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Pesticide Toxicology, Fate &
Transport

Pesticide Toxicity
Risk = f (Toxicity, Probability of Exposure)
Toxicity is influenced by:
Active Ingredient
Concentration
Formulation
Other ingredients
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Factors that Influence Exposure
Ingestion

Dermal

Inhalation

-Intentional or accidental
-A.I. & carrier
-Amount
-Contact time
-Location
-A.I. & carrier
-Clothing
-Duration & aspiration
-A.I. & carrier
-Confined space

Factors affecting skin exposure:
Absorption of chemicals
through the skin is
promoted by: "
•high lipid solubility"
•sweaty, hot skin "
•wrapping of skin "
•abrasion or injury"
•presence of solvents "
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Skin (Dermal) Exposure:!
Absorption rate of chemicals varies by location of skin. The
eyelids and genitalia have the quickest absorption rates. The
soles and palms tend to have the slowest absorption.
Scalp/forehead!
HIGH!
Eyes/eyelids!
VERY HIGH!
Arms/legs/back!
MEDIUM!
Palms!
LOW!
Genitalia!
VERY HIGH!
Soles!
LOW!

Personal Protective Equipment
Applicators receive the highest exposures on their hands
and forearms. Therefore, gloves should be worn at all times.
To reduce exposure further, sleeves should be tucked into
gloves with cuffs to catch drips and flows.
Wash gloves thoroughly before taking them off, and wash
your hands thoroughly and dry them before you put the
gloves on again.
Gloves wear down quickly. Replace them often!
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General Toxicology of Herbicides
In general, herbicides are not very toxic to people since
herbicides target pathways or physiology that is specific to
plants. However, there are NOTABLE exceptions in which
herbicides can harm people.
Human toxicity to herbicides can involve:
1) indirect toxicity not related to the mode of action
2) dermal irritation from strong acids, salts
amines, esters, and phenols
3) inhalation of sprays or particles
4) role of inert ingredients.

Acute Toxicity
Substances where dangerous exposure can occur
without warning signs
Substances with non-selective mechanisms of
toxicity (can effect more than the target)
Substances that can cause toxicity from skin
absorption, inhalation pathways of overexposure
Substances that are directly irritating or caustic from
contact exposure (skin, eyes)
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Fate & Transport Characteristics
Solubility and environmental mobility
Persistence and breakdown products
Formulation
Regulatory status (GUP vs. RUP, registrations)
Use patterns (pre-emergents, systemics,
broadcast)

Desired Herbicide Traits
Ideal herbicide properties for near waterway
spraying:
• low eco-toxicity
• no or low volatility at all temperatures (e.g.
<10–6 mm Hg)
• low water solubility (e.g. <3 mg/L)
• high soil absorption co-efficient (e.g. Koc
>1900)
• short half-life (<10 days)
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Environmental Factors
Water chemistry and pH
Microbial activity
Natural organic matter
Temperature and light intensity
Topography and hydrology

Breakdown products
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3,5,6 Trichloro-2-pyridinol

Examples of metabolites that are likely to be more
prominent than their parent compounds:
-deethylatrazine (from atrazine)
-DDE (from DDT)
-4-hydroxybifenthrin (from bifenthrin)

7

4/7/14

Don’t Forget About Stormwater

Herbicide Profiles
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Toxicity Testing & Herbicides
Of the approximately 200 herbicide active ingredients
registered in the U.S., only about a dozen are labeled for
use in aquatic systems.
Aquatic toxicity data for ready-to-use (RTU) pesticides
is not generally available. Toxicity testing is typically
conducted on the active ingredient only.
We know the actual toxicity of a pesticide is dependent on
several factors including:
-the formulation
-use patterns
-dilution and ultimate concentration.

Testing Formulated Products
The only required testing on the formulated product is for
5 acute toxicity endpoints. The peer reviewed literature
does have examples of some formulated product testing.
Danger
I

Warning
II

Caution
III

Caution
IV

Eating
(oral)
Breathing
(inhalent)
Skin7Contact
(dermal)
Eye7irritation

Skin7irritation
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Glyphosate
Common product name:
Roundup®; Rodeo®

Use: non-selective systemic herbicide with activity on all
annual and perennial plants
Mode of Action: glyphosate stunts growth by inhibiting a
key biosynthesis enzyme in plants (EPSPS). This enzyme
is not found in the animal kingdom.

Glyphosate
Pesticide Movement Rating*: EXTREMELY LOW
Volatility: low
Soil half-life: 47 days
Water solubility: 500,000 mg/L
Koc: 24,000

*From OSU Pesticide Properties Database
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Notes on Glyphosate
Glyphosate itself is considered moderately toxic
to fish. However, it is the surfactants in formulated
Roundup that are toxic. While Rodeo does not
have surfactant and is registered for aquatic use,
it is often applied with surfactants that may impact
aquatic life.
Some glyphosate formulations can cause skin
and eye effects and contact should be avoided.

Triclopyr
Common product name:
Garlon®

Use: selective systemic herbicide for broadleaf/woody
species, can be formulated with 2,4-D or picloram
Mode of Action: triclopyr mimics the plant growth hormone
auxin, causing uncontrolled and disorganized growth
among plants
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Triclopyr Properties
Triclopyr amine salt

Triclopyr ester

VERY HIGH

LOW

Soil Half-Life

46 days

46 days

H2O Solubility

2,000,000 mg/L

23 mg/L

20

780

LOW

HIGH

Movement

Koc
Volatility

*From OSU Pesticide Properties Database

Notes on Triclopyr
Triclopyr ester formulations can be extremely toxic
to fish and aquatic invertebrates. The esters are
not water soluble, so they can persist in sediment.
The amine salt formulation (i.e. Garlon 3A) can
cause severe eye effects. Care should be taken,
particularly when mixing/loading.
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Imazapyr
Common product name:
Arsenal®

Use: broad spectrum, post-emergent herbicide
Mode of Action: imazapyr is taken up by the roots/foliage
and translocated throughout the plant. The herbicide
interferes with with a plant specific enzyme (AHAS),
ultimately leading to cell death.

Imazapyr
Pesticide Movement Rating*: HIGH
Volatility: low
Soil half-life: 90 days
Water solubility: 11,000 mg/L (acid); 500,000 mg/L
(isopropylamine salt)
Koc: 100

*From OSU Pesticide Properties Database
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Aminopyralid
Common product name:
Milestone®

Use: newer active ingredient; current aquatic uses?
Mode of Action: broadleaf control through growth
regulation by mimicking auxin hormone

Inert Ingredients
• Non active ingredients in a pesticide product are called
"inert” or “other” ingredients
• An inert ingredient means any substance (or group of
similar substances) other than an active ingredient that
is intentionally included in a pesticide product.
• Called “inerts” by the law, the name should not be
implied as non-toxic
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Aquatic Uses and ESUs

Pesticides and Exposure to Fish
Fish and aquatic animals are exposed to pesticides
in three primary ways:
• direct absorption through the skin by swimming in
pesticide-contaminated waters
• breathing, by direct uptake of pesticides through
the gills during respiration
• orally, by drinking pesticide-contaminated water or
feeding on pesticide-contaminated prey (i.e.
secondary poisoning)
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Pesticides and Fish
Fish kills may occur after herbicide application from
mechanisms not related to the chemical. Sometimes, fish
die indirectly from suffocation as plant material dies and
decomposes, depleting dissolved oxygen levels.
If possible, apply herbicides during the spring* when water
temperatures are cooler and dissolved oxygen levels are
higher than in summer months.
If possible, apply herbicides in early spring when weeds are
small and not well established, and when fewer weeds
are present to decompose.

*some herbicides are not as toxic in colder temperatures

Endangered Species Act!
ESA requires federal agencies to insure any action they
authorize, fund or carry out is not likely to jeopardize any
endangered/threatened species (or critical habitat). EPA
began consultation with NMFS to authorize continued use
of dozens of active ingredients.

The main biological issue addressed is whether or not the
current use of these pesticides would negatively affect the
26 Evolutionarily Significant Units (ESUs) of Pacific
salmonids designated as critical habitat.
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Evolutionary Significant Units!

ESU: Defined as a population of organisms that is
considered distinct for purposes of conservation.

Scope of opinion
Encompasses the registration of uses for all pesticides
containing the active ingredients of concern.
Degradates, metabolites and formulations (including
other ingredients within the formulations)
Tank mixtures & adjuvants
Individual and collective interactions when applied in the
agricultural, urban and residential landscapes.
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