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EXECUTIVE SUMMARY

OVERVIEW

Metsulfuron methyl is an effective and potent herbicide. Adverse effects on some nontarget
terrestrial plant species and, to a lesser degree, some aquatic plant species are plausible unless
measures are taken to limit exposure. For terrestrial plants, the dominant factor in the risk
characterization is the potency of metsulfuron methyl relative to the application rate. The typical
application rate considered in this risk assessment, 0.03 Ib/acre, is over 800 times higher than the
NOEC in the vegetative vigor (direct spray) assay of the most sensitive nontarget species — i.e,
0.000037 Ib/acre — and approximately 8 times higher than the NOEC for the most tolerant
species in the same assay —i.e., 0.0039 Ib/acre. The highest application rate that may be
considered in Forest Service programs —i.e., 0.15 Ib/acre — is over 4000 times the NOEC in
sensitive species and a factor of about 40 above the NOEC in tolerant species. Given these
relationships, damage to sensitive nontarget species could be expected in ground broadcast
applications at distances of about 500 feet from the application site in areas in which off-site drift
is not reduced by foliar interception. This risk characterization applies only to ground broadcast
applications. When used in directed foliar applications (i.e., backpack), offsite drift could be
reduced substantially but the extent of this reduction cannot be quantified.

Damage to aquatic plants, particularly macrophytes, appears substantially less than for terrestrial
plants. Except for the hazard quotient of 2 associated with acute exposures based on the peak
concentrations of metsulfuron methyl, all hazard quotients are below the level of concern, with a
range of 0.002 to 2 for acute exposures and 0.02 to 0.08 for chronic exposures. Thus, if
metsulfuron methyl is applied in areas where transport to water containing aquatic macrophytes
is likely, it would be plausible that detectable damage could be observed.

Aquatic algae do not appear to be as sensitive to metsulfuron methyl. The highest hazard
quotient observed for acute exposure is 0.03 associated with the upper range for the most
sensitive species. For chronic exposures, the highest hazard quotient is 0.001 associated with
the upper range for the most sensitive species. Therefore, it is not anticipated that adverse effects
in aqautic algae would result from exposure to metsulfuron methyl at application rates used by
the Forest Service.

Just as there is little reason to doubt that adverse effects on some plant species are plausible,
there is no clear basis for suggesting that effects on terrestrial or aquatic animals are likely or
would be substantial.

PROGRAM DESCRIPTION

Metsulfuron methyl is a selective pre-emergence and post-emergence sulfonyl urea herbicide
used primarily to control many annual and perennial weeds and woody plants. The Forest
Service uses only one commercial formulation of metsulfuron methyl, Escort® XP. Escort is
manufactured by Du Pont as a dry flowable granule. The composition of the product is 60%
metsulfuron methyl and 40% inert ingredients.

Metsulfuron methyl is used in Forest Service programs primarily for the control of noxious
weeds. Minor uses include conifer release and rights-of-way management. The most common
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methods of ground application for Escort XP involve backpack (selective foliar) and boom spray
(broadcast foliar) operations. The Forest Service does not use aerial applications for Escort XP.
Nonetheless, Escort XP is registered for aerial applications and aerial applications are included in
this risk assessment in the event the Forest Service may wish to consider this application method.
For this risk assessment, the typical rate of 0.03 lbs/acre, with a range 0.0125 to 0.15 Ibs/acre, is
used to reflect Forest Service practice. This range is based on lowest and highest labeled
application rates recommended on the manufacturer’s label. The Forest Service used
approximately 235 Ibs of metsulfuron methyl in 2002, the most recent year for which use

statistics are available. Much greater amounts of metsulfuron methyl are used in agriculture
(e.g., about 35,543 1bs in 1992).

HUMAN HEALTH RISK ASSESSMENT

Hazard Identification —In experimental mammals, the acute oral LD, for metsulfuron methyl is
greater than 5000 mg/kg, which indicates a low order of toxicity. In addition, non-lethal signs of
toxicity were apparent after single oral doses as low as 50 mg/kg. The most common sign of
acute, subchronic, and chronic toxicity is decreased body weight gain. The only other commonly
noted effect involves changes in various hematological parameters as well as changes in absolute
and relative organ weights. None of these changes, however, suggest a clear or specific target
organ toxicity. There is speculation that the effects of metsulfuron methyl on the blood might be
related to saccharin, which is a metabolite of metsulfuron methyl. At very high doses, saccharin
caused hematological effects in mice. Appropriate tests have provided no evidence that
metsulfuron methyl presents any reproductive risks or causes malformations or cancer.
Metsulfuron methyl also is irritating to the skin and eyes, but does not produce sensitizing effects
following repeated dermal exposure.

Limited information is available on the toxicokinetics of metsulfuron methyl. The kinetics of
absorption of metsulfuron methyl following dermal, oral or inhalation exposure are not
documented in the available literature. Metsulfuron methyl is eliminated from the body by a
combination of excretion of the unchanged compound and metabolism. In all species,
metsulfuron methyl is eliminated rapidly with a half-time of 1 day or less and exhibits first order
elimination kinetics. Most of the material is excreted as the unchanged compound. The primary
excretory compartment for metsulfuron methyl and its metabolites is the urine, with smaller
amounts excreted in the feces. In rats, metabolism of metsulfuron methyl appears to follow two
main pathways, either hydrolysis to the corresponding sulfonamide or cleavage of the heterocycle
ring.

As discussed in the exposure assessment, skin absorption is the primary route of exposure for
workers. Data regarding the dermal absorption kinetics of metsulfuron methyl are not available
in the published or unpublished literature. For this risk assessment, estimates of dermal
absorption rates—both zero order and first order—are based on quantitative structure-activity
relationships. These estimates of dermal absorption rates are used in turn to estimate the
amounts of metsulfuron methyl that might be absorbed by workers, which then are used with the
available dose-response data to characterize risk. The lack of experimental data regarding dermal
absorption of metsulfuron methyl adds substantial uncertainties to this risk assessment.
Uncertainties in the rates of dermal absorption, although they are substantial, can be estimated
quantitatively and are incorporated in the human health exposure assessment.
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The inhalation toxicity of metsulfuron methyl is not well documented in the literature. Available
studies indicate that metsulfuron methyl induces irritant effects at very high exposure levels.
Regardless, the potential inhalation toxicity of metsulfuron methyl is not of substantial concern
to this risk assessment because of the implausibility of inhalation exposure involving high
concentrations of this compound.

Exposure Assessment — Exposure assessments are conducted for both workers and members of
the general public for the typical application rate of 0.03 Ib/acre. The consequences of using the
maximum application rate that might be used by the Forest Service, 0.15 Ib/acre, are discussed in
the risk characterization.

For workers, three types of application methods are generally modeled in Forest Service risk
assessments: directed ground, broadcast ground, and aerial. Although Escort is registered for
aerial applications (helicopter and sometimes fixed wing), the Forest Service does currently used
this method. Nonetheless, the aerial application method is included in this risk assessment in the
event that the Forest Service considers using aerial applications. Central estimates of exposure
for ground workers are approximately 0.0004 mg/kg/day for directed ground spray and 0.0007
mg/kg/day for broadcast ground spray. Upper range of exposures are approximately 0.0024
mg/kg/day for directed ground spray and 0.0045 mg/kg/day for broadcast ground spray. All of
the accidental exposure scenarios for workers involve dermal exposures and all of these
accidental exposures lead to estimates of dose that are either in the range of or substantially
below the general exposure estimates for workers.

For the general public, the range of acute exposures is from approximately 0.000000014 mg/kg
associated with the lower range for consumption of contaminated stream water by a child to
0.034 mg/kg/day associated with the upper range for consumption of contaminated water by a
child following an accidental spill of metsulfuron methyl into a small pond. For chronic or
longer term exposures, the modeled exposures are much lower than for acute exposures, ranging
from approximately 0.00000000026 mg/kg/day associated with the lower range for the normal
consumption of fish to approximately 0.0024 mg/kg/day associated with the upper range for
consumption of contaminated fruit.

Dose-Response Assessment — The Office of Pesticide Programs of the U.S. EPA has derived a
chronic RfD of 0.25 mg/kg/day for metsulfuron methyl. This RfD is based on a chronic rat
NOAEL of 25 mg/kg/day (500 ppm in the diet) (Burns 1994) and an uncertainty factor of 100. In
the same study, the LOAEL was 250 mg/kg/day (5000 ppm in the diet) and the only effect noted
was a decrease in body weight. No frank signs of toxicity were seen at this or higher dose levels.
The U.S. EPA (2002) did not explicitly derive an acute/single dose RfD for metsulfuron methyl.
However, the U.S. EPA Office of Pesticides (U.S. EPA 2002) reported a short- and intermediate
term oral exposure NOAEL of 34 mg/kg/day (for decreased body weight), a LOAEL of 342
mg/kg/day and a margin of exposure of 100. Thus, a functional acute RfD could be calculated as
0.34 mg/kg/day [34 mg/kg/day + 100]. However, since there is not a substantial difference
between the functional acute RfD value of 0.34 mg/kg/day value and the chronic RfD value of
0.25 mg/kg/day, this risk assessment will take the more conservative approach and use the
chronic RfD of 0.25 mg/kg/day to characterize all risks of acute or short-term exposures.
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Risk Characterization — Typical exposures to metsulfuron methyl do not lead to estimated doses
that exceed a level of concern. For workers, no exposure scenarios, acute or chronic, exceeds the
RfD even at the upper ranges of estimated dose. For members of the general public, all upper
limits for hazard quotients are below a level of concern. Thus, based on the available
information and under the foreseeable conditions of application, there is no route of exposure or
scenario suggesting that workers or members of the general public will be at any substantial risk
from longer-term exposure to metsulfuron methyl.

Irritation to the skin and eyes can result from exposure to relatively high levels of metsulfuron
methyl. From a practical perspective, eye or skin irritation is likely to be the only overt effect as
a consequence of mishandling metsulfuron methyl. These effects can be minimized or avoided
by prudent industrial hygiene practices during the handling of the compound.

ECOLOGICAL RISK ASSESSMENT

Hazard Identification — The mammalian toxicity of metsulfuron methyl is relatively well
characterized in experimental mammals; however, there is relatively little information regarding
nontarget wildlife species. It seems reasonable to assume the most sensitive effects in wildlife
mammalian species will be the same as those in experimental mammals (i.e., decreased body
weight gain). Several acute toxicity studies and two reproduction studies are available on the
toxicity of metsulfuron methyl to birds. These studies indicate that birds appear to be no more
sensitive than experimental mammals to the toxic effects of metsulfuron methyl, with the major
effect again being decrease body weight gain. There are also several acute assays on the honey
bee that indicate that bees are no more sensitive than either mammals or birds to metsulfuron
methyl. At exposure rates that exceed the highest recommended application rate by about a
factor of 3, metsulfuron methyl appears to be somewhat toxic to the Rove beetle, Aleochara
bilineata, causing a 15% decrease in egg hatching.

The toxicity of metsulfuron methyl to terrestrial plants was studied extensively and is well
characterized. Metsulfuron methyl inhibits acetolactate synthase (ALS), an enzyme that
catalyzes the biosynthesis of three branched-chain amino acids, all of which are essential for
plant growth. Terrestrial microorganisms also have an enzyme that is involved in the synthesis
of branched chain amino acids, which is functionally equivalent to the target enzyme in terrestrial
macrophytes. There are laboratory and field studies on the effects of metsulfuron methyl to soil
microorganisms. These studies suggest that transient effects on soil bacteria are plausible.

The available data suggest that metsulfuron methyl, like other herbicides, is much more toxic to
aquatic plants than to aquatic animals. Frank toxic effects in fish are not likely to be observed at
concentrations less than or equal to 1000 mg/L. Aquatic plants are far more sensitive than
aquatic animals to the effects of metsulfuron methyl, with macrophytes appearing more sensitive
that algae. Similar EC, values were observed in studies in duckweed and Northern watermilfoil.
Selenastrum capricornutum appear to be the most sensitive species of algae and Anabaena
flosaquae and Navicula pelliculosa appear to be the most tolerant species.

Exposure Assessment — Terrestrial animals might be exposed to any applied herbicide from

direct spray, the ingestion of contaminated media (vegetation, prey species, or water), grooming
activities, or contact with contaminated vegetation. In acute exposure scenarios, the highest
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exposures for small terrestrial vertebrates will occur after a direct spray and could reach up to
about 0.7 mg/kg under typical exposure conditions assuming 100% absorption. There is a wide
range of exposures anticipated from the consumption of contaminated vegetation by terrestrial
animals: central estimates range from 0.04 mg/kg for a small mammal to 0.8 mg/kg for a large
bird under typical exposure conditions, with upper ranges of about 0.08 mg/kg for a small
mammal and 2.3 mg/kg for a large bird. The consumption of contaminated water will generally
lead to much lower levels of exposure. A similar pattern is seen for chronic exposures. The
central estimated for daily doses for a small mammal from the consumption of contaminated
vegetation at the application site is about 0.002 mg/kg/day, with an upper estimate of about 0.007
mg/kg/day. Exposures from contaminated vegetation far exceed doses that are anticipated from
the consumption of contaminated water, which has a central estimate of about 0.0000009
mg/kg/day and an upper range of about 0.000002 for a small mammal. Based on general
relationships of body size to body volume, larger vertebrates will be exposed to lower doses and
smaller animals, such as insects, to much higher doses than small vertebrates under comparable
exposure conditions. Because of the apparently low toxicity of metsulfuron methyl to animals,
the rather substantial variations in the different exposure assessments have little impact on the
assessment of risk to terrestrial animals.

For terrestrial plants, five exposure scenarios are considered quantitatively: direct spray, spray
drift, runoff, wind erosion and the use of contaminated irrigation water. Unintended direct spray
is expressed simply as the application rate considered in this risk assessment, 0.03 Ib a.e./acre
and should be regarded as an extreme/accidental form of exposure that is not likely to occur in
most Forest Service applications. Estimates for the other routes of exposure are much less. All
of these exposure scenarios are dominated by situational variability because the levels of
exposure are highly dependent on site-specific conditions. Thus, the exposure estimates are
intended to represent conservative but plausible ranges that could occur but these ranges may
over-estimate or under-estimate actual exposures in some cases. Spray drift estimates are based
on AgDRIFT modeling. The proportion of the applied amount transported off-site from runoft is
based on GLEAMS modeling of clay, loam, and sand. The amount of metsulfuron methyl that
might be transported off-site from wind erosion is based on estimates of annual soil loss
associated with wind erosion and the assumption that the herbicide is incorporated into the top 1
cm of soil. Exposure from the use of contaminated irrigation water is estimated using the same
data used to estimate human exposure from the consumption of contaminated ambient water and
involves both monitoring studies as well as GLEAMS modeling.

Exposures to aquatic plants and animals are based on essentially the same information used to
assess the exposure to terrestrial species from contaminated water. The peak estimated rate of
contamination of ambient water associated with the normal application of metsulfuron methyl is
0.002 (0.00001 to 0.01) mg a.e./L at an application rate of 1 lb a.e./acre. For longer-term
exposures, average estimated rate of contamination of ambient water associated with the normal
application of metsulfuron methyl is 0.0002 (0.0001 to 0.0004) mg a.e./L at an application rate of
1 Ib a.e./acre. For the assessment of potential hazards, these contamination rates are adjusted
based on the application rates considered in this risk assessment.

Dose-Response Assessment — For terrestrial mammals, the dose-response assessment for
metsulfuron methyl is based on the same data as the human health risk assessment (i.e., the
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chronic NOAEL of 25 mg/kg/day from a 2-year feeding study in rats is used to assess both acute
and chronic risk). None of the exposure scenarios, acute or longer term, result in exposure
estimates that exceed this NOAEL. Birds appear to be substantially less sensitive to metsulfuron
methyl than mammals with an acute NOAEL of 1043 mg/kg/day from a 5-day feeding study and
a longer-term NOAEL from a reproduction study of 120 mg/kg/day. For terrestrial invertebrates,
based on direct spray studies in honey bees, no mortality would be expected following acute
exposure to doses up to 270 mg/kg. Soil microorganisms are sensitive to metsulfuron methyl at
concentrations of 5 ppm (or 5 pg/g soil), but most effects appear to be transient.

The toxicity of metsulfuron methyl to terrestrial plants is relatively well characterized.
Metsulfuron methyl is a potent herbicide that causes adverse effects in a variety of target and
nontarget plant species. Results of pre-emergent and post-emergent application studies in a
variety of plant species yield LOELSs ranging from 0.00022 to 0.0036 lbs/acre. For assessing the
potential consequences of exposure to nontarget plants via runoff, an LOEC for seedling
emergence of 0.00022 Ib/acre is used for sensitive species and the corresponding value for
tolerant species is 0.00089 Ib/acre. For assessing the impact of drift, an LOEC for vegetative
vigor of 0.00022 1b/acre is used for sensitive species and the corresponding value for tolerant
species is 0.0036 lb/acre.

The data on toxicity to fish and aquatic invertebrates were obtained in only a few species —
rainbow trout, bluegill sunfish and Daphnia magna. Metsulfuron methyl has a low order of
toxicity to fish. Mortality is not likely to occur in fish exposed to metsulfuron methyl
concentrations less than or equal to1000 mg/L. For acute exposures in fish, the NOEC of 10
mg/L in rainbow trout is used for the most sensitive species and the NOEC of 1000 mg/L in
bluegill sunfish is used for the most tolerant species. Toxicity values for chronic toxicity may be
based on the available egg-and-fry/early life stage studies; only one study of chronic exposure in
fish, a 90-day exposure of rainbow trout, yielding and NOEC of 4.5 mg/L. This value is used
directly as a longer term NOEC in sensitive species because the rainbow trout appears to be a
relatively sensitive species in acute toxicity assays. Using the relative potency for acute
exposures of 100 (rainbow trout 100-times more sensitive than bluegill sunfish), an NOEC for
tolerant species is estimated at 450 mg/L. Similarly, aquatic invertebrates do not appear to be
sensitive to metsulfuron methyl. Since the only studies identified in aquatic invertebrates were in
a single species, data obtained in Daphnia magna are used for both the sensitive and tolerant
species. For acute exposure, a 48-hour NOEC for immobility of 420 mg/L is used. For chronic
exposures, the NOEC of 17 mg/L for growth inhibition is used, although higher chronic NOEC:s,
ranging from 100 to150 mg/L, have been reported for survival, reproduction and immobility.

Aquatic plants appear to be much more sensitive to metsulfuron methyl than aquatic animals. An
NOEC for plant damage of 0.00016 mg/L in duckweed is used to quantify effects for both acute
and chronic exposure in aquatic macrophytes. This value is comparable to other studies in
aquatic macrophytes and this is no basis for differentiating sensitive and tolerant species of
aquatic macrophytes. For algae, the same data are used to quantify risk for both acute and
chronic exposures. The most sensitive algal species appears to be Selenastrum capricornutum,
with a 120-hour NOEC of 0.01 mg/L and the most tolerant species appear to be Anabaena
flosaquae and Navicula pelliculosa, both with a 120-hour NOEC of 0.09 mg/L.
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Risk Characterization — Metsulfuron methyl is an effective and potent herbicide. Adverse
effects on some nontarget terrestrial plant species and, to a lesser degree, some aquatic plant
species are plausible under some conditions. For terrestrial plants, the dominant factor in the risk
characterization is the potency of metsulfuron methyl relative to the application rate. The typical
application rate considered in this risk assessment, 0.03 Ib/acre, is over 800 times higher than the
NOEC in the vegetative vigor (direct spray) assay of the most sensitive nontarget species — i.e,
0.000037 Ib/acre — and approximately 8 times higher than the NOEC for the most tolerant
species in the same assay —i.e., 0.0039 Ib/acre. The highest application rate that may be
considered in Forest Service programs —i.e., 0.15 Ib/acre — is over 4000 times the NOEC in
sensitive species and a factor of about 40 above the NOEC in tolerant species. Given these
relationships, damage to sensitive nontarget species could be expected in ground broadcast
applications at distances of about 500 feet from the application site in areas in which off-site drift
is not reduced by foliar interception. This risk characterization applies only to ground broadcast
applications. When used in directed foliar applications (i.e., backpack), offsite drift could be
reduced substantially but the extent of this reduction cannot be quantified.

The NOEC values for soil exposures (assayed in the seedling emergence test) are 0.000037
Ib/acre for sensitive species and 0.0056 1b/acre for tolerant species. The offsite movement of
metsulfuron methyl via runoff could be substantial under conditions that favor runoff —i.e., clay
soils — and hazard quotients in the range of about 40 to nearly 500 are estimated for sensitive
species over a wide range of rainfall rates —i.e., 15 inches to 250 inches per year. In very arid
regions in which runoff might not be substantial, wind erosion could result in damage to
nontarget plant species. The plausibility of observing such damage would, however, be highly
dependent on local conditions. This risk characterization for the potential effects of runoff would
be applicable to either broadcast ground or directed foliar applications.

Damage to aquatic plants, particularly macrophytes, appears substantially less than for terrestrial
plants. All hazard quotients for aquatic macrophytes were based on an NOEC of 0.000016 mg/L
in duckweed for both acute and chronic exposures. No sensitive or tolerant species were
identified. Except for the hazard quotient of 2 associated with acute exposures based on the peak
concentrations of metsulfuron methyl, all hazard quotients are below the level of concern, with a
range of 0.002 to 2 for acute exposures and 0.02 to 0.08 for chronic exposures. Thus, if
metsulfuron methyl is applied in areas where transport to water containing aquatic macrophytes
is likely, it would be plausible that detectable damage could be observed.

Aquatic algae do not appear to be as sensitive to metsulfuron methyl. The highest hazard
quotient observed for acute exposure is 0.03 associated with the upper range for the most
sensitive species, based on an NOEC for growth inhibition. For chronic exposures, the highest
hazard quotient is 0.001 associated with the upper range for the most sensitive species. Both
values were based on an acute NOEC. Therefore, it is not anticipated that adverse effects in
aqautic algae would result from exposure to metsulfuron methyl at application rates used by the
Forest Service.

Just as there is little reason to doubt that adverse effects on some plant species are plausible,

there is no clear basis for suggesting that effects on terrestrial or aquatic animals are likely or
would be substantial. Adverse effects in mammals, birds, terrestrial insects, and microorganisms
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are not likely using typical or worst-case exposure assumptions at the typical application rate of
0.03 1b a.e./acre or the maximum application rate of 0.15 1b a.e./acre. This characterization of
risk, however, must be qualified. Metsulfuron methyl has been tested in only a limited number
of species and under conditions that may not well-represent populations of free-ranging nontarget
species. Notwithstanding this limitation, the available data are sufficient to assert that no adverse
effects are anticipated in terrestrial animals.

Similarly, the risk characterization for aquatic animals is relatively simple and unambiguous.
Metsulfuron methyl appears to have a very low potential to cause any adverse effects in aquatic
animals. All of the hazard quotients for aquatic animals are extremely low, with a range in fish
from 0.0000000003 (acute exposures in tolerant fish) to 0.00003 (longer-term exposures to
sensitive fish). It should be noted that confidence in this risk characterization is reduced by the
lack of chronic toxicity studies in potentially tolerant fish — i.e., bluegill sunfish trout. At the
maximum application rate of 0.15 lbs/acre, all of the hazard quotients would be increased by a
factor of about 5. However, this difference has no impact on the risk characterization for fish.
Hazard quotients in aquatic invertebrates range from 0.0000000007 (acute exposure in Daphnia)
to 0.0000007 (acute exposure in Daphnia). Thus, there is no basis for asserting that adverse
effects on aquatic animals are likely.
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1. INTRODUCTION

The USDA Forest Service uses metsulfuron methyl in its vegetation management programs.
This document is an update to a risk assessment prepared in 2000 (SERA 2000) and provides
risk assessments for human-health effects and ecological effects to support an assessment of the
environmental consequences of these uses.

Although this is a technical support document and addresses some specialized technical areas, an
effort was made to ensure that the document can be understood by individuals who do not have
specialized training in the chemical and biological sciences. Certain technical concepts,
methods, and terms common to all parts of the risk assessment are described in plain language in
a separate document (SERA 2001).

The human health and ecological risk assessments presented in this document are not, and are not
intended to be, comprehensive summaries of all of the available information. No published
reviews regarding human health or ecological effects of metsulfuron methyl have been
encountered. Moreover, almost all of the mammalian toxicology studies and most of the
ecotoxicology studies are unpublished reports submitted to the U.S. EPA as part of the
registration process for metsulfuron methyl.

Because of the lack of a detailed, recent review concerning metsulfuron methyl and the
preponderance of unpublished relevant data in U.S. EPA files, a complete search of the U.S. EPA
FIFRA/CBI files was conducted. Full text copies of relevant studies were kindly provided by the
U.S. EPA Office of Pesticide Programs. These studies were reviewed, discussed in Sections 3
and 4 as necessary, and synopses of the most relevant studies are provided in the appendices to
this document.

While this document discusses the studies required to support the risk assessments, it makes no
attempt to summarize all of the information. The Forest Service will update this and other
similar risk assessments on a periodic basis and welcomes input from the general public on the
selection of studies included in the risk assessment. This input is helpful, however, only if
recommendations for including additional studies specify why and/or how the new or not
previously included information would be likely to alter the conclusions reached in the risk
assessments.

For the most part, the risk assessment methods used in this document are similar to those used in
risk assessments previously conducted for the Forest Service as well as risk assessments
conducted by other government agencies. Details regarding the specific methods used to prepare
the human health risk assessment are provided in SERA (2001). This document has four
chapters, including the introduction, program description, risk assessment for human health
effects, and risk assessment for ecological effects or effects on wildlife species. Each of the two
risk assessment chapters has four major sections, including an identification of the hazards
associated with metsulfuron methyl and its commercial formulation, an assessment of potential
exposure to the product, an assessment of the dose-response relationships, and a characterization
of the risks associated with plausible levels of exposure. These are the basic steps recommended
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by the National Research Council of the National Academy of Sciences (NRC 1983) for
conducting and organizing risk assessments.

Variability and uncertainty may be dominant factors in any risk assessment, and these factors
should be expressed. Within the context of a risk assessment, the terms variability and
uncertainty signify different conditions.

Variability reflects the knowledge of how things may change. Variability may take several
forms. For this risk assessment, three types of variability are distinguished: statistical,
situational, and arbitrary. Statistical variability reflects, at least, apparently random patterns in
data. For example, various types of estimates used in this risk assessment involve relationships
of certain physical properties to certain biological properties. In such cases, best or maximum
likelihood estimates can be calculated as well as upper and lower confidence intervals that reflect
the statistical variability in the relationships. Situational variability describes variations
depending on known circumstances. For example, the application rate or the applied
concentration of a herbicide will vary according to local conditions and goals. As discussed in
the following section, the limits on this variability are known and there is some information to
indicate what the variations are. In other words, situational variability is not random. Arbitrary
variability, as the name implies, represents an attempt to describe changes that cannot be
characterized statistically or by a given set of conditions that cannot be well defined. This type
of variability dominates some spill scenarios involving either a spill of a chemical on to the
surface of the skin or a spill of a chemical into water. In either case, exposure depends on the
amount of chemical spilled and the area of skin or volume of water that is contaminated.

Variability reflects a knowledge or at least an explicit assumption about how things may change,
while uncertainty reflects a lack of knowledge. For example, the focus of the human health
dose-response assessment is an estimation of an “acceptable” or “no adverse effect” dose that
will not be associated with adverse human health effects. For metsulfuron methyl and for most
other chemicals, however, this estimation regarding human health must be based on data from
experimental animal studies, which cover only a limited number of effects. Generally, judgment
is the basis for the methods used to make the assessment. Although the judgments may reflect a
consensus (i.e., be used by many groups in a reasonably consistent manner), the resulting
estimations of risk cannot be proven analytically. In other words, the estimates regarding risk
involve uncertainty.

In considering different forms of variability, almost no risk estimate presented in this document
is given as a single number. Usually, risk is expressed as a central estimate and a range, which is
sometimes very large. Because of the need to encompass many different types of exposure as
well as the need to express the uncertainties in the assessment, this risk assessment involves
numerous calculations. Some of the calculations are relatively simple are included in the body of
the document. Some sets of the calculations, however, are cumbersome. For those calculations,
worksheets are included with this risk assessment. The worksheets provide the detail for the
estimates cited in the body of the document. As detailed in SERA (2003a), two versions of the
worksheets are available: one in a word processing format (Supplement 1) and one in a
spreadsheet format (Supplement 2). The worksheets that are in the spreadsheet format are used
only as a check of the worksheets that are in the word processing format. Both sets of
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worksheets are provided with the hard-text copy of this risk assessment as well as with the
electronic version of the risk assessment.
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2. PROGRAM DESCRIPTION

2.1. OVERVIEW

Metsulfuron methyl is a selective pre-emergence and post-emergence sulfonyl urea herbicide
used primarily to control many annual and perennial weeds and woody plants. Only one
commercial formulation of metsulfuron methyl, Escort® XP, is in Forest Service programs.
Escort XP is manufactured by Du Pont as a dry flowable granule. The composition of the
product is 60% metsulfuron methyl and 40% inert ingredients.

Metsulfuron methyl is used in Forest Service programs primarily for the control of noxious
weeds. Minor uses include conifer release and rights-of-way management. The most common
methods of ground application for Escort XP involve backpack (selective foliar) and boom spray
(broadcast foliar) operations. The Forest Service does not use aerial applications for Escort XP.
Nonetheless, Escort XP is registered for aerial applications and aerial applications are included in
this risk assessment in the event the Forest Service may wish to consider this application method.
For this risk assessment, the typical rate of 0.03 lbs/acre, with a range 0.0125 to 0.15 Ibs/acre, is
used to reflect Forest Service practice. This range is based on lowest and highest labeled
application rates recommended on the manufacturer’s label. The Forest Service used
approximately 235 Ibs of metsulfuron methyl in 2002, the most recent year for which use
statistics are available. Much greater amounts of metsulfuron methyl are used in agriculture
(e.g., about 35,543 1bs in 1992).

2.2. CHEMICAL DESCRIPTION AND COMMERCIAL FORMULATIONS
Metsulfuron methyl is the common name for Methyl-2-[[[[(4-methoxy-6-methyl-1,3,4-triazin-2-
yl)amino]-carbonyl]amino]sulfonyl]benzoate] and is essentially a methyl benzoate ring linked to
a methyl (-CH;) and methoxy (-0CH,) substituted triazine ring by a sulfonyl urea bridge:

OCH;4

0 —
~ EHSDENHCNH-—{:<::>~N
1

O I *<

Eenzoate ring

COOCH

Sulfanyl urea bridge CH,
Triazine ring

Selected chemical and physical properties of metsulfuron methyl are summarized in Table 2-1.
Additional information is presented in worksheet BO3. Detailed information regarding the
environmental fate of metsulfuron methyl is provided in Appendix 8.

There are several formulations of metsulfuron methyl are available in the United States, but only
one, Escort XP, is registered specifically for forestry use (C&P Press 2003). All formulations of
metsulfuron methyl contain 60% (w/w) metsulfuron methyl and 40% (w/w) inerts (C&P Press
2003). Except for differences in targeted crops specified on the product labels, it is not clear
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how these formulations differ from one another. Escort XP is produced by Du Pont as a dry
flowable granule, which is mixed with water and a surfactant and then applied as a spray (section
2.4). Escort, the commercial formulation of metsulfuron methyl used by the Forest Service,
contains materials other than metsulfuron methyl that are included as adjuvants to improve either
efficacy or ease of handling and storage. The Northwest Coalition for Alternatives to Pesticides
(NCAP) has obtained information on the identity of the inerts in Escort from U.S. EPA under the
Freedom of Information Act and has listed this information on the NCAP web site
(http://www.pesticide.org/FOIA/clopyralid.html). The inerts are identified as sodium
naphthalene sulfonate-formaldehyde condensate, a mixture of a sulfate of alkyl carboxylate and
sulfonated alkyl naphthalene (sodium salt), polyvinyl pyrrolidone, trisodium phosphate, and
sucrose. However, the quantity of these inerts compounds in the formulation is confidential and
cannot be disclosed, although amounts in Escort were disclosed to the U.S. EPA (Du Pont
1985b,¢) and reviewed in the preparation of this risk assessment. The potential risks associated
with the inerts compounds in the Escort formulation are discussed in Section 3.1.14.

Information about the impurities in technical grade metsulfuron methyl was submitted to the U.S.
EPA (Brennan 1990, Brennan 1995) and reviewed during the preparation of this risk assessment.
Since the identities of the impurities are considered proprietary by Du Pont, this information
cannot be addressed specifically in this document. The potential impact of impurities on this risk
assessment is discussed in section 3.1.

2.3. APPLICATION METHODS

The most common methods of ground application for Escort XP involve backpack (selective
foliar) and boom spray (broadcast foliar) operations. In selective foliar applications, the
herbicide sprayer or container is carried by backpack and the herbicide is applied to selected
target vegetation. Application crews may treat up to shoulder high brush, which means that
chemical contact with the arms, hands, or face is plausible. To reduce the likelihood of
significant exposure, application crews are directed not to walk through treated vegetation.
Usually, a worker treats approximately 0.5 acres/hour with a plausible range of 0.25-1.0
acre/hour (USDA 1989a,b,c¢).

Boom spray is used primarily in rights-of-way management. Spray equipment mounted on
tractors or trucks is used to apply the herbicide on either side of the roadway. Usually, about 8
acres are treated in a 45-minute period (approximately 11 acres/hour). Some special truck
mounted spray systems may be used to treat up to 12 acres in a 35-minute period with
approximately 300 gallons of herbicide mixture (approximately 21 acres/hour and 510
gallons/hour) (USDA 1989a, p. 2-9 to 2-10).

Escort XP is registered for aerial applications (Du Pont 2001-2002). Although this is not an
application method that the Forest Service will typically employ for Escort XP, this method is
covered by this risk assessment in the event that the Forest Service may need to consider aerial
applications. Aerial applications may be made using helicopters. Escort XP is applied under
pressure through specially designed spray nozzles and booms. The nozzles are designed to
minimize turbulence and maintain a large droplet size, both of which contribute to a reduction in
spray drift. In aerial applications, approximately 40—100 acres may be treated per hour (USDA
1989a,b.c).

2-2


http://(http://www.pesticide.org/FOIA/clopyralid.html

2.4. MIXING AND APPLICATION RATES

The specific application rates used in a ground application vary according to local conditions and
the nature of the target vegetation. Application rates of Escort XP are expressed in ounces or
pounds per acre. An application rate of '3 to 4 ounces of Escort XP per acre are recommended
on the product label (Du Pont 2001-2002). Given that Escort XP contains 60% metsulfuron
methyl by weight, these rates correspond to 0.20 to 2.4 ounces or to 0.0125 to 0.15 pounds of
metsulfuron methyl per acre. The upper range of 3 to 4 ounces Escort XP per acre is only
recommended for the control of kudzu. For other applications the maximum recommended
application rate is 2 ounce Escort XP per acre or 0.074 pounds metsulfuron methyl per acre. No
more than 4 ounces Escort XP per acre should be applied per year (Du Pont 2001-2002).

The use of metsulfuron methyl in Forest Service Programs for fiscal year 2001, the most recent
year for which data are available, is summarized in Table 2-2. Metsulfuron methyl is used
currently in Forest Service Programs primarily in noxious weed control (approximately 88% of
total use). Other minor uses include conifer release (approximately7% of total use) and rights-of-
way management (approximately 5% of total use). Based on the total amount used and number
of acres treated, the application rates are approximately 0.03 Ib/acre for noxious weed control,
0.03 Ib/acre for conifer release, and 0.018 Ib/acre for rights-of-way management.

For this risk assessment, the typical application rate for metsulfuron methyl will be taken as 0.03
Ibs/acre. This is the average value of applications conducted by the Forest Service in 2001 for
the predominant uses. The range of application rates will be taken as 0.0125 Ibs/acre to 0.15
Ibs/acre to reflect plausible ranges that the Forest Service may use, as well as the lower and upper
limits of the labeled rates. As indicated in Table 2-3, some Forest Service regions use much
lower application rates — i.e., an average application rate of 0.008 in Region 2. These lower
application rates do not have a substantial impact on this risk assessment relative to the lowest
labeled rate. This is discussed further in the risk characterization sections for Human Health
(Section 3.4) and Ecological Effects (Section 4.4). The worksheets that accompany this risk
assessment are based on the typical application rate of 0.03 lbs/acre rather than the full range of
application rates. The consequences of varying application rates within the range of 0.0125 to
0.15 Ib/acre is considered in the risk characterization for human health (Section 3.4) and
ecological effects (Section 4.4).

For forestry applications, mixing volumes of 10 to 400 gallons of water per acre are
recommended, depending upon the application method. Recommended mixing volumes for
ground applications range from 100 to 400 gallons of water per acre for high volume
applications, from 20 to 50 gallons of water per acre for low volume ground applications, and
from 10 to 20 gallons of water per acre for ultra-low volume applications. For aerial
applications, 15-25 gallons of water per acre are recommended (Du Pont 2001-2002 Label, p. 4).

For this risk assessment, the extent to which the Escort XP formulation is diluted prior to
application primarily influences dermal and direct spray scenarios, both of which are dependent
on the ‘field dilution’ (i.e., the concentration of metsulfuron methyl in the applied spray). The
higher the concentration of metsulfuron methyl, the greater the risk. For this risk assessment, the
lowest dilution will be taken at 10 gallons/acre, the minimum recommended for ground broadcast
applications. The highest dilution (i.e., that which results in the lowest risk) will be based on 400
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gallons of water per acre, the highest application volume recommended for ground broadcast.
For this risk assessment the cental value for dilution will be taken as 50 gallons/acre, the upper
range for low volume ground applications.

In some regions, 100 gallons per acre might better reflect the maximum dilution volume.
Nonetheless, the selection of application rates and dilution volumes in this risk assessment is
intended to simply reflect typical or central estimates as well as plausible lower and upper ranges.
In the assessment of specific program activities, the Forest Service will use program specific
application rates in the worksheets that are included with this report to assess any potential risks
for a proposed application.

2.5. USE STATISTICS

The USDA Forest Service (USDA/FS 2002) tracks and reports use by geographical areas referred
to as “Regions”. As illustrated in Figure 2-1, the Forest Service classification divides the U.S.
into nine regions designated from Region 1 (Northern) to Region 10 (Alaska). [Note: There is no
Region 7 in the Forest Service system.] As illustrated in Figure 2-1 and detailed further in Table
2-3, the heaviest used of metsulfuron methyl (expressed as the total in pounds used in each
region) occurs in Region 2 (Rocky Mountain), followed by Region 4 (Intermountain) and Region
3 (Southwestern). Small quantities of metsulfuron methyl are used in the Region 1 (Northern),
Region 8 (Southeastern), and Region 9 (Eastern). Metsulfuron methyl is not used at all in
Region 5 (Pacific Southwest) or Region 6 (Pacific Northwest).

Metsulfuron methyl is used extensively in agriculture. A summary of the agricultural use of
metsulfuron methyl is presented in Figure 2-2 (USGS 1998). These use statistics are for 1992,
the most recent year for which data are available. As illustrated in Figure 2-2, all agricultural use
of the metsulfuron methyl was in states east of the Mississippi, excluding California, Nevada,
Arizona, and New Mexico (USGS 1998). The annual use of metsulfuron methyl in agricultural
applications in 1992 amounted to 35,534 lbs, 97.34% of which was used on wheat and grains.
As shown in Table 2-3, the annual use of metsulfuron methyl by the Forest Service in 2002 was
235.64 1bs. Thus, the amount of metsulfuron methyl by the Forest Service is less than 1% of, or
approximately 150-fold less than, the amount used in agriculture. Thus, there is no basis for
asserting that Forest Service programs will substantially contribute to general concentrations of
metsulfuron methyl nationally. The potential for local contamination of environmental media by
the use of metsulfuron methyl in Forest Service programs is discussed in detail in the human
health risk assessment (Section 3) and the ecological risk assessment (Section 4).

2-4



3. HUMAN HEALTH RISK ASSESSMENT

3.1 HAZARD IDENTIFICATION

3.1.1 Overview.

The mechanism of action of sulfonylurea herbicides, including metsulfuron methyl, is fairly well
characterized in plants; however, the mechanism by which metsulfuron methyl is toxic to
mammals and other animals is less clear. A variety of sulfonylureas reduce blood glucose by
stimulating the release of insulin from pancreatic B cells, and some sulfonylureas reduce the
hepatic extraction of insulin. Secondarily, sulfonylureas may affect levels of blood cholesterol
and serum triglycerides. There is some evidence that metsulfuron methyl may cause both of
these effects, at least at high doses.

In experimental mammals, the acute oral LD, for metsulfuron methyl is greater than 5000
mg/kg, which indicates a low order of toxicity. In addition, non-lethal signs of toxicity were
apparent after single oral doses as low as 50 mg/kg. The most common sign of acute,
subchronic, and chronic toxicity is decreased body weight gain. The only other commonly noted
effect involves changes in various hematological parameters as well as changes in absolute and
relative organ weights. None of these changes, however, suggest a clear or specific target organ
toxicity. There is speculation that the effects of metsulfuron methyl on the blood might be
related to saccharin, which is a metabolite of metsulfuron methyl. At very high doses, saccharin
caused hematological effects in mice. Appropriate tests have provided no evidence that
metsulfuron methyl presents any reproductive risks or causes malformations or cancer.
Metsulfuron methyl also is irritating to the skin and eyes, but does not produce sensitizing effects
following repeated dermal exposure.

Limited information is available on the toxicokinetics of metsulfuron methyl. The kinetics of
absorption of metsulfuron methyl following dermal, oral or inhalation exposure are not
documented in the available literature. Metsulfuron methyl is eliminated from the body by a
combination of excretion of the unchanged compound and metabolites. In all species,
metsulfuron methyl is eliminated rapidly with a half-time of 1 day or less and exhibits first order
elimination kinetics. Most of the material is excreted as the unchanged compound. The primary
excretory compartment for metsulfuron methyl and its metabolites is the urine, with smaller
amounts excreted in the feces. In rats, metabolism of metsulfuron methyl appears to follow two
main pathways, either hydrolysis to the corresponding sulfonamide or cleavage of the heterocycle
ring.

As discussed in the exposure assessment, skin absorption is the primary route of exposure for
workers. Data regarding the dermal absorption kinetics of metsulfuron methyl are not available
in the published or unpublished literature. For this risk assessment, estimates of dermal
absorption rates—both zero order and first order—are based on quantitative structure-activity
relationships. These estimates of dermal absorption rates are used in turn to estimate the
amounts of metsulfuron methyl that might be absorbed by workers, which then are used with the
available dose-response data to characterize risk. The lack of experimental data regarding dermal
absorption of metsulfuron methyl adds substantial uncertainties to this risk assessment. Rates of
dermal absorption, although containing substantial uncertainty, can be estimated and these rates
incorporated in the human health exposure assessment along with estimates of the uncertainty.
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The inhalation toxicity of metsulfuron methyl is not well documented in the literature. Available
studies indicate that metsulfuron methyl induces irritant effects at very high exposure levels.
Regardless, the potential inhalation toxicity of metsulfuron methyl is not of substantial concern
to this risk assessment because of the implausibility of inhalation exposure involving high
concentrations of this compound.

3.1.2 Mechanism of Action

Although the mechanism of phytotoxic action of sulfonylurea herbicides including metsulfuron
methyl is characterized in some detail (Section 4.1.2.5), the mechanism of toxic action in
mammals or other animal species is not well characterized.

As noted in the recent review on a closely related herbicide, sulfometuron methyl (Cox 1993),
and described in detail by Melander et al. (1989), several of the sulfonylureas are biologically
active in humans and are used or were considered for use in the treatment of non-insulin-
dependent diabetes mellitus (NIDDM or type 2 diabetes). A variety of sulfonylureas reduce
blood glucose, stimulating the release of insulin from pancreatic B cells, and some sulfonylureas
may reduce the hepatic extraction of insulin. Secondarily, some sulfonylureas may affect levels
of blood cholesterol and serum triglycerides. As noted above, decreased blood glucose levels
and increased cholesterol were observed in rats after subchronic exposure to metsulfuron methyl
(Brock 1985).

Hematological changes were observed in some of the mammalian toxicity studies. Exposure to
some sulfonamides are associated (p=0.004) with the development of hemolytic anemia in
humans (Issaragrisil et al. 1997). This finding is supported by an earlier, more qualitative
association of sulfonamide with anemia in humans (Dickerman 1981). Moreover, saccharin,
which is a metabolite of metsulfuron methyl, was shown to cause hematological effects in mice
(Prasad and Rai 1987). The doses of saccharin associated with hematological effects in
mice—>500, 1000, and 1500 mg/kg/day—are much higher than the doses of metsulfuron methyl
that caused similar effects in rats and dogs (i.e., 20-30 mg/kg/day) (Section 3.1.5).

3.1.3 Kinetics and Metabolism

Limited information is available on the toxicokinetics of metsulfuron methyl. The kinetics of
absorption of metsulfuron methyl following dermal, oral or inhalation exposure are not
documented in the available literature. The lack of experimental data regarding the dermal
absorption of metsulfuron methyl adds substantial uncertainties to this risk assessment.
Nonetheless, the available data, albeit relatively sparse, do not suggest that metsulfuron methyl is
likely to be absorbed through the skin in amounts that may cause systemic toxic effects.
Uncertainties in the rates of dermal absorption, although they are substantial, can be estimated
quantitatively and are incorporated in the human health exposure assessment (section 3.2).

As discussed in Durkin et al. (1995), dermal exposure scenarios involving immersion or
prolonged contact with chemical solutions use Fick's first law and require an estimate of the
permeability coefficient, K, expressed in cm/hour. Using the method recommended by U.S.
EPA (1992), the estimated dermal permeability coefficient for metsulfuron methyl is 0.0000005
cm/hour with a 95% confidence interval of 0.0000001-0.000002 cm/hour. These estimates are
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used in all exposure assessments that are based on Fick’s first law. The calculations for these
estimates are presented in Worksheet B04.

For exposure scenarios like direct sprays or accidental spills, which involve deposition of the
compound on the skin’s surface, dermal absorption rates (proportion of the deposited dose per
unit time) rather than dermal permeability rates are used in the exposure assessment. Using the
methods detailed in SERA (2001), the estimated first-order dermal absorption coefficient is
0.000087 hour™ with 95% confidence intervals of 0.000012-0.00063 hour". The calculations for
these estimates are presented in worksheet B0O3.

The elimination of metsulfuron methyl has been studied in rats (Hundley 1985, Hunt 1984), hens
(Charlton and Bookhart 1996), cows (Hershberger and Moore, 1985), and, as summarized by
U.S. EPA (1998b), in goats. Metsulfuron methyl is eliminated from the body by a combination
of excretion of the unchanged compound and metabolism. In all species, metsulfuron methyl is
eliminated rapidly with a half-time of 1 day or less and exhibits first order elimination kinetics.
Most of the material is excreted as the unchanged compound. The primary excretory
compartment for metsulfuron methyl and its metabolites is the urine, with smaller amounts
excreted in the feces. In cows, very small amounts (< 1% of the total daily dose) are excreted in
milk. In rats, metabolism of metsulfuron methyl appears to follow two main pathways, either
hydrolysis to the corresponding sulfonamide or cleavage of the heterocycle ring (Hunt 1984).
The primary metabolites (approximately 5-15% of the administered dose) formed by hydrolysis
are saccharin, 2-[(amino)sulfonyl]benzoic acid, and methyl 2-[(amino)sulfonyl]benzoate and the
major metabolite formed by cleavage of the heterocycle ring is methyl 2-
[[[(amino)carbonyl]amino]sulfonyl]benzoate.

3.1.4 Acute Oral Toxicity

Other than standard bioassays for acute toxicity that were conducted as part of the registration
process, there is not much information regarding the acute toxicity of metsulfuron methyl. The
most common measure of acute oral toxicity is the LDy, the estimate of a dose that is most likely
to cause 50% mortality in the test species after a single oral dose. As summarized in Appendix 1,
there are four acute oral studies involving exposure to technical grade metsulfuron methyl in rats
(Dashiell and Hall 1982a, Sarver 1990, Sarver 1991, Ullman 1985a), one acute oral exposure
study of a 60% metsulfuron methyl formulation in rats (Redgate 1984), and one acute oral
exposure study of technical grade metsulfuron methyl in mice (Ullman 1985b). These studies
demonstrate that a single oral dose of technical grade metsulfuron methyl up to 5000 mg/kg or
single doses of a 60% metsulfuron methyl formulation up to 5000 mg/kg (equivalent to 3000
mg/kg a.i.) did not cause 50% mortality in any of the treated animal groups. Thus, the acute oral
LD, for metsulfuron methyl is correctly referenced as >5,000 mg/kg by ExToxNet (1996),
USDA/FS (1998), and the U.S. EPA (1998b), and the compound is classified as practically non-
toxic. As summarized in Appendix 1, a mortality rate of 20% was observed in male rats after
doses of 1000 mg/kg and 2000 mg/kg and a mortality rate of 40% was observed in female rats
after a dose of 4000 mg/kg (Sarver 1991). However, no clear dose-response relationship for
mortality was observed for both sexes in this study. Furthermore, no mortalities were reported in
other acute exposure studies using doses up to 5000 g/kg (Dashiell and Hall 1982a, Redgate
1984, ). No mortalities were observed in rats exposed to single doses of 5000 mg/kg of a 60%
metsulfuron methyl formulation (equivalent to 3000 mg/kg a.i.) (Redgate 1985).
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Clinical signs of toxicity, including discharges (not otherwise specified) from eyes, nose, or
mouth were observed after single oral doses as low as 50 mg/kg technical grade metsulfuron
methyl (Ullman 1985a). Other signs of toxicity after single oral doses of 500 mg/kg or greater
include lethargy, weight loss, and sensitivity to touch. So, although metsulfuron methyl is not
regarded as highly toxic, the compound is reported to have caused adverse effects at doses that
are 100 times lower than the acute oral LD,,. Clinical signs of toxicity observed for both
technical grade metsulfuron methyl and the 60% formulation of metsulfuron methyl are
comparable and the 60% formulation of metsulfuron methyl does not appear to differ in toxicity
from technical grade metsulfuron methyl.

3.1.5 Subchronic and Chronic Systemic Toxic Effects

Systemic toxicity encompasses virtually any effects that a chemical has after the chemical has
been absorbed. Certain types of effects, however, are of particular concern and involve a specific
subset of tests. Such special effects are considered in following subsections and include effects
on the nervous system (Section 3.1.6) and immune system (Section 3.1.7), development or
reproduction (Section 3.1.8), and carcinogenicity or mutagenicity (Section 3.1.9). This section
encompasses the remaining signs of general and non-specific toxicity.

The subchronic or chronic toxicity of metsulfuron methyl to humans or mammals is not
documented in the published literature, and all of the available toxicological data comes from
unpublished studies that were conducted to support the registration of metsulfuron methyl as a
herbicide. As summarized in Appendix 1, there are several subchronic studies in rats (Brock
1985; Burdock et al. 1982; Daly 1985; Pastoor 1985; Wiechman et al. 1982), one subchronic
study in dogs (Daly 1985), and one subchronic study in rabbits (Feussner et al. 1982b). Two rat
studies (Brock 1985; Wiechman et al. 1982) also involved assays for reproductive performance
and are discussed further in section 3.1.9. All subchronic and chronic exposure studies were
conducted used technical grade metsulfuron methyl.

All of the subchronic rat studies report a decrease in body weight and/or growth rate (Brock
1985; Burdock et al. 1982; Daly 1985; Pastoor 1985; Wiechman et al. 1982). Brock (1985)
noted that the decrease in body weight was accompanied by a decreased food conversion
efficiency, which suggests that the effect could be associated with an underlying change in
metabolism rather than a simple decrease in food intake. In the same study, a significantly lower
serum glucose and higher serum cholesterol was observed in females at 1 and 3 months. The
other effects commonly reported in the available subchronic studies involve changes in various
hematological parameters and changes in absolute and relative organ weights. None of these
changes, however, suggest a clear or specific target organ toxicity.

The chronic toxicity of metsulfuron methyl was investigated in rats (Burns 1984; Burdock and
Hamada 1985), mice (Stadler 1984), and dogs (Burdock 1984). Like the subchronic studies, the
chronic studies report decreased body weight as the most consistently observed adverse effect.
Similarly, with respect to the subchronic studies, other signs of chronic toxicity included various
changes in organ weights and changes in some hematological parameters that do not suggest any
specific target organ toxicity.
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As discussed in Section 3.3., an RfD of 0.25 mg/kg/day has was derived by the U.S. EPA’s RfD
workgroup (U.S. EPA 1988) and is currently listed on the U.S. EPA’s Integrated Risk
Information System (http://www.epa.gov/iriswebp/iris/index.html). This RfD has been adopted
by the U.S. EPA Office of Pesticides (U.S. EPA 2002). The RfD for metsulfuron methyl is
based on the results of the 52-week dietary exposure study in rats (Burns 1994) using decreased
body weight gain as the most sensitive effect. Detail of this study are provided in Appendix 1
and in Section 3.3.2. Based on a review of the studies considered by the U.S. EPA, the selection
of this study seems reasonable and appropriate.

3.1.6 Effects on Nervous System

As discussed in Durkin and Diamond (2002), a neurotoxicant is chemical that disrupts the
function of nerves, either by interacting with nerves directly or by interacting with supporting
cells in the nervous system. This definition of neurotoxicant is critical because it distinguishes
agents that act directly on the nervous system (direct neurotoxicants) from those agents that
might produce neurologic effects that are secondary to other forms of toxicity (indirect
neurotoxicants). Virtually any chemical will cause signs of neurotoxicity in severely poisoned
animals and thus can be classified as an indirect neurotoxicant.

By this definition, metsulfuron methyl may be classified as an indirect neurotoxicant. At high
doses that produce a broad spectrum of toxicologic effects (5000 mg/kg body), lethargy, tremors
and hypersensitivity were observed in rats (Sarver 1991, Ullman 1985a, 1985b). These reports,
however, do not implicate metsulfuron methyl as a direct neurotoxicant. No studies designed
specifically to detect impairments in motor, sensory, or cognitive functions in animals or humans
exposed metsulfuron methyl were identified. No evidence for metsulfuron methyl producing
direct effects on the nervous system was found.

3.1.7 Effects on Immune System

There is very little information on which to assess the immunotoxic potential of metsulfuron
methyl. Studies designed specifically to assess the effects of metsulfuron methyl on immune
system function were not identified. The only studies specifically related to the effects of
metsulfuron methyl on immune function are skin sensitization studies (Section 3.1.11) in which
metsulfuron methyl did not cause skin sensitization. No other information suggesting that
metsulfuron methyl produces direct effects on the immune system was found.

3.1.8 Effects on Endocrine System

In terms of functional effects that have important public health implications, effects on endocrine
function could be expressed as diminished or abnormal reproductive performance. This issue is
addressed specifically in the following section (Section 3.1.9). Mechanistic assays are generally
used to assess the potential for direct action on the endocrine system (Durkin and Diamond
2002). Metsulfuron methyl, however, has not been tested for activity as an agonist or antagonist
of the major hormone systems (e.g., estrogen, androgen, thyroid hormone). Thus, all inferences
concerning the potential effect of metsulfuron methyl on endocrine function must be based on
inferences from standard toxicity studies.

As noted in Section 3.1.2., a variety of sulfonylureas reduce blood glucose by stimulating the
release of insulin from pancreatic B cells, and some sulfonylureas reduce the hepatic extraction
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of insulin. No studies specifically designed to investigate the effects of metsulfuron methyl on
insulin release or metabolism were identified. However, dietary exposure of male and female
rats to 1750 and 5000 ppm for up to 90 days resulted in significantly lower serum glucose
compared to control rats (Brock 1985). Also, as noted in Appendix 1, both weight loss and
weight gain are observed in animals treated with metsulfuron methyl, implying a change in
metabolic status. However, there is no evidence to suggest that changes in weight are due to
effects of metsulfuron methyl on the endocrine system. No evidence for metsulfuron methyl
producing direct effects on the endocrine system was found.

3.1.9. Reproductive and Teratogenic Effects
Metsulfuron methyl was tested for its ability to cause birth defects (i.e., teratogenicity) as well as
its ability to cause reproductive impairment. All of these studies are detailed in Appendix 1.

Teratogenicity studies typically entail gavage administration to pregnant rats or rabbits on
specific days of gestation. Two such studies (each of which is detailed in Appendix 1) were
conducted on metsulfuron methyl: one in rats (Feussner et al. 1982a) and one in rabbits (Feussner
et al. 1982b). No signs of teratogenicity or fetal toxicity were noted in either study. Decreased
weight gain was the only effect noted in the dams.

Another type of reproduction study involves exposing more than one generation of the test
animal to the compound. One such study (Shriram Institute for Industrial Research, 1995) was
conducted on metsulfuron methyl. In this study, the only effect noted was a decrease in growth
rate at doses of 50 mg/kg/day or greater. As noted in section 3.1.3, this effect is also commonly
seen in standard subchronic toxicity studies.

As discussed above, some test animals were allowed to mate in two of the subchronic oral
toxicity studies in order to assay for potential reproductive effects. In the dietary study
(Wiechman et al. 1982), no adverse effects were noted. In a gavage study (Christian and Doll
1985), there were no significant dose-related incidences of specific fetal malformations observed
by external, soft tissue, or skeletal examination although various non-specific effects were noted
in the offspring at maternally toxic doses.

In a recent review of these studies, the U.S. EPA (1998b) concluded that:

The results of a series of studies indicated that there were no
reproductive, developmental or teratogenic hazards associated
with the use of metsulfuron methyl. ... In studies conducted to
evaluate developmental toxicity potential, metsulfuron methyl
was neither teratogenic nor uniquely toxic to the conceptus
(i.e., not considered a developmental toxin).

The current review of these studies supports this assessment.
3.1.10. Carcinogenicity and Mutagenicity

As summarized in section 3.1.3, no evidence of carcinogenic activity was found in any of the
chronic toxicity studies conducted on metsulfuron methyl. In addition, in vivo and in vitro
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studies conducted in rats and mice indicate that metsulfuron methyl is not mutagenic. Single
exposure to <5000 mg/kg bw by gavage did not induce chromosome aberrations in the bone
marrow cells of male or female Sprague-Dawley rats (Ullman 1985a,) or CD-1 mice (Ullman
1985b). In vitro studies indicate that concentrations <3000 ng/mL metsulfuron methyl failed to
induce unscheduled DNA synthesis in primary rat hepatocyte cultures (Vincent 1985, Bentley
1993,). Conflicting evidence has been obtained in mutagenicity studies using CHO cells.
Metsulfuron methyl was negative in a CHO/HPRT gene mutation assay with and without S-9
activation (Rickard 1985). However, in one study in CHO cells, metsulfuron tested positive for
clastogenic activity both with and without S-9 activation. The concentrations of metsulfuron
methyl tested in this study ranged from 0.13 to 7.9 mM, with positive results observed only at the
highest concentration (Vlachos et al. 1983). Mutagenicity studies in Sa/monella typhimurium
were negative with and without S-9 activation (Krahn and Donovan 1980, Haskell Lab 1983).
Based on a review of these studies, the U.S. EPA (1998b) concluded that: “the
weight-of-evidence indicates that metsulfuron methyl is neither genotoxic nor mutagenic and that
“Metsulfuron methyl was not oncogenic in the chronic rat and mouse bioassays”. Thus, there is
no basis for contending that exposure to metsulfuron methyl will pose an increased risk of
cancer.

3.1.11. Irritation and Sensitization (Effects on Skin and Eyes)

Metsulfuron methyl was tested for irritant effects on the skin and eyes of rabbits and the skin of
guinea pigs (Appendix 1). Application of 0.5 g technical grade metsulfuron methyl to the skin of
rabbits did not produce any dermal irritation (Brock 1987a). However, 2000 mg/kg (assuming
100% a.i.) applied directly to the skin, technical grade metsulfuron methyl caused slight to
moderate edema, erythema, and thickening of the skin (associated with adherence of the
compound to the skin) (Gargus 1985a,b). Technical grade metsulfuron methyl produced slight
patchy erythema when applied to the skin of guinea pigs, but no sensitization was observed upon
challenge (Brock 1987a). Application of 0.5 g/animal of a 70% formulation to the skin of rabbits
produced only mild irritation (Dashiell and Hall 1982b). Finlay (1996) reported that a dermal
application of 0.5 g/animal of the commercial formulation, Escort, caused edema and erythema in
rabbits. In guinea pigs, a 35% solution of a 70% commercial formulation produced mild to
moderate erythema, but no sensitization was observed upon challenge (Dashiell and Hall 1982b).

When applied directly into the eyes of rabbits, metsulfuron methyl caused mild conjunctival
redness in all six animals tested and slight corneal opacity and slight chemosis in one rabbit
(Brock 1987). Application of metsulfuron methyl (0.03 mg a.i.) to the conjunctival sac of rabbits
caused slight conjunctival redness, which cleared within 24 hours (Kuhn 2002). Application of a
70% formulation of metsulfuron methyl (corresponding to 20 mg a.i.) caused slight corneal
clouding, mild conjunctivitis, and mild discharge (Dashiell and Hinckle 1982¢). Accordingly,
the MSDS for Escort warns that exposure to this formulation may cause skin irritation (C&P
Press 2003).

3.1.12. Systemic Toxic Effects from Dermal Exposure

Most of the occupational exposure scenarios and many of the exposure scenarios for the general
public involve the dermal route of exposure. For these exposure scenarios, dermal absorption is
estimated and compared to an estimated acceptable level of oral exposure based on subchronic or
chronic toxicity studies. Thus, it is necessary to assess the consequences of dermal exposure
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relative to oral exposure and the extent to which metsulfuron methyl is likely to be absorbed
from the surface of the skin.

Systemic effects resulting from dermal exposure of rabbits to both technical grade metsulfuron
methyl and formulations of metsulfuron methyl containing are summarized in Appendix 1.
Results of these studies do not reveal any differences between metsulfuron methyl or
formulations of metsulfuron methyl for systemic toxicity resulting from dermal exposure.
Dermal exposure to single doses of up to 2000 mg/kg of technical grade metsulfuron methyl did
not cause any mortality, yielding an LDy, > 2000 mg/kg (Dashiell and Hinckle 1982a, Gargus
1984b, Gargus 1985a,b). Dermal exposure to single doses of up to 2000 mg/kg of a 60%
formulation of metsulfuron methyl did not cause any mortality, yielding an LD, > 2000 mg/kg
(Gargus 1984a). The only significant clinical finding reported in these studies following dermal
exposure to metsulfuron methyl is changes in body weight. Conflicting results have been
observed regarding changes in body weight. Following acute dermal exposure of doses up to
2000 mg/kg technical grade metsulfuron methyl anorexia and weight loss were observed (Gargus
1985b, Dashielle and Hinckle 1982a), similar to that observed in experimental mammals after
subchronic and chronic oral exposure (Sections 3.1.4 and 3.1.5). However, weight gain was
observed in rabbits exposed to single doses of 2000 mg/kg technical grade metsulfuron methyl
and to single doses of 2000 mg/kg of a 60% formulation of metsulfuron methyl (equivalent to
1200 mg/kg a.i.) (Gargus 1984a,b). In one study of subchronic dermal exposure to doses up to
2000 mg/kg of technical grade metsulfuron methyl for 21 consecutive day, no clinical or gross
pathology finding was attributable to exposure (Wylie 1983).

3.1.13. Inhalation Exposure

As summarized in Appendix 1, there are two inhalation toxicity studies on metsulfuron methyl
(Burgess et al. 1983; Hutt 1985). Both studies follow a relatively standard protocol involving
acute (4-hour) exposure to relatively high concentrations (>1.3 mg/L or >13,000 mg/m’). No
mortality or gross tissue pathology was observed in either study. A transient decrease in body
weight was observed, consistent with both oral and dermal routes of administration. The only
other signs of toxicity were hair loss, nasal discharges (probably attributable to irritation), and, in
one rat, abnormal lung sounds (Hutt 1985).

These extremely limited data suggest only that metsulfuron methyl can induce irritant effects and
perhaps systemic toxic effects at very high exposure levels. As discussed in section 3.3, this
finding is not directly relevant to this risk assessment because of the implausibility of exposure to
such high concentrations of the compound.

3.1.14. Inerts and Adjuvants

Escort, the commercial formulation of metsulfuron methyl used by the Forest Service, contains
materials other than metsulfuron methyl that are included as adjuvants to improve either efficacy
or ease of handling and storage. The Northwest Coalition for Alternatives to Pesticides (NCAP)
has obtained information on the identity of the inerts in Escort from U.S. EPA under the Freedom
of Information Act and has listed this information on the NCAP web site
(http://www.pesticide.org/FOIA/clopyralid.html). The inerts listed on this web site are sodium
naphthalene sulfonate-formaldehyde condensate, mixture of a sulfate of alkyl carboxylate and
sulfonated alkyl naphthalene (sodium salt), polyvinyl pyrrolidone, trisodium phosphate, and
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sucrose. Both trisodium phosphate (CAS No. 7601-54-9) and sucrose (CAS No. 57-50-1) are
classified by the U.S. EPA as List 4 inerts and therefore, are generally recognized as safe
compounds and are approved as food additives (U.S. EPA 2003, Clydesdale 1997). There is no
evidence to assert that these compounds will materially impact the risks associated with the use
of metsulfuron methyl. Polyvinyl pyrrolidone (CAS No. 88-12-0) is classified as a List 3 inert
(U.S. EPA 2003). In other words, there is insufficient information to categorize this compound
as either hazardous (Lists 1 or 2) or non-toxic (List 4). Sodium naphthalene sulfonate-
formaldehyde condensate and the mixture of a sulfate of alkyl carboxylate and sulfonated alkyl
naphthalene (sodium salt) were not identified in the EPA Inert List (U.S. EPA 2003). Other
naphthalene derivatives identified on the EPA Inert List are classified as List 3 or List 4; no
naphthalene derivatives are classified as List 1 or List 2 inerts (U.S. EPA 2003). Thus, there is
insufficient information available to assess the impact of either polyvinyl pyrrolidone or the
naphthalene derivatives on the risks associated with the use of metsulfuron methyl. However, as
noted above, the toxicity of a formulated product that is comparable to Escort appears to be
comparable to that of technical grade metsulfuron methyl (Sections 3.1.4,3.1.11, and 3.1.13).
Therefore, there is no plausible basis for asserting that these inerts are present in Escort in
toxicological amounts. Although the identity of inerts has been disclosed, the quantity of the
inert agents in Escort is confidential and cannot be disclosed. The amount of each inert agent in
Escort was disclosed to the U.S. EPA (Du Pont 1985b,c) and reviewed in the preparation of this
risk assessment.

As noted in Section 2.2, the manufacturer recommends that Escort be mixed with a surfactant for
application. There is no published literature or information in the FIFRA files that would permit
an assessment of toxicological effects of metsulfuron methyl mixed with surfactant.

3.1.15. Impurities and Metabolites

3.1.15.1. Impurities — Virtually no chemical synthesis yields a totally pure product. Technical
grade metsulfuron methyl, as with other technical grade products, undoubtedly contains some
impurities. To some extent, concern for impurities in technical grade metsulfuron methyl is
reduced by the fact that the existing toxicity studies on metsulfuron methyl were conducted with
the technical grade product. Thus, if toxic impurities are present in the technical grade product,
they are likely to be encompassed by the available toxicity studies on the technical grade product.

There is no published information regarding the impurities in technical grade metsulfuron methyl
or any of its commercial formulations. Information on all of the impurities in technical grade
metsulfuron methyl were disclosed to the U.S. EPA (Brennan 1995), and the information was
obtained and reviewed as part of this risk assessment. Because this information is classified as
confidential business information, details about the impurities cannot be disclosed. Nonetheless,
all of the toxicology studies on metsulfuron methyl involve technical metsulfuron methyl, which
is presumed to be the same as or comparable to the active ingredient in the formulation used by
the Forest Service.

3.1.15.2. Metabolites —The metabolism of metsulfuron methyl is discussed in Section 3.1.3.
Although information on the toxicity of each metabolite identified is not available, a single study
evaluated the effects of a plant and animal metabolite of metsulfuron methyl, triazine amine
(1,3,5-triazine-2-amine, 4-methoxy-6-methyl-), following acute and 10-day oral exposures, acute
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dermal and inhalation exposures and in the Ames test for point mutations (O’Neal 1987).
Results are summarized in Table 3-1. The acute LD, for triazine amine is 1680 mg/kg, which is
less than the LD;, of > 5000 mg/kg reported for metsulfuron methyl (see section 3.1.4). The
clinical signs of toxicity resulting from acute oral, dermal and inhalation exposures to triazine
amine do not appear to differ from those for metsulfuron methyl. Following subacute oral
exposure to triazine amine, cardiotoxicity was observed; this effect was not reported in subacute
oral exposure studies of metsulfuron methyl.

Regarding the toxicity of the other metabolites of metsulfuron methyl, toxicity is likely to be
encompassed by the available mammalian toxicity studies. An exception to this would be
metabolites that are formed in the environment but not in mammals. As discussed by the U.S.
EPA (1998b):

There were two major plant specific metabolites identified, that
were not detected in the rat. However, in residue studies, no
detectable residues of parent or major plant unique
metabolites, were found in the feed and food items of cereal
crops treated at the maximum seasonal use rate. Hence,
toxicity testing of other degradation products of metsulfuron
methyl was not needed.

3.1.16. Toxicological Interactions. The Forest Service may apply Escort in combination with
other herbicides, particularly 2,4-D. There is no published literature or information in the FIFRA
files that would permit an assessment of potential toxicological interactions between metsulfuron
methyl and 2,4-D or any other compounds.
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3.2. EXPOSURE ASSESSMENT

3.2.1. Overview.

Exposure assessments are conducted for both workers and members of the general public for the
typical application rate of 0.03 Ib/acre. The consequences of using the maximum application rate
that might be used by the Forest Service, 0.15 lb/acre, are discussed in the risk characterization.

There are no occupational exposure studies in the available literature that are associated with the
application of metsulfuron methyl. Consequently, worker exposure rates are estimated from an
empirical relationship between absorbed dose per kilogram of body weight and the amount of
chemical handled in worker exposure studies on nine different pesticides. For workers, three
types of application methods are generally modeled in Forest Service risk assessments: directed
ground, broadcast ground, and aerial. Although Escort is registered for aerial applications
(helicopter and sometimes fixed wing), the Forest Service does not currently use this method.
Nonetheless, the aerial application method is included in this risk assessment in the event that the
Forest Service considers aerial applications in the future. Central estimates of exposure for
ground workers are approximately 0.0004 mg/kg/day for directed ground spray and 0.0007
mg/kg/day for broadcast ground spray. Upper range of exposures are approximately 0.0024
mg/kg/day for directed ground spray and 0.0045 mg/kg/day for broadcast ground spray. All of
the accidental exposure scenarios for workers involve dermal exposures and all of these
accidental exposures lead to estimates of dose that are either in the range of or substantially
below the general exposure estimates for workers.

For the general public, the range of acute exposures is from approximately 0.000000014 mg/kg
associated with the lower range for consumption of contaminated stream water by a child to
0.034 mg/kg/day associated with the upper range for consumption of contaminated water by a
child following an accidental spill of metsulfuron methyl into a small pond. For chronic or
longer term exposures, the modeled exposures are much lower than for acute exposures, ranging
from approximately 0.00000000026 mg/kg/day associated with the lower range for the normal
consumption of fish to approximately 0.0024 mg/kg/day associated with the upper range for
consumption of contaminated fruit.

3.2.2. Workers.

The Forest Service uses a standard set of exposure assessments in all risk assessment documents.
While these exposure assessments vary depending on the characteristics of the specific chemical
as well as the relevant data on the specific chemical, the organization and assumptions used in
the exposure assessments are standard and consistent. All of the exposure assessments for
workers as well as members of the general public are detailed in the worksheets on metsulfuron
methyl that accompany this risk assessment (Supplement 1). A copy of this documentation is
available at www.sera-inc.com. This section on workers and the following section on the general
public provides a plain verbal description of the worksheets and discuss metsulfuron methyl
specific data that are used in the worksheets.

A summary of the exposure assessments for workers is presented in Worksheet E02 of the
worksheets for metsulfuron methyl that accompany this risk assessment. Two types of exposure
assessments are considered: general and accidental/incidental. The term general exposure
assessment is used to designate those exposures that involve estimates of absorbed dose based on
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the handling of a specified amount of a chemical during specific types of applications. The
accidental/incidental exposure scenarios involve untoward events that could occur during any
type of application. The exposure assessments developed in this section as well as other similar
assessments for the general public (Section 3.2.3) are based on the typical application rate of 0.03
Ibs a.i./acre (Section 2). The consequences of using different application rates in the range
considered by the Forest Service are discussed further in the risk characterization (Section 3.4).

3.2.2.1. General Exposures — As described in SERA (2001), worker exposure rates are
expressed in units of mg of absorbed dose per kilogram of body weight per pound of chemical
handled. Based on analyses of several different pesticides using a variety of application methods,
default exposure rates are estimated for three different types of applications: directed foliar
(backpack), boom spray (hydraulic ground spray), and aerial.

The specific assumptions used for each application method are detailed in worksheets COla
(directed foliar), CO1b (broadcast foliar), and COlc (aerial). Although Escort is registered for
aerial applications (Section 2), this is not an application method that the Forest Service will
typically employ for Escort. However, aerial application is covered by this risk assessment in the
event that the Forest Service may need to consider aerial applications. In the worksheets, the
central estimate of the amount handled per day is calculated as the product of the central
estimates of the acres treated per day and the application rate. The typical application rate is
taken directly from the program description (see section 2.4). The central estimate of the amount
handled per day (0.03 Ibs metsulfuron methyl/acre) is calculated as the product of the central
estimate of the acres treated per day and the application rate.

No worker exposure studies with metsulfuron methyl were found in the literature. As described
in SERA (2001), worker exposure rates are expressed in units of mg of absorbed dose per
kilogram of body weight per pound of chemical handled. These exposure rates are based on
worker exposure studies on nine different pesticides with molecular weights ranging from 221 to
416 and log K, values at pH 7 ranging from -0.75 to 6.50. The estimated exposure rates are
based on estimated absorbed doses in workers as well as the amounts of the chemical handled by
the workers. As summarized in Table 2-1 of this risk assessment, the molecular weight of
metsulfuron methyl is 391.4 and the log K, at pH 7 is approximately -1.7. Because the K, for
metsulfuron methyl is slightly below the range of K, values used in formulating the regression
model, confidence in these assessments are diminished. This uncertainty is compounded by the
uncertainties inherent in the available data on worker exposure. As described in SERA (2001),
the ranges of estimated occupational exposure rates vary substantially among individuals and
groups, (i.e., by a factor of 50 for backpack applicators and a factor of 100 for mechanical ground
sprayers). It seems that much of the variability can be attributed to the hygienic measures taken
by individual workers (i.e., how careful the workers are to avoid unnecessary exposure);
however, pharmacokinetic differences among individuals (i.e., how individuals absorb and
excrete the compound) also may be important.

An estimate of the number of acres treated per hour is needed to apply these worker exposure
rates. These values are taken from previous USDA risk assessments (USDA 1989a,b,c). The
number of hours worked per day is expressed as a range, the lower end of which is based on an
8-hour work day with 1 hour at each end of the work day spent in activities that do not involve
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herbicide exposure. The upper end of the range, 8 hours per day, is based on an extended
(10-hour) work day, allowing for 1 hour at each end of the work day to be spent in activities that
do not involve herbicide exposure.

It is recognized that the use of 6 hours as the lower range of time spent per day applying
herbicides is not a true lower limit. It is conceivable and perhaps common for workers to spend
much less time in the actual application of a herbicide if they are engaged in other

activities. Thus, using 6 hours may overestimate exposure. In the absence of any published or
otherwise documented work practice statistics to support the use of a lower limit, this approach is
used as a protective assumption.

The range of acres treated per hour and hours worked per day is used to calculate a range for the
number of acres treated per day. For this calculation as well as others in this section involving
the multiplication of ranges, the lower end of the resulting range is the product of the lower end
of one range and the lower end of the other range. Similarly, the upper end of the resulting range
is the product of the upper end of one range and the upper end of the other range. This approach
is taken to encompass as broadly as possible the range of potential exposures.

The central estimate of the acres treated per day is taken as the arithmetic average of the range.
Because of the relatively narrow limits of the ranges for backpack and boom spray workers, the
use of the arithmetic mean rather than some other measure of central tendency, like the geometric
mean, has no marked effect on the risk assessment.

3.2.2.2. Accidental Exposures — Typical occupational exposures may involve multiple routes
of exposure (i.e., oral, dermal, and inhalation); nonetheless, dermal exposure is generally the
predominant route for herbicide applicators (Ecobichon 1998; van Hemmen 1992). Typical
multi-route exposures are encompassed by the methods used in Section 3.2.2.1 on general
exposures. Accidental exposures, on the other hand, are most likely to involve splashing a
solution of herbicides into the eyes or to involve various dermal exposure scenarios.

Metsulfuron methyl can cause irritant effects to the skin and eyes (see Section 3.1.11). The
available literature does not include quantitative methods for characterizing exposure or
responses associated with splashing a solution of a chemical into the eyes; furthermore, there
appear to be no reasonable approaches to modeling this type of exposure scenario quantitatively.
Consequently, accidental exposure scenarios of this type are considered qualitatively in the risk
characterization (section 3.4).

There are various methods for estimating absorbed doses associated with accidental dermal
exposure (U.S. EPA/ORD 1992; SERA 2001). Two general types of exposure are modeled:
those involving direct contact with a solution of the herbicide and those associated with
accidental spills of the herbicide onto the surface of the skin. Any number of specific exposure
scenarios could be developed for direct contact or accidental spills by varying the amount or
concentration of the chemical on or in contact with the surface of the skin and by varying the
surface area of the skin that is contaminated.
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For this risk assessment, two exposure scenarios are developed for each of the two types of
dermal exposure, and the estimated absorbed dose for each scenario is expressed in units of mg
chemical/kg body weight. Both sets of exposure scenarios are summarized in Worksheet EO1,
which references other worksheets in which the specific calculations are detailed.

Exposure scenarios involving direct contact with solutions of the chemical are characterized by
immersion of the hands for 1 minute or wearing contaminated gloves for 1 hour. Generally, it is
not reasonable to assume or postulate that the hands or any other part of a worker will be
immersed in a solution of a herbicide for any period of time. On the other hand, contamination
of gloves or other clothing is quite plausible. For these exposure scenarios, the key element is
the assumption that wearing gloves grossly contaminated with a chemical solution is equivalent
to immersing the hands in a solution. In either case, the concentration of the chemical in solution
that is in contact with the surface of the skin and the resulting dermal absorption rate are
essentially constant.

For both scenarios (the hand immersion and the contaminated glove), the assumption of
zero-order absorption kinetics is appropriate. Following the general recommendations of U.S.
EPA/ORD (1992), Fick's first law is used to estimate dermal exposure. As discussed in Section
3.1.3, an experimental dermal permeability coefficient (Kp) for metsulfuron methyl is not
available. Thus, the Kp for metsulfuron methyl is estimated using the algorithm from U.S.
EPA/ORD (1992), which is detailed in Worksheet AO7b. The application of this algorithm to
metsulfuron methyl, based on molecular weight and the k., is given in Worksheet B04.
Exposure scenarios involving chemical spills onto the skin are characterized by a spill on to the
lower legs as well as a spill on to the hands. In these scenarios, it is assumed that a solution of
the chemical is spilled on to a given surface area of skin and that a certain amount of the
chemical adheres to the skin. The absorbed dose is then calculated as the product of the amount
of the chemical on the surface of the skin (i.e., the amount of liquid per unit surface area
multiplied by the surface area of the skin over which the spill occurs and the concentration of the
chemical in the liquid), the first-order absorption rate, and the duration of exposure.

For both scenarios, it is assumed that the contaminated skin is effectively cleaned after 1 hour.
As with the exposure assessments based on Fick's first law, this product (mg of absorbed dose) is
divided by body weight (kg) to yield an estimated dose in units of mg chemical/kg body weight.
The specific equation used in these exposure assessments is specified in Worksheet BO3.

Confidence in these exposure assessments is diminished by the lack of experimental data on the
dermal absorption of metsulfuron methyl. Nonetheless, as summarized in Worksheet EO1, there
is a noteworthy similarity between the exposure scenario in which contaminated gloves are worn
for 1 hour (Worksheet C02b) and the exposure scenario in which a chemical solution is spilled
on to the skin surface of the hands and cleaned after 1 hour (Worksheet C03a). Confidence in
these assessments is enhanced somewhat by the fact that two similar scenarios based on different
empirical relationships yield similar estimates of exposure.
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3.2.3. General Public

3.2.3.1. General Considerations — Under normal conditions, members of the general public
should not be exposed to substantial levels of metsulfuron methyl. Nonetheless, any number of
exposure scenarios can be constructed for the general public, depending on various assumptions
regarding application rates, dispersion, canopy interception, and human activity. Several
scenarios are developed for this risk assessment which should tend to over-estimate exposures in
general.

The two types of exposure scenarios developed for the general public include acute exposure and
longer-term or chronic exposure. All of the acute exposure scenarios are primarily accidental.
They assume that an individual is exposed to the compound either during or shortly after its
application. Specific scenarios are developed for direct spray, dermal contact with contaminated
vegetation, as well as the consumption of contaminated fruit, water, and fish. Most of these
scenarios should be regarded as extreme, some to the point of limited plausibility. The
longer-term or chronic exposure scenarios parallel the acute exposure scenarios for the
consumption of contaminated fruit, water, and fish but are based on estimated levels of exposure
for longer periods after application.

The exposure scenarios developed for the general public are summarized in Worksheet E03. As
with the worker exposure scenarios, details of the assumptions and calculations involved in these
exposure assessments are given in the worksheets that accompany this risk assessment
(Worksheets DO1-D09). The remainder of this section focuses on a qualitative description of the
rationale for and quality of the data supporting each of the assessments.

3.2.3.2. Direct Spray — Direct sprays involving ground applications are modeled in a manner
similar to accidental spills for workers (Section 3.2.2.2). In other words, it is assumed that the
individual is sprayed with a solution containing the compound and that an amount of the
compound remains on the skin and is absorbed by first-order kinetics. For these exposure
scenarios, it is assumed that during a ground application, a naked child is sprayed directly with
metsulfuron methyl. These scenarios also assume that the child is completely covered (that is,
100% of the surface area of the body is exposed). These exposure scenarios are likely to
represent upper limits of plausible exposure. An additional set of scenarios are included
involving a young woman who is accidentally sprayed over the feet and legs. For each of these
scenarios, some assumptions are made regarding the surface area of the skin and body weight, as
detailed in Worksheet A03.

3.2.3.3. Dermal Exposure from Contaminated Vegetation — In this exposure scenario, it is
assumed that the herbicide is sprayed at a given application rate and that an individual comes in
contact with sprayed vegetation or other contaminated surfaces at some period after the spray
operation. For these exposure scenarios, some estimates of dislodgeable residue and the rate of
transfer from the contaminated vegetation to the surface of the skin must be available. No such
data are available on dermal transfer rates for metsulfuron methyl and the estimation methods of
Durkin et al. (1995) are used as defined in Worksheet D02. The exposure scenario assumes a
contact period of one hour and assumes that the chemical is not effectively removed by washing
for 24 hours. Other estimates used in this exposure scenario involve estimates of body weight,
skin surface area, and first-order dermal absorption rates, as discussed in the previous section.
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3.2.3.4. Contaminated Water — Water can be contaminated from runoff, as a result of leaching
from contaminated soil, from a direct spill, or from unintentional contamination from aerial
applications. For this risk assessment, the two types of estimates made for the concentration of
metsulfuron methyl in ambient water are acute/accidental exposure from an accidental spill and
longer-term exposure to metsulfuron methyl in ambient water that could be associated with the
application of this compound to a 10 acre block that is adjacent to and drains into a small stream
or pond.

3.2.3.4.1. ACUTE EXPOSURE — Two exposure scenarios are presented for the acute
consumption of contaminated water: an accidental spill into a small pond (0.25 acres in surface
area and 1 meter deep) and the contamination of a small stream by runoff or percolation.

The accidental spill scenario assumes that a young child consumes contaminated water shortly
after an accidental spill into a small pond. The specifics of this scenarios are given in Worksheet
DO0S5. Because this scenario is based on the assumption that exposure occurs shortly after the
spill, no dissipation or degradation of metsulfuron methyl is considered. This scenario is
dominated by arbitrary variability and the specific assumptions used will generally overestimate
exposure. The actual concentrations in the water would depend heavily on the amount of
compound spilled, the size of the water body into which it is spilled, the time at which water
consumption occurs relative to the time of the spill, and the amount of contaminated water that is
consumed. Based on the spill scenario used in this risk assessment, the concentration of
metsulfuron methyl in a small pond is estimated to range from about 0.0076 mg/L to 0.30 mg/L
with a central estimate of about 0.076 mg/L (Worksheet D05).

The other acute exposure scenario for the consumption of contaminated water involves runoff
into a small stream. As summarized in Appendix 8, three studies report monitoring data on
metsulfuron methyl. Metsulfuron methyl was not detected in any of the 130 random water
samples collected from Midwestern streams and rivers (method reporting limit of 0.01 pg/L)
(Bagglin et al. 1999). In this same study, no metsulfuron methyl was detected in 25 random
samples of ground-water. Similarly, no metsulfuron methyl was detected in 300 random samples
of Danish ground-water (limit of detection: 0.004 pg/L) (Spliid and Koppen 1998) or in 17
random ground-water samples from Oklahoma (limit of detection: 0.025 pg/L) (USGS, no date).

While monitoring data provide practical and documented instances of water contamination,
monitoring studies may not encompass a broad range of conditions which may occur during
program applications — e.g., extremely heavy rainfall — or they may reflect atypical applications
that do not reflect program practices. The available monitoring data (Bagglin et al. 1999, Spliid
and Koppen 1998, USGS no date) is of limited use in the exposure assessment because sampling
was random and the monitoring was not associated with a specific application of metsulfuron
methyl. Consequently, for this component of the exposure assessment, modeled estimates are
made based on GLEAMS (Groundwater Loading Effects of Agricultural Management Systems).

GLEAMS is a root zone model that can be used to examine the fate of chemicals in various types

of soils under different meteorological and hydrogeological conditions (Knisel and Davis 2000).
As with many environmental fate and transport models, the input and output files for GLEAMS
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can be complex. The general application of the GLEAMS model and the use of the output from
this model to estimate concentrations in ambient water are detailed in SERA (2003b).

For the current risk assessment, the application site was assumed to consist of a 10 acre square
area that drained directly into a small pond or stream. The chemical specific values as well as
the details of the pond and stream scenarios used in the GLEAMS modeling are summarized in
Table 3-2. The GLEAMS modeling yielded estimates runoff, sediment and percolation that were
used to estimate concentrations in the stream adjacent to a treated plot, as detailed in Section 6.4
of SERA (2003b). The results of the GLEAMS modeling for the small stream are summarized in
Table 3-3 and the corresponding values for the small pond are summarized in Table 3-4. These
estimates are expressed as both average and maximum water contamination rates (WCR) - i.e.,
the concentration of the compound in water in units of mg/L normalized for an application rate of
1 1b a.e./acre.

As indicated in Table 3-3, no stream contamination is estimated in very arid regions — i.e., annual
rainfall of 10 to 15 inches or less depending on soil type. The modeled maximum concentrations
in the stream range from about 0.1 pg/L or less (in loam or sand) to somewhat over 2 pg/L (clay)
at annual rainfall rates from 15 to 250 inches per year, with the highest concentrations associated
with clay at annual rainfall rates of 100 inches or more. While not detailed in Table 3-3, the
losses from clay are associated almost exclusively with runoff (about 93%), with the remaining
amount due to sediment loss. For loam, about 75% of the loss is associated with runoff and most
of the remaining loss with percolation. For sand, the pesticide loss is associated almost
exclusively with percolation. For clay, the maximum losses occur with the first rainfall after
application. For loam and to a lesser extent for sand, time to maximum loss is delayed.

Modeled peak concentrations in ponds (Table 3-4) are generally similar to those in streams,
ranging from about 0.2 to 1.6 ug/L in clay soil, up to about 0.7 pg/L in sand, and less than 0.2
pg/L in loam. Modeled average concentrations in ponds, however, are substantially higher than
those in streams. The highest average concentration is estimated at about 0.4 pg/L — i.e., sandy
soil at a rainfall rate of 50 inches per year. Over all soil types, typical concentrations are in the
range of 0.1 to 0.2 pg/L. As with the stream modeling, virtually no contamination is modeled in
very arid regions. Due to the lack of monitoring data obtained following a known application of
metsulfuron methyl and since available monitoring studies did not detect metsulfuron methyl at
concentrations above the methodological limit of detection (Bagglin et al. 1999, Spliid and
Koppen 1998, USGS no date), no comparisons of the modeled maximum concentrations to
monitoring data are possible.

The GLEAMS scenarios do not specifically consider the effects of accidental direct spray. For
example, the steam modeled using GLEAMS is about 6 feet wide and it is assumed that the
herbicide is applied along a 660 foot length of the stream with a flow rate of 4,420,000 L/day. At
an application rate of 1 lb/acre, accidental direct spray onto the surface of the stream would
deposit about 41,252,800 pg [1 Ib/acre = 112,100 pg/m?, 6'x660' = 3960 ft* = 368 m?, 112,100
pg/m* x 368 m* = 41,252,800 ug]. This would result in a downstream concentration of about 10
ng/L [41,252,800 ng/day +~ 4,420,000 L/day]. As indicated in Table 3-3, the expected peak
concentrations from runoff or percolation are below this value by a factor of about 5 or more —
i.e., a maximum modeled peak concentration of about 2 pg/L.
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For the current risk assessment, the upper range for the short-term water contamination rate will
be taken as 10 pg/L per Ib/acre, the maximum that is estimated based on an accidental direct
spray. This value, converted to 0.01 mg/L per 1b/acre, is entered into Worksheet B06. The
central estimated will be taken as 2 pg/L (0.002 mg/L), about the maximum concentration for
clay at annual rainfall rates of 100 to 250 inches. The lower range will be taken as 0.1 pg/L
(0.0001 mg/L), concentrations that might be expected in relatively arid regions with clay soil —
i.e., annual rainfall of 15 inches. Note that lesser concentrations are modeled for loam and sand
and this may need to be considered in any site-specific application of GLEAMS.

3.2.3.4.2. LONGER-TERM EXPOSURE — The scenario for chronic exposure from
contaminated water is detailed in worksheet DO7. This scenario assumes that an adult (70 kg
male) consumes contaminated ambient water from a contaminated pond for a lifetime. The
estimated concentrations in pond water are based on the modeled estimates from GLEAMS,
discussed in the previous section. As discussed in Section 3.2.3.4.2, the results of three
monitoring studies in random samples obtained from streams, rivers, and ground-water did not
detect metsulfuron methyl at concentrations above the methodological limit of detection (Bagglin
et al. 1999, Spliid and Koppen 1998, USGS no date). As with the acute exposure assessment,
these studies are of little use in assessing the quality of the GLEAMS modeling. Nonetheless,
the limit of detection in these studies was about 0.004 pg/L to 0.01 pg/L. The highest modeled
longer-term concentration in streams is about 0.01 pg/L and many of the longer term modeled
concentrations are below 0.004 pg/L (Table 3-3). Thus, for the type of applications considered in
this risk assessment, the failure to detect concentrations of metsulfuron in water would be
expected.

For this risk assessment, the typical longer term water contamination rate (WCR) is taken as 0.2
pg/L or 0.0002 mg/L per Ib/acre. This is about the average concentration that is predicted to be
in a pond using GLEAMS at a rainfall rate of 15 to about 100 inches per year in clay soil as well
as average concentrations predicted in water after runoff from loam and sand at various rainfall
rates (Table 3-4). The upper range of the WCR is taken as 0.4 pg/L or 0.0004 mg/L per Ib/acre.
This is the highest average concentration predicted from percolation through sandy soil at an
rainfall rate of 50 inches per year. The lower range is taken as 0.1 pg/L or 0.0001 mg/L per
Ib/acre. This selection is somewhat arbitrary but would tend to encompass concentrations that
might be found in relatively arid areas. The reported limit of detection of metsulfuron methyl
ranges from 0.004 to 0.025 pg/L (Spliid and Koppen 1998, USGS no date). Thus, the range of
longer term concentrations in standing water (modeled as a pond) that are used in this risk
assessment are above the range for the limit of detection for measurement of metsulfuron methyl
in water.

The WCR values discussed in this section summarized in Worksheet B06 and used for all longer
term exposure assessments involving contaminated water. As with the corresponding values for
a small stream, these estimates are expressed as the water contamination rates (WCR) in units of
mg/L per Ib/acre.

3.2.3.5. Oral Exposure from Contaminated Fish — Many chemicals may be concentrated or

partitioned from water into the tissues of animals or plants in the water. This process is referred
to as bioconcentration. Generally, bioconcentration is measured as the ratio of the concentration
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in the organism to the concentration in the water. For example, if the concentration in the
organism is 5 mg/kg and the concentration in the water is 1 mg/L, the bioconcentration factor
(BCF) is 5 L/kg [5 mg/kg = 1 mg/L]. As with most absorption processes, bioconcentration
depends initially on the duration of exposure but eventually reaches steady state. Details
regarding the relationship of bioconcentration factor to standard pharmacokinetic principles are
provided in Calabrese and Baldwin (1993).

The potential for accumulation of metsulfuron methyl in fish was studied in bluegill fish exposed
to 0.01 and 1.0 mg/L '*C-metsulfuron methyl (Han 1982). The bioconcentration of
"“C-metsulfuron methyl in muscle (edible tissue), liver and viscera was examined during a 28-day
exposure period. Details of these studies are provided in Appendix 8. Following 1 day of
exposure, no bioconcentration of metsulfuron methyl in edible tissue occurred bluegill sunfish
(BCF =0.21). Over the 28-day exposure period, no bioconcentration metsulfuron methyl in
edible tissue was observed, with the highest BCF of 0.61 on day 7 of exposure. For this risk
assessment, a bioconcentration factor for edible tissue in fish will be taken as 0.21 L/kg for acute
exposure and a BCF of 0.61 L/kg is used for chronic exposure.

For both the acute and longer-term exposure scenarios involving the consumption of
contaminated fish, the water concentrations of metsulfuron methyl used are identical to the
concentrations used in the contaminated water scenarios (see Section 3.2.3.4). The acute
exposure scenario is based on the assumption that an adult angler consumes fish taken from
contaminated water shortly after an accidental spill of 200 gallons of a field solution into a pond
that has an average depth of 1 m and a surface area of 1000 m* or about one-quarter acre. No
dissipation or degradation is considered. Because of the available and well-documented
information and substantial differences in the amount of caught fish consumed by the general
public and native American subsistence populations, separate exposure estimates are made for
these two groups, as illustrated in worksheet D0O8. The chronic exposure scenario is constructed
in a similar way, as detailed in worksheet D09, except that estimates of metsulfuron methyl
concentrations in ambient water are based on GLEAMS modeling as discussed in Section
3.2.3.4.

3.2.3.6. Oral Exposure from Contaminated Vegetation — None of the Forest Service
applications of metsulfuron methyl will involve the treatment of crops. Thus, under normal
circumstances and in most types of applications conducted as part of Forest Service programs,
the consumption by humans of vegetation contaminated with metsulfuron methyl is unlikely.
Nonetheless, any number of scenarios could be developed involving either accidental spraying of
crops or the spraying of edible wild vegetation, like berries. In most instances, and particularly
for longer-term scenarios, treated vegetation would probably show signs of damage from
exposure to metsulfuron methyl (Section 4.3.2.4), thereby reducing the likelihood of
consumption that would lead to significant levels of human exposure. Notwithstanding that
assertion, it is conceivable that individuals could consume contaminated vegetation. One of the
more plausible scenarios involves the consumption of contaminated berries after treatment of a
right-of-way or some other area in which wild berries grow.

The two accidental exposure scenarios developed for this exposure assessment include one
scenario for acute exposure, as defined in Worksheet D03 and one scenario for longer-term
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exposure, as defined in Worksheet D04. In both scenarios, the concentration of metsulfuron
methyl on contaminated vegetation is estimated using the empirical relationships between
application rate and concentration on vegetation developed by Fletcher et al. (1994) which is in
turn based on a re-analysis of data from Hoerger and Kenaga (1972). These relationships are
defined in worksheet AO4. For the acute exposure scenario, the estimated residue level is taken
as the product of the application rate and the residue rate (Worksheet D03).

For the longer-term exposure scenario (D04), a duration of 90 days is used. The rate of decrease
in the residues over time is taken from the vegetation half-time of 30 days reported by Knisel and
Davis (2000). Although the duration of exposure of 90 days is somewhat arbitrarily chosen, this
duration is intended to represent the consumption of contaminated fruit that might be available
over one season. Longer durations could be used for certain kinds of vegetation but would lower
the estimated dose (i.e., would reduce the estimate of risk).

For the longer-term exposure scenarios, the time-weighted average concentration on fruit is
calculated from the equation for first-order dissipation. Assuming a first-order decrease in
concentrations in contaminated vegetation, the concentration in the vegetation at time t after
spray, C,, can be calculated based on the initial concentration, C,, as:

— -kt
Ct - CO X €

where k is the first-order decay coefficient [k=In(2)+t,,]. Time-weighted average concentration
(C;wa) over time t can be calculated as the integral of C, (De Sapio 1976, p. p. 97 ff) divided by
the duration (t):

Crwa=Co (1 -9 = (k).

A separate scenario involving the consumption of contaminated vegetation by drift rather than
direct spray is not developed in this risk assessment. As detailed further in Section 3.4, this
elaboration is not necessary because the direct spray scenario leads to estimates of risk that are
below a level of concern. Thus, considering spray drift and a buffer zone quantitatively would
have no impact on the characterization of risk.
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3.3. DOSE-RESPONSE ASSESSMENT

3.3.1. Overview. The Office of Pesticide Programs of the U.S. EPA has derived a chronic RfD
of 0.25 mg/kg/day for metsulfuron methyl. This RfD is based on a chronic rat NOAEL of 25
mg/kg/day (500 ppm in the diet) (Burns 1994) and an uncertainty factor of 100. In the same
study, the LOAEL was 250 mg/kg/day (5000 ppm in the diet) and the only effect noted was a
decrease in body weight. No frank signs of toxicity were seen at this or higher dose levels. The
U.S. EPA has not derived an acute RfD. The chronic RfD of 0.25 mg/kg/day is used in the
current risk assessment for characterizing risks associated with both acute and chronic exposure
to metsulfuron methyl.

3.3.2. Chronic RfD

The U.S. EPA derived an agency-wide chronic RfD for metsulfuron methyl of 0.25 mg/kg/day
(U.S. EPA 1988), as currently listed at the U.S. EPA web site for RfDs
http://www.epa.gov/ngispgm3/iris/. This RfD has been adopted by the U.S. EPA Office of
Pesticides (U.S. EPA 2002). Although RfD derived by EPA has not changed since the previous
risk assessment for metsulfuron methyl (SERA 2000), the previous risk assessment rounded the
0.25 mg/kg/day value to 0.3 mg/kg/day. For this risk assessment, the chronic RfD value of 0.25
mg/kg/day is used directly for consistency with the U.S. EPA.

The chronic RfD of 0.25 mg/kg/day is based on a NOAEL of 25 mg/kg/day from a 52-week
feeding study in rats using decreased body weight gain as the most sensitive effect (Burns 1994).
In this study, rats were exposed to dietary concentrations of metsulfuron methyl (ranging in
purity from 93 to 95.8%) of 5, 25, 500, 2500, and 5000 ppm for 52-weeks. The investigators
observed a statistically significant, treatment related decrease in mean body weight in males
(2500 and 5000 ppm) at 13 weeks and in males and females (5000 ppm) at 52 weeks. A
statistically significant decrease in body weight gain, compared with controls, in males and
females (500, 2500, and 5000 ppm) at 13 weeks and in males and females (5000 ppm) at 52
weeks was also observered. No overt signs of toxicity were observed at any dose level. As
summarized in Appendix 1, there were various changes in relative and absolute organ weights as
well as in hematological parameters; however, these effects either were not statistically
significant or did not suggest a coherent pattern of toxicity. Based on these results, the U.S. EPA
(1990) classified 500 ppm as the NOAEL. Using a conversion factor of 1 ppm dietary equal to
0.05 mg/kg body weight/day, the U.S. EPA (1984) converted the dietary NOAEL of 500 ppm to
a daily dose of 25mg/kg/day. The dose conversion factor used by U.S. EPA (1990) is not
referenced but the conversion factor is consistent with the estimated daily doses reported by
Burns (1984, Table 5, pp. 99-124). The RfD of 0.25 mg/kg/day was derived with an uncertainty
factor of 100. This uncertainty factor consists of two components: a factor of 10 for
extrapolating from animals to humans and a factor of 10 for extrapolating to sensitive individuals
within the human population. Using the same conversion factor, the 2500 ppm LOAEL based
on body weight would correspond to a dose of 125 mg/kg/day.

3.3.3. Acute RID.

The U.S. EPA (2002) did not explicitly derive an acute/single dose RfD for metsulfuron methyl.
However, the U.S. EPA Office of Pesticides (U.S. EPA 2002) reported a short- and intermediate
term oral exposure NOAEL of 34 mg/kg/day (for decreased body weight) with a corresponding
LOAEL of 342 mg/kg/day and a margin of exposure of 100. Thus, a functional acute RfD could
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be calculated as 0.34 mg/kg/day [34 mg/kg/day + 100]. The U.S. EPA (2002) does not explicitly
identify this study, although the sensitive effect is identified as decreased body weight and the
study is described as a 2-generation reproductive study in rats. This study does not appear to
correspond to any of the studies summarized in Appendix 1 or in the U.S. EPA (1988)
documentation for the RfD . Although a functional acute RfD of 0.34 mg/kg/day can be derived,
there is not a substantial difference between this value and the chronic RfD value of 0.25
mg/kg/day. This risk assessment will use the chronic RfD of 0.25 mg/kg/day to characterize all
risks of acute or short-term exposures. This somewhat more conservative approach has no
impact on the characterization of risk.
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3.4. RISK CHARACTERIZATION

3.4.1. Overview. Typical exposures to metsulfuron methyl do not lead to estimated doses that
exceed a level of concern. For workers, no exposure scenarios, acute or chronic, exceeds the
RfD even at the upper ranges of estimated dose. For members of the general public, all upper
limits for hazard quotients are below a level of concern. Thus, based on the available
information and under the foreseeable conditions of application, there is no route of exposure or
scenario suggesting that workers or members of the general public will be at any substantial risk
from acute or longer term exposures to metsulfuron methyl.

Irritation to the skin and eyes can result from exposure to relatively high levels of metsulfuron
methyl. From a practical perspective, eye or skin irritation is likely to be the only overt effect as
a consequence of mishandling metsulfuron methyl. These effects can be minimized or avoided
by prudent industrial hygiene practices during the handling of the compound.

3.4.2. Workers. A quantitative summary of the risk characterization for workers associated
with exposure to metsulfuron methyl is presented in Worksheet E02 (Supplement 1). The
quantitative risk characterization is expressed as the hazard quotient, the ratio of the estimated
doses from Worksheet EO1 to the RfD. For acute exposures — i.e., accidental