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COMMON UNIT CONVERSIONS AND ABBREVIATIONS

To convert ... Into ... Multiply by ...
acres hectares (ha) 0.4047
acres square meters (m?) 4,047
atmospheres millimeters of mercury 760
centigrade Fahrenheit 1.8C°+32
centimeters inches 0.3937
cubic meters (m°) liters (L) 1,000
Fahrenheit centigrade 0.556F°-17.8
feet per second (ft/sec) miles/hour (mi/hr) 0.6818
gallons (gal) liters (L) 3.785
gallons per acre (gal/acre) liters per hectare (L/ha) 9.34
grams (Q) ounces, (0z) 0.03527
grams (Q) pounds, (0z) 0.002205
hectares (ha) acres 2471
inches (in) centimeters (cm) 2.540
kilograms (kg) ounces, (0z) 35.274
kilograms (kg) pounds, (Ib) 2.2046
kilograms per hectare (hg/ha) pounds per acre (Ib/acre) 0.892
kilometers (km) miles (mi) 0.6214
liters (L) cubic centimeters (cm?) 1,000

liters (L) gallons (gal) 0.2642
liters (L) ounces, fluid (0z) 33.814
miles (mi) kilometers (km) 1.609
miles per hour (mi/hr) cm/sec 44.70
milligrams (mg) ounces (0z) 0.000035
meters (m) feet 3.281
ounces (0z) grams (Q) 28.3495
ounces per acre (oz/acre) grams per hectare (g/ha) 70.1
ounces per acre (oz/acre) kilograms per hectare (kg/ha) 0.0701
ounces fluid cubic centimeters (cm?) 29.5735
pounds (Ib) grams (Q) 453.6
pounds (Ib) kilograms (kg) 0.4536
pounds per acre (Ib/acre) kilograms per hectare (kg/ha) 1.121
pounds per acre (Ib/acre) mg/square meter (mg/m?) 112.1
pounds per acre (Ib/acre) Ug/square centimeter (ug/cm?) 11.21
pounds per gallon (Ib/gal) grams per liter (g/L) 119.8
sguare centimeters (cm?) square inches (in?) 0.155
square centimeters (cm?) square meters (m?) 0.0001
square meters (m?) sguare centimeters (cm?) 10,000
yards meters 0.9144

Note: All references to pounds and ounces refer to avoirdupois weights unless otherwise specified.



CONVERSION OF SCIENTIFIC NOTATION

Scientific Decimal Verbal
Notation Equivalent Expression
1-1010 0.0000000001 Oneinten billion
1-10° 0.000000001  Oneinonehillion
1-10% 0.00000001 One in one hundred million
1-107 0.0000001 Onein ten million
1-10° 0.000001 Onein one million
1-10° 0.00001 One in one hundred thousand
1-10*% 0.0001 One in ten thousand
1-103 0.001 One in one thousand
1-102 0.01 Onein one hundred
1-10% 0.1 Onein ten
1-10° 1 One
1-10t 10 Ten
1-10° 100 One hundred
1-10° 1,000 One thousand
1-10 10,000 Ten thousand
1-10° 100,000 One hundred thousand
1-10° 1,000,000 One million
1-10° 10,000,000 Ten million
1-108 100,000,000 One hundred million
1-10° 1,000,000,000 One hillion
1-10% 10,000,000,000 Ten billion



EXECUTIVE SUMMARY

INTRODUCTION

The USDA Forest Service uses the herbicide, sulfometuron methyl, in its vegetation management
programs. Only one commercia formulation, Oust, is used by the Forest Service. The present
document provides risk assessments for human health effects and ecological effects to support an
assessment of the environmental consegquences of using Oust in Forest Service programs. Each of
the two risk assessment chapters—human health and ecological effects—has four major sections,
including an identification of potential hazards, 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.

The human health and ecological risk assessments presented in this document are not, and are not
intended to be, comprehensive summaries of al of the available information. Nonetheless, because
of the lack of a detailed, recent review concerning Oust and the preponderance of unpublished
relevant datain U.S. EPA files, a complete search of the U.S. EPA files was conducted. Full text
copies of al relevant studies were kindly provided by the U.S. EPA Office of Pesticide Programs.
The studieswere reviewed, and synopses of the most relevant studies are provided in the appendices
to this document.

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. Although risk assessments are usually expressed with numbers, those
numbersare never exact. Variability and uncertainty can be dominant factorsin any risk assessment,
and should be expressed. In considering different forms of variability, amost no risk estimate
presented in thisdocument isgiven asasinglenumber. Usualy, risk isexpressed asacentral estimate
and arange, which is sometimes very large.

PROGRAM DESCRIPTION

Sulfometuron methyl isanon-selective, sulfonyl urea herbicide used primarily to control the growth
of broadleaf weeds and grasses. The Forest Service uses only one commercial formulation of
sulfometuron methyl, Oust. Oust is manufactured by DuPont as a water dispersible granule. The
composition of the product is 75% sulfometuron methyl and 25% inert ingredients. Site preparation
entails the primary use of Oust by the Forest Service. Relatively minor usesinclude conifer release,
noxiousweed control, rights-of-way management, and facilitiesmaintenance. Although sulfometuron
methyl isapplied asthe sole herbicide under certain conditions, it ismost often applied in combination
with other herbicides such as diuron, glyphosate, or hexazinone. The most common methods of
ground application for Oust involve backpack (selective foliar) and boom spray (broadcast foliar)
operations. Although Oust is registered for aeria applications (helicopter only), the Forest Service
does not and does not intend to use Oust in aerial applications. Thetypical application rate in Forest
Serviceprogramsis0.1lbsai./acre. Therangeof application rateslikely to beused in Forest Service
programsis 0.023-0.38 Ibs a.i./acre.
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HUMAN HEALTH EFFECTS

Hazard Identification

The phytotoxicity of sulfonylurea herbicides, including sulfometuron methyl, is fairly well
characterized. Not as well characterized, however, is the mechanism of toxicity of sulfometuron
methyl in mammals or other animal species. In any case, sulfometuron methyl appearsto have alow
order of acute oral toxicity. Some studies report no apparent signs of overt toxicity in rats after
single gavage doses of up to 17,000 mg/kg bw. The lowest dose reported to cause any apparent
effects after single gavage administration to rats is 5000 mg/kg.

Several subchronic and chronic animal studies regarding exposure to sulfometuron methyl are
avallablein the literature. The most common signs of toxicity involve changes in blood consistent
with hemolytic anemia (i.e., alysis or destruction of blood cells that results in a decreased number
of red blood cells) and decreased body weight gain. It is plausible that the hemolytic anemia caused
by sulfometuron methyl is attributable, at |east partially, to the metabolism of sulfometuron methyl
to sulfonamide and saccharin. Inal-year dog feeding study, severa effects, in addition to those on
the blood, were observed, including increased akaline phosphatase activity, increased serum
cholesterol (females only), decreased serum albumin and creatinine, as well as changesin liver and
thymus weights. These effects, however, were not clearly attributable to sulfometuron methyl
exposure. In chronic feeding studies with rats and mice and in severd in vitro assays, sulfometuron
methyl did not display carcinogenic or mutagenic activity.

Thereissome concern for the potential reproductive and teratogenic effects of sulfometuron methyl.
Gavage studies in rabbits suggest that sulfometuron methyl exposure may increase the number of
fetuses with anomalies as well as the proportion of fetal anomalies per litter. In addition to the two
teratogenicity studies in rabbits, there are three reproduction studies involving dietary exposure of
rats to sulfometuron methyl, in which effects were observed in dams (decreases in maternal body
weight gain associated with decreased food consumption) and offspring (decreased fetal weight,
decreased numbers of pups, and decreases in brain weights). As discussed in the dose-response
assessment, these effects were not consistently dose-related and do not appear to be the most
sensitive effect for sulfometuron methyl.

Both sulfometuron methyl and the commercial formulation, Oust, can cause skin and eye irritation.
It isdifficult to make adirect comparison between theirritant effects of sulfometuron and theirritant
effects of Oust since the available studies use different exposure levels. Nonetheless, there appears
to beno remarkabl edifference between theirritant effects of sulfometuron methyl and thecommercial
formulation.

As discussed in the exposure assessment, dermal exposure is the primary route of concern for
workers. The available data, albeit relatively sparse, suggest that sulfometuron methyl can be
absorbed through the skin in amounts that may cause systemic toxic effects. Data regarding the
dermal absorption kinetics of sulfometuron methyl, however, were not found in the available
literature. For thisrisk assessment, estimates of dermal absorption rates—both zero order and first
order—are based on quantitative structure-activity relationships. These estimates of dermal
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absorption rates are used in turn to estimate the amounts of sulfometuron methyl that might be
absorbed by workers. These estimates are then used with the available dose-response data to
characterize risk. The lack of experimental data on the dermal absorption of sulfometuron methyl
adds substantial uncertaintiesto thisrisk assessment. Uncertaintiesin therates of dermal absorption,
although they aresubstantial, can be estimated quantitatively and areincorporated in the human health
exposure assessment.

Information regarding theinhal ation toxicity of sulfometuron methyl issparse. Thereisevidencethat
sulfometuron methyl and Oust may induce irritant effects and possibly systemic toxic effects at very
high exposure levels. The potential inhalation toxicity of sulfometuron methyl, however, is not of
substantial concern to this risk assessment because of the implausibility of inhalation exposure
involving high concentrations of the compound.

Based on a comparison of the toxicity of sulfometuron methyl to the toxicity of the commercial
formulation, there is no reason to suspect that Oust contains impurities or adjuvants that have a
substantial impact on the risk assessment. All of the toxicology studies on sulfometuron methyl
involve technical sulfometuron methyl, which is presumed to be the same as or comparable to the
activeingredient in Oust. Thus, if toxicimpuritiesare present in technical sulfometuron methyl, they
are likely to be encompassed by the available toxicity studies using technical grade sulfometuron
methyl.

Exposur e Assessment

Studies regarding occupationa exposures associated with the application of sulfometuron methyl
were not found in the available literature. Consequently, worker exposure rates are estimated from
an empirical relationship between absorbed dose per kilogram of body weight and the amount of
chemica handled in worker exposure studies on nine different pesticides (Rubin et al. 1998).
Separate exposure assessmentsare given for backpack and boom spray ground applications. For both
types of applications, central estimates of worker exposure are similar: 0.0013 mg/kg/day for
backpack applications and 0.0011 mg/kg/day for boom spray applications. The upper limits of the
exposure estimates are 0.03 mg/kg/day for backpack applications and 0.064 mg/kg/day for boom
spray applications.  Although Oust is labeled for aerial applications (helicopter only), the Forest
Serviceisnot using and does not plan to use that application method for Oust. Consequently, aeria
applications are not considered in this risk assessment.

Except for accidental exposure scenarios, the general public should be exposed to sulfometuron
methyl at levels far less than those for workers. Longer-term exposure scenarios for the general
public lead to central estimates of daily dosesin the range of 0.00000077-0.00015 mg/kg/day with
upper limits of exposure in the range of 0.0001-0.0016 mg/kg/day. While these exposure scenarios
areintended to be conservative, they are, nonetheless, plausible. Accidental exposure scenariosresult
incentral estimates of exposure of up to 0.025 mg/kg/day with upper ranges of 0.25 mg/kg/day. All
of the accidental exposure scenariosinvolverelatively brief periods of exposure and most should be
regarded as extreme, some to the extent of limited plausibility.
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Dose-Response Assessment

There is no current U.S. EPA RfD for sulfometuron methyl. The U.S. EPA Office of Pesticide
Programswill prepare are-registration digibility document (RED) for sulfometuron methyl, but the
registrant, DuPont, isin the process of submitting additional datato the U.S. EPA and the RED has
not been initiated.

In terms of species sengitivity, rats appear to be most sensitive with reported NOAELSs of 2-3
mg/kg/day and an AEL of 20 mg/kg/day. Dogs appear to have a sensitivity similar to that of rats,
with areported NOAEL of 5 mg/kg/day and a LOAEL of 28 mg/kg/day. Mice appear to be much
less sengitive than either rats or dogs to the hematological effects of sulfometuron methyl with a
NOAEL of 27.5 mg/kg/day and aLOAEL of 275 mg/kg/day. Although these data are not amenable
to formal statistical analysis, they lend qualitative support to the use of an uncertainty for species-to-
species extrapol ation for the human health risk assessment (i.e., the larger animal s appear to be more
sensitive than smaller animals to sulfometuron methyl).

In the absence of an RfD derived by the U.S. EPA, a provisional reference dose of 0.02 mg/kg/day
isused in thisrisk assessment. The provisional reference doseis based on the 2 mg/kg/day NOAEL
for hematological effects in male rats and an uncertainty factor of 100: 10 for species-to-species
extrapolation and 10 for sensitive subgroups in the human population. A dose of 20 mg/kg/day,
caused hematological effects inmalerats. Thus, at adosethat is 10-fold higher than the provisiona
reference dose, 0.2 mg/kg/day, there would be concern for hematologic effects in humans. At
intermediatelevel sof exposure (i.e., those between 0.02 and 0.2 mg/kg/day) the concernfor potential
adverse effects cannot be defined well.

Based on reproduction studiesin rats, adose of 0.2 mg/kg/day (i.e., 100-fold below areported AEL
of 20 mg/kg/day) could be taken as a level of concern for potentia reproductive effects. One
reservation about using this approach involves the available data on reproductive effects in rabbits.
Increased fetal anomalieswere observed in rabbits exposed to doses aslow as 30 mg/kg/day (Serota
et a. 1981), which is quite close to the LOAEL of 20 mg/kg/day for hematological effects in rats.
Furthermore, athough it can be argued that modest levels of anemiamay be regarded merely as an
AEL (adverseeffect level), dosesassociated with fetal anomaliesaremore properly regarded asFEL s
(frank effect levels) and are of substantial concern in any risk assessment.

For thisrisk assessment, the increased number of fetal anomaliesin rabbits exposed to 30 mg/kg/day
(Serotaet a. 1981) isinterpreted as areproductive FEL. Thisisaconservativeinterpretation of the
gavage studies in rabbits (Hoberman et al. 1981, Serota et al. 1981). This judgment influences the
risk assessment primarily in the interpretation of risks above the provisional reference dose of 0.02
mg/kg/day based on hematological effects. If the dose of 20-26 mg/kg/day from the dietary study
by Mullin (1984) is taken as a reproductive NOAEL, a provisional reference dose for reproductive
toxicity can be derived that isabout 10- fold higher than the reference dose based on anemia. Inthat
case, relatively modest (i.e., lessthan afactor of 10) excursions above the provisional reference dose
could be a cause for concern regarding hematological effects but not reproductive effects. On the
other hand, if the 30 mg/kg/day dose from Serota et al. (1981) is accepted as a reproductive FEL,
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the proximity of the FEL to the reproductive NOAEL reported by Mullin (1984) suggests that a
lower reference dose for reproductive effects is justified and that modest excursions above the
reference dose are causes for concern regarding both hematological and reproductive effects.

Asasupplement to thisjudgmental approach, categorical regression anayseswere conducted on the
animal toxicity data. Again using a conservative interpretation of the reproductive toxicity studies
in rabbits, this analysis suggests that at the provisional reference dose of 0.02 mg/kg/day, the
probability of an adverse effect (AEL/FEL) isabout 0.000007 (7 in 1,000,000). At a10-fold higher
dose, 0.2 mg/kg/day, the probability of an adverse effect, including reproductive toxicity, is about
0.0004 (4 in 10,000).

Risk Characterization

In general, workers will be exposed to sulfometuron methyl at higher levels of exposure than
members of the general public and will be subject to greater potentia risk. Theupper limit of general
exposure scenariosfor backpack and boom spray applicationsresult in amodest excursion abovethe
provisona RfD. These upper limits of exposure are constructed using the highest anticipated
application rate, the highest anticipated number of acres treated per day, and the upper limit of the
occupational exposure rate. If any of these conservative assumptions are modified (e.g., the
compound is applied at the typical rather than the maximum application rate) the hazard indices
would be at or below unity (i.e., below the level of concern). Given the conservative nature of the
RID itsdlf, it is unlikely that there would be any signs of toxicity in workers applying sulfometuron
methyl. In other words, the quantitative risk characterization suggests that under the most
conservative set of exposure assumptions, workers could be exposed to sulfometuron methyl levels
regarded as unacceptable. And that if sulfometuron methyl is not applied at the highest application
rateor if appropriate stepsaretaken to ensurethat workersare not exposed at the maximum plausible
rates (i.e., worker hygiene practices and/or reduced areas of treatment per day) thereisno indication
that the workers would be at risk of incurring systemic toxic effects.

Irritation and damage to the skin and eyes can result from exposure to relatively high levels of
sulfometuron methyl. From apractical perspective, eyeor skinirritationislikely to bethe only overt
effect as a consequence of mishandling sulfometuron methyl. These effects can be minimized or
avoided by prudent industrial hygiene practices during the handling of sulfometuron methyl.

For the genera public, none of the longer-term exposure scenarios approach alevel of concern. In
addition, none of the acute/accidental scenariosexceed alevel of concern, based on central estimates
of exposure, athough a hazard index of unity is reached for the consumption of water after an
accidental spill. Based on the most extreme exposure assumptions, two of the acute/accidental
scenarios approach alevel of concern (i.e., consumption of contaminated fruit and consumption of
fish by subsistence populations), and the scenario for an accidental spill into water substantialy
exceedsalevel of concern. The exposure scenario for the consumption of contaminated water isan
arbitrary scenario. Inother words, scenariosthat are more or less severe, al of which may beequally
probable or improbable, could be easily constructed. Nonethel ess, the acute exposure scenarios for
the general public help to identify the types of scenariosthat are of greatest concern and may warrant
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the greatest effortsto mitigate. For sulfometuron methyl, the exposure scenarios of greatest concern
involve ora rather than dermal exposure.

The potential of sulfometuron methyl to induce reproductive effects—fetal mortality or
abnormalities—suggest that pregnant women should avoid exposure to sulfometuron methyl. Based
on the available dose/duration/severity data, however, it appears that exposure levels below those
associated with the most sensitive effect (i.e,, anemia) are not likely to be associated with
reproductive toxicity. In addition, the available dose-response data on the reproductive effects of
sulfometuron methyl in rabbits is weak (i.e., there are no dtatisticaly significant dose-response
relationships). The major study on which the hazard identification for reproductive effectsis based,
nonethel ess, reports adverse reproductive effects at all dose levels of sulfometuron methyl exposure.
Thus, the qualitative decisionto consider sulfometuron methyl asapotential reproductive hazard may
be regarded as extremely conservative; however, this determination seems prudent at this time.

ECOLOGICAL EFFECTS

Hazard Identification

The mammalian toxicity of sulfometuron methyl is relatively well-characterized in experimental
mammals. There is, however, relatively little information regarding the toxicity of sulfometuron
methyl to non-target wildlife species. 1t seems reasonable to assume that the most sensitive effects
in wildlife mammalian species will be the same as those in experimental mammals (i.e., changes to
blood and aswell as decreased body weight gain). There are only four studies regarding the toxicity
of sulfometuron methyl to birds. Because the avian studies are designed differently from the
mammalian studies, it isdifficult to assessthe sengitivity of birds, relative to mammals. Based onthe
limited comparisons that can be made, birds appear to be somewhat less sensitive than experimental
mammalsto the toxic effects of sulfometuron methyl. Thereisonly one study regarding the toxicity
of sulfometuron methyl to aterrestria invertebrate: the standard contact toxicity test in beesthat is
required by the U.S. EPA for pesticide registration. Based on this study, bees appear to be less
sengitive than either mammals or birdsto sulfometuron methyl. The available data, however, are not
sufficient to determine if this apparent low level of toxicity can be generalized to other species of
terrestrial invertebrates.

The toxicity of sulfometuron methyl to terrestrial plants was studied extensively and is well
characterized. Sulfometuron 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.

Drake (1990) assayed thetoxicity of sulfometuron methyl to anumber of non-target aswell astarget
dicotsand monocots. At anapplication rateof 0.01 kg/ha[0.00892 |bsa.i./acre] sulfometuron methyl
ishighly toxicto seedlingsof several broadleavesand grasses, either preemergenceor postemergence.
Moreover, adverse effects were observed in most plants tested at application rates of 0.001 kg/ha
[0.000892 Ibs a.i./acre] . This application rate is about 100 times less than the application rate that
the Forest Service would typically use. This study predominates in both the dose-response
assessment for the effect of sulfometuron methyl on terrestrial plants as well as the risk
characterization for the potential ecological effectsof sulfometuron methyl applications. Concernfor
the sengitivity of non-target plant species is increased further by field reports of substantial and
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prolonged damage to crops or ornamentals after the application of sulfometuron methyl in both an
arid region, presumably due to the transport of soil contaminated with sulfometuron methyl by the
wind, and in aregion with heavy rainfall, presumably due to the wash-off of sulfometuron methyl
contaminated soil.

Terrestrial microorganisms have an enzymethat isinvolved in the synthesis of branched chain amino
acids, which is functionally equivaent to the target enzyme in terrestrial macrophytes. While there
are some laboratory studies on the effects of sulfometuron methyl to soil microorganisms, there are
no field studies that allow for an assessment of the potential effects of sulfometuron methyl on soil
microorganisms under conditions of application anticipated by the Forest Service.

Aswith potential effectson terrestrial speciesand aswould be expected for aherbicide, the available
data suggest that sulfometuron methyl 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 150
mg/L. Based on assays of fathead minnow embryo hatch, larval survival, or larval growth over 30-
day exposure periods, no adverse effects would be expected at concentrations up to 1.17 mg
sulfometuron methyl/L. Sulfometuron methyl also appears to be relatively non-toxic to aguatic
invertebrates, based on acute bioassays in daphnids, crayfish, and field-collected species of other
aguatic invertebrates. One daphnid reproduction study notes areduction in the number of neonates
at 24 mg/L but not at 97 mg/L or any of the lower concentrations tested. Although the effect
observed at 24 mg/L may have been arandom variation, it is treated as an AEL for the purpose of
this risk assessment. Although this approach may be regarded as conservative, it seems prudent in
the absence of additional studies regarding reproductive effects of sulfometuron methyl in aquatic
invertebrates.

Aquatic plants are far more sensitive than aquatic animals to the effects of sulfometuron methyl
although there appear to be substantial differencesin sensitivity among species of macrophytes and
unicellular algae. The macrophytes, however, appear to be generally more sensitive. There are no
published or unpublished data regarding the toxicity of sulfometuron methyl to aquatic bacteria or
fungi. By analogy to the effects on terrestrial bacteria and aquatic algae, it seems plausible that
aguatic bacteria and fungi will be sengitive to the effects of sulfometuron methyl.

Exposur e Assessment

The exposure assessments for terrestrial animals are generally parald (i.e., use as many common
assumptions as possible) to the exposure assessments for potential human health effects. In general,
the exposure assessments focus on a small anima with a body weight of 20 g. This weight
approximates the body weight of small mammals such as mice, voles, shrews, and bats. In some
scenarios, the available toxicity data support specific assessments for other species, like birds or
invertebrates. In the risk characterization, these exposure estimates are compared with the dose-
response estimates based on the most sensitive species, regardless of body weight. Thisapproachis
admittedly conservative but has only a minor impact on the characterization of risk because of the
substantial potential for adverse effects on non-target plants.
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The primary hazard to non-target terrestrial plants associated with the application of most herbicides
is unintended direct deposition or spray drift, particularly in aerial applications. In addition, afield
report suggests that toxicologically significant amounts of sulfometuron methyl may be transported
by wind erosion of soil. Unintended direct spray will result in an exposure level equivaent to the
application rate. Most plants that are sprayed directly with sulfometuron methyl at or even
substantially below the recommended application rate will be damaged, as discussed in the dose-
response assessment for terrestrial plants. The available literature does not include data regarding
the drift of sulfometuron methyl during ground or aeria applications. Because off-site drift ismore
or lessaphysical processthat depends on droplet size and meteorological conditions rather than the
specific properties of the herbicide, estimates of off-site drift can be made based on relatively
extensive data on other compounds. The available literature also does not include studies on wind
erosion as a method of transport for sulfometuron methyl. Nonetheless, rates of soil loss, athough
highly variable, can be estimated. Thisrisk assessment uses average soil losses ranging from 1 to 10
tons/ha-year, with atypical value of 5 tonghayear.

The amount of sulfometuron methyl that might be transported by wind erosion depends on severdl
factors, including the application, the depth of incorporation into the soil, the persistence in the soil,
the wind speed, and the topographical and surface conditions of the soil. Under desirable conditions,
like relatively deep (10 cm) soil incorporation, low wind speed, and surface conditions that inhibit
wind erosion, it is likely that wind transport of sulfometuron methyl would not be substantia or
significant. A reasonable ‘worst case’ scenario is one in which 8.4% of the applied sulfometuron
methyl islost due to wind erosion over a 2-month period. The potential impact of such erosion will
depend significantly on the re-deposition patterns of the herbicide, which will vary substantialy with
local conditions. Under desirable conditions, the soil might be dispersed over avery large areaand
be of no toxicological consequence. In some cases, however, local topographical conditions might
favor the deposition and concentration of contaminated dust from alargetreated areainto arelatively
small off-site area. An objective approach for modeling these types of eventsisnot availablein the
literature. For thisrisk assessment, neither concentration nor dispersionisquantitatively considered.
Nonetheless, these factors together with the general and substantial uncertainties in the exposure
assessment are considered in the risk characterization

Sulfometuron methyl could also be transported in or through the soil by run-off or percolation. Two
detailed studies that investigate the fate and transport of sulfometuron methyl in soil are useful for
assessing the potential for off-site vegetation exposure to the compound. These studies generally
support the supposition that at least 1% of the applied sulfometuron methyl could run off from the
application site to adjoining areas after amoderate rain. 1n the case of aheavy rain, losses could be
much greater and might approach 50% in cases of avery heavy rain and a steep soil sope.

Dose-Response Assessment

For terrestrial mammal's, the dose-response assessment i s based on the same data as the human health
risk assessment (i.e,, a NOEL of 2 mg/kg/day from a 2-year feeding study in rats). All of the
potential longer-term exposures and al but one of the acute exposures of terrestrial mammals to
sulfometuron methyl are substantially below the NOEL of 2 mg/kg/day. Consequently, a dose of 2
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mg/kg/day is used to assess the consequences of al exposures. Thereis some ambiguity in the dose-
response assessment regarding potential species differences. The magjor uncertainty is whether the
reproductive effects observed in rabbits can be clearly attributed to sulfometuron methyl exposure.
If S0, itisnot clear whether the effects represent atrue species sensitivity or are attributable primarily
to the method of administration (gavage in rabbits and dietary in rats). Although the available data
do suggest that the sensitivity of birds to sulfometuron methyl is similar to that of mammals, the
available data on birds are not as extensive or of the same quality as the data on experimental
mammals. This limitation adds uncertainty to the risk assessment, which is qualitatively considered
intherisk characterization. Becausetherearefew dataregarding thetoxicity of sulfometuron methyl
to terrestrial invertebrates, no quantitative consideration can be given to potential subchronic or non-
lethal effects. Thislimitation in data also adds substantial uncertainty to the risk assessment, which
is discussed in more detail in the risk characterization.

There is ample and very good data on the toxicity of sulfometuron methyl to terrestrial plants.
Sulfometuron methyl is arelatively non-specific herbicide that causes adverse effectsin avariety of
target and non-target plant species. The most relevant study for assessing these effects was
conducted by Drake (1990). The study showsthat at low application rates, 0.001 kg/ha[0.000892
Ib ai./acre], sulfometuron methyl induces grossly observable signs of toxicity in the seedlings of
severa broadleaves and grasses, either preemergence or postemergence.

Fish and aguatic invertebrates appear to have a smilar sengitivity to sulfometuron methyl; hence, it
does not seem justified to develop separate dose-response assessments for these aguatic animals.
Mortality isnot likely to occur in aquati c species exposed to sulfometuron methyl concentrations|ess
than or equal to about 150 mga.i./L. Based on achronic daphnid study, thelonger-term reproductive
NOEL is approximately 100 mg a.i./L. Infish, the highest concentration level tested for effects on
egg and fry, 1.17 mg a.i./L, had no effect on hatchability, growth, or survival. A potentia chronic
hazard to fish at concentrations between 1.17 and 100 mg a.i./L cannot be dismissed but does not
seemplausible. Thisuncertainty hasrelatively littleimpact on thisrisk assessment because long-term
exposure to sulfometuron methyl at levels greater than 1 mg a.i./L is highly implausible.

Aquatic plants are much more sensitive than aquatic animalsto sulfometuron methyl. Sensitive plant
speciesmay be affected at concentrations greater than 0.3 pug/L, and effectson several aquatic plants,
both macrophytes and algae, would be expected at concentrations equal to or greater than10 pg/L.
There is no information that would permit a quantitative dose-response assessment for aguatic
microorganisms. By analogy to terrestrial plantsand terrestrial microorganism, it appearslikely that
aguatic microorganisms have sensitivities to sulfometuron methyl that are similar to those of aquatic
plants.

Risk Characterization

The primary concern with sulfometuron methyl isthat the application rate used to control target plant
species, typically on the order of 0.1 Ibsa.i./acre, isabout 100 greater than the rate that may damage
non-target species(i.e., 0.001 kg/haor 0.000892 |bs/acre). Different kinds of exposureto non-target
terrestrial plant species are considered: direct spray, drift, wind erosion, and water erosion. Direct
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deposition through unintentional direct spraying presents a clear hazard in the application of
sulfometuron methyl and virtually all other herbicides. If non-target plants are accidentally sprayed
at application rates that effectively control weeds, they are likely to be damaged, particularly in the
upper ranges of anticipated applicationrates. Although spray drift could cause damageto vegetation,
the impact would be limited and damage to non-target species probably could be minimized or
avoided during the application process. Wind erosion is, at least potentially, a much more serious
problem. Although no significant transport of sulfometuron methyl by soil erosion is anticipated
under conditions that inhibit wind erosion of soil (i.e., arough gravely surface or heavy vegetation
covering or when the sulfometuron methyl is incorporated relatively fast into the root zone by
irrigation or rainfall), substantial erosion could occur under arid conditionsin flat sandy or otherwise
fine soil with a sparse covering of vegetation. Consistent with a reported incident in the literature,
the transport of sulfometuron methyl by wind erosion of soil could lead to overt signs of damage in
non-target vegetation. Off-site soil contamination with sulfometuron methyl by soil run-off isanother
mechanism that might cause effects in non-target vegetation. Aswith wind erosion, thereislikely
to besubstantial variability inthedeposition of run-off . In some cases, run-off from arelatively small
area could be dispersed over avery wide area and have little impact. In other cases, run-off from a
relatively wide area could be concentrated in arelatively small low lying area and damage non-target
vegetation. This interpretation is supported by and consistent with a reported incident involving
damage to non-target vegetation from sulfometuron methyl run-off after application in a roadside
hydraulic spray operation.

The duration of adverse effects on non-target terrestrial vegetation could be highly variable because
the persistence of sulfometuron methyl in soil ishighly variable. Dissipation half-times of 10-20 days
are expected in moist fields. In arid fields, however, dissipation half-times of 100-202 days are
expected. Considering al of the uncertainties and variability aswell asvalue judgmentsthat must be
involved in this risk characterization for terrestrial plants, the most balanced interpretation is that
damage caused by inadvertent contamination of soil with sulfometuron methyl will generally take
from a few to several months to recover. Under some extreme conditions, recovery could occur
withinamatter of weeks; however, under other conditions, recovery might take morethan 1 year and
possibly severa years.

Compared with the potential effects on non-target vegetation, the potential effects on terrestrial
animasis of less concern. The weight of the data suggests that frank or even observable effectsin
terrestrial mammals exposed to sulfometuron methyl are not expected under most conditions of use.
At the highest anticipated application rate and under conservative assumptions of exposure, short-
term and probably transient changesin the blood are plausible for mammalsthat consume vegetation
primarily. Nonetheless, the possibility of adverse reproductive effects in some potentially sensitive
species cannot be dismissed. These qualifications and uncertainties cannot be resolved with the
available data

Similarly, whilethe data on potential effects on soil microorganismsisfar lesscomplete than the data

on non-target vegetation or terrestrial animals, this paucity of information hasrelatively little impact
on the risk assessment. Sulfometuron methyl applied to plants at rates that control undesirable
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vegetation will causesubstantial damageto vegetation. Thisdamagewould probably be accompanied
by secondary changes in the local environment affecting the soil microbial community to a greater
extent or a least more certainly than any direct toxic action by sulfometuron methyl on the
microorganisms.

As with terrestrial species, aquatic plants are more likely than aquatic animals to show signs of
adverse effects from the application of sulfometuron methyl. Like terrestrial plants, aquatic plants
are very sensitive to sulfometuron methyl. Under normal and anticipated conditions of use, it is
plausible that sulfometuron methyl contamination of water will cause adverse effects (i.e., reduction
in growth and biomass) in sensitive aguatic macrophytes and algal species. The duration of these
effects will depend substantially on dilution rates of the contaminated body of water and weather
conditions. For less sengitive species, effects are not likely to be seen. Over relatively brief periods
shortly after application, amuch wider range of aguatic plants could be affected and the duration of
these effects could be highly variable.

For aguatic animals, therisk characterizationisunambiguous. Thereisno evidencethat sulfometuron
methyl concentrations in the range of concentrations likely to be found in ambient water after a
plausible application program or after aspill will cause adverse effectsin fish or aquaticinvertebrates.
Like any attempt to characterize effectsin numerous species using data on arelatively small number
of species, this risk characterization must be tempered by the limited number of species that were
tested and the paucity of field studies on aquatic animals. Nonetheless, this assessment is based on
apparently well-conducted studies that include sengitive life-stage testing of both invertebrates and
fish. Notwithstanding thelow potential for direct toxic effects on aguatic animals, effects on fish and
invertebrate populations are plausible, given the toxicity of sulfometuron methyl to aquatic plants.



1. INTRODUCTION

The USDA Forest Service uses the herbicide, sulfometuron methyl, in its vegetation management
programs. Only one commercial formulation, Oust, is used by the Forest Service. In 1989, the
Southern Region of the Forest Service prepared a series of environmental impact statements with
accompanying risk assessmentsconcerning the use of these products(USDA 1989a,b,c). Thepresent
document provides updated risk assessments for human health effects and ecological effects to
support a reassessment of the environmental consequences of using Oust in future Forest Service
programs.

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 magjor sections, including an identification of the
hazards associated with Oust, the commercia formulation of sulfometuron methyl used by the Forest
Service, 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 by the National Research Council of the National Academy of
Sciences (NRC 1983) for conducting and organizing risk assessments.

Thisisatechnical support document and it addresses some specialized technical areas. Nevertheless
an effort was made to ensure that the document can be understood by individuals who do not have
speciaized training in the chemical and biological sciences. Certaintechnica concepts, methods, and
terms common to all parts of the risk assessment are described in plain language in a separate
document (SERA 1998a). Furthermore, the technical terms are defined in the glossary (chapter 6)
to thisrisk assessment. Some of the more complicated terms and concepts are defined, as necessary,
in the text.

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. Some of the early
literature on sulfometuron methyl issummarized in earlier risk assessmentsand environmental impact
statements on this compound (USDA 1989a,b,c) as well as a Chemical Background Statement
prepared by USDA (1989d). The literature contains two recent, brief reviews of the toxicology of
sulfometuron methyl (Cox 1993, Extoxnet 1994); however there are no detailed reviews regarding
the human health or ecological effects of Oust. Moreover, amost al 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 this compound.

Because of the lack of a detailed, recent review concerning Oust and the preponderance of
unpublished relevant datain U.S. EPA files, acomplete search of the U.S. EPA fileswas conducted.
Full text copies of al relevant studies were kindly provided by the U.S. EPA Office of Pesticide
Programs. The studieswere reviewed, and synopses of the most relevant studies are provided in the
appendicesto thisdocument. Intheinterest of economy, however, an updated chemical background
statement was not prepared with the current risk assessment. The information presented in the
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appendices and the detailed discussionsin chapters 2, 3, and 4 of the risk assessment are intended to
be detailed enough to support an independent review of the risk analyses, however, they are not
intended to be asdetail ed astheinformation generally presented in Chemical Background documents.

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. Detailsregarding the specific methods used to prepare the human health
risk assessment are provided in SERA (1998), while detailed explanations of specific methods used
in estimating occupationa exposure are provided in Rubin et a. (1998). Similar documentation for
methods used in assessing dermal absorption are provided in Durkin et al. (1998).

Risk assessments are usually expressed with numbers; however, the numbers are far from exact.
Variability and uncertainty may be dominant factorsin any risk assessment, and these factors should
be expressed. Within the context of arisk 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. Satistical variability reflects, at least, apparently random patternsin data. For example,
various types of estimates used in this risk assessment involve relationships of certain physical
propertiesto 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. Stuational 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 thereis someinformation 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 agiven set of conditions that cannot
be well defined. Thistype 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 alack 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
associ ated with adverse human health effects. For sulfometuron methyl and for most other chemicals,
however, this estimation regarding human health must be based on data from experimental animal
studies, which cover only alimited number of effects. Generally, judgment, not analytical methods,
is the basis for the methods used to make the assessment. Although the judgments may reflect a
consensus (i.e., be used by many groupsin areasonably consistent manner), the resulting estimations
of risk cannot beproven analytically. Inother words, the estimatesregarding risk involve uncertainty.



The primary functional distinction between variability and uncertainty isthat variability is expressed
quantitatively, while uncertainty is generally expressed qualitatively.

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.

Most of the calculations are relatively smple, and the very smple calculations are included in the
body of the document. Some of the calculations, however, are cumbersome. For those calculations,
aset of worksheetsisincluded as an attachment to the risk assessment. The worksheets provide the
detail for the estimates cited in the body of the document. The worksheets are divided into the
following sections. general data and assumptions, chemical specific data and assumptions, exposure
assessmentsfor workers, exposure assessmentsfor the general public, and exposure assessmentsfor
effects on non-target organisms.



2. PROGRAM DESCRIPTION

2.1 OVERVIEW

Sulfometuron methyl is anon-selective, sulfonyl urea herbicide used primarily to control the growth
of broadleaf weeds and grasses. The Forest Service uses only one commercial formulation of
sulfometuron methyl, Oust. Oust is manufactured by DuPont as a water dispersible granule. The
composition of the product is 75% sulfometuron methyl and 25% inert ingredients. Site preparation
entailsthe primary use of Oust by the Forest Service. Relatively minor usesinclude conifer release,
noxiousweed control, rights-of-way management, and facilitiesmaintenance. Although sulfometuron
methyl isapplied asthe sole herbicide under certain conditions, it ismost often applied in combination
with other herbicides such as diuron, glyphosate, or hexazinone. The most common methods of
ground application for Oust involve backpack (selective foliar) and boom spray (broadcast foliar)
operations. Although Oust isregistered for aeria applications (helicopter only), the Forest Service
does not and does not intend to use Oust in aerial applications. Thetypical application rate in Forest
Serviceprogramsis0.1lbsai./acre. Therangeof application rateslikely to beused in Forest Service
programsis 0.023-0.38 Ibs a.i./acre.

2.2. CHEMICAL DESCRIPTION AND COMMERCIAL FORMULATIONS
Oust isacommercia formulation of sulfometuron methyl, a non-selective sulfonyl urea herbicide.
Sulfometuron methyl isthe common name for 2-[[[[(4,6-dimethyl-2-pyrimidinyl)- amino] carbonyl]
amino] sulfonyl] benzoic acid methyl ester and is essentially a methyl ester of a benzoate ring linked
to adimethyl substituted pyrimidine ring by a sulfonyl urea bridge:

CO,CH ,

™ SO, NH CNH —<Q )
Benzoate ring

Sulfonyl urea bridge
Pyrimidine ring

Selected chemica and physical properties of sulfometuron methyl are summarized in Table 2-1.
Additional information is presented in worksheet12.

Oust isthe only formulation of sulfometuron methyl used by the Forest Service. It isformulated as
adry flowable water dispersible granule, which is usualy mixed with water and applied as a spray
(section 2.4). Oust is produced by Du Pont and contains 75% (w/w) sulfometuron methyl and 25%
(w/w) inerts. Two other commercial formulations of sulfometuron methyl listed on the Caifornia
EPA database include Knockout Granular Weed Killer from SSI Mobley Co., Inc. and Stampro by
Rohm and Haas Co. (www.cdpr.ca.gov/cgi-bin/epa/lmkrep3.pl, 4/24/98). Neither of these
formulations is included in the 1997 edition of the Crop Protection Reference (CPR 1997).

2-1



Table 2-1. Selected physical and chemical properties of sulfometuron methyl with selected additional properties

for the commercia formulation, OUST.

Synonyms

CAS number
Molecular weight
Density

Appearance, ambient
Vapor pressure (mm Hg)

Water solubility (mg/L)

Henry’slaw constant
pKa
Kow

Soil adsorption K
Foliar half-life (days)
Soil half-life (days)

Water half-life (days)
Air half-life (days)

Plant uptake rate

Aa 5648, DPX 5648, Oust [formulation] (Budavari 1989)
74222-97-2 (Budavari 1989)
364.38 (Budavari 1989)

Oust: 33 Ib/ft* loose (Du Pont 1996)
Oust: 39 Ib/ft? packed (Du Pont 1996)

white solid (Budavari 1989)
Oust: dry flowable granule, dispersible in water (Du Pont 1996)

5.5x10% (Tomlin 1997, WSSA 1989)

10 mg/L at 25°C, pH 5 (Budavari 1989)
300 mg/L at 25°C, pH 7 (Budavari 1989)

<5x10" (atm-m%mole), calculated from vapor pressure

5.7 (Budavari 1989)

pH 5: 11 (Cadwgan 1990a) [MRID 93206001]

pH 7: 0.346 (Cadwgan 1990a) [MRID 93206001]

pH 9: 0.0136 (Cadwgan 1990a) [ MRID 93206001]

highly variable: 0.04 to ~3 (see appendix 1 and text for details)

10 (Knisel et al. 1992)

first order t,, of about 1 month (Anderson and Dulka 1985, Anderson
1980) [MRID 00078701]

biphasic: t,, 17 days and 96 days (Monson and Hoffman 1990)
[MRID 42091401]

stable at pH 7 or pH 10. Appreciable at pH 5 (see appendix 1 and
text for details)

0.3 (estimated for gas-phase reaction only; note: compound will exist
almost entirely in particulate-phase in air (Meylan and Howard 1993)

=10%in 72 hours [~0.033 day™] (Lym 1992)

Du Pont considerstheidentity of theinertsin Oust proprietary information. Hence, theinertsare not
identified on the general product label (Du Pont 1997a), the product label for California (Du Pont
1997b) or the material safety data sheet (Du Pont 1996). Thislack of disclosure indicatesthat none
of the inerts are classified as hazardous. Nonetheless, as discussed by Levine (1996), the testing
requirements for inerts are less rigorous than the testing requirements for active ingredients (i.e.,

sulfometuron methyl).

Oust isused in forestry applications to control the growth of broadleaf weeds and grasses. It hasno
labeled uses for crops (Du Pont 1997a,b).
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Table 2-2. Uses of sulfometuron methyl (SM) by the Forest Servicein 1997.

Herbicide or Herbicide Use Acres Trested Amount Used Ibs/acre
Mixture (Ibs)
SM as sole herbicide Site preparation 681.5 65.6 0.096
facilities maintenance 3 1 0.33
noxious weed control 20 0.13 0.0065
sole herbicide subtotal 704.5 66.73 0.095
Diuron with SM rights-of-way 40
management
Glyphosate with SM site preparation 950
conifer release 135
noxious weed control 40
research, NOS 6
Hexazinone with SM site preparation 2098
conifer release 331
mixture subtotal 3478.5
Tota (sole herbicide plus mixture subtotal s) 4183
2.3. APPLICATION METHODS

Detailed descriptions regarding the use of herbicides in silviculture and the various methods of
herbicide application are available in the generd literature [e.g., Cantrell and Hyland (1985)] and in
risk assessments conducted previously by the Forest Service (USDA 1989a,b,c). The following
summary focuses on those aspects of application that are most relevant to the exposure assessments
(sections 3.2 and 4.2).

The most common methods of ground application for Oust involve backpack (selective foliar) and
boom spray (broadcast foliar) operations. In selective foliar applications, the herbicide sprayer or
container iscarried by backpack and the herbicideisapplied to selected target vegetation. Application
crews may treat up to shoulder high brush, which means that chemical contact with the arms, hands,
or faceis plausible. To reduce the likelihood of significant exposure, application crews are directed
not to walk through treated vegetation. Usually, aworker treats approximately 0.5 acres/hour with
aplausible range of 0.25-1.0 acre/hour.

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
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treated in a45-minute period (approximately 11 acres/hour). Special truck mounted spray systems
may be used to treat up to 12 acresin a 35-minute period with approximately 300 gallons of herbicide
mixture (approximately 21 acres’/hour and 510 gallons/hour) (USDA 1989b, p 2-9 to 2-10). In
ground broadcast applications of Oust, 15-40 gallons of water are used per acreto dilutethe granular
formulation (Du Pont 1997a,b).

Although Oust isregistered for aerial applications (helicopter only), the Forest Service does not and
does not intend to use Oust in aerial applications.

24. MIXING AND APPLICATION RATES

Previoudly, in Forest Servicevegetation management programs (USDA 1989a,b,c), Oust wasapplied
inrelatively small amounts, compared with the application of other herbicides. For example, in Forest
Service Region 8 (comprised of Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana,
Mississippi, North California, Oklahoma, South Carolina, Tennessee, Texas, Virginia, and part of
West Virginia), thereareapproximately 12,000,000 acresof National Forestsand Grassland, of which
up to 600,000 acres were treated with various herbicides each year. In the late 1980s, Oust was
applied to 2400 acres (USDA 1989b, p.2-4). More recently, the Forest Service use of herbicidesin
Region 8 was reduced to treatment of fewer than 100,000 acres/year.

The use of sulfometuron methyl by the Forest Service in 1997, the most recent year for which
statistics are available, is summarized in Table 2-2. As indicated in this table, the Forest Service
treated 704.5 acres with 66.73 |bs of sulfometuron methyl as the only herbicide for an average
application rate of 0.095 Ibs/acre. A much greater acreage was treated with mixtures containing
sulfometuron methyl: a total of 3478.5 acres. Of this acreage, nearly 70% (2429 acres) involved
mixtures with hexazinone for conifer release or site preparation. The second most common usein
terms of areatreated (1009.5 acres) involved mixtures with glyphosate (about 30% of mixture use,
950 acres for site preparation, 13.5 acres for conifer release, 6 acres for research, and 40 acres for
weed control). Sulfometuron methyl was also used with diuron (40 acres for rights-of-way
management).

The specific application rates used in aground application vary according to local conditions and the
nature of thetarget vegetation. The application ratesdirectly used in thisrisk assessment for various
exposure scenarios are summarized in Table 2-3. As with several other tables included in this risk
assessment, the first column of Table 2-3 contains row labels. Rows B through D provide the
sequential calculations for application rate in units of oz. Oust/acre, Ib. Oust/acre, and Ib.
sulfometuron methyl (ai.)/acre. Simple calculations are specified in brackets[] in theitem column.
For example, in row D, the formula, [ C-0.75], indicates that the values in this row were calculated
like the corresponding values given in row C multiplied by 0.75—in this case because Oust contains
75% sulfometuron methyl by weight. Row E provides the range of concentrations of sulfometuron
methyl in applied solutions. Details of these latter calculations are given in worksheets 10 and 11.

Thetypical application rate of 0.1 Ibsa.i./acre is approximately the average application rate that the
Forest Service used in 1997, when sulfometuron methyl was applied as the sole herbicide (see Table

2-4



Table 2-3. Application rates and concentrations of sulfometuron methyl in applied solutions of Oust.

Item Typical Lowest Highest
A Description® approximate average rate used  lowest labeled highest labeled
in Forest Service programsin  application rate application rate
1997
Oust (0z/acre) 21 0.50 8.0
C Oust (Ib/acre) 0.13 0.031 0.5
[B/16]
D  Sulfometuron 0.1 0.023 0.38
methyl, (Ib/acre)
[C-0.75]
E  Concentration of 0.44 0.070 3.03
sulfometuron
methyl in applied

solution, mg/mL"

@ See table 2-2 for Forest Service usein 1997. Range of |abeled application rates is taken from DuPont
1997a,b.
® See worksheet 11.

2-2). Thisapplication rate correspondsto an application rate of approximately 2 oz Oust/acre, which
isthe lower end of the application rate recommended for conifer site preparation and release as well
asfor the control of severa broadleaf weeds and grassin arid areas (Du Pont 1997a,b).

The use of asingletypical application rateis somewhat of an over simplification because the typical
rate of application is likely to vary according to the method and purpose of the application. For
example, the 1989 Forest Service Record of Decision for the Final Environmental Impact Statement:
Vegetation Management in the Appaachian Mountains specifies typical application rates for
sulfometuron methyl as 0.17 Ibs/acre for mechanical liquid treatment and 0.06 Ibs/acre for manual
foliar broadcast (USDA1989d, p. A-11). Since this document specifies sulfometuron methyl rather
than a specific commercia formulation, the underlying assumption is that these rates are expressed
aslbsai./acrerather than Ibs grossformulation/acre. The sameratesare specified in the 1989 Forest
Service Record of Decision for the Final Environmental Impact Statement: V egetation Management
in the Coastal/Plain/Piedmont (USDA 1989a, p. A-10). Because the variation in these typical
application ratesis relatively modest compared with other factors that affect this risk assessment, a
singletypical rate of 0.1 Ibsa.i./acreis used for most of the exposure assessments. Theimpact of the
application method specific rates is considered further in the risk characterization for human health
and ecological effects (sections 3.4 and 4.4).

The lower limit of the application rate istaken as 0.023 |bs a.i./acre or 0.50 oz. Oust/acre, whichis
thelowest application rate recommended for the rel ease of Bahiagrass and seedhead suppression (Du
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Pont 1997a,b). This application rateis about 3 times greater than the application rate of 0.0065 lbs
a.i./acrereported by the Forest Servicein 1997 for the control of noxious weeds using sulfometuron
methyl as the sole herbicide (see Table 2-2).

The upper end of the range of application ratesis taken as 0.38 |bs sulfometuron methyl a.i./acre or
8 0z Oust/acre. Thisisthe highest |abeled application rate and isrecommended asthe upper limit for
conifer site preparation and release in the southeast, the control of jack or Virginia pine in the
northeast and Lake States, the control of various grasses, and as the upper limit in tank mixes with
various other herbicides including glyphosate, dicamba, hexazinone, 2,4-D, and triclopyr (Du Pont
1997a,b). In general, the Forest Service will not use such a high application rate. Nonetheless, this
maximum rate is only modestly above the rate of 0.33 lbs sulfometuron methyl/acre used by the
Forest Service in 1997 for facilities maintenance (see Table 2-2).



3. HUMAN HEALTH RISK ASSESSMENT

3.1. HAZARD IDENTIFICATION

3.1.1. Overview. The mechanism of phytotoxic action of sulfonylurea herbicides including
sulfometuron methyl is fairly well characterized. Not well as well characterized, however, is the
mechanism of toxicity of sulfometuron methyl in mammals or other animal species is not well
characterized. In any case, sulfometuron methyl appears to have alow order of acute oral toxicity.
Some studies report no apparent signs of overt toxicity in rats after single gavage doses of up to
17,000 mg/kg bw. The lowest dose reported to cause any apparent effects after single gavage
administration to rats is 5000 mg/kg.

There are severa subchronic and chronic studies regarding exposure to sulfometuron methyl in the
availableliterature. The most common signs of toxicity involve changesin blood that are consistent
with hemolytic anemia (i.e., alysis or destruction of blood cells that results in a decreased number
of red blood cells) and decreased body weight gain. It is plausible that the hemolytic anemia caused
by sulfometuron methyl is attributable, at least partialy, to sulfonamide and saccharin, which are
metabolites of sulfometuron methyl. In one study, the investigators observed several effects, in
addition to changesin the blood, in dogs exposed to dietary concentrations of sulfometuron methyl
for 1 year. These effects, which included increased alkaline phosphatase activity, increased serum
cholesteral (females only), decreased serum albumin and creatinine, as well as changesin liver and
thymusweights, werenot, however, clearly attributabl e to sulfometuron methyl exposure. Inchronic
feeding studieswith ratsand mice and in several in vitro assays, sulfometuron methyl did not display
carcinogenic or mutagenic activity.

There is some concern regarding potentia reproductive and teratogenic effects from exposure to
sulfometuron methyl. Gavage studies in rabbits suggest that sulfometuron methyl exposure may
increase the number of fetuses with anomalies as well as the proportion of fetal anomalies per litter.
In addition to the two teratogenicity studiesin rabbits, there are three reproduction studiesinvolving
dietary exposure of rats to sulfometuron methyl, in which effects were observed in dams (decreases
inmaternal body weight gain associated with decreased food consumption) and offspring (decreased
fetal weight, decreased numbers of pups, and decreases in brain weights). As detailed in the dose-
response assessment, these effects were not consistently dose-related and do not appear to be the
most sensitive effect for sulfometuron methyl.

Both sulfometuron methyl and the commercia formulation, Oust, can cause skin and eye irritation.
Although a direct comparison between the irritant effects of sulfometuron methyl and the irritant
effects of Oust is precluded by the use of different exposure levels in the available studies, there
appears to be no remarkable difference.

As discussed in the exposure assessment, dermal exposure is the primary route of concern for
workers. The available data, albeit relatively sparse, suggest that sulfometuron methyl can be
absorbed through the skin in amounts that may cause systemic toxic effects. Data regarding the
dermal absorption kinetics of sulfometuron methyl, however, were not found in the available
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literature. For thisrisk 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 sulfometuron methyl that might be
absorbed by workers. These estimates are then used with the available dose-response data to
characterizerisk. The lack of experimental data on the dermal absorption of sulfometuron methyl
adds substantial uncertaintiesto thisrisk assessment. Uncertaintiesin the rates of dermal absorption,
although they aresubstantial, can be estimated quantitatively and areincorporated in the human health
exposure assessment.

Very little information is available on the inhal ation toxicity of sulfometuron methyl. Sulfometuron
methyl and Oust can induce irritant effects and possibly systemic toxic effects a very high exposure
levels. The potentia inhaation toxicity of sulfometuron methyl, however, is not of substantial
concern to this risk assessment because of the implausibility of inhalation exposure involving high
concentrations of this compound.

Based on a comparison of the toxicity of sulfometuron methyl to the toxicity of the commercial
formulation, there is no reason to suspect that Oust contains impurities or adjuvants that have a
substantial impact on the risk assessment. All of the toxicology studies on sulfometuron methyl
involve technical sulfometuron methyl, which is presumed to be the same as or comparable to the
activeingredient in Oust. Thus, if toxicimpuritiesare present in technical sulfometuron methyl, they
are likely to be encompassed by the available toxicity studies using technical grade sulfometuron
methyl.

3.1.2. Acute Toxicity. Other than standard bioassays for acute toxicity, there is not much
information regarding the acute toxicity of sulfometuron methyl. Apparently, acute oral exposureto
sulfometuron methyl results in a low order of toxicity. As summarized in appendix 3, neither
mortality nor overt signs of toxicity were observed in rats given single oral doses of up to 17,000
mg/kg (Dashiell and Hall 1980, Dashiell and Hinckle 1980, Filliben 1995a, Trivits 1979). The only
effects commonly noted in the treated animals were weight loss and stained or wet perineal (genital)
areas. Dashiell and Hall (1980) observed alopecia (hair loss) in male rats but not female rats, and
the study by Dashiell and Hinckle (1980) reports an unspecified increase in lung weight in both male
and femaleratsand 'pink thymus in four of fivefemalerats after asingle gavage dose of 5000 mg/kg.
It is not clear whether the changes in lung weight were relative to body weight or were absolute.

3.1.3. Subchronic or Chronic Systemic Toxic Effects. As summarized in appendix 3, severd
subchronic and chronic studies were conducted on sulfometuron methyl. All of these studies were
submitted to the U.S. EPA in support of the registration of sulfometuron methyl and none are
published inthe openliterature. The most common signs of toxicity involve changesin blood (Wood
and O'Neal 1983, Summers 1990a, Wood et al. 1980, Mullin 1984) and decreased body weight gain
(Hoberman et al. 1981). The changes in the blood appear to be consistent with hemolytic anemia
(i.e., alysisor destruction of blood cells that results in a decreased number of red blood cells).



No other specific signsof toxicity were noted consistently among the different subchronic or chronic
bioassays summarized in appendix 3. In one subchronic study, 3400 mg/kg bw/day sulfometuron
methyl was administered to six ratsfor 14 days (Hinckle 1979). Theinvestigatorsobserved reduced
testicular sizein onerat and mild testicular lesionsin another. No such effects were observed in any
of the six control rats.

In a 1-year dog feeding study, severa effects in addition to those on the blood were observed in
various dose groups,; however, the effects were not considered by the authors to be clearly dose-
related (Wood and O'Neal 1983). The potentialy significant effects reported in this study include
increased a kaline phosphatase activity, increased serum cholesterol (femalesonly), decreased serum
abumin and creatinine. At dietary concentrations of 5000 ppm, the observed effects include
increased absolute liver weights in females and increased relative liver weight in males and females,
as well as increased absolute and relative thymus weights in females. Thymus weights were also
increased in malesat 200 and 1000 ppm but not at 5000 ppm. No pathological changesin thethymus
were noted in either sex at any dose level.

3.1.4. Reproductiveand Teratogenic Effects. Asdetailedinappendix 3, twoteratogenicity studies
were conducted in which rabbits were exposed to sulfometuron methyl by gavage. The study by
Hoberman et a. (1981) involved relatively high dose levels (100-1000 mg/kg bw), while the study
by Serota et al. (1981) involved dose levels of 30-300 mg/kg bw. In the Hoberman et al. (1981)
study, signs of maternal toxicity, including death in some dams, were apparent at all dose levels.
Furthermore, possible spontaneous abortions were noted at doses of 300 mg/kg or greater. Inthe
lower dose study by Serota et al. (1981), there were no signs of toxicity in the dams or offspring.
Nonetheless, the investigators observed an increased number of fetuses with anomaliesaswell asan
increase in the proportion of fetal anomalies per litter, compared with controls. At the 30 and 100
mg/kg doselevels, theincreased incidences of fetal anomalieswere dose rel ated; however, at the 300
mg/kg dose level, there were actually fewer incidences of fetal anomalies than were observed at 100
mg/kg doselevel. Thispattern of effectsisdiscussed further in the dose-response assessment (section
3.3).

In addition to the two teratogenicity studiesin rabbits, there are three reproduction studiesinvolving
dietary exposure of rats to sulfometuron methyl (Wood et al.1980, Lu 1981, Mullin 1984). As
appendix 3 shows, decreases in maternal body weight gain associated with decreased food
consumption (Lu 1981, Mullin 1984) and hematological changes (Mullin 1984, Wood et al. 1980)
were the common effectsobserved in these studies. Dietary levelsof 5000 ppm were associated with
changesin developmenta parameters, including decreased fetal weight (Lu 1981) and a decreased
number of pups in the F1 and F2 generations (Mullin 1984). In addition to these effects, mean
absolute brain weights were significantly decreased in male rats (Mullin 1984).

3.1.5. Carcinogenicity and Mutagenicity. In chronic bioassays conducted in mice (Summers
1990a) and rats (Mullin 1984), toxicity was indicated by hematological changes in the high dose
groups of both studies (appendix 3). Also, the study by Mullin (1984) reports bile duct hyperplasia
and fibrosisin female rats exposed to the two higher dose levels and a significant decrease in mean
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absolute brain weight in male rats exposed to the highest dose level. Each of these studies can be
viewed asinvolving dosesthat approximate the maximum tolerated dose based on aterationsin body
weight and clinical blood indices. Carcinogenicity was not demonstrated in either study.

Sulfometuron methyl did not show mutagenic activity in assaysin Salmonella typhimurium strains
TA 1535, TA 1537, TA 98, and TA 100 (Taylor 1979) and Chinese hamster ovary cells (Krahn and
Fitzpatrick 1981). Moreover, sulfometuron methyl did not induce chromosomal damage in Chinese
hamster ovary cells (Galloway 1981) or unscheduled DNA synthesisin rat hepatocytes (Ford 1982).

These data provide no evidence that exposure to sulfometuron methyl poses a carcinogenic risk to
humans.

3.1.6. Effectson the Skin and Eyes. Both sulfometuron methyl and the commercial formulation,
Oust, were tested for irritant effects on the skin and eyes as well as for sensitization resulting from
dermal exposure (appendix 3). Neither sulfometuron methyl nor Oust caused sensitization in guinea
pigs (Edwards 1979a, Dashiell and Silber 1980a,b, Moore 1995); however, mild skin irritation was
observed in guinea pigs exposed to 50% sulfometuron methyl in dimethyl phthalate (Dashiell and
Silber 1980b; Edwards 1979a).

Sulfometuron methyl and Oust also induced skin irritation in rabbits (appendix 3). A direct
comparison between the irritant effects of sulfometuron and those of Oust is difficult to make
because of the dissimilaritiesin the protocols of the two studies. Nonetheless, there appears to be
no remarkabl e difference between theirritant effects of sulfometuron methyl (i.e., Dashiell and Silber
1980c, Dashiell and Henry 19804) and the commercia formulation, Oust (Filliben 1995b,c).

Although sulfometuron methyl and Oust both cause eyeirritation (appendix 3), sulfometuron methyl
caused transient corneal opacity in rabbits after ocular instillation of 61.8 mg a.i. (Dashiell and Henry
1980b), an effect not observed in rabbits exposed similarly to Oust at a concentration of 46 mg or
approximately 34.5 mg a.i.(Filliben 1995d).

3.1.7. Systemic Toxic Effects from Dermal Exposure. Most of the occupational exposure
scenarios and many of the exposure scenarios for the genera public involve the derma 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,
itisnecessary to assess the consequences of dermal exposurerelativeto oral exposure and the extent
to which sulfometuron methyl is likely to be absorbed from the surface of the skin.

Theavailabletoxicity studies summarized in appendix 3 indicate that dermal exposureto 2000 mg/kg
sulfometuron methyl (Dashiell and Silber 1980c; Dashiell and Silber 1981) caused weight losssimilar
to that observed in rats after acute oral exposure to 5000 mg/kg sulfometuron methyl (Trivits 1979).
This effect, however, was not reported in a subchronic dermal study in which doses of up to 2000
mg/kg/day were applied to the intact skin of rabbits for 21 days (Dashiell and Hinckle 1983).
Furthermore, none of the dermal studiesthat examined hematologica changesnoted any effects. As
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discussed in sections 3.1.2. and 3.1.3, hematological effects are the most common effects observed
after oral exposure to sulfometuron methyl. The results of the dermal studies with Oust (Filliben
1995b,c) suggest that there is no substantial difference between the dermal toxicity of Oust and its
active ingredient, sulfometuron methyl.

The available literature does not contain data regarding the dermal absorption kinetics of
sulfometuron methyl. As discussed in Durkin et al. (1995), dermal exposure scenarios involving
immersion or prolonged contact with chemical solutions use Fick'sfirst 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 sulfometuron methyl is 0.0000051
cm/hour with a95% confidenceinterval of 0.0000020-0.0000132 cm/hour. Theseestimatesareused
in al exposure assessments that are based on Fick’sfirst law. The calculations for these estimates
are presented in worksheet 14.

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 Durkin et a. (1998), the estimated first-order dermal absorption coefficient is 0.00022
hour with 95% confidence intervals of 0.000048-0.00098 hour. The calculations for these
estimates are presented in worksheet 13.

The lack of experimental data regarding the dermal absorption of sulfometuron methyl adds
substantial uncertainties to this risk assessment. Nonetheless, the available data, albeit relatively
sparse, suggest that sulfometuron methy! can be absorbed through the skinin amountsthat may cause
systemic toxic effects. Uncertaintiesin the rates of dermal absorption, although they are substantial,
can be estimated quantitatively and are incorporated in the human heath exposure assessment
(section 3.2).

3.1.8. Inhalation Exposure. As summarized in appendix 3, there is only one inhalation toxicity
study on sulfometuron methyl (Kinney 1982) and oneinhal ationtoxicity study on Oust (Sarver 1995).
Both studies involve acute (4-hour) exposure to relatively high concentration levels (>5 mg/L or
>5000 mg/m?®). Although no toxic effects were observed in rats after head-only exposure to 6.4 or
11 mg/L sulfometuron methyl (Kinney 1982), irritant effects (nasal and ocular discharge) were
observed in male rats after head only exposure to 5.1 mg/L Oust (Sarver 1995). Transient weight
loss and wet perineum were also observed in the Oust study, which is consistent with the signs of
sulfometuron methyl toxicity after oral exposure.

The extremely limited data suggest only that sulfometuron methyl can induce irritant effects as well
as systemic toxic effects at very high exposure levels. As discussed in section 3, this finding is not
directly relevant to this risk assessment because of the implausibility of exposure to such high
concentrations of the compound.



3.1.9. Impuritiesand Metabolites.

3.1.9.1. Impurities-- Thereisno published information regarding the impuritiesin technical grade
sulfometuron methyl or Oust. Asdiscussed above, thelimited datathat permit acomparison between
the toxicity of sulfometuron methyl and the toxicity of Oust suggest that there are no substantial
differences, particularly for the most relevant routes of exposure (i.e., oral and dermal). Thus, there
isno basisfor arguing that the commercial formulation presentshazardsthat are qualitatively different
from the active ingredient, sulfometuron methyl. All of the toxicology studies on sulfometuron
methyl involve technical sulfometuron methyl, which is presumed to be the same as or comparable
to the active ingredient in Oust. Thus, if toxic impurities are present in technical sulfometuron
methyl, they are likely to be encompassed by the available toxicity studies using technical grade
sulfometuron methyl.

CO,CH 5 o,
Ol
SO, NH CNH
2z _<p
CH,
Sulfometuron methyl i
CO,CH , . ) Y Only in
Major route in Bacteria
mammals (?)
SO, NH ,
\ @ COLCH ; CH, oM ©: co,H o,
Sulfonamide N N
S0, NH CNH SO,NH CNH
it _<© & _<NO i;
CH CH

' Hydroxysulfometuron methyl ) Free Acid sulfometuron methyl o

cooH ’ Major in
@[ \ \Bacteria
CHOH
SO,NH N :<<
\ CH H:N _<Q

N
2-(aminosulfonyl)-benzoic acid Hp _<© — N,
o cH,
CH,

Hydroxypyrimidine amin

' Pyrimidine amine
E ) . Bacteria _<N<:>}H
Ol - e =)
sof R Pyrimidine-ol

Pyrimidine urea

Saccharin

Figure 3-1: Proposed metabolic pathway of sulfometuron methyl in the goat (adapted and modified from Cambon
et a. 1992, Koeppe and Mucha 1991, Monson and Hoffman 1990).

3.1.9.2. Metabolites-- Anoverview of the metabolism of sulfometuron methyl ispresentedin Figure
3-1. Because of the apparent similarities in metabolism of the compound by mammals and
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environmenta media, information on both mammalian metabolism and environmental transformation
are summarized in the figure.

In both mammals and bacteria, sulfometuron methyl is degraded by cleavage of the sulfonyl urea
bridge to form sulfonamide and a dimethyl pyrimidine urea or pyrimidine amine. Sulfonamide may
be further degraded by demethylation to the free benzoic acid which, in turn, may undergo a
condensation reaction to form saccharin. At least in bacteria, the pyrimidine metabolites may be
degraded further to hydroxypyrimidineamineand pyrimidine-ol. Although dataregardingmammalian
metabolism of sulfometuron methyl are limited, there is an apparent qualitative difference between
mammalian and microbia metabolism that involves changesto sulfometuron methyl prior to cleavage
of the sulfonyl urea bridge. In mammals, the major metabolic route seems to involve hydroxylation
of amethyl group on the pyrimidinering (Keoppe and Mucha 1991); in bacteria, the major metabolic
pathway seemsto involve demethylation of the methyl ester group on the benzoate ring (Monson and
Hoffman 1990).

There is only one detailed study regarding the metabolism of sulfometuron methyl by mammals.
Keoppe and Mucha (1991) examined the metabolism of sulfometuron methyl in two lactating goats.
The sulfometuron methyl used in the study was double labeled: pyrimidine-2-**C- and uniformly
labeled phenyl ring. It was administered as capsules, 0.575 or 0.625 mg/kg, twice a day for 7 days.
Theauthorsgive'dietary’ equivalents, apparently based on differencesinfood consumption, as25 and
60 ppm; however, the actual dosing appears to have been by gavage. The animals were sacrificed
20 hours after the last dose. About 94-99% of dose was recovered in the urine, 60% of which was
in the form of hydroxysulfometuron methy! (i.e., no cleavage of the sulfonyl urea bridge). Most of
the metabolites resulting from cleavage of the sulfonyl urea bridge were recovered in the liver and
kidney and were tightly bound to protein.

The only other information available on mammalian metabolism of sulfometuron methyl comesfrom
an unpublished DuPont study, which reports half-times of 28 and 40 hoursin rats after gavage doses
of 16 and 3000 mg/kg, respectively (DuPont 1989).

3.1.10. Toxicological Interactions. Asindicated in section 2.3, the Forest Service usualy applies
Oust in combination with other herbicides, particularly glyphosate, imazapyr, hexazinone, and
bromacil/diuron. The only available information about a mixture containing sulfometuron methyl
involvesamixturewith Karmex, awater dispersiblegranular commercial formulation containing 20%
diuron ( 3-(3,4-dichlorophenyl)-1,1-dimethylurea).

Several acutetoxicity studieswere submitted to the U.S. EPA on an unspecified mixture of Oust and
Karmex (Kuhn 1989a-1). Because the relative amounts of the two products in the mixture are not
specified and concurrent studies with the two components were not conducted, these studies cannot
be used to assess the joint action of sulfometuron methyl with diuron. None of these studies report
hematological effects or changes to the thymus. The studies dealing with dermal or ocular effects
report mild to moderateirritation, which is consistent with the available dataon Oust. Kuhn (1989h)
reports that a dose of 5050 mg/kg of the Oust/Karmex mixture did not cause mortality or
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histopathological changesin albino rats. This result is consistent with other findings regarding the
apparently low toxicity of sulfometuron methyl.

3.1.11. Mechanism of Action. Although the mechanism of phytotoxic action of sulfonylurea
herbicides including sulfometuron methyl is characterized in some detail (section 4.1.2.4), the
mechanism of toxic action in mammals or other animal species is not well characterized.

As noted in the recent review on sulfometuron methyl by 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 usein thetreatment of non-insulin-dependent diabetesmellitus (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. Sulfometuron
methyl was not tested specifically for effects on glucose metabolism or cholesterol. With the
exception of an increased level of serum cholesterol in female dogs (Wood and O'Neal 1983), there
is no information indicating a relationship between this spectrum of effects and exposure to
sulfometuron methyl.

It isplausiblethat some and perhaps most of the toxic effects observed in the studies on sulfometuron
methyl are attributable to its metabolites. As summarized in section 3.1.3, hemolytic anemiais the
most consistent systemic effect of exposure to sulfometuron methyl. Asdiscussed further in section
3.3 (dose-response assessment), this effect is also the most sensitive (i.e., the adverse effect that
occurs at thelowest dose). Thereisno information in the available literature suggesting that anemia
isassociated with the pyrimidine metabolites of sulfometuron methyl. Recently, however, exposure
to sulfonamides, was 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 anemiain humans (Dickerman 1981). Moreover, saccharin was shown to cause
hematological effectsin mice (Prasad and Ral 1987) that were similar to the hematological effects of
sulfometuron methyl in rats (section 3.2.3). The doses of saccharin associated with the effectsin
mice—500, 1000, and 1500 mg/kg/day—are much higher than the doses of sulfometuron methyl that
caused similar effects in rats and dogs (i.e., 20-30 mg/kg/day) (section 3.3).

Sulfonamide administration of 2000 mg/kg over a 15-day period caused dose-related changesto the
thyroid gland and changes in circulating levels of T3 and T4 in rats (Nishikawa 1983a,b). These
effects were not observed, however, in any of the comparable studies on sulfometuron methyl.

3.2. EXPOSURE ASSESSMENT

3.2.1. Overview. There are no occupational exposure studies in the available literature that are
associated with the application of sulfometuron methyl. Consequently, worker exposure rates are
estimated from an empirical relationship between absorbed dose per kilogram of body weight and the
amount of chemica handled in worker exposure studies on nine different pesticides (Rubin et al.
1998). Separate exposure assessments are given for backpack and boom spray ground applications.
For both types of applications, central estimates of worker exposure are similar: 0.0013 mg/kg/day
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for backpack applications and 0.0011 mg/kg/day for boom spray applications. The upper limits of
the exposure estimates are 0.03 mg/kg/day for backpack applicationsand 0.064 mg/kg/day for boom
spray applications. Although Oust is labeled for aeria applications (helicopter only), the Forest
Serviceisnot using and does not plan to use that application method for Oust. Consequently, aeria
applications are not considered in this risk assessment.

Except in the case of accidental exposure, the levels of sulfometuron methyl to which the general
public might be exposed should be far less than the levels for workers. Longer-term exposure
scenarios for the general public lead to central estimates of daily dosesin the range of 0.00000077-
0.00015 mg/kg/day with upper limits of exposure in the range of 0.0001-0.0016 mg/kg/day. While
these exposure scenarios are intended to be conservative, they are nonetheless plausible. Accidental
exposure scenarios result in central estimates of exposure of up to 0.025 mg/kg/day with upper
ranges of 0.25 mg/kg/day. All of the accidental exposure scenarios involve relatively brief periods
of exposure and most should be regarded as extreme, some to the extent of limited plausibility.

3.2.2. Workers. A summary of the exposure assessments for workers is presented in Table 3-1.
Two types of exposure assessments are considered: genera and accidental/incidental. The term
general exposure assessment is used to designate those exposuresthat involve estimates of absorbed
dose based on the handling of a specified amount of achemical during specific types of applications.
The accidental/incidental exposure scenariosinvolve specific types of eventsthat could occur during
any type of application. Details regarding all of these exposure assessments are presented in the
worksheets that accompany this risk assessment, as indicated in Table 3-1.

3.2.2.1. General Exposures -- Asoutlined in the program description (see chapter 2), this risk
assessment isconcerned primarily with backpack and boom spray ground applications. Although Oust
islabeled for aeria applications (helicopter only), the Forest Service is not using and does not plan
to use that application method for Oust. Consequently, aeria applications are not considered in this
risk assessment.

The assumptions used in worker exposure assessments for both backpack and boom spray
applications are detailed in worksheets 2 and 3. No worker exposure studies with sulfometuron
methyl were found in the literature. Asdescribed in Rubin et a. (1998), worker exposure rates are
expressed in units of mg of absorbed dose per kilogram of body weight per pound of chemical
handled. Theseexposureratesare based on worker exposure studieson ninedifferent pesticideswith
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 theworkers(Rubin et al.1998, Table2). Assummarizedin Table
2-1 of thisrisk assessment on sulfometuron methyl, the molecular weight of sulfometuron methyl is
about 364 and the log K, at pH 7 is about -0.46 [l0og,,(0.346)=-0.4609]. Thus, the range of



Table 3-1. Summary of worker exposure scenarios.

Dose (mg/kg/day or event)
Scenario )
Typical L ower Upper
General Exposures (dosein mg/kg/day)

Directed ground spray 1.3e-03 1.0e-05 3.0e-02
(Backpack) @
Broadcast ground spray 1.1e-03 1.5e-05 6.4e-02
(Boom spray) °

Accidental/Incidental Exposures (dose in mg/kg/event)
Immersion of Hands, 4.5e-07 2.8e-08 7.9e-06
1 minute ©
Contaminated Gloves, 2.7e-05 1.7e-06 4.7e-04
1 hour ¢
Spill on hands, 9.3e-06 3.2e-07 2.9e-04
1 hour ¢
Spill on lower legs, 2.3e-05 7.9e-07 7.0e-04
1 hour ¢
& See worksheet 17.

® See worksheet 18.
¢ Assumes zero-order absorption. See worksheet 15 for details.
4 Assumes first-order absorption. See worksheet 15 for details.

molecular weights and log K ,,, values for the compounds on which the estimated exposure rates are
based encompass the molecular weight and log K, for sulfometuron methyl.

Asfurther described in Rubin et al. (1998), the ranges of estimated occupational exposure ratesvary
substantially among individuals and groups, (i.e., by afactor of 50 for backpack applicators and a
factor of 100 for mechanical ground sprayers). It seemsthat 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).

The estimated number of acres treated per hour is taken from previous USDA risk assessments
(USDA 1989a,b,c). The number of hoursworked per day is expressed as arange, the lower end of
whichisbased on an 8-hour work day with 1 hour at each end of the work day spent in activitiesthat
do not involve herbicide exposure. The upper end of the range, 8 hours per day, is based on an
extended (10-hour) work day, alowing for 1 hour at each end of the work day to be spent in
activities that do not involve herbicide exposure.
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It is recognized that the use of 6 hours as the lower range of time spent per day applying herbicides
isnot atrue lower limit. Itisconceivable and perhaps common for workers to spend much lesstime
in the actual application of a herbicide if they are engaged in other

activities. Thus, using 6 hours can be regarded as conservative. In the absence of any published or
otherwise documented work practice statistics to support the use of alower limit, this conservative
approach is used.

The range of acres treated per hour and hours worked per day is used to calculate arange 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 istaken
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 therelatively 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 such as the geometric
mean has no marked effect on the risk assessment.

The range of application rates and the typical application rate are taken directly from the program
description (seesection 2.4). Thecentral estimateof 0.1 1bs sulfometuron methyl/acreisamost equal
to the 1997 average application rate of 0.095 |bs a.i./acre when sulfometuron methyl was used asthe
sole herbicide (see Table 2-2). The upper end of the range of application rates is the maximum
labeled application which is somewhat higher than the average application of 0.33 Ibs/acre used by
the Forest Service in facilities maintenance in 1997 (see Table 2-2).

The central estimate of theamount handled per day is cal culated asthe product of the central estimate
of the acrestreated per day and the typical application rate. The rangesfor the amounts handled per
day are calculated as the product of the range of acres treated per day and the range of application
rates.

Similarly, the central estimate of the daily absorbed dose is calculated as the product of the central
estimate of the exposure rate and the central estimate of the amount handled per day. The ranges of
the daily absorbed dose are calculated as the range of exposure rates and the ranges for the amounts
handled per day.

Although these exposure estimates are intended to support arisk assessment that is conservative and
protective against potential health effectsin workers, the exposure assessment is not intended to be
unredigtically conservative. Inthisrespect, it isworth noting that the upper range of exposure and
absorbed doses for hydraulic ground spray applicators is based on an estimated use of 168 |bs of
sulfometuron methyl in asingle day. Whilethisuseis conceivable and may be reasonable, the total
amount of sulfometuron methyl applied in Forest Service programs during 1997 was only 704.5 Ibs.
If oneteam of workerswereto apply sulfometuron methyl and handle 168 |bs of sulfometuron methyl
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per day, the total amount used by the Forest Service in 1997 would be applied in about 4.2 days.
Given that sulfometuron methyl is likely to be used by different groups of workers in different
locations, it seemsimplausible that an individual worker or asingle group of workerswould incur the
highest estimates of absorbed dose as a consequence of handling the highest estimates of the
compound over a prolonged period of time. The significance of this qualification to the exposure
assessment is discussed further in the risk characterization (section 3.4).

3.2.2.2. Accidental Exposures -- Typical occupational exposures may involve multiple routes of
exposure (i.e., ora, dermal, and inhaation); nonetheless, dermal exposure is generaly the
predominant route for herbicide applicators (van Hemmen 1992). Typica multi-route exposuresare
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 a
variety of dermal exposure scenarios.

Sulfometuron methyl can causeirritant effectsin the eyes (see section 3.1.6). Theavailableliterature
does not include quantitative methods for characterizing exposure or responses associated with
splashing asolution of achemical into the eyes; furthermore, reasonabl e approachesto modeling this
type of exposure scenario quantitatively are not apparent. Consequently, accidental exposure
scenarios of this type are considered qualitatively in the risk characterization (section 3.4).

Therearevarious methodsfor estimating absorbed doses associated with accidental dermal exposure
(U.S. EPA 1992, Durkin et a. 1995,1998). 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.

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. Details of these exposure estimates are presented in the worksheets appended to this
risk assessment as specified in Table 3-1.

Exposure scenarios involving direct contact with solutions of the chemical are characterized by
immersion of the handsfor 1 minute and wearing contaminated glovesfor 1 hour. Generaly, itisnot
reasonable to assume or postul ate that the hands or any other part of a worker will be immersed in
asolution of aherbicide 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 grossy contaminated with achemical solution is equivalent to immersing the hands
inasolution. In either case, the concentration of the chemical in solution that isin contact with the
surface of the skin and the resulting dermal absorption rate are essentially constant.
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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 (1992),
Fick'sfirst law is used to estimate dermal exposure.

Exposure scenariosinvolving chemical spillson to the skin are characterized by aspill onto thelower
legsaswell asaspill ontothe hands. Inthese scenarios, it isassumed that a solution of the chemical
is spilled on to a given surface area of skin and that a certain amount of the chemical adheresto 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 intheliquid) thefirst-order
absorption rate, and the duration of exposure. For both scenarios, it isassumed that the contaminated
skin is effectively cleaned after 1 hour. Aswith the exposure assessments based on Fick'sfirst law,
this product (mg of absorbed dose) isdivided by body weight (kg) to yield an estimated dosein units
of mg chemical/kg body weight. The specific equation used in these exposure assessments s taken
from Durkin et a. (1998).

Confidence in these exposure assessments is diminished by the lack of experimental data on the
dermal absorption of sulfometuron methyl. Nonetheless, thereisanoteworthy similarity betweenthe
exposure scenario in which contaminated gloves are worn for 1 hour and the exposure scenario in
which a chemical solution is spilled on to the skin surface of the hands and cleaned after 1 hour.

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 sulfometuron methyl. Nonetheless, any number of exposure
scenarios can be constructed for the genera public, depending on various assumptions regarding
application rates, dispersion, canopy interception, and human activity. Several highly conservative
scenarios are developed for this risk assessment.

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, someto the point of limited plausibility. The longer-term or chronic exposure
scenarios parallel the acute exposure scenariosfor 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 Table 3-2. Aswith 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 21-29).
The remainder of this section focuses on a qualitative description of the rationale for and quality of
the data supporting each of the assessments.
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3.2.3.2. Direct Spray -- Direct spraysinvolving ground applicationsare modeled in amanner smilar
to accidental spillsfor workers(seesection 3.2.2.2.). Inother words, itisassumed that theindividual
issprayed with a solution containing the compound and that an amount of the compound remainson
the skin and is absorbed by first-order kinetics. Aswith the similar worker exposure scenarios, the
first-order absorption kinetics are estimated from the empirical relationship of first-order absorption
rate coefficients to molecular weight and octanol-water partition coefficients (Durkin et al. 1998),
as defined in worksheet 7a.

For these exposure scenarios, it isassumed that during aground application, anaked child is sprayed
directly with sulfometuron methyl. These scenariosalso assumesthat the childiscompletely covered
(that is, 100% of the surface area of the body is exposed). These are extremely conservative
exposure scenarios and are likely to represent upper limits of plausible exposure. An additional set
of scenariosareincluded involving ayoung woman whoisaccidentally sprayed over thefeet and legs.
For each of these scenarios, some assumptions are made regarding the surface area of the skin and
body weight. These assumptions are taken from various U.S. EPA reports (U.S. EPA 1985, 1992,
1996) and are relatively well documented.

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 directly
available for sulfometuron methyl, and the estimation methods of Durkin et al. (1995) are used as
defined in worksheet 23. Other estimates used in this exposure scenario involve estimates of body
weight, skinsurfacearea, and first-order dermal absorption rates, asdiscussed in the previous section.

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. Although sulfometuron methyl is chemically stable in pure aqueous solutions, it is
degraded in natural waters by microbial activity (Lym and Swenson1991), and concentrations of
sulfometuron methyl inwater arefurther reduced by dispersal. For thisrisk assessment, thetwo types
of estimates madefor the concentration of sulfometuron methyl in ambient water are acute/accidental
exposure and longer-term exposure.
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Table 3-2. Summary of exposure scenarios for the general public.

subsistence popul ations

Dose (mg/kg/day) Worksheet

Scenario ]

Typical L ower Upper
Acute/Accidental Exposures
Direct spray of child, entire 0.00036 0.00001 0.011 22
body
Direct spray of woman, 0.000035 0.0000012 0.0011 22
lower legs
Dermal, contaminated 0.00056 0.000025 0.0106 23
vegetation
Contaminated fruit, acute 0.0011 0.00024 0.019 24
exposure
Contaminated water, acute 0.025 0.0025 0.26 26
exposure
Consumption of fish, 0.0007 0.00012 0.0052 28
general public
Consumption of fish, 0.00363 0.00055 0.025 28
subsistence popul ations
Chronic/Longer-Term Exposures
Contaminated fruit 0.000028 0.0000065 0.0012 25
Consumption of water 0.00015 0.0000064 0.0016 27
Consumption of fish, general 0.00000077 0.000000046 0.0001 29
public
Consumption of fish, 0.000006 0.00000037 0.0005 29

3.2.3.4.1. ACUTE EXPOSURE -- Asdetailed inworksheet 26, the acute exposure scenari o assumes
that ayoung child (2- to 3-yearsold) consumes 1 L of contaminated water shortly after an accidental
spill of 200 gallons of afield solution into a pond that has an average depth of 1 m and asurface area
of 1000 m? or about one-quarter acre. Because this scenario is based on the assumption that
exposure occurs shortly after the spill, no dissipation or degradation of sulfometuron methyl is

considered.
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This is an extremely conservative scenario dominated by arbitrary variability. The actual
concentrationsin 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 isconsumed. Asindicated in Table 3-2, there
isabout a 100-fold difference in the upper and lower limits of the exposure assessment. As detailed
in worksheet 26, this wide range is attributable primarily to differences in the field dilutions of the
commercia formulation (afactor of about 45) rather than differences in the estimated amounts of
water that might be consumed (only a factor of about 2.5).

3.2.3.4.2. LONGER-TERM EXPOSURE -- The scenario for chronic exposure to sulfometuron
methyl from contaminated water isdetailed in worksheet 27. This scenario assumesthat an adult (70
kg male) consumes contaminated ambient water for alifetime. Thelevelsof compound in the water
are estimated from monitoring data. Thus, environmental processes such asdissipation, degradation,
and others are implicit in the assessment.

Monitoring datafrom the study by Neary and Michael (1989) are used to estimate longer-term levels
in ambient water after the application of sulfometuron methyl. Additional details are taken from
Michael and Neary (1993) and Neary and Michael (1996). Inthe Neary and Michael (1989) study,
sulfometuron methyl was applied at arate of 0.4 kg a.i./ha—equivalent to 0.3568 |bs/acre—as either
dispersible granules (DG) or an experimental pellet formulation (P). Broadcast aeria applications
weremadein an areaof Mississ ppi with predominantly clay soil, whilebroadcast ground applications
were made in an area of Florida with predominantly sandy soil.

At theFloridasite (broadcast ground applications), sulfometuron methyl was monitored at maximum
concentrationsof 5 ug/L (P) and 7 ug/L (DG) (Neary and Michael 1989). Neverthel ess, sulfometuron
methyl was detected in only 10 of 185 stream samples and only from day 3 to day 7 after treatment.
Monitoring was conducted up to 203 days after treatment. In most instances, the sulfometuron
methyl was detected in the surface water after storm events. In each of these applications, rainfal
began 24 hours after treatment and atotal of 54 mm of rain fell over thefirst 3 days after treatment.
Fewer details are available from the application sitein Mississippi (Michagl and Neary 1993, Neary
and Michael 1996). At this site, the maximum reported levels of sulfometuron methyl in surface
water were 23 pg/L(P) and 44 pg/L (DG).

For thisrisk assessment, the average of concentrationsreported by Michael and Neary (1993), 19.57
Mg/L, is used as the basis for the central estimate of sulfometuron methyl in surface water. The
extreme values, 5 and 44 pg/L, are used to estimate the range of exposure. These values are
normalized for application rate, as detailed in worksheet 16.

In some respects, thisapproach may beviewed asextremely conservative. Thehigher concentrations
fromthe Michael and Neary (1993) are both associated with aeria application and are approximately
3- to 9-fold higher than the concentrations based on ground applications. Since the Forest Service
does not anticipate using aerial applicationsfor sulfometuron methyl, acase could be made for using
only the lower values for estimating potential human exposure from ground applications. On the
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other hand, this risk assessment is intended to encompass the broad use of sulfometuron methyl in
severa different regions of the country. The relatively sparse monitoring data from only two
locationsarenot likely to reflect the diversity of meteorological or hydrogeological conditions under
which sulfometuron methyl may be applied. Consequently, the aerial data, which may not be
representative of ground applications, are included to encompass application conditions that could
lead to higher levels of water contamination.

Although these values are used for the longer-term exposure scenario for humans, it isimplausible
to suggest that these concentrations would be maintained for prolonged periods of time. For the
characterization of potential human health effects (section 3.4), thisextremely conservative approach
makes no difference because the exposure levels are far below those of toxicological concern. A
fuller use of these monitoring studies, however, isrequired for the assessment of toxicological effects
on aguatic vegetation, as discussed in section 4.2.3.

3.2.3.5. Oral Exposure from Contaminated Fish -- Many chemicals may be concentrated or
partitioned from water into the tissues of animals or plantsin the water. This processisreferred to
asbioconcentration. Generally, bioconcentration is measured asthe ratio of the concentration 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) is5 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 principlesareprovided in Calabreseand Baldwin
(1993).

The literature includes only one study regarding the bioconcentration of sulfometuron methyl.
Harvey (19814) exposed bluegill sunfish to sulfometuron methyl at concentrations of 0.01 and 1.0
mg/L for 28 days and found no indication of bioconcentration. In addition, no bioconcentration
occurred in channel catfish exposed to aged sediment containing sulfometuron methyl. A lack of
bioconcentration is consistent with the low octanol-water partition coefficient for sulfometuron
methyl. Asillustrated in worksheet 12, the expected BCF for sulfometuron methyl is about 0.75,
based on the general relationship of BCF valuesto octanol-water partition coefficients. For exposure
assessments based on the consumption of contaminated fish, a BCF of 1 is used (i.e., the
concentration in the fish will be equal to the concentration in the water).

For both the acute and longer-term exposure scenarios involving the consumption of contaminated
fish, the water concentrations of sulfometuron 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 afield 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 differencesin the amount
of caught fish consumed by the genera public and native American subsistence populations (U.S.
EPA 1996), separate exposure estimates are made for these two groups, asillustrated in worksheet
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28. The chronic exposure scenario is constructed in a similar way, as detailed in worksheet 29,
except that estimates of sulfometuron methyl concentrations in ambient water are based on the
monitoring data by Neary and Michael (1989).

3.2.3.6. Oral Exposure from Contaminated Vegetation -- Sulfometuron methyl is not applied to
crops. Under normal circumstances and in most types of applications, it is extremely unlikely that
humanswill consume vegetation contaminated with sulfometuron methyl. Nonetheless, any number
of scenarios could be developed involving elther accidental spraying of cropsor the spraying of edible
wild vegetation, like berries. Again, in most instances and particularly for longer-term scenarios,
treated vegetation would probably show signs of damage from exposure to sulfometuron methyl
(section4.3.2.4), thereby reducing thelikelihood 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 aright-of-way or some other areain which wild berriesgrow. Thetwo accidental
exposure scenarios devel oped for this exposure assessment include one scenario for acute exposure,
as defined in worksheet 24 and one scenario for longer-term exposure, as defined in worksheet 25.
In both scenarios, the concentration of sulfometuron methyl on contaminated vegetation is estimated
using the empirical rel ationships between application rate and concentration on vegetation devel oped
by Hoerger and Kenaga (1972). These relationships are defined in worksheet 05a. For the acute
exposure scenario, the estimated residue level is taken as the product of the application rate and the
residue rate given in worksheet 05a.

For the longer-term exposure scenario, a duration of 90 days is used and the dissipation on the
vegetationisestimated using afoliar half-timeof 10 days(Knisdl, et al. 1992). Although theduration
of exposure appears to be somewhat arbitrarily chosen, it isintended to represent the consumption
of contaminated vegetation 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 result in a less
conservative exposureassessment). The central estimate of dosefor thelonger-term exposure period
is taken as the geometric mean of theinitial concentration and concentration after 90 days.

For the acute exposure scenario, it is assumed that a woman consumes 1 Ib (0.4536 kg) of
contaminated fruit. Based on statistics summarized in U.S. EPA (1996) and presented in worksheet
04, this consumption rate is approximately the mid-range between the mean and upper 95%
confidence interval for the total vegetable intake for a 64 kg woman. The range of exposures
presented in Table 3-2 is based on the range of concentrations on vegetation from Hoerger and
Kenaga(1972) and therange of application ratesfor sulfometuron methyl. Thelonger-term exposure
scenario is constructed in a similar way, except that the estimated exposures include the range of
vegetable consumption (U.S. EPA 1996) aswell astherange of concentrations on vegetation and the
range of application rates for sulfometuron methyl.
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3.3. DOSE-RESPONSE ASSESSMENT

3.3.1. Overview. Thereisno current U.S. EPA RfD for sulfometuron methyl. TheU.S. EPA Office
of Pesticide Programs will prepare a re-registration eligibility document (RED) for sulfometuron
methyl, but the registrant, DuPont, is in the process of submitting additional datato the U.S. EPA
and the RED has not been initiated.

With regard to species sensitivity, rats appear to be most sensitive with reported NOAELSs of 2-3
mg/kg/day and an AEL of 20 mg/kg/day. Dogs appear to have a sensitivity similar to that of rats,
with areported NOAEL of 5 mg/kg/day and a LOAEL of 28 mg/kg/day. Mice appear to be much
less senditive than either rats or dogs to the hematological effects of sulfometuron methyl with a
NOAEL of 27.5 mg/kg/day and aLOAEL of 275 mg/kg/day. Although these data are not amenable
to formal statistical analysis, they lend qualitative support to the use of an uncertainty factor for
Speci es-to-speci es extrapol ation for the human health risk assessment (i.e., the larger animal s appear
to be more sensitive than smaller animals to sulfometuron methyl).

In the absence of an RfD derived by the U.S. EPA, a provisional reference dose of 0.02 mg/kg/day
isused in thisrisk assessment. The provisional reference doseis based on the 2 mg/kg/day NOAEL
for hematological effects in male rats and an uncertainty factor of 100: 10 for species-to-species
extrapolation and 10 for sensitive subgroups in the human population. At 20 mg/kg/day,
hematological effects were observed in male rats. Thus, at a dose that is 10-fold higher than the
provisiona referencedose, 0.2 mg/kg/day, therewould be concern for hematol ogic effectsin humans.
At intermediate levels of exposure (i.e., those between 0.02 and 0.2 mg/kg/day) the concern for
potential adverse effects cannot be defined well.

Based on reproduction studiesin rats, adose of 0.2 mg/kg/day (i.e., 100-fold below areported AEL
of 20 mg/kg/day) could be taken as a level of concern for potentia reproductive effects. One
reservation about using this approach involves the available data on reproductive effects in rabbits.
Increased fetal anomalies were observed in rabbits exposed to doses aslow as 30 mg/kg/day (Serota
et a. 1981), which is quite close to the LOAEL of 20 mg/kg/day for hematological effects in rats.
Furthermore, athough it can be argued that modest levels of anemia may be regarded merely asan
AEL (adverseeffect level), dosesassociated with fetal anomaliesaremore properly regarded asFEL s
(frank effect levels) and are of substantial concern in any risk assessment.

For thisrisk assessment, the increased number of fetal anomaliesin rabbits exposed to 30 mg/kg/day
(Serotaet a. 1981) isinterpreted as areproductive FEL. Thisisaconservativeinterpretation of the
gavage studies in rabbits (Hoberman et a. 1981, Serota et d. 1981). Thisjudgment influences the
risk assessment primarily in the interpretation of risks above the provisional reference dose of 0.02
mg/kg/day based on hematological effects. If the dose of 20-26 mg/kg/day from the dietary study
by Mullin (1984) is taken as areproductive NOAEL, a provisional reference dose for reproductive
toxicity can be derived that isabout 10- fold higher than the reference dose based on anemia. Inthat
case, relatively modest (i.e., lessthan afactor of 10) excursions above the provisional reference dose
could be a cause for concern regarding hematological effects but not reproductive effects. On the
other hand, if the 30 mg/kg/day dose from Serota et al. (1981) is accepted as a reproductive FEL,
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the proximity of the FEL to the reproductive NOAEL reported by Mullin (1984) suggests that a
lower reference dose for reproductive effects is justified and that modest excursions above the
reference dose are causes for concern regarding both hematological and reproductive effects.

Asasupplement to thisjudgmental approach, categorical regression anayseswere conducted on the
animal toxicity data. Again using a conservative interpretation of the reproductive toxicity studies
in rabbits, this analysis suggests that at the provisional reference dose of 0.02 mg/kg/day, the
probability of an adverse effect (AEL/FEL) isabout 0.000007 (7 in 1,000,000). At a10-fold higher
dose, 0.2 mg/kg/day, the probability of an adverse effect, including reproductive toxicity, is about
0.0004 (4 in 10,000).

3.3.2. Existing Guidelines. Thereisno current U.S. EPA RfD for sulfometuron methyl. The U.S.
EPA Office of Pesticide Programs will prepare a re-registration eligibility document (RED) for
sulfometuron methyl, but the registrant, DuPont, isin the process of submitting additional datato the
U.S. EPA and the RED has not been initiated (Rowland 1998).

In previous Forest Service risk assessments (USDA 1989a,b,c), asystemic NOEL of 2.5 mg/kg/day
and areproductive NOEL of 25 mg/kg/day were used to characterize risk using margins of safety.
The systemic NOEL of 2.5 mg/kg/day from "a combined 2-year rat feeding and 2-generation
reproduction study,” which is attributed to a 1986 DuPont MSDS. The narrative seemsto refer to
the 50 ppm dietary exposure group from Mullin (1984), summarized in appendix 3, in which the
actual average doses over the 2-year exposure period, based on measured food consumption and
body weight data, were 2 mg/kg/day for males and 3 mg/kg/day for females. Apparently, the
reproductive NOEL of 25 mg/kg/day refers to the 500 ppm exposure group from the same study in
which the actua doses were 20 mg/kg/day for males and 26 mg/kg/day for females. These and
additional studies are discussed further in the following section.

3.3.3. Dose-Response and Dose-Severity Relationships. Table 3-3 summarizes the studies used
to assess the dose-response and dose-severity relationships for sulfometuron methyl. Details for all
of the studies summarized in this table are provided in appendix 3. In Table 3-3, all doses are
expressed in units of mg chemical/kg body weight. For the studies that involve dietary, rather than
gavage exposure, estimates of mg/kg bw doses are based on measured food consumption and body
weight. A brief description of the effects noted at each dose level is included, and each effect is
classfied as a NOEL, NOAEL, AEL, or FEL. For studies that involve exposing groups of male
animas and female animal's, comparable doses for the two groups are averaged and presented as a
single entry if the effects in the two groups are qualitatively similar. For example, with the Mullin
(1984) study, the NOAEL of 2 mg/kg/day for malesand the NOAEL of 3 mg/kg/day for femalesare
averaged to 2.5 mg/kg/day, as in previoudy prepared Forest Service risk assessments. The next
higher dose groups, 20 mg/kg/dayfor males and 26 mg/kg/day for

3-20



Table 3-3. Summary of dose/response/severity data for sulfometuron methyl®.

Species Dose Duration Effect Description of Effect Reference
(sex), (mg/kg/day) (days) Classification
Type of
Exposure
Dog, 5.00 365 NOEL No effects Wood and O'Neal
Dietary 1983
28.00 365 AEL Anemia Wood and O'Nea
1983
150.00 365 AEL Anemia [thymus (F)] Wood and O'Neal
1983
Mice, 1.30 548 NOEL No effect Summers 1990a
Dietary 5.50 548 NOEL No effect Summers 1990a
27.50 548 NOEL No effect Summers 1990a
275.00 548 AEL Anemia (F) Summers 1990a
Rabbits, 100.00 12 FEL Mortality (1/5), anorexia, depression, and Hoberman et al. 1981
Gavage 300.00 12 FEL decreaser welght Hoberman et al. 1981
750.00 12 FEL Hoberman et al. 1981
1000.00 12 FEL Mortdlity in 2/5 animals. No viable fetuses. Hoberman et al. 1981
Rabbits, 30.00 12 FEL Increased fetal anomalies Serotaet al. 1981
Gavage 100.00 12 FEL
300.00 12 FEL
Rats, 7500.00 1 AEL Weight loss Trivits 1979
Gavage 11000.00 1 AEL Weight loss and stained perinedl area Trivits 1979
17000.00 1 AEL Trivits 1979
Rats, 5000.00 1 AEL Weight loss and lung pathology. 'Pink thymus' Dashiell and Hinckle
Gavage in females. 1980
5000.00 1 AEL Alopecia (M) Dashiell and Hall
1980
Rats, 3400.00 14 AEL Tedticular effects Hinckle 1979
Gavage
Rats, 5000.00 1 AEL Alopecia (F, 1/15) Filliben 1995a
Gavage
Rats, 9.00 90 NOAEL No adverse effects. [Increased thyroxine in Wood et a. 1980
Dietary females] o
82.50 20 AEL Hematologic effects. [Increased thyroxinein Wood et a. 1980
females)]
400.00 90 AEL Hematological effects Wood et a. 1980
Rats (F), 4.33 6 NOAEL No reproductive effects Lu 1981
Dietary 86.60 6 NOAEL No reproductive effects Lu 1981
433.00 6 AEL Decreased body weight and fetal weight Lu 1981
Rats, 2.50 730 NOAEL No effects Mullin 1984
Dietary
(M&F)
(M) 20.00 730 AEL Decreased erythrocytes Mullin 1984
F 26.00 730 AEL Bile duct hyperplasia Mullin 1984
(M) 199.00 730 AEL Decreased erythrocytes and brain weight Mullin 1984
() 260.00 730 AEL Bile duct hyperplasia. Decreased numbers of Mullin 1984

offspring.

2 Dietary exposures converted to mg/kg bw based on measured food consumption as detailed in appendix 3.

b Sexes combined unless effects were qualitatively different at comparable dose levels. When sexes are combined, the doses
for males and females are averaged for dietary exposures described in appendix 3.
M =mae F = femae
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females, however, are presented separately because the effects observed in males are qualitatively
different from the effects observed in females.

Thedatasummarizedin Table3-3 areillustrated in Figure 3-2. Inthe dose/severity plot (Figure 3-2),
acommon logarithm of doseis plotted on the x-axis. The severity of effectsis plotted on the y-axis
with data on NOELs and NOAELs combined. This approach is taken because the various studies
reporting NOEL s examined only alimited number of toxicological endpoints. Thus, the report of a
NOEL isessentialy the sameasaNOAEL (i.e., of the effects examined, no effects were observed).
Some of the points are offset somewhat on the y-axis so that they may be distinguished from other
adjacent or overlapping points.

1 10 100 1000 10000 100000

Dose (mgkg/day)

Figure 3-2: Dose/severity relationships for sulfometuron methyl (see Table 3-3 for details. B=rabbits, D=dogs,
M=mice, R=rats).

Details of the key studies are labeled in Figure 3-2. The available data on dogs, mice, and rats are
relatively consistent, indicating that effectson theblood (i .e., hemolytic anemia) arethe most sensitive
endpoint for sulfometuron methyl. In other words, for each of these species, effects on the blood
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—characterized by theinvestigatorsaseither anemiaor, theequival ent, adecreasein erythrocytes—is
the adverse effect seen at the lowest dose level for each species.

In terms of species sensitivity, rats appear to be most sensitive with reported NOAELs of 2-3
mg/kg/day and an AEL of 20 mg/kg/day (Mullin 1984). Dogs appear to have a sensitivity similar to
that of rats, with areported NOAEL of 5 mg/kg/day and aLOAEL of 28 mg/kg/day. Mice appear
to be much less sensitive than either rats or dogs to the hematol ogical effects of sulfometuron methyl
with a NOAEL of 27.5 mg/kg/day and a LOAEL of 275 mg/kg/day (Summers 19904). Although
these data are not amenable to formal statistical analysis, they lend qualitative support to the use of
an uncertainty factor for species-to-species extrapolation for the human health risk assessment (i.e.,
thelarger animal s appear to be more sensitive than smaller animalsto sulfometuron methyl). In other
words, in the absence of specific dataregarding the sensitivity of humans to sulfometuron methyl, it
would be prudent to assume that humans are more sensitive than experimental mammals.

In the absence of an RfD derived by the U.S. EPA, the provisional reference dose of 0.02 mg/kg/day
will be used in this risk assessment. The provisiona reference dose is based on the 2 mg/kg/day
NOAEL for hematological effectsin malerats (Mullin 1984) and an uncertainty factor of 100: 10 for
Speci es-to-species extrapolation and 10 for sensitive subgroups in the human population. Because
the study by Mullin (1984) entailed a2-year exposure period which approximatesthelife span of rats,
there is no need for an additional uncertainty factor to account for subchronic to chronic exposure.
At 20 mg/kg/day, hematological effects were observed in malerats. Thus, at a dose that is 10-fold
higher than the provisional reference dose, 0.2 mg/kg/day, there would be concern for hematol ogical
effectsin humans.

Analogousto the approach taken in previous Forest Servicerisk assessments (USDA 1989a,b,c), the
mid-exposure group in the study by Mullin (1984)—20 mg/kg/day for male rats and 26 mg/kg/day
for female rats over a 2-year period—could be used to estimate a higher reference dose for
reproductive effects (i.e., decreased numbers of offspring). Taking 25 mg/kg/day asthe approximate
dose and NOAEL in females and using an uncertainty factor of 100, the provisional reference dose
would be 0.25 mg/kg/day. Asillustrated in Figure 3-2, this dose-response relationship is supported
by the shorter term (6-day) dietary reproductive NOAEL of 86.6 mg/kg/day and dietary reproductive
AEL of 433 mg/kg/day, both from Lu (1981). Again, thisisanalogous to the approach taken in the
previous Forest Service risk assessments and assumes that reproductive effects are of concern at
doses that are about 10-fold higher than those associated with hematological effects.

One reservation about using this approach involves the available data on reproductive effects in
rabbits. Assummarized in Table 3-3 and illustrated in Figure 3-2, increased fetal anomalies were
observed in rabbits exposed to dosesaslow as 30 mg/kg/day (Serotaet a. 1981), whichisquiteclose
to the LOAEL of 20 mg/kg/day for hematological effectsin rats. Furthermore, although it can be
argued that modest levels of anemiamay be regarded merely asan AEL (adverse effect level), doses
associated with fetal anomalies are more properly regarded as FELs (frank effect levels).
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A key issuein assessing concern for reproductive effects, however, involvestheinterpretation of the
teratology studies in rabbits by Hoberman et a. (1981) and Serota et al. (1981). The study by
Hoberman et al. (1981) appears to have been a range-finding study for the study by Serota et al.
(1981). Thetwo studieswere conducted at the same testing facility using the same general methods
(i.e., gavage dosing on days 6-18 of gestation in a methyl cellulose/distilled water vehicle). Both
studies were conducted at about the same time. The Hoberman et al. (1981) study was completed
on December 5, 1980 and the Serotaet a. (1981) study wasinitiated on December 30-31, 1980 (i.e.,
the day that the test animals were impregnated). Furthermore, both studies used the same batch of
test material from the study sponsor, and the rabbits were of the same strain and from the same
supplier. One of the very few differences in methodology between these two studies is that rabbits
for the range finding study (Hoberman et al. 1981) were received on October 21, 1981 and held for
only 16 days prior to the start of the study; whereas, for thefull study (Serotaet a. 1981), the rabbits
were received on October 20, 1981 and held for about 70 days before the start of the study.

Details of the results of these studies, beyond those presented in appendix 3, are given in Table 3-4.
In both studies, the number of litters with fetal anomalies per number of litters delivered were
increased over control rates at some dose levels; however, the increases were not statistically
significant and do not indicate a significant dose/response relationship. In the full study (Serota et
a. 1981), there is no relationship between the exposure dose and the incidence of feta
anomalies—the number of fetuses with anomalies of all types divided by the total number of fetuses
delivered. In the range finding study (Hoberman et a. 1981), there is an apparent increase in the
incidence of fetal anomalies in the 300 and 750 mg/kg dose groups. The mean incidence of fetal
resorptions was not increased in the Serota et a. (1981) study. There was an increase in this
parameter, however, in the study by Hoberman et al. (1981), particularly at the 1000 mg/kg dose

group.

Serota et a. (1981) concluded that their study does not indicate that sulfometuron methyl is
teratogenic. Given the lack of statisticaly significant responses, this is a reasonable conclusion.
Nonetheless, the Serota et al. (1981) appearsto be limited in that it is not clear that the compound
was administered at the maximum tolerated dose. Based on the screening study by Hoberman et al.
(1981), some signs of toxicity would have been expected in the 300 mg/kg dose group in the Serota
et a. (1981) study. As indicated in Table 3-4, no such effects were seen. The reason for this
discrepancy is not apparent.

Conversdly, theincreased number of fetal anomaliesat all doselevels(Serotaet a. 1981), theadverse
effectsin pregnant rabbits at high dose levels (Hoberman et al. 1981), and the decreased numbers of
offspring at high dose levels (Lu 1981, Mullin 1984) suggest that sulfometuron methyl may have
adverse effects on reproductive capacity.
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Table 3-4. Summary of teratology studies in rabbits.

? Dose (mg/kg/day) [days 6-18 of gestation]
Response u

d 0 30 100 300 750 1000

ya
Number of damsin the H 5 - 5 6 5 5
study ®

S 17 17 17 17
Dams dying before the H 0 - 20 o° 60 40
end of study (%,
Damsdisplaying signsof  H 20 - 40 80 100 100
toxicity (%)

S 0 0 0 0
Mean incidence of H 13.6 - 325 18.3 355 100 ¢
resorptions per litter (%)

S 17.7 18.3 194 14.2
Incidence of fetal He 2.2 0.0 13.0 25.0 N/A ©
anomalies (%)

S 3 11 4.4 2.1
Number of litters with H 1/5 0/3 2/3 12 N/A ©
fetal anomalies/number [p=0.28] [p=0.52]
of litters delivered ¢

I W S 17 2/17 417 3/17
[p=0.5] [p=0.16] [p=0.30]

2H = Hoberman et a. 1981; S=Serota et a. 1981. Shaded areas indicate dose levels not used in study.

® The one dam that died in this group may have been injured by tracheal intubation and was excluded from the
group survival rate.

¢ One litter only.

4 Not applicable because there were no fetuses.

¢ Mean incidence of gross fetal anomalies per litter.

100 x number of fetuses with variants (gross, skeletal, or visceral anomalies.)/number of fetuses examined.

9 p valuesin brackets based on Fischer’s Exact Test relative to response in control group.

For thisrisk assessment, theincreased number of fetal anomaliesin rabbits exposed to 30 mg/kg/day
(Serotaet a. 1981) isinterpreted asareproductive FEL. Thisadmittedly conservativeinterpretation
of the gavage studies in rabbits (Hoberman et a. 1981, Serota et a. 1981) influences the risk
assessment primarily in the interpretation of risks above the provisiona reference dose of 0.02
mg/kg/day based on hematological effects. If the dose of 20-26 mg/kg/day from the dietary study
by Mullin (1984) is taken as a reproductive NOAEL, a provisional reference dose for reproductive
toxicity can be derived that is about 10-fold higher than the reference dose based on anemia. In that
case, relatively modest (i.e., lessthan afactor of 10) excursions above the provisional reference dose
could be a cause for concern regarding hematological effects but not reproductive effects. On the
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other hand, if the 30 mg/kg/day dose from Serota et al. (1981) is accepted as a reproductive FEL,
the proximity of the FEL to the reproductive NOAEL reported by Mullin (1984) might suggest that
a lower reference dose for reproductive effects is justified and that modest excursions above the
reference dose are causes for concern regarding both hematological and reproductive effects.

As a supplement to the judgmental approach discussed above, categorical regression analyses were
conducted on the animal data summarized in Table 3-3. This method assumes that each effect level
can be associated with adistribution (e.g., normal or logistic) and that the shape of the distributions
of the various severity levelsareidentical. At any given dose, the probability of observing an effect
at a particular level of severity can be expressed. Although, categorical regression is not a novel
method in statistics (McCullagh 1980), it was not applied to dose-severity relationships in risk
assessment until recently (Dourson et al. 1997, Durkin et al. 1993). Theuseof categorical regression
in Forest Service risk assessmentsis discussed in greater detail in SERA (1998). All analyses were
conducted in IMP Version 3.2.2 (SAS 1997), and summary tables of each analysis are presented in
worksheets 30-34, which accompany this risk assessment.

Initialy, categorical regression was conducted on exposure dose and duration, using natural log
transformations of both parameters and a three category model (i.e., NOELS/NOAELs combined,
AELSs, and FELS), as defined in worksheet 30 (Model Run #1). The effect of dose was marginally
statistically significant (p=0.043) but the effect of duration was not statistically significant (p=0.81).
When duration was omitted as an explanatory variable (worksheet 30, Model Run #2), dose was
statistically significant with a p-value of 0.01.

The data a'so were analyzed by standard logistic regression (i.e., a two-category model in which
NOELS/NOAELSs were treated as
one category and AELS/FEL s were
treated as the other category
(worksheet 30, Model Runs #3 and 1
#4). Including duration of exposure
as well as dose as explanatory
variables(Model Run#3) resultedin
estimates of model coefficients that
were again datistically significant

08

06

for dose (p=0.0255) but not Z:SF&E"LM
duration (p=0.2581). Using only 04
dose asthe explanatory variable, the

model coefficient for dose was 02

statistically significant (p=0.015).

The results of this anaysis are e 4 s 0w o
illustrated in Figure 3-3. The dose Dose (mokgtay)
administered to the experimental Figure 3-3: Categorical regression of dose/severity relationships for

animasis plotted on the x-axis, and  sulfometuron methyl using all datain Table 3-3 and combining AELS
and FELs.

100 1000
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the y-axis gives the probability of observing an adverse effect—either an AEL or FEL. At the
provisiona referencedose of 0.02 mg/kg/day, the probability of an adverseeffect (AEL/FEL) isabout
0.000007 (7 in 1,000,000). At a 10-fold higher dose, 0.2 mg/kg/day, the probability of an adverse
effect is about 0.0004 (4 in 10,000).

Several categorical regression analyses were conducted on subsets of the data given in Table 3-3.
These additional analyses are summarized in worksheets 32-34, which accompany this risk
assessment. The mgjor subsets involve the exclusion of the teratology studies in rabbits as well as
the exclusion of all gavage studies. The teratology studies were excluded because, as discussed
above, the lack of a consistent dose-response relationship within these studies makes their inclusion
in the analysis as FEL s a conservative and questionable approach. Similarly, al the gavage studies
were excluded because gavage administration may result in more severe toxic stress than would be
expected from routes of exposure relevant to potential human exposure. In all cases, however, the
basic results were consistent with analyses using all of the available data in that the duration of
exposure failed to demonstrate a statistically significant relationship to the severity of the effect.

3.4. RISK CHARACTERIZATION

3.4.1. Overview. In general, workers will be exposed to sulfometuron methyl at higher levels of
exposure than members of the general public and will be subject to greater potential risk. The upper
limit of general exposure scenarios for backpack and boom spray applications results in a modest
excursion above the provisional RfD. These upper limits of exposure are constructed using the
highest anticipated application rate, the highest anticipated number of acres treated per day, and the
upper limit of the occupational exposurerate. 1f any of these conservative assumptions are modified
(e.g., the compound is applied at the typical rather than the maximum application rate) the hazard
indices would be at or below unity (i.e., below the level of concern). Given the conservative nature
of the RfD itsdlf, it is unlikely that there would be any signs of toxicity in workers applying
sulfometuron methyl. The ssmple verbal interpretation of the quantitative characterization of risk is
that under the most conservative set of exposure assumptions, workers could be exposed to levels
of sulfometuron methy! that are regarded as unacceptable . If sulfometuron methyl is not applied at
the highest application rate or if appropriate steps are taken to ensure that workers are not exposed
at the maximum plausible rates (i.e., worker hygiene practices and/or reduced areas of treatment per
day) there is no indication that the workers would be at risk of incurring systemic toxic effects.

Irritation and damage to the skin and eyes can result from exposure to relatively high levels of
sulfometuron methyl. From apractical perspective, eyeor skinirritationislikely to bethe only overt
effect as a consequence of mishandling sulfometuron methyl. These effects can be minimized or
avoided by prudent industrial hygiene practices during the handling of sulfometuron methyl.

For the general public, none of the longer-term exposure scenarios approach alevel of concern. In
addition, none of the acute/accidental scenarios exceed alevel of concern, based on central estimates
of exposure, athough a hazard index of unity is reached for the consumption of water after an
accidental spill. Based on the most extreme exposure assumptions, two of the acute/accidental
scenarios approach alevel of concern (i.e., consumption of contaminated fruit and consumption of
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fish by subsistence populations). Moreover, the exposure scenario involving an accidental spill into
water substantially exceeds a level of concern. The exposure scenario for the consumption of
contaminated water is an arbitrary scenario: scenarios that are more or less severe, all of which may
be equally probable or improbable, easily could be constructed. Nonetheless, the acute exposure
scenariosfor the genera public help toidentify the types of scenariosthat are of greatest concern and
may warrant the greatest steps to mitigate. For sulfometuron methyl, such scenarios involve oral
rather than dermal exposure.

The potential of sulfometuron methyl to induce reproductive effects—fetal mortality or
abnormalities—suggest that pregnant women should avoid exposure to sulfometuron methyl. Based
on the available dose/duration/severity data, however, it appears that exposure levels below those
associated with the most sensitive effect (i.e, anemia) are not likely to be associated with
reproductivetoxicity. Inaddition, theavailable dose-response dataregarding thereproductiveeffects
of sulfometuron methyl in rabbits are weak (i.e., there are no statistically significant dose-response
relationships). The major study on which the hazard identification for reproductive effectsis based,
nonethel ess, did note adversereproductive effectsat all doselevelsof sulfometuron methyl exposure.
Thus, athough the qualitative decision to consider sulfometuron methyl a potential reproductive
hazard may be regarded as extremely conservative, this determination seems prudent at this time.

3.4.2. Workers. A quantitative summary of the risk characterization for workers is presented in
Table 3-5. The quantitative risk characterization is expressed as the hazard quotient, which is the
ratio of the estimated exposure doses from Table 3-1 to the provisional RfD of 0.02 mg/kg/day, as
derived in section 3.3.3.

Given the very low hazard quotients for accidental exposure, the risk characterization is reasonably
unambiguous. None of the accidental exposure scenarios approach alevel of concern. While the
accidental exposure scenarios are not the most severe one might imagine (e.g., complete immersion
of the worker or contamination of the entire body surface for a prolonged period of time) they are
representative of reasonable accidental exposures. Given that the highest hazard quotient is afactor
of 25 below the level of concern (i.e., a hazard quotient of 0.02 as the upper limit for a spill on the
lower legs), far more severe and less plausible scenarios would be required to suggest a potential for
systemic toxic effects. As discussed in section 3.2, however, confidence in this assessment is
diminished by thelack of informati on regarding thedermal absorption kineticsof sulfometuron methyl
in humans. Nonetheless, the statistical uncertainties in the estimated dermal absorption rates, both
zero-order and first-order, are incorporated into the exposure assessment and risk characterization.
Again, these estimates would have to be in error by afactor of 25 or greater in order for the basic
characterization of risk to change.

The upper limit of general exposure scenarios for backpack and boom spray applicationsresult in a
modest excursion abovethe provisional RfD. Asdiscussed in section 3.2 and detailed in worksheets
17 and 18, these upper limits of exposure are constructed using the highest anticipated application
rate, the highest anticipated number of acrestreated per day, and the upper limit of the occupational
exposurerate. If any of these conservative assumptions are modified (e.g., the compound is applied
at the typical rather than the maximum application rate) the hazard indices would be at or below
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Table 3-5. Summary of risk characterization for workers®
RfD 0.02 mg/kg/day Sect. 3.3.3.
Hazard Quotient

Scenario -

Typical L ower Upper

General Exposures
Directed ground spray 0.1 0.0005 2
(Backpack)
Broadcast ground spray 0.06 0.0008 3
(Boom spray)
Accidental/Incidental Exposures

Immersion of hands, 0.00002 0.000001 0.0004
1 minute
Contaminated gloves, 0.001 0.00008 0.02
1 hour
Spill on hands, 0.0005 0.00002 0.01
1 hour
Spill on lower legs, 0.001 0.00004 0.04
1 hour
@ Hazard quotient is the level of exposure divided by the provisional RfD (0.02 mg/kg/day) then rounded to one
significant decimal place or digit. See Table 3-1 for exposure assessment.

unity. Given the conservative nature of the RfD itsdlf, it isunlikely that there would be any signs of
toxicity. For example, based on the extremely conservative categorica regression anayss
summarized in Figure 3-4, the probability of an adverse effect occurring in a group of experimental
mammals exposed to a dose equivalent to a hazard quotient of 3 (i.e., adose of 0.06 mg/kg/day) is
lessthan 1in 10,000. Generally accepted methods for quantifying human risk using the results of
categorical regressonanalysesarencot available. Thesimpleverbal interpretation of thisquantitative
characterization of risk is that under the most conservative set of exposure assumptions, workers
could be exposed to levels of sulfometuron methyl that are regarded as unacceptable . If
sulfometuron methyl is not applied at the highest application rate or if appropriate steps are taken to
ensure that workers are not exposed at the maximum plausible rates (i.e., worker hygiene practices
and/or reduced areas of treatment per day) there is no indication that the workers would be at risk
of incurring systemic toxic effects.

As discussed in section 3.1.6, sulfometuron methyl can cause irritation and damage to the skin and

eyes. Quantitative risk assessments for irritation are not derived; however, from a practical
perspective, eyeor skinirritation islikely to be the only overt effect as a consequence of mishandling
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sulfometuron methyl. These effects can be minimized or avoided by prudent industrial hygiene
practices during the handling of sulfometuron methyl.

3.4.3. General Public. Thequantitative hazard characterization for thegeneral publicissummarized
in Table 3-6. Like the quantitative risk characterization for workers, the quantitative risk
characterization for the general public is expressed as the hazard quotient using the provisional RfD
of 0.02 mg/kg/day.

None of the longer-term exposure scenarios approach alevel of concern. Furthermore, none of the
acute/accidental scenariosexceed alevel of concern, based on central estimatesof exposure, athough
a hazard index of unity is reached for the consumption of water after an accidental spill. Based on
the most extreme exposure assumptions, two of the acute/accidental scenarios approach alevel of
concern(i.e., consumption of contaminated fruit and consumption of fish by subsistence popul ations),
and the scenario for an accidental spill substantially exceeds alevel of concern.

Although there are severa uncertainties in the longer-term exposure assessments for the general
public, asdiscussed in section 3.2, the upper limitsfor hazard indices are sufficiently far below alevel
of concernthat therisk characterization isrelatively unambiguous: based on the availableinformation
and under the foreseeable conditions of application, there is no route of exposure or scenario
suggesting that the general public will be at any substantial risk from longer-term exposure to
sulfometuron methyl.

For the acute/accidental scenarios, exposure resulting from the consumption of contaminated water
isof greatest concern and exposure resulting from the consumption of contaminated vegetation and
fishis of marginal concern. Asdiscussed in some detail in section 3.2.3.4.1, the exposure scenario
for the consumption of contaminated water is an arbitrary scenario: scenarios that are more or less
severe, all of which may be equally probable or improbable, easily could be constructed. All of the
specific assumptions used to develop this scenario have a simple linear relationship to the resulting
hazard quotient. Thus, if the accidental spill were to involve 20 rather than 200 gallons of afield
solution of sulfometuron methyl, all of the hazard quotients would be a factor of 10 less.
Nonetheless, thisand other acute scenarios help to identify the types of scenariosthat are of greatest
concern and may warrant the greatest steps to mitigate. For sulfometuron methyl, such scenarios
involve ora rather than dermal exposure.

3.4.4. Sensitive Subgroups. There is limited information to suggest that specific groups or
individuals may be especially sensitive to the systemic effects of sulfometuron methyl. Asindicated
in section 3.1.3, the most sensitive effect of sulfometuron methyl appears to be hemolytic anemia.
Thus, individualswith pre-existing conditions that involve anemiaor other impairments of the blood
or circulatory system may be more sensitive to this compound.

The potential of sulfometuron methyl toinduce reproductive effects—fetal mortality or abnormalities

described in section 3.1.4—suggest that pregnant women should avoid exposure to sulfometuron
methyl. Based on the available dose/duration/severity data, however, it appearsthat exposurelevels
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Table 3-6. Summary of risk characterization for the general public.?

RfD 0.02 mg/kg/day Sect. 3.3.3.
Hazard Quotient Worksheet
Scenario
Typical L ower Upper

Acute/Accidental Exposures

Direct spray of child, entire 0.02 0.0006 0.5 21
body

Direct spray of woman, 0.002 0.0000600 0.06 22
lower legs

Dermal, contaminated 0.03 0.001000 0.5 23
vegetation

Contaminated fruit, acute 0.06 0.01 1 24
exposure

Contaminated water, acute 1 0.1 13 26
exposure

Consumption of fish, 0.03 0.006 0.3 28
general public

Chronic/Longer-Term Exposures

Contaminated fruit 0 0 0.2 25
Consumption of water 0.007 0.0003 0.08 27
Consumption of fish, 0.00004 0.000002 0.005 29
general public

Consumption of fish, 0.0003 0.00002 0.03 29

subsistence popul ations

@ Hazard quotient is the level of exposure divided by the provisional RfD (0.02 mg/kg/day) then rounded to one
significant decimal place or digit. See Table 3-2 for exposure assessment.

bel ow those associated with the most sensitive effect (i.e., anemia) arenot likely to be associated with
reproductive toxicity. In addition, as detailed in section 3.3.3., the available dose-response data on
the reproductive effects of sulfometuron methyl in rabbits is considerably weak (i.e., there are no
statistically significant dose-response relationships). The major study on which the hazard
identification for reproductive effects is based (Serota et al. 1981), however, did note increasesin
adverse effects at al dose levels of sulfometuron methyl. Thus, the qualitative decision to consider
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sulfometuron methyl apotential teratogen may be regarded as extremely conservative; however, the
determination seems prudent at this time.

3.4.5. Connected Actions. Asindicated in section 3.1.10, Oust may be applied in combination with
other herbicides, particularly glyphosate, imazapyr, hexazinone, and bromacil/diuron. There are no
data in the literature suggesting that sulfometuron methyl will interact, either synergistically or
antagonistically.

3.4.6. Cumulative Effects. Asnoted above, thisrisk assessment specifically considersthe effect of
repeated exposure in that the chronic RfD is used as an index of acceptable exposure. Asdiscussed
inthe dose-response and dose-severity relationships (see section 3.3.3), thedaily doserather than the
duration of exposure appears to determine the toxicological response. Consequently, repeated
exposure to levels below the toxic threshold should not be associated with cumulative effects.
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4. ECOLOGICAL RISK ASSESSMENT

4.1. HAZARD IDENTIFICATION

4.1.1. Overview. The mammalian toxicity of sulfometuron methyl is relatively well-
characterized in experimental mammals;, however, thereisrelatively littleinformation regarding non-
target wildlifespecies. It seemsreasonableto assumethe most sensitive effectsinwildlifemammalian
species will be the same as those in experimental mammals (i.e., changes to blood and decreased
body weight gain). There are only four studies are available on the toxicity of sulfometuron methyl
to birds. Because the studies on birds are different in design from those on experimental mammals,
itisdifficult to assess the sensitivity of birds, relative to mammals. Nonetheless, on the basis of the
limited comparisons that can be made, birds appear to be somewhat |ess sensitive than experimental
mammalsto thetoxic effects of sulfometuron methyl. Thereisonly oneavailable study regarding the
toxicity of sulfometuron methyl to aterrestrial invertebrate: the standard contact toxicity test in bees
that isrequired by the U.S. EPA for pesticideregistration. Theresults of this study suggest that bees
areless sengitive than either mammals or birdsto sulfometuron methyl. But the available dataare not
sufficient to determine whether this apparent low level of toxicity can be generalized to other species
of terrestrial invertebrates.

The toxicity of sulfometuron methyl to terrestrial plants was studied extensively and is well
characterized. Sulfometuron 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.
Drake (1990) assayed the toxicity of sulfometuron methyl to several non-target as well as target
dicotsand monocots. At anapplication rateof 0.01 kg/ha[0.00892 |bsa.i./acre] sulfometuron methyl
ishighly toxicto seedlingsof several broadleavesand grasses, either preemergenceor postemergence.
Moreover, adverse effects were observed in most plants tested at application rates of 0.001 kg/ha
[0.000892 Ibs a.i./acre] . Thisapplication rate isafactor of about 100-fold less than the application
rate that the Forest Service would typically use. This study predominatesin both the dose-response
assessment for the effect of sulfometuron methyl on terrestrial plants as well as the risk
characterization for the potential ecological effectsof sulfometuron methyl applications. Concernfor
the sengitivity of non-target plant species is further increased by field reports of substantial and
prolonged damage to crops or ornamentals after the application of sulfometuron methyl in both an
arid region, presumably due to the transport of soil contaminated with sulfometuron methyl by wind,
and in a region with heavy rainfall, presumably due to the wash-off of sulfometuron methyl
contaminated soil.

Terrestrial microorganisms have an enzymethat isinvolved in the synthesis of branched chain amino
acids, which isfunctionally equivalent to the target enzyme in terrestrial macrophytes. While there
are some laboratory studies on the effects of sulfometuron methyl to soil microorganisms, there are
no field studies that allow for an assessment of the potential effects of sulfometuron methyl on soil
microorganisms under the conditions of application anticipated by the Forest Service.

Aswith potential effectson terrestrial speciesand aswould be expected for aherbicide, the available

data suggest that sulfometuron methyl 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 150
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mg/L. Based on assays of fathead minnow embryo hatch, larval survival, or larval growth over 30-
day exposure periods, no adverse effects would be expected at concentrations up to 1.17 mg
sulfometuron methyl/L. Sulfometuron methyl also appears to be relatively non-toxic to aquatic
invertebrates, based on acute bioassays in daphnids, crayfish, and field-collected species of other
aquatic invertebrates. One daphnid reproduction study noted a decrease in the number of neonates
at 24 mg/L but not at 97 mg/L or any of the lower concentrations tested. Although the effect
observed at 24 mg/L may have been arandom variation, it is treated as an AEL for the purpose of
thisrisk assessment. Thisapproach may be regarded as conservative; nonetheless, it seems prudent
inthe absence of additional studies regarding reproductive effects of sulfometuron methyl in aguatic
invertebrates.

Aquatic plants are far more sensitive than agquatic animals to the effects of sulfometuron methyl,
although there appear to be substantial differencesin sensitivity among species of macrophytes and
unicellular algae. The macrophytes, however, appear to be generally more sensitive. There are no
published or unpublished data regarding the toxicity of sulfometuron methyl to aquatic bacteria or
fungi. By analogy to the effects on terrestrial bacteria and aquatic algae, it seems plausible that
aguatic bacteria and fungi will be sengtive to the effects of sulfometuron methyl.

4.1.2. Toxicity to Terrestrial Organisms.

4.1.2.1. Mammals- As summarized in the human health risk assessment (see section 3), there are
several toxicity studies regarding adverse effects in experimental mammals, specifically rats, mice,
rabbits, and dogs, exposed to sulfometuron methyl. Sulfometuron methyl is a plant toxin and its
mode of action iswell understood; however its mode of action for causing toxicity in mammalsis not
determined. The most consistent toxic effects observed in mammals after exposure to sulfometuron
methyl include body weight loss and wet genital areas. The toxicological significance of the latter
effect is unclear.

The acute toxicity of sulfometuron methyl isrelatively low. Inrats, doses of up to 17,000 mg/kg are
tolerated without mortality (Trivits 1979). On the other hand, doses as low as 100 mg/kg are
associated with mortality in pregnant rabbits (Hoberman et al. 1981). Thisstudy, however, involved
very small numbers of animals, and the mortality at 100 mg/kg, 1 out of 5 animals, was not
statistically significant, compared with the control response (0 out of 5 animals). The available data
are not sufficient for determining whether the response in rabbits represents a species specific
sensitivity, a special sengitivity in pregnant animals, or just arandom event.

The subchronic and chronic toxicity studies on sulfometuron methyl were conducted in dogs, mice,
and rats. Asdiscussed in section 3.1.3., the most sensitive effects involve changes to blood and as
well as decreased body weight gain.

4.1.2.2. Birds- As summarized in appendix 4, there are only four available studies regarding the
toxicity of sulfometuron methyl to birds. 1n one of these studies, Dudeck and Bristol (1981a),
considerably high and unexplained mortality was observed in the control group (5 of 10 animalsdied).
Consequently, the study is not used in thisrisk assessment. Apparently, the other three studies, two
dietary (Dudeck and Twigg 1980, Fink et al. 1981) and one gavage (Fink et al. 1981), assayed only
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for relatively gross effects (i.e., overt signs of toxicity, changes in body weight and food
consumption). Nonetheless, as discussed above, decreased body weight isamong the most sensitive
effects of sulfometuron methyl in experimental mammals.

It isdifficult to assessthe sensitivity of birds, relative to mammals. Based on the studies summarized
in appendix 4, birds seem to be less sensitive than experimental mammals to the toxic effects of
sulfometuron methyl. Thelowest reported adverse effect level in birdsis 625 mg/kg given asasingle
gavage dose (Dudeck and Bristol 1981a). Doselevelsof 312 mg/kg or lesswere not associated with
signsof toxicity or changesin body weight. Asillustrated in Figure 3-2 and summarizedin Table 3-3,
however, adverse effectsin experimental mammals were observed at dose levels aslow as 20 mg/kg
(Mullin 1984). A mgjor reservation with this assessment, however, isthat all of the studiesin birds
arerelatively short term (i.e., lessthan 30 days). Although there does not appear to be astrong time-
response relationship in mammals (see section 3.3), the duration of exposure might be a more
important factor in birds.

4.1.2.3. Terrestrial Invertebrates-There is only one available study regarding the toxicity of
sulfometuron methyl to a terrestrial invertebrate: the standard contact toxicity test in bees that is
required by the U.S. EPA for pesticide registration. In this study, nomina doses of 13, 22, 36, 60,
or 100 pg/bee in an ethanol vehicle were applied to 1- to 4-day post-emergence bees, with two
replicates per dose level and 25 bees per replicate. The bees were observed twice a day on days 1
and 2. No mortality was noted (Hoxter and Smith 1990). Using a body weight of 0.093 g for the
honey bee (USDA 1993), these values correspond to doses ranging from about 140 mg/kg [0.013
mg/0.000093 kg] to 1075 mg/kg [0.1 mg/0.000093 kg]. Thus, based on these data, bees appear to
be |less sengitive than either mammals or birds to sulfometuron methyl.

Like the hazard identification for birds, this assessment must be qualified by the very short-term
exposure period used in the study by Hoxter and Smith (1990). In addition, the available dataare not
sufficient to determine whether this apparent lack of toxicity can be generalized to other species of
terrestria invertebrates.

4.1.2.4. Terrestrial Plants (Macrophytes)—The toxicity of sulfometuron methyl to terrestrial plants
was studied extensively and iswell characterized (e.g., Aulgur 1996, Gaeddert et al. 1997, Landstein
et al. 1995, Schloss et al. 1988, Shaner et a. 1990, Stidham 1991). Sulfometuron methyl inhibits
acetolactate synthase (ALS), an enzymethat catal yzesthe biosynthesi sof three branched-chain amino
acids (valine, leucine, andisoleucine), all of which are essential for plant growth. Thistarget enzyme
(ALYS) isasoreferred to asacetohydroxy acid synthase or AHAS (e.g., Epelbaum et al. 1996). Other
AL S inhibiting herbicidesinclude other sulfonylureas aswell asimidazolinones, triazolopyrimidines,
and pyrimidinylthiobenzoates.

The most relevant laboratory bioassay regarding the toxicity of sulfometuron methyl to terrestrial
plantsis summarized in appendix 5. The quantitative use of these studies for this risk assessment is
discussed in section 4.3.



In terms of a hazard identification, however, it is noteworthy that some target species, like the leafy
splurge (Beck et a. 1993) and certain species of pine (Barnes et a. 1990) are much less sensitive
than anumber of non-target dicotsand monocots (Drake 1990) to the effects of sulfometuron methyl.
Drake (1990) reports that at an application rate of 0.01 kg/ha [0.00892 |bs a.i./acre] sulfometuron
methyl is highly toxic to seedlings of several broadleaves and grasses, either preemergence or
postemergence. Moreover, adverse effects were observed in most plants tested at application rates
of 0.001 kg/ha [0.000892 |bs a.i./acre]. This application rate is about 100-fold less than the
application rate that the Forest Service would typicaly use.

The species differencesin sengitivity may be attributable to differencesin metabolism. For example,
centipede grass, compared with bahiagrass, is more resistant to the effects of sulfometuron methyl
because of the higher rate at which it metabolizesthe compound. Another factor regarding sensitivity
differences among plant species may relate to genetic differencesin the form of the ALS enzyme, as
appears to be the case with the dicotyledonous weed, Sonchus oleraceus (Boutsalis and Powles
1995).

Asreviewed by Cox (1993), concern for the sensitivity of non-target speciesis further increased by
areport of non-target plant damage after the application of sulfometuron methyl in rights-of-way
maintenance. Extensive and prolonged damage to crops or ornamentals was observed after the
application of sulfometuron methyl in an arid region, presumably due to wind transport of soil
contaminated with sulfometuron methyl (Turner 1987), and in a region with heavy rainfall,
presumably due to the wash-off of sulfometuron methyl contaminated soil (Bridges 1992).

4.1.2.5. Terrestrial Microorganisms— Terrestrial microorganisms have an enzyme that isinvolved
inthe synthesis of branched chain amino acids, which isfunctionally equivalent to the target enzyme
interrestrial macrophytes. Sulfometuron methyl, at concentrationsaslow as 0.2 UM [~73 pg/L] in
aliquid glucose medium, caused significant growth inhibition after exposure periods of less than 3
hours (Epelbaum et al. 1996). In plate cultures using solid growth media, Burnet and Hodgson
(2991) found that sulfometuron methyl aso inhibited the growth of several soil microorganisms.

Burnet and Hodgson (1991) suggest that soil residues of sulfometuron methyl may alter the
composition of soil microorganisms and speculate further that such changes to the microbial
populationsin soil may lead to the proliferation of plant pathogens. This speculationisnot supported
by any experimental evidence or field observations. At least one terrestrial microorganism,
Streptomyces griseolus, metabolizes sulfometuron methyl by an inducible cytochrome P-450
(O'Keefe et al. 1988). The extent to which the induction may alter the toxicity of sulfometuron
methyl to microorganisms with an inducible cytochrome P-450 was not determined. Like plants, at
least someforms of bacteriamay devel op resistenceto sulfometuron methyl (Xieand Jimenez 1996).

4.1.3. Aquatic Organisms.

4.1.3.1. Fish— Standard toxicity bioassays to assess the effects of sulfometuron methyl on fish and
other aguatic speciesaresummarized in appendix 6. Thelowest concentration at which mortality was
observed in any species of fishis 1.25 mg/L. At thislevel, mortality was observed in 1/10 bluegill
sunfish. No mortality, however, was observed in 10 bluegillsexposed to 12.5 mg/L (Muskaand Hall
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1980). Based on this study and all of the bioassays summarized in appendix 6, it appears that
compound-related mortality is not likely to be observed in fish exposed to concentrations less than
or equal to 150 mg/L. Asdiscussed further inthe dose-response assessment (section 4.3), substantial
mortality is likely to occur only at much higher concentrations.

Muska and Driscoll (1982) isthe only study available regarding the toxicity of sulfometuron methyl
to fish eggsor fry. Theseinvestigators observed no effects on fathead minnow embryo hatch, larval
survival, or larval growth over 30-day exposure periods in which the measured average
concentrations were 0.06, 0.14, 0.32, 0.65, and 1.17 mg sulfometuron methyl/L.

4.1.3.2. Amphibians— Neither the published literature nor the U.S. EPA filesinclude dataregarding
the toxicity of sulfometuron methyl to amphibian species.

4.1.3.3. Aquatic I nvertebrates— Sulfometuron methyl appears to be relatively non-toxic to aquatic
invertebrates, based on acute bioassaysin Daphnia (Muskaand Trivits 1980a, Brown 1994b, Wetzel
1984), crayfish (Nagvi et a. 1987), and field-collected species of Diaptomus, Eucyclops, Alonella,
and Cypria (Nagvi and Hawkins 1989). As with the fish bioassays, mortality was observed in 1 of
10 daphnids in the low exposure group (0.125 ppm) (Muska and Trivits 1980a) but not in groups
exposed to concentrations of up to 12.5 mg/L. The studies by Naqgvi involve exposure to the Oust
formulation rather than technical grade sulfometuron methyl. Acutetoxicity studiesusing Oust with
daphidsyielded an L C,, of 8500 (6500-12,200) mg Oust DF/L with aNOEL of 2400 mg/L (Wetzel
1984).

Onedaphnid reproduction study was conducted (Baer 1990). Asindicated inappendix 6, the number
of neonates per surviving adult was significantly reduced at 24 mg/L but not at 97 mg/L or any of the
lower concentrations. Although the effect observed at 24 mg/L may have been arandom variation,
it is treated as an AEL for the purpose of this risk assessment. Although this approach may be
regarded asconservative, intheabsence of additional studiesregarding reproductiveeffectsinaguatic
invertebrates, the approach seems prudent.

4.1.3.4. Aquatic Plants— As might be expected for a herbicide, aguatic plants are far more sensitive
than aquatic animals to the effects of sulfometuron methyl. The available information summarized
in appendix 6 and discussed in section 4.3.3.2 suggest that there may be substantial differencesin
sengitivity among species of macrophytes and unicellular algae. The macrophytes, however, appear
to be generally more sensitive.

4.1.3.5. Other Aquatic Microorganisms— There are no published or unpublished dataregarding the
toxicity of sulfometuron methyl to aquatic bacteriaor fungi. By analogy to the effects on terrestrial
bacteria and aquatic algae, it seems plausible that aquatic bacteria and fungi will be sensitive to the
effects of sulfometuron methyl.



4.2. EXPOSURE ASSESSMENT

42.1. Terrestrial Animals. Terrestrial animals might be exposed to any applied
herbicidefrom direct spray, theingestion of contaminated media (vegetation, prey species, or water),
grooming activities, indirect contact with contaminated vegetation, or inhalation.

In this exposure assessment, estimates of oral exposure are expressed in the same units as the
available toxicity data (i.e., oral LDy, and similar values). Asin the human health risk assessment,
these units are usually expressed as mg of agent per kg of body weight and abbreviated as mg/kg
body weight. For dermal exposure, the units of measure usually are expressed in mg of agent per cm
of surface areaof the organism and abbreviated asmg/cm?. In estimating dose, however, adistinction
is made between the exposure dose and the absorbed dose. The exposure dose is the amount of
material on the organism (i.e., the product of the residue level in mg/cm? and the amount of surface
areaexposed), which can be expressed either as mg/organism or mg/kg body weight. The absorbed
dose is the proportion of the exposure dose that is actually absorbed by the animal. Inhaation
exposure is calculated, in a similar way, as the proportion of the compound retained in the animal
after exposure. Sometimes, it isappropriateto combineoral, dermal, or inhalation exposurein order
to estimate thetotal impact on the organism, as discussed further in the risk characterization (section
4.4).

For the exposure assessments discussed below, general allometric relationships are used to model
exposure. Inthe biological sciences, allometry is the study of the relationship of body size or mass
to various anatomical, physiological, or pharmacological parameters (e.g., Boxenbaum and D'Souza
1990). Allometric relationships take the general form:

y=aw

where W isthe weight of the animal, y isthe variable to be estimated, and the model parameters are
aand x.

For most alometric relationships used in this exposure assessment, such as the relationship of body
weight to surface area as well as the consumption of food and water, x ranges from approximately
0.651t00.75. Theserelationshipsdictatethat, for afixed level of exposure (e.g., levelsof achemical
infood or water), small animalswill receive ahigher dose, in terms of mg/kg body weight, than large
animals will receive.

For many compounds, allometric relationships for interspecies sensitivity to toxins indicate that for
exposure levels expressed as mg toxicant per kg body weight (mg/kg body weight), large animals,
compared with small animals, are more sensitive.

Asdiscussed in section 4.3, the available information is not adequate to quantify species differences
in sengitivity to sulfometuron methyl, despite the suggestion that larger mammals (rats, dogs, and
rabbits) may be somewhat more sensitive than mice to sulfometuron methyl. For this exposure
assessment, generic estimates of exposure are given for a small mammal. In the dose-response



assessment (section 4.3) the estimated effect and no effect levels are derived primarily for larger
mammals.

A body weight of 20 g is used for a small animal, which approximates the body weight of small
mammals such as mice, voles, shrews, and bats. All body weight values are taken from U.S. EPA
(1989a), unless otherwise specified. 1n some scenarios, the available toxicity data support specific
assessmentsfor other species, likebirds or invertebrates. 1ntherisk characterization, these exposure
estimates are compared with the dose-response estimates based on the most sensitive species,
regardless of body weight.

Thisapproach isadmittedly conservative but, asdiscussed in section 4.3, the differencesin sensitivity
among species are not substantial. Thus, this conservative approach has only a minor impact on the
characterization of risk, as discussed in section 4.4.

The exposure assessments for terrestrial animals are summarized in Table 4-1. As with the human
health exposure assessment, the computational detailsfor each exposure assessment presented inthis
section are provided in the attached worksheets.

4.2.1.1. Direct Spray — In the broadcast application of any herbicide, wildlife species may be
sprayed directly. Thisscenario issimilar to the accidental exposure scenarios for the general public
discussed in section 3.2.3.2. In a scenario involving exposure to direct spray, the extent of dermal
contact depends on the application rate, the surface area of the organism, and the rate of absorption.

For thisrisk assessment, three groups of direct spray exposure assessments are conducted. Thefirst,
which is defined in worksheet 39, involves a 20 g mammal that is sprayed directly over one half of
the body surface asthe chemical isbeing applied. Therange of application ratesaswell asthetypical
application rate is used to define the amount deposited on the organism. The absorbed dose over the
first day (i.e., a24-hour period) is estimated using the assumption of first-order dermal absorption.
In the absence of any dataregarding dermal absorption in asmall mammal, the estimated absorption
rate for humans is used (see section 3.1.7). An empirical relationship between body weight and
surface area (Boxenbaum and D’ Souza 1990) is used to estimate the surface area of theanimal. The
estimates of absorbed doses in this scenario may bracket plausible levels of exposure for small
mammals based on uncertainties in the dermal absorption rate of sulfometuron methyl.

Other, perhaps more substantial, uncertainties affect the estimates for absorbed dose. For example,
the estimate based on first-order dermal absorption does not consider fugitivelossesfrom the surface
of the animal and may overestimate the absorbed dose. Conversely, some animals, particularly birds
and mammals, groom frequently, and grooming may contribute to the total absorbed dose by direct
ingestion of the compound residing on fur or feathers. Furthermore, other vertebrates, particularly
amphibians, may have skin that isfar more permeabl e than the skin of most mammals (M oore 1964).

Quantitative methods for considering the effects of grooming or increased dermal permeability are

not available. Asaconservative upper limit, the second exposure scenario, detailed in worksheet 40,
is developed in which complete absorption over day 1 of exposure is assumed.
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Table 4-1. Summary of Exposure Scenarios for terrestrial animals.

Dose (mg/kg/day) Worksheet

Scenario )

Typical L ower Upper
Acute/Accidental Exposures
Direct spray, small mammal, 0.013 0.00064 0.22 39
first-order absorption
Direct spray, small mammal, 24 0.56 9.3 40
100% absorption
Direct spray, bee, 100% 16 37 62 41
absorption
Consumption of 0.53 0.12 7.1 42
contaminated vegetation,
acute exposure
Consumption of 0.083 0.013 0.57 44
contaminated water, acute
exposure
L onger-Term Exposures
Consumption of 0.023 0.0054 0.32 43
contaminated vegetation,
chronic exposure
Consumption of 0.0014 0.000081 0.011 45
contaminated water, chronic
exposure

Because of the relationship of body size to surface area, very small organisms, like bees and other
terrestrial insects, might be exposed to much greater amounts of sulfometuron methyl per unit body
weight, compared with small mammals. Consequently, a third exposure assessment is devel oped
using a body weight of 0.093 g for the honey bee (USDA 1993) and the equation above for body
surface area proposed by (Boxenbaum and D’Souza 1990). Because there is no information
regarding the dermal absorption rate of sulfometuron methyl by bees or other invertebrates, this
exposure scenario, detailed in worksheet 41, also assumes compl ete absorption over the first day of
exposure.

4.2.1.2. Indirect Contact — Asinthe human health risk assessment (see section 3.2.3.3), the only
approach for estimating the potential significance of indirect dermal contact is to assume a
relationship between the application rate and dislodgeable foliar residue. The study by Harris and
Solomon (1992) (worksheet 23) is used to estimate that the dislodgeable residue will be
approximately 10 times less than the nominal application rate.
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Unlike the human health risk assessment in which transfer rates for humans are available, there are
no transfer ratesavailablefor wildlife species. Asdiscussed in Durkin et al. (1995), thetransfer rates
for humans are based on brief (e.g., 0.5- to 1-hour) exposures that measure the transfer from
contaminated soil to uncontaminated skin. Wildlife, compared with humans, are likely to spend
longer periods of time in contact with contaminated vegetation.

It isreasonableto assumethat for prolonged exposures an equilibrium may bereached between levels
on the skin, rates of absorption, and levels on contaminated vegetation, although there are no data
regarding the kinetics of such aprocess. The bioconcentration dataon sulfometuron methyl (section
3.2.3.5) suggest that sulfometuron methyl is not likely to partition from the surface of contaminated
vegetation to the surface of skin, feathers, or fur. Thus, aplausible partition coefficient isunity (i.e.,
the concentration of the chemical onthe surface of theanimal will be equal to the dislodgeableresidue
on the vegetation).

Under these assumptions, the absorbed doseresul ting from contact with contaminated vegetation will
be one-tenth that associated with comparable direct spray scenarios. As discussed in the risk
characterizationfor ecol ogical effects(section4.4), thedirect spray scenariosresultinexposurelevels
far below those of toxicological concern. Consequently, details of the indirect exposure scenarios
for contaminated vegetation are not further elaborated on in this document.

4.2.1.3. I ngestion of Contaminated Vegetation or Prey — For this component of the
exposure assessment, the estimated amounts of residue on food are based on therel ationship between
application rate and residue rates on leaves and leafy vegetables. For thelower and central estimates
of absorbed dose, the ‘typical’ value given in worksheet 5ais used because Hoerger and Kenaga
(1972) do not provide estimates of the lower range of expected residues.

Allometric relationships and species specific data (U.S. EPA 1989a) suggest that the amount of food
consumed per day by asmall mammal (i.e., an animal weighing approximately 20 g) isequal to about
15% of the mammal's total body weight. All of the estimates of ingested dose are based on the
assumption that 100% of the diet is contaminated. Under the assumption that only 10% of the diet
iscontaminated, the dose estimates decrease by afactor of 10. Detailsregarding the calculationsfor
these acute exposure scenarios are given in worksheet 42.

Asdiscussed in section 4.4, the exposure estimates di scussed above are of minimal concern for acute
exposure. For estimating theeffectsof longer-term exposures, time-wei ghted average concentrations
are used, which issimilar to the approach taken in the human health risk assessment and using the k,
of 0.0693 days®. Also, thelonger-term exposure scenarioisbased on a90-day post-spray period and
usesthe geometric mean over this period asthe central estimate of the exposed dose, asin the human
health risk assessment. Like the acute exposure scenario, this exposure scenario assumes that 100%
of the diet is contaminated. Details regarding the calculations for these chronic exposure scenarios
are given in worksheet 43.

4.2.1.4. Ingestion of Contaminated Water -- Estimated concentrations of sulfometuron methyl in
water are identical to those used in the human health risk assessment. The only major differences
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involve the weight of the anima and the amount of water consumed. There are well-established
rel ationshi ps between body weight and water consumption acrossawide range of mammealian species
[eg., U.S. EPA (19893)]. Mice, weighing about 0.02 kg, consume approximately 0.005 L of
water/day (i.e., 0.25 L/kg body weight/day). These values are used in the exposure assessment for
the small (20g) mammal. Unlike the human health risk assessment, estimates of the variability of
water consumption are not available. Thus, for the acute scenario, the only factors affecting the
variability of theingested dose estimatesinclude thefield dilution rates (i.e., the concentration of the
chemicd in the solution that is spilled) and the amount of solution that is spilled. Asin the acute
exposure scenario for the human health risk assessment, the amount of the spilled solution is taken
as 200 gallons. In the chronic exposure scenario, the factorsthat affect the variability are the water
contamination rate, (see section 3.2.3.4.2) and the application rate. Details regarding these
calculationsare summarized in worksheet 44 (acute exposure) and worksheet 45 (chronic exposure).

4.2.2. Terrestrial Plants. Ingenera, the primary hazard to non-target terrestrial plants
associated with the application of most herbicides is unintended direct deposition or spray drift,
particularly in aerial applications(e.g., Bird 1995). In addition, thereport by Turner (1987) suggests
that toxicologically significant amounts of sulfometuron methyl may be transported by wind erosion
of soil.

4.2.2.1. Direct Spray — Unintended direct spray will result in an exposure level equivaent to the
application rate. Most plants that are sprayed directly with sulfometuron methyl at or even
substantially below the recommended application rate will be damaged (section 4.3.2.4).

4.2.2.2. Off-Site Drift — Data regarding the drift of sulfometuron methyl during ground or aeridl
applications were not found in the literature. Because off-site drift ismore or less a physical process
that depends on droplet size and meteorological conditions rather than the specific properties of the
herbicide, estimates of off-site drift can be made based on data for other compounds. The potential
for spray drift was investigated in numerous field studies reviewed recently by Bird (1995), as
summarized in worksheet 06. The monitoring studies involved low-flight agricultural applications
of pesticidesand employed varioustypesof nozzlesunder awiderange of meteorol ogical conditions.
The centra estimates of off-site drift for single swath applications were approximately 0.03 at 100
feet, 0.002 at 500 feet, 0.0006 at 1000 feet, and 0.0002 at 2500 feet (Bird 1995, Figure 2, p. 204).
Although multiple swath applications |ead to higher rates of off-site deposition, they arelesssuitable
for estimating drift from ground spray applications of sulfometuron methyl.

Another approach to estimating drift involves the use of Stoke's law, which describes the viscous
drag on amoving sphere. According to Stoke's law:

D2g
18n

or
v = 2.87-10°>D?

V =
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wherev isthe velocity of fall (cm sec?) ,D isthe diameter of the sphere (cm), g istheforce of gravity
(980 cm sec®), and n is the viscosity of air (1.9 - 10* g sec* em™ at 20°C) (Goldstein et al. 1974).

In typical backpack ground sprays, droplet sizes are greater than 100 |, and the distance from the
spray nozzle to the ground is 3 feet or less. In mechanical sprays, raindrop nozzles might be used.
These nozzles generate dropl etsthat are usually greater than 400 p, and the maximum distance above
the ground is about 6 feet. In both cases, the sprays are directed downward.

Thus, the amount of time required for a 100 p droplet to fall 3 feet (91.4 cm) is approximately 3.2
seconds,

91.4 + (2.87 - 10°(0.01)?).
The comparable time for a400 p droplet to fall 6 feet (182.8 cm) is approximately 0.4 seconds,
182.8 + (2.87 - 10°(0.04)?).

Under typical conditionsof application, thewind vel ocity should be no morethan 5 miles’hour, which
isequivaent to approximately 7.5 feet/second (1 mile/hour = 1.467 feet/second). Assuming awind
direction perpendicular to the line of application, 100 p particlesfalling from 3 feet above the surface
could drift asfar as 23 feet (3 seconds - 7.5 feet/second). A raindrop or 400 1 particle applied at 6
feet above the surface could drift about 3 feet (0.4 seconds - 7.5 feet/second).

If the wind speed is greater than 5 miles’hour, the Forest Service will not apply sulfometuron methyl
because of the concern for drift. For example, at wind speeds of 15 miles/hour, a 100 L droplet can
drift asfar as 68 feet (3 seconds - 15 - 1.5 feet/second). Smaller droplets will of course drift further,
and the proportion of these particlesin the spray aswell asthe wind speed will affect the proportion
of the applied herbicide that drifts off-site.

4.2.2.3. Wind Erosion — Theincident reported by Turner (1987) suggests an additional mechanism
by which sulfometuron methyl drift could affect non-target vegetation [i.e., sulfometuron methyl
bound to soil may be transported off-site by wind (see section 4.1.2.4)]. Wind erosion is a major
transport mechanism for soil (e.g., Winegardner 1996) and is associated with the environmental
transport of herbicides (Buser 1990). Although numerous models were developed for wind erosion
(e.g., Strek and Spaan 1997, Strek and Stein 1997), the quantitative aspects of soil erosion by wind
are extremely complex and site specific. Field studies conducted on agricultural sites found that
annual wind erosion may account for annual soil losses ranging from 2 to 6.5 metric tons/ha (Allen
and Fryrear 1977). The upper range reported by Allen and Fryrear (1977) is nearly the same as the
rate of 2.2 tons/acre (5.4 tongha) recently reported by the USDA (1998). The temporal sequence
of soil loss (i.e., the amount lost after a specific storm event involving high winds) depends heavily
on soil characteristics as well as meteorologica and topographical conditions.

Thisrisk assessment uses average soil losses ranging from 1 to 10 tongha-year, with atypical value
of 5 tonghayear. The value of 5 tons/hayear is equivalent to 500 g/m? [1 ton=1000 kg and 1 ha=
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10,000 n¥] or 0.05 g/cm? [1m?=10,000 cm?]. Thus, using asoil density of 2 g/cm?, the depth of soil
removed from the surface per year would be 0.025 cm[(0.05 g/cm?)+ (2 g/lcm®)]. The average
amount per day would be about 0.00007 cm/day [0.025 cm per year + 365 days/year]. The upper
range of the typical daily loss would thus be about 0.00014 cm/day.

The amount of sulfometuron methyl that might be transported by wind erosion depends on several
factors, including the application, the depth of incorporation into the soil, the persistence in the soil,
the wind speed, and the topographical and surface conditions of the soil. Under desirable conditions,
like relatively deep (10 cm) soil incorporation, low wind speed, and surface conditions that inhibit
wind erosion, it islikely that wind transport of sulfometuron methyl would be neither substantial or
nor significant.

Any number of undesirable exposure scenarios could be constructed. As summarized in Table 2-1,
dissipation half-times for sulfometuron methyl in soil are highly variable, ranging from about 10-20
daysin moist fields to 100-200 daysin arid fields.

Asareasonable ‘worst case’ scenario, it isassumed that sulfometuron methyl is applied to arid sail,
that it isincorporated into thetop 1 cm of soil, that minimal rainfall occursfor a2-month period, that
the degradation and dispersion of sulfometuron methyl in the soil is negligible over the 2-month
period, and that local conditions favor a high rate of soil loss (i.e., smooth, sandy surface with high
wind speeds) that isafactor of 10 greater than the upper limit of thetypical rate (i.e., 0.00014 cm/day
x 10 = 0.0014 cm/day). Under those conditions, 0.084 [0.0014 cm/day x 60 days + 1 cm] or 8.4%
of the applied sulfometuron methyl would be lost due to wind erosion.

The deposition of the sulfometuron methyl contaminated soil aso will vary substantialy with local
conditions. Under desirable conditions, the soil might be dispersed over avery large area and be of
no toxicological consequence. In some cases, however, local topographical conditions might favor
the deposition and concentration of contaminated dust from alargetreated areainto arelatively small
off-site area. An objective approach for modeling these types of events was not available in the
literature. For thisrisk assessment, neither concentration nor dispersionisconsidered quantitatively.
Nonetheless, these factors together with the general and substantial uncertainties in the exposure
assessment are considered in the risk characterization (see section 4.4).

4.2.2.4. Soil Contamination by Run-off — Other mechanisms of transport for herbicides, in addition
to aeria transport, involve movement in the soil either by run-off or percolation. Two detailed
studies (Hubbard et al. 1989, Wauchope et a. 1990) that investigate the fate and transport of
sulfometuron methyl in soil are useful for assessing the potential for off-site vegetation to be exposed
to sulfometuron methyl.

In the Hubbard et al. (1989) study, 0.6-4.48 kg/ha sulfometuron methyl was applied to three types
of soil: sandy clay loam, loamy sand, and sand. The soil surfaceswerefree of vegetation, and the sail
sopewas 2%. One day before application, the soilswere saturated with water by backflushing, which
maximized the potential for run-off. Rainfall rates of 125, 75, and 43 mm/hour were then ssimulated
for 2 hours, and run-off and percolation were measured. Concentrations of sulfometuron methyl in
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run-off were less than 2.4 pg/mL (2.4 ppm), and the concentrations in percolate were less than 0.1
pg/mL (0.1 ppm). Under low rainfall conditions (43 mm/hour), relatively little sulfometuron methyl
was removed by run-off: 0-4.2% of the applied amount with the greatest proportion found in sandy
clay loam. Under moderate or high levels of rainfall, however, up to 34.7% of the applied amount
waslost by run-off. Again, the greatest |osseswere noted in the sandy clay loam soil, and losseswere
not as great in loamy sand or sand. Aswould be expected, percolation was generally greater in the
sandier soils. Aspart of thestudy, Hubbard et al. (1989) compared theresults of GLEAM Smodeling
with the monitoring run-off. In al instances, GLEAMS under-predicted run-off, in some cases by
afactor of more than 30, with the greatest discrepancies apparent under heavy rainfall. According
to the investigators, these discrepancies are probably attributable to the 1-day time step used by
GLEAMS, which fails to account for rapid water and herbicide movement during short-term but
intense rainfall events.

In the Wauchope et a. (1990), study, sulfometuron methyl was applied at arate of 0.4 kg/hato a
sandy loam soil with an average slope of 2.5%. Bare soil aswell as soil covered with Bermudagrass
and Bahiagrass were used. Beginning 5 days before application, simulated rainfall was applied until
run-off occurred. Thus, although the soil was moist at the time of application, like it was in the
Hubbard et al. (1989) study, the soil was probably not as moist because of the longer period of time
between effective soil saturation and herbicide application. After application, smulated rainfall was
applied until 10 to12 500 mL run-off samples were collected. Although rainfall rates are not
specified, total rainfall ranged from about 12 to 30 mm at each site. Thus, the amount of rainfall in
this study was substantially lessthan that in the Hubbard et a. (1989) study, in which the lowest rate
used was 43 mm/hour for 2 hours. In al cases, the fractional lossin run-off ranged from 0.7 t01.4%
of the applied sulfometuron methyl and did not differ substantially on bare and covered plots. For
this study, unlike the study by Hubbard et al. (1989), the GLEAMS model did a good job of
predicting the amount of sulfometuron methyl run-off. The difference may be due to the lesser
amounts of rainfall in the Wauchope et a. (1990), which would tend to diminish the importance of
brief intense rainfall events.

These studies by Hubbard et a. (1989) and Wauchope et a. (1990) are fairly consistent with one
another. The run-off losses of 0.7-1.4% from sandy loam soil after 12-30 mm of rain, observed by
Wauchope et al. (1990), are comparable to the 0-4.2% run-off losses after atotal rainfall of 84 mm
(43 mm/hour for 2 hours), reported by Hubbard et al. (1989).

For this exposure assessment, these studies generally support the supposition that at least 1% of the
applied sulfometuron methyl could run off from the application site to adjoining areas after a
moderate rain. In the case of a heavy rain, losses could be much greater and might approach 50%
in cases of extremely heavy rain and a steep soil Sope.

The functional level of off-site exposure will depend largely on site specific conditions. If run-off
water were to disperse over avery large area, the soil concentrations would decrease. Conversely,
if run-off were to pool or accumulate in a relatively small area, the off-site levels would tend to
increase. Although somewhat speculative, the incident reported by Bridges (1992), described in
section 4.1.2.4, may be a case in which sulfometuron methyl run-off to a relatively low area was
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associated with damage to non-target vegetation. The potentia variability in run-off exposures and
their impact on this risk assessment are discussed further in the risk characterization (section 4.4).

4.2.3. Aguatic Organisms. For aguatic organisms, the estimated amount of sulfometuron methyl
in ambient water and in water bodies associated with an accidental spill (see section 3.2.3.4.1) may
be used as a very conservative estimate of exposure.

A substantial reservation regarding this approach has an impact on the characterization of risk to
aguatic plants. As detailed in worksheet 16, monitored levels of sulfometuron methyl in ambient
water rounded to one significant digit, are 0.02 (0.005-0.04) mg/L, based on the study by Neary and
Michael (1989) using an application rate of 0.36 |bs a.i./acre (see worksheet 16). Nevertheless, as
discussed in section 3.2.3.4.2, these are maximum or peak levels likely to occur immediately after
amagor rainfall. Adjusted for an application rate of 0.1 b a.i./acre, the expected levels in ambient
water would be 0.005 (0.001-0.01) mg/L (i.e., thelast column in worksheet 16 multiplied by 0.1 and
rounded to one significant digit). Based on the frequency of occurrence reported in Neary and
Michael (1989) (i.e., 10 out of 185 samples), time- weighted average longer-term concentrations
would be lower by afactor of about 20 [185+10=18.5]. Thus, concentrationsthat morerealisticaly
represent long-term exposurelevel swill be about 0.0002(0.00005-0.0005) mg/L [0.005 (0.001-0.01)
mg/L + 20]. Asdiscussed further in section 4.4, this temporal adjustment has a substantial impact
on the risk characterization for aquatic plants.

4.3. DOSE-RESPONSE ASSESSMENT

4.3.1. Overview. For terrestriadl mammalss, the dose-response assessment is based on
the same data as the human health risk assessment (i.e., aNOEL of 2 mg/kg/day NOEL from a 2-
year feeding study in rats). All of the potential longer-term exposures and all but one of the acute
exposures of terrestrial mammals to sulfometuron methyl are substantially below the NOEL of 2
mg/kg/day. Consequently, adose of 2 mg/kg/day isused to assessthe consequencesof all exposures.
Thereissomeambiguity inthe dose-response assessment regarding potential speciesdifferences. The
major uncertainty is whether the reproductive effects observed in a rabbit study can be clearly
attributed to sulfometuron methyl exposure. If o, it isnot clear whether the effects represent atrue
species sensitivity or are attributable primarily to the method of administration (gavagein rabbitsand
dietinrats). Although the available data seem to suggest that the sensitivity of birdsto sulfometuron
methyl issimilar to that of mammals, the avail able bird dataare not asextensive or of the same quality
asthe data on experimental mammals. Thislimitation adds uncertainty to the risk assessment, which
isqualitatively considered in therisk characterization. Thereisconsiderably little dataregarding the
toxicity of sulfometuron methyl to terrestrial invertebrates. Hence, the potential subchronic or non-
lethal effectsof exposureto sulfometuron methyl cannot be considered quantitatively. Thislimitation
also adds substantial uncertainty to the risk assessment, which is discussed in more detail in the risk
characterization.

There are ample and good data regarding the toxicity of sulfometuron methyl to terrestrial plants.
Sulfometuron methyl is arelatively non-specific herbicide that causes adverse effectsin avariety of
target and non-target plant species. The most relevant study for assessing these effects was
conducted by Drake (1990). The study showsthat at alow application rates, 0.001 kg/ha[0.000892
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Ib ai./acre], sulfometuron methyl induces grossly observable signs of toxicity in the seedlings of
severa broadleaves and grasses, either preemergence or postemergence.

Fish and aguatic invertebrates appear to have a similar sensitivity to sulfometuron methyl; hence, it
does not seem justified to develop separate dose-response assessments for these aguatic animals.
Mortality isnot likely to occur in aquatic species exposed to sulfometuron methyl concentrations|ess
than or equal to approximately 150 mg a.i./L. Based on a chronic daphnid study, the longer-term
reproductive NOEL is approximately 100 mg a.i./L. In fish, the highest concentration level tested
for effects on egg and fry, 1.17 mg a.i./L, had no effect on hatchability, growth, or survival. A
potential chronic hazard to fish at concentrations between 1.17 mg a.i./L and 100 mg a.i./L cannot
be dismissed but does not seem plausible. This uncertainty has relatively little impact on this risk
assessment because long-term exposure to greater than 1 mg a.i./L sulfometuron methyl is highly
implausible.

Aquatic plants are much more sensitive than aquatic animal sto sulfometuron methyl. Sensitive plant
speciesmay be affected at concentrationsgreater than 0.3 pug/L, and effects on several aquatic plants,
both macrophytes and algae are likely to occur at concentrations greater than or equal to 10 pg/L.
There is no information that would permit a quantitative dose-response assessment for aquatic
microorganisms. By analogy to terrestrial plants and terrestrial microorganisms, it seemslikely that
sensitivity to sulfometuron methyl is similar for aguatic microorganisms and aquatic plants.

4.3.2. Toxicity to Terrestrial Organisms.

4.3.2.1. Mammals— As summarized in the dose-response assessment for the human health risk
assessment (see section 3.3.3.), a provisional reference dose of 0.02 mg/kg/day is derived for the
characterization of potential effectsin humans. Thisestimateisbased on a2 mg/kg/day NOEL from
a2-year feeding study inrats. All of the potential longer-term exposuresand al but one of the acute
exposures of terrestrial mammals to sulfometuron methyl are substantialy below the NOEL of 2
mg/kg/day (see Table 4-1); thus, it is not necessary to elaborate much more on the dose-response
assessment. A dose of 2 mg/kg/day is used to assess the consequences of all exposures.

Theupper limit of the exposure scenario for the consumption of contaminated vegetation doesexceed
the NOEL by afactor of about 3. For this exposure scenario, the categorical regression analysis
developed in section 3.3.3 and illustrated in Figure 3-2 is used to characterize the likelihood of
observing adverse effects.

Thereissome ambiguity in the dose-response assessment regarding potential speciesdifferences. As
discussed in section 3.1.4, doses aslow as 100 mg/kg/day are associated with mortality in rabbitsand
doses as low as 30 mg/kg/day are associated with fetal anomalies. Asindicated in Figure 3-3, the
dose-response relationship is not monotonic (i.e., progressively increasing). Nonetheless, the
observations in the relatively low dose region cannot be dismissed, particularly because rabbits are
awildlife species that consumes large amounts of vegetation. On the other hand, the rabbit studies
al involve gavage administration instead of dietary exposure. Moreover, intherat studiesinvolving
dietary exposure, adverse reproductive effects were not observed at dose levels exceeding 400

mg/kg/day.
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The maor uncertainty is whether the effects reported in rabbits can be clearly attributed to
sulfometuron methyl exposure. If so, it is not clear whether the effects represent a true species
sengitivity or are attributable primarily to the route of exposure (gavage).

4.3.2.2. Birds—Asnoted in section 4.1.2.2, oral toxicity studies suggest that birds may be somewhat
less sensitive than mammals to the effects of sulfometuron methyl. Thus, for exposure scenarios
involving the ingestion of sulfometuron methyl from either contaminated vegetation or water, the
dose-response relationships for mammals may serve as conservative estimates for avian species.
Notwithstanding this approach and asdiscussed in section 4.1.2.2, the available dataon birds are not
as extensive or of the same quality as the data on experimenta mammals. This limitation adds
uncertainty to the risk assessment, which is qualitatively considered in the risk characterization
(section 4.4).

4.3.2.3. Terestrial Invertebrates-There is practically no information regarding the toxicity of
sulfometuron methyl to terrestrial invertebrates. As discussed in section 4.1.2.3, the one available
study (Hoxter and Smith 1990) indicates that doses up to approximately 1075 mg/kg are not lethal.
Although this suggestion is consistent with the data on mammals, no quantitative consideration can
be given to other potential subchronic or non-lethal effects. This limitation also adds substantial
uncertainty to the risk assessment, which is discussed in more detail in the risk characterization
(section 4.4).

4.3.2.4. Terrestrial Plants (Macrophytes)-- Asdiscussed in section 4.1.2.4, sulfometuron methyl is
arelatively non-specific herbicide that causes adverse effectsin avariety of non-target plant species.
Themost relevant study for assessing these effectswas conducted by Drake (1990). The study shows
that at alow application rates, 0.001 kg/ha [0.000892 |b a.i./acre], sulfometuron methyl induces
grossly observable signs of toxicity in the seedlings of several broadleaves and grasses, either
preemergence or postemergence.

In the greenhouse study, 27 species of terrestrial plants were exposed to sulfometuron methyl at
application rates ranging from 0.001 kg/ha [0.000892 Ib/acre] to 0.5 kg/ha [0.446 Ib/acre] to
postemergent plantsin soil, preemergent plantsin sand, or preemergent plantsin soil. The soil was
characterized as Sassafras sandy loam with apH of 6.5 and 1% organic matter. Plantswere evaluated
for damage after 15 days using a semi-quantitative scale in which ‘0" signified a NOEL and ‘10
sgnified 100% mortality. The plant species were classified as grass or broadleaf weeds as well as
grass or broadleaf crops.

The results of this study areillustrated for weedsin Figure 4-1 and for cropsin Figure 4-2. 1n both
figures, the apparent number of pointsisfar lessthan the actual number of points because of duplicate
results (i.e., the same severity at the same application rate) in different experimental groups. Intotal,
there are 492 experimental observations for weeds and 283 observations for crops. 1n both of these
figures, upper case letters are used to indicate broadleaf vegetation and lower case letters are used
to indicate grasses.

4-16



/cmps C = Broadesf Orep, ¢ = Grass Orop

‘ :
10 |-ieeniond

L [

hi

B4 1E3 oot
K Application Rale (Ib/acre)

01 1

/

Figure 4-1: Relationship of application rate to severity of effects in
broadleaf (C) and grass (c) crop species in the study by Drake

(1990).

Qualitatively, these figures do
not suggest remarkable
differences in sensitivity
between weeds and crops,
although there appears to be a
dight tendency for grasses to
be somewhat less sensitive than
broadleaves, at least at
application rates of 0.01
Ibs/acre or more.

This type of study could be
analyzed a number of ways.
The type of grading system for
damage, for example, could be
used in a standard categorical
regression anaysis, like that
done with the mammalian
toxicity studies.

One of the more significant
features of thisstudy, however,

is the frequency in the number of effects scores rated as ‘10" across the range of doses tested, as
illustrated in Figure 4-3. Thisfigureis essentially an absolute histogram of the scores for al plants
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Figure 4-2: Relationship of application rate to severity of effects in
broadleaf (W) and grass (w) weed species in the study by Drake

(1990).
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across al treatment methods
and application rates. As
illustrated in Figure 4-3,
amost 45% of all responses
were ranked at level ‘10" and
approximately 70% of all
responses were ranked as
eithera‘9' or a‘10.

As detailed in worksheet 48,
two sets of categorical
regression analyses were
conducted on the data from
Drake (1990). The first
analysisinvolved crops versus
weeds, including both
broadleaves and grasses in
each group, as illustrated in
Figure4-4. Inthisfigure, two
sets of the lines are plotted:
the two lines on the left most
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Figure 4-3: Frequency of observations of different severity levels

from the study by Drake (1990) for all species and application
rates.
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Figure 4-4: Summary of categorical regression analyses of crops
and weeds from the study by Drake (1990).
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side are the probabilities of
observing an effect more severe
than a NOEL for either weeds
(solid line) or crops (dashed
line) (i.e., the probability of not
observing a NOEL). The two
lines on the right-most side are
the probabilities of observing
the most severe effect, defined
in Drake (1990) as 100%
mortality.

Again, the solid line represents
the dose-response relationship
for weeds and the dashed line
represents the dose-response
relationship for crops. Over the
anticipated range of application
rates, weeds are substantially
more sensitive to sulfometuron

methyl (i.e.,, have a higher

™\ Pprobability of response a a

given dose level), compared
with crops, based on the most
severe effect. Nonetheless, at
the typical anticipated
application rate of 0.1 Ib
ai./acre, there is a substantial
probability (=30%) of
observing a very high rate of
mortality in the non-weed or
crop species. Even at the
lowest anticipated application
rate, 0.023 lbs a.i./acre, the
probability of observing 100%
mortality in crop species is
somewhat greater than 10%.
In the region of the NOEL,
thereversepatternisapparent,

\Leftmost Lines = Pr(>NOEL), Rightmost Lines = Pr(100% mortality) _/ with weeds being somewhat

less senditive than crops.
These estimates, however, are



based on relatively few e
observations, as illustrated in
Figure 4-3, and, therefore,
may be lessreliable.

As indicated in the discussion
of Figures4-1 and 4-2, thereis
a qualitative suggestion that | Probabity
grasses may be generdly less
sengitivethan broadleaves. To
test this impression, a
categorical regression was
conducted on al grasses
(weeds and crops combined) I A i MR MR
as Wdl as a” broa:" eaves. 1E7 1E6 1E5 1E4 1E3 001 01 1
This analysis is presented in Applcation Rate (b a./acre)

. . . Sdlid Lines = Grasses, Dashed Lines = Broadeaves
Fi gure 4-5, As illustrated in \@m Lines = Pr(>NOEL), Rightmost Lines = Pr(100% mortality) /

this figure, there are not Figure 4-5: Summary of categorical regression analyses of

substantial  differences N grasses and broadieaves from the study by Drake (1990).
sensitivity between these two

groups.

There are severa other studiesregarding thetoxicity of sulfometuron methyl to plants. Much of this
literature is reviewed in various publications (e.g., Aulger 1996, Barnes et a. 1990, Boutsalis and
Powles 1995, Stidham 1991). The published literature is generally consistent with, albeit not as
detailed as, thedataby Drake (1990). Intermsof the practical use of sulfometuron methyl, however,
it isnoteworthy that pine species are substantially |ess sensitive than either broadleaves or grassesto
sulfometuron methyl exposure. Nonetheless, over the range of typical to highest anticipated
applications rates, sulfometuron methyl inhibited root development in loblolly pine (Barnes et al.
1990).

4.3.2.5. Terrestrial Microorganisms— As discussed in section 4.1.2.5, the sensitivity of terrestrial
microorganisms appears to operate and be governed by the same mechanism involved in plant
toxicity. Thelowest reported effect level is70 pg/L. At thisconcentration, exposure periods of less
than 3 hours inhibited the growth of terrestrial/soil microorganisms in a liquid glucose medium
(Epelbaum et al. 1996). The extent to which these findings can be applied to soil levels of
sulfometuron methyl is uncertain.

4.3.3. Aquatic Organisms.

4.3.3.1. Animals— Asindicated in sections 4.1.3.1 through 4.1.3.3, fish and aguatic invertebrates
appear to have a smilar sensitivity to sulfometuron methyl; hence, it does not seem justified to
devel op separate dose-response assessmentsfor these aquatic animals. Thefish bioassaysin appendix
6 alow for a reasonably unambiguous estimate of exposure, which might be associated with fish
mortality. Mortality isnot likely to occur infish exposed to sulfometuron methyl concentrations|ess
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than or equal t0o150 mg a.i./L. In some respects, the study by Wetzel (1984) is the most relevant
because it involves exposure to Oust—rather than just sulfometuron methyl—to relatively large
numbersof organisms(i.e., 20 organismsper concentration level) at test concentrationsranging from
1000t010,000 mg/L. The highest concentration at which no mortality was observed was 2400 mg/L,
and the estimated LC,, with 95% confidence intervals was 8500 (6500-12,200) mg Oust DF/L
corresponding to approximately 6400(4900-9200) mg a.i/L (i.e., Oust is 75% sulfometuron methyl).

Based on a chronic daphnid study, the longer-term reproductive NOEL is approximately 100 mg
ai./L (Baer 1990). Infish, the highest concentration level tested for effects on egg and fry, 1.17 mg
ai./L, had no effect on hatchability, growth, or survival.

4.3.3.2. Aquatic Plants- The relevant data on the toxicity of sulfometuron methyl to aguatic plants
is summarized in appendix 6. For macrophytes, the most sensitive species appears to be Lemna
gibba, afreshwater macrophyte. Reported EC,, values for the inhibition of frond development and
biomassarelessthan 0.5 pg/L, with NOEC values of approximately 0.3 pg/L (Kannuck and Sloman
1995). Another freshwater macrophyte, Hydrilla verticillata, an aguatic angiosperm, has an EC,,
for growth inhibition of approximately 10 pg/L.

Among thefreshwater algae, the most sensitive speci es appearsto be Senenstrumcapriconutum, with
a 120-hour EC, of 4.6 pg a.i./L, which is based on areduction in cell density relative to controls
(Hoberg 1990). EC., valuesfor other freshwater algal species are generally greater than 10 pg/L,
depending on the endpoint assayed (Thompson 1994, Landstein et al. 1993).

4.3.3.3. Aquatic Microorganisms— There is no information that would permit a quantitative dose-
response assessment for aguatic microorganisms. Asdiscussed in the hazard identification, thisisa
seriouslimitation. By analogy toterrestrial plantsand terrestrial microorganism, it appearslikely that
aguatic microorganisms have sengitivities to sulfometuron methyl that are similar to those of aquatic
plants.

4.4. RISK CHARACTERIZATION

44.1. Overview. Theprimary concernwith sulfometuron methyl isthat the application
rate used to control the growth of target plant species, usually on the order of 0.1 |bs a.i./acre, is
about 100-fold greater than the rate that may damage non-target species (i.e., 0.001 kg/ha or
0.000892 Ibg/acre). Variouskinds of exposure to non-target terrestrial plant species are considered,
including direct spray, drift, wind erosion, and water erosion. Direct deposition through unintentional
direct spraying presents aclear hazard in the application of sulfometuron methyl and amost all other
herbicides. If non-target plants are accidentally sprayed at application rates that effectively control
weeds, they arelikely to be damaged, particularly inthe upper ranges of anticipated application rates.
Although spray drift could cause damage to vegetation, the impact would be limited and damage to
non-target species probably could be minimized or avoided during the application process. Wind
erosion is, at least potentialy, a much more serious problem. Although no significant transport of
sulfometuron methyl by soil erosion is anticipated under conditions that inhibit wind erosion of soil
(i.e., arough gravely surface or heavy vegetation covering or when the sulfometuron methyl is
incorporated relatively fast into theroot zone by irrigation or rainfall), substantial erosion could occur
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under arid conditions in flat sandy or otherwise fine soil with a sparse covering of vegetation.
Consistent with a reported incident in the literature, the transport of sulfometuron methyl by wind
erosion of soil could lead to overt signs of damage in non-target vegetation. Off-site soil
contamination with sulfometuron methyl by soil run-off isanother mechanismthat might cause effects
in non-target vegetation. As with wind erosion, there is likely to be substantial variability in the
deposition of run-off . In some cases, run-off from arelatively small area could be dispersed over a
very wide area and have little impact. In other cases, run-off from arelatively wide area could be
concentrated in a relatively small low lying area and damage to non-target vegetation would be
evident. Thisinterpretation issupported by and consistent with areported incident involving damage
to non-target vegetation from sulfometuron methyl run-off after application in aroadside hydraulic
Spray operation.

The duration of adverse effects on non-target terrestrial vegetation may vary substantially since the
persistence of sulfometuron methyl in soil ishighly variable. Dissipation haf-timesof 10-20 daysare
expectedinmoist fields. Inaridfields, however, dissipation half-times of 100-202 days are expected.
Considering all of the uncertainties and variability in addition to the value judgments that must be
involved in the risk characterization for terrestrial plants, the most balanced interpretation is that
damage due to inadvertent contamination of soil with sulfometuron methyl generally will take from
afew to several months to recover. Under some extreme conditions, recovery could occur within
a matter of weeks, however, under other conditions, recovery might take more than 1 year and
possibly severa years.

Compared with the potential effects on non-target vegetation, the risk characterization for terrestrial
animalsis of less concern. The weight of the data suggests that frank or even observable effectsin
terrestrial mammals exposed to sulfometuron methyl are not expected under most conditions of use.
At the highest anticipated application rate and under conservative assumptions of exposure, short-
term and probably transient changesin the blood are plausible for mammalsthat consume vegetation
primarily. Nonetheless, the possibility of adverse reproductive effects in some potentialy sensitive
species cannot be dismissed. These qualifications and uncertainties cannot be resolved with the
available data

Similarly, while the dataon potential effects on soil microorganismsisfar lesscomplete than the data
on non-target vegetation or terrestrial animals, this paucity of information hasrelatively little impact
on the risk assessment. Sulfometuron methyl applied to plants at rates that control undesirable
vegetation will causesubstantial damageto vegetation. Thisdamagewould probably be accompanied
by secondary changes in the local environment affecting the soil microbial community to a greater
extent or a least more certainly than any direct toxic action by sulfometuron methyl on the
microorganisms.

As with terrestrial species, aquatic plants are more likely than aquatic animals to show signs of
adverse effects from the application of sulfometuron methyl. Like terrestrial plants, aquatic plants
are very senditive to sulfometuron methyl. Under normal and anticipated conditions of use, it is
plausible that sulfometuron methyl contamination of water will cause adverse effects (i.e., reduction
in growth and biomass) in sensitive aguatic macrophytes and algal species. The duration of these
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effects will depend mostly on the dilution rates of the contaminated body of water and weather
conditions. For less sensitive species, the occurence of adverse effectsisfar lesslikely. For relatively
brief periods shortly after application, amuch broader range of aquatic plants might be affected, and
the duration of these effectsis likely to vary considerably.

For aguatic animals, the risk characterization is unambiguous. There is no evidence that
concentrations of sulfometuron methyl in the range of those likely to be found in ambient water after
any plausible application program or those that might occur after a spill will cause adverse effectsin
fish or aguatic invertebrates. Aswith any attempt to characterize effects in numerous species using
data on a relatively small number of species, this risk characterization is tempered by the limited
number of test species and the paucity of field studies on aguatic animals. Nonetheless, this
assessment is based on apparently well-conducted studies that include sensitive life stage testing of
both invertebrates and fish. Notwithstanding the low potential for direct toxic effects on aquatic
animals, effects on fish and invertebrate popul ations are plausible, given the toxicity of sulfometuron
methyl to aquatic plants.

4.4.2. Terrestrial Organisms.

44.21. Terestrial Animals— The quantitative risk characterization for terrestrial animals is
summarized in Table 4-2. Except for the direct spray scenario for the bee, all of the quantitative risk
characterizations apply to a 20 g mammal. In Table 4-2, the hazard quotient for each scenario,
except that for the honey bee, is calculated as the exposure estimate presented in Table 4-1 divided
by the chronic NOAEL for rats of 2 mg/kg/day, discussed in section 4.3.2.1. In some respects, this
approach may be regarded as extremely conservative, particularly in the application of the chronic
NOAEL to acute exposure scenarios. Nonetheless, as discussed in section 3.3.3, there is no
statistically significant relationship between the duration of exposure and the severity of the toxic
effect in experimental mammals. In other words, the extent of the toxicity seemsto be related more
to the amount of compound consumed in 1 day than to the number of days over which exposure
OCCUrs.

For the honey bee, the hazard quotient isbased on the non-lethal acute doselevel of 1075 mg/kg from
the study by (Hoxter and Smith 1990). As discussed in section 4.1, this is the only information
available on the toxicity of sulfometuron methyl to terrestrial invertebrates.

Asspecifiedin Table 4-2, both the central estimatesaswell asthe upper range of the hazard quotients
associated with the longer-term exposure scenarios are below unity, indicating that toxic effects are
not likely to occur.

For acute exposures of small mammals, none of the central values for the hazard quotient exceed
unity, although the hazard quotient for the direct spray scenario with 100% absorption reaches unity.
The upper limit of the estimated hazard quotients for direct spray with 100% absorption and the
consumption of contaminated vegetation both substantially exceed unity. Asindicated in Table4-1,
these hazard quotients are associated with doselevel sof about 7-9 mg/kg. Based on the conservative
dose-response assessment using al of the available data in the categorical regresson analysis (see
Figure 3-4), these dose levels would be associated with a 15-20% probability of an AEL. It is
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Table 4-2. Summary of quantitative risk characterization for terrestrial animals.®

Hazard Quotient®

Scenario )

Typical L ower Upper
Acute/Accidental Exposures
Direct spray, small mammal, first- 0.007 0.0003 0.1
order absorption
Direct spray, small animal, 100% 1 0.3 5
absorption
Direct spray, bee, 100% absorption® 0.01 0.003 0.06
Consumption of contaminated 0.3 0.06 4
vegetation, acute exposure
Consumption of contaminated 0.04 0.007 0.3
water, acute exposure
L onger-Term Exposures
Consumption of contaminated 0.01 0.003 0.2
vegetation, chronic exposure
Consumption of contaminated 0.0007 0.00004 0.006

water, chronic exposure

& See Table 4-1 for summary of exposure assessment.

® Except for the honey bee, the hazard quotient is calculated as the estimated exposure divided by the chronic
rats NOAEL of 2 mg/kg/day and then rounded to one significant decimal or digit.

¢ The hazard quotient is based on the non-lethal acute dose level of 1075 mg/kg from the study by (Hoxter and
Smith 1990) .

unlikely that these doses would €licit gross signs of toxicity. If adverse effects occurred, they
probably would involve hemolytic anemia, asillustrated in Figure 3-2. Furthermore, given the short-
term nature of the exposure, these effects would probably be transient.

This interpretation might be considered either insufficiently protective or overly conservative. The
interpretation isconservativein that repeated dose studies, some extending for upto 2 years, areused
to define the dose-response relationship. The NOAEL of 2 mg/kg/day is, in fact, from a 2-year
feeding study by Mullin (1984) (see Table 3-3). These acute scenarios attempt to consider the
consequencesof very short-term exposures, and, therefore, might seemto begrossly over-protective.
As indicated in Table 3-3, there is an adequate 90-day NOAEL of 9 mg/kg/day in rats with a
corresponding AEL at about 80 mg/kg/day (Wood et a. 1980). Thus, it may be argued that the
occurrence of toxicologically significant effectsisimplausible at doses between 7 and 9 mg/kg/day,
which are associated with hazard quotients between 4 and 5 (see Table 4-2). Nonetheless, as
discussed in section 3.3.3 and detail ed in worksheets 30 through 34, various of kindsof analyseswere
conducted on the available data and none of them suggest that there is a statistically significant
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relationship between duration of exposure and severity of effect. That is not to say that such a
relationship does not exist; however, therel ationship cannot be demonstrated with the available data.
Thus, it may be appropriateto uselonger-term toxicity studiesto assessthe consequences of shorter-
term exposure.

Therisk characterization summarized in Table 4-2 isnot considered sufficiently protective, based on
the evidence of reproductive effects in rabbits exposed to sulfometuron methyl. As discussed in
section 3.3, rabbits may be more sensitive than mice, rats, or dogs to sulfometuron methyl, and this
sendgitivity may adversely affect reproductive performance. The available studies, however, are not
adequate to determine whether the observed responses are caused by sulfometuron methyl exposure
or result from gavage rather than dietary administration of the compound. Moreover, because of the
smal number of animals used in the rabbit studies and the lack of a consistent increase in the
incidence of adverse effects with increasing dose (see Figure 3-3), the observed responses might be
ascribed toincidental statistical variation. Nonetheless, if the responsesin thelow-doseregion of the
rabbit studies are ascribed to sulfometuron methyl, it may be argued that a dose of 30 mg/kg/day is
an FEL for fetal abnormalities (Serotaet a. 1981) (see Table 3-3) and that aNOAEL for this effect
has not been identified. Thus, dosesin the range of 7 to 9 mg/kg/day or even 2 mg/kg/day could be
regarded as having the potential to cause adverse reproductive effects.

These qualifications and uncertainties cannot be resolved with the available data. Notwithstanding
this limitation, the weight of the data suggests that frank or even observable effects in terrestrial
mammals exposed to sulfometuron methyl are not expected under most conditions of use. At the
highest anticipated application rate and under conservative assumptions of exposure, short-term and
probably transient changesin the blood are plausiblefor mammal sthat consume vegetation primarily.
Admittedly, however, the possibility of adverse reproductive effects in some potentially sensitive
species cannot be dismissed.

4.4.2.2. Terrestrial Plants- The primary concern with sulfometuron methyl is that the application
rate used for the control of target species, typically on the order of 0.1 Ibsa.i./acre, is approximately
100-fold greater than the rate that may damage non-target species [i.e., 0.001 kg/ha or 0.000892
Ibs/acre from the study by Drake (1990) discussed in section 4.3.2.4].

Asdiscussedin section 4.2.2, threekinds of exposure are considered in the assessment for non-target
plants species. direct spray, drift or wind erosion, and water erosion. As is the case with any
herbicide, the likelihood of damage to non-target plant speciesis related directly to the difference
between the sengitivity of target species—which dictates the application rate—and the sensitivity of
the potential non-target species.

4.4.2.2.1. DIRECT SPRAY —Direct deposition through unintentional direct spraying presentsaclear
hazard in the application of sulfometuron methyl and almost al other herbicides. If non-target plants
are accidentally sprayed at application rates that effectively control weeds, they are likely to be
damaged, particularly in the upper ranges of anticipated application rates. The exceptions are plants
that devel oped aresistance to or were engineered to be resistant to sulfometuron methyl. Thiskind
of exposure may be regarded as accidental, which is relatively easy to control with proper
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management and application. The extent and duration of damage will depend on the time of
application and the species of plant.

4.4.2.2.2. SPRAY DRIFT — Based on estimates using Stoke's Law (see section 4.2.2.2), it is
plausible that droplets ranging from 100 to 400 p might drift about 3-23 feet at a wind speed of 5
miles per hour. Although this event might cause damage to vegetation, the impact would be limited
and damage to non-target species probably could be minimized or avoided during the application
process.

4.4.2.2.3. WIND EROSION — Wind erosion is, at least potentially, a much more serious problem.
As discussed in section 4.2.2.3, no significant transport of sulfometuron methyl by soil erosion is
anticipated under conditionsthat inhibit soil erosion (i.e., arough gravely surface or heavy vegetation
covering or when the sulfometuron methyl is incorporated relatively fast into the root zone by
irrigation or rainfall). Under arid conditions, however, in flat sandy or otherwise fine soil with a
sparse covering of vegetation, substantial erosion could occur. The quantity of sulfometuron methyl
that might be transported and its distribution to non-target plant species would be highly variable.
Based on the assumptions and cal cul ations presented in section 4.2.2.3, a‘worst case’ scenario may
be developed in which 0.084 (8.4%) of the applied sulfometuron methyl islost due to wind erosion.
Further assuming that the sulfometuron methyl is evenly dispersed on adjacent vegetation, an
application rate of 0.1 Ibs a.i./acre could be associated with a functional exposure of about 0.0084
Ibs/acre in an adjacent area. Based on the categorical regression analysis for crops illustrated in
Figure 4-4, thislevel of exposure would be associated with aabout a 99.7% probability of observing
somedamage (i.e., the probability of observing no effect isabout 0.3%). The probability of observing
100% mortality, also illustrated in Figure 4-4, is approximately 6%.

Thisrisk characterization for potential damage due to wind erosion may be conservativein terms of
the exposure assessment but not in terms of the dose-response assessment. As clearly demonstrated
in Drake (1990), there are likely to be observable signs of damage (i.e., overt toxic effects) at
concentrations as low as 0.000892 |bs a.i./acre (0.001 kg/ha). It is noteworthy that more than one-
half (56/98) of the observations from the Drake (1990) study for exposure to less than 0.001 Ibs
a.i./acre involved severity levels classified between 6 and 10 and that in about 10% (10/98) of the
observations the severity classification was 10. Thus, although the categorical regression anaysis
involves some level of extrapolation from the available data, the extrapolation to the exposure levels
of concernisrelatively modest. Figure4-4, adso illustrates a greater than 50% probability that some
effectswould be observed at functional application ratesaslow as0.00001 Ibsa.i./acre. Thus, even
if the exposure assessment leading to a functional/unintended application rate of 0.0084 Ibs a.i./acre
overestimates any plausible exposure by a factor of 840, some adverse effects are likely to be
observed. Although these effects might not involve plant death, it isnoteworthy that all of the effects
recorded by Drake (1990) were, by definition, observable. That is to say, the effects would be
classified asindications of frank toxicity.

Thisanalysisis consistent with and supported by the Turner (1987) study, which indicates that the

transport of sulfometuron methyl by wind erosion may lead to overt signs of damage in non-target
vegetation.
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4.4.2.2.4. SOIL RUN-OFF — Off-gte soil contamination with sulfometuron methyl by soil run-off
is another mechanism that might cause effects in non-target vegetation. Unlike the wind erosion
scenario, therearefield studiesavailablefor supporting the exposure assessment invol ving the run-of f
of sulfometuron methyl. Asdiscussed in section 4.2.2.4., run-off losses of approximately 1% from
sandy loam soil are plausible after 12-30 mm of rain. In general, run-off will be less in sandy soil,
where percolation will predominate, and greater in clay and loam soils, where run-off will
predominate. With greater amounts of rainfall shortly after application, run-off losses could reach
50%.

Asinthewind erosion scenario, thereislikely to be substantia variability in the deposition of run-off
(i.e., Situational variability). In some cases, run-off from arelatively small area could be dispersed
over avery wideareaand havelittleimpact. In other cases, run-off from arelatively wide areacould
be concentrated in a relatively small low lying area. For this risk assessment, even dispersion is
assumed for the quantitative characterization of risk. Thus, at atypical applicationrateof 0.11bai.,
1% run-off to an off-site area would be equivalent to an application rate of 0.001 Ibs a.i./acre and
50% run-off would be equivalent to an application rate of 0.05 Ibs a.i./acre.

The consequences of this level of exposure to non-target vegetation may be characterized with
reference to Figure 4-4 using the data from Drake (1990), which is similar to the approach taken in
the previous section on wind erosion. Functional application rates that approach 0.05 Ibs a.i./acre
(i.e., the extreme scenario) would lead to clear and unequivocal signs of damage. Under afar less
conservative scenario (an application rate of 0.1 lbs ai./acre and a run-off fraction of 1%) the
effective application rate would be 0.001 Ibs a.i./acre. This application rate is approximately equal
to the low dose level in the Drake (1990) study. Under those kinds of conditions, there is about a
10% likelihood of observing amost 100% mortality in plant species that are as senditive to
sulfometuron methyl as the crop species tested by Drake (1990). In this region of exposure, the
mortality rate among less sensitive species|i.e., those speciesthat are as sensitive asthe weed species
tested by Drake (1990)] is not likely to be as high. In both groups of species, however, there is
certain to be some damage. Based on the categorical regression analysisillustrated in Figure 4-4, the
probability of not observing any adverse effect is less than 2%.

Aswith the risk characterization for effects associated with wind erosion, the above interpretation
is supported by and consistent with the incident reported by Bridges (1992) in which sulfometuron
methyl run-off from roadside hydraulic spray operations was associated with substantial damage to
aflower farm.

4.4.2.2.5. DURATION OF EFFECTS- The persistence of sulfometuron methyl in soil is highly
variable. Based on USDA (1996) estimates, dissipation haf-times of 10-20 days are expected in
moist fields. In arid fields, however, dissipation half-times of 100-202 days are expected.

Based on the assumption of first-order dissipation, the proportion (p) of amaterial remaining at time,

t, can be calculated as:
p: e—keXt
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where k. is equal to the natural log of 2 divided by the half-time. By rearrangement, the time
necessary for areduction to some fixed proportion of a material can be calculated as:

t =-logy(p) = K.

The worst case scenario for wind erosion leads to afunctional exposure of about 0.0084 |bs/acre in
an adjacent area. As discussed in section 4.2.2.3, this scenario is most plausible in an arid
environment. What constitutes an * acceptable’ level of sulfometuron methyl in soil isdebatable. As
illustrated in Figure 4-4, the categorical regression analysisindicatesthat thereisabout a10% chance
of observing some adverse effect at an effective application rate of 0.0000001 lbs a.i./acre for
senditive species. The proportion of decay necessary to reach thislevel is approximately 0.00001:

0.0000001 Ibs a.i./acre + 0.0084 |bs/acre = 0.0000119.

Using half-times of 100-200 days for arid soil or k, values of 0.0035-0.0069, the time required to
reach thislevel is approximately 4.5-9 years:

t = -log,(0.00001) + 0.0035 = 3289 days ~ 9 years.
t = -log,(0.00001) + 0.0069 = 1669 days ~ 4.5 years.

This is undoubtedly an extreme and probably not very useful calculation because it assumes arid
conditionsover implausibleperiodsof time. Inaddition, these cal culationsassume no additional wind
erosion, which is likely to occur and would tend to further disperse and dilute the sulfometuron
methyl.

A lessconservative but probably much morerealistic assessment isbased on the soil dissipation half-
times of 10-20 days, corresponding to k. values ranging from 0.035 to 0.069. Using these values,
the time required to reach 0.00001 of the origina amount is from approximately 5 to 11 months:

t = -log,(0.00001) + 0.035 = 329 days ~ 11 months.
t = -log,(0.00001) + 0.069 = 167 days ~ 5 months.

It is possible to make any number of calculations analogous to those provided. For example, taking
0.0001 Ibs a.i./acre as an acceptable soil level and taking 0.001 Ibs a.i./acre as an effective off-site
application rate from the ‘typical’ run-off scenario, the relative reduction in residues would have to
reach only 0.1. If the longer half-times for soil were used, the reduction in residue would require
about 10 to 21 months:

t = -log,(0.1) + 0.0035 = 657 days ~ 21 months,
t = -log,(0.1) + 0.0069 = 333 days ~ 10 months.

Using the shorter half-timesfor soil, areduction to 0.1 of the original level would require about 1 to
2 months:
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t = -log,(0.1) + 0.035 = 66 days ~ 2 months,
t = -log,(0.1) + 0.069 = 33 days ~ 1 month.

Just as the extreme values of 4.5 to 9 years should be discarded astoo conservative, the values of 1
to 2 months cal cul ated above may not be adequately protective. That isbecause, based on the Drake
(1990) study, classifying alevel of 0.0001 Ibs a.i./acre as ‘acceptable’ is not appropriate because
plants are likely to be visibly damaged at that exposure level.

Recognizing all of the uncertainties and variability aswell as value judgments that must be involved
in this risk characterization, the most balanced interpretation is that damage caused by inadvertent
contamination of soil with sulfometuron methyl will generally take from afew to severa months to
recover. Under some extreme conditions, recovery could occur within amatter of weeks; however,
under other conditions, recovery might take more than 1 year and possibly severa years.

4.4.2.3. Terrestrial Microorganisms — Based on the study by Hubbard et al. (1989), sulfometuron
methyl concentrations after light to heavy rainfallswerelessthan 2.4 pg/mL (2400 pg/L or 2.4 ppm)

in run-off and 0.1 pg/mL (100 pg/L) in percolate at applications rates within the range used by the
Forest Service. Data regarding the toxicity of soil-incorporated sulfometuron methyl to soil

microorganismsisnot available. Based on the study by Epelbaum et al. (1996), sulfometuron methyl

concentrations of ~73 pg/L in aliquid glucose medium inhibited the growth of soil microorganisms
after exposure periods of lessthan 3 hours (see section 4.3.2.5). Although thelevel of sulfometuron
methyl in run-off may be substantially greater than levels that might inhibit microbial growth, the
compound would be diluted substantially in the soil column. Concentrations of sulfometuron methyl

inthe percolate are more directly relevant to soil bacteria. 1f thelevel used by Epelbaum et a. (1996)
in glucose medium is relevant to soil exposure, microbial inhibition is likely to occur and could be
substantial. Thereis no certainty, however, that the finding is relevant.

From apractical perspective, this uncertainty hasrelatively little impact on thisrisk assessment. As
discussed in the previous section, sulfometuron methyl applied to vegetation at rates that control
undesirable vegetation will cause substantial damage to the vegetation, target or non-target. This
damage would probably be accompani ed by secondary changesin thelocal environment affecting the
soil microbial community to agreater extent or at least more certainly than any direct toxic action by
sulfometuron methyl on the microorganisms.

4.4.3. Aquatic Organisms. Asdetailed in section 4.2.3, concentrations of sulfometuron methyl in
ambient water over prolonged periods of time are estimated at 0.0002 (0.00005-0.0005) mg/L. In
the accidental spill scenario used in this risk assessment (worksheet 26), ambient levels are likely to
be about 0.33 mg/L with arange of 0.053-2.29 mg/L.

4.4.3.1. Fish and I nvertebrates — In terms of effects due to the direct toxic action of sulfometuron
methyl, the risk characterization is unambiguous. There is no evidence that concentrations of
sulfometuron methyl in the range of those likely to be found in ambient water after any plausible
application program or those that might occur after aspill will cause adverse effectsin fish or aguatic
invertebrates. Like any attempt to characterize effectsin numerous speciesusing dataon arelatively
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small number of species, this risk characterization must be tempered by the limited number of test
species and the paucity of field studies on aquatic animals. Nonetheless, this assessment is based on
apparently well-conducted studies that include sensitive life stage testing of both invertebrates and
fish.

Notwithstanding the aboverisk characterization, adverse effects on fish and invertebrate popul ations
are plausible, given the toxicity of sulfometuron methyl to aquatic plants.

4.4.3.2. Aquatic Plants — Like terrestrial plants, aquatic plants are very sensitive to sulfometuron
methyl. The upper range of expected levels of sulfometuron methyl in ambient water associated with
the normal use of this herbicide [i.e., 0.0002 (0.00005-0.0005) mg/L or 0.2(0.05-0.5) ug/L] are at
the EC,, values for the most sensitive aquatic macrophyte, Lemna gibba (EC,, values for frond
growth inhibition and biomassreduction arelessthan 0.5 pg/L with NOEC vauesof about 0.3 pg/L).

Comparable EC,, valuesfor other less sensitive aguatic plants range from 0.005 to 0.01 mg/L, which
are ten times above the range of sulfometuron methyl levels expected to occur from the normal use
of thiscompound. Asdiscussed in section 4.2.3, transient concentrations of sulfometuron methyl in
water shortly after application could be higher by afactor of about 20.

Thus, under normal and anticipated conditions of use, it is plausible that sulfometuron methyl
contamination of water will cause adverse effects (i.e., reduction in growth and biomass) in sensitive
aguatic macrophytes and algal species. Asnoted in Table 2-1 and appendix 1, sulfometuron methyl
ischemically stable in water. The duration of these effects will depend heavily on the dilution rates
of the contaminated body of water and weather conditions. For |ess sensitive species, the occurrence
of adverseeffectsisfar lesslikely. For relatively brief periods shortly after application, amuch wider
range of aquatic plants could be affected and the duration of these effects could vary considerably.

Levels that might be expected after a spill [i.e., 0.33 (0.053-2.29) mg/L] are greatly in excess of

concentrationsrequired to createasubstantial reductioninthe popul ation of aquatic macrophytesand
algae. Again, the duration over which these effects might be seen cannot be well characterized.
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6. GLOSSARY

Absorption -- The process by which the agent is able to pass through the body membranes and enter the
bloodstream. The main routes by which toxic agents are absorbed are the gastrointestinal tract, lungs, and skin.

Acute exposure -- A single exposure or multiple exposure occurring within a short time (24 hours or less).
Additive effect -- A situation in which the combined effects of two chemicalsis equal to the sum of the effect
of each chemical given alone. The effect most commonly observed when two chemicals are given together is

an additive effect.

Adjuvant(s) -- Formulation factors used to enhance the pharmacological or toxic agent effect of the active
ingredient.

Adrenergic -- A type of nerve which uses an adrenaline like substance as a neurotransmitter.

Adsor ption -- The tendency of one chemical to adhere to another material.

Adver se-effect level (AEL) -- Signsof toxicity that must be detected by invasive methods, externa monitoring
devices, or prolonged systematic observations. Symptomsthat are not accompanied by grossly observablesigns

of toxicity. In contrast to Frank-effect level.

Alkaline phosphatase — An enzyme that occurs in various normal and malignant tissues. The activity of the
enzymein blood is useful in diagnosing many illnesses.

Allometric -- pertaining to allometry, the study and measure of growth. In toxicology, the study of the
relationship of body size to various physiological, pharmacological, pharmacokinetic, or toxicodynamic
Processes among SpPecies.

Amphibian — A cold-blooded vertebrate capable of operating on land and in water.

Arid — A terrestrial region lacking moisture, or a climate in which the rainfall is not sufficient to support the
growth of trees or woody plants.

Assay -- A kind of test (noun); to test (verb).

Bioconcentration factor (BCF) -- The concentration of a compound in an aquatic orgainism divided by the
concentration in the ambient water of the organism.

Biologically sensitive -- A term used to identify a group of individuals who, because of their developmental
stage or some other biological condition, are more susceptible than the genera population to a chemical or
biological agent in the environment.

Broadleaf weed -- A nonwoody dicotyledonous plant with wide bladed |eaves designated as a pest speciesin
gardens, farms, or forests.



Cancer potency parameter -- A model-dependent measure of cancer potency (mg/kg/day)™ over lifetime
exposure. [Often expressed asaq,” which is the upper 95% confidence limit of the first dose coefficient (q,)
from the multistage model .]

Carcinogen -- A chemical capable of inducing cancer.

Carcinoma -- A malignant tumor.

Carrier -- In commercial formulations of insecticides or control agents, a substance added to the formulation
to make it easier to handle or apply.

Chronic exposure -- Long-term exposure studies often used to determine the carcinogenic potentia of
chemicals. These studies are usually performed in rats, mice, or dogs and extend over the average lifetime of
the species (for arat, exposureis 2 years).

Conifer -- An order of the Gymnospermae, comprising awide range of trees, mostly evergreensthat bear cones
and have needle-shaped or scaldlike leaves; timber commercialy identified as softwood.

Connected actions -- Exposure to other chemical and biological agentsin addition to exposure to the control
agent during program activities to control vegetation.

Contaminants-- For chemicals, impurities presentinacommercial gradechemical. For biological agents, other
agents that may be present in acommercial product.

Controls-- Intoxicology or epidemiology studies, apopulation that is not exposed to the potential ly toxic agent
under study.

Creatine— An organic acid composed of nitrogen. It supplies the energy required for muscle contraction.

Creatinine— The end product of the metabolism of creatine. It isfound in muscle and blood and is excreted
in the urine.

Cumulative exposures -- Exposures that may last for several days to several months or exposures resulting
from program activities that are repeated more than once during a year or for several consecutive years.

Dams— A term used to designate females of some species such asrats.

Degraded -- Broken down or destroyed.

Dermal -- Pertaining to the skin.

Didodgeableresidues— Theresidue of achemical or biologica agent onfoliage asaresult of aerial or ground

spray applications, which can be removed readily from the foliage by washing, rubbing or having some other
form of direct contact with the treated vegetation.



Dose-responseassessment -- A description of the rel ationship between the dose of achemical and theincidence
of occurrence or intensity of an effect. In general, thisrelationship is plotted by statistical methods. Separate
plots are made for experimental data obtained on different species or strains within a species.

Drift -- That portion of a sprayed chemical that is moved by wind off atarget site.

ECy, -- A concentration that causes 50% inhibition or reduction. Asused in this document, thisvaluesrefers
to a 50% inhibition of growth.

EC,p -- A concentration that causes complete inhibition or reduction. As used in this document, this values
refers to a complete inhibition of growth.

Empirical -- Refers to an observed, but not necessarily fully understood, relationship in contrast to a
hypothesized or theoretical relationship.

Enzymes -- A biological catalyst; a protein, produced by an organism itself, that enables the splitting (asin
digestion) or fusion of other chemicals.

Epidemiology study -- A study of a human population or human populations. In toxicology, a study which
examinesthe relationship of exposuresto one or more potentially toxic agent to adverse health effectsin human
populations.

Exposur e assessment -- The process of estimating the extent to which apopulation will comeinto contact with
achemical or biological agent.

Extrapolation -- The use of amodel to make estimates outside of the observable range.

Fetal anomaly — An abnormal condition in afetus, which is usually the result of a congenital defect.
Formulation -- A commercia preparation of a chemical including any inerts or contaminants.
Frank effects -- Obvious signs of toxicity.

Frank-effect level (FEL) -- The dose or concentration of achemical or biological agent that causes grossand
immediately observable signs of toxicity.

Gavage -- The placement of atoxic agent directly into the stomach of an animal, using a gastric tube.
Genotoxic -- Causing direct damage to genetic material. Associated with carcinogenicity.

Geometric mean -- The measure of an average value often applied to numbers for which a log norma
distribution is assumed.

Gestation -- The period between conception and birth; in humans, the period known as pregnancy.

Half-time or half-life -- For compounds that are eliminated by first-order kinetics, the time required for the
concentration of the chemical to decrease by one-half.
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Hazard quotient (HQ) -- The ratio of the estimated level of exposure to the RfD or some other index of
acceptable exposure.

Hazard identification -- The process of identifying the array of potentia effects that an agent may induce in
an exposed human population.

Hematological -- Pertaining to the blood.

Hematology -- One or more measurements regarding the state or quality of the blood.

Henry'slaw constant -- An index of the tendency of a compound to volatilize from aqueous solutions.
Herbaceous -- A plant that does not develop persistent woody tissue above the ground (annual, biennial, or
perennial, but whose aeria portion naturally dies back to the ground at the end of a growing season. They

include such categories as grasses and grass-like vegetation.

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

Histopathology -- Signs of tissue damage that can be observed only by microscopic examination.
Hydrolysis-- Decomposition or ateration of a chemical substance by water.

Hydroxylation -- The addition of a hydrogen-oxygen or hydroxy (-OH) group to one of the rings.
Hydroxylationincreasesthewater solubility of aromatic compounds. Particularly whenfollowed by conjugation
with other water soluble compoundsin the body, such assugarsor amino acids, hydroxylation greatly facilitates

the elimination of the compound in the urine or bile.

Hymolytic anemia — A medical condition in which the number of red blood cells is decreased due to
intravascular fragmentation or destruction.

I'n vivo -- Occurring in the living organism.
In vitro -- Isolated from the living organism and artificially maintained, asin atest tube.

Inerts-- Adjuvants or additivesin commercial formulations of glyphosate that are not readily active with the
other components of the mixture.

Inter polation -- The use of mathematical models within the range of observations
Intraperitoneal -- Injection into the abdominal cavity.
Invertebrate -- An animal that does not have a spine (backbone).

Irritant effect -- A reversible effect, compared with a corrosive effect.
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L Cy, (Iethal concentrationsg) -- A calculated concentration of achemical inair to which exposurefor aspecific
length of time is expected to cause death in 50% of a defined experimental animal population.

LDs, (lethal dosey,) -- The dose of a chemical calculated to cause death in 50% of a defined experimental
anima population over a specified observation period. The observation period is typicaly 14 days.

L owest-obser ved-adver se-effect level (LOAEL) -- The lowest dose of a chemical in a study, or group of
studies, that producesstatistically or biologically significant increasesin frequency or severity of adverseeffects
between the exposed population and its appropriate control.

Lymphatic — Pertaining to lymph, alymph vessd, or alymph node.

Lymph — A clear water fluid containing white blood cells. Lymph circulates throughout the lymphatic system,
removing bacteria and certain proteins from body tissue. It also is responsible for transporting fat from the
small intestine and suppling mature lymphocytes to the blood.

Macrophyte — Terrestrial plant

Malignant -- Cancerous.

Margin of safety (M OS) -- Theratio between an effect or no effect level in an animal and the estimated human
dose.

M etabolite -- A compound formed as aresult of the metabolism or biochemical change of another compound.

Metameter -- Literaly, the unit of measure. Used in dose-response or exposure assessments to describe the
most relevant way of expressing dose or exposure.

Microorganisms-- A generic term for all organisms consisting only of asingle cell, such as bacteria, viruses,
and fungi.

Microsomal -- Pertaining to portions of cell preparations commonly associated with the oxidative metabolism
of chemicals.

Minimal risk level (MRL) -- A route-specific (ora or inhaation) and duration- specific estimate of an
exposure level that is not likely to be associated with adverse effects in the general population, including
sensitive subgroups.

Mitochondria -- Subcellular organelles involved in the conversion of food to stored chemical energy.

Most senditive effect -- The adverse effect observed at the lowest dose level, given the available data. Thisis
an important concept in risk assessment because, by definition, if the most sensitive effect isprevented, no other
effects will develop. Thus, RfDs and other similar values are normally based on doses at which the most
senditive effect is not likely to develop.

Multiple chemical sendtivity -- A syndrome that affects individuals who are extremely sensitive to chemicals
a extremely low levels of exposure.



M utagenicity -- Theability to cause genetic damage (that isdamageto DNA or RNA). A mutagenissubstance
that causes mutations. A mutation is changein the genetic material in abody cell. Mutations can lead to birth
defects, miscarriages, or cancer.

Non-target -- Any plant or animal that a treatment inadvertently or unavoidably harms.

No-obser ved-adver se-effect level (NOAEL ) -- Thedose of achemical at which no statistically or biologically
significant increasesin frequency or severity of adverse effects were observed between the exposed population
and its appropriate control. Effects may be produced at this dose, but they are not considered to be adverse.
No-observed-effect level (NOEL) -- The dose of achemical at no treatment-related effects were observed.

Normal distribution -- One of severa standard patterns used in statistics to describe the way in which
variability occursin a populations.

Octanol-water partition coefficient (K,,) -- The equilibrium ratio of the concentrations of a chemical in n-
octanol and water, in dilute solution.

Ocular -- Pertaining to the eye.

Oxidative phosphorylation -- An metabolic processin which the metabolism of moleculesin or derived from
nutrientsis linked to the conversion (phosphorylation) of ADP to ATP, amajor molecule for storing energy in
all living things.

Parenteral -- Any form of injection.

Partition -- In chemistry, the process by which a compound or mixture moves between two or more media.
Pathogen — A living organism that causes disease; for example, afungus or bacteria

Pathway -- In metabolism, a sequence of metabolic reactions.

Perennial -- A plant species having a life span of more than 2 years.

Per meability — The property or condition of being permeable. In this risk assessment, dermal permeability
refers to the degree to which achemical or herbicide in contact with the skin is able to penetrate the skin.

pH -- The negative log of the hydrogen ion concentration. A high pH (>7) is alkaline or basic and alow pH
(<7) isacidic.

pK , -- The negative log of the hydrogen ion concentration or pH at which 50% of aweak acid is dissociated.

Pharmacokinetics -- The quantitative study of metabolism (i.e., the processes of absorption, distribution,
biotransformation, elimination).

Precommer cial thinning -- Cutting in immature stands to improve the quality and growth of the remaining
stand.
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Prospective -- looking ahead. In epidemiology, referring to a study in which the populations for study are
identified prior to exposure to a presumptive toxic agent, in contrast to a retrospective study.

Pup — The offspring or young of various animal species.

Release -- A work done to free desirable trees from competition with overstory trees, less desirable trees or
grasses, and other forms of vegetative growth.

Reference dose (RfD) -- Ora dose (mg/kg/day) not likely to be associated with adverse effects over lifetime
exposure, in the general population, including sensitive subgroups.

Reproductiveeffects-- Adverse effectson the reproductive system that may result from exposureto achemical
or biological agent. The toxicity of the agents may be directed to the reproductive organs or the related
endocrine system. The manifestations of these effects may be noted as alterations in sexual behavior, fertility,
pregnancy outcomes, or modifications in other functions dependent on the integrity of this system.

Resor ption -- Removal by absorption. Often used in describing the unsuccessful development and subsequent
removal of post-implantation embryos.

Retr ospective -- looking behind. In epidemiology, referring to a study in which the populationsfor study are
identified after exposure to a presumptive toxic agent, in contrast to a prospective study.

RfD -- A daily dosewhichisnot anticipated to cause any adverse effectsin ahuman population over alifetime
of exposure. These values are derived by the U.S. EPA.

Right-of-way -- A corridor of low growing shrubs or grasses that facilitate the maintenance and protection of
utility power lines and provide transport pathways for humans or wildlife.

Route of exposure -- The way in which a chemica or biological agent enters the body. Most typica routes
include oral (eating or drinking), dermal (contact of the agent with the skin), and inhalation.

Scientific notation -- The method of expressing quantities asthe product of number between 1 and 10 multiplied
by 10 raised to some power. For example, in scientific notation, 1 kg = 1,000 g would be expressed as 1 kg =
1x 10° g and 1 mg = 0.001 would be expressed as1 mg = 1 x 1073,

Sensitive subgroup -- Subpopulations that are much more sensitive than the general public to certain agents
in the environment.

Sengitization — A condition in which oneis or becomes hypersensitive or reactive to an agent through repeated
exposure.

Sitepreparation -- Theremoval of competition and conditioning of the soil to enhance the survival and growth
of seedlings or to enhance the seed germination.

Species-to-species extrapolation -- A method involving the use of exposure data on one species (usualy an
experimental mammal) to estimate the effects of exposure in another species (usually humans).



Subchronicexposur e-- An exposure duration that can last for different periods of time, but 90 daysisthe most
common test duration. The subchronic study is usually performed in two species (rat and dog) by the route of
intended use or exposure.

Substrate -- With reference to enzymes, the chemical that the enzyme acts upon.

Synergistic effect -- A situation iswhich the combined effects of two chemicals is much greater than the sum
of the effect of each agent given aone.

Systemic toxicity -- Effects that require absorption and distribution of atoxic agent to a site distant from its
entry point at which point effects are produced. Systemic effects are the obverse of local effects.

Teratogenic -- Causing structural defects that affect the development of an organism; causing birth defects.
Teratology -- The study of malformations induced during development from conception to birth.
Terrestrial — Anything that lives on land as opposed to living in an agquatic environment.

Threshold -- The maximum dose or concentration level of achemical or biological agent that will not cause an
effect in the organism.

Thymus—A small gland that isthe site of T-cell production. Theglandiscomposed largely of lymphatic tissue
and is situated behind the breastbone. The gland play an important role in the human immune system.

Toxicity -- Theinherent ability of an agent to affect living organisms adversely.

Uncertainty factor (UF) -- A factor used in operationally deriving the RfD and similar values from
experimental data. UFs are intended to account or (1) the variation in sensitivity anong members of the human
population; (2) the uncertainty in extrapolating animal data to the case of humans; (3) the uncertainty in
extrapolating from data obtained in a study that isless than lifetime exposure; and (4) the uncertainty in using
LOAEL data rather than NOAEL data. Usually each of these factorsis set equal to 10. See table 2-4 for
additional details.

Vehicle -- A substance (usually aliquid) used as a medium for suspending or dissolving the active ingredient.
Commonly used vehicles include water, acetone, and corn oil.

Vertebrate -- An animal that has a spina column (backbone).

Volatile -- Referring to compounds or substances that have a tendency to vaporize. A material that will
evaporate quickly.
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spray drift .......... ... ... ... 4-10, 4-22, 4-26
SPrAYEr e 2-3,3-9
T

teratogenic . . ...l 31,33,324
teratology . ... ... 3-23,3-27
terrestrial animals ........... 4-6, 4-7, 4-22, 4-23
terrestrial plants ... 4-1, 4-3, 4-4, 4-10, 4-15, 4-17,
................... 4-21, 4-22, 4-23, 4-25, 4-30
threshold . ............ ... .. ... ... .... 3-32
transferrate ................ ... . ... 4-9
U

UF................ 2-1, 3-31, 4-1, 4-2, 4-3, 4-25
uncertainty . 1-2, 3-18, 3-19, 3-23, 4-15, 4-16, 4-30
uncertainty factor .................. 3-19, 3-23
UNNE ..o e e e e 37
USDA riskassessments . .................. 39
V

vegetation ......... 1-1, 2-3, 2-4, 2-5, 3-13, 3-15,
............ 3-16, 3-17, 3-18, 3-32, 4-6, 4-9, 4-11,
.......... 4-14, 4-22, 4-24, 4-25, 4-26, 4-27, 4-30
vegetation management . ........... 1-1, 2-4,2-5
vehicle................. ... ... ..., 3-24, 4-3
vertebrate ....... 4-1, 4-2, 4-3, 4-5, 4-7, 4-8, 4-15,
................... 4-16, 4-21, 4-23, 4-24, 4-30
W

water contamination ................ 3-16, 4-10
wildlife ................ 1-1, 4-1, 4-7, 4-9, 4-16
winderosion ............ 4-10, 4-11, 4-12, 4-21,
........................ 4-22, 4-26, 4-27, 4-28



worker ... ... 1-3, 2-3, 3-1, 3-2, 3-§, 3-9,3-10, 3-11,

3-12, 3-13, 3-27, 3-28, 3-29, 3-30
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Appendix 1. Laboratory and smulation studies on environmental sulfometuron methyl.

Data Summary

Reference

Aquatic Sediments

Fate in sediment/pond water systems and flooded soil.

t,, of 1 month or less in fresh anaerobic aquatic environments.

t,, of 4 monthsin sterile soils.

Major matabolites saccharin and 2-(aminosulfonyl)-benzoic acid.
A.l. has no effect on catabolism of cellulose to CO, by anaerobic
organisms.

Bioconcentration

0.01 and 1.0 mg/L

BCF in bluegill sunfish: no bioaccumulation over 28 day exposure.
Also no bioaccumulaton in channel catfish exposed to aged sediment
containing a.i.

Hydrolysis

Hydrolysis of methyl ester to saccharin. Stable at pH 7 and 9 for 30 days.
t,, of 2 weeks at pH 5.

5 ppmin distilled water. UV Hydrolysis: t,, of 1-3 days.

5 ppm in dark sterile buffers
pH 5: 0.026 day™
pH 7: dow, 87% after 30 days
pH 10: slow, 92% after 30 days.
cleavage of sulfonylurea bridge.

Hydrolyisin sterile, buffered, agueous solutions at pH 5, 7, and 9 at conc.

of 3-5 ppm.

First order
pH 5:t, 8.4 days
pH 7:t,113 days
pH 9:t, 134 days

Deg products:

pH 5: sulfonamide and pyrimidene amine
pH 7 and 9: saccharin and pyrimidine amine

Hyrolysisin sterile and non-sterile soil. Unlike many studies, uses
¥C-pyrimidine ring labbled SM Main metabolite 2-amino-4,6-
dimethylpyrimidene. [This may be more chemical/hydrolysis than
microbial]. Studies relationship of temp to rates.

Appendix 1 -1

Dulka and Anderson (1982)
MRID 00143540 Also
summarized by Anderson (1990a)
MRID 93206025

Harvey (1981a) MRID 00146279
Also summarized by Harvey
(1990a) MRID 93206028

Harvey et d. (197?), MRID
00071419 Also summarized by
Harvey (1990b) MRID 93206022

Harvey et al. (1980), MRID
00071420

Brattsten (1987) MRID 41672811

Schneiders (1993) MRID
42715201

Cambon et al. (1992)



Appendix 1. Laboratory and smulation studies on environmental sulfometuron methyl.

Data Summary Reference

K ow

K, OCtanol/water partition coefficient Cadwgan (1990a) MRID
pH 5: 11 93206001

pH 7: 0.346

pH 9: 0.0136

K., decrease as pH increase because of increasing ionization of SM (pKa
5.3)

Soil Degradation/Transport
Soil, Keyport silt [oam, 0.12 ppm [120 g/ha] Soail t,, of about 1 month.

14C-SM, Keyport silt loam, 70% NMHC (normal moisture holding
capacity), 25°C. 50% of **C converted to CO2 after 21 weeks (Fig2).
Halflife of parent in soil about 4 weeks at 0.14 ppm or 1.3 ppm. No
mineralization in sterile flasks. In sterile flasks, disappearance of parent
compound was comparable to non-sterile flasks at 1.3 ppm after 24 weeks
(8%) but less so at 0.14 ppm (12% vs 8%). **C-saccharin was major non-
volitile deg product. Over time, unextractable soil residuesincreased. In
soil with 20, 50, or 90% SMHC, more degradation at higher higher
moisture levels (Table 5).

aerobic soil degradation.

Keyport silt loam, sterile and nonsterile.

‘complete’ degradation after 1 year.

non-sterile

biphasic: t,, 17 days and 96 days.

pyrimidine amine, CO2, residues incorporated in fulvic and humic acides
and inol. humin fractions.

sterile

t,, 53 days.

Appendix 1 -2

Anderson (1980), MRID
00078701 Also summarized by
Anderson (1990b) MRID
93206024. Supplemental notein
Anderson (1994), MRID
43174102 responding to U.S. EPA
guestions.

Anderson and Dulka (1985)

Monson and Hoffman (1990)
MRID 42091401



Appendix 1. Laboratory and smulation studies on environmental sulfometuron methyl.

Data Summary

Reference

Soil Degradation/Transport (continued)

SM and metabolites from phenyl portion of molecule are mobile in most
soils. More so in sandy vs loamy soils and less so in high organic matter
soils. Assoil pH decreases below 6, SM is protonated and thus less water
soluble and less mobile.

Batch equilibrium studies

Soil Kd

Kom

Fallsington sandy loam 0.71 51
Keyport silt loam 0.97 35
Myakka sand 1.0 41
Flanagan silt loam 2.85 71

Abstract with Kd values. 0.29. Not very detailed.

Kd's 0.04-0.6 at 0-20 cm

Kd's 0.019-0.036 at 65-95 cm

Once herb leaches past the top 10 cm of soil, retardation of hebicides
would be slight. Contamination of ground water would depend on rate of
decomposition.

Kd's of 0.12-0.68 in various soils.
Kfs/mobility high lots of details.

lysimeters, various soil types, SM at 42.5 g a.i./ha. Mean concentration in
soil water: 0.5 pg/L at 10 cm and 0.4 pg/L at 20 cm. Nothing at 40 or

150 cm. p. 401: 'By 80 d post-treatment, the **C- activity was new
background level, suggesting that most of the compound had been
degraded or irreversityly sorbed into the upper soil layers.’ Rainwater
acidity had not effect on leaching rate in acid sand soils. Not effected by
litter humus.

soil adsorption study. for SM, poor correlation with organic matter
(r2=0.271) but a better correlation humic matter (r2=0.729) [see Fig. 3, p.
1991.] Kd valuesranging from <0.05 at <1% HM to 5-6 with >2% HM.

Appendix 1 -3

Cadwgan (1990b) MRID
93206026

Dickens and Wehtje (1986)
Koskinen et al. (1996)

Wehtje et al. (1987)

Stone et al. (1993)

Strek et al. (1990)



Appendix 1. Laboratory and smulation studies on environmental sulfometuron methyl.

Data Summary Reference

Soil Degradation/Transport (continued)

Field smulation study on percolation and runoff with comparisons to Hubbard et a. (1989)
GLEAMS modeling. Application rate of 0.6 kg/ha. Littleinitial runoff.

Generally <1 pg/ml with max of 2.3 pg/ml. Mostly lost from upper root

zone by percolation. Rainfall on sandy soil may move most out of 0.1 m

of soil quickly. Much slower percolation on clay soil - runoff will be more

significant. GLEAMS modeling qualitatively similar but some quant.

differences.

Field smulation study. 0.4 kg/hato 1.2x2.4 m plots. After 24 hrs, Wauchope et a. (1990)
simulated rainfall of 69mm/h until 2 mm runoff occured. 1-2% lost by in

runoff regardless of grass cover. Runoff conc.: 0.2-0.5 mg/L max and 0.2-

0.09 mg/L mean. [see Table 4, p. 123 for additional details.] Excellent

correlations with GLEAMS.

Appendix 1-4



Appendix 2: Field Studies on the environmental fate of sulfometuron methyl

Application/Field Conditions

Results

Reference

5 sites (Delaware (1.1 kg/ha), NC
(0.91 kg/ha), OR (0.44 kg/ha),
Colorado (0.15 kg/hr), and
Saskatchewan (0.11 kg/ha).
Different times of year.

lateral soil transport

0.4 kg/ha as either dispersible
granules or pelletsin Mississippi
(clay) (broadcast aerial) or Florida
(sand) (broadcast ground) as
dispersible granules (DG) or
pellets (P).

see above, FLA

0, 0.212, and 0.424 g/ha at five
sitesin Coastal Plain of Georgia.
Soil pH 4.8-6.5.

See Figures 4 through 8, p 601. In
eastern soils, about 1% of present
after 1 year. In OR and CO soils,
6-12%. In SK, 16% at 43 weeks.
After two years, 3% and 5% in OR
and SK soils [others not
measured.] 9% in CO soil at 78
weeks. All of these measurements
refer to parent SM.

Eastern soils (4.9-6.4 were more
acidic than western soils (5.3-7.4).
See Table 1 for other differences.

very little lateral transport at
dlopes of up to 15% after 1 year.
SM moved beyond soil column
(70Cm) Dettected after >400 d.

Levelsin surface water: 23 (P) and
44 (DG) pg/L in Miss. and 5 (P)
and 7 (DG) pg/L in Florida.
[Pellets were an experimental
formulation.] Halftimein soil 5-
33 days, in plants 4-11 days

SM not detected in any sediment
samples from treated or control
waterds (?? Limit of Det 1 mg/m3
[1 mg/1000L or 0.001 mg/L] for
water and 0.020 mg/kg for
sediment. p. 619) Rain 24 hrs
after applic and again 3 days later,
54 mm. Streamflow did not begin
until 20 days after treatment.
Detected in only 10/185 samples.

No increasein loblolly pine
seedling mortality (Table 2, p.
307) but amarked increase in
plants with signs of phytoxicity
(Table 3, p. 308, about 5-73% at
low and 20-88% at high rate).
Least damage at pH 4.8. Others
seem comparable. [Could use for
d/r curves but only 2 dose points, 1
d.f.]

Appendix 3-1

Anderson and Dulka 1985

Lym and Swenson 1991

Michael and Neary 1993

additional detailsin Neary and
Michael 1989

dataare also in Neary and
Michael 1996

Neary and Michael 1989

Mitchell et a. 1991



Appendix 3: Toxicity of sulfometuron methyl and Oust to experimental mammals [a.i. unless
specified as Oust, in which case the commercia formulation was used)].

Animal Dose/Exposure Response Reference
ORAL

Dogs, Beagles, 1to 2 years 0, 200, 1000, and 5000 No changesin food Wood and O'Ned
old, six per dose level ppminthe diet for 1 consumption or body weight 1983

Mice, Crl:CD-1 (ICR) BR,
80 per sex per dose level

year. Dose levels
correspond to 5, 28, and
150 mg/kg respectively
based on measured food
consumption.

Dietary exposureto 0, 5,
20, 100, and 1000 ppm
for 18 months. Mean
food consumption in all
groups of about 5.5
grams/day.

gain. At 1000 and 5000 ppm,
mild hemolytic anemia- i.e.
dose related decreases in
erythrocyte counts,
hematocrit, and hemoglobin.
Potentially significant effects
include increased alkaline
phosphatase activity,
increased serum cholesterol
[females only], decreased
serum albumin and
creatinine. At 5000 ppm,
increased liver weightsin
females [absolute] and males
and females [relative] and
increased absolute and
relative thymus weights in
females. Thymus weights
(absolute) were increased in
males at 200 and 1000 ppm
but not at 5000 ppm. No
pathological changesin the
thymus at any dose level in
either sex.

Decreased body weight gain
(6%) in females at 1000 ppm.
Mild anemia and
hypoproteinemiaand a
statistically significant
increase in incidence of
amyloidosis a 1000 ppm in
females. No significant
effectsin males.

Appendix 3-2

MRID 00129051

Summers 1990a
MRID 93206015

Thisis asummary
of Cadwgan 1990a
MRID 41273602.
This was not
identified by EPA
inU.S. EPA's
search of itsfiles.



Appendix 3: Toxicity of sulfometuron methyl and Oust to experimental mammals [a.i. unless
specified as Oust, in which case the commercia formulation was used)].

Animal Dose/Exposure Response Reference
Rabbits, New Zealand 0, 100, 300, 750, 1000 2/5 animals at 1000 mg/kg Hoberman et al.
White, 5 per dose at all mg/kg bw ondays6-18  and 1/5 animals at each of the 1981

doses except 300 mg/kg.
At thisdose level, 6
animalswereused. This
occurred because of an
injury (NOS) in one of five
animals originally assigned
to thisgroup. Theinjured
animal was anticipated to
die but survived the
duration of the study.

Rabbits, New Zealand
White, 17 per dose level

of gestation by gavagein
0.5% methylcellulosein
distilled water.

0, 30, 100, and 300
mg/kg on days 6-18 of
gestation by intubation in
0.5% methylcellulosein
distilled water.

100, 300, and 750 mg/kg dose
levels died or were sacrificed
after evidence of abortion.
One rabbit in the 300 mg/kg
group was found dead due to
possible tracheal intubation.
One rabbit in the 750 mg/kg
group was found dead during
the study for no apparent
reason. Five of the animals -
one at 100 mg/kg, two at 750
mg/kg, and two at 1000
mg/kg were sacrificed upon
evidence of abortion.

Signs of toxicity included
anorexia, depression, and
thinness as well as decreased
weight. In the post-treatment
period, animals at 1000
mg/kg continued to loose
weight. Animalsat 300 and
750 mg/kg evidenced
decreased weight gain. No
clear association of pathology
with dose levels. Possible
spontaneous abortionsin 1/5
at 300 mg/kg/day and 2/5 at
750 and 1000 mg/kg.
Increased resorptions and no
fetuses at 1000 mg/kg.

No statistically significant
treatment related signs of
toxicity to dams or offspring
reported by authors. The total
number of fetuses with
anomalies was increased
[1/100, 2/87, 5/90, 3/96] as
was the mean percent of fetal
anomalies per litter [0.7, 3.3,
7.2,3.3].

Appendix 3-3

MRID 00078797

Serotaet al. 1981
MRID 00078798

Summarized by
Summers 1990c
MRID 93206017

Reformatted by
Serota 1990 MRID
93206030



Appendix 3: Toxicity of sulfometuron methyl and Oust to experimental mammals [a.i. unless
specified as Oust, in which case the commercia formulation was used)].

Animal Dose/Exposure Response Reference
Rats, ChR-DC, young adult 5000 and 7500 mg/kg by ~ weight loss, NOS Trivits 1979 MRID
male, 1 rat per dose level. gavage. 00071405
11,000 and 17,000 weight loss, NOS. Stained immaf izi.gg%/b
mg/kg by gavage/ erineal areafor 1-2 days mmers
okg by gavag gfter dosing ¥ MRID 93206014
Rats, ChR-DC, young male 5000 mg/kg by gavage. No mortality. Wet perineal Dashiell and
and female, 5 rats per dose area and slight weight loss. Hinckle 1980a.
level per sex. Increase (NOS) in lung MRID 00071406
weight in males and females
with histological changes Summarized by
[apparent inflammation]. Summers 1990d
'pink thymus'in 4/5 females.  MRID 93206009
Rats, Crl:CD, young male 5000 mg/kg. Gavagein  Alopeciain males only Dashiell and Hall
and female, 5 per dose corn oil. 1980
level per sex. MRID 00071409
Rats, ChR-DC, young adult 0 and 3400 mg/kg bw,5  Testis of 1 test rat weighted Hinckle 1979

male, 6 rats per dose level.

Rats, Crl:CD, mae and
female, 7-8 weeks old, 15
per sex

times per week for 2
weeks followed by 14 day
recovery period. Gavage
in corn ail.

5000 mg/kg by gavage.

only 0.97 g, expected is 3
grams and another exhibited
mild testicular lesions
involving later stages of germ
cell maturation. No other
gross or microscopic
pathology. No mortality.

No mortality. Alopeciaon
left hind quarters of 1 female
rate. No grosslesionson
necropsy.

Appendix 3-4

MRID 00078794

Filliben 1995a
MRID 43848401

Summarized by
Summers 1990e
MRID 93206011



Appendix 3: Toxicity of sulfometuron methyl and Oust to experimental mammals [a.i. unless
specified as Oust, in which case the commercia formulation was used)].

Animal

Dose/Exposure

Response Reference

Rats, CD, 16 animals per
dose group per sex.

Rats, female, ChR-CD

Dietary levels of 0, 100,
1000, or 5000 ppm for
90 days. [Average doses
for males from Table IX,
p. 30: 0, 9, 74, 370
mg/kg/day. Average
doses for females from
Table X, p. 31: 0, 9, 91,
432 mg/kg/day.] Partia
sacrifice (10 per group)
after 90 day. Other
animals allowed to mate.

0, 50, 1000, and 5000
ppm in the diet on days
6-15 of gestation. At
5000 ppm, the average
daily dose was 433
mg/kg. Based similar
values for food
consumption [ Summers
1990, Item 10, p. 9; Lu
1990, Table 3, p. 22],
diets containing 50 and
1000 ppm are estimated
to correspond to doses of
4.33 mg/kg/day and 86.6

mg/kg/day.

Wood et al. 1980
MRID 00078795

Elevated mean leukocyte and
lymphocyte counts and
decreased neutrophilsin
males at 5000 ppm. No
effects on reproductive
parameters. Other

hematol ogic changes - not
considered by the study
authors to be treatment
related - included reduced
mean corpuscular hemoglobin
concentrations in males at
1000 and 5000 ppm and
decreased hemoglobinin
females at 5000 ppm. Also
elevated serum thyroxine
content in female rats at 100
and 1000 ppm.

Lu 1981
MRID 00078796

Decreased maternal weight
gain associated with decrease

food consumption at 5000
ppm. Also, decreased fetal Summarized by
weight at 5000 ppm. Summers 1990f

MRID 93206016

Also summarized
by Lu 1990 MRID
93206029

Appendix 3-5



Appendix 3: Toxicity of sulfometuron methyl and Oust to experimental mammals [a.i. unless
specified as Oust, in which case the commercia formulation was used)].

Animal

Dose/Exposure

Response

Reference

Rats, Crl:CD, 80 male and
80 female animals per

group.

DERMAL

Guinea pigs, male, albino,
10 animals

Guinea pigs, Duncan-
Hartley, albino, male

Guinea pigs, Hartly, male,
n=20 in treatment group,
n=10 in saline control
group and n=5in
dinitrochlorobenzene
positive control group.

OUST: 75% ai

0, 50, 500, and 5000
ppm in the diet for 24
months. Partial sacrifice
[10/group] at 1 year.
Based on food
consumption and body
weights, doseswere 0, 2,
20, and 199 mg/kg bw
for malesand O, 3, 26,
and 260 mg/kg bw for
females.

After 90 days on study,
two-generation, four
litter reproduction
substudy was conducted
using 20 animals from
each group.

50% w/v in dimethyl
phthalate on day 1 with
challenge on day 13.

0.05 ml of 5% and 50%
in dimethyl phthalate on
shaved and intact
shoulder skin..

0.5 g moistened in saline
on to clipped skin
covered. Removed after
6 hours and scored for
irritation at 24 and 48
hours. Procedure
performed once per week
for 3 weeks.

At 5000 ppm, females
evidenced decreased weight
gain and decreased food
consumption. No gross signs
of toxicity. Decreased
erythrocyte count and
hematocrit in males at 500
and 5000 ppm. Mean
absolute brain weightsin
males at 5000 ppm were
significantly lower than
controls. Dose dependent
increase in bile duct
hyperplasia and fibrosisin
females at 500 and 5000 ppm.

At 5000 ppm, number of pups
was decreased in the F1 and
F2 generations.

Mild skin irritation in one
challenged animal.

No irritation with 5% solution
and no to mild irritation with
50% solution. No
sensitization on challenge
after 13 days.

No delayed contact
hypersensitivity. Positive
results found with positive
control.

Appendix 3-6

Mullin 1984
MRID 00146849

Appearsto be
identical to Rickard
1992

MRID 42385705

Individual animal
pathology givenin
Oldham 1984
MRID 42385706

Edwards 1979a
MRID 00071407

Individual animal
datain Sarver
1990a, MRID
43089204

Summarized by
Summers 1990g
MRID 93206012

Dashiell and Silber
1980b
MRID 00071413

Moore 1995
MRID 43848406



Appendix 3: Toxicity of sulfometuron methyl and Oust to experimental mammals [a.i. unless
specified as Oust, in which case the commercia formulation was used)].

Animal

Dose/Exposure

Response

Reference

Rabbits, New Zealand,
male, 5 per dose group.

Rabbits, New Zealand,
female, 5 per dose group.

Rabbits, New Zealand,
male, 6 per dose group.

Rabbits, New Zealand,
male and female, 5 per

group

Rabbits, New Zealand,
male and female, 5 per sex
per dose group

Rabbits, New Zealand,
male, young, n=6

1500, 2000, 5000, and
8000 mg/kg

2000 mg/kg

0.5 g applied to 2 areas
each of intact and
abraded skin.

2000 mg/kg in
physiological salineto
the abraded back for 24
hours. Observed for 14-
15 days.

0, 125, 500, 500, and
2000 mg/kg, 6 hours per
day for 21 consecutive

days.

0.5 g moistened with
distilled applied to gauze
on the shaved back.
Observations at 30-60
minutes and 24, 48, and
72 hours.

moderate and mild redness,
dlight swelling, sporadic
weight loss. One animal died
in the 2000 mg/kg group. No
compound related pathol ogy.

Severe to mild redness, severe
to slight swelling, sporadic
weight loss. No compound
related pathology.

No primary skin irritation.

Diarrhea, sporadic weight
loss, slight erythema and
edema

No signs of toxicity,
pathological changes, or
changesin clinical chemistry
attributed to treatment.

No dermal irritation. During
the study, one animal died.
This was attributed to
handling procedure rather
than the test compound.
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Dashiell and Silber
1980c
MRID 00071410

Dashiell and Henry
1980a
MRID 00071411

Dashiell and Silber
1981
MRID 00078791

Summarized by
Summers 1990h
MRID 93206010

Dashiell and
Hinckle 1983
MRID 00126714

Sarver 1990b
MRID 41672808

Individual animal
datain Sarver
1990c MRID
43089202



Appendix 3: Toxicity of sulfometuron methyl and Oust to experimental mammals [a.i. unless
specified as Oust, in which case the commercia formulation was used)].

Animal

Dose/Exposure

Response

Reference

Rabbits, New Zealand
White, 5 per sex

OUST: 75.57% a.i.

Rabbits, New Zealand
White, female, n=6
OUST: 75.57% a.i.

EYES

Rabbits, albino, 2 each
group

Rabbits, albino, male, 9

Rabbits, New Zealand
White, male, young, n=6

5000 mg/kg to the
shaved intact skin
occluded for 24 hours
then removed. 14 day
observation period.

0.5 g, occluded for 4
hours then removed.
Observations at 1, 24,
48, and 72 hours.

1mga.i. inright
conjunctival sac with or
without washing after 20
seconds

61.8 mg a.i. inright eye
with (n=3) or without
washing (n=6) after 20
seconds. Observations at
1, 2, 3, and 4 days.

0.079 g ai. (0.1 mL) into
the lower conjunctival
sac of theright eye. No
washing. Observations
at 1,24, 48, and 72
hours.

No mortality or clinical signs
of toxicity. Mild to sever
erythema and dlight to
moderate edema after 2 hours
post-removal. Most erythema
and all edemaresolved by 5
days. Slight to mild erythema
and epidermal scaling,
sloughing, or desquamation
from day 5 to end of study.
No gross lesions. Minimal
and mild skin discoloration in
1 maleand 1 female
attributed to shaving prior to
necropsy.

Mild to slight primary
irritation based on erythema
in1of 6animalsat 1 hour
after application. No effects
at 24 hour or later. No signs
of systemic toxicity. Weight
loss of about 3% in one
animal by end of study {this
was not the animal that
evidenced skin irritation.}.

Without washing, mild
redness at 1 hour to 1 day and
dlight swelling at 1-4 hours.
With washing, only mild
redness at 1 hour.

Without washing, slight
transient corneal cloudiness
in 2/6 animals. With
washing, similar effectsin 2/3
animals. All eyeswere
normal within 2-3 days.

After 1 hour, redness and
discharge from the
conjunctiva of 3/6 animals.
After 24 hours, conjunctival
dischargein 1/6 animals. No
effects at 48 or 72 hours.
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Filliben 1995c
MDIR 43848402

Filliben 1995b
MRID 43848405

Edwards 1979b
[MRID 00071408]

Dashiell and Henry
1980a
[MRID 00071411]

Malek 1990
MRID 41672807



Appendix 3: Toxicity of sulfometuron methyl and Oust to experimental mammals [a.i. unless
specified as Oust, in which case the commercia formulation was used)].

Animal Dose/Exposure Response Reference
Rabbits, New Zealand, 46 mg (-0.1 ml, =34.5 At 24 to 48 hours, Filliben 1995d
White, young adult, n=6 mg a.i.) in one eye. conjunctival redness, MRID 43848404
Oust Evaluations at 1, 24, 48,  chemosis, and discharge. No

and 72 hours. corneal opacity or iritis. No

effects after 48 hours.

INHALATION
Rats, Crl:CD, 7-8 weeks Mean air concentrations ~ No apparent signs of toxicity ~ Kinney 1982

old, male and female, 5 per
group

Rats, Crl:CD, male and
female, 8 weeks old, 15 per
sex

OUST: 75.25% a.i.

of 6.4 or 11 mg/L air for
4 hours, head only.

Mean air concentrations
of 5.1 mg/L air for 4
hours, head only. 14 day
recovery period.

or pathology.

Nasal and ocular dischargein
malerats. Nasal discharge
and wet perineum in female
rats. Slight and generally
transient weight loss. No
gross pathology.
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MRID 00146848

Individual animal
datain O'Neill
1990 MRID
43089203

Sarver 1995
MDIR 43848403



Appendix 3: Toxicity of sulfometuron methyl and Oust to experimental mammals [a.i. unless
specified as Oust, in which case the commercia formulation was used)].

Animal

Dose/Exposure Response

Reference

KINETICS
Rats

Lactating goats, n=2, 40 kg
bw

16 mg/kg and 3000
mg/kg

t,,s of 28 and 40 hours
respectively

94-99% of dose recovered in
the urine.

sufometuron methyl with
double label: pyrimidine-
2-1C- and uniformly
labelled phenyl ring,
capsules, 0.575 mg/kg or
0.625 mg/kg, twice per
day for 7 days. [Author
give 'dietary' equivalent,
apparently based on
differencesin food
consumption of 25 ppm
and 60 ppm but the
dosing seems to have
been by gavage|]
Animals sacrificed 20 h
after last dose.

DuPont 1989.
Metabolism of
Sulfometuron
Methyl in Rats.
Unpublished, Feb.
3, 1989, not
submitted to EPA,
summarized in
EXTOXNET,
1994, ref. 10

Keoppe and Mucha
1991
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Appendix 4: Toxicity to experimental birds.

Animal Dose Response Reference
Ducks, Mallard, 16 0, 156, 312, 625, 1250, No mortality. No effects on Dudeck and Twigg
daysold at start, 10 2500, and 5000 ppm indiet  body weight or food 1980

per dose for 9 days. [0, 10.3, 19.5, consumption. MRID 00071414

Ducks, Mallard,
approximately 9
months old, 5 per
dose per sex.

Ducks, Mdllard,
males and females, 5
per sex per dose level

Quail, Bobwhite, 15
daysold at start, 10
per dose

Quail, Bobwhite, 14
days old, males and
females randomly
assigned to dose
groups, 10 per dose.

39.7,74.4,141.3, and 332.5
mg/kg bw based on
measured food
consumption.]

Single gavage dosesin
carboxymethylcellulose/distil
led water: Vehicle, 312, 625,
1250, 2500, and 5000 mg/kg
bw. 14 day observation
period.

Gavagein
carboxymethylcellulose at 0,
312, 625, 1250, 2500, and
5000 mg/kg. 14 day
observation period.

0, 156, 312, 625, 1250,
2500, and 5000 ppm in diet
for 9 days. [0, 1.19, 2.81,
5.00, 9.23, 18.75, and 37.5
mg/kg bw based on
measured food
consumption.]

Dietary concentrations of
562, 1000, 1780, 2160, and
5620 ppm for 9 days.
Dieldrin used as positive
control. Based on the dose
conversions given in Dudeck
and Bristol (1981), the
dietary concentrations
correspond to dose levels of
approximately 4.5, 7.3, 13,
16, and 42 mg/kg bw.

No mortality or signs of
toxicity. In males, decreased
weight gain at doses of 625
mg/kg and higher.
Magnitude of decrease was
not dose/related. No
consistent effect of body
weight in females.

No mortality. No dose/related
trendsin bw or food
consumption. No overt signs
of toxicity. No gross
necropsies conducted.

Mortality in 5 animialsin
control group and 1 animal
each in the 156, 312, and
2500 ppm dose groups.
Lethargy in two animalsin
the 1250 dose group on
observation days 6 and 8. No
dose related changes in body
weight.

No mortality, overt signs of
toxicity, or differencesin
body weight gain.
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also summarized by
Summers 1990i
MRID 93206004

Dudeck and Bristol
1981a
MRID 00078700

Summers 1990j
MRID 63206002
appears to be
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Dudeck and Bristol
1981b
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Fink et al. 1981
MRID 00088813

also summarized in
Summers 1990k
MRID 93206003



Appendix 5: Bioassays of sulfometuron methyl toxicity in terrestrial plants.

Plant Exposure Response Reference
DIRECT SPRAY
Dicots: Soybean, Sassafras Sandy loam (pH Highly toxic to both Drake 1990

Cocklebur, Cotton,
Morningglory,
Velvetleaf, Sugar beet
Monocots: Corn,
Barnyardgrass, Rice,
Nutsedge

6.5, OM 1%.

Loblolly Pine greenhouse study. Rates of
0.1, 0.21, and 0.42 kg/ha
both foliar and soil aswell
as combined in fine sandy
loam and unclassified loam.
No substantial differencesin
soil types of application
methods, so results are
combined.

field application 0.30 kg/ha

leafy spurge 0.105to 1.12 kg/ha

white mustard, 3
weeks post-emergence
[6 true leaves, 50 mm
high]

0.25 g/ha, simulated rainfall
at 0.5, 1, and 2 hours after
treatment. observation at 3
weeks after treatment.

broadleaves and grassat 0.01  MRID 41672809
kg/ha preemergence or

postemergence to seedling

plantsin greenhouse. The

minimum rate tested 0.001

kg/ha, significantly affected

most plants. See section 4.3

for a detailed discussion and

analysis of the dose/response

pattern.

Rate Root # new Barnes et al. 1990
length roots

0 35.0 27.8

0.10 204 18.8

0.21 16.2, 15.0

0.42 125 12.0

inhibition over initial 45 days
asin greenhouse study. by
end of growing season,
biomass accumulation was
greater in treated plants
because of control of
competing weeds.

ineffective control. when Beck et a. 1993
combined with auxin
herbicides, control was

effective.

about a 75% reduction in
growth relative to controls
with 2 hour rainfall. A 64%
reduction with 0.5 or 1 hour
rainfall. Various adjuvants
had minor to moderate effects
on 0.5 hour rainfall.

James and Rahman
1992
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Appendix 5: Bioassays of sulfometuron methyl toxicity in terrestrial plants.

Plant Exposure Response Reference
SOIL
Turnips (Brassica pots, 10 days. four different  ECg, (ug/kg with 95% conf. Gunther et al. 1989
rapa), plant selected soils (seetable 2, p. 143 for inter) for growth inhibition in
because of its differences in soils). different soils:
sensitivity. greenhouse study. Vermiculite: 0.12+0.
10 conc from 0.01-40 pg/kg 03
BBA 0.1
9+
0.0
4
Wendhausen 0.17+0.
04
Horotiu 04
7+
0.1
6
SUSPENSIONS
Soybean cells suspension EC,, for growth: 62 pg/L Scheel and Casida
1985
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Appendix 6: Toxicity to fish, aguatic invertebrates, and aquatic plants. [sulfometuron methyl
technical unless specified as Oudt].

Animal Exposure Response Reference
FRESHWATER
Minnow, Fathead, 6 0.75t0 12.5 mg/L nominal; No mortality Muska and Driscoll
weeks old, 10 per 0.6 to 7.3 mg/L measured 1982
dose group. average concentration. 96 MRID 00126600
hour exposure and
observation period.
Minnow, Fathead, 0, DMF *control, 0.15, 0.3, No effect on embryo hatchor ~ Muska and Driscoll

embryos and larvae

Minnow, Fathead,
embryos and larvae

Sunfish, Bluegill, 3.4
cm mean length, 0.99
g mean weight, 10
animals per
concentration.

Sunfish, Bluegill, 1.5-
2.6 cm mean length,
0.07-0.42 g mean
weight, 30 animials
per concentration.

0.6, 1.2, and 2.5 mg/L
[nominal] for 30 days post-
hatch. Mean measured
concentrations in exposed
groups were 0.06, 0.14,
0.32, 0.65, and 1.17 mg/L.

larval survival or growth.

This appears to be identical to Muska and Driscoll 1982
MRID 00126600, summarized above

0, DMF ! Control, 0.125,
1.25, 12.5 ppm for 96 hours,
static, no aeration. DMF !
used for stock solution
because of poor solubility of
test material.

1 of 10fish at 1.25 ppm died
by 48 hours. No mortality in
other groups.

Summers Comment:
Problems with solubility and
use of DMF as vehicle.

0 and 150 mg/L, pH adjusted
and unadjusted, aeration.
[nominal conc. was verified
by analysis|]

No mortality or signs of
toxicity.
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1982
MRID 00126600

Driscoll 1984
MRID 00143539

Comments by
Summers 1990
MRID 42385704

Summarized by
Summers 1990m
MRID 93206007

Muska and Hall 1980
MRID 00071417

Comments by
Summers 1990n
MRID 42385701

summarized by
Summers 19900
MRID 93206005

Brown 1994a

MRID 43501801
[this was missing
from fiche and fax by
U.S. EPA]



Appendix 6: Toxicity to fish, aguatic invertebrates, and aquatic plants. [sulfometuron methyl
technical unless specified as Oudt].

Animal Exposure Response Reference

Trout, Rainbow, 4.3 0, DMF* Control, 0.125, No mortality in any groups. Muska and Trivits

cm mean length and 1.25,12.5 ppm for 96 hours,  No signs of toxicity. 1980b

1.27 g mean weight, static, no aeration. DMF* MRID 00071416

10 animials per used for stock solution Summers Comment:

concentration. because of poor solubility of ~ Problems with solubility and Comments by

test material. used of DMF as vehicle. Summers 1990p

MRID 42385702
Summarized by
Summers 1990q

Trout, Rainbow,
fingerlings, 32. t0 4.8
cm, 0.47t01.79¢, 15
animials per replicate,
2 replicates per
concentration.

Daphnia magna, <24
hours old, 2 replicates
per concentration, 10
animals per replicate

Daphnia magna, <24
hours old, 2 replicates
per concentration, 10
animals per replicate

Oust Dispersible
Granule (75 DF)

Daphnia magna,
seven replicates with
1 adult per replicate
and 3 replicates with
5 adults/replicate per
exposure level.

148 mg/L adjusted to pH 9
to ensure solubility.
Duration of 96 hours with
observations at 24, 48, 72,
and 96 hours. Static, no
aeration. Used unadjusted
water control and pH 9
adjusted water control.

0, DMF ! Control, 0.125,
1.25, 12.5 ppm for 48 hours,
static, no aeration. DMF !
used for stock solution
because of poor solubility of
test material.

Nominal concentrations
ranging from 1000 mg/L to
10000 mg/L.

Nominal concentrations of
0.1, 0.39, 1.6, 6.3, 25, and
100 mg/L. Mean measured
concentrations of 0.076, 0.4,
15, 6.1, 24, and 97 mg/L.

No mortality in any groups.

No mortality in exposed
groups except for 1 animal at
0.125 ppm. One animal also
died in DMF control.

L C, 8500 (6500-12200) mg
Oust DF/L. [Datafor each
dose group are given. No
mortality at 2400 mg/L or
below. 10-30% mortality at
3200 mg/L ]

Number of neonates per
surviving adult significantly
reduced at 24 mg/L but not at
97 mg/L or any of the other
lower concentrations. No
significant effect on adult
survival or length at any
concentration.
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MRID 93206006

Brown 1994b
MRID 43501802

Muska and Trivits
1980a
MRID 00071418

Comments by
Summers 1990r
MRID 42385703

Summarized by
Summers 1990s
MRID 93206007

Wetzel 1984
MRID 00145514

Baer 1990
MRID 41672806



Appendix 6: Toxicity to fish, aguatic invertebrates, and aquatic plants. [sulfometuron methyl
technical unless specified as Oudt].

Animal

Exposure

Response

Reference

Daphnia magna, <24
hours old, 8 animals
per replicate, 4
replicates per
concentration.

Four field collected
species, 48 duration,
no carrier, Oust,
acclimated for 96 hrs,
pH 8.0-8.5

Crayfish, juvenile,
Procambarus clarkii,
3-34cm, 1.1-15¢)
collected, OUST

Freshwater Algae,
Senenstrum
capriconutum

Anabaen flos-aquae,
freshwater algae

Navicula pelliculosa,
freshwater diatom

Unadjusted water, pH 9
adjusted water, and 150 mg
ai./L for 48 hours. [150
mg/L was both nominal and
measured value.]

Group
Diaptomus sp.
Eucyclops sp.
Alonella sp.
Cypriasp.

Acclimated for 96 hrs.,
exposure period of 24 hrs,,
pH 6.8+0.1.

0.63, 1.3, 2.5, 5.0, 10, 20
pg/L for 120 hours.

Nominal concentrations of
13, 25, 50, 100, and 200
pg/L for 120 hours.

370 pg ai./L

No effectsin any test animals
exposed to SM.

1/32 test animalsin pH
adjusted water was immobile
at 48 hours.

LCy

1315 mg/L

1230 mg/L

802 mg/L

2241 mg/L

[see Table on p. 390 for d/r
data from 100 to 2500 mg/L .]

LCs, 12,174 mg/L (11,980-
12,359)

EC;, 4.6(2.6-8.2) ug a.i./L for
reduction in cell density
relative to controls. [See
Table 2 for details. Looks
like stimulation of growth at
0.63 pg/L at 120 hours.
Some stimulation at higher
conc. - upto 2.5 pg/L at 72
hours.]

EC,; for Cell Density
17
(8.8-
76)
Ho/L
EC,, for Cell Density
65 (31-
93)
Ho/L
EC,, for Growth Rate
167
(157-
182)
Ho/L

-24% growth relative to
controls
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1989.
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Appendix 6: Toxicity to fish, aguatic invertebrates, and aquatic plants. [sulfometuron methyl
technical unless specified as Oudt].

Animal Exposure Response Reference
Chlorella 0.3 UM [~110 pg/L] EC,, for growth inhibition. Landstein et al. 1993
M acr ophytes

Hydrillaverticillata,
aguatic angiosperm,
rooted aquatic plant -
see description on
rational for using on
p. 509

Lemna gibba,
macrophyte

Minnow, Sheepshead,
juvenile, 20 per level

Eastern oyster,
embryos and larvae, 2
treatment replicates
per concentration and
4 replicates for
control. Approx.
30,000 embryos per
replicate.

1 pg/L to 1000 pg/L for 7
days. [Note that Kannuck
and Sloman 1995 shows
effects at much lower levels]

0, 0.13, 0.207, 0.323, 0.590,
and 1.045 pg a.i./L for 14

days

see Fig. 3 p. 512, growth and
peroxidase activity. Eye-fit
on EC,, for growth of about
10 pg/L. Higher ECq, for
induction of peroxidase
activity.

Frond Counts
EC,; 0.344(0.305-0.358) ug/L
EC,, 0.462 (0.436-0.493)

Ho/L
NOEC 0.207 pg/L

Biomass

EC,; 0.451 (0.360-0.534)
Ho/L

EC,, 0.785 (0.663-0.982)

Ho/L
NOEC 0.323 pg/L

SALT

0, 15, 25, 40, and 60 and
100 mg/L nominal.
Measured averages of 0, 8.2,
14.4,21.7, 29.8, and 45
mg/L.

Static, unaerated. 99.1%
purity.

Measured average
concentrations of 0, 8.5,
13.9, 22.2, 27.8, and 38.2
mg/L for 48 hours.
Unaerated, static.

No mortality in any group.
Insoluble material observed in
test chambers.

No concentration related
changes in number of animals
or number of animals with
abnormalities.
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Appendix 6: Toxicity to fish, aguatic invertebrates, and aquatic plants. [sulfometuron methyl
technical unless specified as Oudt].

Animal Exposure Response Reference
Shrimp, Mysid, <24 Measured mean No mortality. Insoluble Ward and Boeri
hours old, 20 per concentrations of 0, 9.8, material observed in test 1990c
replicate, 2 15.6, 23.2, 31.5, and 44.8 chambers. MRID 41672804
replicates/dose mg/L for 96 hours.

Unaerated, static.
Skeletonema 410 yg ai./L -7.3% growth relative to Thompson 1994
costatum, marine controls MRID 43538502
diatom

! SUMMERS (DuPont) COMMENT ON SOLUBILITY: Because of itstoxicity to aquatic species, DMF (dimethyl
formamide) is not one of the EPA preferred solvents. The use of the solvent limits the test concentration since SEP
limitsthe solvent to 0.5 ml/L. The pkaof sulfometuron methyl is5.2. Under unbuffered normal aguatic test conditions,
the sol. of SM is< 12.5 ppm at both pH 5 and 7. Under highly buffered conditions, the sol. at pH 7 is 244 ppm at 25°C.
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Worksheet Table of Contents
Section/Title
GENERAL ASSUMPTIONS, VALUES, and MODELS
Worksheet 01: Constants and conversion factors used in calculations
Worksheet 02: General Assumptions Used in Worker Exposure Assessments

Worksheet 03a: Directed Ground Sprays (includes backpack, cut surface, and streamline
applications) - General Assumptions Used in Worker Exposure Assessments

Worksheet 03b: Hydraulic/Broadcast Ground Sprays - General Assumptions Used in Worker
Exposure Assessments

Worksheet 03c: Aerial Sprays (includes pilots, mixers, and loaders) - General Assumptions
Used in Worker Exposure Assessments

Worksheet 04: General Assumptions Used in Exposure Assessments for the General Public

Worksheet 05a: Estimated concentrations of pesticides on various types of vegetation
immediately after application at 1 Ib a.i./acre

Worksheet 5b: Concentrations of chemical on spheres (berries) at the specified application
rate. [ FRUI T]

Worksheet 06:Central estimates of off-site drift associated with aerial application of
pesticides (from Bird 1995)

Worksheet 07a: Estimate of first-order absorption rate (k, in hours™) and 95% confidence
intervals

Worksheet 07b: Estimate of dermal permeability (K, in cm/hr) and 95% confidence intervals

Note: Worksheet numbers 08 and 09 are reserved for future use but are not included in this
document.

CHEMICAL SPECIFIC VALUES and ESTIMATES
Worksheet 10: Anticipated Application and Dilution Rates for sulfometuron methyl

Worksheet 11: Summary of central estimate and range of concentrations of sulfometuron
methyl in field solutions

Worksheet 12: Chemical specific values used for sulfometuron methyl in exposure
assessment worksheets.

Worksheet 13: Calculation of first-order dermal absorption rate (k,) for sulfometuron methyl.

Worksheet 14: Calculation of dermal permeability rate (K,,) in cm/hour for sulfometuron
methyl.

Worksheet 15: Summary of chemical specific dermal absorption values used for
sulfometuron methyl dermal absorption.

Worksheet 16: Estimates of the concentration of sulfometuron methyl in ambient water per |b
ai. applied per acre.
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GENERAL ASSUMPTIONS, VALUES, and MODELS

Worksheet 01: Constants and conversion factors used in

calculations [ consT)

Conversion D Vaue

mg/Ib mg_lb 453,600
mL/gallon ml_gal 3,785
Ib/gallon to mg/mL Ibg_mgml 119.8
Ib/acre to pg/cm? Ibac_ugem 11.21
Ib/acre to mg/cm? Ibac_mgem 0.01121
gallonsto liters gal_lit 3.785

Worksheet 02: General Assumptions Used in Worker Exposure Assessments [STD]

Parameter Code Vaue Units Reference

Body Weight BW 70 kg ICRP (1975), p. 13
(General)

Surface area of hands | Hands 840 cm? U.S. EPA 1992

Surface area of lower | LLegs 2070 cm? U.S. EPA 1992

legs

Weight of liquid Lig 0.008 mg/cm? Mason and Johnson 1987
adhering to surface

of skin after a spill
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Worksheet 03a: Directed Ground Sprays (includes backpack, cut surface, and streamline
applications) - General Assumptions Used in Worker Exposure Assessments [BACKPACK]

Parameter/Assumption Code Vaue Units Reference
Hours of application per day
Central estimate 7 hours USDA 1989ab,c
Lower estimate 6
Upper estimate 8
Acres treated per hour
Central estimate 0.625 acres/hour USDA 1989ab,c
Lower estimate 0.25
Upper estimate 1
Acres treated per day
Central estimate | ACREC | 4.375 acres/day N/A*
Lower estimate | ACREL 15
Upper estimate | ACREU 8
Absorbed dose rate (mg/day)
Central estimate | RATEC | 0.003 (mg agent/kg bw) | Rubin et al. 1998, Table 5
Lower estimate | RATEL | 0,0003 ;a(rl]gfezg sgrt day)?
Upper estimate | RATEU 0.01

! Calculated as the product of the number of hours of application and the number of acres treated per hour for
each category - i.e., central estimate, lower estimate, and upper estimate.

2«Agent” refersto the material being handled and may be expressed in unitsof a.i. or a.e. Depending on the
agent under consideration, additional exposure conversions may be made in the exposure assessment and dose
response assessment. For the risk assessment, the only important point is that the exposure and dose/response
assessments must use the same units - that is, a.i., a.e., etc. - or the units must be converted to some equivalent

form in the risk characterization.
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Worksheet 03b: Hydraulic/Broadcast Ground Sprays - General Assumptions Used in Worker
EXxposure Assessments [ HYDSPRAY]

Parameter/Assumption Code Vaue Units Reference
Hours of application per day
Central estimate 7 hours USDA 1989ab,c
Lower estimate 6
Upper estimate 8
Acres treated per hour
Central estimate 16 acres/hour USDA 1989ab,c
Lower estimate 11
Upper estimate 21
Acres treated per day
Central estimate | ACREC 112 acres/day N/At
Lower estimate | ACREL 66
Upper estimate | ACREU 168
Absorbed dose rate
Central estimate | RATEC | 0.0002 (mg agent/kg bw) | Rubin et al. 1988, Table 5
Lower estimate | RATEL | 0.00001 ;a(rl]gfezg sgrt day) 2
Upper estimate | RATEU 0.0009

! Calculated as the product of the number of hours of application and the number of acres treated per hour for
each category - i.e., central estimate, lower estimate, and upper estimate.

2«Agent” refersto the material being handled and may be expressed in unitsof a.i. or a.e. Depending on the
agent under consideration, additional exposure conversions may be made in the exposure assessment and dose
response assessment. For the risk assessment, the only important point is that the exposure and dose/response
assessments must use the same units - that is, a.i., ae., etc. - or the units must be converted to some equivalent

form in the risk characterization.
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Worksheet 03c: Aerial Broadcast Sprays (includes pilots, mixers, and loaders) - General
Assumptions Used in Worker Exposure Assessments.| AERI AL]

Parameter/Assumption Code Vaue Units Reference
Hours of application per day
Central estimate 7 hours USDA 1989ab,c
Lower estimate 6
Upper estimate 8
Acres treated per hour
Central estimate 70 acres/hour USDA 1989ab,c
Lower estimate 40
Upper estimate 100
Acres treated per day
Central estimate | ACREC | 490 acres/day N/A*
Lower estimate | ACREL 240
Upper estimate | ACREU 800
Absorbed dose rate
Central estimate | RATEC | 0.00003 (mg agent/kg bw) | Rubin et al. 1998, Table 5
Lower estimate | RATEL | 0.000001 ;a(rl]gfezg sgrt day) 2
Upper estimate | RATEU 0.0001

! Calculated as the product of the number of hours of application and the number of acres treated per hour for
each category - i.e., central estimate, lower estimate, and upper estimate.

2«Agent” refersto the material being handled and may be expressed in unitsof a.i. or a.e. Depending on the
agent under consideration, additional exposure conversions may be made in the exposure assessment and dose
response assessment. For the risk assessment, the only important point is that the exposure and dose/response
assessments must use the same units - that is, a.i., a.e., etc. - or the units must be converted to some equivalent

form in the risk characterization.
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Worksheet 04: General Assumptions Used in Exposure Assessments for the General Public

[PUBL]

Narrative: This table contains various values used in the exposure assessments for the general public. Three
general groups of individuals are considered: adult male, adult female, and a 2 year old child. Valuesare
specified for body weight, surface areas for various parts of the body, water intake, fish consumption, and the
consumption of fruits or vegetables. NOTE: Not all types of value are specified for each group. The only values
specified are those used in the risk assessment.

Description ID Vaue Units Reference
Body Weights
Male, Adult BVM 70 kg ICRP (1975), p. 13.
Female, Adult BW 64 kg Burnmaster 1998; U.S. EPA 1985*
Child, 2-3yearsold BWC 13.3 kg U.S. EPA, 1996, page 7-1, Table 7-
2
Body Surface Areas
Female, feet and lower legs SAF1 2915 cm? U.S. EPA, 19924, p. 8-11, Table 8-
3, total for feet and lower legs
Female, exposed skin when SAF2 5300 cm? U.S. EPA, 19924, p. 8-11, Table 8-
wearing shorts and a T-shirt 3, total for arms, hands, lower legs,
and feet.
Child, male, 2-3 years old, total SAC 6030 cm? U.S. EPA, 1996, p. 6-15, Table 6-
body surface area 6, 50" percentile.
Water Intake
Adult
typical | WCAT [ 2 L/day U.S. EPA, 1996, p. 3-28, Table 3-
30, midpoint of mean (1.4 L/day)
and 90" percentile (2.4 L/day)
rounded to one significant place.
lower range for exposure | WCAL 1.4 L/day U.S. EPA, 1996, p. 3-28, Table 3-
assessment 30, mean
upper range | VCAH 2.4 L/day U.S. EPA, 1996, p. 3-28, Table 3-
30, 90" percentile
Child, <3 yearsold
typical | V€T 1 L/day U.S. EPA, 1996, p. 3-28, Table 3-
30, midpoint of mean (0.61L/day)
and 90" percentile (1.5 L/day)
rounded to one significant place.
lower range for exposure | VWC- 0.61 L/day U.S. EPA, 1996, p. 3-28, Table 3-
assessment 30, mean
upper range | eH 1.50 L/day U.S. EPA, 1996, p. 3-28, Table 3-
30, 90" percentile
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Worksheet 04: General Assumptions Used in Exposure Assessments for the General Public
[PUBL]

Narrative: This table contains various values used in the exposure assessments for the general public. Three
general groups of individuals are considered: adult male, adult female, and a 2 year old child. Valuesare
specified for body weight, surface areas for various parts of the body, water intake, fish consumption, and the
consumption of fruits or vegetables. NOTE: Not all types of value are specified for each group. The only values
specified are those used in the risk assessment.

Description ID Vaue Units Reference

Fish Consumption

Freshwater anglers, typical intake | FAT 0.010 kg/day U.S. EPA, 1996, p. 10-51, average
per day over a prolonged period of means from four studies
Freshwater anglers, maximum FAU 0.158 kg/day Ruffle et al. 1994

consumption for asingle day

Native American subsistence FNT 0.081 kg/day U.S. EPA, 1996, p. 10-51, median
populations, typical intake per day value of 94 individuals

Native American subsistence FNU 0.770 kg/day U.S. EPA, 1996, p. 10-51, highest
populations, maximum for asingle value of 94 individuals

day

Consumption of Fruitsor Vegetables

Amount of food consumed per kg bw per day for longer term exposures scenarios.

Typical vi 0.0043 kg food/kg U.S. EPA, 1996, Table 9-21, p. 9-
bw/day 39, mean intake of vegetables
Upper w 0.01 kg food/kg U.S. EPA, 1996, Table 9-21, p. 9-
bw/day 39, 95" percentile for intake of
vegetables
Worst-case scenario for VAcute | 0454 kg food 11b. The approximate mid range
consumption in asingle day, acute of the above typical and upper
exposure scenario only. limits based on the 64 kg body
weight.
Miscellaneous
Estimate of dislodgeable residueas | D' st 0.1 none Harris and Solomon 1992, data on
aproportion of application rate 24-D

shortly after application.

Thisis the average value (63.79 kg), rounded to the nearest kg for 3 different groups of women between 15-49
years old: control (62.07 kg), pregnant (65.90 kg), and lactating (63.48 kg). See Burnmaster 1998, p.218, Table
1., Risk Anaysis. 18(2): 215-219. Thisisidentical to the body weight for females, 45-55 years old, 50"
percentile from U.S. EPA, 1985, page 5, Table 2-2, rounded to nearest kilogram.
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Worksheet 05a: Estimated concentrations of pesticides on or in various types of
vegetation shortly after application at 1 Ib a.i./acre [from Hoerger and Kenaga

(1972), Table 9, p. 22]. (14

Concentration (mg chemical/kg vegetation)

Type of Vegetation Typical Upper Limit
ID Vaue ID Vaue
Range grass | RGT 125 R&U 240
Grass | G5T 92 Gsu 110
Leaves and leafy crops | LVT 35 LW 125
Forage crops | FCT 33 FCQU 58
Pods containing seeds | PPT 3 PDU 12
Grain | GNT G\ 10
Fruit | FRT 15 FRU 7

Worksheet 05b: Concentrations of chemical on spheres (berries) at the specified application

rate. [ FrRu T]
Diameter (cm) Planar Surface Amount deposited Weight of sphere Concentration
Area (cm?)? (mg)° (kg)® (mg/kg)®
0.7853981634 0.008796459 0.0005236 16.8
19.6349540849 0.21991148575 0.065449847 3.36
10 78.5398163397 0.87964594301 0.5235987756 1.68
Application rate 1 Ib/acre= 0.0112 ng/ cnt

a Planar surface area of a sphere = © r’wherer isthe radiusin cm.

b Amount deposited is calculated as the application rate in mg/cm? multiplies by the planar
surface area.

c Assumes a density of 1 g/lcm? for the fruit. The volume of a sphereis(1+6)x © x d® whered
is the diameter in cm. Assuming a density of 1 g/cm?, the weight of the spherein kg is
equal to:

kg= (1+6)x 7 x d®+ 1000
d Amount of chemical in mg divided by the weight of the spherein kg.

Worksheet 06: Central estimates of off-site drift associated with aeria application

of pesticides (from Bird 1995, p. 205) [ oFFsi TE]

Distance Down Wind () ID Drift as a proportion of application rate
100 DRFT100 0.05

200 DRFT200 0.02

300 DRFT300 0.01

400 DRFT400 0.008
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Worksheet 07a: Estimate of first-order absorption rate (k, in hours®) and 95%
confidence intervals (from Durkin et a. 1998). [ kavooeL]

Model parameters ID Vaue

Coefficient for k, C_Kkow 0.233255

Coefficient for MW C_MN 0.005657

Model Constant c 1.49615

Number of data points oP 29

Degrees of Freedom (d.f.) DF 26

Critical value of ty s With 26 d.f.* CRIT 2.056

Standard error of the estimate SEE

Mean square error or model variance MLV 0

Standard deviation of mode! (s) MSD 0 MDLV?©®

XX, cross products matrix 0.307537 -0.00103089 0.00822769
-0.00103089 0.000004377 -0.0000944359
0.0082 -0.0000944359 0.0085286

! Mendenhall and Scheaffer, 1973, Appendix 3, 4, p. A31L.

Central (maximum likelihood ) estimate:
l0gy Kk, = 0.233255 10g,0(Kyy) - 0.005657 MW - 1.49615

95% Confidence intervals for log,, k,
0G0 Ky £ toops X S X (@ X X a)*®

where a is a column vector of {1, MW, log,o(Kou)} -

NB: Although the equation for the central estimate is presented with k,, appearing before MW to be consistent
with the way a similar equation is presented by EPA, MW must appear first in column vector a because of the way
the statistical analysis was conducted to derive X'X .

See following page for details of calculating a X X a without using matrix arithmetic.
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Worksheet Worksheet 07a (continued)
Details of calculatinga X X a

Theterm a'-(X'X)™-a requires matrix multiplication. While thisis most easily accomplished using a program that
does matrix arithmetic, the calculation can be done with a standard calculator.

Letting
a={ala?2a3
and
X'X)t= |
{b 1,b 2 b 3},
{c1c2c3,
{d_1,d 2,d 3}
|3

a-(X'X)*aisequa to
Term 1: {a 1 x([a_1xb 1] +[a 2xc 1] +[a 3xd_1])} +
Term 2: {a 2 x([a_1xb 2] +[a 2xc 2] +[a 3xd_2])} +
Term 3: {a 3 x([a_1xb 3] +[a 2xc_3] +[a_3xd_3])}.
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Worksheet 07b: Estimate of dermal permeability (K, in cm/hr) and 95% confidence
intervals (data from U.S. EPA 1992). [ PkMDEL]

Model parameters ID Vaue
Coefficient for k,,, C _KOW 0.706648
Coefficient for MW C_MW 0.006151
Model Constant C 2.72576
Number of data points DP 90
Degrees of Freedom (d.f.) DF 87
Critical value of t,g,s with 87 d.f.! CRIT 1.96
Standard error of the estimate SEE 45,9983
Mean square error or model variance MDLV 0.528716
Standard deviation of model (s) MSD 0.727129 MDLV?®®
XX, cross products matrix 0.0550931 -0.0000941546 -0.0103443
-0.0000941546 0.0000005978 -0.0000222508
-0.0103443 -0.0000222508 0.00740677

! Mendenhall and Scheaffer, 1973, Appendix 3, Table 4, p. A31.

NOTE: The datafor this anaysisistaken from U.S. EPA (1992), Dermal Exposure Assessment: Principles and
Applications, EPA/600/8-91/011B, Table 5-4, pp. 5-15 through 5-19. The EPA report, however, does not provide
sufficient information for the calculation of confidence intervals. The synopsis of the above analysis was conducted
in STATGRAPHICS Plus for Windows, Version 3.1 (Manugistics, 1995) as well as Mathematica, Version 3.0.1.1
(Wolfram Research, 1997). Although not explicitly stated in the EPA report, 3 of the 93 data points are censored
from the analysis because they are statistical outliers: [Hydrocortisone-21-yl]-hemipimelate, n-nonanol, and n-
propanol. The model parameters reported above are consistent with those reported by U.S. EPA but are carried out
to greater number of decimal places to reduce rounding errors when calculating the confidence intervals. See notes
to Worksheet 07afor details of calculating maximum likelihood estimates and confidence intervals.
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CHEMICAL SPECIFIC VALUES

Worksheet 10: Anticipated Application and Dilution Rates for sulfometuron methyl [ws10]

Item Code | Value Units Reference/Source
Typical application rate Typ 0.1 Ib ai./acre Table 2-3

Lowest application rate Low | 0.023 Ib ai./acre Table 2-3
Highest application rate Hi 0.38 Ib ai./acre Table 2-3

Lowest dilution LDl | 15 gal./acre DuPont 1997a,b
Highest dilution HDIl | 40 gal./acre DuPont 1997a,b

Typical concentration in applied solution:
Typical application rate divided by the average of the lowest and highest dilutions, converted to mg/mL, and

rounded to two significant places after the decimal.

0.1 Ib/acre + [(15 gal/acre + 40 gal/acre)/2] x 119.8 (mg/mL)/(Ib/gal) = 0.44 mg/mL [TypDr]

Lowest estimated concentration in applied solution:

Lowest application rate divided by the highest dilution, converted to mg/mL, and rounded to two significant places
after the decimal.

0.023 Ib/acre + 40 gal/acre) x 119.8 (mg/mL)/(Ib/gal) = 0.07 mg/mL [LowDr]

Highest estimated concentration in applied solution:

Highest application rate divided by the lowest dilution, converted to mg/mL, and rounded to two significant decimal
places after the decimal.

0.38 Ib/acre + 15 gal/acre x 119.8 (mg/mL)/(Ib/gal) = 3.03 mg/mL [HI_Dr]

Worksheet 11: Summary of central estimate and range of concentrations of sulfometuron methyl in field
solutions.

Parameter ID Vaue Units Reference/Source
Typical TypDR 0.44 mg/mL see caculations above
Low LowDR 0.07 mg/mL

High Hi_DR 3.03 mg/mL
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Worksheet 12: Chemical specific values used for sulfometuron methyl in exposure assessment worksheets.
[ws12]

Parameter ID Vaue Units Source/Reference

Molecular weight MW 364.38 grams/mole Budivari 1989

Water Solubility, pH 7 ws 244 mg/L Budivari 1989

Ko PH 7 Kow 0.346 unitless Cadwgan 1990a

Foliar half-time( t,,) FT12 |10 days Knisdl, et al.. 1992, Table
P-2, p. 153.

Measured Bioconcentration factor BCFT |1 kg fish/L 2Harvey 1981a

(BCF(kgfish/L))

Estimate BCF BCFC [ 0.748 kg fish/L b Calabrese and Baldwin,
1993

Provisional RfD® RIDP | 0.02 mg/kg bw/day Section 3.3.3

Ib ai./lb Oust 0.75 unitless Section 2

2 No bioconcentration noted. Thisis equivalent to a BCF of 1 or unity.
® Recommended equation for concentration in fish muscle (edible portion) is:
log(BCF) = 0.54 log (K,,,) + 0.124
Taken from Neely et al. (1974). Partition coefficient to measure bioconcentration potential
of organic chemicalsin fish. Env. Sci. Technol. 8:(13) 1113-1115.
°NB: The U.S. EPA hasnot derived an RfD for sulfometuron methyl. Theterm provisional RfD is used
simply to identify the use of the value of 0.02 mg/kg bw as derived as part of thisrisk assessment.
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Worksheet 13: Calculation of first-order dermal absorption rate (k,) for sulfometuron methyl.

Parameters Value Units Reference
Molecular weight 364.38 g/mole

Kowa pH 7 0.346 unitless

10010 Ko -0.46092390121

Column vector a for calculating confidence intervals (see Worksheet 08 for definitions.)

al

1

az2

364.38

a3

-0.46092390121

Calculation of a' - (X'X)™ -

a - see Worksheet Worksheet O7afor details of calculation.

Term 1

-0.0718782742

Term 2

0.22137142556

Term 3

0.0138802157

a- -X'X)t-a

0.1634

caculation verified in Mathematica 3.0.1.1

logy, k, = 0.233255 l0gyy(K,y,) - 0.005657 MW - 1.49615

WS07a

log,, of first order absorption rate (k,)

Central estimate | -3.66496046458 + | tooss s x | (@(X'X)a)°®
Lower limit | -4.3192110987 - | 2.0560 0.787218 | x 0.4042276586
Upper limit | -3.01070983045 + | 2.0560 0.787218 | x 0.4042276586
First order absorption rates (i.e., antilog or 10* of above values).
Central estimate | 0.00021629 hours*
Lower limit | 0.000048 hours*
Upper limit | 0.00097564 hours®
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Worksheet 14: Calculation of dermal permeability rate (K,,) in cm/hour for sulfometuron methyl.

Parameters Value Units Reference
Molecular weight 364.38 g/mole

Kowa pH 7 0.346 unitless

10010 Ko -0.46092390121

Column vector a for calculating confidence intervals (see Worksheet O7a for definitions.)

al

1

az2

364.38

a3

-0.46092390121

Calculation of a' - (X'X)™ -

a - see Worksheet 07b for details of calculation.

Term 1

0.025552982

Term 2

0.0488005715

Term 3

0.0100785638

a- -X'X)t-a

0.0844

caculation verified in Mathematica 3.0.1.1

logy k, = 0.706648 10g;(Ky,) - 0.006151 MW - 2.72576

Worksheet 07b

log,, of dermal permeability

Central estimate | -5.29277233294 + | toos s x | a-(X'X)ta®
Lower limit | -5.70680895868 - | 1.9600 0.727129 | x 0.2905167809
Upper limit | -4.8787357072 + | 1.9600 0.727129 | x 0.2905167809
Dermal permeability
Central estimate | 0.0000051 cm/hour
Lower limit | 0.0000020 cm/hour
Upper limit | 0.0000132 cm/hour
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Worksheet 15: Summary of chemical specific dermal absorption values used for sulfometuron methyl dermal

absorption. [wsi15]

Description Code Vaue Units Reference/Source
Zero-order absorption (K,)
Central estimate | KpC 0.0000051 cm/hour Worksheet 14, Values rounded to two
— significant figures
Lower limit | KpL 0.0000020 cm/hour
Upper limit | KpU 0.000013 cm/hour
First-order absorption rates (k,)
Central estimate | AbsC 0.00022 hour* Worksheet 13, values rounded to two
— significant figures
Lower limit | Abs 0.000048 hour?
Upper limit | AbsU 0.00098 hour

Worksheet 16: Estimates of the concentration of sulfometuron methyl in ambient water per Ib a.i. applied per
acre. [Used in chronic contaminated water exposure assessment.]

Scenario | Ambient Appl. Rate | D WCR? Reference
Conc. mg/L | (Ib a.i./acre) (mg/L) +
(Ib ai./acre)
Typical 0.01957 0.36 AWT 0.054 Michael and Neary 1993: see
AWL section 3.2.3.4. for discussion
Low 0.00%0 0-36 0.014 of estimates and data quality.
High 0.0440 0.36 AWU 0.12

inlb ai./acre.

@ Expected water contamination rate - mg/L in water after the application of sulfometuron methyl at a given rate
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WORKER EXPOSURE ASSESSMENTS

Worksheet 17: Worker exposure estimates for directed foliar (backpack) applications of sulfometuron methyl

[Ws17]
Parameter/A ssumption Code Vaue Units Source/Designation
Application rates
Central estimate | WS10C 0.1 Ibs a.i./day WS10.TYP
Lower estimate | WSI0L 0.023 Ibs a.i./day WS10.LOW
Upper estimate | WS10U 0.38 Ibs a.i./day WS10.HI
Acres treated per day
Central estimate | ACREC 4.375 acres/day WB03. ACREC
Lower estimate | ACREL 15 acres/day WB03. ACREL
Upper estimate | ACREU 8 acres/day WB03. ACREU
Amount handled per day (product of application rate and acres treated per day)
Central estimate | HANDLC | 0.4375 |b/day
Lower estimate | WANDLL | 0.0345 |b/day
Upper estimate | FANDLU | 304 |b/day
Absorbed dose rate (mg/day)
Central estimate | RATEC | 0.003 (mg agent/kg bw) | WS03. RATEC
Lower estimate | RATEL | 0.0003 - (s e?ﬂfgrt Gy | 503 RATEL
Upper estimate | RATEU 0.01 WS03. RATEU
Absorbed dose (product of amount handled and absorbed dose rate)
Central estimate | POSEC | 0.0013 mg/kg bw/day N/A
Lower estimate | DOSEL 0.000010
Upper estimate | DOSEU 0.030
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Worksheet 18: Worker exposure estimates for boom spray (hydraulic ground spray) applications of sulfometuron

methyl [ws17]
Parameter/Assumption Code Vaue Units Source/Designation
Application rates
Central estimate | W610C | 0.1 Ibs ai./day WE10. TYP
Lower estimate | Ws10L 0.023 Ibs ai./day W610. LOW
Upper estimate | V610U 0.38 Ibs ai./day W610. Hi
Acres treated per day
Central estimate | ACREC 112 acres/day WB04. ACREC
Lower estimate | ACREL 66 acres/day WB04. ACREL
Upper estimate | ACREU 168 acres/day W504. ACREU
Amount handled per day (product of application rate and acres treated per day)
Central estimate | HANDLC | 1712 |b/day
Lower estimate | WANDLL | 1518 |b/day
Upper estimate | HANDLU | 63.84 |b/day
Absorbed dose rate
Central estimate | RATEC | 0.00010 (mg agent/kg W504. RATEC
Lower estimate | RATEL | 0.00001 - dTegk;Sera%z;t) W04, RATEL
Upper estimate | RATEU 0.00100 W504. RATEU
Absorbed dose (product of amount handled and absorbed dose rate)
Central estimate | POSEC | 0.0011 mg/kg bw/day N/A
Lower estimate | DOSEL 0.000015
Upper estimate | POSEU 0.06384
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Worksheet 19: Workers: Accidental Dermal Exposure Assessments Using Zero-Order Absorption

Parameter Vaue Units Source
Body weight (W) 70 kg W802. BW
Surface Area of hands (S 840 cm? W502. Hands

Dermal permeability (K, cm/hour) [see Worksheet 14]

Typical | 0.0000051 cm/hour WE15. KpC
Lower | 0.0000020 cm/hour WE15. Kpl
Upper | 0.0000130 cm/hour WB15. KpU

Concentration in solution (C) [see Worksheet 11]

Typical | 0.44 mg/mL WB11. TypDr
Lower | 0.07 mg/mL ViE11. LowDr
Upper | 3.03 mg/mL VE11. H _Dr

Note that 1 mL is equal to 1 cm?® and thus mg/mL = mg/cm?.
Details of calculations for worker zero-order dermal absorption scenarios.
Equation (U.S. EPA 1992)

K/; C - Time(hr) - S+ + W = Dose(mg/kg)

where: C = concentration in mg/cm? or mg/mL, S = Surface area of skinin cm? W = Body weight in kg.

Immersion of Hands or Wearing Contaminated Gloves for One-Minute
Typical Value: Usetypical concentration and central estimate of K.
0.0000051 cm/hr x 0.44 mg/cm® x 1/60 hr x 840 cm? + 70 kg = 4.5e-07 mg/kg [WZHT1M]

Lower Estimate: Use lower range of estimated concentration and lower limit of K.,.
0.0000020 cm/hr x 0.07 mg/cm® x 1/60 hr x 840 cm? + 70 kg = 2.8e-08 mg/kg [WZHL1M]

Upper Estimate: Use upper range of estimated concentration and upper limit of K.
0.0000130 cm/hr x 3.03 mg/cm® x 1/60 hr x 840 cm? + 70 kg = 7.9e-06 mg/kg [WZHU1M]

Wearing Contaminated Gloves for One-Hour
Typical Value: Usetypical concentration and central estimate of K,
0.0000051 cm/hr x 0.44 mg/em® x 1 hr x 840 cm? + 70 kg = 2.7e-05 mg/kg [WZHT1H]

Lower Estimate: Use lower range of estimated concentration and lower limit of K...
0.0000020 cm/hr x 0.07 mg/cm® x 1 hr x 840 cm? = 70 kg = 1.7e-06 mg/kg [WZHL 1H]

Upper Estimate: Use upper range of estimated concentration and upper limit of K.
0.0000130 cm/hr x 3.03 mg/cm® x 1 hr x 840 cm? + 70 kg = 4.7e-04 mg/kg [WZHU1H]
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Worksheet 20: Worker Accidental Spill Based on the Assumption of First-Order Absorption

Parameter Value Units Source
Liquid adhering to skin after aspill | 0.008 mg/mL WE02. Liq
(L)
Body weight (W) 70 kg W802. BW
Surface Areas (A)
Hands | 840 cm? WS02. Hands
Lower legs | 2070 cm? WS02. LLegs
First-order dermal absorption rates (k,)
Central Estimate 0.00022 hour? WB15. ABSC
Lower limit of range 0.000048 | hour WE15. ABSL
Upper limit of range 0.00098 hour? WB15. ABSU
Concentration in solution (C) [see Worksheet Worksheet 10]
Typical | 0.44 mg/mL TypDr
Lower | 0.07 mg/mL Lowbr
Upper | 3.03 mg/mL H _Dr

Details of calculations.
Equation (from Durkin et al. 1995)

DOSE (mggiw) = Ka houry X Limgiemsg) X C mygmiy X T thoury X A emsg) T W g)
where T isthe duration of exposure in hours and other terms are defined as above.

Lower Legs: Spill with 1 Hour (T) Exposure Period

Typical Vaue[ WLT1H],

0.0002200 h* x 0.008 mL/cm x 0.44 mg/cm?® x 1 hr x 2070 cm? + 70 kg = 2.3e-05 mg/kg
Lower range [ WFLL1H] ,

0.0000480 h* x 0.008 mL/cm x 0.07 mg/cm?® x 1 hr x 2070 cm? + 70 kg = 7.9e-07 mg/kg
Upper range [ WFLULH] ,

0.0009800 h* x 0.008 mL/cm x 3.03 mg/cm?® x 1 hr x 2070 cm? + 70 kg = 7.0e-04 mg/kg

Hands: Spill with 1 Hour (T) Exposure Period

Typical Vaue[ WHT1H] ,

0.0002200 h* x 0.008 mL/cm x 0.44 mg/cm? x 1 hr x 840 cm?® + 70 kg = 9.3e-06 mg/kg
Lower range [ WFHL1H] ,

0.0000480 h* x 0.008 mL/cm x 0.07 mg/cm? x 1 hr x 840 cm?® + 70 kg = 3.2e-07 mg/kg
Upper range [ WFHULH] ,

0.0009800 h* x 0.008 mL/cm x 3.03 mg/cm? x 1 hr x 840 cm?® + 70 kg = 2.9e-04 mg/kg
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EXPOSURE ASSESSMENTS for the GENERAL PUBLIC

Worksheet 21: Direct spray of child.

Verbal Description: A naked child is accidentally sprayed over the entire body surface with a field dilution as it
isbeing applied. The child is effectively washed - i.e., all of the compound is removed - after 1 hour. The
absorbed dose is estimated using the assumption of first-order dermal absorption.

Parameter/Assumption Vaue Units Source/Reference
Period of exposure (T) 1 hour N A
Body weight (W) 13 kg WB04. BWC
Exposed surface area (A) 6030 cm? W504. SAC
Liquid adhering to skin per cm? of 0.008 mL/cnm? WE02. L1 Q
exposed skin.(L)
Concentrations in solution (C)
Typical/Central | 0.44 mg/mL W511. TYPDR
Low | 0.07 mg/mL WS11. LOADR
High | 3.03 mg/mL Ws11. H _DR
First-order dermal absorption rate (ka)
Central | 0.0002 hour? WB15. AbsC
Low | 0.000048 hour? WE15. AbsL
High | 0.00098 hour W515. AbsU
Estimated Absorbed Doses (D) - see calculations below.
Central | 0.00036 mg/kg SPRYC
Low | 0.000012 ma/kg SPRYL
High | 0.011 ma/kg SPRYH

Details of calculations
Equation: LXxCx AxKk, xT+W

Central Estimate [SPRY CC]:

0.008 mg/mL x 0.44 mg/mL x 6030 cm? x 0.00022 h™* x 1 h + 13 kg = 0.00036 mg/kg

Lower Range of Estimate [SPRY CL]:

0.008 mg/mL x 0.07 mg/mL x 6030 cm? x 0.000048 h™* x 1 h + 13 kg = 0.000012 mg/kg

Upper Range of Estimate [SPRY CH]:

0.008 mg/mL x 3.03 mg/mL x 6030 cm? x 0.00098 h* x 1 h + 13 kg = 0.011 mg/kg
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Worksheet 22: Direct spray of woman.

Verbal Description: A woman is accidentally sprayed over the feet and legs with a field dilution as it is being
applied. The woman washes and removes all of the compound after 1 hour. The absorbed dose is estimated
using the assumption of first-order dermal absorption.

Parameter/Assumption Vaue Units Source/Reference
Period of exposure (T) 1 hour N A
Body weight (W) 64 kg WB04. BWF
Exposed surface area (A) 2915 cn? WB04. SAF1
Liquid adhering to skin per cm? of 0.008 mL/cnm? WE02. L1 Q
exposed skin.(L)
Concentrations in solution (C)
Typical/Central | 0.44 mg/mL W511. TYPDR
Low | 0.07 mg/mL ViE11. LOADR
High | 3.03 mg/mL VELL. H _DR
First-order dermal absorption rate (ka)
Central | 0.0002 hour? WB15. AbsC
Low | 0.000048 hour? WS15. AbsL
High | 0.001 hour* W515. AbsU
Estimated Absorbed Doses (D) - see calculations below.
Central | 0.000035 mg/kg SPRYWC
Low | 0.000001 mg/kg SPRYW.
High | 0.0011 mg/kg SPRYWH

Details of calculations
Equation: LXCxSx Kk, xT+W

Central Estimate [ SPRYW(] :

0.008 mg/mL x 0.44 mg/mL x 2915 cm? x 0.00022 h* x 1 h + 64 kg = 0.000035 mg/kg

Lower Range of Estimate [ SPRYW] :

0.008 mg/mL x 0.07 mg/mL x 2915 cm? x 0.000048 h™* x 1 h + 64 kg = 0.0000012 mg/kg

Upper Range of Estimate [ SPRYWH] :

0.008 mg/mL x 3.03 mg/mL x 2915 cm? x 0.00098 h* x 1 h + 64 kg = 0.0011 mg/kg
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Worksheet 23: Dermal contact with contaminated vegetation.

Verbal Description: A woman wearing shorts and a short sleeved shirt isin contact with contaminated
vegetation for 1 hour shortly after application of the compound - i.e. no dissipation or degradation is
considered. The chemical is effectively removed from the surface of the skin - i.e., washing - after 24 hours.

Parameter/Assumption Vaue Units Source/Reference
Contact time (Tc) 1 hour N A

Exposure time (Te) 24 hours N A

Body weight (W) 64 kg VEOZ. BVF
Exposed surface area (A) 5300 cm? VE04. SAF2
Dislodgeable residue (Dr) as a proportion 0.1 none VE0Z. D sT

of application rate

Application Rates(R)

Typical/Central 0.1 Ibai/acre | VB10. TYP
Low 0.023 Ib ai/acre | V&10. LOWV
High 0.38 Ibai/acre | VBI0-H
First-order dermal absorption rate (ka)
Central 0.00022 | hour* VSIS, AbsC
Low 0.000048 | hour* VET5. AbST
High 0.00098 hour™ VEI5. AbsU
Estimated Absorbed Doses (D) - see calculations on next page.
Central 0.000560 | mg/kg VEGDC
Low 0.000025 | mg/kg VECON
High 0.0106 mg/kg VEGD/H

Description of Calculations:
Step 1:
Use method of Durkin et al. (1995, p. 68, equation 4) to calculate dislodgeable residue (Dr) in units of pg/(cm?:hr))
after converting application ratein Ib a.i./acre to units of pg/cm?
x =log(Dr (ug/(cm?hr))) = (1.09 x log,o(R x WS0L.Ibac_ugcm)) + 0.05
Dr (ug/(cm?hr)) = 10

Step 2:
Convert Dr from units of pg/(cm?-hr)) to units of mg/(cm?-hr)) by dividing by 1000:
Dr(mg/(cm?:hr)) = Dr(ug/(cm?hr))/1000

Step 3:
Estimate amount (Amnt) transferred to skin in mg during the exposure period:
Amnt(mg) = Dr(mg/(cm?hr)) x Tc (hours)x A (cm?)
Step 4:
Estimate the absorbed dose (D) in mg/kg bw as the product of the amount on the skin , the first-order absorption
rate, and the duration of exposure divided by the body weight:
Daps= Amnt(mg) x k, (hours™®) x Te (hours) + W (kg)

See next page for details of calculations.
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Worksheet 23 Details of calculations: Dermal Exposure to Contaminated Vegetation

Central Estimate:

Step 1:

Step 2:
Step 3:

Step 4:

log,o(Dr (ug/(cm?hr)))0.104 = (1.09 x log,,(0.1 x11.21)) + 0.05 = 0.104 pg/(cm?hr)
Dr (ug/(cm?hr)) = 10%1* = 1.27 pg/(cm?hr)

Dr (mg/(cm?hr)) = 1.27 pg/(cm?hr) + 1000 pg/mg = 0.00127 mg/(cm?:hr)
Amnt(mg) = 0.00127 mg/(cm?hr) x 1 hr x 5300 cm? = 6.731 mg

D aps (Mg/kg bw) = 6.731 mg x 0.00022 hr* x 24 hours + 64 kg = 0.00056 [ VEGDV(C]

Lower Range of Estimate:

Step 1:

Step 2:
Step 3:

Step 4:

log,o(Dr (ug/(cm?:hr))) = (1.09 x 10g,4(0.023 x11.21)) + 0.05 = -0.592pg/(cm?-hr)
Dr (ug/(cm?hr)) = 10°%? = 0.256 pg/(cm?:hr)

Dr (mg/(cm?hr)) = 0.256 pg/(cm?hr) + 1000 pg/mg = 0.000256 mg/(cm?:hr)
Amnt(mg) = 0.000256 mg/(cm?hr) x 1 hr x 5300 cm? =1.36 mg

D aps (Mg/kg bw) = 1.36 mg x 0.000048 hr* x 24 hours + 64 kg = 0.0000245 [ VEGDW.]

Upper Range of Estimate:

Step 1:

Step 2:
Step 3:

Step 4:

log,o(Dr (ug/(cm?-hr))) = (1.09 x 10g,4(0.38 x11.21)) + 0.05 = 0.736 pg/(cm?hr)
Dr (ug/(cm?hr)) = 10°7 = 5.45 pg/(cm?:hr)

Dr (mg/(cm?hr)) = 5.45 pg/(cm?hr) + 1000 pg/mg = 0.00545 mg/(cm?:hr)
Amnt(mg) = 0.00545 mg/(cm?hr) x 1 hr x 5300 cm? = 28.9 mg

D aps (Mg/kg bw) = 28.9 mg x 0.00098 hr* x 24 hours + 64 kg = 0.0106 [ VEGDWH|
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Worksheet 24: Consumption of contaminated fruit, acute exposure scenario.

Hoerger and Kenaga (1972) summarized in WS07.

Verbal Description: A woman consumes 1 b (0.4536 kg) of contaminated fruit shortly after application of the
chemical - i.e. no dissipation or degradation is considered. Residue estimates based on relationships from

Parameters/Assumptions Value Units Source/Reference
Body weight (W) 64 kg WB04. BVE
Amount of fruit consumed (A) 0.454 kg N A
Application rates (R)
Typica | 0.1 Ib ai./acre WE10. Typ
Lower | 0.023 Ib ai./acre WE10. Low
Upper | 0.38 Ibai/acre | W10 H
Residue rates (rr)
Typical | 1.5 RUD! WB05a. FRT
Upper | 7 RUD! WB05a. FRU
Dose estimates (D) - see details of calculations below
Typical | 0.0011 mgkgbw | VEGOWAT
Lower | 0.000240 mg/kg bw VEGCWAL
Upper | 0.019 mg/kg bw VEGCWAU

! RUD: Residue Unit Dosage, term used by Hoerger and Kenaga (1972) for anticipated concentration on
vegetation (mg chemical per kg of vegetation ) for each | |b a.i./acre applied.

Equation (terms defined in above table):

D (mg/kg bw) = A(kg) x R(Ib ai./acre) x rr(mg/kg+lb a.i./acre) +W(kg bw)

Details of Calculations

Typical: Usetypical application rate and typical RUD.
D = 0.454 kg % 0.1 Ib aii./acre x 1.5 mg/kg+lb a.i./acre + 64 kg = 0.0011 mg/kg bw

Lower: Use lowest estimated application rate. Use typical RUD because no lower estimate of the RUD is available.

D = 0.454 kg % 0.023 |b a.i./acre x 1.5 mg/kg+Ib a.i./acre + 64 kg = 0.00024 mg/kg bw

Upper: Use highest estimated application rate and highest RUD.

D = 0.454 kg % 0.38 Ib a.i./acre x 7 mg/kg+Ib a.i./acre + 64 kg = 0.019 mg/kg bw
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Worksheet 25: Consumption of contaminated fruit, subchronic exposure scenario.

Verbal Description: A woman consumes contaminated fruit for a 90 day period starting shortly after application

of the chemical.

Initial residue estimates are based on relationships from Hoerger and Kenaga (1972)

summarized in Worksheet 05a. The foliar half-timeis used to estimate the concentration on vegetation after 90
days. The geometric mean of the initial and 90 day concentrations is used as a central/typical dose.

Parameters/Assumptions Vaue Units Source/Reference
Foliar halftime (t.,) 10 days We12. FT12
Duration of exposure (t) 90 days N A
Body weight (W) 64 kg Vig04. BUF
Amount of vegetation consumed per unit body weight(A)
Typical | 0.0043 kg veg./kg bw W804. VT
Upper | 0.01 kg veg./kg bw Vig04. VU
Application rates (R)
Typical | 0.1 Ib ai./acre Vi810. Typ
Lower | 0.023 Ib a.i./acre VE10. Low
Upper | 0.38 Ib a.i./acre W810. H
Residue rates (rr)
Typica | 1.5 RUD! Vs05a. FRT
Upper | 7 RUD! W805aFRU
Dose estimates (D) - see details of calculations on next page
Typical | 0.000028 | mg/kg bw/day VEGOWCT
Lower | 0.0000065 | mg/kg bw/day VEGCWCL
Upper | 0.0012 mg/kg bw/day VEGCCOWCU

! RUD: Residue Unit Dosage, term used by Hoerger and Kenaga (1972) for anticipated concentration on fruit
(mg chemical per kg of vegetation ) for each | |b a.i./acre applied.

Details of calculations on next page
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Subchronic consumption of vegetation: Details of calculations

Equations (terms defined below or in table on previous page):
Step 1: Calculate C, concentration in vegetation on Day 0 - i.e., day of application.
C, (mg/kg) = R(Ib a.i./acre) x rr(mg/kg+lb a.i./acre)

Step 2: Calculate Cy, concentration in vegetation on Day 90 (t=90 days) based on dissipation coefficient (k) derived
from foliar half-life (t.,).

k (days?) = In(2) + t, (days)

Coo (Mg/kg) = C, (Mglkg) x €™

Step 3: Use the geometric mean of C, and Cy, to get a central estimate of concentration in vegetation (mg/kg veg.)
and multiply this value by the vegetation consumption (kg veg/kg bw) to calculate the daily dose (mg/kg bw) over
the exposure period.
D (mg/kg bw) = (CyxCgy)®° (mg/kg veg.) x A kg veg./kg bw x W kg bw + B(kg bw)
= (CyxCqy)®® (mg/kg veg.) x A kg veg./kg bw
Central Estimate:
Use the typical application rate, the typical vegetation consumption rate, and the typical residue rate along
with the single available estimate of foliar half-time.
Step 1:
C,=0.11bai./acre x 1.5 mg/kg veg. = 0.15 mg/kg veg.
Step 2:
k =In(2) +10 days™ = 0.0693
Cq = 0.15mg/kg x e 0%%*% =0,00029 mg/kg veg.
Step 3:
D (mg/kg bw/day) = (0.15 x 0.00029)%° (mg/kg veg.) x 0.0043 kg veg/kg bw = 0.000028 mg/kg bw

Lower Estimate:
Use the lowest anticipated application rate along with the single available estimate of foliar half-time. Also
the typical vegetation consumption rate and the typical residue rate because lower limits on these estimates
are not available.
Step 1:
C, =0.023 Ib a.i./acre x 1.5 mg/kg veg. = 0.0345 mg/kg veg.
Step 2:
k =In(2) +10 days™ = 0.0693
Cqo = 0.0345 mg/kg x e 0%%x% = (0,000067 mg/kg veg.
Step 3:
D (mykgiw) = (0.0345 x 0.000067)%° (gigveq) % 0.0043 (g vegigimy = 0.0000065 (gicq )

Upper Estimate:
Use the highest anticipated application rate, the upper range of the vegetation consumption rate and the
upper range of the residue rate along with the single avail able estimate of foliar half-time.
Step 1:
C, =0.38Ib aii./acre x 7 mg/kg veg. = 2.66 mg/kg veg.
Step 2:
k =In(2) +10 days™ = 0.0693
Cq = 2.66 mg/kg x e 0%%8*% =0,0052 mg/kg veg.
Step 3:
D (mykgbw) = (2.66 % 0.0052)°° (gkgveg) X 0.01 gvegiginy = 0.0012 (gt
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Worksheet 26: Consumption of contaminated water, acute exposure scenario.

Verbal Description: A young child (2-3 years old) consumes 1 liter of contaminated water shortly after an
accidental spill of 200 gallons of a field solution into a pond that has an average depth of 1 mand a surface
area of 1000 n or about one-quarter acre. No dissipation or degradation is considered.

Parameters/Assumptions Vaue Units Source/Reference
Surface area of pond [SA] 1000 m? N A
Average depth [DPTH] 1 m N A
Volume of pond in cubic meters[vMm] 1000 m? N A
Volume of pond in Liters (VL] 1000000 L 1 nf=1,000L
Volume of spill [vs] 200 gallons N A
Concentrations in solution (C (1))
Central | 440 mg/L Ws11. TypDR
Low 70 mg/L WS11. LowDR
High | 3030 mg/L W11 H _DR
Body weight (W) 13 kg Vig04. BWC
Amount of water consumed (A)
Typical 1 L/day Vig04. VCT
Lower 0.61 L/day Vig04. WCL
Upper 15 L/day WE04. WCH
Dose estimates (D) - see details of calculations on next page.
Typical 0.025 mg/kg bw VATCCAT
Lower 0.0025 mg/kg bw VATCCAL
Upper 0.26 mg/kg bw VATCCAU

Details of calculations on next page
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Acute Consumption of Contaminated Water from an Accidental Spill
Details of calculations

Equations (terms defined below or in table on previous page)

Step 1: Calculate the concentration in the pond based on the concentration in the spilled solution, the volume
spilled and the volume of the pond, assuming instantaneous mixing.
Conc. g1y = VS gay X 3.785 g X C mgi) T VL (iitery

Step 2: Calculate the dose based on the concentration in the water, the amount of water consumed, and the body
weight.
D (mgigbw) = CONC. gy X Ay * W g

Calculations

Central Estimate

Use the typical field dilution, and the typical water consumption.
Step 1:

Conc. (mgiy = 200 gy X 3.785 gy % 440 () = 1000000 (it = 0.33 (g
Step 2:

D (mgkgbw) = 0.33 (mgy X Ly + 13 49 = 0.025 (gxgtw) [WATCCAT]

Lower Estimate

Use the lowest estimated field dilution and the lower range of water consumption.
Step 1:

Conc. (mgiy = 200 gy X 3.785 g X 70 gy = 1000000 (jtergy = 0.053 (g
Step 2:

D (mgkgbw) = 0.053 g1y X 0.61 ) + 13 5 = 0.0025 (puqtw) [WATCCAL]

Upper Estimate:

Use the highest estimated field concentration and the upper range of water consumption.
Step 1:

Conc. g1y = 200 (guy X 3.785 )y % 3030 (gy + 1000000 ity = 2.29 (g
Step 2:

D (mgkgbw) = 2:29 mgy X 1.5 ) 13 ) = 0.26 (ngrgwy [WATCCAU]
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Worksheet 27: Consumption of contaminated water, chronic exposure scenario.

are implicitly considered.

Verbal Description: An adult (70 kg male) consumes contaminated ambient water for a lifetime. Thelevelsin
water are estimated from monitoring data and thus dissipation, degradation and other environmental processes

Parameters/Assumptions Vaue Units Source/Reference
Application Rates (R (b 4 acre)
Central 0.1 Ib ai./gal Vi810. Typ
Low 0.023 W610. Low
High | 0.38 W810. H
Water Contamination Rate (WCR)(C (ng1)*R gbai/ga))
Central 0.054 mg/L/Ib ViE16. AWK
Low 0.014 ai.lacre VE16. AV
High | 0.12 WB16. AW
Body weight (W) 70 kg Vi€046. BWM
Amount of water consumed (A /4ay))
Typical 2 L/day ViE04. VCAT
Lower | 1.4 L/day V804, WCAL
Upper | 24 L/day ViE04. VCAH
Dose estimates (D) - see details of calculations on next page.
Typical 0.00015 mg/kg VATCMCT
bw/day
Lower | 0.0000064 | mg/kg VATCMCL
bw/day
Upper | 0.0016 mg/kg VATCMCU
bw/day

Details of calculations on next page
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Chronic Consumption of Contaminated Ambient Water
Details of calculations

Equations (terms defined in table on previous page)

Verbal Description: Multiply the application rate (R g ,i/are) by the water contamination rate (WCR (g y«qbaigay) {0
get the concentration in ambient water. This product isin turn multiplied by the amount of water consumed per day
(A(Ligayy) @nd then divided by the body weight (W,y)to get the estimate of the absorbed dose (D ngig b)) -

Dmgkgw) = R gbaisacre X WCR (mgiyxabaisga) X Aiday) = Wikg)

Central Estimate
Use the typical application rate, typical contamination rate (WCR), and the typical water consumption.

Dmgkgow) = 0.1 (baisarg X 0.054 (mgiyxabaisgay X 2 widay T 70 kgowy = 0.00015 (g [ WATCMCT]
Lower Range of Estimate:
Use the lowest anticipated application rate, the low end of the range of the water contamination rate

(WCR), and the low end of the range for water consumption.

D(mg/kg bW) = 0.023 (Ibai./acre) X 0.014 ((mglL)X(Ibai.lgal)) X 1.4 (L/day) - 70 (kg bw) = 0.0000064 (mg/kg bW) [V\ATC’VCL]
Upper range of Estimate:
Use the lowest anticipated application rate, the low end of the range of the water contamination rate

(WCR), and the low end of the range for water consumption.

Dmgkgow) = 0.38 (baisarg X 0.12 (mgiyxabaisgay X 2:4 W) = 70 wgowy = 0.0016 (ngugowy [ VATCMCY]
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Worksheet 28: Consumption of contaminated fish, acute exposure scenario.

Verbal Description: 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 mand a
surface area of 1000 ¥ 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.

Parameters/Assumptions Vaue Units Source/Reference
Surface area of pond [SA] 1000 m? N A
Average depth [DPTH] 1 m N A
Volume of pond in cubic meters[vMm] 1000 m? N A
Volume of pond in Liters[vL] 1000000 L 1 nf=1,000 L
Volume of spill [vs] 200 gallons N A
Concentrationsin spilled solution (C (1))
Central | 440 mg/L WS11. TYPDRx1000
Low 70 mg/L WS11. LOWDRx1000
High | 3030 mg/L WS11. Hl _DRx1000
Body weight (W) 70 kg W804. BWM
Amount of fish consumed (A)
General Population 0.158 kg/day W804. FAU
Native American subsistence popul ations 0.77 kg/day W504. FNU
Bioconcentration factor (BCF 4 igi)) 1 kg fish/L WS12. BCFT
Dose estimates (D) - see details of calculations on next page.
General Population
Typical 0.0007 mg/kg bw FI SHAMGPT
Lower 0.00012 | mg/kg bw FI SHAMGPL
Upper 0.0052 mg/kg bw FI SHAMGPU
Native American subsistence popul ations
Typical 0.0036 mg/kg bw Fl SHAMNAT
Lower 0.00055 | mg/kg bw FI SHAMNAL
Upper 0.025 mg/kg bw FI SHAMNAU

Details of calculations on next page
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Acute Consumption of Contaminated Fish after an Accidental Spill

Details of calculations
Equations (terms defined below or in table on previous page)

Step 1: Asinthe acute drinking water scenario, calculate the concentration in the pond based on the concentration
in the spilled solution, the volume spilled and the volume of the pond, assuming instantaneous mixing.
Conc. gy = VS gay X 3.785 | yga X C g1y = VL (litery

Step 2: Calculate the dose based on the concentration in the water, the bioconcentration factor, the amount of fish
consumed, and the body weight.
D (mgkgbw) = CONC. (mg) X BCF grisny X Aggiisy ¥ W igbm)

General Public

Central Estimate
Use the typical field dilution as well as the experimental BCF and upper range of daily fish consumption
for the general public.
Step 1:
Conc. gy = 200 gy % 3.785 | g4 X 440 () + 1000000 (jirersy = 0.33 gy
Step 2:
D (mgkgbw) = 0.33 mgiy X 1 (Lig) X 0.158 (g1igy = 70 g = 0.00070 (rgngom) [ FI SHAMGPT]

Lower End of Range for the Estimate:
Use the lower field dilution as well as the experimental BCF and upper range of daily fish consumption for
the general public.
Step 1:
Conc. gy = 200 gy X 3.785 g X 70 gy = 1000000 fjtergy = 0.053 (g
Step 2:
D (mgkgbw) = 0.053 gy X 1 (L xg) X 0.158 (g5igny = 70 g = 0.00012 (gngiomy [ FI SHAMGPL]

Upper End of Range for the Estimate:
Use the upper field dilution as well as the experimental BCF and upper range of daily fish consumption for
the general public.
Step 1:
Conc. (ugiy = 200 (guy X 3.785 ) % 3030 (gy + 1000000 jjtery = 2.29 (g
Step 2:
D (mgkgtw) = 2:29 mgiy X 1 (Lig) X 0.158 (gsigy = 70 g = 0.0052 (gngim) [ FI SHAMGPY]

(continued on next page)
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Acute Consumption of Contaminated Fish after an Accidental Spill
Details of calculations (continued)

Native American Subsistence Populations

Central Estimate:
Use the typical field dilution as well as the experimental BCF and upper range of daily fish consumption
for the native American subsistence populations.
Step 1:
Conc. g1y = 200 gy % 3.785 | g4 X 440 () + 1000000 (jirersy = 0.33 gy
Step 2:
D (mgkgtw) = 0:33 mgiy X L Lig) X 0.77 gtisy = 70 g = 0.0036 (g [ FI SHAMNAT]

Estimate of Lower End of Range
Use the lower field dilution as well as the experimental BCF and upper range of daily fish consumption for
the native American subsistence populations.
Step 1:
Conc. gy = 200 gy X 3.785 g X 70 gy = 1000000 fjtergy = 0.050 (g
Step 2:
D (mgkgbw) = 0.05 gy X L (Lxg) X 0.77 gsigy = 70 gg = 0.00055 (gngim) [ FI SHAMNAL]

Estimate of Upper End of Range
Use the upper field dilution as well as the experimental BCF and upper range of daily fish consumption for
the native American subsistence populations.
Step 1:
Conc. (mgry = 200 gy X 3.785 g * 3030 () + 1000000 ity = 2.290 (1o
Step 2:
D (makgbw) = 2:29 mgiy X 1 (ig) X 0.77 (giigy = 70 g = 0.025 (ngugow) [ FI SHAVNAU]
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Worksheet 29: Consumption of contaminated fish, chronic exposure scenario.

Verbal Description: An adult (70 kg male) consumes fish taken from contaminated ambient water for a lifetime.
The levelsin water are estimated from monitoring data and thus dissipation, degradation and other
environmental processes are implicitly considered.

Parameters/Assumptions Vaue Units Source/Reference
Application Rates (R (b 4 acre)
Central 0.1 Ib ai./gal W810. Typ
Low 0.023 WB10. Low
High 0.38 WB10. Hi
Water Contamination Rate (WCR)(C (ng1)*R gbai/ga))
Central 0.054 mg/L/Ib WB16. AT
Low | 0014 ai facre VIBL6. AL
High 0.12 WE16. AW
Bioconcentration factor (BCF 4 ig1)) 1 kg fish/L Ws12. BCFT
Body weight (W) 70 kg W804. BWM
Amount of fish consumed (A)
General Population typical 0.01 kg/day WE04. FAT
upper limit | 0.158 kg/day ViE04. FAU
Native American subsistence populatlorl)s/ e 0061 iy VE04. ENT
upper limit 0.77 kg/day W504. FNU
Dose estimates (D) - see details of calculations on next page.
Genera Public
Typica 0.00000077 | mgkgbw/day | FI SHMCT
Lower 0.000000046 | mgkgbw/day | FI SHVCL
Upper 0.00010 mg/kg bw/day FI SHMCU
Native American Subsistence Population
Typica 0.0000062 mg/kg bw/day | FI SHNMCT
Lower 0.00000037 | mgkgbw/day | FI SHNMCL
Upper 0.00050 mg/kg bw/day | FI SHNMCU

Details of calculations on next page
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Chronic Consumption of Contaminated Fish, Details of calculations

Equations (terms defined below or in table on previous page)

Verbal Description: Multiply the application rate (R (p 4 /a0e) DY the water contamination rate (WCR (g1 yxb aisgay)
to get the concentration in ambient water. This product isin turn multiplied by the bioconcentration factor (BCF
fisvry) ANd the amount of fish consumed per day (A g risvaay) and then divided by the body weight (W,g1,) to get the

estimate of the absorbed dose (D ngig b)) -

D mgkgbw) = R gbaisacre X WCR (mgyxabaisga)) X Akgaay X BCF kgris) T Wikg)

General Public

Central Estimate
Use the typical application rate, typical contamination rate (WCR), the typical fish consumption, the
measured bioconcentration factor, and standard body weight.

Dmgkgw) = 0-1 gaisecre X 0.054 (mgiyxabaisgay X 1 kgtisvy X 0-01 ygrusvaayy T 70 gowy = 0.00000077 (gigbw) [ FI SHVCT]

Lower Range of Estimate:
Use the lowest anticipated application rate, lower range of contamination rate (WCR), the typical fish
consumption, the measured bioconcentration factor, and standard body weight. Typical fish consumption
is used because there is no published lower estimate.

Dmgkgow) = 0.023 (1paijacrg X 0.014 (g yxapaisgay X 1 wgtisvey X 0-01 (qrusvday) = 70 kgbw) =
0.000000046 (1ngkgbw) [ FI SHVMCL]

Upper Range of Estimate:
Use the highest labelled application rate, upper range of contamination rate (WCR), the maximum | fish
consumption, the measured bioconcentration factor, and standard body weight.

Dmgkgow) = 0-38 (haisarg X 0.12 (mgiyxapaisgay X 1 kgfisvry X 0-158 qrusvaay) = 70 kgbw) =
0.00010 (ngikgtw) [ FI SHMCU]
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Chronic Consumption of Contaminated Fish
Details of calculations (continued)

Native American Subsistence Populations

Central Estimate
Use the typical application rate, typical contamination rate (WCR), the typical fish consumption for native
American subsistence populations, the measured bioconcentration factor, and standard body weight.

Dmgkgow) = 0.1 gbaisarg X 0.054 (mgiyxapaisgay X 1 wgfisvry X 0-081 (qrusvaay) = 70 kgbw) =
0.0000062 (ngikgbw) [ FI SHNMCT]

Lower Range of Estimate:
Use the lowest anticipated application rate, lower range of contamination rate (WCR), the typical fish
consumption for native American subsistence populations, the measured bioconcentration factor, and
standard body weight. Typical fish consumption is used because there is no published lower estimate.

Dmgkgow) = 0.023 (paijacrg X 0.014 (g yxapaisgay X 1 wgfisvty X 0-081 (qrusvaay) = 70 kgbw) =
0.00000037 (1ngkgbw) [ FI SHNMCL]

Upper Range of Estimate:
Use the highest labelled application rate, upper range of contamination rate (WCR), the maximum | fish
consumption for native American subsistence populations, the measured bioconcentration factor, and
standard body weight.

Dmgkgow) = 0-38 (haisarg X 0.12 (mgiyxapaisgay X 1 wgfisvy X 0-77 (grusvoay) = 70 kgbw) =
0.00050 (ngigbw) [ FI SHNMVCU]
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CATEGORICAL REG

RESSION

Worksheet 30: Summary of categorical regression analyses based on experimental dose and duration in days
with all of the available data (see Table 3-3 in text of risk assessment for data points).

M odel All dose/duration/severity data. Three category model (NOAEL, AEL, and FEL) using natural log
Run #1 transformations on dose (mg/kg/day) and duration of exposure (days).

Parameter Estimate P=vaue

Model Chi Square, 2 D.F. 7.97 0.0186
Intercept NOAEL/AEL 11432 0.50
Intercept AEL/FEL 4.0332 0.029
Log(Dose) -0.4312 0.043
Log(Days) -0.0491 0.81

M odel All dose/severity data. Three category model (NOAEL, AEL, and FEL) using natural log

Run #2 transformations on dose (mg/kg/day) but excluding duration of exposure.

Parameter Estimate P=value

Model Chi Square, 1 D.F. 7.91 0.0049
Intercept NOAEL/AEL 0.7747 0.3222
Intercept AEL/FEL 3.6671 0.0006
Log(Dose) -0.3958 0.0102
M odel All dose/severity data. Two category model (NOAEL, AEL/FEL combined) using natural log

Run #3 transformations on dose (mg/kg/day) and duration of exposure in days.

Parameter Estimate P=value

Model Chi Square, 1 D.F. 24.54 <0.0001
Intercept NOAEL/AEL& FEL 9.633 0.0648
Log(Dose) -2.2116 0.0255
Log(Days) -0.5650 0.2581
M odel All dose/severity data. Two category model (NOAEL, AEL/FEL combined) using natural log

Run #4 transformations on dose (mg/kg/day) but excluding duration of exposure.
Parameter Estimate P=value
Model Chi Square, 1 D.F. 23.06 <0.0001
Intercept NOAEL/AEL& FEL 5.222 0.0299
Log(Dose) -1.7160 0.0150
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Worksheet 31: Summary of categorical regression analyses excluding teratology studiesin rabbits using
experimental doses and duration in days (see Table 3-4 in text of risk assessment for data points).

Parameter

Estimate

P=vaue

M odel All dose/duration/severity data except studies in rabbits. Two category model (NOAEL, AEL) using
ns on dose (mg/kg/day) and duration of exposure.

Run #1 natural log transformatio

Parameter Estimate P=vaue
Intercept (NOAEL/AEL) 25.01 0.2148
Log(Dose) -4.1520 0.2159
Log(Days) -2.0217 0.2079

M odel Dose/severity data excluding studies in rabbits. Two category model (NOAEL, AEL) using natural

Run #2 log transformations on dose (mg/kg/day) but omitting duration of exposure.

Parameter Estimate P=vaue
Intercept (NOAEL)/AEL) 4.9616 0.0346
Log.(Dose) -1.5403 0.0236

M odel Dose/severity data excluding studies in rabbits. Two category model (NOAEL/ AEL) using natural

Run #3 log transformations on the product of experimental dose (mg/kg/day) and fraction of life span.

Parameter Estimate P=value
Model Chi Square, 1 D.F. 19.58 <0.0001
Intercept NOAEL/AEL 19.19 0.0256
Log.(DosexDuration) -2.386 0.0221
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Worksheet 32: Summary of categorical regression analyses using only dietary exposures with experimental
doses (mg/kg/day) and duration of exposure in days (see Table 3-4 in text of risk assessment for data points).

Parameter

Estimate

P=vaue

Model

Dietary dose/duration/severity data. Two category model (NOAEL/ AEL) using natural log

Run #1 | transformations on dose (mg/kg/day) and duration of exposure (days).

Intercept (NOAEL)/AEL) 24.9966 0.2160

Log(Dose) -4.1496 0.2176

Log(Days) -2.0208 0.2085

M odel Dietary dose/duration/severity data. Two category model (NOAEL/AEL) using natural log
Run #2 | transformations on dose (mg/kg/day) but omitting duration of exposure (days).

Intercept (NOAEL)/AEL) 4.9494 0.0360

Log(Dose) -1.5362 0.0250

M odel Dietary dose/severity data. Two category model (NOAEL/AEL) using natural log transformations on
Run #3 | the product of human equivalent dose (mg/kg/day) and fraction of life span.

Parameter Estimate P=value

Model Chi Square = 15.98 <0.0001 (1 DF)
Intercept NOAEL/AEL 16.27 0.0332
Log.(DosexDuration) -1.935 0.0316
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Worksheet 33: Summary of categorical regression analyses based on estimated human equivalent dose and
duration in fraction of life span with all of the available data (see Table 3-4 in text of risk assessment for data

points).
Assumptions Life spans: Body Weights:

Human: 70 years 70kg

Dog: 10years 10 kg

Rat: 2 years 0.35kg

Mouse: 2 years 0.025 kg

Rabbit: 4 years 4.0kg
M odel All dose/duration/severity data. Three category model (NOAEL, AEL, and FEL) using natural log
Run #1 transformations on estimated human equivalent dose (mg/kg/day) and duration of exposure fraction

of life span.

Parameter Estimate P=vaue
Model Chi Square, 2 D.F. 11.46 0.0033
Intercept NOAEL/AEL 0.5310 0.4314
Intercept AEL/FEL 3.6868 0.0002
Log(Dose) -0.5106 0.0214
Log(Life span) -0.0300 0.8911
M odel All dose/severity data. Three category model (NOAEL, AEL, and FEL) using natural log
Run #2 transformations on dose (mg/kg/day) but excluding duration of exposure.
Parameter Estimate P=vaue
Model Chi Square, 1 D.F. 11.44 0.0007
Intercept NOAEL/AEL 0.5410 0.4107
Intercept AEL/FEL 3.7034 0.0002
Log(Dose) -0.4902 0.0028
M odel All dose/severity data. Two category model (NOAEL, AEL/FEL combined) using natural log
Run #3 transformations on dose (mg/kg/day) and duration of exposure in fraction of life span.
Parameter Estimate P=value
Model Chi Square, 1 D.F. 29.04 <0.0001
Intercept NOAEL/AEL& FEL 5.2546 0.1583
Log(Dose) -3.8066 0.0896
Log.(Days) -1.201 0.1389
M odel All dose/severity data. Two category model (NOAEL, AEL/FEL combined) using natural log
Run #4 transformations on dose (mg/kg/day) but excluding duration of exposure.
Parameter Estimate P=value
Model Chi Square, 1 D.F. 25.35 <0.0001
Intercept NOAEL/AEL& FEL 3.5135 0.0473
Log(Dose) -1.8730 0.0174
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Worksheet 34: Summary of categorical regression analyses using only dietary exposures with estimated human
equivalent doses (mg/kg/day) and duration in fraction of life span (see Table 3-4 in text of risk assessment for

data points).
Assumptions | Life spans: Body Weights:
Human: 70 years 70 kg
Dog: 10years 10 kg
Rat: 2 years 0.35 kg
Mouse: 2 years 0.025 kg
Parameter Estimate P=vaue

M odel Dietary dose/duration/severity data. Two category model (NOAEL/ AEL) using natural log
Run #1 transformations on human equivalent dose (mg/kg/day) and duration of exposure as the fraction of

life span.

Score test for proportional odds
assumption

Model would not converge.

Reject modedl.

M odel Dietary dose/severity data. Two category model (NOAEL/ AEL) using natural log transformations
Run #2 on human equivalent dose (mg/kg/day) but excluding duration of exposure.

Parameter Estimate P=vaue
Model Chi Square, 1 D.F. 14.67 0.0001
Intercept NOAEL/AEL 3.35 0.0526
Log(Dose) -1.706 0.0266

M odel Dietary dose/severity data. Two category model (NOAEL/ AEL) using natural log transformations
Run #3 on the product of human equivalent dose (mg/kg/day) and fraction of life span.

Parameter Estimate P=value

Model Chi Square, 1 D.F. 16.47 <0.0001 (1 DF)
Intercept NOAEL/AEL 0.5756 0.5392
Log.(DosexDuration) -2.081 0.0407
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SUMMARY TABLES

Worksheet 35: Summary of Worker Exposure Scenarios

Dose (mg/kg/day or event) Exposure
Scenario _ Assessment
Typical Lower Upper Worksheet

General Exposures (dose in mg/kg/day)

Directed ground spray 1.3e-03 1.0e-05 3.0e-02 WS17
(Backpack)

Broadcast ground spray 1.1e-03 1.5e-05 6.4e-02 WS18
(Boom spray)

Accidental/Incidental Exposures (dose in mg/kg/event)

Immersion of Hands, 4.5e-07 2.8e-08 7.9e-06 WSI19
1 minute

Contaminated Gloves, 2.7e-05 1.7e-06 4.7e-04 WSI19
1 hour

Spill on hands, 9.3e-06 3.2e-07 2.9e-04 WS20
1 hour

Spill on lower legs, 2.3e-05 7.9e-07 7.0e-04 WS20
1 hour
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Worksheet 36: Summary of risk characterization for workers'

RfD 0.02 mg/kg/day Sect. 3.3.3.
Hazard Quotient Exposure

Scenario _ Assessment

Typical Lower Upper Worksheet

General Exposures
Directed ground spray 0.1 0.0005 2 WS17
(Backpack)
Broadcast ground spray 0.06 0.0008 3 WS18
(Boom spray)
Accidental/Incidental Exposures

Immersion of Hands, 0.00002 0.000001 0.0004 WS19
1 minute
Contaminated Gloves, 0.001 0.00008 0.02 WS19
1 hour
Spill on hands, 0.0005 0.00002 0.01 WS20
1 hour
Spill on lower legs, 0.001 0.00004 0.04 WS20

1 hour

! Hazard quotient is the level of exposure divided by the provisional RfD then rounded to one significant decimal
place or digit. See Worksheet 35 for summary of exposure assessment.
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Worksheet 37: Summary of Exposure Scenarios for the General Public

Target Dose (mg/kg/day) Worksheet

Scenario )
Typical L ower Upper

Acute/Accidental Exposures
Direct spray, entire body Child 0.00036 0.00001 0.011 WS21
Direct spray, lower legs Woman  0.000035 0.0000012 0.0011 WS22
Dermal, contaminated Woman  0.00056 0.000025 0.0106 WS23
vegetation
Contaminated fruit, acute Woman  0.0011 0.00024 0.019 WS24
exposure
Contaminated water, acute Child 0.025 0.0025 0.26 WS26
exposure
Consumption of fish, genera  Man 0.0007 0.00012 0.0052 WS28
public
Consumption of fish, Man 0.00363 0.00055 0.025 WS28
subsistence popul ations
Chronic/L onger Term Exposures
Contaminated fruit Woman  0.000456 0.0001049 0.0188 WS25
Consumption of water Man 0.00015 0.0000064 0.0016 WS27
Consumption of fish, general Man 0.00000077 0.000000046 0.0001 WS29
public
Consumption of fish, Man 0.00001 0.00000037 0.0005 WS29

subsistence popul ations
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Worksheet 38: Summary of risk characterization for the general public ®.

Provisional RfD 0.02 mg/kg/day Sect. 3.3.3.
Target Hazard Quotient Worksheet
Scenario )
Typical L ower Upper

Acute/Accidental Exposures

Direct spray, entire body Child 0.02 0.0006 0.5 WS21
Direct spray, lower legs Woman 0.002 0.0000600 0.06 WS22
Dermal, contaminated Woman 0.03 0.001000 0.5 WS23
vegetation

Contaminated fruit, acute Woman 0.06 0.01 1 WS24
exposure

Contaminated water, acute Child 1 0.1 13 WS26
exposure

Consumption of fish, Man 0.03 0.006 0.3 WS28
general public

Consumption of fish, Man 0.2 0.03 1 WS28

subsistence popul ations

Chronic/L onger Term Exposures

Contaminated fruit Woman 0.001 0.0003 0.06 WS25
Consumption of water Man 0.007 0.0003 0.08 WS27
Consumption of fish, general  Man 0.00004 0.000002 0.005 WS29
public

Consumption of fish, Man 0.0003 0.00002 0.03 WS29

subsistence popul ations

! Hazard quotient is the level of exposure divided by the provisional RfD then rounded to one significant decimal
place or digit. See Worksheet 36 for summary of exposure assessments.
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EXPOSURE ASSESSMENTS for Terrestrial Species

Worksheet 39: Direct spray of small mammal assuming first order absorption kinetics.

Verbal Description: A 20 g mammal is directly sprayed over one half of the body surface as the chemical is
being applied. The absorbed dose over thefirst day - i.e., a 24 hour period) is estimated using the assumption of
first-order dermal absorption. In the absence of any data on dermal absorption in a small mammal, the
estimated absorption rate for humansis used. An empirical relationship between body weight and surface area
(Boxenbaum and D’ Souze 1990) is used to estimate the surface area of the animal.

Parameter/Assumption Vaue Units Source/Reference

Period of exposure (T) 24 hour N A

Body weight (W) 0.020 kg Section 4.2.1.

Exposed surface area (A) cm?=1110xBW(kg)°® Boxenbaum and D Souza 1990
87 cm?

Application rate (R)

Typical/Central 0.1 Ib ai. W610. TYP
Low | 0.023 Jacre V610 LOW
High | 0.38 WB10. H
Conversion Factor (F) for Ib/acre to 0.01121 W801. LBAC_MECM

mg/cm?

First-order dermal absorption rate (k)

Central 0.00022 hour* W515. AbsC
Low 0.000048 hour? WE15. AbsL
High 0.00098 hour WS15. AbsU
Estimated Absorbed Doses (D) - see calculations below.
Central 0.013 mg/kg SMDSDC
Low | 0.00064 mg/kg SVDSDL
High 0.22 mg/kg SMDSDH

Details of calculations on next page.
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Direct Spray of Small Mammal, first-order absorption, Details of calculations
Equation: 0.5x F x Rx Ax 1T+ W

Verbal Description: Multiply by 0.5 because only one half of the body surface is assumed to be sprayed. Calculate
the amount deposited on the animal as the product of the application rate converted to mg/c? and the surface area
of the animal in c?. Get the proportion of the amount that is absorbed using the assumption of first order
absorption kinetics. Divide by the body weight.

Central Estimate: Use the central estimate of the application rate and dermal absorption rate,
0.5 x 0.01121 (mg/cm?+lb/acre) x 0.1 Ib/acre x 87 cm?
x 1-g0002v24h - 0 02 kg = 0.013 mg/kg [ SMDSDC]

Lower Range of Estimate: Use the lowest anticipated application rate and lower 95% limit of the estimated dermal
absorption rate,
0.5 x 0.01121 (mg/cm?+Ib/acre) x 0.023 |b/acre x 87 cn?

x 1-g000008hx24h - (9 02 kg = 0.00064 mg/kg [ CVDSDL]

Upper Range of Estimate: Use the highest anticipated application rate and upper 95% limit of the estimated dermal
absorption rate,
0.5 x 0.01121 (mg/cm?+Ib/acre) x 0.38 |b/acre x 87 cn?

x (1-e-0.00098/h x 24 h) + 0.02 kg = 0.22 mg/kg [ DVDSDH|

WS-50



Worksheet 40: Direct spray of small mammal assuming 100% absorption over the first 24 hour period.

surface area of the animal.

Verbal Description: A 20 g mammal is directly sprayed over one half of the body surface as the chemical is
being applied. The deposited dose is assumed to be completely absorbed during the first day. An empirical
relationship between body weight and surface area (Boxenbaum and D’ Souze 1990) is used to estimate the

Parameter/Assumption Vaue Units Source/Reference
Period of exposure (T) 24 hour N A
Body weight (W) 0.020 kg Section 4.2.1.
Exposed surface area (A) cm?=1110xBW(kg)°® Boxenbaum and D Souza 1990
87 cm?
Application rate (R)
Typical/Central 0.1 Ib ai. V&10. TYP
Low | 0023 facre VEL0. LOW
High | 038 WB10. HI
Conversion Factor (F) for Ib/acre to 0.01121 W801. LBAC_MECM
mg/cm?
Estimated Absorbed Doses (D) - see calculations below.
Centrad 24 mg/kg SMDS2DC
Low 0.56 mg/kg SMDS2DL
High 9.3 mg/kg SMBS2DH

Direct Spray of Small Mammal, Complete absorption, Details of calculations

Equation: 0.5x Fx Rx A+ W

Verbal Description: Multiply by 0.5 because only one half of the body surface is assumed to be sprayed. Calculate
the amount deposited on the animal as the product of the application rate converted to mg/cr? and the surface area

of the animal in c?. Divide by the body weight.

Central Estimate: Use the central estimate of the application rate,
0.5 x 0.01121 (mg/cm?+Ib/acre) x 0.1 Ib/acre x 87 cm? + 0.02 kg = 2.4 mg/kg [ SMDS2DC]

Lower Range of Estimate [WS382DL]: Use the lowest anticipated application rate,
0.5 x 0.01121 (mg/cm?+Ib/acre) x 0.023 Ib/acre x 87 cm? + 0.02 kg = 0.56 mg/kg [ SMDS2DL]

Upper Range of Estimate [WS382DH]: Use the highest anticipated application rate,
0.5 x 0.01121 (mg/cm?+Ib/acre) x 0.38 Ib/acre x 87 cnm? + 0.02 kg = 9.3 mg/kg [ SMDS2DU]
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Worksheet 41: Direct spray of bee assuming 100% absorption over the first 24 hour period.

Verbal Description: A 0.093 g bee is directly sprayed over one half of the body surface as the chemical is being
applied. The deposited dose is assumed to be completely absorbed during the first day. An empirical
relationship between body weight and surface area (Boxenbaum and D’ Souze 1990) is used to estimate the
surface area of the animal.

Parameter/Assumption Vaue Units Source/Reference

Period of exposure (T) 24 hour N A

Body weight (W) 0.000093 kg Section 4.2.1.

Exposed surface area (A) cm?=1110xBW(kg)°® Boxenbaum and D Souza 1990
2.7 cm?

Application rate (R)

Typical/Central 0.1 Ib ai. W610. TYP
Low | 0023 facre V610, LOW
High | 038 WB10. HI
Conversion Factor (F) for Ib/acre to 0.01121 W801. LBAC_MECM
mg/cm?
Estimated Absorbed Doses (D) - see calculations below.
Central 16 mg/kg BEEDS2DC
Low 3.7 mg/kg BEEDS2DL
High | 62 mg/kg BEEDS2DH

Direct Spray of Bee, Complete absorption, Details of calculations

Equation: 0.5x Fx Rx A+ W

Verbal Description: Multiply by 0.5 because only one half of the body surface is assumed to be sprayed. Calculate
the amount deposited on the animal as the product of the application rate converted to mg/cr? and the surface area

of the animal in c?. Divide by the body weight.

Central Estimate: Use the central estimate of the application rate,
0.5 x 0.01121 (mg/cm?+Ib/acre) x 0.1 Ib/acre x 2.7 cm? + 0.000093 kg = 16 mg/kg [ BEEDS2DC]

Lower Range of Estimate: Use the lowest anticipated application rate,
0.5 x 0.01121 (mg/cm?+Ib/acre) x 0.023 Ib/acre x 2.7 cm? + 0.000093 kg = 3.7 mg/kg [ BEEDS2DL]

Upper Range of Estimate: Use the highest anticipated application rate,
0.5 x 0.01121 (mg/cm?+Ib/acre) x 0.38 Ib/acre x 2.7 cm? + 0.000093 kg = 62 mg/kg [ BEEDS2DH|
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Worksheet 42: Consumption of contaminated vegetation by a small mammal, acute exposure scenario.

Verbal Description: A 20 g mammal consumes vegetation shortly after application of the chemical - i.e. no
dissipation or degradation is considered. The contaminated vegetation accounts for 100% of the diet. Residue
estimates based on relationships for leaves and |eafy vegetables from Hoerger and Kenaga (1972) summarized
in Worksheet 05a.

Parameters/Assumptions Vaue Units Source/Reference
Body weight (W) 0.020 kg A
Food consumed per day (A) 0.003 kg U.S. EPA 1989a
Duration of exposure (D) 1 day N A
Application rates (R)
Typical | 0.1 Ib ai./acre V10. Typ
Lower | 0.023 Ib ai./acre WE10. Low
Upper | 0.38 Ib ai./acre WE10. H
Residue rates (rr)
Typica | 35 RUD! Ws05a. LVT
Upper | 125 RUD?! Ws05a. LVU
Dose estimates (D) - see details of calculations below
Typical | 0.53 mg/kg bw VGCSMAC
Lower | 0.12 mg/kg bw VGCSMAL
Upper | 7.1 mag/kg bw VGCSMAU

! RUD: Residue Unit Dosage, term used by Hoerger and Kenaga (1972) for anticipated concentration on
vegetation (mg chemical per kg of vegetation ) for each | |b a.i./acre applied.

Equation (terms defined in above table):
D (mg/kg bw) = A(kg) x R(Ib a.i./acre) x rr(mg/kg veg.+lb a.i./acre) + W(kg bw)

Details of Calculations
Typical: Usetypical application rate and typical RUD.
D = 0.003 kg % 0.1 Ib a.i./acre x 35 mg/kg+Ib a.i./acre + 0.02 kg = 0.53 mg/kg bw [ vGcsMAC]

Lower: Use lowest estimated application rate. Use typical RUD because no lower estimate of the RUD is available.
D = 0.003 kg x 0.023 |b ai./acre x 35 mg/kg+lb a.i./acre + 0.02 kg = 0.12 mg/kg bw [ VGCSMAL]

Upper: Use highest estimated application rate and highest RUD.
D = 0.003 kg % 0.38 Ib a.i./acre x 125 mg/kg+Ib a.i./acre + 0.02 kg = 7.1 mg/kg bw [ vGcsvau]
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Worksheet 43: Consumption of contaminated vegetation by a small mammal, subchronic exposure scenario.

Verbal Description: A 20 g mammal consumes contaminated vegetation for a 90 day period starting shortly
after application of the chemical. It isassumed that 100% of the diet is contaminated. Initial residue estimates
are based on relationships for leaves and leafy vegetables from Hoerger and Kenaga (1972) summarized in
Worksheet 05a. The foliar half-time is used to estimate the concentration on vegetation after 90 days. The
geometric mean of the initial and 90 day concentrations is used as the estimate of the dose.

Parameters/Assumptions Vaue Units Source/Reference
Duration of exposure (D) 90 days N A
Body weight (W) 0.02 kg
Food consumed per day (A) 0.003 kg U S. EPA 1989a
kg food consumed per kg bw 0.15 Unitless 0.003/0. 02
Application rates (R)
Typica | 0.1 Ib ai./acre WE10. Typ
Lower | 0.023 Ib ai./acre W810. Low
Upper | 0.38 Ib ai./acre WB10. Hi
Residue rates (rr)
Typica | 35 RUD* Ws05a. LVT
Upper | 125 RUD! Ws05a. LVU
Dose estimates (D) - see details of calculations on next page
Typical | 0.023 mg/kg bw VGCSMCT
Lower | 0.0054 mg/kg bw VGCSMCL
Upper | 0.32 mg/kg bw VGCSMU

! RUD: Residue Unit Dosage, term used by Hoerger and Kenaga (1972) for anticipated concentration on fruit
(mg chemical per kg of vegetation ) for each | |b a.i./acre applied.

Equations (terms defined below or in above table):
Step 1: Calculate C, concentration in vegetation on Day O - i..e., day of application.
C, (mg/kg) = R(Ib a.i./acre) x rr(mg/kg+lb a.i./acre)

Step 2: Calculate Cy, concentration in vegetation on Day 90 (t=90 days) based on dissipation coefficient (k) derived
from foliar half-life (t.,).

k (days?) = In(2) + t, (days)

Coo (Mg/kg) = C, (Mglkg) x €™

Step 3: Use the geometric mean of C, and Cy, to get a central estimate of concentration in vegetation (mg/kg veg.)
and multiply this value by the vegetation consumption (kg veg/kg bw) to calculate the daily dose (mg/kg bw) over
the exposure period.

D (mg/kg bw) = (CyxCgq)®° (mg/kg veg.) x A kg veg./kg bw

Details of calculations on next page
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Subchronic consumption of vegetation by a small mammal:
Details of calculations

Central Estimate:
Use the typical application rate, the typical vegetation consumption rate, and the typical residue rate along
with the single available estimate of foliar half-time.
Step 1:
C,=0.11bai./acre x 35 mg/kg veg. = 3.5 mg/kg veg.
Step 2:
k =1In(2) +10 days™ = 0.0693
Cq = 3.5mglkg x e 0%%*% =0,0068 mg/kg veg.
Step 3:
D (mg/kg bw/day) = (3.5 x 0.0068)%° (mg/kg veg.) x 0.15 kg veg/kg bw = 0.023 mg/kg bw [ VGCSMCT]

Lower Estimate:
Use the lowest anticipated application rate along with the single available estimate of foliar half-time..
Also the typical vegetation consumption rate and the typical residue rate because lower limits on these
estimates are not available.
Step 1:
C, =0.023 Ib a.i./acre x 35 mg/kg veg. = 0.805 mg/kg veg.
Step 2:
k =In(2) +10 days™ = 0.0693
Cq = 0.805 mg/kg x e 0%%x% =0,0016 mg/kg veg.
Step 3:
D (mykgbw) = (0.805 x 0.0016)°° (gugveq) X 0-15 gvegkgw) = 0-0054 (g [ VGCSMCL]

Upper Estimate:
Use the highest anticipated application rate, the upper range of the vegetation consumption rate and the
upper range of the residue rate along with the single avail able estimate of foliar half-time.
Step 1:
C, =0.38Ib aii./acre x 125 mg/kg veg. = 47.5 mg/kg veg.
Step 2:
k =In(2) +10 days™ = 0.0693
Co = 47.5mglkg x e 0%%%% = 0,093 mg/kg veg.
Step 3:
D (mykgbw) = (47.5 % 0.093)%° 1aveq) X 0.15 g vegigimw) = 0-32 (mgigbwy [ VECSMOU]
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Worksheet 44: Consumption of contaminated water by a small mammal, acute exposure scenario.
Verbal Description: A small (20g) mammal consumes 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 n¥ or about
one-quarter acre. No dissipation or degradation is considered.
Parameters/Assumptions Vaue Units Source/Reference
Surface area of pond [SA] 1000 m? N A
Average depth [DPTH] 1 m N A
Volume of pond in cubic meters[vMm] 1000 m? N A
Volume of pond in Liters (VL] 1000000 L 1 nf=1,000L
Volume of spill [vs] 200 gallons N A
Concentrations in solution (C (1))
Central | 440 mg/L WS11. TYPDRx1000
Low 70 mg/L WS11. LOWDRx1000
High | 3030 mg/L WS11. HI _DRx1000
Body weight (W) 0.02 kg N A
Amount of water consumed (A) 0.005 L/day U.S. EPA 1989a
Dose estimates (D) - see details of calculations below.
Typical 0.083 mg/kg bw WICSMAT
Lower 0.0130 mg/kg bw WCSMAL
Upper 0.57 mg/kg bw WICSMAU

Equations (terms defined below or in table)
Step 1: Calculate the concentration in the pond based on the concentration in the spilled solution, the volume
spilled and the volume of the pond, assuming instantaneous mixing.

Conc. (mgiy = VS @y X 3.785 | jga X C gy = VL (litery
Step 2: Calculate the dose based on the concentration in the water, the amount of water consumed, and the body
weight.

D (mgrgim) = CONC. gy X Aqy =W g

Central Estimate: Use the typical field dilution,
Step 1. Conc. g1y = 200 gy X 3.785 g4 X 440 (1) + 1000000 (irers) = 0.33 (rngy

Lower Estimate: Use the lowest estimated field dilution,
Step 1. Conc. gy = 200 gy X 3.785 | jgq X 70 gy + 1000000 jiteg = 0.053 (g1

Upper Estimate: Use the highest estimated field concentration,

Step 11 CONC. (1) = 200 guy X 3.785 g X 3030 gy = 1000000 g = 2.29 (g

WS-56



Worksheet 45: Consumption of contaminated water by a small mammal, chronic exposure scenario.

Verbal Description: A small (20 g) mammal consumes contaminated ambient water for a lifetime. The levelsin
water are estimated from monitoring data and thus dissipation, degradation and other environmental processes
are implicitly considered.

Parameters/Assumptions Vaue Units Source/Reference
Application Rates (R (b 4 acre)
Central | 0.1 Ib ai./gal VE10. Typ
Low | 0.023 W510. Low
High | 0.38 WB10. H
Water Contamination Rate (WCR)(C (ng1)*R gbai/ga))
Central 0.054 mg/L/Ib WE16. AWT
Low | 0014 ai./acre VE16. AN
High | 0.12 WB16. AW
Body weight (W) 0.02 kg U.S. EPA 1989a
Amount of water consumed (A /) 0.005 L/day U.S. EPA 1989a

Dose estimates (D) - see details of calculations on next page.

Typical 0.0014 mg/kg bw WrCsSMCT
Lower [ 0.000081 | mg/kg bw WrCSMCL
Upper | 0.011 mg/kg bw WrcsMeu

Equations (terms defined in table)

Verbal Description: Multiply the application rate (R g i) Dy the water contamination rate (WCR (g y«qbaigay) {0
get the concentration in ambient water. This product isin turn multiplied by the amount of water consumed per day
(A(Ligayy) @nd then divided by the body weight (W,y)to get the estimate of the absorbed dose (D ngig bw))-

D(mg/kg bw) = R (bai/acre) % WCR (mgLyx(bailga)) X A(leay) ; W(kg)

Central Estimate: Use the typical application rate and typical water contamination rate (WCR)
Dimgkgow) = 0.1 (baisacrg X 0.054 (mgiyxapaisgay X 0.005 gay = 0.02 gy = 0.0014 (ouqbmy [ WICSMCT]

Lower Range of Estimate: Use the lowest anticipated application rate and the low end of the range of the water
contamination rate (WCR)
D(mg/kg bW) = 0.023 (Ibai./acre) X 0.014 ((mg/L)X(Ibai.lgal)) X 0.005 (L/day) - 0.02 (kg bw) = 0.000081 (mg/kg bW) [\MCSNCL]

Upper range of Estimate: Use the lowest anticipated application rate and the low end of the range of the water

contamination rate (WCR)
Dmgkgw) = 0.38 (haisarg X 0.12 (mgiyxapaisgay X 0:005 gay) = 0.02 gpmy = 0.011 (guqomy [ WICSMCU]
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Worksheet 46: Summary of Exposure Scenarios for terrestrial animals

Dose (mg/kg/day) Worksheet

Scenario )

Typical L ower Upper
Acute/Accidental Exposures
Direct spray, small mammal, 0.013 0.00064 0.22 WS39
first-order absorption
Direct spray, small animal, 24 0.56 9.3 WS40
100% absorption
Direct spray, bee, 100% 16 37 62 W1
absorption
Consumption of 0.53 0.12 7.1 WS42
contaminated vegetation,
acute exposure
Consumption of 0.083 0.013 0.57 Ws44
contaminated water, acute
exposure
Longer Term Exposures
Consumption of 0.023 0.0054 0.32 W43
contaminated vegetation,
chronic exposure
Consumption of 0.0014 0.000081 0.011 WS45
contaminated water, chronic
exposure
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Worksheet 47: Summary of quantitative risk characterization for terrestrial animals*

Hazard Quotient?

Scenario )

Typical L ower Upper
Acute/Accidental Exposures
Direct spray, small mammal, first- 0.007 0.0003 0.1
order absorption
Direct spray, small animal, 100% 1 0.3 5
absorption
Direct spray, bee, 100% absorption® 0.01 0.003 0.06
Consumption of contaminated 0.3 0.06 4
vegetation, acute exposure
Consumption of contaminated 0.04 0.01 0.3
water, acute exposure
Longer Term Exposures
Consumption of contaminated 0.01 0.003 0.2
vegetation, chronic exposure
Consumption of contaminated 0.001 0.00004 0.006

water, chronic exposure

! See Worksheet 45 for details of exposure assessment.

2 Except for the honey bee, the hazard quotient is calculated as the estimated exposure divided by the chronic rats
NOAEL of 2 mg/kg/day and then rounded to one significant decimal or digit.

% The hazard quotient is based on the non-lethal acute dose level of 1075 mg/kg from the study by (Hoxter and
Smith 1990) .
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Worksheet 48: Toxicity of sulfometuron methyl to terrestrial Plants (data Drake 1990)

Summary of Categorical Regressions

Crops: 1-10 Scale Categorical Regression Using Data from Drake(1990)
Converged by Objective

Whole-Model Test
Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 45.01322 1 90.02643 <.0001
Full 415.08027
Reduced 460.09348
RSquare (U) 0.0978
Observations (or Sum Wgts) 283
Lack of Fit

Source DF -LogLikelihood ChiSquare

Lack of Fit 62 56.76950 113.539

Pure Error 211 358.31077 Prob>ChiSq

Total Error 273 415.08027 <.0001

Parameter Estimates
Term Estimate Std Error  ChiSquare  Prob>ChiSq
Intercept -9.2198084 1.0953051 70.86 <.0001
Intercept -7.2220712 0.5820894 153.94 <.0001
Intercept -5.9780389 0.4830854 153.13 <.0001
Intercept -5.6690125 0.4680098 146.73 <.0001
Intercept -5.2025167 0.448154 134.76 <.0001
Intercept -4.8896674 0.4359819 125.78 <.0001
Intercept -4.5284173 0.4225368 114.86 <.0001
Intercept -4.0966428 0.4071074 101.26 <.0001
Intercept -2.503497 0.3546713 49.82 <.0001
lograte -0.6982576 0.0794472 77.25 <.0001
Effect Test
Source Nparm DF Wald ChiSquare  Prob>ChiSq
lograte 1 1 77.245634 0.0000
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Worksheet 48 (continued)
Weeds: 1-10 Scale Categorical Regression Using Data from Drake(1990)
Converged by Objective
Whole-Model Test

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 106.66140 1 213.3228 <.0001
Full 700.36529
Reduced 807.02669
RSquare (U) 0.1322
Observations (or Sum Wgts) 492
Lack of Fit

Source DF -LogLikelihood ChiSquare

Lack of Fit 69 65.33916 130.6783

Pure Error 412 635.02612  Prob>ChiSq

Total Error 481 700.36529 <.0001

Parameter Estimates
Term Estimate Std Error  ChiSquare  Prob>ChiSq
Intercept -9.8535755 0.798518 152.27 <.0001
Intercept -9.4387689 0.6861033 189.26 <.0001
Intercept -8.0034005 0.4701751 289.75 <.0001
Intercept -7.1088373 0.4133502 295.77 <.0001
Intercept -6.7396663 0.3976758 287.22 <.0001
Intercept -6.1503709 0.3769076 266.28 <.0001
Intercept -5.753485 0.3643918 249.30 <.0001
Intercept -5.0045201 0.3416375 214.58 <.0001
Intercept -4.5103922 0.3273375 189.86 <.0001
Intercept -3.2659004 0.2931572 124.11 <.0001
lograte -0.8366653 0.0649626 165.87 <.0001
Effect Test
Source Nparm DF Wald ChiSquare  Prob>ChiSq
lograte 1 1 165.87361 0.0000

WS-61



Worksheet 48 (continued)
Broadleaves, Crops and Weeds Combined: 1-10 Scale Categorical Regression Using
Data from Drake(1990)

Converged by Objective
Whole-Model Test

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 67.30252 1 134.605 <.0001
Full 443.91981
Reduced 511.22233
RSquare (U) 0.1317
Observations (or Sum Wgts) 335
Lack of Fit
Source DF -LogLikelihood ChiSquare
Lack of Fit 69 45.62650 91.253
Pure Error 255 398.29331  Prob>ChiSq
Total Error 324 443.91981 0.0377
Parameter Estimates
Term Estimate Std Error  ChiSquare  Prob>ChiSq
Intercept -10.058212 1.1042825 82.96 <.0001
Intercept -9.358495 0.8432719 123.16 <.0001
Intercept -8.6489938 0.6747536 164.30 <.0001
Intercept -7.2148028 0.5106541 199.62 <.0001
Intercept -7.0032516 0.4977106 197.99 <.0001
Intercept -6.3320672 0.4651652 185.30 <.0001
Intercept -5.8824851 0.4474293 172.85 <.0001
Intercept -5.0790487 0.4180632 147.60 <.0001
Intercept -4.6410068 0.4028248 132.74 <.0001
Intercept -3.2339241 0.3544685 83.23 <.0001
lograte -0.811872 0.0778512 108.75 <.0001
Effect Test
Source Nparm DF Wald ChiSquare  Prob>ChiSq
lograte 1 1 108.75370 0.0000
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Worksheet 48 (continued)
Grasses, Crops and Weeds Combined: 1-10 Scale Categorical Regression Using Data
from Drake(1990)
Response: sev

Converged by Gradient
Whole-Model Test

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 84.85667 1 169.7133 <.0001
Full 671.26292
Reduced 756.11958
RSquare (U) 0.1122
Observations (or Sum Wgts) 440
Lack of Fit

Source DF -LogLikelihood ChiSquare

Lack of Fit 69 85.04760 170.0952

Pure Error 360 586.21531  Prob>ChiSq

Total Error 429 671.26292 <.0001

Parameter Estimates
Term Estimate Std Error  ChiSquare  Prob>ChiSq
Intercept -10.061926 1.0569449 90.63 <.0001
Intercept -9.3589898 0.7923874 139.50 <.0001
Intercept -7.2708842 0.4508885 260.04 <.0001
Intercept -6.3730764 0.4023392 250.91 <.0001
Intercept -5.966297 0.3866954 238.05 <.0001
Intercept -5.4802597 0.3701154 219.24 <.0001
Intercept -5.1586346 0.3598201 205.54 <.0001
Intercept -4.6753898 0.3448617 183.80 <.0001
Intercept -4.1877735 0.3304779 160.58 <.0001
Intercept -2.8247901 0.2940979 92.25 <.0001
lograte -0.7741466 0.0661317 137.03 <.0001
Effect Test
Source Nparm WaldDEhiSquare Prob>ChiSq
lograte 1 1137.03369 0.0000
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