
(potaS'Sium
salt)

Rainbow trout

Surface absöirptloo,
flO'W-through
bioassay

Cootlnuous
from
fertilization
through 4 days
post hatch

hC^Q for O-days
and 4-days post
haitch » 11.0 ppm
(7.8 to 15.1 ppm)
in soft water
(50,ppm CaCOj)
and 4.2 ppm
(2.8 to 5.9 ppm)
in hard water.

In soft water,, LC|_ *»
Birge et al.
0.033 ppm (0.009 to
1979
0.084 ppm) and in tord
water is 0.022 ppm
(0.006 to 0.055 ppm).
■At approximately 0.05 ppm
2,4-D, 0 to 1% of hatch
were teratic; and at
approximately 140 ppm,
no eggs hatched.

2,4-D
(sodium
salt, 80Ï)

Mullet

Surface abeorptloa,
static bioassay

24
48
72
96

hours
hours
hours
hours

1X50^
LC50
LC50
LC50

*
"
»

§8
47
41
32

Fry approximately
30 days old'used.

2,4-D
(sodium
ealt,
74.71)

Bleak
(Albumws
albumus
eggs)

Surface absorption.
static bioassay

12
24
36
48

hours
hours
hours
hours

LC50
LC5Q
LC5Q
LC5Q

»
«
«
-

159.4 ppm
129.0 ppm
63.9 ppm
12.9 ppm

Bleak

Surface absorptionj,
static bioassay

12
24
36
48

hours
hours
hours
hours

LC50.
LC50
LC3Q
LC5Q

- 112.2 pp«
- 70.6 ppm
"62.1 ppm.
* 51.6 ppm

(MMlUM
alburn,us
larvae)

Effects

ppm
ppm
ppm
ppm

Comments

Tag El-DlE
'et al. 1981

2,4-D caused delayed
embryo development.
Normal development was
stunted at relatively
lO'W concentrations of
-Biro 1979
2,4~D. 2,4-D was
markedly ,toxic to»
freshly hatched larvae,
and it delayed filling
of the swim bladder with
air.

2,4-D
(Li -1- ealt
95%)

Green Bunfish

Surface absorption

41 hours

No effect on
swimmiüg response
in fish exposed
to 110' ppm a,e.

2,4-0
(sodium
salt)

Bluegill

Surface absorption

8 days

NOEL (no death)
for small fish 100 ppm for
8 days.

.

Isooctyl
ester of
2,4-D

Pink salmon.

Surface absorption
static bioassay

96 hours

Mean mortality of
40X at 1 ppm.
80% at 5 ppm.
All fleh died at
10 ppo.

Temperature 50 + l.S^F

(fry)

References

Temperature 75.2'F
(25*C)

(io°c + rc)

Morre 1974,
Sergeant et al.
1971 and Sargent
et al. 1970
Hiltibran 1967

Meehan et al.
1974
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Organism

Nature of
Exposure

Exposure
Time

Effects

Comments

Isooctyl
ester of
2,4-B

Chtm^ salmon
(fry)

Surface absorption,
static bioassay

96 hours

No mortality at
1 ppm. Mean mortality of 66.7%
at 5 ppm and 60.0
at 10 pp«. All
fish died at
50 ppm. Mo
effect level •
1 ppm.

Temperature 50 -4- 1.8"F
(10 + 1"C)

Meehan et al.
1974

iBooctyl
ester of
2,4-D

Coho salmon
(fry)

Surface absorption.
static bioaseay

% hours

No mortality at
1 ppm. Mean mortality of 6.67%
at 5 ppm and
13.31 at 10 ppm.
All fish died at
50 ppta. No
effect level ■■
1 ppm.

Temperature 50 + 1.8"F
(10 + 1"C)

Meehan et al.
1974

Isooctyl
ester of
2,4-D

Sockeye
salmon
(smolts)

Surface absorption.
static bioassay

% hours

Mean mortality of..
6,7% at 1 ppm,
33.3% at 5 ppm,
and 63.3% at
10 ppm. All
fish died at
50 ppm.
Temperature 50 + 1.8** F

'(10 + rc)
Isooctyl
ester of
2,4-D

Alaska coho
salmon
(fingerlings)

Surface absorption.
static bioassay

96 hours

Isooctyl
ester of
2,4-D

Isooctyl
ester of
2,4-D

\

Dolly Varden
(fingerllngs)

Rainbow trout
(fingerllngs)

Surface absorption,
static bioassay

Surface absorption,
static bioassay

96 hours

96 hours

■^

Meehan et al.
^ 1974

No mortality at
1 or 5 ppm. Mean
mortality of 3.3%
at 10 ppm 40% at
50 ppm. No
effect level "

5 ppm.

O

References

No mortality at
1, 5, or 10 ppm»
Mean mortality of
66.7% at 50 ppm.
No effect level "■
10 ppm.
No mortality at
1, 5, or 10 ppm.
Mean mortality of
63.3% at 50 ppm.
No effect level *
10 ppm.

J

Temperature 50 + l.SOF
(10 + FC)

Meehan et al.
1974
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Oxganism

Nature of.
Exposure

Exposure
Time

Effects

ComniïMiit«

References

Isooctyl
eater of

Oregon coho
salmon
(fiEgerllttgo)

Surface absorption,
static bioassay

96 hours

No Mortality at
1, 5, or 10 ppm.
Mean mortality of
201 at 50 ppm.
No effect level "■
10 ppn.

Teiiperature 50 + 1,8"'F
(10 + I'C)

Meehan et al.
1974

Iseoctyl
ester of
2.4-D
(99.61
ester,
66.1% a.e.)

Cutthroat
trout

Surface abBorptloa

96 hours

1X50 ^^^ Pï^

Fingerlings, 0.4 to
0.8 grants.

Woodward 1982

Pro'pylene
glycol
butyl ether
ester of
2,4-D

Cutthroat
trout

"• 1«0' ppm
LC,
'5Ö
(0.9 to 1.2 'pp«)

1.0 gram fish, 50**F
(10*^0

Rainbow trout

LCgn - 1.0 ppill
(O:^ to 1.1 ppm)

1,5 gram fish STF
(15'C)

(1.0 to 1.2 ppnj

0.6 gran fish, 52**?
(lO^C)

LC5Q '■ 0.6 ppM
(0,4 to'0.7 ppiui)

1.0 gram fish, 64.4"F
(la^C)

Lake trout

Surface absorption,
static bioassay

96 hours

Bluegill

Fropylcne
glycol
butyl ether
ester of
2,4-D

Long-aosed
killifiah

Surface absorption»
static bioassay

48 hours

LC5,(3 "4.5 ppn

Propylene
glycol
butyl ether
ester of
2,4-D
(granular)

Bluegill

Surface absorption

12 days

At 5 ppm, fry survived 1 day, at
1 ppMi, fry survived 2 days.

Green sunfish

Surface absorption

Lake
chubsucker

Surface absorption

At 1 ppm, fry survived 5 days.

Snallaouth
baas

Surface absorption

At 1 ppM, fry survived 5 days.

—

At 1 ppm, fry survived 5 days.

»Johnson and
Finley 1980

Butler 1965

MOEL (no death) for
sioall fish • 2.0 ppm
for 12 days.

Hiltlbran 1967
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Organism

Nature of
Exposure

Exposure
Time

Effects

Comments
Fingerlings, 0.4 to
0,8 grams

Propylene
glycol
butyl ether
ester of
2,4-0 (lOOX
ester,»
61.7X a.e.)

Cuthroat trout

Surface absorption

96 tiours

LC5Q "■ 0.77 ppïffl
(0.62 to 0^,96 pî»)

Butoxyethanol
ester of
2,4-D
(Techntcal)

Rainbow trotit
(yearlings)

Surfee absorption

24 hours

Fish exhibited lethargy
LC20 ■ ^ PP«»î
at 8 ppm, and all surLC50 " 10 PPHftî
viving fish at higher
LC9Q " 10.5 pp«.
concentratin were
Following 24-hour
lethargic. Smallest
exposure to 0.0,
fish were least
2.0, 3.0, 4.0,
affected, largest fish
5.0t 6.0, and
7.0 pptii, fish dis- were the first to die.
Ester taken up by fish
played an altered
and secreted back into
response to curwater in the hydrolyzed
rent with a
2,4~D form.
decrease in positive response frequency at higher
concentration and
Increase in frequency of nonresponse with
increased
concentration.

Butoxyethanol
ester of
2,4-P
(Aqua-Kleett
coime rclal
formulation
ground to a
powder,
29Z a a.)

Rainbow trout
(yearlings)

Surface absorption

Butoiy^
ethanol
eater of
2,4-D
(Aqua-KJLeen
commerela1
formtilatlon
whole,
291 a.i.)

Rainbow trout
(yearlings)

24 hours

LC30 - 8.5 ppmí
LC5Q - 9.0 ppm;

and LCj^og ppm "
9.5 ppm (a.i.).
Following 24-hour
exposure to 0.0,
2,0, 3.0, 4.0,
5.0, 6.0, and
7.0 ppm, no clear
relationship was
observed between
responses to current and exposure
concentration.
Surface absorption

24 hours

Seventy percent
mortality was
observed at
14.0, 15.0. 16.0
and 17.0 ppm
concentrations.

Fish exhibited lethargy
at 7.5 ppm; all surviving fish at higher
concentrations were
lethargic. Largest
fish were the first to
exhibit toxic effects.

References
Woodward 1982

Dodson and
Mayfleld 1979

Dodson and
Mayfleld 1979

Dodson and
Mayfleld 1979
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Organlsni

B'Utoxyethanol
ester of
2,4~D
(Technical
62«5Z)

Fathead mlniiiow

ButO'Xy ethyl
ester of
2,4-D
(500 g

Nature of
Exposure

Exposure
Time

LCe^Q "3.3 ppm
(2.5 to 4.2 ppm)

0.9 gram fish, 64.4°F
(18*C)

LCcQ ■ 1.2 ppoi
d.l' to 1.3 ppm)

1.4 gram fiah, 64.4*F
(18"C)

50*F (10°C)

Surface absorptiO'E,
static bioassay

96 hours

Bleak
(Alburnus
alburnus)

Surface absorption,
static bioassay

96 hours

LCrQ - 3.2 to
3./ pptn

Butoxyethanol
ester of
2,4-0

Long-nosed
kliliflah

Surface absorption,
static bioassay

m

LC 50 «5.0 ppm

Butojcye thanol
ester of
2,4-D

Sockeye salmon

Surface absorptio'ii

up to
96 hours

Blueglll

References

Effects

Johnson and
"Finley 1980

Linden et al.
1979

a.l./n
hours

Fry exposed for
96 hours at a concentration, of 0.7
and ,1.0 ppoj had
mortality of lOOX.
Smolts' with 100%
mortality after
96 hours at
1.0 pptn.

Butler 1965

Structural alterations
McBride et al.
indicative of pathology 1981
were recorded in the
gill, liver, and Interrenal of fry'exposed to
0»7 and 1.0 ppm. In
einolts, only the interrenal showed changes,
which were hypertrophy
of interrenal nuclei
after 48 hour exposure
to 1 ppffl. Juvenile fish
showed stress response
(elevated, blood plasma
Cortisol levels) after
1 hour exposure to 5.0,
15.8, and 50 ppm comparen to controls when
tested in August and
September. Studies in
June showed no significant differences.
Minimal concentration to
Induce stress response is
only laarginally below
lethal levels. Smolts
stressed due tO' exposure
quickly recovered when
placed in uncontamlnated
water.
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Nature of
Exposure

Organism

Buthoxye thaaol
ester of
2,4-D

Blueglll

Surface abaorptlon,
static bioaasay

Buto3cyethanol
eater of
2,4-D
(43%)

Green aunfish

Surface absorption

Butyl ester
of 2,4-0
(liquid
98.4%)

Cutthroat
trout

Surface absorption,
static bloassay

Lake trout

2-Ethyl
hexyl eater
of 2,4-D

Mullet

Butyl ester
of 2,4-D

Pink saloon"
(fry)
Chim salmon
(fry)

Exposure
Time
up to 1 hour

Effects

References

No change in
oxygen consumption
was noted in fish
exposed to 3 pp«
2,4-D.

Three test temperatures
were used: 68°F, 77"F,
and 86°F (20'*C, 25''C.
and 30*'C).

Sigmon 1979b

Toiic response in
teriis of impaired
svimtalng response
within 1 hour in
fish exposed to
110 ppm a.e.

Temperature 75.2**F
(25°C)

Horre 1974,
Sergeant et al.
and 1971 Sargent
et al. 1970

9§ hours

LG5Q - 0.9 ppm
(0.7 to 1.0 ppm)

0.8 gram fish, 50'F
(lO'^C)

Surface absorption,
static bloasaay

96 hours

LC5Q - 0.9 ppm
(0.8 to 1.0 ppm)

0.6 gram fish 50°F
ClO^C)

Surface absorption,
static bioaasay

48 hours

No effect observed
at 10 ppm.

,
"

Cornments

T

. Johnson and
Finley 1980

~

Butler 1965

—

Surface absorption»
static bloassay

96 hours

_Ail fish died at
1 ppm.

—

Meehan et al.
" 1974

Coho salmon
(fry)

I
O

B,utyl eater
of 2,4-D

Sockeye salmon
(smolta)

Surface absorption^
static bioassay

96 hours

Mean mortality of
701 at 1 ppm, all
all fish died at
5 ppm.

Butyl eater
of 2,4-D

Alaska coho
salmon
(fingerlings)

Surface absorption,
static bioassay

96 hours

Dolly Varden
char
(fingerlings)

Surface absorption^
static bioassay

96 hours

Mean mortality of
6.7% at 1 ppm,
93.31 at 5 ppm.
All fish died at
10 ppm. Mean mortality of 16.7X
at 1 pp». All
fish died at
5 ppm.

Meehan et al.
^ 1974

J
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Organism

Nature of
Exposure

'

Exposure
Time

. Effects'

Comments
_™.

Btityl ester
of 2,4-D

Rainbow trout
(fittgerlingo)

Surface absorption,,
static bioassay

% hours

Mean mortality of
53.3% at 1 ppm.
All fish died at
5 ppn.

B«tyl ester
of 2.4-D'

OTegon COÍ10
salmon
(fingerlings)

Surface absorption,
static bioassay

96 hours

Meao, ¡BOXtality O'f
26.7Z at 1 ppo.
All fish died at
5 ppm.

Butyl ester
of 2,4-D

Raldbow trout

Surface absorption

up to 4 hours

At 10 ppn C2,,4-D)
no mortality was
observed with
2,4-D alone.

—

References

• Mechan, et al.
1974

The po tentlation of
lethal response with
carbaryl was blocked
by 10 ppm atropine.

Stathan and
Lech 1975

Addition of 1 pp«
carbaryl resulted
in 20 and BOX mortality in 2 and
4 hours, res pec™
tl¥ely. At
15 ppuB '2,4-D', no
mortality was
observed at
2 hou.re, 37.5%
waa observed at
4 hours- With
1 ppai, carbaryl,
there were 60 and
1001 mortality at
2 and 4 hours,
respectively.
48' hours exposure
to carbaryl alone
caused no
mortality.
Butyl ester
of 2.4-I)
(98.4X

Cutthroat
trout

Surface absorption

96 hours

IC5O - 0.78 ppm
(0.66 to 0.92 ppm)

Fingerlings, 0.4 to
0.8 grams.

Woodward 1982

Bluegili

Surface absorption

12 days

At 4 ppm, fry survived 2 days, at
1 ppn, fry survived 5 da.y8.

NOEL (no death) for
sttail fish * 3 ppott for
12 days.

Hiltibran 1967

ester,
78.51 a.e.)
Isopropylbutyl
esters of
2,4~D
(mired,
liquid)

Appendix B (Corteiu<îed)

Formulation
Isopropylbutyl
estera o£
2.4-D
(mixed,
liquid)

Organism

Nature of
Exposure

Exposure
Time

Effects

Green sunfish

Surface absorption

At 4 ppm, study
terminated at
8 days with no
deaths. At 1 ppm
fry survived 1 day

Lake
chubeueker

Surface absorption

At 4 and 1 ppm,
study terminated

Comments

References

Hiltibraa 1967

a»- n Aa'ira W< fh flO

deaths (fry).

2-Ethyl
heiyl ester
of 2,4-D
(granular)

—

At 1 ppm, fry surr
vived 1 day.

SmallMouth
bass

Surface absorption

Bluegill

Surface absorption

Green sunfish

Surface absorption

At 10' ppm, fry
survived 4 days.

Lake
chubsucker

Surface absorption

At 5 ppüs study
terminated at
8 days with no
deaths.

Soiallmouth
bass

Surface absorption

At 10 ppm, fry
survived 5 days.

Anuran
Amphibia:
Adelotus
brevis

Surface absorption

Lynnodynas tes
peroni

12 da.y8

At 10 and 5 pp«,
study terminated
at 8 days with no
deaths (fry)«

NOEL (no death) for
small fish » 50 ppm for
12 days.

Hiltibran 1967

2,4-D Amliie

Bufo

I

rinus

Anuran
Amphibia:
Adelotus
brevis

24 hours
48 hours
96 hours

255 ppm
TL50
228 ppm
TL50
TL5Q - 200 ppm

One to 2 week old
tadpoles, 69.8 to
71.6°F (21 to 22"C).

Surface absorption

24 hours
48 hours
96 hours

TL50 " 321 ppm
TL50 " 300 ppm
TL50 " 287 ppm

One to 2 week old
tadpoles, 69.8 to
71.6"F (21 to 22''C).

Surface absorption

24 hours
48 hours
96 hours

346 ppm
TL'50
TL50 * 333 ppm
TL5Q - 288 ppm

Two weeks old tadpoles,
69.8 to 71.6'F (21 to
22'*C).

96 hours

No deaths observed
at concentrations
of 230, 270, and
340 pfii.

Four week old tadpoles»
Data shows increased
resistance with age in
this species

Surface absorption

O
^9"¡% confidence limits in parentheses«,
BAta not available or not applicable.

Johnson 1976

Johnson 1976
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Appendix C
Stinmarv of 2,4-D Toxicltv Data for Birds

Nature of
Exposure

Formulation

Organism

2,4>D (acid,
Tectmical)

Mallaxde
(males and
females)

acute oral
(by capsule)

Pheasants
(malea)

Acute oral
(by capsule)

Cotumlx quail
(males)

Acute oral
(by capsule)

Pigeons (males
and females)

Acute oral
(by capsule)

2,4-D Camine,
4 lb a.e.
per gallon)

Mallards
(males)

Acute oral (by
stoiaach tube)

2,4-D (acid)

Chickens (male
and female)

Administered by
intubation, in
olive oil.

2,4-D
(Isopropyl
ester)

Chicks (male
and female)

2,4-D CBlKed
butyl esters)

Exposure
Time
a

Effects

Comments

References

LD50 »1,000 mg/kg

Animals were 3 to 5 months old.

LD.Q - 472 mg/kg
(340 to 654 mg/kg)^

Animals were 3 to
4 months old.

—

LD5Q « 668 mg/kg
(530 to 842 mg/kg)

Animals were
2 months old.

—

LD5« » 668 mg/kg
(530 to 842 mg/kg)

Animals ages not
given.

LDcQ approximately
2,000 mg/kg

Animals were
7 months old,

2 weeks

LO.Q - 541 mg/kg
(358 to 817 mg/kg)

Three-week old
chicks.

Administered by
intubation, in
olive oil.

2 weeks

LDcQ " 1,420 mg/kg
(1,127 to 1789)

Three-week old
chicks.

Chicks (male
and female)

Administered by
intubation, in
com oil.

2 weeks

LD5Q - 2,000 mg/kg
(1,350 to 2,960)

Three-week old
chicks.

2,4-D
(alkano lamine
salt)

Chicks

Administered by
intubation, in
water»

2 weeks

LD50 - 380 to 765 mg/kg

Three"-week old
chicks.

2,4-D (antne)

Chickens
(adult hens,
2.2 to 2.9 g
New Hampshire)

Given single oral
dose of 100, 200
and 300 mg/kg tn
groups of 3, 6, and
2, respectively.

Gastritis. No other
adverse clinical or
pathological findings.

2,4-D (sodium
salt,
Technical)

Mallards
(males and
females)

Acute oral (by
capsule)

LD50 »2,025 mg/kg

«,—

Tucker and
' Crabtree 1970

"^

Rowe and Hymas
'1954

Bjom and
Northen 1948
in Rowe and
Hymas 1954
Bjorklund and
Erne 1966

Animals were 3 to
5 months old.

Tucker and
Crabtree 1970

AppcMidix C (Continued)
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Formulation

Organism

Nature of
Exposure

Exposure
Time

Effects

Comments

2.4-D
(alkanolamine
salts of the
ethanol and
Í8opropan.ol
eeriesî
2,4-Dow 65%
emulsifiable
concentrate)

Ciilckett

Subcfironlc oral
(by pipette)

10 dosee

Chickens doised at
a rate of 100 nag/kg
per dose did not
differ from controls in terme of
weight gain»
Chickens dosed at
250 and 50'0 mg/kg
per dose had a
significantly
reduced weight gain
(3X1) compared to
controls (381).

DO'Sed at 100. 250, or
500 rag7kg/day for
10 days.

2,4-D
(acetaiiide)

Japaaese quail

Subchronic, oral
(In feed)

5 days la
diet followed
by 3 days
observation

LC50 >5.000 ppœ

No nsortality observed
at 5,000' ppm.
Birds
14 days old.

Dlmethylaiiine
salt of 2,4-D

Bobwhite

Sufcchronlc, oral
(in feed)

5 days in
diet followed
by 3 days
obsetYatton

LÖ5Q >5,000 ppm

No mortality observed
at 5,000 ppm.
Birds
14 days old.

Japamees quail

Subchronic, oral
(in feed)

5 days in
diet followed
by 3 days
observation

LC50 >5,00i0' ppm

No mortality observed
at 5,000 ppm,
Bdrds
10 days old«

Riïig-iiecked
pheasant

Subchronic j, oral
(ia feed)

5 days in
diet followed
by 3 daya
obeervatlons

LC50 >5,,000 ppm

No mortality observed
at 5,000 ppm. Birds
14 days old.

Mallard

Subchronic, oral
(In feed)

5 days In
diet followed
by 3 days
observatiO'H

LC5O >5,000 ppm

No mortality observed
at 5,000 ppm. Bdrds
10 days old.

Chicken

Subchronic, oral
(by capsule)

10 doses

Chickens dosed a
rate of 50, 100,
and 250 mg/kg per
dose showed
weight changes of
of +49, +19, and
-131, respectively,
compared to a 4IX
weight gala in
controls.

Propylene
glycol butyl
ether ester
of 2,4-D;

References
Pallier and
Radeleff 1969

Hill et al.
1975

Hill et al.
1975

Palmer and
Radeleff 1%9

Appendix C (Continued)

Formulation
Bwtojcyethanoi
ester of
2,4-D

ö

Organism

Nature of
Exposure

Exp'osure
Time

Effects

Comments

Bobwhite

SubchronlCj oral
(in feed)

5 days in
diet followed
by 3 days
observation

LC5Q>5JO00

ppm

Mo mortality observed
at 5,000 ppm. Birds
14 days old.

Japanese quail

Subchronlc, oral
(in feed)

5 day a in
diet followed
by 3 days
observation

LC30>5,000 ppm

No mortality observed
at 5,000 ppm. Birds
14 days old.

References

•Hill et al.
1975

Ring-necked
pheasant

Stibchrooic, oral
(in feed)

5 day a in
diet followed
by 3 days
observation

LC5(j>5,000 ppm

No mortality observed
at 2,500 ppm, 17% mortality observed at
5,000 ppm. Birds
10 days old.

Butoiyethanol
ester of
2,4-D

Mallard

Subchronic, oral
(in feed)

5 days in
diet followed
by 3 days
observation

LC5Ö >5,000 ppm

No mortality observed
at 5,000 ppm. Bird
10 days old.

Butoiyethyl
2,4-D

Chicken
(females)

Subchronic, oral
(in feed)

Fed in diet
from age 28
to 48 weeks

Laying hens fed
2,4-D at a rate
equivalent to 50'
and 150 mg/kg body
weight showed no
adverse effects
of the treatments
In terms of rate
of egg production,
egg or yolk weight
egg shell thickness, hatchability, or offspring
growth weight.

2,4-D

Chickens (Mew
Hampshire
Red)

Maintained 3
chicks per dose
with diets containing 0, 500,
1,000, and
3,000 ppm doses.

7 days

Only adverse effect
was retarded growth
rate at 3,000 ppm.

Chicken weight 210 to
340 gms, 12 chickens.

Rowe and Hymas
1954

2,4-D (amine)

Chicken (New
Hampshire,
2.9 kg, adult
hens)

Repeated oral dose
of 300 mg/kg/day.

up to 24 days

Renal and visceral
gout observed in
one animal that
died on day 5.
Slight kidney
enlargement in
animals sacrificed
after 12 and 24 days
with no other gross
pathological changes

Chicken weight 2.2 to
2.9 kg.

Bjorklund and
Erne 1966

Hill et al.
1975

Whitehead and
Pettlgrew 1972

Appcnidix C (Continued)
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Formulation

Organ ism

Nature of
E'XDosure

Exposure
Time

Effects

Comments

References

4:No adverse effects
on weight gain, age
at eezuai maturity
onset of egg production and number of
death s due to
diseaseÉ
Caused
reductioos In nwober
of egge prtKiuced and
weight of eggs. One
to 2 ppm 2jA-D In
egg yolks and trace
in egg will te8.
Increased kidney
size and weight.
Microsco'pic pathology
of kidney revealed
epithelial hypertrophy and hyperpiasia of tubular
sections with
moderate dilatation.

Bijorklimd and
1966

28 days

No adverse effects at
28 mg/kg dose.
Growth depression at
2ö'0 mg/kg dose.

Bijorn and
Northen 1948
in Rowe and
Hymas 195A

Fed 500 p'pB in
standard feed.

up to
18 months

One of 6 died at
5 mooths fro« renal
gout.
Autopsy of
other aninials
revealed acute, waxy
muBcular degeneration, fltomach ylcer,
lymphocytlc pertbroo™
chitIs, and anemia.

Sacrificed at 1,
9 and 18 mointhBj
,to 2 animals per
gronp.

Bjorklund and
Erne 1966

AqueouS' solution
sprayed on egg

One ei:pO'8ure
29 hours
prior to
incubation.

Application of
2,4-D at ratee of
1, 10, and 20 times
reconmended rates
had no adverse effect
on any parameter used
to evaluate either
incubation or subsequent live
perf ornsance «

Incubation perfonian.ce and e va lain terms of deaths
prior to 18 days
Incubation, deaths
after 18 days
incuba tlotn but
without broken
(pipped) shell
and deaths after
pipping but with
failed hatch.
Live perfoTinance
evaluated in terms
of weight gain and
mortality.

Somers et al.
1973

2,4-D

Chlcketts

AdmlEistered
1,000' ppifli in drinking
water from one day
old to ni'aturity.
Twetity-nlne treated
and 25 controls.

2,4~D (alkanolamltie salt)

Chickens

Twelve doaea of 28 to
280 mg/kg/dose.

2,4-D Canine)

Cîilckene
(leghorn)

2,4-D Canine,
Aaine 80,
600' g a.i.
per liter)

Qilcken
(eggfl.)

Appendix C (Concluded)

Nature of
Exposure

Exposure
Time

Effects

Comments

References

Fomulation

Organism

2,4-D

Chicken
(egge)

Injected lato the
egg with acetone
BolTemt.

leooctyl ester
of 2,4-D
(4 lb per
galloa)

Pheasant
(eggs)

aqueous solution
sprayed on eggs«

One exposure
of 13 days
inciabation.

Application of
2,4-D at a rate
equivalent to
0.25 lb/acre did
not adversely
affect egg hatchability, did not
cause deformities
in chicks, and
did not cause
death of young
hatch from treated
egga.

Propylene
glycol butyl
ether ester
of 2,4-D.
(Esteron®99)

Chicken
(eggs)

Aqueous solution
sprayed on eggs.

One exposure
at 0, 4, aad
18 days of
incubation.

Application at a
rate equivalent
to 10 lb/acre
(11.2 kg/ha) had
no adverse effect
on any parameter
used to evaluate
either incubation
or subsequent live
performance.

Incubation perforaance
evaluated in terms of
deaths prior to 6 days
incubation, deaths
after 6 days incubation but without
broken (pipped) shell,
deaths after pipping
but with failed hatch.
Live performance
evaluated in terns
of weight gain and
mortality»

SooKers et al,
1978a

Propylene
glycol butyl
ether ester
of 2,4-D.
(Esteron® 99)

Chicken
(•ales
and
females)

Aqueous solution
sprayed on eggs.

One exposure
at 0, 4, aad
18 days of
Incubation for
2 successive
generations•

Application at a
rate equivalent
to 10 lb/acre
(11.2 kg/ha) had
no adverse effect
on sperm count or
testes weight of
males hatched from
sprayed egga coopared to controls.
Egg weights, and
shell strength and
porosity of eggs
by females hatched
from treated eggs
did not differ
from controls.

Fertilized eggs from
feaia,le8 and males
hatched from treated
eggs, subsequently
treated with 2,4-D,
did not differ from
controls in terns of
incubation performance
or subsequent live
performance.

Soners et al.
1978b

Ö

^Data not available or not applicable.
^951 co'nfidence liinits in parentheses™

2,4-D injected
into egg to give
concentrations of
10, 50. 100, 200,
and 300 ppn in
egg with 83, 100,
71, 62, and OX of
control hatch,
respectively.

Mo teratogenlc
effects in terms of
feather blanching
were observed.

Dtmachie mnd
Fletcher 1970

KoplBchke 1972
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Appendix D
Síimniary of 2,4-D Toxiclty In Manmals

Formulation

Organls

Nature of
Exposure

Effects

Comnieiits

References

Acute Oral Toactclty^

I

2„4-D (acid)

Mice (male)

2,4-D (acid)

Mice (male.
young adult)

LD50 - 375 mg/kg

Administered by intubation
in olive oil. Observed
2 weeks.

LDJQ

Administered by intubation
in olive oil. Observed
2 weeks.

LD50 - 375 mg/kg
(302 to 465)

Hill and Carlisle
1947 in International Agency
for Research on
Cancer 1977

- 368 mg/kg
(312 to 434)
Rowe and Hymas
1954

2,4-D (acid)

Rats (male.
young adult)

2,4-D (acid)

Rats

LD5Q > 500 mg/kg

McLaugtain 1951

2,4-D (acid)

Rats

L05O - 666 »g/kg

Hill and Carlisle
1947 in International Agency
for Research on
Cancer 1977

2,4-D (acid)

Guinea pigs

LD50< 320 mg/kg

McLaughlin 1951

2,4-D (acid)

Guinea pigs
(male and
female young
adult)

LD5Q - 469 mg/kg
(397 to 553)

Rowe and Hymas
1954

2,4-D (acid)

Guinea pigs

LD50 " 1,000 «g/kg

Hill and Carlisle
1947 in International Agency
for Research on
Cancer 1977

2,4-D (acid)

Rabbits

LD50 " 800 mg/kg

Hill and Carlisle
1947 in International Agency
for Research "n
Cancer 1977 and
Spector 1956

—
Administered by intubation
in olive oil. Observed
2 weeks.

Appendix Ü (CoiiLlnued)

O
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O

Formulation

Organism

Nature of
Esiposure

Effects

Coïttineiita

References

Acute Oral Toxicitjr
(Contirmed)
2,4-0 (acid)

Dog (4,, youii,g
.adult)

2,4-D' (acid)

Mule deer

2,4-D

Pigs (yming)

2„4-D (esters
of mono-,
di- and
trlpropflene
glycol butyl
ethers)

Administered in. a capsule.
O'bserved 2 weeks«

LD5Q - 100^ Œg/kg (25 to.
250) caused toyotonia,
anorexia, and weight loss,

Drill and HiratzkÄ
1953 in Rowe and
Hymas 1954

LD50 =» 400' to 800 mg/kg

Tucker and
Crabtree 1970 In
Mulllsoa 1981

Fed 50'0 ag/kg in diet for
2 months„

Developed locomotor disturbances increasing in
severity after 1 motitli;
decreased growth rate.

In terna tio'ttal
Agency for
Research on Camcer
1977 in, Lotmnen
1980

Rate (female,
young adult)

Adtiinistered by Intubatioa
in com oil. Observed
2 weeks.

LD30 " 570 wg/kg
(510' to 640)

Rowe and Hyaiaa
1954

2,4-D (salt
and ester
formulation)

Sheep

Fed lO'O mg/kg/body weight
for 481 days.

No adverse effect®

Rowe and Hymae
1954 in International .Agency
for Research o"
Cancer 1977

2,4-D
(IsO'propyl
ester)

Mice (male,
young adult)

Administered by Intubation
in olive oil. Observed
2 weeks.

LD50, » 541 mg/kg
(398 to 736)

2,4-D
(Isopropyl
ester)

Rats (male and.
female, youii,g
adult)

Administered by intubation
in. olive oil.. Observed
2 weeks,

LD5Q, - 700 mg/kg
(569 to 861)

Guinea Pigs
(male,, young
adult)

Adminietered by intubation
la, olive oil« Observed
2 weeks.

LD50 - 550 mg/kg
(451 to 671)

2,4-D (mliced
butyl esters)

Mice (female,
young adult)

Administered by Intubation
In com oil. Observed
2 weeks,

LD50 - 713 mg/kg
(range - 500 to 1,000)

2,4-D' (nixed
butyl estera)

Rata (female,
yo^ung adult)

Administered by intubation
in com oil« O'bserved
2 weeks.

LD50 - 620 mg/kg
(1,127 to' 1,789)

Rowe and Hynias
1954

Rowe and Hymas
1954

Appendix D (Continued)

Formilatlon

Organism

Nature of
Exposure

Effects

Comments

References

Acute Oral Toxiclty
(Continued)

I

2,4-D (mixed
butyl esters)

Guinea pigs
(female,
young adult)

Administered by intubation
in com oil. Observed
2 weeks.

2,4-B (mixed
butyl esters)

Rabbits
(female,
young adult)

Administered by Intubation
in com oil. Observed
2 weeks.

LD50 - 424 mg/kg
(252 to 712)

2,4«B

Human

Elderly senile male
Ingested 1 pint of 2,4-D
in a kerosene-like solvent.

Death 6 days after Ingestion
due to ventricular fibrillation induced by cardiac
muscle irritability. Tissue
concentrations of 2,4-i:
blood » 57.60 ppm,
brain - 93.40 ppm,
kidney * 193.35 ppm,
liver » 407.87 ppm and
muscle * 117,50 ppm. At
autopsy observed perivascular
plaques like muscular
sclerosis and acute demyelinatioa throughout brain.

Minnesota Department of Health
1978

2,4-D
(dimethylamlne salt)

Human

Swallowed 6 gms or 80 mg/kg

Death preceded by convulsions
and vomiting. Congestion in
all organs and degenerative
changes in nerve cells.

Mulllson 1981

2,4~D (weed
killer containing 36.51
isooctyl
ester of
2,4-B and 49%
8-ettiyldlpropyltblolcarbafliate in
water
solution)

Human

Swallowed dosage equivalent
to 110 mg/kg 2,4-D,
230 mg/kg s-ethyldlpropylthlolcarbamate and
2.3 mg/kg eplchlorohydrln.

Uncoordiated twitching and
paralysis of rib muscles.
General muscle damage
evidenced by increases in
several muscle enzymes and
presence of hemoglobin and
myoglobln in urine. Complete
recovery In several months.
Elevated blood SCOT, S€PT,
LDH, CPK, and aldolase.
Effects due to 2,4-D not
eplchlorohydrln.

Mulllson 1981 and
Minnesota Department of Health
1978

l^t

(604 to 1,190)
Rowe and Hymas
1954

ü
i
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Formulation

Orgamlsni

Nature of
Exposure

Effects

CO'iirnerits

References

Acute Oral Toxicity
_-. (Continued)
2,4"D (butyl
eater)

Mice

LD50 » 380 mg/kg

Konstaotiiiova 1970 in
Interiiattonal Agency ioT
R.esea,rch on Caricer 1977

2,4-D (butyl
ester)

Mice

LD5Q « 731 mg/kg

Rowe and Hymag
1954

2,4-0 (butyl
ester)

Rats

LD30 '620 mg/kg

2,4-~D (butyl
eater)

Rats

LD50 " 1»500 mg/kg

2,4-D (butyl
ester)

Rats;

LD5Q, « 920 mg/kg

2,4-D (butyl
ester)

Cats

LD50, » 820 mg/kg

2,4-0 (butyl
ester)

Cattle

LD50

2,4-D (butyl
eater in
water)

Rats

LD50 « 920 to 1,500 mg/kg

2,4-D (butyl
ester In
diesel fuel)

Rats

LD50 " 300 tO' 400 mg/kg

2,4-D (butyl
ester íE
water)

Mice

LD50,

2,4-D (sodium
Bait)

Mice, 2

2»4-D (sodium
salt)

Mice

Schillinger 1960 in
Internatio'ttai Agency for
Research ^n Cancer 1977

Konstantittova 1970 la
loternatio'nal Agency for
Research f^''" Cancer 1977

In water.

lO'O fflg/kg

Bjorkland and
Erne 1966

Lommen 1980

- 380 to 640 mg/kg

LD50 « 375 mg/kg

Hill and Carlisle 1947
and Rowe and Hyraas 1954

LD^Q » 360 mg/kg

LlktiO'n,o¥ et al, 1973

Appendix D (Contlnwed)

Fortfflulatlon

Organism

Mature of
Exposure

Effects

Comments

References

Acute Oral Toxlclty
(Continued)

I
ho

LD5Q » 730 fflg/kg

Liktionov et al.
1973

Administered by intubation
la water. Observed
2 weeks.

LD50 « 666 mg/kg

Hill and Carlisle
1947 in Rowe and
Hymas 1954

Administered by Intubation
in water. Observed
2 weeks.

1050 » 805 mg/kg
(610 to 1,063)

Rowe and Hymas
1954 in International Agency
for Research on
Cancer 1977

LD50 » 2,000 mg/kg

Schillinger 1%0
itt International
Agency for
Research on
Cancer

» 551 ng/kg
(417 to 727)

Rowe and Hjniaa
1954

In water.

LD50 - 1,000 mg/kg

Hill and Carlisle
1947 In Lommen
1980

Rabbits, 2

In water,

LD50 » 800 mg/kg

Rowe and Hymas
1954

Monkey

Given up to 428 mg/kg.

At 214 mg/kg no adverse
effect. At 428 mg/kg
observed vomiting, incoordination , and loss of
of muscle tone.

Hill and Carlisle
1947 in Dost 1978

2,4-D (sodium
salt)

Rats

2,4-D (sodium
salt)

Rats^ 2

2,4-D (sodium
aalt)

Rats (female,
young adult)

2,4-D (sodium
salt)

Rats

2,4-D (sodium
ealt)

Guinea pigs
(male, young
adult)

Administered by Intubation
in water. Observed
2 weeks.

IB^Q

2,4-D (sodium
salt)

Guinea pigs, 2

2,4-D (sodium
salt)
2,4-D

Appendix D (Continued)
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ForiniilatloD.

Organlgiii

Nature of
Exposure

Effects

Comtnents

References

Acute Oral Toxlcity
(Concluded.)
2,4-D
(unspecified)

Swallowed dose nO't
specified.

Doses of 8 to BOO nig,/kg/day
caused irritation to mouthy
throat, and gastrointestinal
tract and caused vomiting,
chest pain and aMomitial
pain¡, diarrhea, liuscle
twitching,, tenderness and5
stiffness.

IF.S, Department
Energy 19Ö3;
Mullison 1981;
and Lommen 1980

2.4-D
(alkanoilamlne
salt)

Cattle

Conservative dally oral
doses of 50 mg/kg for
112 days. 100 mg/kg for
86 days or 200 mg/kg for
25 days.

No adverse effect at
50 mg/kg. At all other
doees observed weight
loss, reduced weight
gain or illness.

Minnesota Department of health
1978

2,4-D
(alkanolaniin,e
salt)

Sheep

Consecutive dally oral
doses of lO'O' mg/kg for
8 days, 250 mg/kg for
10' days, or 500 mg/kg
for 7 days.

No adverse effects at
100 mg/kg. At 250' and
500 mg/kg observed weight
lo8s„ reduced vrelght gain
or illness.

Minnesota iCKepartment of Health
1978

2,4-D (amine)

Pigs

Two piga each were given
single oral doses of 50,
100, 500. or 1,000 mg/kg.

Diarrheaj, stilled gait,,
depreesiO'O,,, vomiting, and
muscle weakness. Moribund
after 24 hours at 2 high
doses, autopsy at 2 to
3 days of survivors
revealed gastrointestinal
irritation, pneumonia, and
reoal agd hepatic
co'ngeatlon.

B'Jorklund and
Erne 1966

Toxiclty from Human
Worker/Expo'sure
2„4-D (aminé
salt and
butyl es'ter)

Human,, 248
maleo and
44 females

Expoeure during mao,ufacture
for periods of 6 years for
194 persons and 10 years
for 98 persons.

Sixty three percent of
workers experienced weak^
n.ess, fatigpu,e, headache, and
dizziness. Twenty percent
of workers experienced
hypertension and bradycardla.
Long exposure caused liver
dysfuoctlon.

Bashirov 1969 In
Minnesota Departraent of Health
1978

Appendix D (Contlnued)

Formulation

Organism

Nature of
Exposure

Effects

References

Toxtctty from Human
Worker/Exposure (Concluded)

2,4-D
(salts and
esters)

Human

Exposure during manufacture
for 105 worlcera. Exposure
during aerial spraying for
45 workers. Factory air
concentra^'lon of 2,4-D "
28 to 44 aig/in3.

Symptoms that developed and
and Increased with degree of
exposure Included headaches,
fatigue, loss of appetite,
pains in stomach and liver,
upper respiratory tract
problems, and impaired taste
sensitivity. Symptoms disappeared by morning.

Festlaov 1966 in
Minnesota Department of Health
1978

2,4-D (sodium,
aniñe and
dlmethylamine
salts)

Human

Workers exposed while thinning out and treating maize
fields with dosages from
1.5 to 3 kg/hectare.

One to several days after exposure, workers experienced
headache, dizziness, nausea,
weakness, eye irritation,
nasopharyngeal irritation,
burning sensation of the
akin, and substernal pain.
Workers recovered within days.

fladionov 1967 In
Minnesota Department of Health
1978

Exposure of 220 workers In
a manufacturing plant for
0.5 to 22 years to a concentration of 30 to
4Ü mg/day.

No adverse clinical effects
in comparison with a control
population of 4,600 men. No
chromosomal effects In ten
Karyotyped workers.

Johnson 1971 in
Minnesota Department of Health
1978

2,4-D

Acute Dermal Toxlcity
2,4-D

2,4-D

2,4-D

î

Rabbits

Excessive contact, dose not
specified.

LD50 = 1,500 mg/kg

Von Ruruker and
Horay 1972 in
Mullison 1981

LD50 " 1,400 mg/kg

Lehman 1952 in
Gehrlng and
Betso 1978

Skin irritant. Numbness or
tingling of extremities,
nausea, vomiting, muscle
aches, and loss of function.

Mullison 1981 and
U.S. Department
of Energy 1983
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Acute Dermal Toxlcity
(Concluded)
2/i-D
(dimethylaaine (DMA)
aalt,
Isooctyl and
butyl esters)

Rabbits

Applied to^. intact and
abraded skie doses of 15 ml
5 tinea weekly for 3 weeks
at concentrationa of 0«626
and 3.13Z. DMA salt
diluted in water. Estere
diluted in oil or water.
Applications on a soaked
gauze patch kept under
plastic for 7 hours.

NO' adverse effects with
respect to body weight,, survival, hématologie values,
clinical chemistry, and organ/
body weight ratios. Microscopic exaniln,atioa showed
aome subepitheilal flbroals
and monoouclear infiltration
in skin of some animals.

Kay et al. 1965
lu Gehring and
Betao. 1978

Eye Irritation
DMA 4®
(dimet*hylamlne salt of
2,4-D)

(unepeclfied
species)

Causes eye injury.

Formula 40®
(alkanolanlne
salt of
2,4-D)

Cunspecified
species)

Causes eye irritation.

Esteron 99®
(propylene
glycoil butyl
ether ester of
2,4~D)

(unspecified
species)

Eye Irritant.,

2,4-D (highly
concentrated
solution or
wetted material)

(unspecified
specie8)

Painful, irritating to conjunctival membranes and may
cause corneal damage.

2,4-D

Human

Mylllson 1981

Gehring and Betao
1978

Inhalation Toxlcity
Time weighted average for
8 hour workday» 40 hour
workweek repeated exposure.

Airborne TL¥ - 10 ng/m^; no
adverse effects.

TLVs

f983
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Inhalation Toxiclty
(Concluded)
2,4-D

HunaE

2,4-D

2,4-D (sodlim
salt)

Guinea pigs

Fifteen «lEtite contirmous
exposure at naxlmuii of
4 tinte8/day separated by
60 miiiiite interval.

TLV short-tem exposure
Unit " 20 iig/iffl^; no adverse
effects.

TLVs

Prolonged breathing of
spray, Duratiora and dose
not specified.

Coughing, burning, dizziness,
and temporary loas of
voluntary muscular
coordination.

Mullieoü 1981

Oust Inhalation; no details
specified.

No adverse systemic effects,

Hill and Carlisle
1947 in Rowe and
Hymas 1954

1983

Subchronic Oral Toxlcity
2,4-D

Rats

Fed 1,000' pp« in diet for
1 «ontti.

No adverse effects.

Hill and Carlisle
1947 in Rowe and
Hymas 1954

2,4-D

Bogs

Fed by capsule at dosages
of 2, 5 and 20 mg/kg/day
for 5 days/week for
90 days.

No adverse effects at 2 to
10 mg/kg/day. At 20 mg/kg 3
of 4 dogs died and all 4 dogs
had stiff hind legs, difficulty
swallowing, bleeding gums,
necrosis of buccal mucosa, mild
liver and kidney changes, and
decrease In lymphocytes.

Drill and
Hiratzka 1953 in
Rowe and Hyma©
1954

2,4-D (amine salt
and ester)

Cattle

Administered 50 mg/kg
orally for 112 daily doses.

No adverse effects.

2,4-D (aniae salt
and ester)

Sheep

Adnlnlstered 100 «g/kg
orally for 4Ö1 daily doses.

No adverse effects, except
weight lose in 1 sheep aJEter
after 8 doses but became
normal with subsequent doses.

2,4-D

Human

Ingested 8 ng/kg/day daily
for 3 weeks.

No adverse effects.

.

Palmer and
Radeleff 1969
in Mulllson 1981

Mulliaon 1981
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Subchronic Oral Toxiclty
(Contlnyed)
2,4-D

Gwlnea
pigs

Ten doises of lO'O ng/^^S over
12 days«

No adverse effects.

Hill and Carlisle
1947 in Rowe and
Hymas 1954

2.4-D (sodium
salt)

Mice

Fed doaes ^ip to 93 iig,/kg
daily for 3 weeks to
3 momths.

No adverse effects.

Bovey and Young
1981 In U.S.
Department of
of Energy 1983

2,4"D (sodltii»
salt)

Rats

Fed dosea up to 500' ng/kg
daily for 30 days#

No adverse effects at doaes up
to AOO mg/kg. Death at,
500 mg/kg.

Hill and Carlisle
1947 in U.S.
Departwent of
Energy 1983

2,4-D (amlne
aalt)

Rats

Fed doses up to 1„000' pp«
dally for 10 nonths.

No detrimental effects.

U.S. De partaient of
Energy 1983

2,,4-D

Rats
C female
5 jro^uEg
adulta)

Fed doses of 0, 100, 300,
1,000, 3,000, and 1,0,000 ppm
in diet for up to 113 days.

At 0 to 300 pprai, a,o adverse
effects on growth, Mortality,
food consumption, appearance,
BUN, hematologleal values, and
gross and microscopic pathology. At 1,000 ppiB, depressed
growth rate, excessive mortality,
slightly increased liver weight,
and slight cloudy swelling of
liver. Animals at 3,000 and
10,000 ppn destroyed after
12 days due to food rejection and
rapid weight loss. Increased
liver and kidney weights and
changes In pathology of these
organs.

Rowe and Hyiias
1954

2,4-D (triethanolamlEC salt or
butyl ester)

Pigs
CyO'Ung)

Treated with 50, 100, or
300 mg/kg body weight up to^
103 days.

Anorexia and retarded growth In
1 pig given 51 doses of 50 wg/kg
trtethanoilamlne salt over
103 days.

Bjorklund and
Erne 1966 In
Minnesota
Ete part ment of
Health 1978

Appendix D (Cotitintied)
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Subchrotiic Oral Toxicity
(Concluded)
2,A~D (triettianolamlne salt)

Fed 500 pp« lo diet up to
Pigs (3
castrated 12 months.
males and
2 females,
8 weeks
old)

Developed locoiiotor disturbances
of increasing severity after
1 month. Normal organ weights
and no gross pathological changes
at sacrifice« Clinical effects
Included decreased hematocrlt and
hemoglobin, reduced albumin and
albutnlnî globulin ratios^ and
elevated GOT.

BJorklund and
Erne 1966

2,4-D

Rats
(female,
young
adult)

At 3 to 30 mg/kg no adverse
effects on mortality, growth,
behavior, heiaatological values,
BUN, organ weights or gross and
microscopic pathology. At
100 lag/kg dose observed gastrointestinal irritation, cloudy
swelling In liver, and depressed
growth rate. At 300 rag/kg caused
death with gastrointestinal irritation the primary adverse effect.

Rowe and Hymas
1954

Administered by intubation
five times a week for 4
weeks doses of 0, 3¡, 10,
30, 100, and 300 mg/kg.
Suspended in corn oil
emulsified with 2 «1 of
5 to IOS aqueous gun» arable
solution. Co'ntrols
receÍ¥ed corn oil only.

Subchronic Intravenous/
Abdominal Toxicity

I

ro

2,4-D (sodiun
salt)

Dogs

Intravenous or abdominal
injection at rates of 1,17,
2.6, and 3.2 ng/kg for 32
to 37 days.

No evidence of subchronic
toxicity.

Seabury 1963 in
Mullison 1981

2.4-D

Dogs

Six daily Intravenous injections of 25 mg/kg body
weight.

Caused liver damage.

Hill and Carlisle
1947 in Minnesota
Department of
Health 1978

2,4-D

Human

Twenty-one intravenous Injections of doses from 800
to 960 mg over 32 úafs.
Twenty-second dose was
2,000 rag and 23rd dose was
3,600 mg or 51.4 mg/kg.
Total dosage was 16.3 g.

No adverse effects for doses 1 to
22. Highest dose caused stupor,
incoordination, weak reflexes,
and urinary Incontinence for
24 hours then reverted to
normal.

Mullison 1981

i)

Ö
I
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O
Subchronic Dersaal Toaíclty

2,4-0' (dinethylaiaiiie salt)

Rabbits

2,4-Dt (iaooctyl
ester)

Rabbits

2,4*D (butyl
ester)

Rabbit®

2,4-D (butyl eeter
and diethaoo'l"
anine salt)
2,4-D (biitoxy
ethÄnol ester)

Gatisse patches saturated
with 0,313 or 0.6261 2:,4-D
acid equivalent dosages
applied tO; shaved abraded
skin. Fresh patches O'f the
same dosages applied dally
to skill 7 houre/dayj,
S/daya/week for 3 weeks.

No significant adverse effects on
body weights, eurvlval, hematology,
clinical chemistry» orgaa-to-body
weight ratios, or microscopic
pathology, of the aervoua syste«.
Local skin iaflaiMiatioii In cootrol and treated groups.

Rabbits
(albinO',
white)

Doses wp to 3,%0 «g/kg
applied to 8Îia¥ed akiîi'.

No toxic aymptoma.

Rabbits

Not specified.

LD50 ■ ^'»^00 m^H

Kay et al* 1965
lo Müllison 1981

Miilllsott 1981

Chromic Toxicity
2,4-D (99.6X pure
with no detectable dioxlii)

Dogo
(beagle.
aale and
feaiale)

Fed 0, 10, 50, 100', and
.500 pp« lE diet for
2 years. Three dogs per
per seiE dose.

One male death at 10 months.
All animals normal clinically
and with no gross or alcroscoplc
abnortaal pathology.

Hansen et al.
1971 in U.S.
Department of
Energy 1983

2,4-D (acid)

Rat£t

Fed doses up to 1,000' pp«
dally for 2 yeara.

No detrimental effects.

Ö.S, Department
of Energy 1983

2,4-D lacid (901)
butyl ester
C99Z), isopropyl
ester (99X),
iaooctyl ester
(971)1

Mice,
(C57BL/6 x
C3H/tef)P|_,
(C57BL/6 X
A1R)F3^, 18
•ales +
(C3H/Mf)F3^
18 feaalea

Groups of 18 mice per sex
per strain given single
subcutaneous injection of
215 »g/kg 2,4-D ill DHSO,
215 mg/kg butyl ester,
100 ffig/kg Isopropyl ester,
or 21.5 mg/kg isooctyl
ester in dimethyl sulfoxlde
at 28 days old and observed
up to 78 weeks old.

Survival was 16/18 to 18/18.
No significant change in,, tumor
incidence except 5/17 females
in (C57BL/6 x AJÇR)F strain
treated vilth Isooctyl ester
had significantly increased
(p - 0.01) reticuluŒ-cell
sarcoioas.

Iiitemational
Agency for
Research on
Cancer 1977

Reproductive and Teratogeoicity
2,4-D (acid 9X
pure, isopropyl
ester * 99% pure,
butyl ester "
991 pure,
isoO'Ctyl ester ■
97% pure)

Mice (BL6,
AKR, C3H,
B6AK, A/HA

administered uuspecifled
dose orally or subcutaneously during days 6
through 14 of pregnancy.

Increased incidence ol fetal
anomalies íE BL6, AKR, and C3H
strains but not B6AK or A/iîa
strains.

International
Agency for
Research on
Cancer 1977
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Reproductive and Teratogeaiclty
(Continued)
^

2,4-D (acid.
propylene glycol
butyl ether ester,
isooctyl ester)

Rats
(Spragtie
Dawley)

Mfflinlstered corn oil suspensloms by stomach tube
on days 6 through 15 of
pregnancy doses up to
87.5 mg/kg/day of 2,4-D
acid, 142 mg/kg/day of
propylene glycol butyl
ether ester, and
131 mg/kg/day of isooctyl
ester.

Mo teratogenic effects at any
dose. NOEL » 25 mg/kg/day of
2,4-D acid or equivalent of the
esters. No adverse effects on
fertility, gestation, viability,
or survival of newborne by 2,4-D
acid. Observed embryotoxic and
fetoxic effects including subcutaneous edena, delayed ossification, decreased fetal weight,
lumbar ribs, and wavy ribs at
high doses. Mo adverse effects
on fertility and gestation but
highest dose of 87.5 mg/kg/day
decreased litter size and survival rate of newborne to the
end of weaning by 2,4-D esters.

2,4-D

Rats

Administered 50% of LD5Q
(estimated dose of
188 mg/kg) once during a
critical day of pregnancy«

No tératologie effects. Decreased
body weight and increased Intrauterlne death rate. Caused
bleeding in abdominal cavity of
fetuses. Enlarged fetal brain
cavity.

2»4-D

2,4"D (acid,
dlmethylamine
salt, butyl
ester, Isooctyl
eater, butoxyethanol ester)

I

Rats
(Wiatar)

Chronic study with dosage
of 0.1 to 0.5 mg/kg/day
throughout pregnancy.

Reduced size and weight of fetuses
and abdominal cavity hemorrhages
caused by 0.5 mg/kg/day. Mo
adverse effects at 0.1 mg/kg/day.

Administered single oral
daily doses of aqueous
gelatin or corn oil suspensions of 0 to 150 «g/kg
on days 6 through 15 of
pregnancy. Females sacrificed and uteri examined
on day 22 of pregnancy.
Skeletal and visceral
anomalies determined In
viable fetuses.

Embryotoxic, fetopathic and
potentially teratogenic. Caused
fetotoxicity such as decreased
litter size, fetal weight, and
survival of newborne. Increased
ounber of skeletal anomalies
including wavy ribs, extra ribs,
delayed ossification, and abnormalities in sternum morpology.

Schwetz et al.
1971

Aleksashina et
al. 1973 in
Mullison 1981

Khera and
McKinley 1972
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Reproductive and Teratogenlclty
(Continued)
2,4-D

Rats
(SpragueDawley)

Fed 1,000 pp« in drinking
water durlag pregnancy and
for an additional 10 nooths.
Offspring continued on treatment for 2 years. Began
with 10 pregnant females
weighing 350 gn. Offspring
divided into groups of 10
males plus 12 fenalea for
treatment and 9 males plus
8 fenales for control.

NO' adverse clinical signs or
adverse œorphology in parents or
offspring. No malformations.
Normal pregnancy,, birth, and litter
sizes. Offspriog on drinking
water treatment had lower food
and water consumptions and
lower growth rate than untreated
controls. Increased mortality
in treated offspring- Normal
clinical values and morphology.

Bjorklua,d and
Erne 1966

2,4-0 (acid,
96.7% pure)

Rate
(males and
females,
OsbomeMendel

Three generation 6 litter
reproduction study. Fed
100 to 1,500 ppm in diet
(equivalent to 5 and
75 nig/kg/day). . Twenty
females and 10 males per
test and control gro'Up.

No adverse effects on fertility,
mean litter size or viability
of pups during first 21 days of
age at 100 Bñá 500 ppm. At
1,500 ppm observed reduced survival rate of'offspring and
reduced weanling weight. No
adverse effects on litter 'slze
or fertility and no birth defects
at 1,500 ppn.

Hansen et al,
1971

Females fed doses op to
2,000 mg/kg to 10 animals/
group for 95 days, then
mated with untreated males
and continued on' dosed
diets through gestation
and lactation.

Offspring from 2,000 mg/kg
females' small at birth, 942 died
before weanling. Some deaths in
offspring from 1,000 mg/kg
female group.

Gaines and
Kiatbrough cited
in Minnesota
Department of
Health 1978

Administered 20 to
100 ng/kg/day by/intubation
daily on days 6 through 10
of pregnancy. Animals sacrificed on day 14. Resorption
sites,, corpora lutea, and
fetal anoiialies evaluated
gross and microsopically.
Solvent for teat materials
was acetone: corn oil:
carboxymethyl cellulose
(lî5.8:10).

No tératologie effects.
Infrequent fetal anomalies such
as fused ribs developed in ester,
but not acid treated groups.
These occurred equally in control
and treated groups. Fetal viability per litter decreased in
one dose 40 mg/kg tested.

Collins and
Williams 1971
in Muillson 1981

2,4-D

2^4-0 (acid.
Isooctyi ester,
butyl esterj
ispropyl ester)

Hamsters
(Syrian
golden)

appendiîc D (Continued)
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Reproductive and Teratogenicity
(Concluded)
2,4-P

Sheep

Adiiinlatered 2 gme
(40 ng/kg) by stomach tube
daily for 30, 60, and 90
days following breeding.

No birth defects In lambs. No
clinical signs of toîcicity In
ewes during treatment« No Mstopathological lesions in internal
organs of ewes or lambs.

Bifitts and Johnson
1970

2,4-D

Sow

Fed 500 ppm in diet during
entire pregnancy. Surviving piglets fed 500 ppa
in diet for 8 months.

Loss of appetite. Ten of 15
piglets died within 24 hours after
birth. Surviving piglets on
treatment had growth depression,
persistent anemia, and moderate
degenerative changes in liver and
kidney. No cllncial effects from
repeated dosages of 50 mg/kg/day.

BJorklund and
Erne 1966

Carclnogenicity
2,4-D (acid)

Dogs (nale
and
female)

Fed 0, 10, 50, 100 and
500 ppffl in diet for 2 years
starting at 6 to 8 months
old (equivalent to doses of
0, 0.25, 1.25, 2.5, and
12.5 mg/kg/day of 2,4-D).
Three dogs per sex per dose.

Not carcinogenic. Few adverse
effects. One female at 100 ppm
one male at 10 ppa died.
28/30 survivors at 2 years
clinically normal and with no
significant lesions.

2,4-D (amlne
salt)

Rats

Lifetime feeding studies a
of dose of 0.1 of the LD50,
120 male and 45 female
rats.

Not carcinogenic. Two treated
rats developed tumors, a maiBniary
fibroadenoma and a hemangioma of
the mesenterium, at 23 months.
One control rat developed a
mammary fibroadenoma after
27 months.

Dermal application of 2 drops
of 10% solution per week per
animal for unspecified leagth
of time.

Not carcinogenic.

2,4-Ü (aulne
salt)

1
to

Mice

Hansen et al*
1971

Arkhipov and
Kozlova 1974 in
Mullison 1981 and
International
Agency for
Research on
Cancer 1977
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CarclEogeiilclty
(Concluded)
2,4-D,, facld «
90Z pire)^
Isopropyl
ester » 991
pure, a-bntyl
es ter « 992
pure, Ißooctyl
eeter - 971
pure]

Mice
(C57BL/6 x

2,4-D Iacid -

Rata (male
aod
female.
OsborneMendel)

96,71 pure,

rao detectable
2.7-cllchloroor 2,3.7„8tetrachlorodlbetizo-'p<ûioxinl

(Me strattt Initially dosed
by stonach tube with
C3H/AIIF)F,
46.4 mg/kg 2.4-D acid daily
(C57BL/6 x from 7 to 28 daya old, then fed
AKR)f\
149 ppm in,diet until expert18 m^lea
ment terminât ion at 78 weeks.
and 18
Second »train initially dosed
females
with 100' «g/kg 2,4~I> acid days
per atrain
then fed 323 ppw until temiper teat
nation according to the
fomulation above identical treatment
per doae
schedule. Mice treated with
Isopropyl, n-b«tyl and iaooctyl
eaters were initially treated
with 46,4 «g/kg/day for days
7 to 28 then given dieta
containing ill, l49,, and
130 ppMij respectively, until
termination at 78 weeks.
Fed 0, 5, 25, 125, 625 and
1,250 ppa in diet for 2 years'.
Diet® initiated at 3 weeks.
Twenty-five rats per sex per
dose.

f95 percent confidence limits In parentheses.
T)'ata not available or not applicable.

Mot carcinogenic,
tumorigenlc.

lot

Innes^ et al. 1969
in Minnesota
Department of
Health'1978 and
Internatiooal
agency for
Research on

Cancer 1977

Not carcinogenic., Total nuaber
rate «1th œaltgnant ttiiiors («ale
and female) for control and
treated groups was 6 (control)^
8, 7, 7, 8, and 14. Only the •
1,250 ppm «ales had a ötgnificantly (p<0.0i5) increased nymber
of îi»allgnant tumors 14/25 compared
with control nales 1/25. No
specific tissue targeted by
tumors. No adverse effects on
growth rate, survival, organ
weights, or hématologie values.

Maneen et al.
1971 and International Agency
for Research <^n
Cancer 1977
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Andersen et
al. 1972

2,4-D

Salmonella
typtiimuriua

Eight hlstldine-requlring
nutaats were treated with
a "small crystal™ per
plate.

Nonmutagenlc; no induction
of revertant mutants.

2,4-B

S^. typhlmurlit

Tested a reverse mutation
assay with hlstidlnerequiring strains TA1535,
TA1536, Tàl537, and
TA1538. Doses and conditions of test unspecified.

Nonmutagenlc; no increase
in revertant mutants.

2.4-D

S^. typhimuriuBi

Host-mediated assay vd.th
»trains TA1530 and TÂ1531
mice given ó mg (200 mg/kg)
by gavage.

Nonmutagenlc

Zetterberg et
al. 1977

2,4-D,
Tecîiaical
(98.6X
pure)

S_. typhimuriuiM

Strains TA1535, TA1537,
TA1538, m98 and TAlOO
tested In a reverse mutation assay, 2,4-D tested
at concentrations of 10 to
5,000 |jg/plate in the
presence or absence of
metabolic activation.

nonmutagenlc; no Increase
in number of histidine
revertant mutants.

Simmon 1979

2,4-D,
sodium
salt

S« typtiimurlun

Strains TA1535 and TÂ1538
tested for reversion to
histidine prototrophy.
2,4-D tested at concentrations of 0,03 to 0.0 mg/ml.

Nonmutagenlc treatment
with 2,4-D at pH 4.3 did
not increase number of
revertants.

2.4-D.
sodluK
salt

S^. typhinurlum

Strains TA1530 and TA1531
used in a host-mediated
assay for back mutation
to histidine independence.
Mice treated orally with
6 mg 2,4-D, Bacteria
injected Intraperltoneally.
Duration of treatment was
3 hours.

Nonmutagenlc. No significant Increase in numbers
of revertants to
prototrophy.

Summary statement only
No data presented.

Shiraou 1973

ToxicIty to the
bacteria was pH
dependent.

Zetterberg et
al. 1977
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2,4~D

S^. typhiaiArium

III « host-iiedlated assay,,
hietldloe depended mutants
were «lixed with »eruii froa,
rats orally treated with
au unspecified dose of
2,4-D. The organlsma were
subsequeotly ejcamined for
back nutationo-

Nonaütagenie

Styles 1973

2,,4-D

Bacllliia
aubtili«

Tested in the Rec^ assay
with strains H.17 Rec+ and
M45 Rec- mutants„

Nonmutageotc; mo Indication' of reparable MA

Síiiraou 1975

2.4-D,
Technical
(98.6X
pure)

B. ßubtills

MA-proficient and deficient strains (H17 and
M45, respectively) used in
a relative toxicity assay.
2,4-D tested at 0.01 to
5 flag/disc.

Posttve results obtained
at highest dose Indicating
the interaction of the
chemical with DNA.

SlJMïon 1979

2,4-D'.
Tectmlcal
(98,.61
pure)

Escherichia
coli

MA-proflclent and deficient strains (W3U0
and p3478, respectively)
used in a relative toiticlty
assay. 2,4-D teaited at
0.01 to 5 «g/dlsc.

Positive results obtained
at highest dose indicating
the interaction of the
chemical with ÍMh.
Simmon 1979

2.4-0,
Tectmlcal
(98. (6X
pare)

E. coli

Strain WP2; tested in a
reverse imitation assay.
2j,4-B' tested at concentrations of 1 to 5,000 |Jig/plate.

Nonmiitagenic; no increase
in numbers of tryptophan
revertant mutants.

2,4-D

E. coll

Tested in a liquid holding
test for forward nutation to
streptomycin resistance.
Doses and conditions
unspecified.

Moniiutagenic

Tested in a forward imitation
(Gal Rs) test. Doses and
conditions unspecified.

Nonnutagenlc

2,4~D

E. coli

Suntnary statenent
O'nly* No data,
presented.
Fahrig 1974
Sumaary stateaent
only. No data
presented.
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2,4-D

£♦ coll

Tested In a reverse mutation
assay with tryptopbanrequiring mutants (B/r ¥21
hcr+, and WP2 her"). Doses
and conditions of test
unspecified.

Nonoiutagenic; no increase
in revertant mutants.

2,4-D

E. coll

Strain WP2 try was used.
Concentrations and conditions
unspecified.

Honmutagenic

Magy et al.
1975 In lARC
1977

2,4-D

Saccharoayces
cerevisiae

Host-mediated assay with
strain D4. Mice given 6 nag
(200 mg/kg).

Nonrautagenic

Zetterberg et
al. 1977

2,4~D,
Tecbnical
(98.6X
pure)

s.

cerevisiae

Strain D3; tested in an assay
for mltotlc recombinants at
concentrations of 0.1 to
0.5 percent.

Nonmutagenlc; no increase
In mltotlc recombinants.

Simmon 1979

2.4-D,
eodiua
salt

s.

cerevisiae

Haplold strain RAD18 tested
for back mutation to histldine independence. Tested at
0.10 to 0.30 mg/ml.

Mutagenic; mutation to
histidlne independence
occurred at levels of
0,15 mg/ml and above.

2,4-D.
sodium
salt

s.

cerevisiae

Strains D4 and D5 used fo'r
detection of gene conversion
and altotic recombinatloa,
respectively, 2,4-D tested
at concentrations of O.IO to
0.75 mg/ml.

Mutagenic; a dose-dependent
increase In frequency of
mltotlc gene conversion
and mltotlc recombination
observed at pH 4,5 and
pH 4.3.

2,4-D,
sodium
salt

S. cerevisiae

Strain D4 used In a hostmediated assay for mltotlc
gene conversion. Mice
treated orally with 6 mg
2,4-D per mouse. Yeast injected intraperltoneally.
Duration of treatment was
3 hours.

Nonmutagenlc; no significant Increase in the
frequency of mitotic gene
conversion in the trpS and
ade 2 locus of strain D4.

2,4-D

S. cerevisiae

Tested in a liquid holding
test for mitotic gene conversion* Doses and conditions unspecified.

Nonmutagenlc.

Effects

Comments
Summary statement
only. No data

Mutation was pH
dependent. Mutation
occurred at pH values
of 4.5 or below.

References
Shirasu 1975

Zetterberg
1978

Zetterberg et
al. 1977

Summary statement
only. No data
presented.

Fahrig 1974
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Fomiilation

Organism

2,4-D, as
fomulatloii
U46 D-fluld

S» cerevJBlae

2:,4-D

Serratla
mareescena

2,4-D

Bacteriopbage

Nature of
Exposure
Strain D uaed In a test for
«Itotlc gene conversions.
Yeast cells were treated with
herbicide SM8pen,sÍ0E for
16 hours.

Effects
Meakly fflwitageoic. Induced
fivefold increase in
mltotic gene conversion at
the ade 2 and trp 5 gene
loci. Considered weakly
convertogenlc when compared to other known
mutagens.
Noniautagenlc

back imitation. Doaee and
conditions una pec If led,.
Cultures treated with

Comments

References
Sichert and
Lemperle 1974

Summary statement
only. NO' data
pres'cnted«

Fahrig 1974

50' (Jig/plate.

Nonittutagenic; no induction
of rll mitants*

Bacteriophage
mutants AP72
and Ml?

Culture» treated with 50 |ig
per plate.

NonmutageElc; no reversion
to T^ pheno'type.

2.4-D,
sodiuui salt
(80%. a.i.)

Blue-green
algae

Clorai populations of
ânabsenopals raciborskll,
Â. aphanizomenoides,
a. spiroidea and microcyetl«
floB-aiiuae,, treated with
100' to 1,000' ixg/ml'2,4-0 for
8 hour«.

NoniBtitagenic; no increase
oaorphologlcal mutants.

Das and Singh
1978

2,4-lD

Bro'öophila
«elanogaater

Flies fed 4.5 or 9«0 »M in
sucrose.

Ho increase In nuwber of
recessive lettials.

fogel and
Chandler 1974

2;4~D

0. nelanogaster

Slight increase in
frequency of recessive
lethals.

Magnusson et
al. 1977 in
Hayes 1982

2„4-D

D. roelanogaater

Mutagenic; significant
increase (p <0.001) in
frequency of soimtic
fflutatlons in males of the
unstable strain. No
effect on the stable
strain.

RasmuBon and
Svahlin 1978

T4

Larvae of genetically ¡stable
and unstable strains of
J2» nelanogaster were treated
with 25 ppm 2,4-D. Male
progency exanined for sonatlc
nutations .(pigokented sectors
for eye colox).

Andersen et
ä1,' 1972
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Organism

Nature of
Exposure

Effects

Conroe.rits

References

2,4-D

HiuBati
lymphocytes

Cell exposed In vitro to concentrations ranging from 0.2
to 60 (jig/ml for 20 hours.
Cells ezamlned for chromosomal aberrations«

Although statistically
instgntfleant, increases
in chromosome aberrations
(deletions and gaps) were
increased at low doses.
Statistically significant
increase occurred only at
concentrations of 50 and
60 fi-g/ml.

2,4-D

Human
lymphocytes

Cultured cells exposed to
2,4-D at concentrations
ranging from 0.002 to 50 ppm.

An Increase in chromosomal
aberrations observed at
all but the lowest concentrations. Degree of
change was independent of
dose»

2,4-D

Human
lymphocytes

Cells exposed in vitro to
concentrations ranging from
2 to 60 jjtg/ml for 48 to
52 hours. Cells examined
for sister chromatid
exchanges•

Significant increases In
Cp<0.05) rates of sister
chrooiatid exchanges
occurred at levels of 10
to 60 p.g/ml.

2,4-D

Human
lymphocytes

Cells treated In vitro and
examined for chromosomal
aberrations. Doses and
conditions unspecified.

Nonmutagenic; no chromosomal aberrations Induced.

2,4-D

Mouse, Bone
marrow
erythrocytes

Compound tested in a cytogenlclty test for the induction of micronuclel. Mice
were injected with 100 mg
2,4-D per kg body %íelght.

Noncytogenetic; no
evidence for increase in
micronuclel in erythrocytes of bone marrow.

Jensen and
Renberg 1976;
1980

2,4-D

Mouse, Bone
marrow cells

Animals treated with 10 to
300 mg/kg doses.

Significant increase in
aberrant metaphases (twofour- fold) in cells from
mice treated with 100 to
300 mg/kg doses but not
in those from mice
receiving 10 to 50 mg/kg.
Single fragments were the
primary aberration.

Pilinskaya
1974 in
Hayes 1982

Korte and
Jalal 1982

Activity at these
low doses raised
speculation as to
the identity of the
active material.

Filinekaya
1974 in
Hayes 1982

Korte and
Jalal 1982

Summary statement
only. No data
presented.

Fahrig 1974
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Organism

Nature of
Exposure

Effects

Coraments

References

2„4"D

Rat, Boae
ïBarrcw ceils

Oral adfflilnlstratlott of
unspecified dose.

No chrcMBO^eomal
aberrations«

Smmary atateraent
only. Mo data
presented.

Styles 1973

2,4"D

Eat Hepatocytes

Cells exposed to chenical and
siibsequeiitljr exaained for
unscheditled DM syntheeis
'(ODS).

No evidence of chemically
induced JMA repair
eynthesis.

Suimary statement
çnly. Mo ejcperimentai data

Pro'bst «ad
Hill 1981

presented.

2,4-0
Technical
(98.OX pure)

Hittuaa enbryoaic
Iting celia

Strain WI-38 tised la an aasay
for umscheduled DNA synthesis
(ÖDS). 2,4-D tested at concentrations of 0*1 to
IjO'OO' iJig/nl in the presence
or,absence of metabolic
activation.

No evidence for the induetion of UDS, indicating no
damage and subsequent
repair of DMA.

SlBiBOii 1979

2,4-D

Mouse j spleen
celia

Tested the effect of 2,4-D on
Gamma and li¥ induced DNArepalr synthesis. Cells
irradiated cell« treated with
10-^*M and 5 % 10"% 2,4-D.

DM-repalr synthesis was
inhibited.

Balo-Banga
1973

2,4-D

Bovine cell»

Enbryonlc bovine kidney cells
(EBK) and bovine peripheral
blood cells (BPB) were
exposed to 2,4~D in concentrations, froa 1 to IjOOO pp«.
The celle were then cultured
for 6 to. % hours and
examined for chronosomal
aberrations and »Itotlc
Irregularities.

No chroflio8o«al daiiage.
An EBK cells «utlpolar
spindles and polyploid
»itotlc states were
observed, suggesting an
effect of 2j4-D on the
spindle protein and
cell division.

Bongso and
Basrur 1973

2.4-D'

Mouse

Animals treated with a alagle
Intraperitoneal injection of
125 mg/kg body weight or
orally on 5 succesolve days
for a total dose of 75 mg/kg
body weight.

Ho increase In dominant
lethal mutations.

Epstein et al.
1972

Apprndlx E (Concluded)

Nature of
Exposure

Formulation

Organism

2,4-D

Barley
seeds

Seeds soaked 2,4-B (100 ppn)
for 9 hours. Seed aad
aeedlings examined for
endpolnta.

Increased raitotic and
melotic chromosonial aberrations and poll sterility
laale generation and
induced chlorogeby11deflcient nmtations in. the
M2 generation.

Khalatkar and
Bhargau 1982

2,4-D

Tobacco
plant tissue
culture

Tisstie cultures of Mlcotiana
glauca and tymor prone liybrid
N. glaaca % N. langsdorffii
treated with 0»4 ppn 2,4-D.

Clastogenlc; induced
chroioosotae aberrations
(chromosome breakage) in
N. glauca but not in the
hybrid.

Roncht et al,
1976

2,4-D

Weeds and
cultivated
plants

Dose and treatments varied
depending upon the plant
under lD.vestlgatioa.

Chromosome aberrations
were induced in a number
of plants. The cytological abnormalities
included chromosome
bridges, fragments,,
lagging chromosomes j,
C-mitoses, and chromation
bodies.

Mohandas and
Grant 1972

Data not available or not applicable.

I

Effects

References
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Organism

Dose

Coiranents

References

2,4-B '(^*C-Iabeled
and iinlabeled}

Cladoceran (Daptinla
magna; Crustacea}

Qaphnlds exposed to D-1 and
1-.Ô ppm initial exposure for
up to 2 days.

Rapid uptake with near
equilibrium reached
within b hours«
Depuration also rapid.
At 0.1 ppm in water,
tissue residues of
0.2§5 ppw with 8 hour
half-life for 2,4-0
depuration in freshwater. At 1.0 ppii in
water, tissue residues
of 3.339 ppm i#lth
5 hour half-life for
2,4-D depuration in
freshwater.

Ellgehausen et al. 1980

2,4-D (^^C-labeled,
98%)

algae (Chlorella
ftisca)

Twenty-hour exposure to
initial concentration of
0.05 ppn in a static system»

Bloaccumulatlon factor
(wet weight basis) of 6.

Freitag et al. 1962

2,4-Ü (^\-labeled)

Spiny lobster
(paaulirus argas )

Ittjection 10 Bg/kg into the
pericardial sinus.

Half-life of 2,4-D in
lobster was 6 to
8 hours. Clearance of
2,4-D in henoiymph via
the green gland was 3 to
7 times faster than the
rate of metaboiism in
the hepatopancreas.
2,4-D was preferentially
taken up by the green
gland.

Tuey and James 1980 and
James 1979

2,4-D (granular)

Mussels

Aquatic area treated with
1.07 lb/acre (1.2 kg/ha).

Mussels contaiaed
0.38 to 0.70 ppm 2,4-D.
Relatively high levels
interpreted as
reflecting consumption
of algae that had
absorbed 2,4-D,

Snith and Isoin 1967
in Morris et al. 1983

2,4-D (^4c-labeled
aad unlabeled)

Catfish

Catfish exposed to 0,01 ppni
initial cottcentration for
up to 4 days.

Half-life of 2,4-D
depuration of 1.1 days
In freshwater.

Elleghausen et al. 1980

Appendix F (Continued)
f
CO

Organism

Formulation

Comments

References

2,4-D (l^C-labeled,
98%) .

Fish (Golden orfe)

Three-da,y exposure to
0'.05 ppm.

BiO'SCCunwilatioE factor <I0*

Freitag et al, 1982

2,4-D (i^C-labeled,

R«t («ale,, Wlstar,
albinos, 170 +
20 grams at
beginnlog of teflt)

ÄEiaials fed 1 ppm in diet
for 7 days, then sacrificed
and autopsled on day 8.

O'f the applied dose, §9.5%
was excreted in uriae,
0.9X eliminated in feces,
1.7% detected in. carcaeej,
aftd nO'Odetectable (<0.01X)
in, fat, liver» or lung.
(Reported data does not
add up to 100%).

Freitag et, al. 1982

2,4-D (acid,
l^C-labeled)

Winter flounder

lutranuacular irijectioa of
2.5 or 25 pmol per kg.

For fish injected (with
2.5 ^imol/kg, ratios of
2,4-D in tiaaue to plasma
were; bile 43.54; kidney
4.99; gut 2.28; liver
2.04; heart Í»14; skin
1.09; and for reiiia,lning
tissues <1,00« At 5 hours
after dosing, 47,4 to' 49.61
of doae was excreted. At
6 hours 32.8% was excreted.
Ten percent of excreted
material was the taurine
conjugate of 2,4-D, the
rest was unchanged 2j4-D..

Pritcbard and Janes
1979

2,4-D

Dogfish shark

Intravenous, dose
unspecified.

Nearly 60% of dose excreted
in urine witîiin 2^ itoorK
after Injection, Taurine
conjugate accounted for 90
to 95% of excreted
herbicide.

James and Bend 1976 and
Guarino et al. 1977,
both in Prltchard and
James 1979

2,4-D

Flah

Background environmental
levels.

Three percent of 330
samples from 120 locations
in Sweden contained detect
able residues of 2,4~D
ranging from 0*0'5 to
1»5 ppn.

Erne 1975 in Morris et
al. 1983

m%)
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2,4-D (gr'anular)

Fish

Aquatic area treated with
1.07 lb/acre (1.2 kg/ha).

Fish, did not contain measurable levels (less than
0.04 ppm).

Smith and Iso« 1967
in Morris et al. 1983

2,4-D

MiscellaEeous
Birds aEd Manmals

Forest applicaton of 2,4-D.

Thirty-one animals trapped
36 to 266 hours after 2,4-0
spray. Fifty-nine percent
(sic.) contained detectable 2,4-D residues, with
average 1.97 ppm ranging
from 0,1 ppm to 25 ppm.
Average residues declined
¥ith time after application, with averages of
6.93 ppm at 1 day,
0.82 ppm at 2 days, and
0.36 ppm at 14 days.

U.S. Department t »f
Agriculture 1977 In
Morris 1981

2,4-D (l*C-labeled)

Mice (pregnant
females, NMR.I
strata)

Dose of 0.05 mg 2,4-D per
mice ¥Ía intravenous
injection.

Mice sacrificed at
5 minutes, 20 minutesj,
1 hour, 4 hours, and
24 hours after dosing.
2,4-D showed slight
tendency to accumulate in
the visceral yolk sac, was
passed to the fetus, and
was rapidly eliminated
from all tissues, including yolk sac, within
24 hours.

Lindquiet and Uliberg
1971

2.4-D

Cows and Sheep

Fed 0, 300, 1,000, and
2,000 ppm in diet for
28 days.

With the exception of
kidney, tissue residues of
2,4-D averaged less than
1 ppm (in muscle, fat and
liver). Higher residues in
kidney tissue are due to
excretion at unchanged 2,4-D
via kidney.

Clarke et al. 1975 in
tommen 1980

2,4-D (acid)

Lactatlng milk cow

5.5 grams (approjcimateiy
10 mg/kg) daily for
106 days. Route assumed
to be oral.

Milk without apparent effect
on flavor or odor. A calf
fed the milk during the last
38 days of production on
2,4-D treated pasture grew
normally and In good health.
Although 2„4-0 was detected
in the blood serum of the
cow, it was not detected in
that of the calf.

Mitchell et al. 1946
in Mullison 1981

a

Appendix F (Continued)

I

Ln
O
Formulation

Organism

2,4-D (1^-labeled)

Rat

Dose

lagestlott of up to lOO mg

Man

2,4-D (99X)

2,4-D

Man

References

Dose appears to Influence
excretion with highest 'tisotie
concentration 6 to 8 hours
after Ingestion. Rapid
decrease in tissue concentration at low doses,, with' more
tha,n 901 elimina ted 'in
24 hours at 1 to 10 ng dose
and 40 to 601 elimination la
24 hours at ,60 to 100 mg dose
with additional 16 to 361
elimination from 24 to
38 hours after treatment.

Khanna and Fang 1966 la
Loos 1975 and in Hayes
1982

Ingestion of a'single dose
•of 5 Œg/kg.

No detectable clinical
effects. Elimination of
2,,4-D from plasma occurred
by apparent first-order raté
process with a half-life of
11.7 hours. Excretion In
urine occurred with a halfllfe of 17.7 hours during
which 82.3Î was'2,4-D and
12.8% was a conjugate. All
absorption via the gastrointestinal tract.

Sauerhoff et al. 1976

Ingestion of a single dose
of 5 »g/kg by capsule.

No detectable clinical
effects. Significant levels
of 2,4-D in plasma within
1 hour peaking at 30 to
35 pptt 7 to 12 hours after
dosing, declining to about
10 ppn at 48 hours and 4 ppm
at 168 hours. Plasma
clearance half-life of 33.0 +
3,1 hours. Urine contained *~
2,4-D 2 hours after dosing,
with 751 of the total dose
excreted within % hours. No
Dietabolites were detected in
any sample.

Kohll et al., 1974

Not repO'tted, lethal.

Tissue concentrations at
autopsy were: blood (heart)
400 ppm; blood (peripheral)
260 ppm; brain 45 ppm; liver
150 ppm; and urine 390 ppm.

Curry 1962 in Hayes
1982

2,4-0.

2,4-D

Comments
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2,4-D

I

Dose

Cowiraeints

References

Mot reported, letbal.

Tissue concentrations at
autopsy were: blood 669 ppn;
brain 12.5 ppii; liver 183 ppm;
amiscle 70 ppm; kidney 63 ppm;
urine 270 p-pm; spleen 134 ppm;
small intestine fat 129 ppm;
and large intestine fat 36 ppn«

Nlelson et al. 1965 in
Hayes 1982

2»4-D

Man

Not reported, lethal.

Tissue concentrations at
autopsy vereî blood 23 ppm;
brain 100 ppm; liver 116 ppm;
stomach 56 ppm; small Intestine
20 ppm; lung 88 ppn; and heart
63 ppm.

Geldmache r-vom
Malltnckrodt and
Lautenbach 1966 in
Hayes 1982

2,4"D

Man

Not reported, lethal.

Tissue concentrations at
autopsy wereî blood 58 ppm;
brain 93 ppm; liver 408 ppm;
muscle 118 ppm; and kidney
193 ppm.

Dudley and Tharpar 1972
in Hayes 1982

2,4-D

Han

Not applicable.

Based on 416 samples at human
urine from the general population, no samples were tested
positive for 2,4-D and only
traces of 2,4-0 were found.

2,4-D (^^C-labeled)

Man

2,4-D (acid) dissolved in
acetone applied both Intravenously and topically
onto the skin. Topical
dose 4 fig/cra^, l.v. dose
not given.

One hundred percent of the
intravenous dose and 5*81 of
the dermal dose was excreted
in the urine with 120 hours of
administration of the 2,4-D.

Feldmann and Maibach
1974 in International
Agency for Research in
Cancer 1977

Âaine salts of
of 2,4-D (dodecyltetradecyl anilne
and dimethylamine
salts of 2,4-D)

Fish

Initial application of
4 lb a.e./acre (4.48 kg/ha)
to 7,000 acres along canal,
followed by spot treatment.

Of 60 samples of fish taken
along the canal, 3 had residue
levels greater than 0,01 ppm
(up to 0.162 ppm), 16 had
detectable residue levels less
than 0.Ü1 ppm, and the rest had
no detectable residues,

Schultz and Whitney
1974

2,4-D "Salt"

Fish (3 species) Exposed to 2.5 ppm in water
for 4, 7, or 14 days.

Less than 0.0O5 ppm 2,4-D In
tissue. Unspecified metabolic
products ranged from 0.031 to
0.122 ppm.

Schultz 1973 in Norrls
et al. 1983

I
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Dlmettiylanlne salt
of 2,4~D
(Î^C-labeled)

Bliiegills

Exposed for up to 7 days to
2 ppm 2,4-D under static
conditions' at 70''F (21''C)
and pH 7.6.

Concentration of l^C expressed' as
2,,4-D equivalent r'eached a
maximum (whole body) of 0.93 ppm
after 24 hours and' did not .ciiao,ge
significantly through the rest of
the 7-day period. Edible flesh
reached a maximum 0.114 ppm at
96 hours and head/viacera reached
a maximum of 2,2 ppm after 24 hours.

Sikka et al. 1977

DliBCthylamitie salt
of 2,4-D
(14c-labeled)

Bluegills

Intraperltoneal injection
at 1,0'ppm or 2.5 ppm.
Fish placed In freshwater
and water then nnonitored
for I'^C activity.

2,4-D rapidly excreted, with approximately 90% of, initial activity excreted within 6 hours of
doalng. All of the ^^C activity,
in the excreted material was due
to '2,4-D.

Slkka et al. 1977

Dimethylamlne salt
of 2,4-D
(He-labeled)

Catflah

Exposed for up to 7 days to
2 ppii'2,4-D under static
conditions at 70'F (21°C)
and pH 7,6.

Concentration of ^^ expressed as
equivalent reached a Uaximum (whole
body) of 0.20 to 0.25 ppm after
24 hours and through the rest of
the 7 days. A major proportion of
the 2j4-D was In head/viscera» Only
lOZ of total radioactivity was in
edible flesh.

Sikka et al. 1977

Aulne ealtfl of 2^4-0
(dodecyl-tetradecyl
anine and dimethylamine salts of
2,4-D'

CotHtton
Florida
gallinule

Initial application of
4 lb a.e./acre (4.48 kg/ha)
to 7,000 acres along canal,
followed by spot treatment.

Breast muscle and liver tissue had
residue levels of 0.30 ppm and
0.675 ppm, respectively, 1 day after
spraying and no detectable residues
4 days after spraying.

Schultz and Whitney
1974

2,4-D salts

Rats, Pigs,
Calves and
Chickens

Oral administration of
50 to lOO' ng/kg.

Administered dose readily absorbed
and eliminated, mainly in the urine.
Plasma half-lives ranged■from 3 to
12 hours—3 hours in rats, 8 hours
calves and chickens, and 12 hours
in pigs.

Erne 1966a,b both in
International Agency
for Research on Cancer
1977, Erne 1966c in
Hayes 1982
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Propyleîie glycol
butyl ether ester
(Esteron® 99
Concentrate)

Man (aerial
application
crews)

Three crews of 6 fjereons
per crew each made 2 applications about 1 %ieek apart,
one with customary clothing
and normal precautions, one
with protective gear aad
special hygienic practices.
Each crew treated a 100 acre
tract at 2 lb a.e,/acre each
time.

The total internal dose, determined
by urine analysis, ranged from nondetectable to 0.0557 mg/kg body
weight for normal procedures, to
nondectable to 0.0237 mg/kg body
weight for crews using protective
gear and special precautions.
Estimated respiratory exposure
ranged from nondetectable to
0.30 pg/kg body weight for normal
procedures, to nondetectable for
crews using protective gear and
special precautions. Estimated
dermal exposure ranged from nondetectable to 0,09 mg/kg body
weight for roormal procedures, to
nondetectable to 0.02 mg/kg body
weight for crews using protective
gear and special precautions.

Lavy et al. 1982

Butoxyethanol
ester of 2,4-D'

Bluegill

Exposed to 3 ppm In water for
8 days.

Mean body concentration of 2,4-D
(whole fish) was<0.05 ppm at 68,
77, and 86"F (20, 25, 30*'C).

Sigraon 1979b

2,4-D (acid, butyl
and isoocty
esters)

Mice
(C57BL/6)
(female)

Subcutaneouis injection of
100 mg/kg of 2,4-D acid,
butyl or isooctyl esters.

Rate of disappearance from plasma
was butyl ester isooctyl ester
>2,4-D acid.

Ziellnski and Flahbeln
1967 in International
Agency for Research
in Cancer 1977

2,4-D Esters

Cows

Cows allowed to graze on
pasture sprayed with "2,4-D
esters'* at an unspecified
rate.

Milk from cows contained 0.01 to
0.09 ppm 2,4-D during first 2 days
after spraying, with lower amounts
thereafter. Cows put into pasture
4 days after spray had maximum
residues of 0.01 ppm in milk.

Kllngman et al, 1966
Minnesota Department
of Health 1978

References
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2,4-DP Summary
Major Trade Namesî

Chemical Names î

Weedone 2,4-DF^| Weedone 170^; Cornex RE ; and
Kildi#

2-(2,4-dichloropheiioxy) propionic acid

Major Forestry Appllcationî

Applied as a postemergence herbicide,
usually mixed with 2,4-D5 for conifer
release, rights-of~way maintence,
timber and range management, weed
control, engineering, and recreation
management.

Detailed information on toxicology, environmental fate^ and hazard
assessment can be found in the body of the Herbicide Background
Statement*
Toxicology
Toxicity data for invertebrates are unavailable. Algae are
resistant to concentrations as high as 10 ppm« Formulations of
2^4-0? are toxic to slightly toxic in the fish species studied. It
is mildly toxic in mammals studied, with LD3Q*S of 400 to 800 mg/kg
in mice and rats, respectively. Rats fed a diet containing
12.4 mg/kg body weight for 90 days showed no effect« 2,4-DP has low
dermal toxicity^ with an LD^Q of 1,400 mg/kg in mice. There are no
conclusive studies demonstrating either mutagenlcity or
carcinogenicity of 2,4-DP,
Environmental Fate
Very little information is available on the fate of 2j4~D in the
environment, but it is assumed to behave in a similar fashion to
other phenoxy herbicides* In plants, it would be absorbed by rats
and foliage^ from which it would translocate to meristematic tissue.
In animals, it would not accummulate but would be excreted in
unmetabolized form. In soils^ it would be moderately mobile^ have a
short persistence^ and be particularly subject to microbial
degradation. In water, 2,4-DP would be lost primarily by microbial
degradation and by dilution.

Exposure and Hazard
The reported exposure levels at which toxic effects of 2,4~DP
have been observed in experimental animals are considerably higher
than levels estimated for USDA Forest Service applications.
DP-3
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General Information

^ 2j4-DP5 also known as Dichlorprop and by the trade names^
BH 2,4-DP, Cornox RK® Desormone®, Desormone® LV 700, Hedonal®
Klldip®, Polymone®, Seritoî^O, U-46® Weedone 2,4»DP® and Weedone
170®, is a systemic herbicide used for site preparation^ brush
control on rangeland and rights-of-way^ and for aquatic weed control
(Meister Publishing Company 1981). As one of the phenoxy herbicides^
2,4-DP has been formulated with 2,4-D, 2,4,5~T, 2,455--TP (Silvex),
and MCPA in addition to others (Norrls 1981). Like 234~D and the
other phenoxy herbicides, 2,4-DP interferes with normal plant growth
processes• In general, the toxic effects and environmental behavior
and fate of 2,4-DP are very similar to other phenoxy herbicides
including 2,4-D (U.S. Department of Energy 1983). It is more
selective than 2,4-D, however. Very little information is available
concerning specific 2,4-DP toxicity and environmental behavior.
Thereforej this Herbicide Background Statement is brief and is
supplemented by reference to 2,4-0.
1.1

Normal Use Patterns

2,4-DP is used as a postemergence herbicide to control weeds in
small-grain cereals, as well as for weed control along rights-of-way
in Europe, (Meister Publishing Company 1981 and Weed Science Society
of America 1983). It is registered only for noncropland industrial
weed control sites such as roadsides, drainage ditchbanks, railroad
and utility rights-of-^ay, and fence rows, as well as foresty
applications, in the United States. Typical application rates for
weed control in cereals are 2.4 lb/acre (2.7 kg/ha) when used alone,
1.8 to 2.2 lb/acre (2 to 2.5 ka/ha) when mixed with MCPA, and 1.4 to
2.2 lb/acre (1.6 to 2.5 kg/ha) when mixed with benazolin and dicamba
(Weed Science Society of America 1983).
The USDA Forest Service uses 2,4=DP, usually mixed with 2,4-0,
for conifer release, rights-of-way maintenance, timber and range
management, noxious weed control, engineering, and recreation
management (Gross 1983). Application rates ranged from 0.6 to 4.7 lb
acid equivalent (a.e.) per acre (0.7 to 5.3 kg/ha) for 11 USDA Forest
Service Projects in which 2,4-DP (usually mixed with 2,4-D) was used
in 1982. Statistics on use of 2,4-DP by the USDA Forest Service are
given in Table 1-1.
*Trade names are used only to provide information and do not imply
product endorsement.
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Table 1-1
I
USDA Forest Ser¥lce 2,4™DP Use

Active Ingredient Per Acre (lbs)
Purpose

Ra-Eige

Average

Acres
Treated

Fomulatio'n

Application
Method

.1981.
Aerial
Conifer releaSiC«^

1»9

1.9

1,062

Liquid

Helicopter

0,8 - 1.2
0.,8 - 2.CÎ

1«1
1.7

55
333

Liquid
Liquid

InjectiO'Tn
Injection and
Broadcast

Ground
Conifer release^^

. 1982Aerlaic
2 Projects for
Timber Managemeat

4.0'

4.01

1,185

liquid

aerial

0.6 -™ 4.7

2.8.

2,253

Liquid

Ground Foliar
and Injection

Ground (Projects)*^
Timber(5), Ra,tig,e (1)
Noxious Weeds. (1)
Engineering (1)
Recreation (1)

All acres treated with a mixture of 2,4-D an,d 2/HI-DP
^253 Acres treated with a mixture of 2,4-^0 and 2[4"~D'P
^^1,078 Acres treated with a mixture of 2,4-D an,d*2,4™DP
32 Acres treated for engineering, 100 acres for r¡creation, with a mixtu,re of.2,4.^D and 2,4™DP
So'urce:

Gross 1983

Most commercial formulations of 2,4-DP contain the active ingredient
as a salt or as an ester (Weed Science Society of America 1983)*
1.2

Chemical and Physical Properties

The active ingredient of 2,4-DP is 2-"(2,4-dlchlorophenoxy)
propionic acid^ although in commercially available formulations it is
generally formulated as a salt or as an ester• The structural formula
of 2,4-DP (acid) is (Weed Science Society of America 1983)s

CH^

'/ \Vo- CH

COOH

2,4-DP has a molecular formula of C9H8CI2O and a molecular
weight of 235,1. In its pure form, 2,4-DP is a white to tan
crystalline solid that smells faintly of phenol. It has a melting
point of 240.8 to 243.5^F (116 to 117.5^C) and a density of 1.42
(compared to 1.0 for water). It's solubility in water, 0.71 grams
per liter (710 ppm), is relatively low. It is more soluble in
organic solvents, with values of 595 g/£ in acetone; 510 g/£ in
isopropanolj 85 g/£ in benzene; and 2.1 glí in kerosene at 82*4''F
(28*^0 (Weed Science Society of Perica 1983).
Loos (1975) and Morris (1981) reviewed degradation of the
phenoxyacetic acids including 2^4-DP. Degradation and loss of 2s4-DP
occurs by photodecomposition, volatilization, and metabolism by
microorganisms and plants.
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2.0

Toxlclty of 2,4-DP

The toxicological properties of 2,4-DP, summarized in Table 2-1^
indicate that the formulations tested are toxic to slightly toxic to
those species tested. Data on carcinogenicity and mutagenicity of
2^A-W are lacking. It should be noted^ however^ that as with 2^A-B
(see Herbicide Background Statement for 2^4-0)5 there is no
conclusive evidence that 2^4-DP is carcinogenic or mutagenic.
2*1

Invertebrates and Microorganisms

Invertebrates and microorganisms showed a wide range of toxic
responses to 254-D5 generally with a greater sensitivity to ester
formulations (Table 2-2 in 254-D Herbicide Background Statement),
The toxicity of 2,4-DP is expected to be similar to that of 2,4-D5
with only slightly toxic effects in most insects; toxic to slightly
toxic effects (using salt and acid formulations) to microorganisms^
crustácea^ and other invertebrates| and toxic to highly toxic effects
(using ester formulations) to microorganisms^ crustáceaj and other
invertebrates• Seventeen strains of algae^ tested with 2,4-DP5 were
all resistant to herbicide concentrations of up to 10 ppm with
30-days exposure in medium containing the herbicide (Cullimore 1975),
2.2

Fish

Toxicity data for exposure of fish to 2^4-DP have been reported
for bluegill at various growth stages (Hiltibran 1967 and U*S.
Department of the Interior 1968 in Pimentel 1971) and for lake
chubsucker fry (Hiltibran 1969), Granular 2,4-DP as the isoctyl
ester was toxic to adult bluegill (48-"hour LC50 ^1.1 ppm), slightly
toxic to small bluegill and bluegill fry (no deaths at 20 and 10 ppm,
respectively), and potentially toxic to lake chubsucker fry (no
deaths at 1.5 ppm, the highest dose tested)«
Clarke et al. (1970) suggest that pesticides with median lethal
concentrations of 10 ppm or more for fish be considered "slightly
toxic/' between 1 and 10 ppm be considered "toxic," and less than
1 ppm be considered "highly toxic«" Assuming that fish responses
to 2,4«-DP are similar to fish responses to 2,4-D, acid and salt
formulations of 2,4-DP should be considered slightly toxic and esters
should be considered highly toxic to fish.
2.3

Birds

The toxicity of 2,4-DP to birds has been studied by injection
of 2,4«DP into chicken eggs* At 100 ppm, 2,4-DP resulted in reduction
of hatching (70 percent of controls), but at 200 ppm, complete
inhibition of hatching occurred (Dunachie and Fletcher 1970), No
other data are available; however, assuming bird response to 2,4-DP
is similar to response to 2,4-D, 2,4-DP has a low toxicity to birds,
DP-9

Table 2-1
I

Summary of Toxicologlcal Properties of 2,4-0?*

Effects

Comments

References

Mature of lacposure

Exposure Time

Incorporated into
culture

Up to 30 days

All strains were
resistant to concentrâtions as high
as 10 ppm (highest
level tested)

Blueglll
(small fish)

InMiersion

12 days

No deaths at 20 ppm

Blueglll
(fry)

Immersion

10 days

No deaths at 10 ppm
(highest level ■
tested)

Lake Chubsticker (fry)

Imiiersion

10 days

No deaths at 1.5 ppm
(highest level
tested)

2,4-DP
(Formulation
not specified)

Blueglll

InjiHierslon

48 hours

1.C50 * 1.1 ppm

Ü.S» Department
of the Interior
I960 in Pimentel
1971

2,4-DP

Chickens
(eggs)

Injected into egg

Injected to give 10,
50, 100, and 200 ppm
In egg. Significantly fewer eggshatched (70% of
controls) at 100 ppm,
none hatched at
200 ppm.

IXinachl^e and
Fletcher 1970

Formulation

Organism

2,4-DP (acid) 17 strains
of algae
(Chloro-phycae)

Isooctyl
ester of
2,4-DP
(Granular)

Three strains showed
stimulation of growth
at 10 ppm,

Cullimore 1975

—^

Hiltlbxan 1967

Table 2-1 (Concluded)

Formulation

Organisn

Nature of Exposure

Exííoaure Time

Effects

Comments

References

2,4-DP

Mice

Acute oral

^«

LD5O - 400 mg/kg

—

Neumeyer et al.
1969 in Pimentel
1971

2,4~DP

Rata

Acute oral

—•

LD5O - 800 mg/kg

—"*

Weed Science
Society of
America 1983

2,4-DF

Rats

Chronic oral

90 days

No effect noted
when fed 12.4 mg/kg
daily

—

Weed Science
Society of
America 1983

2,4-DP

Mice

Dermal

~*"~

LD5D » 1,400 «g/kg

à 2 .41 solution did
not irritate skin

Weed Science
Society of
America 1903

2,4-ßP

Mice

Eyes

11 solution did
not irritate eyes

"
^Due to lack of specific studies on 2,4-DP toxiclty, no Appendices are included in this background statement.
B, C, D, and E of the 2,4-D Herbicide Background Statement contain toxiclty data discussed in this section.
^Data are not available or not applicable.

Weed Science
Society of
America 1983
Appendices A,

2.4

Mammals

Studies of toxic effects of 2,4-DP in mammals indicate an
acute oral LD50 of 400 to 800 mg/kg body weight (in mice and rats,
respectively) (Neumeyer et al. 1969 in Pimentel 1971 and Weed Science
Society of America 1983), no effect In rats fed 12.4 mg/kg for 90 days
(Weed Science Society of America 1983), a dermal LD50 of 1,400 mg/kg
in mice (Weed Science Society of America 1983), and no eye irritation
with a 1 percent solution (Weed Science Society of America 1983).
These toxicity data are in the same range as data reported in the
Herbicide Background Statement for 2,4-D. Assuming mammalian response
is similar to both 2,4-D and 2,4-DP, 2,4-DP would be considered mildly
toxic (causing gastrointestinal disturbances, weight loss, muscle
weakness, and lack of coordination); would have the potential for
mild eye, skin, and respiratory irritation; Would be potentially
teratogenic; and would have potential for embryo- and fetotoxicity.
There are no conclusive studies demonstrating carcinogenicity of
2,4-DP. Based on long-term studies in rats, mice, and dogs with
several formulations, 2,4-D is a suspect carcinogen. However, there
are no conclusive data demonstrating the carcinogenicity of 2,4-D.
2.5

Mutagenicltv

There are no conclusive studies demonstrating mutagenlcity of
2,4-DP. Mutagenlcity of 2,4-D has been reviewed extensively, however
(Hayes 1982 and Mullison 1981). In most microbial systems tested,
2,4-D was nonmutagenlc. In a yeast study, evidence of mutagenlcity
appeared only at a low pH (4.5 or below). Increased chromosomal
aberrations were observed in several plant studies with 2,4-D.
Section 2.5 of the 2,4-D Herbicide Background Statement reviews 2 4-D
mutagenlcity studies.
'
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3.0

Environmental Fate

2,4-DP and its formulations are postemergence herbicides used to
control broadleaf weeds in industrial sites and rights-of-way, and as
brush control agents in forestry applications (Meister Publishing
Company 1981 and Weed Science Society of Merica 1983)• Although
2|4-D persistence in soil is short (less than 1 month) (Ashton 1982)^
Burger et al. (1962 in Pimentel 1971) report a moderate persistence
of Z^A-D? ( 103 days)« It has a variable toxicity to fish and
aquatic invertebrates depending upon formulation, environmental
parameters, and species, and generally has a low to moderate toxicity
to most other animal species.
Loos (1975) reviewed plant uptake, mode of action, and
degradation of phenoxy herbicides. Assuming that 2,4-DP behaves
generally like other phenoxy herbicides, it is absorbed by both plant
roots and foliage and translocated up and down the plant stem. The
major sites for accumulation are in meristematic tissues. Phenoxy
herbicides are readily metabolized in plants by a variety of metabolic
pathways* In animals, they tend to be readily excreted in urine and
do not bioaccumulate*
3*1

Bioaccumulation and Metabolism

Bioaccumulation and metabolism of phenoxy herbicides in animals,
plants, and microorganisms are extensively reviewed in Loos (1975).
Specific reviews of 2,4-D behavior in plants and/or animals by
Ghassemi et al. (1981), Mulllson (1981), Hayes (1982) and in these
Herbicide Background Statements provide information on the probable
behavior of 2,4-DP. The following discussions of metabolism and
bioaccumulation in plants and animals assume that 2,4-D and 2,4-DP
behave similarly and are based primarily on Loos (1975).
3.1.1

Plants

Plant uptake of phenoxy herbicides occurs through leaves, stems,
and roots with the waxy cuticular surface of the plant being the
primary limiting factor in herbicide uptake. This cuticular barrier
can be overcome by use of lipid soluble formulations such as esters,
by use of surfactants, or by application through the bark or cuticle
by injection or hack and squirt techniques.
Once absorbed by the plant, translocation of phenoxy herbicide
depends upon site of uptake, environmental conditions of moisture and
temperature, and specific physiological status of the plant. Translocation of phenoxy herbicides usually takes place readily, with the
herbicides being carried along with products of photosynthesis as
they are translocated upward from roots in the transpiration stream.
DP-13

Herbicldal activity of phenoxy herbicides is due to their
interference with normal plant growth processes. In addition to
imitating normal plant growth hormones (auxins), phenoxy herbicides
tend to persist in plant tissue for a longer period and to have a
different distribution then natural hormones, thus disrupting normal
growth processes.
Plants readily metabolize phenoxy herbicides by changing the
molecular structure of the compounds• Resistance of plants generally
results from their ability to metabolize the phenoxy herbicide to a
nontoxic metabolite*
3.1.2

Animals

Animals do not bioaccumulate phenoxy herbicides to any great
extent. Any absorbed material is usually excreted in unmetabolized
form. Various studies with 25 4-D, discussed in Section 3,1,2 of the
2,4~D Herbicide Background Statement, indicate that residues of 2,4-D
in humans and animals are low following exposure and are virtually
nonexistent in terms of background levels. Due to the low propor-tional use of 2,4-DP compared to 2,4-D, residues of 2,4-DP should be
negligible•
3.2

Soils

The fate and transport of 2,4-D and/or phenoxy herbicides, have
been reviewed by several authors including Ghassemi et al. (1981) and
Morris (1981). Loos (1975) discusses in detail the effect of soil
microorganisms on phenoxy herbicides.
The persistence of phenoxy herbicides in soil is generally short,
with herbicldal effects lasting only a month. Burger et al. (1962 in
Pimentel 1971) report that 2,4-DP (dichlorprop) applied at 25 ppm
persisted in soil for more than 103 days. Altom and Stritzke (1973)
reported a 10--day average half-life for 2,4-DP in Oklahoma soils in
a laboratory study. Smith (1978) also reported a 10-day average
half-life for 2^4-DP in Saskatchewan soils.
Assuming that the behavior of 2,4~DP and 2,4-D in soils is
similar, 2,4*DP would be relatively mobile compared with most other
herbicides. Mobility is influenced by the specific water solubility
of the 2,4-*DP formulation and the organic content and pH of the
soil. The major route of degradation of 2,4-DP would be microbial
degradation, especially in warm, moist soils with high organic matter
content. Photodegradation would play a minor role in loss of 2,4-DP
and volatilization would depend on the volatility of the specific
formulation.
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3.3

Water

Behavior of phenoxy herbicides in water is reviewed by Morris
(1981)- Assuming similar behavior of 2.4-0 and 2s4-DP in water, the
persistence of 2 54-0? would depend upon the presence of microorganisms
capable of biodegrading Z^^k-W* Although photodecomposition of 25 4-D
has been demonstrated in the laboratory, the actual extent to which
photodecomposition of 2,4-DP would occur in the field is unknown.
Volatilization should not play a major role in loss of 2s4-=DP in
water (Ghassemi et al, 1981).
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4.0

Exposure and Hazard Assessment

Forest workers^ visitors, and resident or transient animals are
all potentially exposed to 2^4-0? during forest spray operations.
For humans and other terrestrial animals, exposures can be by dermal^
inhalation, and oral (ingestion) routes. Aquatic animals are
potentially exposed by immersion in waterbodies that may contain
dissolved 2,4™DPt Calculations of exposure to 2^4-DP in this section
follow the assumptions and methodology detailed in Section 4.0 of the
General Introduction to the Herbicide Background Statements. In
general^ it should be noted that environmental exposures to Z^^-D?
are brief^ and that any area sprayed in a given year may well not be
sprayed again for several years. Occupational exposures, at least
for some individuals, may be of longer duration than environmental
exposures. However^ only a limited number of individuals are so
exposed.
4el

ÜSDA Forest Service 2g4"DP Application

Available application data for 254-DP use by the USDA Forest
Service for 1982 are presented In Table 4--1. Actual exposure to
2^4-DP differs among Forest Service personnel involved in herbicide
usej other Forest Service personnel, visitors to Forest Service lands
that have been treated with herbicides^ and wildlife species that are
permanent or transient inhabitants of treated areas*
The data presented in Table 4-1 indicate the number of forest
workers involved in application of 254-DP in 1982^ as well as the
duration of exposure on a daily and an annual basis. However^ the
actual exposure of these workers depends not only upon the specific
formulâtion^ method^ and rate of application, but also on the protective measures employed, the operating condition of the equipment
usedg and accidental events which expose workers to the pesticide.
In general5 2,4-DP is rapidly degraded in the environment and
does not bioaccumulate. Consequently, the potential for incidental
exposure of humans and wildlife to 2,4-DP is low, existing only for a
very short period immediately after its application.
4.2

^posure

Estimates o£ potential exposure to 2,4-DP are based on aerial as
well as ground application. The maximum aerial application rate for
2,4-DP (see Table 1--1) is 4.0 lb a.e./acre, while the compound is
applied from the ground (ground foliar) at rates as high as 4.7 lb
a«e,/acre. In both aerial application and in ground foliar applica-tions 2,4-DP is applied as a liquid. The calculations in Table 4.2
that are based on aerial application, (e.g., spray/observer dose,
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Table 4-1
I
H*
00

USDA Forest Ser¥lce Application Data for 2,,4-DP (1982)

Duration of Exposure
Formulation
(Number
of
Projects)

Method of
Application

2,4-DP
(9)

Ground
Foliar
and In,jec~
tion

2,4"DP
(2)

Aerial

^Grand Total « 129
Source:

Gross 1983

Average Number People
Exposed/Project

Total People
Exposed^

AYerage

Maximum

Type of Management
(Projects)

Hrs/Day

Days/Yr

Hrs/Day

Days/Yr

7»!

7.1

Timber (5), Range (1)
Noxious Weeds (1)
Engineering (1)
Recreation (1)

1.5

Timber (2)

7.7

70

5.9

13 «6

29.5

59

2,5

2.5

Table 4-2
Siaunary of Occupational Dose, Environmental Exposure,
and Toxicity for 2,4-DP
Exposure Route^
Occupational
Dose

Dermal

Oral

Inhalation

b

0.1 mg/kg
jLip to 0,16 mg/ke
„ .
0.18fi mg/k£

Mixer/Loader
Observer
Backpack Sprayer
Environmental
Exposure
Fish
Rabbits
Deer
Man
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)
Toxicity Summary

0.04 ppm (Immersi nn^
1.612 mg/kg
0.404 mg/kg

Negligible
Negligible

—d

—d

NÂ
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

LD50 - 1,400
mg/kg for mice

None available

^

4.94 mg/kg
6. 77 mg/kg
—d
0.0008 mg/kg (2 days)
0.023 mg/kg (2 days)
0.028 mg/kg (2 days)
0.0016 mg/kg (1 day)
0.004 mg/kg (1 day)
0.0020 mg/kg (1 day)
Acute LD50 » 400 (mice) to
800 (rats) mg/kg

Most studies, 1X50 >1.0 ppm for fish

^Assumes aerial application at 4.0 lb active ingredient per acre and ground foliar
application at 4*7 lb active ingredient per acre. See text for further explanation.
^Occupational doses include all routes of exposure and are on a daily basis.
^Fish exposure results from immersion In water containing 2,4-DP.
"Human environmental exposures via dermal and inhalation routes will be considerably
less than occupational doses. Therefore, occupational doses are used as a worstcase rather than an estimate of environmental dermal and inhalation exposure.
Oral environmental exposures are estimated for six sources.
^NA represents nonapplicable data.
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wildlife dermal exposures, and water concentration) assume an application rate of 4.0 lb a-e,/acre. Calculations in Table 4-2 that are
based on ground spraying (e^g., backpack sprayer dose and wildlife
oral exposures) assume an application rate of 4.7 lb a»e*/acre.
Other specific assumptions, based upon the toxicological and chemical
characteristics of 2^4-0? and on its behavior in the environment,
are discussed in the following sections. Table 4=-2 summarizes the
exposure estimates for occupational and environmental doses and
exposures by means of immersion, dermal, inhalation, and oral routes.
4.2.1

Occupational Doses

Lavy et al, (1982) have estimated 2,4-D doses as high as
0^0557 mg/kg body weight for aerial applicators treating forests with
2,4»D at 2 lb a.e./acre. These figures are based on urinalyses of
workers using normal precautions and customary clothing. This figure
is lower than the value used for the occupational doses for the other
herbicides in this study, but it is within a factor of two.
Therefore^ this analysis will utilize the more conservative dose
estimates for mixer/loader, observer, and backpack sprayer discussed
in Section 4 of the General Introduction to the Herbicide Background
Statements, As indicated in the General Introduction, urinary output
was used to calculate total dose (i.e., regardless of route) to
workers exposed to phenoxy herbicides, and this quantity was then
expressed on the basis of an application rate of 1 lb/acre. Dally
occupational dose estimates for 2,4-DP are based on exposures on a
per pound per acre application rate multiplied by 4,0 lb/acre for
observers and 4.7 lb/acre for backpack sprayers. In the case of the
aerial spray observer, exposure estimates are based upon a maximum of
one daily exposure to direct aerial spray with an unprotected skin
surface area of 2 square feet (see General Introduction to the
Herbicide Background Statements). The maximal herbicide dermal
absorption rate is assumed to be^ in the absence of data to Indicate
otherwise, 10 percent. At 4.0 lb a.e./acre application rate, the
following estimate of daily dose is derivedî
Observer with Direct Spray Depositions up to 0.16 mg/kg
(0.04 mg/kg at 1 lb/acre application rate).
For ground applications at 4.7 lb/acre application rates, the
following estimate of daily doses is derived;
Backpack Sprayer; 0.188 mg/kg (0.04 mg/kg at 1 lb/acre
application rate)
Occupational doses for the mixer/loader are assumed to independent of
application rate and have been estimated to be 0.1 mg/kg,
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Total occupational doses are^ of course, a function not only of
application rate and specific occupational category, but also of
duration of exposure« Table 4-1 includes estimates of the number of
days per year of exposure, by 2,4-DP application method and formula-tion used, in 1982« It should be noted, however, that in many
instances, the same individuals are not exposed throughout the entire
spray period«
^•2.2

Environmental Exposures

Environmental exposures in man occur when forest visitors or
others not directly involved in spray operations come in contact with
spray or sprayed foliage, inhale spray mist, eat plants or animals
contaminated with herbicide, or drink water containing herbicide.
Mimais, both terrestrial and aquatic, are subject to environmental
exposures as well,
4.2.2.1 Dermal Exposures. Human dermal environmental exposures
would be less than occupational exposures since only spray operators
and observers are directly involved with actual activities on the
spray units. A casual visitor to spray units should be expected to
receive an exposure rnxxih less (by orders of magnitude) than that of
the observer receiving direct spray deposition. Animals in the
target spray zone, however, are subject to dermal exposure. Rabbits
and deer, representing both small and large game animals
respectively, have the following estimated dermal exposures based on
4.0 lb a.e./acre aerial sprayI
Rabbits in Aerial Spray Zones 1.612 mg/kg (0.403 mg/kg at
1 lb/acre application rate)
Deer in Aerial Spray Zone:
acre application rate)

0.404 mg/kg (0.101 mg/kg at 1 lb

4.2.2.2 Inhalation Exposures. Human inhalation environmental
exposures would be less than occupational exposures since spray
operators, involved with activities on the spray units, are more
likely to be subject to spray mist than is a casual visitor. Thus a
casual forest visitor should be expected to receive an inhalation
exposure orders of magnitude less than that of a backpack sprayer.
Environmental inhalation exposures of animals in the spray target
area would occur on a one-time basis and would be limited to a time
frame that can be measured in minutes. This exposure is therefore
expected to be so small that it can be neglected in this analysis.
4.2.2.3 Immersion Exposures. Aquatic organisms are subject to
environmental exposures from immersion in streams and ponds adjacent
to target spray zones. Assuming a buffer zone of approximately
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100 feet between aerial spray zones and waterbodies, environmental
exposures for aquatic organisms would be equivalent to the estimated
concentration of 2,4-DP in water, calculated as;
Water concentrationi 0.04 ppm (0.01 ppm at 1 lb/acre
application rate)
This concentration of 2^4-^DP represents the estimated maximum
concentration immediately after spraying. If heavy rainfall occurred
immediately after spraying, higher transient concentrations could
occur in streams and ponds. However, such high concentrations result
from high application rates or result from precipitation soon after
application, and would be transient since they are rapidly diluted by
resident water.
4,2.2,4 Oral Exposures. In terms of oral exposures, any
incidental Ingestion of 2,4-DP by workers on the spray unit would be
accounted for by the estimates of occupational dose. Oral environmental exposures would occur for wildlife eating contaminated
vegetation and for human consumption of fish, deer, rabbity water,
berries, and mushrooms, Basic assumptions for estimates of oral
environmental exposures for both man and wildlife are presented in
the General Introduction to the Herbicide Background Statements.
Oral exposures for deer and rabbits, representing game animals
potentially eaten by humans, assume vegetation is sprayed from the
ground at 4.7 lb a.e./acre and that rabbit browse is partially
shielded by overstory. These estimates are as followsî
Deerî
RabbitsÎ

6.768 mg/kg (1.44 mg/kg at 1 lb/acre application)
4.935 mg/kg (1,05 mg/kg at 1 lb/acre application)

Estimates of human oral exposures from consumption of fish, deer^ and
rabbit require, as a starting point, estimates of maximum tissue
concentrations of 2,4-DP in fish, deer, and rabbit.
Fish tissue concentrations are derived as followsî
- water concentrations!

0t04 ppm

- bioconcentrationî 1.0 (actual bioconcentration for
2,4*-D, another phenoxy herbicides, is < 1.0 in most studies)
Fish tissue concentration ~ 0*04 ppm (0,04 mg/kg)
Deer and rabbit tissue concentrations Include Z^^-DB accumulated from
both oral and dermal exposure. Tissue concentration estimates for
deer and rabbit assume that dermally applied 2 5 4-DP is absorbed at a
rate of 10 percent. It is also assumed that oral exposure of deer
and rabbit to Z^A-M lasts only for 2 days due to*the relatively short
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enviroimental persistence of 2í4-DP and that 10 percent of the
ingested material is assimilated. Deer tissue concentrations of
2 5 4-DP are derived as follows:
Dermal Exposure contribution assumes 10 percent absorption of a
single exposure, or 0#404 mg/kg (dermal exposure) x 0.1 ==
0.0404 mg/kg.
Oral Exposure contribution assumes 10 percent assimilation of
two-days feeding^ or 6«768 mg/kg/day (oral exposure) x 0.1 x
2 days - 1*3536 mg/kg.
Total Deer Tissue concentration ^ 0.0404 mg/kg + 1,3536 mg/kg =
1.3940 mg/kg (1.3940 ppm).
Rabbit tissue concentrations of 2^4-DP are derived in the same ways
as for deer5 as follows!
Dermal Exposure contribution assumes 10 percent absorption of a
single exposurej or 1.612 mg/kg (dermal exposure) x 0.1 ~
0.1612 mg/kg
Oral Exposure contribution assumes 10 percent assimilation of
two-days feedings or 4*935 mg/kg/day (oral exposure) x 0*1
X 2 days - 0.9870 mg/kg.
Total Rabbit Tissue Concentration ^ 0.1612 mg/kg + 0.9870 mg/kg ^
"
1.1482 mg/kg (1.1482 ppm)T~
Based upon the above fish^ deer, and rabbit tissue concentrations and
human consumption rates^ the following estimates of maximum human
oral exposures to 2g4-DP from eating meat are derived:
Fish meatI 0.04 mg/kg x 2 days x 0.5 kg/day/person ^ 50 kg
person ^ 0.0008 mg/kg
Deer meat; 1,3940 mg/kg x 2 days x 0.5 kg/day/person ^ 50 kg
person - 0.0279 mg/kg)
Rabbit meat! 1*1482 mg/kg x 2 days x 0.5 kg/day/person ^ 50 kg
person ^ 0^0230 mg/kg
Water and plant consumption by man would result in the following
oral exposures to 2s4-DP based on assumptions stated in the
introductory chapter of the Herbicide Background Statements at an
application rate of 4.0 lb a.i./acre (aerial)î
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Waterî
Berriesî
Mushroomsî
4.3

0.0016 mg/kg (0.0004 mg/kg at 1 lb/acre application)
0.004 mg/kg (0.001 mg/kg at 1 lb/acre application)
0.0020 mg/kg (0.0005 mg/kg at 1 lb/acre application)

Hazard Assessment

Toxicological properties of 2,4-DP to fish and small mammals
have been summarised in Table 2-1 and detailed in Section 2 of this
Herbicide Background Statement• Table 4«2 compares exposure estimates
for both occupational doses and environmental exposures in man and
wildlife with reported toxicity information. The reported exposure
levels at which toxic effects have been observed in experimental
animals are considerably higher than levels estimated for USDA Forest
Service applications.
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Dalapon Summary
R)
Trade Name : Dowpon^
M

Chemical namei

2,2-dlchloropropionic acid; formulated as the sodium
and magnesium salts of 2^2-dichloropropionic acid

Major Forestry Applications:

Grass control, conifer release, site
preparation, timber management, and
rights-of-way maintenance.

Detailed information on toxicology, environmental fate, and hazard
assessment can be found in the body of the Herbicide Background
Statement.
Toxicology
Dalapon is generally nontoxic to a variety of nontarget
organisms and has low toxicity for most animal species. Except for
some aquatic crustácea and insects, it is only slightly toxic to most
invertebrates and microorganisms♦ Dalapon generally has low toxicity
to various soil microorganisms. Dalapon is only slightly toxic to
fish and amphibians. Median lethal concentrations generally are
greater than 100 ppm for fish exposed to dalapon for 24 hours or more.
Dietary studies with dalapon indicate a low toxicity to birds,
although reproductive effects were reported when dalapon was
administstered at high doses to birds. Decreased rates of hatching
were reported when chicken eggs were injected at doses giving 300 ppm
dalapon in the eggs. No teratogenic effects were observed.
The relatively low order of acute toxicity of dalapon sodium
salt and dalapon formulations in mammals is reflected in oral LD5o's
from 9300 mg/kg for dalapon sodium administered to rats to 2140 mg/kg
for Dowpon®M administered to rabbits.
Tests in rabbits show that dalapon sodium salt is moderately
irritating to the eye with transient corneal injury and is
moderately irritating to the skin. There is no evidence that dalapon
sodium is absorbed through the skin in toxic amounts.
No deaths occurred in rats fed diets containing as much as
1150 mg dalapon sodium salt per kg body weight for 97 days. There
were no adverse effects at levels of 115 mg/kg. No adverse effects
on reproduction occurred in rats treated with up to 300 mg
dalapon/kg/day. No teratogenic effects were noted in rats treated
with up to 2000 mg/kg/day.
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Dalapon sodium salt was not reported to be carcinogenic on two
year studies in dogs and rats, Mutagenlcity testing of dalapon has
not been reported*
Mvlxomental Fate
Dalapon is absorbed by plant roots and foliage. It is readily
translocated throughout the plant and accumulates in areas of new
growth, buddings and fruiting activity. It is not readily
metabolized in plants. In animals, it is hydrolyzed to a normal
metabolite which is further degraded to acetate and carbon dioxide.
Dalapon is rapidly excreted in the urine of animals when ingested,
and very few residues are found in tissues•
Dalapon does not persist in the soil. It is very mobile and Is
readily leached from the soil. It is broken down rapidly and
completely by soil microorganisms and biodégradation Is the major
means by which dalapon is lost from soil. Dalapon is highly soluble
in water and Is primarily lost in waterbodies by microblal
degradation and dilution.
Exposure and Hazard
The reported exposure levels at which toxic effects have been
observed in experimental animals are considerably higher than levels
estimated for USDA Forest Service applications. Generally^ there
should be no significant potential for adverse reproductive or
carcinogenic affects to individuals from dalapon use, if proper care
is taken during application.
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1*0

General Information

1.1

Normal Use Patterns

Dalâpon, also knowi by the trade names^ Dowpon® M^ is a
herbicide that is moderately selective for annual and perennial
grasses. It was originally introduced in 1953 by the Dow Chemical
Company and has also been marketed under the trade names Dowpor^,
Dowpoi^ C Improved, and RadapouP Liquid. Since its introduction^ it
has been widely used in a variety of applications for grass control
in agriculture, righta-of-^way maintenance, industry, and forestry
(Ghassemi et al. 1981 and Weed Science Society of America 1983).
Dalapon formulations are particularly effective against quackgrass,
bermudagrass, johnsongrass, other perennial and annual grasses,
cattails, and rushes. It is often used to control established
perennial grasses in noncrop areas and along ditchbanks in the
western states and as a preplant treatment in crop areas (Meister
Publishing Company 1981).
Dalapon has two distinct physiological effects on plants. At
high rates of application, dalapon acts as an acid and as a protein
precipitant and exerts immediate and localized acute toxic effects.
At lower rates of application, dalapon acts slowly as a growth
inhibitor (Foy 1975). Dalapon is readily absorbed through both plant
roots and foliage. Once absorbed, it is readily translocated
throughout the plant tissue, accumulating particularly in regions of
highest metabolic activity (Foy 1975; Ghassemi et al. 1981).
Forestry use of dalapon is primarily restricted to ground
application for site preparation, conifer release, rlghts-of-way
maintenance, and grass control, as well as to aerial spraying for
site preparation and conifer release. Application rates in ground
applications for forest management generally range from
0.4 lb. a.i. per acre (0.45 kg/ha), applied around individual trees
for conifer release, to an average of 6,8 lb/acre (7.6 kg/ha) for
grass control. In aerial spray applications, average dalapon
application rates have ranged from 5.0 lb/acre (5.6 kg/ha) for site
preparation to 8.6 lb/acre (9.6 kg/ha) for conifer release (Gross
1982). According to product literature summarized by the Weed Science
Society of Perica (1983), dalapon is usually applied at rates ranging
from 0.75 lb/acre (0.84 kg/ha) in flax to 20 lb/acre (22.4 kg/ha) or
*Trade names are used only to provide information and do not imply
product endorsement. Dowpon® and Radapon® are registered trade
names of the Dow Chemical Company. Dalapon is a registered trade
name of the Dow Chemical Company abroad.
Da-5

more on noncropland, although under certain conditions multiple treatments at lower rates are used. Statistics on use of dalapon by the
USDA Forest Service are presented in Table 1=-1.
Dalapon is manufactured in the United States by the Dow Chemical
Company and marketed by Vertac Chemical Corporation under the trade
name Dowpon®M, Dalapon has also been formulated with other
herbicides such as 2s4-D, Table 1-2 lists the major formulations of
dalapon and its salts.
Dalapon is normally applied in the spring for site preparation
or conifer release. Since dalapon is more toxic to conifers than
atrazine, another grass-specific herbicide, atrazine can be added to
dalapon when treating Douglas fir plantations to maintain efficacy
while reducing overall toxicity to the fir (Newton and Overton 1973
in Newton and Dost 1981). When used for applications other than
those involving conifer plantations ^ 2 5 4'-D may be mixed with Dalapon
(as in the formulation Chloropor^ to increase effectiveness on
broadleaved weeds (Newton and Dost 1981).
1,2

Physical and Chemical Properties

The active ingredient of dalapon and its formulations is
2,2-dichloroproplonic acid with the following structural formula
(Weed Science Society of America 1983)î
H
Cl 0
f
I
II
H-C-C-C-OH
f
I
H
Cl
Dalapon is formulated as the sodium and magnesium salts of
2,2-~dichloropropionic acid. The major physical and chemical
parameters of dalapon and its formulated salts^ dalapon sodium salt
and dalapon magnesium salt, are detailed in Table 1-3. In general,
dalapon and its salts are very soluble in water but have a low
solubility in most organic solvents* The partitioning coefficient of
dalapon in n*"Octanol/water is 5.7/1.0 and of dalapon sodium salt
is
<1/1,0 (Kenaga 1974 and Weed Science Society of America 1983).
This high water solubility coupled with a low solubility in organic
solvents results in a relatively minimal accumulation in tissues of
animals exposed to dalapon (See Section 3.1.2).
Dalapon does not absorb to soil particles or to soil colloids to
any great extent. This lack of adsorption^ coupled with high water
solubility, results in a high mobility for dalapon residues that are
not decomposed s accumulated, or otherwise bound-up in plants (Foy
1975),
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Table 1-^1
ÜSDA Forest Service Öalapon Use

Active Ingredient Per Acre (lbs.)
Purpose

Average

Range

Acres
Treated

Formulation

Application
Method

1981

Aerial
Conifer release
Site preparation
Ground
Conifer release
Grass control
Right-of-way
Site preparation

8.6
3.7

5.7

8.6
5.0

120
778

0,4 -- 0.7
6,0 - 8.0
1.3
0,6 - 5.7

0.4
6.8
1.3
2.8

769
32
273
2,286

Aerial» Helicopter
Soluble
powder
applied
in a
water
spray

Individual tree
Broadcast
Broadcast
Spot and Broadcast

1982

Aerial (2 projects)
Tifflber Management

6.0

5.0

1.2 ~ 30.0

6.7

4.0

53

Ground (29 projects)
Timber, Nursery and
Wildlife Management,
Research, Recreation

Source:
I
--4

Gross 1982 and 1983.

6,187

Soluble
powder
applied
in a
water
spray

Aerial, Helicopter

Gound foliar

Table 1-2

o
CD
t

Dalapoa Formulations

Active Ingredients

Formulât iO'n^

Formulatox

D'owpori Grass Killer^-^

So'dlim. 2,2"-'CÍichloropropiOTiate 85%

Dow Chemical Cfjupaii}?'

Dowpoii^'C'^

2,2-DicliLloroprO'pioiiic acid, sodium,
salt ( dalapon [ 2,2-diclilorO'propionic
acid] equivalent 46.2%) 53,3%. trichloroacetic acid, sodium salt
(tric'hloroacetic acid equivalent 26.2%)
29-71

Dow Chemical Company

D'OwpO'B, '^^ M

Ij/î-DlclilO'rO'propiO'iiic acid, sodium seilt
72.5%; 2,2™dic:hlorO'prO'pioiilc acid,
iiia,gii.esd.iim salt 12,0%; in.ert ingredients
15.57o

Dow Cliemical Coi'irixJ''aiB:y

?Foriiiiila,tions with O'ther herbicides are omitted.
These prod-ucts have been dlsco"Tatiii,ued.
Source:

Go'Sselln et al* 1976•

Table 1-3
Physical and Chemical Parameters of
Dala pon and Its Fo'01013 ted Salts

Chemical
Parameter

Dala pon

Dalapon Sodium Salt

Dalapon Magnesium Salt

Molecular Formula

C3H4CÍ2O2

%%Cl2Na02

C^H^Cl4Mg04

Molecular Weight

143

165

308.5

Physical State (room
temperature and pressure)

Liquid

Solid

Solid

Color

Colorless

White

Mhite-tan

Density

1.389 (at 73"'F

-.^a

62.5 lb/cubic foot

[22.a"C])
Melting Point

"""

Boiling Point

365 to 374°F
(185 to ISO^'C)

Decomposes before melttn^g
at 379.4 to 386.6**F
(193 to 197 ^^C)

—

Decomposes before melting
at 379.4°F (193"'C)

^

Solubility (g/lOO'g
solvent at 25''C) in:
Water
Acetone
Methanol
Ethanol
Benzene
Ether
Kerosene

1

\D

>80.0
18.5
82.7
Soluble

90.0
0.14^'
17.9b
<18.5
0.002^
0'.016^

>80'.0
35.9
25.5
4,4
0.055

*^Data not applicable or not available.
^Data from Weed Science Society of America, 1970. Herbicide Handbook, WSSA Monograph 3, 2nd ed.
Humphrey Press, Geneva, N.Y. All other data are from the Dow Chemical Company.
Source:

Kenaga 1974.

Dalapon in aqueous solution is chemically degraded by hydrolysis
and by photolytic processes. Metabolic degradation of dalapon and
its salts by plants, animals, and microorganisms is discussed in
Section 3 of this report. Hydrolysis of dalapon results in the
formation of inorganic chlorine compounds (such as sodium chloride)
and pyruvic acid, which is the major metabolite of dalapon and its
salts. Pyruvic acid is a common naturally occurring organic molecule
that Is an essential component of energy metabolism (respiration) in
living cells. Chemical hydrolysis of solutions of dalapon and its
salts is accelerated at alkaline (above 7) pH values. The chemical
hydrolytic half^life of dalapon and its salts is probably on the
order of several months at temperatures of less than 77°F (25°C) and
solutions of less than 1 percent (a 1 percent solution of dalapon
sodium salt would have a pH of S,?^ which is acidic) (Kenaga 1974).
Aqueous solutions of dalapon also undergo sl^ificant rates of
photodegradation to form pyruvic acid. Pyruvic acid is then further
degradedg primarily to carbon dioxide and acetaldehyde. The
acetaldehyde in turn is degraded to acetic acid which then degrades
into carbon dioxide and water (Kenaga 1974).
Dalapon is nonflammable. Formulations of dalapon are mildly
corrosive to application equipment which should be rinsed with water
after use (Weed Science Society of Perica 1983).
The acid form of dalapon is relatively volatile^ and at room
temperature, dalapon acid will volatilize rapidly from an aluminum
surface. The sodium salt of dalapon, however, volatilizes at
negligible rates under similar circumstances (Foy 1975). Since the
sodium salt of dalapon is the major constituent of most applications5
volatilization of dalapon is not expected to be a significant route
of transport from the site of application.
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2.0

Toxlcíty of Dalapon

The toxicological properties of dalapon^ summarized in
show that this herbicide is generally nontoxic to a variety
organisms. Dalapon is particularly useful for agricultural
due to its low toxicity to most animal species coupled with
selectivity to grasses,
2tl

Table Z-l^
of
crop uses
its high

Invertebrates and Microorganisms

A variety of invertebrates (mostly arthropods) and
microorganisms from freshwater, marine^ and terrestrial ecosystems
have been studied for toxic effects of dalapon formulations• Major
findings of these studies are presented in Appendix A and indicate
that^ with the exception of several studies in aquatic crustácea and
insects in which toxic effects were reported^ dalapon should be
considered only slightly toxic to most invertebrates and
microorganisms. Many studies cited in Appendix A indicate median
lethal concentrations of dalapon in excess of 100 ppm^ and several
indicate median lethal concentrations in excess of 1^000 ppm.
For the most part^ toxicity studies with invertebrates and
microorganisms have been conducted in controlled laboratory
environments. As a consequence of the laboratory environment and the
experimental designs employed^ the results do not necessarily present
a true reflection of the potential effects of dalapon in a natural
environment. For example, in the laboratory^ aquatic organisms were
generally kept up to 4 days or more in static conditions (in tanks or
aquaria without a flow-through of freshwater). Microorganisms were
generally grown in culture media containing levels of dalapon higher
than those resulting from normal application« In contrast^ in natural
aquatic and nonsoil terrestrial environments^ exposure to dalapon or
to other man-made chemicals is usually a transient phenomenon
depending on stream flow^ chemical dissipâtion^ or decomposition«
Additionallyj in natural systems, interactions with other man-made
and naturally occurring chemicals and dianges in environmental
factors potentially affect herbicide assimilation and metabolism by
invertebrates and microorganisms* These interactions, in turn,
potentially alter tolerance levels of organisms to the herbicides.
Among the insect studies summarized in Appendix A, those with
honeybees5 representing insects of commercial importance, indicate
that dalapon is relatively nontoxic. In studies by the Dow Chemical
Company reported by Kenaga (1974), honeybees momentarily dipped in a
solution containing 20,000 ppm dalapon showed no mortality 24 hours
later. In ingestion studies, an increased mortality was observed in
bees fed 1,000 ppm dalapon by weight in sucrose, but no increased
mortality compared to controls was observed in bees fed 100 ppm
dalapon or less (Morton et al. 1972). Other researchers (Atkins and
Da-11

Xable 2-1
Summary of Toxicologlcal Properties of Dalapon^

1*

Acute Oral Toxlcity

Orgaalsm (Formulation)

Exposure

Rat (male)
(Dalapon lodium salt)

Ingestion of a
single dose

LD50 - 9,330 (8,460«-10,300) mg/kg

Rat (female)
(Dalapon eodlua salt)

Ingestion of a
single dose

LD50 " 7,570 (6,880-8,350) mg/kg

Mouse (femffle)
(Dalapon sodiim salt)

Ingestion of a
single dose

LD5Q >4,600 mg/kg

Guinea pig (female)
(Dalapon sodium salt)

Ingestion of a
single dose

LD50 - 3,860 (2,760-5,430) mg/kg

Rabbit (female)
(Dalapon sodium salt)

Ingestion of a
single dose

LDjQ - 3,860 (2,300-6,500) mg/kg

Rat (nale & female)
(Dowpon®î 85% dalapon
sodium salt)

Ingestion of a
single dose

LD50 - 5,660 mg/kg

Guinea pig (female)
(Dowpon®! 85% dalapon
sodium salt)

Ingestion of a
single dose

LD30 - 4,930 mg/kg

Rabbit (female)
(Dowpon^ 85% dalapon
sodium salt)

Ingestion of a
single dose

LD50 • 2,830 mg/kg

Rat (female)
(Dowpon®Mi 72,5% dalapon
sodium salt and 12%
dalapon ^gnesium salt)

Ingestion of a
single dose

LD50 - 5,660 mg/kg

Guinea pig (female)
Dowpon®M (72.5% dalapon
sodium salt and 12%
dalapon nagnesl^m salt)

Ingestion of a
single dose

LB5Q -

2,830 mg/kg

Rabbit (female)
Dowpoñ®M (72.5% dalapon
sodium salt and 12%
dalapon magnesi^ffl salt)

Ingestion of a
single dose

LDjQ -

2,140 mg/kg
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Adverse Effects

Table 2-1 (Continued)

1,

Acute Oral Toxlcity (Concluded)

Organism (Formulation)

Exposure

Adverse Effects

Fish (85% dalapon
sodium salt)

Surface
absorption

LC5Q >100 ppm

Birds (Formulation not
specified)

5-day ingestion

No mortality at
5,000 ppm in feed.

2.

Primary Eye Irritation
Adverse Effects

Organism (Formulation)

Exposure

Rabbit
.
(Dâlâpon sodium salt)

Instillation of dry powder,

Pain, irritation of
conjunctivae, followed
by severe conjunctivitis and corneal
injury which healed
after several days.

Rabbit
(Dalapon sodium salt)

Instillation of 10%
solution.

Slight pain and
conjunctivitis.

Rabbit
(Dalapon sodium salt)

Instillation of 1%
solution.

No reaction.

3.

Subchronic Oral Toxicity

Organism (Formulation)

Dose and
Length of Treatment

Adverse Effects

Cattle
(Dalapon sodium salt)

500 mg/kg for 10 days by
capsule

None

Cattle
(Dalapon sodium salt)

250 mg/kg for 10 days,
500 mg/kg for 9 days by
drench

Throat irritation at
500 mg/kg.

Sheep
(Dalapon sodium salt)

50 and 100 mg/kg for 10
days by drench

None

Rat
(Dalapon sodium salt)

115 to 1,150 ffig/kg/body wt
in diet for 97 days

No deaths observed. At
high concentrations,
there was some growth
retardation, and
Increase in average
weight of liver and
kidneys which showed
sligjit his topa thological changes«
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Table 2-1 (Continued)

3.

Subchrottic Oral Toxicity (Coûcluded)

Orgag^lsm (Formulation)

^j^QgH^.e,,

Adverse Effects

Sheep
(Dalapon sodiim salt)

100 mg/kg/day for 35 days

None

Sheep
(Dalapon sodium salt)

100 mg/kg for 481 days by
capsule

Weight loss of 10%
after 86 treatments.

Organism (Formulation)^

Da-14
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Dose and
Length of Treatment

Adverse Effects

Calf (female)
(Dalapon sodium salt)

1,000 mg/kg/day by
intubation

General lassitude,
diarrhea., loss of
apetite3 slight loss of
weights slowed pulse^
discharge from eyes,
^id mild cyanoses of
mucous membrane.
Recovered completely
4 days following last
dose.

Calf (male)
(Dalapon sodium lalt)

1,000 mg/kg/day by
intubation

Showed only slight
kidney involvement,
e,g. swelling of cells.

Calves
(Dalapon sodium salt)

Fed on oats treated with
2.5 to 20 lb/acre

None

Calves
(Dalapon sodium salt)

Fed on grassy pasture
treated ^th 30 lb/acre |
sudan grass treated witib
20 lb/acre

None

Sheep
(Dalapon sodium salt)

Fed on oats treated with
2.5 to 20 lb/acre

None

Hogs, sheep, cattle
(Dalapon sodiiuo salt)

12,500 ppm in drinking
water for 2 weeks

None

Dog
(Dalapon sodium salt)

Given by capsule 5 times
weeklyj for 2 weeks, then
adjusted upward weekly to
a îMximum of 1,000 mg/kg
over an 80 day periods

Except for vomiting,
there were no other
signs of toxlcity.

Table 2-1 (Continued)

Subchronlc Dermal Toxiclty

Organism (Formulation)
Rabbit
(Dalapon sodium salt)

5.

Dose sm.á
Length of Treatm^it
Undiluted, 10% or 1% solution applied to intact or
abraded skin as 10 applications in 14 days

Adverse Effects
Moderate hyperemia and
slight superficial
necrosis after 3 or 4
applications of undiluted material to
intact akin* Complete
healing 1 week following final application;
10% solution only
slightly irritating;
no adverse effects with
1% solution«

Chronic Toxiclty

Organism (Formulation)

Dose and
Length of Treatment

Adverse Effects

Dog
(Dalapon sodium salt)

15s 50 or 100 mg/kg by
capsule 5 days weekly for
52 weeks

Increase in average
kidney weight in
animals receiving
100 mg/kg/day. No
other toxic signs.

Rat
(Dalapon sodium salt)

Fed in diet at 5, 13, and
50 mg/kg/day for 2 years

Increase in average
kidney weights in
animals receiving
50 mg/kg/day.

Carcinogenicity

Organism (Formulation)

Dose and
Length of Treatment

Rat
(Dalapon sodium salt)

Fed in diet at 5, 15, and
50 mg/kg/day for 2 years

Adverse Effects
None
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Table 2-1 CConcluded)

7.

Reproductive and Teratogenic Effects
Dose and
Adverse Effects

Organism X^o^pyl^^lon)
Rat
(Dalapon)

250 to 2,000 mg/kg/day
administered to pregnant
animals from day 6 through
15 of gestation

No teratogenic effects.
Fetal resorptlçn rate
and lower weight gains
of dams at 1,300 and
2,000 mg/kg, NOEL was
1,000 mg/kg.

Rat
(Dala pon)

500 to 1,500 mg/kg/day
administered from day 6
tiirough 15 of gestation

No major dose related
abnormalities reported*
Reduced weights of
pups at 1,000 and
1^500 mg/kg/day dosage
levels.

Rat
(Dalapon sodium salt)

30 to 300 mg/kg/day in
diet for three generations

No adverse effect on
fertility, gestation,
lactation, viability or
normal growth and
maturation.

8,

Mutageaiclty

The mutagenlc potential of dalapon cannot be evaluated since no mutageniclty
tests have been reported In the literature.

^Toxicology data are extracted from Appendices A through E.
can be found in the appropriate Appeadix^
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Source references

Anderson 1967 and Duval 1969^ both in Kenaga 1974) have also found
dalapon toxicity in honeybees to be low. However^ King (1964)
claimed5 without supporting data, that dalapon has a very high
contact toxicity to honeybees and concluded that dalapon should not
be used in areas of high bee activity. The lack of data supporting
King's conclusionsj and studies since 1964 indicating relative
nontoxicity of dalapon to honeybees, cast doubt on the claim for
contact toxicity of dalapon to bees.
Other insect studies with dalapon summarized in Appendix A
report dalapon (sodium salt) toxicity ranging from a 24-hour LC^Q of
1.0 ppm for stonefly nymphs (Cope 1965 in Pimentel 1971) to a 48-hour
LC50 of lj600 ppm (a.e.) for dragonflies. In this latter study, no
mortality was observed (Dow Chemical Company data reported by Kenaga
1974)* It should be noted that the high toxicity of dalapon to
stoneflies reported by Cope in 1965 is contradicted by more recent
studies in which the median lethal toxicity of dalapon to stonefly
nymphs was reported to be greater than 100 ppm in a 96-hour
flow-through bioassay with no toxic effect observed at the 100 ppm
concentration (Sanders and Cope 1968 in Folmar 1977). Johnson and
Finley (1980) also found no toxicity at concentrations of more than
1,000 ppm in a 96-hour test with 75*6% a.i* material,
A number of studies have been conducted with both marine and
freshwater crustaceans that show a wide toxic response in these
animals to dalapon, ranging from a 48-hour EC40* of 1.0 ppm (87%
a,i.) in brown shrimp (Butler 1965) to a 96-hour LC50 of 4,800 ppm
(73,5% a.i.) in a harpacticoid crustacean (an important component of
zooplanktonic food supply in brackish waters) (Linden et al. 1979).
In general, dalapon is more toxic to cladocerans, such as water fleas
(Mphnia), with median lethal toxicities ranging from 6 ppm in a
48-hour test (U.S* Department of the Interior 1968 in Pimentel 1971)
to 16 ppm in a 48-hour test (Johnson and Finley 1980), than to most
invertebrates tested. The median lethal concentration of dalapon to
shrimp of the genus Crangon was greater than 100 ppm in a 24-hour
static bioassay (Portmann and Wilson 1971 in Folmar 1977). Other
crustaceans studied were able to tolerate a 24-'hour immersion in 200
ppm (a.e.) dalapon with no mortality (Dow Chemical Company data cited
in Kenaga 1974).

"^EC^Q:

40 percent of the test animals died or were paralysed.
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In studies with molluscs, dalapon was only slightly toxic.
Oysters in a 96-hour flow-through bioassay with 1*0 ppm dalapon
showed no toxic effect and no reduced rate of shell growth (Butler
1965)• In a test with cockles (a clam-llke bivalve mollusc)^
Portmann and Wilson (1971 in Folmar 1977) found that the median
lethal concentration of dalapon was greater than 100 ppm. In snails,
50 percent mortality occurred at concentrations of 400 ppm a.e, of
dalapon3 but at 200 ppm there was no mortality (Dow Chemical Company
data cited in Kenaga 1974).
Various studies with soil organisms (arthropods, roundworms and
segmented worms) and microorganisms presented in Appendix A Indicated
a generally low toxicity of dalapon to the different species tested«
Courtney et al. (1962 in Pimentel 1971) found a 94 percent reduction
in nematode populations In a field situation when dalapon was applied
at a rate equivalent to 5 lb/acre (5.6 kg/ha). On the other hand^
Fox (1964 in Kenaga 1974), in a field application of dalapon at a
rate equivalent to 20 lb/acre (22.4 kg/ha)^ found an increase in
populations of soil arthropods and no change in earthworm populations. Soil microorganisms were unaffected by as much as 26 ppm
dalapon incorporated into soil samples and incubated in the
laboratory fo^ 32 weeks, but at concentrations of 266 ppm dalapon
and more, nitrification was inhibited (Greaves et al. 1981). Studies
with several species of Rhizobium, a soil bacterium that is associated
with nitrogen fixation by legumes^ demonstrated that some strains
were sensitive to dalapon at concentrations in culture media of
72.6 ppb (Faizah et al. 1980)| however, at least one strain was
capable of using dalapon as its sole source of carbon and energy
(Berry et al. 1979). In a calcareous loam soil treated with dalapon
at a concentration equivalent to an application rate of 5 tons/acre,
carbon dioxide evolution by soil microbial populations was reduced by
21 percent compared to controls (Stojanovic et al. 1972)*
Studies with algae^ summarized in Appendix A, indicate that
dalapon is slightly toxic to most species as tested. Cullimore
(1975) found that some strains of algae showed reduced growth at
dalapon concentrations up to 10 ppm. Five species of blue-green
algae tolerated exposure for 15 days to dalapon doses equivalent to
application rates of 179 lb/acre (200 kg/ha) (Venkataraman and
Rajyalakshml 1971 in Kenaga 1974). Marine unicellular algae cultured
in test tubes with dalapon and artificial seawater had LC50 values
of 20 to 100 ppm for a 10-day exposure. When formulated Dowpon® M
was incorporated in the growth media for these same species of algae
in place of dalapon, LC50*s of 400 to 500 ppm were observed and less
inhibition of oxygen production (by a factor of 100) occurred (Walsh
1972 In Kenaga 1974).
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2.2

Fish and Amphibians

The to%ic effects of dalapon and its sodium salt on fish and
amphibians have been reported in numerous studies summarized in
Appendix B. Dalapon is only sli^tly toxic to fish and amphibians.
Reported toxicities range from a 48-hour LC50 of 44 ppm in the
harlequin fish (Alabaster 1969 in Folmar 1977) to a 96-hour LC50 ^^
excess of 30,000 ppm (no mortality was observed) in the grass carp
(Tooby et al. 1980). Fish toxicity studies with dalapon and its
sodium salt formulations were reviewed by Kenaga (1974)^ who had
access to Dow Chemical Company documentation. Representative data
are summarized^ by fish species, in Table 2-2 and indicates LC5o*s
greater than 100 ppm for all species tested with exposures ranging
from 24 hours to 21 days, Clark et al. (1970) suggest that
pesticides with median lethal concentrations of 10 ppm or more for
fish be considered "slightly toxic."
At the high doses of dalapon that fish and amphibians have been
subjected to in the studies described in Appendix B, however, several
subiethai effects have been observed. Rainbow trout fry showed an
avoidance response to dalapon at concentrations of 1,0 and 10.0 ppm
but were unresponsive to dalapon concentrations of 0.1 ppm (Folmar
1976). Johnson (1976) demonstrated that 96-hour exposure to 4,000
ppm dalapon reduced the temperature tolerance of frog tadpoles
compared to controls.
2.3

Birds

Dietary studies and egg injection bioassays with dalapon
indicate a low toxicity to birds (Appendix C). Japanese quail,
ring-necked pheasant, and mallard ducks ingested up to 5,000 ppm
dalapon in their diet for 5 days without mortality according to Hill
et al. (1975). In other studies reviewed by Kenaga (1974; U,S,
Department of the Interior 1963, 1964; and Dewitt 1962), pheasants,
bobwhite^ and mallards all suffered some mortality at dalapon
concentrations of 5^000 ppm in food during chronic feeding studies
(100 to 169 days) and mallards had high levels of mortality with
dalapon concentrations of 1,000 ppm in food. In chickens, Paynter
et al. (1960 in Kenaga 1974) determined an acute oral LD5Q of
5,660 mg/kg body weight for mixed sexes of chicks. Palmer and
Radeleff (1969) reported that after 10 days of ingestion by capsule^
no effects were seen in chickens at 100 mg/kg body weight, but at 250
and 500 mg/kg body weighty reduced weight gain compared to controls
was observed.
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Table 2-2
Studies of Flab Toxiclty Studies with Dalapon Formulations

Effects

CoanentB

Flßh

£zpo8ur@ Time

Rainbow trout

24 hours to 21 days

l£^Q from >100 to 430 ppn
for Salt formulatioa
(from >87 to 318 ppi
dalapon content). In one
test (Reference B), no
Bortality was observed
after 96 hours at 50*F iû
300 pps salt forawlatlon
(222 ppa dâlapoii).

Temf^ratures 50 to 68*F
(10 to 20*C). Formulations included technical
dalapo^, Dowpon®and
DowpoißS,

A, B, H

Brown trout

24 to 9e hours

LC5Q - 345 ppo salt
formulation (255 ppm
dâlâpon content),
LCj^QO ^ 500 ppi salt
fornulation (370 ppn
dalapon) after 72 hours.
No mortality at 300 ppn
salt fomulatloo (222 pim
dalapon) after 96 hours.

TeiDperature " 50"F (10^C).
Formulation used was
Dowpoi;^.

B, J

Coho salmon

24 to 96 hours

W¡Q from 310 to 340 ppm
for sodium salt formulatlon (269 to 295 ppm
dalapon).

Tenperature " §8*'F (20*C).
Fomulation used was

C

References*

DowpoiiSfe.

Blueglll

24 hours to 21 days

LC5Q froBi >100 to 510 ppB
for sodium salt formulation (from >87 to 442 ppm
dalapon content). No
mortality was observed
after 7 days in SO ppm
techaical dalapon
(Reference E) or after 21
days in 50 ppm technical
dalapon (Reference F)

Temperatures froo 54 to
77"F (12 to 25*C).
Formulations included
technical daispon and
Radapon^.

E, F, G, I

Yellow perch

72 hours

Ho Bortality at 300 ppo
for «alt fronulation
(222 ppm dalapon), 100%
Bortality ât 400 p^
for salt formulation
(296 p^ dalapon).

T^perature - 75^F (24*C).
Foroulation used was
0owpon®S.

J

PuBpkiûsêed

72 houri

No TOftallty St 400 ppm
for salt fomulation
(296 PPB dalapon). 751

Teaperature - 75*P (24*C).

J

nortallty at 500 p^
«alt foraulation (370 ppm
dalapon).
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Formulation yied wai
DowpoilBs.

Table 2-2 (Coütlnued)

Fish

E^osure Tlae

Effects

Conmeats

References^

48 hours to 7 days

100% aortality ia flowttoough bioassay with
1,000 ppm sodium salt
formulation (867 ppm
(tolapon) at 7 days.
No mortality in static
hioassay with 1,000 ppm
sodiim salt fonaulation
(867 ppm dalapon) at
48 hours or with 250 p^
sodium salt formulation
(217 ppm dalapon) for
7 days in flow-through
bioassay»

Temperature - 68^F (20^C).
Formulation used was
Dowpon'Ä^.

Channel
catfish

% hours

LC50 ^ ^100 PP» for sodium
salt formulation (>87 ppm
dalapon).

T^perature » 50*F (lO^C).
Technical dalapon formulation used.

H

Goldfish

48 to 96 hours

^50 " ^100 PP® fo^ sodium
salt formulation (>85 ppm
dalapoo) at 96 hours
(Reference H). No mortality was reported at
concentrations as high as
200 ppm dalapon for 96
hours by the other two
references.

Temperatures from 50 to 83*F
(10 to 28'*C). Technical
dalapon, Dowpon®, and
Dowpon®M formulations
used.

H, D, E

Fathead
minnow

24 to 96 hours

LC50 values from 290 to
480 ppa salt formulations
(231 to 355 ppm dalapon).
No mortality reported at
200 and 300 ppm formulation (148 and 222 ppm
dalapon). 100% mortality
was reported for 500 ppm
salt formulation (370 ppm
dalapon) after 72 hours.

Temperature from 50 to 77"F
(10 to 25*0. DowpociS,
Dowpotr^ and Rada pon® formulations used. All else
being equal, tosicities
were greater when measured
in salt water than in hard
(Reference G).

B. J. G

Lake Emerald
shiner

72 hours

No mortality at 4,000 ppm
sodium salt formulation
(2.960 ppm dalapon).

Temperature " 57*'F (14^C).
Formulation used was
Dowpon®.

Harlequin
fish

24 to 46 hours

LC5Q from 240 to 300 ppm
salt formulation (178 to

Temperature - 68"F (20*^0.
20% replacement of treated
water every 10 minutes.
Formulation used was

Largemouth

bass

222 ppi dalapon).
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Table 2-2 (excluded)
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Reproductive effects have been reported when dalapon was administered at high doses to birds. When mallards were fed dalapon at
levels that were less than 25 percent of doses which produced
mortality3 reproduction was depressed (U*S« Department of the
Interior 1962 in Pimentel 1971). Dunachie and Fletcher (1970)
reported a decreased rate of hatching compared to controls when eggs
were injected with dalapon at doses giving 300 ppm in the egg^ but
not at doses equivalent to 200 ppm« No teratogenic effects were
observed in these tests^ however• When female bobwhltes were fed
toxic lethal doses (1^000 to 5,000 ppm in diet), they did not lay
fewer eggs than controls, but similarly dosed mallards and pheasants
did lay fewer eggs« Those eggs actually laid by treated females did
not show decreased viability or hatching success compared to eggs
laid by control females (U.S, Department of the Interior 1963 and
Dewitt 1962 in Kenaga 1974),
2.4

Mammals

The potential health hazards from exposure to dalapon have been
evaluated in laboratory animals such as mice^ rats, guinea pigs,
rabbits and dogs as in well as in domestic animals such as cattle,
sheep and hogs« The results of the various toxicity tests are
described below and are summarized in Table 2-1 and in Appendix D.
2.4.1

Acute Toxicity

Acute toxicity data have been reported for oral and eye irritation studies.
2.4.1.1 Oral, Dalapon sodium salt and dalapon formulations are
very low in acute toxicity to all mammals tested as indicated by the
high LD50 values (Paynter et al* 1960 and Kenaga 1974). The oral LD50
for dalapon sodium ranged from 9,300 mg/kg in rats to 3,860 mg/kg
in guinea pigs and rabbits. In mice, the LD50 for dalapon sodium
salt was greater than 4,600 mg/kg. The acute oral LD50 for Dowpon®
grass killer ranged from 5,660 mg/kg in rats to 2,830 mg/kg in
rabbits. Acute oral LD50 values of 4,930 mg/kg were obtained with
guinea pigs in a study with Dowpon® grass killer* For Dowpon® M
grass killer, the acute LD50 ranged from 5,660 mg/kg in rats to 2,140
mg/kg in rabbits, with an Inteoaediate LD50 of 2,830 mg/kg in guinea
pigs. According to U.S. Environmental Protection Agency toxicology
guidelines these toxicity ranges place dalapon into toxicity
categories III and IV (See Table 2-1 of the General Introduction to
Herbicide Background Statement).
2.4.1.2 Primary Eye Irritation^ Dalapon is moderately
irritating to eyes (Paynter et al. 1960). When dry, powdered dalapon
sodium salt was placed into the eye of a rabbit, the immediate
response was slight irritation of the conjunetival membranes. This
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was followed by severe conjunctivitis and corneal injury which healed
completely after several days. Washing of the eye with copious
amounts of water immediately after instillation of the material
greatly reduced the severity of irritation produced. A 10 percent
aqueous solution of the sodium salt caused only very slight
conjunctivitis and a 1 percent solution produced no adverse reactions
whatsoever,
2.4*2

Subchronlc Toxicity

Subchronlc toxlcity data have been reported for oral and dermal
studies.
2^4^2*1 Oral, ¥ery few toxic signs were observed when animals
were treated with repeated doses of dalapon sodium salt. In a study
reported by Paynter et al. (1960), rats were maintained on diets
containing 0,0115 to 1.15 percent (equivalent to 11.5 to
1,150 ffig/kg/day) dalapon sodium salt for 97 days. No deaths
occurred, and in male rats there were no adverse effects at levels of
0.115 percent or below* In female rats, there were slight increases
in average kidney weights at the 0.0346 and 0.115 percent dietary
levels, but no other gross or histopathologlcal effects that differed
from those seen in control animals. At the higher doses of 0*346 and
1.15 percent (equivalent to 346 and 1,150 mg/kg/day), findings of
sipLificance were limited to growth retardation, increases in average
weight of liver and kidneys, and minor unspecified histopathologlcal
changes in liver and kidneys* No other evidence of any adverse
effects were determined by hematological examination, measurement of
average body weights, or microscopic examination of the lungs, heart,
and spleen of treated animals*
Two mongrel dogs were given dalapon sodium salt by capsule 5
days a week over an 80-day period. The animals received 50 mg/kg/day
for the first 2 weeks. The dosages were adjusted upward weekly
thereafter until a maximum dose of 1,000 mg/kg/day was reached.
Except for vomiting, the dogs e^ibited no other si^s of systemic
toxiclty as revealed by hematological and biochemical studies,
urinalyses, or autopsy of organs and tlssues (Paynter et al. 1960).
No signs of toxiclty were observed when dalapon sodium salt was
administered to cattle by capsule (500 mg/kg) for 10 days. When
administered daily to cattle by oral drench (250 mg/kg for 10 days;
500 mg/kg for 9 days), the only adverse effect observed was throat
irritation in animals receiving the 500 mg/kg dose. No signs of
toxiclty were observed when dalapon sodium salt was administered to
sheep by oral drench (50 and 100 mg/kg) for 10 days (Kenaga 1974).

Da-24

When dalapon sodium salt was administered to sheep by oral
capsule (100 mg/kg) for 10 days, animals became ill and showed a
6 percent weight loss. Sheep treated with 100 mg/kg/day for 481 days
exhibited a 10 percent weight loss after 86 treatments (Kenaga
1974).
Paynter et al, (1960) treated a heifer and a bull calf daily for
10 days by oral intubation of 1,000 mg dalapon sodium salt per kg
body weight. The only sign of toxiclty exhibited in the male calf
was slight kidney involvement, revealed by histological examination
as swelling of the convoluted tubules and hypertrophy of the
glandular cells. The female calf exhibited general lassitude,
diarrhea, coat roughness, loss of appetite, slight loss of weight,
slowed pulse rate, discharge from the eyes, and mild cyanosis of
mucous membranes. The animal recovered completely 4 days following
the last dose. Paynter et al, (1960) also reported that dosing of
sheep and cattle with dalapon sodium salt at 100 mg/kg/day for 35
days produced no adverse effects.
Goldstein and Long (1960 in Kenaga 1974) reported that no
adverse effects were observed when calves were allowed to graze on
grassy pasture treated with dalapon sodium salt at 30 lb/acre or when
calves or sheep were fed on oats treated with the chemical at 2.5 to
20 lb/acre. The authors reported that calves grazed on the treated
pasture until vegetation turned brown^ otherwise, the exposure
durations in these field studies were not reported.
When hogs, sheep and cattle were allowed to drink water
containing 12,500 ppm dalapon sodium salt for 2 weeks, no adverse
effects were noted (Goldstein and Long 1960 in Kenaga 1974).
2.4.2.2 De rma1 Irritât ion. Paynter et al. (1960) applied
undiluted dalapon sodium salt or either 10 percent or 1 percent
aqueous solutions of the salt to Intact or abraded skin of the shaved
abdomen of rabbits. The animals were given 10 continuous
applications over a 10-day period. The authors reported that the
undiluted material produced moderate hyperemia and slight superficial
necrosis of intact skin after 3 or 4 applications. The injured skin
healed without scarring within 1 week after final application.
Prolonged contact of the herbicide abraded skin produced necrosis. A
10 percent solution was only slightly irritating and a 1 percent
solution caused no Irritation to either intact or abraded skin.
There was no evidence that dalapon sodium salt was absorbed
through the skin in toxic amounts (Weed Science Society of America
1983).
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2.4.3

Chronic^Toxlcity

Paynter et al* (1960) administered dalapon sodium salt by
capsule (15, 50, or 100 mg/kg/day) to dogs 5 days a week for 52
weeks, at the two lower doses^ the dogs esdiibited normal behavior,
gained weighty and showed no adverse effects. In animals receiving
100 mg/kg/day, adverse effects were limited to an increase in average
kidney weight. Histopathological examination revealed no significant
difference In tissues between treated and untreated control animals.
Eats were fed diets containing 100, 300, and 1^000 ppm dalapon
sodium salt, equivalent to 5, 15 and 50 mg/kg/day, for 2 years*
Adverse effects were limited to increases in average kidney weights
in rats treated with 50 mg/kg/day. Microscopic examination of
tissues revealed no abnormal pathology.
2.4.4

Reproductive and Teratogenic Effects

In a multigeneration reproduction study (Paynter et al. 1960),
rats were fed diets containing 0.03, 0.1 or 0.3 percent dalapon
sodium salt for three generations. This is equivalent to approximately 30, 100, and 300 mg/kg/day. No adverse effects on fertility,
gestation, viability, or normal growth and maturation were observed.
In a teratogenicity study in rats, dalapon was administered
daily by gavage at doses of 250, 500, 1,000, 1,500, or 2,000 mg/kg to
pregnant animals from the 6th through 15th day of gestation (Thompson
et al, 1971 in Kenaga 1974), No teratogenic effects were noted»
However, at the 1,500 and 2,000 mg/kg dosage levels the rate of fetal
résorption was increased but not significantly different from
controls and weight gains for pregnant dams were lower than
controls. Pup weights at the 1^000 mg/kg dosage level were
si^lflcantly lower than controls. No adverse effects were observed
at dosage levels of 1,000 mg/kg day or below.
In another teratogenicity study in rats (Emerson et al, 1971 in
Kenaga 1974), dalapon was administered daily by gavage at doses of
500, 1,000 or 1,500 mg/kg/day from the 6th through 15th day of
gestation. No major dose related skeletal or visceral abnormalities
were observed. At the 1,000 and 1,500 mg/kg/day dosage levels,
reduced weights of the offspring were observed.
2.4.5

Carcinogenicity

In a 2-year feeding study
24 albino rats of the Carworth
100, 300, or 1,000 ppm dalapon
to approximately 5, 15, and 50
of tissues from representative
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(Paynter et al. 1960), groups of 20 to
Farm strain were fed diets containing
sodium salt. This diet was equivalent
mg/kg/day. Histological examination
animals sacrificed at 104 weeks

revealed no differences compared to control animals. Findings
specifically related to tumor fonaation were not reported,
2^5

Mutagenicity

The mutagenic potential of dalapon or its formulations cannot be
evaluated since mutagenicity testing of these materials has not been
reported in the literature.
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3.0

Ekivlronmental Fate

Dalapon is selectively toxic to annual and perennial grasses,
yet is toxic to only a few crop species. It has a short persistence
in soils thus exhibiting only temporary effects (Ashton 1982),
disappears rapidly from water (Ghassemi et al. 1981)^ and is only
slightly toxic to most animal species (Kenaga 1974). Dalapon is
absorbed by both plant roots and foliage and, once absorbed^ is
readily translocated throughout the plant* It accumulates in those
regions of the plant where metabolic activity is high. The available
evidence suggests that dalapon is not metabolized in plants and, at
least in some species, is extremely persistent with some dalapon
carried via seeds through as many as three generations (Foy 1975)•
In animals g dalapon breaks down by hydrolysis to pyruvate, a normal
metabolic intermediate that then further degrades to acetate and
carbon dioxide (Foy 1975).
3.1

Bioaccumulation and Metabolism

Bioaccumulation and metabolism of dalapon in both animals and
plants were extensively reviewed by Kenaga (1974) and by Foy (1975),
The following discussion draws extensively upon these two reviews.
In particular 5 the discussion on animal bioaccumulation and
metabolism relies primarily on the review by Kenaga (1974) who in
turn relied extensively on published and unpublished reports by Dow
Chemical Company^ many of which are unavailable otherwise. The
specific data are reported in Kenaga (1974).
3.1*1

Plants

The major pathways for the uptake of dalapon by plants are
through foliage and roots. Dalapon is readily translocated through
the plants once it is absorbed and appears to accumulate most readily
in regions of high metabolic activity such as areas of new growth^
buddings and fruiting activity (Ghassemi et al. 1981). Short--term
studies on the order of two weeks suggest that dalapon is not
metabolized by plants, although long-term studies have yielded
results that are equivocal due to the dilution of dalapon levels in
the plant tissues as a result of plant growth (Foy 1975).
In a series of studies to determine the metabolic pathways of
plants affected by various herbicides, Ashton et al, (1977) found
that dalapon inhibited RNA synthesis^ photosynthesis, lipid
sjmthesiSj and protein synthesis in descending order of importance,
but did not have any inhibitory effect on plant respiration. At the
lowest concentration at which appreciable inhibition was seen in
plant cell cultures after 2 hours (lO^-^M concentration of dalapon),
RNA synthesis was inhibited 44 percent, photos3mthesis 30 percent,
lipid synthesis 20 percent, and protein S5mthesis 14 percent.
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The long-term storage of dalapon in several species was reported
in a series of studies summarized by Foy (1975), When wheat seedlings
were exposed to preplant applications of dalapon in the field at a
rate equivalent to 4 lb/acre (4*48 Kg/ha), dalapon was carried by
seeds to the third generation.
Kenaga (1974) reviewed data from the Dow Chemical Company on
dalapon residues in plants (Gentry and van Middelem 1971| Getzendaner
1964, 1972; and Hoerger and Kenaga 1972). In general, residue levels
found in a plant are directly proportional to the rate of application. These residues also decrease with time following application
and are a function of plant surface area-to-weight ratio with
structures such as leaves, having the highest ratio, also having the
highest level of dalapon residues following application. Thus^ in
grass treated with Dowpon® Grass Killer, residues immediately after
application ranged from 135 to 48 ppm dalapon per pound of Dowpon®
applied per acre, but 10 weeks after application, these residues had
decreased to less than 1 ppm dalapon per pound Dowpon® applied per
acre. Grass represents foliage with a high surface area-to-weight
ratio. Asparagus, on the other hand, representing stems with a low
surface area-^to-welght ratio, tend to have lower residues of dalapon,
ranging from 0.74 to 1.2 ppm for each pound of Dowpon® applied per
acre three days after application to 0*07 ppm for each pound applied
per acre 15 days after application.
3.1.2

Animals

Dalapon has a very high solubility in water but is not readily
soluble in most organic solvents (Weed Science Society of America
1983). As a result of these differing solubilities^ dalapon does not
tend to dissolve in the organic constituents of animal cells, yet is
readily carried out of tissues and cells by aqueous fluids such as
urine or surrounding water in freshwater and marine aquatic
organisms. The resulting lack of any strong bioaccumulation of
dalapon in animals is Indicated by a wide range of studies, mostly
reported in material generated by the Dow Chemical Company and
summarized in Kenaga (1974). This information is presented in
Appendix F.
Dalapon is rapidly excreted in the urine of animals when
Ingested and very few residues are found in tissues of animals fed
dalapon. In a human excretion study, Hoerger (1969 in Kenaga 1974)
found that 50 percent of total dalapon was excreted in the urine
within 18 days following 5 daily doses of 0.5 mg/kg body weight
(amounting to a total dose of 198.3 mg). In several studies with
dogs, ranging from single acute oral doses to year-long dietary
studies, most of the dalapon ingested was excreted in the urine. The
half-life of dalapon in the blood was 12 hours. With a dally dose of
100 mg/kg body weight, maximum residues of 69 ppm were found in the
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kidneys (Leasure 1964; Hoerger 1969| and Paynter et al* 1960 all in
Kenaga 1974)« Cows fed as much as 200 ppm dalapon in the diet for as
long as 8 weeks produced milk with up to 1 ppm dalapon within 3 to 5
days of initiation of dosage and then maintained a constant level of
residue in milk (Kutschinski 1961 in Kenaga 1974). Milk from cows
fed radiolabeled dalapon contained only two radioactive compounds,
dalapon and chloride ions^ derived from the original dalapon
(Redemann and Hamaker 1959 in Kenaga 1974), When steers were fed
dalapon at 100 ppm in their diet^ the highest residue levels were in
the blood (5,9 ppm) and kidney (2.5 ppm) with a dalapon residue
half-life in tissues of 2 days when the animals were withdrawn from
dalapon in the feed (Getzendaner 1969b in Kenaga 1974). Pigs fed up
to 200 ppm dalapon in the diet for as long as 49 daySj and rats fed
up to 1,000 ppm dalapon in the diet for 2 years, had highest levels
of dalapon in the kidneys and lowest residue levels measured in fat
(Paynter et al. 1960 and Getzendaner 196^â in Kenaga 1974)* When
laying hens were fed up to 50 ppm dalapon in their feed for as long
as 60 days, maximum dalapon residue levels of 22 ppm were measured in
blood and kidneys and residues in eggs averaged 1.4 ppm and never
exceeded 2,0 ppm (Getzendaner 1968 in Kenaga 1974).
3.2

Soil

The fate and transport of dalapon in soil have been reviewed
extensively by Kenaga (1974) and by Foy (1975). Dalapon has a very
short persistence (generally one month or less) in soil compared with
other pesticides and thus exhibits only temporary effects on soil
biota (Ashton 1982). Dalapon does not adsorb readily to soil
particles and this characteristic, coupled with the relatively high
solubility of dalapon in water, allows dalapon to be readily leached
from soil« The major means of removal of dalapon from soil, however,
appears to be by microbial degradation. Chemical degradation and
volatilization play a minor role in dalapon loss from soil.
Photodegradtion, at least in field situations, appears not to occur
with dalapon (Foy 1975| Ghassemi et al, 1981 and Kenaga 1974),
Helling (1971) compared the mobility of 40 pesticides on plates
of silty clay loam and found dalapon to be among the most mobile of
the pesticides studied. This h±¿í mobility is confirmed in a number
of studies reviewed by Foy (1975)* One factor leading to the high
mobility of dalapon is its lack of adsorption to soil particles. In
clay and clay-loam soils ranging from 30 to 67 percent clay^ the
percentage of dalapon adsorbed to particles can be essentially zero,
while in a muck soil, 20 percent of applied dalapon can be adsorbed
(Kearney et al. 1965 in Foy 1975), In general, the physical interactions between soil particles and dalapon are relatively unimportant
in determining leaching of dalapon.
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The laboratory studies discussed above suggest that leaching of
dalapon from soil should be a major pc3tential route for the loss of
herbicidal activity In soils treated with dalapon given favorable
precipitation and soil type- However, in actual field studies
reviewed by Kenaga (1974), it was found that dalapon had not leached
through the soil as would be expected, suggesting that microbial
degradation of dalapon occurs more rapidly than leaching under
conditions favorable to microbial growth,
A large number of studies have shown that soil microorganisms
are capable of degrading dalapon and that such degradation ISj in
most instances, the prime mechanism by which dalapon is Inactivated
or removed from the soil. Specific studies on the toxlcity of dalapon
to soil microorganisms, as well as studies on metabolism of dalapon
by microorganisms, are summarized in Appendix A and have been
discussed in Section 2.1, In general» degradation of dalapon by soil
microorganisms Is temperature sensitive and ie inhibited at
temperatures below 68 to 77°F (20 to 25°C). Dalapon degradation is
also inhibited by low soil moisture, low (acidic) pH, and large
amounts of organic material (Holstun and Loomis 1956 In Kenaga 1974).
Both dalapon and its sodium salt undergo chemical degradation by
hydrolysis« However^ since the hydrolytic half-lifes of both dalapon
and its sodium salt appear to be in the order of several months at
temperatures below 77^F (25^C), it is more likely that dalapon herbicides will be biologically degraded by soil microorganisms, which
essentially degrade all of the applied material within one month
under ambient environmental conditions (Kenaga 1974)*
The potential for volatilization of dalapon from soil following
forest applications is discussed by Ghassemi et al. (1981) in a
review of studies on dalapon volatilization in laboratory and field
environments. While the acid form of dalapon appears to be volatile,
the sodium salt of dalapon does not volatilize to any great extent.
Since the sodium salt of dalapon is widely used and, when applied to
soils it does not convert to the volatile acidic form, it Is unlikely
that any sl^ificant amounts of dalapon will be lost from the soil by
volatilization before It is degraded by soil microorganisms.
3,3

Wat^er^

Due to its high degree of solubility in water and its low
adsorption onto soil particles, dalapon should not be readily removed
from streams, ponds, and ditches by adsorption to sedimentse
Chemical degradation of dalapon by hydrolysis occurs only at a very
slow rate (Section 3.2) and volatilization of dalapon results in a
loss of only negligible amounts of the herbicide. Consequently, the
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primary means for inactivation or loss of potential effectiveness of
dalapon in aquatic systems are by microbial degradation and by
dilution»
Studies by Alexander and Bachelder (1972 in Kenaga 1974)
indicated that organisms in soils, in aqueous city sewage^ and in
industrial sludges are capable of degrading dalapon and Dowpon® M,
Comparison of microbial degradation of dalapon and Dowpon®M with
other rapidly biodegradable compounds such as sucrose, dextrose,
glutamic acid, acetone, and ethanol indicate that dalapon and
Dowpon®M are just as readily biodegraded. Pyruvic acid, a
metabolite of dalapon, is an essential constituent of the reversible
energy cycle in cells and in all likelihood, some p3rruvic acid from
dalapon degradation, rather than being completely oxidiEed to carbon
dioxide, participates in the normal cellular energy cycle.
An important use for dalapon is in the control of dltchbank
vegetation in irrigation systems• For this reason, the potential
for dalapon contamination of water used for crop irrigation^ and
potentially for human and animal consumption, is of concern. The
expected water concentration of dalapon applied at a rate of 1 lb
(74% a.i,)/ditchbank acre is estimated to be 0.2 ppm (Folmar 1976^
1978)t Frank et al, (1970 in Kenaga 1974) measured dalapon
concentrations in canal water following dltchbank applications of
6.7 to 20 lb dalapon/acre (7^5 to 22.4 kg/ha) and found maximum
concentrations of dalapon in the water in treated areas to range from
0.023 to 0.365 ppm 30 minutes after treatment, after several hours^
only very low levels of dalapon (<10 ppb) were in the canal water
flowing from the treated areas. The amount of dalapon that would be
deposited by Irrigation water with this concentration of dalapon
would not be likely to adversely affect Irrigated crops. Bruns and
Dawson (1959 in Kenaga 1974) examined growth of crops irrigated with
water containing dalapon sodium salt equivalent to 0.5 to 5.0 lb/acre
(0.56 to 5*6 kg/ha) in three acre-inches of water. Corn was
''injured" (nature and extent of damage not specified) at dosages of
2.5 and 5*0 lb/acre (2.8 and 5*6 kg/ha), but no damage was caused to
rutabaga crops. Neither corn nor rutabagas were damaged when
irrigated with the 0.5 lb/acre (0.56 kg/ha) dose of dalapon.
The above concentrations of dalapon in runoff water from
dltchbank applications are well below toxic levels for aquatic
organisms (see Appendices A and B). Although dalapon is highly
mobile and does not adsorb readily to soil particles^ it should be
degraded by naturally occurring soil microorganisms before
significant amounts reach waterbodies.
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4.0

Exposure and Hasard Assessment

Forest workers $ visitors^ and resident or transient animals are
all potentially exposed to dalapon during forest spray operations.
For humans and other terrestrial animals^ exposures can be by dermal,
inhalation^ and oral (ingestion) routes. Aquatic animals are potentially exposed by immersion in waterbodies that may contain dissolved
dalapon. Calculations of exposure to dalapon in this section follow
the assumptions and methodology detailed in Section 4.0 of the
General Introduction to the Herbicide Background Statements, In
general^ it should be noted that environmental exposures to dalapon
are brief 5 and that any area sprayed in a given year may well not be
sprayed again for several years. Occupational exposures, at least
for some individuals, may be of longer duration than environmental
exposures. However3 only a limited number of individuals are so
exposed,
4.1

USDA Forest Service Dalapon Application

Available application data for dalapon use by the USDA forest
Service for 1982 are presented in Table 4-1. Actual exposure to
dalapon differs among Forest Service personnel involved in herbicide
use, other Forest Service personnel^ visitors to Forest Service lands
that have been treated with herbicides, and wildlife species that are
permanent or transient inhabitants of treated areas.
The data presented in Table 4-1 indicate the number of forest
workers involved in application of dalapon in 1982, as well as the
duration of exposure on a daily and an annual basis* However, the
actual exposure of these workers depends not only upon the specific
formulation, method, and rate of application, but also on the protective measures employed, the operating condition of the equipment
used, and accidental events which expose workers to the pesticide.
Mlapon is not readily adsorbed to soil. It has relatively high
solubility in water and is readily leached from soil, but is also
readily diluted and rapidly biodegraded* Dalapon has a very short
soil persistence (less than one month)* Consequently, the potential
for incidental exposure of humans and wildlife to dalapon is low,
existing only for a very short period immediately after its
application.
4.2

Exposure

Estimates of potential exposure to dalapon are based on aerial
as well as ground application. The maximum aerial application rate
for dalapon (see Table 1-1) is 8.6 lb a.i./acre, while the compound
is applied from the ground (ground foliar) at rates as high as
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Table 4-1
USDA Forest Service application Data foa- Dala pon (1982)

Duration O'f Exposure
FO'muía ti oil
(Number
of
Projects)
Da la pon,

.Method of
ApplicatioTi

Average Number People
Exposed/Project'

Aerial

7

GrO'Und
Foliar

8«5

Total People
Exposed^

Average

Maxlmuin

Type of ManagemeEt
(Projects)

Hrs/Day

Days/Yr

Hrs/Day

Days/Yr

14

5.3

1

5.8

1

247

7.1

13

8.6

Timber (2)

(2)'
Dalapoîi
(29)

^Grand Total = 261
Soyxce:

Gross. 1983

14,8

Timber (24)
Research (2)
Wildlife (1)
Recreation (1)
Nursery (1)

30.0 lb a.i./acre. In both aerial application and ground foliar
application^ dalapon is applied as a soluble powder in a water
spray. The calculations in Table 4-2 that are based on aerial
application (e.g.> spray/observer dose, wildlife dermal exposures^
and water concentrations) assume an application rate of 8.6 lb
Etii/acre. Those calculations in Table 4-2 that are based on ground
spraying (e.g., backpack sprayer dose, and wildlife oral exposures)
assume an application rate of 30.0 lb a.i,/acre to reflect a maximum
reasonable dose/exposure situation. Other specific assumptions,
based upon the toxicological and chemical characteristics of dalapon
and on its behavior in the environment, are discussed in the
following sections. Table 4-2 summarizes the estimates for
occupational and environmental doses and exposures by means of
immersion^ dermal, inhalation, and oral routes,
^'2.1

Occupational Doses

Data are not available on the daily occupational exposures or
doses of dalapon to forestry workers. However, estimates of
occupational doses have been derived based on the urinary output of
several categories of workers exposed to phenoxy herbicides (e.g.,
2,4~D and 2,4,5-T). As indicated in the General Introduction to the
Herbicide Background Statements, urinary output was used to calculate
total doses (i.e.^ regardless of route) to workers exposed to phenoxy
herbicides, and this quantity was then expressed on the basis of an
application rate of 1 lb/acre. Daily occupational dose estimates for
dalapon are based on doses on a per pound per acre application rate
multiplied by 8.6 lb/acre for observers and 30,0 lb/acre for backpack
sprayers. In the case of the aerial spray observer, dose estimates
are based upon a maximum of one daily exposure to direct aerial spray
with an unprotected skin surface area of 2 square feet (see the
General Introduction to the Herbicide Background Statements). The
maximal herbicide dermal absorption rate is assumed to be, in the
absence of data to indicate otherwise, 10 percent. This absorption
rate is based on the low solubility of dalapon salts in organic
solvents and their relatively high water solubility, which would tend
to reduce their ability to pass through the skin. At 8. 6 lb
a.i./acre aerial application rate, the following estimate of daily
dose is derived I
Observer with Direct Spray Deposition: up to 0.344 mg/kg
(0.04 mg/kg at 1 lb/acre application rate)t
For ground applications at 30.0 lbs/acre application ratesj the
following estimate of daily dose is derived:
Backpack Sprayer: 1.20 mg/kg (0.04 mg/kg at 1 lb/acre
application rate)
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Table 4-2
Summary of Occupational Dose, Environmental Exposure
and Toxicity for Dalapon
Exposure Rout^*
Occupational
Dose

Dermal

Inhalation

Oral

b

0.1 mg/kg .
.up to 0*34 mg/kg .
1.20 me/kß

Mixer/Loader
Observer
Backpack Sprayer

1

Envlronfflental
Exposure
0,086 ppm (immersi nn^

Fish
Rabbits
Deer
Man
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)
Toxicity Summary

3.47 mg/kg
0.87 og/kg

Negligible
Negligible

—d

.-d

NÂ
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Undiluted
solution causes
necrosis and
10% solution is
a skin irritant
in rabbits

Not reported

^

31*50 mg/kg
43.20 mg/kg

-.d
0.00052 mg/kg (2 days)
0.259 mg/kg (2 days)
0.347 mg/kg (2 days)
0.0034 mg/kg (1 day)
0.0086 mg/kg (1 day)
0.0043 mg/kg (1 day)
Acute LD5o's >2,000 mg/kg
in rats, rabbits^ mice,
guinea pigs. Chronic feeding
of 100 mg/kg in dogs and
50 mg/kg in rats increased
kidney weight.

Most studlêis, LCjQ >50 ppm for fish

assumes aerial application at 8,6 lb active Ingredient per acre and ground foliar
application at 30 lb active ingredient per acre. See text for further explanation.
^Occupational doses include all routes of eiposure.
^Flsh exposure results from immersion In water containing dalapon.
^Human environmental exposures via dermal and inhalation routes will be considerably
less than occupational doses. Therefore, occupational doses are used as a worstcase rather than an estimate of environmental dermal and inhalation exposure.
Oral anvironjDental exposures are estimated for six sources.
^NA represents nonappllcable data.
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Occupational doses for the mixer/loader are assumed to be independent of application rate and have been estimated to be 0.1 mg/kg.
Total occupational doses are, of course^ a function not only
of application rate and specific occupational category^ but also of
duration of exposure. Table 4-1 Includes estimates of the number of
days per year of exposure^ by dalapon application method and
formulation used, in 1982* It should be noted, however^ that in many
instances, the same individuals are not exposed throughout the entire
spray period.
4^2*2

Environmental Exposures

Environmental exposures in man occur when forest visitors or
others not directly Involved in spray operations come in contact with
spray or sprayed foliage, inhale spray mist, eat plants or animals
contaminated with herbicide3 or drink water containing herbicide.
Animals5 both terrestrial and aquatic3 are subject to environmental
exposures as well.
4.2•2.1 Dermal Exposures. Human dermal environmental exposures
would be less than occupational exposures since only spray operators
and observers are directly involved with actual activities on the
spray units. A casual visitor to spray units should be expected to
receive an exposure much less (by orders of magnitude) than that of
the observer receiving direct spray deposition. Animals in the
target spray zone^ however, are subject to dermal exposure. Rabbits
and deer 3 representing both small and large game animals
respectivelyj have the following estimated dermal^exposures based on
8.6 lb a.i./acre aerial spray;
Rabbits in Aerial Spray Zone; 3,466 mg/kg (0.403 mg/kg at
1 lb/acre application rate)
Deer in Aerial Spray Zonei
application rate)

0.869 mg/kg (0.101 mg/kg at 1 lb/acre

4.2.2.2 Inhalation Exposures. Human inhalation environmental
exposures would be less than occupational exposures since spray
operators 3 involved with activities on the spray units 5 are more
likely to be subject to spray mist than is a casual visitor. Thus^ a
casual forest visitor should be expected to receive an inhalation
exposure orders of magnitude less than that of a backpack sprayer.
Environmental inhalation exposures of animals in the spray target
area would occur on a one-^time basis and would be limited to a time
frame that can be measured in minutes. Inhalation of dalapon vapor
would be negligible since the sodium salt of dalapon, the major
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constituent of commercial formulations, volatilizes at a negligible
rate. Inhalation exposure is therefore expected to be so small that
it can be neglected in this analysis.
^•2.2.3 Immer s ion „Exposures, Aquatic organisms are subject to
environmental exposures from immersion in streams and ponds adjacent
to target spray zones- Assuming a buffer zone of approximately
100 feet between aerial spray zones and waterbodies/environmental
exposures for aquatic organisms would be equivalent to the estimated
concentration of dalapon in water, calculated asî
Water concentrationî 0,086 ppm (0,01 ppm at 1.0 lb/acre aerial
application rate)
This concentration of dalapon represents the estimated maximum
concentration immediately after spraying. Although higher transient
concentrations in water could occur in the event that high
precipitation levels occur soon after dalapon application, the rapid
degradation of dalapon and the high level of dilution that would '
occur with high precipitation levels make such higher dalapon
concentrations unlikely.
4,2,2,4 OE^^^^^^Eos^es* In terms of oral exposures, any
incidental Ingestion of dalapon by workers on the spray unit would be
accounted for by the estimtes of occupational dose. Oral environmental exposures would occur for wildlife eating contaminated
vegetation and for human consumption of fish, deer, rabbit, water,
berries, and mushrooms- Basic assumptions for estimates of oral
environmental exposures for both man and wildlife are presented in
the General Introduction to the Herbicide Background Statements.
Oral exposures for deer and rabbits, representing game animals
potentially eaten by humans, assume vegetation is sprayed by ground
broadcast equipment at 30.0 lb a.i•/acre and that rabbit browse is
partially shielded by overstory. These estimates are as follows^
Deerî
RabbitÎ

43.20 mg/kg (1,44 mg/kg at 1 lb/acre application)
31.50 mg/kg (1.05 mg/kg at 1 lb/acre application)

Estimates of human oral exposures from consumption of fish, deer, and
rabbit require, as a starting point, estimates of maximum tissue'
concentrations of dalapon in fish, deer, and rabbit.
Fish tissue concentrations are derived as followsî
"
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water concentrations; 0.086 ppm dalapon

reported actual dalapon concentration in fish tissue three
times that of surrounding water)
Fish tissue concentration: 0.258 ppm (0.258 mg/kg)
Deer and rabbit tissue concentrations include dalapon accumulated
from both oral and dermal exposure. Tissue concentration estimates
for deer and rabbit assume that dermally applied dalapon is absorbed
at a rate of 10 percent as discussed in Section 4,2.1 with regard to
spray observer absorption rates. It is also assumed that oral
exposure of deer and rabbit to dalapon lasts only for 2 days due to
the relatively short environmental persistence of dalapon. It was
assumed that 20 percent of ingested dalapon would be absorbed by
muscle tissuej based on metabolism data for mammals indicating rapid
clearance of ingested dalapon and relatively lower residues in muscle
tissue compared to tissues such as kidney and liver (refer to
Appendix F), Deer tissue concentrations of dalapon are derived as
follows;
Dermal Exposure contribution assumes 10 percent absorption
of a single exposure, or 0.869 mg/kg (dermal exposure) x
0.10 ^ 0.0869 mg/kg.
Oral Exposure contribution assumes 20 percent assimilation
of two-days feeding, or 43.20 mg/kg/day (oral exposure) x
0.20 X 2 days ^ 17.28 mg/kg.
Total Deer Tissue concentration ^ 0.0869 mg/kg + 17.28 mg/kg
^ 17,3669 mg/kg (17.367 ppm).
Rabbit tissue concentrations of dalapon are derived in the same way
as for deer, as follows:
Dermal Exposure contribution assumes 10 percent absorption
of a single exposure, or 3.466 mg/kg (dermal exposure) x
0.10 - 0.3466 mg/kg
Oral Exposure contribution assumes 20 percent absorption
of two-days feeding, or 31t5 mg/kg/day (oral exposure) x
0.2 X 2 days ^ 12.60 mg/kg.
Total Rabbit Tissue Concentration ^ 0,3466 mg/kg + 12.60 mg/kg 12.9466 mg/kg (12.947 ppm).
These tissue concentration estimates are in the same range as muscle
tissue concentrations from a variety of animals fed diets with
significantly higher concentrations of dalapon than estimated here
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for deer and rabbits (see Appendix F) and thus represent a
conservative estimate of tissue residues. Based upon the above fish,
deer5 and rabbit tissue concentrations and human consumption rates,
the following estimates of maximum human oral exposures to dalapon
from eating meat are deriveds
Fish meats
0*258 mg/kg x 2 days x 0.5 kg/day/person T 50 kg
person ^ 0*0052 mg/kg
Deer meat:
17*367 mg/kg/ x 2 days x 0*5 kg/day/person ^50 kg
person - 0*347 mg/kg
Rabbit meatî 12*947 mg/kg x 2 days x 0*5 kg/day/person ^ 50 kg
person - 0.259 mg/kg
Water and plant consumption by man would result in the followii^
oral exposures to dalapon based on assumptions stated in the General
Introduction to the Herbicide Background Statements at an application
rate of 8*6 lb a*i./acre (aerial)s
Waters
Berries**
Mushroomsi
^•3

0.0034 mg/kg (0*0004 mg/kg at 1 lb/acre application)
0*0086 mg/kg (0.001 mg/kg at 1 lb/acre application)
0.0043 mg/kg (0.0005 mg/kg at 1 lb/acre application)

Hazard Assessment

Toxicological properties of dalapon to man, fish, and small
mammals have been summarized in Table 2-1 and detailed in Section 2
of this Herbicide Background Statement. Table 4-2 compares estimates
for both occupational doses and environmental exposures in man and
wildlife with reported toxicity information (dermal effects in
rabbits, rabbit and rodent acute oral LDJQ'S, and immersion LCJQ'^
for fish). The reported exposure levels at which toxic effects have
been observed in experimental animals are considerably higher than
levels estimated for USDA Forest Service applications.
Small mammal studies have shown that dalapon applied to the eye
and skin is Irritating* Dalapon does not appear to be teratogenic.
A single two-year feeding study employing a limited member of animals
(20 to 24 per group) failed to reveal any carcinogenic potential of
Dalapon sodium salt. No tests for mutagenicity have been reported*
These studies are summarized in Table 2^1 and detailed in the
Appendices. Generally, they indicate that there should be no
sigaifleant potential for adverse reproductive or carcinogenic
effects to individuals from dalapon use, if proper care is taken
during application.
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Appendix A
Sunimary of Dalapon Toxicity Data
for Invertebrates and Microorganisms
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Appendix A
SiiMary of Dalapon Toslcity Data for în,vertebrate8 and Mlcroorganisiia

Forniilatloti

I

Organisa

Nature of
Exposure

Exposure
Tine

Effects

100 ppm,

Coiiaents^

References

--b

Port mann and
Wilson 1971
Im Folmar 1977

ISalapoii

Shrimp (Craagon
cramgoni
Crustacea)

Surface absorption,
static bloassay

24 hours

LC50

Balapoa

Cladoceran
(Daphnia
magyia;
Crustacea)

Surface absorption

48 hours

LC50 - 6 PP«

Dalaixjii
(Sodiuii
salt)

Cladoceran
(Sinocephalua
serrulatusj
Crustácea)

Surface absorption,
static bloassay

48 hours

EC50 « 16.0 ppm

(11.4 to 22.4 ppm)
15*C temperature,
86.51 a.i.,
1st instar

Johnson and
Finley 1980

Dalapofi
(Sodium
salt)

Copepod
(Cyclops s£, ;
Crustacea;

Surface absorption

24 hours

1001 mortality
at 400 pp« (a.e-)
OZ mortality at
200 ppm (a.e.)

Temperature » 80"F

Kenags 1974

Dalapon
(Sodin»
salt)

Eatomostraca
(Eubramchlpua sp,
Crustacea)

Surface absorption

24 hours

100% mortality
at 400 pp« (a.e«)
OX mortality at
200 ppn (a.e.)

Temperature « 80"F

lenaga 1974

Dalapon
(Sodium
salt)
(Nacan )

Harpacticold
(Witocra spinipes;
Crustaceal

Surface absorption,
static bloassay

96 hours

LC50 - 4,800 pp«

(3,970 to 5,810 ppm)
21 + 1*C.
73.5X active
ingredient

Linden et al.
1979

Dalapon
(Sodlui
salt) as
Radapon

Brown shrimp
(Penaeus aztecus;
CrustaceaT

Surface absorption,
flow-through
bloassay

48 hours

EC40 - 1.0 ppm
(0.87 ppm a.i.)

40X of shrimp
showed mortality
or paralysis at
1.0 ppm.

Butler 1965

Dalapon
(Technical)

Cladoceran (Daphnla
puleac; Crustacea)

Surface absorptloE,
static bloassay

48 hours

EC50 » 11.0 ppm

(8.2 to 14.7 ppm)
15•C temperature
75.6X a.i,, Ist
instar.

Johnson and
Finley 1980

U.S. Department
of the Interior
1968 in Pimentel
1971
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FO'TBuilatlon

Dala pon

Oxganism

Bees (âple
laelllferaî
Inaecta)

Nature of
Exposure
Ingeötloß

Exposure
Time

Effects

References

60 days

Reduced halflife of bee
colony when
bees fed
1,000 ppn
dalapon by
weight in 60X
sucrose syr'up.

Bees fed 10 and
Morton et al.
100 ppm (by
1972
weight) dalapon
lived'as long as
controls. Bees
fed 1,000 ppa (by
weight) had a
half-life of 37.0
days, compared to a
51.8 day half-life
for controls.

LC5O > ^00 ppm

Mo toxic effect.

Sanders and Co^pe
I960 in Folmar
1977

^^50 " ^'^ PP^

Nyapha •

Cope 1963 In
Pluentel 1971

Mo mortality
observed.

Kemaga 1974

Dalapon
CSodluÄ
salt)

Stoûefly
(Pterooarcya
califomica;
Inaecta, nymphe)

Surface abs'orptloa,
flow-through
bioasaay

96 hours

Dala pon
(Sodliiîii

Stonefly
(Pteroaarcys ap,»
Inaecta)

Surface abaorptlott

24 hours

Balapon
(SodluM
salt)

Pragoafly
(Aeschna sp. ;
Inaecta)

Surface absorption

48 hours

LC50 > 1 »600 ppm'
(a.e.)

Dala pon

Mayfly
(Ephemerella
walkerl;
Insecta)

Surface absorption

1 hour

Mayfly nyiiphs
were attracted
to water with
1.0 ppn dalapon
but showed ao'
response to or
away from 0.1
and 10.0 ppm
dalapon water.

salt)

Comente

Folmar 1978
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Organ! SB

Nature of
Exposure

Exposure
Time

Effects

Comiients
Higher Mortality
at low doses may
be due to injury
to animals during
collection or
transport to lab«
However, other
studies support
greater toxiclty
of dalapon at
lower doses.

References

George et al.
1982

Bala poo

Hell odia ptomns
viduus

Surface absorption

up to
792 hours

At 0.1 pp«, 50%
mortality in
315 hours and
lOOX mortality
in 648 hours.
At 1.0 ppoi, 30%
mortality In
333 hours and
100% mortality
in 348 hours.
At 10,0 ppm,
50% mortality
in 193 hours and
100% mortality
in 768 hours.
At 100.0 ppm,
501 mortality
in 461 hours and
100% mortality
in 792 hours.

Dalapom
(Sodii»
sait)

Honeybee (Apis
mellifera;
Ineecta)

Surface absorption
(wetted in solution)

"Momentarlly"

Mo mortality observed 24 hours
after inmersión
in 20,000 ppok
solution«

Dalapon
(Technical,
75,6X a.l.)

Stonefly
(Pteronarcys
californica;)
Insecta)

Surface absorption

96 hours

LC50 >1,000 ppm

Dala pon

Cockle (Cardlua
edule;
Mollusca)

Surface absorption,
static bioassay

24 hours

UC50 >100 ppm

Portmann and
Wilson 1971
In Folmar 1977

Dalapon
(SodlMm
sait)

Snail
(Planorbis sp. ;
Hollusca)

Surface absorption

50% mortality at
400.ppm (a.e.)
0% mortality at
200 ppm (a.e.)

Kenaga 1974

Dalapon
(Sodium
sait)

Snail (Physa sp.;
Mollusca)

Surface absorption

50% mortality at
400 ppm (a.e.)
0% mortality at
200 ppm (a,e.)

Kenaga 1974

Kenaga 1974-

First year class,
15"C temperature.

Johnson and
Flnley 1980
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Organis»

Nature of
Exposure

D'alapott
CSodluii
salt) as
ladapoa®

Oyster (Craasostrea
¥lrgiftlca;
Molllißca)

Surface abeorptloo»
flow-through bloassay

BalapoÄ

Neaatodea

Field expoflure,
Bux'face absorption

Bala pon

Soil Oxgattlanw
(MiHipedes.
SprlEgtaila,
Mites, and
Earthworma)

Field exposure,
ßorface abo;orptloa

Dalapou

Soll bacterium
(EM^obluai flp.)

Dalapon

Soil bacteriuHi
(RliizohiiM ap.)

DalapoE incorporated
iiitO' agar culture
nedltin.

Dalapott

Marine iiilcelloar
Mage:
Chlorococct« sp»

Cultured Im
test-tubes with
artifical sea water
with 30 pp thousand
salt.»

FîiaeodactyliHi
tricomutu«

Exposure
Time
96 houro

—.
—

10 days

Effects

Conneata

EefereEce«

LC3Q>1,0 pp«
(0 J7 pp« a.l,)

io effect Oil shell
growth, iioi tO'atlc
effect.

Biwtler 19§5

941 reduction
in meiMto4e
|K>pmlatlon,

Balapon applied
at 5 lb/acre.

Cotirtiiey et al,
1962 in. PlBeatel
1971

Increased popula tio'iis of
sprlagtails and
Altes* Ho
change in popula tioae of
earthwom».

Balapon applied
at 20 lb/acre.

Fox 1964 In
Kmaga 1974

Rhizobliiat foiittd
to be capable of
using dalapon as
Its sole source
of carboE and
energy.

—

Berry et al,
1979

Some strains of
Rhizobimn were
sensitive to
dalapon at
72.6 g/f and
other strains
were not.

Rhizobluii is
sy»blotlc with
legtmie plants and
is laportant la
their nitrogen
fixation.

Faizah et al.
1980

EC50 « 50 ppiiï
EC-100 ™ 100 ppn

Cultured at ZO^'C*
Da la pon found to
be 4 tO' 25 times
more toxic on the
basis of 10 days
growth tîia:i
Dowpon®M. 4
lOO-fold difference In oxygen
production inhibition occurred
between dalapon
and Dowpon®M with
greater inhibition
with dalapom.

Walsh 1972 In
Kenaga 1974

EC5Û) " 25 pp»;

Bunaliella
tertiolecta

EC^Q ■• 100 PI»;

l8CK!,hryBla
" galbana

EC50 • 20 Pi«;
ECiOO " 35'PP»
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Organisn

Nature of
Exposure

Ejcposure
Time

Effects

Dalapon

Blue-green Algae:
Auloaira sp.,
Tolypothrix sp.,
Anlcystis sp.t
Anabaena sp.
and Mostoc sp.

Dalapon

17 Strains of
Algae
(Chlorophyceae)

Herbicide
Incorporated into
culture «ediuii.

Dalapon
(Sodium
salt)

Bacteria, Bacterial Spores,
Algae, ActlnonyceteSj and Fungi

Herbicide Incorporated into soil
samples.

32 weeks incubation in the
laboratory»

At concentrations of 2.6 and
26 ppa» dalapon
had little effect on alcroorganisms • At
266 and
2.660 pp».
marked effects
were observed.
In one soil, a
loamy sand,
2,660 ppn dalapon
almost completely
inhibited nitrification. All
concentrations
increased mineralization of
nitrogen.

Dalapon
(Sodium
salt) ae
Radapon<S)

Phytoplankton

Surface absorption
flow-through
bioassay

4 hours

No effect at
1.0 pp«
(0,87 ppm a.l.)

15 days

Comments

Algae were tolerant to dalapon at
dosages equivalent to application rates of
179 lb/acre
(200 kg/ha).

References

¥eakataraman and
Rajyalakshmi
1971 in Kenaga
1974

Two of 17 strains
showed reduced
growth with
dalapon up to
10 ppai.

—

No decrease in
productivity
(carbon fixation)
observed.

CulliiBore 1975

Greaves et al.
1981

Betler 1965

Appendlï â (Concluded)

Fonwlâtlofl

Organ!SB

Nature of
Exposure

Exposure
Time

Effects

Comeats

References

î

o

Dalapoa
(80X
Mettable
powder)

Soil Mlcrobial
Popula tlO'ïUB
(Calcareo'us loa«)

Herbicide incubated
in soil at cottcentratlon equivalent
to 5 ton/acre»

56 days

CO2 eYolutioii
reduced by 21%
to 24X compared
to control.

Dowpoa®M

Marine Ualcelluar
àlgae:
Chlorococcyiffi a p.

Cultured io, test-tubes
with artificial sea
water with 30 ppni
thotieand salt.

10 days

EC50 - 500' PPB;
ECioo - 1*000 ppo

FhaeodactyliM
trica mu tua

EC5Q - 500 pp«;
ECioo - 750 pp»

Öunaltella
terttolecta

EC5Q - 400 ppoî
ECioo " SOO pfMt

Isocîiryal® galbana

EC50 - 500 pp.;
ECioo • 750 ppn

®95 percent confidence Unit8 in parentheses.
^î)a,ta are not avallable or not applicable.

-«-

Cultured at 20*C.
DalapoQ foua,d, to
be' 4 to 25 tiaea
«lore toxic on the
basis of 10 days
growt'li thaa
Dowpon®M. A
100^fold difference in ojcygen.
productioQ Inhibition occurred
betiieeii dalapoa
and Dowpou^M with
greater tahlbitiott
with dalapoQ.

Stojanovlc
et al. 1972

Walsh 1972 in
Kenaga 1974
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Formulâtion
BaiapOQ

Orgaaiem

Lake chub-sucker
(fry)
Bluegill
(saall fish
and fry)
Green sumflsh
(fry and egg)
Snalliiouth bass
(fry)

Nature of
Exposure

8 days

LC5o>50.0 pp«

a to 12 days

LC5Q >50.0 ppffli

3 to 8 days

LC5o>5Û.O ppm

8 days

LC5o>50.0 ppm

Dalapon

Channel catfish
(fingerlings)

Surface absorption»
static bioassay

4S hours

Less than 10%
aortality In 48
hours at 10 ppm
da la pon.

Dalapon

Goldfish

Surface absorption,
static bioassay

96 hours

LC50 >100 ppB

CGDmeats

Temperature 22 to
25*C. Ml fry
exposed 8 days,
small fish
(blueglll) exposed
12 days and egge
(green sunflsh)
exposed 3 days.

—b

Preliminary tests«

References

Hiltibran 19§7

McCorkle et al.
1977

Johnson and
Finley 1980

% hours

L€5Q > 100 pp«

DalapoE

Harlequin fish

Surface absorption,
static bioassay

48 hours

LC50 - 44 ppa

alabaster 1969
in Folmar 1977

Dalapoii

Flounder

Surface absorption,
static bioassay

24 hours

LC50 >100 ppn

Portmann and
Wilson 1971 in
Folmar 1977

DalapoE

Blueglll

Surface absorptionj
static bioassay

48 hours

LC5Q - 115 ppn

Dalapoa

Trout

Surface absorption,
static bioassay

24 hours

LC50 - 340 ppm

Balapon

(Connon nanes not
given)
Heteropneuatea
fossilis
8 days

Survived 8 days
In concentrations ranging
from 1 ppm to
2,500 ppa«
Opercular beating rate Inversely proportional to Increasing dalapon
concentration«

Sarotheroden
■osaanbicus
Puntiua ticto

Co
I

Effects

Surface absorption«
static bioasaay

Rainbow trout

Ö

Exposure
Time

Surface absorption,
static bioassay

Temperature 75*F.

Cope 1965 in
Folmar 1977
Holden 1964 in
Folmar 1977

Preliminary data.

Rao and Bad 1979
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Organisa

Nature of
Exposure

Exposure
Time

Effects

Coaaeats

References

h&kñ awerald aliiner^ Surface absorption

72 hoars

LC5Q> 3,000 ppn

Ho toxic effects»

Springer 1957 ia
Piaeatel 1971

Dalapon

Bliieglll

Surface abaorptlO'H,
subclirottlc tozicity

7 days
15 to
21 days

LC5O >80 ppB
LC513, >50 pp«

No mortality
observed. NO'
mortality
oböen^ed.

Lawreace 1962a
in Kenaga 1974;
Lawrence 1962b
In Kenaga 1974

Dalapoa

Major carp

Sïirface absorption,
static bioaasay;
aiibchrooic

96 hours

1001 mortality
at 100' pptt (1.5
hours). lOOX
mortality at
50 ppo (24
hours)« lOX
laortality at
25 ppn» 01 mortality at 25 ppn*

Fingerlings•

Singh and Yada¥
1978

Dalapoa

Mosquito' fish

Surface absorption,
static bioassay

24 houra
48 ho'ure
96 hours

TI50 > 26,600 ppn
TLsQ > 23,100 pp« I- 21 to 22*C
TL5Q >19,100 ppn "

!}

' Johnson 1978

Dalapoia
CS5X a.i.)

Grass Carp

Surface abaorptioa,
atatic bioaasay

24, 4fl„ and
96 hours

LC5Q >30,ÍÍ00 ppn

Teuperature ■■ 18
to 21*0; pH - a.lj
Eardnesa • 270 ppn»
No mortality
obseored.

Dala poll
(Gr anillar )

Bleegill

Surface absorptioa,
Btatic bioaasay

24 hours
48 hours

ÍX50 > 1,000' pp«
LC50> 1,000 ppn

Fiiigerliaga,

Dalapott
(Mettable
powder)

Bliiegill

Surface abaorptioiij,
atatic bioassay

24 hours
48 hours

LC5Q> 1,000 ppii
LC50 >1,000 pp«

Bluegill
Dalapoii
(Technical
75.6X a«i.)

Surface abaorptioa,
Btatic bioassay

96 hoyrs

LC50 - 105 pp«

Température •■ 24'C.
Fish weight *
1.0 gra«.

Johnson and
Finley 1980

Toobj et al.
1980

^ Hughes and HAYIS
1962 in FolBar
1977

Dala pon
CSodiim,
aalt)

LoQgttose ItiUfiflh

Surface abaorptloa,,
flow-through
bloasaay

48 hour»

1X50, >1 ppn.

Natural sea water.
No toxic effect*

Butler 1965

Dala pon
(Sodiiin
aalt)

Harlequia flflh

Surface absorption,,
static bioassay

48 hours

LC5Q, - 240 pp«

Teimperattire 20^*0.

Alabaster 1969
in Folmar 1977

Appendix B (Concluded)

Fornulatlon

Mature of
Exposure

Exposure
Time

Goldfish

Surface absorption,
static bioassay

24 hours

Bluegill
Balapon
(Sodlu»
salt,
86.3X a.i.)

Surface absorption,
static bioassay

96 hours

Dalapoa
(Sodium
salt)

U
¡Ú

Organism

Effects
OX iM)rtallty at
100 ppm. lOOX
Bortality at
500 ppm.

is 500 to

Comieiits

References

LC30 ^^ ^^ ^^
static water bioassay tests with
12 species of fish.

Dow Chemical
Company data
cited in Weed
Science Society
of America 1979

Prellftlnary data.

Johnson and
Finley 1980

1,000 ppm

Dalapon
(SodluH
salt.
Naca#>>

Bleak

Surface absorption,
static bioassay

96 hours

LC50 « 5,500 pp«

(4,470 to 6,780 ppa)
lO^'C temperature,
73.5X a.l.

Linden et al.
1979

Dalapon
(Sodluai
salt,
powder,
74% a.l.)

Rainbow trout

Surface absorption,
flow-through
bioassay

96 hours

LC^Q •« 340 pp«

Fry. Tended to avoid
water with 1-0 and
10.0 ppa dalapon but
showed no significant
response to or away
from water with
0.1 ppm dalapon.

Folaar 1976

Dwpon®

Anura; Âdelotus
brevis

Surface absorption,
static bioassay

24 hours
48 hours
96 hours

TLi

Tadpoles of A. brevis
had reduced temperature tolerance compared to controls
after 96 hours In
4,000 ppm dalapon.

Johnson 1976

TL<

11,100 ppm
5,200 ppn
4,200 ppm

Radapott^
(Sodium
salt)

Fathead otimiow

Surface absorption,
static bioassay

96 hours

l/i^Q m 390 pp©
(hard water)
LC50 - 290 ppm
(soft water).

Temperature 25*C,
UC^Q value for
ppm formulation.

Surber and
Pickering 1962
in Folmar 1977
and in Kenaga
1974

Radapom^
(Sodium
salt)

Bluegill

Surface absorption,
static bioassay

96 hours

LC50 "" ^^^ PP™

Temperature 25*C,
soft water, LC5Q
value for
formulation.

Surber and
Pickering 1962
in Folmar 1977

®95 percent confidence limits in parentheses.
^Data not available or not applicable.
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Summary of Dalapon Toxicity Data for Birds

I

Nature of
Exposure

Exposure
Time

Formulation

Organism

Dalapon

Mallards

Ingestion

Reproduction
depressed in
anioiais fed at
levels of less
than 25Z of those
which produced
mortality.

Dalapon

Chicken
(eggs)

Injection

Decreased rate of
hatching compared to
controls at doses
giving a concentration In the
egg of 300 ppm or
more. No effect
at 200 ppm.

No teratogenic
effects observed.
Acetone solution
used as carrier.

Dunachie and
Fletcher 1970

Dalapoa

Pheasant

Ingestion

24 days
(adulta) to
169 days
(young)

5,000 ppm in diet
resulted in 241
mortality in young
and 901 mortality
in adults.

5,000 pp» in diet
equivalent to
250 mg/kg/day
for adults and
431 mg/kg/day
for young.

0.S. Department
of the Interior
1964 and Dewitt
1962 In Kenaga
1974

Dalapon

Bobwhlte

Ingestion

100 days

At 5,000 pp« in
diet, 401 of young
and 95X of adults
died.

5,000 ppm im feed
equivalent to
610 mg/kg/day for
adult birds.

U.S. Department
of the Interior
1963 and Dewitt
1962 in Kenaga
1974

Dalapon

Mallards

Ingestion

100 days

At 5,000 ppm in
diet, 24X of young
died. At 2,500 ppm
in diet, 85X of
adults died. At
1,000 ppm in diet,
68X of young and
94X of adults died.

Effect»

Coaments

References

U.S. Department
of the Interior
1962 in Pimentel
1971

U.S. Department
of the Interior
1963 and Dewitt
1962 in Kenaga
1974

Appendix C CCoftcluded)

I

Formulation,

ExpO'Sure
Time

OrgaalHUM

Effects

Dalapcwi
(Sodliw
salt)

Japanese quall,
Rliig-ttecked
pheaaaiat. Mallard

lugesttott (la feed) 5 days

LCjO >5,00'0 ppn in
diet«.

Dala pon,
(Sodium
salt)

Clilckeii (iiliced
sexea« chicks)

lägestiOE

LD50 "" 5,660' «g/lcg

D'aiaïxm
(Sodi«
salt)

Pheasant (adults)

IngeetioD,

Dala poll
(Sodlua
Bait)

Malla, rda,
Rlng-Eecked
pheasants aad
Bobwhite

Ingestion

Dala poo
(Sodlim
salt. 85X
wettable
powder)

Clilckeii,e

Ingeatlon (by
capsule)

*Bata ttot available or aot applicable.

10' days

10 days

5,000 pp« io, diet
resulted in lOZ
»ortallty In birds.

Connenta

No iioTtality 0*oerved to 5j,,00'0 pjm
in diet.
Birds
were 10 to 12 days
old at start of
test.
Fed 5 days
tozic diet,, oboe nred after J days
of ttontoxic diet.

Référencée

Hill et al. 1975

Paynter et al.
1960 la Keaaga
1974
5,000' pp« in diet
equivaleEt to
250 iffl«,/k,g/day for
adult birds.

Ü«S. De par tuen, t
of the Interior
1964 and Dewltt

1962 lE Ke'MLga
1974

Female bobwIilteB
fed toxic lettial
dooea (1,000 to
5,000 PPM in diet)
did not lay fewer
eggs than controls.
Treated mallards
aod pheasantB did
lay fewer egg» than
coQtrols.
There was
no effect on viability or OE hatching
succeeo of egg,» fron
treated feiwleB compared to CO'Htrola
for either of the
three species;.

II»S. DepartMeiit
of the Interior
1963 and Dewitt
1962 lo, iCenaga
1974

MOEL at 100 n,g/kg,
budy weight.
Decreased weight
gain at 250 and
500 Mg/kg compared
to CO«trois.

Paine r aö,d
Radeleff 1969

Appendix D
Summary of Dalapon Toxlcity Data for Mammals

Da-61

Appendix D
Sunmary Dalapon Toxlclty Oata for MammalB

Formulation

OrgaEism

Hature of
Exposure

Effects

Comments

References

Acute Oral Toxiclty
Dalapon
(Sodium
salt)

LD50 - 9.330 (8,460-10,300) mg/kg^

Rat (male)

LD50 - 7.570 (6,880-8,350) mg/kg

Rat (female)

LD5o> 4,600 mg/kg

Mouse (female)
Gulaea pi«
(female)

Single oral dose by
Intubation,

LD50 - 5,660 mg/kg

Rat (male
and female)
Guinea pig
(female)

Single oral dose by ^050 - 4,930 mg/kg
Intubation.

ÍD50 - 5,660 mg/kg

«At (male)
Guinea pig
(female)

Kenaga 1974

LD50 - 2,830 mg/kg

Rabbit
(female)
Dowpon^M
Gr&ms killer
(72.5%
dalapon sodium
Bait and
12% dalapon
magnesium
salt)

Paynter et al.
1960

LD50 - 3,860 (2,300-6,500) mg/kg

Rabbit
(female)
Dowpon^ Grtes
killer (85X
dalapon
sodium aalt)

LD50 " 3»860 (2,760-5.430) mg/kg

LD50 - 2,830 mg/kg
Single oral dose by
Intubation.

Kenaga 1974

LD50 - 2,140 mg/kg

Rabbit
(female)

Sobchronlc Oral Toglclty
Dalapon
(Sodium
salt)

ON

U)

Cattle

Daily oral capsule,
500 mg/kg, for 10
days

None

Cattle

Daily oral drench,
250 mg/kg for 10
days; 500 mg/kg for
9 days

None at 250 mg/kg; throat irrltatlon at 500 mg/kg

Sheep

Dally oral drench,
None
50 and 100 mg/kg for
10 days

Kenaga 1974

Appendix D (Contliiued)

I

FO'muía t loa

Organlsni

¡Mature of
Exposure

Effects

CoillM!l,eût8

References

Swbchronic Oixal Toslcity
(Continued)
Dalapon
(Sodltui
salt)

Dalapoa
(Sodiuii
salt)

Dally oral cai»iiile¡,
100 mg/kg foc 10
days; dally oral
capsule, 100 ng/kg
for 4B1 days

111 but surviFedt 6X weight losa.

Sheep

Daily oiral drench,
250 and 50i0 «g/kg
for 10' dajrs

Neme at 250' mg/kg. Ill after 7
treatttentB at 500' aig/kg.
Sttrvi¥ed «1th 61 weight loss.

Calf Cfeiiale)

Daily oral intubation O'f 1,000 Mg/kg
for 10 daya

Geaeral lassitude,, diarrhea,
coat roujgfmess, loas of appetite,
alight loss of weight, slowed ptiloe
rate, dlscliarge froia eyes» and nlM
cyanoiflls of nucou» meaibrattes.
RecoYered completely 4 days
followlEg last doee»

Payntex et al19Ö0

Calf imle)

Dally oral Intubation o-f l,000i ag/kg
for 10 days

None except for slight kidn,ey iavolYcnent, i.e., swelling of
convoluted tubules and hypertrO'phy
of the glandular cells

Payatex et al,
1960

Sheep

Dally oral, éoae of
100' ag/kg for 35 days

Non,e

Cattle

B'älly oral dose» of
100 Bg/kg for 3 5 days

None

Paynter et al.
I960'

Dog

O'lie male «ad one
female aongrel dog
were gi¥en dalapoa
orally, by capOiUlCj
5 days a wreek duriug
an 80-day period..
Doses were 50 «g/kg
fox the first 2 week«
and then, adjusted
upward weekly mitll
a maxioiua dose of
1,000' ng/kg/day was
reached.

Except for vomitliigt there were
o,o groe« 8lgB8 of oyöteniic
toxic i ty. Heinatological and
biochemical studies as well as
uriaalyses revealed oo adverse
effects. O'n, autopsy, gr'osa Inapectio'tt revealed no clmngea or
alterations assotclated with
treatiieiit*

Payât er et al..
1960

Sheep

lOï weight loss after Ä treatments.
.

Kenaga 1974

Páyater et al.

mm
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Fontulation

Organlsv

Nature of
Exposure

Effects

Conments

References

Subchroïiic Oral Toxlclty
(Concluded)
Male and female
animals oaintained
for 97 days on diets
containing 0» 0.115,
0.0346, Ü.115, 0.346
or 1,15Z dalapon
sodiuœ

In male rats, there was no effect
at the 0.115Z le¥el (equivalent to
115 mg/'kg) or below. In female
rats tliere were slight increases in
average kidney weights at the 0.115
and 0.0346% dietary levels. At the
higher concentrations of 0.346 and
1.152, there was no evidence of
adverse effects as Judged by
mortality, and food consumption,
hematology, and «icroscopic
examinâtion of lungs, heart and
spleen. Growth retardation,
lacreases in average weight of
liver and kidneys, and slight
hiatopathological changes In
the liver and kidneys were
observed.

Paynter et al.
1960

Calves

Grassy pasture
treated witli
30 lb/acre. Calves
grazed on pasture
until vegetation
turned brown

lone

Goldstein and Long
1960 In Kenega
1974

Calves

Animals fed on oats
treated with 2.5, 5,
10 and 20 lb/acre

None

Goldstein and Long
1960 in Kenega
1974

Sheep

Animals fed on oats
treated with 2.5, 5^
10 and 20 lb/acre

None

Goldstein and Long
1960 in Kenega
1974

Calf

Animal fed on Sudan
grass treated with
20 lb/acre

None

Goldstein and Long
1960 in Kenega
1974

Hogs, sheep
and cattle

12,500 ppm in
drinking water for
2 weeks

N,ome

Goldstein and Long
1960 in Kenaga
1974

Dalapon
(Sodium
salt)

Dalapon
(Sodiun
salt?)

Balapon
(Sodium
salt)
Ü

«
OH
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Formïlatlon,

Orgaoisn

Nature of
Exposure

Effects

Comments

References

Subchronic Permal Toxicity
Dalapon
(Sodiim
salt)

Rabbit

Undiluted dalafwon
sodium or soliitions
were applied tOi Intact or abraded
ok in of the shaven,
abdomen as 10 COEtlEUOOs applications
in 14 days.

The nmdileted material produced
moderate hyperemia aad slight
Buperficial necrosis of intact
sklo after 3 or 4 applicatloas«
Healing without scarring was complete 1 week followiag final appllapplictioE. On abraded skin, prolonged contact resulted ia necrosis.
A lOX solution was oaly slightly
Irritating to intact or abraded
skin, Ättd a 1% solution caused no
irritation to either abraded or
intact skin. There was no
evidence that dalapom sodium
penetrated iatact skin in acutely
or subacutely ■ toxic amounto.

Dalapott
(Sodiuii
salt)

Rabbit

Dry powdered laaterial or lO'X and IX
solutions placed into
the eye

WitJh the dry material, the immediate response was slight irritation
of conjunctlval uaeiabranea. This
was 'followed by severe conjunctivitis and corneal Injury. Healing
was complete after several days
with, no permanent. daoiange. Washing
the rabbits eye isamediately with
water greatly reduced the amoimt
of irritation, A lOX solution
caused only slight conjunctivitis.
No reaction whatsoever was pro'duced
by .1 1% solution.

Páyater et al.
1960

Eye Irritation
Paynter et al.
1960

Appendix B (Continued)

Formiilatioii

Orgaaism

Nature of
Exposure

Effects

Comaents

References

Chronic Toxicity
Oalapott
(SodiuM
salt)

Dog

Dalapon
(Sodium
salt)

15, 50, or
100 mg/kg/day administered by capsule,
5 days a week, for
52 weeks

Adverse effects limited to increases In average kidney
weights in animals receiving
100 Hig/kg/day. Hi® to pathological exanination revealed no
significant differences In tiinors
fro» control and treated aniinalfii.

Complete blood counts,
hematocrits, sedimentalion rates, blood nrea
nitrogen determinations,
bromosulphalein liver
function tests, and
urlnalyses performed
Initially and at end of
13, 26, and 52 weeks.
Gross and microscopic
examination of various
tissues performed.

Paynter et al.
Í9M

Fed in diets containing lOO, 300 and
1,000 ppm, equivalent
to 5, 13, and 50 mg of
dalapon sodium salt/
kg/day, for 2 years

Adverse effects limited to increases In average kidney
weights in animals treated with
50 mg/kg/day. Microscopic
examination of tissues revealed
no adverse effects

Complete blood counts
and hemog loben determina*tions performed initially, and at 13, 26
52 and 104 weeks.
Gross and histological examination of
various tissues performed on animais
selected at 26, 52 and
nervous at 104 weeks.

Paynter et al.
1960

Carcinogeniclty
Dalapon
(Sodium
salt)

O
I

Rat

Fed in diets containing 100, 300, and
1,000 ppm, equivalent
to 5 15 and 50 mg of
dalapon sodium salt/
kg/day for 2 years

Histological examination of
tissues from representative
anímala sacrifled at 104 weeks
revealed no differences from
controls. Findings specifically
related to tumor formation were
not reported.

Paynter et al.
1960

AppeadlÄ D' (Coacluded)
Î

ForBnilation

Organla

Nature of
Exposure

Effects

Commentg

References

Reproductive and
Teratogenic Effects
Dalapoa

Dalapon

Da la pon,
(Sodltm
aalt)

Rat

Rat

Rat

Adiiiiilstered dally by
gavage at doaea of
250, 500, 1,000. 1,500.
or 2,000 «g/kg/day to
pregnant animale fro«
day 6 throwgli 13 of
gestation«

No teratogenic effects were
noted. Petal résorption rate
was increased and, weight gains
for pregiMot dams were lower
than, control® at tlie 1,500 and
2,000 ng/kg dosage lévela.
Ho effects were seen at 1,000,,
500, or 250 mg/kg/day.

AdalEistered dally by
gavage at doaes of
500, 1,000, or
1,500 ng/kg/day fro«,
day 6 through 15 oi
geetati^n.

Mo ua.joT dose related skeletal
or ¥lficeral abnotiialitles were
observed. Reduced weights of
pups In the 1,000 aad
1,500 Bg/kg/day dosage levels
were observed.

Fed Ä diet containing
0.03» 0.1, or 0.3X
dalapon sodli» aalt
(equivale»t to about
30, 100, OT
300 ng/kg/day) fox
3 geraeratioû«.

No adverae effect oa fertility,
gestation, ¥iaí>lllty,, lactation,
or normal growth and inatiiratioE.

*95 perceo.t cO'nfIdence li«it8 la parentheses.
Data, not available or aot applicable.

ThonpsOiia et al,
1971 la KeBaga
1974

EmersoQ et al,
1971 itt Keaaga
1974

Payater et al.
1960

Appendix E
Summary Mutagenicity Data for Dalapon

A search of the literature revealed no information regarding the
mutagenic potential of dalapon.
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Appendix F
Summary of MetaboHsni Studies with Dalapoa

ÛTgaaism

Dose

Dalapon

Chickene (laying
white rock hens)

25 and 50 ppm dalapon
in diet for 30 to 60'
days.

At 50 ppm dalapom in
feed for 30 days,
bigheßt residues were
in blood and kidney
(22 ppm In each).
Lower values of 4 to
12 ppm were found in
feathers,, »eat, fat,
gizzardj and liYer.
Average residues in
eggs were 1.4 ppm.
At 25 ppm, residues
in feed were generally
half those at 50 ppm
and'30-day residues
were not significantly
different than 6Q-day.
Egg residues reached
a maximum level of
less than 2 ppm within
2 weeks.

Dalapon

Steers

10 30, and 100 pp© in
diet for 4 week®,

Getzendaner 1969b in Kenaga
At 100 ppm dalapon in
feed, highest residues
1974
were in blood (5.9 ppm)
and in kidney (2»5 ppm).
Lower values (1,1 to
1.7 ppm) were found in
muscle, fat and liver.
In steers fed 100 ppm
and then removed from
dalapon diet prior to
slaughter, the halflife of dalapon In
tissues was 2 days*

Fomulatioa

to
I

Commeats

References

Getzendaner 1968 In Kenaga
1974

Appendii: F (Continued)
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Dose

Comments

Refereaces

Formulatiott

OrgaEism

Balapon
CSodlüui
salt)

Dogs

50'0 mg/kg body weight,,
single dose

65 to 70% excreted In
urine in, 2 days.

Leasuxe 1964 in Kenaga
19/4

Dalapon
(Sodium
salt)

Dogs

60-day dally dietary
doses of 50 and
500 iig/kg 'body weight

25 to 53% of total
dalapon excreted in
urine. Half-life ia
blood was appro^ximately
12 tours.

Hoerger 1969 in Kenaga
1974

Dalapon
(SodiuM
salt)

Dogs

500 to 3,500 ppm (15
to 100 mg/kg) ia diet
5 days,a week for one
year

At 3^500 ppm dalapoa la
feed, highest reslduefi were
in kidttey (69 ppm), liver
(52 ppm) and muscle
(43 ppm)., O'lily 10.0 ppO'
were la fat«

Paynter et al. 1960 in
Kenaga 1974

Dalapon
(Sodium
salt)

Humans

5 doses of 0«5 mg/kg
body weight (198.3 ©g
total)

50X of total excreted 'in
urine within IS-days,

Hoerger 1969 In Kenaga
1974

Dalapon
(Sodium
salt)

Cow

200 ppm dalapott In dr;
fed for Ö weeks

Cows produced milk
with 0.7 to 1,0 ppm
dalapon within 3 to
5 day». This leYel
remained constant for
8 weeks. No dalapon
was found in fat of
milk.

Kutschineki 1961 in
Kenaga 1974

Dalapon
(Sodium
salt)

Rats

100 to 1,000 ppm in
diet for 2 years

At 1,,000 ppm dalapon in
feed, highest residues
were in kidney (28 ppm),
milk (19 ppm),, and liver
(11 ppm). Only 7«5 ppm
were in muscle and 1.4 ppm
in fat.

Paynter et al. 1960 In
Kenaga 1974

4>
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Formulation

DalapoQ
(Sodiiui
salt)

lalapon
(Soditim
salt)

Dalapon
(Sodium
salt» ^^Cl)

I

Organism

Doae

CoMraents

References

Pigs

100 to 200 ppm (4,7 to
8,6 mg/kg/day) In diet
for 28 and 49 days

At 200 ppm dala pon in
feed for 28 daySj
residues were: kidney,
10.4 ppm; liver a 6»8 ppm;
lean meat» 3.8 ppm; and
fat, 2.4 ppm. No increase
in residues were observed
when feeding was extended
from 28 to 49 days.

Getzendaner 1969a in
Kenaga 1974

Fish, snailsj
water fleas
CDa|3hnia sp.)
submerged
plants,
floating
plants

In aqtaarium with 5 ppb,
dalapon for 3 days.
Second aquariti«
(control) contained
both dalapon and dead
organisms to differentiate physical
adsorption from blo-logical accumulation
(absorption).

Concentration in water
remained 5 to & ppb, fish
tissue (dead and alive)
contained up to 15 ppb,
snails and Daphnla sp.
contained less dalapon
than surrounding water,
submerged plants contained 20 tO' 50 ppb when
dead and 780 ppb when alive
(and still absorbing), and
floating vegetation contained 40 to 50 ppb when
dead and up to 180 ppb when
alive.

Smith et al. 1972 in
Kenaga 1974

Cow

Mot given

Only 2 labeled compounds,
dalapon and chloride ion,
were found in milk of cow
fed labeled dalapon.

Redemann and Eamaker
1959 in Kenaga 1974

References
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Dicamba Summary
Major Trade Harness
Chemical Namei

Banex®, Banvel®^ Banvel D®, and Brush Buster®.

Ssô-^dichloro-o-anisic acid (or 2^methyl-'3 5 6-dichlorQ-"
benzole acid)

Major Forestry Application:

Site preparation^ range, and wildlife
habitat management 5 noxious weed
control^ firebreak maintenances general
weed control5 thinning, and rights of
way. Dicamba controls annual and
perennial broadleaf weeds and brush
species resistant to phenoxy herbicides.

Detailed information on toxicology^ environmental fate5 and hazard
assessment can be found in the body of the Herbicide Background
Statement,
Toxicology
Dicamba is generally nontoxic to a wide variety of nontarget
organisms. Studies with invertebrates and microorganisms show, in
general, median lethal concentrations in excess of 100 ppm. It is
only slightly toxic in fish and amphibians with LCSQ'S in excess of
10 ppm. Acute oral toxicities In birds were equal to or greater than
673 mg/kg body weight•
In experimental studies with mammals, dicamba was a mild skin
irritant and moderate skin sensitizer. Direct application of dicamba
caused transient low grade eye irritation. The inhalation toxicity
of dicamba was very low. Acute and subchronic ingestion of dicamba
in laboratory animals resulted in slight toxicity. In Isolated case
reports, oral ingestion of dicamba by sheep caused death. Chronic
consumption of dicamba in the diet by rats and dogs for two years
elicited no adverse health effects, but chronic consumption by mice
caused decreased body weight and increased liver weight. In rats,
dicamba caused no reproductive or teratogenic effects. In rabbits,
dicamba caused post-implantation losses, a decreased number of live
fetuses, and decreased fetal weights* Dicamba is not considered to
be mutagenic.

Di-3

Environmental Fate
Mcamba is taken up by both roots and leaves of plants and
translocated, generally to leafy tissue^ or exuded by leaves and
roots. Dicamba is readily metabolized in some plant species. It
does not bioaccumulate to any appreciable extent in animals, from
which it is rapidly excreted in the urine either as a metabolite or
as parent dicamba.
Dicamba is moderately persistent in soil and water. It does not
adsorb readily to soil particles and is highly mobile. It is
primarily lost from soil and water by microblal decomposition.
Exposure and Hazard
There should be no significant potential for adverse
reproductive5 mutagenic, or carcinogenic effects to individuals from
dicamba at levels of application used by the USDA Forest Service if
proper care is taken during application, Dicamba is mildly
irritating to the eye and to the skin.
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1.0

General Information

1»1

Normal Use Patterns

Dicamba (also known by the trade names* Banex^, Banvel®,
Banvel D®, and Brush Buster®) is a selective herbicide for both
preemergence and postemergence control of perennial and annual broad-leaf weeds and brush• In addition to agricultural uses^ such as on
grain, corn, pasture, and range, dicamba is used for right-of-way
maintenance^ forest site preparation, and control of deciduous trees
and shrubs as well as conifers (Ghassemi et al. 1981 and Weed Science
Society of America 1983)^ Dicamba is absorbed rapidly by both roots
and foliage, and is thus effectively applied as a ground or aerial
spray and by basal application. It is also applied basally in the
form of granules. Once absorbed, dicamba is readily translocated
within the plant where it acts like a plant growth regulator. As
such, it alters shoot and root development, resulting in leaf
malformations, increased branching, and curvature of stems and leaf
petioles. It also interferes with normal flowering mechanisms and
results in destruction of plant cells (Frear 1975).
Dicamba is used selectively against a wide variety of broadleaf
weeds and to control broadleaf weeds and brush species that are
tolerant to other (phenoxy) herbicides. It is registered for use on
crops such as small grains, corn, perennial seed grasses, and turf^
as well as for noncrop applications. It is also useful on sorghum,
pasture, sugarcane, and asparagus. On the other hand^ legumes (beans
and peas) are sensitive to dicamba, and conifers sprayed with dicamba
are subject to top-kill and defoliation (U*S. Department of
Agriculture 1978 and Weed Science Society of America 1983).
Statistics on the use of dicamba by the USDA Forest Service are
presented in Table 1-lt Due to its high phytotoxiclty to conifers,
forest timber management applications are primarily for site
preparation^ Other forestry applications include range and wildlife
habitat management^ noxious weed control^ nursery applications^ and
fire break maintenance (Gross 1983 and Ghassemi et al, 1981).
Application rates range from 0,2 to 6*0 lb acid equivalent (a.e.)
(formulated with 2,4-0) per acre for 44 USDA Forest Service projects
in which dicamba was used in 1982 (Gross 1983). Application rates
for dicamba as reported in Weed Science Society of America (1983) are
as follows: 0.5 lb/acre (0,6 kg/ha) for preemergence; 0.06 to 0.25
lb/acre (0,07 to 0.3 kg/ha) for foliar spray on broadleaf annuals;
and 0,5 to 10 lb/acre (0.6 to 11,2 kg/ha) for foliar spray on
broadleaf perennials and brush.

*Trade names are used only to provide information and do not imply
product endorsement.
Di=^5

Table 1-1
USDÂ Forest Service Dlcâmba Use
Active Ingredient Per/Acre (Ibi)

Pur^se

Range

Average

Acres
Treated

Formulation

Application
Method

1901
Ground
Conifer release^

0.2 - 1.8

1.8

485

Uquld

Stump spray
Injection

Noxious weêds^

0.9 - 3.7

1.3

2,815

Liquid

Single ^ant
Broadcast

Ran^e iaprovement

1.0 - 2.0

1.7

105

Liquid

Broadcast

Ggaeral weed control^

0.7

0.7

106

Liquid

Spot

TMnnlngd

0.2

0,2

41

Liquid

Injection

Right-of-way«

1.6 *- 2.0

1.6

311

Liquid

Broadcast

W.ldlife habitat
i«proveBeatf

0.6

0.6

116

Uquld

Cut stump
Injection

1.4

198

Uquld

Aerial

0.5 - 6,0

2.1

2,713

Uquld

Ground foliar

Tlaber, Range,
Noxloui Weeds

0,5 - 6.0

3.6

846

Pellet

Ground broadcast
(Pellet)

Timber, Wildlife

0.3 - 5.0

1.7

832

Uquid

Cut surface
(Injection)

Timber, IttldllfeS

0.2 - 6.0

2.6

1,039

Uquid

^sal spray
(Oil carrier)

'■'
Aerial (1 project)
Firebreaks
Ground (28 projects)
Range, Noxious Weeds,
NurseryS

--li

*391 acres treated with dlcaoba + 2,4~D
^423 acres treated with dlcamba + 2,4-D
'^lOê acres treated with dicamba + 2,4-D
¿41 acres treated with dlcaaba 4- 2,4-0
«311 acres treated with dicamba + 2,4~D
Í116 acres treated with dicamba + 2,4-D
^Treated with dicamba + 2,4-D
"Not available or not relevant.
Source: Gross 1983
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Dicamba may be applied by a variety of means^ as ground or
aerial spray^ as granules^ and as a basal application* Generally,
water is used as the carrier and the mixture is applied at 2 to 4
gallons per acre. Additional surfactants are not required,
Attapulgite, vermicullte^ and liquid and dry fertilizers may also be
used as carriers (Weed Science Society of America 1983)«
Dicamba is manufactured and marketed in the United States by the
Velsicol Chemical Corporation, It is available as a water soluble
dimethylamine salt, as an oil-soluble acid formulation^ and in
granular form^ It is also formulated with other herbicides—with
2^4-D as Banvel®, Weedmaster®, and Banvel K®| and with MCPA (a
phenoxy herbicide) as MonDak® and Banvel M® (Meister Publishing
Company 1981 and Weed Science Society of America 1983). Formulations
of dicamba are described in Table 1--2,
1^2

Physical and Chemical Properties

The active ingredient of dicamba and its formulations is
Sjô-dichloro^-o-anisic acid (or 2-methoxy--3,6-dichlorobenzoic acid)
or its salts. It has the following structures
COOH

Dicamba has a molecular formula of C3H5CI2O3 and a molecular weight
of 221,0. At room temperature, it is an odorless^ white^ crystalline
solid, although the technical grade material is a brown crystalline
solid. Dicamba has a melting point of 237 to 241^F (114 to 116°C)
and is relatively volatile^ with a vapor pressure of 3*75 x 10"^ mm
mercury at 212°F (100°C). The acid form of dicamba is relatively
insoluble in water (0,45 grams per 100 ml water at 77^F [25^C]) but
it is highly soluble in most organic solvents at 77°F (25^C)
(92,2 grams per 100 ml ethanol, 5,2 grams per 100 ml heavy aromatic
naphthanes5 and 7,8 grams per 100 ml xylene). The alkali metal and
amine salts of dicamba are highly soluble in water; the diethylamine
salt of dicamba has a solubility greater than 72 grams per 100 ml
water. In addition, dicamba is resistant to acid and to strong
alkali and resists photolysis^ oxidation, and hydrolysis under most
environmental conditions• As a result of this resistance^ most
formulations of dicamba are extremely stable (Fear 1975^ Melnikov
1971 and Weed Science Society of America 1983).
^
Di^7

Table 1-2
p.
i
oo

FO'TKiulations of Dicamba

Formulât iOíE

Active Ingredient

Federally Registered Uses

Ba,n,ve#' Herbicide
(water soluble liquid)

4 lbs/gal dicamba
(DMA salt)

Field corn« Soiall graiias, Sorghum»
Pastures and Rangèland,, ' No. aero pi and ,
Grass grown, fo-r seed^ Tree injection,
Harvest aid-Sorghum» Cropland rotated
to wheat

4 lbs/gal dicamba
(DMA salt)

Lawns and Turf

(water soluble liquid)
Banvel^^^^5€
(granules)

51 dicamba
'(free acid)

Pasturej, Range land , NoEcropland

Banvel® 4 0^S.
(oil soluble liquid)

4 lbs7gal dicamba
(free acid)

Industrial '(tank mix with 2*4-D' or
2.4,5-T only)

4 lbs/gal dicaiaba
(DMA aalt)

Industrial' (alone or tanic mix with
2,4-0 or 2,4;5-T)

Banvel® 1ÜG Granules

lOZ dicamba (free acid)

Brush

Baiivel®2% Granules

2X dicamba

,Lawns and Tyrf'

Baiwe 1® CST ( 1 iq uId )

1 lb/gal dicamba

Forest j, Non-croplaftd, Rights-ol-way

Banvel® XP
(pellets)

101 dicamba
(free acid

Pasture, Raagelaad, Noacropland

(water,soluble liquid)

FormulâtiO'QS o^f dicamba with 2,4-D, 2,4,S-T, aod MCPA are excluded fro« this Hot«
SO'urce :

Velsicol Chemical Company data cited In Ghassemi et al. 1981.

2.0

Toxlclty of Dlcamba

The toxiciologlcal properties of dicamba^ summarized in
Table 2^-1^ show that this herbicide is generally nontoxic to a wide
variety of nontarget organisms. There is no evidence for
carcinogenic or mutagenic hazard from animal studies. There is
evidence for reproductive effects in rabbits,
2*1

Invertebratee and Microorganisms

Studies of dicamba toxicity with invertebrates and
microorganisms5 summarized in Appendix A^ indicate that dicamba
generally has a low toxicity to these organisms. In general^ median
lethal concentrations of dicamba are in excess of 100 ppm, although
LC5o*s of 10 ppm or less were reported for scuds (Gammarus sp., a
Crustacean) in several studies.
For the most part, toxicity studies with invertebrates and
microorganisms have been done in controlled laboratory environments.
As a consequence of the laboratory environment and the experimental
designs employed, the results do not necessarily represent a true
reflection of the potential effects of dicamba in a natural environ-^
ment. For example, in the laboratory, aquatic organisms were
generally kept up to 4 days or more in static conditions (in tanks or
aquaria without a flow-through of fresh water). Microorganisms were
gromi in culture media in the laboratory and, in one study, microorganisms were cultured at dicamba concentrations equivalent to
5 tons per acre. In contrast, in natural aquatic and nonsoll
terrestrial environments^ exposure to dicamba or to other man-made
chemicals is usually a transient phenomenon whose duration depends
on the rate of streamflow or on the rate of decomposition of the
chemical. Additionally, in natural systems^ interactions with other
man-made and naturally occurring chemicals, and changes in environmental factors^ may affect herbicide assimilation and metabolism by
invertebrates and microorganisms. These interactions^ in turn,
potentially alter the tolerance levels of organisms to the herbicides,
Among the insect studies summarized in Appendix A, those with
honeybees^ representing insects of commercial importance, showed a
variety of results generally indicating a low toxicity of dicamba to
bees. An early ingestion study indicated an oral LD50 of 3.6 lig/bee
(Edson and Sanderson 1965 in Pimentel 1971). On the other hand,
Stevenson (1978) reported an oral LD^Q > 10 |j.g/bee and Morton et al.
(1972) found no increase in the rate of mortality in bees fed up to
1,000 ppm by weight of dicamba or of formulated Banvel® in sucrose
for 60 days. In contact studies with bees^ however, Stevenson (1978)
found an LD5o>100 |j.g/bee and Atkins (1975 in Ghassemi et al, 1981)
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TABLE 2-1
Summary of Toxlcological Properties of Dlcamba

1,

Acute Oral Toxiclty

Organism (Formulation)

Adverse Effects

Rat (Dlcamba^ acid)

U)50 = 757 to 2,900 mg/kg

Rat (Dlcamba, DMA salt)

LD50 - 1,028 mg/kg

Mouse (Dlcamba, acid)

LD50 = 1,189 to >4,600 mg/kg

Guinea pig (Dlcamba, DMA
salt)

LD5Q = 566 to 3,000 mg/kg

Rabbit (Dlcamba, DMA salt)

LD50 = 566 to 2,000 mg/kg

Rat (Technical Banvel®)

LD50 = 1,707 to 2,900 mg/kg

Rat (Banvel® with DMA)

LD50 = 1,020 to 2,629 mg/kg

Sheep (Banvel tí^)

Two doses of 500 mg/kg
caused death, while 1 dose
of 1,000 mg/kg caused no
adverse effects.

Steer (Banvel D®)

Five doses of 250 mg/kg
caused no adverse effects*

Fish (Banvel D®and
Banvel® DMA salt)

24-hour LC50 " 20 ppm
(Banvel D ) to yö-hour
LC5o> 1,000 ppm (Banvel®
dimethylamlne salt)

Birds (various formulations)

LC3Q ^673 mg/kg to
2,000 mg/kg

2.

Acute Intraperitoneal Toxiclty

Organism (Formulation)
Rat (Dlcamba)

Di-^10

Adverse Effects
LD50 = 80 mg/kg

Table 2-1 (Continued)
3.

Acute Dermal Toxicity

Organism (Formulation)

Adverse Effects

Rabbit (Dicamba)

Irritation reported with doses
up to 2,500 mg/kg/day

Rabbit (Technical Banvel®)

LD50 >2,000 mg/kg

Rabbit (Banvel® with DMA)

LD5O >2,000 mg/kg

Rat (Dicamba, DMA salt)

Undiluted for 2 weeks caused
very mild irritation; 1;40
dilution caused no irritation

4.

Eye Irritation
Adverse Effects

Organism (Formulation)
Rabbit (Dicambaj DMA salt)

Mild irritation that
disappears.

Rat (Dicamba, DMA salt)

Mild irritation that
disappears.

5.

Inhalation Toxicity

Organism (Formulation)

Adverse Effects

Rat (Banvel® and Banvel D®,
(Technical)
6.

LC5o>9.6 to > 200 ppm for
4-hour dust exposure«

Subchronic Oral Toxicity

Organism (Formulation)

Dose and
Length of Treatment

Adverse Effects

Sheep
(Banvel D^

10 daily doses of
250 mg/kg

Rat (Dicamba)

650 to 23,500 ppm in
diet for 3 weeks

No evidence of toxicity*

Rat (Dicamba)

5,000 to 15,000 ppm in
diet for 4 weeks

Decreased weight gain,
Posterior weakness at
high doses.

None
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Table 2-1 (Continued)
6.

Subchronic Oral Toxicity (Concluded)
Dose and
Adverse Effects

Rat (Dicamba,
acid)

800 ppm in diet for
3 months

P.at (Dicamba,
(Technical)

5,000 to 10,000 ppm in
diet for 13 weeks

10,000 ppm increased the
number of cytoplasmlc
vacuoles in liver
parenchyma.

Rat (Dicamba)

100 to 1,000 ppm in
diet for 13 weeks

At 13 weeks liver and
kidney pathology
observed in 800 and
1,000 ppm groups.

Rat and Dog
(2-methoxy-5hydroxy-3,6dlchlorobenzoic
acid)

100 and 250 ppm in
diet for 90 days

Birds (various
species, various
formulations)

0-day dietary studies

7.

None

None

LCcQ >4,660 ppm to
> 10,000 ppm^in feed

Teratology, Reproduction and Fertility

Dose and
Q£iMÍgaJ^^HMtlon)_Length of Trgatment__ Adverse Eftects
Rat (Dicamba)

500 ppm In diet for
3 to 4 months

No teratogenic effects
over three generations
and no change in
reproductive capability
of parent or offspring.

Rabbit (Dicamba,
Technical)

1 to 20 mg/kg/day on
days 6 to 18 of
gestation

High dose post^
implantation losses and
decreased number live
fetuses. No teratogencity below 10 mg/kg/day.
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Table 2-1 (Concluded)
8.

Carcinogenicity
Dose and
Length of Treatment

Organism (Formulation)

Adverse Effects

Beagle dog
(Dicamba)

2 to 50 ppm in diet
for 2 years

Tumor incidence and
latency equal to
untreated controls.

Mice (Dicamba)

100 to 10,000 ppm
in diet for 14 to
19.5 months

No carcinogenic effect
observed. At 10,000 ppm
for 14 months increased
mortality and liver
weight and decreased
body weight were
observed.

Rat (Dicamba)

5 to 500 ppm in diet
for 2 years

Tumor incidence and
latency not different
from untreated controls.

9.

Mutagenicity

Organism (Formulation)
Bacillus subtilis

Adverse Effects
Recombination assay negative.

Salmonella typhimurium
Strains TÂ98, TAlOO, TA1535,
TA1537 TÂ1538
Saccharomyces
cerevisiae D3

Histidine reverse mutation
assay negative.
Mitotic recombination assay
negative.

Escherichia coli WP2

Tryptophan mutation assay
negative.

WI-38 human fibroblasta

Unscheduled DNA synthesis
assay negative.

Bacteriophage

Mutant induction and
reversion assay negative.

E. coli (W3110 and P3478)

Relative toxicity assays
positive, Indicating damage
to DNA.

B. subtilis (H17 and M45)

^Toxicology data are extracted from Appendices A through E. Source
references can be found in the appropriate Appendices,
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reported a 2.6 percent mortality at 91 p,g/bee. Such doses are far In
excess of those that would result from normal application rates, since
application at 1 lb/acre would result in a contact dose equivalent to
approximately 1.25 [ig/bee (Ghassemi et al. 1981) • In a feeding study
with another insect^ the German cockroach, dicamba at 1^000 ppm in
food had no observable toxic effect nor did it affect reproduction
through two generations (Riviere 1976).
Several studies have been conducted with both marine and
freshwater crustaceans and indicate that dicamba is only slightly
toxic to these organisms. With the exceptions of one study reporting
a 48-hour EC5Q of 11 ppm dicamba for water fleas (Daphnia) (Sanders
and Cope 1966 in Hurlbert 1975) and one study reporting a 96-hour
LC50 of 56 ppm dicamba for shrimp (Paleomonetes) (Johnson and Finley
1980), LC5o's, EC5o's and TL5Q'S for crustácea were all determined to
be greater than 100 ppm.
Limited studies of the effect of dicamba on soil organisms
indicate some reduction in growth at 50 ppm dicamba in medium for
bacteria, actinomycetes, and fungi but not for yeasts (Cooper et al.
1978). Two of 17 strains of algae showed reduced growth when dicamba
was incorporated into the culture medium at 10 ppm (Cullimore 1975),
When dicamba was incorporated into soil cultures at a rate equivalent
to 5 tons per acre, carbon dioxide production (a measure of microbial
metabolism) was reduced by as much as 14 percent compared to controls
during a 56-day period (Stojanovic et al, 1972),
2*2

Fish and Amphibians

The toxic effects of dicamba and several of its formulations on
fish and amphibians have been reported in studies summarized in
Appendix B. In all cases, LC^Q'S were in excess of 10 ppm. Clark et
al. (1970) suggest that pesticides with median lethal concentrations
of 10 ppm or more for fish be considered "slightly toxic." Reported
toxicities range from a 24-hour LC50 ^^ ^0 ppm in bluegills for
Banvel D®adsorbed onto vermiculite (Hughes and Davis 1962 in Lorz et
al. 1979) to a 96-hour LC5û>1,000 ppm in bluegill for Banvel®
dimethylamlne salt (Velsicol Chemical Corporation data cited in
Ghassemi et al. 1981)*
In 1 to 2^week old frog tadpoles, dicamba toxicities ranged from
a 96-hour LC50 of 106 ppm to a 24-hour LC50 of 220 ppm (Johnson 1976).
2.3

Birds

Dietary studies and egg injection bloassays with dicamba
indicate a low toxicity to birds (Appendix C), Acute oral toxicities
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of dicamba in birds ranged from an LD5Q of 673 mg/kg in female
pheasants (Edson and Sanderson 1965 in Pimentel 1971) to an LCQQ of
2^000 mg/kg in mallards. In 8-day subchronic feeding studies with
birds5 dicamba toxicities were reported as LC3Q'S 10,000 ppm for all
species and formulations studied with the exception of a reported
LC5o>43600 ppm for Banvel® 310 in mallards (Velsicol Chemical
Corporation data and U.S. Environmental Protection Agency
registration data cited in Ghassemi et al. 1981),
Dunachie and Fletcher (1970) reported a decreased rate of
hatching compared to controls in chicken eggs injected with dicamba
at doses of 400 ppm in the egg. No effect was observed at 300 ppm^
although an anomalous low hatch due to early mortality was observed
at concentrations of 200 ppm dicamba in the eggs. No teratogenic
effects (e.g.j feather blanching) were observed in this study,
2.4

Mammals

The potential health hazards from acute and chronic exposure to
dicamba have been evaluated primarily in laboratory animals such as
mice, ratSj rabbits and guinea pigs. A few studies on dogs and
observations of effects in sheep and cattle have also been reported.
The results of the toxicity testsj summarized in Table 2-1, Appendix D,
and Appendix E, are discussed below.
2.4.1

Acute Toxicity

Acute toxicity data have been reported for oral, intraperitoneal, dermal, ocular, and inhalation studies.
2.4.1.1 Oral. Based on the acute toxicity tests, dicamba is
classified as slightly toxic (U.S. Department of Energy 1983). For
the acid form of dicamba, the oral LD5o's are reported to be 2,900 +
800 mg/kg in rats and greater than 4,600 mg/kg in mice (U.S. Department of Energy 1982). For the dimethylamine salt of dicamba, the
oral LD30 in rats is 1,028 to 2,629 mg/kg body weight (U.S. Department of Energy 1982 and Ghassemi et al. 1981). Dimethylamine (DMA)
salt forms of dicamba give LD5o*s in the ranges of 566 to 3,000 mg/kg
for guinea pigs and 566 to 2,000 mg/kg for rabbits (Appendix D).
2.4.1.2 Intraperitoneal. An intraperitoneal LD50 of 80 mg/kg
in male rats has been reported for dicamba (Edson and Sanderson 1965).
2.4.1.3 Dermal. Applications of dicamba to the skin of rabbits
and rats induce mild skin irritation. Dicamba causes skin irritation
in rabbits administered doses up to 2,500 mg/kg/day with extended
contact. No other signs of toxicity have been observed, although in
one dermal study in rabbits, 7 of 32 rabbits that were tested died,
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apparently due to nontreatment-related causes (U.S« Department of
Energy 1983)• In dose-response studies, rabbits were treated with
dicamba 3 times weekly for 3 weeks, then 2 followup treatments were
applied in 14 days and in 16 days. Moderate dermal sensitlzation
resulted (U.S. Department of Energy 1983)• In dose-response studies,
daily administration for 2 weeks of the undiluted DMA salt of dicamba
to the skin of rabbits and rats caused very mild irritation, while
dilutions of lî40 in water caused no irritation over a 30 day
observation period (Velsicol 1971 in Weed Science Society of America
1983). Systemic toxiclty from percutaneous absorption was not
evident,
2.4.1.4 Eye Irritation« Applications to rats and rabbits of a
0.1 ml aqueous solution of the DMA salt of dicamba caused no injury
to the cornea or iris, although a low grade irritation which
disappeared rapidly was induced (Velsicol 1971 in U.S. Department of
Agriculture 1981). Neither eye irritation nor injury have been
reported to follow direct application of 0.2 to 2.0 percent aqueous
solutions either as single doses or as repeated doses over a 1 week
period (U.S. Department of Agriculture 1981).
2•4.1.5 Inhalation. In one inhalation study, the LC50 (4-hour
dust exposure) has been reported to be greater than 9.6 ppm, species
not reported (U.S. Department of Energy 1983) for Banvel®^ technical
grade. In another study, the LC50 has been reported to be greater
than 200 ppm in rats (U.S*. Department of Energy 1982 and Ghassemi et
al. 19Ö1) for Banvel® technical grade. This apparent discrepancy may
be due to species differences. In another report (Velsicol Chemical
Corporation 1979 in Ghassemi et al* 1981), the inhalation LC5o^s in
rats for 4-hour exposure were greater than 200 ppm for both technical
Banvel® Dm and Banvel® 310 (4 lb/gal. Dicamba as the DMA salt).
Based on these data, inhalation toxiclty is a slight health hazard
since the toxiclty category is III or greater, warranting handling
with caution (as discussed in the General Introduction to these
background statements).
2.4.2

Subchronic Toxiclty

Exposure of rats or sheep to less than 500 ppm dicamba for
periods up to 13 weeks causes no toxic effects. By contrast, in
rats, dietary administration of very high doses of dicamba for
intervals of 4 to 13 weeks induce mild toxiclty. In a 3-week study^
dietary concentrations of dicamba fed to one male and one female rat
per dose level induced no toxic effects (U.S. Department of Energy
1982). However, with increases in group sizes to 5 rats of each sex
per dose level (5,000, 7,500, 10,000, 12,500, and 15,000 ppm), weight
gain decreased to 40 percent of controls, and 7 of 10 rats developed
^sterior weakness in the 15,000 ppm group• In a third study,
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a lower dose of 800 ppm dicamba fed to rats for a longer period (3
months) elicited no adverse effects (Weed Science Society of America
1983)é In two 13 week dietary studies, high doses of dicamba caused
liver toxicity« In one study, the number of cytoplasmic vacuoles was
reduced in liver parenchyma of rats fed 10^000 ppm dicamba (U.S.
Department of Energy 1983). In the second study, feeding of 100 to
1^000 ppm dicamba yielded no deaths, normal food consumption, and
normal growth rates throughout (U.S. Department of Agriculture
1981). Furthermore, in this study, while there were no adverse
effects after 7 weeks of feeding, abnormal pathology in kidney and
liver was observed after 13 weeks in the 800 and 1^000 ppm dose
groups (U.S« Department of Agriculture 1981)*
A principal metabolite of dicamba is 2-°methoxy-5-hydroxy~
33 6--dichlorobenzoic acid. Rats and dogs, fed 100 and 250 ppm of this
metabolite for 90 days, developed no chemicals behavioral^ or other
evidence of toxicity (UaS* Department of Energy 1982).
Effects of dicamba on castrated male sheep (wether), have been
reported (Palmer and Radeleff 1964), Ten daily doses of 250 mg/kg
caused no effect in one wether^ Two doses of 500 mg/kg killed
another, while a single dose of 1^000 mg/kg did not kill a third
wether. AlsOj in the report of Radeleff (1964)5 a yearling steer was
not affected by five doses of 250 mg/kg,
2.4.3

Chronic Toxicity

The chronic toxicity of dicamba has been evaluated in rats,
dogs g and mice which received dicamba in the diet for periods up to 2
years (Table 2^1) with the highest dose inducing increased mortality
and organ weight clianges in mice. Continuous feeding of rats with 5^
50, 100, 250, and 500 ppm dicamba for 2 years and of beagle dogs with
5, 25, and 50 ppm dicamba for 2 years elicited no adverse effects.
Survivals body weighty food consumption, organ weight, hematology,
and histology of viscera were normal (Weed Science Society of Merica
1983). In another chronic study, mice were fed dicamba at
concentrations of 100, 1,000, and 10,000 ppm. At 10,000 ppm,
decreased body weight and increased liver weight were observed. All
high dose mice were sacrificed after 14 months of feeding. The
medium and low dose groups were sacrificed 19.5 months after
continuous dicamba feeding. Enlargement of liver cells was the only
dose-dependent effect noted and whether this effect was reversible
was not determined (U.S* Department of Energy 1983).
2.4.4

Reproductlve_and Teratogenic Effects

Reproductive and teratogenic effects of dicamba have not been
observed in several rat studies; teratogenic effects have been
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observed In rabbits at high doses. Rats fed 500 ppm dicamba for 3 to
4 months showed no change in reproductive capacity in either parents
or offspring and produced no evidence of teratology over a three
generation study (Velsicol 1971 in U.S. Department of Agriculture
1981). In this study, 2 males and 4 females fed 500 ppm dicamba were
mated^ In addition, 2 treated malas and 4 treated females were mated
with untreated rats. No reproductive effects were observed, and no
changes in fertility, gestation, viability, or lactation were
observed over three generations« In rabbits, however, a differential
response to technical dicamba levels of 1, 3, 10, and 20 mg/kg/day
given on days 6-18 of gestation has been reported. At 10 and
20 mg/kg/day, post-implantation losses and a decreased number of live
fetuses were observed (U.S. Department of Energy 1983), With
3 mg/kg/day, there were no effects• A nontreatment-related decrease
in post-implantation loss was observed in the low dose, 1 mg/kg/day,
group. Decreases in fetal weight and post-implantation losses
occurred at 10 mg/kg/day.
2.4.5

Carcinogenicitx

Chronic feeding studies discussed above with dicamba have
revealed no carcinogenicity in rats, beagle dogs, and mice. Dicamba
was administered for 2 years in the diet of beagle dogs at 5 to
50 ppm levels and in the diet o£ rats at 5 to 500 ppm levels. The
tumor incidence and time until appearance of the first tumor were the
same in untreated controls and in groups of rats and dogs fed dicamba
for 2 years (Weed Science Society of America 1979)• Mice were
administered 10,000 ppm dicamba in the diet for 14 months, and 100 or
1,000 ppm dicamba in the diet for 19.5 months. There was no evidence
for dlcamba-induced carcinogenicity in mice sacrificed either at 14
or 19.5 months (U.S. Department of Energy 1983)•
2,5

Mu tageni clty

Dicamba has been tested for mutageniclty and for its effect on
unscheduled DNA synthesis (Appendix E). The mlcrobial test systems
and results have included the following s (1) the histidine reverse
mutation assay in Salmonella tjphimurlum strains TA1535, TA 1537,
TA1538, TA98 and TAIOO was negative (Poole et al. 1977; Eisenbeis et
al» 1981 and Mderson et al« 1972)| (2) the tryptophan mutation assay
^^ £Ë£M^£^^^M. "^^ ^^® negative (Poole et al. 1977| (3) the
mitotic recombination assay In Saccharomyces cerevisiae D3 was
negative (Poole et al. 1977) anT"m~^^"înduction of rll mutants of
T4 bacteriophage and reversion of bacteriophage AP72 in £• coli were
negative (Andersen et al. 1972). Unscheduled DNA synthesis was
assayed in human fibroblast line WI-38 and was negative for dicamba
(Poole et al. 1977). Assays 1-3 above and the unscheduled DNA
synthesis assay used an activation system. This was prepared from
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livers of Aroclor 1254 Induced rats. Dicamba was positive in
relative toxicity assays in E. coli (strains W3110 and P3478) and B,
subtilis (strains H17 and M45) (Poole et al. 1977). For each of
these bacterial species^ the effect of dicamba on DNA repair
proficient and DNA repair deficient strains have been compared.
Dicamba has been negative in all of the above in vitro test systems
except those measuring relative toxicity. On the basis of these
resultsj dicamba is not considered to be mutagenic.
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3.0

Environmental Fate

Dlcamba is selectively toxic to plants including annual
broadleaf and grassy weeds* It is moderately persistent in soils (3
to 12 months) giving full season control (Âshton 1982), is moderately
persistent in water, and does not bioaccumulate in animals. Dicamba
is absorbed by both plant roots and foliage and, once absorbed, is
readily translocated, generally to leafy tissue. Once it is taken up
by the plant, dicamba is metabolized at a rate that is dependent upon
the plant species (Frear 1975)* It does not bioaccumulate in animals*
3.1

Bioaccumulatlon and Metabolism

BioaccumulationI metabolism, and toxicity of dicamba in plants
have been reviewed by Frear (1975) and by Ghassemi et al. (1981),
There are few studies on the bioaccumulation and metabolism of
dicamba in animals. These studies are also summarized in Frear
(1975) and Ghassemi et al. (1981).
3.1.1

Plants

Uptake of dicamba in plants is by both roots and foliage. Once
in the plant, dicamba is readily translocated as unchanged dicamba,
as the hydroxy-dicamba metabolite, or as a conjugate of dicamba with
other organic metabolites of the plant (Frear 1975). The actual rate
of absorption of herbicide, and the pattern of its translocation and
final distribution within the plant, is highly species-specific.
In addition to being metabolically degraded by plants, dicamba
can be exuded from roots and lost through the leaf surface. In a
study of dicamba persistence in range forage grasses, Morton et al.
(1967 in Ghassemi et al. 1981) found dicamba applied at 1 lb/acre to
have a half life of 2 weeks in the grasses and 2.6 weeks in litter
tissue (Brady 1975).
Some plant species are able to metabolize dicamba readily and
rapidly. Frear (1975) has reviewed the mechanisms of metabolic
degradation of dicamba in plants. Dicamba undergoes hydrolysis
and/or loss of the methyl group with subsequent conjugation to a
sugar or to other plant molecules, or direct conjugation of unchanged
dicamba. Chang and Vanden Born (1971) examined the uptake,
translocation, and metabolism of -^^C-labeled dicamba in four specieg
of plants. They found the hydroxy-dicamba derivative to be the major
metabolite in all 4 species, with an unidentified minor metabolite in
2 species resulting from demethoxylation.
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3.1.2

Animals

Dlcamba does not bioaccumulate to an appreciable extent in
animals• Most of the residues excreted by animals in the studies
of metabolism are in the form of the parent dicamba^ although some is
excreted as a conjugate with glucuronic acid and some is excreted as
3^6-dichloro-2'-hydroxyben2olc acid. The limited studies of bioaccumulation and metabolism of dicamba in animals are summarized in
Appendix F.
Studies with cattle (Oehler and Ivie 1980 and St. John and Lisk
1969 in Hayes 1982) and with rats (Tye and Engel 1967 in Paulson 1975
and in Hayes 1982) indicate that as much as 90 percent of dicamba was
eliminated in the urine when administered by intubation, in feed^ or
by Injection. This elimination in the urine occurred rapidly and, in
one study (Oehler and Ivie 1980), was measured within 6 hours of
final dosing. A short-term study in lactating dairy cattle has been
reported (Velsicol 1971 in U.S. Department of Agriculture 1981)• The
cattle were provided 10, 25, 50, 80, and 400 ppm dicamba in the diet
for 9 days. No residue was observed in the milk at 10^ 25 and 50 ppm
concentrations* Residues not exceeding 0.15 ppm were detected in the
milk of lactating cattle after 9 days for 80 and 400 ppm dicamba
levels.
Studies of tissue accumulations of dicamba in animals dosed by
various routes indicate that dicamba does not bioaccumulate. When
dicamba was fed to a cow at 2.2 mg/kg body weight (total of
4.95 grams over 5.5 days) at a rate equivalent to 60 ppm in feed,
maximum tissue levels of 2.59 ppm were found in the kidney, while
0.02 to 0.03 ppm dicamba were found in muscle (Oehler and Ivie
1980)* In a miniature ecosystem established in an aquarium,
application of dicamba equivalent to a rate of 1 lb/acre resulted in
dicamba levels of 0.02 ppm in fish tissue (Sanborn 1974 and Yu et al.
1975).
3.2

Soll

Dicamba has a moderate (3 to 12 months) persistence in soil
compared with other herbicides, thus allowing full-season herbicidal
control (Ashton 1982). Dicamba does not adsorb readily to soil
particles and colloids, and this factor, coupled with the relatively
high solubility of dicamba salts in water, results in a high degree
of mobility In most soils. The major route for loss of dicamba in
soil, however, appears to be through microbial degradation, although
confirmatory direct evidence is lacking (Frear 1975 and Ghassemi et
al, 1981).
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A number of studies with dicamba have generally shown it to be
moderately persistent in soil. Studies reviewed by Frear (1975)
indicate that runoff losses and photodegradation are not major
mechanisms for removal of dicamba from soil. Studies on
volatilization of dicamba have given conflicting results indicating
that dicamba may volatilize from soil surfaces but that further study
is required to determine the extent of such loss*
In studies of dicamba persistence in soil^ Stewart and Gaul
(1977) applied dicamba to silt loam soil plots in late summer at
rates equivalent to 1, 2^ and 4 lb/acre and found residues as high as
0.07 ppm in the top 10 cm and 0«03 ppm in the 10 to 20 cm horizons
265 days later* After more than one year (385 days)^ only traces of
dicamba were identified in the soil. Altam and Stritzke (1973)
examined the half-life of dicamba incorporated in three forest soils
from Oklahoma and found a rapid disappearance of dicamba for the
first 20 days followed by a less rapid disappearance. They
calculated the half-life of dicamba to range from 17 to 32 days in
these soils. In prairie soils from Canada, Smith (1973 and 1977)
failed to find dicamba residues in May following October application
at 1 lb and 2 lb/acre, nor were they recovered in October following
similar application in May. Lange et al. (1968) found that when
dicamba was applied at 4 lb/acre in various California soils^ minor
residual effects (damage to broadleaf crops) occurred for more than a
year after application. At application rates of up to 16 lb/acre,
however s residual effects after one year were still only minor.
Rahman et al. (1981) studied the residual activity of dicamba in
various soils in New Zealand following application at rates up to
0.7 lb/acre (0.8 kg/ha) and found that residues were low enough for
the establishment of clover within 6 to 7 weeks after application.
They also determined that soil temperature and texture^ as well as
rainfall^ all affected dicamba persistence^ with more rapid loss of
activity with higher temperature and in heavier soils (silt loam and
clay loam). Hahn et al. (1969) reported results with dicamba similar
to those of Rahman et al. (1981)^ finding that dicamba dissipation
was greater in a silty clay loam than in a sandy loam and was faster
at higher temperatures than at low temperatures.
In a comparative study of pesticide mobility in a silty clay
loam, Helling (1971) found dicamba to be relatively mobile compared
to 40 pesticides tested« He also found that pH had a strong
influence on dicamba mobility, and that at pH less than 4.2^ dicamba
was not readily leached from soils. In the pH range of 5*0 to 6.7,
dicamba mobility increased with increasing pH, but at pH levels above
6.7, there was no increase in dicamba mobility. Despite this high
measured mobility of dicamba, Frank and Sirons (1980) found dicamba
residues in only one of 949 water samples (0.1 percent) from 11
agricultural watersheds in which a total of 63 kg of dicamba had been
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applied. In this sample, residues of 0,7 ppb dicamba were found
following application of a total of 3 kg of dicamba for right-of-way
maintenance. Application rate was not specified in this study.
Microbial degradation of dicamba as a function of soil pH was
reported by Smith and Cullimore (1975). Radiolabeled dicamba
(l^C-dlcamba) was incorporated in laboratory soil samples (Canadian
prairie soils) at a concentration of 2 ppm (equivalent to an appli^
cation rate of 1.1 kg/ha or 1 lb/acre) and, following 4 to 19 days of
Incubation, dicamba was extracted from the soil samples and measured
by determining the level of residual radioactivity* No dicamba loss
was found in the soils at temperatures of -5^C, but from 5 + 1°C to
33 + l^C, there was a direct relationship between temperature and
degradation of dicamba. Since earlier studies by Smith (1973 and
1974) showed no dicamba degradation in these same prairie soils after
steam sterilization, Smith and Cullimore (1975) attribute their
observed degradation to microbial activity. Preliminary studies
reported by Smith and Cullimore (1975) indicated large populations of
various microbial organisms potentially capable of degrading
dicamba. In general, however, the strongest support for the
Importance of microbial breakdown of dicamba is from indirect
evidence I those environmental soil conditions in which dicamba
persistence is reduced are also those environmental conditions most
favorable to bacterial growth, while dicamba persistence is increased
in conditions unfavorable to bacterial growth» Conditions favorable
to bacterial growth include high organic matter, sufficient moisture,
warm temperatures, and neutral pH (Frear 1975),
Chemical degradation and photodecomposition do not appear to be
major routes by which dicamba is lost from soil. Smith (1974) found
only negligible degradation of dicamba in steam-sterilized solls^
although, in nonsterilized soil, dicamba was degraded relatively
rapidly (over 50 percent of the dicamba degraded within 4 weeks)^
Hahn et al. (1969) found only slight loss in phytotoxicity of dicamba
to cucumbers in soils exposed for 16 days to sunlight compared to
controls. They concluded that this loss in toxicity could be
attributable to biological degradation rather than to
photodecomposition of dicamba, although the reason for this
conclusion was not given.
Although laboratory studies indicate that dicamba is relatively
volatile, there is conflicting evidence regarding the actual
volatilization of dicamba from soils (Frear 1975). On the one hand^
studies of soil-incorporated dicamba indicate little loss of dicamba
over an 8-week period, while on the other hand, as much as 50 percent
loss occurred on plancheta over an 11-week period and vapors from
soll^lncorporated dicamba were toxic to beans. Frear (1975) concluded
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from the above evidence that dlcamba may volatilize from the soil
surface, but that further work was necessary to define the extent and
significance of such losses.
3.3

Water

The persistence and fate of dlcamba in aquatic systems have been
reviewed by Ghassemi et al. (1981). Because dicamba salts are highly
water-soluble and rapidly enter the soil, it is unlikely tt^at
sufficient amounts of residues will remain readily available for
transport, via precipitation runoff, into nearby waterbodies. Frank
and Sirons (1980) found dicamba residues (0.7 ppb) in only one of 949
stream samples following dicamba application to watershed soils.
Norris and Montgomery (1975) sampled a stream following treatment of
165.5 acres (67 ha) of a total 602.7 acre (244 ha) forest watershed
in the Pacific Northwest treated with dicamba sprayed aerially at a
rate of 1 lb/acre (1.12 kg/ha). Samples taken where the stream
exited the watershed contained dicamba residues within 2 hours after
start of spraying. These residues rose to a maximum of 3/ ppb at
5.2 hours, and then dropped to background levels (less than 1 ppb;
37.5 hours after the start of spray. The authors attributed these
residues to drift and to direct application of dicamba to water
surfaces.
In a study of the dissipation of dicamba following application
to pond surfaces, Scifres et al. (1973) found that dicamba applied at
a rate equivalent to approximately 4 lb/acre (4.3 to 4.5 kg/ha;
surface area (resulting in 11 ppm dicamba concentration) was
completely dissipated after about 40 days. These same authors found,
in laboratory studies, that dissipation was more rapid in water m
nonsterile, lighted conditions than in sterile, dark conditions and
that pond sediment appeared to contain microbiological organisms that
were capable of decomposing dicamba.
Dicamba is relatively stable in water when microbiological
degradation is prevented. Chau and Thompson (1978) reported on the
stability of dicamba in distilled water and in natural lake water
that had been acidified to kill microorganisms. There was no
detectable degradation of dicamba in either distilled water over a
40-day period or in the natural lake water over a 50-day period.

Di-25

4,0

Exposure and Hazard Assessment

Forest workers^ visitors 5 and resident or transient animals are
all potentially exposed to dicamba during forest spray operations.
For humans and other terrestrial animals^ exposures can be by dermal,
inhalation, and oral (ingestion) routes. Aquatic animals are
potentially exposed by immersion in waterbodies that may contain
dissolved dicamba* Calculations of exposure to dicamba In this
section follow the assumptions and methodology detailed in Section
4,0 of the General Introduction to the Herbicide Background
Statements. In general, it should be noted that environmental
exposures to dicamba are brief, and that any area sprayed in a given
year may well not be sprayed again for several years. Occupational
exposures, at least for some individuals, may be of longer duration
than environmental exposures. However, only a limited number of
individuals are so exposed«
4«1

USDA Forest Service Dicamba Application

Available application data for dicamba use by the USDA Forest
Service for 1982 are presented in Table 4-1• Actual exposure to
dicamba differs among Forest Service personnel involved in herbicide
use, other Forest Service personnel, visitors to Forest Service lands
that have been treated with herbicides, and wildlife species that are
permanent or transient inhabitants of treated areas.
The data presented in Table 4-1 indicate the number of forest
workers involved in application of dicamba in 1982, as well as the
duration of exposure on a daily and an annual basis. However, the
actual exposure of these workers de^nds not only upon the specific
formulation, method, and rate of application, but also on the
protective measures employed, the operating condition of the
equipment used, and accidental events which expose workers to the
pesticide*
Dicamba does not adsorb well to soil particles compared with
other herbicides. Dicamba salts have a high solubility in water.
The persistence of dicamba is markedly affected by rainfall, soil pH,
and temperature• Dicamba is among the most mobile herbicides
measured in soil.
4o2

Exposure

Estimates of potential exposure to dicamba are based on aerial
as well as ground application. The maximum aerial application rate
for dicamba (see Table 1-1) is 1.4 lb a.i./acre, while the compound
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Table 4-1

00

USBA Forest Service Application D'ata for Dicamba (1982)

Duration cif Eïcposiire
Formilatioe
(Number
of
Projects)

Method of
Application

Average Number People
Exposed/Project

Total Peo'ple
Exposed^

Maximum

Average

Type of Management
(Projects)

Hrs/Day

Days/Yr

Hrs7Day

Days/Yr

Dicamba^
(28)

Ground
Foliar
(water
carrier)

3»5

98

5.9

13.6

7.3

18 .,0

Range (15)
Noxious Weeds (12)
Nursery (1)

Dicamba
(4)

Gro'und
Broadcast
(pellets)

23

9

5.5

1.5

7.0

2.3

Noxious Weeds (2)
Timber (1)
Range (1)

Dicabmba^'
(1)

Aerial

7

7

4

4

6

6

Firebreak (1)

Dicamba
(7)

InjectiO'iî,
cot stirface

12.9

90

6

29.7

7.3

'Mcamba^'
(4) '

Basal Spray
(oil
carrier)

' 5.8

'23 '

5.8

36,3

7.3

acrand Total «= 227
^Dicamba + 2,4-D
Source;

Gross 1983

44
'43.8'

Timber (6)
Wildlife (1)
Timber (2) '
Wildlife (2)

is applied from the ground (ground foliar) at rates as high as
6.0 lb a.i•/acre. In both aerial application and ground foliar
application^ dicamba is applied as a liquid. The calculations in
Table 4-2 that are based on aerial application (e,g., spray/observer
dose s wildlife dermal exposures, and water concentrations) assume an
application rate of 1.4 lb a.i./acre. Those calculations in
Table 4-2 that are based on ground spraying (e.g.^ backpack sprayer
dose^ and wildlife oral exposures) assume an application rate of 6.0
lb a.i./acre. Other specific assumptionsj based upon the
toxicological and chemical characteristics of dicamba and on its
behavior in the environment, are discussed in the following
sections. Table 4-2 summarises the estimates for occupational and
environmental doses and exposures by means of immersion, dermal^
inhalation^ and oral routes.
^•2.1

Occupational Doses

Data are not available on the daily occupational exposures or
doses of dicamba to forestry workers. However, estimates of
occupational doses have been derived based on the urinary output of
several categories of workers exposed to phenoxy herbicides (e.g.,
2j4-D and 2,4,5-T). As indicated in the General Introduction to the
Herbicide Background Statements, urinary output was used to calculate
total doses (i.e., regardless of route) to workers exposed to phenoxy
herbicides, and this quantity was then expressed on the basis of an
application rate of 1 lb/acre. Daily occupational exposure estimates
for dicamba are based on exposures on a per pound per acre
application rate multiplied by 1.4 lb/acre for observers and 6.0
lb/acre for backpack sprayers. In the case of the aerial spray
observer, dose estimates are based upon a of one daily exposure to
direct aerial spray with an unprotected skin surface area of 2 square
feet (see General Introduction to the Herbicide Background
Statements). The maximal herbicide dermal absorption rate is assumed
to be, in the absence of data to indicate otherwise, 10 percent.
At 1.4 lb a.i./acre aerial application rate, the following
estimate of daily dose is deriveds
Observer with Direct Spray Depositions 0.056 mg/kg
(0.04 mg/kg at 1 lb/acre application rate).
For ground applications at 6.0 lbs/acre application rates, the
following estimate of daily dose is deriveds
Backpack Sprayers 0*24 mg/kg (0.04 mg/kg at 1 lb/acre
application rate)
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Table 4-2
Summary of Occupational Dosej Envirormental Exposure,
and Toxicity for Dicamba

Exposure Route^
Occupational
Dose

Dermal

Inhalation

Oral
b

0.1 me/kp
jap to 0.056 mg/kg
0.24 mg/kg

Mixer/Loader
Observer
Backpack Sprayer
Environmental
Exposure

0.014 ppm (Immersi on)

Fish
Rabbits
Deer
Man
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)
Toxicity Summary

0.564 mgr^
0.141 mg/kg

Negligible
Negligible

^»d

»-d

NA
M
NA
NA
NA

NA
NA
NA
NA
NA
NA

LD5Û >2,000

LC50 >200 ppm

mg/kg in
rabbits

in rats

^

6.30 mg/kg
8.64 mg/kg
-»d

0.00028 mg/kg (2 days)
0.039 mg/kg (2 days)
0.052 mg/kg (2 days)
0.0006 mg/kg (1 day)
0.0014 mg/kg (1 day)
0.0007 mg/kg (1 day)
Acute oral LD50 2 566 mg/kg
in rats, mice, guinea pigs,
and rabbits. Chronic oral
NOEL « 1,000 mg/kg in mice.

Most studies. LC50 >50 ppm for fi sh
^Assumes aerial application at 1.4 lb active ingredient per acre and ground foliar
application at 6.0 lb active ingredient per acre. See text for further explanation,
^Occupational doses Include all routes of exposure.
^Fish exposure results from límersion in water containing dicamba.
^Human envirormiental exposures via dermal and inhalation routes will ^ considerably
less than occupational doses. Therefore, occupational doses are used as a worstcase rather than an estimate of environmental dermal and inhalation exposure.
Oral environmental exposures are estimated for six sources.
®NA represents nonapplicable data.
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Occupational doses for the mixer/loader are assumed to be independent of application rate and have been estimated to be 0*1 mg/kg.
Total occupational doses are, of course, a function not only
of application rate and specific occupational category, but also of
duration of exposure. Table 4-1 includes estimates of the number of
days per year of exposure^ by dicamba application method and formulation used5 in 1982. It should be noted^ however, that in many
instances, the same individuals are not exposed throughout the entire
spray period.
4.2.2

Environmental Exposures

Environmental exposures in man occur when forest visitors or
others not directly involved in spray operations come in contact with
spray or sprayed foliagej inhale spray mist^ eat plants or animals
contaminated with herbicide, or drink water containing herbicide.
Animals5 both terrestrial and aquatic, are subject to environmental
exposures as well,
4.2.2.1 Dermal Exposures. Human dermal environmental exposures
would be less than occupational exposures since only spray operators
and observers are directly involved with actual activities on the
spray units. A casual visitor to spray units should be expected to
receive an exposure much less by orders of magnitude than that of the
observer receiving direct spray deposition. Animals in the target
spray zone^ however, are subject to dermal exposure. Rabbits and
deerj representing both small and large game animals respectively,
have the following estimated dermal exposures based on 1.4 lb
a,i./acre aerial sprayi
Rabbits in Aerial Spray Zoneî 0.5642 mg/kg (0*403 mg/kg at
1 lb/acre application rate)
Deer in Aerial Spray Zone; 0,1414 mg/kg (0.101 mg/kg at
1 lb/acre application rate)
4*2*2,2 Inhalation Exposures. Human inhalation environmental
exposures would be less than occupational exposures since spray
operators, involved with activities on the spray unlts^ are more
likely to be subject to spray mist than is a casual visitor. Thus a
casual forest visitor should be expected to receive an exposure
orders of magnitude less than that of a backpack sprayer.
Environmental inhalation exposures of animals in the spray target
area would occur on a one-time basis and would be limited to a time
frame that can be measured in minutes. This exposure is therefore
expected to be so small that it can be neglected in this analysis.
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enviro«aatal exposures for aquatic organisms wouirbe^^íívawrt.ne estimated concentration oí dlca»ba m „ater, calcullS as?

c^eSr:t^Tírdííte1ra1te?\--;?ÍJ. '"^ -"-"- —
.
./•^•?'*^ Oral Exposures. In terms of oral exoosur^s =nv
Incxdental Ingestion of dlramha w r.-^^i • -xposursö, any

accounted for^ the ll^lT.:l\'/ol::^^^^^^^^^^

vegeta^ir:S"orïi'
'°^ ^^^^1^^^
-"^i-g
conta.inat:d
vegetation and for human^'^'^"^
consumption
of fish,
deer,
rabbit watPr '
berrxes, and mushrooms. Basic assumptions for estL¡?es of TrTl
envxronmental exposures for both man and wildlife a" ^res'nted^n
the General Introduction to the Herbicide Background Stat^meÍS
TrlZd^li n ÍK ^ ^'""^''^' ^^^"""^ vegetation is sprayed from the
fhî^ÎH fK ° ^^ a.a./acre and that rabbit browse is partlaîîv
shielded by overstory. These estimates are as follows?
Deer:
Kabbxt:

8.64 mg/kg (1.44 mg/kg at 1 lb/acre application)
6.30 mg/kg (1.05 mg/kg at 1 lb/acre apjucation)

a'nî'r:rbit1e?X "îf ^^S1%T' from consumption of fish, deer,
concentrations^ oTâic^Lln^lÎ^^de::; t^^^^" ^'^ ^
Fish tissue concentrations are derived as follows:
- water concentrations: 0.014 ppm
- bioconcentration: l.Q (dicamba has a low tendency
to bioaccumuxate (See Appendix F)).
Fish tissue concentration = 0.014 ppm (0.014 mg/kg)
?ron
'.''f
' concentrations
include dicamba accumulated
rrom Wh'""'f
both oral and
dermal
^vnnmitr-o
T4^^
«^^uoiuxctLea

for deer and rabbit asLle^S d ™anra:nÍíerd"a"í°°l^"í°"r.

deer a"d"-a1bÍ" t^r°^"-b ^' '^ '^=° asLSd^'íL'tlrlf L^s^r'rof'^'

r:utí™irstít':n"r:ni:r:.™iLí°í.\?Tc2:ba"íí=

assumed that 15 percent of Ingested dlcat¿a°;oulTbe"¡bs:íbe"d: based
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on limited metabolism data (refer to Appendix F),
concentrations of dicamba are derived as follows!

Deer tissue

Dermal Exposure contribution assumes 10 percent absorption of
a single exposure, or 0.1414 mg/kg (dermal exposure) x
0,1 « 0.01414 mg/kg.
Oral Exposure contribution assumes 15 percent assimilation
of two^days feedings or 8.64 mg/kg/day (oral exposure) x 0*15
X 2 days ^ 2.592 mg/kg.
Total Deer Tissue concentration ^ 0.0141 mg/kg + 2.592 mg/kg ^
2,60614 mg/kg (2.606 ppm).
Rabbit tissue concentrations of dicamba are derived in the same
way as for deer, as followsî
Dermal Exposure contribution assumes 10 percent absorption of
a single exposure, or 0.5642 mg/kg (dermal exposure) x Otl =
0.05642 mg/kg.
Oral Exposure contribution assumes 15 percent absorption
of two-days feeding, or 6.30 mg/kg/day (oral exposure) x 0.15
X 2 days ^ 1,890 mg/kg.
Total Rabbit Tissue Concentration ^ 0.05642 mg/kg + 1.890 mg/kg =
1.94642 mg/kg (1.946 ppm).
Based upon the above fish^ deer, and rabbit tissue concentrations and
human consumption rates, the following estimates of maximum human
oral exposures to dicamba from eating meat are derivedf
Fish meat;
0,014 mg/kg x 2 days x 0.5 kg/day/person T 50 kg
person « 0.00028 mg/kg.
Deer meats
2.606 mg/kg x 2 days x 0.5 kg/day/person T 50 kg
person - 0*0521 mg/kg•
Rabbit meatî 1.946 mg/kg x 2 days x 0.5 kg/day/person ^ 50 kg
person = 0*0389 mg/kg.
Water and plant consumption by man would result in the following
oral exposures to dicamba based on assumptions stated in the General
Introduction to the Herbicide Background Statements at an application
rate of 1,4 lb a.i./acre (aerial)i
Waten
Berries;
Mushrooms'.

0.0006 mg/kg (0,0004 mg/kg at 1 lb/acre application)
0.0014 mg/kg (0,001 mg/kg at 1 lb/acre application)
0.0007 mg/kg (0.0005 mg/kg at 1 lb/acre application)
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4.3

Hazard Assessment

Toxicologlcal properties of dicamba to man, fish, and small
mammals have been summarized in Table 2-1 and detailed in Section 2
of this Herbicide Background Statement. Table 4-2 compares estimates
for both occupational doses and environmental exposures in man and
wildlife with reported toxicity information (dermal LD^Q in rabbits,
rat inhalation results, rabbit and rodent acute oral LDSQ'S, and
immersion LC5o*s for fish). The reported exposure levels at which
toxic effects have been observed in experimental animals are
considerably higher than levels estimated for Forest Service applications. Based upon chronic feeding for 19*5 months to determine
carcinogenj.clty, a NOEL of 1000 mg/kg is reported in mice. Assuming
a 100-fold margin of safety for extrapolation to man (a factor of
10 for inter-species variability and a factor of 10 for human
intra-species variability), one can assume that 1,000 mg/kg
100,
or a 10 mg/kg oral dose in man, will not result in adverse acute
effects* The estimated human exposures from ingestion of water,
game, and plant material are well below 10 mg/kg per day.
Small mammal studies have shown that dicamba applied to the
eye is mildly irritating and that dicamba applied to the skin also
is mildly irritating. Only a high dose (relative to those expected
for humans) of dicamba in rabbits decreased the number of implan^
tations and number of live fetuses« Dicamba is not mutagenic and
does not appear to be carcinogenic. These studies are summarized in
Table 2-1 and detailed in the Appendices. Generally, they indicate
that there should be no significant potential for adverse
reproductive, mutagenic, or carcinogenic effects to Individuals from
dicamba use, if proper care is taken during application.
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Appendix A
Summary of Dicamba Toxicity Data for
Invertebrates and Microorganisms

Di-35

appendix; A
SimiB'ary of Dicanba Toxicity Bata for Invertebrates and MicroorgaolsHis

Formulation

Dicanba

Organ!so

Honeybee
(losecta)

Dlcamba

Mature of
Exposure

Eiposure
Time

Effects

References

ïïigestioE

LD50, * 3.6 fxg/bee

Ingestion

LD50 >10 jj.g/bee

Acetone solution of
dicaiuba mixed with
sucrose fed to bees«

Stevenson 1978

Edeoa and
Sanderson 1965
in Plmerttel 1971

Bicaiiba

loineybee (Apis
■elliferaî
Insects^'

Ingestion

up to
60 days

No reduction In
rate of nortallty
(half-life of
colony) of bees
fed 10. 100, and
1,000 ppn (weight)
dtcaaba compared
to controls.

Dicamba concentration
in 60% sucrose solution.

Morton et al,
1972

BaBve,

loneybee (Aple
melliferaî
Insecta)

Ingestion

«p to
60 days

No reduction in.
rate of mortality
(half-life of
colony) of bees
fed 10, 100, and
1,000' ppm (weight)
Banvel® compared to
controls.

lanvel*^ concentration
in 60% sucrose solution.

Morton et al.
1972

Bicanba

Honeybee (Apis
mellifera;
Insecta)

Surface
absorption
(contact)

LD50 >100 p-g/bee

Unforœulated dicamba
dissolved in acetone
applied to anesthetized
bee.

Stevenson 1978

Honeybees
(Insecta)

Surface

2.6 percent «OTtality in bees
dusted with dose of

Bicaaiba

absorption

(contact)

91 fjig/bee.

HI

Cooneiits

Stevenson 1978
Atkins 1975 in
Ghassemi et al.
1981

t

Appendix A (Continued)

CO

Fomulatlon

OrganlsiB

Matore of
Exposure

Dlcamba

Co'Ckroacti
(Blattella
germaalca;
Insecta)

Ingestloa

Dlcaœb«

Cladocerati

Surface absorption

Exposmre
Time

Effects

Comment8

Dlcamba at
1,,000' PI» in food
ted no effect on
larval wortallty,
development time
of larvae,, OT
reproductive potential of feoaleo
through two generations cooipared to
controls-

Riviere 1976

48 ho'urs

EC'50

Decapod (stiriup) Surface aboorptlon,
(PalaeaioneteB
static Moasaay
sp.; Crustacea)

96 ho'ura

LC5Q > 56 ppŒ

Hard vater, 21*C„
mature specimens.

Cladoceran
Surface absorption,
(Daphnla magna ; static blo^assay
Crustacea)

48 hours

EC50 > 100' pp«

Hard water, 21*C,
Ist instar opecliueas.

Sowbdig^ .Isopod
(AseHUB sp. ;
Crustacea)

Surface absorption,
static bioassay

96 hours

LC50 >100 ppn

Hard water,, 15'C,
mature specimens.

Ainphlpod
(Gammarug
faeciatUH;
Crustacea)

Surface absorption,
static bioassay

96 hours

LC50

Hard water, 15"*C,
mature specimens.

Amphlpod
(Gammarus
lacustrls;
Crustacea)

Surface absorption

96 hours

LC5Q • 3.9 ppn

Surface absorption

24 hours

I£^Q ■ 10' ppBB

Amphlpod
(GammaruB
lacustrls;
Crustacea)

Surface absorption

^B hours

IC50 "■ 5.8 ppm

pui

11 ppB

15.6** C

Crustacea
ÜlcÄtBiba,
Techaical
(881)
Material

Dlcanba

Dlcamba

References

Sanders and
Cope 1966 in
Hulbert 1975

Johnson and
"Flnley 1980

lOiOi ppn

21.1'C

Sanders 1969
le Pimente1
1977

U.S. Department of the
Interior 1968
in Pimental 1971

Appendix A (Continued)

Nature of
Exposure

Exposure
Time

Seed shrimp,
Decapod
(Cyprldopsis
vidua; Crustacea)

Surface absorption,
static bloassay

48 hours

TL50 >100 ppn

21.0*C

Scud, Amphipod
(Gammarus
fasciatus;
Crustacea)

Surface absorption,
static bloassay

48 hours

TL50 >100 ppw

IS.S^C

Dlcamba

Sowbug, Isopod
(Asellus
brevtcaudus;
Crustacea)

Surface absorption,
static bloassay

48 houre

TL50 >100 ppw

15.5"C

Dicanba

Glass shrimp.
Decapod
(Palaemonetes
kadiakeasls;
Crustacea)

Surface absorption,
static bloassay

48 hours

TL50 >100 ppn

21.0''C

Crayfish, Decapod
(Oronectes nais;
Crustacea)

Surface absorption,
static bloassay

FormulâtIon
Dicamba

Organism

Effects

Conments

References

Cope 1970

I

Baave#,
Technical

Cladoceran (Daphnia
sp.; Crustacea)

Banvel®,
Technical
(86.8X
a.i.)

Glass shrimp
(Crustacea)
Fiddler crab
(Crustacea)

Cope 1970

—

:

48 hours

TL5Q, >100 ppn

48 hours

LC50 " HI Ppo»

96 hours

IC5Q >100 ppm

96 hours

LC50 >180 pp«

15.5**C

—

VeisIcol Chemical
Corporation data
cited In Ghassemi
et al. 1981
Velslcol Chemical
Corporation data
and O.S. Envlron. mental Protection
Agency data cited
in Ghassemi et al,
1981

H.
4>
O

Appendix A (Concluded)

Fomrolatloo

Mature of
Exposure

Organism

Ejcpooiire
Time

Effects

Dicanb«
(Sodii»
salt)

Bacteria

Surface «beorptioti

7 days

It was reported that
601 (BIC) of 50
cultures showed
reduced or no
growth with 50 ppiffl'
herbicide In raediuai.

Dlcanba
(Sodium
salt)

Actlnonycetee

Surface abooxptlon

7 days

It was reported that
14% (sic) of 40
cultures showed
reduced or no
growth with 50 ppm
herbicide in «ediu«.

Mcawba
(Sodlimi
salt)

Fungi

Surface abaorptioe

7 days

ît was reported th4at
6X (sic) of 70
culture» showed
reduced or nO'
growth with 50 ppm
herbicide lin «ediu«.

Dicamba
(Sodiuii
salt)

Yeast®

Surface abaorptlon

7 days

Dlcatiba

17 Strains of Algae
(Chlorophyceae)

Herbicide Incorporated into culture
mediuia.

DicaiibÄ

Soil Mlcrobial
Populations

Herbicide iocubated
in soil at a coti-cenitratioii equivaleot to 5 tons per
acre.

*Bata not available or not applicable.,

Conmeiito

Cooper et al»
19'78

Coo'per et al«
1978

Nooe of 15 cultures
showed reduced or no
growth with 50 pp«,
herbicide in ■uediwi.
Two of 17 etraînai
showed reduced
growth with dicanba
up to 10 ppti«

56 days

Referencefl

€©2 evolution
reduced by 11 to
141 compared to
controls»

Cullimore 1975

Calcareous-loan soil.

Stojaaovlc et
al. 1972

Appendix B
Summary of Mcamba Toxicity Data for Fish and Amphibians
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Appendix B
Summary of Dl camba Toxlcity Data for Fish and Amphibians

Formulation

Organ!SB

Nature of
Exposure

Expoaure
TlBie

Effects

Surface absorption

24 hours
48 hours

1^50 * 600 ppm
LC50 » 410 ppm

Dlcanba
(liqwid)

Bluegill

Dlcamba
(Banvel D^^,
acid)

Bluegill

Surface absorption

24 hours

LC50 « 20 ppm

Banvel D®adsorbed onto
verialculite.

Dlcamba,
Technical
(88%
Material)

Rainbow trout

Surface absorption,
static bloassay

96 hours

LC50 - 28 ppm

Temperature 12'*C,
0.8 gram fingerllngs.

Bluegill

Surface absorption,
static bloassay

96 hours

LC50 >50 ppŒ

Temperature 12"C,
0.8 gran, fingerllngs.

Dlcaoiba

Coho salaoti

Surface absorption,
static bloassay

24 hours

LCcn « 151 ppm
(a.i.)
LC5Q • 120 ppm
(a.l.)

48 hours

Rainbow trout

Surface absorption

48 hours

LC50 " 35 ppm

Bluegill

Surface absorption

48 hours

^50 " 130 ppn

Dicainba
(Banex®)

Mosquito fish

Surface absorption j,
static bloassay

24 hours
48 hours
96 hours

TL50 " 516 ppm
TL50 • 510 pp«
TL50 * 465 ppm

Dica«ba

Rainbow trout

Surface absorption

72 hours

100 percent morbidity at 320 ppm

Dlcamba
(Banve#)

Coho salmon

Surface absorption,
static bloassay

144 hours

No effect observed
at concentrations
up to 100 ppm

Dlcamba
(Baevel vß)

HI

Co'Dunentis

Juveniles, pH about 7.7.

Values were reported as
•^ "estimated 48-hour
I.C50S".

References

Htighes and
Davis 1962 in
Lorz et al.
1979

Johnson and
Flnley 1980

Bond et al.
1965 in Lorz
et al. 1979

Bohmont 1967
► in Plmentel
1971

21 to 22"C
[Johnson 1978

Bond et al.
1965 in Lorz
et al. 1979

Yearling salmon. Dissolved oxygen 8.5 ppm,
pH 7.03, temperature
lOll^C.

Lorz et al.
1979

H"
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Appendix B (Concluded)

FO'tttulatloE

Organlfi

Mature of
Eiposure

Exposore
Time

Effects

Dlcaaba
(Technical)

■Bluegill

Surface absorption

48^ ho'Ura

LC50 " *0 ppn

Bari¥el®
(4 lb/gal,
DMA.)

Bltieglll

Surface absorption

96 houro

LC5Q > 1,000' ppa

Banvel^'
(Teclmical
86.8Z a,i.)

Stieephead alimow

Surface absorption

96 hours

LC5Q >180' ppO:

Dicaaba
(Technical,'
88%)

Cutthroat tro^ut,

Stirface abfl'orption,
static bloassay

96 houre

LC^n >50 ppn
(a.î.)

Banvel®
'(Technical)

Bluegill

Surface abeorption

96 hours

,LC5o - 135 ppw

Rainbow trout

Surface absorption

96 hours

ÍC50 - 135 ppo:

Frog, Adelotue
brevis

Surface absorption

24 hours
48 hours
96 hours

LC5Q «' 220 ppin
LÇ50 - 202 pf»
LC50 "■ 185 ppn

24 hours
48 hours
96 hours

LC50, »• 205 pp«
l^^o " l^^ pp«'
UC^Q ■ 106 pp«

Dlcanba
(Bane#)

Frog,
Lirnnodynastee
peronl

Surface abeorptlon

Data are not available or not applicable.

Conraeats
24" C

References
Cope 1965 itt
Sanders 1970
Velsicol
Chemical Corporation data
'and EPâ
"registration
files cited In
Ghassettii et
al. 1981

Viîhen di camba at 50 pp«
was tested in coœblnation with 2,4-D esters
(butyl ester and
prop)flene glycol butyl
ether ester) and
picloram, there was no
ajftiergiatic effect on
dîcamba or the other
herbicides.

Woodward 1982

¥elslcol
Chemical Corporation 'data
cited in
Gha,seettil et
al» 1981

One to Z-week old tadpoles , water temperature -Johnson 1976
21 to 22*C,
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Appendix C
Summary of Dicamba Toxlclty Data for Birds

Formtilation

Di cataba

Organism

Pheasants

Nature of
Exposure

Eiposure
Time

Assumed to be
oral.

Effects

References

LD50 " 673 Mg/kg
(females)

Edson and
Sanderson 1965
In Pimentel
1971

LD50 • 800 rngZ/kg
(males)
Banvel 310®
(Technical)

Mallard duck

IngestlO'n

Banvel®
(Technical
86.81 a.i.)

Mallard duck

Ingestion

Mallard duck

LC50 - 2,000 fflg/kg

EPA registration data cited
In Gbassemi et
al. 1981

Acute

LC50 - 2,000 mg/kg

Ingestion

8 days

LD50 >10,000 ppm

Bobwhite quail

Ingestion

8 days

LC50 >10,000 ppiis

¥el8Ícol
Chemical Corporation data
"cited in
Ghassemi et al.
1981

Mallard duck

Ingestion

8 days

LC50, > 10,000 ppm

Bobwhite quail

Ingestion

8 days

LC50 >10,000 ppm

Banvel 310®
(4 lb/gal.
dimethylaniiQe
salt)

Mallard duck

Ingestion

8 days

LC5o>4„600 ppm

Dicamba

Chicken (eggs)

Injection

Banvel XP^
(IOS a.i.)

H-

!

^Data are not available or not applicable.

Decreased rate of
hatching compared
to controls at
doses giving a
concentration In
the egg of 400 ppm.
No effect at
300 ppm, but an
anomalous low hatch
of 200 ppm due to
early mortality.

EPA registration data cited
'in Ghassemi et
al» 1981
VelsicO'l
Chemical Corporation data
cited in
Ghassemi et al.
1981
No teratogenic effects
observed. Acetone
solution used as a
carrier.

Dunachie and
Fletcher 1970
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appendix B
Suimary of Dlcamba Toi:lclty In Mammale

ForMulatlon

Organism

Mature of
Expoetire

Effect»

Coments

References

Acute Oral Toxiclty
Dicamba

Guinea pig

Single dose-oral

Oral LD50, was 566 lag/kg

Edson and Sanderson
1975 In Hayes 1982
and Golovan 1970
in Hayee 1982

Oral LD50 was 3,000 ng/kg

Dicamba

Mouse
(female)

Single dose-oral

Oral LI>5o was 1,189 mg/kg

Mouse
(male)

Oral IJÎ5Q was 1,190 mg/kg

Dlcamba,
acid

Mouse

Oral LB50>4,600 ng/kg

Blcamba

Rabbit

Single dose-oral

Oral LÖ50 was 566 «g/kg
Oral LD50 was 2,000 mg/kg

Dicanba

I

Eat' (male)

Single dose-oral

Oral LD50 was 757 ng/kg

Golovan 1970 in
Hayes 1982

One measurement«

U.S. Department
of Energy 1983
(Edson and Sanderson
1965 in Hayes 1982
and Golovan 1970
in Hayes 1982
I Edson and Sanderson
f 1965 in Hayes 1982

Rat (female)

Oral I.D50 was 1,A14 mg/kg

Banvel®,
Technical

Rat

Oral LD50 vas 1,707 to
2,900 »g/kg

Banvel®.
4 lbs/gal.
DMA

Rat

Oral LD50 was 1,028 to
2,629 »g/kg

Dlcamba,
DMA salt

Rat

Oral LD50 was 1,028 mg/kg

U.S. Department of
Energy 1983

Dlcaiba,
acid

Rat

Oral LD50 was 2,900 +
800 «g/kg

Meed Science Society
of America 1983

Banvel D®

Sheep

No adverse effect.

Palmer and Radeleff
1964

10 dally doses of
250 mg/kg; route
not specified

Veisicol Chemical
' Corporation 1979 in
Ghasseml et al. 1981

I
KM

Appendix D (Contlniued)

Forniylatioa

Organism,

Mature of
Expoowre

Effects

Comnefits

Reference»

Acute Oral Toxicltjr
(Concluded)
mmel..iP

Sheep

2 doae« of
50'0 «g/kg; roate
mo't specified

Fatal to the osie sheep treated.

Banvel

Sheep

1 doae of
1,000' Mg/kgî
roiiÊe not
specified

Mo adverse effect.

5 doaes of
250 ng/kg; route
not specified

Mo adverse effect.

DP

Banvel w^

Sheep

Palmer and Radelcff
1964

Acute Intra peri tone« 1 Toicicity
Dicaiiba

R«t (nale)

Intraperitoneal

LD50 was 80 Mg/kg

Edeon and Sandersoa
1965 in Hayes 1982

AcMte Der«ai Toacicity
Banvel^» ''
Technical

labbit

De'rmal

Dermal LD50 >2,000 mg/kg

Banwl®,
4 Ibfl/gal.
DMA

Rabbit

Bennal

Dermal LD5Q >2,000 mg/kg

Oicanba

Rabbit

De mal

Skin irritation with extended
contact at all doses up to
2,500 «g/kg/day

No other sigES of
toxlclty; 7 of 32
rabbits died due
to oontreatment
related causes.

U.S. Départaient
of Energy 1982

Dlcauba

Rabbit

Dermal

De mal senaitlzation followed
3 wecke of application of
dicamba 3 % weekly. The
animals were challenged 14
and 16 days following the
last dose.

Dicamba has moderate
sensltlzatlon
potential.

U.S. Department
of Energy 1982

Velslcol Cheaical
Corporation 1979 in
Ghasse«! et al. 1981

Appendil D (Continued)

Fonmlation

OrgaalsM

Nature of
Exposure

Effect»

Coaiffienta

References

Acute Dernai Toxiclty
(Coacluded)
Mcaiiba„
ÍMk sait

Rabbit

applied tiïMiiliîted
daily for 2 weeks

?ery «lid Irritation.

Mcanba»
mUk salt

Rabbit

applied lî40
dllution in water
daily for 30 days

No irritatiom.

Dlcaaba,
DMâ salt

Hat

Applied uitdiliited
dally for 2 weeks

¥ery «lid Irritation.

Dicamba,
ÍMk salt

Rat

Applied Is40
diltition in water
for 30 days

No irritation.

Weed Science Society
of America 1983

Eye Irritation
Dicaiiba,
DMA salt

Dicanba,
DMA salt

Rat & Rabbit

Rat & Eabbit

0.1 ml of aqueons
solution

0,2I to 2.0%
adainistered as
single doses or
as repeated doses
for 1 week

No injury to cornea or irle,

No Irritation or injury.

Low grade irritation
disappeared rapidly.
felsicol 1971 in
^ U.S. Departaent of
Agriculture 1981

Inhalation ToKlcJty

I

Banve# DMA
Technical

Rat

Inhalation

Banvel 310";
4 lbs/gal.

Rat

Inhalation

Inhalation I4C50» 4-hour
exposure; >200 ppm

Banvel®,
Technical

Not reported

Inhalation

LC50 4~hour dust was >9.& pp»

Banvel D®
Technical

Not reported

Inhalation

LC5O 4-hout dust was >200 pp«

Inhalation LC50Î 4-hour
exposure; >200 ppm

Velsicol Chenical
Corporation 1979
in Ghasseni et al.
1981

O.S. Departaent
of Energy 1983

Appendix D CCoatlaiied)

í
4>

Foratilatloa

Organism

Nature of
Exposure

Effects

Comaieiito

References

Subchronlc Oral TO'glclty
Dlcamba

Rat (1, male
3 week dietary
and I female study; dosagesî
per dose)
' 658 to 23,5W ppm

Wo evidence of toxiclty.

Dicauba

Eat (5 «ale
4 week dietary
and 5 female etudy; dosages:
per dose)
5,000, 7,500,
10,000, 12,50'0,
and 15,000 ppm

Weight gain was decreased at
high dietary lévela. Posterior
weakness developed In 7 of 10
rats at 15,000 ppm and in
1/10 rats at 12,500 pp«..

Dlcamba»
acid

Rat

BOO ppm in diet
for 3 months

No adverse effect.

Dlcauba,
Teclmlcal

Rat

13 week dietary
study; dosages:
5,000 ppa and
10,000 ppm

10,000 ppffl produced lilstological changes In J-lver,
The nuiiber of cytoplasmlc
vacuoles In liver pareechyiia
was .reduced.

Bicaiiba

Rat (male
and female)

13 week dietary
study dosages:
100, 500, 800,
1,000 ppm

Food consumption and growth
rate normal; no deaths; no
pathology at 7 weeks but at
13 weeks liver and kidney
pathology were 'observed.in 800
and 1,000 ppm and not 100 and
500 ppm groups.

U.S. Departuent
of Energy 1983

Weed Science Society
of America 1983
5,000 ppm suggested
to be the "no'
effect"'dietary
level.

U.S. Impartaient
of Energy 1983

U»S. Department
of Agriculture 1981

Teratology, Reproduction and
Fertility
Dlcamba,
Technical

Mabbit

Dosages: 1, 3,
10 or 20 ngAg/day
on days 6 to
18 of gestation

Poot-iiiplanation losses, and
decreased number of live
fetuses were recorded at 10
and 20 mg/kg/day. No effect
at 3 mg/kg/day. A nontreatinent related decrease in
post-iBaplantatlon loss was
observed in 1 mg/kg/day
group.

No evidence for
teratogeniclty at
10 atg/kg/day or
lower doses. At
10 mg/kg/day
observed decreased
total weight and
post-implantation
losses which were
not co'ïioldered to be
teratogenlc.

U.S. Department
of Energy 1983

Appendix D (Contltiued)

Formiiation

Organisis

Nature of
Expostire

Effects

CoBiieiitB

Reference»

Teratology, leprodection
and Fertility (Concluded)

2-MethoxyRat and
5-tiydrox3rDog
3,6-*dichlorobeiiEoic acld

100 and 250 pp« Im
diet for 90 day»

No adverse effects.

U.S. Department
of Energy 1983

Mcamba

Rat

2 nales and 4
fettalea fed
500 ppn dlcanba
for 3 to 4 «outils
then were nated.
Alaot 2 treated
«alea and 4
treated feaalea
were »ated with
untreated rats.

No change in reproductive
capacity In parents or offspring were observed.

Velslcol 1971 in
U.S. Bepartnent
of Energy 1983

Dicauba

Rat

In a three generation reproduction
study 500 pp«
dicanba were provided in the diet
for 3 to 4 Konthsî
use second litter
of each generation.

No changes in fertility» gestation, viability or lactation in any group were
observed.

U.S. Departnent
of Energy 1983

Bicanba

Bog, Beagle

2 year dietary study
study; dosages: 5^

No carcinogenicity reported.

Carcinogenicity

50 pm

p.
Í

No effect on survival,
body weight, food
cofiBuaptlon, 0.1 graa
weight, he»atology,
or histology of
viscera.

Weed Science Society
of America 1983

p.
I
Un

Appendix D (Gomel(uded)

Mature of
Förtiiil«tloii

Organ!su

EjtfKi'Stire

Effect»

Commenta

References

■Carcinogenlclty
(Con,cloded )
DicaniM

Mice

Dietary adplnletra-tioo of 100, 1,000,
and 10,000 pp«
dicamba for 14 to
19.5 »onth®

Mcawba

Rat

2 year dietary
study; dosages:
5, 50, 100. 250,
and 500 p'pM.

*IMta are not available or not applicable.

Ho carciEOgenlclty reported.

At 10,000 ppn.observed
decreased body weight
and increased liver
weight. Enlargement
of li¥er celia wao
only dose-dependent
effected. Doe to
increase nortallty,
the 10,000 ppd doee
group was teruinated
at 19.5 «onthe.

If.S Itepartiiie'nt
of Energy 1983

Mo neae-Mrable ' effect
on survival,, body
weight, food consimption, organ weight,
hematology^ or histology
of viscera. 'Wo tioetie
storage» Rapid urinary
excretion.

Weed Science Society
of America 1983

Appendix E
Summary of Dlcambâ Mutagenlclty Data

Di-57

Appendix E
ry of Dtcamba Mutagenlcity Data

Formula tiO'ia

Bicamba

Organlsn

Mice, (male)

Mature of
Exposure

Coaraents

1,000 «g/kg orally
or 30 lag/kg
intrapertloneally

Negative: no early
embryonic death following weekly matlugs
with fertile females.

Dominant l>-^thel test.

References

O.S. Department
of Energy 1983

Bicaniba

Bacillus
subtilts

1 rag/ml

Negative

Recombination assay.

Dlcaiffiba

Not specified

300 Dag/kg, roete
not specified

Megative

Host mediated assay.

Velsicol 1981 in
Newton and Dost
1981

Dlcamba

Salmonella
typhlmuriuii

Dose not specified;
Strains TM535,
TA1537, TA1538,
TA98, and TAlOO
in the presence and
absence of S9

Monmytagenic

Hlstidlne reverse
mutation assay.

Poole et al, 1977|
Eisenbeis et al,
1981; and Anderson
et al. 1972

Dicanba

Escherichia coll
WP2

Dose not specified«
In the presence and
absence of liver
activation system

Nonmutagenic

Tryptophan mutation
system assay.

Dlcamba

Saccharomycee
cerevisiae B3

Dose not specified.
In the presence and
absence of liver
activation system

Nonmutagenic

Mitotic recombination
assay.

Bicamba

WI-38 (human
fibroblasta)

Dose not specified

Negative

Unscheduled DNA
synthesis assay.

Dicamba

E. coll (W3110
P3478y
Not specified

I

Effects

Bicamba

B. subtills
(H17 and M45)

Bicamba

£• CQ^^
Bacteriophage T4
AP72 and rll
mutants

Not flpeclficed

Positive: for preferential tonlcity to
repair-deficient
strains.
Negative

Poole et ai. 1977

Relative toiicity
assays. Tested DNA
Toóle et al. 1977
repair proficient (W3110
and H17) and DMA repairdeficient (P3470 and
M47) strains.
^
Induction of rll mutants
of T4 bacteriophage
reversion of bacteriophage AP72 to T4.

Andersen et al.
1972

Appendix F
Summary of Metabolism Studies with Dicamba
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Appendix: F
Sunmary of Metabolisat Studies with Dicaiiba

OTgamis«

Dose

MCAwbi (1*C)

Cow Ciactatiiig)

2.2 «g/kg body weight
per day for 5.5 day«
(equivalent to 60 ppn
in feed). Total of
4.95 graiBS.

Of the total adsinistered dose of
dicamba, 88.8X was excreted in iiritie,
1.5X in feces, and 0.018% in «ilk.
Urine nieasureiienta were within 6 hours
of final dose. MaKlnun concentrations
of dicaieba were 0.04 ppm in ailk. At
autopsy, oaxinuM tissue levels were:
2.59 ppm in kidney; 0.40 pptt in blood;
0.30 ppm in liver; and 0.25 ppit in
ovary. Muscle tissue had 0.02 to
0.03 ppn residues. Most dicanba (75
to 841) was eliainated unchanged,
some (8 to 18X) was netabolized to
3,6-dlchloro--2-hydroxf benzole acid.

Oehler and Ivie 1980

Dicasb®

Lactating dairy
cattle

9 day dietary study;
dosages: 10, 25, 50
80 and 400 pp«

Wo residue in »ilk at 10 to 50 pp«
levels. Residues not exceeding
0.15 ppn in wilk after 9 days of
30 and 400 ppm doses.

Velsicol 1971 in
U.S. Department
of Agriculture 1981

Dicmmb« (^^C)

Various

5 ag applied to
sorghun in a nodel
ecosyste» corresponding to an application
rate of 1 lb/acre
(1.12 kg/ha).

Residues of dlcanba and Its aetabolltes did not accunulate in
organisms in the aodel ecosysten.
Algae had the highest residue levels
at 1.62 ppB, while fish, at the top
of the feed chain, contained tissue
levels of only 0.02 ppn.

Sanbom 1974; Yu
et al. 1975

Fonuiatiom

p.
I
ON

inte

RefereEces

u
H-

ápí>eíidix F (Coïicltided)

I
O
4>
Fomwilatlon

Otgaelfiit

Dicaaiba (^*C)

Mt

Dicaaba

Cow

Dicanlï« i^^C}

Earttiwom
(LiuabrtcMa
terreatrift)

Dlcaiiba

Haa

Dose
0.1 to 0.93 g/kg body
weight adiiliaieteted
by eeO'pliageal ItitybaCÍ0119 incoriporatloe In
in teed» and sobcutaneott« Injection«

Eaxttiworns taken fro»
untreated comtro'l
plots and from plots
treated for 10' years
with; dlcanba. at
0.25 lb/acre
(0.28 kg/ha)- Worn«
were Injected with
10' ¡igfg.

•Data are not avalla ble or not applicable.

Comnients

Référencée

Motre than 90 percent of dose elininated
in urine regardlese of route to adwinl«t rat ion, fecee contained 0'.8' to 7.0'X of
dose. Highest reisidue level® in liver
and kidneyÎ lowest In blood, »uscle and
fat. Ti®sn€ level» proportional to
dose» Most of the ^\' activity in
the fom of ■*•*€ parent die««!»«, at
dietary level« of. 1„000 ppn, at 20Ï of
urinary residues were conjugated with
glticuxonlc acid.

Tye and Engel 1967
in Paulson 1975
and In Hayea^ 1982

Seveitty-'three percent of total dose
detected unchanged In urine within 7
days. None detected in feces or milk,

St, John mnd Lisk
1969 in Haye« 1982

Hora» taken fro« plots previously
treated with dlcanba »etabolized nor®,
^^C labeled dicauba In the laboratory
than wo'icii» fron untreated control plota.

ChiO' and Sanbom:
1978

Based on almost 7s0'00 blood aanple«
froffli the general population,,1.21 were
positive for dicanba« The high value
waa 58 ppb.

Kutz 1983
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Fosamine Auoamonium Summary

Major Trade Names
Chemical Nameî

(R)

Krenite

Ammonium ethyl carbamoylphosphonate

Major Forestry Applicationsi

Applied as a selective herbicide for
conifer release, right-of-way
maintenance, noxious weed control,
engineering uses, wildlife habitat
improvement, and range management.

Detailed Information on toxicology, environmental fate, and hazard
assessment can be found in the body of the Herbicide Background
Statement.
Toxicology
Fosamine ammonium has a very low toxicity to those invertebrates
In which it has been determined, with LC5o's in excess of 1,000 ppm*
Soil fungi and bacteria are unaffected by fosamine ammonium at
concentrations of 100 ppm, but algae exhibited inhibition of nitrogen
fixation at 100 ppm. Fosamine ammonium is practically nontoxic to
fish, with LC^o^^ greater than 100 ppm in all species tested.
However, sublethal effects, such as avoidance, were seen in salmon at
8*9 ppm. In birds, fosamine ammonium has a low toxicity, with
LD5Q'S>5,000 mg/kg in those species tested.
In experimental mammals, fosamine ammonium without surfactant
was not an eye irritant, but with surfactant was an irritant to the
iris and conjunctiva. Fosamine ammonium is a mild to moderate skin
irritant. Chronic feeding in rats resulted in no toxic effects and
no birth defects. In four of five ^ vitro tests, fosamine ammonium
was not mutagenic. Based on toxicity exposure and hazard assessment
evaluations, the estimated human exposures by dermal, inhalation, and
oral routes are well below the estimates of toxicities in mammals.
Environmental Fate
Fosamine ammonium is absorbed by plant stems, buds, and
foliage. Although it is translocated within the plant, effective
action requires the complete coverage of all parts of woody plants.
Fosamine ammonimum has a short persistence in plants and is
metabolized to products which, in turn, have a relatively short
persistence. It does not bioaccumulate in animals, and once
absorbed, is*eliminated rapidly in feces and urine as a metabolite or
as the parent compound.
FA-3

In soil, fosamlne ammonimum has a very short persistence
(half-life of 1 week to 10 days in research studies), is strongly
adsorbed to soil particles^ and is not mobile* It is rapidly
degraded by microorganisms* In water, loss of activity of fosamine
ammonimum is by microbial decompositions adsorption onto sediments^
and dilution*
Exposure and Hazard
Estimated occupational and environmental exposures to fosamine
ammonimum from normal use are below those levels that would be
expected to have acute or chronic toxic effects or reproductive
effects. Fosamine ammonium is nonmutagenic in four of five systems
tested» No carcinogenicity data are available.
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1.0

General Information

Fosamine ammonium, also known by the trade name* Krenlte^, is a
herbicide and plant growth regulator that is generally used for
selective woody plant control. Its mode of action in plants is to
inhibit or prevent bud development. It is absorbed by buds, stems,
and foliage of plants (Weed Science Society of America 1983)•
1.1

Normal Use Pattern

Fosamine ammonium has been available commercially for only the
past few years since its phytotoxic properties were first reported in
1974 (Han 1979a in Ghassemi et al. 1981). It is registered for control and growth suppression applications in blackberry, white oak,
water oak, red oak, loblolly and Virginia pine, sweet gum, sumac,
black locust, salmonberry, thimbleberry, vine maple, American elder,
eastern white pine, multiflora rose, bracken fern. Eastern cottonwood, sycamore, winged elm, slippery elm, tree-of-heaven, wild grape
and plum, and quaking aspen. It is also registered for contol of
field bindweed and for partial control and growth suppression of
species such as red alder, hawthorn, wild cherry, maple, white ash,
black gum, birch, black cherry, pincherry, basswood, hickory, willow,
sassafras, yellow poplar, elm, big leaf maple, choke cherry,
persimmon, red maple, sourwood, and tulip tree (Weed Science Society
of America 1983). In noncrop areas, fosamine ammonium is used along
rights-of^way to maintain railroad, utility, pipeline, and highway
corridors; along drainage-ditch banks; at industrial plant sites and
storage areas; and on land areas to be cleared adjacent to and
surrounding domestic water supply reservoirs, supply stations, lakes,
and ponds (Meister Publishing Company 1981).
Fosamine aiMaonium is used in forestry for conifer release,
rights-of-^ay maintenance, noxious weed control, engineering uses,
wildlife habitat improvement, and range management. Typical
application rates are from 6 to 12 lb a.i./acre (6,8 to 13.5 kg/ha),
with the higher rates to be used on brush stands and on areas where
only resistant species predominate* Water is the usual carrier for
application of fosamine ammonium at a rate of 30 to 300 gallons per
acre for ground spray and 10 to 40 gallons per acre for aerial
spraya Nonionic surfactants are usually added to the spray mixture
to increase the rate of penetration into the plant (Weed Science
Society of America 1983). Statistics on the use of fosamine ammonium
by the USDA Forest Service are presented in Table 1-1. Application
rates ranged from 0.25 to 8,0 lb a.i, a.1./acre for the ten USDA
Forest Service projects in which fosamine ammonium was used in 1982.

*Trade names are used only to provide information and do not imply
product endorsement.
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TáBLE 1-1

5î

ÜSDA Forest Ser¥ice Fo^samine ABmoniua use
active Ingredient per acre (lbs)
Ptirpose

Range

AYerage

Acres
Treated

Fonwlation

Application
Method

, -«_-___„____ 1981
Aerial
Conifer release
Rlght-o-f-way

4.3
10'. 0-10.7

4.3
lO^.J

222
91

Liquid
Liquid

Helicopter
Helicopter

0'.6
1.2-8.7
11,5

3.2
11.5

50
498
96

Liquid
Liquid
Uqwid

Individual plant
Broadcast
Broadcast

1.5

45

Liquid

Individual plant

1;530

Liquid

Gro'und foliar

Gro'und
Noi:iO'U8 weeds
Rlght-O'f-way
Site preparatloa
Wildlife habitat
impro^venent

1,5

1982
Ground (10' Projects)
. Engineering j,
Mlldllfe, and,
Coiiifer Release

Source:

Gross 1983.

0.25-8.0

3.4

Fosamine ammonium is manufactured and marketed in the United
States by the E.I. DuPont de Nemours Company under the trade names of
Krenite® Brush Control Agent and Krenite®S Brush Control Agent which
are available as liquid formulations (Meister Publishing Company
1981). Table 1-2 lists the major formulations of fosamine ammonium
marketed in the United States.
Fosamine ammonium is best applied in the late summer or early
fall5 before autumn coloration* It is absorbed by plant foliage,
stems, and buds with no immediate visible effect in deciduous species
and with a browning of foliage soon after application in many
nondeciduous species• In the following spring, after treatment, bud
development is either totally suppressed, resulting in no formation
of new foliage s or inhibited so as to form small^ spindly leaves. In
many cases^ the stems of woody plants may remain alive for several
years after fosamine ammonium application (Weed Science Society of
America 1983 and Ghassemi et al. 1981).
1.2

Physical and Chemical Properties

The active ingredient of fosamine ammonium and its formulations
is ammonium ethyl carbamoylphosphonate, with the following structural
formula (Dupont 1983)s
O

O

Il

ii

CH3CH2 - O - P - C - NH2
f

0NH4
Fosamine ammonium has a molecular formula of C3H]^^2^N204p and a
molecular weight of 17Q.1, In its pure form, it is a white crystalline solid with a melting point of 347^F (Í75''C) and a specific
gravity of 1,33. At approximately IT"^ (25*'C), it is highly soluble
in water (179 grams/lOO grams water), moderately soluble in methanol
(15.8 grams/100 grams methanol)^ and only slightly soluble in other
organic solvents (0*004 grams/100 grams chloroform; 0.02 grams/
100 grams n^he^anei 0.03 grams/100 grams acetone; 0*04 grams/
100 grams benzene; 0.14 grams/100 grams dlmethylformamide; and
1.20 grams/100 grams ethanol) (Dupont 1983).
Fosamine ammonium is corrosive to brass and copper. Consequently ^ spray equipment should be thoroughly rinsed of all traces
of fosamine ammonium after use (Weed Science Society of America
1983). At 77**F (23®C)5 the vapor pressure of fosamine ammonium is
4x10"^ mm Hg.
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Table 1-2
Fosamine Ammonium Fo^ulations

Formulation

Active Ingredients

Krenite® Brush
Control Agent

41.5% fosamine ammonia
(4 lb/gal. [480 g/£])

Miscible liquid

Krenite® S Brush
Control Agent

41.51 fosamine ammonia
(4 lb/gal. [480 g/l])

Miscible liquid 5 Includes
a surfactant.

SOURCEî
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Comments

Weed Science Society of America 1983,

2.0

Toxicity of Fosamlne Ammonium

There are very few reports of animal studies on fosamlne
ammonium toxicity available In the open literature. Most studies
have been conducted by E^I. DuPont de Nemours Company, the manufacturer of fosamlne ammonium. This section draws, to a large
extent^ upon material provided by DuPont (Schneider and Kaplan 1983).
The toxlcological properties of fosamine ammonium, summarized in
Table 2-1^ show that this herbicide is generally nontoxlc or only very
slightly toxic to those animal species tested. Fosamine ammonium Is
relatively toxic to a wide range of nontarget plant species^ and even
moderately susceptible and resistant plants will have some suppression
of terminal growth as a result of contact with fosamine ammonium
(Weed Science Society of America 1983)* Studies with rodents,
rabbits, dogs^ and sheep^ as well as laboratory cellular studies,
indicate that fosamine ammonium is nonteratogenic, does not adversely
affect reproduction, and is nonmutagenic. Carcinogenicity studies
have not been reported for fosamine ammonium,
2.1

Invertebrates and Microorganisms

Fosamine ammonium toxicity has been determined for only a very
few invertebrates and for a few microorganisms. The available
studies are summarized in Appendix A and indicate that fosamine
ammonium has a very low toxicity to those organisms tested^ with
LC5o^s in excess of 1^000 ppm in Invertebrates and no significant
effects on soil fungi and bacteria at concentrations as high as
100 ppm. However3 algae exhibited Inhibition of nitrogen fixation
within 8 hours when treated with 100 ppm fosamine ammonium (Hallborn
and Bergman 1979 in Ghassemi et al. 1981 and 1982). Toxic effects
occurring at concentrations greater than 10 ppm in aquatic organisms
are considered indicative of compounds that are only slightly toxic
(Clarke et al. 1970)«
For the most part^ toxicity studies with invertebrates and microorganisms have been done in controlled laboratory environments. As a
consequence of the laboratory environment and the experimental designs
employed, the results do not necessarily present a true reflection of
the potential effects of fosamine ammonium in a natural environment.
For example, in the laboratory^ aquatic organisms were kept up to
4 days with continuous exposure to fosamine anmonlum. Microorganisms
were grown in culture media containing fosamine ammonium, often at
concentrations several orders of magnitude greater than those normally
found in the environment following application. In contrast^ in
natural aquatic and nonsoil terrestrial enviroiments, exposure to
fosamine aomonium or other mañ-=made chemicals is usually a transient
phenomenon whose duration depends on the rate of streamflow and on
the rate of decomposition of the chemical. Additionally^ in natural
FA-9

Tabla 2-1
Summary of Toxicological Properties of Foiamine^

1.

Acute Oral Toxicity

Organism (Formulation)

Adverse Effects

Rat (Krenite®)

LD50 - 24,400 mg/kg

Rat (Krenlte®S
41*5% a«i, +
surfactant)

LD50 >5,000 mg/kg

Guinea pig (teenite^

LD50 - 7,380 mg/kg

Dog (42.5% a.i.)

ALD >12,800 mg/kg

Fish, adult (Fosamine
ammonium^ 421 formulation)

LC50 >1,000 ppm

Birds (Fosamlae Ammonium
salt, unformulated)

LD50>5,000 mg/kg

2«

Acute Dermal Toxlcity

Organism (Formulation)

Adverse Effects

Rabbit (4ia% a,i. +
surfactant, 42% a,i.)

LD5Q> 1,683 mg/kg

Guinea pig (unformulated)

Not a skin Irritant or
sensitizer. Transient mild
erythema*

3.

Eye Irritation

Organls^^Formula t ion)
Rabbit (Krenite®
42% a.i.)
Rabbit (41.1% a,i. +

surfactant)

FA-10

^Adverse Effects __^
Not an eye irritant.

Transient corneal opacity
and irritation to conjunctiva
and iris.

Table 2-1 (Continued)

4.

Inhalation Tosicity

Organism (Formulation)

Adverse Effects

Rat (Krenite®)

1 hour ALC >56.6 mg/l
in sales and >42.0 mg/l
in females«

Rat (4ia% a.i. +
surfactant)

Males I LC50 - 3.30 mg/l (95%
c,l. « 2.57 to 4*48 mg/l)
Females: LC50 "^2,75 mg/l
(95% c»l, « 1,93 to 3.36 mg/l)

5*

Intraperitoneal Toxlcity

Organism (Formulation)

Adverse Effects

Rat (42% a,l,)

LD50 ^ 3,000 mg/kg

6.

Subchronic Oral Toxicity

Organism (Formulation)

Dose and
Length of Treatment

Adverse Effects

Rat (42% Formulation)

10 doses of 2,200 mg/kg/day
for 2 weeks

No histopathoiogical
evidence of toxicity;
mild diarrhea

Rat (unformulated)

0 to 5^000/10,000^ ppm
in diet for 90 days

No compound related
toxicity swelling.
NOEL - 5,000/
10,000 ppm

Rat (unformulated)

1,000 ppm in diet for
3 months

No adverse effects
except diarrhea*

Dog (unformulated)

0 to 10,000 ppm in diet
for 6 months

Increased stomach
weights in high dose
females, HOEL *
1,000 ppm.

Sheep (41.5% a.i.)

0 to 2^000/2,500^ ppm in
diet for 90 days

mm. - 2,000/
2,500 ppm.
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Table 2-1 (Concluded)

1.

Reproduction^ Teratology and Fertility

Organisa

]^5se and
Leqgth of Treataent

Adverse Effects

Rat Cunformulated)

Fed 0 to 5^000/10,000 ppm
through maturation 5 production and weaning of
2 litters

No adverse effect on
reproduction or lactation*
NOEL ^ 5,000/10,000 ppm.

Rat (42% a.l.)

Fed 0 to 10,000 ppœ days
6 through 15 of gestation

No embryo-fetal toxicity
or teratogenicity^
NOEL - 10,000 ppm.

8.

Mutagenlclty

Organism (Formulation)

Adverse Effects

Salmonella typhimuriua

Nonmutagenic

Chinese Hamster Ovary cells Point
Mutation assay

Nonautagenic

Chinese Hamster Ovary cell In vitro
Cytogenetic Assay

Chromosome damage with
and without activation^

^ V^yo Bone Marrow Cytogenic
Assay in Rats

No chromosome aberrations.

Unschedule DNA Synthesis assay

Not induced.

^T^^ol^^"^ata""w^
an be found in the appropriate ap^ndix.
^This nomenclature means animals were initially placed on the low concentration
diets, but due to an absence of toxlclty the dosage in the diet was Increased to

the Mgher concentration^
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systems, interaction with other man-made and naturally occurring
chemicals and changes in environmental factors may affect herbicide
assimilation and metabolism by invertebrates and microorganisms.
These interactions, in turn, potentially alter the tolerance levels
of organisms to the herbicides.
All references to invertebrate toxicity studies with fosamine
ammonium (Ghassemi et al. 1981 and 1982) are to two studies reported
by DuPont (Schneider and Kaplan 1983) for honeybees and Daphnia
(waterfleas) which showed 48--hour LC5o's greater than 10,000 ppm and
equal to 1,524 ppm, respectively. Three additional DuPont studies,
one with soil bacteria on two soil types, a second with soil bacteria
and fungi on three soil types, and a third with fungi in an agar
plate assay, indicate no effect with fosamine ammonium concentrations
as high as 20 ppm (for 5 weeks), 10 ppm (for 8 weeks), and 100 ppm,
respectively. Hallborn and Bergman (1979 in Ghassemi et al, 1981 and
1982) reported drastic reduction in the rate of nitrogen fixation by
algae (Nostoc sp.) at 100 ppm fosamine ammonium after 8 hours
exposure*
2.2

Fish

The toxic effects of fosamine ammonium on fish are summarized in
Appendix B. With the exception of a 96-hour LC50 of ^70 ppm for
adult bluegill sunfish, reported adult fish LC^Q'S are all in excess
of 1,000 ppm (Schneider and Kaplan 1983). Clarke et al. (1970)
suggest that pesticides with median lethal concentrations of 10 ppm
or more for fish be considered "slightly toxic," The alevin
(yolk--sac fry) stage in salmonids (Coho salmon and rainbow trout)
were the most sensitive to toxic levels of fosamine ammonium with
LC5o's of 618 and 367 ppm, respectively (McLeay and Gordon 1980 in
Norris et al. 1983). Thus fosamine ammonium should be considered
slightly toxic to nontoxlc to fish.
Despite the relatively high lethal and sublethal toxic effect
levels for fosamine ammonium, DuPont studies indicate that fish can
detect fosamine ammonium at concentrations well below LC50 values and
even below concentrations at which deaths are not observed* Coho
salmon, with a 96-hour LC50 of 9,812 ppm (24-hour renewal), displayed
a threshold of 8.9 ppm for avoidance responses and a threshold of
4 ppm for acute stress as measured by leucocrit values* (Schneider
and Kaplan 1983)« Schneider and Kaplan (1983) report that
threshold-effect concentrations of Krenite® found for salmonids in
partial life-^cycle studies are less than 75 times the maximum
theoretical concentration of Krenite® that would be found in shallow
waters due to direct overhead spray application.

*Leucocrit measurements determine the amount of white blood cells
(leucocytes) in the fish blood as a determinant of stress.
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2.3

Birds

Acute toxicity and dietary studies with birds (mallard duck and
bobwhite quail) conducted by E*I. DuPont de Nemours Company (Schneider
and Kaplan 1983) are summarized in Appendix C« Both species have
reported acute oral LDjg's greater than 5,000 mg/kg body weight
following intubation (oral dosage by tube to the crop) of up to
5^000 mg fosamine ammonium/kg with less than 30 percent mortality
(actual value unreported) In ducks and no mortality in quail* In
subacute oral studies, no mortalities were observed in ducks^ and
variable mortalities in quail^ when fed concentrations of up to
10^000 ppm in feed for 5 days* Other than some evidence of reduced
body weight gain and decreased food consumption in some studies, no
abnormal effects attributable to fosamine ammonium were reported.
2.4

Mammals

Fosamine ammonium is a relatively new herbicide that has not been
extensively tested* The potential health hazards from acute and subchronic exposure to fosamine ammonium have been evaluated in laboratory animals including rats, rabbits, guinea pigs, dogs^ and sheep.
The results of the toxicity tests summarized in Table 2-1, Appendix D^
and Appendix E, are discussed below^
Based on data from acute and subchronic toxicity studies,
fosamine ammonium is mildly toxic. Formulations cause mild eye,
skin, and respiratory irritation* Fosamine ai^onium is not a skin
sensitizer. No teratogenic, reproductive, or embryo^fetal toxic
effects have been induced with fosamine ammonium. Carcinogenlcity
studies have not been reported for fosamine. In five tests for
mutagenicity, fosamine ammonium was nonmutagenlc in bacterial and
mammalian point mutation assays and an unscheduled DNA synthesis
assay. It produced chromosome aberrations in an in vitro test, but
produced no chromosome aberrations in an ^ vivo assay. Based on
these results, fosamine ammonium does not appear to be mutagenic.
2.4.1 'Acute Toxicity
Acute toxicity data are reported in Table 2--1 and Appendix D for
oral, dermal, ocular, inhalation, and intraperitoneal exposure to
formulated or unformulated types of fosamine ammonium.
2A*1*1^ Oral, In rats, acute oral LDJQ'S greater than
5,000 mg/kg are reported for Krenite® (41.5 to 42.5% a.i.), and
Krenlte®S (41.1 to 41.5% a,i* plus surfactant) formulations (Table
2^1)^ Aqueous suspensions of the test materials were administered by
intubation to rats of both sexes in single or repetitive doses. All
animals were observed and/or treated for 14 days* Adverse toxic
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effects induced by fosamine ammonium included weight lossj diarrhea,
salivation I wet perinea^ prostration, and irregular respiration. No
gross pathologic abnormalities related to fosamine ammonium were
observed,
Schneider and Kaplan (1983) reported two acute oral toxicity
studies in female beagle dogs. In the first study, single intubation
of a 42,5 percent a.i« formulation caused salivation and emesis
minutes after dosing. The ALD* was greater than 12,800 mg/kg. In
the second study^ intubation of a 42 percent a,i* formulation yielded
the same toxic effects and an LD50 greater than 15^000 mg/kg.
In guinea pigs, oral intubation of single doses of Krenite®
caused no clinical signs at subiethai doses, and tremors, salivation,
pallor, convulsions, and moribundity at lethal doses (Weed Science
Society of America 1983 and Schneider and Kaplan 1983). The acute
oral LD50 for fosamine ammonium is 7,380 mg/kg in this species.
2.4.1.2 Dermal. Fosamine ammonium is not a skin sensitizer but
may induce mild transient skin irritation (Table 2-1). In rabbits, a
42 percent formulation (Krenite®) applied under occlusive cover to
intact skin for 24 hours caused mild to moderate Irritation that
reversed to normal within 72 hours. A 41.1 percent plus surfactant
formulation (Krenite®S) applied to intact and abraded rabbit skin in
accordance with Federal Hazardous Substances Act (FHSA) procedures
did not qualify as a primary skin irritant. Intact and abraded skin
of guinea pigs were first treated with unformulated fosamine
ammonium, then by 4 weekly intradermal injections of fosamine
ammonium followed after 2 weeks by a topical challenge with fosamine
ammonium. Transient mild erythema developed in some animals after
the initial fosamine ammonium treatment; however, fosamine ammonium
was not considered to be either a skin irritant or a skin
sensitizer. When applied at dose of 1,683 mg a.l./kg body weight
under occlusive bondage to intact rabbit skin for 24 hours followed
by a 72-hour observation period, the 42 percent formulation
(Krenite®) produced no mortalities and no clinical signs of
toxicity. The 41.1 percent formulation plus surfactant (Krenite®S)
applied 5,000 mg/kg under occlusive bondage to abraded skin of 5 male
and 5 female rabbits followed by a 14-"day observation period produced
weight loss in both sexes and mild skin irritation and diarrhea in
males. No clearly treatment-related gross pathological abnormalities
were observed; the LD5Q was greater than 5,000 mg/kg. Groups of 6
rabbits were treated with 0, 600, and 1,200 mg a.i./kg applied to
intact skin under occlusive bondage for 6 hours a day over 10
consecutive days. Peripheral blood was collected prior to treatment
and at sacrifice and all animals were subjected to gross and
microscopic examination. No mortalities occurred and no evidence
FA-15
^Acute lethal dose«

of compound-related abnormalities in clinical signs^ growth, gross
pathology, or histopathology were observed,
2.4.1.3 Eye Irrltation, Krenite®, a 41.5 percent fosamine
ammonium formulation without surfactant^ produced no evidence of eye
irritation in rabbits (Table 2-1). Krenite®S, a 41*5 percent
fosamine ammonium formulation with surfactant, caused occassionally
mild corneal opacity and iritis and moderate to severe conjunctival
irritation in unwashed rabbit eyes with similar but milder effects in
washed eyes. Five of 6 unwashed eyes were normal within 3 days and
all eves had returned to normal within 7 days of treatment (Appendix
D).
2.4.1.4 Inhalation. Two inhalation studies summarized in
Appendix D illustrate that fosamine ammonium in combination with a
surfactant is more toxic to the respiratory tract than fosamine
ammonium alone (Schneider and ^plan 1983). Single whole body
exposure of rats to Krenite®, 42 percent a.i»^ resulted in
approximately lethal concentrations (ALC) for males and females of
greater than 56 and 42 mg/1, respectively^ based on calculations of
material used and air flow. Rapid respiration and mild hyperemia but
no change in weight gain were observed post exposure. Single head
only exposure of rats to Krenite®S, a 41,1 percent fosamine ammonium
plus surfactant formulation, for 4 hours resulted in LC50^s of 3.30
and 2,75 mg/1 in males and females, respectively, based on
gravimetric analysis of exposure atmospheres^ (Schneider and Kaplan
1983). Toxic symptoms which occassionally persisted for 14 days post
exposure consisted of nasal and ocular discharge^ corneal opacity,
lung noise^ weight loss, and weakness. Deaths resulted from lung^
liver, and kidney congestion and associated circulatory-pulmonary
arrest. Pathologic examinations revealed hemorrhagic thymus and
brain, and corneal opacity.
2.4.1.5 Intraperitoneal Toxicity. Single intraperitoneal (ip)
injections of a saline suspension of 42 percent a.l. formulation in
rats followed by a 14-day observation period yielded an LD50 of
3^000 mg/kg (Appendix D). Tremors, prostration, irregular
respiration^ convulsions, and moribundity were observed at lethal
doses in this study.
2.4.2

Subchronlc Toxicity

No deaths and few adverse effects in response to subchronic oral
administration of fosamine ammonium to rats, dogs^ and sheep are
noted in Table 2-1. Dietary provision of 0 to 5,000/10,000 ppm* of
unformulated fosamine aoimonium for 90 days resulted in no clinical.
*This nomenclature means animals were initially placed on the low
concentration diets, but due to an absence of toxicity the dosage in
the diet was increased to 10^000 ppm, the higher dose. The lengths
of time on each diet were not specified for the rat study,
FA-16

body weights nutritional, hematological, biochemical, or gross
pathological toxicity. Equivocal renal tubular effects were
confirmed on subsequent histopathological examination to be unrelated
to fosamine amaonium treatment (Schneider and Kaplan 1983). The NOEL
was 5j000/10,000 ppm (Schneider and Kaplan 1983). In a second
species^ beagle dogs were provided 0 to SsOOO/y^SOO/lOjOOO ppm* in
their diet for 6 months• Increased stomach weights were observed in
the high dose female dogs.
No clinical, body weight, nutritional,
hematalogical, biochemical, urinary, or gross pathological toxicity
resulted (Schneider and Kaplan 1983)» The NOEL for fosamine ammonium
subchronic oral toxicity in dogs was 1,000 ppm. In a similar study,
0 to 2,000/2,500 ppm* of 41.5 percent a.i. formulation was fed to
sheep for 90 days. No evidence of clinical, nutritional, body weight,
motor reflex, or ophthalmic abnormalities were observed. The NOEL
for this formulation in sheep was 2,000/2,500 ppm (Schneider and
Kaplan 1983).
2.4.3

Chronic Toxicity

No data for two year or lifetime studies are available to date.
2.4.4

Reproductive and Teratogenic Effects

No reproductive, teratogenic, or embryo-fetal toxic effects have
been induced with fosamine ammonium (Table 2-1). In a one generation,
2 litter, reproduction study, weanling rats were fed 0 to 5,000/
10,000 ppm unformulated fosamine ammonium through a 90-day maturation
period and through the subsequent production and weaning of
2 litters. No adverse effects on reproduction or lactation were
observed. The NOEL for reproductive effects of fosamine ammonium was
5,000-'10,000 ppm (Schneider and Kaplan 1983). In a teratogenicity
study, pregnant rats were fed up to 10,000 ppm 42 percent â»i.
formulation, Krenite®, from days 6 through 15 of gestation. No
clinical, nutritional, or body weight abnormalities in maternal rats
resulted. No evidence of teratogenicity or embryo-fetal toxicity was
observed and the NOEL was 10,000 ppm (Schneider and Kaplan 1983).
2.4.5

Carcinogenicity

No data are available to date.
2.5

Mutagenicity

Appendix E summarizes five tests for evaluating the mutagenic
potential of fosamine ammonium. All test were conducted with
Krenite (41.5 or 42 percent Fosamine ammonium without surfactant).
*See footnote on previous page.
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Four tests were negative. No mutagenicity was detected in the
Salmonella typhimurium histidlne revertant assay with or without
microsomal activation. A point mutation assay for HGPRT deficient
mutants in Chinese hamster ovary (CHO) cells was negative with and
without activation. An in yltro bone marrow cytogenetic assay for
detecting chromosomal aberrations was negative* In this assay, rats
given up to 105000 mg/kg fosamine formulation were sacrificed, and
their bone marrow cells were subsequently examined. In the fourth
assay, 41^5 percent a.i. fosamine formulation failed to induce
unscheduled DNA synthesis in rat hepatocytes in vitro. The only test
to give a positive response was an in vitro cytogenetic assay
employing CHO cells. Chromosome damage was induced by a 41.5 percent
a,i. fosamine ammonium formulation in the presence and absence of
activation* to the basis of the above results, fosamine ammonium
does not appear to be mutagenic because of its clastogenic activity
in the cultured mammalian cells.
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3.0

Environmental Fate

Fosamine ammonium is a relatively new herbicide used for
post-emergence control of woody plants. Fosamine ammonium tends to
be toxic to nontarget plant species^ is rapidly adsorbed to soil
particles, is rapidly degraded in soil, is relatively stable in water
at neutral pH^s, and has a very low toxicity to all species of animals
in which it has been tested. It is absorbed by plant stems, buds,
and foliage. Absorption through young stems appears to occur more
readily than through foliage. laboratory studies indicate that
fosamine ammonium is translocated throughout the planti however^ in
practice, effective action requires complete coverage of all parts of
woody plants. Fosamine ammonium has a short persistence in plants
and is metabolized to products which in turn have a relatively short
persistence. It does not bioaccumulate in animals (Ghassemi et al.
1982; Norris et al. 1983; and Weed Science Society of America 1983).
3«1

Bioaccumulation and Metabolism

Very little information is available on the bioaccumulâtion and
metabolism of fosamine ammonium in either plants or animals.
Available data derived from Han (1971*^), Chrzanowski (1983), Han and
Krause (1979) and Chrzanowski et al. (1979) are reviewed in Ghassemi
et al. (1981 and 1982), Norris et al. (1983), and Weed Science
Society of America (1983).
3.1.1

Plants

Fosamine ammonium is usually applied to plants in the late
summer and early fall and is absorbed by buds, stems and foliage. In
most plants, effects of herbicide treatment are not evident until the
following spring when buds fail to develop, or develop into miniature
spindly leaves that do not provide adequate photosynthesis.
Consequently, the plant dies. In some species of plants, such as
pines and bindweed which are nondeciduous, leaves may turn brown
immediately after application (Ghassemi et al. 1981 and Weed Science
Society of America 1983).
In greenhouse studies, -^-^C^labeled fosamine ammonium was applied
to apple seedlings. When the material was applied to leaf surfaces,
slower penetration was observed than when it was applied to the stems.
The material applied to the leaf surface had a half-life of 2 to
3 weeks (Weed Science Society of America 1983 and Ghassemi et al. 1981
and 1982).
Metabolism of fosamine ammonium in plants was studied in the
field in a pasture area in which small pin oak were surrounded by
grass and clover (Chzranowski 1983). When applied at a rate of
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12 lbs a.1./acre (13,4 kg/ha), ^^C-labeled fosamine ammonium had an
average half-life of 7 days in the pasture flora* Two metabolites,
carbamoylphosphonic acid and carboxyphosphonlG acid, were detected in
the flora and reached peak concentrations 2 weeks after application
of the parent material and then rapidly declined. One year after
treatment, no fosamine ammonium or the two metabolites were detected
in the pasture at a detection limit <0^05 ppm,
3.1.2

Animals

Fosamine ammonium does not bioaccumulate in animals and, once
absorbed, is rapidly metabolized to carbamoylphosphonlc acid^ which
with parent fosamine ammonium, is rapidly eliminated in feces and
urine. Appendix F summarizes the available studies on the
bioaccumulation of fosamine ammonium in rats^ goats^ and channel
catfish.
Rats, preconditioned with 1,000 ppm fosamine ammonium in their
diet, were administered a single dose of 57 to 58 mg radiolabeled
fosamine ammonium per kg body weight by gavage (Chrzanowski et al,
1979 and Schneider and Kaplan 1983). Urine^ feces, and expired air
were collected and the animals were sacrificed 72 hours after
ingesting the radiolabeled material. Approximately 87 percent of the
total radioactivity was recovered in feces and up to 13 percent in
urine. In one of the studies, only traces of radioactivity were
found in expired air, the gut and the hide^ and 13 percent of the
total radioactivity in urine and feces was due to the metabolite^
carbamoylphosphonlc acid diammonium salt (Chrzanowski et al. 1979).
A lactatlng goat administered 50 ppm fosamine ammonium by
capsule with the feed for 7 days eliminated 9 percent of the
radioactivity in urine and 88.6 percent in feces. After 4 days
feeding, peak concentrations of radioactivity in the goat milk
reached only 0.008 ppm with less than 0.01 ppm of total residues
excreted in milk. Total residues in all tissues and organs at
sacrifice were less than 0.05 percent of the administered dose* Up to
30 percent of the total eliminated radioactivity represented the
metabolite carbamoylphosphonlc acid (Schneider and Kaplan 1983).
Han (1979b) exposed channel catfish for 4 weeks to water
containing 1^1 ppm radiolabeled fosamine ammonium or to water over
soil pretreated with radiolabeled fosamine ammonium at 15 ppm and
aged 30 days prior to flooding. In both studies, the fish reached
peak body tissue levels of fosamine ammonium after 2 to 3 weeks
exposure. Maximum tissue concentrations were lower than those of the
surrounding water. Concentrations of radioactivity in the fish tissue
were reduced by 50 to 90 percent in both cases after 2 weeks depuration (exposure to water without the radiolabeled fosamine ammonium).
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3.2

Soil

There are only limited data available on the behavior of
fosamine ammonium in soil^ These data, provided by Han (1979a)^ are
summarized by Ghassemi et al. (1981 and 1982), by the Weed Science
Society of America (1983)| and by Norris et al. (1983). Greenhouse
and field studies with radiolabeled compounds indicate that fosamine
ammonium has a very short persistence with a half-life on the order
of 1 week to 10 days in field and greenhouse studies^ respectively«
In the fields the metabolite carbomoylphosphonic acid (CPÂ) was found
several days after initial soil treatment, but all [l^C] fosamine
ammonium and [^^C] CPA had disappeared completely by 3 to 6 months
after application. It is a very low mobility herbicide and is not
readily leached from soil or carried away in precipitation runoff,
despite its high water solubility, because it is readily and strongly
adsorbed to soil particles. Because of this strong adsorption of
fosamine ammonium to soil particles, there is little tendency for
groundwater contamination or for surface waters to become
contaminated without direct application of the material. Laboratory
and field studies, though limited, Indicate that photodecomposition
and volatilization are not significant mechanisms for the loss of
fosamine activity in soil. However, it is rapidly degraded by soil
microorganisms. Laboratory biometer flask studies show microblal
decomposition of [^"^C] fosamine ammonium to 1^C02 to be 45 to 75
percent complete after 90 days in the dark (Schneider 1984).
Field studies have been done with ^^C-^labeled fosamine ammonium
applied to surface soils at a rate of 10.1 lb/acre (11,3 kg/ha) (Han
1979a in Harvey 1983)« When applied to silt loam in Delaware, very
little movement of material was detected in the soil column and, after
6 months with over 36 inches (91.7 cm) of rainfall, more than half of
the original applied radioactivity (58 percent) was located in the top
2 inches (5 cm) of soil. In fine sand in Florida, however, the
radioactive material penetrated more rapidly despite less rainfall
(40.4 cm), with only 6,4 percent of the original applied radioactivity in the top 2 inches (5 cm) of soil after 6 months. In this
study, radioactivity lost from soil was assumed to be as ^^C02
because both fosamine ammonium and its metabolite, carbamoyl-phosphonic acid, are essentially nonvolatile. Carbamoylphosphonic
acid was detected in these soils as the fosamine ammonium metabolite
but was lost from the Delaware soil within 6 months and from the
Florida soil within 2 months. After 6 months in both soils, almost
all of the residual radioactivity was identified as reincorporation
products utilizing the radiolabeled carbon from the parent fosamine
ammonium*
Fosamine ammonium is degraded relatively rapidly by soil
microorganisms according to studies reported by Han (1979a in
FA-=21

Ghassemi et al* 1982 and in Weed Science Society of America 1983),
Radiolabeled fosamine ammonium was incorporated into sandy loam and
into silt loam to a concentration of 4 and 20 ppm each in laboratory flasks. Within 90 days^ between 45 and 75 percent of the
original applied radiolabeled carbon had been given off as 1^C02
when the material had not been sterilized. Degradation in sterile
flasks, however, was negligible for the first 20 to 30 days, and
minimal 1^002 evolution observed subsequently was attributed to loss
of sterility.
Han (1979a in Ghassemi et al. 1981 and 1982) also reported
hydrolysis of fosamine ammonium to carbamoylphosphonic acid in soil.
The environmental conditions of temperature^ moisture, and pH that
favor this reaction have not been reported, however.
3.3

Water

Fosamine ammonium is not readily degraded in water under neutral
to mildly alkaline pH conditions in laboratory environments. The
relative importance of various environmental factors studied on the
rate of fosamine ammonium decomposition in water exclusive of
microbial action appears to be pH, temperature, and uv light, in
descending order* (Han 1979a in Ghassemi 1981), Under actual field
conditions, mlcrobial decomposition rates would be high (Schneider
1984), As discussed in Section 3.2, fosamine ammonium is strongly
adsorbed onto soil particles and is not readily leached from soils
into streams and ponds. Fosamine ammonium can enter aquatic systems
as direct spray, as spray drift, or bound to soil runoff. Once in
aquatic systems, it is likely that fosamine ammonium will adsorb onto
bottom sediments or suspended sediments (Norris et al. 1983).
At 5 ppm concentration in the dark, aqueous solutions of fosamine
ammonium are stable (with less than 3 percent decompositon) for
4 weeks at neutral pH (pH 7) and under slightly basic (pH 9)
conditions. Under slightly acidic conditions (pH 5), however, it
hydrolyzes rapidly (half-life of 10 days) to carbamoylphosphonic
acid. At a higher concentration of 7,200 ppm, however, less than
3 percent decomposition occurred at all pH^s observed (Han 1979a in
Ghassemi et al. 1981 and 1982).
Data reported from photodecomposition studies with aqueous solutions of fosamine ammonium indicate that photodecomposition is very
slow in the laboratory and should not play a significant role in loss
of fosamine ammonium in natural aquatic systems. Han 1979a (in
Ghassemi et al, 1981 and 1982) reported only 2 percent decomposition
of fosamine ammonium in a 5 ppm solution exposed for 8 weeks to a
light source equivalent to half of the sun^s intensity at noon. A
5 ppm solution at pH 5, exposed to sunlight for 4 weeks in Wilmington,
Delaware, was only slightly degraded.
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4*0

Exposure and Hazard Assessment

Forest workers^ visitors^ and resident or transient animals are
all potentially exposed to fosamine ammonium during forest spray
operations* For humans and other terrestrial animals, exposures can
be by dermal^ inhalation^ and oral (ingestion) routes. Aquatic
animals are potentially exposed by immersion in waterbodies that may
contain dissolved fosamine ammonium. Calculations of exposure to
fosamine ammonium in this section follow the assumptions and
methodology detailed in Section 4.0 of the General Introduction to
the Herbicide Background Statements, In general, it should be noted
that environmental exposures to fosamine ammonium are brief^ and that
any area sprayed in a given year may well not be sprayed again for
several years• Occupational exposures, at least for some
individuals, may be of longer duration than environmental exposures*
However5 only a limited number of individuals are so exposed,
4«1

USDA Forest Service Fosamine Ammonium Application

Available application data for fosamine ammonium use by the USDA
Forest Service for 1982 are presented in Table 4-1^ Actual exposure
to fosamine ammonium differs among Forest Service personnel involved
in herbicide use, other Forest Service personnel, visitors to Forest
Service lands that have been treated with herbicides, and wildlife
species that are permanent or transient inhabitants of treated areas.
The data presented in Table 4-1 indicate the number of forest
workers involved in application of fosamine ammonium in 1982, as well
as the duration of exposure on a daily and an annual basis. However,
the actual exposure of these workers depends not only upon the
specific formulation, method, and rate of application, but also on
the protective measures employed, the operating condition of the
equipment used, and accidental events which expose workers to the
pesticide.
Fosamine ammonium is readily adsorbed to soil particles. It
persists 7 to 10 days in soil and is rapidly degraded by microorganisms. Consequently, the potential for Incidental exposure of
humans and wildlife to fosamine ammonium is low.
4,2

Exposure

Estimates of potential exposure to fosamine ammonium are based
on aerial as well as ground applications The maximum aerial application rate for fosamine ammonium (see Table 1-1) is 10,5 lb a,i«/acre,
while the compound is applied from the ground (ground foliar) at rates
as high as 8.0 lb a.i./acre. In both aerial application and ground
FA-23

>

Table 4-1

to
4>

ÜSDA Forest Service Application Data for Fo^samine ammonium (1982)

Deration of Ejcposure
FoTmulation
(Nuiiber
of
Projectsj

Method of
Application

Krenlte
(10)

GrO'Und
Foliar

Source:

Gro8:s 1983

A¥erage Number People
Exposed/Project

6.1

Total People
Exposed

61

Maximum

average

Type O'f Management
(Projects)

Hrs/Day

Days/Yr

Hrs/Day

Days/Yr

5.1

11.4

6.3

20'

Engineering (5)
Wildlife (3)
Range (1)
Noxious Weeds (1)

foliar application, fosamine ammonium Is applied as a liquid. The
calculations in Table 4-2 that are based on aerial application
(e,g. spray/observer dose, wildlife dermal and oral exposures, and
water concentrations) assume an application rate of 10.5 lb
a.i./acre* Those calculations in Table 4-2 that are based on ground
spraying (e.g., backpack sprayer dose) assume an application rate of
8.0 lb a.i./acre« Other specific assumptions, based upon the
toxicologlcal and chemical characteristics of fosamine ammonium and
on its behavior in the environment, are discussed in the following
sections• Table 4-2 summarizes the estimates for occupational and
environmental doses and exposures by means of immersion, dermal^
inhalation, and oral routes*
4.2.1

Qccupational Doses

Data are not available on the daily occupational exposures or
doses of fosamine ammonium to forestry workers. However, estimates
of occupational doses have been derived based on the urinary output
of several categories of workers exposed to phenoxy herbicides (e^g*,
2,4-D and 2^455-1). As indicated in the General Introduction to the
Herbicide Background Statements^ urinary output was used to calculate
total doses (i*e,, regardless of route) to workers exposed to phenoxy
herbicides, and this quantity was then expressed on the basis of an
application rate of 1 lb/acre. Daily occupational dose estimates for
fosamine ammonium are based on exposures on a per pound per acre
application rate multiplied by 10*5 lb/acre for observers and
8*0 lb/acre for backpack sprayers« In the case of the aerial spray
observer^ dose estimates are based upon a maximum of one daily
exposure to direct aerial spray with an unprotected skin surface area
of 2 square feet (see General Introduction to the Herbicide
Background Statements). The maximal herbicide dermal absorption rate
is assumed to be, in the absence of data to indicate otherwise,
10 percent* This absorption rate is based on the high water
solubility and low solubility in organic solvents.
At 10«5 lb a.i./acre aerial application rate^ the following
estimate of daily dose is derived;
Observer with Direct Spray Depositionî up to 0,42 mg/kg
(0.04 mg/kg at 1 lb/acre application rate).
For ground applications at 8.0 lbs/acre application rates, the
following estimate of daily dose is derivedî
Backpack Sprayer: 0,32 mg/kg (0.04 mg/kg at 1 lb/acre
application rate)
Occupational doses for the mixer/loader are assumed to be inde-pendent of application rate and have been estimated to be 0.1 mg/kg*
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Table 4-2
Summary of Occupational Dose, Environmental Exposure
and Toxiclty for Fosamine Ammonium
Exposure Route^
Occupational
Dose

Dermal

Mixer/Loader
Observer
Backpack Sprayer

Inhalation

Oral

b

0.1 mg/kg
» up to 0.42 mg/kg
0.32 mg/kg

Environmental
Exposure
0.11 ppm (Immerslo .^

Fish
Rabbits
Deer
iten
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)
Toxiclty Summary

4.23 mg/kg
1.06 mg/kg

Negligible
Negligible

»«d

--.d

NA«
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Acute LD5Q
>1,683 mg/kg
in rats and
rabbits

LC5Q >*2.75 ppm
in rats

11.0 mg/kg
15.1 mg/kg

»-d
0,002 mg/kg (2 days)
0.053 mg/kg (2 days)
0.063 mg/kg (2 days)
0.0042 mg/kg (1 day)
0.0105 mg/kg (1 day)
0,0053 mg/kg (1 day)
Acute oral LD5o's
>55000 mg/kg In rats, Beagle
dogs, and guinea pigs.

Most studiesj ILC50 >1»000 PPffi for figh
^Assumes aerial application at 10.5 lb active Ingredient per acre and ground foliar
application at 8.0 lb active ingredient ^r acre* See text for further explanation.
^Occupational doses Include all routes of exposure.
^Flsh exposure results from immersion in water containing fosamine ammonium.
%uman environmental exposures via dermal and Inhalation routes will be considerably
lees than occupational doses. Therefore, occupational doses are used as a worstcase rather than an estimate of environmental dermal and inhalation exposure.
Oral envlro^ental exposures are estimated for six sources.
*NA represents nonappllcable data.
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Total occupational doses are^ of course, a function not only
of application rate and specific occupational category, but also of
duration of exposure. Table 4-1 Includes estimates of the number of
days per year of exposure^ by fosamine ammonium application method
and formulation used, in 1982* It should be noted, however^ that in
many instances, the same individuals are not exposed throughout the
entire spray period.
4.2,2

Environmental Exposures

Environmental exposures in man occur when forest visitors or
others not directly involved in spray operations come in contact with
spray or sprayed foliage^ inhale spray mist^ eat plants or animals
contaminated with herbicide^ or drink water containing herbicide.
Animals5 both terrestrial and aquatic^ are subject to environmental
exposures as well,
4.2.2^1 Dermal Exposures« Human dermal environmental exposures
would be less than occupational exposures since only spray operators
and observers are directly involved with actual activities on the
spray units« A casual visitor to spray units should be expected to
receive an exposure much less by orders of magnitude than that
of the observer receiving direct spray deposition. Animals in the
target spray zone, however, are subject to dermal exposure. Rabbits
and deer s representing both small and large game animals
respectively^ have the following estimated dermal expostires based on
10«5 lb a.i./acre aerial spray:
Rabbits in Aerial Spray Zonei 4.2315 mg/kg (0.403 mg/kg at
1 lb/acre application rate)
Deer in Aerial Spray Zone; 1*0605 mg/kg (0.101 mg/kg at
1 lb/acre application rate)
4*2,2.2 Inhalation Exposures. Human inhalation environmental
exposures would be less than occupational exposures since spray operatorsg involved with activities on the spray units, are more likely to
be subject to spray mist than is a casual visitor, Thus^ a casual
forest visitor should be expected to receive an inhalation exposure
orders of magnitude less than that of a backpack sprayer.
Environmental inhalation exposures of animals in the spray target
area would occur on a one-time basis and would be limited to a time
frame that can be measured in minutes. Inhalation of fosamine
ammonium vapor would be negligible since the vapor pressure of
fosamine ammonium is low. Inhalation exposure is therefore expected
to be so small that it can be neglected in this analysis.
4.2.2,3 Immersion Exposures. Aquatic organisms are subject
to environmental exposures from immersion in streams and ponds
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adjacent to target spray zones. Assuming a buffer zone of approximately 100 feet between aerial spray zones and waterbodles, envi^
ronmental exposures for aquatic organisms would be equivalent to the
estimated concentration of fosamine ammonium in water, calculated as:
Water concentration: 0.105 ppm (0«01 ppm at 1 lb/acre aerial
application rate)
This concentration of fosamine ammonium represents the estimated
maximum concentration immediately after spraying. If heavy rainfall
occurred immediately after spraying, higher transient concentrations
could occur in streams and ponds. Han (1979a in Ghassemi et al« 1981
and 1982) reported very slow decomposition of fosamine animonium in the
laboratory• Depending on the pH of the water and amount of lights the
decomposition varied between 4 and 8 weeks• However, in natural
environments, microbial decomposition of fosamine ammonium would be
high.
4.2^2.4 Oral Exposures, In terms of oral exposures, any inci^
dental ingestion of fosamine ammonium by workers on the spray unit
would be accounted for by the estimates of occupational dose. Oral
environmental exposures would occur for wildlife eating contaminated
vegetation and for human consumption of fish, deer^ rabbit, water^
berries, and mushrooms. Basic assumptions for estimates of oral
environmental exposures for both man and wildlife are presented in the
General Introduction to the Herbicide Background Statements. Oral
exposures for deer and rabbits^ representing game animals potentially
eaten by humans, assume vegetation is sprayed aerially at 10.5 lb
a.i./acre and that rabbit browse is partially shielded by overstory.
These estimates are as followsî
Deerî
Rabbiti

15«12 mg/kg (1.44 mg/kg at 1 lb/acre application)
11,025 mg/kg (1.05 mg/kg at 1 lb/acre application)

Estimates of human oral exposures from consumption of fish^ deer^
and rabbit require, as a starting point, estimates of maximum
tissue concentrations of fosamine ammonium in fish, deer, and rabbit.
Fish tissue concentrations are derived as follows I
- water concentrationsî 0,105 ppm
- bioconcentrationî 1.0 (actual bioconcentration for fosamine
ammonium is <1*0 in most studies) (Han 1979b)
Fish tissue concentration - 0.105 ppm (0,105 mg/kg)
Deer and rabbit tissue concentrations include fosamine ammonium
accumulated from both oral and dermal exposure. Tissue concentration
estimates for deer and rabbit assume that dermally applied fosamine
FA-28

ammonium is absorbed at a rate of 10 percent as discussed in Section
4.2^1 with regard to spray observer absorption rates. It is also
assumed that oral exposure of deer and rabbit to fosamine ammonium
lasts only for 2 days due to the relatively short environmental
persistence of fosamine ammonium and that only 10 percent of the
ingested fosamine ammonium is assimilated. This latter assumption is
quite conservative since studies summarized in Appendix F indicate that
much less than 10 percent of administered fosamine ammonium is found in
tissues. Deer tissue concentrations of fosamine ammonium are derived
as followss
Dermal Exposure contribution assumes 10 percent absorption of a
single exposure5 or 1*0605 mg/kg (dermal exposure) x 0.1 ~
0,10605 mg/kg.
Oral Exposure contribution assumes 10 percent assimilation of
two-days feeding, or 15.120 mg/kg/day (oral exposure) x 0^1 x 2
days ^ 3^024 mg/kg«
Total Deer Tissue concentration - 0.10605 mg/kg + 3.024 mg/kg ^
3.1300 mg/kg (3.130 ppm),
Rabbit tissue concentrations of fosamine ammonium are derived in the
same way as for deer^ as followsi
Dermal Exposure contribution assumes 10 percent absorption of a
single exposure, or 4.2315 mg/kg (dermal exposure) x 0.1 =
0-42315 mg/kg.
Oral Exposure contribution assumes 10 percent absorption of
two-days feeding^ or 11.025 mg/kg/day (oral exposure) x 0.1 x 2
days ^ 2,2050 mg/kg.
Total Rabbit Tissue Concentration ^ 0.42315 mg/kg + 2.205 mg/kg ^
2V628r^^g (2.628 p'^T""^
Based upon the above fish^ deer, and rabbit tissue concentrations and
human consumption rates^ the following estimates of maximum human oral
exposures to fosamine ammonium from eating meat are derivedî
Fish meatI
0.105 mg/kg x 2 days x 0»5 kg/day/person ^ 50 kg
person ^ 0.0021 mg/kg
Deer meats
3.13 mg/kg x 2 days x 0.5 kg/day/person v 50 kg
person - 0.0626 mg/kg
Rabbit meat: 2*628 mg/kg x 2 days x 0.5 kg/day/person T 50 kg
person « 0.0526 mg/kg
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Water and plant consumption by man would result in the following
oral exposures to fosamlne ammonium based on assumptions stated in the
General Introduction to the Herbicide Background Statements at an
application rate of 10.5 lb a^i./acre (aerial):
Water;
Berries s
Mushrooms:
4.3

0.0042 mg/kg (0.0004 mg/kg at 1 lb/acre application)
0.0105 mg/kg (0,001 mg/kg at 1 lb/acre application)
0.0053 mg/kg (0.0005 mg/kg at 1 lb/acre application)

Hazard Assessment

Toxicologlcal properties of fosamlne amunonium to man, fish, and
small mammals have been summarized in Table 2-1 and detailed in Section
2 of this Herbicide Background Statement* Table 4-2 compares estimates
for both occupational doses and environment exposures in man and
wildlife with reported toxicity information (dermal LD5Q in rats and
rabbits, rat inhalation results, rat^ beagle dog, and guinea pig oral
LD5o's, and immersion LC5o's for fish). The reported exposure levels
at which toxic effects have been observed in experimental animals are
considerably higher than levels for USDA Forest Service applications».
Based on acute feeding studies in three species5 the LD50's are
substantially greater than 5000 mg/kg. Assuming a 100-fold margin of
safety for extrapolation to man (a factor of 10 for inter-species
variability and a factor of 10 for human intra-species variability)^
one can assume that 5000 mg/kg divided by 100^ or a 50 mg/kg oral dose
in man, will not result in adverse acute effects. The estimated human
exposures from ingestion of water, game, and plant material are well
below 50 mg/kg per day.
Small mammal studies have shown that fosamlne ammonium without
surfactant when applied to the eye is not an irritant; however,
fosamlne ammonium with surfactant is an irritant to the iris and
conjunctiva. Fosamlne ammonium fed at rates up to 10,000 ppm in feed
does not result in birth defects (in rats). Fosamlne ammonium fed at
rates 5,000/10,000 ppm did not impair reproduction or lactation
performance in rats. Fosamlne ammonium was not mutagenic in four of
five systems tested. No carcinogenicity data are available. These
studies are summarized in Table 2-1 and detailed in the Appendices.
Generally, they indicate that there should be no significant potential
for adverse reproductive, mutagenic, or chronic toxic effects to
Individuals from fosamlne ammonium use, if proper care is taken during
application.
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Appendix Â
Summary of Fosamine Ammonium Toxicity Data
for Invertebrates and Microorganisms
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Appendix A
Sufflmary of Fo-samine Ammonlun To^xicity Data for lavertebratee and MlcrO'Organiams

•Ttj

>I

Nature of
Exposure

Exposure
Time

Effects

Commettts

References

Fomulatlon

Organls«

Fosaniiie
aiaii'oaluiii salt
C42X
foriiulatloti)

Bees
(Inaecta)

Contact (dermal
adsorption)

48 hours

1X50 > 10,000 pp».
Bees sprayed with test
material at concentrations of 0, 25, 50,
100, 250, 500, 1,000,
and 10,000 ppm.

Sporadic mortality observed
at concentrations
of 100 ppŒ and
higher.

Schneider and
Kaplan 1983

Fosaiiiiie
afflttoniim salt
(unfortiulated)

Cladoceratt
(Daphnia
wagna;
Crustacea)

Surface abaorption, static
bioassay

48 hours

LC50 - 1,524 pp» (95X
confidence limits of
1,310 to 1,720 pp»)

Mimais not fed
during experi"
nent, 24-hour old
individuals used.

Sdmeider and
Kaplan 1983

Fosaniiie
ammonium

Soil fungi:
Aspergillua
nlger,
A. terreus,
Peiticilltuii
citrlittim,
GibfoereXla
saubitietti,
Fusarlum sp.,
Alternarla sp»,
Rhtzoctonia
Bolanl, attd
P^rthimn B£.

Agar plate
bioassay

Foeaminé
anmonliiii

Soil bacteria
and fungi in
3 agricultural
soils (fine
eaad fro'«
Florida» sandy
loan from
Delaware, and
silt loa« fron
Illinois) '

Laboratory

8 weeks

Little or no fungitoxlcity observed at
treatment rates up to
100 ppm.

Dupont data In
Ghasseml et
al. 1981 and
1982 and Han
Krause 1979

Populations and
species of bacteria
and fungi unaltered
when treated with
10 ppn foaaalne
ammonium.

BuPont data in
Ghassemi et
al, 1981 and
1982 and Han
Krause 1979

Appendix' A (Coocluded)

Formulation!

Organ!OH

Nature' of
Expo'sure

Expoisure
Time

Effects

References

Fooanine
amiionluii

Soll-nltrlfyln«,
bacteria in 2
agricultural
soils .(sandy
loam and silt
loan from
Delaware)

Laboratory

5 weeks

No effect on popiilationa or activities
soil nitrifying bacteria when treated
with 0.5, 5, and
20 ppn foeamlne
aimonluia.

Ha.il 1979a,
Hao and Krause
1979, both
in Ghassenl
et al,
1961 aod
1982

Krenlte^

Algae
(MoatO'C 8£, )
isolated from
lichen
(Pettlgera
praetextata)

Laboratory

8 hours

Draetlc redtictlo'ii in
rate of nitrogen
fixation when treated
with lO'O ppn fosaiiine
ammonium with total
inMbitloE after
8 hours.

ItellTborn, and
Bergman 1979
in Ghassenal
et al. 1981
and' 1982

^Data are not available or note applicable»

Appendix B
Summary of Fosamine Ammonium Toxicity Data for Fish
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Appendix B
Swmary of Fosaniite annBoniun Tonicity Bata for Fish

Hi

Nature ot
Exposure

Exposure
Time

Fomulation

Organisa

Fosaalne
aamoniuM salt
(42%
foriBiilatioïi)

italiibow
trout

Surface absorption,
static bioaasay

24 hours
96 hours

Fosanine
atnnoEluB salt
(42X
formulation)

Bluegill
sunfish

Surface absorption,
static bioassay

24 hours
96 hours

Fosamiae
amnicxilun salt
C42t
forawilation)

Fathead
niimow

Surface absorption^ 24 hours
static bioassay
96 hours

Fosaaine
annoniuii salt
(42X
formulât Ion)

Coho salnon

Surface absorption,
both static
bioassay and bioassay with 24-hour
test solution
renewal. '

96 hours

Effects

CoMieiits

Refenenceis

I1C50 > 1,000 pp«
LC50 >1,000 ppB

Fish exposed to 0,
100, 240, 490, 750,
and 1,000 ppn« Fish
not fed 24 hours
before, or during,
test. No effects
observed at
1,000 ppm.

Schneider and
Kaplan 1983

LC50 >li.000 ppn
LC50 » 670 ppn (95X
confidence linits are
378 to 1,190 ppm).

Fish exposed to 0,
100, 240, 490, 750,
and 1,000 pp«. Fish
not fed 24 hours
before, or during,
test« No effects
observed at 240> ppm.

Schneider and
Kaplan 1983

LC5o> 1,000 PPB
LC50 >1,000 ppii

Fish exposed tO' 0,
100; 240, 490, 750,
and 1,000 ppm. Fish
not fed 24 hours
before, or during,
test. No effects
observed at
1,000 ppm.

Schneider and
Kaplan 1983

LC50 " 8,290 ppÄ
(without renewal)
LC50 " 9,812 ppn
(with renewal)

Avoidance EC50 ■"
295 ppm with a
threshold of 8«9 ppm
(no strong preferences observed).
Acute.stress
(leucocrlt values)
EC50 - 198 ppm with
a threshold of
4 ppm.

Schneider and
Kaplan 1983

Appendix B (Cotitlnued)

hrj

I
00

Formulation

KT'CQlte

Orgaialsti

"ITattir'e oF"
Exposure

Co'ho salnoii
alevin (yolks&c fry)

9§ hours
96 hours

Egg Stages

Tearllîig
pre-smolts
Flnglerlliigs

"exposure
Time

Surface absorption (partial
life-cycle studjr)

9§ hO'tirs

96 hours

Effects

Comneiots

Alevin waa the »oat
aeasitlve stage»
Post-ex,poiaure morLC5o'8 fmm 25,377 ppn to talities occurred
64,450 pp» (including
after a 9(6-hoiiir expost-exposure mortality)
po^aure in all life
3tagea. Value« for
96-hoiir hC^Q for
LC50 * 7,014 ppn (LC50 "■
3,295 ppa ificludinÄ pO'St- ewitn-up fry varied
exposure Mortality)
12-fold when, á.Huent
waters varied la pH,
hardness and alkaLC50 " 5 s361 ppa {LC^Q ■
2,669 ppn iticiiiciln,g post- linity. No groupa
exposure mortality)
surviving previous
eKpoaure showed any
latent effects
throuÄ,hout observatiom
perio'd itt freshwater»
Toxicity for 12-day
continuoiia exposure
was greater thaa for
4-day enpoeure and
was depeodeot upon
specific life otage.
Threshold coBceotrations are 618 pp«
(4-day) and 250 ppn
(12-day).
^'^'50' " ^'-^^ PP" (Including
pHost-exposiire nortallty)

References

McLeay and
Gordon 1980
ia Norria et
al. 1983 attd
Schneider
and Kaplan
1983

Appendix B (Concluded)

Formulation

Krenite®

Organism

Rainbow trout
Alevin (yolksac fry)

Nature of
Exposure

Surface abaorption (partial
life-cycle study)

Exposure
Time

96 hours

Egg stage»

Krenite^

>

Cobo saiiion
(yearling^s)

Effects

LC5Q * 367 pp» (including
post-exposure «ortality)

from 1,456 ppn
to 64,450 ppm (including
post-exposure mortality)

LC5Q'S

Surface absorptloti^ «tatic
bioassay

6 days in
freshwater
and Krenlte^

Fish exposed to 0, 0.25,,
0.50» 1.0 10, 50, 100,
200 pp». m mortality
observed.

Comments

References

Alevin was the aoet
sensitive stage.
Post-exposure «etalities occurred
after a 96-hour exposure in all life
stages. Values for
96-hour LC5Q for
ewim-up fry varied
14-fold when diluent
waters varied in pH,
hardness, and alkalinity. No groups
surviving previous
exposure showed any
latent effects
throughout observation period in fresh
water. Toxlcity for
12-day continuous exposure was greater
than for 4-day exposure, and was
dependent upon
specific life-stage«
Threshold concentration is 367 ppB
(4-day exposure)«

McLeay and
Gordon 1980
in Norris et
al. 1983 and
in Schneider
and Kaplan
1983

Only minimal mortality occurred when
exposed fish transferred to seawater.
No apparent'effect
of Krenlte®'on gill
activity (ATP-ase).

Lorx et al,
1979

Appendix C
Summary of Fosamine Ammonium Toxicity Data for Birds
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Appendix C
Summary of Fosamlne Anmonium Toxlclty Data for Birds

Nature of
Exposure

Effects

Comment8

References

Organism

Fosawifie
ammoQitn salt
(uitforiulated)

Mallard dnck
(male and

Acute oral (intubation Into the
crop)

LD50 >5,000 ng/kg body
weight. Following
overnight fast, dudes
received single doses
of 0, 312.5, 625,
1,250, 2,500, or
5,000 mg/kg body weight
and observed for 14
days.

Surviving ducks ei^hlbited no clinical
abnormalities, «ales
with decreased body
weight gain at all
treatment doses.

Schneider and
Kaplan 1983

Fosaaine
amnonlus salt
(unfortBuilated)

Acute oral (inBobwhite
quail («ale tubation into the
and female) crop)

IJ)50 >5,000 mg/kg body
weight. Following
overnight fast, quail
received single dosee
of 0, 312.5, 625,
1,250, 2,500, or
5,000 mg/kg body weight
and observed for 14
days.

No deaths occurred.
Males exhibited
decreased body
weight gain with
herbicide treatment.

Schneider and
Kaplan 1983

Fosainine
amBoiilun salt
(unfoniulated)

Mallard duck

feiaale)

Fosamine
lobwhite
amoniuii salt ' quail
Xunfonmilatèd)

Subacute oral

Birds fed
compound for
first 5 days
of an 8-day
study«

LC50 >10,000 ppm.
Birds fed 0, 625,
1,250, 2,500, 5,000 or
10,000 ppo In feed.

Birds 14 days old at Schneider and
start of study. No
Kaplan 1983
mortalities observed,
food consumption
depressed in treated
birds but body
weight gain through
study was normal.

Subacute oral

Birds fed
compound for
first 5 days',,
of an 8-day
study*

LC50 >10,000 pp«.
Birds fed 0, 625,
1,250. 2,500, 5.000 or
10,000 ppm in feed.

Birds 14 days old at
start of study.
Variable mortality
observed, mean food
cottsunption and body
weight gaia were
slightly less than
controls.

*Data are not available or not applicable.

>I

Exposure
Time

Fomulatioa

Schneider and
Kaplan 1983"

Appendix D
Suiranary of Fosamine Ammonium Toxicity in Maiomals
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appendix D
SuiBWiary of Fosanlne Toziclty in Manmiala
Nature of
Exposure

Effects

Fonawlatioii

Organism

FO'Sanlne
aanonlu« salt
(41.51 a.i..
Krenlte®
Brußh Control
ágeftt)

Rat

Foaamlne
aiEiioa.iuai salt
(41.5X a.i. +
surfactant.
Kreiilte®S
Brush Control
Agent)

Rat
(iMle
and

Fosamlne
ammonium salt
(42% a.l„,
Krenite®
Brush Control
Agent)

Guinea
piga,
(male)

0)50 - 7,380 mg/kg body
Single dose of a 901
weight with 951 confidence
aqueous suspension
limits of 10,170 and
administered by intubation to groups of 5,360 mg/kg body weight.
Observed tremors, saliva5 animals per dose.
tion, pallor, convulsions,
Animals observed for
and moribundity at lethal
14 days.
doses. Mo clinical signs
at subiethe1 doses.

Rat

Slngl,e dose of an
aqueous suspension
administered by in-'
tubation to groups of
10 aninals' per dose'.
Animals weighed and
observed for 14 days.
Animals from each
dose were subjected
to gross pathological
examination at
necropsy.

Comments

References

acute Oral Toxicity

'osanine
âajsosiîîffi salt
(41.5X a.i. +
stirfactant.
Krenite®S)

>I
--4

(«ale,
Crl:CD

LD50 » 24,400 mg/'kg body
Single dose of an
weight with 95% conaqueous suspension
fidence limits of 18,000
administered by intubation to groups of and 33,000 mg/kg body
weight.
Observed weight
3 animals per dose.
loss, diarrhea, IrreguAnimais weighed and
lar respiration, and
observed for
belly-to-cage posture.
14 days.

Single dose of an
aqueO'US suspension
administered by infemale. tubation to 1 group
Crl:CD of 5 male rats and
1 group of 10 female
rats at 5.000 mg/kg
body weight.
Animals weighed
and observed for
14 days. All »ales
and 5 females subjected to groes
pathological examination at necropsy»

(male.
Crl:CD'

LD50 >5,000 ng/kg body
weight. Sporadic weight
loss in both sexes;
stained and wet perinea
and diarrhea in 1 »ale.
Observed no compoundrelated gross pathological changes.

*

LD50 -'7,295 ag/kg body
weight'with 951 confidence
limits of .§,767 and
7,581 «g/kg body weight.
Observed diarrhea and
rapid respiration for
1 to 2 days after dosing,
stained perinea from 2 to
4 days after dosing,
tremors several days after
dosing, and belly-to-cage
posture, wet perinea, and
prostration on day of
dosing. Observed no
compound-related gross
pathological changes.

Weed Science Society
of Aiierica 1983;
Toxic Effects Registry
1980 and Schneider and
iCaplan 1983

Weed Science Society of
America 1983 and
Schneider and
Kaplan 1983.

Weed Science Society of
Aiierlca 1983 and
Schneider and
Kaplan 1983

Schneider aiad Kaplan
1983

Appe'icidljc D (CO'ntinoed)

FomulatloÄ

Organisai'

fía tu re of
Exposure

Effects

Couwenta

EefercEces

Acute Oral Toiiclty
(Concluded)
Dog
(feiittle,
beagl,e)

Single dose of
15,000 mg/kg body
welgîit adilnlstered %
ItttubatlO'E to 1 dog
followc'd by a 14-(lay
observation perloid,

km > 12,8,00 «g/kg body
weight. Obeerved, slight
salivatlom and vomiting
wltlilii 10 Äimitee of
dosing.

Schneider and laplati
1983

Foaaitiiie
aiMoiiluii nftlt
(421 a.l.,
Kr@nit€®)

ftotg
(female,,
l>eag.le)

Single do'se of
15,l)0'0' »g/kg body
weight (12Ô B )
adainistered by intubatioö to 4 dogs followed
by & 14-day observation,
period.

Ii>50 >15,000' «g/kg body
weight. Observed alight
salivation and voaiitlng
within 15 «imites of
do8ÍDg,

Schneider and lapiam
1983

Fosanlme
amonlua salt
C42X ffi.l«,
|[renlt-e®5

Rat
(«ale'j.
CrlrCD)

AdulnlBtratloii of « 20X
aqiueotia suspension at a
doee of 2,200 iig/kg/day
by iatiibatlo0 5 tines
a week for 2 weeks to
a group of § rate, ât
4 hours and 14 days,
after the laat dose 3
teat'«od control
«Blual® «aerified
for groe® and tticrci»copic pathological
ejtaainatlon.

Mo death»- Obgerved «lid
diarrhea dtirlng the doslni;,
period. Mo histologie
evidence of gflstrointestlnal irritation. Obflerved
ao cO'iipound-related groee
or aicroscopic pathologic
abnomialities.

Schneider and Kaplan
1983

Foiamine
a»i»oolüii salt
(41.11 a.l, +
surfactaat,
Krenit^'

Rabbit
(imale
«ad
female)

Treated 5 rabbit® per
sex with single dose
of 5,000 mgfkg body
weight. Material
applied to abraded akin,
and covered with gauze
aod occlusive bandage
for 24 hours. Observed
animals for 14 day»:
theû aacrifled. Two
aniiials of each sex
subjected to gros»
pathological eicaniination of treated skin.

aimoniuii salt
(42.5Z «.1.,
Krenlte®)

Acute Dc'iial Tonlctty
^5Q >5,0'00 mgfkg body
weight. Observed weight
loas In both eexee, »lid
skin irritation and
diarrhea in malee, id
clearly cO'iiipoiJo,d-related
gross pathological abnormalltlee apparent,

Schneider aod Kaplan
1983

Appendix B (Comtimued)

FormulâtIon

Organism

Nature of
Exposure

Effects

Comments

References

Acute Dermal Toslclty
(Continued)

I
%4D

Fosamine
attnonluii salt
C42X a.l.,
Krenlt€®)

Rabbit
(«ale)

Treated groups of 6
rabbits with 10 ail of
1,683 ffig a,l./kg body
weight. Applied to
imtacr skin and covered
by gauze and occltisive
bandage for 24 hours
followed by a 72-hour
observation period.

LD50 >1,683 pg ffl.i.Atg
body weight. Observed no
»ortalitles and no clinical
signs of toxlclty.,

Weed Science Society of
America 1983 and
Schneider and
Kaplan 198;3

Foaaiiifie
amnoniuBt aalt,
C42I a.l.,
KrenitdiSï)

Rabbit
(male)

Treated 6 rabbit®
with 0, 600, and
1,200 «g a.i./kg body
weight. Haterial
applied to intact skin
and covered with gauze
and occltieive bandage
dally for 6 hours/day
for 10 dajr®. Peripheral
blood collected 5 days
prior to treatneiQt and
at sacrifice for clinical evaluation, all
animals sacrificed 1 day
after the tenth exposure
and subjected to gross
and «icroscoplc
evaluation.

No deaths. Observed no
evidence of compoundrelated growth or
clinical-, gross-, or
hi stops thológica1
abnonaalitles«.

Schneider and Kaplan
1983

F©©aulne
aiMioaiuii salt I
(42% a.l.,
ICi^nlt.^'

Rübbit
(male)

Treated 6 rabbits with
10 «1 of 1,683 «g a-l/kg
body weight. Material
applied to intact akin
and covered by gauze and
occlusive bandage for
24 howr« followed by a
72-hour observation
period,

Observed mild to moderate
skin irritation at 24 hours
and no irritation at
72 hours.

Schneider and Kaplan
1983

Posanine
amonlu« salt»
(4iai a.l. +
surfactant,
Krenite®'S)

Rabbit
(male)

TWo intact and 2 abraded
skin areas on each of
6 rabbits treated with
0,5 Hi of test material
then covered for
24 ho'urs« Treatment
sites scored according
to Bralxe after removal
of patches at 24 and
72 hours.

Mot a primary skin irritant, Dralle scores ranged
from 0.75 to 2.75 (>5.0
required for primary irritant classification).

Scbneider and Kaplan
1983

Appendix D (Continued)

Formulation

OTganlsm

Nature of
Exposure

Effects

Comments

References

ácttte Dermal Tonlcity
(Concluded)
O

Fosattine
ammoniim salt
(anfoCTHilated)

Guinea
plga
(male)

Applied 0.05 BLL of 25
ox 50'Z aqueous auspettslons to lEtact úT
abraded sklo of 10'
guinea plge. laduction
for senaltizatiott hj
4 weekly sacral latrademal Injections of II
aqueO'UO (O'.l «D suapensiona In 5 anímala.
Mitte topical applicatloEfl o'f 50% aqueoms
sue pensIon« over the
same 4-week period in
the other 5 aninals.
Thirteea days after
the last indnjction
dose i the aoiliiala were
topically challeiaged
with 501 a<|ueoîia stiísipeaalono Oll intact and
abraded skin.

Otïoerved transient mild
erythema in some animals
after initial treataeiit with
50X aiispenoion, No aeiasltization. Material not considered to be aE irritant or
sensitizer.

Weed Science Society
of America 1983

Eye Irritation

Fo'sanine

labbit

0.1 «1 solution applied
to eye

Fooaniifi
antnoniuii salt
(42X a.i.,
.Itrenlte®)

Rabbit

Treated right eyes of
No ocular effects»
6 rabbita with 0,1 .ml of Irritant.
test material* Exanined
eyea with hand-alit lanp
at 24, 48, aad 72 hours
after treatme'nt.

Fosaaine
ammonlutii salt
(41.1% +
eurfactant»
Kren.ite®S)

Ra,bbit
(»ale)

Treated right eyea of
Mild to no corneal opacity
9 rabbits with 0.1 nl
and severe to moderate conof test Material. After Jonctlral irritation In
20 seconds » washed 3
unwashed eyes. One unwashed
eyes. The reraainln^
eye showed slight irltic
6 eye® left unwashed»
Irritation. Five of 6
all eyea esLaAloed with
unwashed eye« nornal
a hand-slit lamp at 1
wlthle 3 days» the last
to 7 dayo and scored
unwashed eye normal within
according to Draize.
7 days. Similar but »líder
effects in washed eyes. TwO'
of 3 washed eyes aomal
within 3 daysj the remaining,
washed eye nomal within
7 days.

amiO'iiiuM

(41.5X a.i.
Krenite®
B^oish CO'Otrol.
á«eiit)

Mo evldcEce of eye
irritation.

Meed Science Society
of Aiierlca 198:3

Not an

Schneider and Kaplain
1983

Weed Science Society
of itaerlca 1983;
Schneider and Kaplan
1983

appendix 0 (Continued)

Fomulatlon

Organion

Nature oí
Exposuxe

Effect®

Comments

References

Inhalation Toxicity

FosattlEe
ammonltffli salt
(42X a.i..
Krenîte^^

Eat

Fosamifie
attnonlun salt
(41.IX a«i. +
stirfactaEt,
Krenite®S)

Rat

Poaaiiime
ammonium salt
(42% a^.,
Krenite®)

Rat
(»ale
CrlîCD)

(nale
and

feiaale.
CrlîCD)

(male
and

female,
Crl:CD)

lihole bodj expoo^ure of
groups of 6 rats per aex
for single, l-hoiir
periods to atmospheres
of teot material In
l§-llter chambers. Concentrations calculated
froas material used and
airflow»

One hour approxiaate lethal
concentration (ALC) male
>56.6 mg/1; acute female
>42.0 mg/l; no mortalities.
All animals exhibited face
pawing 5 groomingt rapid
respiration, mild hyperemla,
and wet fur during exposures.
Normal weight gain.

Heed Scietice Society
of America 1983
and Schneider and
Kaplan 1983

Head only exposure of
groups of 10 rats per
»ex for single, 4-hour
periods to atmospheres
of teat material in 50
glass chambers. Rats
weighed and observed
dally for 14 days postexposure • All nortalities and up to 3 survivors per sex per
group subjected to gross
and histopathologlc
examination. Chamber
atmospheres analyzed
gravlmetlcally at half
hour intervals. Aerodynamic particle size
determined by ^cascade
inpactor.

Males:
■g/1
30
(dry weight) with 95% confidence limits of 2.57 and
4.48 mg/1.
Female8Î LC50 •2.75 mg/1
(dry weight) with 95% confidence limits of 1.93 and
3.36 mg/1. Obsenred nasal
and ocular discharge, corneal
opacity, lung noise, weaknss,
moderate to severe weight
loss, alopecia, and coldness
to touch. Toxic symptoms
occasionally persisted thrO'Ugh
14 day post-exposure period.
Mortalities resulted from
lung, liver, and kidney congestion and associated circulatory-pulnonary arrest.
Hiatopathology revealed
hemorrhagic thymus,and brain.
Corneal opacity,was the only
persistent pathologic abnor-'
aality among survivors at 14' days

Schneider and Kaplan
1983

Administered single dose
by Intraperitoneal inJection of a 901 suspension in 0.9X saline to
groups of 5 animals per
dose. Survivors
observed, for 14 days.

LB50 " 3,000 mg/kg body
weight. Observed belly-tocage posture, tremors, and
prostration at subiethai and
lethal doses. Irregular
respiration, pallor, convulsions, and moribundity
observed at lethal doses.

Intraperitoneal Toxiclty

I

Schneider and Kaplan
1983

Appendts D (Contlamed)

FornülatloE

OTganisii

Fosaniiie
aHMolua ealt
CnHfcinwilated)

Eat

Mature of
Exposure

Effects

Coniients

References

Sttbchronic Oral Toxicitj
(■ale
and

feaiale!»
CrljCD)

FO'SABlne»

Cuiispecîficd)
Fo»«iilöe
aiMiOîiltî« salt
Coafomolated)

lAt

(male)
Dog
(male
aûd

fenale,
beagle)

Foaanine
anmoniim oalt
(41.5Î a.i..
Krenité®)

Sheep
(nie
and

female)

Dietarr coaceatratloua of Mo deathe. Obaerved no
cllnicalt nîitritio'nalj, hewato^0, 200, l.am, and
5„00'0/10,000 pp« adMliila- logical, biocheiiicalj, or gros«
tered to group® of 10 »ale patho-loglcal evidence of
coapotrnd-related toxlcitj îfo
arad 10 feaale weanling
body weight or urinary abnocrate for 90 days.
Clinical iMitîiologîcal
Balities. Equivocal renal
tnbnlar effect« at high do®e
evaltiatioas coadticted at
confioied on awbeequeot analysis
30» 60'» and 90 day®.
to be unrelated to test naterlal,.
Ttie NOEL - 5,000/10,000 ppn.

Schneider and Kii,plan
1903

Teil doses of 2,200 ppn
per day o¥er a 2~week
period.

Wo MatO'pathologic evidence of
cuii,ylatlv€ toxicity; no adverse
effects except «ild diarrhea,

Weed Science Society
of Aperica 1983 and
Ghassemi et al. 1981

Fed 0, 20'© 1,000, or
5,000/7,500/10,000' ppii foe
ê aiontliB to group®, of 4
iMile and 4 female 14 to
16 no'iith old beagle dogs«
Hl#i dose dog» received
5,000 pp« for 1 week,,
7»; 500 pp« for 2 weeks and
10,000 pp« for the
reaialiider of 'the study.
Clinical pathological
euninatloiiii conducted
twice befo're dosliig
Initiated aoid following
1 to 6 «ontliffl of treatment. Mo tdstopattiologj
carried ont.

flQ death«« Increased relative
stottacti weights in high doae
female do^gs. Observed no
clinical, body weight, niitrltitio'ttal, heiMtological, biocheiiical^ urinary» gross
pathological evidence of a
cowpoiind-related toxic effect«
The MOEL - 1,000 ppn*

Schneider and Kaplan
1983

Fed 0, 1,000, and 2,000'/
Mo death«. Mo evidence of
2,500 ppm to gronp«^ of 3
clinical, mitritional, body
«ale and 3 female S to 10
weight, «otor refleit, or
ophthalmic abnonulities.
«onth-old sheep for
90 days. Motor refleie and The MOEL - 2,000/2,500 ppn.
ophthalnic ejianlnatlon»
conducted weekly.

Schneider and Kaplan
1983

Appendix D (Coiiclttded)

Foraulation

Organlsm

Nature of
Exposure

Effects

Comeicits

EJC fere ucea

Chrottic ToKlcitf
Ho 2-year or lifetime data available

ReproductiO'ii and Teratogenlclty
anaoiiiufi salt
CuBforwmlated)

Foanaine
amMomii« salt
(42X a.!..
Kr«nite®)

Rat
(CtlîCB)

1 geïier«tton/2 litter
oral reproduction, «t'wdy«
Fed 0, 200, Iff000» aad
5,000/10,000 ppm, to grotips
of 6 luale and 6 female
weanling rat® through a
90-day «aturation period
and through the production
and weaning of 2 litters.

No adverse effect® oa reprodwctloa or lactation. The MOEL
for reproductive effects was
5,000/10,000 pp«.

Schneider and Kaplan
1983

Mt
(fc«ale.
CrltCD)

Fed 0, 200, 1,000, and
10,000 pp» to pregnant
rats fro» é&j 6 through
day 15 of gestation.
Rats sacrificed on day 21
of gestation. Matenial
and fetal ei»BÍnatioQe
carried out.

Ho clinical, or nutritional
slgpB of toiicity in maternal
anlnalo. lO' body weight abnormalities» No eiridence of
embryo-fetal toxlclty or
teratogenlcity observed at any
test concentration. The NOEL
for eabryo-fetal toiclcity and
teratogenlcity was 10,000 ppm»

Schneider and Kaplan
1983

Carcinogeniclty
Ho data aicailable

»Data are not available or not applicable.

hrj

>
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appendix £
Suromary of Fosairalne Aimnonitim Mut agente ity Data

>
I

Nature of
Exposure

Effects

ConmeEts

References

Foimulatioii

Organisiii

FosaiBiiie
annoaliiiiB salt
(42X a.i.,
Krenite® )

Salmonella
typhtmurium
(5 stralESj
tinspecified)

Salmoneila/Mlcrosome Assay:
Plate incorporation assay with
incubation in the presence and
absence of activation systea.
Eevertant colonies then counted.

Ilonmutagenlc

Schneider and
Kaplan 1983

Fosamlae
amonitiiB salt
(41.5X aa.,
Kremlte®)

Clilnese
Hanster
Ovary (CMO')
cells

Foint Mutation assay:
Incubated CMO cells in treatment
aeditiii in the presence and
absence of activation ayate«»
subcnltnred to allow growth
and expression of cytotoxlcity, then seeded in
medlnm with and without selective agents to allow ennaeratlon
of HGPRT deficient mutants.

Honmutagenic

Schneider and
Kaplan 1983

Fosamlne
annionluii salt
(41.51 a.l,.
Krenite®)

Chinese
Haitater
0¥arf (CHO)
cells

In Vitro Cytog«iietlc Assay:
Exposed CHO cells to test material in the presence and absence
of activation systenj, then
treated cells with colcenid to
arrest in metaphase. Subsequently,, cells harvested and
chronosome preparations made and
»cored.

(liromosotie damage produced
under nonactivated conditions at 1.6 and 3.2X test
material by volume and under
activated conditions at 1-4,
2.8» and 5,7X test material
by voluae.

Schneider and
Kaplan 19S3

Fosanine
anmaniitm salt
(42X a.l,.
Kreaite®)

Rat
(SpragueDawley-CD)

In Vivo Bone Marrow Cytogenetlc
Assay: Administered single
doses of 0, 1,000, 3,000, and
10,000 ag/kg body weight by intubation to groups of 12 male
and 12 female rats. Three rate
per sex per group administered,
colchicine at 4, 10, 22, and
46 'hours after treatitent to inhibit »itosia and arrest■ ceils
in met apilase. Subsequently the.
rats were sacrificed and bone
■arrow cells collected from
femurs of each rat were^ prepared
and examined.

No compound-related chromosomal aberrations detected.
No mortalities. Two intermediate and 3 high dose
animals noted to have soft
feces at first posttreatment observation. Mo
other clinical or consistent
body weight clwinges ,seen.

Schneider and
Kaplan 1983

Fosamine
aamoniuii salt
(41.5X a*l.,
Krenite®)

lût

Unscheduled DNA Synthesis Assay: No induction of unscheduled
aynthesia observed
Treated freshly isolated rat
hepatocytes with teat material
followed by radiolabeled
thymidine. Incorporation of
label into DNA was quantltated by
autoradlography.

hepatocytea
In vitro

Data are note available or not applicable.

Schneider and
Kaplan 1983

Appendix F
Summary of Metabolism Studies with Fosamine Ammonium

FA~59

Appendix F
Sunnary of Metabolism Studies with Fosanine AMmoniüii

FomMiation

Organisa

Bose

Comieiita

References

Foa®«ine aamoniuii salt
(urnf oTwiilated »
^*C-labeled)

Sat («ale» Charles
River) (single
aninal)

Single 58 ng/kg dose
folloifing 18 days of
preconditioning with
1,000 pptt in feed.

Urine» feces and expired air collected. Rat sacrificed at
72 hours and tissues saitpled.
Radioactivity eliminated within
72 hours, approxlwately 88% of
total dose in feces, 11% in
urine, and none in expired air.
Approxinately 33t of activity in
urine and 321 in feces was intact
fosanine aimonlu». Metabolites
were not identified.

Schneider and Kaplan
1983

Fosa«ine aMioniuii salt
(unf oriiuia ted,
1%-labeled)

Rat (male, Charles
River) (2 aniaals)

Single 57 «g/kg dose urine, feces and expired air col- Chrxanoveki et al.
following 18 days of lected« Rats sacrificed at
1979
preconditioning with 72 hours and tissues sampled^
1,000 ppM In feed.
Radioactivity eliiilnated within
72 hours, approximately 87X of
total dose in feces» 13X in
urine, and traces (0.1 to 0,2%)
in gut, hide, and expired air.
No radioactivity ( 0.05%)
detected in body tissues. In
urine and feces, 871 of activity
was intact fosaoine anaionluni, 13% was
the Metabolite carbamoylphosphonic acid diaiamoniua salt.

Fosaaine aawonlua salt Goat (lactatlng)
(Mnf omiilated »
i^C-lat>eled)

>I

as

Seven daily doses at
50 ppm by' capsule with
feed.

Milk, urine and feces collected
Schneider and Kaplan
daily, expired air collect only
1983
on 7th day, and goat sacrificed
24 hours after last' dose and
tissues.sampled. âpproxiaately
91 of total radioactivity in
urine, 88.6X in,feces, 0,221
of dose in expired air, and
0.05X in tissues. Radioactivity in milk reached peak of
0.008 ppni on day 4. In urine
and feces, 70% of activity was
fosanine aimoniuiBi, 20 to 30% was
intact the metabolite carbamoylphosphonlc acid.

Appendix F (CO'iicltided)
I
Fomiilatlon

Orgñniam

Dose

ConiiBentB

References

Fosamlne aiamoilui, salt
(unfoTitulatedt
^^■C-labeled)

Channel catfish
(50^ fish)

Expo'sed to 1,1 ppw
coocentratlon under
static, uoaerated
conditions for 4 week.«
follO'Wd by 2 weeks.
1E water without
herbicide.,

Fish and water aanpled on days
3, 7, 14. 21 and 28 and fish
aampled after 3, 7, and 14 days
in water without herbicide«
'Radioactivity in fish plateawed
after 2 to 3 weeks In water with
herbicide with a bioacciiiBulatiO'ii
factor leaa than 1., After 2
weeks In water without herbicide,
fleh tissue levels of radioactivity reduced 50 to 901.

Han 1979b

FO'gaiBiiae ann'Oniun salt
(uiiforciulated,
^*C-'labeled)

Chaîînel catfish
(50,fish)

Ejcpo'sed to water 'Over
eoll pretreated to
contain 15 ppm fo'samlne
ammonium aad aged 30
days prior to flooding.
Fish kept under static,,
itnaerated conditions
for 4 weeks foilo'wed by
2 weeks in water without herbicide.

Fish'and water sampled on daye
3, 7, 14, 21 and 28 and flah
eanpled after 3, 7, and 14 daye
in water without herbicide.
Radioactivity in fish plateaiied
after 2 to 3 weeks in water with
herbicide with a bioaccuiiwlatlon
factor leos than 1. After 2
weeks in water withomt herbicide,
fish tissue levels of radioactivity reduced 50 to 90Z.,

Han 1979b
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Glyphosate Summary
Major Trade Names;
Chemical Nameî

Roundup®^ Rodeo®

N-(phosphonemethyl)glycine

Major Forestry Applicationsî

Applied as a postemergence spray for
the control of weeds and brush along
rights-^of^way and in conifer
plantations.

Detailed information on toxicology, environmental fate^ and hazard
assessment can be found in the body of the Herbicide Background
Statement«
Toxicology
Glyphosate is generally nontoxic to a variety of invertebrate
organisms. The formulation^ Roundup® is toxic to some species due to
the presence of toxic surfactants^ The susceptibility of invertebrates and microorganisms to glyphosate toxicity exists over a broad
range, with some species exhibiting effects at 3 ppm glyphosate and
other species showing no effects at greater than 200 ppm. Studies
conducted with various species of rainbow trout^ bluegills, and other
species of fish showed that these species were extremely tolerant to
glyphosate. It has a low toxicity to birds.
The relatively low toxicity of glyphosate is reflected in acute
oral LD5Q values greater than 3,800 in manmals. Tests in rabbits
indicate that the herbicide is not likely to pose a hazard by
absorption through the skin. Patch tests of formulated product on
human skin revealed no evidence of injury or sensltization to the
herbicide* Tests in rabbits showed that Roundup® or glyphosate were
only slightly irritating to the eyes. The irritation was completely
reversible and no injury to the cornea was observed, indicating that
with ordinary precautions glyphosate is not likely to cause injury to
the eyes or cause blindness. Roundup® was only "slightly toxic",
with an LC50 of 3.28 ppm when rats were exposed to an aerosol for
4 hours.
In subchronic 90-day oral studies, rats and dogs were fed
glyphosate at concentrations of up to 2,000 ppm in the diet without
any adverse effects. In chronic studies^ rats and dogs were fed
glyphosate in their diets at rates up to 300 ppm for 2 years^ and
mice were fed similar concentrations of glyphosate for 18 months.
Except for some slight changes in the liver of rats (NOEL was
30 mg/kg/day)g no significant treatment related abnormalities were
observed. There was no evidence of carclnogenicity in studies with

rats and dogs. Studies in rats and rabbits showed that glyphosate is
not teratogenic. There were no reproductive effects in rats when
tested in multigeneration reproduction studies. Glyphosate was not
mutagenic when tested in a dominant lethal mutation assay in mice or
in a number of microbial mutagenicity tests employing bacteria or
yeasts.
Environmental Fate
Glyphosate is absorbed by plant foliage and is then readily
translocated throughout the plant to roots and rhizomes where it
inhibits further growth and sprouting. It is not metabolized by
plant tissue. Glyphosate has a very low lipid solubility and thus
has little tendency to bioaccumulate in animals. Cows fed glyphosate
had undetectable levels of residue in their milk.
Glyphosate is completely and rapidly degraded in soil by
microbiological activity. In the soil environment, it is resistant
to chemical degradation, stable to sunlight, is relatively nonleach-able, has a low tendency to runoff, Is strongly adsorbed to soil
particles, has a negligible volatility, and has a minimal effect on
soil microflora. Soil microflora degrade glyphosate to amlnomethyl
phosphonlc acid which is somewhat more stable than glyphosate.
In aquatic systems, glyphosate is strongly adsorbed to both
organic and mineral matter and is degraded primarily by microorganisms. The rate of degradation of glyphosate in water is
generally slower than it Is in most soils because there are fewer
microorganisms in water than in most soils. Only very small amounts
of applied glyphosate are removed in runoff.
Exposure and Hazard
Estimated occupational and environmental exposures to glyphosate
from normal use are below those levels that would be expected to have
acute or chronic toxic effects or reproductive effects. Glyphosate
has not been shown to be mutagenic or carcinogenic at exposures well
in excess of those to which forest workers, visitors, and animal
residents would be exposed.
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1.0

General InformatÍQn

Glyphosateg also knowa by the trade names* Roundup®and Rodeo®
for agricultural uses i^ ^ broad-spectrum, relatively nonselective
herbicide first produced by the Monsanto Company in 1971 and first
registered for use in 1974, Home-use products containing glyphosate
are also available* Although the specific mode of herbicidal action
of glyphosate is not entirely clear^ it appears to inhibit synthesis
of essential amino acids and to promote destruction of photosynthetic
pigments in foliage (Shaner and Lyon 1980| Hoagland 1980). Within a
week after applicationj treated plants yellow and wllt^ and then turn
brown and deteriorate (Monsanto Company 1982d). Glyphosate is
absorbed primarily by the plant foliage, although minimal amounts of
material may be taken up by roots under soil conditions that minimise
glyphosate adsorption to soil particles. Foliar absorption is greatly
increased by increased humidity and by the presence of surfactants in
the formulation (Gottrup et al. 1976). Glyphosate is readily translocated to underground plant structures and is a strong inhibitor of
sprouting in perennial species (U^S. Department of Energy 1983).
1.1

Normal Use Patterns

Glyphosate is used primarily in agricultural applications and for
vegetation control in noncrop areas such as industrial and recreational areas5 irrigation canals^ and rights-of-way (Baird et al. 1971;
Meister Publishing Company 1981; U.S. Department of Energy 1983).
The use of glyphosate in forestry applications is relatively recent.
It is used by such agencies as the USDA Forest Service, the Bureau of
Land Management, and the Bonneville Power Authority (U.S. Department
of Energy) for control of weeds and brush along rights-of-way and
in conifer plantations. The quantities of glyphosate used by the
USDA Forest Service for various applications in 1981 and 1982
are shown in Table l^-l.
In forest applications, glyphosate, as Roundup®, is applied
either from the air or from the ground. Application rates are
generally from 1.0 to 5.0 pounds active ingredient (a.i.) per acre
(1.1 to 5.6 kg/ha) with the higher amounts used for site preparation
and for noxious weed and poisonous plant control (Gross 1983). In
generalj control of annuals by glyphosate can be achieved with
application rates of 0.3 to 1.0 lb a.i./acre (0,3 to 1.1 kg/ha)
while perennials require rates of 1.0 to 4.0 lb a,i./acre (1*1 to
4.5 kg/^) to achieve control (Weed Science Society of America 1983).
*Trade names are used only to provide information and do not imply
product endorsement.
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Table 1-1
ÜSDA Forest Ser¥ice Use of Glyphosate

oi

Acti¥e Ingredient Per Acre (lbs)
Range

Purpo'se

Average

T f||Oii

Acres
Treated

Fonn.ulatioa

Application
Method

-

,

Aerial
Conifer release
Site preparation

1.0 to 2*0
1.0 to 2;0

1«5
lA

6,62,7
1,416

1„0' to^ 2.0
1«,0 to 4„0
1.0'
1.0' to 4.0'

i»0
1,1
1.0
1.0

1,034
1,8^92
82
%1

Only liquid
formulât iO'iis
are used.

Broadcast

Only liquid
formuiatioES
are used.

Broiadcast

Ground
Conifer release
Site preparation
Range improveaent
Moxlous weed an,d
poisonous plant control

"

■"

'

""■

lyl}£—

*"

— ■■■"-"

-

Ground ilQ3 projects)
Timber, langej, Noxious
Weeds, Nursery, Fire
ManagemcBt, Recreation,,
Engineering, Research^
Right-of-way

0.1 to 5.0'

1.9

13,906

Only liquid
formulations
are used»

Broadcast

1.25 to 4.0'

2M

6,540

Only liquid
formulations

Aerial

Aerial (21 projects)
Timber

are used^
Source:

Gross 1982.

Major formulations of glyphosate marketed in the United States
are indicated in Table 1-2. Roundup® is glyphosate formulated with a
proprietary surfactant. Rodeo® does not contain surfactants but for
its proper use the inclusion of a nonionic surfactant in the spray
solution is recommended (Monsanto Company 1982d).
1.2

Physical and Chemical Properties

The active ingredient of glyphosate is N-(phosphonomethyl)glycine
with the following structural formulas
OHO

II

II

II

H0-C-CH2-N»CH2-P~0H
OH
It is a white^ odorless solid with a melting point of 200*'C (392*^?),
Pure glyphosate has a density of 0.5 g/cm^. At 25*C (77°F),
glyphosate has a solubility in water of 1.2 percent (12,000 ppm) but
is not soluble in other solvents. Its vapor pressure is reported to
be negligible s Glyphosate is corrosive to iron and to galvanized
steel (Weed Science Society of America 1983),
Roundup® is a viscous^ amber liquid with a specific gravity of
1.17 g/m£ (water is 1.0 g/m£). It is completely miscible with water,
is chemically stable, and has a shelf life of at least 4 years
(Monsanto Company 1980, 1982b). Rodeo® is a clear, odorless, viscous,
colorless to light amber liquid. It has a specific gravity of 1.22
to 1.25 g/m£ and a slightly acidic pH (4.6 to 4.8). It is completely
miscible with water and is chemically stable (Monsanto Company 1983a).
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Table 1-2
Q
I

GlypliO'sate Forißulations for Forestry Use

03

FormulatIon

Active logredients
(percent)

Active legredients
(weight)

Inert Ingredients

Glypliosate Teclinicaia

M-( phos photioiie t liyl )
glycine. 95Z or more
(dry basis).

Not gl¥eti

MaterÍ

10 to 201

Roymdup®

41Z isopropylamine salt
O'f N--(phosphoiioniethyl)
glycine.

Contains 480 grams
per liter or 4 pö'unds
per U.S. gallon of
the isO'propylamine
salt. Equlvalent to
356 grams per liter
o^r 3 pounds per U.S.
gallon, of the a.cid¡»
glyphosate.

Water, surfactants:

Rodeen

53.51 iso'propylamine salt Contains 648 grams
of N-(phosphoöO'iiethyl)
per liter OT
glycine
5„4 pounds per U.S.
gallon, of the iso'™
propylamine salt»
Equivalent to
480 grams per liter
or 4 pounds per U*S*
gallon of the acid
glyphosate.

59.OZ

Water» other o.ondisclosed
materials: 46«5?: (manofacturer reco^mmcEdis use.
of 1 to 2; quarts of
X-77 [Oxtho] surfactant
per 100 gallons of mixed
spray solution)«

^Glyphosate Technical is used for experimental applications such as toxlclty testing and Mater and
soil fate and persistence studies.
So'urce:

Monsanto Company 1982a„b^d and 1983a.

2.0

Töxlclty of Glyphosate

The tosicologlcal properties of glyphosate, summarized in
Table 2-1 ^ show that this herbicide is generally nontoacic to a variety
of organisms. However^ when formulated as Roundup®, it is toxic to
some animal species due to the presence of a surfactant. The surfactant is included to increase the rate of absorption of glyphosate
by plants* Studies with rodents indicate that glyphosate is nonteratogenici has little or no effect on fertility^ reproduction, or
development of offspring; is nonmutagenic; and appears to present no
carcinogenic risk.
2.1

Invertebrates and Microorganisms

A variety of invertebrates (mostly arthropods) and microorganisms
from freshwater s marine, and terrestrial ecosystems have been studied
for toxic effects of technical glyphosate as well as formulated
Rounduipknd Rodeo®. Major findings of these studies are presented in
Appendix A and indicate a broad range of susceptibility to glyphosate
and its formulations in the organisms as tested. The increased
toxicity of Roundup® compared to technical glyphosate in some studies
results from the surfactant in Roundup®which is more toxic than
glyphosate to some animal species. Appendices A and B include
toxicity data on the surfactant alone.
For the most part, toxicity studies with invertebrates and
microorganisms have been conducted in controlled laboratory environments. As a consequence of the laboratory environment and the experimental designs employed, the results do not necessarily present a true
reflection of the potential effects of glyphosate in a natural
environment. For example, in the laboratory, aquatic organisms were
kept for as long as 4 days in water containing dissolved glyphosate
at various concentrations, and microorganisms were grown in a culture
medium containing glyphosate. In contrast, in natural aquatic and
nonsoil terrestrial environments, exposure to glyphosate or other
man-made chemicals is usually a transient phenomenon depending on
streamflow, chemical dissipation, and decomposition. Additionally,
in natural systems, interactions with other man-made and naturally
occurring chemicals, as well as changes in environmental factors such
as temperature and moisture, all potentially affect herbicide
assimilation and metabolism by invertebrates and microorganisms
and thus alter their tolerance levels.
Among the insects tested (Appendix A), the LD50 for honeybees,
representing insects of commercial value, was 100 mg/bee 48 hours
after either ingestion of, or topical exposure to. Roundup®or to
technical glyphosate. This level of experimental exposure is
considerably in excess of exposure levels that would occur during
G-9

Table 2-1
Summary of Toxlcologlcal Properties of Glyphosate^

1,

Acute Oral Toxicity
LD5Q (mg/kg

Organism (Formulation)
Rats (Glyphosate)
(Roundup)
Rabbits^
Fish (Glyphosate)
(Roundup)
(RodeoS)
Birds (Glyphosate)
2.

4,320 to 5,600
4,900 to 5,400
3,800
LC50 16 to 168 ppm
LC3Q 2.3 to 48 ppm
LC50 >1,000 p^
LC5Q >4,640 ppm

Acute Dermal Toxlclt^î

Organism (Formulation)

LD50 (mg/kg)

Rabbits (Glyphosate)
(Roundup
3.

Subchronlc Toxicity

Organism (Formulation)
Rats (technical)
Dogs (technical)
Hens

4.

Length of Treatment
90 days
90 days
6 days

Dose Tested

Adverse Effects

200, 600, 2,000 ppm
200, 600, 2,000 ppm
7,500 mg/kg body
weight

None
None
None in neurotosclclty assay«

Chronic Toxicity

Organism

Length of Treatment
2 years
2 years

Rats
Dogs
5.

5,000
5.000

Dose Tested
30, 100, 300 ppm
30, 100, 300 ppm

adverse Effects
None
None

Dermal, Eye, and Inhalation Toxicity

Organism (Formulation)

Length of Treatment

Dose Tested

Adverse Effects^

Rabbits
(Glyphosate)

Dally for 21 days

Ix and 5x
use level,
dermal
application

Practically nonirrltatlng to the
akin (score of 0.1
on scale of 8,0).
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Table 2-1 (Continued)

5e

Dermal5 Eye, and Inhalation Toxlclty (Concluded)

Organism (Formulation)

Length of Treatment

Dose Tested

Adverse Effects

Rabbits
(Roundup^

Daily for 21 days

Ix and 5%
use level,
dermal
application

Moderately Irritating
to the skin (score
of 4.3 on scale of
8,0).

i^e application to
eye

Undiluted
or 5% aqueous

Slightly irritating
to eye. Score of
6.9 a scale of 110.

Rabbits
(Roundup®)

One application to
eye

Undiluted
or 5% aqueous

Moderately Irritating
to eye. Score of
18.4 on a scale
of 110.

Organism (Formulation)

Length of Treatment

Dose Tested

Rats
(Roundup^

4-hour aerosol
inhalation

Human
(Roundup®)

Patch test applied
daily for 15 days

Rabbits
(Glyphosate)

6,

Adverse Effects
Slightly toxic; LC50
is 3.28 ppm.

undiluted

No evidence of Injury
or sensitization.

Teratology, Reproduction, and Feritilty

Organism

Treatment

Adverse Effects

Rabbits

Pregnant animals treated
with 10 or 30 mg/kg body
weight during period of
organogénesis.

No teratogenlc r«isponse.

Rats

Pregnant animals treated
with 300, 1,000, and
3,500 mg/kg in days 6
through 19 of gestation^

No birth defects in offspring.

Rats

Three generation reproduction study. Fed diets
containing 30, 100 or
300 ppm

Animals fed 300 pjm exhibited
reduced mating, fertility and
pregnancy only In the first
litters bom to the 2nd and 3rd
generation animals. Not releated
to treatment.
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Table 2-1 (Concluded)
7.

Mutageniclty

Organism

Test System

Dose Tested

Mice

Dominant lethal: aale
mice treated then
mated to untreated
females *

5 and 10 mg/kg

None

Bacteria

Microbial mutagenicltyî
5 strains of
¿^ ÜlMSHEáHEí 1 strain
of B. subtills;
1 strain of E* coll

Nonspecifled

Nonmutagenic

Nonspecifled

Nonfflutagenlc

least
8.

1 strain of ¿, cerevlslae

Adverse Etfects

Carcinogenlclty
Treatment

A^13J^^ Effects

Mice

100 or 300 ppm in diet
for 18 months

Noncarcinogenic

Rats

30, 100, 300 ppm in
diet for 2 years

Noncarcinogenic

Dogs

30, 100, 300 ppm in
diet for 2 years

Noncarcinogenic

Organism

^Toxicology data are extracted from Appendicei A through %,
can be found in the appropriate Appendix-

Source references

H^ere a specific fornulatlon le BOt given, the original publication or source
did not specify the formulation. Technical glyphosate Is assumed to be the
formulation used in these cases.
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actual field applications of glyphosate (Monsanto Company data
reported in Ghassemi et al, 1981).
Folmar et al. (1979) compared toxiclties of Roundup®^ glyphosate,
and the proprietary surfactant incorporated in Roundup®, to midge
larvae. They found that glyphosate alone^ with an EC50* ^^ ^^ PP^^
was considerably less toxic than either Roundup® or the surfactant
(18 ppm and 13 ppm^ respectively).
Among the invertebrates studied, the median toxic levels for
grass shrimp and fiddler crabs (marine crustaceans) were 281 and
934 ppm for technical glyphosate^ respectively* There were no
observable effects at 210 and 650 ppm when these crustaceans were
exposed for 96 hours to technical glyphosate. For Daphniag a freshwater crustacean5 an LC50 ^^ ^^^ PP™ resulted from exposure for
48 hours to Roundup® (U.S. Department of Agriculture 1981). However^
Folmar et al. (1979) found that 50 percent of Daphnia became immobilized (EC50) at a concentration of 3 ppm of Roundup®after 48 hours
of exposure.
Larval Atlantic oysters (Mollusca) were exposed for 48 hours
to technical glyphosate at a concentration of 10 ppm. No effect
was observed on subsequent embryonic development of the larvae
(U.S. Department of Agriculture 1981)*
The available information on the effect of glyphosate on soil
microorganisms is somewhat ambiguous. Studies by Jaworski (1972) and
Grossbard (1974), reviewed by Müller et al, (1981), indicated inhibition of microbial growth with glyphosate concentrations of 1.7 and
1.0 ppmI respectively. On the other hand^ other studies have shown
Increased microflora populations at glyphosate soil levels as high as
8 ppm in sandy loam (Rueppel et al. 1977; Sacher 1978)^ no effect on
soil nitrification at glyphosate concentrations of 300 ppm (Müller et
al. 1981)5 no effect on nitrification and denitrification at 100 ppm
(Torstensson 1978 in Müller et al. 1981), and no effect on amounts of
ammonia and nitrate in soils with 100 ppm glyphosate (Marsh et al.
1977 in Muller et al. 1981). Finally^ glyphosate applied to three
soils (a silty clay loamj a sandy loam^ and a silt loam) at 5 and
25 ppm, which reflect 1 and 5 times the normal application level,
resulted in no apparent significant effects on microbial nitrogen
fixation or nitrification. Additionally^ there were no apparent
effects on degradation of cellulose^ starchy proteins, or leaf litter
in this study (data from EPA registration files cited by Ghassemi et
al. 1981). Section 3.2 of this report discusses the effects of
different soil characteristics on adsorption and consequent biological
*EC5o (effective concentration) is the concentration at which
50 percent of the test organisms become immobilized.
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inactivation of glyphosate. These physical factors of soil undoubtedly
play an important role in the different observed effects of glyphosate
on microblal activity in different studies and different soils•
2.2

Fish

Several studies have addressed the potential toxicity of
glyphosate, Rodeo®, Roundup®, and the surfactant contained in Roundup®,
on various fish species• These studies are summarized in Appendix B.
Clarke et al, (1970) propose that chemical substances for which
the LC50 for fish is greater than 10 ppm be considered slightly toxic,
that chemicals with an LC50 between 1 and 10 ppm be considered toxic,
and that chemicals with an LC50 less than 1 ppm be considered highly _
toxic. For the most part, glyphosate alone Is only slightly toxic to
fish species with LC5o's greater than 10 ppm. Roundup®and the
surfactant used in Roundup®are generally toxic to fish, however, with
LCjo's less than 10 ppm. An exception is channel catfish, for which
both Roundup®and glyphosate are only slightly toxic (Folmar et al.
19791 U.S. Department of Agriculture 1981)•
Roundup® and the surfactant used in formulating Roundup®^ should
be considered to be "harmful" or toxic to some species of fish,
having 96 and 24 hour LCJQ'S of 8.3 ppm or less (rainbow trout,
fathead minnow^ and bluegill) under static bioassay conditions (Folmar
et al, 1979). It should be emphasized that in natural systems, the
laboratory conditions of a static bioassay are highly unlikely and, as
pointed out in Section 3.3 of this report, glyphosate does not
accumulate readily in waterbodles throagh leaching and runoff from
soil. Consequently, with normal application rates and practices,
toxic levels (See Section 4.2.2.3) of residual glyphosate are unlikely
to occur in waterbodles.
2.3

Birds

The toxic effects of glyphosate in birds have been investigated
in a limited number of studies that are summarized in Appendix C.
These studies, conducted in a laboratory environment, have included
feeding studies of technical glyphosate, brief immersion of chicken
eggs in Roundup®^ and injection of technical glyphosate into 10-day
old embryonated chicken eggs. In general, glyphosate appears to have
low toxicity to avian species*
Eggs immersed in solutions of Roundup® at concentrations as
high as 5 percent for 5 seconds showed no effect on hatchability or
time to hatch when compared with control eggs (Batt et al. 1980).
When both mallard ducks and bobwhite quail were fed technical
glyphosate for 8 days, the LC^Q'S were greater than 4,640 ppm
(Monsanto Company 1982a)* In studies with inbred .chicken strains, an
014

LD50 of approximately 130 mg/kg was observed when glyphosate was
injected into the air sac of 10-day old embryonated eggs, and an LD50
of approximately 250 mg/kg was observed when it was injected into yolk
sacs (Olorunsogo et al, 1978).
In a neurotoxicity study with glyphosate in chickens, ten adult
hens were dosed orally with 1,250 mg/kg, two-times daily^ for three
consecutive days. The regimen was repeated to give a cumulative dose
of 15,000 mg glyphosate/kg. No behavioral or microscopic changes
related to treatment were observed (Monsanto Company 1982a).
2*4

MaiMials

Very few published reports on the toxicity of glyphosate in
mammals appear in the open literature since almost all of the data
are proprietary^ Data have been provided by the Monsanto Company to
the U«S Environmental Protection Agency as required by the Federal
Insecticide5 Fungicide^ and Rodenticide Act^ but much of these data
are not available to the public. Summary data prepared by Monsanto
appear in "Herbicide Bulletins" (Monsanto Company 1980, 1982a^bjC^d
and 1983a,b), the Weed Science Society of America (1983), in U.S.
Department of Agriculture (1981), and in a review by Wagner
(1981). The U^S. Environmental Protection Agency has published
no-observable-effect levels for glyphosate. The NOHJ'S for the
following studies were: 90--day rat feeding^ 2,000 ppm; 90-day dog
feeding, 2^000 ppm- 18-month mouse feeding with no carcinogenic
potential, 300 ppm; 2-year rat feeding, 100 ppm; 2-year dog feedings
300 ppm; rabbit teratology^ 30 mg/kg body weight; and three^generation
rat reproduction, 300 ppm (U«S. Environmental Protection Agency 1978)•
The following information is based on the above sources, a review
by Newton and Dost (1981) and an earlier series of Herbicide Background
Statements (U.S. Department of Agriculture 1981)^
2.4.1

Acute Toxicity

Acute toxicity data have been reported for oral^ dermal,
inhalation and eye irritation studies.
2.4.1.1 Oral, Glyphosate, Roundup®, and Rodeo^^ are practically
nontoxic in the animal species tested^ The acute oral LD^g in rats is
5,600 mg/kg for glyphosate, 5,400 mg/kg for Roundup® &ad >5,000 mg/kg
for Rodeo (Monsanto Company 1982a^b and 1983b). In rabbits, the LD50
for glyphosate is 3,800 mg/kg (U.S. Department of Energy 1983).
^•^*^'^ De^g^l* When applied to the skin of rabbits, the
minimal lethal dose was found to be greater than 7,940 mg/kg and the
LD30 was greater than 5,000 mg/kg for both glyphosate and Roundup®,
The LD5Q for Rodeo® was >5,000 mg/kg when applied to the skin of
rabbits (Monsanto Company 1982a,b and 1983a).
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In a skin Irritation test ia rabbits, the Monsanto Company (1982a
and 1983a) reported an FHSA (Federal Hazardous Substances Act) score
of 0,1 for Rodeo® and glyphosate on a scale of 0 to 8.0^ where 0
represents no irritation and 8tO represents maximum irritation. For
Roundup®, the reported FHSA score of 4,3 represents moderate
irritation (Monsanto 1982b). In a human skin irritation (patch) test^
no visible skin changes signifying reaction to injury were observed
with Roundup (Monsanto Company 1982c).
2.4,1*3 Inhalation« Rats were exposed (up to 12*2 ppm
Roundu^^ to an aerosol for 4 hours. Upon sacrifice and autopsy
either 10 or 14 days later, no treatment-related gross pathologies
were found (U.S* Department of Energy 1983)# The Monsanto Company
(1982b), however, reported an inhalation LC^Q of 3»28 ppm for Roundup®
in rats exposed for 4 hours to an aerosol, indicating that the
pesticide formulation is slightly toxic* A conservative position
would assume the slight inhalation toxicity of this formulation,
2,4*1*4 Eye Irritation. Glyphosate, Roundup®, and Rodeo®, were
only slightly irritating, moderately irritating^ or nonirritating,
respectively, when these substances were applied to the eyes of
rabbits e On a scale that r^ges from 0 (no effect) to 110 (maximum
irritation), the reported FHSA scores for glyphosate^ Roundup®, and
Rodeo® were 6,9, 18*4, and 0,0, respectively (Monsanto Company 1982a,b
and 1983a)«
2,4.2

Subchronic Toxicity

2.4.2.1 Oral. Both beagle dogs and rats were fed glyphosate
technical ^terial at dietary levels of 200, 600, and 2,000 ppm for
90 days^ No significant abnormalities were noted in the following
parameters! weights, food consumption, behavioral reactions,
mortality, hematology, blood chemistry, urologie studies, and gross
and microscopic studies^ Absolute organ weights, organ--to-body weight
ratios, and organ^to-brain weight ratios were not significantly
different in treated and control dogs. Similarly, no abnormalities
were noted when albino rats were fed glyphosate at the same dietary
levels for 90 days. Complete gross and microscopic examinations of
organs and tissues from all animals revealed no lesions in organs or
tissues that could be related to treatment effect (U.S* Department of
Agriculture 1981| Weed Science Society of America 1983),
2.4•2,2 Dermal, In a 21«day derail study, rabbits were treated
daily with Roundup diluted to its use level and to 5 times its use
levels These early studies suggested that repeated applications of
Roundup®produced several skin irritations. The skin irritation and
resulting marked reduction in food consumption contributed to the
presence of testicular atrophy ^ich was observed in the test
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animals, Testicular atrophy which was also observed in the control
animals was considered due to result of stress on the animals* Further
study found that the skin reactions were due to the surfactant in the
producte In a human patch test. Roundup® was applied to the skin of
50 subjects daily for 15 days. No visible skin changes signifying
reaction to injury were observed in any of the subjects. When a
challenge application was later made to detect skin sensitl^ation, no
visible skin changes were observed. The formulation, therefore, was
not a primary irritant or skin sensitizer (U.S. Department of
Agriculture 1981), The product^ therefore^ does not present a
handling hazard since the negative human exposure data takes precedence
over the rabbit experiments.
2.4.3

Chronic Toxicity

In a long--term feeding study, groups of 50 male and 50 female
rats were fed 30^ 100^ or 300 ppm glyphosate in their diet for 2 years.
There were no significant differences in food consumption, weight
gains, or final body weights among the test and control groups.
Hematological, clinical^ chemical, and urine analyses conducted at
35 6, 91 12 s 15, 185 and 24 months on animals fed 300 ppm revealed
no abnormalities (U.S. Department of Agriculture 1981). Complete
gross and microscopic examinations were conducted on organs and
tissues from the control and treated animals• There were no gross or
histopathologic evidence of any difference in frequency or type of
tumors that could be related to treatment. Histopathologic examination
revealed a treatment-related Increase in lipid content in the liver of
animals fed 300 ppm. These changes were not present in the livers
from rats fed 30 or 100 ppm.
Groups of 4 male and 4 female dogs were fed 0, 30, 100^ or
300 ppm glyphosate in their diet for 2 years. There were no consistent differences between values in the control and treatment
groups. Absolute organ weights, organ-to-body weight ratios, and
organ-to--brain weight ratios revealed no significant differences
between test and control dogs. No gross or histopathologic changes
were observed in the livers of dogs fed 30^ 100, or 300 ppm for
2 years (U.S. Department of Agriculture 1981).
No cellular changes (increased incidence of cytoplasmic vacuoles
or lipid content) were observed in mice fed glyphosate at a concentration up to 300 ppm in the diet for 18 months (U.S. Department of
Agriculture 1981).
2.4*4

Reproductive and Teratogenic Effects

No treatment related effects in parental or pup body weight gain^
behavior^ survival^ or reproductive performance were observed in a
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three--generatioû reproduction study in which rats were fed glyphosate
at dosages of 3, 10, and 30 mg/kg body weight (30, 100, and 300 ppm).
Gross pathologic examiiiation revealed no differences between treated
and control animals. Orgari weights, orgam-to-body weight ratios, and
organ-^to-braiñ weight ratios revealed tio consistent differences,
Hlstopathologic examination revealed no treatment-induced lesions• No
other adverse effects on reproductive ability were noted except for
slightly reduced mating Indices in high dose females of the third
generation only, and slightly reduced pregnancy rates at all treatment
levels of the first generation only. These changes were not considered
treatment-related. Gross and microscopic examination of randomly
selected offspring of the third generation revealed no significant
differences between treated and control groups (Monsanto Company study
reported in U.S. Department of agriculture 1981)*
Pregnant rats were treated with glyphosate at dosages of 300,
1,000, and 3,500 mg/kg/day on days 6 through 19 - of gestation, the
period of organogénesis* No evidence of birth defects in the
offspring was observed (Monsanto Company 1982a). Treatment of
pregnant albino rabbits with dose levels of 75, 175, and 350 mg/kg
body weight on days 6 through 27 of gestation did not induce a
teratogenic response (Monsanto Company 1982a).
Several additional reproductive studies-with glyphosate are
reported in appendix D.
2 • 4.5

Ca X" c Ino geni city

In an 18-moñth carcinogeniclty study, Swiss mice were fed
glyphosate at dietary levels of either 100 or 300 ppm. Gross and
microscopic pathologic examinations revealed no correlation between
treatment and tumor incidences in the treated mice. A carcinogenic
response was not induced. The incidence or pattern of mortalities was
not significantly different between treatment and control groups
(Monsanto Company data reported in Ü.S, Department of Agriculture
1981)• Similar results have been reported in rats and dogs fed
glyphosate at dietary levels up to 300 ppm for 2 years (U.S. Department of Agriculture 1981)• In a more recent lifetime study (Monsanto
Company 1983b), no carcinogenic effects were observed when glyphosate
was fed to rats at dosages up to 31 mg/kg (equivalent to about 600 ppm
in adult rats).
2 «5

^tage^cit^

Glyphosate is not a mutagen, Male mice were given 200, 800, or
2 s000 mg glyphosate/kg body weight and subsequently mated with
untreated females. No evidence of mutageniclty was observed In this
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dominant lethal mutation assay, indicating that the test material is
not genotoxic to germ cells (Monsanto Company 1982a)•
Three different types of microbial mutagenlclty tests were
performed using glyphosate (Monsanto Company 1982a). In these studies,
a total of eight strains (7 bacterial and 1 yeast) including five
strains of Salmonella typhimurium and one strain each of Bacillus
subtiliSg Escherlchia coll, and Saccharomyces cerevislae (yeast) were
treated. No mutagenic effect was reported in any of these strains•
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3.0

Environmental Fate

Glyphosate is an effective herbicide for a broad-spectrum of
plant species, yet it has short persistence In soil and water and has
relatively low toxicity to animal species, Glyphosate Is taken up by
the plant primarily through the foliage and is then translocated
through the plant to roots and other structures. Of the glyphosate in
the soil, less than 1 percent is absorbed through the roots, primarily
because glyphosate is quickly and tightly adsorbed to soil particles*
Glyphosate is not metabolized in plants, although complete and rapid
degradation occurs in both soil and water by microbiological activity
but not by chemical activity (Rueppel et al, 1977, Ghassemi et al.
1981).
3.1

Bioaccumulation
3.1.1

Plants

The major pathway for uptake of glyphosate in plants Is through
the foliage, although, depending upon soil type and conditions, some
root uptake may occur. Gottrup et al* (1976) demonstrated that
increased humidity and the presence of surfactants increased the rate
of absorption of glyphosate by plant foliage* Foliar absorption
experiments have Indicated that the surfactants serve to increase the
rate of diffusion of glyphosate across the plant plasma membrane
rather than across the cuticle (Wyrill and Burnslde 1976), Once the
glyphosate is taken up by the plant tissue, it is translocated
throughout the plant, including through underground structures such as
roots and rhizomes where it inhibits further growth and sprouting*
Glyphosate is stable within the plant tissue and is not metabolized by
plants (Gottrup et al., 1976; Wyrill and Bumside 1976).
3.1.2

Animals

Glyphosate has a very low octanol/water partition coefficient
(0.17 X 10""2 at 20 ppm and 0.6 x 10"^^ at 100 ppm) indicating its
low solubility in llpids. Thus it has little tendency to bioconcentrate in animals (Monsanto Company data cited in Ghassemi et al,
1981). Residue and metabolism studies have indicated that glyphosate
is only slowly absorbed across the gastrointestinal membranes and
that5 in vertebrates tested, there is minimal tissue retention and
rapid elimination of residues (Monsanto Company 1982a). Data on the
metabolism of glyphosate in animals are summarized In Appendix F.
Radiolabelled glyphosate fed in a single dose to rabbits was
largely excreted in feces (>80 percent) or urine (7 to 11 percent)
within five days^ with small amounts (<1 percent) expired as CO2 or
remaining in the colon (U.S. Environmental Protection Agency data
reported by Ghassemi et al. 1981). In bluegill fish exposed to
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o•612 ppm radlolabelled_glyphosate for 28 days, there was an accumulation of residue in edible portions of the fish with a bioconcentration
factor of 1,6 (U.S. Bepartment of Agriculture 1981). Sacher (1978),
however, reported maximum residue levels in fish tissue of 0.55 ppm
for channel catfish sampled 7 days after the fish were exposed to
10 ppm glyphosate for 14 days. Largemouth bass and rainbow trout
exposed to 10 ppm for 14 days had maximum residue levels of 0.12 and
0.11 ppm, respectively* Rainbow trout exposed to varying concentrations of glyphosate for 12 hours had no detectable residues of
glyphosate or its primary metabolite (aminomethyl phosphonic acid).
However, trout exposed to Roundup at 2.0 ppm for 12 hours were
reported to have 80 ppm of glyphosate in fillets and 60 ppb of
glyphosate in eggs (Folmar et al* 1979). The reported 80 ppm
glyphosate residue in trout fillets is probably a typographical error^
since such a figure would yield a bioaccumulation factor considerably
In excess of others reported for glyphosate^ Â likely correct figure
for the trout fillet residues Is 80 ppb glyphosate (Peterson 1984).
Monsanto Company (1983b) reports bioconcentration factors of 0.1 to
0.3,
Cows fed glyphosate had undetectable levels of glyphosate residues
(< 0*025 ppm) in milk (Monsanto Company 1982c). Chickens were found to
imve a bioaccumulation factor as low as 10^^ for glyphosate in various
tissues (Sacher 1978), No storage of radlolabelled glyphosate was
found in muscle or fat of bobwhite quail, although traces were found
in liver and kidney tissue (U.S. Department of Agriculture 1981),
Folmar et al« (1979) were unable to detect residues of glyphosate or
Roundup® in midge larvae exposed to either substance at concentrations
as high as 2.0 ppm ^
3.2

Soil

Glyphosate is completely and rapidly degraded In soil by
microbiological activity. In the soil environment it is resistant
to chemical degradation, is stable to sunlight^ is relatively
nonleachable, has a low tendency to runoff, is strongly adsorbed to
soil particles, has a negligible volatility, and has a minimal effect
on soil microflora (Rueppel et al« 1977| Weed Science Society of
America 1983). The tendency of glyphosate to adsorb to soil particles
Influences the potential for leaching, runoff^ and degradation by soil
microorganisms--^-all of which are major factors that determine the rate
of dissipation of glyphosate from the soil.
Studies by Rueppel et al» (1977) mve demonstrated the resistance
of glyphosate to photodecomposition, A solution of radlolabelled
glyphosate was irradiated for 48 hours in a Crosby photoreactor with
no loss of ^-C content due to volatile degradation products and no
observed changes in the composition of the test solution,
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Sacher (1978) compared 1^02 evolution over a period of seven days
in sterile and nonsterile conditions with radiolabelled glyphosate and
with radiolabelled sucrose (sugar) as a control- Minimal amounts of
1^C02 evolved, along with lack of significant changes in compositioii
of the radiolabelled glyphosate compounds under sterile conditions,
demonstrated that chemical degradation is not a major means of
glyphosate degradation. The importance of biodégradation by soil
microflora was indicated in the nonsterilized conditions. In which as
much as 55 percent of the l*C-labelled glyphosate was-given off as
1*C02 within 4 weeks using Lintonla Sandy Loam soil• Microbial
degradation of glyphosate can occur under both -aerobic -and anaerobic
conditions and the same general distribution of glyphosate metabolites
is found under both aerobic and anaerobic conditions (Rueppel et al.
1977).
The primary metabolite of glyphosate is amlnomethyl phosphonic
acid (AMPA). Studies with radiolabelled áMPA in silt loam and sllty
clay loam soils resulted in 34.8 and 16.1 percent of _the applied ^^C
being given off as 1^C02 within 63 days, respectively (Rueppel et al.
1977). Degradation of AMPA is generally slower than that of
glyphosate, possibly because AMPA may adsorb onto soil particles
more strongly than glyphosate and/or because it may have a lower permeability through the cell walls or membranes of soil microorganisms.
Glyphosate is relatively immobile in most soil environments as a
result of its strong adsorption to soil particles. This tendency of
glyphosate to adsorb to soil particles serves as the initial stage In
the inactivation of glyphosate with respect to plant "uptake—the
adsorbed glyphosate is unavailable for uptake by plant rootsAdsorption of glyphosate to soil particles begins immediately after
application, and binding occurs with particular rapidity to kaolinite,
illite, and bentonite clays as well as to muck. Organic matter and
clays saturated with Fe+++ and Â1+++ tend to adsorb more glyphosate
than do organic matter and clays saturated with Na+ or -CA++. The
prime factor in determining the amount of glyphosate adsorbed to soil
particles is the soil phosphate level, and it appears that glyphosate
is bound to soil through the phosphonic acid moiety (Sprankle et al.
1975a).
The effect of both pH and phosphate on glyphosate adsorption
was examined by Sprankle et al. (1975b) based on plant yield as an
Indicator of glyphosate unavailability due to adsorption. They found
no significant difference in plant yield with differing soil pH*s at
glyphosate application rates up to 9.8 lb/acre (11 kg/ha), but at
50 lb/acre (56 kg/ha), there was a trend for decreased yields at lower
pH (4.6 to 5.6) compared to higher pH (6.1 to 6.7)- These data
indicate a decrease in glyphosate adsorption as the pH Is raisedj
however, glyphosate is usually applied at the rate "of 1.0 to
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4.0 lb/acre (1.12 to 4.6 kg/ha). In terms of phosphate^ glyphosate
experimentally applied at 10 lb/acre (11.2 kg/ha) with 88 lb/acre
(98 kg/ha) of phosphate resulted in significant reduction in yield
while 10 lb/acre (11.2 kg/ha) of glyphosate application without
phosphate resulted in no effect on plant yield. Thus, high levels of
phosphate resulted in low adsorption of glyphosate to soil* The
initial binding of glyphosate to soil appears to be reversible^ with
phosphate anions competing with glyphosate for binding sites^ due to
anion exchange in the soil matrix.
Salazar and Appleby (1982), however^ found that in some
high-organic soils, glyphosate applied to soil at a rate of 3 lb/acre
(3.4 kg/ha) reduced bentgrass seedling growth for seeds germinating as
long as 5 days after glyphosate application. Brewster and Appleby
(1972 in Salazar and Appleby 1982) found similar reduction in wheat
seedling growth with pre-emergence application of glyphosate that
appeared to be related to increased levels of moisture in the soil.
Several studies have shown that glyphosate does not adversely
affect soil microorganisms or their metabolic processes, Müller et
al. (1981) studied the effect of glyphosate application at 2.3 lb/acre
(2,6 kg/ha) in a loam soil and a fine silt soil in Finland during
actual agricultural applications. They concluded that glyphosate was
degraded over the winter months even at the low prevailing temperatures and that glyphosate did not adversely affect nitrogen fixation^
nitrification, or denitrification activity in these soils. The
relatively benign nature of glyphosate with respect to soil microorganisms Is further confirmed by tests conducted by Monsanto personnel
who compared microblal plate counts on untreated soil and soil treated
with glyphosate (Sacher 1978). Results of glyphosate tests with soil
microorganisms are presented in Appendix A.
In general, glyphosate dissipates relatively rapidly when applied
to most soils. As a result of greenhouse soil dissipation studies with
three different soil types, Ruappel et al. (1977) calculated half lives
from 3 to 130 days, the former for a silty clay loam with 6 percent
organic content and the latter for a sandy loam with 1 percent organic
content* These data have been substantiated by field studies^ in
which glyphosate had an average half^life of 2 months in 11 soils and
by other studies reporting half-lives of 17 to 19 weeks in sandy soil
and 3 weeks in silt loam (U.S. Environmental Protection Agency data
reported in Ghasseml et al* 1981).
3.3

Water

In aquatic systems, glyphosate is strongly adsorbed to both
organic and mineral matter and is degraded primarily by microorganisms.
However, the rate of degradation of glyphosate in water is generally
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slower than it is in most soils because there are fewer microorganisms
in water than in most soils (Ghassemi et al. 1981).
Stream samples of flowing canal water were taken by Comes et
al. (1976) following metering of Roundup®at a rate of 150 ppb of
glyphosate into the canalse Sampling 1 mile (1.6 km) downstream
accounted for only 70 to 72 percent of the total glyphosate introduced
into the stream* Subsequent downstream disappearance of glyphosate
diminished and 5 to 9 miles (8 to 14a4 km) downstream, only 57 to
58 percent of the glyphosate remained in the water flow* These figures
are for herbicide metered directly into flowing water. Sacher (1978)
reports that when glyphosate is applied to ditch banks at 150 ppb
concentration5 maxima of only 10 and 3 ppb glyphosate could be expected
in streamflow 1 and 5 miles (1.6 and 8 km) downstream, respectively.
In a pond at Fort Lauderdale^ Florida, Sacher (1978) reported a
half-life for glyphosate of approximately 12 days. Studies by
Monsanto Company (U.S* Environmental Protection Agency data reported
in Ghassemi et al* 1981) on glyphosate persistence in natural water
bodies found a half-life of 7 weeks in Sphagnum bogs at pH 4*23| of 9
weeks in cattail swamps at pH 6*25| and of 10 weeks in pond water at
pH 7 * 33,
As a result of the strong adsorption of glyphosate to soil
particles5 its mobility due to leaching and surface washout is greatly
reduced* Rueppel et al. (1977) tested the mobility of glyphosate in
three different soils by means of soil thin-layer plates spotted with
radiolabelled glyphosate. These plates were then washed twice with
water and the final distribution of radiolabelled glyphosate determined
by beta camera analysis after each washing. On all three soils tested,
the parent glyphosate, even after the second washing, moved only a
short distance, indicating that glyphosate is an immobile pesticide*
Leaching of residues from irrigation canal banks treated with
glyphosate was investigated by Comes et al* (1976). Neither glyphosate
nor its metabolite, aminomethyl phosphonic acid, were detected in the
first flow of water through canals that had been dry for 23 weeks after
glyphosate had been sprayed on the ditch banks at a rate of 5 lb/acre
(5.6 kg/ha). Soil samples collected from the canal bed the day before
the canals were filled indicated residual levels of both glyphosate
and aminomethyl phosphonic acid (0*35 and 0*78 ppm, respectively) in
the top 10 centimeters of the soil along the ditch banks* The authors
concluded that glyphosate could be applied to ditch bank vegetation in
the fall after draining canals, with little to no chance of glyphosate
residues contaminating irrigation water the following spring*
The Monsanto Company (U.S, Environmental Protection Agency data
reported in Ghassemi et al* 1981) conducted soll column leaching
studies in which glyphosate was aged for 30 days in soil columns and
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then eluted_ for 45 days with 1/2 acre-inch of water* Leaching of
parent compound was found to be insignificant. Inclined beds of three
different soils were used tcj evcaluate the runoff potential of
glyphosate (Rtieppel et al. 19-77). Radiolabelled glyphosate was
applied uEiformly at a rate of 1.0 lb/acre (1.12 kg/ha) to the upper
third of the soil bed and the surface then subjected to artificial
rainfalls at days 1, 3, and 7 after treatment» The artificial
rainfall was contimied long enough for the collection of two
consecutive 50 ml samples of runoff water and sediment. The l^C
acti¥ity of runoff water and sediment was measured. The results
Indicated a maximum runoff rate of less than 1*8 x 10""^ lb/acre
(2 X 10"^ kg/ha), confirming that glyphosate binds tightly to soil
particles.
Studies - of the -ruñof f of Roundup^-^ applied to agricultural soils
in Ohio were conducted by-Edwards et al. (1980)* Roundup®was applied
as a pre-seeding treatment In early spring at rates of 1, 3, and
8 lb/acre (1.10, 3.36, and 8*96 kg/ha) and levels of"glyphosate in "the
runoff water from natural rainfall were measured. The highest concentration of residual glyphosate, 5.2 ppm, was contained in runoff
1 day following treatment at_ the highest application rate, Glyphosate
levels up to 2 ppb were detected in runoff from the highest application rate for up to 4 months following treatment. For watersheds
treated at lower application rates, the highest level of glyphosate
detected in runoff was IfJO ppb for rainfall .events 9 to 10 days after
treatment. Two months following treatment, residual glyphosate levels
in runoff had decreased to 2 ppb*
Of the glyphosate applied to the
soil 3 a maximum of 1.85 percent was removed by runoff transport and,
of this amount, 99 percent was removed during the first rainfall event
after herbicide application.
3.4

A^

The vapor pressure of glyphosate is negligible (Ghassemi et al.
1981, U.S. Department of Energy 1983). Rueppel-et al, (1977) report
that only small amounts of glyphosate should"be expected to volatilize
from either soil or water•
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4.0

Exposure and Hazard Assessment

Forest workers^ visitors, and resident or transient animals are
all potentially exposed to glyphosate during forest spray operations•
For humans and other terrestrial animals^ exposures can be by dermal,
inhalation, and oral (Ingestion) routes. Aquatic animals are potentially exposed by immersion in waterbodies that may contain dissolved
glyphosatei Calculations of exposure to glyphosate in this section
follow the assumptions and methodology detailed in Section 4,0 of the
General Introduction to the Herbicide Background Statements. In
general, it should be noted that environmental exposures to
glyphosate are brief^ and that any area sprayed in a given year may
well not be sprayed again for several years. Occupational doses, at
least for some individuals, may be of longer duration than
environmental exposures. However, only a limited number of
individuals are so exposed.
4.1

USDA Forest Service Glyphosate Application

Available application data for glyphosate use by the USDA Forest
Service for 1982 are presented in Table 4-1. Actual exposure to
glyphosate differs among Forest Service personnel Involved in
herbicide use, other Forest Service personnel^ visitors to Forest
Service lands that have been treated with herbicides, and wildlife
species that are permanent or transient inhabitants of treated areas.
The data presented in Table 4-1 Indicate the number of forest
workers involved in application of glyphosate in 1982, as well as the
duration of exposure on a daily and an annual basis. However^ the
actual exposure of these workers depends not only upon the specific
formulation, method, and rate of application, but also on the
protective measures employed, the operating condition of the
equipment used, and accidental events which expose workers to the
pesticide.
Glyphosate is rapidly adsorbed to soil particles and to sediment
in ponds and streams* It is also rapidly degraded. Consequently,
the potential for incidental exposure of humans and wildlife to
glyphosate is low, existing only for a very short period immediately
after its application.
4.2

Exposure

Estimates of potential exposure to glyphosate are based on
aerial as well as ground application. The maximum aerial application
rate for a glyphosate (see Table 1-1) is 4.0 lb a.i./acre, while the
compound is applied from the ground (ground foliar) at rates as high
as 5 lb a,i./acree In both aerial application and ground foliar
G-27

o

i
ro

TalSle 4-1
IJSDA Fo-rest iService Applicatioo, Data fo^r Glyphosate (1982)

Duration of Exposure
Foa-mulatioii
(Nuniber

„,.^..„„

Metho4 of
application

Average Number People
Exposed/Project

Total People
Exposed.*^

Projects)

,

.,

_.

Average

_.

Type of Management
(Projects)

Maximum

Hrs/Day

Days/Yr

Hrs/Day

Days/Yr

Glyphosate
(103)

Ground
Foliar

4.9

505

5.4

8.2

7.0

9.8

Tini,ber (48), Range (17)
Noxious Weeds (12)
Nursery (7), Fire (1)
Recreation (3)
Engineering (1)
Research (12)
RIght-of-Way (2)

Glyphosate
(21)

Aerial

8» 4

176

4.7

3.5

6.8

4»5

Timber (21)

«Grand Total * 681
Source:

Gross 1983.

application, glyphosate is applied as a liquid. The calculations in
Table 4-2 that are based on aerial application (e•g^, spray/observer
dose, wildlife der^l exposures, and water concentrations) assume an
application rate of 4.0 lb a,i./acre« Those calculations in Table 4-2
that are based on ground spraying (e.g, backpack sprayer dose, and
wildlife oral exposures) assume an application rate of 5.0 lb
a.it/acre. Other specific assumptions, based upon the toxicological
and chemical characteristics of glyphosate and on its behavior in the
environment, are discussed in the following sections. Table 4-2
sumi^rizes the estimates for occupational and environmental doses and
exposures by means of immersion, dermal, Inhalation, and oral routes.
4«2«1

Occupational Doses

Data are not available on the daily occupational exposures or
doses of glyphosate to forestry workers. However^ estimates of
occupational doses have been derived based on the urinary output of
several categories of workers exposed to phenoxy herbicides (e.g.,
2,4-D and 2,4^5-T)^ As indicated in the General Introduction to the
Herbicide Background Statements, urinary output was used to calculate
total doses (i.e.^ regardless of route) to workers exposed to phenoxy
herbicides, and this quantity was then expressed on the basis of an
application rate of 1 lb/acre. Dally occupational dose estimates for
glyphosate are based on exposures on a per pound per acre application
rate multiplied by 4 lb/acre for observers and 5 lb/acre for backpack
sprayers. In the case of the aerial spray observer, exposure
estimates are based upon a maximum of one daily exposure to direct
aerial spray with an unprotected skin surface area of 2 square feet
(see General Introduction to the Herbicide Background Statements)^
The maximal herbicide dermal absorption rate is assumed to be, in the
absence of data to indicate otherwise, 10 percent* However, for
glyphosate, the rate of absorption is assumed to be 1 percent. The
lower glyphosate absorption rate is used for this assessment because
the very low octanol/water partition coefficient of glyphosate
(Section 3^1.2) indicates its probable low skin penetration. At 4.0
lb a.i./acre application rate, the following estimate of daily dose
is derivedÎ
Observer with Direct Spray Deposition; up to 0.016 mg/kg
(0^004 mg/kg at 1 lb/acre application rate since dermal
absorption is 1 percent rather than 10 percent).
For ground applications at 5 lbs/acre application rates, the
following estimate of daily dose is derivedî
Backpack Sprayers 0*20 mg/kg (0.04 mg/kg at 1 lb/acre
application rate)
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Table 4-2
Summary of Occupational Dose, Environmental Exposure
and Toxiclty for Glyphosate
Exposure Route^
Occupational
Dose

Dermal

Mixer/Loader
Observer
Backpack Sprayer

Inhalation

Oral

b

0.1 mg/kg
-up to 0.016 mg/kg
0.20 mg/kg

Environmental
Exposure
Fish
Rabbits
Deer
Man
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)
Toxiclty Summary

«-—_«-.-__ 0.04 ppm (Immersion)
1.612 mg/kg
0.404 mg/kg

Negligible
Negligible

_»d

„«d

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Acute LD5Q
>5,000 mg/kg
in rabbits
with glyphosate and
Roundup®

LC5Q ^3,28 ppm
in rats with
Roundup®

Moet studies, 1^50

.

,^^

5.10 mg/kg
7.20 mg/kg

«d
0.0008 mg/kg (2 days)
0.021 mg/kg (2 days)
0.029 mg/kg (2 days)
0.0016 mg/kg (1 day)
0.004 mg/kg (1 day)
0.0020 mg/kg (1 day)
Acute LD5Q'S of 3,800 to
5,600 for glyphosate in rats
and rabbits, respectively.
Rat lifetime NOEL >31 mg/kg
for glyphosate. ADI (human)
of 0.05 mg/kg.

>10 ppa for fish

^Assumes aerial application at 4 lb active ingredient per acre and ground foliar
application at 5 lb active ingredient per acre. See text for further explanation.
^Occupational doses include all routes of exposure on a daily basis.
^Flsh exposure results from Immersion in water containing glyphosate,
%uman environmental exposures via dermal and inhalation routes will be considerably
less than occupational doses. Therefore, occupational doses are used as a worstcase rather than an estimate of environmental dermal and Inhalation exposure.
Oral environmental exposures are estimated for six sources.
®NA represents nonapplicable data.
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Occupational doses for the mixer/loader are assumed \to_be independent
of application rate and have been estimated to be 0.1 mg/kg.
Total occupational doses are, of course, a function not only of
application rate and specific occupational category, but also of
duration of exposure. Table 4-1 includes estimates of the number of
days per year of exposure, by glyphosate application"method and
formulation used, in 1982. It should be noted^ however, that in many
Instances, the same individuals are not exposed throughout the entire
spray period.
4.2.2

Envlroj^enJal^^^Ex^osures

Environmental exposures in ^n occur when forest visitors or
others not directly Involved in spray operations come in contact with
spray or sprayed foliage, inhale spray mist, eat plants or animals
contaminated with herbicide, or drink water containing herbicide.
Mimais, both terrestrial and aquatic, are subject to environmental
exposures as well.
4.2•2.1 Dermal Exposures^ Human dermal environmental exposures
would be less than occupational exposures since only spray operators
and observers are directly Involved with actual activities on the
spray ^its. A casual visitor to spray units should be expected to
receive an exposure much less (by orders of magnitude) than that of
the observer receiving direct spray deposition• Animals in the
target spray zone, however, are subject to dermal exposure. Rabbits
and deer, representing both small and large game animals
respectively, have the following estimated dermal exposures based on
4 lb ati,/acre aerial spray5
Rabbits in Aerial Spray Zone; 1.612 mg/kg (0,403 mg/kg at
1 lb/acre application rate)
Deer in Aerial Spray Zone;
application rate)

0.404 mg/kg (0.101 mg/kg at 1 lb/acre

4.2.2.2 ^^^^^^..^^o^^^* Human inhalation environmental
exposures would be less than occupational exposures since spray opera-tors, involved with activities on the spray units, are more likely to
be subject to spray mist than is a casual visitor. Thus a casual
forest visitor should be expected to receive an inhalation exposure
orders of ^gnitude less than th^t of a backpack sprayer.
Environmental inhalation exposures of animals In the spray target
area would occur on a one-time basis and would be limited- to a time
frame that can be measured in minutes. Inhalation of glyphosate
vapor would be negligible since the vapor pressure of glyphosate is
reported to be negligible (Weed Science Society of àmerica 1983)•
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Inhalation exposure is therefore expected to be so small that it can
be neglected in this analysis^
4^2.2.3 Immersion Exposures, Aquatic organisms are subject
to environmental exposures from immersion in streams and ponds
adjacent to target spray zones. Assuming a buffer Eone of approxi=mately 100 feet between aerial spray zones and waterbodies, environmental exposures for aquatic organisms would be equivalent to the
estimated concentration of glyphosate in water^ calculated así
Water concentration! 0.04 ppm (0.01 ppm at 1 lb/acre
application rate)
This concentration of glyphosate represents the estimated n^ximum
concentration immediately after spraying. If heavy rainfall occurred
immediately after spraying, higher transient concentrations could
occur in streams and ponds. Edwards et al« (1980) found 5.2 ppm in
runoff from agricultural fields when application of 8 lb/acre as
Roundup® was followed by precipitation within one day« However^ such
high concentrations result from precipitation soon after application,
and would be transient since they are rapidly diluted by resident
waters.
4.2,2t4 Oral Exposures^ In terms of oral exposures, any incidental ingestion of glyphosate by workers m. the spray tmit would be
accounted for by the estimates of occupational dose* Oral environmental exposures would occur for wildlife eating contaminated
vegetation and for human consumption of fish^ deer s rabbity water,
berries s and mushrooms. Basic assumptions for estimates of oral
enviroimental exposures for both man ^d wildlife are presented in
the General Introduction to the Herbicide Background Statements.
Maximum reasonable oral exposures for deer and rabbits, representing
game animals potentially eaten by hmaans, assume vegetation is
sprayed from the ground at 5.0 lb a.i•/acre and tlmt rabbit browse is
partially shielded by overstory. These estimates are as follows?
Deeri
Rabbit!

7.20 mg/kg (1.44 mg/kg at 1 lb/acre application)
5.10 mg/kg (1.05 mg/kg at 1 lb/acre application)

Estimates of human oral exposures from consimption of fish^ deer^
and rabbit require^ as a starting pointy estimates of ^ximum
tissue concentrations of glyphosate in fish, deer^ and rabbit.
Fish tissue concentrations are derived as followsi
~ water concentrations!

0.04 ppm

- bioconcentrations 1*0 (actual bioconcentration for glyphosate
is< 1.0 in most studies) (Sacher 1978, Monsanto 1983b)
Fish tissue concentration:
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0.04 ppm (0.04 mg/kg)

Deer and rabbit tissue concentrations Include glyphosate acciunulated
from both oral and dermal exposure. Tissue concentration estimates
for deer and rabbit assume that derially applied glyphosate is
absorbed at a rate of 1 percent for reasons discussed in Section 4.2.1
with regard to spray-observer absorption rates. It is also assumed
that oral exposure of deer and rabbit to glyphosate lasts only for
2 days due to the relatively short environmental persistence of
glyphosate» Deer tissue concentrations of glyphosate are derived as
follows t
Dermal Exposure contribution assumes 1 percent absorption of a
single exposure, or 0*404 mg/kg (dermal exposure) x 0.01 ^
0.004 mg/kg.
Oral Exposure contribution assumes 10 percent assimilation of
two-days feeding, or 7.20 mg/kg/day (oral exposure) x 0.1 x
2 days - 1.440 mg/kg.
Total Deer Tissue concentration - 0.004 mg/kg +1.440 mg/kg "
1.444 mg/kg (1.444 ppm).
Rabbit tissue concentrations of glyphosate are derived in the same
way as for deer, as followsi
Dermal Exposure contribution assumes 1 percent absorption of a
single exposure I or 1.612 mg/kg (dermal exposure) x 0.01 0.016 mg/kg
Oral Exposure contribution assiuaes 10 percent absorption of
two-days feeding^ or 5.10 mg/kg/day (oral exposure) x 0.1 x
2 days ^ 1.020 mg/kg.
Total Rabbit Tissue Concentration ^ 0.016 mg/kg + 1.020 mg/kg ^
"
X'OSô mg/kg (1,036 ppm)."
Based upon the above fishj deer^ and rabbit tissue concentrations and
human consumption rates, the following estimates of maximtim human
oral exposures to glyphosate from eating meat are derived!
Fish meat!
0.040 mg/kg x 2 days x 0.5 kg/day/person 4- 50 kg
person = 0.0008 mg/kg
Deer meats
1.444 mg/kg x 2 days x 0.5 kg/day/person ^ 50 kg
person ^ 0.029 mg/kg
Rabbit meat I 1.036 mg/kg x 2 days x 0.5 kg/day/person T 50 kg
person - 0.021 mg/kg
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Water and plant consumption by man would result in the following
oral exposures to glyphosate based on assumptions stated in the
General Introduction to the Herbicide Background Statements at an
aerial application rate of 4 lb a.1./acres
Wâterî
Berries I
Mushrooms I
4*3

0,0016 mg/kg (0.0004 mg/kg at 1 lb/acre application)
0.004 mg/kg (0.001 mg/kg at 1 lb/acre application)
0.0020 mg/kg (0.0005 mg/kg at 1 lb/acre application)

Hazard Assessment

Toxicological properties of glyphosate to man^ fish^ and small
mamûals have been sunmoarlEed in Table 2-1 and detailed in Section 2
of this Herbicide Background Statement. Table 4-2 compares estimates
for both occupational dose and environmental exposures in man and
wildlife with reported toxicity information (dermal LD50 in rabbits^
rat inhalation results, rabbit and rodent acute oral LD5Q*S, rat
chronic oral NOa^ and immersion LC5o*s for fish). The reported
exposure levels at which toxic effects have been observed in
experimental animals are considerably higher than levels estimated
for USDA Forest Service applications. Based upon chronic feeding
studiesj NOSE'S of 31 mg/kg are reported in rats. Assuming a
100-fold Bfârgin of safety for extrapolation to man (a factor of 10
for inter-species variability and a factor of 10 for human
intra-species variability)5 one can assume that 31 mg/kg ^ 100^ or a
0.31 mg/kg oral dose in ^tn, will not result in adverse acute
effects. The estimated human exposures from ingestion of water,
game5 and plant material are well below 0.31 mg/kg per day.
As a more stringent limitation^ the U.S. Environmental
Protection Agency has promulgated an acceptable daily intake (ADI) of
0.05 mg/kg body weight/day for glyphosate in the human diet (U.S.
Environmental Protection Agency 1982). Ingestion of wildlife, fish,
and plant material containing glyphosate as estimated (Table 4-2)
should not result in consumption of glyphosate by humans that is in
excess of the ADI. Furthermore, the ADI is for an average lifetime
dose, where levels as estimated here would be only temporary, lasting
for periods on the order of days.
Small mammal studies have shown that glyphosate applied to the
eye is slightly to mildly irritating and that glyphosate fed at rates
up to 300 ppm in feed does not result in birth defects (in rats).
Glyphosate is not mutagenic and does not appear to be carcinogenic.
These studies are sunmarlEed in Table 2-1 and detailed in the
Appendices. Generally, they indicate that there should be no
significant potential for adverse reproductive, mutagenic, or
carcinogenic effects to individuals from glyphosate use, if proper
care is taken during application.
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Appendix A
Summary of Glyphosate Toilcity Data for InYertebrates and Microorganisas

Nature of
Exposure

Exposure
Time

Effects

Comments^

References

Ingestion
Surface
absorption

48 hours
48 hours

LD50 - 100,«ig/bee
LD50 "° 100' ng/bee

-.„b

Monsanto Company
. data cited in
Ghasaemi et al. 1981

Surface
absorption

48 hours

EC50 - 55 ppm

Surfactant used
in Roundup®

Surface
Midge larvae
(Cliironoiius pluoosusj absorption
Insecta)

48 hours

EC50 " 13 ppo

(7.1-24 ppm) 22**C
(72"F)

Roundup®

Surface
Midge larvae
(Chironomus plunoauSj absorption
Insecta)

48 hours

EC50 - 18 ppm

(94-32 ppm) 22'C
(72*F)

Glypbosate,
Technical

Grass shrimp
(Crustacea)

Surface
absorption

9§ hours

TL50 - 281 ppm
NOEL at 210 ppm

(207-391 ppm)

Glypbosate,
Tecknical

Fiddler crab
(Crustacea)

Surface
absorption

96 hours

TL50 - 934 ppm
NOEL at 650 ppm

(555-1,570 ppm)

Formulated Product
(Roiindtip® )

Cladoceràn
Daphnia sp,;
Crustacea)

Surface
/'absorption

48, hours

LC50 » 1^2 .ppm

(181-205 ppm)

Roundup®

Cladoceràn
Daphnia ap.;
(Crustacea)

Surface
absorptloii

48 hours

LC50 - 5.3 ppm ■

Roundup®

Cladoceràn (Daphnia
magna; Crustacea)

Surface
absorption

48 hours

EC50 "3.0 ppm

Rodeo®

Cladoceràn
(Daphnia sp*;
Crustacea)

Surface
absorption

48 hours

Formulation

Organism

Formulated Product Honeybees.
(Apis meliifera;
(Roundup®) and
Technical Product Insecta)
(Glypbosate)
Glyphosate

f

Midge larvae
(Chironomus
plumosus; Insecta)

(31-97 ppm) 22"'C
(72*?)
. Folmar et al. 1979

Polmar et al. 1979

Monsanto Company 1982
" and U.S» Department of
Agriculture 1981

U.S. 'Department of
Agriculture 1981

Monsanto Coapanf
1982

(2.6-3-4 ppm)
22'*C (72**F)

Folmar et al. 1979

LC50 - 930 ppm

Monsanto Company
1982d

appendix A (Concluded)
O
I
00'

Mature of
Exposure

Exposure
Time

Amphlpod (Gammarus
pseudolimnaeus;
Crustacea)

Surface
absorption

48' hours

LC50'• 62 ppm

96 hours

LC5O - 43 ppm

Roundup®

Crayfieh (Crustacea)

Surface
absorption

96 hours

LC50 >1,000 ppm

Roundup®

Harpacticoid (Nltocra
spittlpes; Crustacea)

Surface
absorption

96 hours

LC50 •' 22 ppa

Glyphosate ^
Technical

Cladoceran
(Daphnla sp.;
Crustacea)

Surface
absorption

40 hours

LC50 - 780' ppm

Glyphosate,
Technical

Larval Atlantic
oysters (MoUusca)

Surface
absorption

48 hours

NOEL at 10' ppm.

Glyphoaate

Bacterium (Rhizoblum
Japonicum)

Surface
absorption

-^

Glyphosate

Stachybotrys
chartarum

Surface
absorption

Formulation

Roundup®

Organiso

values in parentheses are the 95% confidence limits
^Data QO't available or not applicable.

Effects

GrO'Wth inhibited
at 1.7 ppm concent rat iO'n' of
glyphosate.
Inhibited at
1.0 ppm concentration of glyphosate

Conments^

(40-98 ppm) 12"C
(54«>F)
(28-66 ppm) 12*C
(54''F)

-(17-29 ppm) 21« rc
(70 ± 2^F)

—

No effect on
embryonic development of larvae.

-^

Rererences

Folmar et al. 1979

Monsanto Company
19B2b
Linden et al. 1979

Monsanto Company
1982a

Monsanto Company
1982a and Ü.S'.
Department of
Agriculture 1981
Jaworski 1972 in
Müller et al. 1981

Grossbard 1974 in
Muller et al. 1981
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Summary of Glyphosate TO'icicity Data for Fish

Organisii

Formulation

Nature of
Exposure

Exposure
Time

Effects

ComiieiiLts^

Routtdup®

Rainbow trout

Static
bioassay

24 hours
96 hours

1X50 «8.3 ppm.
1^50 - 8.3 ppn

(7.0-9.9 ppm) 12°C (54^F)
(7.0-9,9 ppm) 12"C (54°F)

Roundup®

Fathead minnow

Static
bioassay

24 hours
96 hours

LC50 -2.4 ppffl
« 2.3 ppm

(2.0-2.9 ppm) 22**C (72'F)
(1.9-2.8 ppm) 22^*0 (72'*F)

Roundup®

Channel catfish

Static
bioassay

24 hours
96 hours

LC50 « 13 ppn
- 13 ppm

(11-16 ppm) 22*C (72°F)
(11-16 ppm) 22*C (72'*F)

Rouadup@

Bluegill

Static
bioassay

24 hours
96 hours

LC50 «■6.4 ppm
LC50 »5.0 ppm

(4.8-8.6 ppm) 22**C (72**?)
(3.8-6.6 ppm) 22°C (72°F)

Roundup®

Bluegill

^-.

96 hours

TL50 « 14 ppm

Rouadup®

Carp

--

96 hours

TL50 « 3.9 ppm

Rowadup®

Trout

«-

96 hours

TL50 - 11 ppm

Roundup®

Catfish

—

96 hours

LC50 « 16 ppm

Rouûdup®

Fatheat minnow

«-

96 hours

1^50 - 9.4 ppm

Fomulated^Product
(Routtdu^®) ■

Rainbow trout

--

96 hours

TL50, - 4Ô ppm

Formulated Product
XRouadufP)

Bluegill,

96 hours ' TL50 «'24'ppm

Rodeo®

Carp

96 hours

TL5o>10,000

Trout

96 hours

11:50 >1»000

Bluegill

96 hours

LC50 >1,000

References

Folmar et al. 1979

Folmar et al. 1979

Glyphosate

Rainbow trout

Static
bioassay

24 hours
96 hours

LC50 " ^^^ PP™
LC50 = l^û ppm

Glyphosate

Fathead miinnow

Static
bioassay

24 hours
96 hours

LC50 - 97 ppm
LC50 * 97 ppm,

I
4>'

--b

Monsanto Company
1982b

U.S. Department of
Agriculture 1981

' —
Monsanto Company
1982d
—
(120-170 ppm) 12°C (54°F)
(120-170 ppm) 12°C (54°F)
(79-120 ppm,) 22°C (72°F)
(79-120 ppm) 22°C (72°F)

Folmar et al. 1979

Appendix B (Continued)
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Formulation

Organism

Nature of
Exposure

Exposure
Time

Effects

Connieittts^

References

Glyphosate

Channel catfisli

Static
bioassay

24 hours
96 hours

LC50 - 130 ppa
1X50^ « 130 ppm

(110-160 ppm) 22**C (72°'F)
(110-160 ppm) 22"*C (72''F)

Glyphosate

Blueglll

Static
bioaseay

24 hours
96 hours

LC50 - 150 ppm
LC50 " ^^^ ppm

(120-190 ppm) 22**C (72''F)
(120-190 ppm') 22*''C (72**F)

Glyphosate

Raiabow trout fry

96 hours

LC50 " ^^ ppm

3 lb a.e./gal.

Folmar 1976

Glyphosate

Bleak

96 hours

LC50 - 16 ppm

(15-18 ppm,) 10**C (50*F)

Linden et al. 1979

Glyphosate»
Technical

Rainbow trout

96 hours

TL50 » 38 ppm

Glyphosate j,
Technical

Bluegill

96 hours

TL50 « 78 ppm

Glyphosate,
Technical

Bluegill

96 hours

TL5() "24 ppm

Glyphosate,
Technical

Bluegill

96 hours

UC^Q

Glyphosate,
Technical

Trout

96 hours

LC5Q - 86 ppm

Glyphosate,
Technical

Carp

96 hours

LC5Q, " 115,' ppm

Glyphosate,
Technical

Harlequin fish

96 hours

LC50 - 168 ppm

GlyphO'Sate,
Technical

Carp

^Folaar et al« 1979

Dynamic
test

U.S. Department of
Agriculture 1981

-» 120 pp«

MonsantO' Company
1982a

Static
bioassay

Static
bioassay

TL50
11^50 "
■» 119
xx^ ppm
ppi
1I 48 hours i TLx "
"■ 146 ppm
TL99 - 96.7 ppm.

}

1 TL50 » 115 ppm
96 hours I TLx " ^^5 ppm

J TL9,9 " 105 ppm

U.S, Department of
Agriculture 1981

Appendix B (Concluded)

FormalatIon

Organism

Nature of
Exposure

Exposure
Time

Commetita^

Surfactant used
in Roundup®

Rainbow trout

Static
bioassay

24 hours
96 hours .

LC50 « 2,1 ppm
LC50 - 2.0 ppn

(1.6-2.7 ppm) 12°C (54''F)
(1.5-2.7 ppa) 12*'C (54*F)

Surfactant used
in Roundup®

Fathead minnows

Static
bioassay

24 hours
96 hours

LC50 « 1.4 ppm
ÍC50 - 1.0' ppm

(1.2-1.7 ppm) 22*'C (72**F)
(1*2 [Sic,1-1.7 ppm) 22*C
(72"*'F)

Surfactant used
in Roundup®

Channel catfish

Static
bioassay

24 hours
96 hours

LC50 - 18 ppm
LC50 " 13 ppm

(8.5-38 ppm) 22**C (72°F)
(10-17 ppm) 22°C (72°F)

Surfactant used
in Roundup®

Blueglll

Static
bioassay

24 hours
96 hours

LC50 =»3.0 ppm
LC5Q - 3.0 ppm

(2.5-3.7 ppm) 22'*C (72°F)
(2.5-3.7 ppm) 22°C (72"*F) ^

^'Values in parentheses are the 95% confidence limits.
^Data not available or not applicable.

O
S

Effects

References

Folmar et al. 1979
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Summary of Glyphosate foxicity Data for Birds

Formulation

Mature of
Exposure

Exposure
Time

Effects

Roundup

Domestic chicken

Eggs
Immersed
In 0, 1. or
5% solution

Inmaersioa
for 5
seconds

No significant
effects on hatchability or time
to hatch over
control eggs
immersed in 01
solution.

Glyphosatej
Technical

Mallard

Ingestion

8-day8

LC50 >4,,640 ppm

GlyphO'Sate,
Technical

Bobwhite

Ingestion

8-days

LCsQ >4,640 ppm

Glyphosate

White rock
chicken

Injection
into egg"
10 day old
embryos

Glyphosate

Glyphosate,
Technical

O
I

Organism

tfliite leghorn,
chicken

Chickens
(adult hens)

,Injection
into egg10 day old.^
embryoö

Oral,
1,250 mg/kg
2 times
daily

Three co^nsecutive days.
Repeated
for a total
dose of
15,000 mg/kg.

Comments

Rererences

Eggs immersed at
0, 6, 12, or 18
days of enibryonic
development.

Batt et al. 1980

^ Monsanto Company
1982a

LD30 - 12.88 mg/lOOg
egg

Injected into air
sac.

LD50 « 24.74 mg/lOOg
egg

Injected into yolk
sac„

LD51} • 13*12 mg/lOOg
egg

Injected intO'air
sac«

LD50 ■« 25.44 mg/lOOg'
egg

Injected into yolk
sac.

No behavioral
or microscopic
treatment-related
changes were
observed.

Olorunsogo et al.
1978

Monsanto Company
1982a

Appendix D
Summary of Glyphosate Toxicity Data for Mammals
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SuMmary of Glyphosate toxicity Data for Mamiale

Formulation

Organism

Nature of
Exposure

Effects

Comments

References

Acute Oral Toxicity
Glypliosate

Eat

Ingestion of a
single dose

LD50 - 4,900 (4,4005,400) mg/kg
Male and female animals

U.S. Department
1981

LD50 - 4,040 mg/kg
LD50 " 4.320 mg/kg

Glyphosate

Rat

Ingestion of a
single dose

LD50 « 5,600 mg/kg

Weed Science Society of
America 1983
Summary statement
Monsanto Company
1982a,b

Roundup®

Rat

Ingestion of a
single dose

LD50 » 5,400 mg/kg

Summary statement

Rodeo®

Rat

Ingestion of a
single dose

LDSO >5,000 mg/kg

Summary statement

Monsanto Company
1983b

Glyphosate

Rabbit

Ingestion of a
single dose

LD50 - 3,800 mg/kg

Summary statement

U.S. Department of
Energy 1982

Acute Dermal Toxicity
Roundups

»

La

Single application
to shaded skin,
24 hr. exposure

Minimum lethal dose
(MLD for skin absorption
>7,940 mg/kg

Summary statement

Single application
to shaved ,skin,
24 hr. exposrure ' ;

MLD'for skin absorption
>7,940 mg/kg

Summary'statement

Single application
to shaved skin,
24 hr. exposure

LD5Q was >5,000 »g/kg

Suaimary statement

Rabbit

Single application
to shaved skin,
24 hr. exposure

I.D50 was >5,000 Mg/kg

Smnmary statement

Rabbit

Single application
to shaved skin,
24 hr. exposure

LD5Q was >5,000 mg/kg

Stwrnary statement

Rabbit

Glypliosate

, Rabbit

Glyphosate

Rabbit

Roundup,®

®

Rodeo

Weed Science Society of
America 1983 '

Monsanto Company 1982c

Monsanto Company 1983b

Appetidin D' (Continued)

I

Fo-rmulatlott

Oi-ganlsni

Nature of
Exposure

Effects

Comneiite

References

Skin, Irritation
Rodeo

(g)

Glyphoeate

Ra,bblt

Not fipeiclfied

Practically aoairrltating
(FHSA score » 0.1/8.0)

Sunnary Statement

MoEsanto Conpaey
1983b

Rabbit

Repeated derma,! contact
at cO'iicentratiO'tis 1 and
5 times 10.8X ¥/v and
4.OX ¥/v) the Imtended
use level

Slight eklE irritatioB

Sumniarjr statemeot

Moosatito Company
1983a

Rabbit

Not specified

Practically nonirritatlag
(FHSA. Scoxe - 0*1/8«0)

Siuimary statement

Sumiiary statement

Roundups

Rabbit

Not specified

Moderately Irrltatlng
(FHSA ScoT'C - A.3/8.0)

M?
Roundup

Human.

Patch Test, 1 application, dO'Se unspecified

No visible skin, changes
noted

Patch testj applications 2 through 15,
dO'Se unspecified

Mo ¥lslble skin cha,n,ges
no'ted

Sensltlzation test^
dose unspecified

No evidence of injury or
sensItization

Moo,santo Company
1982a

50 subjects used

Ü.S,» ïtepartment of
Agriculture 1981

acute Inhalation
TO'Xicology
Roundup'

Ra,ts

FO'Ur ho'ur expO'Sure tO'
air containing 12.2 ppii
RO'umdiip®' per liter

No deaths or' abaormal
reactlooe

No relevant gross
pathology noted ifhen
animals sacrificed
and autopeied 10
days after expoisure

Ü»S«, Departiient of
Energy 1982

Roundup

Ra.t

Four hour aerosol
exposure

Inhalation LC50 was
3*28 ppm '

"Slightly tO'Xlc**

Monsanto Coopany
1982b

Appendix D (Cotitiiiiieci)

Formulation

Organism

Mature of
Exposure

Effects

Coimieats

References

Eye Irritation.
GlyphO'Sate

Rabbit

Draize Test

Sligîitly irritating.
(Draize Score - 6.9/110')

Suimary statement

Roundup®

Rabbit

Draize Test

Moderately irritating
(Draize Score » 18.4/110)

Irritation was completely
reversible, all heated
eyes returned to normal
within 7 days«

Rodeo^

Rabbit

Draize test

Practically nonlrritating
(FHSA score - 0.0/110)

Roundup^

Rabbit

undiluted or 51
aqeuous solution

"*No more than slightly
irritating**

Monsanto Company
1982a

Monsanto Company
1983b
Summary statement

U.S. Department of
Agriculture 1981

Subchronlc Oral Toxicity

Q
CO

Glyphoeate

Rat

90-day oral administration; 200, 600
and 2,000 ppm in the
diet

No significant
abnormalities

Parameters Included:
body weights, food consumption, behavioral
reactions, mortality,
hematology, blood chemistry,' urinalyses, gross
patholo'gy and histopathology

U.S. Department of
Agriculture 1981 and
Weed Science Society
of America 1983

Glyphosate

, Dog

90-iay oral administration, 200, 600
and 2,000 ppm in the
diet

Mo 'Significant
abnormalities

Parameters included,were
same as for rat«
Absolute organ weights,
organ to body weight
ratios, and organ to
brain weight ratios not
significantly different
in treated and control
dogs.

Ü»S; Department of
agriculture 1981 and
Weed Science Society
of America 1983

Appendix D (Coatlnued)
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Formulâtioa

OrgafllsM

Nature of
Exposure

Effects

Co!iiien,ts

References

Subchrotilc Dermal Toxiclty
Roundup®

Rabbit

21-da3f demal study*
Anlnals treated dally
with fomulatlott
diluted tO' its use
le¥el o^r 5 i: its uee
level•

Se¥ere local skin
reactions aad testicular
atrophy

Ro'uadiip^

Human

Patches öoaked in
Roundup®'applied to
shaved skia for
15 days

io visible skltt reaction,
no sens!tization

Testicular effects thought
to be a Baafestation of
the stress caused by the
skin reaction

11«S. Department of
Agriculture 1981

U.S. Department of
Agriculture 1981

Chro'píc Tojcicity
Glyphoaate

Rat

Groups of 50 males
and 50 females fed
glyphosate la diet
at 0» 30, 100', or
300 ppii for 2 years

Wo significant differences
aiiottg control and treated
animalö, except: (1) percent survival for treatneat group did Qot differ
from CO'Htrole although all
values lower than the approxinate 50 percent sur-vi¥al expected for this
strain of rat; (2) treat«ent related lacrease la
incidence of cytoplaamlc
vacuolatlon and lipid content in, liver of anlnals
fed 300 ppa- NOEL 31 mg/kg/day,,

Endpoints Included: food
conauttiptioinï weight gains,
final body weights;, organ
weights I organ to body
weight and organ to brain
weight ratio«; hématologie, clinical chenlstry
and tirine analyses*

Glyphosate

DO'g

Groups of 4 males
and 4 fenalea fed
glyphosate la diet
at 0, 30'» 100^ or
300 ppii 2 for yea re

No treatment related
abnormalities observed»
No evidence of gross or
histopathologic changes in
liver of dogs

Endpoints included (sane
as for rat)

Glyphosate fed 1E
diet at 100' or
300' ppm for
18 lonths

No evidence of increase in
the incidence of cytoplasailc vacuolation or
lipid content

GlyphO'Sate

Mouse

Monsanto Coflipany
1983« and U«S.
Department of
agriculture 1981

lî«S. Department of
Agriculture 1981'
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Formulation

Organism

Nature of
Exposure

Effects

Conraente

References

Reproductive and
Teratogenicity
Glyphosate

Rat

Three generation
reproduction
study« Animals
fed diets containing 30, 100
or 300 ppm«

No signfleant differences
between treatment and control groups regarding
viability, weanling
weights, litter size,
fertility

Mo adverse effects on
parental weights or body
weight gains. No deaths
attributed to treatment.
No gross pathologic difference between controls
and treated animals. Organ
weights, organ to body
weight or brain weight
ratios revealed no consistent intergroup differences.
No effect on reproductive
ability during first
generation. Animals fed
300 ppm exhibited reduced
mating, fertility, and
pregnancy during first
litters of second and
third generations (F2:a and
F3a litters). Parameters
comparable to controls
during the second litters
(F2b and F3b) at 30 or
100 ppm no intergroup differences in reproductive
parameters. No untoward
behavioral reactions or
teratogenlc effects were
observed.

Glyphosate

Rat

Teratology test

No observed'teratogenlc
effects at,3,500 mg/kg/day«
Fetotoxlcity NOEL «
1,000 mg/kg/day.

Siminary statement

Glyphosate

Rat

Three generation
reproduction
test

NOEL - 10 mg/kg/day

Summary statement

Glyphosate

Rabbit

Fetotoxicity
test

NOEL - 175 mg/kg/day

Summary statement

O

Monsanto Company
data cited in Ü.S*
Department of
Agriculture 1981

U.S. Environmental
Protection Agency
1982c

Appendix D (Continued)
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Formulation

Organisn

Na.ture of
Exposure

Effects

CoMments

References

Reproductive and
Teratogenlclty (Concluded)
Glypliosate

RottndEp^

Ra.bblt:

Te ratO'genie
study. Pregnant
animals treated
with 10 or
30 mg/kg body
weight during
fjeriod of fetal
organogeaesis.

No teratogenlc effects
observed

Sunmary statement

U'.S. Department of
Agriculture 1981

Eabblt

350 mg/kg/day

No teratoigenic effects
O'baer'ved

Stmnary statement

ÍJ,S* EnvirO'iinieEtal
Protection Agency
1982

Deer
mouse
(Peromy8CUB
»ani cula tus)

Conifer fox'est
sprayed at
2 lb a«i. per
ac re

No apparent adverse
effects on reprodoctioa»
grO'Wtli, or 8ur¥l¥al of
nice 1 year after
treat merit

Sullivaa and
Sulllvaa 1981

Carcinogeniclty
Glyp'hosate

Mouse

Mimais fed
glyphosate la
diet at 0', 100
or 300 ppn, for
18 mo'iaths

Gross and nlcroorganlc
patholO'glc examinât ions
revealed no correlation
between treatment and
carcinogeniclty

Glyphosate

Rat

Groups of 50
male aad 50'
female animals
fed glyphosate
in; diet at 0',
30, 100 or
300 ppo for
2 years

No gross or hlstopatliologlc evidence of any
difference In frequettcy
or type of tuiiors that
could be related to
treatment

Monsanto Company
data cited in U.S.
Department of
Agrtciilture 1981

Tiesues from 10 male and
10 female rats fro« con,trol and 30'0' ppa groups
examined. Tissues from
smaller nuÄbers of animals
from the 30 and 100 ppn
groups examined.

Ü.,S, Department of
agriculture 1981

Appendiic D (Concluded)

Formulai ioïi

Organism

Nature of
Exposure

Coiini.ents

Effects

References

Carcinogenicity (Concluded)
Glyphosate

Dog

Groups of 4 male
and 4 female
beagle dogs fed
glyphosate in
diet at 0. 30,
100 or 300 ppii
for 2 years

No evidence of treatment
related induction of
tumors presented

Glyphosate

Rat

Glyphosate fed
in diet at
dosages up to
31 mg/kg foody
weight/day
(equivalent to
600 ppm) for
2 years

No carcinogenic effects
reported

»Data not available or not applicable.

O
I

U.S. Department of
Agriculture 1981

Suimary etateiient. Study
performed in compliance
with FIFHA Guidelines.

Monsanto Company
1983b
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Simmary of Glyphosate Mutagenicity Data
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Appeiadix E
Sunmary of Glyphosate Mutageaiclty Data

Foramlation

Organism

Mature of
Exposure

Effects

CoDimeiits

Refereaces

Mutagenicity
U.S. Department of
il^griculture 1981

Glyptiosate

Mouse

Dominaat lethal
test. Males were
treated at levels
of 5 or 10 mg/kg
body weight.

No domiaant lethal effect
ohsetYed. Therefore, nonmutagenic to germ cells.

Glyphosate

Mouse

Bominant lethal
test, treatment up
to 2„000 mg/kg.

No mutagenic effect.

SunMBary statement

Glyphosate

Bacillus
aubtilis

Rec assay, tested
at cottcetttration»
up to 2,000 |Ag/plate.

No evidence of
mitagenlclty.

Sunmary statement

Glypliosate

Salmonella
typhlmuritim

Reverse mutation,
tested at concentrât ions up to
2,000 jj.g/plate.

No evidence of
miitageaiclty»

Sunmary statement

U.S. Envi ro^nment al
Protection Agency 1982

Glyphosate

S, typhiaurium

Five unspecified
strains of Salmonella
were treated with
unspecified concentrât lona of test,
naterial*

No mutagenic activity
reported.

Summary statement

Monsanto Company Í982a

Bacterial cells'
treated with uaspeclfled concentrations
of test material.

No mutagenic activity
reported.

Summary statenent

Yeast cells treated
with unspecified concentrations of test
material.

No mutagenic activity
reported.

Sumiaary statement.

Glyphosate ' ^ B. siibtllis

Monsanto Company 1982a
and U.S. Environmental
Protection Agency 1982

. Monsanto Company 1982a
Glyptiosate

Î

Saccharomyces
cerevisiae

^Data not available or not applicable.
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appendix F
Summary of Metabolism Studies, with Glyphosate

Formulât iO'ii

Dose

CO'Binients

References

l^C Glyphosate

Rabbits

Single oral dose

Five days after treatmeat, >80%
of -^-^C were foiimi in feces j, 7
to 11% in urine, and <1% in
expired ^^'C02» Most of the
remaining ^^C0i2 was fO'Uad in
coloQ..

Ü,S» EnviroTimental Protec tioia Agency data
as reported ±n
Ghassemi et al« 19Ö1

GlyphO'Sate,,
Technical ^^'C
Material

Bluegills

0^,612 ppm

Fish contaioAd a mean tissue
l^C-reaidue coneeutratloa of
1.02 mg/kg OD. day 1^ with no
further significant lacrease
in l^^C-residue coûtent durittg
a 28'-day exposure. Mean ^^cresldue in edible portion was
1.01 iig/kg (bioco'ûceiitration ■
1.6x).

íl*S« Departnaeat of
agriculture 1981

Glyphosate

Channel catfish

10 ppm for 14 days

Maximuio glyphosate le¥el
Ee¥er exceeded 0.55 ppii.

Glyphosate

Largemouth baias

10 ppm fox 14 days

Maximum glyphosate level
never exceeded 0,12 ppm»

Glyphosa/tct'

Raiobow trcmt

10 ppm for 14 days."

Maxiniiiii "glyphosate level
àe¥er exceeded 0.11 ppw.

Glyphosate

Rainbow trout

0.02, 0,2, 2.0' ppœ

after 12 homra exposure, no
residues of' either glyphosate
or its primary metabolite
(amlnomethyl phoaiphonic acid)
were detected in fish fillets
or eggs froiE any expO'Sure level.

Rainbow troat

0.0'2, 0'..2,, 2.0 ppm

In
12
of
60

Roundup

I

Organism

®

Sacher 1978

1

^
fish exposed to 2*0 mg/kg for
hours,, fillets had 80 mg/kg
glyphosate and egg,s liad
|ig/kg of glyphosate*^

Folmar et al» 1979

Appeodijc F (Coacluded)
Summary of Metabolism Studies with Glyphosate

a
I

0^

ForiTOilatloii

Dose

OTganlsm

Glyphosate

Cows

GlyptiO'Sate

CMckeiis

-3

Comme iits
Milk from cows fed glyphosate
had undetectable levels
(<0'.25 ppm) of glyphosate
residues»
Blo»accuniiilatioö factor im
ii,uscle¡,, tat, eggSj, and li¥er
as low as 10"^^

Glyphosate ¡> ^
Technical ^^Q
material

Bobwliite quail

Glyphosate

Midge larvae

0.02, 0„2,, 2«0 ppm

No residuea detected.

Roundup®

Midge larvae

0.0'2, 0^2, 2.0 ppm

No residues detected.

Glyphosate

Chiekeas^ cows
and pigs

Up to 75 ppm

Nottdetectable (<0.05 ppm)
residue in miiscle aad fat.

NO' storage of ^^C-labelled
material was observed ia
ffl:u8cle or fat. Trace residues
residues occurred in liver
and kldaey tlasiie*

Refereaces

MottsantO' Compaay 1982c

Sacher 1978
U.S. Department of
Agriculture 1981

Foliiar et al. 1979

^Data Ott fillet ,ti8suie residue levels may be la error«
^Data ttot available or aot applicable*

See dlocusalon in, Section 3*1.2.

Moasaiito Compa.tty 1902c
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Hexazlnone Summary

tkjor Trade îfamesî
Chemical Namei

Velpar®and Velpar®Gridball®

S-cyclohexyl-^o--(dimethylamino)-l-'methyl-l^3,5triâzine-2,4(lH,3H)-dione.

Major Forestry Applications^

Applied as a selective herbicide for
site preparation and for release of
conifers and as a nonselective
herbicide for weeds and woody plants*

Detailed information on toxicology^ environmental fate, and hazard
assessment can be found in the body of the Herbicide Background
Statement.
Toxicology
Hexazinone is practically nontoxic to aquatic invertebrates and
fishj with LC5o's or no effect levels greater than 10 ppm in
invertebrates and greater than 100 ppm in fish. It is relatively
nontoxic to birds•
In experimental studies with mammal^ hexazinone was mildly toxic
by oral, dermal and inhalation routes of administration* Oral
intubation of rats, dogs and guinea pigs elicited toxic effects such
as body weight loss, salivation^ tumors, lethargy, irregular
respiration, convulsions, discolored lungs^ and heavier livers•
Adverse effects on the respiratory and gastrointestinal tracts were
also induced by oral inhalation of five hexazinone metabolites. In
rabbits and guinea pigs hexazinone was a primary skin irritant^ but
not a sensitizer. Ocular administration of hexazinone in rabbits
resulted in corneal opacity and inhalation or injury of conjunctiva
and iris. No treatment-related adverse health effects was observed
following inhalation of hes^zinone, Subchronic oral studies with
hexazinone revealed body weight losses and clinical and
histopathological changes related to hepatotoxicity« Dietary
administration of hexazinone for 48 weeks to 2 years caused low body
weight gains and increased leukocyte and eosinophil counts in rats,
nonneoplastic hepatocellular effects in mice^ and no adverse effects
in hamsters. No reproductive or teratogenic effects was induced by
hexazinone treatment in rats or rabbits. Although nonneoplastic
effects in liver cells were induced in mice by 2 year dietary
hexazinone treatment, no carcinogenic effects were induced in rats or
mice. Hexazinone was nonmutagenic in 4 of 5 test systems examined.
H-3

Etivíronmental Fate
The primary medianism for uptake of hexazinone by plants is
absorption from soil solution by roots* It is readily metabolized
into a variety of metabolites in plants and animals. Hexazinone does
not bloaccumulate in animals and both hexozinone and its metabolites
are rapidly excreted by animals in urine and feces.
In soilj hexazinone is degraded by light and microbial activity
to various metabolites. It is also leached from soil^ but tends to
leach downward into the soil rather than horizontally. Hexazinone is
variably persistent in soil depending on field conditionsj with a
half-life of one to more than six months. Photodegradation^
biodégradation^ and dilution are the prime mechanisms for loss of
hexazinone activity in aquatic systems. It is moderately persistent
in water.
Exposure and Hazard
The reported exposure levels at which toxic effects have been
observed in experimental animals are considerably higher than levels
estimated for Forest Service application* Hexazinone is not
mutagenic in most test systems and does not appear to be
carcinogenic* There should be no sigaifleant potential for adverse
reproductive, mutagenicj, or carcinogenic effects to Individuals from
hexazinone use if proper case is taken during application.

H-4

ItO

General Information

Hexazinone, is also known by trade names* such as Velpar®and
Velpar® Gridball®. Gridball® , the pellet form, is no longer
manufactured and granules are used in its place, Hexazinone is used
to control annual and biennial weeds and woody vines* It is also
used to control perennial weeds and grasses in noncropland
applications. Although the precise mode of action is as yet unclear^
hexazinone is thought to act as a photosynthesis inhibitor,
Hexazinone is readily absorbed through both foliage and roots and is
translocated^ primarily upward, though the plant (Weed Science
Society of Merica 1983).
1«1

Normal Use Patterns

Hexazinone is effective against a wide variety of annual^
biennialj and perennial weeds^ as well as woody plants. It is used
as a nonselective herbicide in noncrop applications and as a selective
herbicide for site preparation and for release of conifers and
Christmas tree plantations, Hexazinone also has a number of crop
uses (blueberries^ sugarcane^ pineapple, and alfalfa) with
established tolerances for each. USDA Forest Service use of
hexazinone for 1981 and 1982 is shown in Table 1^1, Hexazinone
formulations are listed in Table 1-2•
Application rates for hexazinone depend on a variety of factors^
such as size and density of weeds to be controlled and texture and
content of organic material in the soil. Registered application
rates (U.S. Mvironmental Protection Agency 1982) range from
0*45 lb a*l^ (active ingredient)/acre in sugarcane to 12 lb a.i./acre
for noncropland broadcast of liquid formulation. Registered rates
for forest use of powder formulations range from 0»5 lb a.i./acre for
conifer release to 3 lb a,i */acre (pellets) for conifer site
preparation, Hexazinone and all hexazinone-based products were
unconditionally registered by the U,S. Environmental Protection
Agency on 13 December 1982 in accord with the Federal Insecticide^
Fungicides and Rodenticide Act (Schneider 1984). Registered rates
for injection or basal treatment with liquid formulations range from
1 to 2 lb a,i^/acre.
It2

Physical and Chemical Properties

The active ingredient of hexazinone is 3-cyclohexyl-6(àlmethylamino)-l-methyl-'l,3,5-trlazine"2,4(lH,3H)-dione, It has a

*Trade names are used only to provide information and do not imply
product endorsement.
H-5

ru,
i

Table 1-1
USDA FoT'est Service Use oif Hexazino'ne

Acti¥e Ingredient Per Acre (lbs)
Range

PiirpO'Se

Acres
Treated

Average
- .

.1

1

1 Qi Q' 1

Formulation

application
Method

... . -.

Aerial
Site preparar.Ion

1.4-2.0

1.6

1.2 '
2»0
1.6"2.0i'

1.2
2.0
1.6

0,8

0'.8

531

Gridball®

Helicopter

2,137
61
1,766

Gridball®
Gridball®
Gridball®

Hand Bi-oadcast
Hand Bro^adcast
Hand Broadcast

36

Gridball®

Haed Broad c a s t

Ground
Conifer release
Gen,eral weed control
Site préparâtioa
Mildlife habitat
Impro^vement
_..

'

_„.___.__»_»_ 1982 —^——^^—^

_^

■

Aerial (2 projects).
Tlmli-er

2,0'

2.0

0''„ 5-4.0

1,2

O'.2~2„0

1.2

(R)

3,062

Aerial

Gro'und (27 projects)
Timber^ Nursery
Tlii:ber, Wildlife,
Rao.ge

^'Acres treated with liquid and Gridbalí® combined.
Source:

Gross 1983.

" Liquid

Groimd Foliar

I GridbalJ^

Hand Bi'oadcast

Table 1-2
Hexazinoae Fonnulations

Formulation

Active Ingredient

Velpar^-^ Weed iailer

90% hexazinone^ soluble powder

Velpar® Grldball®
Brush killer

10% or 20% hexazinone in pellet form

Velpar% Weed Killer

25% hexEEiñone (240 g/ , 2 Ib/galJ
miscible liquid

BO-RID V-4 Liquid
Weed killer

0,5% hexazinone, liquid

^bley V-4 Liquid
Weed killer

0.48% hexazinone^ liquid

Pronone lOG

10% hexazinone in granular form

Sources

U.S. Environmental Protection Agency 1982* Weed Science
Society of America 1983s and Gross 1983.
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molecular formula of 0x2^20^402 ^^^ ^ molecular weight of 252.3. The
structural formula is given below (Weed Science Society of America
1983).

In its pure form, hexazlnone is a white crystalline solid with a
negligible odor. It is heavier than water having a specific gravity
of 1.25, melts at 239° to 243^F (115° to 117°C), and has a relatively
low vapor pressure (6«4 x 10""^ mm Hg at 187°F [86^C] which
extrapolates to 2 x 10^7 mm Hg at 77^F [25"C])\ At 77^F (25°C), the
water solubility of hexazinone is 3*3 percent"(3.3 grams per 100
grams water). It Is much more soluble in most organic solvents than
it is in water, with solubilities of 388 grams/lOO grams chloroform,
265 grams/100 grams methanol, 94 grams/100 grams benzene, 83.6
grams/100 grams dimethylformamide, 79*2 grams/100 grams acetone, 38.6
grams/100 grams poluene, and 0.3 grams/lOO grams hexane. Hexazinone
is relatively stable under normal conditions with a shelf=-life of at
least 2 years (Weed Science Society of ámerica 1983 and DuPont
undated).
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2*0

Toxlclty of Hexazlnone

Very little published data are currently available relating to
the toxicological properties of he^azinone. Most of the data
constitute proprietary information that have been obtained for
registration and use permits. Available data on the toxicological
properties of hexazinone are summarized in Table 2-1 and show that
this herbicide has a low toxiclty in most organisms tested* Hexazinone metabolites have been shown to have a low toxicity to animals as
tested. Studies with rodents indicate that hexazinone is
noncarclnogeniCi nonteratogenic^ and has little or no effect on
fertility5 reproduction or development* Hexazinone is not mutagenic
in most test systems.
2.1

Invertebrates and Microorganisms

Hexazinone formulated as soluble powder, pellets, dry flowable
and liquid end-use products is practically nontoxic to aquatic
invertebrates (U.S* Environmental Protection Agency 1982)• The
studies of hexazinone toxicity with invertebrates and microorganisms
that are suimnarized in Appendix A indicate that hexazinone has a low
toxicity, with LC5Q'S or no effect levels above 10 ppm. An exception
is algaej in which population growth is inhibited at levels as low as
0.5 ppm hexazinone.
Most toxicity studies with invertebrates and microorganisms have
been done in controlled laboratory environments. As a consequence of
the laboratory environment and the experimental designs employed^ the
results do not necessarily present a true reflection of the potential
effects of hexazinone in a natural enviroiment* For example, in the
laboratory s aquatic organisms were generally kept up to 4 days or
more in static conditions (in tanks or aquaria without a flow-through
of freshwater)* Microorganisms were grown in culture media in the
laboratory. In contrast, in natural aquatic and nonsoil terrestrial
environments, exposure to hexazinone or other man--made chemicals is
usually a transient phenomenon whose duration depends on the rate of
streamflow or on the rate of decomposition of the chemical.
Additionally, in natural systems, interactions with other man-made
and naturally occurring chemicals, and changes in environmental
factors, may affect herbicide assimilation and metabolism by invertebrates and microorganisms. These interactions could alter the
tolerance levels of organisms to the herbicides•
The toxic effects of hexazinone in insects have been Illustrated
by only one reported study with honeybees. Topical application at a
rate of 60 (a.g hexazinone per bee resulted in 10 percent mortality
during a 48-'hour test. The LC5Q was estimated to be >60 p.g per bee
(Schneider 1984),
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Table 2-1
Sum^ry of Toxicological Properties of Hexaziaone^
1*

Acute Oral Toxlcity

Organism (FormulâtIon)
Rat (0.5 and 25% liquid hexazinone,
10 and 20% Gridbali®, 66% wettable
powder, and 89.3% active ingredient)

LD5Q> 4,495 mg/kg

Rat (Hexazinone^ unformulated)

LD50 - 1,690 to 2,012 mg/kg

Rat (HexaElnone in com oil)

ALD^ « 1,500 to 5,000 mg/kg

Guiûea pig (Hexazinone^ unformulated)

áLD « 860 mg/kg

Beagle Dog (HexaEinone, (unformulated)

ALD >3,400 mg/kg

Rat (Metabolites A-E)

áLD>4,686 mg/kg

Fish (various formulations)

LC5Q> 100 ppa

Birds (Hexazinoae)

LD50 - 2,258 mg/kg

2.

Acute Dermal Toxlcity

Org£niBm^ formulât ion )___

H-10

AdXg^^„Effects

Adverse Effects

Rabbit (He^aEinone, 90% soluble
powder, 60 and 66% dry flowable,
and unformulated.)

LD5Q> 2,000 mg/kg
Not a primary skin Irritant.
erythema reverted to normal.

Rabbit (HexâElnone, 0.5% and 25%
liquid)

LD50> 2,000 mg/kg

Guinea pig (Hexazlaones unformulated)

Not a skin irritant or sensitizar.

Guinea pig (HexaEinone, 25% liquid)

Mild transient irritation.
Not a sensltlaer.

Mild

Table 2-1 (Continued)

3.

Eye Irritation (Concluded)

Organism (Formulation)

Adverse Effects

Rabbit (Hexazinone, imformulated
and 90% soluble powder,
89.3% active ingredient)

Mild-to-moderate eomeal opacity
and moderate-to-severe conjunctivitis and mild-to-moderate
iritis that reverted to normal in
7 to 21 days in washed eyes.
Corneal injury persisted to 28
days in unwashed eyes.

Rabbit (Hexazlnone, 66% wettable
powder)

Eye irritant. Corneal opacity
persisted to day 14 in 2 of
6 rabbits.

Rabbit (Hexazinone, 0.5, 1.25, and
5.0% liquid)

Either no eye irritation or mild
corneal opacity. Moderate iritis
and moderate conjimctivitis
reverted to normal in washed and
unwashed eyes«

Rabbit (HexaEinone, 25% liquid)

Eye irritant. Mild-to-severe
corneal opacity, ndld-to-moderate
iritis and moderate-to-severe conjunctivitis reverted to normal or
slight corneal and conjunctival
damage after 21 to 35 days in
washed and unwashed eyes.

4.

Inhalation Toxiclty

Organism (Formulation)
Rat (Hexazinone, xmformulated and
90% soluble or wettable powder
and 0.5% liquid)

Adverse Effects
ALD>7.3 ppm. No deaths at
7*3 ppm and below. Irregular
respiration a^d salivation during
exposure^ No adverse clinical or
pathological findings following
single and repetitive exposure*
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Table 2-1 (Continued)

5^

Subchronic Oral Toxicity

M§Q:Q4S^

, C Formulation )

Length of
Treatmeût

Dose
Tested

adverse Effects

Rat (Hexazinoûe,
im formulated)

2 weeks

300 mg/kg/day
by intubation
5 days per week

No adverse toxic
effects.

Rat (Hexazinone,
unformulated)

90 days

0 to 5,000 ppm
in diet

Decreased body weight
and food efficiency
at 5,000 ppm.

Rat CHe:KaElnonej
unformulated)

2 weeks

1,000 mg/kg/day by
intubation 5 days
per week.

Increased lion weight
and larger hepatocytes. Wet and
stained perinea, congestion, slight
weight loss, and
salivation.

Mouse (Hexazinone,
imformulated)

8 weeks

0 to 10,000 ppm
in diet

Increased liver
weight at 10,000 ppm.

Hamster (Hexazinone^
unformulated)

8 weeks

D to 10,000 ppm
in diet

No adverse toxic
effects^

Dog (unformulated)

90 days

0 to 5,000 ppm
in diet

NO^ * 1,000 ppn.
Decreased body weight
gain, food consumption ajxá albumin!
globulin ratio and
increased alkaline
phosphatase and liver
weight at 5,000 ppm.

Cottonail rabbitsj
prairie voles,
white-tailed deer^
Norway rats, grey
squirrels s racoons,
skunk, and opossum
(Grldbal#)

3 to 5
weeks

2 to 100 pellets
in feeding area

No adverse toxic
effects.
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Table 2-1 (Continued)

6*

Acute Intraperitoneal Toxlclty

Organism (Formulation.)

Adverse Effects

Rat (Hexazlnone, ^mformulated)

7,

LD 50
530 mg/kg body weight; weight
loss, pallor^ salivation, nose and mouth
bleeding, labored irregular respiration,
lethargy^ prostration, ruffled fur, and
colonie convulsions.

Teratology, Reproduction and Fertility

Organism (Formulation)

Dose and
Length of Treatment

Mverse Effects

Rat (He^azinone,
90% wettable powder)

0 to 2,500 ppm in diet
for 3 generations,
3 litter study.

No adverse effects on reproduction or lactation.
Body weights in 2,500 ppm
group F'l and F3 pups lower
than in untreated control
pups at weaning.

Rat (Hexazinone,
miformulated)

0 to 5,000 ppm in diet
from day 6 through
19 of gestation.

Ño evidence of embryotoxicity, teratogenlcity or
clinical signs of toxlclty
except slightly reduced
maternal body weight gain and
food consumption.

Rabbit (Hexazinone
unformulated)

0 to 125 ppm by intubation from day 6 through
19 of gestation*

No embryo-fetal toxlclty
or teratogenicity.

8*

Carcinogeniclty

Organism (FormulâtIon)

Dose and
Length of Treatment

Rat (Hexazinone,
90% soluble powder)

0 to 10,000 ppm
in diet for 2 years

mm. » 200 p^. No
carcinogenic effects*

Mouse (Hexazinone
unformulated)

0 to 10,000 ppm
in diet for 2 years

mm. « 200 ppn. No
carcinogenic effects*

Adverse Effects
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Table 2-1 (Concluded)
9.

Mutageniclty

OrjanismjFomulatim2_

Adverse Effects

Salmonella t^^^uri^
5 strains, imspecified

Noamutagenlc*

Chineee Hamster Ovary Cell
Point Mutation Assay

Noamutagenlc.

Chinese Hamster Ovary Cell
in vit^ CytogëBetic assay

Chromosome damage induced with
and without activation conditions.

KAt In vivo
Bone Marrow Cytogenetlc Assay

No chromosome aberrations detected.

Rat Hepatocyte In vitro unscheduled
DNA synthesis Assay

No induction of unscheduled DNA
synthesis.

^Toxicology data are extracted frcjm appendices A through E. Source references
can be found in the appropriate Appendix.
"Average Lethal Bose«
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Crustacea showed a wide variation in response to hexazinone
depending upon both the species tested and the experimental design•
In crustácea, the reported range of toxic effects for hexazinone
varies from LCjg 20 to 50 ppm during 21-day life cycle studies with
Daphnia^ a freshwater crustacean, to a 96-hour LC50 greater than
1,000 ppm in the fiddler crab, an intertidal species (U.S. Environmental Protection Agency 1982).
A field study describing aquatic and terrestrial invertebrate
responses to hexazinone pellets applied to a forested watershed at a
rate of 15 lb/acre is reported by Mayack et al. (1982), Over a period
of 8 months following hexazinone application, there were no major
alterations in aquatic invertebrate species composition or diversity
and no changes in terrestrial invertebrate (microarthropod) community
compositions.
Rhodes et al, (1980) reported that 10 ppm hexazinone incorporated
into laboratory soil cultures did not reduce population counts of
either fungi or bacteria during an S^week exposure period. They also
reported that, during a 5-week exposure period, 5 and 20 ppm hexazinone incorporated into laboratory soil cultures did not adversely
affect the bacterial soil nitrification process.
2-2

Fish

Available studies of the toxicity of hexazinone to fish,
summarized in Appendix B, indicate that this herbicide is only
slightly toxic. The LC5Q'S were greater than 100 ppm in all studies
reported. Clarke et al« (1970) propose that chemicals with fish
LC5o's greater than 10 ppm be considered "slightly toxic." The U.S*
Mvironmental Protection Agency (1982) describes technical hexazinone as "practically nontoxic" to warmwater and coldwater fish«
2.3

Birds

The toxic effects of hexazinone in birds have been investigated
in studies that are summarized in Appendix C. In general3 hexazinone
is relatively nontoxic to bird species tested. The acute oral LD^Q
for bobwhite quail is reported to be 2,258 mg hexazinone per kg (U.S*
Enviroimental Protection Agency 1982). The LC^Q was greater than
105000 ppm in young bobwhite quail and mallards fed varying amounts
of hexazinone in their diet for 5 days of an 8-day study (DuPont data
cited in Ghassemi et al, 1981 and 1982).
Birds do not seem to be attracted to hexazinone^ as evidenced by
a study in which Velpar®Gridballs® were placed near the food of
captive black-capped chickadees and ring-necked pheasants^ as well as
near feeding sites frequented by these 2 species and by 5 other bird
H-15

species« During an observation period r3f up to 3 weeks, birds made
no res^nse to the Gridballs® (Richmcjnd 1979) •
2.4

Mammals

The potential health hazards from acute and chronic exposure to
hexazlrioiie have been evcsluated in laboratory-animals such as rats,
mice, guinea pigs, rabbits, dogs, and hamsters, A few observations
of common wildlife mammals have been reported. The results of the
toxicity tests summarized in Table 2-1, appendix D, and Appendix E
are discussed belí3w.
Hexazinone is considered to be only slightly toxic (BuPont
undated and Ghasseml et al. 1981), On the basis of the animal
studies reported to date, there Is no concern for carcinogenic or
teratogenic hazards with hexazlnone. Hexazlnone Is nonmutageñic in 4
of 5 test systems examined.

Acute toxicity data for hexazlnone are reported in Table 2-1 and
Appendix D. By oral, dermal, and inhalation routes, he^zinone formulations are mildy toxic. In eye irritation studies, hexazlnone formulations were moderately toxic-causing damage to the cornea, conjunctiva, and Iris« Most eye irritation was reversible,
2,4.1.1 . ^^a£. As summarized In Table 2-1 and Appendix D, single
doses of hexazincjne administered in substantial amounts by Intubation
induced mild toxic effects over a 14-day observation period in rats,
dogs, and guinea pigs» Intubation of single doses of uriformulated
hexazlnone yielded LDJQ'S of 1,690 to 2,012 mg/kg body weight in
rats, an AU) greater than 3,400 mg/kg body weight in beagle dogs, and
an LD5Q equal to 860 mg/kg body weight in guinea pigs. All LD5o*s
are in the U.S* Environmental Protection Agency's toxicity category
III, warranting the handling of hexazlnone with caution. The most
common toxic effect observed at lethal or near lethal doses were body
weight loss, salivations tremors, lethargy, Irregular respiration,
prostration, congestion, and convulsions.
In rats, administration of 300 mg/kg/day of hexazlnone by
Intubation suspended in corn oil was repeated five times a week for
two weeks• All rats survived with no clinical evidence of toxicity
and no apparent treatment-related histopathology (Schneider and
Kaplan 1983) » Adverse effects Induced by fo^ulated hexazlnone
materials at lethal or near lethal doses also occasionally included
cJiromodacryorrhea (colored eye fluid), discolored lungs, slightly
heavy liver, and enlarged hepatocytes. The formulated materials were
0*5 and 25 percent liquid hexazlnone, 10 and 20 percent

(R)

Gridball , 66 percent wettable powder and 89.3 percent "active
ingredient/' In general^ the formulated materials were less toxic
than unformulated hexazinone (see Appendix D)*
Toxicologlcal Properties of Hexazinone Metabolites
The acute oral toxicities of 5 metabolites (Metabolites Á-E)
of hexazinone have been tested and found to be very slightly toxic.
All of the ALD's were greater than 4^686 mg/kg body weight. The
chemical names, ALJD's^ and structures of all five metabolites are
detailed in Appendix D-1. The acute oral toxicities for all of the
metabolitiea were evaluated in male CrlsCD rats using the same
experimental protocol. Single doses of corn oil suspensions of each
metabolite were administered by intubation to one animal per dose
level. The dose levels were not specified• The animals were weighed
and observed for 14 days. The ALD's for each of the metabolites were
as follows-. ALD> 4,686 mg/kg for Metabolite A, ALD >5,000 mg/kg for
Metabolite B, ALD ^ 7,500 mg/kg for Metabolite C^ ALD>7,500 mg/kg
for Metabolite D, and ALD ^ 7,500 mg/kg for Metabolite E. Weight
loss and wet or stained perinea were observed after dosing with all
of the metabolites. Diarrhea occurred after Metabolite A, D, and E
dosing. Respiratory abnormalities were induced by Metabolites C, D,
and E. Chromodacryorrhea was reported following treatment with
Metabolites D and E (Schneider and Kaplan 1983).
2.4.1.2 Acute Intraperitoneal Toxlcity. Mild toxicity was
observed during a 14-"day observation period following single intraperitoneal injections of unformulated hexazinone in rats. The LD50
was 530 mg/kg with 95 percent confidence limits between 380 and
570 mg/kg body weight. The adverse effects observed in this study
and listed in Table 2-1 include weight loss, pallor, salivation, nose
and mouth bleeding, irregular respiration, lethargy, prostration,
ruffled fur, and convulsions (Schneider and Kaplan 1983).
2.4.1.3 Dermal. Hexazinone is not considered to be a skin irritant or sensitizer in rabbit or guinea pigs (Table 2-1). The general
test protocol used was to apply the test material to intact or abraded
shaved areas of skin, to cover the area with gauze and occlusive wrappings, and then to make observations after 1 to 14 days. Variations
of this protocol are indicated for 13 dermal studies described in
Appendix D. An LD50 greater than 2^000 mg/kg body weight in rabbits
was reported for unformulated hexazinone, 0.5 and 25 percent liquid^
90 percent soluble powder, and 60 and 66 percent dry flowable hexazinone. In rabbits and guinea pigs mild redness or infla^iation of the
skin that reverted to normal was occasionally noted. The only
adverse effect noted was an elevated enzyme (glutamic-pyruvic
transaminase) activity, with no histopathologic evidence of liver
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Injury, In rabbits treated with a 90 percent soluble powder
fovulation of he^zinone (Ghassemi et al. 1981 and Stíineider and
Kaplan 1983)- The formulations were not considered to be primary
skin irritants. Additional treatment of guinea pigs to dete^lne
skin sensitization involved a follow-up series of intradermal
injections, followed by skin applications and an extended observation
period (áp^ndix D). No sensitization was observed.
2.4.1.4 Ey_e__Irrlta11 on. Fomulated and unfo^ulated hexazinone
induced eye irritation In rabbits. Corneal opacity or inflammation
of the conjunctiva and iris persisted 7 days or longer In some
animals• The general format for the 15 eye irritation studies
described in Appendix D follows. The eyes were treated with the test
material. Some eyes were washed. Both washed and unwashed eyes were
examined for Intervals between one hour and 35 days following treatment. The liquid and most concentrated hexazinone formulations
induced the most severe and persistant eye irritation. These
formulations were 25 percent hexazinone liquid, 90 percent soluble
powder, 89.3 percent active ingredient and unfo^ulated he^zinone.
The ranges of adverse ocular effects included mild to moderate
corneal o^city, moderate to severe conjunctivitis, and mild to
moderate inflammation of the iris. All conditions reverted to normal
within 7 to 21 days in washed eyes. The 66 percent wettable powder
formulation induced corneal opacity that persisted to day 14 in 2 of
6 rabbits* The less concentrated formulation, 25 percent liquid
hexazinone. Induced injury to cornea, conjunctiva, and iris. Corneal
o^city, cloudiness, or irritation and conjunctivitis occasionally
persisted through 21 to 35 days. The most dilute formulations tested
were 0,5, 1.25, and 5.0 percent liquid hexazinone. All eye
irritation Induced by the 5 percent formulation reverted to normal
within 14 days (Table 2-1). No ocular irritation was produced by
then 1.25 and 0.5 percent formulations.
2.4.1.5 IgMlatl^n, Hexazinone is mildly toxic (ALD*>7.3 ppm)
to rats by the inhalation route (Table 2-1 and Ap^ndix D). No deatíis
resulted from single or repetitive whole body_or head-only exposures"
to doses from 0 to 7,48 ppm. No clinical or pathological abnormalities were observed 14 days after exposure. One study reported the
occurrence of Irregular respiration and salivation during exposure
(Ghassemi et al. 1981). Otherwise, no behavioral or treatment-related
abnormalities developed in response to unformulated, or wettable
^wder forms of he^zlnone,

Subchronic oral toxlclty tests with unformulated hexazinone and
¥elpar®in laboratory animals and with Gridball® in wildlife animals
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yielded few adverse effects (Table 2-1), The 90-day NOELs were
I5OOO ppm in rats and dogs and the 8-week NOEL was 5,000 ppm in mice
(U.S* Environmental Protection Agency 1982 and Ghassemi et al*
1981). tfele rats intubated 5 days/week for 2 weeks with 300 mg/kg
hexazinone exhibited no adverse effects and 100 percent survival.
Male rats intubated with 1,000 mg/kg 5 days/week for 2 weeks
developed increased liver wei^ts and larger hepatocytes and
congestion^ slight weight loss, salivation and wet and stained
perinea (Schneider and Kaplan 1983). Thirty-day old male and female
rats were provided 0 to 5,000 ppm hexazinone in the diet for 90 days
(Ghassemi et al. 1981 and Newton and Dost 1981). Decreased body
weight and food efficiency were observed at 5,000 ppm. None of the
treatment groups showed other clinical, nutritional, hematological,
urinary, or biochemical evidence of toxicity (U.S. Environmental
Protection Agency 1982)• Histopathological examination of tissues
from the 5^000 ppm treatment group revealed no toxic effects.
Laboratory mice of botíi sexes fed hexazinone at concentrations
of 0 to 10,000 ppm for 8 weeks showed no mortality or clinical and
patiiological signs of toxicity. Only increased liver weight in
10,000 ppm treated male and female mice was observed (Ghassemi et al.
1981 and Newton and Dost 1981). Hamsters fed 0 to 10,000 ppm
hexazinone for 8 weeks developed no clinical signs of toxicity
(Ghassemi et al- 1981). For beagle dogs fed 0 to 5,000 ppm
unformulated hexazinone for 90 days, the NOEL was 1,000 ppm. At
5^000 ppm, decreased body weight gain, elevated alkaline phosphatase,
lowered albumin:globulin ratios, and increased liver weight
resulted. No histopathological changes in liver were observed (U«S,
aivironmental Protection Agency 19821 Ghassemi et al, 1981', and
Newton and Dost 1981).
The results of placing Velpar® Gridball® pellets In the feeding
area of common wildlife mammals are summarized in Table 2-1•
Cottontail rabbits, prairie voles, white-tailed deer, Norway rats,
and grey squirrels were exposed to Gridball® pellets in their
natural habitat. Raccoons, skunks, and an opossum were live-trapped
and exposed to Gridball® pellets. Among all of these animals, even
when deprived of regular diet, only one prairie vole nibbled the
Gridball® pellets* No mortality, unusual behavior, or apparent
illness were observed in these wildlife mammals (Richmond 1979).
2.4.3

Chronic Toxicity

No behavioral, clinical or pathological si©as of toxicity were
observed following 48 weeks to 2 years of dietary hexazinone administration to rats, mice, and hamsters (Table 2-1)^ Continuous feeding
of 0 to 2,500 ppm 90 percent wettable powder hexazinone for 2 years
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yielded a NOEL of 200 ppm in rats. Clinical pathology was evaluated
at intervals from 1 to 24 months. Lower body weight gains, lower food
efficiency and food consumption, and increased leukocyte and
eoslnophll counts were observed in the 2,500 ppm male rats.
Decreased body weight gains were also observed in the female rats fed
1,000 ppm (U.S. Environmental Protection Agency 1982). No gross or
histopathological changes and no carcinogenicity could be attributed
to hexazlnone treatment (Ghasseml et al, 1981; U.S. ^vironmental
Protection Agency 1982| and Newton and Dost 1981).
In a second chronic study, mice were fed 0 to 10,000 ppm
unformulated hexazinone for 2 years. Hematology was conducted at
six intervals from 1 to 24 months, Nonneoplastlc hepatocellular
effects were noted in males and females at 1,000 ppm and in males at
2,500 ppm. The NOEL was 200 ppm. No behavioral, clinical, or
nutritional signs of toxicity were reported and no carcinogenic
effects were observed (Schneider and Kaplan 1983)*
The third chronic toxicity study tested the effects of unformulated hexazinone in male and female hamsters 'which were fed 5,000 ppm
hexazinone in the diet. At 48 weeks, this study was interrupted due
to an intercurrent infectious disease. No adverse effects related to
test material administration were reported (Newton and Dost 1981),
2.4.4

Rep^ro dj-c t i ye a nd Tera t og e nl c Ef fee t s

No adverse reproductive or teratogenic effects of hexazinone
in rats or rabbits are reported in three studies that are summarized
in Table 2-1* In a three generation, three litter reproduction
study, male and female rats were fed 0 to 2,500 ppm hexazinone
through maturation, reproduction, and weaning of an F3 litter. The
90 percent wettable powder hexazinone had no adverse effect on
reproduction, or lactation. Lower weanling weights of the 2,500 ppm
group F2 and F3 litters compared with the untreated control group
were reported (Newton and Dost 1981). The NOEL was 1,000 ppm.
In a teratology study, pregnant rats were fed 0 to 5,000 ppm
unformulated hexazinone from day 6 through day 15 of gestation. All
animals were sacrificed on day 21 of gestation. A slight depression
in maternal body weights occurred at 1,000 and 5,000 ppm. Only at
5,000 ppm were there slightly lower food consumption and body weight
gain of pregnant females. No evidence of embryotoxlcity or
teratogenicity resulted (U.S, Environmental Protection Agency 1982
and 1983| Ghasseml et al» I98I5 and Newton and Dost 1981).
Hexazinone caused no adverse effects on the number of implantations,
résorptions, live fetuses per litter, and mean weight and crown-^rump
length of the fetuses. No malformations or major abnormalities were
observed in fetuses exposed to the test material,
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A second teratology study was carried out in groups of female
rabbits artiflcally inseminated and later dosed with 0 and 20 to
125 mg/kg/day of unformulated hexazinone on days 6 through 19 of
gestation (U,S. Environmental Protection Agency 1982). The test dams
had only minor differences in clinical signs and body weight from
controls and no gross pathological lesions• No differences were
reported between controls and test animals in pregnancy rate, uterine
weighty corpora lutea, implantations^ and fetal viability or size.
Notable soft tissue and skeletal abnormalities that were not dose
dependent were observed in four pups* Variants in skeletal
development including delayed ossification in extremities and extra
ribs were higher at 125 mg/kg (16«2 percent) than in the control
(5.3 percent)« The NOEL was 125 mg/kg for embryo-fetal toxicity and
teratogenicity.
2#4e5

Ca r c ino ^e nic i ty

As illustrated in two studies in Table 2-1, no carcinogenic
effects were induced by feeding hexazinone to rats and mice for
2 years. Male and female rats were fed 0 to 2^5Ü0 ppm 90 percent
wettable powder formulation of hexazinone. The diets were initiated
with weanlings and continued for 2 years. No carcinogenic or other
toxic effects were reported (Ghassemi et al* 1981 and Newton and Dost
1981).
In the second study, hexazinone was fed in doses of 0 to
10,000 ppm to mice for 2 years. There was no evidence for
compound-related carcinogenic!tyi however, nonneoplastic effects
in liver cells were observed in both sexes at 10^000 ppm and in males
at 2^500 ppm.
2.5

Mu t ageni c i t y

Table 2-1 summarizes the mutagenic potential of unformulated
hexazinone. The test material was negative in four of the five
systems used. Hexazinone is nonmutagenic in the Ames bacterial
assay. Five strains of Salmonella typhimurium gave negative results
with unformulated hexazinone in the absence or presence of liver
microsomal activation (U^S, Environmental Protection Agency 1983;
Newton and Dost 1981- and Ghassemi et al. 1981). The concentrations
tested ranged from 400 to 2,000 [jg/plate.
Two test systems used Chinese Hamster Ovary (CHO) cells.
Hexazinone was nonmutagenic in the CHO cell point mutation assay.
For this test, CHO cells were incubated in medium containing
hexazinone with and without an activation system. The cells were
subcultured to allow growth and expression of cytotoxicity^ then
seeded in medium with and without selective agents to allow enumeration of HGPRT deficient mutants.
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In the CHO ^ vitro cytogenic assay, unformulated hexazinone
gave positive results. CHO cells were exposed to hexazinone concentrations of 2, 4 and 5 mg/ml in the presence and absence of an
activation system. The cells were arrested in metaphase with colcemid
then scored for chrcimosome aberrations. Chromosome damage
(clastogenicity) was induced under nonactivation conditions at hexazinone concentrations of 4 and 5 mg/ml but not 2 mg/ml. Chromosome
damage was also induced under activation conditions in one of two
assays with 4 mg/ml hexazinone (Schneider and Kaplan 1983).
The fourth test system was an in ^vo bone marrow cytogenetic
assay using Sprague-Dawley rats. Single doses of 100 to 1,000 mg
hexazinone/kg body weight were administered to groups of 12 rats per
sex, Colchicine was administered to 3 rats per sex per group at 6,
12, 24 and 48 hours after hexazinone to arrest the cells in metaphase.
The rats were sacrificed. Bone marrow cells were collected from the
femurs, prepared, and examined. No hexazlnone-related chromosomal
aberrations were detected. Five deaths occurred in the 1,000 mg/kg
group* Toxic signs observed were depression at 300 mg/kg and
convulsions at 1,000 mg/kg (Schneider and Kaplan 1983).
The fifth in ^^^t^ test system was to evaluate the effect of
hexazinone on unscheduled DNA synthesis (Appendix E). Freshly
isolated hepatocytes were treated with unformulated hexazinone
followed by radio-labeled thymidine (Schneider and Kaplan 1983).
Thymidine incorporation into DNA was quantitated autoradiographically. No induction of unscheduled DNA synthesis was observed.
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3«o

Environmental Fate

Hexazinone is effective against a wide variety of annual,
biennial^ and perennial weeds and woody plants. It is variably
persistent in soils^ with a half^life of one month to more than six
months, depending upon specific field conditions} is moderately
persistent in watery and bioaccumulates only slightly in animals•
Hexazinone is absorbed primarily via plant roots from which it is
translocated to plant foliage (U.S. Environmental Protection Agency
1982).
3.1

Bioaccumulation and Metabolism

Studies of hexazinone metabolism in plants and animals have
demonstrated eight metabolites of hexazinone involving loss of methyl
groups (CH3) or aminomethyl groups (NHCH3), ring oxidation^ or
addition of hydroxyl groups (OH) to the parent molecule. The
structures of five metabolites for which toxicity data are reported
are illustrated in Appendix D-1« Some of these metabolites have been
identified as a bound form to normal metabolic products or
intermediates (Holt 1981; Rhodes 1980a and 1980b; and Rhodes and
Jewell 1980)» Toxicity studies with these five hexazinone
metabolites are reviewed in Section 2.4.1 and Appendix D-1.
3,1.1 Plants
The primary mechanism for uptake of hexazinone by plants is
absorption from soil solution by roots. The utility of Velpar®
Gridball®pellet application takes advantage of this mechanism« The
pellets are broken down by rainfall and leached through the soil to
the root zone in a concentrated column. As a supplement to root
absorption^ liquid formulations applied as a foliar spray may be
directly absorbed through the foliage (Ghassemi et al. 1982),
In a metabolism study with greenhouse--grown su|ârcane, plant
tissues were sampled 6 months after application of -^^C-^labeled
hexazinone at rates equivalent to 0.45 and 0.89 lb a.i•/acre (0.5 and
1^0 kg/ha)• Plant tissue residues of hexazinone and its metabolites
were 0.05 ppm and 0.07 to 0.08 ppm in the sugarcane treated at 0.45
and 0.89 lb a.i./acre respectively. These tissues consisted primarily
of hexazinone metabolites with less than 1 percent parent hexazinone
(DuPont data cited in U.S. Environmental Protection Agency 1982).
In a field study, a 12 x 12 foot plot of alfalfa was treated with
l^C-hexazinone at a rate of 1 lb a.i./lOO gal./acre (1.12 kg/ha).
Three crops of alfalfa^ harvested 2^ 3 and 6 months following
herbicide application, contained ^^c-^residues calculated as 0.6, 0.5,
and 0.1 ppm, respectively^ as hexazinone. Of the total radioactivity
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recovered In these samples^ most was identified as belonging to
natural plant products. (DuPont data cited in U.S, Environmental
Protection Agency 1982). In this study, the first harvest contained
only 3 percent hexazinone and approximately 12 percent of free and
conjugated metabolites (A, B^ and C). No intact hexazinone or
metabolities are found in the second or third harvests (Sdineider
1984).
The U.S. Environmental Protection Agency (1982) also reports
DuPont data on crop ^sidues in alfalfa hay and alfalfa forage and in
sugarcane obtained from studies conducted in a wide range of geographical areas. Alfalfa forage and hay were treated with 0*5 to
1.5 lb a.i. hexazinone per acre (0,56 to 1.68 kg/ha). Maximum
residues of 0.88 ppm hescazinone and 0,54 ppm total metabolites
(assuming measurements below detectable limits equal 0.1 ppm) were
detected in green forage. Maximum residues of less than 0,04 ppm
hexazinone and 1,22 ppm total metabolites were detected in alfalfa
hay. Sugarcane was treated twice with 2 lb hexazinone a*i./acre/
application (2,24 kg/ha). Less than 0.14 ppm total of hexazinone
plus metabolites was found in raw cane or juices and less than 0.3
ppm total of hexazinone plus metabolites was found in molasses.
In another series of studies, when sugarcane was treated with
5.4 and 7,2 lbs hexazinone a*i,/acre (6.05 and 8.06 kg/ha), less than
0.04 ppm hexazinone or metabolites was detected in the cane, juice,
molasses^ and sugar (DuPont data in U.S* Environmental Protection
Agency 1982).
Hawaiian pineapple plants were spray treated with l^C^hexazinone
at 2 lb al/acre and kept in a greenhouse for 7 months until harvest
of mature pineapples. l^C--hexazinone was rapidly metabolized in the
plants. Total ^'^C in pineapple pulp was approximately 0*4 ppm^
While no Intact l^C-hexazinone (<0.01 ppm) was detected, metabolites
A^ B, C, D, and F, which were partly conjugated, were observed*
Radioactive polar material present in pineapple pulp (20-24 percent
of the total l^C) represented incorporation of l^C--hexazinone
breakdown products into natural products^ mostly sugars. The
half-life of l^C-^hexazinone in pineapple leaves and soil was 3 and 4
months, respectively, with the same metabolites being formed
(Sdineider 1984).
Alfalfa, sorghum, and onions were grown in a greenhouse on
Ifeyport silt loam which had been treated with l^C-=hexazinone at
1.5 lb/acre (aged 4 and 12 months) and 4 lb/acre (aged 12 months).
Total radioactivity in the aged soils at planting was 0,20, 0.06^ and
0.10 respectively5 calculated as l^C^hexazinone. Intact hexazinone
was present only in trace levels (<0.01 ppm). Several days after
seedling emergence, alfalfa showed some reduced stand (about 50
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percent) in soils containing 0,l-0.2 ppm ^^C^ and onion seedlings in
soil containing 0.2 ppm total ^^C also had reduced survival (about
25 percent less than control). However^ both alfalfa and onion
seedlings which survived the first week grew no:^ally and did not
show any indication of injury. No reduced stand was observed with
sorghum. Total -^^C in alfalfa at harvest was 0.2-0.3 ppm^ in the
sorghum plant 0.1-0.4 ppm^ in sorghum grain 0,01-0.05 ppm^ and in
onions 0*01-0.02 ppm. An average of 89 percent of the total ^^C in
alfalfa, 64 percent in sorghum plant, and 40 percent in onions was
found in the bound form^ likely incorporated into natural products^
as demonstrated previously in alfalfa metabolism studies (Schneider
1984)•
3*l-2

Mimais

Mimai metabolism studies with hexazinone are summarized in
Ap^ndix F and show that hexazinone is readily metabolized in animals.
Ingested hexazinone is rapidly excreted in urine and eliminated in
feces. It does not bioaccumulate appreciably in animals, and tissue
residues of botii hexazinone and its metabolites decrease rapidly when
exposure to hexazinone ceases.
Several rat metabolism studies with radlolabeled hexazinone
indicated that most of the material and its metabolites are eliminated
witiiin the first 24 hours, with essentially complete elimination
within three to four days of dosing. Mimais pretreated with
hexazinone clear themselves of hexazinone more rapidly than do
animals that have not been pretreated, indicating that pretreatment
results in metabolic adaptation and more rapid excretion (Rhodes and
Jewell 1980 and Schneider and Kaplan 1983)e When female goats were
fed 1 to 5 ppm hexazinone in their diet daily for five days, 0.02 to
0.05 ppm hexazinone residues were detected in milk for the 1 and
5 ppm doses, respectively by the second day* No residues of
hexazinone or of metabolites A, D, or E and only trace levels
(maximum 0.05 ppm) of metabolite B were found in cow*s milk from
animals fed up to 25 ppm in their diet for 30 days (Sdineider and
Kaplan 1983) • Bluegill sunfish, exposed for 4 weeks to up to 1 ppm
he:^EÍnone, had maximum residues of 2*1 ppm in the carcass and
6*7 ppm in viscera. Following 2 weeks in clean water, no residues
could be detected in the fish (Rhodes 1980b).
3.2

Soil

In soil, hexazinone is dissipated by photodegradation and biodegradation to various metabolites and by leaching (U.St Environmental
Protection Agency 1982)* Due to its relatively low vapor pressure,
hexazinone does not volatilize to any appreciable extent (Ghassemi et
al. 1981).
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Radiolabeled hexazlnone applied to soils in Delaware, Illinois,
and Mississippi under field conditions at a rate equivalent to
3.3 lb/acre Í3,7 kg/ha) had half lives of 1 month in Delaware,
2 months in Illinois, and 6 months in Mssissippl. The half-lives
of total radioactive residues (radiolabeled hexazinone and its
metabolites) in the same soils were approximately 3 to 4 months
in Delaware, 6 to 7 months in Illinois, and 10 to 12 months in
Mssissippi (Rhodes 1980a)• Ghassami et al. (1981 and 1982) reported
DuPont studies evaluating the effect of hexazinone application rate
on persistence in fóyport silt loam in Delaware, Hexazinone was
applied at 4 rates from 1,8 to 20.0 lb a»i./acre (2.0 to
22,4 a.l. kg/ha) with samples collected Initially and at 1, 5, and
8 months after treatment. P.esidue studies indicated that the
half-life of hexazinone was about 1 month and was independent of
application rate for the range of application rates and for the soil
type studied. Ghassemi et al, (1981 and 1982) also reported
persistence studies conducted with Velpar®Weed Killer (90W)* and
Velpar®Gridball® by the USDA Forest Service Southern Forest
Experiment Station. ¥elpar® Weed Killer (90W) was applied at rates
of 1.8 and 3*6 lb/acre (2 and 4 kg/ha) to both clay and loamy sand
in Alabama. The half-life of hexazinone was determined to be
4 to 6 weeks in the clay and less than 4 weeks in the loamy sand.
The half-life of Velpar® Grldball®applied at rates of 1.8 and
3«6 lb/acre to a deep (100 inch) sandy soil was determined to be
14 weeks.
Hexazinone has been shown to photodegrade when applied to soil
samples under laboratory conditions (Ghassemi et al, 1981 and 1982
and U.Se Environmental Protection Agency 1982). When radiolabeled
hexazinone was incorporated into a thin-layer of soil at 10 ppm and
placed under artificial sunlight for 6 weeks, the half-life of the
parent hexazinone was estimated to be 37 days. By the end of the
6-week period, 40 percent of the parent l^C-hexazlnone remained in
the soil. The rate of photodegradatlon in soil under natural field
conditions would depend to a large extent on such environmental
factors as light intensity and depth of incorporation of hexazinone
in the soil.
Soil metabolism studies have demonstrated the biodégradation of
hexazinone under aerobic conditions (Rhodes 1980a). Samples of
Fallslngton sandy loam and Flanagan silt loam were treated with
radiolabeled hexazinone to achieve a concentration of 4 ppm
hexazinone in the soil. In the soils kept under aerobic conditions,
the half^life for hexazinone degradation was less than 4 months and
the half-life of the total applied -^C (he^zinone and metabolite)
was reported to be greater than § months. No degradation or loss of

*90 percent active ingredient^ soluble powder.
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^^C activity was observed^ however^ when similarly treated soils were
kept under anaerobic conditions for 60 days, laboratory flask
studies under aerobic conditions with these two soil types with
^^C"^hexazinone at 4 ppm and 20 ppm demonstrated a rapid evolution of
CO2 following an initial lag period of 10 to 20 days. After 80 days
of incubation, 45 to 75 percent of the total applied radioactivity
had been given off as CO2 in unsterllized soils cornered to 0 to 10
percent in sterilized soils* These data, reported by Ihodes (1980a),
are interpreted by the U.S* Environmental Protection agency (1982),
based on DuPont data^ to be indicative of microbial, particularly
fungal^ activity.
Laboratory studies (Rhodes 1980a) indicate that hexazinone is
mobile and thus readily leached in all of the soils studied. When
the applied hexazinone was allowed to age for 30 days prior to percolation of water to measure leaching in a laboratory soil column^
leaching rates were lower than for fresh hexazinone, indicating
that the hesazinone metabolites may be less water soluble and/or
more highly adsorbed to soil particles than the ^rent hexazinone
(DuPont data in U.S. Environmental Protection Agency 1982). Studies
conducted with Velpar®Grldball® by the U.S, Forest Service Southern
Forestry Experiment Station (Ghassemi et al» 1981) on a deep sandy
soil indicated that as the Gridball® pellets dissolved, the
hexazinone material moved downward through the soil rather rapidly
but moved laterally relatively slowly.
3.3

Water

Photodegradation, biodégradation^ and dilution are the prime
mechanisms for loss of hexazinone activity in aquatic systems.
Studies with dilute aqueous solutions of hexazinone la the dark
indicate that, at pHs of 5, 7^ and 9, and at temperatures of 59,
77, and 98*6^F (15, 25 and 37°C), hexazinone does not degrade
(<1% decomposition) for at least 5 to 8 weeks (Rhodes 1980b).
Hexazinone degrades readily in sunlight under a variety of
aqueous conditions. Its degradation in natural waters is only
sligiitly inhibited by presence of sediments.
Laboratory photodegradation studies were carried out by DuPont
under both artificial and natural sunlight with ^^C-labeled hexazinone (Rhodes 1980b and U.S. Environmental Protection Agency 1982).
Four aqueous solutions! (1) distilled water| (2) standard reference
water comparable to "typical" surface water in the toited States;
(3) distilled water with anthraquinone photoinitlator^ and;
(4) distilled water with riboflavin photoinitiator, each of which
contained 5 ppm hexazinone^ were exposed to artificial light for 5 to
8 weeks. In addition, four aqueous solutions! (1) standard
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reference water; (2) standard reference water-containing riboflavin
photoinitiatori (3) river water, and- (4) river water containing
bottom sediments, each of which contained 5 ppm hexazinone, were
exposed to natural sunlight for 5 weeks. In distilled water exposed
to artificial light, hexazinone is slowly degraded with approximately
10 percent degradation after 5 weeks exposure. With both artificial
and natural sunlight, decomposition Is 3 times greater in standard
reference water and in water with anthraqulnone or with bottom
sediments than it is in distilled water• Decomposition is 4 to 7
times greater in natural river and in distilled water with riboflavin
than in distilled water alone.
The enviroi^ental fate of hexazinone in a small (approximately 5
hectares) watershed in Georgia was reported by Mayack et al. (1982).
Residues of hexazinone and metabolites were monitored in a stream
leading from the watershed after 10 percent a.i« hexazinone pellets
were applied to portions (acreage unspecified) at a rate of
15 lb/acre (16.8 kg/ha)• For the 8 months following application,
most water samples had hexazinone levels below detection limits
(1.0 ppb). Intermittent concentrations of 6 to 44 ppb were detected,
primarily during the third and fourth month following hexazinone
application.
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4.0

Exposure And Hazard Assessment

Forest workers, visitors, and resident or transient animals are
all potentially exposed to hexazinone during forest spray operations.
For humans and other terrestrial animals, exposures can be by dermal,
inhalation^ and oral (ingestion) routes. Aquatic animals are potentially exposed by immersion in waterbodies that may contain dissolved
hexazinone. Calculations of exposure to hexazinone in this section
follow the assumptions and methodology detailed in Section 4.0 of the
General Introduction to the Herbicide Background Statements, In
general^ it should be noted that environmental exposures to
hexazinone are brief, and that any area sprayed in a given year may
well not be sprayed again for several years* Occupational exposures,
at least for some individuals^ may be of longer duration than
environmental exposures. However^ only a limited number of
individuals are so exposed^
4.1

ÜSDA Forest Service Hexazinone Application

Available application data for hexazinone use by the USDA Forest
Service for 1982 are presented in Table 4-1, Actual exposure to
hexazinone differs among Forest Service personnel involved in
herbicide use^ other Forest Service personnel, visitors to Forest
Service lands that have been treated with herbicides, and wildlife
species that are permanent or transient inhabitants of treated areas.
The data presented in Table 4-1 indicate the number of forest
workers involved in application of hexazinone in 1982, as well as the
duration of exposure on a daily and an annual basis. However, the
actual exposure of these workers depends not only upon the specific
formulation5 method, and rate of application, but also on the protective measures employed, the operating condition of the equipment
used, and accidental events which expose workers to the pesticide.
The persistence of hexazinone in soil is 4 to 14 weeks and is
independent of application rate. Hexazinone is readily dissipated
from soil at a moderate rate by photodegradation, biodégradation,
and leaching* The potential for incidental exposure of humans and
wildlife to hexazinone is moderate following application•
4*2

Exposure

In 1982, liquid formulations of hexazinone were applied as a
ground foliar spray at a maximum application rate of 4*0 lbs*
a.i./acre. Gridball®, which is in pellet form, was also applied by
aerial and by hand broadcast at a maximum rate of 2,0 lbs a.i•/acre
for both application methods.
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Table 4-1
IlSDâ Foxest Service Application Data for Hexazlnone (1982)
•-*--•"-■—-••^

—--_-»™.»,--__---.--™-™_^^

Duration of Exposure
Formiílatioe
(Number

Method of
Applicatiott,

Average Number People
Exposed/Project

Hre/Day

Pro'jects)

6 »5

6.4

lOJ

5.7

18.2

8.5

17

7

Gridball
(16)

Hand
Broadcast

Gxidball
(2)

Aerial

Gross 1983

Days/Yr

6.1

Ground
Follax

acrari'd Total - 197

Maxlmun,

77

Liquid
(11)

Source:

Average

Total People
Exposed^'

4

1

Hrs/Day

6.1
7

4.5

Type of Management
(Projects)

Days/Yr

8.1
21.1

1.5

Timber (10')
Nursery (1)
Timber (12)
Wildlife' (3)'
Ra:iige CD
Tiii,l)er (2)

However, in toxlclty studies described in Section 2, it is noted that
hexassinone formulations such as ¥elpar® Gridball® pellets are not
consumed orally and generally are not touched by animals. Since
Gridball® is in pellet forms the herbicldal agent does not adhere to
vegetation. Therefore^ it is assumed that animals are not exposed to
Gridball® pellets. In terms of observers for aerial application^ it
is assumed that no exposure, and consequently no dose, will occur
since only pellets are applied by aerial means. For this analysis
calculations in Table 4-2 that are based on ground spraying (e.g.
backpack sprayer dose^ and wildlife oral exposures) assume an
application rate of 4.0 lb a.i./acre. Other specific assumptions^
based upon the toxicological and chemical characteristics
of hexazinone and on its behavior in the environment, are discussed
in the following sections* Table 4-2 summarises the estimates for
occupational and environmental doses and ex;^sures by means of
immersion, de^al^ inhalation^ and oral routes.
4.2.1

Occupational Doses

Data are not available on the daily occupational ex^sures or
doses of hexazinone to forestry workers. However, estimates of
occupational doses have been derived based on the urinary outpit of
several categories of workers exposed to phenoxy herbicides (e*g.,
2,4-D and 2|4^5-T). As indicated in the General Introduction to the
Herbicide Mckground Statements^ urinary output was used to calculate
total doses Ci*e*^ regardless of route) to workers ex^sed to phenoxy
herbicides 5 and this quantity was then expressed on the basis of an
application rate of 1 lb/acre. Daily occupational exposi^e estimates
for hexazinone are based on exposures on a per pound per acre
application rate multiplied by 4.0 lb/acre for backpack sprayers.
The maximal herbicide dermal absorption rate is assumed to be^ in the
absence of data to indicate otherwise, 10 percent.
For ground applications at 4,0 lbs/acre application rates, the
following estimate of daily dose is derivedi
Backpack Sprayer; 0.16 mg/kg (0,04 mg/kg at 1 lb/acre
application rate)
Occupational doses for the mixer/loader are assumed to be independent of application rate and have been estimated to be 0^1 mg/kg.
Total occupational doses are, of course, a function not only of
application rate and specific occupational category, but also of
duration of exposure. Table 4-1 includes estimates of the number of
days per year of exposure, by hexazinone application method and
formulation used/in 1982. It should be noted^ however^ that in many
instances3 the same individuals are not exposed throughout the entire
spray period.

Table 4-2
Sumaary of Occupational Dose, Environmental Exposure
and Toxicity for Hexaziñone
Exposure Route^
Occupational

Dermal

Oral

Inhalation

DOSE

,

Mixer/Loader
Observer
Backpack Sprayer

. .

.. .

0.1 mg/kg

^

0.1 fi mg/kg

Envi rompent al
Exposure
W^gl-i.gible residues.

Fish
Eabbits
Deer
Man
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)
Toxiclty Summary

0.806 mg/kg
0.202 ag/kg

Negligible
Negligible

-»C

-«C

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Acute LD50
>2,000 mg/kg
in rabbits

LC5o>7.3 ppm
in rats

See text. . ,

,

4.20 mg/kg
5.76 mg/kg

—c
0,000
0.018
0.023
0.000
0.000
0.000

fflg/kg
mg/kg (2 days)
mg/kg (2 days)
mg/kg
mg/kg
mg/kg

Acute LDjo's '^ 860 mg/kg
(guinea pigs); 2,012 mg/kg
(rats). NOEL '^ 200 ppm in
rats and mice for chronic
oral effects.

Most studies, LCJQ > 100 ppm for fish
^Assumes ground foliar application at 4 lb active Ingredient per acre*
aerially applied liquid.

Assumes no

^Occupational doses Include all routes of exposure.
^Human environmental exposures via dermal and inhalation routes will be considerably
less than occupational doses^ Thereforeï occupational doses are used as a worstcase rather than an estimate of environmental dermal and inhalation exposure*
Oral environmental exposures are estimated for six sources.
¿NA represents nonapplicable data.
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4.2.2

Environmental Exposures

Environmental exposures to man occur when forest visitors or
others not directly involved in spray operations come in contact with
spray or sprayed foliage, inhale spray mist, eat plants or animals
contaminated with herbicide, or drink water containing herbicide.
Animals^ both terrestrial and aquatic^ are subject to environmental
exposures as well^
4e2.2,l Dermal Exposures* Human dermal environmental exposures
would be less than occupational exposures since only spray operators
and observers are directly involved with actual activities on the
spray units. A casual visitor to spray units should be expected to
receive an exposure much less by orders of magnitude than that of the
mixer/loaders or backpack sprayer* animals in the target spray zone5
however^ are subject to dermal exposure. It was assumed that animals
would not be sprayed directly by backpack applicators^ and that only
the animals* ventral surfaces would contact foliage that had been
sprayed. Thus^ approximately one half of the animals* body surface
would contact sprayed vegetation^ resulting in an exposure level
equal to one half of that calculated for aerial application methods
(aerial application amounts for exposure of the dorsal surface as
well as ventral). Rabbits and deer^ representing both small and
large game animals respectively, have the following estimated dermal
exposures based on 4.0 lb a*i./acre ground foliar spray:
Rabbits in Spray Zones 0.806 mg/kg (1/2 x 0.403 mg/kg at
1 lb/acre application rate)
Deer in Spray Zones 0.202 mg/kg (1/2 x 0.101 mg/kg at
1 lb/acre application rate)
4.2.2.2 Inhalation Exposures. Human inhalation environmental
exposures would be less than occupational exposures since spray operators^ involved with activities on the spray units, are more likely to
be subject to spray mist than is a casual visitor. Thus a casual
forest visitor should be expected to receive an inhalation exposure
orders of magnitude less than that of a backpack sprayer.
Environmental inhalation exposures of animals in the spray target
area would occur on a one-time basis and would be limited to a time
frame that can be measured in minutes. Inhalation of hexazinone
vapor would be neglible since the vapor pressure of hexazinone is
reported to be low (Weed Science Society of America 1983).
Inhalation exposure is therefore expected to be so small that it can
be neglected in this analysis.
4.2.2.3 Immersion Exposures. Aquatic organisms are subject
to environmental exposures to herbicides from immersion in streams
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and ponds adjacent to target spray zones. Assuming a buffer zone of
approximately 100 feet between spray zones and waterbodiesj environmental exposures for aquatic organisms are expected to be zero. This
is because it is assumed that backpack sprayers would not directly
spray waterbodles and Gridball® would not be dropped into
waterbodies. Although Grldbalr^ leaches in soll^ leaching tends to
be downward, not lateral,
4*2.2.4 Oral Exposures. In terms of oral exposures, any
incidental Ingestion of hexazinone by workers on the spray unit
during ground foliar applications would be accounted for by the
estimates of occupational dose. Oral environmental ex^sures would
occur for wildlife eating contaminated vegetation and for human
consumption of fish, deer^ rabbit, water, berries, and mushrooms.
Msic assumptions for estimates of oral environmental exposures for
both man and wildlife are presented in the General Introduction to
Herbicide Background Statements. Oral exposures for deer and
rabbits, representing game animals potentially eaten by humans,
assume ground foliar application at 4.0 lb a.i./acre and that rabbit
browse is partially shielded by overstory. These estimates are as
follows ;
Deeri
Rabbití

5.76 mg/kg (1.44 mg/kg at 1 lb/acre application)
4*20 mg/kg (1.05 mg/kg at 1 lb/acre application)

Estimates of human oral exposures from consumption of fish, deer^ and
rabbit require, as a starting point, estimates of maximum tissue
concentrations of hexazinone in fish, deer, and rabbit.
Since negligible residues are assumed in water and since
hexazinone is very rapidly photodegraded in water^ fish tissue
concentrations are assumed to negligible. Deer and rabbit tissue
concentrations include hexazinone accumulated from both oral and
de^al exposure to ground foliar treated areas. Tissue concentration
estimates for deer and rabbit assume that dermally applied hexazinone
is absorbed at a rate of 10 percent as discussed in Section 4,2.1
with regard to backpack sprayer absorption rates. It is also assumed
that oral exposure of deer and rabbit to hexazinone lasts only for 2
days due to the relatively short environmental persistence of
hexazinone and that 10 percent of the ingested material is
assimilated into deer or rabbit muscle tissue, ^er tissue
concentrations of he^zinone are derived as follows;
Dermal Exposure contribution assumes 10 percent absorption of a
single exposure, or 0.202 mg/kg (dermal exposure) x 0.1 =
0.0202 mg/kg.
Oral Exposure contribution assumes 10 percent assimilation of
2-days feeding, or 5.76 mg/kg/day (oral exposure) x 0.1 x
2 days - 1,152 mg/kg.
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Total Deer Tissue concentration ^ 0,0202 mg/kg + 1«152 mg/kg =

~~~T3^F¥g7ki (1.172 ppm).
Rabbit tissue concentrations of hexazinone are derived in the same
way as for deer, as followsi
Dermal Exposure contribution assumes 10 percent absorption of a
single exposure, or 0.806 mg/kg (dermal exposure) x 0.1 0.0806 mg/kg.
Oral Exposure contribution assumes 10 percent absorption of
2-days feeding^ or 4,20 mg/kg/day (oral exposure) x 0«1 x 2
days = 0.840 mg/kg.
Total Rabbit Tissue Concentration ^ 0.0806 mg/kg +0.84 mg/kg =
0.9206 mg/kg (0,921 ppm).
Based upon the above fish, deer^ and rabbit tissue concentrations and
human consumption rates, the following estimates of maximum human oral
exposures to hexazinone from eating meat are deriveds
Fish meat:

negligible human oral exposure*

Deer meatî
1.172 mg/kg x 2 days x 0.5 kg/day/person f 50 kg
person = 0.023 mg/kg
Rabbit meatt 0,921 mg/kg x 2 days x 0*5 kg/day/person f 50 kg
person - 0,018 mg/kg
Water and plant consumption by man would result in negligible
oral exposures to hexazinone since it is assumed that ground foliar
spray zones would be posted and that water residues would be
negligible.
4.3

Hazard Assessment

Toxicological properties of hexazinone to man, fish, and small
mammals have been summarized in Table 2-1 and detailed in Section 2
of this Herbicide Background Statement. Table 4-2 compares estimates
for both occupational doses and environmental exposures in man and
wildlife with reported toxiclty information (dermal LD50 in rabbits,
rat inhalation results, guinea pig and rat acute oral LDJQ'®^ ^^^
immersion LC^Q'S for fish)* The reported exposure levels at which
toxic effects have been observed in experimental animals are
considerably higher than levels estimated for Forest Service
application. Based on a NOEL of 200 ppm in a 2-year rat study, the
U.S. Environmental Protection Agency (1982) has adopted a provisional
acceptable daily intake (PADI) of 0.0125 mg/kg/day.
H-35

Small mammal studies have shown that hexazlnone applied to the
eye can be mildly to severely irritating and that hexaEinone fed at
rates up to 5,000 ppm in feed does not result in birth defects (in
rats). Hexazinone is not mutagenic in most test systems and does not
appear to be carcinogenic. These studies are summarized In Table 2-1
and detailed in the Appendices. Generally, they indicate that there
should be no significant potential for adverse reproductive,
mutagenic, or carcinogenic effects to individuals from hexazinone
use^ if proper care Is taken during application.
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Appendix A
Sufflînary of Hexazlnone Tosclcity Data for Invertebrates and Microo-rganiBias

Fonmilatlo«

OTganisii

Exposure
Time

Effects

Comnefits

Hei:az;ln.oEe

Ho'neybee
(Insecta)

Surface absorption

48' hours

LC5Q >60' ^g/bee

Topical application
to beea at 60 jj.g/bee
(highest dose ■
tested) resulted In
only lOZ mortality
in a 48-hour test.

Heicazinone,,
Technical

Cladoceran
(Daphnia magna;
Crus taceal

Surface absorption,
static bioassay

48 hours

.LC5Q * 151 »6 ppm

95X percent COEfidence limits:.
125.2 to 172.8 ppm.

Graas Shrimp
Surface abaorptioiij
(PalaeiBOiietes
static bioassay
pugio; Crustacea)

96 hours

LC5J3 between 5ê
aad 100 ppm

Criterion for
effect was death.

Fiddler Crab (ü_ca
pugilatorg
Crustacea)

Surface absorption,
static, btoas^say

96 hours

LC50 >1,0'00 ppo!

Criterion for
effect was death.

Cladoceran
(Daphnia sp.;
Crustacea)

Surface absorption,
static renewal
bioassay

21-day life
cycle study

liC5Q " 33.1 ppn
with 7-~day renewal
of hexazinone;
20 p'pm < LG5,o <: 50' ppm
with 3-day renewal
of hexaziïione

NOEL » 20 ppBi,

Heiazinone,
Technical
(95X)

Hexazinone, Oyster Larvae
Technical ' (Crassoatrea
virglnica; '
Mollusca)

fîezazinone
(pfelletSj
101 a.i.)

I

Nature of
Exposure

Aquatic
ioTertebrates

NOEL

10' pp»

References
Schneider 1984
and DuPont
umdated

DuPont undated
attd Ü.S,
Envlroniietttal
Protect iO'tt
Agency 1982

Data reported
in Ma)rack et al,
1982 and U.S.
Ettvironraental
Protection
Agency 1982

Surface absorptloiE
static bioassay

48 hours

320' ppfn< EC50
< 560 ppm

Criterion for
effect was a reduction in. number of
normal embryos.

DuPont undated
and U*S.
Envirofiaental
Protection
agency 1982

Surface absorption
field exposure

Intermittent
exposure tO'
levels of 6
to 44 ppb
In water

No major alterations Itt aquatic
ma,croliiyertebrace
apéeles compos1tioti or diversity
were detected»

Sampling ufae conducted for 8 months
£ollowip.g application of pellets ill
late April to a
forested watershed
at a rate of
15 lb/acre
(16,8 kg/ha).

Mayack et al»
1982 '

Appendix A CConclïided)

I
O.

Fomtilatloo

Nature oî
Expo'eure

Organism

Exposure
Time

Effects

CoiBîieiits

No major comiiunit)!'
cha'nge in soil
nicroarthropode.

Sampled approjtiniately 3 1/2, moiithe
after application
of pellets In late
April to a forested
watershed at a rate
of 15 lb/acre
(16.8 kg/ba).

References

HexÄElfione
(pelleté.
102 a.ij

Terrestrial
Invertebrates

Surface absorption
field exposure

HexajKinone

Soll fungí
(InclMdlng the
genera Peníclllíoii,
AspergílluB,
Trichoderma,. Mmcorj,
FosartuHi) and soll
bacteria

Incorporated into
soil cultures lo,
laboratory

8 weeks

10' ppffl heîtazinoEe
did not reduce 0OII
population counts
of fungi or bacteria*
At 100 ppm, hexazin,one, showed little
to no fimgltoxiclty^

RhodeB et al.
1980

Hexazlnone

Soll bacteria

Incorporated into
soil cult'wrea in
laboratory

5 weeks

Five and 20' pp«
hexa'zlnone did no^t
ad¥er8ely'affect
soil nitrificatiO'fi
prO'ceases,

Rhodes et al.
19801

Hexazinotie

Common algae (plants)
Cladophora clonerata„
RhizochoraiuiB
hieroglyphium,

Vaucherla dichotoMa

®Data not available or not applicable.

Mayack et al.
1982

InhibítloB at 0'.5 pp«
Fowler' 1977 in
Mayack et al,
1982
Inhibition at 1.0 ppn

Appendix B
Summary of Hexazlnone Toxicity Data for Fish
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Appendix B
Summary of Hexazinone Toxlcity Data for Fish

Nature of
Exposure

Exposure
Time

Effects

Rainbow trout

Swface absorptloft.
static bioaesay

96 hours

320' PPIKLC50
<420 pp«

NOEL - 240 ppo.
Temperature 52.8*F
(11" ± 1.0*0«
Average weight
0,035 oz (1 gram)«

Bluegill

Surface abeorption,
static bloassay

96 hours

370 ppo < I.C501
<420 ppm,

NOEL * 370' ppffl»

Fathead
Miono«

Surface absorption^
static bloassay

96 hours

LC50 « 274 ppm

95% confidence
limite » 207 to
361 ppm; NOEL "
160 ppm.

Hexazlnotte

Rainbow trout

Surface absorptionj
static bloassay

96 hours

LC50 « 322 ppm

Hexazinone

Gold orfe

Surface absorption»
static bloassay

96 hours

LC50 " 340 ppn

HeicaEinone
Bluegill
(¥elpai^">L)
(251 liquid)

Surface absorption,
static bioaesay

96 hours;

LC50 - 925 ppm

95X confidence limits
of 782 to 1,049 ppm

Heicailnone
(Velpai^^

Rainbow trout

Surface absorption,
static bloassay

96 hours

LC50, > 100' pF«

0.7 grans, 54^*F (12*^0

Bluegill

Surface abBorption,
static bloassay

96 hours

LC50 > 100 ppm

HexaeiBone

Bluegill

Surface absorption

4 weeks

No effect on^ fish
exposed to 0,01
an,d 1.0 ppn,.

Hexazltione,
Technical

Bluegill

Surface abeorptloti,
static bloassay

96 hours

LC5O « 505 pp«

Fomülation

Organ! a»

HeiLazitioEe

I
®Data not available or not applicable.

Cotaaeiits

References
MPont utiaÄted, and
Ü » S. Envi ronraeiital
Protection agency
1982

IMPont undated and
U.S. Environnenta1
Protection Agency
1982

Schneider and
Kaplan 1983

Schneider and
Kaplan 1983

Johnson and Finley
1980
0'.8 grams, 72°F C22°C)
Rhodes 1980b

95% confidence limits
of 450' to 538 ppm»
Fish 1.26 inches
(3.2 cm) long kept
at bB^F ar-±- 0.2"C),
dissolved oxygen of
5.7 to 9.5 ppm and
pH 7.1 to 7.3.

Data cited in
U.S. Environmental
Protection Agency
1982

Appendix C
Summary of Hexazitione Toxicity for Birds
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Appendix C
Sumaary of Hexazltione Toxic!ty Data for Birds

I

Exposure
Time

Effects

(Acwte)

IJ)5o - 2,25S «g/kg

95X confidence
levels - 1,'628 to
3„130 mg/kg. By
oral iBtubatlo'O to
fasted 20-week old
males and females at
0, 398, 631, 1,000,
1,590, and 2,510 ng/kg.
Birds observed for
2~weeks for mortality
and toxic effects.

0.S. Envlromiental
Protection. Agency
1982 Î MPoBt
tindated; and DwPont
data cited Iti
Ghasseiml et al.
1981 and 1982

Oral^ etîbchro'iiic

5 days
(of an
8-day
sttidy)

LC50 >10,000 ppn

Fed in diet to 14-day
old quail at 0, 625,
1,250, 2,500, 5,000,
10,000 ppw for first
5 days of an 8~day
study. Birds observed
daily foir mortality
and toîcic effects.

DuPont undated and
PuPottt data cited
in Ghaesemi et al.
1981 and 1982

lobwtiite Quail

Oral, Bubchronlc

5 days
(of an
8-day
otiidy)

LC5O1 > 5,000 ppm

Fed in diet to 14-day
old birds at 0, 156,
312, 625. 1,250,
2,500 and 5,000 ,ppii
in diet.

Data cited in U.S.
Environaental
ÎProtectlon Agency
1982

Mallard
(BuckllngB)

Oral,, swbctiroftic

'IX50'> 10,000 ppm

Fed in diet to'l-aonth
old ducks at 0, 625,'
1,250,'2,500, 5,000,
and 10,000' pp» for :
first 5 days of an
8-~day study. Birds
observed daily for
mortality and toxic
effects«.

'DuPont undated and
DpPoiit data cited
In GhasBéitl et al.
1981'and 1982

Forttulatlott

Organism

Hexatiiioiie,
Technical

Bobwhitc Qwaîl

Hexazinone

Bobwîiite Quail

Hexaïinone,
Technical

leitaElîtoiie

Mature of
Exposure

single doBe

'5, days (of
an 8-day
■ ' ' study)

CoBiients

References

I

Appendix C (Concluded)

CO

Nature of
Fomolatlon
Felpar'M

Crldballs^ß

OrganÎB«

Black-capped
chickadee
Rlag-îiecked
ptieasant

VelpÄr'^
Mack-capped
Grldbail»^.® ctiickadee ,
Riïig-necked
pheasant,
White-breasted
outhatch,
Downy woodpecker,
Cardinal, Song
e par row j, Rosebreaated grosbeak

EitpO'Sure

Exposure
Time

Effects

€o>iiii.efits

Referenceö

GridballJ®' placed
near feeding
Bite in captivity

3 weeks

Birds did not
respond to GrldbalfI®
pellets.

RlcIiBiond 1979

Gridballs^ placed
near 'feedlag
sites in a
natural
eiivironjieïït.

1 to
3 weeks

Birds did n,ot
respond to Gridball®
pellets»

Rictmond 1979

*Data not available or not applicable.
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Appendix D
Siimmary of Hexazinone Toxlcity In Mammals

Formilatlon

Organlsii

Hature of
Expoi'Sure

Effects

Comoetits

Referen, ces

Acute Oral Toxicity
U.S. Envirotnjmeiital
Protection Agency
1982

Hexazinoine
(0.5% liquid)

Rat 205-228 g»
Sprague-Dawley
(5 snales and
5 feuialeSi)

Hexazlnone
(66Z wettable
powder suspension in
com oll)

Rat (male
ChRtCD)

Single dose by Intragastrlc iïitubatlott on the
basis of 3,200, 3,500,
4,000, 4,500, 5,000,
6,000, and 7,500 lag/kg
body weight.

LD50 - 4,495 mg/kg

HexaEinone
(uiiformulated)

Gwltiea pig
(male, albino)

Single dose of a suspensiO'Ti in 15î85 acetone:
com oil by lEtubation to
10 animals per dose.
Animals observed 14 days.

LD50 « 860 ng/kg body
weight with 951 coiOfidence limits of 450
and 1,260 «»g/kg body
weight. Lethargy,
ataxia, convulsions,
weight losSj protration,
salivation, lacrimation,
and ruffled fur observed.

Newton and Dost 1981;
Weed Science Society
of America 1983; and
Ghassemt et al. 1981

Single dose of a suapenßlon in 15:85 acetoneî
com oil,by Intubation'to
10 animals per dose.
Animals observed for 14

LD50 1,690 œg/kg with 951
confidence limite of
1,560 and 1„880 «g/kg
body weight; observed
lethargy, ataxia, convulsions, prostration,
salivation, and ruflied
for.

Schneider and Kaplan
1983

LD50> 7,500 mg/kg»
Slight weight loss, no
mortalities, no pathologic changes.

U.S. Environmental
Protection Agency
1982 and Schneider
and Kaplan 1983

Rexazinone
(wnfomtilated)

,Rat (male
ChR:CD)
, , ,

days. ■

Hexaxlnone
(lOX pellet
fonamlation;
suspended in
com oil)
I

LD5o> 5,000 mg/kg

Dosed with 5,000 mg/kg;
route not specified.

Rat (male)

Single oral dose a»
suspension in com oil to
10 animals; observed for
14 days.

95X confidence
limits of
3,808 and
5,263 mg/kg

U.S. Envirowiental
Protectio'Ci Agency
1982

Appendix D (Contlntied)
I

Fornulatlon

Orgattlsn

Nature of
Exposure

Effects

Commenta.

References

Acute Oral Toxlcity
(Continued)
HexaEinoae
(unforwilated)

Dog (beagle)

Single do«e In gelatin
capoules adnleistered one
dog each at lévele of two
2,250 mg/kg body weight and
3,400 ugfkg body weight.
Single dose of 15Z aqueous
suapettolon administered
one do'g at level of
1,000, ifflg/kg body weight.
Observed for 14 days
after dosing.

AID>3,400 mg/kg body
weight; einesifl, tremors
salivation, and rapid
respiration observed
within «Inutes to hours
of dosing. LacrInation
and polyurea on day of
dosing. Diarrhea 1 day
after dosing.

Schneider and Kaplan
1983

Heacazinone
(trnfomulated)

Eat («ale.
Crl:CD)^

Single dose of com .oil
suepeosion adnlnistered owe
animal fier doöe. Dose not
opecified, Aninals weighed
and observed for 14 days.

ALD - 1,500 mg/kg body
weight; prostration.
Irregular respiration, and
half-closed eyes obeerved
on day of dosing; in addition, apprehension, incoordination, and convulsions obeerved at lethal
doses.

Schneider and Kaplan
1983

Hexazinone
(89.3X a.i«)

Rat (male.
CrlrCB)

Single dose of corn oil
suspensión adiilnlstered by
intubation 'to one animal
per dose level. Dose not
Bpeclfled. Aninals
observed for 14 days«.

ALD* 5,000i mg/kg body
weight; congestion., stained
no'se and nO'Uth, and
transient weight loss
observed at soblethal
doses; rapid and labored
respiration, pallor,
prostration, lethargy,
half-clo'sed eyes, and convulsione at lethal dose.

Schneider and Ka.plôn
1983

Appendix D (Continued)

FormulâtIon

Organ!su

Mature of
Exposure

Effects

Comiientß

References

Acute Oral Toxlcity
(Continued)

1

Hexfflzifione
(unforniulated)

Rat (male,
Crl:CD)

Single dose of com oil
suspension admlnlstered by
intubation to 10 aniwalo
per dose level. Dose
not specified. Animals
observed for 14 days.

ÍD50 - 2,012 mg/kg body
weight. Observed tremors
and convulsions on day of
dosing; observed weakness
and wet perinea on day
after dosing; observed
weight loss for 1 to
2 days after dosing.

Schneider and Kaplan
1983

HesaElnone
(25X liquid)

Rat («ale,
CrlîCD)

Single dose administered
by intubation to 10 aninals
per dose. Dose not
specified. Observed for
14 days. Three animals
from highest doses and two
animals from other doaes
examined for changes In
gross pathology.

LD50 « 7,080 mg/kg body
weight with 95X confidence
limits of 6,666 and
8,753 mg/kg body weight.
Observed nondose-related
prostration, wet and
stained perinea and
nasal areas, lethargy, congestion, irregular respiration, and convulsions.
Gross examination revealed
no compound-related pathologic changes.

Schneider and Kaplan
1983

Hexazinone
(251 liquid)

Rat («ale,
CrliCD)

Single dose of an aqueous
solution administered by
Intubation to 10 ahlmals
per dose.' Dose levels were
6,000 to''9,000 ppm: ' Survivons were weighed &ná
observed'for 14 days, then
„sacrificed for examination
of gross pathology.

LD50 " 6,887 mg/kg body
weight. Observed slight to
moderate weight losses,
weakness, half-cloaed eyes,
wet and stained 'perinea,
stained face, labored
breathing, ataxia,, and convulsions., At gross
examination observed discolored and heavy lungs
at all doses and slightly
heavy liver in one rat at
9,000 ppm.

Schneider and Kaplan
1983

Appendix D' (C()iitin,ued)
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ForiMjlatloii

Orgaalsm

Nature oí
Ejcposiire

Effects

Co'Bimen,t8

References

Acute Oral Toxiclty
(Contlrmed)
Heiazimone
(66Î wettable
powder)

Rat (male,,
Crl:CD)

Single dose of com oil
auspemslon administerecl by
intubatiouo to 10 animals
per dose.
Dose ICYCIB lacliide 3,200, 5,000, and
6,00'0 ppn.
ObBfrOied foT
14 daye.
l^wo animals from
each dome examined for
changes in gross patlio.log)^.

LD50 " 4 „495 Bg/kg bo-dy 'weight
with confidence limits of
3,808 and 5,263 mg/kg body
weight; observed prostration,,
flailvatlon, plloerectlon,. wet
and stained perinea', stained
mouth and nose, I'lalf-clo'Oed
eyes, labored fereathing,
tremors, and coE¥uls.iona;.
O'bserved iiO' treatmentrelated chattgee In gro^siß
pathology.

Schoeider and ííaplaa
1983

Heiaelnoine

Ra,t (male
CrlrCD)

Sln,gle dose of com oil
^,
suspension of 101 Grldbalí®
administered to- one gro'up
of 10 animalsOtserYed
M days. Two animals
examln.€d fox cfia.ages la
gross pathology.

LD'5o> 7.500 Bjg/kg body weight.,
Obeerved slight weight IO^BB
and n,o mortalities; obaerved
nc» treatnent-Telated chaniges
in grosS' pathology.

Schn,eider an,cl Kaplan
1983

HeiaeinO'Ee
(20X Grldbair-')

tot (male
and
female,
Crl:CD)

Sliîgle dos^e of com oil
suspension adminiatered to
groups of 5 fasted rats per
sex.
Dose not specified.
AniiBials weighed and
O'beerved for 14 days, then
sacrificed and CEatiiried fo-r
changes in grosn patho-logy.

LD'5û, >,5,000 iiig,/kg body weight,
0b,8erved in feiiales but mot in
males, prostratlo«, stained and
wet pexinea, stained face,
weakneBS and alight weight
loss..
O'bfl'erved 'liing and liver
abnorma,litte8 in hoth sexes.
O'baerved discolored th,yi«s
In ooe female.

Schneider aD,d toplaii
1583

Hei:aziiio«.e
(20X Grldball!

Rat (niale
«ttd
fenale,,
Crl:CD)

Single doa« of corn, oil
ßuspenaioE administered to
10 anlniialB per aex per
dooe.
Dose not specified.
All animáis weighed aod
observed foT 14 days„, then,
sacrificed and eirainlned for
clWnges in groes patholo>gy.

.«,

(lOX Grldbair')

ß\

Males: LD50 - 11,798 ng/kg body
weight with confidence limits
of 10,721 and, 13,155 ag/kg.
FemalesÎ
LB50 - 6,352 mg/kg
body weight with confidence
limits of 5,243 and 10,371 mg/kg,
Obaerved proiotratlon, half-cloiied
eyes, etained perinea,, weakness
,sall¥a,tlon, weight loss, C0'0,viu,l-oions at lethal doses, and gross
pathological changes In limgB>,
liver, stonachj, thymus, and
occasionally in salivary lymph
nodeB., spleen and brain«

Schneider and Kaplan
1983

Appendix B' (Continued)

Formulation

Organism

Mature of
ExpoBure

Effects

Cooments

Reference®

Acute Oral Toxicity
(Concluded)
Hexazlnone
(unforBiiilated)

Rat (malet
CrlîCO)

Hexaslnone
(89.3% a,i.)

Eat (male,
CrlîCD)

Hexazinone
(89.3X a.i.)

Rat (male,
CrlsCD)

Adalnistered 300 «g/kg/day
by intubation as a 51 com
oil stiepension 3 tines a
week for 2 weeks to 6 rats
per group. Three tests and
3 control rats sacrificed
at 4 hours and 14 days
after the last dose and
exaained for changes in
nlcroscopic pathology.
Adulnistered 300 iig/kg/day
by intubation as a 51 com
oil suspension 5 tines a
week for 2 weeks to 6 rats
per group. Three tests and
3 control rats sacrificed
at 4 hours and 14 days
after the last dose and
examined for changes in
microscopic pathology.
Administered 1,000 mg/kg/day
by intubation as a 61 corn
oil suspension 5 times a
week for 2 weeks to 10 rats
per group. Five tests and 5
control rats sacrificed at
4 hours and 14 days after
the last dose and exanlned
for cba,nge8 In microscopic
pathology.

All rats survived. No clinical
evidence of toxicity. Ho
apparent treatment-related
changes In microscopic
pathology.

Schneider and Kaplan
1983

All rats survived. Observed
slight weight loss. Mo
apparent treatment-related
changes In microscopic
pathology.

Schneider and Kaplan
1983

All rats survived. Observed
slight weight loss, wet and
stained perinea, congestion,
salivation, and chrwiodacryorrhea and were treatment
related. Increased liver weight
and slightly to moderately
enlarged hepatocytes were noted
at the^ end of the treatment '
.period' and were treatmentrelated.

Schneider and Kaplan
1983

Acute Intraperitoaeal Toxicity
Hexazinone
(unformulated)

I

Rat (male,,
Crl-CD)

Single dose of test »aterial suspended in sallae
injected intraperitoneally
into 10 animals per dose
levels. Animals weighed
and observed for 14 days«

LD50 - 530 mg/kg body weight
with 95Z confidence range of
380-570 »g/kg body weight.
Observed initial weight loss,
pallor, salivation, bleeding
around nose and mouth, labored
irregular respiration, lethargy,
prostration, ruffled fur, and
colonie convulsions.

Schneider and Kaplan
1983

Appendix D (Cöötlnwed)

I

Formulâtiott

Orgaolsm

Nature of
Exposure

Effects

CO'Bmeiits

Referettces

Acute Dermal Toilcity
Hexazlftone
(90% soluble
povder)

Rabbit
(male)

Single close of 60' al of 24Z
aqueous syspcnsi-O'ii applied
to Intact skin on shaved
trunk area of 3 rabbits,
covered with gauze and
occlufllve wrappings for
24 ho'UtB follO'Wed fey a
pNoet-treat meo t period.

ALO5,278 iig/kg body weight.
Observed «lid erythenia In one
rabbit; by 24 ho'urs after treatment, all anilláis tiad noTmal
appearance and behavior.

Ghasseiil et al«
1981 and Schneider
and ICa,plan 1983

Hexazliione
(90Z soluble
powder)

KÄbblt
Cnale)

Groupe of 6 rabbits treated
with 0, 68, and 680 mg a.l.
per kg body weight applied
to Itttact skia.
Covered
with gaiir,e and occlusive
wrappings for 6 hours pner
day ¿or 10' days.
Clinical
and patliolo'gical examination
cO'ttducted on all anima 1B at
sacrifice.
Stib.sequeiatly,
groupe O'f 6 rabbits were
treated in the same way
with 0, 35/ 1.50t, and
770 «g/kg a.l.per kg body
weight; blood was analyzed
on days 14, 28, and 53
after treatment*

Transieritly elevated glutamic™
pyruvlc transaminase actl¥ity
at the 680 and 770 ng a.i.
pNer kg body weight doses; ii,o
e¥ldeoce of liver or O'ther
tissue Injury.

Gîiasseiii et al»
1981 and Scfiaeider
and Kaplaa 1983

Hejcazinoiie
(60X dry
flowable)

tebbit
(male
albino)

0.5 ga applied to Intact
and abraded skin iiDider
gauze

Not a primary skin
irritant with score of
0.75.

Ü.S, Environmental Protection
Agency 1982

Hexazlnone
CO'.52 liquid)

RabMt
(5 males and
5 feiMialeö',
New Zealand
White)

2 g/kg dose applied to
abraded skin and placed
under occlusive wraps for
24 hours.
Observations at
1, 3, 7, 10', and 14 days.

LD50 > 2 g/kg

U.S. Environmental Protection
Agency 1982

HexÄxinone
(0'.5X liquid)

Not
specified

Applied 0.5 nil to 2 abraded
and 2 Intact ekln sites per
animal for 24 hours under
occlusive wrap»
Observations at 24 and 72 homrs.

No erythema OT eâema
at aay site at 72 hours»

O'.S. Eavlronmental Protection
Agency 1982

Appendlat D (Continued)

Formulation

Organism

Nature of
Exposure

Effects

Comnents

References

Acute Dermal Toxicity
(Continued)
Hexazlnone
(unfomulated)

Guinea pig
(Bale)

Applied 0.05 »1 of 25 and
501 suspensions in distilled
water to shaved intact
shoulder skin of 10 guinea
pigs followed by examinât Ion
after 24 and 48 hours«
Induction for sensitization
was by 4 weekly intradennal
injections of 0.1 »1 of 1Î
test material in dimethyl
phthalate. Thirteen days
after the last Injection
the animals were topically
challenged with 0.05 ml
of 25 and 501 aqueous
suspensions then examined
at 24 and 48 hours.

No skin irritation or
sensitization.

Schneider and Kaplan
1983

Hexazlnone
(25Z liquid)

Rabbit
(male)

Treated one rabbit each
with a single dose of 2 „250,
3,400, 5,000, ox 7,500 mg/kg
body weight and subsequently
5 rabbits with one dose of
7,500 mg/kg body weight.
The Intact skin was treated,
covered by gauze and occlusive wrappings for 24 hours
and observed for 14 days
post-treatment.

LD50> 7,500 mg/kg body weight.
No mortalities or adverse
clinical effects.

Schneider and Kaplan
1983

Five rabbits per sex treated
with a single dose of
2,000 mg/kg body weight to
abraded''skin. Covered with
gauze and occlusive wrappings
for 24 hours. Observed
14 days then sacrificed.
Two animals per sex submitted
to gross and microscopic
examination of treated skin.

1D50.>2,000 «g/kg body weight.
Moderate skin irritation at'
24 hours, normally 14^ days.
No gross or. 'nicroscO'pic
pathological abnormallties.

Schneider and .Kaplan
1.983
' '

leicaziBonp
(661 dry
flowable)

I

(male and
female.
Mew
Zealand
White)

Appencil3c D (Coiitimjed)

Ui
00'

Formulation

OTganls«

Mature of
EîcçMS'Sure

EffectB,

Comments

References

Acute Be mal Toijtlclty
(Coatí mied)
Kexazlnone
(662 wettable
powder)

Rabbit
(male)

Treated § rabbits wlth a 631
aqueoiia pasle at a doise of
9,100' ng/kg body weight.
Applied to Intact oklri,
covered with gauze and
occlusive wrapplö,gs 2.4 hours,.
then' Oibserired for 14 daye..

LD5(3> 9,100' mg/kg body weight,
(< 6 ,000 iBg/kg a. 1. ) ; modera te
Irritation at 24 hO'Urg; normal
at 7 days.,

Schneider and Kaplan
1983

Hexazinoiie
Cunformulated)

Rabbit;
(male,
New
Zealand
lihlte)

Treated 2 Intact and 2
Not a primary skin irritant.
abraded areaa of skin on each Draize scores from 0'.5 to 1.5,
O'f § rabbits with 0^.5 gii o£
a^olld teat material aodstened
with ealliie.
Treatment sites
covered 24 ho'tirs, theo waetied!
«o,d Bco-red according to Dxalze
after 48, 72 and 96 hours.

Draize score
Schneider and fjaipilan
>5.0' required
1983
for primary
Irritant
claBoificatlo'io.

HeiazlEoae
(25X liquid)

■Rabbit
(agle,,
New
Zealand
Will te)

Treated 2 intact and 2
abraded areae of akin on
each .O'f § rabbits with 0.5 g
mois tened with saline
theo, cO'Yered with gauze for
24 hours.
Treatnent: sites
scored according to Draize
after 24 and 72 hours,

Not a p'rittaxy SICIE irritant;
Draize s^co-res froa O'.O to^
0'.75.

Schneider and FMa.plae
19813

Heiazlittoae
(66% wettable
î>0'*iiier)

Rabbit
(male)

Treated 2 Intact and 2
abraded areas oí' 'skla on
each oif 6 rabbite with 0.5 g
iiolsten,ed with saline then
covered with gauze for 24
hO'urs.
Treatment sites
scored according to Draize
after 24 and 72 ho'ura.

Not a primary skla irritant.
Draize flco^re« * 0.

Schaeider ana Kaplan
1983

Appendix D (Continued)

Foramlatioû

Oxganlsai

Nature of
Expwosure

Effects

ReferencG»

Acute Dermal Toxicity
(Coecluded)
HexazittO'Ee
(251 liqyiid)

Giilnea pig
(male)

Applied 0.05 ml of lOOX test
Material and lOX solution of
test material In distilled
water to shaved intact
shoulder skin then exaained
after 24 and 4Ô hours«
Sensltlzation Induced by
4 weekly intrademal injections of 0.1 ml of iX test
Bate rial in saline in 10'
aninala. Thirteen days after
the last injection the
animals were topically
challenged with 0,05 ml of
lOOX test material and lOX
test material in distilled
water then eianined at 24
and 4Ô hours.

Mild transient irritation, at
lO'OI; no sensltlzation.

Schneider and Kaplan
1983

Eye Irritation

I
KM

Heiazinone
(unformulated)

Rabbit

Applied to right eyes of 2
rabbits; 10 mg of powder;
1 eye washed with water and
1 eye not washed. Eyes
examined after 1 and^A hours
and ,1, 2^, ^ 3', 7, and 9 daya.

Eye irritant» Caused
moderate corneal Injury
and moderate conjunctivitis with no irltlc
effect in unwashed and
slightly le«8 in washed
eyes. Corneal damage
reverted' in 9 daya In
unwashed eye and in 7
days in washed' eye.

Newton and Dost 1981;
Ghassemi et al. 1981;
and Schneider and
Kaplan 1983

Hexazinone
(90X soluble
powder)

Ra^bblt

Right eyes of 6 rabbits
treated with 0.1 ml powder;
eyes examined 24» 48,and
72 hours after treatment.

Eye Irritant. Corneal
and conjunctival damage
in 6 of 6 rabbits
through 72 hours.

Ghaeaeiil et al. 1981
and Schneider and
Kaplan 1983

Appendix D (ContlEued)
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ForisiilatloiQ.

OrgaeisB

Nature of
Exposure

Effects

References

Eye Irritation
(Coptiniied)

fiexazinone
(902 soluble
po'wder)

Rabbdt

Repeated expoisure» Right
eyes of 5 rablblta treated
with 1 mg powder on first
day of. treatment. Eacli of
the next 4 dajra-j 1 rabbit
removed from treatmient while
the reiiialiilEg treated as Oö
day 1. Eyes mot waahed^ but
exaiiined at 4 honra aad at 1,
2, 3„ 4» 5, 7, and 14 days.

Three of 5 eyes imd
localized corneal
opacity, ntinimal conjwfictivitiB, and no
iritic effect. Ml
effects; reversible
within 3 to 14 days»
No cumulatlYe effects.

Ghasseiil et al. 1981
and Schneider and
Kaplan 1983

Hexarinone
(66% wettable
pO'Wder)

Rabblt

Treated right e3îe8: of
6 rabbit« with O'.l «l
(21.. 3 Bag); eyes eatamiiried
1, 2, 3, 7, and; 14 days
after treatœent,

Eye irritant.
6 rabbi to with
opacity on day
2 to 6 rabbito
day 14,

0.,S» Enviro'OiiBentai
ProtectloQ Agency
1982

Hejcazlnone
(0.51 llquld)

Rabbit
(New
Zealand
Mhlte)

heft eye of 9 rabbits treated
with 0.1 ml; § unwashed and
3 washed; obeerYatloiiis at 24,
48I and 72 hours and days 4
and 7.

No coFEeal opacity^
Iritie or conjunctive
irritation at aD,y
observation period.

U.S. EEvironmental
Protection .âA,ency
1982

Heiazlnone
(iiiifO'nn«Ia.ted)

Rabbit
(New
Zealand
Wlilte)

Treated right eyes of 9
rabbits with 0.1 ni (42 mg).
Three eyes washed aBd 6
iinwashed«' Examined at 1, 2,,
3, 4, 7, 14, 21, and 28 days
attd Bco'red according toi
Draize.

Ohserved in 6 of 6
unwashed eyes mild to
moderate coirneal cloudf™
nesB and eevere conjunctivitie. Observed in, 5
of 6 unwaahed eyes »oder™
ate Iritis that reversed
to noraa'.! in 2 of 6 eyea
within 14 days« In 4 of
6 onwashed eyes corneal
Injury pers'lsted through
28 days. In washed eyes,
ohserved slight tO' mild
corrï;eal clO'tidlneBe,
moderate Iritis, and mild
tO' severe co'tijunctlvitle.
All washed eyes normal
in 21 days.

Schneider and Ka^plan
1983

Three of
co^nieal
7 and
on

Appendix D (Continued)

Fo'muía t Ion

Organism

Mature of
Exposure

Effects

Coüments

References

Eye Irritation
(Coptinyed)

1

Heiazlnone
(89.31 a.i»)

Ra,bbit

Applied 10 ng to right conjumctival sac of 2 rabbits.
One washed eye and 1 unwashed
eye examined after 1 and
4 hours and 1, 2, 7» and
14 days*

Mild corneal opacity
persisted 14 days in both
eyes. Observed transient
mild to moderate Iritis
and moderate conjunctivitis In both eyes.

Schneider and Kaplan
1983

Heiaziiiome
(90% wettable
powder diluted
in water to 41
a.i.)

Rabbit

Applied 0.,1 B1 of test solution to right conjunctival
sac of 2 rabbits. One washed
and 1 unwashed eye exanained
after 1 and 4 hours and 1,
2, and 3 days«

Moderate to mild conjunctiva! irritation in
unwashed eye nomal in
3 days. Minimal conjunctivitis in washed eye
normal in 1 day.

Schneider and Kaplan
1983

Hexazinone
(25X liquid)

Rabbit

Treated right eyes of §
rabbits with 0.1 ml of test
material and exanlned eyes at
24, 48, and 72 hours.

Formulation is an eye
irritant. Corneal,
iritic and conjunctival
injury In 6 of 6 rabbits
through 72 hours.

Schneider and Kaplan
1983

HexazlnO'Ee
(251 liquid)

Rabbit

Applied 0.1 ml of test material to right conjunctiva1
sac of 2 rabbits. Examined
1 washed and 1 unwashed eye
after 1 and 4 hours and 1, 2,
3j, 7, and 14 days.

Moderate corneal damage;
moderate Iritis with
flare, and severe to
moderate conjunctival
irritation in unwashed
eyes with slightly leas
severe effects In washed
'eyes. ' All effects
reverted' to'normal in ' i
14 days in unwashed eyes
and in 7 days In washed,
eyes.

Schneider and Kaplan
1983

Appeiidli: lï CConitliitted)
11

Mature of
FomulAtioD

Orgattleii

ExpO'Büjre

Effects

Comaente

'References

Eye Irritation
(Cotitinued)
Kexazinooe
<25X liquid)

RabMt

Applied 0.1 111 of test aaterial to right eyes of 9
rabbi tB'. Tliree washed eyes
and b unwashed eye» exanliiecJ.
at 1, 2. 3, 4,, 7. 10',, 14» 17,
and 21 days and fiicored
according to Braize.

Mild tOi severe coineal
Irritation, aligtit to
moderate Iritis, and
severe co'iijuECtÍ¥ÍtÍs in
uawashed eyes with
corneal effects and cotiijynctlvltls lingering at
21 days.. Mild to moderate corneal irritation,
moderate to severe COB-™
Junetlvitie and slight
Iritifl' 1E washed ejea,
all cleared except slight
cO'tneal opacitj io. 1 eye
at 21 days.

Sctioelder and Kaplan
1983

HexazlBOtte
C25X liquid)

Rabbit

Applied 0»1 ml of test material to right coiojurictl¥al
aacs of 3 rabbits and not
washed and ot 3 rabbits foillowed by a tap water wash.
also applied 0.1 al of test
»aterlai diliitecl tO' 4'1 a»l.
In eyes O'f 3 rabbits and no't
washed. All eye» examined
after 1 and 6 hours arwl'l,
2, 3„ 4, 7, 14. 21, 29„ and
35 days liy 0'pthÄln,oflCope
and biomicroscope (U.K.
Procedure).

In lO'OZ test material/
unwashed ejeu ohBervea
severe to moderate cor™
neal clo'udlnese with nod'erate iritis and conjunc-'
tivitis. Corneal effects
persisted 35 days. Irltlc
and conjunctival effects
reverted in 21 day». In.
lO'OÎ test material/waBlied
eyesj observed mild to
modérate corneal moderate
cloudineos and iritis &nú
co'fijunctlYÎtls. Conical
effectfi persisted 35 days
In 1 rabbit. All effects
reverted in 21 days in 2
rabbite..

Schneider and Kaplan
1983

Appendix D (Coötiirmed)
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Nature of
Eitposiire

Effects
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Eye Irritation
(Concluded)
Hexaziiioiie
(25% liquid
diluted la
water to
4X a.i.)

Rabbit

Applied 0.1 Hi to rlgtit coajuBCtlvai sac of 2 rabbits.
One washed and 1 unwashed eye
examined after 1 and 4 hour»
and 1» 2» and 3 days,.

Mild to minimal conjunctlval irritation and no
corneal ox' irltic InvolYement in unwashed and
washed eyes. Unwashed eye
normal in 3 days and
washed eye in 1 day.

Schneider and Kaplan
1983

Hexazinotte
(51 liquid)

Rabbit

Applied 0,1 ml to right eyes
of 9 rabbitsÎ 3 washed and §
unwashed; examined after 1,
2, 3, 4, 11, and 14 days and
scored according to Draize-

Mild corneal cloudiness,
moderate Irltio- and moderate conjunctivitis obseriied
in all unwashed eyes. All
effects reversed within 14
days. Slight corneal
cioudinese in 1 washed eye
and moderate conjunctÍ¥Ítl8
In 3 washed eyes. All
effects reverted in 4 days»

Schneider and Kaplaït
1983

HexaEinoae
(1.251
liquid)

Rabbit
(New
Zealand
White)

âpplied 0.1 ml to lef eyes of
9 rabbits; 3 washed and 6
unwashed eyes eiaaiined at 24 ^
48, and 72 hours and scored
according to Draize.

Mo ocular irritation.

Schneider and Kaplan
1983

Inhalation Toiicity
HejraEinoiie
(unfoMulated)

I

B'-at
(nialej
. ChR:CD)

Single one hour ejcpoaurea of
groups of 10 rats, in a
,,chaaber tO' atmosphere Oif
test material. Animáis
, weighed and observed for 14
dsys. Ccacentrations %reire
' 0, 2.94, 5.14, and 7.48 mg/1
with nass aedian diameter of
3.5 [land at least 46.3% of
particles less than 3.2 1^m.

ALD>7.48 mg/l; lOOX survival; irregular respiration and salivation. No
deaths.

Ghassemi et al. 1981
and Schneider and
Kaíálan'1983
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iBhalatlomi Totxicity
(Concluded)
Hexazlnone
(901 Mettable
poiwder)

M:at
Cmale,
ChRrCD')

Head only exposure in a chamber with an average co'ncentratloE of 2.0 mg/l dust,
6 hr/day for 15 days with
2 days reet after 5th and
lOith exposuxe. Mass median
diameter was 7.85 ¡Jim with
28'.7X of particles less ttae
3.2 |i.n.

Rarts survived with no
significant clinical or
histopathologlcal
findings.

Gtiafisemi et al. 1981
and Schneider and
Ka,plan. 1983

HeiazÎEO'iie
(0.51 liquid)

Rat
(5 aale
and
5 female
SpragueDawley,
261 to
338g)

FO'ur ho'ur exposure to 5.0 to
5.5 ppin, NO'rœal concentratlcJ'O
in a 10'0-Iiter glass and
Btalnless eteel chamber; air*
flow 16.7 l/miii. ; temperature
77 to 79*F; relative humidity
49 to 60%.

No'rmal tehairior.
Toxiclty Category I¥.

U.S. EnviroîMoental
Protection Agency
1982

Hexazittone
(90'X soluble
pO'Wder)

lat
(nia le,,
Cri: CD')

Single 1 hour head only exposure O'f 6 rate per group toi
atmospheres of test material
Co'iacentrations were 0', 4.1,
6.1 and 7.3 mg/l with mai se
median dlametera. oi 10.5 and
6.0' H™ in the mid and high
concentrations and 2Ö.3
and 18.71 of particles less
than 3.2 p-a in, the mid
and high concentrations,,
re8pectivel)f* Rats weighed
and observed íOT 14 days«

AID > 73 ppm ; no deaths ^

Schneider and Kaplan
1983

Hexazimone
(901 wettable
powder)

Mat
(aiale,
Crl:CD')

Repetitive head onl)F expoiBure
of 10 rate per groop for
6 hours a dajj, 5 days a week
for 3 weeks. Concentrations,
were 0' or 2.0 Big/I» Masa
median diameter of particles
was 7.85 H-m with 28.7X<3.2 i^m.
Aiilniale observed fo'r 14 days
fïost-ejcposure. At sacrifice
5 test aad 5 control rats
examined for changes in gross;
and microscopic pathology.

lo deathsÎ no treatment
related clinical or pathO'logical abnormalities.

Schneider and Kaplan
1983
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Effects

Conmente

References

Subchrotiic Oral Toxicity

I

HexasEÎnoïie
(uafomiulated)

Rat
(male,
ChRîCD)

300 mg/kg/day by intubation;
5 days per week for 2 weeks

No deaths. No evldeace
of cumulative toxicity.

No clinical or
htstopathologic
changes«

Hexazlnone
(enf orimiilat ed )

Eat
(male»
Cri:CD)

1,000 »g/kg/day by intubation
5 days per week for 2 weeks to
groups of 10 rats.

No deaths. Compotindrelated increased liver
weight and larger hepatocytes. Wet and
stained perinea, congeetion, slight weight loss,
and salivation.

Schneider and Kaplan
1983

Hexasittone
(unfomulated)

Rat
(weanling
males and
females;
CrlîCD)

Fed 16 rats per sex per group
0, 200, 1,000, and 5,000 ppm in
the diet for 90 days. Clinical
pathological observations conducted at 30, 60, and 90 days.

NOEL - 1,000 ppii;
decreased body weight and
food efficiency at
5,000 ppn in both sexes.
No other behavioral,
nutritional, clinical¡,
biochemical, or pathological evidence of
toxicity observed.

Schneider and Kaplan
1983

Hexazioone
(uiiformulated)

Pog
(male and
female
Wagle,
young
adults)

Fed 4 dogs per sex per group
0, 200, 1,,000, and 5,000 pptn,
In the diet, for 90 days.
Clinical pathological exanlnations were conducted at 30,
60, and '90 daya-

NOEL - 1,000 ppm; at
5,000 ppa reduced body
weight gain,, decreased
food consumption, elevated
alkalihe ptosphatascj'
lower albuiiin:' 'globulin
ratios, and Increased
liver weight. ■ No hiatopathologic, behavioral»
clinical, or other nutritional, biochemical or
gross pathological
evidence of toxicity
observed.

U.S.' Environmental
Protection Agency
1982; Newton and
'Dost '1981; Ghaeseml
et al, 1981; an,d
Schneider and Kaplan
1983

Weed Science Society
of America 1983;
Newton and Dost 1981
1981; and Ghaeseml
et al. 1981

AppendIx D (Continued)
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Subchronic O'ral Toxicity
(Cooeluded)
Hexazinoiie

Mice
(nale and
fe»ale »
CrlrCD^'l)

Fed 10 mice per sex per gro'tip
0, 250', 50'0^, 1,250, 2,500,
5,0'00, and lO^'^OOO pps; íB. diet
to weaalings for 8 weeks«,

NOEL - 5,00fJ ppo;
increafised liver weight in
bo'th sexes 10^000 ppn;
aot O'ther clinical, behavioral^ mitriticraal, or
pathological signo of
tojitlcity»

G'iiassettii et al.
1981 and, Keirco^a
and Dost 1981

Hex'azinO'ïie
Cunforiîiilat'ecî)

iatiBter
(male and
female
engle)

Fed 0 to lO'.OOO pf» in diet to
weattlings for 8 weeks»

No mortality o^r clinical
signs of tO'Xicity.

Ghasaeml et al.
1981 and Mcwton
and »oat 1981

Hexazinone.,
(GrldbalfS-'
ï>ell€its)

Cot to« ta 11
rabbitßs
prairie
vo.l.es,
whitetailed
deer ^
Norway
rats and
greya
oquirrels

IVoi to^ 100 GridbalF^' pellets
fo-r 3 to 5 weeks placed in
feedlog territories in iiatyral
habitat.

Mo mortality O'r on:U8iial
behavior.

lictuioEd 1979

Heia2ÍD,0'iie
(Griciball®
pellets)

Racoons,
skunkfl,
0'pos; aim.
and
prairie
¥Oilesi

Two to 20' Gridball® pellets fox
3 to 5 weeks placed ID, feeding
axea of llwe-t^rapped aoinale.

No' aiortallty ,or uaueual
behavior; ttibbling and
aod urlâe narkltig by
prairie voles caused no
adverse effects.

IiicIiii,oiid 1979

Áppeadií: D (ContlEued)
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Clirottic Tojcicity

I

Hexazinone
(90X wet table,
powder)

Ra.t (male
and
female»
weanling,
C!iR:CD)

Fed 0, 200, 1,000, an,d
2,50'0 ppm in diet for 2 years
to 36 rats per sex per group.
Clinical patliolo'gy ©Yaluated
at 1, 2, 3, 6, 9, 12, 18, and
24 «onths. ínterin sacrifice
at 12 moatha.

NOEL - 200' ppoa; body
weight gain and food
efficiency decreased la
both sexes at 2,500 ppm
and in fenales at
1,000' ppm; food consuiiption decreased in males
at 2,500 ppm; leukocytosis
and eosinophllia in males
at 2,500 ppm. Increased
urine alkalinity in both,
sexes at 2,500 ppm. No
behavioral, clinical »
pathological or other
nutritional and biochemical evidence of
toxicity observed.

Hexaztoone
(unforiiulated)

Hamsters
(male
and
female)

5,000 ppn for 48'' weeks In the
diet»

Ho adverse effects
reported due to test
material administration.,

HexazlEone
(unfomwlated)

Mice (iiale
female,
weanling ^
Crl:CI>~l)

Fed 80 nice per sex per group
0. 200, 2,500, and 10,00^0^ ppm
in diet for ,24 ttOBthe. Hematology conducted at 1, 3, 6»
12, 18, and 24 moothe.

NOEL « 200 ppm,; no
beha¥Íoral, clinical,
or nutritional signs oí
toxicity observed,
Monneoplastlc hepatocelliilar effects,
obser¥ed in both öeices, at
10,00'0 ppm and in iialeB,
at 2;500 ppn.

Schneider and
Kaplan 1983

Infections
disease
interrupted the
study at 48 week8

Newton and
0o8t 1981

Schneider and
Kaplan 1983
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Teratology, Reproduction
and Fertility (Concluded)
Hexazinone
(unformulated)

Rat (wmle
and
f eimale,,
CrlïCD)

Fed 6 rats per sex per gro'up
0, 200, 1,000' and 5,00€ pp»
ttiro'Ugti natwration,, production
aad weaning of 1 litter.

No adverse effect on
reproduction or lactation.
Weanlings in the 5,000 ppi
group had lower body
weight tha,n control.

Schneider and.
Kaplan 1983

HezaElnone

Rat («ale
and
female j,
ChRsCD)

Fed 0, 200, 1,000, and 2,500 pp«:
In diet for three generation »
3 litter study.
First groups of
20 rata per aex were fed through
aaturatio«, reproduction and
weaaing of an Fj^ litter.
Groups
of 20 F|_ rata per sex were fed
a® above through an F2 litter.
Group« of 20 F2 weanlings per
eex were fed as above through
an F3 litter.

NO'EL » 1,000 ppn.
No
adverse effect on,
reproduction or lactation.
The average body weights
of the 2,500 ppo group P2
and F3 pups Mere lower
than the control group at
weaning.

Newton and Dost
1981; Glxaaeeni et
al. 1981; aad
Schneider and
Kaplan 1983

Hexazinone
(uttforHiulatedl)

Rat
(feíMle
CliRrCD)

Fed 0, 200, 1,000, and 5,000' ppn
ill diet fron day 6 through day
15 of gestation.
Females
sacrificed on 21st day of
gestation and ejcattined with
fetuees»

No evidnce of embryo"
toxicltyj, teratogenlcity
or clinical signs of
toxlcity except sligtitlf
decreased maternal food
consumption and body
weight gain at 5»000 pp«.
Maternal weight slightly
depreaaed at 1,000 pp«,

U.S. Enviro^nnental
Protection agency
1982 and 1983;
Ghaeseni et al.
1981; and
Schneider asd
Kaplan 1983

Hexa 2:1 none
(unformilated)

Rabbit
(fenwlc)

ârtlfically inseminated theoi
dosed by intubation a 0.5Z
»ethocel euspension of test
material at conceotratioaa of 0,
20. 50, or 125 ng/kg/day to 17
piregEant rabbits per group 00
daya 6 through 19 oif gestation.
Pups delivered by ceearean ott
day 29.

NOEL - 125 fflg/kg for
embryo-fetal toxiclty and
teratogenicity; no grosa
pathology ia test dams; no
change io pregnancy rate
uterine weight, corpora
Implantatlona, fetal viability, aad size.

O.S. Ettvlro'iutental
Protection Agency
1982 attd 1983Î and
Schneider and
Kaplan 1983

(901 wettable
powder)

appendix D' (Co'ncltided)
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Carcínogenícíty
HexazlnLone
(901 soluble
powder)

Rat (male
female,
ChR:CD)

Fed 0, 200, 1,000, 2,500, and
10,000 ppm In diet to weanlings
for 2 years

NOEL - 200 ppm; no
carcinogenic effects

Mewton and Dost
1981 and Ghaseei»!
et al. 1981

Hexa.zln;oae
(unf ormiilated )

Mice (laale
and
female,
weanlingÏ
Crl:a>-1)

Fed 0, 20^0, 2,500, And
10^000 ppm in diet for 2 years
to 80 mice per sex per group,
HemotolO'gy at 6 intervals
from 1 to 24 months.

NOEL • 200' ppm; no
evidence for compoundrelated carcinogenicity.
NoE-neoplaBtlc hepatocellular effects observed
in both sexes at
10,000' ppm and in males at
2,50iO ppo.

U.S. Environmental
Protection agency
1983 and
Schneider and
Kaplan 1983

*Data not available or not applicable.
^Crl:CD and ChR:CD are designations used for same strain, oi Charles River rat«,

I
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Append I SE D-1
Suimary of Acute Oral Toaticlty of Metabolites
Effects

Metabolite

Organ18

Metabolite A
13-. (4-hydroxycycloliexyl )6-(dimethylamltto)1 methyi-l,3,5-triaziiie-

Rat (»ale.
CrlîCB)

Single do^se of com oil
suspension administered
by intubation to 1 animal
per dose level« Dose
levels not specified.
Anlffials weighed and
observed for 14 days.

AID>4,686 mg/kg body weight;
for 1 day after dosing at 2,250
and 4,686 ppai observed weight
lossj diarrhea observed on day
after dosing at 2,250 ppm; wet
perinea observed on day after
dosing at 4,686 ppm.

Rat (male,
CrlrCD)

Single dose of com oil
suspension aduinistered
by intubation to 1
animal per dose level.
Dose levels not specified. Animals weighed
and observed for 14 days.

AI.D> 5,000 mg/kg body weight;
observed weight loss for 1 to
2 days after dosing; slightly
stained perinea observed 2 to
4 days after dosing at
5,000 mg/kg.

Metabolite C
f 3-(4-hydroxycyclohexyl)5- (ae thylamlno )-l~œe t hyll,3,5-triaxine-2,4(lH,3H)diote1

Rat (male.
Crl:CD)

Single dose of com oil
suspension administered
by intubation to 1
animal per dose level.
Dose levels not specified. Animals weighed
and observed for 14 days.

ALD >7,50ü mg/kg body weight;
observed weight loss in
sporadic groups from
1,000 «g/kg and higher dosea;
on day after dosing observed
congestion at 2,250 ppra» and
wet perinea at 5,000 ppa.

Metabolite D

Eat (male.
CrlrCD)

Single dose of com oil
suspension administered
by intubation to 1
animal per dose level.
Dose levels not specified. Animals weighed
and observed for 14 days.

ALB >7,500 lag/kg body weight;
observed weight loss 1 to
3 days after dosing and chromodacryorrhea at 2', 250 pp«,
increased respiration at 3,400
and 5,000 pp«, congestion at
3,400, 5,00'0, atid 7,500 ppm;
fasciciilatioïiB at 5',,000 anird
7,500 pp« and diarrhea, stained
no-ae, and wet-and ' stained
perinea at 7,500' ppa,. ,

Rat (male,
Crl:CD)

Single dose of com oil
suspension administered
by intubation to 1
aniwal per dose level.
Dose levels not specified. Animals weighed
and observed for 14 days.

ALD >7,500 mg/kg body weight;
observed weight loss, wet and
stained perinea, salivation,
diarrhea, rapid breathing, and
chromodacryoTrhea.

2,4(lH,3H)~-dlonel

Metabolite B
I3—cyclohexyl~6(œethylamitto)-l-metllyll,3,5-tria2ine-2-4(lH,3H)dioneI

fS-cycloheicyl-l-methyl1,3,5-trlazine2,4,6(lH,3H,5«)~triooe]

;^

0-j~.j-

Metabolite E
[3-(4-hydroxycyclohexyl)l-iBethyl-l,3,5-trlazine2,4,6(lH,3H.5H)-trionel
DÛ
I

Sources

Schneider and Kaplan 1983.
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Appendix E
Summary of Hexazinone Mutagenicity Data

H-75

Appendix E
Sumaary oí Hexazlnone Mtitagetiiclty Data

FoiiBMlation

tu
I

Organism

Nature of
Exposure

Effects

Conments

REFRENCES

Hexazitione
(unfomulated)

SalaoBella
typhimuriua
5 strains,
unspecified

Grew tester strains in
media containing doses of
400, 800, 1,200, 1,600,
and 2,000 g/plate of test
material both in the
presence and absence of
activation system.

HO'mnutagenlc

Newton and Dost 1981;
Ghaesemi et al. 1981;
and tJ.S. Enviroruiental
Protection agency 1982
and 1983

Hexazitione
(un formulated)

Chinese
Hanster Ovary
(CHO) cells;
point mutation
assay

Incubated CHO cells in
treatment media in the
presence and absence of
activation eyeteii. Cells
sdbcultured to allow growth
and expression of cyto'toxicity, then seeded in
media with and without
selective agents to allow
enumeration of HGPRT
deficient mutants.

Nomautagenlc

Schneider and Kaplan
1983

Hexazinoiae
(uafomulated)

Chinese Hanster
Ovary (CHO)
cell in vitro
cytogeiietic
assay

Exposed CHO cells to test
material concentrations
including 2, 4, and 5 mag/ml
in the presence and
absence of netabolic activation aysten. Cells then
treated with.colcewld to
arrest cell» In »etaphase. Cells harvested
for preparation' and scoring
of ctirompsone profile. '

Chromosome damage
Induced under nonactivation conditions
at test concentrations
of 4 and 5 mg/inl but
not at 2, rag/ml or
lower. Test material
clastO'genic under .
activation conditions
in one of two ,assays
with 4 iig/ml.

Schneider and Kaplan
1983

I

■N.J

00

Appendix E (Concluded)

Foimulatlon

Nature of
Exposure

OTgandL sm

Effects'.

CO'ttönents

References

Hexazinooe
(unformulated)

Rat (SpragueDrawley) tn,
vivo; boiiie
luarrow cytogenetic aseay

Applied alagle dO'Ses of 0,
100, 30'0', or 1,0'00 mg teat
iaa,terial/kg body weight to
gro'Ops oí:' 12 male and 12
female rats. Adnlíilattered
colchlclne to 3 rats per
sex 6, 12, 24, and 48 hours
after test material to^
arrest cellis In aetaptiase.
Rats were eacriflced»
Bone raaxrow cells were
collected from the femiira,
prepared, and examined.

No tegt tuaterial"
related chromosomal
aberrations detected'.
Five deaths at
1,0-001' mg/kg. To'Xlc
signs observed were
fron slight depression at 300 ng/kg toconvulsions at
1,000 rag/kg.

Schneider and Kaplan
1983

HexAzlnome
(utifo'irmulated)

Ms.t tiepatocytea;
ill vl^tro;uiiöcheduled DNâ
sytitheslö

Treated freshly Isolated
hepatO'Cytes with test material
followed by radlolabeied
thyaidlne. Dose not specified., Quantitated thyinldlne
IncO'i'poratloE Into DNâ
au t o ra d 1 og r a ph 1 ca lly.

Observed no induction
of unscheduled DM
synthesis.

Schneider and Kaplan
1983

*Data not available or not applicable.
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Appendix F
Summary of Metabollsim Studies with Hexazinone

Fomulatlofts

î

Dose

Comnents

References

iexazioone

Rat
(slagle male)

Single oral dose administered
by intubation to a rat pretreated for 17 days with
unlabeled hexazinone in diet
at 2j500 ppn.

Radioactivity eliminated within
72 hours, mostly within 24 hours;
61X in urine, 321 in feces.
Trace amounts in gut and expired
air¡, none in body tissues (<0.01%
of original (l^C).

Rhodes and Jewell
1980

Hexazinone

Rat («ales
and females)

Aninals were variously dosed
as follows:
A. A single treatment of
14 Mg per kg without
preconditioning.
B. A single treatment of
14 mg per kg following
3 weeks of 100 ppm
dietary unlabeled
hexazinone.
C. A single treatment of
1,000 mg per kg without
preconditioning.

Labeled material was rapidly
excreted in urine and feces
as follows :
A. 14 mg/kg non-preconditioned
rate eliminated 67X labeled
material in first 24 hours,
94,21 by 72 hours.
B. 14 mg/kg preconditioned rats
eliminated 88% labeled material in first 24 ho'urs, 1001
by 72 hours.

Schneider and Kaplan
1983

HexaElnone

00'

Organisiis

Goat .(female)

Five daily doses at 1 or
5 pp«J in' diet of 2
lactating goats.

C. 1,000 »g/kg non-preconditioned
rats eliminated 881 labeled
material in first 48 hours,
96% by 144 hours.
Only trace residues in gut, skin,
muscles, and viscera.
Hexazinone rapidly eliminated in
urine (801) and'feces (,6Z). Milk
residues plateatied' on'"day 2-at
0,02 and 0.05 ppm for 1 and 5 ppm,
doses 'respectively»^ Animals
sacrificed 1 day after last ■' ,
dose - «eat and fat of 5 ppm
dosed animal with 0.01 ppm
residues, liver residues 0.09 pp«
(primarily «nmetabolized hexazinone)» kidney residues 0.04 ppm.

Schneider and ÎCaplan
1983 "

PU
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Appendix F (Co«eluded)

to
Foraaalatloins

OrgatilsMS

ïDose

Ccîmaients

Refereacea

Hexazinone
C90Z
eo'lijble
powder)

Eilry Cow
(femle)

30 dally doises at: Oj, 1, 5,
attd 25 ppai a.i„ sdniniatered
ill diet to 2 cows per dnse.
One cow per group sacrified
on day 31» the SGComi cow per
group oacrifled after an
addirlO'iM,! 7 days on control
diet,

Trac€ levels (IMAIAIIIí 0.05 ppn)
ol laetabollte B- ic lallk at 31 days
In cow fed 25 ppa but none after
3 days withdrawal. 'Mo heiazinone
OT ttietabolltes detected in miscle,,
fat, live IT 9 or kidney at any dose
tested. Nc» gross clittlcal OT
pathological effects.

Schneider a,ia,d ICaplaa
1983

iîexa z ittoiie

Ch i c kea,

Dosed! for 4 weefcie at 0, i,
and 5 ppm in, diet.

No âdverge effects on. 'body weight,,
egl5 production: o-r health O'bserved.
MG residues cf hexaziij.orie or
metalboiites detected in, €»ggs,
skin, tB,ti8cle¡, fat or liver«

Scimeider and Kaplaa
1983

Fish eiTfXiioed oaader dynamic
co'ttdltiona to O'.Ol and
1.0' PÎ» for 4 weeks followed
by 2 weeke In water without
heitazlEone.

■^^'™C reolduea plateaued: after
1 tO' 2 week expoeiire» MaJtimujii
residues for 0.01 ppii exposure
were: carcass, 0'.0i2 ppii; liver,,
Oi-03 ppm; and Yiscera», (3.07 ppn*
Maxlmtiia residues 'for 1.0 pp«
ejtpoeure were: carcuss, 2.1 ppm,;
liver,, 5.0' ppw,; and 'viscera,
6.7 pp«. After 1 week In clean
water, ra.diailabeled, reslchiea
decreased by more thaa 90'I and
after 2 weeks in. clean water,
EO' ■'-'^C real due s could he
detected.' No adverse effect«
were laoted..

Rhodes 1980b

(feDiailCj

ieghonn)

Hexa«Inone

Bl« egl11

References
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Picíoram Summary
Major Trade Names:
Chemical Names

Tordon®, Amdon®

4-amÍno~3,5,6-trichlôropicolinic acid

Major Forestry Applications:

Range management and noxious weed
control, site preparation, precommercial thinnings and conifer
release*

Detailed information on toxicology^ environmental fate, and hazard
assessment can be found in the body of the Herbicide Background
Statement.
Toxicology
Picloram and its salts are low in toxicity to most nontarget
organisms, Picloram is relatively nontoxic to soil microorganisms at
concentrations up to 1,000 ppm. For most species of fish, picloram
formulations are only slightly toxic with median lethal concentrations
of greater than 10 ppm* The acute toxicity for birds is greater than
2,000 mg/kg* In subchronic feeding studies, with birds, the LC50 is
greater than 5,000 ppm.
In studies with experimental and farm animals, the acute
toxicity ranged from 8,200 mg/kg in rats to greater than 950 mg/kg in
cattle. Tests with rabbits indicate that picloram is not likely to
be absorbed through the skin. The LD50 in dermal toxicity tests with
rabbits is greater than 4,000 mg/kg. Although it is a mild skin
irritant in rabbits, patch tests show that it does not sensitize the
skin of humans. Rats, exposed to a saturated atmosphere of picloram
formulation for 7 hours, showed no significant adverse effects
indicating that inhalation of picloram is not likely to cause
illness. Since picloram induces only moderate eye irritation in
rabbits, which heals readily, it is not likely to cause injury to the
cornea or blindness. Long-term studies in rats and dogs showed no
observable adverse effects when doses of up to 150 mg picloram/kg
body weight were fed for 2 years. Studies in rats and mice showed
that picloram is nonteratogenic even at doses toxic to the pregnant
animals, and has little or no effect on fertility, reproduction, or
development of offspring. Picloram was generally found to be
nonmutagenic and noncytogenetic. It appears to present little or no
carcinogenic risk, although bioassays on mice and rats suggested the
ability to induce benign liver tumors in rats.

P«3

Environmental Fate
Picloram is readily absorbed by plant roots and translocated
throughout plant tissues. It is particularly prone to accumulate
in new plant growthj where it is quite stable and remains largely
intact. In animals^ picloram does not bioaccumulatee Picloram that
is ingested by animals is rapidly excreted unchanged, primarily in
the urine.
Picloram is moderately to highly persistent in soil, with a
half-life of approximately one month under highly favorable
conditions of moisture, temperature, and organic conditions and a
half-^life of more than 4 years in arid regions. It is a relatively
mobile herbicide. The potassium salt and acid formulations of
picloram are easily leached from the soil, Picloram, especially in
salt formulations, is water soluble and thus has a potential for high
concentration in runoff from heavy rainfall occurring soon after
applications. Under such conditions, concentrations of 400 to 800
ppb have been detected. However, studies have indicated that runoff
accounts for less than 3 percent of the total quantity of picloram
applied to soil.
Exposure and Hazard
Estimated occupational environmental exposures to picloram from
normal use are well below those levels that would be expected to have
acute or chronic toxic effects or reproductive effects. Picloram has
not been shown to be mutagenic or carcinogenic at exposures well in
excess of those to which forest workers, visitors, and animal
residents would be exposed.

P»4

1.0

General Information

Pi cl or am, also known by the trade names* Tordoi# and Amdoii§^ is a
wide-spectrum herbicide which can be used to effectively control a
variety of woody plants and annual and perennial broadleaved weeds
(Weed Science Society of America 1983 and Meister Publishing Co,
1981). Although the precise mode of herbicidal action of picloram
has not been determined, it is known to function as a plant growth
regulator, Picloram is absorbed by plant roots and foliage^ is
translocated throughout the plant, and is accumulated at sites of new
growth (Kearney and Kaufman 1975 and Witt and Baumgartner 1979)^
1.1

Normal Use Patterns

Picloram is used in a variety of vegetative management programs
administered by the USDA Forest Service as well as by state and local
agencies* Most of it is used for site preparation, conifer release,
timber stand improvement, and control of noxious weeds. A survey of
picloram use by the USDA Forest Service in 1981 and 1982 for various
methods of application is shown in Table 1-1. Picloram formulations
used in forestry applications include the highly water soluble amine
and potassium salts of the compound. Table 1-2 indicates the
percentage of active ingredient as well as the inert carriers used in
these formulations (Ghassemi et al. 1981)t
In forestry applications, solutions of liquid formulations are
sprayed on foliage, injected into plants, and applied to cut surfaces
of plants. Picloram pellets are applied to plant bases where the
active ingredient is leached to plant root sones (Schlapfer 1977).
Liquid formulations are usually aqueous solutions applied at rates of
2 ozs. to 3 lb picloram/acre, or 1 ml per injection using Tordon 101®
or lOlR®.
The granular formulation is applied by granular applicators or
by hand at the rate of 2 to 8 lb picloram/acre. Picloram
applications are usually made from spring of the year to 3 weeks
before the first frost (Weed Science Society of America 1983;
National Forest Products Association 1980; Ghassemi et al. 1981).

*Tradê names are used only to provide information and do not imply
product endorsement.
P~5

Table 1-1
•Tí'
I

U'SDA Forest Service use of Plcloram

ON

Acid Equiva.len,t Per Acre (lbs)
Purpose

Range

Average

Acres
Treated

Fo»rmulationa

Application
Method

1 Qfll

Aerial
Right-of-way

1.9

1.9

Site preparatlO'ii,

0»75

No'Xlous , weeds

353

Liquid

Helicopter

0.75

1,244

Liquid

Helicopter

0.3 - 5,0'

3.0

6,137

16Z Liquid
841 Pellet

Broadcast

Poison,oiis ¡5 laut s

0'.2 - 2.0

1.3

351

50Z Liquid
50% Pellet

Individual plant,
Broadcast

Range impro¥emeet

0.3 - 1.5

O'.C)

4,205

11 Liquid
99% Pellet

Broadcast

Right-of-way

0^.2 - 1.0

0.5

429

90X Liquid
lOZ Pellet

Basal stem,
Cut stomp»
Broadcast

Conifer release

Oa. - 0.5

OA

19.304

100% Liquid

Injectiooij,
Cut stump^
Broadcast

Firebreak management

2.0

2„0

318

100% Pellet

Broadcast

Site preparation

0.3 - 0.,7

0'.5

41,381

iOOZ Liquid

Broadcast

PrecO'Diniercial thloning

0',.2

0.2

2,982

lOOZ Liquid

Injection

Wildlife liabitat
traprovemeiit

0.2: - 1.5

1.0

6,588

542 Pellet
46Z Liquid

Injection»,
Cut stump.
Broadcast

Groand

Table 1-1 (Concluded)

Acid Equivalent Per-Acre (lbs)
PurpO'Se

Range

Average

Acres
Treated

ForiBulationa

Application
Method

— 1982 —
Aerial

1.0

^J>

Tordon K®

Aierlal

»^

—

Tordon 22K®

aerial

1»0

1.0

—

Tordon 101

Aerial

Range, No^xio^us weeds

0.3 - 2.0

1,3

-™.

Beads

Hand Broadcast

Ranget Noxious weeds

0.25 - 2.0

1.6

—

Tordon 2K®

Hand Broadcast

Wildlife. Range, Timber,
Fuels Management

0.22 - 14.0

3.1

Tordon lOK®

Hand Broadcast

Range, Noxious Weeds,
Right-of-way

0.25 - 5.0

1.4

»-

Tordon 22KÍ®

Ground Foliar

Timber.; Recreation

0.25 - 2.0

0.7

-»

Tordon 101®

Injection, Cut stump

0.5 - 4.0

1.6

'ToTdon 101^

Ground Foliar

Tiaber, Wildlife

0.1 - 0.5

0.2

Tordon lOlR®

Injection, Out Stump

Range, Noxious. Weede

2.5 - 10.0

5.3

Tordon 212®

Ground Foliar

Timber

1.0'

—

Noxious weeds
Timber, Right-of-way
GrO'Und

Timber,,' Range, Noxious,

,'

--

Total
59.806

-%4

^Liquid formulation is a 4:1 mixture of 2,4-0 to picloraii,
Tordon 101® formulations are a 4:1 mixture of
2,4-D to picloranis Tordon 212®la a 2:1 mixture of 2,4-D to picloram.
''ßpecific data not available.
Source:

Gross 1983.

Table Î-2
Picloram Formulations for Forestry Use
I

Formulation
Tordon
Beads'®

Active Ingredients
(Percent)
2.3% piclorara-potasslum
salt (2,01 acid equiva^
lent, a„e.)
79,2Z dlsodiom tetraborate pen tali yd rate
(DSTP)
16.51 disO'dium tetraborate decahydrate (DSTD)
(43.8% a.e. boioti
trloxide)

Active Ingredients
(Weight)
0.32 02 a.e./lb as the potassium
salt
1.9 oz/lb boron from DSTP

Inert Carriers
No inert carriers since active
Ingredients lo salt form
are 98% of formulation.

0.29 oz/lb boron from DSTD

Tordon ^

24.02 plcloram-potaaslum
salt (20.8Z a.e.)

2.0 lb a.e./gal
salt

Tordon lOK

11,61 piclorani-potassium
salt (lOZ a.e.)

1.6 oz a.e./lb as the potassiu
salt

Clay

Tordon 22K®'

2hAZ picloram-potasslum
salt (21.11 a,e.)

2 lb a. e./gal
salt

The mixture also con:tains glycol
and sorbltal ester type wetting
agents along with alcohol and
water.

10»21 plcloTamtrllsopropanotlanaioe salt
(5.71 a.e.) 39.6% 2,4*D-triisopropanolamiine salt.

10 oz a.e./gal as the
trlisopropanolaiilne salt«
40 oz a.e./gal
2,4-Dtrilsopropaniolanilo,e salt

The mixture also contains a
glycol derivative séquestrant
and glycol wetting agent along
with alcohol and water.

4.2 oz a.e./gal as the trilsopropanolamioe salt. 16.7 oz a.e./
gal. as the 2,,4-D-triisopropanolamine salt

The mijcture also contains a
glycol derivative séquestrant
and glycol wetting agent along
with alcohol and water.

15.12 picloram-iso^octyl
ester (10.31 a»e.)
63,4Z 2»4,5-T-propylene
glycol butyl ether (PGBE)
esters (41,3% a.e.)

1 lb a.e./gal as the isO'Octyl
ester
4 lbs a.e./gal as the 2,4.5-T
PGBE esters

The mixture also contains a
petroleum solvent and alcohol.

18.1% picloram as the
trilsopropanoilamlne salt
(10,1% a.e.)
37.7X 2,4-D~trllsopropanolamine salt
1,20.21 a.e»)

1 lb a.e./gal

as the salt

2 lb a.e./gal

as the salt

Tordon 101 @
Mixture

Tordon lOlR,® 5AZ picloramMixture
trilsopropanolamlne salt.
20,91 2,4-Dtriisopropanolamine salt.
Tordon 155^
Mixture

Toa-don 212M
Mixture

as the potassium

as the potassimn

Not given

The mixture also co^ntains a
glycol derivative séquestrant
and glycol wetting agent along
with alcohol and water.

1.2

Physical and Chemical Properties

The active ingredient of picloram is 4-amlno-355s6trichloropicolinic acid* It has a molecular formula of C5H3CI3N2O2
and a molecular weight of 241.48* The structural formula is given
below (Weed Science Society of America 1983)1

C1--,
.^^"-^C—OH
Picloram is a white colorless crystalline substance which decomposes
at 215^C before melting at 218-219^C* It is stable in both acidic
and basic solutions. Picloram is only very slightly soluble in water
(430 ppm)j but its potassium and amine salts are highly water soluble
(Kearney and Kaufman 1975; Melnikov 1971 and Ramsey 1967),
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2.0

Toxlclty of Plcloram

A summary of the toxicological properties of plcloram
(Table 2-1) shows that this herbicide has low toxicity to most
organisms. Studies with rodents indicate that picloram is
nonteratogenic; has little or no effect on fertility, reproduction,
or development of offspring; is nonmutagenic; and appears to present
little or no carcinogenic risk.
2.1

Invertebrates and Microorganisms

A variety of invertebrates and microorganisms from freshwater,
marine, and terrestrial ecosystems have been studied for toxic
effects of picloram and picloram formulations. Mjor findings of
these studies are presented in Appendix A and indicate a low toxicity
of picloram, although there is a broad range of susceptibility to
picloram in the organisms tested.
For the most part, toxicity studies with invertebrates and
microorganisms have been conducted in controlled laboratory environ-ments. As a consequence of the laboratory environment and the
experimental©designs employed, the results of such studies do not
necessarily present a true reflection of the poteiitial effects of
picloram in a natural environment. For example, fn the laboratory,
aquatic organisms are kept in water containing dissolved picloram at
various concentrations and microorganisms are grown in a culture
medium containing picloram. In many instances, the exposures are
maintained for days, weeks, or even months. In contrast, in natural
aquatic and nonsoil terrestrial environments, exiK)sure to picloram or
other man-made chemicals is usually a transient phenomenon depending
on streamflow, chemical dissipation and decomposition. Additionally,
in natural systems, interactions with other man-made or naturally
occurring chemicals, as well as changes in environmental factors such
as temperature and moisture, all potentially affect herbicide
assimilation and metabolism by invertebrates and microorganisms and
thus alter their tolerance levels.
Among the insects tested (Appendix A), honeybees, representing
insects of commercial value, showed no observable effect and no
increase in mortality when sprayed with or fed picloram at 1,000 ppm
in a 60 percent sucrose syrup. Furthermore, caged honeybees sprayed
with Tordon 212®and Tordon 22K®»wâter mixture ât â rate of 4 lb
active ingredient (a*i.) per acre (4.48 kg/ha) (rou^lly equivalent to
the maximum normal application rate of aqueous solutions of picloram
formulations) showed no increase over normal mortality rates 14 days
after spraying. Most aquatic arthropods (crustaceans and insects)
exposed for 24 hours to picloram had LC5o's ranging from 50 to
120 ppm. Daphnia, however, showed no observable effect at 380 ppm
picloram during a 24-hour exposure period.

Table 2-1
Summary of Toxlcological Properties of Picloram

1.

Acute Oral Toxiclty

Organism

LD50 (mg/kg)
8,200
2,000 to 4,000
Approximately 2,000
Approximately 3,000
Approximately 6,000
Greater than 1,000
Greater than 750
Greater than 2,000
LC50 generally greater than
10 ppm in water

Rats
Mice
Rabbits
Guinea Pigs
Chicks
Sheep
fettle
Birds
Fish

Subchronic and Chronic Oral Toxiclty
Organism
Sheep
Sheep
Calves
Rats
Rats
Rats
Dogs

Length of
Treatment
30
10
31
90
90
2
2

days
days
days
days
days
years
years

Dose
Tested

Adverse Effects

100 mg/kg
250 mg/kg
15.4 mg/kg
1,000 ppm
3,000 ppm
150 mg/kg
150 mg/kg

None
Lethal (8/10
None
None
Liver damage
None
None

^rmalj Eye^ and Inhalation Toxicity
Organism

Dose Tested

Adverse Effects

Rabbit

Up to 4,000 mg/kg

Skin - LD50 from skin absorption
is greater than 4,000 mg/kg. Mild
skin irritant.

Rabbit

Undiluted or 10%
slurry

Eyes - moderate eye irritation
which heals readily. No corneal
damage or blindness.

Rat

Saturated
atmosphere

Inhalation - no adverse effects«
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lable 2-1 (Continued)
4*

Teratologys Reproduction^ and Fertility

Organism

Length of Treatment

Adverse Effects

Rat

150 mg/kg/day for
3 generations

None

Rat

Up to 1,000 mg/kg/day
from days 6 to 15 of
gestation

Only minor abnormalities seen
at 750 or 1,000 mg/kg but no
teratogenesis or adverse
effects on neonatal
development.

Mouse

15 mg/kg/day from
4 days before to 14
days after mating

No effect on fertility or
number of offspring.

5*

Mutagenicity and Cytogenicity

Organism

Adverse Effects

Salmonella typhimurium;
Escherichia coli T4
bacteriophage; Aspergillus
nidulans

No evidence of mutagenicity.

Streptomyces coelicolor

Increase in revertant
colonies. System not
validated*

Saccharomyces cerevisiae

Increase (not statistically
significant) in revertants
with one strain tested.

Rat

No evidence of cytogenetic
effects on bone marrow cells
when fed up to 2,000 mg/kg*
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Table 2-1 (Concluded)
6*

Carcinogenicity

Organism

Length of Treatment

Adverse Effects

Dog

150 mg/kg/day for
2 years

Noncarcinogenic.

Rat

150 mg/kg/day for
2 years

Timor incidence comparable
to controls.

Rat

14,875 and 7,431 ppm
in diet for 80 weeks

Not carcinogenic in malei
benign liver nodules in
females.

Mouse

5,062 and 2,531 ppm
in diet for 80 weeks

Not carcinogenic in male
or female animals.

toxicology data are extracted from appendices k through E.
references can be found in the appropriate Appendix,
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Source

Picloram is considered to be relatively nontoxlc to soil microorganisms (National Research Council of Canada 1974). Fungi appear to
be generally able to tolerate concentrations of picloram as high as
1^000 ppm. At moderate concentrations (up to 10 ppm), some species
e^ibited stimulated growth rates,
2.2

Fish

A large number of studies have addressed the potential toxicity
of picloram formulations to fish species* Early studies were reviewed
extensively by Kenaga (1969) and the results of these studies, as well
as more recent ones^ are summarized in Appendix B, Most fooiulations
of picloram are^ at worsts only slightly toxic (Clarke et al. 1970) to
most fish species with an LC50> 10 ppm» Exceptions noted in
Appendix B Include Tordon 22K® toxicity to bluegill (LC50 of 5.4 to
8.2 ppm)5 and Technical Grade picloram (90% a.i*) toxicity to
cutthroat trout and lake trout (LC50 of 5«0 ppm and 4,25 ppm^
respectively) for 96-hour bioassay exposures.
2.3

Birds

The toxic effects of picloram in birds have been investigated in
a small number of studies summarized in Appendix C. In general^
picloram is relatively nontoxic to birds•
Studies of acute toxicity with technical grade (90.5% a*i.)
formulations fed in single doses to male mallard du^s and pheasants
resulted in LD5o*s of greater than 2,000 mg/kg. Similar feeding
studies of Tordon 221^ with mallards resulted in the same LD50 levels.
Several feeding studies in birds have been conducted with
picloram. For the most part, when birds were fed picloram In the diet
for 5 days5 the LCJQ^S were greater than 5,000 ppm. Japanese quail
fed 1,000 mg picloram per kg body weight for two weeks experienced a
decrease in egg fertility and hatchability.
A series of studies have been conducted on the effects of
Tordon 22K®and a 4sl mixture of 2,4~Dî picloram on reproduction in
chickens. Eggs were exposed to application rates equivalent to as
much as 11.2 kg a,i./ha (10 lb per acre) for as long as three days and
showed no observable effects.
2.4

Mammals

The potential health hazards from exposure to picloram have been
evaluated in various species of mammals. Studies have been done
mostly with laboratory animals such as mice, rats, guinea pigs, and
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rabbits* Limited studies were done on dogs and on farm animals such
as sheep, pigs, calves, dairy cows^ and steers. No studies have been
conducted on wildlife to date*
Results of the various toxicity tests are described below and
summarized in Table 2^1 and Appendix D.
2s4.1

Acute Toxicity

The data on acute toxicity were summarized from Lynn (1965)j
unless otherwise specified,
2.4.1.1 Oral^ Picloram has low acute toxicity in a number of
animal species. The acute oral LD5Q in the rat is 8,200 mg/kg.
In the mouse, rabbit, and guinea pig, the acute oral LD50 is
2,000-4,000, 2,000, and 3,000 mg/kg, respectively. Sheep showed no
ill effects when given one dose of picloram up to 650 mg/kg or Tordon
22K®(25% a.i.) potassium salt formulation up to 4,650 mg/kg. Cattle
showed no ill effects after one oral treatment of up to 488 mg/kg
picloram or up to 3,480 mg/kg Tordon 22^t The acute oral LD50 for
the isooctyl ester of picloram is 3,250 mg/kg (a 5 percent confidence
limit of 2,480 to 4,260 mg/kg) in male rats and 2,830 mg/kg in female
rats (^w Chemical Company 1984) •
2*4.1.2 Dermal. Tests in rabbits show that picloram is not
likely to be absorbed through the skin. It is a mild skin irritant in
rabbits. The shaved skin of albino rabbits was exposed to graded
doses of picloram (up to 4 g/kg) or Tordon 221^ (up to 2 g/kg) for
24 hours. No mortality or toxic signs were'observed. The exposed
area of the skin of rabbits treated with picloram, but not Tordon
221^5 showed slight edema (swelling) and brown discoloration* The
acute dermal LD50 for the isooctyl ester of picloram is 2^000 mg/kg
in male rabbits (Dow Chemical Company 1984).
2.4.1.3 Inhalation. Inhalation of picloram is not likely to
cause illness. To test for inhalation effects 1 albino rats were
exposed for 7 hours to an atmosphere saturated with Tordon 22^. No
adverse effects were observed during the period of exposure or for the
following 2 weeks.
2.4.1^4 Primary Eye Irritation, Picloram induces moderate eye
irritation in rabbits which heals readily, indicating that it is not
likely to cause Injury to the cornea or blindness. When undiluted or
a 10 percent slurry of picloram was applied directly to the
conjunctival sac of the eyes of albino rabbits, the material was only
sli^tly irritating and produced a slight conjunctivitis which
subsided in one to two days. Rabbits, similarly treated with
undiluted Tordon 22^, exhibited only slight conjunctival redness and
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very slight corneal cloudiness which disappeared in 24 to 48 hours.
The isooctyl ester of picloram (Dow Chemical Company 1984) was
essentially nonirritating to either washed or unwashed eyes of one
rabbits

2.4.2

Subchronic Toxicity

2,4.2,1 Oral, Generally little or no effects on test animals
were observed after subchronic exposure to picloram in the diet. No
toxic effects were observed in rats fed up to 1^000 ppm picloram in
the diet (equivalent to 75 mg/kg body weight) for 90 days (Lynn 1965).
Moderate histological changes in the liver and kidneys and slight loss
of body weight were observed in rats treated with 3^000 and 10,000 ppm
picloram (equivalent to 225 and 750 mg/kg body weighty respectively).
No adverse effects were noted in rats fed up to 3^000 ppm (equivalent
to 225 mg/kg body weight) of the triisopropanolamine salt of picloram
in the diet. No toxic si^s or adverse effects on growth were noted
when yearling sheep were fed 18 mg/kg body weight (equivalent to
450 ppm) of picloram in the diet for 33 days. Sheep fed 10 doses of
the potassium salt of picloram at 100 mg/kg body weight (2^500 ppm)
showed no toxic effects^ although 8 of 10 sheep died after 10 doses at
250 mg/kg (Palmer and Radeleff 1969). Sheep fed up to 100 mg/kg body
weight acid equivalent of Tordon 22K® for 30 days showed no toxic
si^s or adverse effects on growth (Jackson 1965 and Lynn 1965),
Calves fed up to 15.4 mg/kg body weight of picloram in the diet for 31
days showed no toxic effects* Interestingly, stimulated growth and
improved feed efficiency was observed in swine fed 22 mg of
picloram/kg feed which is equivalent to 0,88 mg/kg body weight
(McCollister and Leng 1969),
More recent subchronic oral toxicity studies in rats^ dogs, and
mice have been reported (Dow Chemical Company 1984), In the study on
CDF Fischer 344 rats, 15 animals per sex per dose were fed 0, 15, 50,
150, 300, and 500 mg technical grade picloram per kg body weight per
day for 13 weeks. According to the summarized results, no deaths were
observed. Mean body weights and food consumption were comparable to
the controls or not dose related. Clinical chemistry determinations
made on all rats at the termination of the study revealed no
significant differences from control values. Hématologie
determinations and urinalyses made on 10 rats per sex per dose during
the 12th week o£ the study and differential leukocyte counts made on
10 rats per sex of the highest dose and control groups revealed no
sigaifleant differences from the controls^
A dose-dependent increase in the absolute and relative liver
wei^ts occurred in rats given 150, 300, or 500 mg/kg/day. Male rats
given 300 and 500 mg/kg/day also exhibited increased absolute and
relative kidney weights^

Microscopic examination of a variety of tissues collected from 10
rats per sex of the control and high level (500 mg/kg/day) groups and
sections of liver and kidneys from 10 rats per sex in the other
treatment groups revealed minimal changes in the liver of animals of
both sexes given 150, 300, or 500 mg/kg/day. The subchronic NOEL for
rats is 50 mg/kg/day*
Beagle dogs (6/sex/dose) were fed 0, 7, 35, or 175 mg technical
grade picloram/kg/day for six months (Dow Chemical Company 1984)• A
number of treatment related adverse effects were reported* Animals of
both sexes treated with the highest dose of picloram (175 mg/kg)
e^lblted decreased body weight, body weight gain, food consumption,
and alanine transaminase levels, and Increased alkaline phosphatase
level, absolute and relative liver weights. Absolute and relative
liver weights were also observed in males given 35 mg/kg. The liver
was the primary target organ of picloram. No treatment--related
effects were detected in females of the 35 mg/kg group or in males or
females of the lowest (7 mg/kg) dose level groups. The subchronic
NOEL for dogs therefore was 7 mg/kg body weight/day.
A 13-week feeding study has been conducted in B6C3F1 mice (Dow
Chemical Company 1984). Groups of 10 mica per sex per dose were fed
diets to provide 0, 1,000, 1,400, or 2,000 mg picloram per kg body
weight per day for 13 weeks* Clinical observations^ food consumption,
urinalyses^ and hématologie determinations revealed no si^ifleant
differences from the controls. Terminal body weights of female mice
fed 2,000 mg/kg were reduced compared with controls. Serum alkaline
phosphatase levels were reduced to varying degrees in all groups of
mice. Absolute and relative liver weights were increased in females
at all dose levels and in males at 1,000, 1,400, and 2^000 mg/kg/day.
Microscopic examination of a wide range of organs and tissues showed
dose related morphologic alterations of hepatocytes in female mice at
all doses and in all males given 1^400 or 2,000 mg/kg/day. Hepatic
alterations were detected in most male mice given picloram at 1,000
mg/kg/day, A NOEL was not determined.
In a second mouse study (Dow Chemical Company 1984), groups of
mice per sex were fed a diet which provided 0, 30, 100, 650,
1^000, or 3,000 mg picloram/kg body weight/day for 32 days. In this
32-day tolerance study, a dose of 3,000 mg picloram/kg/day had effects
on the livers and gastric mucosa. No adverse effects were reported
for mice receiving 1,000 mg or less picloram/kg/day,
SIK

2.4,2.2 Dermal Irritation, Repeated exposure of the shaved,
abraded, or intact skin of albino rabbits with undiluted picloram
dally for 9 times over a period of 11 days resulted only in slight
exfoliation (scaling of the skin) and hyperemia (congestion and
redness) at the exposure site. When the skin of rabbits was,^
repeatedly exposed to a cotton pad saturated with Tordon 22^"^^ for 10
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days over a 2~week periodo slight hyperemia and edema, with eschar
(scab) formation in one animal, occurred in the treated areas.
However, the skin returned to normal 21 days after treatment (Lynn
1965). Slight redness, slight swellings and slight superficial
necrosis occurred during the period of 10 applications of the isooctyl
ester of picloram to the intact or abraded skin of one rabbit.
Necrosis occurred sooner when test material was applied to abraded
skin (Dow Chemical Company 1984).
Repeated dermal applications of a 10 percent solution of Tordon
22K®were made on human subjects without any skin irritation or skin
sensitizatlon attributable to exposure to the formulation (Lynn
1965), It has been stated (Dow Chemical Company 1984) that a number
of picloram formulations (6 percent Tordon® acid + 22 percent 2,4-D
acid; 10.2 percent picloram TIDA salt + 39,6 percent 2,4-0 TIDA salt;
and 10 percent picloram salt) have been tested without effects for
dermal irritancy and skin sensitization potential in humans. No
supporting data were provided.
2.4.3

Chronic Toxicity

Picloram in the diet was not toxic to dogs and rats. In
long-term feeding studies^ beagle dogs and albino rats were fed
picloram at doses of 15 to 150 mg/kg of body weight for 2 years (Lynn
1965 and McColllster and Leng 1969). No observable toxic effects were
noted in either species in terms of body weight, food consumption,
mortality^ behavior, hematology, clinical blood chemistry or urine
chemistry. These studies were conducted by a commercial laboratory
under contract to Dow, The results cannot be validated because the
raw data has been destroyed.
2.4.4

Reproductive and Teratogenic Effects

Picloram appears to have little or no effect on fertility,
reproduction or development of offspring. In a multigeneration
reproduction study^ rats were fed with up to 0.3 percent picloram in
the diet (equivalent to 150 mg/kg body weight) for three generations.
No significant differences between treated and untreated animals were
observed regarding gestation^ viability^ lactation, weanling weights»
rates of résorption of fetuses^ or fetal teratogenicity (Copeland et
al. 1967; McCollister and Leng 1969; and Dow Chemical Company 1984).
In a teratology study in Sprague-Dawley rats, picloram was fed at
dose levels up to 1,000 mg/kg body weight from the 6th through the
15th day of gestation. No adverse effects on fetal development were
observed at doses of 500 or 750 mg/kg/day. The endpoints measured
included gestation period, number of embryos implanted and resorbed,
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number of corpora lutea (hormone-=secreting structures In the female
ovary), litter size, fetal weight, pup weight, sex ratio, viability,
and lactation« Some minor nonteratogenic abnormalities were seen in
animals treated at doses of 750 or 1,000 mg/kg/day. An increase in
unossified fifth sternebrae reflecting retarded fetal growth was
observed in the treated groups. The authors concluded that oral
administration of subtoxic or even maternally toxic doses of picloram
during organogénesis produced neither teratogenesis nor adverse
effects on early development of the newborn rat (Thompson et al, 1972).
As part of a three-generation reproduction study, 12 female rats
at each generation were fed dietary levels of 0.03, 0.1, or 0.3
percent picloram (Dow Chemical Company 1984). Doses were not high
enough to cause maternal toxicity. eternal rats were sacrificed on
day 19 or 20 of gestation and the fetuses were examined for gross
abnormalities and placentas were examined for fetal death or
résorptions• No teratological effects were observed in the groups
receiving up to 0.3 percent picloram.
In an antifertility study in which mice were fed 100 ppm (or
15 mg/kg body weight) picloram in the diet for four days before and
for 14 days after mating, there were no adverse effects on fertility
or the number of offspring produced (Hayden et al. 1963 and
McCollister and Leng 1969).
2«4.5

CarcInogenlcIt y

Picloram appears to present little or no carcinogenic risk to
man. In long-term feeding studies, groups of albino rats and beagle
dogs were fed up to 150 mg/kg body weight of picloram in their diets
for two years. Gross and histopathological examinations of the
tissues showed tumor incidence to be comprable in treated and
untreated control rats« No tumors were Induced in the dogs (Lynn 1965
and McCollister and Leng 1969). These studies were conducted by a
commercial testing laboratory under contract to Dow and have not been
validated because the raw data have been destroyed. A two-year
chronic/oncogenicity Study of picloram in rats was initiated in 1982
(Dow Chemical Company 1984),
à carclnogenesis bioassay of picloram in rats and mice was
conducted by Gulf Research Institute for the National Cancer Institute
(NCI) (National Cancer Institute 1978)- Fifty Osborne--Mendel rats and
50 B6C3F1 mice of both sexes were fed picloram at time-weighted
dietary levels of 7,437 or 14,875 ppm (approximately 380 or
750 mg/kg/day) for rats and 2,531 or 5,062 ppm (approximately 380 or
760 mg/kg/day) for mice for 80 weeks, ^fetched controls consisted of
groups of 10 untreated rats or 10 untreated mice of each sex* Pooled
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controls5 used for statistical evaluation, consisted of matchedcontrol groups combined with 30 untreated male and 30 untreated female
rats or mice from similar bioassays of three other test chemicals.
The rats and mice were then observed for an additional 33 and 10
weeks^ respectivelyj at which time all surviving animals were
sacrificed.
In rats s a relatively high incidence of follicular hyperplasia,
C-cell hyperplasia, and C-cell adenoma of the thyroid occurred in both
seses. However^ the statistical tests for adenoma did not show
sufficient evidence for association of the tumor with picloram
administration.
An increased incidence^ as compared with untreated animals, of
hepatic neoplastic nodules (considered to be a benign tumor) was
observed in treated rats of both sexes. In male rats, the lesion
appeared only in three animals treated with the low dose of picloram^
and the incidence was not significantly different from the controls.
However, the test for positive dose-related trend in female rats was
sigaificant (pooled controls 0/39, low dose 5/50, high dose 7/49;
p - 0.016) and the incidences in the high dose group was significant
(p - 0»014) when compared with that in the pooled-control group.
There was one hepatocellular carcinoma in a low dose male rat and
one in a high dose female rat.
There was evidence that picloram affected the livers of rats of
both sexes as shown by the incidence of foci of cellular alteration.
The incidence in female rats was 1/10 in matched controls, 8/50 in the
low dose and 18/49 in the high dose. In male rats, the incidences
were 0/10 in the matched controls, 12/49 in the low dose, and 5/49 in
the high dose*
No tumors were found in male or female mice or male rats at
incidences that could be significantly associated with treatment. It
was concluded that picloram was not carcinogenic for B6C3F1 mice or
male Osborne-Mendel rats. In female rats, however, the incidence of
neoplastic nodules (benign tumors) was associated with treatment with
picloram. It was concluded that under the conditions of the bioassay,
the findings were suggestive of the ability of picloram to induce
benigû tumors in the livers of female Osborne--Mendel ratSt
Investigators at the NCI have devised a classification scheme for
degrees of experimental evidence for the carcinogenicity of chemicals
(Griesmer and Cueto 1980). According to this scheme, picloram was
listed among chemicals where evidence for carcinogenicity in animals
was equivocal at best.
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Based on Ms examination of the histological sections, Reuber "
(1981) interpreted the results of the NCI Bioassay differently. He
concluded that plcloram was carciriogenic for all tissues examined in
male and female rats gl¥en both the low and high doses of plcloram,
and that mice of both species exposed to the high dose of plcloram
developed neoplasms of the spleen. Low dose mice were unaffected,
although adding to the controversy regarding the possible
carclnogenicity of plcloram, the interpretation by Reuber is included
here as an opinion differing from the panel of experts (the former NCI
Data Evaluation/Risk Assessment Subgroup of the Clearinghouse on
Environmental Carcinogens) who were responsible for evaluating the
bioassay experiment and interpreting the results. Resolution of the
controversy must await the results of the ongoing 2-year chronic study
In rats (Dow Chemical Company 1984).
2,5

Mutageni^city

Plcloram has been tested in a variety of mlcroblal tests and was
generally found to be nonmutagenlc. The results of mutagenlcity tests
of plcloram summarized In Ap^ndix E show negative activity in most of
the systems tested. Picloram was inactive in the Ames Salmonella^
ty^hlmurum system, currently the most validated and "standard"
bacterial mutagenl»2ity test, (Carere et al. 1976 and Anderson et al.
1972). Negative results were also obtained when picloram was tested
In systems employing Escherichla coll bacteriophage (Anderson et al.
1972) or the mold As^erglllus nidulans (Aulicino et al. 1976| Bl^ami
et al* 1977| and Morpugo et al* 1979),
In one of the studies where activity was reported, picloram
induced a mutation to streptomycin resistance in a strain of
Streptomyces co_elicolor previously sensitive to streptomycin (Carere
et al, 1976, 1978)• These authors were the first to report the use of
this novel test to study the mutagenlcity of environmental chemicals•
The test has not been validated and thus^ is not ordinarily used in a
standard battery of tests for mutagenicity. Similarly, treatment of
the yeast ^^^^^ro^^s c^^^iae, strain 632/4, with 1 ppm plcloram
resulted in an Increase In the number of revertant mutantS Whlch nO
longer required methionlne for growths However, the increase In
mutation frequency was not statistically slpiificantly different from
that observed in the untreated controls. Negative results were
obtained when either the methlonine-dependent strain, 632/lb or the
histidlñe--dependent strain, 814-18b, of £. cerevlslae was similarly
treated with plcloram (Guerzoni et al. 1976)•
In a study to determine possible cytogenetic effects on bone
marrow cells In animals, picloram was fed to rats at dosages up to
2,000 mg/kg without any adverse effects (Johnston et al, 1976).

3.0

Eavlroimental Fate

The effectiveness of picloram as a herbicide has been attributed
to its inherent potency, its ability to be translocated within the
plants and its relative resistance to degradation at ambient
temperatures* Although studies indicate that picloram is not readily
metabolized as a primary energy source, the compound is subject to
biochemical and physical degradation in the enviroiMent in plants,
soils, water I and microorganisms (Goring and Hamaker 1971).
3.1

Bioaccumulâtion
3,1.1

Plants

Picloram is readily absorbed by plant roots and less readily
absorbed by foliage. Once absorbed, picloram is readily translocated
throughout the plant with a tendency to accumulate In new growth.
Although relatively little is known about the metabolism and fate of
picloram in plants, most studies indicate that the compound is quite
stable and remains largely intact within the plants (National Research
Council of Canada 1974j U.S. Department of Agriculture 1973; and Witt
and Baumgartner 1979)•
3.1.2

Animals

Picloram does not bioaccumulate appreciably in animals and
is rapidly excreted^ virtually unchanged^ primarily in the urine. The
metabolism and distribution of picloram in animals are summarized in
Appendix F. Table 3-1 indicates bioconcentration factors observed for
several organisms exposed to picloram. Studies with radiolabelled
picloram (tagged with radioactive carbon atoms) showed that 90 percent
of the compound fed in the diet to dogs was excreted within 48 hours
in the urine s with small amounts appearing in the feces (Redemann
19635 in National Research Council of Canada 1974). When rats were
fed picloram, it appeared unchanged in the urine reaching a peak in
two hours. The concentration of picloram in the urine was 100 times
the concentration in blood and 10 times that in the stomach. Tissue
levels reached a maximum at 2-3 hours^ falling rapidly to undetectable
levels in 12 hours (Redemann 1964 in National Research Council of
Canada 1974)^ In cows^ 97 percent of an ingested dose of picloram was
found unchanged in the urine (Fisher et al. 1965). No measurable
residues were found in milk samples from dairy cows fed 10-100 ppm
picloram in the feed. Milk samples from cows fed 150-1,000 ppm
picloram in the feed contained low levels (0.05-0.29 ppm) of residue
which declined rapidly and were undetectable 58 hours after withdrawal
from the feed.
Nolan et al. (in press) followed the fate of picloram (sodium
salt) in human males following ingestion of 0.5 and 5.0 mg/kg doses
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Table 3-1
hd

I
4>

Concentration Facto^rs Observed fox Picloram in Some
Aquatic and Terrestrial Species

Organism

Medium

CompO'iind

Tissue

CO'ncentratioiî FactoTs Based
Acid Equivalent o^f Piclo-ram^

OB

Time
Scale

References

Daphnla

tfater

K~salt^

Whole body

1.0

7 weeks

Hardy 1966

MO'SquitO'

Water

Acid

Whole body

0,02

18 days

Yo'ungsO'n and
Meikle 1972

Dairy
Cattle

Diet

K-salt

Milk

0^0003

2 weekis»

Kutschlnski 1969

Steers^

Diet

Acid

Blood
muscle and
fat kidney

0„001

2 veeks

0LOOO5
Oi„01

Kutschlnski and
Riley 1969

Blood

0„001

1 week

McCollister and
Leng 1969

Fish

Sheep

Diet

Acid

Coocentratio^n in tissue (acid equivalent) divided by ÎS^Ï^SÎÎÎTSîï^irï^^
tactor of one oc less means no accumulâtiofi greater than that found in the medium of exposure, i.e 'diet
or water, over the time scale of the exposure. These mmbers are not considered absolutes but o^nly
indicators since time-dose-depeiident studies £er se have ^not generally been carried out.
"^K-salt = potassium salt.
%on continuous exposure, residues reached a plateau within three days. The concentration factor,
ppm-blood divided by ppm-diet. was independent of time for the remainder of the study and the
concentrations in the blood are nearly directly proportional to the concentrations In the feed
Source :

National Research Council of Canada 1974,

and dermal doses of 2.0 mg/kge In excess of 90 percent of the oral
dose was recovered in the urine within 72 hours^ most of which (>75
percent) was excreted within 6 hours. Of the dermally applied
picloram, only a small fraction (0.2 percent) was absorbed as
determined by urinary output, and this absorption was relatively
slow.
3,2

Soil

The fate of picloram in soil is determined by several factors
including volatilizationg photodecomposition, adsorption and leaching^
runoffs and chemical and microbial degradation. Volatilization is not
considered to be a major determinant of environmental fate because of
the low vapor pressure of picloram.
Picloram is degraded by natural sunlight and ultraviolet light,
although the extent of photodecomposition under field conditions has
not been quantified. Under laboratory conditions, however, it has
been found that 15 percent of picloram applied to soil surfaces was
degraded by Texas sunlight after one week (Merkle et al, 1967).
Picloram is generally considered to be a mobile herbicide since
its absorption to soil particles is low. Factors which affect
adsorption include soil type, pH, rainfall, formulation type and
application rate. However, it can be stated that factors which
generally result in relatively low adsorption (and, consequently,
relatively high mobility) are; low content of organic matter in the
soil; low content of hydrated oxides of aluminum and iron in the
soilj neutral or high pH (basic); and highly permeable, sandy,
light-textured soils (Biggar and Cheung 1973; Farmer and AockL 1974;
Ghassemi et al. 1981; Grover 1971; Hamaker et al, 1963; McCall et al.
1972; National Research Council of Canada 1974; and Morris 1970).
Preliminary studies with various soil types indicate that
picloram is usually confined to the upper 1 foot (30 cm) when
application rates are low (less than 1 lb/acre [1.12 kg/ha]), but
that picloram can readily move to depths greater than 3 feet
(approximately 1 meter), even in relatively dry areas, when the
application rate is high (3 to 9 lb/acre [3 to 10 kg/ha]) (personal
communication cited in National Research Council of Canada 1974).
The persistence of picloram in soils is considered to be moderate to high, since it may exist at phytotoxic levels for a year or
more following normal application (Mitchell 1969 and National
Research Council of Canada 1974)« Picloram persistence in soil is
related to both treatment rate and climate. The half-life of the
compound has been reported to range from more than four years in arid
regions to approximately one month under highly favorable conditions
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of HfDlsture, temperature, and organic content of the soil (National
Research Council of Canada 1974)* Fryer et al. (1979) found plcloram
residues in a sandy loam soil 1 year after application at 0.04 and
0.22 lb a.i./acre (0,05 and 0.25 kg a.i./ha). At application rates
of 1.5 lb a.1./acre (1.68 kg a.i./ha), 0.5 percent of the total
amount of plcloram applied remained in the soil as residue after
222 weeks.
Since plcloram degradation in soil does occur by microbial
routes (Hance 1967), degradation increases under conditions which
favor microbial growth.
Consequently, persistence is generally
shorter in soil with high organic content (Bratkowski 1980 and Witt
and Baumgartner 1979), high temperatures (Caro et al. 1974), and high
soil moisture (Hunter and Stobbe 1972). Studies also indicate that
low pH (Youngson et al. 1967), the presence of light-textured sandy
soils, and the presence of plant roots also decrease the persistence
of plcloram (Herr et al. 1966; Hunter and Stobbe 1972; Melkle et al,
1966 and Merkle et al. 1967).
3.3

Water

Because of its mobility, plcloram may be transported by surface
runoff to nontarget areas including ponds and rivers.
However, only
a small amount of the total plcloram applied is actually removed by
runoff.
The actual quantity of plcloram deposited in lakes has not
been reported, but limited studies indicate that rapid mixing and
extensive dilution result In negligible residues in streams.
It is
improbable that aquatic microorganisms will degrade plcloram in
surface waters to an appreciable extent since microbial degradation
rate in soils are fairly low (Youngson et al, 1967).
Photodegradation of plcloram, which has been demonstrated by some
researchers, may be an Important mechanism in the dissipation of the
compound (National Research Council of Canada 1974| Gear et al, 1982;
and Johnsen and Warskov 1980).
The major photodegradation pathway In
the presence of sunlight or ultraviolet light is dechlorination (Gear
et al, 1982). Johnsen and Warskow (1980) found that sunlight
decomposed 57 percent of plcloram in containers after less than 9
hours of exposure, although in natural soil environments plcloram
would not be directly exposed to sunlight and thus would not be
photodegraded so rapidly.
Le^'^els In farm ponds adjacent to plots treated with plcloram at
1 lb/acre (1.1 kg/ha) have reached 1 ppm (Haas et al. 1971 in
National Research Council of Canada 1974). However, these levels
decreased to less than 10 ppb within 100 days primarily due to
dilution and photodegradation of picloram.
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Runoff can result after the application of plcloram, since the
compound (especially in salt formulations) is water soluble. It is
generally accepted that there is a potential for high concentrations
of picloram in runoff if heavy rainfall occurs soon after application
(Gwinn 1975). Maximum concentrations of 400-800 ppb have been
detected in surface runoff in instances where heavy rainfall occurred
immediately after spraying a Isl mixture of triethylamine salts at
1 lb/acre (1.12 kg/ha) on grassland watersheds (Bovey et al. 1967)t
Runoff accounts for less than 3 percent of the total quantity of
picloram applied to soil and the concentration of picloram in runoff
generally decreases with time as well as with the time lapse between
application and the first rainfall (Trichell et al, 1968 in National
Research Council of Canada 1974). Other factors which decrease the
concentration of picloram in runoff include decreases in the slope of
the terrain^ the use of slow release granular formulations rather
than liquids5 and the distance over which the runoff flows.
In studies of picloram injection into a stream system^ Johnsen
and Warskow (1980) found that the highest recovery of 38 percent of
injected picloram was located 0^25 miles (0-4 km) from the point of
injection. At a point 1 mile (1.6 km) downstream of the injection
site^ less than 5 percent of the injection concentration was found in
water samples*
Aerial application of a mixture of picloram at 2.5 lb active
equivalent (a.e.) per acre (2.8 kg/ha) and 2j4-D at 5 lb a.e./acre
(5.6 kg/ha) onto 279 acres (113 ha) of a pinyon-juniper watershed
resulted in detectable levels of picloram in runoff for 30.5 months
(Johnsen 1980). The highest concentration of picloram detected was
320 ppb in the initial runoff event following treatment. Of the
total picloram applied, 1.1 percent ultimately left the area in
runoff water.
Neary et al, (1979) monitored streamflow from a 10-acre
(4-hectare) watershed for picloram residues following application of
Tordon lOK®pellets at a rate of 4.5 lb a.i./acre (5 kg/ha) for site
preparation. Picloram was applied in mid-May and two pulses of
residues were detected in watershed outflow; a 3 ppb pulse in early
June following precipitation and a maximum 8 ppb pulse in early July
(no precipitation). No further residues were detected (reported
through October) at detection limits of 1 ppb although there were
relatively heavy rains in early August.
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4.0

Esposare and Hazard Assessment

Forest workers, visitors^ and resident or transient animals are
all potentially exposed to picloram during forest spray operations.
For humans and otiier terrestrial animals^ exposiores can be by dermal^
inhalation5 and oral (ingestion) routes. Aquatic anijnals are
potentially exposed by immersion in waterbodies that may contain
dissolved picloram. Calculations of exposure to picloram in this
section follow the assumptions and methodology detailed in Section 4.0
of the General Introduction to the Herbicide Background Statements.
In general, it should be noted that en'\dronmental expostires to
picloram are brief, and that any area sprayed in a given year may not
be sprayed again for several years* Occupational exposures, at least
for some individuals^ may be of longer duration than environmental
exposures. However, only a limited number of individuals are so
exposed.
4«1

USDA Forest Service Picloram Application

Available application data for picloram use by the USDA Forest
Service for 1982 are presented in Table 4-1. Actual exposure to
picloram differs among Forest Service personnel involved in herbicide use, other Forest Service personnel, visitors to Forest Service
lands that have been treated with herbicides, and wildlife species
that are permanent or transient inhabitants of treated areas.
The data presented in Table 4-1 indicate the number of forest
workers involved in application of various picloram formulations in
1982, as well as the duration of exposirce on a daily and an annual
basis. However, the actual exposure of these workers depends not
only upon the specific formulation, method, and rate of application,
but also on the protective measures employed, the operating condition
of the equipment used, and accidental events which exî»se workers to
the pesticide.
Because of the relative persistence of picloram in soil and
water environments, forest workers, visitors, and wildlife may be
exposed to residual picloram in the environment for a longer period
of time than they would to less persistent herbicides« On the other
hand, however, the relatively low mobility of picloram, coupled with
its lack of bioaccumulation, tends to reduce the availability of
residual picloram in the environment and hence tends to reduce the
potential for incidental exposure of humans and wildlife to only low
levels of picloram.
4.2

Exposure

Estimates of potential exposure to picloram are based on aerial
as well as ground application. The maximum aerial application rate
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Table 4-1

I

ÜSDA Forest Ser¥ice Application Data for Picloram (1982)

Du rat i Olli o f Exposure
Fomulation
(Number
of
Projects)

Method of
Application

Eteade
(15)

Hand
Broadcast

2.4

36

4.8

7.Ô

6.9

12 »5

K

Aerial

5.3

22

1.4

5.8

2.9

9.5

2K
(29)

Hand
Broadcast

3.3

96

4.5

101.8

6.6

10.1

RÄnge (20)
N03CÍ0US Weedß (9)

lOK
(27)

Hand
Broadcast

5.9

160

5,5

8..2

6.6

11.2

Wildlife (13), Range (8)
Timber (5)
Fuels MaîiagemeEt (1)

22K
(42)

Ground
Foliar

3.3

139

5.9

10'. 3

7

12.3

Range (10)
NoïiouB Weeds (19)
Rlght-of-Way (5)

22K
(1)

aerial

2

4

1

4

1

Noxious Weeds (1)

101
(3)

Aerial

4.3

13

3

6.7

4.7

9.7

Right-of-Way (2)
Timber (1)

101
(11)

Injecticm,
Cut Stump

16.3

180

29.5

6.6

40.4

101
(8)

Ground
Foliar

3.2

26

8»6

7.5

8.5

lOlR o^r RTÜ
(19)

Injection,,
Cut Stunp

13.4

255

6.4

33.9

6.8

49.8

212
(12)

Ground
Foliar

2.5

30'

5.3

10,0

6.7

9.4

Average Nuitber PeO'ple
Exposed/Project

Total People
Exposed^

MaximuiB

Average
Hrs/Day

Days/Yr

Hrs/Day

Type O'f Manageaent
(Projects)

Days/Yr
Range (3)
Noatioüs Weedfl, (12)
TlŒiber (4)

(4)

*Graad Total - 957
Source:

Grose 1983'

4.8
5

Timber (10)
Recreatiott (1)
Timber (3), R^nge (3)
Noxious Weeds (2)
Timber (12)
Wildlife (7)
Range (11)
Noxious Weeds (1)

for plcloram (see Table 1-1) is 1*9 lb/acre^ while the compound is
applied from the ground (ground foliar) at rates as high as 10 lb
a*e./acre. In both aerial application and ground foliar application^
picloram is applied as a liquid. The calculations in Table 4-2 that
are based on aerial application (e.g., spray observer dose, wildlife
dermal exposures^ and water concentrations) assume an application
rate of 1.9 lb a.e./acre. Those calculations in Table 4-2 that are
based on ground spraying (e.g., backpack sprayer dose and wildlife
oral exposures) assume an application rate of 10 lb a.e./acre* Other
specific assumptionsj based upon the toxicological and chemical
characteristics of plcloram and on its behavior in the environment,
are discussed in the following sections» Table 4-2 summarizes the
estimates for occupational and environmental doses and ex^sures by
m€'.ans of immersion, dermal, inhalation, and oral routes.
4.2.1

Occupational Doses

Data are not available on the daily occupational exposures or
doses of picloram to forestry workers. However^ estimates of
occupational doses have been derived based on the urinary outpit of
several categories of workers exposed to phenoxy herbicides (e^g.,
2¡í4-D and 2^4,5-1). As indicated in the General Introduction to the
Herbicide Background Statements, urinary output was used to calculate
total doses (i.e.^ regardless of route) to workers ex^sed to phenoxy
herbicides, and this quantity was then expressed on the basis of an
application rate of 1 lb/acre. Daily occupational dose estimates for
picloram are based on exposures on a per pound per acre application
rate multiplied by 1.9 lb/acre for observers and 10 lb/acre for
backpadiC sprayers« In the case of the aerial spray observer^ exposure
estimates are based upon a maximum of one daily exposure to direct
aerial spray with an unprotected skin surface area of 2 square feet
(see General Introduction to the Herbicide Background Statements),
The maximal herbicide dermal absorption rate is assumed to be
1 percent based upon the data of Nolan et al. (in press) indicating
0.2 percent of dermally applied picloram to be absorbed in humans.
At 1.9 lb a.1./acre application rate, the following estimate of daily
dose is derived;
Observer with Direct Spray Depositloni up to 0.0076 mg/kg
(0.004 mg/kg at 1 lb/acre application rate since 1 percent
dermal absorption is assumed for picloram)
For ground applications at 10 lbs/acre application rates, the
following estimate of daily dose is derivedî
Backpack Sprayers 0.40 mg/kg (0.04 mg/kg at 1 lb/acre
application rate)
Occupational doses for the mixer/loader are assumed to be independent
of application rate and have been estimated to be 0.1 mg/kg.
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Table 4-2
Summary of Occupational Dose, Environmental Exposure
and Toxicity for Picloram
Exposure Route^
Occupational
Dose

Dermal

Mixer/Loader
Observer
Backpack Sprayer

Inhalation

Oral

0.1 mg/kg
. up to 0,0076 mg/k8
0.40 mg/kg

b

Environmental
Exposure
,

Fish
Rabbits
Deer
Man
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)
ToKiclty Summary

0.756 mg/kg
0.192 mg/kg

,

0.019 ppm (ItnmprRi on)

Negligible
Negligible

10,50 mg/kg
14.40 mg/kg

ñ

--.d
NAe
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

LD50>
2,000 mg/kg
(Tordon 22K^
in rabbits)

Saturated atmosphere nonto^c
(Tordon 22K'^ in
rabbits)

^^d
0,00038 mg/kg (2 days)
0.042 mg/kg (2 days)
0.058 mg/kg (2 days)
0.00076 mg/kg (1 day)
0.0019 mg/kg (1 day)
0,00095 mg/kg (1 day)
Acute LD5o*s from 2^000 to
8,200 mg/kg (rabbit, mouse,
guinea pig, rat). Chronic
NOEL of 150 ffig/kg (rat and
dog).

LC50 >10 ppm for fish

^Assumes aerial application at 1*9 lb a.e./acre and ground foliar application at
10 lb a.e./acre. See text for further explanation.
^Occupational doses Include all routes of exposure and are on a dally basis.
^Fish exposure results from Immersion in water containing plcloram,
^Human enviroimental exposures via dermal and inhalation routes will be considerably
less than occupational doses. Thereforej occupational doses are used as a worstcase rather than an estimate of environmental dermal and inhalation exposure.
Oral environmental exposures are estimated for six sources.
®NA represents nonapplicable data.
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Total occupatioûal doses are, of course, a function not only of
application rate and specific occupational category, but also of
duration of ex^sure. Table 4-1 includes estimates of the number of
days per year of exposure, by picloram application method and formulation used, in 1982. It should be noted, however, that in many
instances, the same individuals are not exposed throughout the entire
spray period.
4.2.2

En vl r o nment al _^Expo s ur es^

Environmental exposures in man occur when forest visitors or
others not directly involved in spray operations come in contact with
spray or sprayed foliage, inhale spray mist, eat plants or animals
contaminated with herbicide, or drink water containing herbicide.
Animals, both terrestrial and aquatic, are subject to environmental
exposures as well.
4.2.2*1 Dermal Exposures. Human dermal environmental exposures
would be less than occupational exposures since only spray operators
and observers are directly involved with activities on the spray
units. A casual visitor to spray units should be expected to receive
an exposure much less by orders of magnitude than that of the
observer receiving direct spray deposition. Animals in the target
spray zone, however, are subject to dermal exposure. Rabbits and
deer, representing both small and large game animals respectively,
have the following estimated dermal exposures based on 1*9 lb
a«i./acre aerial sprayî
Rabbits in Aerial Spray Zoneî 0.7657 mg/kg (0,403 mg/kg at
1 lb/acre application rate)
Deer in Aerial Spray Zones 0.1919 mg/kg (0,101 mg/kg at
1 lb/acre application rate)
4*2.2.2 Inhalation Exposures^ Human Inhalation environmental
exposures would be less than occupational exposures since spray
operators, involved with activities on the spray units, are more
likely to be subject to spray mist than is a casual visitor. Thus a
casual forest visitor should be expected to receive an inhalation
exposure orders of magnitude less than that of a ba^pack sprayer.
Qivironmental inhalation exposures of animals in the spray target
area would occur on a one-time basis and would be limited to a time
frame that can be measured in minutes. Inhalation of picloram vapor
would be negligible since the vapor pressure of picloram is low.
Inhalation exposure Is therefore expected to be so small that it can
be neglected in this analysis.
4.2.2.3 iî5££sion^^Ex^su^^, Aquatic organisms are subject
to environmental exposures from immersion in streams and ponds
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adjacent to target spray zones. Assumine a buffer zone of approximately 100 feet between aerial spray zones and waterbodies, environmental exposures for aquatic organisms would"be equivalent to the
estimated concentration of plcloram In water, calculated as:
Water concentration; 0,019 ppm (0*01 ppm at 1*0 lb/acre
application rate)
This concentration of plcloram represents the - estimated maximum
conceiitratloii immediately after spraying« If heavy rainfall occurred
Immediately after spraying, higher transient concentrations could
occur in streams and ponds• However, such high concentrations result
from high application rates and from precipitation soon after
application, and would be transient since they are rapidly diluted by
resident waters. Monitoring data reviewed In Section 3.3 confirm the
low levels of picloram In waterbodies following application of
picloram to watersheds*
4.2,2,4 .^al^.Jx^sures. In terms of oral exwsures, any
incidental ingestion of picloram by workers on the spray unit would
be accounted for by the estimates of occupational dose. Oral
environmental exposures would occur for wildlife eating contaminated
vegetation and for human consumption of fish, deer, rabbit, water,
berries, and mushroome, Basic assumptions for estimates of oral
environmental exposures for both man and wildlife are presented in
the General Introduction to the Herbicide Background Statements.
Oral exposures for deer and rabbits, representing game animals
potentially eaten by humans, assume vegetation is sprayed from the
ground at 10 lbs a.e./acre and that rabbit browse is partially
shielded by overstory* These estimates are as follows:
Deerî
Rabbits

14,40 mg/kg (1.44 mg/kg at 1 lb/acre application)
10,50 mg/kg (1.05 mg/kg at 1 lb/acre application)

Estimates of human oral exposures from consumption of fish, deer, and
rabbit require, as a starting point, estimates of maximum tissue
concentrations of picloram In fish, deer, and rabbit.
Fish tissue concentrations are derived as_follows;
" water concentrationsî 0.019 ppm
- bloconceritratlon factor! 1,0 (measured bioconcentration < 1)
Fish tissue concentrationi

0.019 ppm (0.019 mg/kg)

Deer and rabbit tissue concentrations Include picloram accumulated
from both oral and dermal exposure. Tissue concentrations estimates
for deer and rabbit assume that dermally applied picloram is absorbed
at a rate of 1 percent* It is also assumed that oral exposure of
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deer and rabbit to picloram lasts only for 2 days due to the
relatively short environmental persistence of picloram and that only
10 percent of the Ingested material is assimilated. Deer tissue
concentrations of picloram are derived as follows:
Dermal Exposure contribution assmies 1 percent absorption of a
single exposure, or 0.1919 mg/kg (dermal exposure) x 0,01 ^
0.001919 mg/kg
Oral Exposure contribution assîmes 10 percent assimilation of
two-days feeding, or 14,40 mg/kg/day (oral exposure) x 0,1 x
2 days « 2.880 mg/kg
Total Deer Tissue concentration ^ 0,001919 mg/kg + 2.880 mg/kg «
2.88192 mg/kg (2.882 ppm)
Rabbit tissue concentrations of picloram are derived in the same way
as for deer^ as followsî
Dermal Exposure contribution assumes 1 percent absorption of a
single exposure, or 0.7657 mg/kg (dermal exposure) x 0.01 ^
0.007657 mg/kg
Oral Exposure contribution assumes 10 percent absorption of
two-days feedings or 10.50 mg/kg/day (oral exposure) x 0.1 x
2 days ^ 2.100 mg/kg
Total Rabbit Tissue Concentration = 0.007657 mg/kg + 2.100 mg/kg ^
2.10766 mg/kg (2.108 ppm)
Based upon the above fish, deer^ and rabbit tissue concentrations and
human consumption rates^ the following estimates of maximum human
oral exposures to picloram from eating meat are derived:
Fish meatî
0.019 mg/kg x 2 days x 0,5 kg/day/person f 50 kg
person = 0.00038 mg/kg
Deer meat:
2.882 mg/kg x 2 days x 0.5 kg/day/person f 50 kg
person « 0,0576 mg/kg
Rabbit meat I 2.108 mg/kg x 2 days x 0.5 kg/day/person f 50 kg
person « 0.0422 mg/kg
Water and plant consumption by man would result in the following
oral exposures to picloram based on assumptions stated In the General
Introduction to the Herbicide Background Statements at an application
rate of 1.9 lb a.1./acre (aerial):
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Water:
Berrxes:
Mushrooms:
4.3

0.00076 mg/kg (0.0004 mg/kg at 1 lb/acre application)
0.0019 mg/kg (0.001 mg/kg at 1 lb/acre application)
0.00095 mg/kg (0.0005 mg/kg at 1 lb/acre application)

Hazard Assessment

Toxicological properties of picloram to man, fish, and small
mammals have been summarized in Table 2-1 and detailed in Section 2
of this Herbicide Background Statement. Table 4-2 compares estimates
?^ïî? occupational doses and environmental exposures in man and
wilalife with reported toxicity information (dermal LDrn in rabbits
rabbit inhalation results, rabbit and rodent acute oral LDsn's, rat'
and dog chronic oral NOEL's, and immersion LCc^'s for fish)
The
reported exposure levels at which toxic effects have been observed in
experimental animals are considerably higher than levels estimated
for USDA Forest Service applications. Based upon chronic feeding

f
íoí^fnir''''/'
^^^'^^ for
^^" extrapolation
^"P°"^^ ^'^ '^^^
^^^ (adog-Assuming
a 100-fold
margin ofi'°
safety
to man
factor
of 10
for inter-species variability and a factor of 10 for human
intra-species variability), one can assume that 150 mg/kg divided by
1ÜÜ, or a 1.5 mg/kg oral dose in man will not result in adverse
effects. The estimated human exposures from ingestion of water
game, and plant material are well below 1.5 mg/kg per day
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Appendix A
Summary of Picloram Toxicity Data
for Invertebrates and Microorganisms
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Appendix A
Summary of Picloraa», Toxlclty Data for Invertebrates and Microorganisms

Formulation

Ficloraii in 60Z
Sucrose Syrup

Org£IKliS1B

Honeybees
(Apis wellifera;
Insecta)

Nature of
Exposure

IftgeBtiott and
surface

Exposure
Time

Effects

Conneíits

References

14 days

NOEL was 1,000 ppia by
weight

Highest dose tested
was 1,000 ppm by
weight, sprayed on
cage.

Morton and
Moffett 1972

abso'tption

f icloran itt 60X
Sucrose syrup

Honeybee«
(Apis «ellifera;
Insecta)

Ingestioffi

60 days

No reduction in halflife was observed at
tbe highest dose of
1,000 ppm

The half-life was
defined as the nuaber
of days required for
50X of the bees to
die.

Morton et al»
1972

Tordoti 212^ and
22K® in water

Honeybee»
(Apis mellifera;
Insecta)

Ingestion and
surface
absorption

14 days

Mortality was not
changed after
spraying at a rate
oiE 4 lb a« 1./acre

Bees (and their
cages) were sprayed
directly with a
piclo ran miicture and
observed for 14 days.

Moffett et al«
1972

Picloraii

StonefIj nymphs
(Fteronarcys
californlca;
Insecta)

Surface
absorption

24 hours

LC50 was 120 pp«

Sanders and
Cope 1968

Picloram

ânptuipod
(Gamnarus
lacuatris;
Crustacea)

Surface
absorption

24 hours

LC5Q was 50 pp«

Sanders 1969

Piclora«

áiiphipid
(Gaiimarua
lacustrla;
Crustacea)

Surface
absorption

48 hour»

hC^Q was 48 ppa

O.S. Departiient
of the Interior
1968 in
Pimentel 1971

Piclora«

Copepod
(Daptinia sp. ;
Crustacea)

Surface
absorption

24 hours

Piclora»

Copepod
(Daphnia ep, ;
Crustacea

Surface
absorption

10 week®

95 percent mortality
' at 530' ppm concentration, NOEL at 380 ppm
NOEL at 1 pp«

Lyan 1965

Mo observed effect
on growth and
reproduction.

Hardy 1966

Appendix A (Concluded)
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O
Formulât ion

Organ.lsm

Nature of
Exposure

Plclora«

Broim Shrimp
(Crustacea)

Surface
absorption

Picloraw

S^nalls
(Molliísca)

Surface
absorption

Picloran

Easterm Oyster
(Mollusca)

Surface
absorption

Plcloran

Bacterlfia
(Thiobactlltfs
thiooxldans)

Pi clorato

Exposure
Time
48 hours

48' hours

Effects

Comments

References

NOEL at 1 ppn

U*S. Departiieat
of the Interior
1966

100 percent mortality
at 530 ppm concentratiom NOEL at 380 ppm

Lynn 1965

TOEL at 1 ppw,

Mo obaerved effect
on shell growth.

B«tler 1965

Surface
absoirption

Growth Inhibited at
1»00'0 ppm but not
at 100 pp«

Rates of carbon
dioxide evolution^
nitrification and
«rea hydrolysis
were unaffected»

Goring et ai.
1967

Ftingue
(AsperRÍlliis
nlg^er)

Syrface
absorption

Growth was not reduced
at concent rat loifts up
to 50 ppm.

Picloraa tended to
accumulate in
mycelia.

âmoM et al,
1966

Pic lo rata

Fungi
(Trlcho^jema
virdie, FuBart'OMi
O'xyspormB,
ttelrolrithosporlnjai
victoríaei,
Penlcilliutt
lanosuMj and
AsperglIluB.
flaves

Surface
absorption

All showed growth
in cultures with
1 to 1,000 ppn
concentration»

Hameed and
Foy 1974

Picloraiii

FuCTgi
(Penicilliuii q.p.;
Aspergillus sp-;
aod Trichoderma sp.)

Surface
absorption

Co'iicetitrations of 1
and 10 ppn inhibited
populatio'os of
Pénicillium stlnulated Aspergillus
and Trichoderma

To, and Bollen
1969

Data are.not available or not applicable.
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SuBiaary of Mcloram Toxlclt}f Data for Fish

Formtîlatioa

OrganiB»

Nature oi
Expo^etire

Exposure
Tine

Effects

Co«flieittt8

Références,

Plcloran

Goldfisli

Static,
blcaasay

24 tO'
96 hours

LC50 wm 14 tO'
3f> ppm acid
équivalent

75*F water temperature

Ü.S« Df!pa,rtiiciit
of tbe Interior
1964 in teimga 1969

Plcloraa

La r genou th
Bass

Static
bioassay

24 to
48 hours

LCjO waa 13,1
to 1'9'.7 ppm acid
equivalent

75'F water te!ip«ratttre

O.S. I>ef>a,rtiieat of
the Interior 19§4
tu Ken.aga., 1969

Plclora«

Süilnboír
Trout

Static,
bioassay

24 to
9§ tioiire

1»C5Q| was 24 to
34 pp« acid
equivaletit

55*F water tenperatmre

tJ.S. Diepa,rtii,eot oi
the Ittterior ,1965
la Kenjiga 1969'

Piclora«

Bliieglll

Static
bioassay

2,4 to
96

1X50 was 2,1 to
26 .,5 ppEB acid

63*F water tenperature

Itoad et al. 1967
±n fcoÄgs, 196S

Pielorai,

Colio«
Saliiott

Static

24 to
516 lioiire.

LC5Q, was 21 to
29' ppai acid
equivleat

§3*F when fish fo^rced
to Bwim against ctsrrcTit
an Increased lao'rtality
was observed LCJQQI was
29 ppm-

Bond et al, 196?
in Keiiaga 1969

PI cl Oilcan

Îtosqîilto
Fish

Static,
bioassaj

24 to
96

TL5Q. i«s 133 to
12:0 ppm

70 to 72"F water
tefiperattire

Johasott 1978

Technical Grade
(90X a.l.

Ctittîiro'at
Tromt

Static
'bioaasay

96 lioura

96 hcmir,s ÍC5Q,, was
5,.Ü ppa

pHî 7,2

Woodward 1976

lO'^C
Technical Grade

mi a..i,.

I

Lake' Trout

iitâtic
biC'Ä'fisay

96 hours

9'6 hours LC50! was
4.2,5 ppffj.

pH' 7.2
„
HD:, 313-40 '
10'"C

Woodward, 1976

I

Appendix B (Co'iitliiued)

F#mtila.tioii

Orgattls«

Technical Grade
(90'X a.l»)

Cutthroat
Trout

Mature of
Eji;posure

Btpoaiire
Tliae

Flow
through
bloa8a.ay '

22 daya

EffectB
NOfiL to- fry ranged
fro« 290 ppb to
48 ppb

ConmeiitB'
pHs 7,4
MkaUnity:
9.5*C

20§ ppls

Author recO'«iieD.ds that
atrean resldiies not
exceed 290 ppb after
first aajor rainfall
fO'llowlng appllcatlon,
Static

72 ho'tira

Brook
Trout

Static
bloasaay

72 tiottra

Iroim
Trout

Static
bioaB.sa3r

72 liouro

Pugnioae
Mliiilow

Static
bloaseay

72 hours

Gtippf

Static
bioaesay

§ aoiith»

Goldfish

Static
bi'Msaay

Goléflotí:
Rain, bow
Trout

Plcloraat a«
Fathead
potasalu» salt, MlEn.oif
Technical

pcítaoialu* ßAltj
Technical

LCiOO< 259 ppm;
NOEL observed at
86 ppi»

Woodward 1,979

50*F water temperature

50*F water teaiperature
NOEL observed at
130 ppii
l.Cj_O0i <259 pp«;
NOEL observed at
130 ppm

Eeferencee

Wlnston 1963 la
' Keoaga 19§9

50**F water teiBperatoire

50*F water tenperature

Mliistoa 1963 in
Keaaga 1969

NOEL obaerved at
1 pp«

75 to eS'P water
teiiperature

Hardy 1966 In
Keoaga 1969

24 hours

LCioo>35 pp«

70'"'F water tenperature

Hardy 1962 in
leiiaga 1969

Static
bloaeiaay

10 weeks

NOEL 0'bB.erved
at 1 ppM

75 tO' By F water
teiiperature

Hardy 19§6 Ini
Keiiaga 1969

Static
Moasaay

24 to.
96 hours

ÍC50 waa 13 to
27"ppn

6iO'*F water t6«p>erature

âlenaiider aa,d
Biachelder 1965 In,
Kenaga 1969

MOEL obaerved at
86 ppn

Appendix % (Contlmied)

Hatyre of
EiEposure

Exposure
Tine

llwglll
Picloraai as
potasaitia aalt,
Technical

Static
bioassay

24 to
96 hour®

LC5Q, was 24 to
§9 ppM,

80* F water tenperatiire

Chaoacl
Catfish

Static
bioassay

24 to
96 houriîi

LC5(j was 14 to
41 pp«

80*F water temperature

Static
bioassay

72 hours

LClQ0<157 ppaiî
NOEL observed at
03 pp«

50*F water temperature

Brook
Trout

Static
bioassay

72 hours

LC|{)0'<157 ppm;
NOEL oibserved at
94 pp«

50*F water temperature

Brown
Trout

Static
bioassay

72 hours

WIioo^ 157 pp«î
NOEL observed at
63 ppm

50*F water température

pygnose
Mlanow

Static
bioassay

72 hours

LCjLoo<94.2 ppoiî
NOEL observed at
47 ppm

50"F water temperature

Technical
Tril8opropa.iio~
lamlne salt

Rffiittbow
Trout

Static
bioassay

24 to
9§ hours

LC50 was 210 to
279 ppm

60®F water temperature

TrlethylaiBiiie
»alt

Rainbow
Trotit

Static
bioassay

24 to
96 hours

LC50 was 29 to
43 ppm

60*F water te»|>eratttre

Channel'
•Catfish

Static
bioassy

24 to '
'96 hour«

LC50 was 53 to
71 pp»

Goldfish

Static
bioassay

24 to
96 hours

LC50 was 44 to
91 ppm

Formulation

Organlß

Fathead
S-1665 (31.4%
a.l. TUP salt) Minnow

Effects

Gotiiiefits

Referencea

Alexander and
- Bachelder 1965 in
Kenega 1969

80*F water ■ teaiperatiire
80*F water temperature

Winston 1963 in
Kenaga 1969

Winston 1962 in
Kenaga 1969

Buddie» 1968a in
Fjsneg« 1969

I
Ap'p€âdlx ñ (Continued)

Font«!« t Ion
Tordoo 22ir

eg)
Tordoa 22K

Orgaoli«

Nature of
Expooure

Ei:fW'8Ure
Time

Fathead
ftttmow

Static
bioaaeay

24 to
96 hours

1X5(1 w«^s 29 to
52 pp.;
WÖEL O'bserved at
22 pp« (96 houxBi)

50'"P water temperatw«! '

Green
Siin,fiBh

Static
Moaaeay

24 to
96 houri

LC5Í0 was 91 ppm;
MOEL obeerved at
39 ppa (96 hours)

50i'F water tenf«rat«re

Black
Bullhead

Static
bioaseaij

24 to.
9§ hottrs

LC50 was 91 ppn;
NO'EL, obaer'ved at
§9 pp» (96 hO'iirs)

50'F water teiiperature

BrO'Ok
Tro'iit

Static
bloassay

24 to.
96 hour«

LC5(| was 91 ppn;
NOEL obeerved at
69 ppa (96 hours)

50*F water tenperature

Flagflili

Flo»
throiigli
bioassiiy

10 days

10 day LC513 ^^^
12.3 pp«

Effects

Comi'eiit«

Referettcea

hyan 19i5 «ad
^ Wittaton 19§3 la
îGenaga 1969

HDi: 350-375
Alkaliaityi 200'-255
25ÛC

Tordoii 22K

Riltttwjw
Trout

Flow
through
hioABsmj

10 days

10 day LC50 was
22.2 pp.

25" C
15 "C

Tocdott 22K

Zebraiish

Flow
through
blo«®say

10 diiyi

Threshold LC5Q«
was 35.5 ppm

15 •€

Tordo«, 22K:

CohoSalitöti

Static
bloÄssay

-._b

24 hours LC50 was
17.5 pp.

lO^C

hoTz et al. 1979

Tordo« 22K

Coho
Sa.l»cin

Static
bloassay

24 hour»

]LC5Q was 17.5 ppm

10 "'C

Spehar et al» 1981

.Fogeli And
Sprague 1977

àppeiidiîc B CCoaclîided)

Orgaiii®«

Mature of
Exposure

Exposure
Tin«

ToTdon, 22K

Elueglll

—

24 to
96 hour»

Tordom 22IC

Btmm
Trout

24 to
96 ho'ur«

FomulÄtlott

RffiiaboM
Trout

Tordwi 22K

®

Tordoti 22K

Lake
Ewemld
Shiner
Bliiegill

ComieiiLts

Reference«

IX5Q W«8 5.4 to
8,2 ppm

65*F water temperature

tl.S. Oepartuent of
the Interior 1966
in Kenaga 1969

LC50 was 52 ppiiî
NO'EL observed at
22 ppB (96 hours)

50*F water temperature

24 to
96 hour®

LC5Í3 was 50 to
58 pmi
HOEL observed at
22 ppa (96 hotir»)

50"F water temperature

4 to
96 hours

LC50 was 30 to
65 ppm

68-78'F water tenperature Swabey 1963 in
letiaga 1969

24 t®
40 hoar»

LC50 was 43 pp.

71®F water temperature

24 to
96 hour®

LC50 was 26 to
29 ppa

50*F water tenperature

24 to
96 hours

ÍC50 was 16 ppm

Static
bloassay

24 hours

LC50 was 20 pp«

pH: 7.4-7»§
HD: 102
10 "C

Lor« et al. 1979

Static
hioaseay

24;ho«r8

ÍC50 was i;:5.pp«

p«: 7.4-7,6 ' '
HD: 102 ppè
lO'^C

Speîtar et al. 1981

«»

-.—
"""'

H 2437 potaealiM Green
Swttfleh
salt with
Increaiied
Surfactant
Pugnóse
Mimioif
Tordott 101

Coho
SäIüOII

Tordott 101

Coho
SAIHOïI

Effect«

Ljntt 1965 attd
.Wittston 1962 ill
Kenaga 1969

Hughes and Dairi«
1966 In Kenaga
1969

» ¥iaot'Ott 1962 in
Kenaga 1969

^Threshold LD50 waa judged to have been attained when 48 hours elapsed with no nortallty in a teet tank.
not happen in 10 days, a bioasaay was temiiaated on the basis that there was not definite threshold.
"Data not available or not applicable.

Î
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âppendijt C

SiMmiary of Picloraii Toxicity Data for Birds

FO'tnud-atioa

OrganiBii

Mature of
Exposure

Eicpoatire
■ Tiae

Effects

Cowiients

Ittgestlon

Single
dose

14 daye IJ>3Q was
>2.CM)b «g/kg

Bird« were 3-4 aiontb«
old

Hieasanti
(•ales)

Ingeatioa

Single
dose

14 day LD50 was
>2,000 lig/kg

Birds were 3-4 «ontlis.
old

Tordoa 22K

MallardBi
Buck

Ingcstloa

Single
dose

14 day LBIC0 was
>2,000 Htg/kg

Bird« were 7 mootiw
old

Unspecified

Bobwhite
Quail

Ingeatloa

5 daye

LC50 >5,000 Pï»

All teat bird® wre
incttba tor-tia tched
progeny of breeding
colonies

Japanese
QlMil

Ingest ioii

5 daye

LC50 >5,0'00 ppm,

Pheaeamt

Ingestion

5 ÚAja

LC5Q> 5,000 ppra

Mallard
Buick

Iiigeotion

5 days

LCjg >5,000 ppm

Japanese
Qwail

Fed diet»
contaltiiiig
100, 500,
1,000 ng/kg
'(feed) ,of,
piclora« for
titrée ,
generatlone

Tecîmical Grade
(90.5%)

Mallard
DiÄck

Referftace«

(malea)

Technical

1^

-^«

No adverse
effect on food
consunptlcm,^ egg "
production, hatchability, fer-'
tility, «urvi¥al
'or body weight

All colonie» were randonly outbred so that
findinga could be «ore
readily related to wild
populatlomo
Initially F^. bird» were
placed on piclom», diet
whe'a 2 day8 old, for,20
weeks

"

Thicker and Crabtree
1970'

•

Heath et «1, 1972

Kenaga 1969

I
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Formulâtion

Organ!e«

Mature of
Exposure'

Technical

Japanese
Qtiaii

Bird« feed
dieta containing 100
or 1.000 ng
picloran/kg
feed for 2
week«

2,4-0:
Picioran
(4:1)

Single Comb
White
Leg horn
Chicken

Absorption
through
egg
incubation.

2,4-D':
PiclO'Ta«
(4:1)

Single CbiaB'
¥hite
Leg torn
ChlckiCit

2,4-0î
PiclomM
(4:1)

Rlng-^neck
Pheasant

Expoiure
Tiwe
™™

Effects

CO'iment®

Référence«

At 100 Mig/kg feed,
no effect on
feathering,
plumage,, egg
prodyction, fertility or body
weight. At
1,000 ttg/kg, «
decrease in egg
fertility and
hatchability
occurred in the
first week of
treatment

Adult bird« treated.

Kenaga 1969

O'oe «pray
24 hour«
before

Ä)EL was observed
stt 10 tiaes normal
application rate
(,28 kg/ha 24.9 lb/acre)

Egg® were exaaiiiaetl, for
adverse effects during
incubation (a decrease
in percent of viable
embryos) and early chick
pe'rfonaance (weight gal«)

Sooiers, Moran, Jr.
and Reinhart 1973

Absorption
through
egg

One ipray
24 hours
before
incubation

NOEL Wññ o.bserved
at applicatiO'« rate
of 2.8 kg/ha
(2.49 lb/acre)

Treataients were conducted
to determine adverse
effects on hatching soccess, incidence of malformed embryoo, and'chick.

Soneras Moran, Jr,
Reinhart and
Stephenson 1974

Absorption
through
egg

O'ne spray
24 hourü
before
incubation

lOEL was observed
at the appllcatiO'n
rate of 2.8 kg/ha
(2.49 lb/acre)

Treatments were conducted
to determine adverse
effect® on hatching success , Incidence of malformed embryos» and chick
mortality.

Sentiera^ Moran, Jr.,
and Reinhart 1974

Appendix C (Concluded)

Foramlatlon

Organisai

Nature of
Exposure

Effects

Coiiiieiats

References

Single Comh
White
I^ghom
Chicken

Absorption
through
egg

One spray
24 hours
before
incubation.

MO EL WEB obe erred
at 10 times normal
application rate
(28 kg/ha 24.9 lb/acre)

Eggs and birds were
eicaiffiined for adverse
effects during Incubation
(a decrease in percent of
viable eiftbryoe) and early
chick performance (weight
gain).

Somers, Moran, Jr«
and Relnhart 1974

Tordom 22K

Single Coab
White
Leghorn
Chicken

absorption
through
egg

3 days

MOEL was observed
at 10 times nornaal
application rate
(11.2 kg/ha 9.98 lb/acre)
0, 9, and 18.

An aqueous solution was
sprayed on eggs at a
concentration 10 times
normal (11«2 kg/ha 9.98 lb/acre) on days

Soasera et al. 1978a

Tordott 22K

Single CoBb
White
Leghorn
Chicken

absorption
through
egg

3 day®

NOEL was obsenred
at 10 times normal
application rate
(11.2 kg/ha 9.98 lb/acre) over
the period of one
generation and
into the early
development stage
of the second
generation.

à solution of plcloran at
a concentration 10 tines
normal (11.2 kg/ha ^
9.98 lb/acre) was sprayed
on first generation eggs
on days 0» 4, and 18 and
on second generation eggs
on day 0»

Sonera» Moran, Jr.
and Reitthart 1978b

Plclora«
(4!îl)

®^Bata not available or not applicable.

I

Exposure
Time

Hens and cockerels froa
the sprayed fertile eggs
were evaluated for reproductive effects (egg production, egg weight, shell
porosity, shell strength,
sperm counts, and weight
of testis,, reproductive
success,, embryonic èor-'
tality, fflaalforraiations j ^ and
weight gain and deaths of
chicks).
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Sotmary of Plcloram Toxlclty Data for Maatmals

Formulation

Organls»

Nature of
Exposure

Effects

ComneTits

References

Acute Oral Toxiclty
Rat
Mouse
Guinea pig
Rabbit
Ingestion of a
Chicker
siïngle dose
Sheep
Calves

Technical
Grade

LO5O
LD50
LD5Q
IJ>50
LD5Ç
NOEL
NOEL

«
■
■
"
«•

8,200 rag/kg
2 »000 to 4.000 mg/kg
approx. 3,000 lag/kg
approx. 2,000 mgfkg
approx. 6,000 mg/kg
650 ng/kg
488 mg/kg

Lynn 1965

Tordon 22K
(25Z
potassium
salt)

Rat
Sheep
Calves

Ingestion of a
single dose

IJ)50 « 10,300 mg/kg
NOEL » 4,650
M)EL « 3,480

Olson 1963 in
National Research
Council of Canada
1974; Lynn 1965;
and Jackson 1965

Isooctyl
ester

Rat

Ingestion of a
single dose

LD50 - 3,250 mg/kg for maies
LD5(3 - 2,830 mg/kg for females

Dow Chemical Company
1984

Acute Dermal Toxicity
Rabbit

Technical
Grade

®

1

Tordoîi'22K

Rabbit

Isooctyl
ester

Rabbit

Applied to
shaved skin at
dosages up to
4g/kg body
weight for
24 hours

LD5o>4g/kg. No mortality or
toxic signs ; skin showed
slight edema and brown
discoloration.

Applied to
shaved skin and
dosages up to
2 g/kg weight for
24 hours

LDjo >2 g/kg. No
observable effects' rioted.

LD5o<2 g/kg

Lynn 1965

Dow Chemical Company
1984

I
CO
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FoftwjlatiO'n

O'Tganloi«

la It «re oif
Exposure

Effect«

CoiBnent»

lef ere ucee

acute InlialÄtloo
Toxtctty
Tordoni 221"

Alttieo Rat Inhalatio«, of a
sat«rated
ataoephcre for
7 honurs.

Technical
Grade

Albino
RabMt

ÍC501 not reached. No adverse
effecti O'bserved during;
exposure or for 2 weeks following expo'sure.

tyirn 1965

Eye Irritation
ÍJnálluted ana
lO'î slurry of
teat subataö,cie
place into ttie
conjtifjcttval
sac

Slight to 'ooderate co^njiiriictival redness or conjunctivitis which disappeared in
1 tO' 2 days.
Lynn 1965

ToTdoa 221c

Alblrto
Rabbit

lindllwted test
substance placed
IritO' conjunctlval
sac

Conjunctlval rednes« and very
slight corneal cloydineaa.,
Subsided In 24 tO' ^¡»8 hours.

Isooctyl
ester

Albino
Rabbit

undiluted teit
substance placed
into conj'unctival

Monirrltating

Dow CIieBiical Coiapany
1984

AppendÎK D (Continued)

For«« la t Ion

OrganiÉf.

Nature of
Exposure

Effects

Consnents

References

Stibchronic Toxictty

I

Tecfmical

B.6C3F1
Mouse

1,000, 1,400, OT
2,000 Pig/kg for
13 weeks

Mo clinical or hématologie
changes. Decreased lx>dy
weights of females at
2,000 mg/kg. Decreased
alkaline phosphatase In all
groups. Increased liver
weights in females at all doses
and «ales at 1,000 mg/kg/day
or aîxnve. Dose-related morpho'logic changes in hepatocytes of
females at all doses and males
at 1,400 mg/kg/day or abO'Ve.
Liver changes In males at
1,000 mg/kg/day. NOEL not
determined.

Dow Chemical Company
1984

Technical

Mouse

30, 100, 650,
1,000, or
3,000 mg/kg/day
for 32 days

Effects on livers and gastric
«ucosa at 3,000 mg/kg/day,
NOEL was 1,000 mg/kg/day.

Dow Chemical Company
1984

Technical

Mat

1,000, 3,000 and
10,000 ppa
equivalent to 75,
75, 225,
750 mg/kg/day
fpr 90 days In
diet

No toxic effects at 1,000 ppm;
moderate changes in liver and
kidneys and slight decrease
in body weight at 3,000 and
10,000 ppra.

Technical '

tat

,15, 50. 150,' 300,
and 500 mg/kg/day
for 13 weeks

No to«ic'effects except In-^
creased liver weights and
minor liver changes;
LEL - 150 mg/kg;
NOEL - 50 mg/kg.

Mortality, bO'dy Lynn 1965
weight changes.
food consumption,
hematology, clinical chemistry,
organ to lx>dy
weight change®
we're evaluated
Dow Chemical Company
1984

i
O
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Fonatilation

Oxganls

iature of
ExpoBure

Effects

Comae nt 8.

Reference«

Subchronic ToKÍclty
Continued
Technical

7, 35, o^r

(beagle)

175 «g/kg/day for
13 weeks

Decreased body weiglttBi, body
weight gain,, food conswiption,
and alanine transaminase and
increased alkaline pho^sphataoe,
and liver weights at 175 mg/kg,.,
W'EL - 7 ng/kg/day.

Dow Chemical Company
1984

Technical

Sheep

18 mg/kg body
body weight per
day In diet ifor
33 days

Ko toxic signs or adYcrse
effects on growth

Ye«rlln« animals

Jackson 1965

Technical

Beef
Cattle

7.2 or 15.4 mgfkg
body weight per
day in, diet foT
31 dayg

io' toxic effects

Calves

iynn 1965

Technical

Snine

22 ng pi cloran,/kg
feed for unspecified tiiiiie

Stimulated grO'Wtli and improved
feed efficleocy

McOoilleter and
Le^ng 1969

Tilpa*' ealt

Rat

Up to 0.31 in the
diet (equivalent
to 0.16Z of the
acid) for 90 days

No tO'Xlc effects. Grose and
hi St opatiiology.'negative.

Lynn 1965;
McCollioter and
Leng 1969

Tordom ISK*^

Sheep

72 mg/kg' body
weight/day acid
equivalent for
30 âayn

No toxic signs or adverse
effects O'D gro'Wth

Jackson 1965

Tordon 22K'^^

Sheep

0.42 «g ikgfâay
(lO'O mg ,acld
eq u i va le m t /kg /day )
for 30 days

Mo observable effect»

Yearling' aniiials

Lynn 1965

appendix D (Continued)

ForiDulatlofi

OrganlOTi

Nature of
Exposure

Effect»

Comenta

Reference«

Siibchronic Toxlcity
(Concluded)
100 mg/kg body
«leigbt In the
diet

No toxic effects after 10
doses

250 mg/kg body
weight

One of 3 anlnals dead after
9 doses; 2 animals of 10
survived 10 doses with a loss
In weight.

Beef
Cattle

100, 250 mg/kg
body weight for 10
doses. 500 mg/kg
body weight for
8 doses.

Mo toxic effects; NOEl was
250 mg/kg body weight. Two
of 2 animals died. When fed
500 mg/kg body weight.

Steer«

2 to 1,600 mg/kg
and equivalent in
feed, for up to
8 weeks

No adverse effects

Sheep

Potassiua
salt

Potassium
salt
(22.8 a«e.)

Palmer and
Radeleff 1969

Palmer and
Radeleff 1969

Calves weighting
400 to 600 pound».

Kutschinski and
Riley 1969

Subchronic Dermal Irritation
Albino
Rabbit

Technical

m

Tordoii' 221C
(24.91
potassium
salt)

I
ON

Undiluted material
applied 9 time» to
the shaved skin
over' a period of
11 day«
.

. Saturated cotton
pad applied to
skin 10 times
over a period of
14 daya

Slight exfoliation and
hyperemla In exposed area

Lynn 1965

Slight hyperemi« and edepa of,
treated areas dn all animals;
slight eschar in one animal.

Lynn'1965

I
Appendix D (Coiritlniueil)

FbmtilatlO'ti

Oirganism

lature of
Exposure

Effects

CoBBoents

lefefences

Subctirotiic Dermal Irritatîp«
Co'nclu,dGd)
Tordon 22K

Icp«'Ät and
challeiijg application,® of a 10%
«olutlO'n

io akin Irritation or skin,
sensitlEatiO'n

Only euMnary
statement given.
No detalla of
protocol were
given«

Lynn 1965

Only emwaary
etateweot given.
No detail® of
protocol were
given.

DoiW Chemical Company
1984

Isooctyl
ester

albino
lUbMt

10 application»
to Intact or
abraded skin

Slight swelling, rednesB', and
superficial necrosis which
appeared eootner on atraded
8, kin

6X Totrdon
+22Z 2,4-D
«cidt

Hmati

Ons peel fleet

iO' dermal irritation or
eenaitizatiO'îî

—

10. 2Z plcloraii Human
tllpa« 8aIt +
39.el 2,4-D
tiipa« salt

tlnapeclfled

io' de mal IrrltÄtiom or
»eitsitizatloe

—

Wt plcloran
8«lt

Hunan

Uttspeciftccl

No demal irritation or
sceeitlatation

—

Dog
(beagle)

15, 50, 50 »g/kg
hùâj welgîit/day in
diet for 2 years

Ikyw Chealcal Company
1984

Dow Chetiicai Co«pan3r
1984

Dow anémica 1 Company
1984

Chronic Toxlclty
Technical

LD^50 150' MgAg/daf ; no
detrlnefttal effecte. o^bserved.

Endpoints examltied iyen 1965 and
included body
McColliater and
weight» food conieng 1965
»unptiO'îi,, behavior,
«lortality, heaatolog3f", clinical
chemistr)'',
«,rin,a lysis

Appendiic D (ContlBueé)

Mature of
?onRul«tioii

Organla«

Exposure

Effect!

Conneitts

References

Chroaic ToxJctty (Coneliaied)
Technical

lAt

15, 50, 150 «g/kg,
IDSO 150 »8/kg,/day.
body weigtit/day in effects observed.
diet for 2 years

Mo ' toxic

Studies not validated because raw
data destroyed

Dow Chemical Company
1984

Rc]|>rodtictive and Teratogentcity
Technical

tat

0.03 to 0.3Z
(equivalent to 15
to 150 Bg/kg body
weight day) lit
diet for three
generations.
Initially for 28
days prior to
first aating of
F^ generation

McCollister and Leng
1969 and Do« Chemical
Company 1984

Technical

Mice

0.01 percent
(equivalent
15 i«g/kg/body
weight) picloratt
in diet for 4 days
before and 14 days
after sating

io adverse effect on fertility
or litter site

McCollister and
Leng 1969

PI clora» •
productloe
grade

Rat

Oral 'treati«ent'
with 500, 750, or
1,000 ng/kg body
weight/day un

fäfxic signs observed at 750
and 1»000 «g/kg/day between
7 and' 17 days. No adverse,
effects on gestation period,
iiiiii,b®r of'.iiipliiiiation«'» '
corpora luteâ mnâ resorpti««.
per dan, litter sise, fetal
weight, pup weight, sex
ratio, viability and lactation
at 500 or 750 «g/kg/day.
Decrease in viability index
at 1,000 Mg/kg/day, sone minor
skeletal abnomalities seen in
groups treated with 750 or
1,000 mg/kg/day related to
maternal toxlcity.

Ttsoiipson et «1.
1972 and Dow
Ctiemical Conpany
1984

d^ys 6 to 15' of
gestation'

I

Mo significant differences
between treatment and control
groups regarding gestation,
viability, lactation, weanling
weights and résorption rate®

i
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Mature of
ExpO'Sure

Forntilatlon

Oirganlaii

»Iclora«,
Technical
Grade

0«. tor lieMendel

Groups of 50 rats
of each »ejc fed
picloraii In diet
for 80' weeks as
time-weighted
doses O'f 7,437 or
14,875 ppn.
O'baerved for addltioinal 33 weeke.
All gurvivor»
killed at 113
weekg

Mot carciongenic in male rats.
Hepatic ne op la s tic nodö.les
(benign tumor) In female rats

Hlglîj, incidence of
folllcular tiyperplaala
and C-cell adenomas of
the thyroid in both
sexe«. Adenoma Incidence not statistically significant.
Increased incidences
of hepatic nea'plastic
nodules, considered to
he a benign tunioT» in
male and female
animale. Positive
dose related trend: in
female« suggestive of
the ability of the
cowpoond to Induce
benign, liver tumors in
female 0's borne-Mend el
rate.

National Cancer
Institute 1978

PlcloTam,
Technical
Grade

B6C3F1
Mouse

Grotipö of 50' «ice
of each sen fed
piclora« le diet
for 80 week« at
time-weighted
doö.es of 2,531 or
5,062 ppM

Mo'ncarclttogenlc in male and
fenale mice

No tuai,or8 fo«n<I In,
male or fenale nice at
incidences significantly associated 'With
treatment

National Cancer
Institute 1978

PlcloTam,
Technical
Grade

OalwrneMetidel
Rat

Group« of 50 rats
of eactî sex fed
plclqraii in diet
for 80' weeks at
tiite-welglited
doses of 7^437 or
14,875 ppm

Neoplasms at all sites, including malignant neoplasms,
were increased In Ikttli lO'Wand tilgh-dose treated male
and female rats. The malignant neoplasms ifere both
carcinowas and sarcomas.

Author*8 interpretation of MCI Bloassay
summarl«ed in NCI
CarcleO'geneels Tecti.
Rept. Series iO'. 23

Reuher 1981

Effects

CoMn!,ent8

References

Ca r c^i fiogenlclty

mt

Appendix D (Concluded)

Formulât Ion

Organ! er

Nature of
Expostjire

Effect»

Cooraents

References

Carcinogefiici-ty (Concluded)
Plclorara,
Techiaical
Grade

16C3P1
Mouse

Groups of 50 wlce
of each »ex fed
plcloran in diet
for 80' week® at
time-weighted
doses of 2,531 or
5,062 ppm

Carcinogenic for spleen of
males and females

Author's interpretation of NCI Bloassay
summarized in MCI
Carcinogenesis Rept.
Series No. 23

Reuber 1981

Piel©ram,
Technical
Grade

Mhino

Animal« fed
picloran In diet
at dally levels of
15, 50, and
150 mg/kg/day for
2 years

Koncarcinogenic in male or
female rats

Information given a
summary paragraph.
No data presented.
Cannot be validated
because raw data
destroyed.

Lynn 1965;
McColllster and
Leng 1969; and
Bow Chemical
Company 1984

Ficloram,
Technical
Grade

Dog

Animals fed
píeloram at daily
doses of 15, 50,
and 150 «g/kg for
2 years

Mo gross or histopathological
changes attributed to
treatment

Summary statement«
Ho data presented.
Cannot be validated
because raw data
destroyed.

Lynn 1965;
McColllster and
Leng 1969; atid
Bow Chemical
Company 1984

Picloran
Technical

OsbormeMendel
Rat;
B6C3F1
Mouse

See NCI Carcinogenesis Rept,
Series No. 23

Equivocal evidence for
carcinogenicity

Interpretation of
results from NCI
Bloassay summarized in
NCI Carcinogenesis
Tech, Rept. Series
No. 23

Críesemer and
Cueto 1980

Rat

(beagle)

^Tritsopröpanolamlne
%atÄ not available or not applicable'.

I
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Appendix E
SiŒHiary of Mutagenicity Studies with Picloram

Fomulation
Picio ram

Picloraii,
TordoïF

PiclO'Wi»'
Tordon®
(99.9%)

•Tí
1

OS

OrgaBls«

Nature of
Exposure

Effects
Negative

Salmo tie lia
tTpMratiriyni»
8 strains»
iinspeclfied

Mot given

T4 bacteriophage of
EschericMa
coli B

Mot gi¥eii

legative

Mutant» of T4
bacterlopliage
áP72

6,000 jAg/plate

negative

Mutant« of T4
bacteriophage,
H17

500 |ig/plate

Negative

AsperRillw»
nidulans

Not given

Negative

Mot givenï
0.8 ppm of
picloram and
1.5 ppm of
Tordon in «
nonselective
test for'
non4iajunction^

Negative

200 ^g/plate

negative

Sal'iMOpella
typhliiturluii
Strains. TAI535,
TA1536,Tàl537
and Ta 1538

Conments
No metabolic activation system was used,
therefore only direct
acting mutagens could
be detected.

References

. And,er8on et al. 1972

Anderson et al. 1972

Doses used, negative
and positive controls,
were not reported.
No numerical data
presented.
Aulicino et al. 1976;
Bignami et al. 1977;
and Morpugo et al.
1979

Saliiionella' tested In
presence and absence
oí a rat liver S-9
metabolic activation
system.

Careré et al. 1978

o

Appendix E (Concluded)

FotTidiiatioii

Tordon
(99.9%)

Piclora«

Orgamil®

Mature of
EEpo'Sure

Cwmenit®

Références

200 |i,g/plate

Treated; plates !iad
approximately 40
tines the irmiiiÎJeT of
re^ertant colonlea
compared to controls.

litterto «ntried
»yete«. First tine
tM« einlpolnt was
used.

Carer« et al. 1978

1 ppo

Increase in the
mjiiber of revertaitt
«utants vith
£• cere¥Í8Íac» «train

Not «tatisticallj
«igiilficaiit; probability of error
greater tfia« 0»05.

Guerjíoni et al, 1976

coelîcolor

Sacctiaroiayccg
cerevislal
Strains 632/4,

Effects

814-18b
*Dttt« not available or not applicable.

632/4,
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Appendix F
Sunmary of Metabolisim Studies with Plcloram

Formulât ion»
CarbO'ityl l^C-labelied
piclora«

Orgatils«»
Dog

»

97 ïag/kg (feed) In
diet

Commentffl
90 percent of the compound was
excreted within 48 hours in the
urine. Small amount appeared
in the feces.

References

ftedemann 1963
(unpublished
GS-609) and
McColllster and
Leng 1969

Eat

50 mg/kg Iw feed

Urine contained ^^C only as
unchanged picloran. No ^^C
was detected in exhaled CX)2.

tat

Single dose of 20 mg/kg
body weight in feed

l^'C in urine reached a peak In
2 hrs. and was 100 tines blood
concentration and 10 times
that in stomach. Tissues
(llver^ thigh muscle, kidneys»
abdominal fat) attained maximum
levels 2'~3 hours after dosing.
Levels fell rapidly in 6 hours
and could not be detected in 12
hours. At the time of maximum
blood level, the concentration
In tissues was from 5-6 times
that In blood and the stomach
had emptied 50X of its picloram
content.

Redemann 1964
(unpublished
GS-523)

5 mg/kg feed for 4 days

97 percent of the ingested dose
'was accounted, for'as unchanged'
compound' in the urine.

Fisher et al.
1965

Technical

Technical

Dose

Sheep

220 mg/kg feed for
1 week

Maielntin levels' of 0.25' pp« wa®
found in the blood and fell to
0.01 ppm or less within 96 hours
after withdrawal of treatment.
Peak values of 880 and 350 ppm
in two sheep fell to 52 and
<1 ppm, respectively.

McCollieter and.
Leng 1969

Appendix F (Continned)
i
4>
Formulations

Qtgardsma

Dose

CoiBients

Reference«

Technical
(97Z pure)

Steers

100,, 200 mg/kg feed fo-r
31 days

ât different tines during
feeding periO'd blood sample«
containeíl maxinnin levels of
0.5 ppM at both dietary leveli.
âlthougti directly propO'ttlonal
tO' feed levels, nome of the
tlssueg (heart, liver, brain¡f
lean muscle» ©mental fat) fron
Anímala sacrifled at 31 days had
& residue level higher than
0.5 mg/kg. Concentrations in
kidneys were 4 and 10 mg/kg in
animal® fed 100 or 200 mg/kg
feed, respectively.

McCollister «ed
Leng 1969

PotiiSBiwiÄ oalt
(22.8X «eld
equivalent)

Dairy Cow

10' tO' l.O'OO «g/kg feed
for 6 éejB to 2 week«

Wo «eajsurable residues (<:0''.05 pp«)
were found In milk saiiples froo cow
fed 10 to 100 œg pÍcloraai/kg, feedMllk aanple®,from cows fed 15Ö to
1,000 lag picloram/kg feed contained
O'.OS'to 0.29,ppm residues. Residue»
declined rapidly And becanie
undctectable 58 hour» after
treatment waa diecontinued.

fCutschinski 1969

Potassi«« «ait
(22.81 acid
equivalent)

Steers

2 to 1,600 Mg/kg acid
equivalent in feed
for up tO' 8-i#eek»

Blood levels, directly proporïutschlnekl and
tlonal to dietary concentration,,
Riley 1969
reached laxitaua within tlie 2-week
feeding period and declined slowly
toward end of second week. At
autop83T' reeidue« in tissues were
directly proportional tO' dietary
levels; 0.O5 to 0,5 mg/kg in muscle
and fat, 0.12 to 2.0 «g/!cg in liver
and bloo4,, and 2 to 18 mg in kidney.
In one animal fed 1^600 mg plcloram/kg
feed for 4 weeks and sacrificed
3 days after withdrawal fron diet»
kidney contained residues lea»
than 0.1 fttg/kg and O'tber tissues'
contained less than: 0',05 mg/kg
residues.

Appendix F (Concluded)

FoniulatiO'iis
Pîclora«
PQtMBlmt salt
(99 6X «eld
eouivaleEt)

I

Orgaiil««®
itmati
Males

Boae

lacli »tibject giwii two
oral dose» of 0.5 and
5.0 mg/kg aiid one demal
àoae of 2.0 «g/kg at
2^eek intervals

Comieiit®

Coecetit rat ions of picloram Measured
In Wood and urine. Oral dose
aasinllated rapidly (ti/2 "0.5 lir)
and rapidly excreted In urine.
>75X excreted wl.tîilfi 6 hour«, >90X
excreted within 72 hours. Dermal
do'se absorbed slowly (ti/2 " 12 hr)
and only 0.2% of applied dose was
absorbed.

References

Nolan et al.

References
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Simazine Summary

Major Trade Names s

Chemical Namei

Prlncep® and Aquazlne® in the United States and
Princep® j Gesatop® ^ Primatol S®, Sumane^®,
Simazol®, and Framed®in Europe and Canada.

2-chloro-4,6-bis (ethylamino)-s-triazine

Major Forestry Applicationi

Selective control of annual and
perennial grasses and broadleaved weeds,
algae, and aquatic plants.

Detailed information on toxicology, enviro^ental fate, and hazard
assessment can be found in the body of the Herbicide Backgound
Statement.
Toxicology
Simazine is generally nontoxic or only slightly toxic to a
variety of nontarget organisms. Studies with invertebrates and
microorganisms showed that simazine generally is toxic at
concentrations greater than 10 ppm. Investigations in birds and fish
have shown low levels of toxicity in these species
The acute oral LD50 of simazine in rodents and rabbits is
greater than 5^000 mg/kg. Rats fed up to 100 ppm in the diet for two
years exhibited no signs of toxicity. Tests on rabbits Indicate that
simazine is not likely to be absorbed through the skin and poses no
real hazard from dermal contact. Toxicity from inhalation is low.
Simazine was nonmutagenic when tested in a number of mutagencity
tests and only weakly mutagenic in the fruit fly, Simazine was
noncarcinogenic in mice fed 603 ppm in the diet for 18 months.
Environmental Fate
Simazine is readily taken up by the roots of plants and
translocated to the above-ground portions where it interferes with a
variety of biochemical processes. It has a low tendency to
bioaccummulate in animals and is rapidly metabolized to nontoxic
metabolites that are excreted via the kidneys.
Simazine is moderately persistent in soil, and Is primarily lost
by means of microbial and chemical degradation. It is resistant to
leaching in soil and readily adsorbs to soil particles. In water,
simazine is moderately persistent but due to its low water
solubility 5 it is not readily transported in soil run-off to watersbodies.
S-3

Exposure and Hazard
Estimated occupational and environmental exposures to simazlne
from normal use are below those levels that would be expected to have
acute or chronic toxic effects or reproductive effects. There should
be no significant potential for adverse reproductive, mutagenic, or
carcinogenic effects to Individuals from USDA Forest Service use of
simazine if proper care is taken during application«
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1.0

General Information

1.1

Normal Use Patterns

Slmazine (also known by the trade names'^ Princep® and Aquazine®
in the United States and Princep®, GesatopW Prlmatol S^i Simane^,
Simazol®and Framed® abroad) is a herbicide used for selective control
of annual and perennial grasses and broadleaved weeds. It is
effective in controlling aquatic plants and as an algicide in farm
^nds, swimming ^ols, and water cooling towers (Meister Publishing
Company 1981 and Weed Science Society of America 1983). The
s-triazinee, which include both simazine and atrazine, affect many
biochemical processes in plants including photosynthesis, plant^
growth regulation, nitrogen metabolism, and nucleic acid metabolism.
Simazine is absorbed primarily through the roots and is translocated
upward in the plant stem through the xylem to accumulate in sites of
new growth in both stems and leaves (Esser et al* 1975).
Simazine has a large number of herbicidal and algicldal uses.
It is registered for use as a weed control agent for a variety of
broadleaf and grass weeds among crops such as berries (blueberries,
caneberries, blackberries, toysenberries, loganberries, raspberries,
cranberries), grapefruit, and oranges (U.S. Department of Energy
1983). In noncrop areas, simazine is used for nonselective weed
control in industrial sites, along railroad and highway
rights-of-way, and in noncrop farm areas such as nurseries, shelter
belts, and Christmas tree plantations (Geigy Chemical Corporation
1970, sample label quoted in U.S. Department of Energy 1983). As a
result of its low toxicity to many aquatic organisms, especially
fish, and its relative noncorrosiveness, simazine is used as an
aquatic weed and algae control agent in recirculating water
applications such as large aquaria, swimming pools, fountains, and
water cooling towers (Weed Science Society of America 1983).
Simazine is used in forestry for site preparation, conifer
release, timber management, nursery transplant applications, noxious
weed control, wildlife habitat management, and ditchbank vegetation
control (Ghassemi et al. 1981 and Gross 1983). Application rates
ranged from 2 to 12 lbs. acid equivalent per acre for 18 USDA Forest
Service projects in which simazine was used during 1982 (Gross
1983). Simazine is usually applied at a rate per acre of 3 to 4 lbs
of 80 percent a«i. in 10 gallons of water for site preparation and
conifer release (Ghassemi et al. 1981). For nursery applications,

*Trade names are used only to provide information and do not imply
product endorsement.
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1.6 to 3.8 lbs of 80 percent a.i• in 10 to 25 gallons of water are
generally applied. Statistics on the use of simazine by the USDA
Forest Service are presented in Table 1^1,
Simazine is manufactured and mrketed in the United States by
the CibarGelgy Corporation under the trade mmes Princep® and
Aquazine® and is available as a wettable powder, as granules, and in
liquid suspension form. Abroad, simazine is manufactured and/or
marketed under a variety of trade names by several companies
including Ciba-Geigy Corporation. Simazine is also variously
tank-mixed with atrazine for weed control in corni with paraquat for
use in nut ^d fruit tree orchards, com, and grapesi and with
amitrole for use around ornamental and Christmas tree platings
(Meister Publishing Comply 1981 and Weed Science Society of America
1983). Table 1-2 lists the major formulations of simazine ^rketed
in the United States.
Simazine is effectively applied in late winter, early spring, or
early fall, depending upon regional weather patterns. Effective use
of simazine requires enough precipitation to permit the mterial to
be leached to plant root zones (Witt and Baumgartner 1979 in Ghassemi
et al. 1981), In aquatic applications such as recreational and farm
ponds, simazine c^ be applied from the shore or from several points
in the pond from which the chemical is readily dispersed by natural
water movement (Weed Science Society of America 1983).
1^2

^ygical and Chemical Properties

The active ingredient of simazine ^d its formulations is
2-chloro-4,6-bis(ethylamino)«s-triaEine, with the following
structural formula (Esser et al. 1975)î

NH-C2H5
Simazine has a molecular formula of C7H12CIN5 and a molecular
weight of 201.7. Pure simazine is a ^ite crystalline solid with a
melting point of 437 to 441°F (225 to 227^C). Simazine is not very
soluble in water (3.5 ppm by weight at 68"F [20°C] and 84 ppm by
weight at 185^F [85^C]). In chloroform and methanol at 68"F (20°C),
simazine solubility is 900 and 400 ppm by weight, respectively, but'
in other organic solvents such as n-pentane and petroleum ether,
S-6

Table 1-1
USDA Forest Service Simazine Use

Active Ingredient Per Acre (lbs)
Purpose

Range

Average

Acres
Treated

Formulation

Application
Method

1981

Ground
Aquatic weed control
General weed control
Right-of-way
Site preparation

1.6
1.2 - 3.0
4.0 - 12.3
5.2

1.6
2.0
12.1
5.2

180
51
451
48

:

-1982

Ground (18 Projects)

Source:
m
I

Gross 1982 and 1983.

2.0 - 12.0

5.0

3329

Broadcast
Broadcast
Broadcast
Spot

Liquid
Liquid
Liquid
Liquid
__

Granular

Ground Foliar

Table l»-2
Simagine Formulations

Formulation*

®

Princep'

Âquazine,®

Active Ingredients

Comments

Foraulator

Slmazlae (2-0^1010-4,6-^15
[ethylamino]-s-triazlne)
in various concentratioris

There are various
formulations of
BrlÄcep and Aquazlne
that differ primarily
iû terms of ^rcent
active ingredient and
type of formulation.
Specific formulation
names include numbers
and letters which
designate ^rcent
active Ingredient
(simazine) and type of
formulationj respectively. Types of
formulations ares

Ciba-Oeigy
Corporation

Simazine (2-Chloro-4^6-bis
[ethylamiûo]-s-tria2iûe)
in various concentrations

W ^ wettable powder,
G « granular, and
L * liquid.
Thus, Princep®80W
is a formulation of
80 percent active
ingredient simazine
to a wettable powder.

Ciba-Gelgy
Corporation

Simazine formulations with other herbicides are not included«
SourceÎ
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Gosselln et al, 1976#

solubility of simazine is less than in water at comparable
temperatures (Esser et al. 1975 and Weed Science Society of America
1983),
Simazine is degraded by nonbiological mechanisms• Jordan et al,
(1970) reviewed the processes by which simazine and other s-triazines
are degraded. These processes include photodecomposition, volatilization, hydroxylation, and dealkylation. Laboratory studies have shown
that exposure to both ultraviolet and infrared light results in loss
of herbicidal activity in simazine as a result of photodecomposition.
Howeverj in field studies, loss of simazine activity due to photodecomposition has not been adequately demonstrated^ Simazine has a
low vapor pressure, ranging from 9.2 x 10""10 mmHg at 50°F (10^*0 to
9.0 X 10"7 mmHg at 122^F (50''C) (data furnished by Geigy Chemical
Corporation in Jordan et al. 1970). At ambient temperatures, only
small amounts of simazine vaporize* Simazine is readily hydrolyzed
by a nonbiological reaction to form a nonphytotoxic metabolite,
hydroxysimazine^ Finally, there is evidence that dealkylation by
nonbiological free radical reactions in soil environments act to
degrade simazine#
The physical and chemical properties of simazine have had a
profound influence on the nature of simazine formulations.
Specifically, liquid formulations with high concentrations of
simazine in water are precluded by the low solubility of simazine.
Consequently, wettable powders which also permit ease of transport,
measurement, and application have been developed. These powders, in
commercial form, contain as much as 80 percent simazine, or mixtures
of simazine and other s-triazines (such as atrazine). In addition to
simazine, such powders contain wetting agents, dispersing agents, and
inert chalk or clay to make up the bulk of the formulation. Granular
formulations of simazine permit application without the added bulk and
weight of water, and are particularly useful in large-scale ground
and aerial applications. Recent development has shown that simazine
can be formulated as a fine suspension concentrated in water or oil.
These liquid formulations have the advantage of being flowable and
readily measured by volumetric means (Esser et al. 1975).
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2.0

Toxlclty of Slmazlne

The toxicological properties of simazlne^ summarized in
Table 2-1^ show that this herbicide is generally nontoxic or only
slightly toxic to a variety of organisms^ although a few studies
found toxic effectst Its relatively low toxicity to animal species,
coupled with a high degree of phytotoxicity, makes slmazine a
potentially effective herbicide for a variety of applications.
However, the low solubility of simazine in water and its toxic
effects on nontarget plant species require special techniques in
formulation to maintain suitably high effective concentrations for
herbicidal use. Special care is also required during application to
avoid injury or mortality of nontarget plant species.
2.1

Invertebrates and Microorganisms

Simazine toxicity has been determined in a wide variety of
invertebrate species (mostly arthropods) and microorganisms from
freshwater, terrestrial, and marine ecosystems« Clark et al. (1970)
have proposed that chemical substances with LC30's greater than
10 ppm in aquatic organisms be considered "slightly toxic,"
substances with LC5o's between 1 and 10 ppm be considered "toxic,"
and substances with LC5o's less than 1 ppm be considered "highly
toxic/' Major findings of the various studies involved are summarized
in Appendix A and indicate that, in many of the organisms studied,
toxic effects were seen only at concentrations greater than 10.0 ppm,
indicating slight toxicity of simazine. In some studies, toxic
effects were observed at 1.0 to 10.0 ppm concentrations (toxic levels)
and in a very few studies, effects were observed at concentrations less than 1.0 ppm, indicating that simazine was highly toxic in
these rare instances. Most of the studies where simazine was shown
to have highly toxic effects on aquatic organisms were conducted in
field situations. Because of the strong toxic effect of simazine on
aquatic plants, the toxic effects observed on aquatic animal species
may have been due to oxygen depletion following death of algae and
aquatic plants, rather than to direct toxic effects on the species
tested.
In evaluating toxicity of simazine to aquatic organisms in
natural environments, the maximum solubility of simazine, which is
approximately 5.0 ppm at environmental temperatures, should be taken
into consideration^ Any aquatic toxicity values that are higher than
this maximum solubility of 5.0 ppm are a measure of both dissolved
and undissolved simazine (Mauck 1974). Most toxicity studies with
aquatic organisms, Including both fish and invertebrates, indicate
that the toxicity of simazine is greater than 5.0 ppm, although the
actual concentration of dissolved simazine in water should never
exceed 5*0 ppm at temperatures in the range of survival (usually less
than 100®F) for aquatic animals« Laboratory toxicity studies have
often required the use of suspensions of simazine, such as in the
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Table 2-1
Sum^ry of Toxlcological Properties of Simazine^

1.

Acute Oral Toxiclty
Exposure

Orgaaism (Foraulat^n)^_

Adverse Effects

Rat (Si^ziue)

Ingestion of a single dose

LD5Û >5,000 mg/kg

Mouse (Simazine)

lugestloa of a single dose

LD50 >5,000 mg/kg

Eabblt (Slmazine)

lügestion of a single dose

L%o >5^000 mg/kg

Frairie vole
(Slmazine)

Ingesti^ of a siagle dose

LDjQ « J,920 mg/kg in male
aod 3,980 mg/kg in females

Gray-tailed vole
(Slmaziûe)

lûgestion of a single dose

LD5Q » 2,010 mg/kg in males
and 2,690 mg/kg la females

Fish (various)

Surface absorption

LDjQ generally >10 ppm

Chickens (Simazlneg
80% wettable powder)

Ingestion of a single dose

LD5o>5|000 mg/kg (no
^rtality observed)

Pigeons (Simazine,
80% wettable powder)

Ingestion of a single dose

LD50 >5,000 mg/kg (no
^rtality observed)

2.

Subchroaic Oral Toxlcity

Organism (Foraulation)
Cattle (Slmazine
80% wettable powder)
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Dose and
Length and Tregtaept

Adverse Effects

10 mg/kg/day for 10 days

None

low doses 20 to 50 og/kg/day
over several (6 to 10) days

5 to 21 percent weight loss

100 mg/kg/day for 7 ^ys

Animals moribuad and sacrified. Congested luags and
kidneysj swollen and friable
liver

500 ag/kg/day for 3 days

U ^rcent weight loss

Table 2-1 (Continued)

2.

Subchronic Oral Toxiclty (Concluded)

Organism (Formulation)
Sheep (Simagiae,
80% wettable powder)

3«

Rabbit (Simazine)

Rabbit (Simazine)

None

50 mg/kg/day for 31 days

Death with 18% weight loss

50 mg/kg/day for 10 days

18% weight loss

100 mg/kg for 10-14 days

Death

250 mg/kg/day for 3 days

9% weight loss

250 mg/kg/day for 10 days

Death

400 mg/kg/day for 9 days

Death

Exposure
One dose applied to skin

Adverse Effects
LD50 >10,000 mg/kg

Exposure
Repeated application to
skin for 21 days

Adverse Effects
LD50 * 2,000 mg/kg. No substantial skin Irritation.

Eye Irritation

Organism (Formulation)
Rabbit (Simâzine)

6.

25 mg/kg/day for 10 days

Dermal Irritation

Organism (Formulation)

5,

Adverse Effects

Acute Dermal Toxiclty

Organism (Formulation)

4.

Dose ^d
Length and Treatment

Exposure
71 mg/kg applied to eye

Adverse Effects
Transient conjunctivitis^ no
irritation to iris or cornea.

Inhalation Toxlcity

Organism (Formulation)
Rat (Simazine SOW,
80% wettable powder)

Exposure
One hour exposure to dust
aerosol concentrations of
1.8 to 4.9 ppm

Adverse Effects
None
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Table 2-1 (Continued)
7.

Chronic Toxiclty

Organise (Formulation)
Eat (Simazlne)

8.

EgpOBU^e
2-year feeding studye
Conceûtrations up to
100 ppm in diet

None

Reproductive and Teratogenic Effects

OrganisiB (Formulation)
Eat (Simazine)

9.

Adverse Effects

Exposure
I^alation for 1 to 3 hours
on days 7 through 14 of
gestation. Concemtrations
ranged from 17 to 317 ng/m^

Adverse Effects
None

Carciûogenlcity

Organism (Fomulatiop)

Exposure

Adverse Effects

Mouse (Fogard S®,
37.5% Simazine
and 25%
Atrazine)

Total of 0.0065 mg given
subcutaneousty over
approximately 7 weeks.

Increased incidence of
aalignaat lymphomas.

Mouse (Simazine)

Maximum tolerated doses
givenÎ 215 mg/kg from
days 7-28 and 603 ppm
diet for 18 months.

Noncarciñogenic

10.

Mutageniclty

Qrg^anism

Formulation

Salmonella typhImurlum

Simazine

Strains, TAIOO, TA1535, TA1537,
TA1538 tested with and without
metabolic activation
Ex typhlmurlum
Strains TA98, TAIOO, TA1535,
TA1537, TA1538 tested with mû
without metabolic activation
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Nomnutagenlc

Prince p^0

Nonmutagenic

Table 2^1 (Coacluded)

10,

Mutagenlcity (Concluded)

Organism

Formulation

Adverse Effects

S. typhlmurium

Princep® ■
Atrazlne

Nonmuta genie

Escherichia coli

Slmazine

Nonmutagenic

Bacillus subtilis

Sima^lne

Nonfflutagenic

Saccharomsfces cerevisiae

Simazine

NoBmutagenic

DrosopMla ^lanogagter

Slmazine

Weakly iwtagenie

D, melanogaster

Princep® 80W

Increase in
dominant
lethals

Serrâtla marcescens

Simazine

Nonmutagenic

WI 38 cells

Slmazine

No DNA damage
i.e., no unscheduled DNA
synthesis

Strains TÂ98, TAIOO, TA1535,
TA1537, TA1538, tested with aad
without metabolic activation

^Toxicology data are extracted from Appendices A through E.
references can be found in the appropriate Appendix.

Source
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form of wettable powders. In field situations, it is highly unlikely
that such suspensions of high concentrations of simagine in water
would persist for any appreciable length of time following nornal
application*
For the most part, toxicity studies with invertebrates and
microorganisms have been conducted in controlled laboratory
environments. As a consequence of the laboratory environment and the
experimental designs employed^ the results of such studies do not
necessarily present a true reflection of the potential toxic effects
of simazine in a natural environments For example, in the laboratory,
aquatic organisms were generally kept up to 4 days or more in static
conditions (in tanks or in aquaria without a flow-through replenish^
ment of freshwater and/or herbicide)^ Microorganisms were generally
gro^ in culture media containing various concentrations of simazine*
In contrast, in natural aquatic and nonsoil terrestrial environments,
exposure to simazine or to other man-made chemicals is usually a
transient phenomenon depending on streamflow, chemical dissipation,
and decomposition. Additionally^ in natural systems, interactions
with other man-made or naturally occurring chemicals^ as well as
changes in environmental factors such as temperature and moisture,
all potentially affect herbicide assimilation and metabolism by
invertebrates and microorganisms and thus alter their tolerance
levels•
Insect studies with simazine summarized in Appendix A report
simazine effects ranging from LC^Q'S of 1,9 ppm (Johnson and Finley
1980) to 50 ppm (U.S, Department of the Interior 1968 in Plmentel
1971). Both extremes were for stoneflies. Other studies of groups
of insects or groupings of various soil arthropods found population
reductions of 50 percent or more with simazine applications as low as
0.5 ppm (Walker 1962 and Plmentel 1971) and as high as 28 ppm (Walker
1964 in Plmentel 1971 and in Mauck 1974). In terms of nonlathal
effects, emergence of midge larvae was temporarily delayed at
concentrations of 0.66 and 2^2 ppm (studies reported in Ghassemi et
al. 1981) and soil arthropod populations were reduced when simazine
was applied to field plots, twice each year, at a rate of 1.5 lb/acre
(1.68 kg/ha) (Edwards and Stafford 1979). Although specific data are
not provided, several sources claim that simazine is not harmful to
honeybees (Glmssemi et al. 1981 and Weed Science Society of America
1983).
N^erous studies have shoim a wide range of toxicity values for
simazine in freshwater and nmrine crustaceans, ranging from 50 percent
mortality in freshwater Zooplankton exposed to 1*0 ppm simazine for
24 hours (George et al. 1982) to no observable effects at 1,000 ppm
for the mud crab (U.S. Environmental Protection Agency registration
data reported by Glmssemi et al. 1981), Within this range of toxicity
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valuess simazine generally had LCSQ'S or no observable effect levels
(NOEL's) in excess of 10 ppm in most studies^ indicating that simazine
is only slightly toxic to crustaceans. Indeed^ in some organisms
studied5 such as sowbugs, glass shrimpy and crayfish, LC5o's were
found to be in excess of 100 ppm (Sanders 1970, Johnson and Finley
1980),
Some nonlethal effects of simazine were observed in crustácea
at relatively low doses. Fitzmayer et al. (1982) found interference
with molting and reduced maturation in cladocerans (Daphnia sp.) at
4 mg and 20 ppm simazine (Aquazine®). They also found that reproductive maturation was delayed and both numbers of live young and
numbers of broods were reduced at 4 ppm. Reproductive maturation was
totally inhibited at 20 ppm. At 0.25 to 3.0 ppm simazine with
Daphnia^ however^ Meyer and Sanders (1977 in Ghassemi et al. 1981)
observed no effects on reproduction.
In invertebrates other than arthropods (i.e« in snails^ oysters^
and worms)5 the few studies with simazine generally indicate.toxic
effects at relatively low concentrations, particularly in field
studies« Harmon (1978 in Buikema 1981) observed a decline in snail
populations in a lake with initial simazine concentrations of
0.5 ppm. In a laboratory tests however, the same snail species
tolerated a simazine concentration of 5.0 ppm for 96 hours, leading
Harmon (1978 in Bukemia 1981) to conclude that mortality observed in
the field populations may have been due to a Synergistic effect
between herbicide effects and death of algae in the lake. In
oystersj no inhibition of shell growth was reported at a simazine
concentration of 1.0 ppm (U.S. EnviroMiental Protection Agency
registration data reported in Ghassemi et al. 1981), Ghassemi et al.
(1981) also,reported a study in which populations of terrestrial
worms (round worms and segmented earthworms) and mites were inhibited
in some habitats^ and showed increases in other habitats, when
simazine was applied at rates equivalent to 4.5 and 6.7 lb/acre (5.0
and 7.5 kg/ha). DeVries (1962 in Pimentel 1971) exposed worms in
potted soil to simazine at doses equivalent to application rates of 3
and 12 lb/acre (3.4 and 13.4 kg/ha) for 32 days and found no
mortality in one species (Helodrilus, sp.) and only 1 of 8 earthworms
(Lumbrlcus, sp.) dead at each dose. Walker (1962 and 1964 in
Pimentel 1971) reported a population reduction of 50 percent or more
in aquatic worms^ leeches, and snails after simazine applications of
0.5 to 10.0 ppm, and a 50 percemt population reduction in aquatic
worms after 96 hours exposure to 28 ppm simazine. Rao and Dad (1979)
found a reduction in the rate o£ asexual budding in colonial
freshwater bryozoans exposed to simazine at 0.01 to 1.5 ppm
concentration.
A variety of studies have examined the effects of simazine on
soil microorganisms and fungi in the field, in culture media, and in
potted soil. Applications of simazine at rates up to 3.6 lb/acre
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(4 kg/ha) (Bopaiah aM Ral 1979) and at concentrations up to 10.0 ppm
(Navyar et al. 1970 in Ghasseml et al. 1981) usually resulted in
either no effect or in stimulation of growth in soil microorganism
populations. The activity of the enzyme urease, however, was
inhibited when soil microorganisms were exposed to simazine at a
concentration equivalent to an application rate of 8*9 lb/acre
(10 kg/ha) (Manorik and Mallche^o 1969 in Grossbard and Davies
1976). Furthermore, nitrification was inhibited at concentrations of
6 ppm (quoted by Audus 1970 in Grossbard and Davies 1976). On the
other hand, Itoufman et al. (1965) found that the fungus Asperglllus
fumigatus was capable of metabolizing the carbon in simazine when
exposed at simazine concentrations of 5 ppm in culture medium.
2.2

Fish

The toxic effects of simazine and its formulations on fish have
been reported in numerous studies, which are sumi^rized in Appendix B.
In general, simazine is only slightly toxic to fish, Toxicitles
range from a 96-hour LC5g of 0.25 ppm in striped bass (Wellborn 1969
in McCann and Hitch 1980), in a study that McCann and Hitch (1980)
were unable to reproduce, to a 96-hour LCJQ greater than 1,000 ppm
for both bluegill and channel catfish, reported by Ghassemi et al.
(1981) from U.S. Enviroimental Protection Agency registration data.
Table 2^2 indicates the extreme median lethal ccDncentrations of
simazine as reported for four selected fish species and indicates a
wide variability in values for each of the species listed. As
indicated in Appendix B, however, most studies of simazine toxlcity
to fish report LC5Q*S greater than 10 ppm, indicating slight toxlcity
of simazine to fish» M^y of these studies report LC50*8 in excess
of 100 ppm, which, when viewed in context of the solubility of
simazine in water at normal environmental temperatures (5 ppm),
indicates that normal applications of simazine should have little or
no adverse effect on fish populations (although few NOMi's for fish
are available)^
Although most fish are relatively resistant to simazine
concentrations up to 10 ppm^ several studies have reported various
sublethal effects of simazine*

Dodson and îteyfleld (1979) exposed

rainbow trout to technical grade simazine and Tween 80®^, a wetting
agent, and found ttet the fish exhibited a decreased swimming speed
and a decreased swimming response to currents at simazine concentrations of 1.0 to 12.5 ppm after 24 hours exposure» However, these
authors found that when trout were exposed to Princep® 80W at these
same concentrations but without the Tween 80®, there was no impairment
of swimming speed or response to currents, indicating that the toxic
behavioral effect was probably a result of exposure to the Tween 80®
wetting agent rather than to the simazine. Pish ponds, stocked with
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Table 2-2
Extreme Median Lethal Concentrations, of Simazine
for Selected Fish Species

Observed Median Lethal Concentrations (LCc^)
Fish Species

^
"^

Lowest

Highest

References^

Striped bass

0.25 ppm (96-hoiir)^

>180' ppm (96-hotir)

Wellborn 1969 in
McCann and Hitch 1980;
McCann and Hitch 1980

Rainbow trout

2.8 ppm (96-hoiir)

NOEL at 200' ppm,
(24-hoiir)

Ciba^Geigy test data
in Manck 1974; Dodson
and Mayfield 1979

Bluegill

11,6 ppm (96-hoiir)

>1,000 ppm (96-hoiir)

Cope 1965 in Mauck 1974;
U.S., Environmental
Protection Agency
registration data cited
by Ghassemi et al* 1981

Channel catfish

65.0' ppm (9'6-hoiir) " ' ', >1,000 ppm (96-hoiuir)

Bathe et ,al. ' 1974;, U.S.
'Environmental Protection
A.gency registr,ation data
cited by Ghassemi et al.
1981

^'050 of 0.25 ppm for striped bass reported by Wellborn (1969) but could not be
repeated by McCann (1980).
"First reference is the source for the lowest LC50» second reference is the source for
the highest LC5Q^

Channel catfish after treating the pond bottoms with 12 lbs.
kquazinSa.iJacTB (13.4 kg/ha) one day prior to filling with water,
yielded 19 percent less fish biomass than controls after six months
(Tucker and Boyd 1978). A single application of Aquazine®,
to give a concentration of 1,5 ppm in fertilized bluegill ponds,
resulted in an 11 percent reduction in yield after 128 days (Tucker
and Boyd 1978). Rao and Dad (1979) reported an increase in the rate
of opercular beating (beating of the gill covers) in three species of
Indian teleost fishes with increasing concentrations (not specified)
of simazine during a 96-hour static bioassay. Dad and Tripathi
(1980) reported general responses of fish to toxic stress from
simazine including loss of equilibrium, increased mucus secretion^
increased rate of excretion, and loss of pigment at higher toxic
concentrations (not specified).
2,3

Birjs

Dietary studies and egg injection bioassays with simazine
are summarized in Appendix C and indicate that simazine has a low
toxlcity to birds as tested. Adverse effects ranged from reduced
weight gain in chickens dosed at 50 mg/kg for 10 days by capsule
(Palmer and Radeleff 1969) to an LCJQ of 51,200 ppm in a dietary
study reported by Clba-Geigy Chemical Corporation (1970 in Mauck
1974).
In general, dietary studies Indicated a low toxicity of simazine
to bird species. Five-day feeding studies resulted in an
LC50 >5,00Ü ppm for bobwhite, ring-necked pheasant, and mallards and
an LC5Q >3,72ü ppm for Japanese quail fed 99.1 percent technical
simazine (Hill et al. 1975). Data provided by Ciba-Geigy Chemical
Corporation (1970 in Mauck 1974) are generally in agreement with Hill
et al. (1975), with the exception of a higher LC50 of 51,200 ppm for
mallards in the Ciba-Geigy data. Palmer and Radeleff (1969) found
that lO^day ingestion of 50 mg/kg body weight resulted in a decrease
in weight gain in dosed chickens compared to controls.
In a reproductive study with chickens, Fink (1975 in Ghassemi et
al. 1981) found that dietary levels of 2.0 and 20.0 ppm, both before
and during normal egg production cycles, did not affect reproductive
function. In egg injection studies, Dunachle and Fletcher (1970)
reported a decreased proportion of hatching compared to controls
(94 percent of controls) at doses giving a concentration of 300 ppm
in the egg. No effects in terms of hatchability were noted at 200,
100, or 10 ppm simazine in the eggs,
2^4

Mammals

The potential health hazards from exposure to simazine have been
evaluated in laboratory animals such as mice, rats, rabbits, and dogs
as well as in domesticated animals such as sheep and cattle. Studies
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in wildlife animals have been restricted to microtine rodents (voles).
Simazine generally has low toxlcity for these speciesi the acute
toxicity following ingestion is greater than 2^000 mg/kg in voles and
greater than 5^000 mg/kg in the other species. The results of the
various toxicity tests are describe d below and are summarized in
Table 2-1 and Appendix D and E.
2.4.1

Acute Toxicity

Acute toxicity data have been reported for acute oral, dermal,
eye irritation^ and inhalation studies.
2»4*1,1 Oral* The acute oral toxicity of simazlne to mammals is
very low. Following ingestion of a single dose of simazlne^ the LD5Q
for rats, mice, and rabbits was found to be greater than 5^000 mg/kg
(U.S. Department of Agriculture 1981), The acute oral LD5Q was found
to vary from approximately 2,000 mg/kg in gray--tailed voles to over
3,900 mg/kg in prairie voles^ These toxicity values in experimental
laboratory animals place simazine into toxicity category IV,
warranting handling with caution, according to U.S. Environmental
Protection Agency toxicology guidelines (see Table 2-1 in the General
Introduction to the Herbicide Background Statements)•
2.4.1.2 Dermal. When applied to the skin of rabbits, the dermal
LD5Q for simazine was reported to be greater than 10,000 mg/kg. These
results indicate apparent lack of absorption of the material through
intact skin or absence of toxicity and show that simazine poses no
real hazard from dermal contact.
2.4.1.3 Primary Eye Irritation. When applied to the eye of
rabbits, simazine produced only a transient inflammation of the
conjunctiva but no irritation to the iris or cornea (U.S. Department
of Agriculture 1981).
2t4.1.4 Inhalation. In an inhalation study, rats were exposed
for one hour to dust aerosols of Simazine 80W in concentrations
ranging from 1.8 to 4.9 ppm of atmosphere. No deaths or signs of
other toxicological or pharmaceutical effects were reported (Weed
Science Society of America 1983).
2.4.2 Subchronic Toxicity
Subchronic toxicity data have been reported for oral and dermal
studies,
2.4.2.1 Oral. Results of subchronic oral toxicity tests of
simazine in cattle and sheep have been reported by Palmer and Radeleff
(1969). In these studies, poisoning was considered to have occurred
when any sign of abnormal function or behavior was observed. These
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signs ranged from loss of appetite, depression, muscular spasms,
dyspnea, weakness, uncoordinated gait, and moribundity or death.
â weight loss of 5 percent or more was considered significant.
Cattle treated with simazine at the rate of 10 mg (a.i.)/kg body
weight showed no ill effects following 10 daily doses by drench.
Sheep similarly treated with 25 mg (a.lO/kg per day for 10 days
showed no ill effects.
Higher doses produced various signs of toxicity in both cattle
and sheep. Cattle treated with simazine at exposures ranging from
20 mg/kg per day for 6 doses to 50 mg/kg per day for 10 doses showed
signs of poisoning, and weight loss ranged from 5 to 21 percent
depending upon the dosing schedule. Cattle treated with 7 doses of
100 mg/kg day became moribund and were sacrificed» Necropsy showed
congestion of lungs and kidneys, swollen, friable livers, and small
hemorrhagic spots on the surface of the lining of the heart. Cattle,
administered 250 mg simazine per kg body weight for 3 days, showed
signs of intoxication but survived with an 11 percent weight loss.
Sheep treated with 30 mg simazine/kg body weight for 10 days
showed signs of intoxication but survived with an 8 percent weight
loss« Sheep dosed with 100 mg simazine/kg died after 14 doses by
drench or 10 doses by capsule. The latter showed a 13 percent weight
loss. Sheep treated with 250 mg/kg showed signs of poisoning after
one dose but survived with 9 percent weight loss. However^ animals
given 250 mg/kg per day for 10 doses by capsule or 400 mg/kg for
9 doses by drench were poisoned and died,
2,4.2.2 Dermal Irritation« In a 21^day study in which simazine
was applied to the skin of albino rabbits, the dermal LD^Q was
2,000 mg/kg (U.S. Department of Agriculture 1981), No signs of skin
irritation were reported when 200 mg/kg were applied.
2.4.3

Chronlc Toxic11y

In a two^-year chronic oral feeding study, rats of both sexes
were given diets containing Simazine 50W in concentrations as high as
100 ppm. No gross or microscopic signs of toxicity were reported
(U.S» Department of Agriculture 1981 and Weed Science Society of
.Perica 1983).
2*4.4

Reproductive and Teratogenic Effects

The evaluation of the reproductive and teratogenic effects of
slmaisine are limited to a study in which simazine was administered by
inhalation (Newell and Dilley 1978). In this study, pregnant rats
were exposed to concentrations of 17, 77, and 317 mg simazine per m^
atmosphere* The animals were exposed for 1 to 3 hours on days
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7 through 14 of gestation. No treatment related teratogenic effects
were observed« No other studies on the reproductive effects of
simazine have been reported in the open literature.
2,4.5

Carclnogenicity

Except for a single report on the carcinogenic potential of simazine alone (Innes et al. 1969) and the formulation Fogard S®
(37.5 percent simazine and 25 percent atrazine) (Donna et al. 1981)5
information regarding the carcinogenic potential of simazine is not
available. In a long-term bioassay, simazine was administered to
male and female mice of two hybrid strains [(C57BL/6 x C3H/Anf)Fi and
(C57BL/6 X AKR)Fi] for 18 months. In this study, mice were given the
maximum tolerated dose of simazine. From days 7^28 of age, mice were
treated by stomach tube with 215 mg/kg« Simazine was then mixed in
the diet at 603 ppm for the remainder of the experiment. Gross
necropsy and histological examination revealed no significant
increase in tumor induction related to treatment with simazine.
In the preliminary study of Donna et al. (1981)^ a group of 25
mice were administered 13 subcutaneous injections of Fogard S®at
3-day intervals for a total of 0.0065 mg active ingredient. The
individual doses were equivalent to 0*2 mg a,i./kg/body weight or
0.12 mg simazine/kg body weight. A second group of 25 mice were
treated similarly but by the intraperitoneal route. The animals
were observed for 7 months, at the end of which time survivors were
sacrificed and examined histologically. Of the animals which were
treated subcutaneously with Fogard S® and died during the study, 3 of
24 died with malignant lymphomas (cancer of the lymphatic system) and
one animal had a peritoneal mesothelioma (a tumor arising from the
cells of membranes lining the abdominal cavity). In the group
treated intraperitoneally with Fogard S®, five animals were lost to
cannibalism. In the remaining survivors, two spontaneous deaths were
atributable to malignant lymphomas. No tumors were found in 100
saline treated control animals. This limited preliminary study
appears to Indicate that Fogard S®has the potential to induce
malignant tumors in mice. The role of simazine alone in this study
is not known. In view of the small number of animals and short
observation period the results are questionable. Moreover, the
chronic long=-term study by Innes et al. (1969), in which mice were
treated for about 18 months with simazine at a dietary level of
803 ppm (equivalent to approximately 90 mg/kg/body weight) without
any significant increases in tumor incidences, indicates that
simazine lacks any carcinogenic potential.
2.5

Mutagenicity

Simazine has been evaluated in a variety of microbial
mutagenicity test systems which have given negative results.

These
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include systems employing Salmonella typhimurlum (Simmon 1978;
Eisenbeis et al, 1981; Commoner 1976), Escherichia coll (Simmon 1978Fahrig 1974), Bacillus subtllls (Simmon 1978), Serratla marcescens
(Fahrig 1974), and Saccharomyces cerevisiae (Simmon 1978).
Slmazine did Induce DNA damage^ indicated by the ability to
induce unscheduled DNA synthesis in human WI 38 embryonic lung cells
(Simmon 1978).
The only evidence for possible mutagenicity of simazine comes
from results with the fruit fly^ Drosophlla melanogaster, Valencia
(1981) reported that simazine was weakly mutagenic in this species.
Male flies were exposed by feeding concentrations of 3, 5 and
2,000 ppm simazine in the food. An increase in the frequency of
lethal mutations was observed in the sex-linked recessive lethal test,
Murnik and Nash (1977) reported on assays for dominant lethal
mutations I sex-linked recessive lethal mutations; and chromosomal
breakage^ nondisjunctions and loss performed on D, melanogaster males
treated by injection or by larval feeding of simazine^ atrazine, or
cyanazine. All of the herbicides significantly increased the rate of
apparent dominant lethals^ which the authors thought was due to
physiologic toxicity to sperm* Simazine elevated X-linked lethals
when injected, but not when larvae were fed simazine in the diet.
None of the herbicides significantly increased other chromosomal
aberrations such as the partial loss of the Y chromosome or sex
chromosome nondisjunction.
It appears from the available data summarized here that simazine
is probably only weakly mutagenic*
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3.0

Bavlromaental Fate

Simazine is an effective herbicide for a variety of annual and
perennial grass species and for shallow-rooted broadleaf plantst
Simazine tends to be toxic to nontarget plant species but, due to its
low mobility in soil^ it is not readily leached into deeper soil
zonesj and therefore is not as effective in killing deep-rooted
plants (Ghassemi et al, 1981), It is moderately persistent in soil,
giving full season control (Ashton 1982), is moderately persistent in
water (Ghassemi et al. 1981), and has a relatively low toxicity to
most animal species. It is absorbed primarily by plant roots, from
which it is readily translocated to all of the above-^ground parts of
the plant with some accumulation at the margins of leaves (Esser et
al. 1975)* Simazine is readily metabolized in plants by a variety of
different metabolic pathways• Simazine is rapidly metabolized and
does not bioaccumulate in animals (Witt and Baumgartner 1979 in
Ghassemi et al. 1981).
3.1

Bioaccumulation and Metabolism

Bioaccumulation and metabolism of simazine in both animals and
plants have been extensively reviewed by Esser et al. (1975). Plant
metabolism of simazine is also reviewed by Ghassemi et al. (1981)
and by Ebert and Dumford (1976)* A number of studies, reviewed in
Section 3.1.2, examine the bioaccumulation and metabolism of simazine
in animals. A detailed review by Mauck (1974) draws to some extent
on data provided by the Ciba-Geigy Chemical Corporation, which were
not available to this study as a primary source.
3.1.1

Plants

The major pathway for uptake of simazine is through the roots,
with both susceptible and resistant plants readily absorbing the
compound. Simazine applied to plant foliage does not penetrate
readily, although the addition of an adjuvant, such as mineral oil,
tends to increase the rate of foliar penetration. Studies with
radiolabeled simazine have shown that once the herbicide is absorbed
into the plant roots, it is rapidly translocated by the xylem into
the above-ground portions of the plant. It is then distributed
throughout the plant, with some tendency for accumulation in the leaf
margins. The rates of uptake and translocation appear to be
increased by factors such as higher temperature and lower relative
humidity, which tend to increase the rate of transpiration and fluid
movement within the plant* The increased movement of water thus
facilitates movement of simazine into, and through, the plant (Esser
et al. 1975).
Phytotoxicity of herbicides is generally due to inhibition of,
or interference with, one or more plant biochemical pathways.
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Simazine acts on a variety of biochemical processes in plants,
including photosynthesis, plant growth regulation, nitrogen
metabolism, and nucleic acid metabolism (Esser et al. 1975).
Simazine interference with photosynthesis involves inhibition of
the Hill reaction, the reaction in which oxygen is evolved from water
in the presence of chloroplasts« The impairment of photosynthesis
has several indirect effects, such as closing of stomata (openings in
the leaves through which gases pass) as a result of increased carbon
dioxide. The closed stomata in turn lead to a decreased rate of
transpiration and consequent reduction in water uptake by the roots.
Although the exact biochemical events Involved are unclear,
simazine, as well as other triazines, appears to act on metabolism of
plant hormones, particularly plant growth regulation hormones. This
conclusion results from studies in which triazines (including
simazine), when applied at low rates, resulted in more vigorous and
healthy plants than controls, yet at higher rates of application,
resulted in growth inhibition. The enhancement and inhibition of
plant growth at different levels of application has been shown to
occur in a wide variety of plant species, Including both resistant
and susceptible plants.
Nitrogen metabolism is influenced by subiethai levels of
trlazine, resulting in increased protein fractions and dry matter of
seeds from some treated plant species. Field and laboratory studies
indicate that applications of triazines result in increased uptake of
mineral nutrients, including nitrogen (when supplied as nitrates but
not when supplied as ammonium). The increased uptake may be due to
membrane changes facilitating more rapid uptake, or to larger roots
with greater absorptive surface area in subiethally treated plants^
Finally, there has been some consideration of the possible effect of
triazines on nucleic acid metabolism, since nucleic acid metabolism
is closely linked with growth and with protein metabolism. Experimental results are such that it is difficult to interpret the
potential influence, if any, on plant nucleic acid metabolism.
The ability of any given plant species or variety to resist
herbicidal activity of simazine is directly related to its ability
to degrade simazine, hence those species or varieties which readily
degrade simazine to nonphytotoxic or less phytotoxic compounds are
less susceptible to its herbicidal activity. In plants, at least six
types of reactions have been identified by which simazine can be
biodegraded. Including hydrolysis, conjugation of simazine with other
molecules In the plant, removal of side chains from the simazine
molecule with liberation of carbon dioxide, modification of the side
chain of the simazine molecule by processes such as oxidation,
replacement of amino groups (NH2) by hydroxy (OH) substituents, and
cleavage of the trlazine ring structure with ultimate production of

carbon dioxide (Esser et al, 1975)* Studies with various chlorotriagines (of which simazine is one) in living plants Indicate that
"hydroxytriasines" formed by hydrolysis of the parent triazine are
primary degradation products•
3.1*2

Animals

Simazine has a low tendency to bioaccumulate in animals^ and
once absorbed by animals it is rapidly metabolized to nontoxlc
metabolites that are readily excreted via the kidneys. Appendix F
summarizes studies on the bioaccumulation and metabolism of simazine.
A detailed review of the metabolism of simazinej as well as the other
triazine herbicides^ can be found in Esser et al. (1975),
Fish exposed to simazine for as long as 30 days generally
accumulated simazine rapidly^ with tissue residue levels reaching a
steady-state within one or two days. Concentrations of simazine in
fish exposed to the herbicide are generally lower than^ but proportional to, the en%d.ronmental concentrations. This phenomenon of a
lower tissue concentration is likely a result of the lower solubility
of simazine in organic solvents than in water. In laboratory studies3
when fish that had been exposed to simazine were placed in fresh
(simazine-free) water^ the fish were rapidly cleared of simazine
residues (Bathe et al. 1975; Dodson and Mayfield 1979; and ^uck
1974).
Simazine degradation in animals has been shown to occur by
several patiiways and has been postulated to occur by several others
(Esser et al* 1975). These pathways include hydrolysis of the parent
simazine to hydroxysimazlne, conjugation (combining) of the parent
herbicide with otíier organic metabolites in the animal, removal of
the side chains and their further degradation to carbon dioxide^
modifications to the side chains^ and cleavage of the triazine ring.
Hydrolysis of simazine to hydroxysimazine has been demonstrated in
rats using ^^C-labeled simazine. Hydroxysimazine is readily
eliminated from rats both in urine and in feces^ with urine being the
primary route of elimination. Conjugation does not appear to have
been reported with simazine, although conjugation of another triazine
(cyanazine) with an amine acid has been demonstrated in animals.
Using simazine with ^^C-labeled side chains s rapid degradation of 20
to 75 percent of the applied chemical was demonstrated in rats as a
result of side-chain degradation. These degradation products are
excreted in the urine. Although some triazines have been shown to
undergo degradation by ring cleavage with subsequent carbon dioxide
production, this process is not thought to be an im^rtant route of
triazine degradation in animals and does not appear to have been
observed with simazine.
In general, when simazine is ingested by animals, it is
degraded into intermediate metabolites that are readily excreted by
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the kidneys. When plant metabolites are fed to animals, they are
further metabolized by the animals• Studies with ^^C^labeled
trlazines indicated rapid and complete elimination of radioactivity,
primarily via urine. Various studies Indicate that only a small
amount of the parent slmazine is excreted via the feces, and
generally only slmazine metabolites are excreted in the urine.
Generally, triaEines are excreted very rapidly, with 50 percent of
the applied dose eliminated within 12 to 26 hours in laboratory
animals and 1 to 2 days in ruminants, ^en goats and cows are given
single doses of triazlne at a rate of 1 mg/kg, transient residues
occur in the milk, with peak concentrations 8 to 24 hours after
ingestion and rapid decline in residues to the limit of detection
within 2 to 4 days (Esser et al, 1975). However, there are few
studies on simazine metabolism in the open literature.
3.2

Soils

The fate and transport of simazine in soil has been reviewed by
a number of authors, including Esser et al. (1975) and Ghassemi et
al. (1981). In addition, Volume 32 of Residue Reviews is a compila-^
tion of 14 papers on the fate and transport of triazines in the soil
environment by Bailey and White (1970), Behrens (1970), Dubach
(1970), Gast (1970), Hayes (1970), Helling (1970), Jordan et al.
(1970), Kaiser et al, (1970), Kaufmann and Kearney (1970), Knusli
(1970), LeBaron (1970), Mattson et al. (1970), Sheets (1970), and
Weber (1970). These papers are listed in the reference section*
Simazine is moderately persistent (3 to 12 months) in soil
compared to other herbicides, permitting full season control of
vegetation (Ashton 1982). Simazine has a relatively low solubility
in water (Weed Science Society of Perica 1983), has a moderate
(Helling 1970, 1971) mobility in silty clay loam, and is relatively
readily adsorbed onto soil particles, particularly in muck and clay
soils with high organic content (Weed Science Society of America
1983), Chemical and microbial degradation are the primary means
by which simazine is lost from soil environments* In field situations, particularly in forest environments, photodegradation and
volatilization should not account for any significant loss of simazine
(Ghassemi et al. 1981 and Weed Science Society of America 1983).
The persistence of simazine has been studied in a wide variety
of soil types in North America and Europe• Simazine's moderate
persistence under most conditions provides residual activity that
makes it particularly useful for weed control and soil sterilization
applications^ At the same time, however, this persistence can result
in injury to plants such as sensitive rotational crops (Sheets 1970).
In an early review of soil persistence of triazines, Sheets (1970)
reported that most studies found simazine to be more persistent than
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atrazine, that it persisted longer in soils with neutral or high pH
than those with low pH^ that it was more readily lost during warmer
weather and higher precipitation^ and that the rate of disappearance
of simazine from soil is directly proportional to its concentration.
Table 3-^1 summarizes najor studies on simazine persistence in soil
conducted in the United Kingdom and in North America during the past
10 yearst These studies confirm that simazine has a moderate
persistence which varies according to application rates and
environmental conditions, and that simazine tends to remain in the
top portions of the soil* Of particular interest is the study by
Khan and Marriage (1979) in which only simazine and its metabolite
hydroxysimazine were detected up to 40 months after simazine was
applied at a rate of 4 lb. a^i./acre (4*5 kg/ha). The greater
proportion of hydroxysimazine (40 times that of simazine) indicates
degradation of simazine to hydroxysimazine as well as the relatively
long persistence and low rate of degradation of hydroxysimazine.
Helling (1970^ 1971) compared simazine to other triazines and to
39 other herbicides in the laboratory and demonstrated that^ in silty
clay loams simazine was only moderately mobile. In a comparative
study with simazine and terbacil^ Jensen and Kimball (1982) found
simazine to be less mobile than terbacil. One year after application
of 2.7 lb/acre (3 kg/ha), simazine residues were fotmd to decrease
with depth and were 0.005 ppm in the 15 to 25 cm. layer compared to
0.05 to 0.06 ppm in the top 5 cm. Lavy (1970) demonstrated that
simazine has a lower diffusion rate in soil than atrazine and that
increased soil moisture, increased soil pH, and increased temperature
resulted in an increased rate of diffusion of simazine in soil.
Simazine readily adsorbs to soil particles and is relatively
resistant to leaching (Weed Science Society of America 1983). The
adsorption of simazine to soil is greatly increased in soils with a
high organic content. Since forest soils have large amounts of
organic matter, they should offer a high degree of resistance to
leaching of simazine. Hance et al. (1976) concluded that downward
movement of simazine in soil was more a function of mechanical movement of soil particles (with adsorbed simazine) or of the activities
of soil macrofauna than of leaching, since 93 percent of the simazine
recovered 2 years after application was found in the top 2 inches
(5.1 cm) of the soil profile.
Microbial degradation of simazine has been variously reviewed by
Esser et al. (1975), Ghassemi et al. (1981), ^id Kaufman and Kearney
(1970). There is a large body of literature indicating that soil
microorganisms are capable of metabolizing triazines in general, and
simazine in particular, as a source of energy. I^ufman and Kearney
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Table 3-1
Semmary of Soil Persistence Studies with Simazine

o
Fo-rmulatioû and
AppiicatiO'ii Rates

Effects

CO'iments

References

Simazlne, 4 lb/acre
(4.5 kg/ha) applied
In late May (Ohio)

Degraded through 3 half-11ves
within 160 days.

Under both no-till and
conventional iia,nagement »

Nearpass et al« 1978

Simazlne', 1,0 to
7«9 lb/acre (1»1 to
to 8.8 kg/lia)
annual doscj, 5 tO'
9 years treatnent»
YarlouB sites In
United Kingdom

Eesidiiea from "nomal"
application rates (1*1 to
2,75 kg/ha,) were always less
than 31% of annual dose, at
most sites were less than 10%
of annual dose. Most of
residues in top 4' Inches
(10 cm) of soil.

Samples taken, in winter j,
simazlne applied either
in spring or in spring
and late summer« Fruitj,'
ornamental^ and forestry
crops.

Clay 197Ö

SiîiAzlne, 4 lb/acre
(4.5 kg/hiaj applied
in late May for 7
to 9 years
(Southern Ontario')

Siniazitte and hydroxyslmazine
persisted for 28^ to 40 months
withO'Ut progressive accumulation. Hydro x^îslmaz ine
residues 40 tines greater
than slmazine.at 28 or 40
.months. Residues primarily
in the top 12 inches (30 cm)
of soil»

Treated as a peach
orchards then trees
removed and soil disked«

Ktmn and Marriage 1979
(See also Marriage et
al. 1975)

Simazine,
2«7 lb/acre
(3.0 kg/ha)
applied once in
mid-September
(Nova Scotia)

Total residues in upper 10
inches (25 cm,) of 's^oil were
5% or less of applied
simazlne.

Vegetation removed prior
to simazine application,
paraquat used to control
subsequent growth.

Jenoen and Klmbail 1982

Simazine, 0 to
16 lb/acre (0 to
18 kg/ha) applied
once 38 a granular
formulation in fall
(fermont)

Weed control effects and fir
responses still evident at
4th year, but eimazine
residues less than 0«1 ppm
to depths up to 1 ft
(30,5 cm) by 8th year«.

Weed control in young
Fraser fir Christmas tree
planâtion«

Flanagan and McCormack
19Ö1

Table 3-1 (Concluded)

Formulâtion and
application Rates

w
I

Effects

Comments

References

Simazinej, 2«5 to
2»0 lb/acre (2.8 tO'
22.4 kg/ha), 2 to
5 aanual treat-'
meiits in spring,,
(United Mngdom)

Re8ido,es of 0.03 to 0.07 kg/ha
1 year after dose of
2»8 kg/ha; 0.41 kg/ha 8 months
after dose of 5,6 kg/ha; 1.09
to 2.34 kg/ha 2.5 years after
dose of 22*4 kg/ha,; and
1.70 kg/ha 3.5 years after
dose of 22.4 kg/ha»

Higher doses resulted in
deeper soil penetration
of simazine.

Clay and Stott 1973

Siïttazine ^
100 lb/acre
(112 kg/hai) once
in spring (united
Kingdoii)

Mean residues sampled np to 5
years after application» At
5 yearsj mean residues were
14*8 kg/ha„ and were priniarily (93Z) in the top 5 cm.
Siniazine hal.f-llfe about 18
months.

A large Yariation in
sampled residue le¥els
was observed.

Hance et al. 1976

Siioazine, 3.2 to
25»6 lb/acre
(3.6 to 28.7 kg/ha)
for 9 years in
January or February
(California)

21 iion,tlis after 9tli applies-tiottj total residues of 0.8S
to 7.96 lbs/acre. îiaximiim
residiteB of 0.39 to 3.75 ppm
in top 6 inches of soil. No
residues at 24 incties or
below.

applied to grapevine
rows •

Leonard et al. 1975

Simazine, 4 lb/acre
(4.5 kg/lia)
.
(Califö^mia)

At most sites, ptiytotoxic
effects declined after 12 to
18 montlis.» simazine, residiiea
persisted "'well over" 2 years''.

Effects of organic ma,tter
not as marked■as with
some other herbicides™

Lange et al« 1968

Simaziiie C.50Z ',a.l.
wettable powder)

'Half-life of simzine was; 20
to 44 days (25''C) and' was
negati¥ely correlated with
soil pH.

"Laboratory study.

SiiEazinej, 4 lb/acre
(4«5 kg/ha) applied
in May and in
October (Canadian
Prairie sodIs)

When sampled the following Ma.y
or October (6 months after
application) 67 to Ö9I of the
applied simazine remained in
the tO'P 5 c© of soil after
winter and 14 to 601 after
summer exposure.

Generallyj carry-over was
greatest on stlty clay.
Negligible residues
reco¥ered below 5 cm..

MaIker and Thompson
" 1977

Smith 1975

(1970) list 1 species of actinomycetes, 8 bacteria, and 22 fungi that
have been shown effective in metabolizing simazine. Ghassemi et al.
(1981) also list an additional 6 species of bacteria and 4 species of
fungi that degrade simazine in soil environment. Srlrama iUju and
Rangaswami (1972) reported that some bacteria and fungi were resistant
to both atrazine and simazine at herbicide concentrations as high as
7,500 ppm. The three major routes for microbial degradation of
simazine are dealkylation (removal of the side chains and evolution
of carbon dioxide)^ hydrolysis to form the metabolite hydroxysimazine,
and cleavage of the triazine ring (Ghassemi et al. 1981). As one
would expect, the highest rates of simazine inactivation are generally
found under those conditions that are favorable for microbial growth,
such as warm temperatures, high moisture, and high organic matter
content (Esser et al. 1975).
Chemical degradation of simazine has been discussed in
Section 1.2* Hydrolysis of simazine to form hydroxyslmazine is the
major route of nonbiological degradation and subsequent loss of
activity of simazine in soil, as demonstrated in studies with
sterilized soil* Organic matter in the soil, such as humic acid and
soil colloids, catalyse this hydrolytic degradation at low pH, while
other soil compounds, such as iron and aluminum ions, promote
replacement of the chlorine on the triazine ring by the OH^ ion (Khan
1978 in Ghassemi et al, 1981).
Volatilization and photodegradatlon of simazine are reviewed in
Jordan et al. (1970) and Mauck (1974) and are briefly discussed in
Section 1.2 of this review. Short wavelengths of light in the
ultra-violet range have been postulated to cleave the carbon-chlorine
bond of the triazine in laboratory studies. However, the shortest
wavelengths of sunlight reaching the earth*a surface do not appear to
have any significant amounts of photolytic activity with simazine
(Pape and Zabik 1969, 1970 in Mauck 1974). Simazine has a relatively
low vapor pressure and does not appear to volatilize readily in
laboratory studies or in field environments, even at higher
temperatures. In forest soils. Increased moisture and reduced sunlight should further reduce the small potential for simazine volatilization (Ghassemi et al. 1981).
3.3

^ter

The potential fate of simazine in water is of particular concern
compared to most other commonly used herbicides because of the use of
simazine, especially formulated as Aquazine , for control of aquatic
weeds and algae• The fate of simazine in aquatic systems has been
reviewed by Ghassemi et al, (1981) and by Mauck (1974).
Simazine is moderately persistent in water, with a reported
half"life of 50 to 70 days (U.S. Environmental Protection Agency
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registration data cited by Ghassemi et al. 1981)* However^ this
report ignores the dilution and transport effect of flowing rivers
and streams. At environmental temperatures and pHs normally found in
aquatic systems^ chemical degradation (such as hydrolysis) and loss
by photolysis or by vaporization are not expected to result in
significant rates of simazine dissipation (Ghassemi et al. 1981).
Metabolism of simazine by aquatic plants^ algae^ and bacteria is
probably a major route of removal in aquatic systems*
The aesthetic qualities of water containing simazine were
examined by Martynynk and Gzhegotskii (1967 in Mullison 1970). Water
containing 0.1 to 5.0 ppm simazine did not differ from control samples
in terms of its sensory qualities^ even when heated to 140 to 158®F
(60 to 70®C) to increase vaporization of noxious substances. Higher
concentrations of simazine (50 ppm or greater) resulted in greatly
altered sensory (taste and odor) qualities of the water. When
bottled ground water containing 600 to 1,000 ppm simazine was stored
at 43 to 71.6^F (6 to IVQ) for as long as 20 months, no drop in
simazine concentration was observed.
In a study of the effects of simazine treatment of fishponds
on resident channel catfish and bluegill populations, Tucker and
Boyd (1978) reported that when ponds were treated with simazine at
12 lb/acre (13.4 kg/ha) prior to flooding, simazine concentrations
in the water remained above 0.2 ppm for more than 4 months. In
addition to a prolonged simazine persistence in these treated ponds,
a lower average chlorophyll-a concentration compared to controls
existed in the treated ponds throughout the year* However, in this
same study, when simazine was added to water at a rate of i.5 ppm in
another group of ponds containing bluegill^ the concentrations of
simazine decreased rather rapidly to 0.3 ppm within 2 months, for a
half«life of 18.5 days.
Several studies report surveys of residues from triazine herbi-cides, including simazine, in watersheds leading into the Great Lakes
as a result of heavy reliance on these herbicides during the middle
1970*s. Roberts et al. 1979 studied triazine runoff from an
11,115 acre (4,500 ha) watershed draining into Lake Erie from Ontario,
Canada. In this watershed, 0.1 and 0.2 percent of the land was
treated with simazine in 1973 and 1974, respectively. Average
application rates were 1.28 and 1*67 lb/acre (1.42 to 1.88 kg/ha)
respectively in 1973 and 1974. Simazine residues were found in
37 percent of the water samples, with highest concentrations of
3.6 ppb in 1974 when a greater amount of simazine was applied.
However, only traces of simazine were found in water at the mouth of
the watershed. Only a small fraction of the total amount of simazine
applied was ever transported out of the system in water. No simazine
residues were detected in three species of fish (bullhead, gizzard
shad, and black crappie) sampled. In a second study, Frank (1981)
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reported on an analysis of pesticide residues in two Ontario
watersheds, one draining into Lake Erie and one draining into lake
Huron. A total application of 1,340 kg of slmazine was estimated for
1975 in the two watersheds. Mean unit loadings of simazine for the
two watersheds ranged from a low of 0.06 mg/ha/year to a high of
55 mg/ha/year and ranged from a total of 14,35 kg in the 1975-76 year
to a total of 39.84 kg in the 1976-77 year. Concentrations of
simazine in the discharges of the watersheds into the lakes ranged
from below detectable limits to 10 ng/l^ with simazine in the water
phase of the discharge but not absorbed onto suspended solids. In
general, agricultural applications of simazine appear to result in
small concentrations of residues (if any) in stream water^ and very
small amounts being transported out of the watershed by stream flow*
In a study of simazine persistence in small (0,25 acre) ponds,
Mauck et al, (1976 in Ghasseml et al. 1981) treated ponds so as to
achieve treatment concentrations of 0,1 to 3,0 ppm* After 346 days,
he found simazine present at concentrations ranging from 0.01 to
0.14 ppm. When the treatment for these ponds was repeated 1 year
after initial application^ the concentration of simazine was much
less^ with 0*01 to 0,50 ppm residues at 456 days. Simazine residues
in water in this study were directly proportional to the rates of
application. Actual amounts of residues were generally no more than
one-third to one-half of the total herbicide applied• The slower
rate of simazine disappearance from these ponds following the second
application may be due to lower populations of algae (observed in
other studies such as Tucker and Boyd 1978 and Sutton 1965 in Mauck
1974) which metabolize simazine (Fankhauser 1967 in Mauck 1974),
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4.0

^posure and Hazard Assessment

Forest workersj visitors^ and resident or transient animals are
all potentially exposed to simazine during forest spray operations»
For humans and other terrestrial animals^ exposures can be by dermal,
inhalation, and oral (ingestion) routes. Aquatic animals are poten-tially exposed by immersion in waterbodies that may contain dissolved
simazinet telculations of exposure to simazine in this section
follow the assumptions and methodology detailed in Section 4*0 of the
General Introduction to the Herbicide Background Statements, with the
exception that only ground application is considered in the
analysis. In general^ it should be noted that environmental
exposures to simazine are brief^ and that any area sprayed in a given
year may well not be sprayed again for several years. Occupational
exposures^ at least for some individuals^ will be of longer duration
than environmental exposures. However, only a limited number of
individuals are so exposed,
4.1

USDA Forest Service Simazine Application

Available application data for simazine use by the USDA Forest
Service for 1982 are presented in Table 4-1. Actual exposure to
simazine differs among Forest Service personnel Involved in herbicide
use, other Forest Service personnel, visitors to Forest Service lands
that have been treated with herbicides^ and wildlife species that are
permanent or transient inhabitants of treated areas.
The data presented in Table 4-1 Indicate the number of forest
workers involved in application of simazine in 1982, as well as the
duration of exposure on a daily and an annual basis• However^ the
actual exposure of these workers depends not only upon the specific
formulation, method of application^ and rate of application^ but also
on the protective measures employed^ the operating condition of the
equipment used^ and accidental events which expose workers to the
pesticide,
Simazine is readily adsorbed to soil particles. It has
relatively low solubility in water and has moderate mobility in
soil, Simazine is moderately persistent in soil and has been
detected in the top portions of the soil up to four years after
application. Chemical and microbial degradation are the primary
mechanisms of simazine dissipation from soil.
4.2

Exposure

Estimates of potential exposure to simazine are based on ground
application since the Forest Service did not employ aerial application
methods in 1982 or 1983* The compound was applied from the ground
(ground foliar) at rates as high as 12,0 lb a,1./acre. Those
S-3 5

CO

I
Table 4-1
IISDA Forest SerYice Appllcatio^B, Data for Sluazlne (1982)

Duration of Exposure
Formulation
(Number

Method of
Applicatiott

Average Number People
Exposed/Project

Total People
Expotsed

Projects)
Slmazine
(18)

So'urce:

Ground
Foliar and
GraB,ular

Gross 19 Ô 3

2»2

40

Average

Maximuia

Hrs7Day

Days/Yr

Hrs/Day

Days/Yr

4.9

3„1

6„1

4.6

Type of Management
(Projects)

Research (5)
Timber (4)
Noxious Weeds (3)
Engineering (3)
Nursery (2)
Wildlife (1)

calculations in Table 4^2 that are based on ground spraying (e.g,^
backpack sprayer dose and wildlife oral exposures)s assume an
application rate of 12^0 lb a.i./acre. Other specific assumptions^
based upon the toxicological and chemical characteristics of simazine
and on its behavior in the environment, are discussed in the following
sections* Table 4-2 summarizes the estimates for occupational and
environmental doses and exposures by means of immersion, dermal,
inhalation, and oral routes.
4,2.1

Occupational Doses

Data are not available on the daily occupational exposures or
doses of simazine to forestry workers. However, estimatee of
occupational doses have been derived based on the urinary output of
several categories of workers exposed to phenoxy herbicides (e*g«^
2^4-0 and 2,4^5-1)* As indicated in the General Introduction to the
Herbicide Background Statements^ urinary output was used to calculate
total doses (i.e., regardless of route) to workers exposed to phenoxy
herbicides 5 and this quantity was then expressed on the basis of an
application rate of 1 lb a.i./acre. Dally occupational dose
estimates for simazine are based on exposures on a per pound per acre
application rate multiplied by 12^0 lb/acre for backpack sprayers.
For ground applications at the 12 lbs a^i^/acre application
rate, the following estimate of daily dose is derivedi
Backpack Sprayers 0*48 mg/kg (0.04 mg/kg at 1 lb/acre
application rate)
Occupational doses for the mixer/loader are assumed to be independent
of application rate and have been estimated to be 0.1 mg/kg. No dose
is calculated for observers^ since simazine is used only in ground
applications*
Total occupational doses are, of course, a function not only of
application rate and specific occupational category, but also of
duration of exposure. Table 4-1 includes estimates of the number of
days per year of exposure, by simazine application method and
formulation used, in 1982. It should be noted, however, that in many
instances, the same individuals are not exposed throughout the entire
spray period.
4*2»2

Environmental Exposures

Environmental exposures in man occur when forest visitors or
others not directly involved in spray operations come In contact with
spray or sprayed foliage, inhale spray mist, eat plants or animals
contaminated with herbicide, or drink water containing herbicide.
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Table 4-2
Summary of Occupational Dose, Environmental Exposure
and Toxiclty for Slmazine
Exposure Route^
Occupational
Dose
Mixer/Loader
Observer
Backpack Sprayer

Inhalation

Dermal

^

„_..^JJo

fi. 1

Oral

b

m^/k-o

Tñpp ralí^ql af^rf ^

R^p t^'B^t. ^^

0.48 mg/kg

Environmental
Exposure
Nppl igible residues.

Fish
Rabbits
Deer
Man
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)
Toxiclty Summary

Negligible
Negligible

2,42 ffig/kg
0.61 mg/kg
„_c

^-.C

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

LDjQ >10,000
mg/kg in
rabbits.

1 hour dust
exposure to 1.8
to 4.9 pOT in
rats caused no
toxic effects.

Most studies, LCjQ

See text.
12.6 mg/kg
17.3 mg/kg
=.»c
0.0 mg/kg
0.055 mg/kg (2 days)
0.070 mg/kg (2 days)
0.0 mg/kg
0,0 mg/kg
0.0 mg/kg
Acute oral LDSQ^S >5,000 mg/kg
in rats s mice, and rabbits.
Chronic feeding of 100 ppm for
2 years In rats caused by no
observed effects (NOEL).

>10 ppffi for fish

^It was assumed, based on 1982 and 1983 Forest Service data, that simazlne is not
applied aerially on Forest Service sites.
^Occupational doses Include all routes of exposure.
CHuman environmental exposures via dermal and inhalation routes will be considerably
less than occupational doses* Therefore, occupational doses are used as a worstcase rather than an estimate of environmental dermal and Inhalation exposure.
Oral environmental exposures are estimated for six sources.
%A represents nonappllcable data«
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Animals 5 both terrestrial and aquatic^ are subject to environmental
exposures as well«
4«2,2.1 Dermal Exposures« Human dermal environmental exposures
would be less than occupational exposures since only spray operators
are directly involved with actual activities on the spray units, A
casual visitor to spray units should be expected to receive an
exposure much less (by orders of magnitude) than that of the
mixer/loader or backpack sprayer«
It was assumed that animals would not be sprayed directly by
backpack applicators^ and that only the animals' ventral surfaces
would contact foliage that had been sprayed. Thus^ approximately
one-half of the animals' body surface would contact sprayed vegetation^ resulting in an exposure level equal to one^half of that
calculated for whole-body exposure• Babbits and deer, representing
both small and large game animals respectively^ have the following
estimated dermal exposures based on backpack applications of 12.0 lb
asi«/acre.
Rabbits in Aerial Spray Zones 2.418 mg/kg (1/2 x 0.403 mg/kg at
1 lb/acre application rate)
Deer in Aerial Spray Zones 0.606 mg/kg (1/2 x 0.101 mg/kg at
1 lb/acre application rate)
4.2.2.2 Inhalation Exposures. Human inhalation environmental
exposures would be less than occupational exposures since spray operators, involved with activities on the spray units, are more likely to
be subject to spray mist than is a casual visitor. Thus a casual
forest visitor should be expected to receive an inhalation exposure
much less (by orders of magnitude) than that of a backpack sprayer.
Environmental Inhalation exposures of animals in the spray target
area would occur on a one-^time basis and would be limited to a time
frame that can be measured in minutes. Simazine has a very low vapor
pressure at ambient temperatures, and it is unlikely that humans and
other animals will be exposed to more than negligible amounts of
vapor. Inhalation exposure is therefore expected to be so small that
it can be neglected in this analysis.
4.2.2.3 Immersion Exposures. Aquatic organisms are subject
to environmental exposures from Imnerslon in streams and ponds
adjacent to target spray zones. Assuming a buffer zone of
approximately 50 feet between ground foliar spray zones and
waterbodies, environmental exposures for aquatic organisms would be
limited to the amounts of simazine carried into the stream or pond in
runoff water. Simazine has a very low solubility in water, adheres
strongly to soils, is not readily leached, and is not subject to
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drift, since it Is not applied by aerial means. Therefore, the
amounts of slmazine that could be expected to occur in aquatic
systems as a result of USDA Forest Service applications are assumed
to be negligible and, for the purpose of analysis here, water
concentrations are assumed to be zero.
4.2,2.4 Oral Exposures, In terms of oral exposures, any
incidental ingestion of simazine by workers on the spray unit would
be accounted for by the estimates of occultional dose. Oral environmental exposures would occur for wildlife eating contaminated
vegetation and for human consumption of fish, deer, rabbit, water,
berries, and mushrooms, Basic assumptions for estimates of oral
environmental exposures for both man and wildlife are presented in
the General Introduction to the Herbicide Background Statements.
Oral exposures for deer and rabbits, representing game animals
potentially eaten by humans, assume vegetation is sprayed at
12.0 lb a.1./acre and that rabbit browse is partially shielded by
overstory. These estimates are as follows;
Deerî
Rabbit-

17.28 mg/kg (1,44 mg/kg at 1 lb/acre application)
12.60 mg/kg (1.05 mg/kg at 1 lb/acre application)

Estimates of human oral exposures from consumption of fish, deer^
and rabbit require, as a starting point, estimates of maximum
tissue concentrations of simazine in fish, deer, and rabbit.
Fish tissue concentrations are assumed to be zero since
negligible amounts of simazine are expected to leach into waterbodies
from ground applications. Deer and rabbit tissue concentrations
Include simazine accumulated from both oral and demal exposure.
Tissue concentration estimates for deer and rabbit assume that
dermally applied simazine is absorbed at a rate of 10 percent. The
assumption of 10 percent dermal absorption of simazine is
conservative, since the low solubility of simazine in water and
organic solvents Indicates little potential for dermal absorption.
In addition, metabolism studies summarized in Appendix F indicate
that only small amounts of Ingested simazine are absorbed by the gut
and only small amounts of tissue residues are found in animals
exposed to simazine. It is also assumed that oral exj^sure of deer
and rabbit to simazine lasts only for 2 days due to the relatively
short en^ronmental persistence of simazine. Deer tissue
concentrations of simazine are derived as follows!
Dermal Exposure contribution assumes 10 percent absorption of a
si^le exposure, or 0.606 mg/kg (dermal ex^sure) x 0.1 =
0.0606 mg/kg.
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Oral Exposure contribution assumes 10 percent assimilation of
two-days feeding^ or 17*28 mg/kg/day (oral exposure) x 0.10 x
2 days - 3,456 mg/kg.
Total Deer Tissue concentration - 0.0606 mg/kg + 3.456 mg/kg =
^^ 3,516 6^g/kg T3.517 ppm) .
Rabbit tissue concentrations of simazine are derived in the same
way as for deer, as follows!
Dermal Exposure contribution assumes 10 percent absorption of a
single ex^sure^ or 2.418 mg/kg (dermal exf^sure) x 0.1 ^
0.2418 mg/kg.
Oral Ex^sure contribution assumes 10 percent absorption of
two-days feeding, or 12.60 mg/kg/day (oral exposure) x 0.10 x
2 days « 2.520 mg/kg.
Total Rabbit Tissue Concentration ^ 0.2418 mg/kg + 2,520 mg/kg 2.762 mg/kg (2.762 ppm).
Based upon the above fish, deer, and rabbit tissue concentrations and
human consumption rates^ the following estimates of maximum human
oral exposures to simazine from eating meat are derived!
Fish meat;

- 0 mg/kg

Deer meatî
3.517 mg/kg x 2 days x 0.5 kg/day/person ^ 50 kg
person = 0.070 mg/kg
Rabbit meatî 2*762 mg/kg x 2 days x 0.5 kg/day/person ^ 50 kg
person - 0.055 mg/kg
Water and plant consumption by man would result in no oral
exposures to simazine if there is no aerial application. Simazine
residues in waterbodies are assumed to be negligible. Ground
appliction of simazine is assumed to result in negligible residues,
if any s on berries and mushrooms outside of the posted limits of the
50-foot spray buffer zone«
4*3

Hazard Assessment

Toxlcological properties of simazine to man, fish, and small
mammals have been summarized in Table 2-1 and detailed In Section 2
of this Herbicide Background Statement. Table 4-2 comeres estimates
for both occupational doses and environmental exposures in man and
wildlife with reported toxicity information (dermal LD^Q in rabbits^
rat inhalation results^ rabbit and rodent acute oral LD5o^S5 rat
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chronic oral NOEL^ and immersion LC5Q'S for fish)* The reported
exposure levels at which toxic effects have been observed in
experimental animals are considerably higher than levels anticipated
for USDA Forest Service applications. Based upon chronic feeding
studies with rats^ simazine concentrations of 100 ppm in the diet
caused no observable effect. Assuming a 100-fold margin of safety
for extrapolation to man (a factor of 10 for inter-species variability
and a factor of 10 for human intra-species variability)^ one can
assume that 100 mg/kg/day ~ 100, or a 1 mg/kg/day (1 ppm) oral dose
in man^ will not result in adverse effects. The estimated human
exposures from ingestion of game are well below 1 mg/kg per day.
Small mammal studies have shown that simazine applied to the eye
causes only transient inflammation and applied to skin or by inhalation causes no adverse toxic effects. There is no evidence that
simazine is teratogenic. Simazine was negative in most mutagenicity
test systems* These studies are summarized in Table 2-1 and detailed
in the Appendices. Generally, they indicate that there should be no
significant potential for adverse reproductive or, mutagenic effects
to individuals from simazine use, if proper care is taken during
application. Based on lifetime studies in mice, there should be no
significant potential for adverse carcinogenic effects to individuals
from simazine use.
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Invertebrates and Microorganisms
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âppeadii: A
Summaxy of Simazlae Tojclcity Data for Invertebrates and Microorganisms

Formulatioa

OrganlsiB

Kxposiire
ï ime

Effects

Comments

References

Slmazine
(Teclmical
tiaterial,
98.1X â.l.)

Cladoceran
(Daphnia magna;
i
Crustacea

Surface absorption,
static bioaaaay

48' honre.

EC50 * 1.1 ppm
(0.56 to 2.2)*

21*C, first instar

Simaxlne
(Technical
material,
90,1Z a.l.)

Ostracod
(Cvpridopsis gp« î
Crustacea)

Surface absorption,
static bioassay

48 hours

EC50 « 3.7 ppjt
(2,6 to 5.3)

21*C, mature (original
report by Sanders
Í19701 report TL50 "
3.2 ppm).

Simazine
(Technical
material,
98.U a.i.)

Amphipod (Gammarus
fasciatus;
Crustacea)

Surface absorption„
static bioassay

96 hours

LC50

15*C, mature

Aquazine®
(80X
Simazlne
a.l.)

Cladoceran
(Daphnia puleaç;
Crus tacea}

Surface absorption,
static bioassay

48 hours

LCcQ - 5.3 pp™
(2:2 to 8.4)
LC20 * 21»3 ppm
(14.8 to 31.9)
LC50 - 92.1 ppffli
(54.3 to 259.1)

24 + 12-hour-old
individuals were
used. Temperature was
20 + 1*C, pH 7.4 to
7.7, total alkalinity
100 to 116 pp«.

Fitzmayer et al«
1902

âquazitie®
(801
Slmazine
a.t.)

Cladoceran
(Daphnia pulei;
Crustacea)

Surface absorptions
static bioassay
with daily replacement of test
solutions

up to
26 days

Survival in
20 ppm averaged
9.6 +1.7 days,
at 4 pptt, 65Ï
mortality after
25 days.

At 4 ppm and 20 ppm,
simazlne interfered
with molting and
caused reduced growth,
at 4 ppm, reproductive
maturation was delayed
and numbers of live
young and broods were
lower than controls.
At 20 ppe, reproductive maturation was
pre¥ented.

Fitzmayer et al1982

SimaEiae"

.Amphipod iGam&tm'

48 hours

ÍX50.- ll'^ppn

'läcugtris;
Crustacea)

I

"Nature oi
Exposure

100 ppm

Johnson and
Finley 1980

U.S. Department
of the Interior
1968 in Plmentel
1971
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Formula tiO'D.
Siuazltte

Organism

Nature of
ExDOsyre

Amphlpod (GajimariiB
lacustls;
Crustacea)

Exp'üi'fíure
Time
24 ho'urs

Effects

Coraieatö

References

LC^Q * 30' ppm

Saaders 1969
in Plmeiitel
1971
Saunders 1969
in Hurlbert
1975

96 hO'Urs

Simazln,e
(Technical)

Sowbug (AseHue
brevtcaitdus;
Ifiopodaj

Surface absorption,
static bloaseay

48 hours

TL50, > 100 ppm

IS.S^C, pH 7.4, total 1
alkalinity 26Ö ppm.

SiiiÄzltte
(Technical)

Glass ahrliap
(Palaemoaetes
kadlakenais;
CruBtacea)

Syrface absorptionj
static bloassay

48 hours

TL50 >100 ppm

21*C, pH 7.4„ total
alkalinity 260 ppm.

SliiaziEe
(Technical)

Cra'yfis'.h
(Orconectee nais;
Crustacea)

Surface absoxption,
static bloassay

48 hours

TL50 >10'0 ppm

Slmazine

Pink Shrimp
(Crustacea)

—

96 hours

MOEL at 73 ppm

Sinazine

Mud Crab
(Cruatacea)

—

96 hours

MOFX at
1,00^0' ppm

Sicuazlne

C la doce ran
(Daphnia sp.;
Crustacea)

Saaders 1970

Surface absorption,
flow-through
bloassay

No 'effects on
daphald reproluctioE were
oTbserv^ed at
concentratiO'ne
of 0,25 to
3,0' ppDi'.,

24*C, pH 7.4. total
alkalinity 260 ppm»

Ü»S., Envlro'ttneiital Protection Agency
- registrarloa
data reported by
Ghasseml et'al.
19Ô1
Mayer and
Sanders 1977 In
Ghassewi et al,
1981
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Forraulatioa

m
I

Orgaaisn

Nature of
Exptisure

Fxposure
Time

Effects

Tafaziße®
(Stmazlae)

Freshwater
Zooplaoktercopepod
(HellodiaptoimuB
vlduua; Crustaea)

Surface absorption

up to
51 hours

At 1.0 pp», 50%
mortality in
24 hours and
100Ï mortality
51 hours. At
10.0 ppm, 50X
mortality in
13 hours and
lOOX mortality
in 34 hours.
At 50.0 ppra,
50X Biortality
in 11 hours
and 100%
mortality in
16 hours. At
100.0 ppm, 501
mortality in
5 hours lOOX
mortality in
12 hours.

Siaaziiie
(Technlcal
aaterial,
98.IX a-i.)

Plecoptera.iiStonefly
(Pteronarcys sp.
Inaecta)

Surface absorption,
static bioassay

96 hours

LC50 « 1.9 pprai
(0.9 to 4.0)

Simazine

PlecopteranStonefly
(Pterooarcys
californlca;
Inaecta)

4B hours

LC5O " 5Ö PP*

Slmazine

Midgea (Insecta)

Surface abaorptlom,
flow-through
bioassay

Siatazine

Soil arthropods
(not specified)

Field exposure

Coomieiits

George et al.
1982

Í5*C, 2nd year class

1.5 lb/acre
(1.68 kg/ha)
applied twice
per year
resulted in
significantly
reduced numbers
of soil arthropods compared
to controls
(hand weeded
plots).

Johnson and
Fittley 1980

U.S. Department
of the Interior
1968 in Plmentel
1971

Mayer and
Sanders 1977 in
Ghasseni et al.
1981

Midge emergence
was temporarily
delayed at concentrations of
0.66 and
2.2' pp«,..
Se¥eral years'

References

Simazine'" applied
2-timea each year to
two plots, two control
plots weeded by hand.
Soil arthropods
sampled each month.

Edwards and
Stafford 1979

Appendix A (Continued)
CO
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ForaamlatlO'D

„^
Tafazlne^'
(50'I a.l.)

OrgaalBiiDi
Midge CCWxooomus
tenta.n,B; Insecta,
larvae)

Nature of
Exposure

Surface absoTptioE,
static bioassay

ExpuHure
Effects
48 liours

^50

3,58 ppo

Commentai
LC5Q1 value as active
ingredient. pH 8.3,
24..5 to» 25.2"'C

SlDüa.zlae

Oyster (Molluaca)

Sima, zinc

Snaile (GoniLobaale
ll¥eB.ceo.B and
¥lvipariii3i.
gepirglanua. ¡
Gastropod;
Biciiiluscs)

Field exposure and
laboiratory test

96-hoiiir
labo^-atoTf
test

At 0,,5 ppüi in
lake, popula(blornase)
decline O'bserved; in.
laboura tory,
5.0 ppm toilerated up to
9'6 ho'iirs.

High MFtality in
field study maj'tjiHe', due
to syaergism between
herbicide effectB- and:
death of «Igae.

Sinazine

Earthworm
(LmnbrtcuiS 8p. ;
AÍm,eliciaT"'

Surface absorptiOEi,
chromic

32 days

1 O'f 8 worns)
killed ai doaea.
equivalent tO'

Wo'ima expo sied im
potted soli.

No inliibitloia
of shell growth
at 1.0 ppin.

Référencée

Dad and
Tripathl 1980

U.S. EEvironiBental Protection Agency
registration
data reported 'by
Gtesseml et al»
1981
Harmon ,1978 io
Buikema 1981

both 3 and
12 lb/acre
(3.4 and
13.4 kg/ha).

SliBa,z;ine

(Helodrilua op,)

Surface absoirptioo,,
chrottlc

Tafazlae®'
(50iX a.i.)

Freshwater
Ectoproct
(Plmpaatella
casmiana)

Surface abeorptioa

32 days

Mo deaths; obsenred 1E 32
iodlviduale at
doses equivalent to both. 3
and 12 lb7acre
(3..4 and
13,4 kg/ha).
Concentrations
of 0.01. and
1.5 ppm
res.ui.lted in
reduction in
rate of
statO'blast
germination.

Exposure la pO'tted
soil.

De¥rlea 1962 la
Pime-itttel 1971

Rao and Dad
1979

Appendix â (Continued)

Formulâtion

Organism

Nature of
Exposure

Exposure
Time

Field exposure IE
"Forest Garden" aad
grass covered pine
plaiitation.

Simazine

Soil worms
(nematodes
enchytraea ^
ariEelids) and
oïitea

SimaEine

IteyflleB,
ntosquiitoes j,
bitiag midges,
damseifly nymphs,
water beetles.,
aquatic worms,
leeches, and
snails

Simazine

ConuBoii midges and
aquatic worms

Surface absorption.

Simazine

Fimgus
(Aspergiilus
fmnlgatus")

Simazine la culture
medium

Siffla zine

Soil ftingus

—

~

96 hours

Ghassetiii et al.
1981 (studies by
Baimber et al.
or Baumber et
al. 1978 quoted
Itt Ghassemi et
al. 1981)

Population
reduction of
50Z or more a
after application ranging
from 0.5 to
10.0 ppo.

Walker 1962 la
PinieQtel 1971

Approximately
50'% killed at
at a do'sage oí
about 28 ppm.

lO'^F, slightly
alkalio.e pH, 21 to
24 ppm liardness«

At 5 ppîti

Bimazitte,
fungus ,was ablc!
to (ßetabollze ' ' ■
slmaziiEe aa' ñ
(Source of
carbon»
Fuagai , popuiia'T ' Sandy loam soli.
latiotis slightly
siœazitie conceatrations of 2»5,
5.0, 10.0 ppm«

I

Reference»

High doses of
4.5 and
6«7 lb/acre
(5.0 and
7.5 kg/ha inhilbited populations of soil
soil orgattisms
in the "forest
garden" but
resijlted in,
population
growth in the
■pine planât i on.

etimulated at

yo

CO'Buneiitai

Effects

Walker 1964 in
Plaeiitel 1971
and in Mauk
1374
Kauf «.an et al.
1965

»avyar et al«
1970 in

Giiassemi et al.
19Ô1

appeodix â (Cottcluded)
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Formulâtloa

Organisai

Wature of"
Exposufe

Exposure
Time

Effects

CoBuieiits

References

Slmaziae

Soil «Icroorgattlama

Engyae activity
(urease) etimtilated
at a dose equlvalent to 1»8 lb/acre
(2 kg/tia) aEd
itthlbited at
8«9 lb/acre
(10 kg/ha).

Manorik and
Maiichenko 1969
lift Grossbaxd
and Davles 1976

Slmazlae

Soil microo'rjgianlsiBa

Nitrificatloa
inhibited at
simaziue concen.tratioin of 6 pp«.,

Quoted by Audus
1970' in
Groasbard and
Davles 1976

SliM.zlne

Soil microo'tgaalsais

Slmazlne lEcorporated Into potted
soil la greenliO'iiae

Slmaziiifi

Soil !Mlcrc»rgaM.aiB8

Siiiia.2lne applied
at "nomal appll™
catioa rates" for
weed control»

SliaasElne

Soil mlcroorgaiilsiis

7 dajrs

^95 percent confidence lliiits in parenthesis.
%o Information pro'Vided on actual amrmnts o^f active ingredient.
Data are not available ox not applicable»

At dose equivalent
to> 3.6 lb/acre
(4 kg/ha) fuagi
cia.d azotobacter
populatioas were
stimulated aad
bacteria and
actÎBomyçetea
popula tlO'ttfl.
were unaffected.

In red smndy soli.

Bopalah and Rai
1979

Did mot significantly affect the
relative numbers
of fungi and
bacteria or growth
oif some fungi,

Eno 1962 in
Plnentel 1971

Simazin« at "noriial
and above no ma,!
field application
rates'" did not
affect nitrogen
cycling iilcro'organiama but
did otimulate
cellulolytic
mlcroorganlsma,.

TorBtenosen 1974
in Chassemi et
al. 1981
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Summary of Simazine Toxlcity Data for Fish
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Appendix B
Suinmary oí SiiaaziEe Toxlclty Data fo^r Fiah

FormtilatiO'ii

CO
1

Organlam

Nature of
Exposure

Effects

Coaameiats

References

24 hours

ILC^Q ""0.6 ppBi

Mellborm 1969 In
Pimentel 1971

Rainbow trout

24 hours

hC^Q ™ 6Ö ppn

Cope 1965 In
Pimentel 1971

Slmaziae

Bluegill

24 hours
48 hours

LC50, - 130 ppn
LC50. >100 ppm

Cope 1965 la
Pimentel 1971
and in Sanders
1970

Sinazitte

Major carp

Surface absorptioa,
etatic bioaasay

% hours

50 ppa - 1001 mortality 1E 2 hours»
25 ppm - 40X laortality la % hours.
1 ppm - 91 nortality itt 96 hours.

Siaazlne

Rainbow trout

—■

48 hours

LC50 - 5 ppa

Simazine

Ralabow trO'Ut

—

48 hours

LC5Q "^ 56 pp«

BluegiU

~

48 hours

LC30 -'' 118 pp«

Surface absorption

96 hours

LC5Q, ™ 5.6 ppm

Surface abaorption,'
static bioaasay

96 hours

LC5O' - 2.Ö ppn

Siiaazlae

Striped basa

Simastiie

Siffliazine

Rainbow trout

Simaziae

,' 'Ealabow trout

Surface absorptioa

Exposure
Time

Sensitivity to
herbicide lacreased in
presence of weedsLD50 ** 7*5 ppn,.

Singh and Yada¥
1978

U.S. Departmeat
of the lQt,erior
1968 in Pimental
1971

.}

Bolmont 1967 In
Plmentel 1971
Cope 1965 in
îiauck 1974
61"F, 30 ppm
hardiaeaa

Test'data 'for
Ciba-Geigy Corporation from
Woodard Research
.Corporatipn,,19,65
cited in Mauck
1974

'<:LA,I.'

i^jOiiu'' f' Lnr

rr jux ^ EU

\dLuro' c r
i Pilule

^à

T. 'ijosi r
■I 1 ril j

Itit.^S

S1mazlue

Goldfian

Surface abeorption,
static bioaesaj^

9C Ijcnirs

LC5fj

SiiÄziae

Bltdegill
static blo'aseay

S « r f a ce a b so r p t i on.,

96 hO'Urs;

LC5(;i ■ 16 fpm
hatátiess

Siima.ziae

Bluegill,

Surface absor pt i OTA

96 lioiirs

LC30 •» 11.6 ppíSi

SlmaziEe

Mirror carp (sic.)

Surface abarjrption

FirBt toxic £3. iass
noted after 8 hours
at 1,00''0 ppffl.,

Slmazin-e

llaialiow trout

Surface absorption

Toixic eigES after
4 toi 8 'iiO'Urs at
lO'Qi ppoi .

Simazliie

Biliiegill

Surface Äbeoirptlocij
field pi'onds

7 ¥eeks

NO' EO'tlceable
effect at 7 ppm
conreotratiori In,
email te fît ponds,

Slaiazlae

Fathead

Surface absorption

9Êf. hours

MOEL at 2„5 ppro

Slmaiziae
C80)V.r)

Carp X Goldfish
(hybrid)

Surface absorp-tion,i.
static bickiseay

96 hours

LC5Q1 « 190.01 ppm

Simazlne
(8Qri)

Bilun tB.O 8e mino,o'

Surface abso'Cptioiii,,,
static bioaosay

96 hours

105,0, " ^^ PP*

Sinazine
C80W)

Clmaoiel catfish

Surface abistorptio-n,
static bio-assaif

96 honre

LCjQ - 85 ppni

Slmazlne
(80tf)

PíMpkÍD.see(i

Surface abeoirptioE,
static biO'flssajr

96 hours

Sinazine
(80'W)

Bluegill

Surface absoirptioo.,
static bioasfliay

9ê hours

MIûHOW

3Z ppo

CommentE

57*F„ 30^ ppm
hardness
64"F, 3:0' ppin,

Test data fo^r
Ciba-Geigy
Corporation from
HoO'dard Research.
Coirpon-atlott 1965
cited .ie Mauck
1974
Cope 1965 in
n&uck 1974

If.S, Ettvlronmeatal Pro^tectiott Agency
registration
data cited by
Ghassenl et al»
1981

^ 2Cr'C, 21 to
23 ppm hardtteea
I1C5Q, ■ 28 ppm

References?

Walker 1964 in
Maude 1974

Appendii: B (Continued)

FO'Owlatloa

ííature ot
Exposure

Organlaai

Surface absorptioB,
static bioassay

96 houre

LC50, - 55 ppm

Simazine
(80W)

Largeiiouth bass

Surface absorption»
static bioassay

96 hours

LC50 " ^5 PP"

Simzalne
(80W)

Yellow perch

Surface absorptioE,
static bioassay

96 hours

Sinazine
(SOW)

Chaimel catfish

Surface absorptionj
static bioassay

96 hours

LC5Q >100 ppa

SimaziBe
(80W)

Bluegill

Surface abeorptloa,
static bioassay

96 hours

LC50, >10Û ppa

SimaziBe
(80¥)

Largemouth bass

Surface absorption»
static bioassay

96 hours

LC50 - 25.0 pp»

12 days

10 ppm - highest
conceutratiott with
no mortality for
12 days.

8 days

Mo morality at
10 ppm for 8 days.

7 days

Survived 7 days at
at 10 pp«.

8 days

No mortality at
10, ppn for 8 days.

Snalliaouth bass^

8 days

No, mortality at
10 ppmifor 8 days»

Ralttbow Trout' -

48 hours
96 hours

ÍC50 >100 pp«
LC^o >100 ppa

48 hours
96 hours

LC50 >100 ppm
LC5Q >100 ppm

14 + 2*C,, pH, 6.8
to 7.6.

48 hours
96 hours

LC50 - 80 ppm
LC50 " 65 pp«

20 + l^C, pH 6.8
to 7.6.

Bluegill

S iniaz ine
(Granular)

Bluegill

^

Lake chubo^ucker

Slmaziiie
(Dissolved
im 0.01 to
0.03%
àcetoae)

Gruciaa carp

Catfish
1

*

Redear sunfish

Sinazlne
(Granular)

Surface absorptioü,
static bioassay

Surface absorptioa,
static bioassay

References

Comneats

Effects.

Siiaazine
(SOW)

Green suBfish

in

¿xposufe
Time

' ZO-'C, 21 to
23 ppa hardaesa

'Walker 1964 in
Mauck 1974

LC50 - 100 pp«m

,

. Joaes 1962 la
Mauck 1974

, pH 7,9

Hiltibraa 1967

SEiali fish (1 to
3 inch).

.Hiltibran 1967

. Fry.

'

„ ' ,

'J

14'"+ a'^C, pH'6»8 '"
to 7.6.
Bathe et al.
'1975
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Formulation.

Slnazltte
(Dissolved
In O.O'l to
O.mi
Acetone)

Nature of
Expotîure

Org,aaÍ8ii
Perch
Guppy

Exposure
Time

Effects

ComntetttB

SOTface

absorption,
static bioassay

48 hours
% hours

LC50 >100 pp«
LC5Q » 90' ppm

14 4 2'"C, pH 6.8
to> 7.,6,

Surface absoTption.,,
static bioassay

48 hours
96 houra

LCcft >49 ppm
LC 50
49 ppm

20 + 2*C, pH 6e8
tO' 7.6.

Surface absorption,
chronic toxlcityj
statte bdoaaaay

56 days

2,5 ppm foi" 28
days. No' acute
or delayed toxic
eytaptoiia observed.
No «oxtality
observed.

Fteli were kept in
water with
siiiazin,e for 2Ö
days, then placed
io, herbicide-free
water for 28 days
(total 56 days).
No treatuentrelated macro-'
acople or nlcroscopic effects
were obaerYed.

Siiiazlne
COlsaolved
In O.iï
Acetone)

Raittbow trO'Ut

SliMEiae
(Technical
niaterlalj
m.ll a.i.)

Ea.lnbo« trout

Surface abaorptlön,,
static bioaBsay

96 hours

W^Q >100 ppn

12"C, 1.2g
flEgerlinga.

Siiiaaliie
(Techaical
material,
98.IX a.i.)

Fathead Bilnnow

Surface absorption,
static bioaSiOay

96 hours

LC5Q, >100 ppm

25"C, 0.7g
finger Hags.

Siiiazliie
(wettable
powder)

Rainbow trout

Surface absorption

24 hours

LC 50

Simazlae
(wettable
powder)

Bluegill

Surface absorption,
static bioaB'say

12 days

30' pp« - highest
concentration with
nO' mortality foir
12 days

SiniaKlûe
(wettable
pO'Wder)

Green atirif ish

5 days

Survived 5 daya at
10 pp«.

8 days

No aortality at
10' pptn for 8 dayo.,

3 da.ys

Sur^rived 3 days
at 3 ppm.

take chiibeucker
Snallmouth, basa

"
Surface abeorptioni,
static bloaB^say

95 ppm

References

Bathe et al.
1975

Bathe et al«
1975

Jo lúas on and
Fiïiley 1980

Alabaster 1969
in Oodaon and
Mayfield 1979
Small Fish (1 to
3 lach).

Hiltibraii Î967
.Fry.

Appendix B (Continued)

Fomulatlon

Organism

"Nature of "™~~~* ~ kxposur
Exposure
Time

Refereacee

Striped bass

Surface absorption,
static bloaesay

96 hours

LC50 - 0.25 ppm

McCana and Hitch
(1980) were
uoabie to duplicate thes.e results
and hypothesized
that the presence
of an additive
and/or dlffereace»
in handling of the
fish nay ha.ve
resulted in different results,
Fingerlings»

Wellborn 1969
i'a McCaan and
Hitch 1980

Slmazlne
(801
Mettable
powder)

Striped bass

Surface absorption,
static bloaasay and
field exposures

up to
21 days

No treatmeatrelated laortality
in aquarium fish
exposed to 3 pp«
QT in pond fish
with 3 ppm applied
once a week for
three weeks.

Fittgerlings,

Cook and Smith
1976 lE McCairn
and Hitch 19flO

SimaslBe
(80Ï a.l.
wettable
powder)

Bltieglll

Surface abaorption,
static bloaasay

96 hoars

LC50 - 100 ppm,

24*'C, l.Og
Fingerlings,

Johnson attd
Flmley 1980

Siaazlne
(Techßicall
+ Tweett 80®

Ealnbow trout

Surface absorption,

24 hours

Exposure to 1.0^
4,0, 12-5 ppœ
Bimaziae with wetting agent resulted
in decreased
responae to eurreatfl aad a ■
decrease ' la s%ilnniiig; speed compared,
to coiitrolfi 'after
24-houx exposure.

Beha,vioral effects
assumed to be due
to the TVeen 80
wetting agent that
was added oaly to
the technical
grade^ aimazlne.
learling fish.

Dodson and
Mayfield 1979

Rainbow trout

Surface absorption
static bloaseay

24 hours

No 'mortality observed at 200 ppm
a.i.

YeaLiling fish.

Dodson and
Mayfield 1979

Prliicep®80W

I

Conmeats

Simaziae
(80'Z
wettable
powder)

(90 to no ppm)*^

(Metting
agettt)

m

Effects

Appeûdlx B (Cotttliitieci)

Formulâttoa

Organisa

fia ture of
Exposure

Exposure
Tine

Effects

Prlacep®80'W

Blueglll and
Channel catfish

Surface absorption

96 hour»

LC5Q >1,00'0 ppn foe
both species»

Aqua as i Ee,(§>
(80X
wettable
powder)

Striped base

Surface absorptioa,
static bioaeeay

96 hours

UCjQ >.180 Pi»,

Aquazlae®
(80X a.i.)

CliÄ'imel catfish

Surface absorption.

up to
§ moathfli

Aquazlne^'
C80X a,i.)

Bluegill

Surface absorption

up tO'
128 days.

Commenta

ïleferettces
Ü.S« ETwirottaeatal Protection ágeacy
registration
data cited by
Gtiaaaeml et al.
1981

Fisti were tested
both tiard aad
soft water at
21 + l^C. pH 6.9.
Fingerling.

McCatm and Hitch
19Ô0

Nin,eteen percent
leaa yield fro«
ponds IE wtiich
bottOBS had beeß
treated with
12 lbs. (a.i.)/acre
(13,4 kg/ha) oae
day prior to
filling.

Coticemtratloia of
siaiazine la pond
water remsaioed
a!>ove Q.2 pp«
fox iffiore thaa
4 mottths.
Dissolved oxygeoL
le¥el8 in, ejtperineiital poad® remaliied lower than
controls throughO'Ut the 6 aofltha,

Tucker and Boyd
1978

Single application
of herbicide at
1.5 ppn to fertilized bluegill
ponds restilted la
ao 11X reduction ia
fish yield.

CoaceatratioE of
sinazliae in poad
water decreased
fro« 1.5 ppn to
0.3 ppn within
2 montho with a
half-life of 18.5
days. Diasolved
oiygea concentrations decreased
rapidly following
application of
ai'iiazitte but la
2 Months were at
levelft comparable
with controls.

Tucker and Boyd
1978

1Q
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FormulattoE
Tafazineß

Organism

Nature of
Exposure

Effects

(Sarotherodom
mossambicus)
Indian teleO'SÈ

Surface absorption,
static bioassay

96 hours

1X50 "3.1 ppm

(Puntilla tlcto)
Indian teleost

Surface absorption,
static bioassay

96 hours

LC3(} » 24.5 pp©
LCj_QQ ■ 64.0 ppm

(Danio sp.)
Indian teleost

Surface absorption,
static bioassay

96 hours

ÏX5Q - 12,6 ppm
LCjLQQ ""40.0 ppm

Tafazine^'
(50% a.i.)

Major Carp

Surface absorption,
static bioassay

24 hours
48 hours
96 hours

LC30 » 8.6 ppm
LC50 - 5.0 ppa
1X50 - 2.5 ppm

Tafazlne®
(50X a.i.)

(Myatue vjttatua)
Indian teleost

Surface absorption,
static bioassay

24 hours
48 hours
96 hours

LC50

Tafaziae®
(50% a.l.)

(Labeo rohita)
Indian teleoat

Surface absorptionj
static bioassay

24 hours
48 hours
96 hours

LC3O « 12.2 ppn
LC5Q ""5.4 ppm

Tafazlue.®
TafazlEe.#

®Data not available or not applicable,
Hs percent confidence li«its in parentheses.

CO
Ï

Exposure
Time

■ 59.6 ppm
' 40'.0 ppm
^ 28.6 ppm

LC30 " ^'"^ PP*"

Commeti.tB

References

Water temperature
was 28.0 to 29.0'*C,
pH 8 to 9.
Rate
of operular beating was observed
to increase with
increasing toxic
concentration.

Rao and Dad 1979

Median lethal concentrations expressed in parts
a.l. Water temperature was 24.5
to 25.2*'C, pH 8.3,
hardness 230 ppm.
General responses
of fish to toxic
stress included
loss of equilibrium. Increased
mucus secretion,
increased rate of
excretion, and, at
higher toxic concentration, loss
of pigment.

Dad and Tripathi
1980
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Formulation

Simasine
(99.IX)

Organisai
Bobwhite quail
Japanese quail

Nature o!:
Exposure

Ingestion of
stated dose in
feed in ppm

Ring-necked pheasant

Exposure
Time

Fed dose for
5 days, observed 3 days
after cessation.

Effects

IX50 >5,000 pp«
LC50 >3,?20 ppia
LC50> 5,000 ppn

Cooneats

No iBortality observed up to
stated dose.
Birds were 10 to
12 days old at
initiation of test.

References

Hill et al.
1975

LC5{) > 5,000 ppm

Mallard

Review did not
explicitly state
the nature of the
reported dose. In
context it is
aseuined to be an
LC50.

Ciba-Geigy
Chemical
Corporation
1970 in Mauck
1974

Bobirtilte qiiall

Ingestion

5 to 7 days

LC5Q >8,8Û'0 ppia

Mallard

Ingestion

5 to 7 days

LC50 >51,200 ppm

Oilcken

Ingestion

Acute

LD50 >5,000 lag/kg

No «»ortality
observed.

Pigeons

Ingestion

Acute

LD50 ^ 5 »^^^ «g/kg

No ifflortality
observed.

Chickens

Ingestion by
capsule

10 days

Chickens dosed at
50 mg/kg body
weight or inore
showed a reduced
weight gain compared to controls.

One chicken at
autopsy had an
enlarged and congested liver as
well as a congested
intestinal lining.

Siataziae
(HCl)

Chicken (eggs)

Injection (75X
acetone solvent)

Decreased proportion of hatching
compared to controls at doses
giving a concentration of 300 ppm
(94X).' No effect
at 200, 100, or
10 ppm.

Dunachie and
Fletcher 1970

Siaazine

Mallard

Ingestion

Dietary levels of
2.0 and 20.0 ppm
before and during
normal egg production cycles did
not affect reproductive function.

Fink 1975 in
Ghassemi et
al. 1981

Slmaziae
(SOW)

Sinazine
(80X
wettable
powder)

en
I

00
^Data not available or not applicable.

Palmer and
Radeleff 1969
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Formulation.

O^gaaisia

Natore of
Exposure

Effects

CoiDiimeiit.s

Références

Acute Oral Toacicity
Sîmazlï3Le

Slmazine

Ingestion of a
aÍD.gle do'se

Í.D50 >5,000 mg/kg

Ittgeatioa of a
siagle dose

LD5Q, >5,0'0O ni«/kg

Rabbit

Ingeatloii of a
sittgle dose

LD50 >5,0Û'O ii,g/kg

Prairie vole
(Mierotua
ochrogaater;
inaie)

Siagle dose by
gavage

LD^Q C95X confidence
limits) - 3,920 (3,440
to 4,570') »g/kg

Prairie vole
(Microtue
ochrogaaterî
female)

Single dO'Se by
gavage

LD15Q (95X confidence
liQîlts) - 3,250 (2,640
to 3,980) mg/kg

Gray-tailed
vole ;
(Mlcrotus
canicaudua
male)

Single dose by
gavage

LD5O' i^'5* confidence
limita) - 2,010 (1,400
tO' 2,900) mg/kg

Gray-'talled
vole Î
(Micro;tii8
capicaudus;
female)

Single doae by
gavage

BÄt

IJ»S. Department
of Agriculture 1981

Cholakis et al,
- 1981

Cholakis et al»
1981
LD50 (95X confidence
limits) » 2,360 (2,090
tO' 2,690') «g/kg

Acute Dermal Toxlcity
Simazlne

Rabbit

One dose applied
to akin

LB50'- >10„000 mg/kg

U.S. Department oi
Arigculture 1981

Appendix D (CoD.tln,ued)
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Formulation

Organism

Nature of
Expü'sure

Effects

CoimBente

References

Subctiroaic Oral Toxiclty
Siamzine
(80%
wettable
powder)

Cattle

lOi Big (a.i.)/kg/days
10 doses ^ by drench

No ill effects observed.

Cattle

20 ng/kg/day, 6 doses
by drench

Poisoned after 3 do'see,
survived with 3% weight.

Cattle

25 mg/kg day, lOi
doses by drench

Poisoned , Burvived with
12% weight lO'Ss.,

Cattle

50 «g/kg/day, 10
doses by drench

PolB.onGd after 3 doeeSj,
survived^ 211 weight,
lO'SBj long recuperative
period.

Cattle

lO'O' rag/kg/day, 7
doaes by drench

Poieoned after 3 doaeo»
sacrificed after 7 doses
when looribuEd. Necropsy
showed congestion of
lungs and kidneys;
swollen, friable liver;
petechlae on surface ot
the perlcardlim.

Cattle

250 «g/kg/day, 3
dO'SCB. by dren.ch

Poisoned after 1 dooej,
survived with UX weight
loes.

Sheep

25 mg (a.l.)/kg/day,
10'doses by drench

No 111 effects observed.

Sheep

50 mg/kg/day, 3l'
dosea by drench

Poifloned after 17 doses;
died 14 days later with
13X weight loss.

Stieep

50 mg/kg/day, 10
dosee by drench,

Poisoned and sunrlved
with 18X weight looa.

Sheep

100 ngfkg/d&f, 14
doses by drench

Poisoned after 4 doses
and died after 14 doses.

Sheep

100 »g/kg/day, 10'
doses by capsule

Poisoned, with 13Z
weight loss; died 4 days
after last do'se.

Poisoning was considered
Palmer and todeleff
to ha.ve occurred when any
1969
sign of abnormal function
or beîiavior was observed.
These 'ran.ged from loas of
appetite,, depression,,
muLseiiMr spasms,, dyspnea,
weakness j, unco^ordinated
gait, and morlbimdlty, A
weight losa of 5% or more
was considered significant.

Poisoning was considered
tO' have occurred when any
sign of abnormal function
or behavior' was O'bserved.
These ranged from loss of
appetite, depression,
ni,iiscular spasnis», dyspnea,
weakness» uncoordinated
galt^ and moribundity. A
weight loss of 52 or more
was considered significant

Criteria
were the
cattle.
were the
cattle.

for poisoning
aame a,B for
Necropsy findings
same as fo-r

Criteria
were tlie
cattle.
were the
cattle.

foT poisoning
same as for
Necropsy findings
same as for

Palmer and Radeleff
1969

Palmer and 'Radeleff
1969

Palmer and Ra,deleff
1969

Appendix D (Coatinued)

Formilation

Organism

Nature of
Exposure

References

Effects

Suhchronic Oral Toxlclty
(Concluded)

Slmazine

Sheep

250 Äg/kg/day, 3
doses by dreach

Poisoned after 1 dosej
survived with 9X weight
loss.

Sheep

250 Bg/kg/day, 10'
doses by capsule

Poisoned after 3 days
and died.

Sheep

400 Bg/kg/day, 9
doses by drench

Poisoned after 3 days
and died.

Criteria for poisoning
were the same as for
cattle, ¡Necropsy
findings were the same
ae for cattle.

Palmer and Radeleff
1969

Derioal Irritation
Slmazliie

Rabbit

21~day repeated
application

U.S. Department of
agriculture 1981

LD50 - 2,000i mg/kg. No
substantial skin
Irritation when
200 mg/kg were applied»

Eye Irritation

Slmazlae

Unspecified

Uaspecified

No serious eye irritation has been reported
from experimental or
comnercial use.

Siffiaziae

Rahblt

71 mg/kg applied to
eye

No irritation to iris
or cornea, transient
inflammation of
conjunctivae.

One hour exposure to
dust aerosol concentration ranging fro«
1.8 to 4.9 mg/m^

Ho deaths or signs of
tozicological or
pharmaceutical effects.

(Not in Herbicide Handbook, Weed Science
Society of America 1979
which was cited in
U.S. Department of
Agriculture 1981).

U.S. Department of
Agriculture 1981

Inhalation Toiicity

Si»aziii€ 80W Rat
(801
wettable
powder)
I

Weed Science Society
of America 1983

m
\
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Formulation

Organlem

Nature of
Exposure

Effecto.

Comiettts

References

Chro^nlc Toxiclty
Siraazlae 50M
(501
Mettable
powder)

Rat

2-year feeding study
with coacentratioûB
aSi high as 100' ppa
in the diet

U.S. Department of
agriculture 1981;
Weed Science Society
of America 1983

No groaa or microsco'pic
signs of systemic
toxlcity.

Reproductive and
Teratogenlc
Simazitte

Rat

Daily Inhalation for
1 to 3 hours Ott days
7 through 14 of
gestation.! Anlmials
exposed' to concen-'
trationa of 17, 77
and 317 mg/m^

Mewell and Dllley
197Ö

No treatmeot related
teratogenlc effects
were observed»

Carcinogenicity
Slmazlne

Given maxlmuii
tolerated doseii of
215 mg/kg fron
days 7-28; 603 pp»
la diet for approici™
oately 18 niontha

No treatment related
tUMor Induction«

Fogard S®
(37.5%
aliaazine
and 251
atrazine)

13 subcutaneous lo,jectlons of 0.25 ml
of Fogard S®(2 ppm)
at 3-'day intervals
for total of
0.0065 mg active
Ingredient

3 of 24 (12.5%) aniBMla
died with oialigDant
lymphonias. One anlnal
(4.21) Itad peritoneal
mesothelloiaa.

*Data not available or not applicable.

Innés et al. 1969

Animale observed for
7 months. No tumo'ra in
controla,

Donna et al. 19Ö1
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Foriwlatlon

I

OrgatilsB

Nature of
Exposure

Effects

Conmettta

References

Sifliazine

Salmonella
typblMiirltt

Hlstldeiie-po-siti¥e
re vertäut iiû.tattt
assay. Strains
TMOO, TA1535,
mi537, and TA1538
treated with concentration» of 1 to
1,000 g per plate in
the absence or
presence of rat liver
S-9 homogenatc for
metabolic activation.

Nonautagenlc. No
increase In the number
of hlotidine-independent
revertauts was observed.

Slimon 1978

Pr incept

£• typhiimrltiiii

Strains Tâl535,
Tâl537, TA1538,
rk$ñ, and TAIOO were
treated with up to
undiluted laaterlal
(10 ^i per plate) in
the absence or
presence of rat liver
S-9 homogenate.

Nonnu tagenic• No
increase in revertant
mutants.

Eieenbeig et al«
1981

Princep® +
Atrazlne®*

S. typhimtirluBi

Strains TA1535,
Tàl537, TA1538, TASS,
and TAIOO were
treated with up to
undiluted solution of
the mutuire (10|i£ per
plate) in the absence
or presence of rat
M'ver S-^9 homogenate»

NO'niiu tagenic. Mo
increase in revertant
nutants*

Eisenbeis et al«
1981

Slmazlne

S. typhlwirtua

Strain TA1537'treated
with 1, 10, or
lOOji^/plate in the
presence of S-9 homogenate prepared fron
rat liver, kidney«
brain, spleen, lung,
stoisach, or blood.

NO'ttiwitagenic. Mo
increase In revertant
mutants*

Coanûiier 1976
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Organism

Nature of
Exposure

Effects

Comment8

Referemcee

SlBiazliie

Escherlchla
coll MP2
(ovrA")

Aaoay measure» reveralon of WP2 trypto™
phan indepeadence.
Straitt WP2 treated
■with conceiatratioas
of 1 tO' 1,000 |ig per
'P,Late: in the absence
or presence of rat
liver S-9 homogenate«

Nonmmtagenlc• Mo
Increase in the nuiiber
of tryptophan-independent revertants was
oibserved.

Sinmoa 1978

Slmazlne

E. coll

Assay meaaures preferential killing of
DNA repair-deficient
strain (p 3478) o^ver
wild type strain
(w 3110), Cells
treated with 1.0 mg
per disc per plate.

Noniiiutagentc. No preferential killing of
the DNA repair-deficient
strain.

SiiMBon 1978

Slmasltie

E. coll

Forward mutation to
streptonyciii
resistance., Coacen™
tratlona unspecified.

Nonnutagenic

Fahrig 1974

Simazlne

E. coll

Forward nutation
(Gal R®). Concentration, unapecifled.

Noamütagenlc

Fahrig 1974

Sloaisine

BacilluB
subtilio

Assay laeasyres preferential killing of
DNA repair-deficient
strain (ia45) Over the
repair proficient
strain (H17). Cells
treated with 1,0 mg
per disc per plate.

Nonmutagenlc. Uo preferential killing of the
DNA repair-deficient
strain.

SlmiiOQ 1978

Simazlne

Saccharotayces
cerevisiiae

Assay measures ndtotlc
recombination.
Strain D3 treated with
a 5X concentration.

Nonmutagenlc. Ho
Increase In ititotic
recombiaants,

SinnoE 1978

Appendix E (Concluded)

Fo mala t loa

OrganlsB

Nature ot
Exposure

Commemtii

References

Simagine

S. cerevisíae

MitO'tic gene conversion. Concentrations
unspecified.

Nonntutagenic

Fahrig 1974

Slmazliie

DroBophila
melaEogaster

Sex-liïiked recessive
lethal test» Males
were exposed by
feeding to 3, 5, and
2,000 ppii.

Weakly mutagenlc.
Increase frequency of
lethal mutations at
2,000 ppm.

Valencia 1981

Priacep® 80W
(80X
Simazine)

D. laelanogaster

Assays for donlnant
lethal nmtations, sexlinked recessive
lethal mutations « and
chro^mosoieal breakage ^
nondl8junction and
loss were perfomed
on inales treated by
injection or by
larval feeding. In
dominant lethal test,
males were fed 0.40
or 0.60X or injected
with 0.0081.

Significant increase in
rate of apparent
dominant lethals.
Slmazlne elevated
X-linked recessive
lethals when injected
but not when fed. No
significant increase In
partial loss of the Y
chroroosome or six
chromosome nondi s junction
was observed.

Humik and Nash
1977

Slmazine

Serratia
marcescans

Back mutation.
Concentrations
unspecified.

Nonmutagenic

Fahrig 1974

Slmazlne

WI-38 cells

DHâ repair synthesis
'assay., Simazine
tested'at concentra'tiona'oi 10"^ ,to
10"*% ■ ia'absence of,
metabolic activation,
and 10"^M to 10"^M In
presence of metabolic
activation provided by
mouse liver homogenate.

No unscheduled DNA
synthesis indicating
no daiûage tO', DNA,

Siniittoii 1978

Data not available or not applicable.
Í
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Formiilatioa

OrganisDi

0ose

Camnente

Reference»

Simazine
(Technical)

RalEbow trout

1, 4, and 12.5 ppm
(a,i,) in water^
24-hour exposure

Sinazine residues in fleh
were 0.15 (+0.03), 1.03
(+0.18), and 3.40
(+0.29) ppm respectively.
(Values in parentheses are
standard errors of means.)

Dodson and Mayfield 1979

PTiiicep®80W

RAlnbow trout

1, 4j and 12.5 pp»
(a.l.) in water,
24-hour exposure

Slmazine residues in fish
were O.OO (+0.01) 1.18
(+0.3O), and 2.23
(+0.29) ppiB respectively.
(Values in in parentheses
are standard errors of
means.)

DodsoE and Mayfield 1979

Slmazine

Green sunfiah

1.0 and 3.0 ppm»
3--week exposure

Slmazine residues In fish
were 0.95 and 2.29 pp«,
respectively, No residues
were found In fish after
7 days in fresh water.
Most residues found in
viscera.

Rogers 1970 in Dodaon
and Mayfield 1979 and in.
Mauck 1974

Slaaalne 80W

Fish
(Bullhead,
Blueglll,
Green aunfish,
Punpkinseed
sunfish and
Goldfish)

16 acre pond
treated with
1.7 ppii (a.l.) and
fish sampled for
30 days.

Residues in fish declined
during study periodresidues in viscera from
high of 1.1 ppm one day
after application to
0.47 ppm 30 days after,
similar pattern with
fillets. Skin residues
reached a high of 0.95 ppm
on day 8 and a low of
0*56,p{» at, 30 days.

Thomas 1967 in Mauck 1974

Sioazine

"Fish"

Dose not given,
fish sampled for
27 days.

Siiaazliae residues in fish
were generally lower than
residues in the water from
which the fish were taken.

Data trom'. Fish Pesticide'
Research Laboratory (U.S.
Department of the
Interior), Colunbla,
Missouri cited in Mauck
1974

AppeadlK F (CoBcliided)
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FO'Omiatioa

Organism

Sinazine BQU

Boee

Coments

Bitiegill and
Goldflah

5.0 ppa Ca»i,) in
coecrete pools

Reftldueo in ,£i®h below
detectable lliolc», due
either to lack, of absorption or to rapid
metabollsK.

Unpiibiisbed study by
P.A. Gllderlianis (U.S.
Pepartaent of the
Interior 1969) cited
in Mauck 1974

Siinazine

Bluegill and
Catfish

Hot given

Soluble residues íE
muscle of treated fish
'Consisted of sinazine
aod de-alkylated «imaEÍne
•etaboiltes.

Ciba-Geigy Cheiilcai
Corporation studies
cited lE Mauck 1974

Sliiaziiie

Rainbow trout

Fish placed In
Sina^zine residue® mainwater with 2.5 pp«
tained a constant level
sinazine» test
slightly above water connedium eitchanged
centration during first 28
on day 14, and
days. In freshwater»
replaced with fresh tissue levels rapidly
water on day 28.
decreased to below
detectable aiaounts.
Mo adverse effect®,were
noted.

Bathe et al, 1975

Siiiiaziae

MolBtein dairy
cows

Fed S pptt siaazine
(dissolved in
acetone) based on
50 lb food daily,
for 3 day®.

Ho residues were found in
■Ilk. , About II of intact
sinazine was collected in
urine.

St, John et «1. 1965

8-0 ppfli In total
diet

0.01 to 0.02 pp« In Milk.

U.S. Environaiental
Protection Agency
registration data
cited in Ghasseid.
et al. 1981

Snail «Mounts ("few
percent") recovered in
feces and urine.

unpublished Ciba-Geigy
Chemical Corporation
studies cited In
Esser et al. 1975

Siouizine

Siaiazine
(-^^C-labelled)

Rats

Not given

Sinazine
(l^C-labelled)

Daphnlds aod
Algae

Û«l to 10.0' pp» for Organisms in static tests
up to< 42 days
reached bioaccumulatiom
equilibrium within one
day. In flow-through
systems, they continued
to accumulate siokazine
gradually. Overall bioaccumulatlon levels were
low.
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îtejor Forestry Applications!
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Detailed information on toxicology^ environmental fate, and hazard
assessment can be found in the body of the Herbicide Background
Statement.
Toxicology
Triclopyr, as the triethylamino salt^ is slightly toxic to
practically nontoxic to invertebrates and microorganisms* In those
fish tested, the butoxyethyl ester of triclopyr is highly toxic and
the triethylamine salt and unformulated triclopyr are slightly
toxic* Triclopyr and its formulations have low acute aral toxicities
to birds with LD5o's> 1,698 mg/kg.
In experimental studies with mammals, triclopyr causes slight to
severe eye irritation, slight to moderate irritation, and nasal
irritation. Tryclopyr is moderately toxic in acute dietary feeding
studies at high doses, but causes no toxic effects in chronic dietary
feeding at low doses. It causes no reproductive and teratogenic
effects, but is mildly fetotoxic. There is no evidence for
carcinogencity* Triclopyr is not mutagenic in bacterial systems, but
is weakly positive in a dominant lethal assay in rats*
Enviroimental Fate
Triclopyr is absorbed by both plant leaves and roots and is
readily translocated. It appears to interfere with normal plant
growth processes. It is rapidly absorbed by animals and subsequently
excreted by the kidney, mostly in unmetaboliged form^ Triclopyr does
not bioaccumulate in fish.
In soil, triclopyr does not strongly adsorb and is potentially
mobile. It is rapidly degraded by microorganisms and has a short
persistence in soil environments.

Rapid photodegradation is the

major means by which triclopyr Is degraded in aquatic environments.
Exposure and Hazard
The estimated occupational and environmental exposures in humans
by dermal, oral, and inhalation routes should not result in adverse
T-3

toxic effects if proper care is taken during application of
triclopyr, Triclopyr has not been shown to be toxic or to have
reproductive, teratogenic, or mutagenic effects at exposures well in
excess of those to which forest workersj visitors, and animal
residents would be exposed.
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1.0

General Information

Triclopyr, also known by the trade name'^ Garlón®^ is a selective
herbicide used for control of a variety of woody plants and broadleaf
weeds. Trlclopyr interfers wltii the normal growth response in plants.
The precise physiology of the active ingredient is not knowni however,
the compound is absorbed readily through botii roots and leaves and
translocates both up and down the plant stem^ accumulating in
meristematic tissue. It is particularly effective in control of
i%>ot-sprouting plant secies (Weed Science Society of America 1983).
1»1

Normal Use Patterns

Triclopyr is a broad-spectrum herbicide originally developed for
control of vegetation along utility rlghts-of-^ay and on industrial
sites (McKellar et al. 1982)• Triclopyr provides good control of most
woody plants found in forest-site preparation areas. When applied as
a foliar spray^ it provides good control in noncrop areas. Noncrop
applications include industrial^ manufacturings and storage sites^
and pipeline^ railroad^ highway and electric transmission
rights-of-way. It is effective in controlling species resistant to
2,455-T such as sassafras^ black locust ^ ash, maple^ blaeberry and
conifers. It also provides good control of poplar^ aspen, birch^ red
and white oak^ sumac^ blackgum^ sweetgum^ hickory and willow. The
triethylamine salt formulation (Garlón® 3A) is used to control woody
plants when applied to cut surfaces by means of tree injection^ or by
girdle^ frill, and stump sprays. The butoxyethyl ester formulation
(Garlon®4) is used as a basal spray^ either in an oil or oil-water
spray solution (The Dow Chemical Company 1983a) « It is also used in
aerial applications.
Usual rates of application for triclopyr range from 0.25 to
9 lb/acre (0.28 to 10 kg/ha). Statistics on the use of triclopyr
formulations by the USDA Forest Service are presented in
Table 1-1. Application rates in 1982 by the USDA Forest Service
ranged from 1.5 to 3 lb/acre for aerially applied Garlón®4 witii 13
projects; from 0.5 to 5.2 lb/acre for 9 projects with ground-applied
Garlón®4| and from 1.3 to 7*4 lb/acre for 6 projects witíi ground
applied Garlon®3A (Gross 1983).
Triclopyr is manufactured, formulated, and marketed by The Dow
Chemical Com^ny. Triclopyr formulations are listed and described in
Table 1-^2. In addition to these formulations in whldi the only
active ingredient is triclopyr, a fomulation containing picloram and
triclopyr is also available. This product, called M-4450, contains

^Trade names are used only to provide information and do not imply
product endorsement.
T^5

Table 1-1
USDâ FO'i-est Service Use of Triclopyr
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f

Purpose

Acid Equivaleal /Per Acre (lbs)
-- -,,:„
™
Range
Average

_.._™__

Acres
Treated

Foxmulatio-n

application
MetliO'd

_^ 1981 —^—^.—..^

Aerial
Right-of-way

0'., 3-3.0'

la

1,135

Liquid

Helicopter

2.2
1.7
2.9

2.2
1.7
2.9

9
135
30>

Liquid
Liquid
Liquid

Broadcast
Broadcast
Biro^adcast

GarlO'n®4

Helicopter

G roil ad
Condfer release
Right-of-way
Site preparation

_-___ 1982 Aerial
Timber Management
(13 projects)

1.5-3.0

2,2

0'.5-5»2

1.9

567^

fGarloÄ®'4

1,3-7.4

4,8

—"'

^Garlo.ii®3A

2445

Gro'Utid
Timber Maaagement
(9 projects)
Timber Maaagement
and Engineering
(6 projects)

^Includes both Garlón®4 and Garloo,®3â combined.
Soiurce;

Gross 1983

Ground Foliar
and Basal Spray
Grou,nd Foliar j,
Injection,, and
Cut Surface

Table 1-2
Trlclopyr Formulations

Formulation

Active Ingredient

terlon® 3Â

3 lb/gallon (0,36 kg/£) acid equivalent as
the triethylamine salt

Garlón^ 4
(0.1 soluble,
water emulsifiable)

4 lb/gal (0.48 kg/Í) acid equivalent as the
butoxyethyl ester

*Formulations including other active ingredients are omitted.
Sources

The Dow Chemical Company 1983b and Weed Science Society of
America 1983.
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2 lb (0*24 kg) butoxyetiiyl ester of trlclopyr and 1 lb (0.12 kg)
Isooctyl ester of plcloram per gallon (per I ) of formulation (Weed
Science Society of America 1983).
1.2

Physical and Chemical Properties

The active ingredient of triclopyr is [ (3,5,6•=trichloro-'2pyridinyl) oxylacetic acid with the following structural formula
(Weed Science Society of America 1983)i

0

//
0 — CH2 — C
\
OH

Trlclopyr has a molecular formula of C7H4CI3NO3 and a molecular
weight of 256.48. In its pure form, triclopyr is an odorless white
solid with a melting point of 298.4 to 302.0°F (148 to 150°C).
Triclopyr is only slightly soluble in water, having a solubility of
430 ppm by weight (0.043%) at 77°F (25°C). With the exception of
n-hexane (solubility of 410 ppm [0.041%] at 77°F [25''C]), trlclopyr
is more soluble in organic solvents than it is in water, having
solubilities of 989,000 ppm (98.9%) in acetone, 126,000 ppm (12.6%)
in acetonltrlle, 2,730 ppm (2.73%) in both benzene and chloroform,
30,700 ppm (30.7%) in n-octanol, and 2,790 ppm (2.79%) in xylene at
77°F (25°C) (Weed Science Society of America 1983).
Triclopyr is readily degraded by both chemical and biological
mechanisms, primarily photodegradatlon and microbial decomposition,
respectively. In water and soil, the acid form of trlclopyr is
stable to hydrolysis, but the ester rapidly undergoes hydrolysis to
the acid form. Amlne formulations also convert rapidly to the acid
form in both water and soil. The triclopyr acid that is formed in
both soil and water is neutralized to a salt under normal
environmental pH's (The Dow Chemical Company 1983b).
Formulations of triclopyr are
Garlón®3A is 110°F (43''C) and for
Chemical Company, 1980, 1981). On
corrosion to aluminum by trlclopyr
of America 1983).
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combustible. The flash point for
Garlón®4 is 147°F (64°C) (The Dow
extended exposure, there is some
formulations (Weed Science Society

2.0

Toxiclty of Tríclopyr

Triclopyr is a relatively new herbicide for which very limited
toxiclty data have been reported* The majority of the reported data
are from the manufacturer. The Dow Chemical Company« The
toxicological properties of triclopyr, siMmarized in Table 2-1,
indicate that this herbicide and its formulations have a wide range
of toxiclty to those organisms tested. Studies with mammals indicate
that triclopyr and its formulations induce low to moderate acute
toxiclty, mild subchronic toxlcity^ and no chronic toxicity* In
limited studies in rodents, no carcinogenic activity was observed.
Triclopyr is mildly fetotoxic but is not teratogenic* Although
nonmutagenic in bacterial and cytogenetic assays, triclopyr is weakly
positive in rat, but not mouse, dominant lethal assays. Skin and eye
irritation appear to be the human health hazards of concern with
Garlón® 3A, but Garlón®4 is nonirritating (Weed Science Society of
America 1983).
2.1

Invertebrates and Microorganisms

The few data available on invertebrate and microorganism
toxiclty, primarily for the triethylamlne salt (Garlon®3A) and
generated by The Dow Chemical Company, are presented in Appendix A.
These data indicate that the triethylamlne salt of triclopyr is only
slightly toxic to practically nontoxic to organisms tested, with a
go-hour LC50 of 895 ppm in shrimp, of >1,000 ppm in crabs, and a
48'"hour LC5Q between 56 and 87 ppm in oysters (]^w Chemical Company
data reported in Ghassemi et al. 1981 and in Weed Science Society of
America 1983). In Daphnia magna, the 48-hour acute LC50 ^as
1,170 ppm, and the 21»day chronic LC50 was 1,140 ppm for the
triethylamlne salt of triclopyr (Gersich, et al* in press). Hallborn
and Bergman (1979 in Ghassemi et al. 1981) report no significant
effects of Garlon®3A on lichen nitrogen fixation^ Triclopyr^t
500 ppm had no apparent effect on the growth of six species of soil
microorganisms after 72--hours incubation (U*S, Environmental
Protection Agency registration data reported in Ghassemi et al«
1981). In aquatic organisms, LC5o's of greater than 10 ppm are
considered indicative of only slight toxiclty (Clarke et al* 1970)*
Toxiclty studies with invertebrates and microorganisms have been
conducted in controlled laboratory environments. As a consequence of
the laboratory envirorpnent and the experimental designs employed, the
results do not necessarily present a true reflection of the potential
effects of triclopyr in a natural environment. For e^mple, in the
laboratory, aquatic organisms were kept for as long as 4 days in
static conditions with continuous exposure to triclopyr. Microorganisms were grown in culture media in the laboratory with triclopyr
T»9

Table 2-1
Suamary of Toxicologlcal Properties of Trlclopyr

1.

Acute Oral Toxicity

Organism (Formulâtloü)
Rat (Triclopyr)

LD50 - 630 to 729 mg/kg

Rat (Garion® 4)

LD5Û - 2,000 to 2,500 mg/kg

Rat (Garloû®3A)

LD50 ^ 2,000 to 3,000 mg/kg

Râbbit (Trlclopyr)

LD50 * 550 mg/kg

Guinea Pig (Trlclopyr)

LD50 - 310 mg/kg

Mallark Duck (Trlclopyr)

LD50 -1,698 mg/kg

Mallard Duck (Garlón® 4)

LD50 - 4,640 mg/kg

Mallard Duck (Garloû®3Â)

LD50 - 3,176 mg/kg

Fish (Garlón® 4)

1^50 * 0.74 to 0.87 ppm

Fiih (Triethylamlne Salt
and Gar Ion® 3A)

LG50 > 100 ppm

2*

Acute Dermal Toxicity

Organism (Formulation)

Adverse Effects

Rabbit (Trlclopyr)

LD5O >2,000 mg/kg

Rabbit (Garlón®4)

W^Q>é,000 mg/kg

Rabbit (Garl0n®3Â)

LD50 >4,000 mg/kg

3.

Inhalation ToxicIty

Organism (Formulation)

T«10

Adverse Effects

Adverse Effects

Rat (Triclopyr)

No adverse effects.

Rat (Garlón®4)

Caused nasal irritation only.

Table 2-1 (Continued)
4.

Eye Irritation
Adverse Effects

Organlem (Formulation)
Rabbit (Triclopyr)

Slightly irritating.

Rabbit (Garlón®4)

Not an eye Irritant.

Rabbit (Garlón®3A)

Severely Injurious.

5.

Subchronlc Oral Toxicity

Organism (Formulation)

Length of
Treatment

Dose
Tested

Adverse Effects

Rat (Triclopyr)

90 days

3, 10s 30 and
100 mg/kg/day
in diet

Decreased body weight,
decreased liver
weight and increased
kidney weight in
males at 100 mg/kg/day.

Mouse (Triclopyr)

90 days

6, 20 and
60 ag/kg/day
in diet

Reduced liver weight
in males at. 60 mg/kg/day.
mg/kg/day.

Dog (Triclopyr)

183 days

2,5 mg/kg/day
in diet

Slightly reduced
kidney excretion.

Dog (Triclopyr)

228 days

5, 10 and
20 mg/kg/day
in diet

Decreased weight gain
and food coniumption.
Liver and kidney effects developed due
to urinary retention
of Triclopyr*

Moiúcey (Triclopyr)

Unspecified

20 and
30 mg/kg/day
in diet

No adverse effects*

T-n

Table 2-1 (Concluded)

6.

Reproduction, Teratology and Fertility

Organism (Formulation)

Dose and
Length of „Trejitment

Adverse Effects

Rat (Triclopyr)

Three generation feeding
study at doses of 3^ 10
and 30 mg/kg/day

No reproduction or
teratogenic effects i no
adverse effects on
growth or ^turation.

Rat (Triclopyr)

Gavaged pregnant rats with
50 to 200 mg/kg/day on
days 6-18 of gestation.

Mild fetotoxicitydelayed ossification of
skull in offspring of
pregnant rats receiving
200 mg/kg/day

Rabbit (Triclopyr)

Gavaged pregnant rabbits
with 10 or 20 mg/kg/day
on dayi 6-18 of gestation.

Not teratogenic at
100 mg/kg/day

Rabbit (Triclopyr)

Gavaged pregnant rabbits
with 25, 50 or 100 mg/kg/day
on days 6-18 of gestation.

Increased mortality
at all doses.

7,

Chronic Toxiclty

Organism (Formulation)

Dose of
Length of Treatment

Adverse Effects

Rat (Triclopyr)

Fed 3, 10 or 30 mg/kg/day
for 2 years

No toxic effects.
Not carcinogenic.

Mouse (Triclopyr)

Fed 3, 10 or 30 mg/kg/day
for 2 years

No toxic effects.
Not carcinogenic*

8«

Mutagenicity

Organism (Formulation)

Adverse Effects

Bacterial assay systems (unspecified)

Nonmutagenie

Cytogenetlc assays (unspecified)

Nonmutagenic

Dominant lethal studies in rats and
(unspecified)

Weakly positive in
rats I negative in mice.

KToxicology

data are extracted from Appendices A through E.
can be found in the appropriate Appendix«
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Source references

at coneentratioiis greater than those normally found in the anvironment
following application^ In contrast^ in natural aquatic and nonsoil
terrestrial envirotments3 exposure to triclopyr or other man-made
chemicals is usually a transient phenomenon whose duration depends on
the rate of streamflow or on the rate of decomposition of the
chemical, Triclopyr is readily degraded by light and by microbial
action« Additionally5 in natural systems^ interaction with other
man-made and naturally occurring chemicals^ and changes in environmental factors 5 may affect herbicide assimilation and metabolism by
invertebrates and microorganisms* These interactions5 in tum^
potentially alter the tolerance levels of organisms to the herbicides,
2,2

Fish

The few available studies of the toxicity of triclopyr and its
formulations to fish^ summarized in Appendix B^ indicate a wide
response of fish to the two triclopyr formulations and to
unformulated triclopyr. Clarke et al. (1970) considers chemicals
with LC5o*s less than 1 ppm to be highly toxic and those with LGSQ'S
greater than 10 ppm to be slightly toxic to fish« Baaed on these
criteria, Garlón®4, the butoxyethyl ester of triclopyr^ is highly
toxic to both rainbow trout and bluegill with 96-hQur LCSQ'S of 0.74
and 0,87 ppm^ respectively (The Dow Chemical Company 1983a), The
triethylamine salt^ formulated as Garlón®3A| is only slightly toxic
to rainbow trout and to bluegill with 96-hour LCSQ'S of 552 and 891
ppmj respectively (The Dow Chemical Company 1983a). Similarly,
unformulated triclopyr^ with reported 96'-hour LC5o*s of 117 and
148 ppm in rainbow trout and bluegill^ respectively, is only slightly
toxic to these species (The Dow Chemical Company 1983a), In a study
with fathead minnows^ Mayes et al, (in press) reported a 96-hour
static LC50 of 245 ppm and for flow-through tests^ 96-hour and
192-hour LC503 of 120 and 101 ppm^ respectively. These data are
substantiated for Garlón®3A in a report by Johnson and Finley (1980)
in whidi rainbow trout and bluegill both were found to have 96-hour
LC5o's greater than 100 ppm.
It should be noted that in natural soil and aquatic environments,
both ^aine and ester formulations rapidly convert to triclopyr acld^
which in turn is neutralized to a salt at normal environmental pH,
Thus, for both Garlón®3A and Garlón®4, there is rapid conversion
to the same salt (The Dow Chemical Company 1983b), Nb information
is provided with any of the fish toxicity data on the actual form of
triclopyr present in the test water or on decomposition or other
reactions that may have occurred to affect the parent formulation
used in the study, Triclopyr formulations are rapidly photodegraded
in waterj however.
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2.3

Birds

The toxic effects of triclopyr have been investigated in birds
in a small number of studies conducted by The Dow Chemical Company.
These studies are summarized in Appendix C* Triclopyr and its
formulations have a low acute oral toxlcity to mallard ducks, with
LDjO's of 1,6983 3,176, and 4,640 mg/kg body weight for triclopyr,
Garlón®3A, and Garlon®45 res^ctlvely (Dow Chemical Company data
reported in Weed Science Society of America 1983). Eight-day
subchronic feeding studies have been conducted for mallard ducks and
both bobwhite and Japanese quail with triclopyr, and for mallard
ducks and bobwhite quail with Garlón®3A and Garlón® 4 (The Dow
Chemical Company 1983a). Subchronic oral toxlcity of triclopyr and
its formulations is low in these species, with LC5o's from 2,935 to
greater than 5,000 ppm for unformulated triclopyr, LC5o*s greater
tlmn 10,000 ppm for Garlón®3A, and LC5û'S greater than 9,000 ppm for
Garlón®4. No field studies on the toxic effects of triclopyr or its
formulations in birds have been reported,
2^4

Mammals

The potential health hazards from exposure to triclopyr have
been evaluated in laboratory animals including rats, mice, rabbits,
dogs, guinea pigs, and monkeys. The limited published toxlcity data
available from these studies are described below and summarized in
Table 2-1, Api^ndix D, and Appendix E,
2«4.1

Acute Toxlcity

Acute toxlcity data have been reported from oral, dermal, and
inhalation studies. Brief descriptions with no data have been
reported from eye irritation tests,
2.4.1.1 Oral, The acute oral toxlcity of triclopyr is
moderate, as seen in Table 2-1* In male rats, the LD50 was
729 mg/kg, and in female rats the LDJQ was 630 mg/kg (The Dow
Chemical Company 1983b). Formulated Garlón®4 and Garlón®3A have
even lower acute toxicltles than triclopyr, with LD5o*s in the range
of 2,000 to 2,500 mg/kg and 2,000 to 3,000 mg/kg, respectively. All
of the LDjo's are in toxlcity category III as classified by the U.S.
Environmental Protection Agency, warranting handling of triclopyr and
its formulations with caution. The acute oral toxlcity of triclopyr
is also low in species other than rats. In rabbits, the LD50 was
500 mg/kg, and in guinea pigs the LD50 was 310 mg/kg (Weed Science
Society of America 1983). No experimental details elucidating doses,
route of administration, length of treatment, or adverse effects are
available.
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2.4*1*2 Dermale Triclopyr and its formulations Induce slight
to moderate degrees of skin irritation. Studies with triclopjrrj
Garlón®3A, and Garlón®4 have not resulted in the determination of
specific dermal LDJQ'B. It has been reported that in rabbits the
LD50 is greater than 2^000 mg/kg for triclopyr and greater than
4,000 mg/kg for both Gârlon®^4 and Garlón®3A (The Dow Chemical
Company 1983b)• However^ no details have been reported for these
dermal studies« Garlón®4 is slightly irritating to the skin after
repeated and prolonged skin contact in rabbits. The undiluted form
of Garlón®3A is slightly to moderately irritating to the skin (The
Dow Chemical Company 1983b), Dilution of Garlón® 3A with water to a
1;7 ratio is essentially nonirritating. This is the highest
concentration labeled for ground application, A derivative of
triclopyr, 2-buto^yethyl'-((3,5,6~trichloro-2-pyridinyl)oxy) acetate,
caused skin sensitization in 1 of 9 guinea pigs tested (Rao et al,
1981), No data are available on triclopyr skin sensitigation
potential,
2.4.1.3 Inhalation Toxicity, Table 2-1 summarizes two
inhalation toxicity studies in rats. In one study, rats exposed for
one hour to 5,34 ppm triclopyr developed no adverse effects (Weed
Science Society of America 1983)^ In the second study^ rats were
exposed for four hours to an aerosol of Garlón®4 at a concentration
of 0.82 ppm and particle size of ten microns or less. This caused no
deaths. Nasal irritation was the only adverse effect reported (The
Dow Chemical Company 1983b), No further data were available
regarding these studies,
2.4.1.4 Eye Irritation, Although no data are available to
report in Table 2-1 or Appendix D, a few summary statements
concerning eye irritation have been made (The Dow Chemical Company
1983b), Triclopyr is slightly irritating to the eyes. Garlón®4 is
not ^n eye irritant in rabbit tests. In contrast, Garlon®3A is
severely injurious to the eyes. The Dow Chemical Company (1983b)
states that "goggles are recommended during handling or use of
Garlón®3A before dilution",
2,4,2

Subchronic Toxicity,

2,4,2,1 Oral, Triclopyr, provided in the diets of rats, mice,
dogs, and monkeys, caused mild toxic effects at high-doses and no
adverse effects at lower doses (The Dow Chemical Com]^ny 1983b and
Weed Science Society of America 1983), Four studies hava been
partially described in the literature and are summarized in Table
2-1, In the first, male and female rats were fed triclopyr in doses
including 3, 10, 30 and 100 mg/kg/day for 90 days, increased body
weight, decreased liver weight, and increased relative kidney weights
were observed in males at 100 mg/kg/day. No adverse effects
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developed in males with doses equal to or less than 30 mg/kg/day or
in females with doses equal to or less than 100 mg/kg/day,
Simil^ly, in the second study, mice of both sexes were fed
diets with triclopyr in doses including 6, 20 and 60 mg/kg/day for 90
days. A sli^t reduction in relative liver weight at 60 mg/kg/dayj
and no adverse effects at lower doses, were observed in males. No
toxic effects were observed in females at the three doses.
In a third study, bea^e dogs were provided dietary triclopyr at
doses of 55 10 and 20 mg/kg/day for 228 days. Decreased body weight
^in and food consumption were observed. Liver and kidney effects
developed that were not described but were attributed to increased
urinary retention of triclopyr« ^agle dogs were also fed 2,5 mg
triclopyr/kg/day for 183 days. With this lower total dose, the only
adverse effect reported was a slight reduction in kidney excretion
determined by means of PSP dye excretion tests (The Dow Chemical
Company 1983b).
The last study reported in Table 2--1 shows no evidence for subchronic toxicity, including no effect on renal excretion by dietary
triclopyr in motíceys at doses of 20 or 30 mg/kg/day,
2.4,3

Chronic Toxicity,

Two separate feeding studies with rats and mice showed no
chronic toxicity of triclopyr, as shown in Table 2-1. The animals
were fed daily doses of 3 ^ 10 and 30 mg/kg/day in the diet for
approximately two years♦ Triclopyr Induced no toxic effects in
ei tiler rats or mice (The Dow Chemical Company 1983b).
2AA

Reproductive and Teratogenlc Effects.

On the basis of three studies^ summarized in Table 2-1,
triclopyr has no adverse effect on reproduction, is not teratogenlc
in rats or rabbits, but is mildly fetotoxic/ A three-generation
ftedi^ study at doses of 3, 10 and 30 mg/kg/day was conducted in
ratst No teratogenlc effects or adverse effects on reproduction,
growth, or maturation were observed. Two studies in rabbits
confinned the non^teratogeniclty of triclopyr at 25, 50 and 100
mg/kg/day* Mild fetotoxicity was observed in another study, in wMch
prenant rats were administered 25 to 200 mg/kg/day during
organogénesis* The period of administration and route were not
specified. Delayed ossification of the skull occurred in the
offspring of prepiant rats treated with 200 mg/kg/day (The Dow
Chemical Company 1983b and Hanley, et. al. in press).
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2.4^5

CareInogenlclt y

The two-year chronic studies described in Table 2=-l indicate
no chronic toxic effects or carcinogenicity of triclopyr (The Dow
Chemical Company 1983b)^ Two years is usually a sufficiently long
treatment period in rats and mice for tumor development to occur if
an appropriately high dose is tested. The highest dose tested in
these studies was 30 mg/kg/day«
2.5

Mutagenicity

Triclopyr has been tested for mutagenicity in a variety of test
systems and found to be weakly positive only in one^ the dominant
lethal study in rats. Triclopyr was nonmutagenic in bact^ial assay
systems, cytogenetic assays, and mouse dominant lethal studies (The
Dow Chemical Company 1983b).
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3.0

Environmental Fate

Triclopyr is effective against a wide variety of woody plants as
a foliar spray^ as a basal spray, and when applied to cut surfaces*
It degrades rapidly in soils under environmental conditions that
favor microbial growth (reported half--lives up to about 46 days)| is
rapidly degraded^ primarily by photolysis^ in water; and is readily
eliminated by animals when Ingested. Trlclopyr is absorbed by both
plant leaves and roots and is readily translocated throughout the
plant. It induces an auxin-type response in growing plants in that
it appears to Interfere witii the normal growth process. Thus^ maximal
plant res^nse^ particularly to foliar application, occurs when
application occi^s soon after full leaf development and when there is
sufficient soil moisture for plant growth (The Dow Chemical Com^ny
1983a and 1983b),
3el

Bioaccumulation and Metabolism

No data are currently available on metabolism of triclopyr in
plants. However, measurements of triclopyr residues in plants
following treatment have been reported from Finland for triclopyr
applied to fields (Siltanen et al« 1981) and for greenhouse-grown
plants in Texas (Bovey et al. 1979 and Bovey and Mayeux 1980)^
Information on the metabolism and bioaccumulation of triclopyr in
animals is derived from published product literature and
U.S« Mvlronmental Protection Agency registration data (reported in
Ghassemi et al. 1981) generated by The Dow Chemical Company*
3.1.1

Plants

Triclopyr is taken up by plants through both roots and foliage
and is then readily translocated throughout the plant. Translocation
rates are affected by photoperiod and temperature. Radosevich and
Bayer (1979 in Ghassemi et al* 1981) reported a maximum rate of
translocation in a variety of plants under conditions of warm
temperatures and long photoperiod days. Translocation was greatly
reduced during short photoperiod days and colder temperatures. King
and Radosevich (1979 in Ghassemi et al* 1981) found that greater
amounts of triclopyr were absorbed by immature leaves of tanoak
(Lithocarpus densiflorus) than by mature leaves« They also reported
that surfaces containing large densities of stomata absorbed more
triclopyr than surfaces of leaves containing lower stomate
densltieSt These data indicate a possible relationship between rate
of plant metabolic activity (increased photosynthesis with higher
temperati^eSs longer photoperiod, and higher rates of gas exchange
associated with greater stomate density) and absorption of triclopyr^
although no direct correlations have been drawn,
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No information on actual metabolism of triclopyr in plants is
currently available« Residue levels have been measured following
application of triclopyr in field and greenhouse studies, however.
Siltanen et al. (1981) reported on residue levels of triclopyr
in cowberriesj bilberries^ and lichen following application of
Garlón®(specific formulation not given) on small experimental field
plots in Finland. For application rates of 0.22 to 2.01 lbs active
ingredient per acre (0^25 to 2.25 kg/ha), residues were 0.3 to
1*9 ppm (by weight) in cowberries at 30 days post-treatment, 0.2 to
4.0 ppm in bilberries at 8 days post-treatment, and 0.15 to 1.7 ppm
in lichens at 13 months post-treatment. In all cases, increasing
application rates resulted in increased levels of residue,
Triclopyr was applied once to cowberries at a rate of 0.67 lb
active ingredient per acre (0.75 kg/ha) in mid-June, July, August or
September, and the berries were harvested in late September, such
that intervals of 6 to 98 days existed between treatment and
harvesting. Residues in the cowberries declined with residence
time. These residues were 2.4 ppm ô-days post-treatment (September
treatment), 0.7 to 1.1 ppm 30 to 36 days post-treatment (August
treatment), 0*2 ppm 64 to 70 days post-treatment (July treatment),
and 0.2 to 0.3 ppm 92 to 98 days post-treatment (June treatment). In
bilberries similarly treated with 0.67 lb/acre (0.75 kg/ha) in
mid-June s July, or August and harvested in late August, residues were
0.9 ppm (7 days post-treatment) to 0.7 ppm (69 days post-treatment)
with no relationship between residence time and residue levels. It
is unclear whether the differences in residue levels in cowberries is
due to the time interval between treatment and harvest, or due to the
environmental conditions, plant metabolism, and growth stage at the
time of treatment with triclopyr (Siltanen et al. 1981).
Residues of triclopyr in greenhouse-grown honey mesquite were
measured 3, 10, and 30 days following application of the ethylene
glycol butyl ether ester or trlethylamine salt of triclopyr to
foliage, to soil, or to both foliage and soil (Bovey and Mayeux
1979). The triclopyr was applied at a rate equivalent to 1 lb/acre
(1.1 kg/ha). Maximum residues of 28 ppm were found in leaves 10 days
after foliar application of the amine salt. Maximum stem residues of
3.6 ppm triclopyr were found 10 days after foliar application of both
the ester and the amine salt. In general, foliar applications of
triclopyr resulted in higher leaf and stem residues, while soil
applications resulted in higher root residues.
Bovy et al. (1979) measured triclopyr residues in greenhousegrown huisache (Acacia fame s lana) following application of the
trlethylamine salt at rates equivalent to 1 and 2 lb/acre (1.12 and
2.24 kg/ha) as soil, foliar, and soil-plus-foliar
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treatments, ^ximum residues of 37 ppm were found in the stems
immediately after foliar application of 1 lb/acre and 3 days after
2 lb/acre application. Maximum residues of 37 ppm were also found in
stems l^ediately after soil-=plus-foliar application at 1 lb/acre.
In general, highest residue levels were in the stem and intermediate
levels were in foliage for both foliar and soil-plus-foliar
applications. Highest levels occurred in roots for soil applications.
3.1«2

Animals

The available information on the metabolism and bioaccumulation
of triclopyr in animals is derived from data originated by The Dow
Chemical Company, Triclopyr is rapidly absorbed by animals and is
then rapidly excreted via the kidney, mostly as the parent compound.
Small quantities of two other compounds, the metabolite
trichloropyridinol or a conjugated form of the parent, triclopyr
acidj are also excreted. At high doses, an increasing amount of
excretion of triclopyr occurs through the feces (The Dow Chemical
Company 1983b). Animal metabolism studies with triclopyr are
summarized in Appendix F.
Rats dosed intravenously with 5 and 100 mg triclopyr per kg body
weight excreted 91 and 83 percent, respectively^ of the total dose
via the kidneys. Dogs dosed with 0.5 and 20 mg radiolabeled triclopyr
(route of administration not given) had half-lives for blood plasma
clearance of 14 and 96 hours, respectively. These results indicate
that triclopyr is rapidly cleared from animal systems, primarily via
thB kidneys. Residue studies with radiolabeled triclopyr administered
to rats, dogs, and monkeys indicated higher concentrations of residues
in the kidney than in blood plasma in dogs, in the liver and in fatty
tissues compared to blood plasma in rats, and not in any of the
tissues from the monkey. Bioaccumulation of triclopyr or of its
metabolites was not observed in catfish or in mosquito fish.
3.2

Soil

Limited data are available on the behavior of triclopyr in
soil* Much of the available information has been sumaarized by
Ghasseml et al. (1981)^ In addition, recent studies have been
conducted with forest soils in Sweden (Torstensson and Stark 1982)
and In soils in West Virginia (McKellar et al, 1982)• Triclopyr has
a short persistence in soil. It is not strongly adsorbed to soil
particles and therefore is potentially mobile in soil. The lack of
persistence of triclopyr in soil is due to rapid degradation of the
compound by soil microorganisms (The Dow Chemical Company 1983b).
Although there is no direct evidence of photodegradation of triclopyr
in soils, its rapid photolysis in water indicates that, when on the
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surface of soils, it is likely to photodegrade. Because of its low
volatility, volatilization of triclopyr should not be a major means
by whicli triclopyr is lost from the soil (Ghasseml et al. 1981).
Although triclopyr is generally considered to have a short
persistence in soils^ the actual half-life is strongly dependent on
specific soil type and climatic conditions. McKellar et al. (1982)
estimated the half-life of triclopyr residues in soil in a small
watershed in West Virginia to be between 14 and 16 days. However,
much of the aerially applied triclopyr (Garlón®3A applied at a rate
of 10 lb/acre [11.2 kg/ha]) was intercepted by foliage. Average
triclopyr residues in soil from the treated area in this study,
measured on the day of treatment^ were nondetectable in densely wooded
areas5 4.4 ppm in lightly wooded areas, and 18 ppm in open areas.
Residues in soil from the latter two areas declined to <1 ppm within
4 weeks and were nondetectable at 28 weeks and at subsequent sampling
periods. The Dow Chemical Company (1983a) reports a half-life of 10
days in a silty clay loam and 46 days in a loam* The loam used in
this latter study was maintained in the laboratory at 95^F (35^C)
with moisture at field capacity. Dow (The Dow Chemical Company
(1983b) reports the average half-»life of triclopyr in soil to be 30
days, Laskowski et al. (1982) report a soil half-life of 40 days for
triclopyr. An average half^life of 46 days is reported in Weed
Science Society of America (1983) and in Ghassemi et al. (1981).
In a field study in Sweden, Torstensson and Stark (1982) applied
2.0 lb Garlón®3A active ingredient/acre (2.2 kg/ha) and 1,7 lb
Garlon®4 active ingredient/acre (1.9 kg/ha) to 8 different
forest soils. Residues of triclopyr persisted for 1 to 2 years^ and
in some cases in excess of 2 years, at levels approximately 10
percent or less of residues sampled immediately after application.
It should be noted, however, that measured sununer soil temperatures
were usually only 55A^F (13°C) or less and never more than 57.2°F
(14°C). These temperatures are not particularly favorable to
microbial degradation.
Ghassemi et al* (1981) reported Dow Chemical Company data on
soil residues of triclopyr metabolites. The half-life of tricloropyridinol was 8 to 279 days in 15 soils. In 12 of these soils it was
less than 90 days. Trichloromethoxy pyridinCs which degraded to
carbon dioxide/ had a half-life of 50 days in two soils^ and a
half-life of greater than 300 days in another soil.
Triclopyr rapidly adsorbs onto soil particles. The degree of
adsorption is dependent on soil type, with soil organic matter the
primary parameter involved. Increased soil organic matter results in
increased adsorption of triclopyr. A major degradation product of
triclopyr, trichloropyridinol, is less mobile than the parent
triclopyr (Dow Chemical Company data reported in Ghassemi et al*
1981).
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The ability of triclopyr to be leached through any given soil is
a function of the adsorption capacity of the soil. Limited data from
the few studies conducted to date indicate that triclopyr can be
leached from soil, but that the rate of leaching would be reduced in
soils with high organic matter content compared to soils with a low
organic matter content* In a soil composed of loam and sand with low
amounts of organic matter (0*62% organic carbon), 75 to 80 percent of
applied triclopyr leached through a 12-inch colu^ between days 11
and 15 when 0.5 inch of water was applied daily. The trichloropyridinol
metabolite required twice as much water to leach through the soil
than did the parent triclopyr. Leaching of triclopyr and its two
metabolites 3 trichloropyridinol and trichloromethoxy pyridine, was
studied in six soils in various parts of the United States following
field application of Garlón®3A at a rate of 3 gal./acre under
conditions of normal rainfall. Small amounts of triclopyr and the
metabolites were observed in the 6 to 12 inch and in the 12 to 18
inch soil layers 4 to 8 weeks after application. The
trichloropyridinol degrádate leached less than the parent triclopyr,
with m^cimum residues in the 0 to 6 inch layer at 4 to 8 weeks.
Residue levels for this compound subsequently declined.
Trichloromethoxy pyridine maintained a concentration of 0.1 ppm or
less in all soil layers sampled (Dow Chemical Company data reported
in Ghassemi et al. 1981).
Rainfall relatively soon after application of triclopyr may
result in runoff loss into watersheds due to material being desorbed
from soil particles and carried in solution, or carried adsorbed
onto eroded sediment (Ghassemi et al. 1981)« Monitoring studies of
runoff in a small Oregon watershed found residues of 6 ppb in the
runoff water 5 months after treatment with 3 lb/acre (3.36 kg/ha) of
triethylamine salt of triclopyr and approximately 59 Inches of
natural rainfall (Morris et al. 1976 summarized in EPA registration
data reported by Ghassemi et al. 1981).
Microbial degradation is the primary mechanism by which
triclopyr is rapidly degraded in soils to two metabolites,
3,5 3 6"trichloro^2-pyridinol (referred to here as trichloropyridinol)
and trichloro-methoxy pyridine (^w Chemical Company reports cited
in Ghassemi et al, 1981). Incubation studies with radiolabeled
triclopyr under aerobic conditions indicated degradation to
trichloropyridinol with a half-life of 79 to 156 days at 50°F (15^C)
and less than 50 days at 77 to 95°F (25 to SS^'C). Trichloropyridinol
is then degraded to trichloromethoxypyrldine and carbon dioxide,
Trichloropyridinol is also a degration product of trichloromethoxy
pyridine. Under anaerobic conditions, such as in waterlogged soil,
microbial degradation of trichlopyr still continues but is slowed by
as much as 5 to 8 times (Dow Chemical Company reports cited in
Ghassemi et al. 1981).
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Trlclopyr in soil is not thought to be degraded to any great
extent by chemical hydrolysis and, due to its low volatility, is not
thought to volatilize from soil to any appreciable extent. Since it
does photodegrade in water fairly readily, triclopyr on light-exposed
leaf and soil surfaces may also photodegrade rapidly (Ghassemi et al.
1981).
3.3

Water

Laboratory studies indicate that photodegradation is the major
means by which triclopyr is degraded in aquatic environments«
Photodegradation in water is rapid, with a half-life as short as
10 hours at 77°F (25^C) (Weed Science Society of Perica 1983).
The major degradation product of triclopyr is trichloropyridinol,
which is then further degraded. Trichlopyr is stable to hydrolysis
for up to 9 months at pH of 5, 7, and 8 in buffered solutions at
temperatures from 59 to 95°F (15 to 35°C) (Dow Chemical Company
report cited in Ghassemi et al. 1981), The ester form of triclopyr,
however, is rapidly converted in water by hydrolysis to the acid form
(The Dow Chemical Company 1983b).
McKellar et al. (1982) monitored residues of triclopyr and
trichlorpyrldinol In streamflows draining a small West Virginia
watershed that had received application of 10 lb/acre (11*2 kg/ha)
Garlón®3A by helicopter. Water samples were taken periodically
from two streams running through the target area. Sample sites were
100 feet downslope from the treated area for each stream, with a third
sample site at a weir where the two streams joined* Water samples
were collected for up to 510 days after treatment* Residues in these
samples ranged from nondetectable to 0,02 ppm at the weir (about 200
feet from the treatment area) and in one stream, and from
nondetectable to 0.08 ppm in the second stream. No residues of
trichloropyridinol were detected in any water samples during the
course of this study.
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4*0

Exposure and Hazard Assessment

Forest workers, visitors, and resident or transient animals are
all potentially exposed to triclopyr during forest spray operations.
For humans and other terrestrial animals, exposures can be by dermal,
inhalation, and oral (Ingestion) routes. Aquatic animals are
potentially exposed by i^ersion in waterbodies that may contain
dissolved triclopyr. Calculations of exposure to triclopyr in this
section follow the assumptions and methodology detailed in Section
4*0 of the General Introduction to the Herbicide Background
Statements^ In general, it should be noted that environmental
exposures to triclopyr are brief, and that any area sprayed in a
given year may well not be sprayed again for several years.
Occupational exposures, at least for some individuals, may be of
longer duration than environmental exposures. However, only a
limited number of individuals are so exposed,
4.1

ÜSDA Forest Service Triclopyr Application

Available application data for triclopyr used by t'te USDA Forest
Service for 1982 are presented in Table 4-1. Actual exposure to
triclopyr differs among Forest Service personnel involved in
herbicide use, other Forest Service personnel, visitors to Forest
Service lands that have been treated with herbicides, and wildlife
species that are permanent or transient inhabitants of treated areas.
The data presented in Table 4-1 indicate the number of forest
workers involved in application of triclopyr in 1982, as well as the
duration of exposure on a daily and an annual basis. However, the
actual exposure of these workers depends not only upon the specific
formulation, method, and rate of application, but also on the
protective measures employed, the operating condition of the
equipment used, and accidental events which expose workers to the
pesticide.
Triclopyr has a short persistence in soil, is not strongly
adsorbed to soil particles and is rapidly degraded. In water,
triclopyr is readily degraded by light and by microbial action.
Consequently, the potential for incidental exposure of humans and
wildlife to triclopyr is low, existing only for a very short period
immediately after its application.
4.2

Exposure

Estimates of potential exposure to triclopyr are based on aerial
as well as ground application^ The maximum aerial application rate
for triclopyr (see Table 1-1) is 3,0 lb a.i./acre, while the compound
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Table 4-1
uSDâ Forest Service Application Data for TrlclO'pyr (1982)

Duration of Exposure
Fomtilatioa
(Mmaber
of
Projects)

MethO'd. of
Applicatioifl

average Number People
Expoeed/PrO'ject

Total People
Exposed*

AYerage
Hrs/Day

Maximum

Bays/Yr

Hrs/Day

Type O'f Management
(Project«)

Days/Yr

Garlón® 3A
(6)

Gro'und
Foliar,
Injection
Cut Surface

4»7

28

4.8

10

5

9.8

Timber (4)
Engluéeriag (2)

Garion® 4
(9)

Ground
Foliar and
Basal Spray

5

45

5.1

5.1

5.6

7-4

Timber (9)

Garlo.ii®4
(13)

aerial

7,5

98

2« 9

4.7

4.3

5.8

Tlwber (13)

«Grand Total - 171
Source:

Gross 1983

is applied from the ground (ground foliar) at rates as high as 7,4 lb
aai*/acre. In both aerial application and ground foliar application,
triclopyr is applied as a liquid. Therefore5 in this analysis^ for
the calculations in Table 4-2 that are based on aerial application
(e,g*s spray/observer dose, wildlife dermal exposures, and water
concentrations)5 an application rate of 3.0 lb a,i./acre is assumed.
Those calculations in Table 4-2 that are based on ground spraying
(e.g.j backpack sprayer dose and wildlife oral exposures) assume an
application rate of 7A lb a.i./acre. Other specific assumptions,
based upon the toxlcological and chemical characteristics of
triclopyr and on its behavior in the environment, are discussed in
the following sections* Table 4-2 summarizes the estimates for
occupational and environmental doses and exposures by means of
immersion, dermal, inhalation, and oral routes.
4.2.1

Occupational Doses.

Data are not available on the daily occupational exposures or
doses of triclopyr to forestry workers. However, estimates of
occupational doses have been derived based on the urinary output of
several categories of workers exposed to phenoxy herbicides (e.g.,
2,4-D and 2,4,5-T). As indicated in the General Introduction to the
Herbicide Background Statements, urinary output was used to calculate
total doses (i.e., regardless of route) to workers exposed to phenoxy
herbicides, and this quantity was then expressed on the basis of an
application rate of 1 lb/acre. Daily occupational dose estimates for
triclopyr are based on exposures on a per pound per acre application
rate multiplied by 3.0 lb/acre for observers and 7.4 lb/acre for
backpack sprayers. In the case of the aerial spray observer, dose
estimates are based upon a maximum of one daily exposure to direct
aerial spray with an unprotected skin surface area of 2 square feet
(see the General Introduction to the Herbicide Background
Statements)« The maximal herbicide dermal absorption rate is assumed
to be, in the absence of data to indicate otherwise, 10 percent. At
3.0 lb a.i,/acre aerial application rate, the following estimate of
daily dose is deriveds
Observer with Direct Spray Deposition! up to 0.12 mg/kg
(0.04 mg/kg at 1 lb/acre application rate).
For ground applications at 7.4 lbs/acre application rates, the
following estimate of daily dose is derived1
Backpack Sprayen 0.296 mg/kg (0,04 mg/kg at 1 lb/acre
application rate).
Occupational doses for the mixer/loader are assumed to be independent of application rate and have been estimated to be 0.1 mg/kg.
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Table 4-2
Summary of Occupational Dose, Environmental Exposure,
and Toxicity for Triclopyr
Exposure Route^
Occupational
Dose

Dermal

Mixer/Loader
Observer
Backpack Sprayer

Inhalation

Oral
b

0,1 mg/kg
_up to 0.12 mg/kg „
0.296 mg/kg

Environmental
Exposure
Fish
Rabbits
Deer
Man
(Fish)
(Rabbits)
(Deer)
(Water)
(Berries)
(Mushrooms)
Toxicity Summary

D.Ol ppm fImmersion^
1.209 mg/kg
0,303 mg/kg

Negligible
Negligible

.^d

^-d

NAß
NA
M
NA
NA
NA

NA
NA
NA
NA
NA
NA

LD50 >2,000
mg/kg In
rabbits.

Nasal irritation
in rats. No
LC5Q reported.

_

^

7.77 mg/kg
10.66 mg/kg
'

-„d
0,0006 mg/kg (2 days)
0.034 mg/kg (2 days)
0.043 mg/kg (2 days)
0.0012 mg/kg (1 day)
0.0030 mg/kg (1 day)
0.0015 mg/kg (1 day)
Acute oral LD5Q'S 231Û mg/kg
for guinea pigs, rats s and
rabbits.

Most studies, LC5Q >100 ppm for f ish
^Assumes aerial application at 3 lb active Ingredient per acre and ground foliar
application at 7.4 lb active ingredient per acre. See text for further explanation.
bOccupational doses include all routes of expoôure.
-Fish exposure results from immersion in water containing triclopyr.
^Human environmental exposures via dermal and inhalation routes will be considerably
less than occupational doses. Therefore, occupational doses are used as a worstcase rather than an estimate of environmental dermal and inhalation exposure.
Oral environmental exposures are estimated for six sources.
6NA represents nonappllcable data.
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Total occupational doses are^ of course, a function not only of
application rate and specific occupational category, but also of
duration of exposure. Table 4-1 includes estimates of the number of
days per year of exposure, by triclopyr application method and
formulation used, in 1982. It should be noted, however, that in many
instances, the same individuals are not exposed throughout the entire
spray period.
^•2.2

Environmental Exposures

Environmental exposures in man occur when forest visitors or
others not directly involved in spray operations come in contact with
spray or sprayed foliage, inhale spray mist, eat plants or animals
contaminated with herbicide, or drink water containing herbicide.
Animals, both terrestrial and aquatic, are subject to environmental
exposures as well.
4.2.2.1 Dermal Exposures. Human dermal environmental exposures
would be less than occupational exposures since only spray operators
and observers are directly involved with actual activities on the
spray units. A casual visitor to spray units should be expected to
receive a dose higher and exposure much less by orders of magnitude
than that of the observer receiving direct spray deposition. Mimais
in the target spray zone, however, are subject to dermal exposure.
Rabbits and deer, representing both small and large game animals
respectively, have the following estimated dermal exposures based on
3.0 lb a.i./acre aerial sprays
Rabbits in Aerial Spray Zones 1.209 mg/kg (0.403 mg/kg at
1 lb/acre application rate)
Deer in Aerial Spray Zones
application rate)

0.303 mg/kg (0.101 mg/kg at 1 lb/acre

4.2.2.2 Inhalation Exposures. Human inhalation environmental
exposures would be less than occupational exposures since spray operators, involved with activities on the spray units, are more likely to
be subject to spray mist than is a casual visitor. Thus a casual
forest visitor should be expected to receive an inhalation exposure
orders of magnitude less than that of a backpack sprayer.
Bivironmental inhalation exposures of animals in the spray target
area would occur on a one-time basis and would be limited to a time
frame that can be measured in minutes. Inhalation exposure is
therefore expected to be so small that it can be neglected in this
analysis.
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4.2*2.3 Immersion Exposures> Aquatic organisms are subject to
environmental exposures from immersion in streams and ponds adjacent
to target spray zones. Assuming a buffer zone of approximately 100
feet between aerial spray zones and waterbodies^ environmental
exposures for aquatic organisms would be equivalent to the estimated
concentration of triclopyr in water, calculated así
Water concentration; 0.03 ppm (0*01 ppm at 1.0 lb/acre
application rate)
This concentration of triclopyr represents
concentration immediately after spraying.
hydrolysis and rapid photodegradation, the
in water is expected to be very short with
10 hours (Weed Science Society of America,

the estimated maximum
Due to rapid water
persistance of triclopyr
a half-life of less than
1983)•

4*2»2.4 Oral ^posures♦ In terms of oral exposures, any
incidental Ingestion of triclopyr by workers on the spray unit would
be accounted for by the estimates of occupational dose. Oral
environmental exposures would occur for wildlife eating contaminated
vegetation and for human consumption of fish, deer, rabbit, water,
berries, and mushrooms^ Basic assumptions for estimates of oral
environmental exposures for both man and wildlife are presented in
the General Introduction to the Herbicide Background Statements.
Maximum reasonable oral exposures for deer and rabbits, representing
game animals potentially eaten by humans, assume vegetation is
sprayed from the ground at 7.4 lb a.i./acre and that rabbit browse is
partially shielded by overstory. These estimates are as follows!
^er;
Rabbitî

10.656 mg/kg (1,44 mg/kg at 1 lb/acre application)
7.770 mg/kg (1.05 mg/kg at 1 lb/acre application)

Estimates of human oral exposures from consumption of fish, deer,
and rabbit require, as a starting pointy estimates of maximum
tissue concentrations of triclopyr in fishg deer, and rabbit.
Fish tissue concentrations are derived as followsi
- water concentrations;

0#03 ppm

- blocoñcentratloní 1*0 (studies with catfish and mosquito
fish, su^arized in Appendix F, indicate that triclopyr does
not bioaccumulate in fish.)
Fish tissue concentration « 0,03 ppm (0^03 mg/kg)
Deer and rabbit tissue concentrations Include triclopyr accumulated
from both oral and dermal exposure* Tissue concentration estimates
for deer and rabbit assume that dermally applied triclopyr is
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absorbed at a rate of 10 percent as discussed in Section 4.2•! with
regard to spray observer absorption rates. As indicated in Appendix F^
triclopyr administered intraveneously to various maimaala was rapidly
cleared, and excreted by the kidney. Given this rapid clearance and
data indicating lack of blaccumulatlon in fish, it is assumed that only
10 percent of the ingested triclopyr will be assimilated by deer and
rabbit. It is also assumed that oral exposure of deer and rabbit to
triclopyr lasts only for 2 days due to the relatively short
environmental persistence of triclopyr. Deer tissue concentrations of
triclop3rr are derived as follows i
Dermal Exposure contribution assumes 10 percent abBorption of a
single exposure, or 0.303 mg/kg (dermal exposure) x 0.1 =^
0.0303 mg/kg.
Oral Exposure contribution assumes 10 percent assimilation of
two-days feeding, or 10*656 mg/kg/day (oral exposure) x 0.1 x
2 days ^ 2.1312 mg/kg.
Total Deer Tissue concentration ^ 0.0303 mg/kg +2.1312 mg/kg =^
"
2.1615 mg/kg (2.1615 ppm).
Rabbit tissue concentrations of triclopyr are derived in the same way
as for deer, as follows;
Dermal Exposure contribution assumes 10 percent absorption of a
single exposure, or 1.209 mg/kg (dermal exposure) x 0.1 =^
0.1209 mg/kg
Oral Exposure contribution assumes 10 percent absorption of
two-days feeding, or 7.770 mg/kg/day (oral exposure) x 0.1 x
2 days ^ 1.554 mg/kg.
Total Rabbit Tissue Concentration - 0.1209 mg/kg + 1.554 mg/kg =
^
1.6749 mg/kg (1.6749 ppm).
Based upon the above fish, deer, and rabbit tissue concentrations and
human consumption rates, the following estimates of maximum human oral
exposures to triclopyr from eating meat are derivedi
Fish meats
0.03 mg/kg x 2 days x 0.5 kg/day/person
person - 0.0006 mg/kg

T

50 kg

Deer meats
2.1615 mg/kg x 2 days x 0.5 kg/day/person -i- 50 kg
person ^ 0.04323 mg/kg
Rabbit meats 1.6749 mg/kg x 2 days x 0.5 kg/day/{«rson ^ 50 kg
person - 0.0335 mg/kg
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Water and plant consumption by man would result in the following
oral exposures to triclopyr based on assumptions stated in the General
Introduction to the Herbicide Background Statements at an application
rate of 3.0 lb a^i./acre (aerial)î
Water;
Berriess
Mushroomsr
4.3

0,0012 mg/kg (0.0004 mg/kg at 1 lb/acre application)
0.003 mg/kg (0.001 mg/kg at 1 lb/acre application)
0.0015 mg/kg (0.0005 mg/kg at 1 lb/acre application)

Hazard Assessment

Toxicological properties of troclopyr to man^ fish, and small
mammals have been summarized in Table 2^1 and detailed in Section 2 of
this Herbicide Background Statement• Table 4-2 compares estimates for
both occupational doses and environmental exposures in man and
wildlife with reported toxicity information (dermal LD50 in rabbits^
rat inhalation results, rabbit, rat and guinea pig acute oral LD50*s,
and immersion LC5o's for fish). The reported exposure levels at which
toxic effects have been observed in experimental animals are
considerably higher than levels estimated for Forest Service
applications«
Small mammal studies have sho^ that triclopyr applied to the eye
can be slightly to severely irritating and that triclopyr fed at rates
up to 200 ppm in feed does not result in birth defects (in rats).
Triclopyr is not mutagenic in bacterial and cytogenetic assays but is
weakly i^sitive in the rat dominant lethal assay. Triclopyr is not
carcinogenic. These studies are smimarized in Table 2--1 and detailed
in the Apéndices, Generally^ they indicate that there should be no
significant potential for adverse reproductive^ mutagenic, or
carcinogenic effects to individuals from triclopyr use^ if proper care
is taken during application.
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AppeBdiï k
xy of Triclopyr Toxicity Data for Invertebrates and ^îcroorgaûis

Formulation.

Garlón'®3A

I

Organisa

Nature of
Exposure

Shrimp
(Crustacea)

Exposure
Tine

96 hours

Garlom^ 3á

Crab
(Crustacea)

Garlon®3A

Oyster
(Hollusca)

Garlón ®'3A

Lichen
(Peltigera
praetextata)
and symbiotic
algae,
Nostoe sp.

Surface absorption

Triclopyr
(trlethylaraliie aalt)

Cladocera
(Daphnia roa&na;
Crus taceal"

Surface absorption
static test

Triclopyr
(triethylaiilne salt)

Cladoceran
(Daphnia magna;
Crustacea)

Triclopyr

Soil lilcro'organisHia:
A:prc>bactér
aerogenes;
Pseudomonaa
aeruginosa;
Salmonella
typhosa;
Staphlococcus
aureus;
Asper^illus
terreus i and
Pullularla
pullulamis

, Surface absorption

Effects^'
LC5Q - 895 ppa

96 hours

LC5O >1,000 ppm

48 hours

56 ppti < LC3Q
<:87 ppa

ConiaeEts

References

—b
Bow Chemical Conpany
data reported In
Ghas^emi et al. 1981
and in Weed Science
Society of America
1983

No significant
effect on rate
of nitrogen
fixation by
either organis«
at application
rates typically
used in forestry
applications«

Results inifolved
both laboratory
and field studies.

Hellbom and Bergman
1977 in Ghasse»! et
al, 1981

48 hours

LC5O - 1,170 ppn
(1,030 to
1,340 ppm)

No anloials were
killed at <336 pp»,
all died at
>2,000 ppa Water
pH « 7.7 to 8.0,
temperature * 6.7
to feS-S^F (19.6 to
20.3'C).

Gereich et al.
(in presa)

Surface absorption
(Test and control
solutions replaced
3 times a week)

21 days

LC50 • 1,140 ppra
(950 to 1,590 ppm)

Mo observcMi mortality was 65X.
Water pH was 7.8 to
8,1, temperature
was 66.2 to ôg.S'^F
(19 to 2rc).

Gersich et al.
(in press)

Surface absorption

72 hour»

No appareat
effect on growth
of orgmis'Mt at
500 pptt.' '

^95 percent confidence limits In parentheses.
"Data no't available or not applicable.

U.S. En¥Íronmeatal'
Protection Agency
registration' 'data '/
reported in Ghaaaemi
et al. 1981

Appendix B
Summary of Triclopyr Toxicity Data for Fish
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Appendix B
Simiaary of Triclopyr Toiclclty Data for Fish

Oxgaalea

Nature of
ExpoBuire

Triclopyr
(btitoxyethyl
eater)
Garlott®3Â

Rainbow trout
Bluegill

Surface absorption,
static bloassay

Triclopyr
(triethylanine salt)
Garlón (B)3A

Rainbow trout
Blueglll

Surface absorption,
static btoaasay

96 hour»

L€5Q ■" 552 ppim
LC50 » 091 PI«

Triclopyr
(trie thylaaine salt)

Fathead
minnow

Surface absoxption,
static bloassay

96 hours

LC5Q •" 245 ppm
(224 to 269 ppn)

Triclopyr
(trletbylaniine salt)

Fathead
«innow

Surface absorption,
flow-through test

96 hours

fd

192 hours

1X50 - 101 ppm
(88.5 to 116 pp«>

FO'tmilatloii

96 houre

ÍC50 ~ 0.7^ ppii
LC5Q " 0.87 ppm

- 120 PIM»
to 140 ppm)

Triclopyr
(trlethylaniine salt)

Fathead
minnow
(embryolarval
stages

Surface absorption,
flow-through test

31 days

At 114 ppa
(measured), larval
survival (2.11 at
28 days) significantly less than
controls (79X at
28 days). No
difference between
treatment groups
and controls in
terms of means
day-to-hatch
(day 3); ■hatchability of embryos»
norma.! larVae' at
hatch's «ûd 'growth«

Triclopyr

Rainbow trout
Blueglll

Surface absorption,
static bloassay

96 hours

LC30 •» 117 ppm;
LC50 •« 148 ppm

Garlón ®3à

Rainbow trout

Garlon®3A

Cc}mDieQ.ts

Référencée

-_b

The Dow Chemical
Comp'any 1983a

Surface absorption,
static bloassay

I
vo

Effects'"

Tine

Blueglll

^95 percent confidence limits in parentheses.
**Data not available or not applicable.

Average 0,22g
fish, pH 7.7 to
8.2, temperature
62.6 to 63.7*'F
(17 to 17.6*0

Mayes et al.
(in press)

Average 0.22g
fish, pH 7.9 to
8,2» temperature
76.6 to 78.4'*F
(24»S to 25.a**«.

Mayes et al.
(in presa)

Fish treated at 0, Mayes et al.
13, 20, 31, 48, 73 (In press)
and 112 ppm nominal
concentrations.
Mean measured concentrations were:
none detected,
11.7, 19.3, 29.2,
46.7, 72.7, and
114 ppm.

The Dow Chemical
Company i983a

LG5Q > 100 ppffl»

53.6'F (12*0,
0.9 gram fish

LC5Q >100 ppm

71.6*F (22*0.
0.8 gram fish

96 hours

Johnson and Flnley
1980

Appendix C

Summary of Triclopyr Toxicity Data for Birds
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Appendix C
Sujiiiary of Triclopyr Toxlcity Data for Birds

Fomulatioii

Nature of
Exposure

Organism

Exposure
Time

Effects

Triclopyr

Mallard duck

Acute oral

LD50 - 1»698 mg/kg

Garlón® 3A

Mallard duck

Acute oral

LD5Q - 3,176 mg/kg

Garlón® 4

Mallard duck

Acute oral

LD50 - 4,640 mg/kg

Triclopyr

Mallard duck 1
Bobwhlte quail
Japanese quail

Triclopyr
(triethylasiine
sait) Garlón® 3A

Mallard duck
Bobwtiite quail - Subchronic oral

Triclopyr (butoxyethyl ester)
Garlón® 4

Mallard duck
Bobwhlte quail

^Data not available or not applicable.

References

The Dow Chemical
data reported in
Weed Science
Society of America
1983

LC50 >5,000 ppa
LC5Q « 2,935 ppm
LC50 - 3,278 ppm

" 8 days

LC50 >10,000 ppm
LC50 «" 11,622 ppm

LC3Q « 9,026 ppm
J

Comments

The Dow Chemical
Company 1983a

Appendix D
Summary of Triclopyr Toxicity in Mammals
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Summary of Triclopyr To'iclclty in Mammals

Formulâtiott

Organlaiii

Nature of
Exposure

Effecta

Commettts

Refereaces

Acute Oral Toxictty
Details not
specified

I.D50 - 729 mg/kg (male)
LD5Q - 630 mg/kg (feniale)

Garlott^4

Details not
specified

LD50 = 2,000 to 2,500 mg/kg
LD5Q - 2„460 mg/kg (malej
LD5Q - 2,140 mg/kg (female)

GarIoa®3A

Details not
specified

LD30 = 2,000 to 3,000 mg/kg
LD50 - 2,830 mg/kg (male)
LD5Q « 2,140' mg/kg (female)

Triclopyr

Rat (ffliale
and female)

^The Dow Chemical Company
1983b and ¥eed Science
Society of America 1983

Triclopyr

Rabbit,
miiced

Detalle not
specified

LD50 » 550. mg/kg

■—

Triclopyr

Guinea pig,
(male)

Details not
specified

LD50 - 310 mg/kg

—

KWeed Science Society of
áaerica 1983

Acute Permal Toxiclty
Triclopyr

Rabbit

Details not
epecified

LD5o,> 2,000. mg/kg

Garlón ®4

Rabbit

Details not
specified

LD5o>4,000' mg/kg

GarloQ®3A

Rabbit

Details not
specified

LD5o>4,000 ïBg/kg

The Dow Chemical Company
1983b

Priíiary Eye Irritatioin

I

Triclopyr

Rabbit'

Unspecified

'Slightly itritatiag.

Garlón® 4

Rabbit

Unspecified

Not an eye irritaat

Garlón® 3A

Rabbit

Unspecified

Severely lnjurio.u'8.

The Dow Chenical Company
1983b

Appendix D (Continued)

I

Formulât loïi

Orgaalsm

Kature of
Eiposure

Effects

CoBiiaent.3

Refereaces

00-

Inhalatton Toailcity
Triclopyr
(uaspecified)

Rat

1 hour exposure to
5„34 ppm

No effect.

Weed Science Society of
AjBerlca 1983

Garlón® 4

Rat

4 hour exposure tO'
aerosol at a conceQtratloii of
0'.Ö2 ppm, particle
size 5lOfx„

No deaths; caused o^aly
aasal irritation.

The Dow Ctiemical Company
1983b

SubchroiRic Oral Toxicity
Triclopyr

Rat (aale
attd female)

Fed concentrâtions
ittcluding 3, 10,
30 aad 100 mg/lcg/day
in diet for 90' days.

In males, observed decreased
body weight, decreased li¥er
weight and Increased
relative lcidii,ey weight
at highest dO'Se of
100 mg/kg/day. No adverse
effects in malea at doses
-30' mg/kg/day or la females
at doses slQO ng/kg/day.

The Dow Cheaaical Company
1983b and Weed Scieace
Society of America 1983

Triclopyr

Mouse (male
and female)

Fed coiiceia trat ions
Iticludiûg 6, 20 and
60 mg/kg/day for
90 days.

In males, observed reduced
liver weight at highest dose
of 60 mg/kg/day and no
adverse effects at 20 or
6 mg/kg/day« In females ao
adverse effects at doses
^0 mg/kg/day.

The Dow Chemical Company
1903b

Trlclo-pyx

D'Og (beagle)

Fed doses of 5, 10
and 20 ing/kg,/day in
diet for 228 days
and 2.5 mg/kg/day in
diet for 183 days.

Doses of 5, 10 and
20 mg/kg/day for 228 days
decreased weight gain and
food coaaiumptioQ, aad
produced liver aad kidney
effects ascribed to»
increased uriaary retentio^a
of test material* Do'se of
2.5 mg/kg/day for 1Ö3 days
slightly reduced kidney
excretlO'O, of the test
material.

The Dow Chemical CoMpany
1983b

Appendix B (Concluded)

Fomulatlom

Organ! an

Nature of
Exposyre

Effects

CoQunente

References

Siibchronic Oral Toxicity
(Concluded)
TriclopyT'

Monkey

20 and 30 »g/kg/day
In diet for yaspecified length of tine.

No evidence of toxic effect.
Mo effect on renal
excretion.

Tlie Dov Ctiemical Company
1983b

Chronic Toxicity
Triclopyr

Rat

Fed doaes of 3» 10 or
30 mg/kg/day in diet for
approxinately 2 years.

No toxic effects.
Not carcinogenic.

Triclopyr

Mouse

Fed doses of 3, 10 or
30 mg/kg/day in diet for
apprO'Xiiaately 2 years.

No toxic effects.
Not carcinogenic.

" The Dow Chemical Company
1983b

Reproductive and Teratogenic
No adverse effects on reproduction, growth or maturation; not teratogenic.

Triclopyr

Rat

Three generation feeding
study at doses of 3, 10
or 30 mg/kg/day,

Triclopyr

Rat

Gavaged pregnant rats with Mild fetotoxlcity-delayed
ossification of the skull
50 to 200 mg/kg/day on
occurred in offspring of
days 6-18 of gestation.
pregnant rats receiving
200 mg/kg/day.

Triclopyr

Rabbit

Not teratogenic and not
Gavaged pregnant rabbits
with 10 or 20 mg/kg/day on fetotoxic at 100 mg/kg/day.
days 6-18 of, gestation.

Triclopyr

Rabbit

Gavaged' pregnant rabbits
with 25; 50, 'or
100 ag/kg/day on'days
6-18 of 'gestation.

,

Toxic'to does at all doses.
Increased «ortality at, all
do«es.'
' '
. .

Carclnogeniclty
See Chronic Toxicity studies
above.
H
!

®Data not available or not applicable.

The Dow Chemical Company
19B3b and Hanley et al.
in press

The Dow Chemical Company
1983b and' Hanley et al.
in , press

Appendix E

Summary of Triclopyr Mutagenicity
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Appendix E
Summary of Triclopyr Mutagenicity

Formulation

Organism

Nature of
Exposure

Triclopyr

Mot
available

Bacterial assay
systems (unspecified)

Nonmutagenic

Triclopyr

Not
available

Cytogenetic assays
(unspecified)

Nonmutagenic

Triclopyr

Not
available

Dominant lethal
studies in rats and
mice (unspecified)

Weakly positive in rats;
negative in mice.

^Bata o.ot available or not applicable.

Effects

Comments

References

The Dow Chemical
Company 1983b

Appendix F
Summary of Metabolism Studies with Triclopyr
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Appendix F
Summary of Metabolism Studies with Triclopyr

Bose

Comments

FormulatioE

Orgaaism

Triclopyr

Rat

5 ttg/kg administered
Intravenously î
100 mg/kg adnlntstered
intravenously

Urinary excretion accounted for
91% of dose.
Urinary excretion accounted for
83% of dose.

Triclopyr (^'^O

Rat

100 mg/kg (route of adminietratio'-o. not clearly given,
assumed to be oral)

Saturated blood plasma clearance
curves,

Refereaces

.The Do¥ Chemical Company 1983h

Triclopyr (^^C)

Dog

0.5 mg/kg (route of administration not given); 20 mg/kg
(route of adatinlstration
not given)

Half-life of 14 hours for clearance
from blood plasma.
Half-life of % hours for clearance
from blood plasma.

Triclopyr (^*C)

Monkey

Dose and route of adiilittistration not clearly given,
assumed to be 30 mg or
less/kg per day, repetitive
daily dO'Ses.

Clearance fro» blood plasma
occurred in a bip'hasic manner with
one phase having a 3-hour half-life
and one phase having a 151~hoiir
half-life. 75.8X of the total ^^C
activity was recovered in the urine,
95,7% of %ihich was recovered within
the first 24 hours.

Triclopyr (^*C)

Hat

Dose not given, administered
intravenously or orally.

Liver and fat tissues with
tissue/plasma ratio >1 with both
intravenous and oral administration-

Triclopyr (^*C)

Dog

0,5 and 5.0 mg/kg administered intravenously

Kidney tissues with tissue/plasma
ratio >1. Residues found only in
the kidney.

Triclopyr (^^C)

Dog

20 mg/kg administered
intravenously

Kidney tissues with tissue/plasma
ratio >1. Residues found in most
other tissues, but with
tissue/plasma ratio>1.

Triclopyr (^^*C)'

Dog

Doée not. given',, adpilnlBtered
'orally,

Kidl,aey tisa^ues with tissue/plasiia
.ratio >i.,
, ■ ;

Triclopyr (^^C)

Monkey

30 mg/kg, administered
intravenously

Mo tissues found with tissue/plasma,
ratio -^1.

Trlclopyx

Catfish

Dose and route of adminlstration not given.

Triclopyr and metabolites trlchloropyrldinol and trlchloromethoxyDow Cheraical Company report
pyrldlne do not accumulate in
. cited in Ghassemi et al. 1981
fillets, heads, visceraj, or skins.

Triclopyr

Mosquito
fish

Dose and route of administration not given.

No significant bioaccumulation of
trlchlorpyridinol observed«

Tlie Dow Chemical Company 1983b

The Do« Chemical Company 1983b
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