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e The Fate
of Herbicides
In the
Forest
Environment

tation management, efficacy is usu-
ally the first criterion. However, ef-
fectiveness of the herbicide should
not be the only concern. What about
itsfatein theenvironment? Whathap-
pens to that portion of the herbicide
that does not reach or is not used up
by its target? What are the processes
involved in dissipating the herbicide
in the environment and reducing its
toxicity? What is the potential for the
herbicide moving off (the applied)
site with rain or melt water? Will the herbicide leach
down through the soil profile? What may be the impact if
the herbicide inadvertently reaches an aquatic environ-
! mentand how will it dissipate? These are important con-
cerns; questions that you may be asking yourself or may
be faced with by an inquisitive public or landowner. The
answers are based on an understanding of how the prop-
erties of a particular herbicide cause it to interact with a
specific environment. This understanding allows us to
predict the behaviour of the herbicide in the forest envi-
ronment.

The following six pages focuses on understanding thisin-
teraction. The information included in the summary can
be readily divided into two topic areas:

1) How the different properties of the environment
affect the fate of herbicides, and

2) Somephysical and chemical prop-
erties of current herbicides used
in forest vegetation management
in British Columbia.

This information is provided to assist
you in understanding the fate of a
herbicide beyond its target and in
choosing the appropriate herbicide
for the environment to which it will
be applied.

Definition of Terms

Toxicity: Thedegreetowhichasub-
stance is poisonous or injurious to a
plant or animal.

Acute Toxicity: The potential for a herbicide to causeill
health or death within a few hours to a few days after a
single dose or exposure.

LC,;: A statistic used to indicate degree of toxicity. Itis
normally expressed in weight per unit volume as the ppm
(parts per million) of a herbicide in the air or water suffi-
cient to kill half of the test animals exposed for the prede-

termined period of time, usually 96 hours.
LD,: A statistic used to indicate degree of toxicity. Itis

expsx?essed as the number of milligrams of a toxicant per
kilogram of body weight of an animal, sufficient to kill

50% of such animals.

ChronicToxicity: Anadverseeffect which results from
exposure to many small doses of a herbicide over a long
period of time.
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Bioaccumulation: The uptake and temporary storage
and accumulation of a herbicide from the environment by
an organism.

Biomagnification: The increase in concentration of a
herbicide through the trophic levels of a food chain.
Absorption: Themovementofa herbicide from the sur-
face into a body.

Adsorption: Theadherenceofa herbicideto the surface
of a plant or soil particle.

Degradation: Thereduction of a complex chemicaltoa
less complex form by chemical or biological processes.
Photodecomposition: The degradation of a complex
substance such as a herbicide into more simple com-
pounds from the action of sunlight.

Leaching: The movement of a herbicide through a soil
by water.

Mobility: The movement of a herbicide through a soil.

Solubility: Theamountof aherbicide that will dissolve
in a given amount of another substance (e.g. water).
Volatilization: The process of changing the physical
state of a herbicide from Hquid to vapour. It is directly
related to the vapour pressure of the herbicide.

Concept of Degree of Hazard/Risk

As with most other forest management activities the use
of chemicals in the forest introduces a source of danger,
i.e. a hazard. This hazard can be defined in terms of the
risk of inducing adverse effects to non-target organisms.
The degree of risk is based on:

s toxicity of the chemical, and

» likelihood of exposure of non-target organisms

to toxic doses.

The toxicity of a herbicide is a fixed property. However,
the likelihood of exposure results from the behaviour of
the herbicide in the environment and is dependent on:

* method of application

= persistence

* mobility
A good understanding of the relationships between each
of these three factors and the likelihood of exposure will
reduce the risk associated with the use of herbicides by
helping choose the right herbicide for a particular envi-
ronment and application.
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Properties of the Environment and
How They Affect the Fate of Herbicides

Soil

Texture: The degree of adsorption of the herbicide in
the soil is highly dependent on soil texture. Coarse-
textured soils (e.g.sand) offer only a few charge sites per
unit volume, reducing the capture rate of oppositely
charged herbicide molecules. Fine-textured soils (e.g.
clay) have many charge sites, increasing the capture rate
and consequently immobilizing more of the herbicide
molecules.

Organic matter: Has many charge sites per unit vol-
ume to immobilize charged herbicide molecules (many
more than clay).

pH: Generally,as pH decreases (i.e. increasing acidity),
adsorption of herbicide molecules is greater and mobil-
ity is lower.

Permeability: Reducing soil permeability (e.g.skid
roads and landings) generally increases the potential for
surface erosion, and consequently increases the potential
for surface transport of herbicides attached to soil par-
ticles.

Site

Moisture regime: The rate of degradation of a herbi-
cide is a function of, among others, soil moisture. Degra-
dation rates can be severely reduced ina saturated soil
(anaerobic medium), or under very dry conditions. For
water-soluble soil-mobile herbicides, excess water
(through flooding or high water table) can increase the
potential for off-site movement, and decrease the rate of
degradation.

Slape: Downslope movement of herbicides may occur
either in soil solution (for soil-mobile herbicides) or at-
tached to soil particles on erodible soils. The potential for
both of these processes occurring increases with the steep-
ness of slope.

Microbial activity: Thenumber,kindsand activitylevel
of microorganisms directly affect rates of microbial deg-
radation, one of the most important ways of breaking
down herbicides. Microbial activity and consequently
the rate of microbial degradation of a herbicide are in-
creased under favourable conditions of soil temperature,
moisture, pH and organic matter content (these favour-
able conditions are individually described above and
below).

Climate

Rainfall regime: Rainfall can wash herbicides off the
vegetation (if the rainfall occurs within a few hours after
spray). It can also cause surface erosion resulting in
transport of the herbicide and can facilitate leaching and
horizontal movement of herbicide within the soil. Leach-
ing ismore severe under continuousrather than intermit- -
tent rainfall.

Temperature: Cold and extremely hot conditions can
reduce the level of microbial activity and consequently
the level of microbial degradation of the herbicide. Tem-
perature also influences adsorption through its effects on
the solubility and vapour pressure of the herbicide. A
decrease in temperature decreases solubility, which in-
creasesadsorptionand vapourpressure, which decreases
volatilization.

Snowmelt: Large amounts of water can be released
over a short period of time onto a soil still frozen. This can
facilitate overland movement of herbicides both in solu-
tion state and adsorbed on soil particles.

Wind: Wind can cause spray drift as well as movement
of herbicide-laden dust particles.

Solar radiation:  Affects rates of photodecomposition.

Fate of Herbicides in the Soil

Whether a herbicide has reached the soil directly or has
been washed off a plant, it may be subject to several or all
of the following processes:

* adsorption/leaching/runoff

* chemical and microbial degradation
* photodegradation
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Adsorption is a complex phenomon which depends on
the properties of the chemical {Table 1) and the nature of
the soil. With extensive adsorption, both downward
movement {leaching) and lateral movement (runoff) will
be retarded and the amount of herbicide available for
plant uptake through the roots will be reduced.

Adsorption immobilizes the herbicide while chemical
and microbial processes degrade it. Microbial degrada-
tion is by far the major route for dissipation of herbicides
from the soil (Table 1).

Both volatilization and photodegradation are negligible
processes for the herbicides reviewed in Table 1.

Fate of Herbicides in the Water

Mechanisms for dissipation of herbicides in the aquatic
environment include:

+ dilution

* adsorption on sediments

* chemical and/or microbial breakdown
* volatilization and photodegradation

Microbial action is the mostprevalent form of herbicide
degradation in water. Other methods and routes of
degradation are discussed in Table 1.

Routes of Entry into Aquatic Environments

Stream contamination is probably the biggest environ-
mental concern in the forest because water is the habitat
for many speciesof plants and animals and because water
may be utilized downstream for domestic, industrial and
agricultural purposes as well, The magnitude and dura-
tion of exposure of organisms in forest waters is largely
determined by the route of entry and subsequent behavi-
our of the chemical in the aquatic environment.

Possible routes of entry include:
* direct application to surface waters
» drift from nearby spray areas
* mobilization in ephemeral streams
* overland flow

* leaching

Direct application and drift are largely controlled by the
method of application and the operator. Improvements
in technology, regulations and applicator training have
almost eliminated the occurrence of herbicides entering
theaquatic environment by these two routes of entry. The
other three routes are essentially controlled by the envi-

ronument (thus the need to know your environment).

Mobilizationinephemeralstreams: Soil-mobileherbi-
cide residues present in seasonal stream beds or in areas
of high water tables may be mobilized and transported
towards larger water bodies following heavy rainstorms.

Overland flow: Overland flow occurs infrequently on
forest lands, but erosion can transport herbicides ad-
sorbed on soil particles into the aquatic environment.
Leaching: Deep leaching of herbicides is not likely to
occur in forest environments because of the fine textures
and organic matter content of forest soils. Also, herbi-
cides used in B.C. are not persistent enough to allow
significant leaching to occur (i.e. greater than 1 meter),

Bioaccumulation

Bioaccumulation is a function of;
* thelevel of fat in the animal

* theratio of solubility of the herbicide in fat to
its solubility in water

Consequently, bioaccumulation occurs most in organ-
isms with storage fats and which are exposed to chemi-
cals that have a high fat solubility and a low water solu-
bility (such as DDT).

Forest herbicides show little tendency to bicaccumulate
because their solubility in water is high (Table 1).

Risk Management

Knowing how a herbicide interacts with its environment,
its behaviour is more predictable. Consequently, legisla-
tion and policy —such as the examples listed — have been
established to manage therisk involved with using herbi-
cides:

* the necessity to complete extensive studies
on environmental fate before full registra-
tion can occur.

* the requirement for buffer strips and pesti-
cide free zones around all water bodies to
minimize the possibility of herbicides enter-
ing the aquatic environment.

» the successful completion of a pesticide

applicators courses by project leaders.

¢ apermit system requiring referrals to numer-
ous other agencies.

* the establishment and enforcement of WCB
safety requirements.




"ABLE 1. Environmental properties of herbicides used in British Columbia for forestry vegetation management

COMMON NAME FATE IN__SOILS
Trade Name Mode of Uptake | Water Solubllity | rotion Potential for Potential for | Chemical/Micro- | Photodegradation/
—_— P Leaching Runoff bial Degradation Volatilization
GLYPHOSATE Foliage and cut High: 1.2p/100g Very Strong: Minimal Minimal No chemical degrada- | Both are b
Vision® stem surfaces Highest to organic tion. Rapid microbial | negligible
formerly matter and clays, degradation, half life
Raundup® low in sands = 60 days in favour-
able conditions.
2,4-D Amine | Stem, cut surfaces, | Very high: 300y Parent acid is The polantial for Because of its high | Through both chemical | Amount of photode- | |
Forestamine® some foliar uptake. | 100g strongly adsorbed | leaching of the mobility,significant  [and microbial proc- gradation in the field |1
Guardsman® to organic matter | parentacidislow  |runoff could occur  |esses 2,4-D esters and | s unknown. 1
Formula 40® but weakly ad- when organic mat- | from soils low in or- [2mines are quickly Low volatility [
sorbed toclays.  |teris present. Po-  |ganic matter con-  |converled to the parent | ("0 SLl o I
The extent of tential for leaching  [tent and where acid. Under favourable | oo f
adsorption depends |increases with In- | rainfali is high, This [condilions (i.e. high or-
on formulation. creases in soilpH. | would generally not |ganic matter content,
24,0 acid is be the case for adequate moisture,
- - relatively mobile . forest soils. warm temperattires
| 2,4-D Ester Foliage Insoluble in water  |(class 4), however | The potential for and high pH) half Iffe of
Forester® in forest soils leaching is lower for 4-5 days has been re-
Esteron® leaching is genar- | the ester formula- ported. For less ideal
ally confinad to the | tion then for the condilions half life = 1 -
top 10 cm. amine. 2 months. Degradation
of the acid is mostly
microbial.
HEXAZINONE Mostly roots, some | High: 3.3/100g Low adsorption, in- | Classified as very  {On dense soils with | Primarily microbial Photodegrades on [
Velapr I® foliar uptake. creases with mobile {class 4), low organic matter  |degradation. soit surface,
amounts of organic | washed into soil and areas of high  |Reported half life from Vetatilization i "
matter and clay. with rainwater, can | rainfall, runcif of one month te 1 year, g!]auhzallon 1§ negi-
leach severalem  |hexazinone may be [ionger for colder, wel- | GRe.
inte the soil. expected. ter soils.
TRICLOPYR Foliage and stem Ester: very low Ester: strong Acid Is leachable in | On compacted solls | Primarily microbiai Photodegradation on
Garlon 4°® cut surfaces. Ester degrades adsorplion soils with low clay | with low organic degradation. the soil and volatiliza-
{ester)® rapidly to acid (<1 |Acid: weak adsorp- }and organic matter |matter and Reported half life: 46 ] lion are negligible.
day) tion and considered |content {generally |areas of high to 156 days, longer for
mobile. Adsorption | not the case for raintall, runoff of wetler colder sites,
Acid: high 4.3g/ increases with forest soils). triclopyr {acid) may |Chemical degradation
100g amount of organic be expected. negligible.
Jmatter and clay.
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—— FATE IN WATER —— —— MMPACT ON NON-TARGET ORGANISMS —— Bi I
oaccumula-
Chemical Microbial Photo- Aquatic Seil tion Potential
Degradation Degradation Degradation Organisms Organisms Birds, Insects, Mammals
None Half lite Negligible Toxicity classed as slight. | Impact is minimal to Low toxicily to wildlife birds and None
approximately SehrlC,, (rout): nil under aerobic and insects,
two weeks, major 32mo/ (Vision®) anaerobic conditions. | LDy, {mammal}: 5400 mg/kg
route of degradation. Surlactant: 2mg/l {Vision®)
LD,, (birds): 4640 mg/kg
Inthe aquatic envi- | Rapid where wateris | Negligible Toxiclly classed as low. 24-Disreadily Low hazard to bees and other in- None
ronment formula- warm and nutrient 96 hr LC ,, (trout): decomposed by soil sects from direct toxicity. Few ef-
tiens of 2,4-D amine | rich, 1.e. conditions 250mg/ organisms, and non fects on birds observed, Low
or ester dissociate or | where micro—osrgu%r_l- toxic to these. Losiciiy fo manl1)mals.
hydrolyse rapidly to | isms flourish. mammal}: 300-2000 mg/kg.
thve aci’:d. e slanfially slower in b
less favourable condi-
tions.
Negligible Some formulations of esters | 2,4-D is readily Low hazard lo bees and other in- None
can be moderately toxic, decomposed by soit sects from direct toxicity. Few ef-
however the esters rapidly | organisms, and non toxic| fects on birds chserved. Low
hydrolize to the acid form. to these. toxicity to mammals,
96 hr LC ,, {trout): LD, (mammal): 300-1000 mg/kg.
1 mgA (ester) LD ., (birds):400 mg/kg (acid)
Negligible The major cause of | py e ra dation Toxict : b ici i
; ; y classed as low: Non toxic. Tests have Low toxicity to mamenals and birds. | None
ir:‘e::ﬁ:?:," ﬁa'g::ct 1 | can be responsible 96 hr LC ,, (trout); shown no effect on Ne data for insects,
4 forupto 30% of 872 mg/i. fungus or nitrifying LD ., (mammal): >3000 mg/kg
breilg:l;wsn in aks bacteria. LD ., (birds}: 2250 mg/kg
peri weeks.
© Minor Quantitative data un- | Major pathway Ester formulafion is moder- | Non toxic. No data available for None
available, considered | for dissipation. ately toxic. 96 hr LC insects, Low toxicity lo birds and
negligible. halt life = 10hrs (trout). 0.7 - 2.24mgA. mammals.
{at 25°C) However, the ester is LD ,, (mammal): 2300 mg/kg

rapidely hydrolized to the
less toxic acid. 96 hr LC,,
{trout): 117 mg/ {acid).

LD ,, (birds); 1698 mg/kg
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Mention of trade names or products does not
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