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OCCUPATIONAL AND RESIDENTIAL EXPOSURE/RISK ASSESSMENT AND
CHARACTERIZATION

Executive Summary

Monosodium methanearsonate (MSMA) and disodium methanearsonate (DSMA) are
organic arsenical herbicides registered for weed control on cotton, under trees, vines and shrubs,
and for Jawn care. At this time, products containing MSMA and DSMA are intended for both
occupational and residential uses. The same toxicity endpoints were selected for both
monosodium methanearsonate (MSMA) and disodium methanearsonate (DSMA). This was
done because, when MSMA and DSMA are dissolved in water, the sodium ions disassociate and
do not participate in the reaction. Once the sodium ions have disassociated, both MSMA and
DSMA become methanearsonic acid. Since both compounds become methanearsonic acid in
solution, individual studies for each compound are not necessary. The Agency has previously
accepted toxicity studies performed with methanearsonic acid for MSMA and DSMA
registration. All endpoints selected by the HIARC for methanearsonic are applicable to both
MSMA and DSMA. The MSMA technical is 59 percent active ingredient and is formulated as a
granular (2.34 percent active ingredient), an emulsifiable concentrate liquid (16.6 to 58 percent
active ingredient), a ready-io-use solution (0.36 to 47.8 percent active ingredient), a dry
flowable (55 percent active ingredient) and a soluble concentrate liquid (11.6 to 59.0 percent
active ingredient). MSMA is also formulated with cacodylic acid, fluometuron, diuron and
prometryn. DSMA formulation intermediate is 81 percent active ingredient and is formulated as
a granular (2.9 to 4.75 percent active ingredient), an emulsifiable concentrate liquid (21.8 percent
active ingredient), a wettable powder ( 63 to 81 percent active ingredient) and a soluble
concentrate liquid (12.5 to 36.9 percent active ingredient). MSMA and DSMA are applied using
the following equipment: aircraft, groundboom, rights-of-way sprayer, turf handgun sprayer,
high and low pressure handwand, Hypo-Hatchet injector, belly grinder, push-type spreader,
backpack sprayer, and sprinkler can. Application rates range from 1.87 Ibs ai/acre to 7.56 Ibs
ai/acre.

HED has determined that there are potential exposures to mixer, loader, applicator and
other handlers during the usual use-patterns associated with MSMA/DSMA. Based on the use
patterns, 26 major occupational exposure scenarios were identified for MSMA/DSMA: (1a)
mixing/loading liquids for aerial application; (1b) mixing/loading liquids for ground application;
(1c) mixing/loading liquids for rights-of-way application; (1d) mixing/loading liquids for turf
handgun sprayer; (1e) mixing/loading liquids for a high pressure handwand; (2a) mixing/loading
wettable powders for aerial application; (2b) mixing/loading wettable powders for ground
application; (2c) mixing/loading wettable powders for rights-of-way application; (2d)
mixing/loading wettable powders for turf handgun sprayer; (2e) mixing/loading wettable
powders for a high pressure handwand; (3a) mixing/loading dry flowable for aerial application;
(3b) mixing/loading dry flowable for ground application; (3¢) mixing/loading dry flowable for
rights-of-way gpplication; (3d) mixing/loading dry flowable for turf handgun sprayer; (3¢)
mixing/loading dry flowable for a high pressure handwand; (4) applying liquids with
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groundboom sprayer; (5) applying sprays with aerial equipment; (6) applying sprays with a turf
handgun sprayer; (7) applying sprays with rights-of-way sprayer; (8) applying sprays with a high
pressure handwand; (9) mixing/loading/applying liquids with low pressure hand wand; (10)
mixing/loading/applying wettable powders with low pressure hand wand; (11) mixing/
loading/applying liquids with back pack sprayer; (12) loading/applying granulars with push-type
spreader; (13) loading/applying granulars with a bellygrinder; and (14) flagging sprays for aerial
application. MSMA/DSMA label prohibit application by chemigation.

Calculations of non-cancer risk based on dermal and inhalation exposure indicate that the
dermal and inhalation margins of exposure (MOEs) are more than 100 with maximum risk
reduction measures for all of the short and intermediate term occupational exposure scenarios
listed.

HED has determined that there are potential exposures to post-application workers during
usual use-patterns associated with MSMA/DSMA. The following activities were assessed for
post-application exposure: mowing/maintaining golf course turfgrass, hand and mechanical
harvesting, hand weeding and transplanting of sod, and irrigating, scouting, and hand harvesting
cotton. For all assessed post-application exposures, the target MOE is reached on the day of
application, after sprays have dried (12 hours after application). MSMA and DSMA are also
used under trees, vines and shrubs. Occupational post-application exposures resulting from this
type of application are assumed to be less than the exposures from the assessed post-application
exposure SCenarios.

HED has determined that there are potential exposure to residential mixer, loader, and
applicators during the usual use-patterns associated with MSMA/DSMA. Based on the use
patterns, 6 major residential exposures were identified for MSMA/DSMA: (1) mixing/floading/
applying liquids with a low pressure hand wand; (2) mixing/ loading/applying liquids with a
back pack sprayer; (3) mixing/loading/applying liquids with a sprinkler can or ready-to-use
liquid, (4) loading/applying granulars with a belly grinder, (5) loading/applying granulars with a
push-type spreader, and (6) applying granular with hand/spoon. Hose-end sprayer use is
prohibited on MSMA and DSMA labels. _

For residential handlers, calculations of non-cancer risk based on dermal and inhalation
exposure indicate that the dermal and inhalation MOESs are more than 100 for all of the short-
term occupational exposure scenarios listed.

The following residential post-application scenarios were identified: dermal exposure from
residue on lawns (adult and toddler), hand-to-mouth transfer of residues on lawns (toddler),
ingestion of pesticide residue on treated grass (toddler), ingestion of pesticide granulars in treated
areas (toddler), incidental ingestion of soil from pesticide-treated residential areas (toddler),
dermal exposure from residue on golf course turfgrass (adult and child). For non-cancer
residential post-application risks, the following scenarios were a risk of concern (MOE <300) :
hand-to-mouth transfer (toddler), and granular ingestion (toddler).
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BACKGROUND

Purpose

In this document, which is for use in EPA's development of the MSMA/DSMA
Reregistration Eligibility Decision Document (RED), EPA presents the results of its review of
the potential human health effects of occupational and residential exposure to monosodium
methanearsonate (MSMA) and disodium methanearsonate (DSMA).

Criteria for Conducting Exposure Assessments

An occupational and/or residential exposure assessment is required for an active ingredient
if (1) certain toxicological criteria are triggered and (2) there is potential exposure to handlers
(mixers, loaders, applicators, etc.) during use or to persons entering treated sites after application
is complete. For MSMA and DSMA, both criterion are met.

Summary of Toxicity Concerns Relating to Occupational and Residential Exposures

The same toxicity endpoints were selected for both monosodium methanearsonate
(MSMA) and disodium methanearsonate (DSMA). This was done because, when MSMA and
DSMA are dissolved in water, the sodium ions disassociate and do not participate in the reaction.
Once the sodium ions have disassociated, both MSMA and DSMA become methanearsonic acid.
Since both compounds become methanearsonic acid in solution, individual studies for each
compound are not necessary. The Agency has previously accepted toxicity studies performed
with methanearsonic acid for MSMA and DSMA registration. All endpoints selected by the
HIARC for methanearsonic are apphcable to both MSMA and DSMA..

Acute Toxxcology Categories

Table 1 and 2 present the acute toxicity categories as outlined in the MSMA4 and DSMA -
Report of the Hazard Identification Assessment Review Committee (HIARC).!

Table 1. Acute Toxicity Categories for MSMA (37-38% a.i.)

Study Type Toxicity Category
Acute Oral Toxicity II |
Acute Dermal Toxicity 111 u
Acute Inhalation Toxicity 111
Primary Eye Irritation i
Primary Dermal Irritation | 111
-l Dermal Sensitization not a s:ensitizer N




Table 2.‘Acute Toxicity Categories for DSMA (technical 81-83% ai)

Study Type Toxicity Category
Acute Oral Toxicity I
Acute Dermal Toxicity I
Acute Inhalation Toxicity v
| Primary Eye Irritation 111
Primary Dermal Irritation iv

Dermal Sensitization

not a sensitizer

Non-Cancer Endpoints of Concern

The HIARC memo, dated July 26, 2000, indicates that there are toxicological endpoints of
concern for MSMA and DSMA.! The endpoints, and associated uncertainty factors used in
assessing the risks for MSMA and DSMA are presented in Table 3.!
Table 3. MSMA and DSMA Hazard Endpomts and Uncertamtv Factors.

Route/ Durauon NOAI:L E I Effect T f o '. Study ** 4 Uncertsinty Factors® |} Comments
e ) . .kg/day)-, : SR
Incidental Oral 2 body weight gain in Chronic oral Interspecies: 10x needed for
Exposure females and clinical toxicity study in Intraspecies: 10x toddier post-
signs (severe diarthea, FQPA: 3x application
vomiting, and excessive oral exposure
salivation) in both sexes.
Short-and 1000 No systemic toxicity was | 21-day dermal Interspecies: 10x
intermediate term observed at the limit toxicity study in Intraspecies: 10x
Dermal dose of 1000 mg/kg/day. | rabbits. FQPA: 3x
(1-7 days and °No dermal irritation- was- o
one week to observed at 1000
several months) mg/kg/day.
Short- and 4.38 Presence of moderate 90 day inhalation | Interspecies: 10x Sprague-
Intermediate- 0010 and marked study in rats, Intraspecies: 10x Dawley Rats, 6
Term Inhalation mg/Ly intracytoplasmic FQPA: 3x hours/day, 100
(1-7 days and cosinophilic granules percent lung
one week to (IEG) in the cells of the absorption
several months) nasal turbinates observed assumed
at the LOAEL 0f0.034
mg/L/day.
Footnote
a 0.0.10 mg/m* was converted to 4.38 mg/kg/day by the following formula: NOAEL (mg/ke/day) = NOAEL (mg/m’®) * Sprague-Dawley

Rat Respiratoty Volume for Males and Females (10.26 L/hr) * Body Weight of Sprague-Dawley Rats for Males and Females (1/0.236
kg) * Exposure Duration per day (6 hrs/day) * Absorption (100%) * (5 days/week)/(7days/week). Thzs was then adjusted for the use of

a 33.3% formulation, instead of a 100% technical, to be 4.38 mg/kg/day.

b FQPA safety factor is used only for residential/non-occupational populations.




FQPA Safety Factor :

The FQPA Safety Factor Committee memo dates August 3, 2000 recommended that an
FQPA safety factor be maintained for MSMA/DSMA since there are data gaps for acute and
subchronic neurotoxicity studies in mice (the requirement of a developmental neurotoxicity study
is “reserved”), The Committee concluded that the safety factor could be reduced to 3x for
MSMA/DSMA because there is no quantitative or qualitative evidence of increased susceptibility
following in utero exposure to rats and rabbits and/or following pre-/posinatal exposure to rats.
The FQPA safety factor for MSMA is applicable to all population subgroups for acute and
chronic dietary assessments and residential exposures assessments of all duration since there are
data gaps for acute and subchronic neurotoxicity studies in mice. Additionally, the requirement
for a developmental neurotoxicity (DNT) study is “reserved” pending receipt of the neurotoxicity
studies with MSMA (as well as the DNT with cacodylic acid). These studies will characterize
the potential for neurotoxicity and may provide data that could be used in the toxicology
endpoint selection for dietary and non-dietary risk assessments.’

Cancer Determination

The Hazard Identification Assessment Review Committee (HIARC) classified MSMA as
"not likely" a human carcinogen.! Although the parathyroid adenomas described above in rats
were outside of the historical controls (0.1% for both sexes), the tumors are not a concern
because of the following rationale:

1) Only the benign tumors were increased in incidence.

2) Pair wise significance was not attained for either sex. A significant trend test was
observed only for males.

3)  Anincrease in tumor incidence was not observed in mice.

4) The acceptable genetic toxicology studies indicate that MSMA is not mutagenic in
bacteria (Salmonella typhimurium ) or cultured mammalian cells (Chinese hamster
ovary) Similarly, MSMA did not induce unscheduled DNA synthesis (UDS) in
primary rat hepatocytes.'

Metabolite of Concern

It has been shown in environmental fate studies that MSMA/DSMA are stable under all
tested conditions but can be converted into cacodylic acid, a metabolite of concern, after
application via microbial or plant metabolism. For MSMA/DSMA to be converted to cacodylic
acid, a methyl group (CH;) must be added to the methanearsonic acid molecule (see structures in
figure 1 below). This reaction does not happen spontaneously. That is, MSMA/DSMA do not
degrade under the influence of abiotic (sterile) chemical or photochemical processes in soil or
water. .

The magnitude of the residue studies also demonstrate that MSMA/DSMA need to be
metabolized in order to convert to cacodylic acid. For instance, in the MSMA/DSMA magnitude
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of the residue in citrus studies, where MSMA/DSMA are not directly applied to the tree, there
were no detectable residues of MSMA or DSMA in the fruit; however, there were detectable
residues of cacodylic acid.>* Conversely, when directly applied to cotton, the magnitude of the
residue in cotton studies exhibit no detectable residues of cacodylic acid, but detectable residues
of MSMA/DSMA 3%

Post-application exposures are only to surface residues where it is unlikely that cacodylic
acid will be present based on the weight of the evidence that the Agency has at this time.
Therefore, a post-application assessment was not conducted for cacodylic acid. A post-
application dislodgeable residue decline study on plants and turfgrass is requested to confirm
these conclusions. :

Figure I. Organic Arsenical Acid Structures

0 o) o
¢ t
— As- —AS- 0" Ng'™ _As.
H3C . O.E-I : H3C L 0+ Na H3C : OH
O Na O Na CH.
MSMA ' DSMA
(Monosodium salt of MAA) (Disodium salt of MAA) Cacodylic acid

Summary of Use Pattern and Formulations
Occupational-Use and Homeowner-Use Products

At this time, products containing MSMA and DSMA are intended for both occupational
and residential uses. Both MSMA and DSMA are organic arsenical herbicides registered for
weed control on cotton, under trees, vines, and shrubs and for lawn care. The MAA
(Methanearsonic Acid) Task Force, consisting of the primary registrants for MSMA and DSMA
which are Luxembourg-Pamol, Inc., Zeneca Agricultural Products/GP Biosciences, Drexel/APC
Holdings and Albaugh Inc. (MSMA only), was formed to support re-registration of MSMA and
DSMA. There are 27 end use product registrants.

Type of Pesticide/Targeted Pest

MSMA and DSMA are selective herbicides used in commercial/residential settings for pre-
and post-emergent weed control of annual grasses and broadleaf weeds, which include (but, are
not limited to) the following:**

. Grasses: Bahiagrass, Bamnyard grass, Brachiaria, Carpetgrass, Centipedegrass ,

Crabgrass, Crowfootgrass, Dallisgrass, Foxtail, Goosegrass, Guineagrass,
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Johnsongrass, Lemongrass, Lovegrass, Nutgrass, Nutsedge, Panicum, Paspalum,
Peppergrass, Ryegrass, Saint Augustine grass, Sandbur, Sedge, Signalgrass,
Watergrass, Wild Oats, and Witchgrass.

. Weeds: Aster, Bedstraw, Beggarweed, Bindweed, Blackgum, Black Medic,
Bullnettle, Burclover, Burdock, Buttonweed, Carpetweed, Carelessweed,
Chickweed, Chicory, Clover, Cocklebur, Coffeeweed, Dandeloins, Dayflower,
Dock, Fiddleneck, Goathead, Gooseberry, Groundcherry, Hairy Beggarticks,
Healall, Henbit, Ironweed, Ivy, Jimsonweed, Knotweed, Lambsquarters, Lespedeza,
Mallow, Malva, Moming Glory, Mustard, Pigweed, Plantain, Posion Ivy, Posion
Oak, Puncture Vine, Oxalis, Punturevine, Purslane, Pusley, Ragweed, Sesbania,
Shepherdspurse, Sicklepod, Sida, Smartweed, Sourwood, Speedwell, Spurge,
Teaweed, Tules, Tumbleweed, Velvetleaf, Wild Carrot, Wild Garlic, Wild Lettuce,
Wild Onion, Wood Sorrel, Yarrow.

. Trees: (MSMA only) Cedar, Conifers, Fir, Hemlock, Hickory, Maple, Oak, Pine,
Sumac, and Sweet Gum. '

Formulation Types and Percent Active Ingredient

MSMA technical is 59 percent active ingredient (ai) and is formulated as a granular (2.34
percent active ingredient), an emulsifiable concentrate liquid (16.6 to 58 percent active
ingredient), a ready-to-use solution ( 0.36 to 47.8 percent active ingredient), a dry flowable (55
percent active ingredient) and a soluble concentrate liquid (11.6 to 59.0 percent active
ingredient). MSMA is also formulated with cacodylic acid, fluometuron, and prometryn.’

DSMA formulation intermediate is 81 percent active ingredient and is formulated as a
granular (2.9 to 4.75 percent active ingredient), an emulsifiable concentrate liquid (21.8 percent
active ingredient), a wettable powder ( 63 to 81 percent active ingredient) and a soluble
concentrate liquid (12.5 to 36.9 percent active ingredient).”

‘Registered Use Sites
Occupational-Use Sites

. Agricultural Crops: cotton, bearing and non-bearing citrus trees (grapefruit,
' lemons, limes, oranges, and tangerines), non-bearing fruit and nut trees (almonds,
pecans, walnuts, apples, pears, apricots, cherries, peaches, plums ), and non-bearing
grape vines. '

. Forestry: (MSMA only) Cedar, Conifers, Fir, Hemlock, Hickory, Maple, Oak,
Pine, Sumac, and Sweet Gum.



Ornamentals: trees, shrubs, and plants.

Turf (including residential lawns, parks, athletic fields, sod farms, and golf
courses).

Non-Crop Areas: drainage systems, vacant Jots, storage areas, recreational areas,
around buildings, fences, walls, flower beds, and gardens, railroad, highway and
utility rights-of-way, pre-paving areas, parking lots, brick and gravel walks, patios,
curbs, gutters, industrial sites, sidewalks, and driveways.

Residential/Non-occupational Use Sites Include:

Ornamentals: trees, shrubs, and plants.
Turf (including residential lawns, parks, athletic fields and golf courses).

Non-Crop Areas: around buildings, fences, walls, flower beds, and gardens, brick
and gravel walks, patios, curbs, gutters, sidewalks, and driveways.

Application Rates™’

The crop groupings with their corresponding range of application rates are as follows (WP
is wettable powder, L is liquid (emulsifiable concentrate or soluble concentrate), DF is dry
flowable, and G is granular):

Cotton: The maximum application rates for MSMA are 3 1bs ai/acre (L) and 1.87
Ibs ai/acre (DF). The maximum application rates for DSMA are 3.6 Ibs ai/acre (L)
and 2.3 Ibs ai/acre (WP).

Weeds or Undesirable Grass Control (occupational): Maximum application
rates for MSMA are 4.1 1bs ai/acre or 0.08 Ibs ai/gallon spray (L) and 4.7 lbs ai/acre
or 0.05 1bs ai/gallon spray (DF) on non-bearing vines, fruit and nut trees, 4.1 lbs

ai/acre or 0.08 Ibs ai/gallon spray (L) on bearing citrus trees, 6 Ibs ai/acre (L) on

grasses grown for seed, and 4.1 1bs ai/acre or 0.094 1bs ai/gallon spray (L) and 2.2
Ibs ai/acre or 0.01 lbs ai/gallon spray (WP) or 2.65 Ibs ai/acre (G) on turf.
Maximum application rates for DSMA are 6.3 Ibs ai/acre or 0.063 1bs ai/gallon -
spray on non-bearing vines, fruit and nut trees and 4.5 Ibs ai/acre or 0.045 Ibs
ai/gallon spray for bearing citrus trees(L) and 2.3 Ibs ai/acre or 0.049 Ibs ai/gallon
spray (WP) on non-bearing vines, fruit and nut trees and bearing citrus trees and 6.1
Ibs ai/acre or 0.056 1bs ai/gallon spray (1) and 7.56 Ibs ai/acre or 0.076 1bs ai/gallon
spray (WP) or 3.9 Ibs ai/acre (G) on turf. The application equipment for these uses
are: low pressure handwand, turf handgun sprayer, and backpack sprayer.
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. Non-Crolelghts -of-Way Areas (occupational): Maximum application rate for
MSMA is 0.15 lbs axlgallon spray (L & DF) and for DSMA are 0.063 1bs ai/gallon
spray(WP) and 0.072 1bs ai/gallons spray (L). The equipment for this use is a
rights-of-way sprayer.

e Forestry (occupational): 0.0035 Ibs ai/inch diameter at breast height (DBH). The
equipment for this use is a "hypo-hatchet" injector.

. Weeds or Undesirable Grasses (residential): Maximum application rate of 6 Ibs
aifacre or 0.094 1bs ai/gallon (L) and 3.9 Ibs ai/acre (G) for lawns and general weed
control.

Typical Application Rates

Information on the typical application rates for MSMA and DSMA uses were not
available and are requested.

Method and Types of Equipment Used for Mixing, Loading and Application™’

. Cotton: Equipment for commercial use includes: groundboom sprayer and aerial
application. :
. General Weeds or Undesirable Grasses: Equipment for commercial use includes:

turf handgun sprayer, low pressure hand wand, high pressure handwand, backpack
sprayer, Hypo-Hatchet injector, and rights-of-way sprayer. Equipment for
residential use includes: low pressure hand wand, backpack sprayer, sprinkler can,
and ready-to-use liquid.

. Bearing Citrus Trees and Non-bearing Fruit/Nut Trees and Vines; Equipment
for commercial use includes: turf handgun sprayer, high and low pressure hand
wand, backpack sprayer, and rights-of-way.

. Forestry: Equipment for commercial use includes: Hypo-Hatchet Injector.
Timing and Frequency of Application

MSMA/DSMA are typically applied post-emergent at any time of the year, but for best
results it should be applied during warm, sunny weather. For general weed control, it may be
applied as often as necessary. For weed control on cotton, they are usually applied twice a year

and for weed control on bearing and non-bearing fruit and nut trees, they are usually applied
three times a year.®’
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OCCUPATIONAL EXPOSURE AND RISKS

Occupational Handler Exposures and Risk Estimates

Chemical-specific data for assessing human exposures during pesticide handling activities
were not submitted to the Agency in support of the reregistration of MSMA/DSMA. Ttis the
policy of the HED to use data from the Pesticide Handlers Exposure Database (PHED) Version
1.1 to assess handler exposures for regulatory actions when chemical-specific monitoring data
are not available.’ '

PHED was designed by a task force of representatives from the U.S. EPA, Health Canada,
the California Department of Pesticide regulation, and member companies of the American Crop
Protection Association. PHED is a software system consisting of two parts — a database of
measured exposure values for workers involved in the handling of pesticides under actual field
conditions and a set of computer algorithms used to subset and statistically summarize the
selected data. Currently, the database contains values for over 1,700 monitored individuals (i.e.,
replicates)

Users select criteria to subset the PHED database to reflect the exposure scenario being
evaluated. The subsetting algorithms in PHED are based on the central assumption that the
magnitude of handler exposures to pesticides are primarily a function of activity (e.g., “
mixing/loading, applying), formulation type (e.g., wettable powders, granulars), application
method (e.g., aerial, groundboom), and clothing scenarios (e.g., gloves, double layer clothing).

Once the data for a given exposure scenario have been selected, the data are normalized
(i.e., divided by) by the amount of pesticide handled resulting in standard unit exposures
(milligrams of exposure per pound of active ingredient handled). Following normalization, the
data are statistically summarized. The distribution of exposure values for each body part (e.g.,
chest upper arm) is categorized as normal, lognormal, or “other” (i.e., neither normal nor
lognormal). A central tendency value is then selected from the distribution of the exposure
values for each body part. These values are the arithmetic mean for normal distributions, the
geometric mean for lognormal distributions, and the median for all “other” distributions. Once
selected, the central tendency values for each body part are composited into a “best fit” exposure
value representing the entire body. . ' y

The unit exposure values calculated by PHED generally range from the geometric mean to
the median of the selected data set. To add consistency and quality control to the values
produced from this system, the PHED Task Force has evaluated all data within the system and
has developed a set of grading criteria to characterize the quality of the original study data. The
assessment of data quality is based on the number of observations and the available quality
control data. These evaluation criteria and the caveats specific to each exposure scenario are
summarized in Table 6. While data from PHED provide the best available information on
handler exposures, it should be noted that some aspects of the included studies (e.g., duration,
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acres treated, pounds of active ingredient handled) may not accurately represent labeled uses in
all cases. HED has developed a series of tables of standard unit exposure values for many
occupational scenarios that can be utilized to ensure consistency in exposure assessments.'

Occupational Handler Expesure Scenarios

HED has determined that there are potential exposures to mixer, loader, applicator and
other handlers during the usual use-patterns associated with MSMA/DSMA. Based on the use
patterns, 26 major occupational exposure scenarios were identified for MSMA/DSMA: (12)
mixing/loading liquids for aerial application; (1b) mixing/loading liquids for ground application;
(1¢) mixing/loading liquids for rights-of-way application; (1d) mixing/loading liquids for turf
handgun sprayer; (1e) mixing/loading liquids for a high pressure handwand; (2a) mixing/loading
wettable powders for aerial application; (2b) mixing/loading wettable powders for ground
application; (2¢) mixing/loading wettable powders for rights-of-way application; (2d)
mixing/loading wettable powders for turf handgun sprayer; (2¢) mixing/loading wettable
powders for a high pressure handwand; (3a) mixing/loading dry flowable for aerial application;
(3b) mixing/loading dry flowable for ground application; (3¢) mixing/loading dry flowable for
rights-of-way application; (3d) mixing/loading dry flowable for turf handgun sprayer; (3e)
mixing/loading dry flowable for a high pressure handwand; (4) applying liquids with '
groundboom sprayer; (5) applying sprays with aerial equipment; (6) applying sprays with a turf
handgun sprayer; (7) applying sprays with rights-of-way sprayer; (8) applying sprays with a high
pressure handwand; (9) mixing/loading/applying liquids with low pressure hand wand; (10)
mixing/loading/applying wettable powders with 1ow pressure hand wand; (11) mixing/
loading/applying liquids with back pack sprayer; (12) loading/applying granulars with push-type
spreader; (13) loading/applying granulars with a bellygrinder; and (14) flagging sprays for aerial
application. MSMA/DSMA label prohibit application by chemigation.

There are four scenarios in addition to the ones listed above: mixing/loading/applying dry
flowable with a low pressure handwand; mixing/loading/applying dry flowable with a back pack
sprayer; mixing/loading/applying wettable powders with a backpack sprayer; and -
mixing/loading/applying liquids with a “Hypo-Hatchet” injector. No PHED unit exposure data
exists for these scenarios. Since the dry flowable unit exposure data for mixing/loading is lower
than the unit exposure data for mixing/loading for liquids, it is assumed that the exposure from
mixing/loading/applying a dry flowable for both the backpack and the low pressure handwand
would be less than the exposure from mixing/loading/applying liquids for both the backpack
sprayer and the low pressure handwand. The exposure from mixing/loading/applying wettable
powders with a backpack sprayer is assumed to be similar to the exposure from
mixing/loading/applying wettable powders with a low pressure handwand. The exposure from
mixing/loading/applying liquids with a “Hypo-Hatchet” injector is assumed to be similar to
mixing/loading/applying liquids with backpack sprayer, since many “hypo-hatchets” have a
container of liquid concentrate that they wear on their backs.
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The amount of PPE that the current MSMA and DSMA labels require differs widely from
label to label, with many labels requiring no PPE. Some labels have the following PPE
requirements for handlers: long sleeve shirt, long pants, waterproof gloves, shoes, socks,
protective eye wear or face shield, and a chemical resistant apron when cleaning equipment,
mixing, or loading. For exposure in enclosed areas, a respirator with either an organic-vapor
removing cartridge or canister with a prefilter approved for pesticides should be worn. For
exposure outdoors, a dust/mist filtering respirator should be worn. Other labels have additional
PPE requirements of chemical resistant footwear, flaggers should be fully protected during spray
operations or mechanical flaggers should be used, and pilots and ground spray rig applicators
should wear a mask or respirator approved by the Mining Enforcement and Safety
Administration and the National Institute for Occupational Safety and Health. The vapor
pressure for MSMA is 7.5 x 107 mm Hg and for DSMA is 1 x 107 mm Hg.

Assumptions for Handler Expeosure Scenarios
The following assumptions and factors were used in order to complete this exposure assessment:
»  Average body weight of an adult handler is 70 kg.

»  Average work day interval represents an 8 hour workday (e.g., the acres treated
or volume of spray solution prepared in a typical day).

¢ A range of the possible amount of acres that can be treated with

MSMA/DSMA aerially on cotton in one day are given in this assessment for
risk mitigation decision purposes. Exposures were estimated for handlers
using 1,200 and 350 acres per day for aerial equipment. The use of 1,200
acres treated in one day by either the mixer/loader or the applicator is
considered a reasonable high end estimate, because cotton is a high acreage
field crop. This maximum acres treated aeriaily per day is based on published

- scientific literature, surveys, knowledge of agricultural practices, and
calculated acreage estimates. Until actual use pattern data for MSMA/DSMA
use on cotton is supplied, 1,200 acres maximum treated per day for either the
aerial mixer/loader or the aerial applicator is considered to be a reasonable
estimate.'?

e Exposures were estimated for handlers using 40 gallons spray per day for low
pressure handwand, 1000 gallons spray per day for a rights of way sprayer and
high pressure handwand, and 5 acres per day for turf handgun sprayer. For
groundboom equipment use on cotton, since it is a large acre crop, a range of
200 acres per day to 80 acres per day was used.!? For ready-to-use
formulations, the entire container is assumed to be applied in one day.
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+ If more than an acre is being treated, HED assumes that a rights-of-way sprayer
or a turf handgun sprayer is typically used for applying sprays.

» Calculations are completed at the maximum application rates for crops as stated
on the designated on either MSMA or DSMA labels.

* Dueto a lack of scenario-specific data, HED calculates unit exposure values

using generic protection factors that are applied to represent various risk
mitigation options (i.e., the use of PPE and engineering controls).
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Occupational Handler Exposures and Non-Cancer Risk Assessment
Equations to Calculate Handler Exposure

Potential daily dermal exposure is calculated using the following formula:

Daily Dermal Exposure | ™8-%) = Unit Exposure | 78 af x Use Rate | 2%\ x Daily Acres Treated —A;)
day b a A day

.

Potential daily inhalation exposure is calculated using the following formula:

Inkalati "‘3‘”) =
Daily onExposure( day

Unit Exposure ( llf ai] x Conversion Factor (r&%) x Use Rate (%3—) X Daily Acres Treated (-&gy—)

The daily dermal and inhalation dose is calculated as follows using a 70 kg body weight:

Daily Inhalation Dose | & ai-} = Daily Inhalation Exposure ( mg al 1 )
’ ("8""’}’ ” pe day ) * \ Body Weight (e)

Daily Dermal D "'ga'J' (M) (—!—‘_]
ty De Dose(KgIDay Daily Dermal Exposure | == | X\ G

The inhalation and dermal MOEs were calculated using the following formulas:

NOAEL ( _ﬂ«S__]
keglday

Dermal MOE =
Dermal Daily Dose (

/day]

NOAEL (_ﬂ&-
kglday

Inhalation Daily Dose ( me )
kglday

Inhalation MOE =
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Based on the available toxicity data, it is not appropriate to combine dermal and
inhalation MOEs because the effects observed in both the dermal and the inhalation studies were
different. The short-term and intermediate-term MOEs for dermal exposure were calculated
using a NOAEL of 1000 mg/kg/day. The short- and intermediate:term MOE for inhalation
exposure were calculated using a NOAEL of 4.38 mg/kg/day.'

Tables 4, 5 and 6 present the risk assessments for short (1-7 days) and intermediate (one
week to several months) term dermal and inhalation exposures at baseline, with additional
personal protective equipment, and with engineering controls, respectively. Table 7 lists the
caveats and parameters specific to the surrogate data used for each scenario and corresponding
exposure/risk assessment. '

17



00L'T 9100°0 001°L bi'o $310¢ 03
A (g£) uoneoyddy us_p
0011 1$#00°0 008'C SE0 sasoe 00T vABsqr L8] uono) 10j ajqumol L1 Buipeor)/Bulxi
ol 0'0 09°1 90 §2.08 Q _
B 9 0 0 4 s€ LLo 990°0 (8€) uopeoflddy [ep:
081 §%00 oLy [4 $2108 0071 Ve sql L8] wono) 30 ajqemold K3g Suipeory/Busxy
ol 6€00 00€ €€ 183718 sq1 €90°0 MOY (97) puBApuE
suojjsd UnSSAU YSIH 0§ SIIpM
ov1 1€0°0 08¢ 9T 0001 183/1e 541 G0°0 S3UfA/SPALL J9pUn oqenam SuipeoryBupx)
061 £20°0 00§ (4 viesql 9'L joxjuo) paom , (P2 35hust
I ungpugy Jinj 1oy SI3pAu
00¢ ¥100 oig A 50108 ¢ Ve sq L'y SAUA/SRIL Jopun IYENIM wc_vno‘._\m.c_x_
ol 6£0°0 00¢ £€ eege | 1938 50 £900 Moy {og) uopwoyde
- “suofjus A8 p-JO-SIYS 1y JOJ SIapMI
ovt 1€0°0 08¢ 9T 0001 1881851 50°0 SAUIA/S21], JpUf) aiqunop Suipeo/Bupx
x4 610 9 91 $2I08 Of V8 sql9°L 0] 5800 JjoD
. * @
B
L 6€ 1o 001 01 o 0§ . uopelddy PUNOID J0] SIapMC
s1 870 8% ¥T sauoe 00T v/imsq] €7 uonoy a1qunom Sujproy/Supxy
68 6%°0 ¥T £ $a198 OS€ U
" e re uoneol|ddy {euay 10§ sidpm
9T L1 L oSt sal08 0071 VAL sqL €T uoNoY a1qenop Suipsoy/Buix
) suojjed MOY pue (31) pusmpug]{ auhssa
0oL $200°0 091 9 000} 183/ S C1°0 | SRULA/SSY JopUN Y314 10} spinbiy Suipsoy/Auixy
jonuod PO (p1) 394u1dg unBpus
0018 $000°0 0LL i S8 § v/iesq €9 SUEA/S33L], JApUn Jang, oy spinbiry Suipeoyuixy
_ suojjed MOY pue (o) uonuotiddy Asp=Jo-51y8)
00L°t 92000 091 9 0001 188/18sqIS1°0 | SOUIA/S991] sopuf] 10} spinby SujpeoryBuyxy
0001 w000 66 - 01 §0158 OY v/iesqr e Jang duno) 1o
) 3108
0s¢ 00 122 0¢ $2102 0T Ve sqi 9'¢ uwono) 10} spibi) SuppeorySuxy
: 50108
L 00t oo 61 (4% 0se . 71 6z F—
6$ ¥L0°0 9 081 saiou 0OTH vavsq(9'¢ uonoy Jeuay 103 spyaby-y QuipeoryBupxy
EREENE FUNSOAXI HAAVOLAXIN 4
. L soq requdr) [ (e qudw)
e ._.me._un Aygeq. S s(uojje3 smsodxy | aunsodxy
JIOW =c=u_$,_.£..,. : mos _uE._ua - WAy .%.E ._!,_ ._e 23\_- 3: . Ny .__5 , (3 OHBUDS)
W ARpIIRYL E..S 3«%253:. suE»E._oE_ L paELL - zxz . " asn)pdL g, dod) uopuByu[ [puLRg OLIBUIIG dunsodxH
pusJICYS: .. : P ué::_m ' =====< : =c=3=nn< o aujIsey uppsug

du|seg 18 <EmE<2m2 0) SHSIY| pus Eion«ﬁ uoyB{Byu| pus _.:Eoo WIIL-MJBIPIULIAUY Pus-JOYS JIJpuvy _sgo_:a.suo “p 3|q¢ ._



jonuo) paam (saA0}3) (11) 194ridg youdyoug ¥ i)
001¥ 1000 00011 600 suojjud oy | y88/1MSqL 900 | SOUIA/SIRIL JapuUN) o §T spinby'| Suikddy/3uipeoryBurx
6 8400 00L' L0 19878 59) 9200 |  1onuoD pooy (OD) pue pusy anss:

S AMOT ¥ YIM SISPMO4 Qi

oyl 1€0°0 00l'y §TO suolEB oy | [B3/18SqIS070 | SeulA/sedLL Iopun) 0ol1 9'8 Buik(ddy/Bupeo/Buix

i

. J03)U0D) Pas puBp\ PUBH uNSSAUJ AT R )

001¥ 11000 082 9¢ suoieR gy | (e3/RSq) £90°0 | SIUIA/SIRIY I9pUR) 0t 001 spinbyy Surkiddy/BuipsoyBure
s STUNSOXI HOLVIITdAVHAAVO THIXIN

suojjs3 MOY (8) puvmpusy] aunss:

9z L1o 092 98'¢ 0003 Rapesqie1g | soutpssaasy wpun oL 81 U1 & Yiim shexdg Bugkyde

suojjed : - MOY (1) akuidg Av

0zZs$ #800°0 09¢ 8T 0001 818 5q) €150 | - soupA/ssasY, sopun 6 £l J0-SIY31Y © U sAadg Bupkjde

¢ y ¢ ’ e sqf ¢

i 008°S 8000°0 00'T vo v/iesq 9L 1041U0D PO {9) 19Aesdg unSpin

000L 90000 0067 SE'0 sa308 ¢ ViR sql €9 SAUIA/SOLY J2pun vl LLo JL e yum Keadg Suikjdc
$2I08 OS¢ :

sjonuo) Sjouo) (§) wowdni
jonuoy) 8ug 35§ sjonuo) Sugy aog jonuo) Sug 99§ sjonuo) Bug 90§ | SaM08 00T viBSY| 9°¢ uono) Bug 39§ 8ug 998 jeUaY (tas sAvidg Bupdjdc

00¥1 T£00°0 00091 90°0 52198 Of /e sql9'L Jang, 3800 J10D

. Y S
00¥1 0£00°0 000L1 90°0 2198 (8 . () 13ksds wooGPUnG,
oLS 9L00°0 0069 ¥1°0 $3108 00T VARSq| 9°¢ uone) pL'O $10'0 Bym Awdg Suikidc
Pt e T o SETUNSOdXE HOLVOIIdaY | . T T
00L* ‘ : ’ 038 :

- 00L‘T L100°0 00l‘L y1'0 suoyss 103/12 591 £1°0 MOY T —
000'8 9000°0 000°1T §0°0 0001 J63/18 5Q1 G0°0 | SOULA/SIRLY, Jopup) 10} a(qemold Ax SupsoyBup

i 000°9t 1000°0 00096 100 viaesq ¢' [oRuad p9m (pg) 10dm1dg ==wv.§= Ju

00091 £€000°0 000'ck 200 saie ¢ v/Rsq) 6 SOUIA/5931L JOpUN) 105 3)qemol Ay Suipsory/Buixy
4, . € . w .

- 00L°T L1000 0o1'L vro suoe8 [B3/18 SQ1 $1°0 Mo (a¢) uoneoyddy Kepy-jo-siyd
000'8 9000°0 000'1T 500 0001 1B8/1B5q1 0°0 | SOUIA/SILL Japup) Lo 990'0 d0j 2jqemold L1q Suipsay/Buix
00s¥ 0100°0 000'T1 80'0 S2I08 Of Ve sql1'9 Hn, 35100 §joD

ke R WA | e quiu)
DT ] suaed Apg " (uoyed .ansodxg | osnsodxy
W AOW Bwadq- |y 0 3028/[8 £q)) o T nun (4 op1euag)
w13} 33B{pamiy 9} kppIWIBIL | .. B|PIWIAI] S LIZY RS S 1 L dAL dosD | uopeiequ | Qg oLvudS Ansodxy
pue Ja04s - opusoyg | lpuw-poyg -} wiowy || yopwopddy . : sujpasug suypseg A




{8 WB1o Apogt A( soao8) Aup sad palmaI By X (visaDs

“(Aep/By/3ur) as0(] voperequ] K|iec A(KepSy/Bu §¢'p) THVON ULD-SIIPIULAIU] PUE ~HOLS = JOW ULSI-3j8IPIULSIU] pUe -LoYS
(@) W3 Apog A(0:59) Aup 100 poreasL Tay X (W/1E 4j) oWy sioneoyddy ¥ Jojouy uos1Au0D (847 00p 1/Bual) X (18 q/8r) atnsodxg aun uoNEEYU] )= (Aup/Bx/Bu) asoq uonkieyul Al
‘(Rep/By/w) ssoq puusq A A4sp/Asy/Bu 0001) THYON. UHI) 2BIPOULISIU] PUN-HOYS = DO JBULIC] WL} OJUPIULIILY pus-LoYgs
ey Uonsolddy X (18 qy3w) aunsodx wup |suiaq) « (KepBy/Aw) asoq] jeuissq Alrea
W Git Kotjod 5,23ns00X U0 [PUN0D KIOSIAPY S0URIDS UioJ) ane Kep 12d pajpuey oWy
*S[9G8] VINSC 30 VNS 34 Uo Pa1s)| s911 uoeaifdds wnwixeus a1y uo paseq e sajey uoliedjddy
01811821 ou Spuasaxdas amsodxd yun. uoleEyuL dUl[RsEY
*$3A0]8 sopnjou Osje e O oewRds 1daoxa “sojaul qen uwdo ‘Auipeoy/Aulxiut uado *59A0} ou *Mjys paadas Suoj ‘siuud Suo) sjussdas dnsodxa i jeuusp duljasug

P——

0.0 0 U s

ejoujoay

0oL LS 70 | saosose | vaesar o€ uonoy e o
T guDSeJXd HaDOVI
(£1) $opupD K>
00€1 $£00°0 0081 950 saxe | V/iBsq| 6°C Januo) pasph 79 01 Y smmpnuean Suikiddy/Buipu
(21) sopuaidg KL -ysn.
005t 0021 180 52100 § V% Sq) 6°€ [0240D) Pasp €9 61 i sugjnues, Suddy Buips
| esea . P (s | qyim)
L B R AR LU L O © - ouoypd sapsodxy | vansodxy
«A0W MW i | EOWMWRG | W WAegad | soasepesq) |0 1w wn (# opwuag)
w433 AP, sippuisuy | i mEpeui | YupIuaNty | pawalL, | C . wyedhrdosy | uopspeyup | peuseq opeua>g ansodxy
pus poy§ Cpusapoys |- pu .togw__ | unowy . | “uopwandily augpseg suyassg




?E._uc umm [RUONIPRY -

- 610000 - 650°0 Jng o003 300
- . . : $I0% (13 ~ UONO,

TE000°0 010 08 - uonod (q€) uonsoyjddy punoag
- 08000°0 - Y4 ) 3198 (0T~ UOROD doj ajqemold L Buipeoy/uixyy
- ¥100°0 - 1441 308 0SE - UONOD (eg) uopuoyddy e
- 8¥00°0 S10 - §'t Ly00 3108 00T - UONOD 10j 3(qumoly L1 Sutpeo/Buixty
- LL00'0 - Lo MOY (07) pusmpusy aunssatg yBy
- 19000 - £60°0 SOULA/S9311 sopuny | 10j s1apamod 2[qenop Sutpuo/Buixiy
. L¥00°0 - 100 10100 poomy (p7) 3okwidg ungpuey an,
. 6200°0 - ¥70'0 SOUA/SRL, Jopury | 10J s1apmog alqenop Suypeory/Bulxty
- L2000 - Liro MOd (o7) uonwoyddy Aem-jo-s1an
N 1900'0 - £60'0 SOUIA/S3R1L Jopuf) | 30F SI9pMmog 31genoM Bujpeo/Bupxiy

14} 8£0°0 0081 LS0 0], 351007 Jj0D
rel o - e $19% 08 - WOWOD) (q7) vopeatddy punois
8L 150°0 0021 $8'0 $0002 007~ uono) | Jof stapmod sjquuam SuipsoryBuixiy
by 660°0 0.9 s S0 (5€ - UOHOD (87) uopzoyddy B0y
€1 vE'0 9'8 002 I's €10 2198 (0Z1- BONOD | Jof s0paag 3]qENIM Suipeoy/Bulxiy
. MOY ~(31) pusmpugH amssad,
. - 150000 - 9£0'0 SOUIA /591, 33pUN y3it] 10J spinbiy SuypsoyBupxip
103IU0D) POM {p1) 304u1dg unpusp
. 11000°0 . 800°0 SIULA/EILY, JIPUN} 30 sos spinbyy BuipeoryBuixp
MO¥ (o1) uonuoyidde Auy
- 1$000°0 - 9€0°0 SOULA/SSDAL Jopuny | -Jo-sJyBiy Joy spinby BuppeoyBupxip

- 8000°0 0001 650'0 JnL 381100 0D
- 66000°0 00op1 0L0'0 §3408 08 - UOnOY (q1) uonmayddy
- $700°0 00L's 810 3408 907~ UONOD punoan soj spinbyy BujpeoyBuixipn

- . ) $3I98 (S € - UONO;
£5000 00E'E €0 0s¢ - towo) (e1) uopsoyddy
00€ S10°0 ¥Z'o 0s6 S0°1 LI0°0 §218 00T ]~ UONO) {8uay 10j spinbyy Suppro1/Buixija
; m%mo._wa. WIAVO'LAIXIN
R R T — P
z_oz .. asoq &eg
) ‘W EQEMELSE : —._.m..o._..u“.g_cos..z.ﬁ ’ -A““o“:\waw_ (# *oBUIG)
2ms0 xm ::: _.pug-p048 bus -Jl04g asnsoaxy UMy aspadky, doap opliaag aansodxg

.mm.- ::EEEE L UL <Svn\<—zm§ R Ut =o=u=£=— pus _aE..oQ WA-ABIPIULIJU] PUE-JIOYS 1IpUBH _«cc_ﬁaauuo o_nu._.



) JoRuOD PO (11) sohridg v_on&_omm v A
- 77000°0 09 - 850°0 91 SAUIA/S9Y, 19pUf) spinbyy Suik(ddy/BuiproyBusxy
09¥ 9600°0 - © 6970 00D poap (01 pusy
PURH 2SS MOT ¥ M SIIPAO,
- £900°0 02¢ - LLvo [4 SOUIA/59341 Japuf) d)qenepy Suid|ddy/BuipeoT/Bupxly
jonue) pasm (6) PUBA\ PUBH UNSSAL] MO B YilA
- 720000 09 - £10'0 LEO SIUIA/59a4 ), 20pUN spinbiy Sudiddy Buiproy/Buxij
. " SAUNSOAXY HOLVOI IdVAIIAVOVEXIN
MOY (8) puampuey
o€l 251X 9l . LLo 9¢'0 SOUIA/s91], apur) | 2amssaig Y3y | B yum sAmidg Suikiddy
MOY (1) 3akmads
- £100°0 8L°0 - 1290 620 | SauA/saalL sopuf) | ABM-JO-sIyBry B yum shwdg Sukjddy
i - $1000°0 - £01°0 JonuoD P (9) $9kmidg
- £10000 820 - 980°0 610 sautp/ssalf sopupny | undpuey ping B ynm Keids Surkjddy
S[ONU0D sjonuo) sjonuo) {311y sjoquo) sjonuo) 53108 0§€ - U0NOD () wsudinbz
1 BunasuiSug 298 Supoouug 33§ SuueauBuy a0g Supeaum3uy 908 SuuoauiBug g SupoouwiBuy 208 | s3408 0OZ1- UOKHOD [BUaY M sheidg Suijddy
- £9000°0 - 8¥0'0 . Jng, osmnoD jjon
. 290000 - 5¥0'0 §2498 00T - UOROD (¥) sakwads
. $160°0 $1°0 - 110 1100 $2U98 007~ UOHOD woogpuncin & yum Awidg Buidjddy
L . STUNSOIXA HOLVIITdIY
- TE000°0 - or'o MOy (3g) pusmpuEH snssad yIIH
i - 1100070 - ¥E0°0 S3UIA /59231, J3pUN J0j djquaold L1 Suipeoy/Sulxiw
- Z0000°0 - L00°0 03D PIM (pg) 19hwds undpusy] Junj
- §0000°0 - 910°0 SOUIA/S331), Jopu) | 10} ajqemold A SuiproySuxig
- 7£000°0 ) 0ro MOy (og) uopeoyddy Aep-jo-sysry
- 11000°0 sro - ¥£0'0 LPO'O salilA /5931, Jopuf) Jo} 3iqrmolg A Suipuor/Bupip
eppaiEw) _ R T alAvpianjsm —
woqdyea < 0ol WEOW o aseddika U
I uf - | wioy dpegpIu] La(Eaudd) . | masiyepouLyul | W vpanLul | (e .Emé {4-opiBuadg)
puspioys .- |- puwaeys . | dansodxyun CpUBONST Cf pHE-oYS 34nsodxy 3jun asp/dAy, doap OMINUIIG Aansodxg
R [l -agd 1BuomppY - LT E ewaad~ Add [SUORIpPY :

—




(0012 JOW ) "uoneSnuu Jo [9aa] snojAid S1j) 12 UIIOUOD JO [943] Aft S,(TH MOJOq 18 STOW POIIIORD

[ 2

*00} 1 9nEA HON 198181 Sy “(Aup/Ry/Aw) ssoq uopeyeyul ARQ / (AupAyAw BE'y) TIVON = JOW' LONU|EYU] UNSI-OWIPIUUIL] pue Moy §

. "(8401) WS1om Apog / (Kep/Bus) aunsodxy uopejeyu; Aleq] = (Kop/Ay/Bw) osoq vopeeyul Apeg >

*(10108 UORI9I0L] PIOj-5) S0IRIIUE ISIUASND 8 SOPNIOUI SOLIBUS0S UOUBIBYY) |[2 10f Jdd [BUONIPPY P

‘004 §1 an[eA FOW W1 ay], * (Kep/yBw) osoq muudq A/ (Aup/Ay/Bur 0001) TAVON = JOW |Buua( L) ABIpIULAL] PUs-oYg 2

(@ 0L) WBtom, Apod / (Aup/Sw) sunsodxy jeuuaq Apeq) = (Avp/ByBw) asoq [puldg Ak

. '(10108,] HOLONOK] %06) $A0[T Juisisas jeoiwtd pue (Suijojd 40§ J0B] UORINOL] 240$) 3151010 JO 19KE] SIQNOP SIPRISUS SOUBUIIS [BULKRP ([BI0] JJ [BUolippy @

R0wes g
L0'0 - | T S.o“"._ 100 SAI8 OGE - UONOD | G suopsoyddy Kuds Bui3s).

L AdNSOdXE ¥IDOVIA .
(£1) 30puD AJ1o¢
£9000°0 <l - [A%)] LS 103U0D Pasp\ © yia sejnuesny Suidddy/Bujpeo”
{z1) sopraidg sdAs-ysn,
9€000°0 €1 - €070 £L0 [onue) pasjy B (11w Jejnuwny Suikjddy/Buspeo-
R R T T .
SRR S SOW Y .g.‘onh_.._ua ol .
Ctmausy ) w awpauay |- i ARupouiuf. | ._.._Wwav,. N P—
. uh_wuo&m .. S pue-oyg )L PUs Solg ansodiy yu(y asdAL doad ot-ﬁym aunsodxy
T g S IRy | |




- 700000 .- 2000 Jing, 251003 3100
I €000 - Lo 5219 08 - HOWOD (qe) uoyoyddy punosg
. 20000°0 . . L00°0 S08 (0T - UONOD J0j djqemojd A1q SuproySuixip
I - #1000°0 . (4" 53198 O €- UONOD (8¢) uvoneaiddy oy
- 6v000°0 £80°0 - : oo £100°0 53108 00T] - UOWOD 403 d1qeamold Ai) Suiproy/Burxip
- . 270000 - 610°0 Mo (37) puvmpugy aInssas Y3y
" 1100070 . S10°0 souIA/searg Jopurl | 105 SI9paed ojqenam Suipeof/Buxip
- £1000°0 - 1100 103U63 PO (p7) 35Aeads unSpusy an]
T 3000070 - L00°0 SSUIA/SOL Jopup) | 10 S10pa0d Siqenop Buipeo/Buixia
] - 10000 - 6100 Mod (o7) voneoyjddy Kep-jo-siydny
- 100070 - S10°0 SOUJA/S934], 4opu) | 10§ SIOPMO( dlqenap Suipso’ [/SulXiin
- 0100°0 - 1600 JinJ, esin03 Jjep |
- - : - ; .
- £9000°0 §50°0 5alo¢ 0g - UOROQ (q7) uogeoyddy punos
Py 0100°0 - ¥1°0 §2198 00T - UONOD | o) SI9pMog 3jqenop Suipso/Buixiin
| 0091 82000 - ¥T0 _ $2I08 (3£~ UONOD) (82) uonwoyddy epoy
09% £600°0 £80°0 - €80 1200 53108 0OT| ~uON0D | 10) S10pmagd djqenap Suipeo/Bulkii
- $00000 - P00’ Moy (01) pugmpu{| 3205533y
- 81000°0 . 8100 SAULA/SOAL, Jopun) Y34H oy spinbiy Suipeoy/BUIXIA
. . [0RU0D Paa, (p1) Jokuidg undpusy
. Y0000 - $00°0 SOUIA/SS], Jopun Jang_Joj spinbyy Suipeoy/BuxiN
- Y0000 - #00°0 MOY (o1) vones|ddy Aspm,
e 210000 - 8100 SoulA/saa1] Jopuf) | -~JO-SiySry 40 spinbiy SuipeoBuixiN
- 62000°0 - 0£0°0 Jan ], 9sIn0d JioD
| - - - . $3408 ()8 - UONO; .
N $£000°0 §€0°0 08 - uonoy (q1) vonesyddy
. $8000°0 - 880°0 §408 QT - UONOD punaip 10} spinbyj Suipuor/BuixiN
; . - : SA.08 (G E- UONO
L §100°0 910 ) 05£- uoio) (u1) uoneayjddy
; 1500°0 £5°0 9800°0 S0 00T - HONOD [e139y 10 spinbiy Supeoy/BuixiNg
B AUNSOIXT YAAVO VHTXIN - A ‘ .
sy wpomaany | L Gequau), L
pus 1ioys aansodxg nun . A (4 ‘opsuadg)
e raue e e AL dox) 0118uIS 3unsodxy
uaq - SlodU0) JupoamBuy -

*sippuo)) Bupduidug yiis VIWSEH/VIASIA 0!

) HSIY HOPB{BYU] PUB [BIIO( ULII-I}B[PIWIAIU] PUN-1S0LS JI|PUBH [BUOPEINRQ ‘9 dYqBL



AN IN dN dN [OBUOD PAIM
TN N AN dN (1) 3aku1dg youdsjorg © is
AN 4N SIULA/S994], 33pU( shesdg Suididdy/BusproyBuxy
. : dN AN 01u0)) Pad,
IN IN [oRt0D P (o1) pusy
4N AN dN AN PUBH] 2I0SSILJ A0 ¥ A SIOPMO,
AN 4N SOULA /S334], JOpUY) o]qunoM Suik(ddy/BuipsoyBuixip
AN AN 4N AN [onu0) poos\

B {6) PURA PUBE] UNSSAJ MOT B YllA
4N dN IN aN N AN SSUIA/S931], Japuf] spiby Sulkjddy/BusproyBuixip
4N AN aN MO¥ ;

(8) puvmpuey
4N AN 4N 4N AN IN SOUIA/S9al] Jopup) | *Unssag YSIH B yia sAwds Sulkjddy
4N 4N dN dN MOY

(L) sakusdg
dN dN AN 4N JdN aN SUIA/SOL Japuny | ABMJO-SIYSrY 8 yum seidg Suikjddy
_ 103U0D PO {9) 3akexds
AN AN AN AN AN N SOUYA/SIIIL Jopufy h_._sw_usw: Jing eyim Aeadg Suikjddy,
009¢ 01000 000°1} 060°0 $408 (QSE - UOROD () wawdinbg
0001 $€00°0 890°0 00Z°c 1£0 -§00'0 $2108 00Z[ - UoNOD 119V yuam sfuids Suikjddy
- 61000°0 - 00 Jang, ssmo) j10D
) . - X SOB ()3~ UOKO;
N 810000 1200 08~ uoKO3 () sahuidg
R 50000 - £0'0 - - 1500 $00°0 saune Q)T - UoN0) woogpunasd & yns Keads Sukiddy
.. " SAYNSQAXT HOLYOI'IddV
A el _ Ho9 Mod (9€) puRmpuvyy a1nss34d Y8IH
. 10000'0 - 1000 SOUIA/S925], Jopup) 10§ 3[qemold 10 Sutpsol/BupxiN
: - . ' uo) pad
| $00000°0 120000 ontiog paam (pg) s0kuadg ungpusy] ing
- 1000070 - 9¥000°0 SOUIA/S301, Sopun 10j 3jqemol] £1q Suipeo'y/BulxIN
i - £0000°0 - £00°0 A0 (o¢) uonesyddy Aem-30-siySry
. 1060070 £30'0 - 000 £100°0 SOULA/SIALY, Japuny 10} aiqemoyg Kiq Suiproy/Buiw
IO rhpg e ) QW e Bd v .
ws2) aysppaurgay - | appamauy |- (sausn) | | wasjEpauliu) | iea) pRIpaNLI) Qequiw)
puUv LIOUS s, |- smedsiaun . .| o pi¥ens | s pusisous aansodxy un’ . (# ‘opuuddg)
S T — e RGN | W(1/3d4) do1) opiEuadg amsodxy
up Bupiapuidug U, " psida( - sjo1u0D) ujsaouiluy




(001 < JOW ) "uoHB3pIL JO [3a0] SHOAAId S & WI0UO JO.[9AI] 3t SN AOIR] 318 STOW PIR[NSED

‘001 SHaNEA HOW 1Ry SyL (Aep/By/Bw) osoc] Lowejequt Ajjea / (AspAYAW gE'p) TAVON = SO Uojieeyul UUS-ajeipauialu] pus uoys
“(gL) Wliom £pogt ¢ (Aup/Bw) sansodxg uonwiByu] ABd - {Aup/By/Bur) osoqy woneRyu] g 9
, ‘001 51 30j¥a GOW 1iiE oL * (Kep/By/Bw) sso(] feuuaq Ajjeq / (Kep/yAus 0001} TAVON = HON [0UUS( U3} SBIPIULII pUE -u04s 9
(8 0L) WB1oA Apog / (Kep/Aw) aunsodxg [puuaq Apreq) - (up/@y/Aw) aso (puta Alleg 9
(g1 's ‘p)soa08 ou ‘Supyop 1o4e| affurs “you 10 qed ..av_ooe pasogous pus (P 8} € ‘T ‘) saac0)d Juesias jeajuayd ‘Bupold 2oLy opfus “fujpuoy 7 Bupxis pasol) (4 03i8U208) sjayuo) Juoduiduy U
Ee&oo.__
- " £1000°0 L00°0 | - $00°0 720000 [ "~ sai06 0g€- UON0) (1) suonwoyddy Aids Suiassl;
= LT T L gunsQaxa gy S
(g1) 30punp Agfot
AN AN AN AN _ JOHUOD PN e Pia ssepusap Swi[ddy/Buipeo”
L dN (z1) 19peandg 2dAL ysi,
AN AN AN JN [O3U0D) PIIM B YlIM SiejuBI) guikjddy/Buipeo-
- e
S SR AHp/d/3w)”. - '
.woz 1 A0W L | .osea died
wa) e«._cuE._BE o (] n_\mxv - E.E 8:52:..25 : E‘_u. 8«_?‘.&»2:_ . A_u n_\uﬁv
pu¥ LIoYS e EE Hoys _E- Hois o.__ix_um wn . (# '0pa%u3dS)
B e aspypedLy doay 0A8UAIG dansodxy
. ‘) _E:oa - n_ob:co wu_,._uu___w:m .




T "BIUp UONEB[RYUI Ul 50USPLUOD YOIy
puE ‘ejep [BUISP/PUBY UF IOUIPYUOD WINIPI ‘saredljdar 9} = uopeieyul isyeafidal 1€ 01 0T= jBuiap ‘sopeayidas
91 = pUB} ‘SOPRIS {V 218 UOHE[ELUY PUB ‘SapeIT DFY 258 MEp [RuuOp pus pusl :slonue) uduiduy

‘mjEp [SULISP/PURE UL S0USPLUCY WINIPIN “sojeatjdal 1T Yita ‘sopesB DEV 8 BiEp pusy “K12A103ds01 f0)eudsas
ISILIASAP ¥ JO 35N Sy} J0J JUNOIIB 03 30108§ U0Iaj0sd 9408 e Pue ‘SuRIO}0 JO 12AB] [BUOHIPPE U 10] JURODE
0} 30198} UOI3104d 9406 B Yiim Pa|dNoo SUL3sEq Y} JO} 58 PISN AJ BIED UONR[BLUY pUB JeuLIop SUIBS YL Hdd

*an{BA 3imsodxa Jun sy SUYIP 0} PaPIdU Jam 251009 3108
$8M 10108} u0No010id ON “BIVP HOT[EYUI PUB [BULIOP/PUBY Uj SIUSPYLOS YSIH *$9180}[dal TZ = UONBIBIU puk U0 S48 O PUB UOYI0D I'tA (p) 19keids wooqpunod
ts21801|da1 7 O} €T = [BULISP 'so1en}jdal 67 = Puk}] 'SIPBI3 gy 248 BIUD UCHIB{EY) puB ‘euuap ‘pusy dulpseg uo sa28 00T ‘08 adHd e ysim sAsids Swkjddy
Lol s T sansodxy doyeayddy - .
*JoAeids unSpuey Janj,
. Bjep oN ssjouo) Suladnjduy | 10§ saxve ¢ pus ‘sISIN0D
: 3108 uo wooqpuncid
“gIBP jeUnap/puUBY UL 30Uopyu0d YSiH "sopedi|dal pus Jokwids Aum
9701 91 = [BuLiap pue sajeoydol |7 = PueH “JOIRdSOLISIWASAP B JO 95N Sy} 10} JUN0IIE 0} 10308) uonodj0id 94,08 JO-sIy31 10 SR O
UL yNm pajdnod aujjaseq sy} 10) S8 PoS IR BIZP UOKB{BLUY IuEs L, “SOPeiB gy U7 BB [eulop/puRH (Fdd | ‘uolico uo wooqpuiosd
40j SR 00T (SE/PEME/EMRE)
“8J8P UONB{RYUL 1} SDUSPLUOD Y31y PUE BIEP [BUIP/PUBY U} 2OUSPHUOD 0T} SONE0Y|da] €T = uOfBEYUL 08" U0310d Lo Jepion I'IA SUOIIBINULIO] 3]qBMO]
pus $5912011das 97 03 G = [BusIop ‘sateo]|dar £ = pus 'sopuId gV I8 BIEP UOHIREYU} pUB [BULIOp ‘puBy tdujsey - 30J $2198 0021 '0S€ QadHd Aiqg Suipeory/Buixiy
\ “IEp UOHB[BUUL PUE [SULO/PURY U} 30UAPLUCO MO 'S3JEdI[da) §f = UONERIEYU| PUB ‘sojeoydai ) 019 "19heads ungpue Jany
= |BULap isojeoydal § = purp] ‘Sopead |[u oue wjep UCUB{RYUL tsopuid g 218 BIEP [BUUSP pug puel :BuptsauiBug | S0 510¥ § PUB ‘SISINGD
. J108:uo wooqpunosd
‘BIBP [UUIDP/PUBL| Uf SOUPYUCD WP "s3neoj|das pue 12£81ds £8m
S 03 7T = |BULSP pue 5219)jdos p7 = puelf 10jesjdsos I51u/ASnp B JO I8N JYf) J0f JUN0IE 0} 0)08) uonsaead 9408 30-51y8u Joj SO0 Of
uB 4 pa|dnod auLaSEG S 10} S8 POSA AL BIED UOHIRJRYUY SWES J1|L, ‘S3PLI3 DEY 28 BIEP [BULSP/PUBH Hadd | “UONOd uo wooqpunoid
10 sa08 00T {(ezpzpTaTme)
'B)BP UOJJE[BYU Uj SDUIPYLOT WINIPIW PUB ‘BILP [BULAP/PUBY U} SIUSPYLOD MO'T “s3jB0Ljda) i = UoBIRYU] 08" UONI0J Uo BN IA SUONBINWICY 39pMOd
puR ‘sateayjdat gy OF 77 = {euuop tsamojidat £ = puejf “sapeid DEy 9t UORRIEIUL PUR JBULIOP ‘PURE] dulRsEY 30§ S8 00T} ‘0SE aaid QBN SuipeoyBmxiy

“Bjep UOPE[BAUL PUE JEULSP/puBY U} aouapyuod Y31 “saieotjdal L7 = uonejeyuf ‘sopeoldal 7z
019 = jeunop ‘sayeondar [ =puBH 'sopeid gy 91z mEp LONBIEYUI PUB [RULIAP ‘PUEH :S[0AIN0]) upauBuy *3okeids ungpunpy jang,
10J SOV § PUB *SOSINOD

“ujep [EuAp/puBY U 3ouapyucd YSIE “saeoidal 6§ yim ‘sapeid gy B BIBp pieH *KpAnoadsas Jojeaydsas J108 105 woogqpunosd
1SHUASNP & JO 55N 3Y) 10§ JUNOISE 0] 20108 UORI0 9408 UB puB “Buliojo Jo 1348 [RUOIIPPR UB JOJ JUNOIOT pue JaArids Aum
o1 40308y uopoaload 9406 B Yim paldnos duljaseq U} 10} SB PISh DI UIBP UORE[BYUY pUE [BUIIAP SUNS 3Y). iHdd Jo-s5181 10 SN O
‘UONOD UO WIOOYPUNI3

: *anjeA 211150dXa JUR L) UYDP 0} papaau 40 SNOR (0T GLpIRLAqLRL

© Sem J0Tow) Uono910ad O "BIEP UOBIRIL] PUE [BULISP/PULY Ul 90UOPYUO Y3LH 'sdleolldal g8 = uoju[EYul pue ‘08" u030d UO [eHw I'IA suong[nuULIo

s01801(da1 €5 = [BULDP {s01e04dax ZTL 03 TL = puH 'SIPAIS gV 318 LI UOUR(EYUL PUR ‘lBULIOp PUBH PuLRsE 10 53108 00T\ ‘0S¢ a3nd piaby{ Supeoy/Buixiy
BN BRI R O sa0ydingaq PROTTARIN C . ’ ' i

(Aep ios 1y-8) _ 204n0§ {toquinN olBuIg)
SUawo) JLuopdwnssy piepusis 3174 | oLBuadg amsodxgy

VINSA/VIASIA JO 350) 341 20 suofyd[23so o¥uaag aunsodxy J3]pusy] fsuonvdnaaQ L 3qel



8¢

“Jojesidsal
Jodea o1uedio v Jo uonippe Ay he 9%06 'SI[BISA0D 2)BINULS O OLIBUAIS T MfI OF PapPR SEM Jd %05 V

*OLIBLAOS S|} 10§ 91q1SBa) JON isjonuc)) BugsdaujBug

“E18p [RULISP/PUBY U} SOUIPYUOD Mo] soeandas 1§
016 = jeuuop pue sajedt(dai §.= pueH 0jeadsal jodea 01ueS40 & JO 950 AU J0J JUNCIVR 0) Jooey Hono0ld %6
1@ (M pajdnoo Suifeseq U 10} SE PISN 18 BIBP UOHBIBYU 3WeS UL SIpRId 1|8 238 4P [BISP/PUSH  Add

*an{BA 2In50dXd JUN SY) BUYIP 0}
PopISU SeA JOJOBS UOI0310Jd ON “BIEp UCKB[RYU] PUB [BULIOP/PUEBY Uf 33USPYUCD MO "SajBa)jda |1 = Uopie(eyw)
puB ‘5912011401 [ 03 6 = [BWAP ‘s31ED1|d0I 7 = PUB *SapeIS [ju SIB BIBP UONE[RIU) PUE ‘[BULSP ‘PUVH SIULISRY

suo)ju8 0001

(8) puempusy amnssaid
Y31y e yum spiabi) Burkjddy

“0LIBUSYS SIY) J0J 3JqIsea) 10N sjo.uo)) Supsauiduy

"RIBP [BULISD/PUBY U] 30UIPYUOD MO “Saealjdor p Y ‘sapaid gy ase viep v:u: Kjoarjoadsal “Jojeadsas
1SIL/ISAP B JO S0 33 S0 JUNOIE 0} J0j0R) LOHAAN0L 9,08 B PUB “Bujfiof Jo 4R [BUOHpPE UB 10] JunadOR
0 40308 uoI3j0Id o406 © it PAHANOD BUIOSEG Y1 J0§ S8 PIST 3L BILP UOHRIRLUL PUB JBuLIIP 3RS ), SAdd

*3n{A 2InS0AXO 31U OYI SUYSP O} PIPIJU SEM J0JoR) UOHII0JG ON “BIRP UDLIR[BYUI SOUSPHUD Y3iY
A pup ‘ BJRP [BULIOP/PUBY U 30USPHUOD MO "SIjEALdSI 9| = uopR[RYuI pus {saiofdas OF O3 f = jeuuop isajeajjdas
91 = pusH ‘sopeid v o1e BIep UOHB[BYUL puR ‘saprIS DV osK JBULIDP ‘SIPRIT IV U8 BIEP PUBH tdupIsEY

Ketds suofjed 0001
JO 52108 O}

'IA
Q3Hd

(2) 3aku1ds Lom Jo-s1yBu
o m sAeids Suikjddy

"OREU393 S} 30} 0)Q|S6A) JON ISI0AFU0) SN

*K12AR3d53)

“so3e21ds01 JSIW/ISTP B JO 350 3} 10J 1unoooe o) 10108) Lonodlasd 908 ue pue ‘Sufpold Jo Jake) jsuopippR

UB J0J JUNOYIB O} J0198) UON02301d 9408 B Yl pajdnod suljaseg Y3 10) S8 PISn 258 VP UOHEIBYU PUB [BULIDP
DUILS S1Y], 'PISH 1M BIBP SA0]B JULISIST {BONUND S8 ‘DUIOSBG SU) 10 SB POSD B VIBP PuLY OWES D], Add

‘anjgA dansodxa Hun oY) duysp

0] pOP3DU SEA JO30B) UONRDA0K ON 'SIA0]S JUBISISIS [BOIUBYD SIPNJOVE BIBP SULISEE "BIEP UOIBJBYUL SOUIPLILOD
WNIPAL 01 MO| PUR ‘BIRP [BULISP/PUBY U} FOUIPLLOD MO "521801[da1 #] = BONB[BYUL puk ($3)831|d1 H] 01 0

= [BUISP ‘so182()d0I | = PUBE] 'SSPRIB gV 246 BIVP uonBBYLI PUR ‘SOPRIB 1) S18 ElEp [BULISD pue pueH dujIsEY

Kuids suojje8 00z
10 50108 ¢

'lA
aand

(9) 30k8ads undpuvy
Jmmy 2 ghm sfasds £yddy

U} 90UDPYUOD WNIPApy 'sa180)jdos €7 = uoperyu| pue ‘sjedfdal g 01 H¢ = [BULIP (521801 [dA pE = PUEH
*5opeI3 D@V 248 Blep uopeBIY| pus ‘sopeid HErY e [ruusp ‘Sopid gy a1r viep pusy] isjonne) SupauiBuy

*ONIBUNIS SIY3 30 3|q1Se3} 1ON Add

"0lBU20S m._.__ 10} 3]q1SL9J JON :u{[sEY

"BJEP UOHEBYUT 20UIP(UCD WITIPIUL PLY ‘Blep [BULIIP/pURY |

uonoY
uo 5308 00T') ‘0S€

I'lA
U3Hd

{5) suoyedyddy
[euy Joj sderds Suik|ddy

Maltel Ve ]

(Aep 30m 14y-8)
Jwondwnssy prpuvlg

20IN0§
weg

(JoquInN otBuDIS)
oL1RudOg aInsodxg




6C

"O[B1o0S 811} 10 D]QI560) 10N :5]043U0) BULIIIU[UY

“103811S34 1SNUASAP T JO 951 OY3 40j JUNEDDE 01 30398 UONV10X] 2,08 UB YIIM Pajdnod suljoseq aY) 40} SB.PISN I8 BjBp
uoejByur dwes ay |, “Aagiosdsal ‘Suyio jo 94| [BuoRippe UB 10§ JUNOIDY 0} JOIDY) UDHII0IE 9406 © pur ‘s340)T eSS
|UDJUIAYD JOJ UNEDIR 0} 30108} UoHj0sd %06 B Yia pa{dnod Jutjoseq aly) JOJ SY PISH SUB BIEP [BULISD PUB Piiey SWES Y| 1A Jd

"anj2A 24nsodX2 JUN 3Y3 ugap o} papasi seas J0I08) Liolo0ud

ON ‘'BIRp LONE[BYUL Uf 83uapYucs YRy PUB ‘elep [BULIOP/PUBY Ul OUIPYUD WNIPSA “satud|das of = uogseyu) pus soeojjdas I'tA {¢ Cuuv:_._mu b_om B yum
S¥.0) 67 = [eulIsp saueay|des ¢ = pusii '53peId gy J8 wjup uohiejeyur pus ‘sopuid gy aue VIEp |BLLIBD pUY PUBH dujjasey I8 | Q3aHd “Ignunin w:_h_a.u«.\w:mvxo;_
"OLIBU3IS SI} 10§ O[qISBAY 10N :sj0r)u0)) Bupaw3uy
“sojeaidsal JSIUASNP B JO asn 3} J0J 1UN00OY 0} 30308 U0H12310K] 9408 U YiM pajdnoa-ouyjaseq Y} J0f S8 Pasn e B)ep
uonBeyul wes Y, “K|aAn0adsss ‘SuILI0P JO 1948 [BUCHIPPE U 1O JUNODIE 0} J0JOT) LONADI0Id 9,08 ¥ puv *52A0( JuBIs)Sau
{BOLUBYD J0J JUNODDE O} J0)at) UoROA0M %406 ¥ UM Pajdnog Suijoseq oY) JOJ SB PISN 248 BIBP JBULIAD DU pusy DILLS YT 1XJd
“anjA a1ns0dxa JJUN S} SULIP O} PIPIIL Sem 20198} LONIS0id ()
ON 'EIep uopE[eyul uf ouaptuod Y3IY PUE ‘BIBp [RRLISP/PURY Ul F0UIPLUOI MO 'SR ¢ = LORTjRYU] pUB 'sajea|dos : 1A Jopeaudg adAi-ysug © s
¢l 010 = |Bwop umuuauzmuh S| =pusH .ovaw ¢ S48 8jLp uoljejoyul pus .uvn-& O B vjep [eulep puv puey oayjasey S$3A1o8 w Qm— T— .E_:Cn._o mﬂ_h_&n<\wc_vﬂq 1
*OLIBUSYS S{Y) J0J 9[qisud) JON :sj0d)uo)) uliddujduy
*RIep JELULLIDP/PURL] U} FOUPLUOD MO} *sajedt(dal [] Yim “apui8 O 218 wiep puvp *A[PApoodsas ‘ojeiidsol
ISILUASAP B JO 95N ) JOJ JUNOIIE 0} 10108} 1OHO0.d 9408 uB PUR ‘BUIYIOd JO 1248] [BUORIPPR UB JOJ JWNOIIE
01 403108} uonoatord 9406 & Yaim paldnod duljoseq aiy) JoJ S8 PISN 918 BIBP UONBIUYLY PUR |RULIOD SILBS YL A dd
*3NRA-2NSDAXD 3A0J3 OU Y3 ,318]N0JBS OBY,, 0) PIPIIY SBAM J0J0B) LD %06 V (11) 124aads
"BIEp UOJiB[RYUY PU [BULIOP/PUBY UL SOUIPLIU0D MO ‘sajeofjdal | [ = uonejeyul pur isajeoljdas | [ 0] 6 = [BULIOD Kuads suojjed op I'IA Yoedxorq & yum spynbyy
tsa1e0(jdad [[ = puUBH ‘sopeI3 Y 248 RIBD UONEBIRYU} PUB ‘SOPRIS GV 248 [BULSD “apRIS D 048 wIBp PUBH IuIsYY Joawe | QiHd Suykjdde/Buipeo/Fuixin
4
*OLIBUSOS S1Y) JOJ O[qISBAJ ION "n_o.:._aom__ruu_._m:m
‘BIED [QULIBP/pUBL] UJ 90USPIIUOD WRIPIN “sid(jdar ¢ Yim ‘sopuid gy aue miep pusl] Kjoanoodsal ‘ojesydsas
IS{UI/ASNP- B JO OSN Y JOJ 3UN0IIE 03 J0JR) L0NON0Id 2408 e pus *Suiyio]d JO JoLe] [BUOPIPPE UB 10] JUNOIOR
01 10198} U01393104d 9405 © M pa|dnos sulaseq sy 10 S8 pasn oI VIRP UONBBLL puB jEwIp AUBS ML 1Fdd
*anjgA 2Insodxa Jun a3 ummuv 0} Popa3lt SBM J010J UOT109]04d ON “BIRP UOHR[BYUY U} SOUSPLJUCD. WINEPIUS (01) pusmpuey sinssaud
pUE ‘BIBP [BLLISP/PURY Ul SOUIPLIIOD WP °SOIRal|dal 9f = UoLR[BYNY PUB '537801[d3I 9] = [wuuap sajuorjdaz Keuds suojped op I'tA M0) ¥ Y siapamod ajqeirom
§1 = puey ‘sopeis DEY 338 wjEp UCLBIBYU] pue ‘sopesd DGV I8 [BuLap ‘saprIF €V 218 7jup puty] aulpsey 30 Q0% | QIHd BuhjddeBupeoyBuixin
"OLIBUDOS SH) J0J 3]qisko) 10N :S{0ajuo)) Bupdau3uy
“BIED. [BULIP/PURY Uf 30USPLU0d MO 'S918oLdoI O] M ‘Sapusd DV S48 WIBp pusy] AjeAnoadsal sopeldsal
1SHU/ASNP © JO 35D Y} J0J JUNOIDE O} 10398} UOHIR0Id 8408 U puB ‘BulIojo JO J0AB| [BUORIPPE UB JOJ JUNOSOY
01 10)98) uonaaosd 9,06 B Yum pojdnoa ati[aseq dy3 JoJ Se pasn e BIBP UONB[RYUL puB [BLLIAP WS AL Hdd
‘anjeA 2Jnsodxo JUD 343 SUJAP 0) PAP3ISU SBAL JOJOY) UOHIJ0Id ON "BIBP UORHR[BYUY U 2UDPLIUOD WAIPIW (6) pusapuey
PUE ‘RIBP JBULIOP/PURY LY 30UIPLUOI MO 'SRIYdRI 08 = UoTIR]RYLE PUB (50D [dD2 (8 O ¢ = |BulIAp ‘sajeoljdal Keads suojs3 o I'1A 2unssaid Moj & yita spinbyy
0L = pusH 'sapeiZ DV 3. gjep UolE{EYW pus *sopsid HEy I8 [BULSD *sopviT [y 218 vjup puBH duiseg J0208 9Hd Buiydde/BuipeoyBupaw
. ounsody aoayddyppes YNy :
, {ABp oM 1y-8) 20In0g (3aquiny ouguodg)
Susuwo) suondumssy parpusls 8e( ouBuz0g ansodxy




0¢

sajeatidas g1 uey) ssaf 131M sopuad Jo uoneulquod Aue 0 g pue g 0 g ‘v sapeas = M0
ved Apaq Jad sajpojdos 210W 3o ST pus O pue ‘g ‘v SopRIT = WINIPS

“¥anJ3 Pasojd e Jo J0JIU0D SULISAUISUS Slj) J0) 1uN0358 0) 10108) U010 9486
© YIIM Pajdnos ouljaseq ayj J0) SB PASH 218 BIRP [RULISP PUB ‘UONBBLUL ‘pUBY SiS 3y ). isjonuo)) SuisosuiBuy

“10jes1dsal ISIu/ASNP B JO 95019y} JOJ JUN0SOE 03 JO1og) uondajord 9408
ug yim pajdnod sujfaseq ay) J0J S8 PISN aie LIBP UONBJEYUI SWES 3y ], ‘BUIYI0]d JO 1548] [BUOLIPPE UL JO] JUNOIIR
0) 30108} UOKO)0Xd 9,06 © 1M PIJAN0s JUL[OSEG S JOJ SEB PISH 2B BILP [BULSP Pus puBy WS YL iTdd

anjeA 51ns0dX3 JUN SY) JULIIP O} PIPISH SBM JOJOB) UOHI310Y ON "BIEP UOHB[BILY i SOUSPLUCD YI1Yy

ued £poq sad sa)29})dos 230w JO G pue g pus \ SapeIsd = ySiy

1$M0)]0] SB paudisse

218 5313089380 a3UOPLUOD BIEP OLISUSD '10108) uOKOAj0Id OU YIM BEp Ajenb MO| J940 3dUSP30aId B3} J0)08S UOLO0Ad B UM BIBp Kiljenb YSIE "sewsdas Jo saquiny pue (81Q Sp8ID |V “91) Kypenb
33 Jo SS3[PIRSaL BIBD (8 UL ‘D[qB]IBAR JOU Jt S0IED)[dOI ST JO WnMWILIUL ¥ pue BIBP O pur ¢ ‘v sopeIT usy) ‘0jqBieAr J0u 3} isojuolidal ¢ Jo wnwuiw ¢ PTE viep g pur v sapesd Yim 530MBW SMO[10)
se w)ep 03 pouB|sse le speld 3|qB|IBAR 159 "SOUL|PIND [ UOISIAIPQG Suiasw 10) JOS ATUO £Q PIULAP B UIEP ,IQB{IRAY 150, S UO PASBY AT JUILADOP SJY) Ul SUSLUSSIESE DINSOIXD Safpuey j1v

) : "2[qu[IBAR JOU 3aM BIBD (VHE 'QTH AQ PAIRILGSS S8 AV UOM INOY-8 LB UO paskq Suoudwnssy PrpUNS

pue ‘BIEp [BIWISP/pUBY L} 90UIPLU0D YSI ‘SaI8d}jdod g7 = UonBBYYY puB (soleadar 87 01 g = Bunap ‘saworjdas : FIA 1) I
0€ = puey] '3pId gy 218 Bizp UORRIBYUL pue “aprid gy St 8IRD |BUUIp ‘sapeid gy I Iep puBH] dulpseg U003 U0 $308 OS¢ Q3Hd suoneoijddy Aeidg SuiBleyy
: aansodxayaagfuyy - "
(Aep yiom nf-g) 201n0g {3oqunN 013eu08)
SHAUWWOD Hondwinssy paspuulg Bl_Q oueuMg ainsadxy




* Summary of Non—Cancel.' Risk Concerns for Occupational Handlers

For the dermal and inhalation, short and intermediate term exposure, the target MOE is 100.
The calculated MOE values were not aggregated for short term and intermediate term because
the dermal and inhalation endpoints were different.

Baseline Level

The calculations of short- and intermediate-term inhalation risk indicate that inhalation
MOEs are more than 100 at the baseline level for the all the assessed exposure scenarios except
the following: '

(1a) Mixing/loading liquids for aerial application at 1200 acres per day on cotton.
(2a) Mixing/loading wettable powders for aerial application.

(2b) Mixiﬁg/loading wettable pbwders for groimdboom application.

(8) Applying Sprays with a High Pressure Handwand.

(10) Mixing/loading/applying wettable powders with a low pressure handwand at
0.076 Ibs ai/gallon of spray application rate.

The calculations of short- and intermediate term dermal risk indicate that the dermal
MOEs are less than 100 for short-term at the baseline level for all assessed exposure scenarios
except the following: '

(1a) Mixing/loading liquids for aerial application.
(1b) Mixing/loading liquids for groundboom application.
(2a) Mixing/loading wettable powders for aerial application.

(2b) Mixing/loading wettable powders for groundboom application at 200 acres per
day on cotton and 40 acres per day on golf course turf.

Additional PPE

All calculated short- and intermediate-term dermal MOEs were more than 100 at the
additional PPE level.
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The calculations of short- and intermediate term inhalation risk indicate that the
inhalation MOEs are more than 100 at the additional PPE level for all assessed exposure
scenarios except the following:

e  (2a) Mixing/loading wettable powders for aerial application.

. (2b) Mixing/loading wettable powders for groundboom application at 200 acres per
' day on cotton.

Engineering Controls

All calculated short- and intermediate-term inhalation MOEs for the feasible exposure
scenarios were more than 100 at the engineering control level.

All calculated short- and intermediate-term dermal MOEs for the feasible exposure
scenarios were more than 100 at the engineering control level.

Occupational Handler Exposure and Risk Estimates for Cancer

MSMA and DSMA cancer classification is “not likely” human carcinogens; therefore a
occupational handler cancer assessment was not conducted.

Occupational Post Applicétion Exposures and Non-Cancer Risk Estimates

A restricted entry interval (REI) or early-entry PPE requirements are not mentioned on
many current MSMA/DSMA labels. Some labels specify a 12 hour REI and the following early
entry PPE: coveralls, waterproof gloves, shoes, socks, protective eye wear, and chemical resistant
headgear for overhead exposure. A few labels also specify chemical resistant footwear.

The registrant has submitted one turf transferable residue study in support of the
reregistration of MSMA/DSMA, titled Determination of Transferable Residues from Turf
Treated with Monosodium Methanearsonate (MRID No. 449589-01)." This study will be used
to assess post-application exposure and risk from treated turfgrass. Chemical-specific post
application exposure and/or environmental fate data have not yet been submitted by the registrant
in support of reregistration of all formulation types of MSMA/DSMA. In lieu of these data, a
surrogate post-application assessment was conducted to determine potential risks for cotton. The
results of these assessments in Table 9 are based on the application rates of 3.6 Ib ai/A for cotton
and 7.56 Ibs ai/A for turfgrass. MSMA and DSMA are also used under trees, vines and shrubs.
Occupational post-application exposures resulting from this type of application are assumed to be
less than the exposures from the three assessed post-application exposure scenarios.

The transfer coefficients used in this assessment for the use on cotton are from the
Agricultural Re-entry Task Force (ARTF) database. An interim transfer coefficient policy was
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developed by HED’s Science Advisory Council for Exposure using the ARTF database (policy #
3.1)." It is the intention of HED’s Science Advisory Council for Exposure that this policy will
be periodically updated to incorporate additional information about agricultural practices in crops
and new data on transfer coefficients. Much of this information will originate from exposure
studies currently being conducted by the ARTF, from the further analysis of studies already
submitted to the Agency, and from the studies in the published scientific literature.

The golf course turfgrass assessment uses a transfer coefficient of 500 cm?/hr, for

~ adtivities such as mowing and maintaining golf course turfgrass. The sod farm assessment uses a
transfer coefficient of 16,500 cm?/hr, far activities such as hand and mechanical harvesting, hand
weeding and transplanting of sod. Actual turf transferable residue (TTR) data from the MSMA
turfgrass study was used since some of the natural log transformed regressed data was found to
not be linear. Also, TTR data was not needed for a time period beyond what was tested for. The
average TTR values for the New York site, the North Carolina site and the California site on the
day of application were 0.0752, 0.0360, 0.368 ug/cm’ respectively. The highest residue value of
0.368 pg/cm’® from the CA site was used as a screening level assessment. The study was
conducted at an application rate of 2.25 Ibs ai/acre, but the'maximum application rate on
turfgrass is 7.56 Ibs ai/acre (reg #42519-6). So, the TTR value was adjusted by a factor of 3.3 to
compensate for the higher application rate. The duration of post-application exposure is assumed
to be intermediate term. ‘

The cotton surrogate assessment uses a medium transfer coefficient of 1,500 cm%hr, for
activities such as irrigating and scouting and a high transfer coefficient of 2,500 cm?/hr for
activities such as hand harvesting ." The DFR is derived from using an estimated 20 percent of
the rate applied as initial dislodgeable residues for cotton and an estimated 10 percent dissipation
rate per day. The duration of post-application exposure is assumed to be intermediate term.

The equations used to calculate the post-application in Table 8 are presented below:

~ Surrogate DFR calculation (cotton only)

- i 2
DFR| HE) - 4r b ai CF uglen _
(c‘m’] (———-A X bod x Fx (1-DRY

Where: '
AR = Agpplication rate is 3.6 Ibs ai/A for cotton
DR = Daily dissipation rate (10 percent / day)
t = Days after treatment
CF = Conversion factor.(11.2 ug per cm% Ib ai per A)
_ F = Fraction retained on foliage (20 percent for cotton)

Dose calculation:
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(DFR (ugfem®) x Tc (cm*hp) x CF (ﬁ) x ED (hrs)

Dose (mglkgldy =

BW (kg)
Where:
DFR =  Initial DFR or daily DFR (ug/cm’)
Tc =  Transfer coefficient (1,500 cm?hr and 2,500 cmzlhr for cotton, 500 cm?hr and
16,500 cm?/hr for turfgrass)
CF =  Conversion factor (1 mg/1,000 rg)
ED =  Exposure duration (8 hours per day)
BW = Body weight (70 kg)
MOE = NOEL (mglkgld)
Dose (mglkg/d)
Where:
NOAEL = 1,000 mg/kg/day
Dose = Calculated dose (mg/kg/day)
Table 8. MSMA/DSMA Non-Cancer Post apphcatmn Assessment.
’DA.T‘ _:": ¥ DFRchTR Bermal Bose( ﬂg{dﬁy}‘ O T L U UMORE l
.(uglcm’)" e N
L , i, cotton ' -turfgrgss 4 cotton -} . -turfgrass |
" | cotton - .turfémss : ..mo_gdj.um 1 high golf | sod | medium - 'hi.éh- golf - sod”l :
RS : } R course | farm : ‘course farm
0 8.0 1.2 14 23 0.0034 0.13 T20 430 290,000 8,800
(12 hours) ) — . . ' __ -

Footnotes:
NA = Not applicable
* DAT is “days afier treatment™
Initial DFR (ug/cm?) = Application rate {cotton 3 1bs ai/A) x Conversion factor (¥ Ib aifacre= 11.209 ;zglemz) x Fraction of initial ai retained on foliage (20%)
" (cotton only, study data used for turfgrass)
Initial DFR (ug/cm?) = 0.368 ug/cm? ¢ (7.56 Ibs ai/acre / 225 lbs aifacre) (study data used for turfgrass)
*Dose = DFR (ug/cm?®) x Transfer coefficient (cotion 1,500 cm¥hr and 2,500 cm¥hr, turfgrass 500 cm?br and 16,500 cm?/hr) x Conversion factor (1mg/1000 ug)
x Hrs worked per day (8 hts) / Body weight (70 kg)
4 MOE = NOAEL { mg/kg/day) / Dermal dose (mg/kg/day). Where: intermediate NOAEL is 10600 mg/kg/day for cotton

Occupational Post-application Non-cancer Risk Summary -
For non-cancer risks, the number of days after application that the calculated MOE
exceeds the target MOE is 0 (12 hours) for cotton for activities such as irrigating, scouting, and

hand harvesting and for turfgrass for activities such as mowing and maintaining golf course
turfgrass and hand and mechanical harvesting, hand weeding, and transplanting of sod.
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Occupational Post-application Exposure and Risk Estimates for Cancer

MSMA and DSMA cancer classification is “not likely” human carcinogens; therefore a
occupational post-application cancer assessment was not conducted.

Residential Exposures and Risks

Residential Handler Exposures and Non-Cancer Risk Estimates
Residential Hangdler Scenarios

HED has determined that there are potential exposure to residential mixer, loader, and
applicators during the usual use-patterns associated with MSMA/DSMA. Based on the use
patterns, 6 major residential exposures were identified for MSMA/DSMA: (1) mixing/loading/
applying liquids with a low pressure hand wand; (2) mixing/ loading/applying liquids with a
back pack sprayer; (3) mixing/loading/applying liquids with a sprinkler can or ready-to-use
liquid, (4) loading/applying granulars with a belly grinder, (5) loading/applying granulars with a
push-type spreader, and (6) applying granular with hand/spoon. Hose-end sprayer use is
prohibited on MSMA and DSMA labels.

The duration of exposure for residential populations is assumed to be short-term only,
weed control occurs about once a month during the weed growing season of 3 months, Table 9
presents the risk assessment for short term dermal and inhalation exposures at baseline. Table 10
summarizes the caveats and parameters specific to the surrogate data used for each scenario and
corresponding exposure/risk assessment.

Residential Handler Exposure Scenarios’ Data and Assumptions
The following assumptions were made in the exposure calculations:
. Average body weight of an adult handler is 70 kg.

e The area treated per day: % acre for belly grinder and push-type spreader, 10 gallons
of spray for low pressure handwand and backpack sprayer, 1,000 square feet for
hand/spoon and 100 square feet for a sprinkler can and a ready-to-use liquid.

. If the amount of dilution, not application rate is stated on the label, then it was
assumed that the volume of diluted spray used per day was 10 gallons for a
backpack sprayer or a low pressure handwand. For ready-to-use formulations, the

entire container is assumed to be used in one day.

. The hose-end sprayer PHED data was used to assess exposure from the use of a
sprinkler can and ready-to-use liquid, since no PHED data are available for these
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exposure scenarios. The hose-end sprayer PHED data is assumed to over estimate
the exposure from the sprinkler can and ready-to-use liquid.

. Generally, the use of PPE and engineering controls are not considered acceptable
options for products sold for use by homeowners, because they are not available
and/or are inappropriate for the exposure scenario.

. Calculations are completed at the maximum application rates for crops as stated on
the available MSMA/DSMA labels.

Residential Handler Exposure and Non-Cancer Risk Assessment
Equations to Calculate Handler Exposure

Potential daily dermal exposure is calculated using the following formula:

Daily Dermal Exposure ( mga;zi } = Unit Exposure (%) x Use Rate (%ﬂi} x Daily Acres Treated (%)
Potential daily inhalation exposure is calculated using the following formula:
‘ Datly Inhalation Exposure (M) =

Unit Exposure [M} x Conversion Factor 1mg ] x Use Raze b ot x Daily Acres Treated A
b a 1,000 ug 4 day

The daily dermal and inhalation dose is calculated as follows using a 70 kg body weight

Daits nalation D ,,,ga,-)= , . (mgm') 1 :
ly Inhalation Dose [ Telday Daily Inhalation Exposure day ) *\ Body Weight *e)

Daily D Dos mgai]I= . (mgm] ( 1
ly Dermal e( XelDay Daily Dermal Exposure Day x Body Weight (2)

The inhalation and dermal MOEs were calculated using the following formulas:

NOAEL ( _-'“g—)
Dermal MOE - kelday
_ Dermal Daily Dose (

mg
kglday
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ozt (ot
Inkalation MOE = ke/day
Inhalation Daily Dose( g )

kglday

Based on the available toxicity data, it is not appropriate to combine dermal and inhalation
MOE:s because the effects observed for the dermal and inhalation studies were different. The
short-term MOEs for dermal exposure were calculated using a NOAEL of 1000 mg/kg/day. The
giprt- term MOEs for inhalation exposure were calculated using a NOAEL of 4.38 mg/kg/day.'
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Summary of Non-Cancer Risk Concerns for Residential Handlers

The short term dermal NOAEL of 1000 mg/kg/day was used for all handler exposures. The
10x FQPA factor for MSMA/DSMA was reduced to 3x for all populations. The target MOE for
the dermal short-term exposure is 300. '

The calculations of short-term dermal risk indicate that dermal MOEs are more than 300 at
the baseline level for the all the assessed exposure scenarios.

The calculations of short-term inhalation risk indicate that inhalation MOEs are more than
300 at the baseline level for the all the assessed exposure scenarios.

Residential Handler Exposure and Risk Estimates for Cancer

MSMA and DSMA cancer classification is “not likely” human carcinogeris; therefore a
residential handler cancer assessment was not conducted. '

Residential Post-Application Exposures and Assul;lpﬁons
HED has detennined that there are potential post-application exposu;'es to residents
entering the areas where MSMA or DSMA has been applied. The scenarios likely to result in
post-application exposures are listed in Table 14 and are as follows:
*  Dermal exposure from residue on lawns (adult and toddler);
*  Hand-to-mouth transfer of residues on lawns (toddlér);
» Ingestion of pesticide treated grass (toddler).
«  Ingestion of pesticide granules (toddler).
. Incidentai ingestion of soil from pesticide-treated residential areas (toddler);

¢  Dermal exposure from residue on golf course turfgrass (youth and adult);

MSMA/DSMA can be used on athletic fields, parks and other recreational dreas. The
residential post-application exposure scenario, dermal exposure from residue on lawns (adult and
toddler), addresses these exposure concerns since the time spent on grass and transfer
coefficients are assumed to be similar. The trapsfer coefficients are based on the Jazzercise
method, which is assumed to be a similar exposure as playing sports on athletic fields.
MSMA/DSMA can also be used as a spot treatment under ornamental trees, shrubs and plants
and around sidewalks, fences and patios. Post-application residential exposures from these uses
are assumed to be less than post-application exposure from a MSMA/DSMA broadcast use on
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lawns. Thus, the post-application assessments done on lawn use addresses these exposure
concerns.

The half lives calculated from the study data are as follows with the correlation coefficient in
parentheses: 0.74 days (0.84), 9.44 days (0.21) and 5.48 days (0.37). Since the correlation
coefficients are so low, the data may not be linear. Thus, the calculated half lives that used linear
assumptions may not be accurate. Most of the TTR values were very low compared to the initial
residues or not detectable after day seven at the three sites tested. Therefore, residential post-
application exposure is assumed to be short-term.

The equations and assumptions used for each of the scenarios were taken from the Draft
Standard Operating Procedures (SOPs) for Residential Exposure Assessments guidance
document®, and are given below. The following general assumptions were made for all
scenarios:

. Residential post application exposure was assessed on the same day the
pesticide is applied because it was assumeéd that the homeowner could enter the
lawn immediately after application. Therefore, residential post application
exposures were based on day 0.

. Adults were assumed to weigh 70. The 1 to 6 year oid ioddler is assumed to
weigh 15 kg. :
U The registrant has submitted one turf transferable residue study in support of

the reregistration of MSMA/DSMA, titled Determination of Transferable
Residues from Turf Treated with Monosodium Methanearsonate (MRID No.
449589-01)." This study will be used to assess post-application exposure and
risk from treated turfgrass. Actual turf transferable residue (TTR) data from the
MSMA turfgrass study was used since some of the natural log transformed
regressed data was found to not be linear. Also, TTR data was not needed for a
time period beyond what was tested for. The average TTR values for the New
York site, the North Carolina site and the California site on the day of
application were 0.0752, 0.0360, 0.368 p.g/cm® respectively. The highest
residue value of 0.368 1.g/cm? from the CA site was used as a screening level
assessment. If there are risks of concern (MOEs < 300) then the TTR values
from each site were assessed. The study was conducted at an application rate
0f 2.25 bs ai/acre, but the maximum application rate on turfgrass is 7.56 lbs
ai/acre (reg #42519-6). So, the TTR values was adjusted by a factor of 3.3 to
compensate for the higher application rate.
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Dermal Exposure to Residues on Lawns (adult and toddler)

where:

ADD
TTR,
CF1

-Tc

ET
BW

ADD = (TTR, * CF1 * Tc * ET)/ BW

= average daily dose (mg/kg/day)

turf transfer residue on day "t" (ug/cm?)

= weight unit conversion factor to convert pg units in the DFR value to mg
for the daily dose (0.001 mg/ug)

transfer coefficient (cm?/hr)

exposure time (hr/day)

= body weight (kg)

The mean dermal transfer coefficient used for turfgrass was 14,500 cm?/hr for
adults and 5,200 cm%hr for toddlers. .

The exposure time for adults and toddlers to turfgrass» was assumed to be 2 hours
per day for both age groups (1-4 years and 18-64 years), based on the 95® percentile
values for playing on grass.

Hand-to-mouth Transfer of Pesticide Residues on Lawns (toddler).

where:

ADD
TTR,
SA
FQ
ET
SE
CF1

BW

ADD=(TTR, * SA *FQ * ET * SE * CF1)/BW

average daily dose (mg/kg/day)

turf transferable residue on day "t" (ug/cm’ turf)

surface area of the hands (cm¥event)

frequency of hand-to-mouth activity (events/hr)

exposure time (hr/day)

extraction by saliva (50%)

= weight unit conversion factor to convert ©g units in the DFR value to mg for
the daily exposure (0.001 mg/.g)

= body weight (kg)

bow

The palmer surface area of three fingers was assumed to be 20 cm? for a toddler
(age 3 years).

Replenishment of the hands with pesticide residues was assumed to be an implicit
factor in this assessment.
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. It was assumed that there is a one-to-one relationship between the dislodgeable
residues on the turf and on the surface area of the skin after contact (i.e., if the
dislodgeable residue on the turf is 1 mg/cm?, then the residue on the human skin is
also 1 mg/cm’ after contactmg the turf).

. The mean rate of hand-to-mouth activity is 20 events/hr for toddlers (3 to 5 years
old).
. The dusation of exposure for toddlers was assumed to be 2 hours per day.

Ingestion of Pesticide Treated Grass (toddler).

ADD = (TTR, * IgR* CF1) / BW

where:
ADD = average daily dose (mg/kg/day)
TTR, = turftransferable residue on day "t" (ug/cm?)
IgR = ingestion rate of grass (cm?day)
CF1 = weight unit conversion factor to convert the xg of residues on the grass to mg
to provide units of mg/day (1E-3 mg/ug)
BW = body weight (kg)

’ The assumed ingestion rate for grass for toddlers (age 3 years) was 25 cm?*/day
(i.e., 2 x 2 inches or 4 in?). This value was intended to represent the approximate
area from which a child may grasp a handful of grass.

Ingestion of Granules in Treated Areas (toddler).:

ADD = (IgR * F * CF1)/Bw

where:
ADD = Average Daily Dose (mg/kg/day)
IgR = ingestion rate of dry pesticide formulation (g/day)
F = fraction of ai in dry formulation (unitless)
CF1 = weight unit conversion factor to convert g units in the ingestion rate value to
mg for the daily exposure (1,000 mg/g).
Bw = body weight (kg)

* The assumed ingestion rate for dry pesticide formulations at the typical rate

for ornamentals is 0.091 grams/day for toddlers age 3 years. This is based on
the assumption that if 20.0 pounds of product were applied to a 10,000 square
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feet of land, the amount of product per square foot would be 0.91 g/ft’. The
toddler would consume one-tenth of the product available in a square foot.

Incidental Ingestion of Soil from Pesticide-Treated Residential Areas (toddler):

ADD = (SR, * IgR * CF1) / BW

where:
ADD = average daily dose (mg/kg/day)
SR, = soil residue on day "t" (ug/g)
IgR = ingestion rate of soil (mg/day)
CF1 - = weight unit conversion factor to convert the ng of residues on the soil to
~ grams to provide units of mg/day (1E-6 g/ug)
BW = body weight (kg)
and -
SR,=AR*F * (1-D)' * CF2 * CF3 * CF4
where:
AR = application rate (Ib ai/acre)
F = fraction of ai available in uppermost cm of soil (fraction/cm)
D = fraction of residue that dissipates daily (unitless)
t = post application day on which exposure is being assessed
CF2 = weight unit conversion factor to convert the Ibs ai in the application rate to 1g
for the soil residue value (4.54E8 ng/lb)
CF3 = area unit conversion factor to convert the surface area units (fi%) in the
application rate to cm” for the SR value (2.47E-8 acre/cm? if the application
rate is per acre) ‘ ,
CF4 = volume to weight unit conversion factor to convert the volume units (cm?) to
weight units for the SR value (U.S. EPA, 1992) (0.67 cm’/g soil)
. On the day of application, it was assumed that 100 percent of the application rate
are located within the soil's uppermost 1 cm. :
. The assumed soil ingestion rate for children (ages 1-6 years) was assumed to be
100 mg/day.

Dermal Exposure to Golf Course Turfgrass

The Agency has decided to address the exposures of golfers because it is an obvious
potential source of exposure for a large percentage of the population. In fact, accordingto a 1992
report from The Center For Golf Course Management, 12.2 percent of the population are golfers
(i.e., 28.5 million people). Golfing is considered a lifetime sport so individuals of all ages,
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excluding very small children, routinely play. As a result, risk assessments must address
exposures to golfers across applicable age groups. Children who are 12 years of age or older are
likely to represent the vast majority of the youth that play golf on any sort of routine basis.
However, the popularity of golf as a recreational pastime has increased steadily over the last few
years which has resulted in more and more young children (i.e., less than 12 years old for this
discussion) becoming involved in the sport. Risk assessments for these age children are more
difficult to complete because of the increased uncertainties associated with any extrapolations
using adult dermal exposure data and because of the increased likelihood that other behaviors
that might contribute to exposure such as mouthing contaminated hands or golf balls.

Given the current state-of-the-art, the Agency cannot definitively complete an
extrapolation from adults to children to calculate dermal exposures nor can it accurately predict
how mouthing behaviors contribute to the overall exposure of youth golfers for several reasons
(e.g., frequency of events is unavailable, chemical transfer processes not well understood). The
Agency does believe, however, that these exposures should be addressed and has decided to
address them by adjusting adult exposure levels using a surface area to body weight ratio
(SA/BW) for 5 year old male children (i.e., the difference is larger for males compared to female
making the value more protective). The SA/BW ratio was calculated using the 95" percentile
body surface area coupled with the 50® percentile body weight for the 5 year old male child. Use
of these factors significantly increased the per unit dose, when compared to an adult, by a factor
of approximately 70 percent. The Agency believes that this additional factor should adequately
address any uncertainties associated with extrapolating to child golfers due to differences in the
SA/BW ratio or due to mouthing behaviors. Five year olds were selected as the target group
because younger children are not believed to be a viable population for risk assessment purposes.

ADD,, (mg/kg/day) = (TTR, (ug/cm®) x TC (cm’/hr) x ET(hr/day) x (1 mg/1000 ug) )/( BW (kg))
Where: |

ADD

average daily dose (mg/kg/day) at time (t) attributable to golfing on previously
treated turf (mg/kg/day);

TTR,, = turftransferable residue at time (t) (ug/cm?);

TC transfer coefficient (cm*hour);

ET exposure duration (hours); and

BW = body weight (kg).

fl

. Transfer coefficient = 500 cm*hour based on exposure data for two chemicals that
quantified exposures to golfers. This transfer coefficient represents golfers wearing short
pants and short-sleeved shirts.

. Duration is 4 hours for a chemical that can be used on all parts of a course (greens, tees,

and fairways). This estimate of the average time it takes to play a round of golf which is
based on the report .completed by the Center For Golf Course Management [1992 Golf
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Course Operations: Cost of Doing Business/Profitability. Library of Congress
GV975.G56 1992].

. Adult dese levels are adjusted (i.e., multiplied) by a factor of 1.7 in order to calculate
dose levels for child golfers. This value represents a skewed surface area to body weight
ratio calculated by the Agency using the 95% percentile value for body surface area for 5
year old male children and comparing that to the 50" percentile value for body weight for
5 year old children. The values are purposely skewed to account for the uncertainties that
would be expected with calculating dose levels with children if more definitive data were
available. The values used in these calculations were excerpted from tables 6-2, 6-6, 7-4,
and 7-6 of the EPA Exposure Factors Handbook (1997). ~

. The dose levels calculated for adult golfers can be considered upper level estimates of
exposure because of several reasons including the clothing scenario considered (i.e.,
shorts-and short-sleeved shirts are not worn by all golfers), combining average values
aftoss several input parameters mathematically results i am upper percentile calculated
product.

. The dose levels calculated for child golfers can be considered upper level estimates of
exposure in addition to those presented above for adult golfers because of several reasons
including the duration for child golfers may be lower because of developmental issues
and the amount of skew introduced into the calculation through the direct comparison of
the 95" and 50" percentile values for surface area and body weight, respectively.

Residential Exposure and Non-Cancer Risk Estimates
Risk Calculations

Short-term MOEs were calculated as follows:

MOE = NOAEL

The dermal NOAEL of 1000 mg/kg/day was used for the dermal exposure to lawns
scenarios. The acute oral endpoint of 2 mg/kg/day for the hand-to-mouth, turfgrass ingestion and
soil ingestion scenarios, since these are oral exposures. Table 11 summarizes the post-
application exposures and non-cancer risks to residential populations.
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Summary of Risk Concerns for Non-Cancer Residential Post Application Exposure

The dermal NOAEL of 1000 mg/kg/day was used for the dermal exposure to turfgrass
scenarios. The acute oral endpoint of 2 mg/kg/day for the hand-to-mouth, turfgrass ingestion and
soil ingestion scenarios, since these are oral exposures. The FQPA safety factor was reduced to
3x for all other populations®. The target MOE for the dermal short-term exposure is 300 for
adults, which includes the 3x FQPA safety factor for the general population. :

*  Hand-to-mouth transfer of residues on lawns (toddler) using the TTR data
from the CA site;

-+ Ingestion of pesticide granulars in treated area (toddler).

It is HED’s policy to routinely conduct screening level assessments (based on standard
values in the Residential SOPs) for children’s incidental ingestion of granules when a granular
pesticide may be applied in residential settings. The screening-level assessment for
MSMA/DSMA resulted in an MOE of 7.3 and is a risk of concern. Information on particle
density (number of particles per pound or gram), carrier type (corn cob, clay), granular color, and
average granular size is requested from the MAA Task Force in order to refine this screening
level assessment.

For the residential post-application scenarios, ingestion of turfgrass and hand-to-mouth
transfer of residues from lawns, the TTR value obtained in the study is thought to under estimate
exposure to the toddler from these behaviors, because the TTR value was obtained by using a dry
California Cloth Roller. Residue transfer from mouthing usually takes place under wet not dry
conditions, which would cause the transfer to occur at a greater rate. TTR values in the turfgrass
study range form 0.13 to 1.4 percent of the application rate, as opposed to the standard TTR
value of 5 percent of the application rate.

Residential Post application Exposures and Risk Estimates for Cancer

MSMA and DSMA cancer classification is “not likely” human carcinogens; therefore a
residential post-application cancer assessment was not conducted.

Data Gaps and Confidence in Risk Estimates

. A MSMA post-application dislodgeable residue decline study on plants and
turfgrass that tests for both MSMA and cacodylic acid residues.

. Low confidence data were used to calculate the risks to handlers from the use of

the following equipment: turf handgun sprayer, rights-of-way sprayer, push-type
spreader, low pressure hand wand, and a backpack sprayer.

48



. No exposure data exists for mixing/loading/applying dry flowables with a
backpack sprayer and low pressure handwand, mixing/loading/applying wettable
powders with a backpack sprayer and mixing/loading/applying liquids with a
"Hypo-Hatchet" injector.

. Information on particle density (number of particles per pound or gram), carrier
type (corn cob, clay), granular color, and average granular size of the MSMA and
DSMA granular products.

Any possible data reéquirements will be discussed during the risk mitigation phase of the
reregistration process. '

Study Review
Turf Transferable Residue Study

A turf transferable residue study titled Determination of Transferable Residues from Turf
Treated with Monosodium Methanearsonate” MRID No. 449589-01 was conducted on MSMA.
The data collected reflecting the dissipation of monosodium methanearsonate (MSMA) from
treated turf meet most of the criteria specified by the U.S. Environmental Protection Agency’s
(US-EPA) OPPTS Series 875, Occupational and Residential Exposure Test Guidelines, Group
B: Post application Exposure Monitoring Test Guidelines, 875.2100, Transferable Residue
Dissipation: Lawn and Turf. The data are of sufficient scientific quality to be used to determine
dislodgeable foliar residue (DFR) dissipation.

In this study, a 50:50 blend of two 51 percent MSMA liquid formulations was applied
twice at the maximum application rate and the minimum application volume to several varieties
of growing turf. This study was conducted under very different environmental conditions, ie.,
during the hot summer in New York, the cool fall in North Carolina and the late fall to winter in
California. Triplicate transferable turf residue (TTR) samples were collected using the modified
California Cloth Roller technique developed by the Outdcor Residential Exposure Task Force
(ORETF). Samples were collected at intervals from 0 to 28 days after treatment in N'Y, and
sampling was extended to 49 days after treatment in North Carolina and 44 days after treatment
in California. Samples were analyzed for MSMA only. '

Maximum MSMA levels attained in TTR field samples collected after the second
application varied widely between test sites, with the California site having a 2,120 pg/sample;
the New York site having a 615 ug/sample; and the North Carolina site having a 279 ug/sample.
After the second application, MSMA TTR levels dissipated to below the limit of quantification
(LOQ) by the fifth day after treatment in New York, by seventh day after treatment in North
Carolina and by forty fourth day after treatment in California. In North Carolina and especially
in California, there was a distinct two-phase dissipation pattern after the second application.
TTR values in California increased from the initial treatment to 6 hours after treatment.
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The data was analyzed, using all individual data replicates after the second application as
follows: from the day of application to day 7 for NY, from the day of application to day 28 for
NC, and from 6 hours after treatment to day 25 for CA collected after Application #2. Since the
majority of the field recoveries were above 90% for the fortification level, 2 g/sample, closest
to the amount of residue found on the grass, field fortified recoveries were not corrected for. In
accordance with EPA guidance, first order dissipation kinetics were assumed. A linear
regression was performed to natural log (In) transform data. The following dissipation half-life
values were obtained: 0.74 days (R?>=0.78) for NY; 9.4 days (R=0.21) for NC; and 5.48 days
(R?>=0.36) for CA.  Since the regression from the natural log transformed data produced low R
squared values, actual turf transferable residue (TTR) data from the MSMA turfgrass study was
used in the RED chapter. Also, TTR data was not needed for a time period beyond what was
tested for.

The turf transferable residue study completed in support of the regulatory requirements
contained the following omissions and flaws with respect to Series 875 Group B Post application
Exposure Monitoring Test Guidelines. The most important discrepancies and issues of concern
include: (1) MSMA levels in the tank mixes were about 30 percent higher than target at the New
York site, and about 20% lower than target at the California site; (2) ambient temperatures were
significantly cooler than the label specified temperature (between 80° and 90° F) on application
~ days at all three sites (i.e. in NY: 78° F and 71° F.; in NC: 80° and 68° F.; in CA: 63° and 72°
F.); (3) a number of rain events occurred which coincided with either application or sampling
days at all three of the test sites; (4) there were major seasonal differences between the data-sets
presented for the three sites, with snow falling on two occasions at one site; concurrent
laboratory fortification samples were variable with up to 20 percent variability between
replicates; (5) since field fortified samples contained either 2.0 ug/ sample or 2,000 ug/ sample
and most of the field sample data-points were well below 700 ug/ sample, an intermediate
fortification level should therefore have been chosen to better reflect the sample data; (6) the
field fortified sample recoveries were extremely variable, with the highest fortification level
(2,000 ug/sample) having recoveries ranging between 60.8 percent and 116.7 percent and the
lowest fortification level (2 ug/sample) having recoveries ranged between 75 percent and 180
percent; (7) a metabolite of MSMA, cacodylic acid, was not tested for; and (7) The study was
conducted at an application rate of 2.25 Ibs ai/acre, but the maximum application rate on
turfgrass is 7.56 lbs ai/acre (reg #42519-6). However, the data collected in this study are of
sufficient scientific quality and HED will use the results in the RED.

Assessment of Handler Exposure to MSMA

The registrant submitted an assessment of handler exposure to MSMA titled "Assessment
of Exposure for MSMA and DSMA" (MRID 437204-01). The registrant conducted an analysis
of dermal and inhalation handler exposure to MSMA and DSMA based on specified application
rates, cacodylic acid's dermal absorption, and exposure data available in the Pesticide Handler’s
Expasure Database (PHED), (version not stated, before May 1995). The six scenarios identified
in the study were mixer/loader (liquid formulation), mixer/loader (wettable powder
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formulation), ground rig aﬁplicator, occupational hand spray application, residential hand spray
application, pilot application, and flaggers."®

The registrant's suggested unit exposure values were compared to the unit exposures in
PHED Surrogate Exposure Guide, version 1.1, August 1998. The following registrant suggested
unit exposure values are relatively similar to unit exposures to PHED: mixer/loader (wettable
powder formulation) for dermal exposure, ground rig-application for dermal exposure, and
flagger for both dermal and inhalation exposure. The following registrant suggested unit
exposure values are within a ten fold margin of PHED unit exposure values: mixer/loader (liquid
formulation) for inhalation exposure, ground rig application for inhalation exposure,
occupational hand spray application for both dermal and inhalation exposure, residential back
pack sprayer application for dermal exposure, and pilot for both dermal and inhalation exposure.
The rest of the unit exposure values differed from PHED by more than a 10 fold factor.

Annual dose and daily amortized dose were calculated for both MSMA and DSMA.
HED dose not calculate annual and daily amortized doses. For MSMA used on cotton, a small
grower's annual dose is 20 ug/kg/year and a large grower's annual dose is 49 ug/kg/year. A
small grower's daily amortized dose is 0.056 ug/kg/day and a large grower's daily amortized does
is 0.14 ug/kg/day. A mixer/loader's annual dose is 183 ug/kg/year and daily amortized dose is
0.5 uglkg/day. A pilot's annual dose is 342 ug/kg/year and daily amortized dose is 0.94
ug/kg/day. A flagger's annual dose is 3400 ug/kg/year and daily amortized does is 9.4

ug/kg/day.

For liquid DSMA used on cotton, a small grower’s annual dose is 24 uglkg/year and a
large grower's annual dose is 58 ug/kg/year. A small grower's daily amortized dose is 0.066
ug/kg/day and a large grower's daily amortized does is 0.16 ug/kg/day. A mixer/loader’s annual
dose is 141 pg/kg/year and daily amortized dose is 0.32 ug/kg/day. For the wettable powder
formulation of DSMA, a small grower's annual dose is 141 ug/kg/year and a large grower's
annual dose is 338 ug/kg/year. A small grower's daily amortized dose is 0.38 ug/kg/day and a
large grower's daily amortized does is-0.93 ug/kg/day. A mixer/loader’s annual dose is 218
pg/kg/year and daily amortized dose is 0.6 ug/kg/day. A pilot's annual dose is 22 pglkglyear and
daily amortized dose is 0.060 ug/kg/day. A flagger's annual dose is 41 pg/kg/year and daily
amortized does is 0.11 ug/kg/day.

For the remaining occupational uses of MSMA and DSMA, such as orchards, non-crop,
and lawn application, the annual dose of MSMA liquid ranges from 141 to 52 ug/kg/year and
the daily amortized dose ranges from 0.38 to 0.14 ug/kg/day. The annual dose of DSMA liquid
ranges from 151 to 52 pg/kg/year and the daily amortized dose ranges from 0.42 to 0.14
ug/kg/day. The annual dose of DSMA wettable powder ranges from 885 to 78 ng/kg/year and
the daily amortized dose ranges from 2.5 to 0.21 ng/kg/day.
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For residential lawn application, the annual dose of MSMA and DSMA liquid is 3.5
ug/kg/year and daily amortized dose is 0.0095 pg/kg/day. The annual dose.of DSMA wettable
powder is 3.8 ug/kg/year and daily amortized does is 0.011 ng/kg/day.

It is HED’s policy to use the PHED Surrogate Exposure Guide, Version 1.1, August 1998
when assessing handler exposure. Use of the Surrogate Exposure Guide offers certain
advantages over attempting to subset PHED for each individual exposure assessment. For
example, use of the Guide results in consistency among exposure assessments for similar
pesticide exposure scenarios, and use of the Guide is relatively easy and, therefore, saves
resources by reducing the time spent on analyzing individual data sets. Moreover, restrictive
subsets (e.g., one exposure study) may not encompass the variety of agricultural equipment in use
throughout the country and the inter-variability of exposures among handlers. Therefore, the unit
exposures from the PHED Surrogate Exposure Guide, Version 1.1, August 1998 will be used in
the MSMA and DSMA Occupational and Residential Exposure Assessment.

Assessment on Post application Exposure to MSMA

An assessment on post application exposure titled "Assessment of Post application
Exposure Potential for MSMA and DSMA" (MRID 437205-01) was submitted by the registrant.
The assessment calculated average daily doses of occupational and residential populations
exposed to turf after the application of MSMA and DSMA. HED conducted an assessment
using the study parameters and HED policy."”

For occupational exposures, the registrant submitted assessment's daily dermal dose is 10
times higher than HED's assessment of daily dermal dose using the registrant’s stated
parameters. For residential exposure, the registrant submitted assessment's daily dermal dose is
approximately 4 times less for adults and two times greater for children than HED's assessment
of daily dermal dose.

This submission does not satisfy Series 875 - Group B guideline data requirements for
residential lawn uses because the studies used in the assessment were not MSMA or DSMA and
the properties of these chemicals such as dissipation rate and transferability were not shown to be
the same as MSMA or DSMA. Also, the background laboratory mformatlon was not provided
for the studies to determine if the comply with EPA guidelines.

A waiver for non-crop land and agricultural post apphcatxon exposure data was requested
at the end of the study. The registrant’s’s rationale for this is that non-crop land and agricultural
uses of MSMA and DSMA provide no opportunity for contact with the residues that would likely
produce measurable human dermal residues. The post application activities associated with non-
crop land and agricultural uses would involve limited contact with treated surfaces.

HED has reviewed this data waiver requests and recommends waiving the data
requirement for non-crop land uses. The non-crop land data waiver does NOT include turf/lawn
data requirements, since there is a high potential for residential exposure. HED recommends
denying the data waiver request for agriculture uses, because this request is not specific as to
which agricultural uses they wish to have the data requirements waived for.
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