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ABSTRACT

Methyl iodide is a new active ingredient that is being proposed as a pre-plant fumigant to
control pests in soil. With the phase-out of methyl bromide use (USEPA, 1993), methyl
iodide is actively being developed as an alternative in pre-plant soil fumigation. USEPA
has approved the use of methyl iodide, but the chemical is not currently registered for use
in California.

The expected primary route of exposure to methyl iodide for humans is through inhalation
due to the chemical’s high vapor pressure. Acute (8-hour) and long-term exposures of
workers and bystanders to methyl iodide were estimated using air concentrations detected
in chemical-specific studies performed at super- and sub-maximal application rates.
Measured air concentrations of methyl iodide were adjusted to reflect the maximal label-
approved application rates. Label-required buffer zones and respiratory personal
protective equipment or engineering controls for applicators were also factored in before
worker and bystander exposures were calculated.

Acute exposures from tasks performed by fumigation workers, expressed as absorbed
daily dosage, ranged from 1.1 pg/kg-day for drip-irrigation applicators to 141.7 ug/kg-day
for tarp monitors engaged in shank injections. Seasonal absorbed daily dosages ranged
from 0.6 pg/kg-day for planters to 26.2 pg/kg-day for shank-injection applicators.
Theoretical long-term or annual absorbed daily dosages ranged from 0.1 pg/kg-day for
planters to 6.6 pg/kg-day for shank-injection applicators. Theoretical lifetime absorbed
daily dosages ranged from 0.05 pg/kg-day for planters to 3.5 pg/kg-day for shank
injection applicators.

Each bystander exposure scenario is for a 40-acre field and an individual that is 152 m
(500 ft) from the edge of the field. Acute (8-hour) exposures arising from tasks performed
by non-fumigation workers or other adult bystanders in fields at the 152 m (500 ft) label-
required buffer zone near previously fumigated tarped fields, ranged from 325 pg/kg-day
to 882 pg/kg-day. Potential acute (24-hr) exposures of resident bystanders to application
site concentrations of methyl iodide at the 152 m (500 ft) buffer zone near 40-acre fields
fumigated by different methods ranged from 278 pg/kg-day (adults) to 969 pg/kg-day
(infants). Seasonal exposures of resident bystanders immediately outside the buffer zone
ranged from 19 pg/kg-day (adults) to 40 pg/kg-day (infants). Theoretical, amortized
annual exposure of bystanders to the potential ambient air concentrations of methyl iodide
near fumigated fields ranged from 5 to 10 pg/kg-day for adults and infants, respectively.
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l. INTRODUCTION

Methyl iodide (M), also known as iodomethane, is a colorless liquid that turns yellow, brown, or
red when exposed to sunlight and moisture. Ml has an acrid odor that is a poor warning
indicator of human exposure. There are a number of industrial uses for MI. Because of its high
refractive index, Ml is used in microscopy. Methyl iodide is also used as an embedding material
for examining diatoms, in testing for pyridine, and as a methylating agent in organic synthesis
(ACGIH, 1986). Ml is naturally emitted in small amounts by rice plantations.

Methyl iodide is also being proposed as a new active ingredient for pre-plant, field fumigation to
control pests in soil (including weed seeds, nematodes, insects, and diseases), as an alternative to
methyl bromide (MB). MB is scheduled to be phased out of use (USEPA, 1993; UNEP, 1995;
UNEP, 1998). The Department of Pesticide Regulation (DPR) is charged with protecting
individuals and the environment from potential adverse effects that may result from the use of
pesticides in the State (California Food and Agriculture Code (CFAC), Sections 11501, 12824,
12825, 12826, 13121-13135, 14102, and 14103).

MI may be acutely toxic for humans. This document does not address exposures to chloropicrin,
which serves as both a warning agent and/or active ingredient in some of the MI formulations.
Exposures to chloropicrin will be addressed in a separate document. DPR does not have data to
assess all of the theoretical worker exposure scenarios, or potential exposures to the public from
all methyl iodide applications identified in Table 1. The scenarios identified for M1 were not
based entirely on the labels for MI, but also on the work tasks associated with the known uses of
methyl bromide as a pre-plant soil fumigant. Since the exposures associated with every scenario
will not be assessed, it is important to assess representative scenarios in which the expected
exposures will be equal to, or greater than, those of all other scenarios.

Pre-plant soil fumigations using methyl bromide have been applied by either (1) shank injection,
(2) drip irrigation, or (3) auger-probe injection (Thongsinthusak and Haskell, 2002). These
techniques have been done with, or without, plastic tarps covering the treated soil. However, the
Federal labels specifically require the use of tarps during pre-plant soil fumigation with MI.
Consequently, theoretical scenarios involving un-tarped fields do not need to be assessed. The
labels allow the use of both standard and highly retentive (VIF™ and approved Metallic™)
tarpaulins. The use of highly retentive tarpaulins requires a reduced application rate of MI.
However, to be health protective, DPR assumes that the highest label-approved application rate
of M1 will be used in conjunction with the standard tarpaulin.

Pre-plant shank injections of methyl bromide can be made with either deep shanks (>12”) or
shallow shanks (8-12”) (Thongsinthusak and Haskell, 2002). However, applicator exposures to
MB done with deep shank techniques were assumed to be equal to or less than shallow shank
applications. As the chemical/physical properties of Ml are similar to those of MB
(Thongsinthusak and Haskell, 2002), it is expected that occupational exposures to M1 will follow
the same pattern as MB. Thus, the occupational exposures from shallow-shank injection of Ml
will likely be at least as great, if not greater than, those for deep shank injection. Consequently,
shallow shank injection activities will be used as representative of all shank injection activities.
Likewise, bystander exposures to MI emanating from deep shank injected plots are expected to
be less than that from the representative shallow shank injected areas.

1
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Table 1. Potential exposure scenarios associated with all formulations of methyl iodide to
be used in California for pre-plant field fumigation.

Fumigation Activity

Application Method

Route of Exposure

Handlers:
Tractor driver
Driver’s assistant
Shoveler
Supervisor
Early Entry Handlers:
Tarp cutter
Tarp remover
Tarp remover driver
Fieldworker (post REI®):
Planter

Shallow and deep shank,
tarped soil, broadcast
injection

Inhalation, dermal
absorption

Handlers:
Tractor driver
Shoveler
Tarp monitor
Supervisor
Early Entry Handlers:
Hole puncher
Tarp remover
Tarp remover driver
Fieldworker (post REI):
Planter

Shallow and deep shank,
tarped raised bed
injection

Inhalation, dermal
absorption

Handlers:
Applicators
Supervisor
Early Entry Handlers:
Hole puncher
Tarpaulin remover
Tarpaulin remover driver
Fieldworker (post REI):
Planter

Drip irrigation system,
tarped field, liquid
fumigant

Inhalation, dermal
absorption

Handler:
Tree replant auger-probe
applicator

Auger-probe application

Inhalation, dermal
absorption

Applicators and bystanders
working adjacent fields;
Residents living immediately
adjacent to application sites;
Residents in farming
communities.

All forms of application

Inhalation, dermal
absorption

a

REI = Restricted entry interval
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In the past, pre-plant soil fumigations with methyl bromide have used drip irrigation techniques
with raised beds and flat fields, though not in the manner of MI’s planned use (Thongsinthusak
and Haskell, 2002). After consultation with several County Agricultural Commissioners, it
appears that pre-plant soil fumigations with drip irrigation in flat fields are no longer used.
Therefore, this exposure assessment currently only addresses raised bed applications for the drip
irrigation scenario. The exposures of tarp removers and tarp remover drivers associated with
broadcast injections are expected to be equal to, or greater than that of workers potentially
engaged in the same tasks associated with tarped, raised bed applications. Table 2 presents the
representative exposure scenarios for applicators and bystanders. The individuals in these
representative scenarios are expected to experience MI exposures that would be equal to, or
greater than those of individuals in the respective possible scenarios listed in Table 1.

Table 2. Representative® exposure scenarios, label-approved treatments, and potentially
exposed individuals.

Representative Exposure Scenarios | Other Label-Approved Treatments| Potential Individuals Exposed

Shallow shank, tarped soil, broadcast Tractor driver, Driver’s assistant,
injection Shoveler, Supervisor, Tarp cutter
Tarp remover, Tarp remover driver

Fieldworker: (post REI”) Planter

Deep shank, tarped soil, broadcast Same as above
injection
Shallow shank, tarped raised bed Tractor driver, Shoveler, Tarp
injection monitor, Supervisor, Hole puncher,

Fieldworker: (post REI) Planter

Drip irrigation system, tarped field, Applicators, Supervisor, Hole puncher
liquid fumigant
Fieldworker: (post REI), Planter

Tree replant auger-probe applications Applicator®

Bystanders Bystanders working adjacent fields;
Residents living immediately adjacent
to application sites, Residents in
farming communities.

Representative scenarios are those activities in which the expected exposures of individuals will be equal to, or
greater than, those individuals in all other similar scenarios.

REI = Restricted entry interval

Treehole applications must have 2 trained people present; the second person may be the certified supervisor
whose exposure is assumed to be less than the applicators.

This exposure assessment document contains sections dealing with physical and chemical
properties, formulations, proposed usage, label precautions, human illnesses, dermal
toxicity/sensitization, animal/human metabolism, inhalation uptake and dermal absorption.
Information from these sections will likely contribute to a better understanding of the nature,
potential usage, and potential for human exposure. Acute exposure estimates are usually
presented as an 8- or 24-hour time-weighted-average (TWA) air concentration of methyl iodide.
These 8- or 24-hr TWA estimates are grouped as acute exposure (daily exposure). The repetitive
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exposures considered in this document are seasonal (more than a week, but less than a year) and
annual exposures.

A. Physical and Chemical Properties

Physical and chemical properties of methyl iodide as mentioned below were obtained from the
Farm Chemicals Handbook (Meister, 2004), the Merck Index (Budavari et al., 1996), and the
registrant (Aryesta, 2000; Aryesta, 2002; Brookman and Curry, 2002a; Brookman and Curry,
2002b).

Chemical name: lodomethane, monoiodomethane

CAS registry number: 74-88-4

California chemical code: 5783

USEPA PC Code: 000011

Common name: methyl iodide

Trade names: Midas.

Molecular formula: CHsl

Molecular weight: 141.95 g/mole

Chemical structure: CHs-I

Physical appearance and stability: Colorless to pale yellow liquid with an acrid odor. Itis
non-corrosive to metals, incompatible with strong oxidizing and reducing agents, and
stable at room temperature in sealed containers. On exposure to light, discoloration
occurs due to decomposition and subsequent liberation of free iodine.

Solubility: Methyl iodide is soluble in water (1.42 x 10* ppm = 14.2 g/L @ 25°C), and is
miscible with alcohol and ether.

Boiling point: 42 °C

Melting point: -66.1 °C

Vapor pressure: 398 mm Hg (25°C)

Specific gravity: 2.279g/mL (liquid)

Henry’s Law Constant (Ky): 0.0054 atm-m*/mol (25°C)

Conversion factor: 1 ppm = 5.81 mg/m* at 25 °C

B. Federal Regulatory History

Methyl iodide (iodomethane) has been proposed as an alternative to methyl bromide for pre-
plant soil fumigation. Methyl bromide is scheduled by U.S. EPA to be removed from the market
based on its depletion of ozone in the stratosphere (USEPA, 1993; Sims et al., 1995; UNEP,
1995; Ohr et al., 1996). A draft risk assessment for methyl iodide dated January 5, 2006 was
posted on U.S. EPA’s website for public comment on January 6, 2006 (USEPA, 2006). The
final risk assessment for MI was posted on the U.S. EPA website on August 3, 2007 (USEPA,
2007). In 2008, USEPA granted conditional registration of MI with no time limitation.

U.S. EPA reported: “Risks to occupational handlers, (including tractor drivers, co-pilots,

shovelers, soil sealers, and tarp removers), involved in pre-plant field fumigation were evaluated
using iodomethane-specific handler monitoring data” (USEPA, 2006). The data indicated that

4
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exposures exceeded U.S. EPA Health Effects Division’s (HED’s) level of concern for some
workers involved in the application of iodomethane when no respiratory protection was used
(e.q., tractor drivers, co-pilots, and shovelers). Air purifying organic vapor removing respirators
(APRs), which reduce exposure levels by a factor of 10 (Wood, 1981; 3M Corporation, 2001,
2005), were also considered and exposures were reduced below HED’s level of concern for all
workers involved in application with these devices.

For some application tasks, APRs were not required to achieve acceptable (to USEPA) exposure
levels. For workers who entered fields days after application to prepare for planting (e.g., tarp
cutters or hole punchers), respiratory protection was not necessary 5 days after application
(USEPA, 2006). This was also the case for planters where exposures were not of concern 7 days
after application without any sort of respiratory protection (USEPA, 2006).

With regards to bystander exposures, the U.S. EPA Interim Registration Eligibility Document
(IRED) stated: “For known area sources (i.e., treated agricultural fields), HED first used
monitoring data to assess bystander exposures to iodomethane. Risks exceeded HED’s level of
concern based on these data. In addition, the Industrial Source Complex - Short Term model
(ISCST3) was used to further characterize exposures by extrapolating to conditions under which
empirical data are not available. In the ISCST3 analysis, varied meteorological conditions, field
sizes, and emission rates were considered. Results demonstrate that for the cases considered,
many risks exceed HED’s level of concern (MOEs <30) for distances less than 100 meters
downwind of the treated fields larger than 1 acre especially when the atmosphere is relatively
stable and where wind speeds < 5 mph. MOEs decrease as field sizes increase while MOEs
increase as the atmosphere becomes less stable leading to conditions where more off-target drift
can occur. There is not a significant impact in the results due to the two different human
equivalent concentrations (HECs) that were considered.”

C. California Regulatory History

Methyl iodide is an active pesticide ingredient that is not currently registered for use in the State
of California. DPR is conducting a risk assessment to determine the necessary safe practices
before registering this pesticide for pre-plant field fumigation activities. Six, federally approved
labels of different formulations of the active ingredient have been submitted for consideration in
the registration process.

D. Formulations

At the present time, there are five methyl iodide-containing products that have been approved by
U.S. EPA and are being considered for registration in California. Table 3 shows the percentage
of the active ingredient (a.i.) and trade (product) names of these proposed products as of January,
2010. All products contain chloropicrin, but only one uses it solely as a warning agent. A
warning agent is a chemical with good warning properties, including persistent odor or irritation,
that can be mixed with other chemicals to allow an average person with normal sensory
perception to detect the presence of the warning agent at concentrations below which both
chemicals are toxic (NIOSH, 1987). Chloropicrin is used as a warning agent because it causes
severe eye and mucous membrane irritation at relatively low concentrations, which allows its
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presence to be detected at much lower concentrations than other chemicals with weaker warning
properties. Although there are no DPR regulations or policies setting a limit on the percentage of
chloropicrin in a product when it is designated as a warning agent, typically it is used at a
concentration of 2% or less. U.S. EPA designates products containing more than 2%
chloropicrin as restricted use pesticides (40 CFR 152.175). Chloropicrin is also used as a pre-
plant soil fumigant, but this document does not address exposure to chloropicrin. The
Department of Pesticide Regulation is assessing the potential risk from exposure to chloropicrin,
when used as an active ingredient, in a separate risk assessment effort.

Table 3. General information for submitted products containing methyl iodide as an
active ingredient®,

U.S. EPA Methyl lodide
Product . . . L .
Registration| Company | Formulation Frequency of Application Application
Name b

# Rate
lodomethane| 66330-44 Arysta  |99.8% MI°® Formulation use only Not applicable
Technical
Midas® 98:2| 66330-43 Arysta  [98% MI, 2% Outdoor pre-plant soil fumigant 175

chloropicrin

Midas® 6630-57 Arysta | 50% MI, Outdoor pre-plant soil fumigant 350
50:50 50% chloropicrin
Midas® EC 6630-58 Arysta  149.9% MI, 44.78% |Outdoor pre-plant soil fumigant 350
Bronze® chloropicrin
Midas® 6630-59 Arysta  [33% MI, 67% Outdoor pre-plant soil fumigant 530
33:67 chloropicrin
Midas® EC 66330-60 Arysta | 33% Ml, Outdoor pre-plant soil fumigant 530
Gold 61.7% chloropicrin
& Information derived from the U.S. EPA product labels.
b Pounds of formulation per broadcast acre.
‘; Methyl iodide

Midas Bronze is not being marketed in California.

E. Labeled Uses

As methyl iodide is not yet registered in California, there are no reported current usages. The
proposed usages (based on U.S. EPA approved labels) are shown in Table 4.
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Product Name

Proposed Use

Application Method and Equipment

Midas®98:2

Methyl iodide pre-plant soil fumigant
to control weed seeds, including
broadleaf weeds such as nutsedge,
pigweed, broomrape and lambsquarters,
and grasses such as bermudagrass, and
annual bluegrass. Effectiveness against
hard seed weeds, such as mallow,
dodder, morning glory, and certain
leguminous weeds may be variable.
Plant-parasitic nematodes, such as root-
knot, root lesion (meadow), cyst, citrus,
burrowing, false root-knot, lance,
spiral, ring, sting, stubby root, dagger,
awl, sheath and stung (stylet)
nematodes. Soil-borne Insects, such as
wireworms, cutworms, grubs,
rootworms, ants and garden
symphylans. Soil-borne diseases, such
as Verticillium, Pythium, Rhizoctonia,
Phytophthora, and Fusarium.

Fumigations with MIDAS 98:2 shall only be performed in accordance with the following three
application techniques: 1) Raised Bed Application, 2) Broadcast/Flat Fume Application, or 3) Deep
Injection Auger Probe Application (stone fruit, nut trees, vines, and field-grown ornamentals only). More
specific information can be found on the label cached in Appendix I.

Midas®50:50

Methyl iodide pre-plant soil fumigant.
Only for pre-plant fumigations of fields
intended for commercial production of
listed crops and field-grown
ornamentals, for the control of soil-
borne pests including weed seeds,

nematodes, insects, and diseases

Appendix I.

Broadcast/flat fume applications. More specific information can be found on the label cached in
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Table 4. Proposed uses of methyl iodide ® (continued)
Product Name Proposed Use Application Method and Equipment
Midas® EC Methyl iodide pre-plant soil fumigant. [Drip irrigation (Chemigation) and raised bed drip fumigation. More specific information can be found
Bronze® Only for pre-plant fumigations of fields [on the label cached in Appendix I.
intended for commercial production of
listed crops and field-grown
ornamentals for the control of soil-
borne pests including weed seeds,
nematodes, insects, and diseases
Midas® 33:67  |Methyl iodide pre-plant soil fumigant | 1) Raised Bed Application, 2) Broadcast/Flat Fume Application, or 3) Deep Injection Auger Probe

only for pre-plant fumigations of fields
intended for commercial production of
listed crops and field-grown
ornamentals, for the control of soil-
borne pests including weed seeds,
nematodes, insects, and diseases

Application (stone fruit, nut trees, vines, and field-grown ornamental trees and shrubs only). More
specific information can be found on the label cached in Appendix I.

Midas® EC Gold

Methyl iodide pre-plant soil fumigant
only for pre-plant fumigations of fields

listed crops and field-grown
ornamentals, for the control of soil-
borne pests including weed seeds,
nematodes, insects, and diseases

intended for commercial production of |.

Drip irrigation (Chemigation) and raised bed drip fumigation. More specific information can be found
on the label cached in Appendix I.

a Information derived from the U.S. EPA approved product labels

Midas Bronze is not being marketed in California
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F. Label Precautions/Personal Protective Equipment

All M1 products are classified as Restricted Use Pesticides. Due to their acute toxicity these
products are in toxicity category I, and bear the signal words "Danger/Corrosive." The general
precautionary statements for Ml read: "Causes irreversible eye damage. Corrosive to skin.
Causes skin burns. May be fatal if inhaled or swallowed. Harmful if absorbed through skin. Do
not get in eyes, on skin, or on clothing. Do not breathe vapor. Prolonged or frequently repeated
skin contact may cause allergic reactions in some individuals."

The complete label precautions and prescribed personal protective equipment for the U.S. EPA-
registered products containing methyl iodide and chloropicrin are given in Appendix 1.
“Applicators and other handlers (to include tractor drivers, co-pilots, shovelers, and tarp
monitors) must wear:

e Loose fitting or well ventilated long-sleeved shirt and long pants.

e Shoes plus socks.

e Full face shield or safety glasses with brow, temple and side protection is required. DO
NOT wear goggles.

e An air-purifying respirator with a 3M Brand No. 60928 cartridge filter, or equivalent
(MSHA/NIOSH approved number prefix TC-23C). For tractor drivers and co-pilots the
following can be used in lieu of an air-purifying respirator.

e A tractor equipped with a working-area air-fan dilution system consisting of a ducted
fan/blower which provides air flow to the breathing zone of the tractor driver and co-
pilot. The fan/blower must be mounted so that the fan/blower intake is 126 inches from
the ground and the fan/blower must be capable of operating at a minimum of 1,600
revolutions per minute and producing a minimum flow rate of 3,000 cubic feet of air per
minute.

Other handlers (to include planters, hole punchers, tarp cutters, tarp removers, and tarp
remover drivers) must wear:

e Loose fitting or well ventilated long-sleeved shirt and long pants.

e Shoes plus socks.

e Full face shield or safety glasses with brow, temple and side protection is required. DO
NOT wear goggles.”

On two of the labels (Midas 98:2 and Midas 50:50) additional respiratory protection may be
required. “A full face respirator of one of the following types if the air concentration of
chloropicrin exceeds 4 ppm: (a) a supplied-air respirator (MSHA/NIOSH approved number
prefix TC-19C) or (b) a self-contained breathing apparatus (SCBA) (MSHA/NIOSH approval
number prefix TC-13F).”

The labels provide tables for estimating 24-hour time-weighted-average buffer zones for
unprotected workers and bystanders. “...unprotected workers and bystanders do not enter the
buffer zone during the 48 hours following the end of the application. Exception: Unprotected
workers and bystanders may travel through (but not engage in any activity in) the buffer zone
during the 48-hour period, provided their total exposure time in any 24-hour period is 15
minutes or less. However travel by unprotected workers or bystanders through the fumigated
area itself is prohibited during the entire 5-day Entry-Restricted period. Handlers protected
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with Personal Protective Equipment (PPE) required for early entry into a treated area may work
in buffer zones.

The buffer zone of the field to be treated cannot overlap the buffer zone of another field treated
within the last 48 hours.”

G. IlIness Reports

As methyl iodide is not yet registered in California, there are no reported illnesses from its use in
the proposed manner.

H. Dermal Toxicity/Sensitization

Methyl iodide is a toxicity category | eye irritant, and can cause permanent damage to corneas
(Bonnette, 2001b). It is a toxicity category Il skin irritant (Bonnette, 2001c), and a mild dermal
sensitizer (Bonnette, 2001a).

l. Pharmacokinetics

Methyl iodide, technical (99.7% purity), marked with radiolabeled M1 (**[C]-CHsl) was used as
test substance in deionized water (oral) or air (inhalation) for pharmacokinetic studies (Sved,
2002). Male Sprague-Dawley rats, dosed orally, received a single gavage dose at 1.5 or 24
mg/kg in the main test, and 1 or 35 mg/kg in the supplemental test. Inhalation groups received
single 5%-hour whole-body exposures at 25 ppm (141 mg/m?®) or 233 ppm (1317 mg/m°) in the
main test; and 21 ppm (119 mg/m?®) or 209 ppm (1181 mg/m°) in the supplemental test. Main
test treatment groups were sub-divided into 3 groups of 4 animals each for scheduled necropsy.
The first group was necropsied at 0 hr (inhalation) or 1 hr post-dosing. The second group was
necropsied at 6 hours; and the third sub-group was necropsied at 168 hours. In the supplemental
test, inhalation exposure groups were further divided into sub-groups of 3 animals. Half the
inhalation sub-groups were necropsied immediately after exposure. The oral groups and the
remaining inhalation sub-groups were necropsied 48 hours post-exposure. Expired air and urine
were collected 0-6, 6-12, and 12-24 hrs post-dosing/exposure, then daily through 168 hrs. Group
mean recoveries (% of dose) following oral dosing in the main test were 82.6% and 65.4% at 1.5
mg/kg and 24 mg/kg respectively. Recovery values for the supplemental test were 104.9% and
123.5% at 1 and 35 mg/kg respectively. Inhalation exposure recoveries were 56.3% and 54.4%
in the main test, and 104.8% and 91.4% in the supplemental study, at the low and high dose
levels, respectively. Carbon dioxide was the major route of elimination of radiolabeled *C.
Approximately 50-60% of the oral dose and 40-47% of the inhaled dose was eliminated as CO,
in 48 hours post-treatment. Urinary elimination accounted for 30-35% of administered dose
through 168 hours post-treatment. Fecal elimination accounted for 2%. After oral dosing,
concentrations of Ml equivalents in blood peaked at 4 hours and then began to decrease. Blood
levels remained relatively constant through 2 hours post inhalation exposure, and then began to
decrease. Blood concentrations were greater following inhalation exposure versus oral dosing
with liver metabolism the likely mediating factor. Tissue concentrations of MI equivalents were
similar to or lower than the concentration in blood following oral dosing (except liver and Gl
tract) and higher than blood levels after inhalation exposure. Major urinary metabolites (via
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methylation) include S-methyl glutathione and N-(methylthioacetyl) glycine. Minor urinary
metabolites were identified as methylthioacetic acid; S-methyl cysteine; and methylmercapturic
acid. Six to twelve hours post-treatment was the peak time of elimination.

J. Inhalation Uptake/Dermal Absorption

The severity of systemic toxicity caused by a pesticide is directly related to the amount of the
chemical that is absorbed. In order to estimate the dose absorbed through the various routes of
exposure, it is necessary to have a measure of the percent absorption for each of those routes. In
the case of the fumigant, methyl iodide, the principal routes of exposure are likely to be via
inhalation and dermal absorption.

Inhalation uptake: A published study reported on the inhalation retention/absorption of methyl
iodide in human subjects (Morgan and Morgan, 1967). Eighteen human volunteers were
exposed to **[1]-methyl iodide in air under laboratory conditions. Exposure durations for the
subjects lasted 5 minutes. Retention/absorption for the 18 subjects ranged from 38% to 92%,
with a mean value of 72%. However, the table reporting the individuals’ percent
absorption/retention indicated that the values were derived from subjects breathing at different
rates. In another part of the paper, the effect of breathing rate on retention/absorption was
reported for two individuals. In one individual, a 20-fold increase in the breathing rate resulted
in tidal volume falling ten-fold and the percent retention/absorption dropping from 86% to 38%.
In the other individual, a 15-fold increase in the breathing rate produced a ten-fold fall in tidal
volume and the percent retention absorption dropped from 92% to 45%. Thus, the percent
retention/absorption of methyl iodide for individuals at rest or at work can vary widely. As a
consequence, a default factor of 100% retention/absorption will be used (Frank, 2008). This will
probably result in overestimates of the absorbed dose of methyl iodide through the inhalation
route, but there does not appear to be a means for accurately gauging the degree of
overestimation.

Dermal absorption: No studies on the dermal absorption of methyl iodide vapor were
submitted to DPR. Nor were any studies on dermal absorption found in the published literature.
However, dermal exposure to MI vapors may be an important source of absorbed dose in some
exposure scenarios. For example, illness reports in the literature for a similar fumigant, methyl
bromide (Thongsinthusak and Haskell, 2002), indicated that there may be potential for
significant dermal exposure of workers who wear self-contained-breathing apparatus (SCBA) in
a high methyl iodide concentration environment for extended periods. However, none of the
currently proposed uses of methyl iodide are considered likely to result in human exposure to
high atmospheric concentrations of Ml for extended periods of time. Examination of published
articles indicates that if the dermal contribution to an absorbed dose of methyl iodide were
similar to those indicated for volatile organic compounds (Riihimaki and Paffli, 1978; McDougal
et al., 1985; Wieczorek, 1985; McDougal et al., 1990; Loizou et al., 1998), then dermal
absorption could add as much as 1% to the total absorbed dose. Consequently, potential
exposure from dermal absorption of methyl iodide vapor will be considered in this document.

11
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K. Environmental Fate

The estimated lifetime of M1 in the atmosphere at northern mid-latitudes was 6.9 days, and an
average of 5.2 days at all latitudes (AER, 2000). The lifetimes were used along with a chemical
transport model to calculate an ozone depletion potential (ODP) value for Ml of 0.0015.
Chlorofluorocarbon (CFC11), by way of comparison, has an ODP of 1.0.

An aerobic soil metabolism study was conducted using [**C]-methyl iodide at a concentration of
31 pg/g in soil from Watsonville, CA at 20°C in the dark (Wujcik, 2001a). The concentration
was equivalent to that expected in a single field use of 263 kg active ingredient/hectare. The
experimental degradation/dissipation times, DT50 and DT90, were calculated to be 2.0 and 6.8
hours, respectively (r>=0.98).

An anaerobic aquatic metabolism study was conducted using [**C]-methyl iodide at a
concentration of 13 mg/L in the water from sediment-water systems from Watsonville, CA
(Wujcik, 2001b). The concentration approximated the estimated concentration of Ml in water at
a depth of 200 cm following an application of 263 kg of active ingredient/hectare. The
experimental degradation/dissipation times, DT50 and DT90, were calculated to be 41.8 and 139
hours, respectively (r?=0.897).

Adsorption and desorption experiments were performed using a batch equilibrium method on
five different soils with four concentrations of Ml in 0.01M calcium chloride (McFadden and
Landphair, 2001). The common adsorption and desorption equilibration time for all five soils
was 24 hours. The sorption coefficients (Kq and Koc) from the adsorption experiment ranged
from 0.4 to 1.2 mL/g and from 14 to 61 mL/g, respectively. The sorption coefficients (K4 and
Koc) from the desorption experiment ranged from 2.0 to 3.2 mL/g and from 67 to 317 mL/g,
respectively. The results of the study indicate that methyl iodide has minimal adsorption to soil.

1. EXPOSURE ASSESSMENT

Methyl iodide exposure estimates include those determined for applicators during preplant
fumigation of soil; applicators working in a field adjacent to a previously treated field; worker
bystanders (workers not directly involved in fumigation activities, but work in the nearby fields);
other bystanders can include persons who live or spend time adjacent to fumigated fields, and
persons who live in nearby communities with the potential to be exposed to ambient air levels of
methyl iodide. The potential exposure scenarios associated with the use of the various registered
formulations were summarized earlier in Table 2.

A series of studies were submitted by the registrant that detailed air concentrations of methyl
iodide that workers might be exposed to during the application process. No data were submitted
regarding auger-probe applications of Ml, so chloropicrin data were used as surrogate data for
applicators engaged in probe applications. These data, both surrogate and chemical specific, can
be used to estimate potential occupational exposures to methyl iodide. Other studies examined

12
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air concentrations of Ml at various distances from the fields where it was applied using different
application techniques. Those data can be used to estimate bystander exposures.

A. Occupational Exposure Studies

Tarped/raised-bed/shank injection. A worker/applicator exposure study was conducted near
Guadalupe on the central California coast (Baker et al., 2004a). Monitored meteorological
conditions indicated no rainfall during the period of the study, with an average air temperature
ranging from 14.8°C to 17.1°C. Each day, from 11:00 AM until 8:00 PM an onshore breeze
increased hourly wind velocity from less than 1 meter (m)/second (s) (approximately 2.24 mph)
to up to a maximum of 20 m/s. The methyl iodide application was via tarpaulin (standard
polyethylene tarp, 1.5 mil) covered/raised-bed/shallow shank injection (10-inch depth). Metal
shanks were used to inject the pre-plant fumigant into prepared, raised-bed soil. A plastic tarp,
extruded via machine, was used to immediately cover the soil to retard the fumigant escaping the
soil. Methyl iodide (99.7% purity) was applied to a 2.5 acre plot at an measured rate of 178.5 Ibs
of active ingredient (a.i.)/treated acre; although the label for the product used in the study
allowed a maximum of 235 Ibs a.i./treated acre. The effective broadcast rate (including area
between raised beds) was 143.2 Ibs a.i./acre. The test was on bare ground, and the test subjects
were workers involved in applying methyl iodide (driver, 1% shoveler, 2" shoveler, 1% tarp
monitor, 2™ tarp monitor), or conducting subsequent tasks (hole puncher at 5 days after
application; 1 and 2" planters at 7 days after application). One of the tarp monitors rode the
sled, ensuring the plastic rolled out properly, while the second monitor walked along the side, or
rode on the rear of the sled, checking the seal of the plastic (Figure 1- Photograph, used with
permission of Arysta, was taken during the study.).

Workers wore long sleeved coveralls, or equivalent (long-sleeved shirt, long pants), socks, and
non-rubber boots. Workers were each fitted with 2 air sample tubes (SKC 226-09 with Anasorb®
coconut charcoal and a flow rate of 50 mL/min), and duplicate sets of data (with a couple of
glitches when one or two air pumps stopped for a few minutes) were obtained from each worker.
Two SKC Model 224-44XR personal air sampling pumps, equipped with adjustable low flow
rate, were placed on each worker’s belt. Tygon tubing attached the pumps to the air sampling
tubes, which were clipped to the lapel, near the worker’s breathing zone. Sampling tubes were
divided into two portions, with approximately 400 mg of charcoal in the front portion and 200
mg in the back portion. Both the front and back portions were analyzed separately to determine
if all of the methyl iodide was trapped in the front portion. The presence of Ml in the rear
section in amounts greater than 10% of the total would indicate “breakthrough” and the amount
of MI measured in the sample would be considered indeterminate (Huey, 2002). The amount of
breakthrough did not exceed 10% of the total, which is considered acceptable (Huey, 2002), in
any sample in this study or in any subsequent study. Consequently, the residues measured in the
rear portions were added to those of the front portions in each study. Air samples were collected
for each worker during the work task. Tractor drivers and shovelers worked 8-8.5 hours. Holes
were punched in the polyethylene tarpaulin 5 days after application using a tractor-mounted
device. The hole puncher (driver of the tractor) was monitored for 138 minutes. Two workers
planted strawberries 7 days after application, and were monitored for 302 minutes.

13
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Figure 1. Tarp monitors and tractor driver performing tasks associated with tarped/raised
bed/shank injection of methyl iodide®.

& Photograph, used with permission of Arysta, was taken during an exposure monitoring study.

One shoveler was positioned at each end of the field to cut the plastic off and seal the end with
soil, repair tears with tape, and apply additional soil if areas had been inadequately sealed
(Figure 2 - Photograph, used with permission of Arysta, was taken during the study.).
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Figure 2. Shovelers working at tasks associated with tarped/raised bed/shank injection of
methyl iodide®.

& Photograph, used with permission of Arysta, was taken during an exposure monitoring study.

Sample tubes were in frozen storage a maximum of five days from collection until extraction.
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at 0.7,
70 or 700 ppb through collection tubes for 1 hour at 50 mL/minute, indicated field recoveries of
75%, 79%, and 81%, respectively. The field spike recoveries in the range of concentrations
encountered by workers were used to correct sample results. Field spike recoveries were
different in each of the studies. All analytical samples collected from handlers were corrected
for trapping efficiencies of 79% for handlers (medium air concentrations), and 75% for re-entry
workers (low air concentrations). Little or no breakthrough of methyl iodide residues into the
back-end charcoal of air sample tubes occurred. Residues of methyl iodide were desorbed from
the charcoal with ethyl acetate, and quantified by gas chromatography using an electron-capture
detector. The limit of quantitation (LOQ) for a flow rate of 50 mL/minute and duration of 2-hour
trapping in a collection tube was approximately 0.56 ng/ml extract.

Quantitation limits arise from two distinct needs (Helsel, 2005). First, a threshold needs to be
established above which reliable single numbers can be reported. These are generally computed
at about 10 times the standard deviation of a low standard such as the one used to define the
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method detection limit. A concentration 10 times the background variability is considered large
enough by most chemists that a single number might be comfortably reported. The result is a
threshold that is a little over 3 times the value of the detection limit.

Second, a threshold is established that protects against false negatives. A false negative occurs
when a measurement whose true concentration is at or above the detection limit is not reported.

The monitored air concentrations from the breathing zones of the workers involved in this study
are given in Table 5. The conversion of an air concentration expressed in pg/L to an expression
in ppm is done using the following equation:

Equation 1. Calculation of methyl iodide air concentration (ppm).

pug x 24.45 ng x 0.1722
Vs x 141.95 Vs

Methyl lodide (ppm)
where,

Vs is the volume of the sample in liters (one mole of methyl iodide occupies
24.45 liters at 25°C, and molecular weight of 141.95 g/mole).

16



A WN PR

O©oo~NO Ol

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

February 8, 2010

Table 5. Measured worker body weights, air volumes collected, and amounts of methyl
iodide associated with work tasks involving pre-plant field fumigation via
tarpaulin covered/raised-bed/shallow shank injection in Guadalupe.

Work Task Body Weight | Average Total Methyl MI Air
[ka] Volume® lodide | Concentration

[L] (Mlg [mg/ L]C

[ug] (ppm)

Tractor Driver 98 25.8 7.88¢ 0.31

(0.05)

1% Shoveler 47 25.1 5.39¢ 0.21

(0.04)

2" Shoveler 102 25.6 12.29¢ 0.48

(0.08)

1% Tarp Monitor 94 25.3 3.29° 0.13

(0.02)

2" Tarp Monitor 86 25.4 21.84° 0.86

(0.15)

Hole Puncher 86 6.8 0.04° 0.01
(0.001)

1% Planter 86 14.9 0.14° 0.01
(0.002)

2" Planter 47 14.9 0.09° 0.01
(0.001)

The average volume collected from the two air monitoring devices rigged on the shoulder of each person.
Average amount of methyl iodide trapped in the two collection tubes during the collection period.
Concentration is calculated by dividing the amount MI collected by the total volume to pass through the
collection tube.

¢ 1 ppm =0.1722 ug/L rounded to the nearest 1/100 pg/L.

Corrected for 79% trapping efficiency.

Corrected for 75% trapping efficiency.

Tarped/raised-bed/shank injection. A worker/applicator exposure study was conducted near
Oxnard on the southern California coast (Baker et al., 2003e). Monitored meteorological
conditions indicated no rainfall during the period of the study, with an average air temperature
ranging from 5°C to 22°C. The onshore breeze had an average hourly wind velocity varying
between 2.4 and 5.7 m/s. The methyl iodide application was via tarpaulin (polyethylene, 1.5 mil)
covered/raised-bed/shallow shank injection (two shanks, 16 inches apart, approximately 6 inches
deep). Methyl iodide (99.7% purity) was applied to a 2.5 acre plot at a measured rate of 224.5
Ibs a.i./treated acre; although the label for the product used in the study allowed a maximum of
235 Ibs a.i./treated acre. The test was on bare ground, and the test subjects were workers
involved in applying methyl iodide (driver, 1% shoveler, 2™ shoveler, 1 tarp monitor, 2" tarp
monitor), or conducting subsequent tasks (hole puncher at 5 days after application; 1% and 2"
planters at 7 days after application). The driver operated the tractor while the 1* tarp monitor sat
in the shank injector seat. The 2" tarp monitor walked along in the furrow to check the flow of
the test substance and the seal of the plastic tarp. He added soil to the sides of the plastic on
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occasion. At the end of the pass, the 2" tarp monitor helped the shoveler seal the end of the bed
with soil. The shovelers were positioned at either end of the plot. The shovelers cut the tarp at
the end of each pass, using the shovel, and then shoveled soil onto the ends of the tarp. Excess
tarp was rolled up by the shovelers and removed from the plot. Workers wore long sleeved
coveralls, or equivalent (long-sleeved shirt, long pants), socks, and non-rubber boots.

This study reported a situation that does not usually occur, but it is a situation that a pesticide
handler may encounter during fumigation activities. The driver conducted two maintenance
tasks during application, and these tasks required breach of the rig’s closed application system.
The 2" tarp monitor was responsible for observing that the test substance delivery system was
functioning correctly, and he walked on the plot alongside the rig during the entire application
procedure. In addition, he performed as a shoveler at the ends of the row while the rig raised the
shanks from the ground and made a 180° turn. Some of the test substance dripped from the
shanks of the rig at the end of each pass during the turn-around procedure in the early portion of
the application.

Workers were each fitted with 2 air sample tubes (SKC 226-09 with Anasorb® coconut charcoal
and a flow rate of 50 mL/min), and duplicate sets of data were obtained from each worker. Air
samples were collected for each worker during the work task. Tractor drivers and shovelers
worked 411 minutes. Holes were punched in the polyethylene tarpaulin (5 days after
application) using a tractor-mounted device. The hole puncher (driver of the tractor) was
monitored for 192 minutes. Two workers planted strawberries (7 days after application), and
were monitored for 326 minutes.

Sample tubes were in frozen storage a maximum of five days from collection until extraction.
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at 0.4,
43 or 422 ppb through collection tubes for 1 hour at 50 mL/minute, indicated field recoveries of
53%, 81%, and 79%, respectively. All analytical samples collected from handlers in this study
were corrected for trapping efficiencies of 81% (medium air concentrations). Analytical samples
collected for re-entry workers were corrected for a trapping efficiency of 53% (low air
concentrations). Residues of methyl iodide were desorbed from the charcoal with ethyl acetate,
and guantified by gas chromatography using an electron-capture detector. The limit of
quantitation for a flow rate of 50 mL/minute and duration of 2 hours trapping in a collection tube
was approximately 0.10 ng/ml extract.

The monitored air concentrations from the breathing zones of the workers involved in this study
are given in Table 6.
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Table 6. Measured worker body weights, air volumes collected, and amounts of methyl
iodide associated with work tasks involving pre-plant field fumigation via
tarpaulin covered/raised-bed/shallow shank injection in Oxnard.

Work Task Body Weight | Average Total Methyl MI Air
[ka] Volume® lodide | Concentration
[L] (Mlg [Ho/L]
[ug] (ppm)°
Tractor Driver 77 21.2 116° 5.47
(0.94)
1% Shoveler 86 21.6 54.4° 2.52
(0.43)
2" Shoveler 95 21.4 92.3¢ 4.32
(0.74)
1° Tarp Monitor 91 21.0 73.8° 3.52
(0.60)
2" Tarp Monitor 60 20.1 119.3¢ 5.94
(1.02)
Hole Puncher 95 9.7 5.8° 0.60
(0.10)
1% Planter 86 16.1 0.5° 0.03
(0.005)
2" Planter 85 16.5 0.5° 0.03
(0.005)

The average volume collected from the two air monitoring devices rigged on the shoulder of each person.
Average amount of methyl iodide trapped in the two collection tubes during the collection period.
Concentration is calculated by dividing the amount MI collected by the total volume to pass through the
collection tube.

¢ 1 ppm =0.1722 ug/L rounded to the nearest 1/100 pg/L.

Corrected for 81% trapping efficiency.

Corrected for 53% trapping efficiency.

Tarped/flat-fume/shank injection. A worker/applicator exposure study was conducted near
Manteca in the San Joaquin Valley, California (Baker et al., 2002b). Monitored meteorological
conditions indicated no rainfall during the period of the study, with average air temperatures
ranging from 12°C to 25°C. Hourly wind velocity ranged from 0.9 m/s to up to a maximum of 4
m/s from the northwest. The application of methyl iodide was via broadcast, flat fume, shallow
shank (approximately 11 inches) injection. Methyl iodide (99.7% purity) was applied to a 2.5
acre plot at a measured rate of 242 Ibs a.i./treated acre although the label for the product used in
the study allows a maximum of 235 Ibs. a.i./treated acre. The test was on bare ground soil, and
the test subjects were workers involved in applying methyl iodide (driver, driver’s assistant, 1%
shoveler, 2" shoveler), or conducting subsequent tasks (tarp cutter, tarp remover, and tarp
remover driver 5 days after application; and a planter at 7 days after application). The driver and
the driver’s assistant, loaded cylinders and tarp rolls onto the application equipment. The
driver’s assistant stood on the side platform. The ventilation fan was on continuously during
application. At the end of the pass, the driver’s assistant stepped off the platform, cut the tarp,
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and assisted the shoveler with burying the tarp. Once the tarp was buried, the driver’s assistant
mounted the platform and continued with the application. The shovelers were positioned at the
opposite ends of the plot. Workers wore long-sleeved coveralls, or equivalent (long-sleeved
shirt, long pants), socks, and non-rubber boots. Workers were each fitted with 2 air sample tubes
(SKC 226-09 with Anasorb® coconut charcoal and a flow rate of 50 mL/min), and duplicate sets
of data were obtained from each worker. Air samples were collected for each worker during the
work task. The tractor driver and his assistant worked 215 minutes. The shovelers worked 187
minutes. The tarp cutter was monitored for 68 minutes. The tarp remover and the tarp remover
driver were monitored for 353 minutes. The planter of strawberries (7 days after application)
was monitored for 65 minutes.

Sample tubes were in frozen storage a maximum of five days from collection until extraction.
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at
0.65, 62 or 643 ppb through collection tubes for 1 hour at 50mL/minute, indicated field
recoveries of 66%, 66%, and 70%, respectively. In addition, field trapping efficiency levels
were examined at 18-22 ppb under day and night conditions. During daytime, approximately
60% of the theoretical level was recovered in these low-level samples. All analytical samples
collected from workers in this study were corrected for a trapping efficiency of 66%. Residues
of methyl iodide were desorbed from the charcoal with ethyl acetate, and quantified by gas
chromatography using an electron-capture detector. The limit of quantitation (LOQ) for a flow
rate of 50 mL/minute and duration of 2 hours trapping in a collection tube was approximately
0.56 ng/ml extract. The monitored air concentrations from the breathing zones of the workers
involved in this study are given in Table 7.
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Table 7. Measured worker body weights, air volumes collected, and amounts of methyl
iodide associated with work tasks involving pre-plant field fumigation via
tarpaulin covered/flat fume/shallow shank injection in Manteca.

Work Task Body Weight | Average Total Methyl MI Air
[ka] Volume® lodide | Concentration
[L] (MI)° [Hg/L]
[ug] (ppm)°
Tractor Driver 77 10.9 1.08° 0.10
(0.02)
Driver’s Assistant 91 10.9 6.92°¢ 0.64
(0.11)
1% Shoveler 86 9.4 5.30¢ 0.56
(0.10)
2" Shoveler 80 9.4 1.07°¢ 0.11
(0.02)
Tarp Cutter 95 3.4 0.10° 0.03
(0.005)
Tarp Remover 75 18.0 1.16¢ 0.06
(0.01)
Tarp Remover Driver 105 18.1 2.14° 0.12
(0.02)
Planter 80 3.2 0.11° 0.03
(0.006)

The average volume collected from the two air monitoring devices rigged on the shoulder of each person.
Average amount of methyl iodide trapped in the two collection tubes during the collection period.
Concentration is calculated by dividing the amount MI collected by the total volume to pass through the
collection tube.

¢ 1 ppm =0.1722 ug/L rounded to the nearest 1/100 pg/L.

Corrected for 66% trapping efficiency.

Tarped/raised-bed/drip irrigation. A worker/applicator exposure study was conducted near
Camarillo on the southern California coast (Baker, 2004). Monitored meteorological conditions
indicated no rainfall during the period of the study, with an average temperature of 16.7°C. Each
day, from 10:00 AM until 6:00 PM an onshore breeze increased in wind velocity from an hourly
average of less than 1 m/s to up to a maximum of 13 m/s. The application of methyl iodide was
via tarpaulin covered/raised-bed/drip irrigation. This method entails the laying down of plastic
irrigation lines in the prepared raised-bed soil. The raised-bed is then covered with plastic
tarpaulin. Methyl iodide (99.7% purity) was applied to a 2.5 acre plot at a measured rate of
175.4 Ibs/treated acre (broadcast rate of 118.8 Ib/acre). (Figure 3- Photograph, used with
permission of Arysta, was taken during the study.) Water flow into the drip lines was monitored
using a water meter. The test was on bare ground soil, and the test subjects were workers
involved in applying methyl iodide (1% applicator, 2™ apdplicator), or conducting subsequent
tasks (hole puncher at 5 days after application; 1* and 2" planters at 7 days after application).
Workers wore long sleeved coveralls, or equivalent (long sleeved shirt, long pants), socks, and
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non-rubber boots. Workers were each fitted with 2 air sample tubes (SKC 226-09 with
Anasorb® coconut charcoal and a flow rate of 50 mL/min), and duplicate sets of data were
obtained from each worker. Air samples were collected for each worker during the work task.

Figure 3. Activities associated with application of methyl iodide through drip irrigation in
prepared, tarped/raised bed soil®.

& Photograph, used with permission of Arysta, was taken during the exposure monitoring study.

Applicators walked the plot checking for leaks, repairing tarp holes, laying tarp over areas in
which irrigation liquid accumulated in the burrows, or repairing drip tape. Applicators were
monitored for 276 minutes. Holes were punched in the polyethylene tarpaulin (5 days after
application) using a tractor-mounted device. The hole puncher (driver of the tractor) was
monitored for 196 minutes. Two workers planted strawberries (7 days after application), and
were monitored for 360 minutes.

Sample tubes were in frozen storage a maximum of five days from collection until extraction.
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at 0.7,
70 or 700 ppb through collection tubes for 1 hour at 50 mL/minute, indicated field recoveries of
70%, 72%, and 76%, respectively. All analytical samples collected from handlers in this study
were corrected for trapping efficiencies of 72% (medium air concentrations), and 70% (low air
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concentrations) for re-entry workers. Residues of methyl iodide were desorbed from the
charcoal with ethyl acetate, and quantified by gas chromatography using an electron-capture
detector. The limit of quantitation for a flow rate of 50 mL/minute and duration of 2 hours
trapping in a collection tube was approximately 0.17 ng/ml extract. The monitored air
concentrations from the breathing zones of the workers involved in this study are given in Table
8.

Table 8. Measured worker body weights, air volumes collected, and amounts of methyl
iodide associated with work tasks involving pre-plant field fumigation via
tarpaulin covered/raised-bed/drip irrigation in Camarillo.

Work Task Body Weight | Average Total Methyl MI Air
[ka] Volume? lodide | Concentration
[L] (MI) [Mo/L]
[ug] (ppm)°
1% Applicator 91 13.8 4.51° 0.33
(0.06)
2"% Applicator 100 14.0 10.29° 0.74
(0.13)
Hole Puncher 100 10.0 0.20° 0.02
(0.003)
1° Planter 91 17.9 0.06° 0.003
(0.0006)
2" Planter 100 18.1 0.05° 0.003
(0.0005)

The average volume collected from the two air monitoring devices rigged on the shoulder of each person.
Average amount of methyl iodide trapped in the two collection tubes during the collection period.
Concentration is calculated by dividing the amount MI collected by the total volume to pass through the
collection tube.

¢ 1 ppm =0.1722 ug/L rounded to the nearest 1/100 pg/L.

Corrected for 72% trapping efficiency.

Corrected for 70% trapping efficiency.

Tarped/raised-bed/drip irrigation. A worker/applicator exposure study was conducted near La
Selva Beach on the northern California coast (Baker et al., 2003d). Monitored meteorological
conditions indicated no rainfall during the period of the study, with an average temperature
ranging from 16.1 to 18.2°C. Wind velocity averaged 2.8 m/s hourly. The application of methyl
iodide was via tarpaulin covered/raised-bed/drip irrigation. Methyl iodide (99.7% purity) was
applied to a 2.5-acre plot at a measured rate of 234.3 Ibs a.i./acre (the broadcast rate was 162.2 Ib
a.i./acre). The test was on bare ground soil, and the test subjects were workers involved in
applying methy!l iodide (1% applicator, 2" applicator), or conducting subsequent tasks (hole
puncher at 5 days after application; 1 and 2" planters at 7 days after application). Workers
wore long sleeved coveralls, or equivalent (long sleeved shirt, long pants), socks, and non-rubber
boots. Workers were each fitted with 2 air sample tubes (SKC 226-09 with Anasorb® coconut
charcoal and a flow rate of 50 mL/min), and duplicate sets of data (with a couple of glitches in
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the pumps that did not affect the results) were obtained from each worker. Air samples were
collected for each worker during the work task.

Applicators walked the plot checking for leaks, repairing tarp holes, and laying tarp over areas in
which irrigation liquid accumulated in the burrows or repairing drip tape. Applicators were
monitored for 377 minutes. Holes were punched in the polyethylene tarpaulin (5 days after
application) using a tractor-mounted device. The hole puncher (driver of the tractor) was
monitored for 186 minutes. Two workers planted strawberries (7 days after application), and
were monitored for 262 minutes.

Sample tubes were in frozen storage a maximum of five days from collection until extraction.
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at 0.7,
71 or 706 ppb through collection tubes for 1 hour at 50 mL/minute, indicated field recoveries of
68.5, 75, and 75%, respectively. All analytical samples collected from handlers in this study
were corrected for trapping efficiencies of 75% (medium air concentrations), and 69% (low air
concentrations) for re-entry workers. Residues of methyl iodide were desorbed from the
charcoal with ethyl acetate, and quantified by gas chromatography using an electron-capture
detector. The limit of quantitation for a flow rate of 50 mL/minute and duration of 2 hours
trapping in a collection tube was approximately 0.17 ng/ml extract. The monitored air
concentrations from the breathing zones of the workers in this study are given in Table 9.

Table 9. Measured worker body weights, air volumes collected, and amounts of methyl
iodide associated with work tasks involving pre-plant field fumigation via
tarpaulin covered/raised-bed/drip irrigation in La Selva Beach.

Work Task Body Weight | Average Total Methyl MI Air
[ka] Volume? lodide | Concentration
[L] (M) [Mg/L]
[ug] (ppm)°
1% Applicator 91 19.0 7.9 0.42
(0.07)
2"% Applicator 99 18.9 11.1¢ 0.59
(0.10)
Hole Puncher 99 9.4 0.66° 0.07
(0.02)
1% Planter 99 13.5 0.01° 0.001
(0.0001)
2" Planter 82 13.2 0.04° 0.003
(0.0005)

The average volume collected from the two air monitoring devices rigged on the shoulder of each person.
Average amount of methyl iodide trapped in the two collection tubes during the collection period.
Concentration is calculated by dividing the amount MI collected by the total volume to pass through the
collection tube.

¢ 1 ppm =0.1722 ug/L rounded to the nearest 1/100 pg/L.

Corrected for 75% trapping efficiency.

Corrected for 69% trapping efficiency.
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Tarped/raised-bed/drip irrigation. A worker/applicator exposure study was conducted near
Guadalupe on the central California coast (Baker et al., 2005a). Monitored meteorological
conditions indicated no rainfall during the period of the study, with an average temperature
ranging from 12.5 to 22.2°C. Average hourly wind velocity ranged from 0.2 m/s to 7.1 m/s. The
application of methyl iodide was via tarpaulin covered/raised-bed/drip irrigation. Methyl iodide
(99.7% purity) was applied to a 2.5-acre plot at a measured rate of 173.8 Ibs a.i./treated acre (the
broadcast rate was 139 Ib a.i./acre). The test was on bare ground soil, and the test subjects were
workers involved in applying methyl iodide (1% applicator, 2" applicator), or conducting
subsequent tasks (hole puncher at 5 days after application; 1% and 2" planters at 7 days after
application). Workers wore long sleeved coveralls, or equivalent (long sleeved shirt, long pants),
socks, and non-rubber boots. Workers were each fitted with 2 air sample tubes (SKC 226-09
with Anasorb® coconut charcoal and a flow rate of 50 mL/min), and duplicate sets of data were
obtained from each worker. Air samples were collected for each worker during the work task.

Applicators walked the plot checking for leaks, repairing tarp holes, and laying tarp over areas in
which irrigation liquid accumulated in the burrows or repairing drip tape. Applicators were
monitored for 298 minutes. Holes were punched in the polyethylene tarpaulin (5 days after
application) using a tractor-mounted device. The hole puncher (driver of the tractor) was
monitored for 134 minutes. Two workers planted strawberries (7 days after application), and
were monitored for 310 minutes.

Sample tubes were in frozen storage a maximum of five days from collection until extraction.
Field spikes, generated by drawing 5 replicate, known air concentrations of methyl iodide at 0.7,
70 or 700 ppb through collection tubes for 1 hour at 50 mL/minute, indicated field recoveries of
37, 65, and 73%, respectively. All analytical samples collected from handlers in this study were
corrected for trapping efficiencies of 65% (medium air concentrations), and 37% (low air
concentrations) for re-entry workers. Residues of methyl iodide were desorbed from the
charcoal with ethyl acetate, and quantified by gas chromatography using an electron-capture
detector. The limit of quantitation (LOQ) for a flow rate of 50 mL/minute and duration of 2
hours trapping in a collection tube was approximately 0.19 ng/ml extract. It should be noted that
the recoveries from the field spikes at the low and medium concentrations were abnormally low,
calling into question the values attributed to the worker samples. Because of the small number
of replicates for each work task, though, it was decided to use the sample values in order to get
enough replicates to be able to estimate an upper-bound of these handler exposures. The upward
adjustment of the measured air concentrations of MI tends to be a health protective measure.
The monitored air concentrations from the breathing zones of the workers involved in this study
are given in Table 10.
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Table 10. Measured worker body weights, air volumes collected, and amounts of methyl
iodide associated with work tasks involving pre-plant field fumigation via
tarpaulin covered/raised-bed/drip irrigation in Guadalupe.

Work Task Body Weight | Average Total Methyl MI Air
[ka] Volume® lodide | Concentration
[L] (M l% [Ho/L]
[ug] (ppm)°
1* Applicator 94 14.9 19.2° 1.3
(0.22)
2" Applicator 100 14.8 12.5° 0.85
(0.15)
Hole Puncher 125 6.7 0.58° 0.09
(0.01)
1% Planter 90 15.7 0.39° 0.02
(0.004)
2" Planter 97 15.4 0.34° 0.02
(0.004)

The average volume collected from the two air monitoring devices rigged on the shoulder of each person.
Average amount of methyl iodide trapped in the two collection tubes during the collection period.
Concentration is calculated by dividing the amount Ml collected by the total volume to pass through the
collection tube.

¢ 1 ppm =0.1722 ug/L rounded to the nearest 1/100 pg/L.

Corrected for 65% trapping efficiency.

Corrected for 37% trapping efficiency.

Surrogate Data for Tree Replant Auger-probe Use. No data were submitted regarding auger-
probe applications of MI, so chloropicrin data were used as surrogate data for applicators
engaged in probe applications. Studies of auger probe injections were conducted at 3 different
sites in California (Rontadaro, 2004). Applicators were monitored in the breathing zone (2
samplers) and lower leg area (2 samplers) with XAD-4 resin tubes attached to SKC Model 110-
100 personal air sampling pumps. A flow rate of 50 mL/min was used. At the end of the
collection time, the tubes were capped and stored in dry ice for transportation back to the
laboratories. Field spikes consisted of XAD-4 tubes fortified with 2.0, 6.0, and 300 pg
chloropicrin per tube (in triplicate). When ready for use, field spike tubes were attached to tube
holders/flow controllers which were connected to air sample pumps in a manner similar to field
air samples. After the tubes reached ambient temperature, the air pumps were started and the
flow was adjusted for each tube. Air was drawn through the field spikes in a similar manner as
the field air samples for an amount of time similar to the longest field air sample interval. Field
spikes were then capped and stored frozen on dry ice until analyzed. Samples were analyzed
using gas chromatography with electron capture detection The LOQ for analysis of chloropicrin
in this study was 0.2 pg/sample tube. The field spike recoveries in the range of concentrations
anticipated to be encountered by workers was used to correct sample results. For this study that
was the 6.0 g field spike tubes. For the Shafter study the average recovery was 79.4%. For the
other locations, average recoveries were greater than 90%, so no adjustment was applied.
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Two applicators were used at each study site. The applicators were monitored during their
activities in the course of the day. Part of the time each was doing the actual injections, and part
of the time each individual was supporting the direct application by monitoring the cylinders of
chloropicrin and nitrogen while the other individual did the actual injections. At each site
different types of equipment were used for the applications. The first site was in the central
valley near Shafter, California where an application rate of 472 pounds a.i./acre was used, The
first applicator did 22 treatments, and the second did 26 treatments. The second site was in the
central valley near Wasco, California, where an application rate of 507 pounds a.i./acre was
used. The first applicator did 32 treatments, and the second applicator did 28 treatments. The
third site was in a coastal region near Irvine, California, where an application rate of 576 pounds
a.i./acre was used. The number of applications was not reported for either applicator.

Examination of the data indicates that the air concentrations of chloropicrin collected at leg level
were not different from those collected in the breathing zone. Consequently, only the breathing
zone data are reported here. For each applicator, the duration of activity, total volume of air
collected, pg of chloropicrin collected (corrected for field spike recovery(79.4% for Shafter site
only) and application rate- to 500 pounds a.i./acre), and ppm are given in Table 11.

Table 11. Worker air monitoring data from Shafter, Wasco, and Irvine during replant auger
probe applications measuring chloropicrin in the breathing zone®. Two values are
presented as each applicator wore two collection tubes.

Location Collection duration | Chloropicrin® Volume Concentration | Concentration®

(min) (H9) L) (Hg/L) (ppm)
Shafter (App. 1) 194 1.03 9.7 0.106 0.016
Shafter (App. 1) 194 0.98 9.7 0.101 0.015
Shafter (App. 2) 194 0.73 10.1 0.0721 0.011
Shafter (App. 2) 194 0.72 9.51 0.0752 0.011
\Wasco (App. 1) 257 8.07 12.9 0.626 0.093
\Wasco (App. 1) 257 8.12 12.9 0.626 0.093
\Wasco (App. 2) 257 2.36 13.4 0.176 0.026
\Wasco (App. 2) 257 2.92 12.9 0.226 0.034
Irvine (App. 1) 309 .206 15.4 0.0134 0.002
Irvine (App. 1) 309 229 15.4 0.0148 0.002
Irvine (App. 2) 309 .186 15.4 0.0121 0.002
Irvine (App. 2) 309 .236 15.4 0.0153 0.002

a
b

Data from Rotondaro (2004).

Amount of chloropicrin adjusted for maximum application rate (500 Ib a.i./acre), and field spike recoveries
(79.4% for Shafter site only).

Converted to ppm’s by multiplying by the conversion factor of 0.1487 ppm/ug.

C

Treatment of Study Data. DPR has a policy of using an upper-bound of work-task exposure to
represent potential acute exposures (Frank, 2007). Although six occupational exposure studies
were conducted (see above), the number of individuals engaged in each of the various work tasks
was not sufficient, in some instances, to allow calculations of an upper-bound or averages of the
data. Consequently, it was necessary to group workers engaged in similar activities to obtain a
statistically relevant number of sampled individuals for estimating acute and longer term
exposures associated with the various work tasks. The applicators (and co-pilots) in the shank
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injection studies, whether doing applications of methyl iodide to raised-beds or flat fields, had
similar work activities and used the same application rates per treated acre. Consequently, these
applicators were considered to have the same work tasks. Engineering controls were used in the
Manteca study. According to the labels, either engineering controls or respiratory protection
must be used when applying MI. It was assumed that engineering controls would produce at
least a 10-fold reduction in driver exposure. The exposures of the applicators in the Manteca
study were adjusted 10-fold upward to match those of the applicators in the other studies that
were conducted without additional PPE. Shovelmen and shovelers were grouped; tarp cutters
and hole punchers were combined; and planters, whether associated with raised-bed or flat-fume
shank injections, had similar activities. Tarpaulin removers (driving tractors - Table 7) were
grouped with the tarp cutters (Table 7) and hole punchers (Tables 5, 6), as they were all in the
fields 5 days after the fields had been treated, and were engaged in activities related to the tarp
covers. The various work tasks associated with drip irrigation has adequate numbers of
individual workers for statistical analysis of the data.

As each pesticide handler was wearing the PPE prescribed by the label at that time, all of the
reported exposures were included in the analyses. Hole-punchers, tarpaulin removers and
cutters, and planters are not applicators, and are not required to wear respiratory protection.
Consequently, their exposure estimates were not modified for use of respiratory protection.
Even though application equipment associated with shallow shank injections malfunctioned in
one instance, it was assumed that the event was a normal part of their responsibilities/activities.
Consequently, the handler exposures associated with this event are included.

WHS supports the U.S. EPA position that the distributions of environmental exposures tend to be
lognormal (USEPA, 1992b). Even though much of the data are chemical specific, there are few
replicates for each job category on which to base the estimated exposures. In calculating acute
exposures, DPR uses an upper-bound estimate of the measured air concentrations (Frank, 2009).
By convention, the upper-bound used is a point estimate of the 95™ percentile of a lognormal
distribution of MI concentrations as calculated by the following expression:

exp [/Aj +Z (0.95)[5'}

Where: 4 = the arithmetic mean of the natural logs of the values

Z(0.95) = the standard normal deviate such that 95% of the distribution is less than that
value
o = the standard deviation of the natural logs of the values

The calculations are shown in Appendix Il.

The maximum label approved application rate of Ml for applicators with auger-probes was 2 Ibs
a.i./tree and a maximum of 230 trees/acre. This application rate is close to the 500 Ib/acre of
chloropicrin that was used in the surrogate study. Consequently, the measured air concentrations of
chloropicrin did not require an adjustment to the maximum, label-approved application rate of MI.

The availability of reliable work activity durations is sparse at best. Based on communication with
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growers and industry task forces, DPR assumes that 8-hours is a conservative estimate when defining
a single workday. Nonetheless, DPR also believes that under specific conditions and situations,
single day durations for worker activities can and do exceed 8 hours. For example, a survey of crop
advisors (re-entry workers examining the efficacy of pesticide treatments) indicated that an average
workday can be as high as 9.16+1.15 hrs/day (Spencer et al., 2006). DPR is currently examining the
appropriateness of basing exposure estimates on an 8-hour workday. Should the Department
determine that longer workdays are warranted for certain activities that will be taken into account
when considering potential mitigation measures if Ml is registered in California.

It was assumed that all workers would be exposed for a full, 8-hour workday. The arithmetic
mean, 8-hour air concentrations of Ml for each of the task categories was used to represent
seasonal exposures for these workers. As methyl iodide is not yet registered in California, the
annual use pattern is unknown. Since MI will be used in pre-plant soil fumigation activities
similar to those associated with the chemical it is proposed to replace (methyl bromide), the MB
use pattern was used as a surrogate. The annual use of methyl bromide in Monterey County (the
county with 90% of the pre-plant fumigation use) was plotted for 5 years (Figure 4).
Examination of this use pattern indicates an annual 3-month period of high application rates,
principally on strawberries. Consequently, a similar use pattern will be assumed for methyl
iodide. Use seasons in different counties may overlap, and it is theoretically possible that Ml
handlers could travel from one county to the next doing applications. Migrant farm workers do travel
from one county’s harvest season to another county over the course of a year. However, for
estimates of repetitive exposures to MI, DPR typically considers the average exposure to be more
appropriate than a compilation of worst case exposure scenarios. While upper-bound exposures are
anticipated for acute scenarios, DPR assumes an individual will not receive upper-bound exposures
on a repetitive basis over the course of a season, year and lifetime. For example, DPR assumes that it
is possible for a pesticide applicator to make applications of MI on 40 acre parcels (the maximum
allowable plot per day), at the maximum application rate in order to estimate a single day’s exposure.
However, DPR does not assume that this type of exposure would occur, every day throughout a
season, and every season throughout a lifetime. DPR also assumes it is unlikely that worker
bystanders would be at the edge of the buffer zone of a 40 acre parcel, treated at the maximum
application rate, every day of a season, year after year throughout a lifetime. Although continuous
upper-bound scenarios are theoretically possible, DPR does not believe that they are realistic, or lend
themselves to a credible scientific interpretation.
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Figure 4. Annual monthly use of methyl bromide in pounds during pre-plant field
fumigation in Monterey County for the years 2000 through 2004.
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Absorbed Dose

Inhalation Route. The preceding studies provided calculated air concentrations of methyl
iodide in the breathing zone of applicators and re-entry workers. The application rates used in the
studies were different than the maximum application rate on the proposed labels. DPR adjusted the
exposures to reflect the maximum application rate. In order to estimate the absorbed dose a worker
would experience for each job task through the inhalation route, it is necessary to use default
inhalation factors (Andrews and Patterson, 2000) in the following equations.

Equation 2: Absorbed dose inhaled (AD;), average:
AD; = Cmi X IR x (1-PF) x AF
where, Cmi=methyl iodide air concentration (ug/L)
IR = inhalation rate (L/hr) during activity (833L/hr; Andrews
and Patterson, 2000)
PF = protection factor, 0.9 for respiratory protection
AF =absorption factor (100%)

Equation 3: Absorbed daily dosage (ADD), average:
ADD = AD; x daily duration (hr/day) / body weight (kg)

where, AD;, = Absorbed dose inhaled (calculated in Equation 2)
daily duration is 8 hr.

An annual absorbed daily dose may be generated by amortizing the seasonal absorbed daily dose
over the course of a year. The estimated acute, seasonal, annual, and lifetime exposures of
workers through the inhalation route are summarized in Table 12.
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DPR assumes a default protection factor for half-face respirator of 90% when an air-purifying
respirator is required(NIOSH, 1987). The level of respiratory protection conveyed by respirators
can be a source of uncertainty. The uncertainty may be attributed to improper testing,
maintenance, or improper use of these devices. There is no consensus on how to determine the
degree of efficacy of respiratory protection for the multitude of industrial and agricultural uses
(Campbell et al., 2001; Caretti and Gardner, 1999; Cohen et al., 2001; Crump, 2007; Doney et
al., 2005; Greskevith et al., 2007; Janssen et al., 2002; Lawrence et al., 2006; Mitchell and
Shenker, 2008; Myers and Zhaung, 1998; Nelson, 1996; Nelson and Colton, 2000; Nelson et al.,
2000, 2001; Nicas and Neuhaus, 2004; Reynolds et al., 2007; Zhaung et al., 2005). One review
of four studies concerning the degree of protection rendered by air-purifying respirators
suggested that 50% might be a more appropriate level of protection (Nicas and Neuhaus, 2004).
However, those studies involved chemical canisters that had not been developed for the specific
chemical discussed in the paper, or had problems with maintenance schedules. In the case of Ml,
the respiratory canisters were specifically designed to absorb MI. The actual protection factor
for Ml for the half-face respirators, properly fitting, in tests for this chemical resulted in a
protection factor between 92-98% (3-M Corporation, 2001, 2005; Wood 1981). Furthermore,
the California Code of Regulations Section 6739 identifies the requirements for a pesticide
respiratory protection program. In brief, fit testing, cleaning and disinfecting procedures,
employee training, inspection and repair requirements, and end-of-service life change-out
requirements (in the case of MlI, canisters can only be used once) are spelled out. In light of
chemical specific test results and regulatory mandates, DPR believes that a 90% protection factor
is reasonable. Uses that do not comply with label or regulatory language will likely result in
greater exposures.

Dermal Route. As noted earlier, there were no studies that provided an estimate of the amount
of Ml that could be absorbed dermally from measured air concentrations. Although the amount
absorbed through the skin is likely to be substantially less than the amount retained/absorbed
through the lungs, to be health protective there should be some indication of the significance of
the dermal contribution. Examination of the literature suggests a possible approach to obtaining
a theoretical estimate of dermal absorption of MI. In general, the permeability of a chemical
through skin is related to the chemical’s partitioning into air, blood, and lipids (McDougal et al.,
1990; USEPA, 1992a). Mattie et al. (Mattie et al., 1994) determined skin-air partition
coefficients for several volatile organic chemicals in an in vitro study using clipped, whole-
thickness rat skin, and compared these partition coefficients with octanol-water partition
coefficients reported by Leo et al. (Leo et al., 1971), and rat skin permeability reported by
McDougal et al. (McDougal et al., 1985; McDougal et al., 1986; McDougal et al., 1990). Mattie
et al. (Mattie et al., 1994) found that skin-air partition coefficients correlated well with skin
permeability (r* = 0.93), but that octanol-water partition coefficients did not (r* = 0.09). In its
guidance for estimating dermal exposure, U.S. EPA (USEPA, 1992a) suggests that the fat/air
partition coefficient for an airborne chemical may be used to estimate skin permeability. The
formula, suggested by U.S. EPA, to make that estimate is as follows:

Kpesy = (Kga X 0.00049) — 0.0385

Where: Kpesty = the estimated skin permeability coefficient
Ksa = the fat/air partition coefficient
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In the case of methyl iodide, the measured Ky, in rats is 88.8+2.3 (Gannon, 2004). Thus,
substituting 88.8 for Ky, in the above formula yields an estimated K, of 0.005 cm/hr. Dermal
absorption of methyl iodide may then be estimated using dermal permeability coefficients, based
on Fick’s first law (McDougal et al., 1990):

Dermal |ntake = Kp X ConCexposure X Areaskm X timeexposure

Where: Kp = measured or calculated skin permeability coefficient (cm/hr)
ConCexposure = coNcentration of the chemical in air (Hg/m®)
Areagin = area of skin exposed (cm?)

timeexposure = duration of exposure period (hr)

As indicated in Table 10 and Table 2, Appendix I11 (estimated absorbed dose of Ml for
handlers), applicators applying MI through drip irrigation are exposed to an air concentration up
to 1,394 pg/m® MI. A generic adult is assumed to have a total body surface area of 18,150 cm?
(USEPA, 1997). Thus, the amount of MI absorbed dermally by applicators in an 8-hour period
would be:

Dermal intake = (0.005 cm/hr) * (8 hr) * (1,394 pg/m®) * (18,150 cm?) * 1m%(1 x 10° cm®)
=1.01pg.

The dose of MI absorbed through the inhalation route by an applicator experiencing the same air
concentration for 8 hours was estimated to be 9.66 pg/kg (Table 13). If we assume the generic
adult weighs 70 kg (USEPA, 1997), the amount of MI absorbed through the dermal route would
be 0.014 pg/kg. Consequently, the amount theoretically absorbed through the dermal route
(0.014 pg/kg) constitutes 0.1% of the amount (9.66 pg/kg) absorbed through the inhalation route.
This amount of exposure is considered insignificant (Donahue, 1996). This theoretical
calculation depends upon the accuracy of the in vitro dermal absorption data. At the present
time, DPR does not consider in vitro dermal absorption data to be reliably reproducible.

This theoretical estimate of dermal absorption suggests that the dermal absorption of MI might
be significant if individuals with SCBA were exposed to high concentrations of Ml for extended
periods. However, in the context of pre-plant field fumigation, the contribution of MI through
the dermal route to the total absorbed dose is probably negligible. Consequently, the potential
dermal contributions of air concentrations of methyl iodide from pre-plant field fumigation were
not calculated for workers or bystanders.

Although DPR is concerned with potential exposures resulting from accidents or illegal uses,
those issues are typically addressed more directly by the Department’s Enforcement Branch or
County Agricultural Commissioners. With respect to MI, DPR considers applicator exposure
due to spills highly unlikely. The equipment designed for application of the MI formulations
(shank injection and drip irrigation) keeps the liquids away from the individual applicators.
Under accidental spill conditions, when applicators need to repair leaking equipment, the limits
of the agricultural label (“do not wear chemically protective gloves, clothing or boots to avoid
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trapping chemical vapors in proximity with the body”) do not apply. Under accidental spill
conditions, the directions listed on the Material Safety and Data Sheet (MSDS) must be
followed. Those directions specify very stringent personal protective equipment (29CFR
1910.133 and 29CFR 1910.134).

Table 12 summarizes the measured concentrations of chloropicrin for activities associated with
replant auger probe applications that are contained in Table 11.

Table 12. Chloropicrin concentrations associated with replant auger probe applications of
chloropicrin as an active ingredient *

) b | Minutes Chloropicrin (ppm) ©
Scenario N Av
9. Mean SD g5t
Applicator 6 253 0.0256 0.0312 0.112

& Data from Rotondaro (2004) ppm-parts per million.

® Number of replicates with data in scenario.

¢ Concentration arithmetic means (Mean), standard deviations (SD), and the 95" percentile. The 95"
percentile was calculated assuming a lognormal distribution. Concentrations were adjusted for field spike
recoveries and for an allowed maximum application rate of 500 Ibs Al/acre.
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Table 13. Duration and frequency of acute and non-acute exposures for applicators and

workers engaged in pre-plant field fumigation with methyl iodide (Ml).

Work Task  |Adjustment| Acute | Acute ADD°| SADD® AADD® LADD®
Rate® Hours | (ug/kg-day) | (ng/kg-day) | (Lg/kg-day)| (ng/kg-day)

(Ib. MI/FA) [ppm]’ [ppm]°
Shallow shank-tarped soil fumigation (broadcast and bedded) "
Applicators (using 175 8 120.4 26.2 6.6 35
shanks, 10-12") [0.27] [0.06]
Shovelmen and 175 8 374 10.2 2.6 14
Shovelers [0.08] [0.02]
Tarp Monitors 175 8 141.7 24.8 6.2 3.3
[0.30] [0.04]
Tarp Hole Punchers, 175 8 441 11.6 2.9 15
Tarp Cutters, and [0.08] [0.03]
Tarp Removers
Planters 175 8 3.6 1.9 0.5 0.3

[0.006] [0.004]

Tarped-bed fumigation drip irrigation

Applicator 175 8 11 0.61 0.15 0.08
[0.003] [0.001]

Hole Puncher 175 8 8.3 36 0.9 05
[0.015] [0.01]

Planter 175 8 23 0.6 0.1 0.05

[0.004] [0.001]

Replant auger-probe application

Applicator' 500 8 6.5 14 0.4 0.2
[0.01] [0.003] [0.0006]

The application rates used in the studies were different than the maximum application rate on the proposed
labels. DPR adjusted the exposures to reflect the maximum application rate (pounds of MI/fumigated acre-
FA).

The acute absorbed daily dose (ADD), representing the 95" percentile of exposure for 8 hours, calculated from
equations 2 and 3 assuming an inhalation rate of 833 L/hr (Andrews and Patterson, 2000), assumes 90%
protection factor for use of air-purifying respirator for applicators (as is now required by the label), shovelmen,
and tarp monitors, uses the measured body weights, and the 95" percentile of the 8-hour M1 air concentration,

exp |:,& +Z (0,95)[5'} :

The seasonal absorbed daily dose (SADD) represents the arithmetic mean of exposure for 8 hours, calculated
from equations 2 and 3 assuming an inhalation rate of 833 L/hr (Andrews and Patterson, 2000), the measured
body weights, and the average 8-hour MI air concentration.

The annual absorbed daily dose (AADD) is calculated by dividing the SADD for 3 months by the 12 months in
one year.

The lifetime absorbed daily dose (LADD) is calculated by multiplying the AADD by 40 years working during
a 75 year lifespan.

The 95" percentile of 8-hour MI air concentrations.

Average concentration of Ml in air for 8 hours.

Data for shallow shank fumigation is calculated by grouping work tasks as stated on page 26.

ppm’s in Table 12 were converted to pg/L through multiplying by 5.81 (Equation 1). Air concentrations were
adjusted for a 90% respiratory protection factor, and the ADD, SADD, AADD, and LADD were calculated as
described above.
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B. Bystander Exposures (Application Site Air Monitoring Studies)

Field volatility of methyl iodide was measured in seven studies in California during a broadcast,
flat fume and raised bed, tarped, shallow shank injection of methyl iodide. In addition, it was
measured during a drip irrigation designed to prepare soil for growing various crops (Baker et
al., 2002a; Baker, 2002c; Baker et al., 2002d; Baker et al., 2003b; Baker et al., 2003c; Baker et
al., 2003a; Baker et al., 2004b; Baker et al., 2004c; Baker et al., 2003d; Baker et al., 2005b). Air
samples were collected for measured durations with air sample tubes placed on masts in the
center and around the treated plots (Figure 5). The tubes were connected with pumps that drew
air through the collection tubes at a measured rate. The analytical methods and techniques were
the same as described in the worker exposure studies above. Methyl iodide residues were eluted
from the collecting tubes and measured by gas chromatography/electron capture analyses.
Measured levels of methyl iodide were corrected using field spikes to estimate trapping
efficiency and extractability/transport stability. The studies were reviewed (Barry, 2003; Barry,
2004; Barry, 2005), and found to be adequate for estimating M1 flux [loss of mass/unit area per
unit time; (Sanders, 2004)] from fields associated with different types of applications.
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Figure 5. A diagrammatic example of the field dimensions and sampling locations from the
Camarillo drip irrigation study?.

#Shaded area marks treated field. Circled numbers indicates the sampling stations with the nearest distance
to the field indicated in feet.
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The data collected were entered into the ISCST3 model (USEPA, 1995) to estimate the flux.

The computer model uses an equation that makes the flux and the concentration directly
proportional. In practice, the measured air concentrations around a particular field are taken and
then the flux is back-calculated. The back-calculation procedure uses the on-site meteorology at
the field and field geometry (locations of receptors or monitoring devices in relation to the field,
and field dimensions) as inputs to the ISCST3 model to estimate the concentrations at the
receptors (Johnson et al., 1999). The estimated values are then compared to the measured values
via regression analysis. The regression slope is used to adjust the flux in order to obtain a flux
that, when used in the model with the geometry and meteorology at the time, gives the best
estimate of the measured air concentrations.

This method is used on most site-specific monitoring studies where fumigant field applications
are monitored, and there are off-site monitors ringing the field. Field geometry is also measured,
and meteorological data are collected simultaneously with the monitoring data. This exposure
assessment uses a screening level method to estimate air concentrations of methyl iodide by
dispersion modeling (Segawa, 1997, Barry 2008a). Thus, the estimated off-site air concentrations
are calculated using the flux obtained by the back calculation method together with the screening
level meteorological conditions.

The meteorological conditions used for each averaging time were: 1 m/s wind speed and D
stability (maximum daytime atmospheric stability) at 8 hours; and 1.44 m/s and C stability (DPR
24-hr screening meteorological conditions) at 24 hours (Segawa, 1997). The time-weighted-
average (TWA) of maximum estimated methyl iodide soil flux densities at 8 hours and 24 hours
are shown in Table 14, along with the application rates (Barry, 2008a). An 8-hour period
corresponds to a work-day, and a 24-hour period applies to potential other bystanders who may
be adjacent to treated fields for a full day.
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Table 14. Time weighted average of maximum methyl iodide soil flux densities at various
times from studies involving different application methods.

Application Method | Application Rate 8-Hour Flux 24-Hour Flux
(DPR Data Volume) (Ibs/Acre)? (ug/m~2/s) (ug/m~2/s)
Shallow Shank 252.0 234.2 120.9
Broadcast/Tarp
(52875-007)
Shank, Raised-Bed/Tarp 126.2 138 81.5
(52875-007)
Shallow Shank 242.0 313.7 160.2
Broadcast/Tarp
(52875-026)
Shank, Raised-Bed/Tarp 171.1 265.6 186.4
(52875-046)
Raised-Bed/Drip/Tarp 162.2 187.5 87.6
(52875-056)
Raised-Bed/Drip/Tarp 118.8 153.4 81.4
(52875-063)
Shank, Raised-Bed/Tarp 143.2 153.1 117.7
(52875-064)
Raised-Bed/Drip/Tarp 139.0 296.1 131.1
(52875-089)

The effective broadcast application rate is found by dividing the total amount of methyl iodide applied to the
field by the whole area of the field, rather than just the area treated. In the case of bedded applications, the
treated area is the top of the bed only. The furrow area between the beds is untreated. The ratio of treated to
untreated area will vary from field to field and depends on the bed width and the size of the furrows.

The estimated air concentrations (associated with each application method), calculated from the
maximum estimated TWA MI soil flux and the standardized weather conditions, must be
adjusted for the maximum broadcast application rate on the label (175 Ib a.i./treated acre):

AC = (AC; * LR)/ER

Where: AC is the adjusted air concentration of methyl iodide in pg/m®.
AC; is the air concentration calculated from the flux data.
ER s the effective broadcast application rate (Ib a.i./acre).
LR is the maximum broadcast application rate on the label (Ib a.i./acre).

The greatest, estimated, adjusted time-weighted average air concentrations of methyl iodide
associated with different application techniques in a 40-acre field were generated from the flux
estimates shown in Table 13. All of the U.S. EPA approved labels limit the use of methyl iodide
in pre-plant field fumigation to 40 contiguous acres/day. The calculations used the highest flux
from the studies for each of the three application types. The highest flux per application rate
associated with flat fume, shank injection was from the study by Baker et al., 2001 (Baker et al.,
2002a). The highest flux per application rate associated with raised-bed, shank injection was
from the study by Baker et al., 2002 and 2003 (Baker, 2002c; Baker et al., 2003a). The highest
flux of methyl iodide per application rate associated with drip irrigation was from the study by
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Baker et al., 2004 and 2005 (Baker et al., 2004c; Baker et al., 2005b). The estimated, maximum
air concentrations of methyl iodide at 3 m, 15 m, 30 m, 91 m, and 152 m from a 40-acre treated
field on the first day after treatment are given for 8 hours and 24 hours in Table 15 (Barry,
2008a).

The labels for methyl iodide carry required buffer zones for methyl iodide (USEPA, 2006;
USEPA, 2007). Those legally required minimum buffer zones are in place for 48 hours after
application, and no activity is allowed in that buffer zone during that period, unless that
individual is wearing the appropriate PPE required for early re-entry into a treated field.
Applicators wearing respiratory PPE as required for the initial application could fumigate
contiguous 40-acre parcels on subsequent days wearing respiratory protection without regard to
buffer zones. However, non-applicator handlers (planters, hole punchers, tarp cutters, tarp
removers, and tarp remover drivers) cannot enter the buffer zones for 48 hours unless they are
wearing the PPE required for early re-entry into a treated field.

Seasonal Exposure: As indicated by Figure 4, there is likely to be a seasonal exposure to Ml
once the fumigant is registered and used for the same pre-plant field fumigations as methyl
bromide. The 24-hour TWA concentrations assume that an individual is located downwind
throughout the exposure interval. For repetitive exposures over longer intervals of weeks or
months, that assumption is probably not realistic. For repetitive bystander exposure estimates,
concentrations are needed that reflect the reality of changing wind directions. Barry (2008b)
estimated 2-week TWA concentrations to be used for estimating repetitive bystander exposures,
by first calculating an average 24-hour flux over a 2 week period, then adjusting the flux with a
time-scaling factor. The time-scaling factor is derived using peak-to-mean theory, based on both
empirical and theoretical studies (Barry, 2008b). As bystanders can be no closer than 152 m for
the first 48 hours, it was assumed that bystanders who may reside next to the treated field would
be at 152 m for the entire 2-week period. The 2-week arithmetic mean air concentration of Ml
(averaged for all 7 air monitoring studies) was estimated to be 0.07 pg/L (Barry, 2008b).

39



O OO~ Ol

Table 15. Maximum, time-weighted-average first day air concentrations® of methyl iodide
(M) at different distances from a 40-acre fumigated field, normalized for the
maximum application rate, for three different time periods.

a o T o

February 8, 2010

Type of fumigation
and distance

Maximum, estimated time-weighted-average Ml air

concentrations

8-hour® 24-hour®
[Ho/L] [Ho/L]
(Pppm) (ppm)
Drip irrigation , Raised Bed
3 m from field 19.3 4.2
(3.3) (0.7)
15 m from field 18.0 3.8
(3.1) (0.6)
30 m from field 16.6 3.2
(2.9) (0.6)
91 m from field 11.9 2.2
(2.0) (0.4)
152 m from field 95 1.7
(1.6) (0.3)
Raised-Bed, Shank Injection’
3 m from field 7.0 2.4
(1.2) (0.4)
15 m from field 6.6 2.2
(1.1) (0.4)
30 m from field 6.0 1.9
(1.0) (0.3)
91 m from field 4.3 1.3
(0.71) (0.2)
152 m from field 35 1.0
(0.6) (0.2)
Flat-Fume Shank Injection
3 m from field 11.7 2.9
(2.0 (0.5)
15 m from field 10.9 2.6
(1.9) (0.4)
30 m from field 10.0 2.3
(1.7 (0.4)
91 m from field 7.2 15
(1.2) (0.3)
152 m from field 5.8 1.2
(1.0) (0.2)

40

Derived from maximum flux rate data assuming 175 Ib a.i./treated acre for the first day after fumigation.
Assumes “D” conditions, maximum day-time atmospheric stability (Barry, 2008a).
Assumes “C” conditions, atmospheric stability for 24-hours (Segawa, 1997).

Derived from maximum flux rate data assuming 87.5 Ib a.i./acre application rate (50% of max allowed 175 Ib
active ingredient/acre) to take into account 50% bed and 50% furrow.
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C. Community Exposures (Ambient Air Concentrations)

As methyl iodide is not registered in California, no ambient air monitoring for methyl iodide has
been conducted. Nonetheless, it is likely that the use of methyl iodide as a pre-plant, soil
fumigant will lead to community-wide exposures. Such exposures are likely to eventually
emulate those of the current pre-plant, soil fumigant, methyl bromide. However, application site
exposures of residents to fumigants, acute and repetitive, are expected to be higher than those
experienced by people living in nearby communities. The difference in proximity to a treated
field between people living at the application site or living in a nearby community, makes the
differences in acute exposures obvious. But, what about repetitive exposures?

For the purposes of comparison between application site exposure versus community repetitive
exposures to ambient air concentrations of fumigants, methyl bromide could be considered a
surrogate chemical for two reasons. First, methyl bromide and methyl iodide are similar
chemically. Second, the measured air concentrations of the two chemicals from application site
monitoring (24-hour TWA) and worker activities indicated comparability.

The estimated seasonal application site air concentration of methyl iodide, as stated earlier, was
0.07 pg/L. Ambient air data on methyl bromide concentrations was derived from Air Resources
Board (ARB) monitoring studies conducted in 2000 (Thongsinthusak and Haskell, 2002). The
highest ARB-measured community air concentration for a single day was 0.17 pg/L of methyl
bromide. The highest measured community 2-week average air concentration (seasonal) was
0.046 pg/L MB. Bystanders living adjacent to application sites are considered to receive
representative repetitive exposures to pre-plant field fumigants. Individuals living in nearby
communities, exposed to ambient air concentrations of MlI, are expected to receive exposures
that are equal to or less than those of people living next to application sites.

D. Estimation of Absorbed Dose

As noted above, there are potentially two types of bystander exposures to MI. 1) Agricultural
workers engaged in activities in fields adjacent to recently fumigated fields may be exposed. 2)
Other bystanders near fields that have been fumigated may also be exposed.

Non-application workers may be exposed to MI from previously treated fields for the duration of
their 8-hour workday. Other bystander exposures are not limited to exposures of 8-hour
duration, as this may include residents who might be present in their homes for a full 24-hour
period. All bystanders must be outside the 152 m label-approved buffer zone for the first 48
hours after a 40-acre field has been fumigated unless they are equipped with label-approved PPE.
The buffer zone for bystanders adjacent to a 1-acre field in which a label-approved 230 tree
locations were treated with auger-probe injections was calculated using the formula on the label:

Buffer Zone = 25 ft (for up to 5 acres) * 460 (max. Ib a.i. applied)/ 80 (Ib a.i. for 25 ft)
= 144 ft, or 44 meters.
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USEPA-determined buffer zones are estimated to result in a single air concentrations at the edge
of the buffer zones (in all directions). Thus, a bystander at the edge of the buffer zone near the
auger probe treated 1-acre field would be expected to experience the same air concentration of
MI that a bystander would at the edge of the buffer zone for a maximally-treated 40-acre field.

An absorbed daily dosage (ADD) refers to the estimated absorbed dose from performing a given
activity for the indicated period of time, up to 24 hours. The body weights and inhalation rates
of both genders were averaged to obtain a single value for each age group presented in Table 15.
In the case of adult bystanders near application sites, the ADDs associated with a duration of
exposure were calculated using Equations 2 and 3, the maximum air concentration of methyl
iodide at 152 m (Table 15), and assumes a body weight of 71.8 kg, with an inhalation rate of
0.83 m*/hr (Table 16). In the absence of data, the default inhalation retention/absorption of
methyl iodide is assumed to be 100%.

A seasonal average daily dose (SADD) refers to an absorbed daily dosage greater than one week
(short-term) but less than one year (annual). The maximum size field that can be treated is 40
acres, so the repetitive bystander exposures were estimated assuming the individuals were near a
40-acre field. Calculations used Equations 2 and 3 with the estimated 2-week average methyl
iodide air concentration (0.07 pg/L at the edge of the buffer zone) multiplied by the inhalation
rate, the duration of exposure, and divided by body weight. Again, the default inhalation
retention/absorption of methyl iodide was assumed to be 100%.

Table 16. Default human inhalation rates and body weights for different aged individuals.

Age® Hourly Inhalation ~ Median Body
(years) Rate” Weight”
(m°/hr) (kg)
<1 0.19 8
1-2 0.28 13
3-5 0.35 18
6-8 0.42 26
9-11 0.56 36
12-14 0.56 50
15-18 0.60 61
Adult 0.83 71.8

Both genders are represented within each age group-
Default values based on data from Layton, 1993 (Layton, 1993; Andrews and Patterson, 2000), averaged for
both genders within each age group. These default values were used in the calculation of absorbed dosages of

methyl iodide.

b

The estimated absorbed dosages of methyl iodide for non-applicator bystander workers engaged
in agricultural practices in fields adjacent to previously fumigated fields are given in Table 17.
Non-applicator workers were assumed to have the potential for repetitive, seasonal exposure to
air levels of methyl iodide from treated fields.
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Table 17. Estimated absorbed dosages of methyl iodide for bystander workers exposed to
daily and seasonal air concentrations of methyl iodide at the 152 m buffer zone
from different types of application sites.

Application Method|  8-Hour ADD? SADD’
(Hg/kg-day) (Hg/kg-day)
Tarped
Drip Irrigation,
Raised Bed/40 acres 882
Raised-Bed, Shank
Injection/40 acres 325 19
Flat-Fume Shank 538

Injection/40 acres

The 8-hour absorbed daily dose (ADD) for worker bystanders was calculated using Equations 2 and 3, the
maximum air concentration of methyl iodide at the 152 m buffer zone (Table 15), assuming a body weight of
71.8 kg, an inhalation rate of 0.83 m*/hr (Table 16) for 8 hours, and 100% retention/absorption of methyl
iodide through the inhalation route.

The seasonal absorbed daily dose (SADD) for worker bystanders was calculated using Equations 2 and 3, the
2-week average air concentration of methyl iodide (0.07 pg/L) from all application methods at 152 m (Barry,
2008b), assuming a body weight of 71.8 kg, an inhalation rate of 0.83 m*/hr for 24 hours, and 100%
retention/absorption of methyl iodide through the inhalation route.

Average and 24-hour acute application site air concentrations of methyl iodide at the edge of the
buffer zone are assumed to be greater than those measured in communities. Consequently,
families living on the farm are likely to receive acute exposures and seasonal exposures that are
greater than those in local communities. The estimated absorbed dosages of methyl iodide for
other bystanders (adults and children) who may be adjacent to fields undergoing pre-plant field
fumigation for up to 24 hours are given in Tables 18-21.
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Table 18. Estimated absorbed dosages of methyl iodide for non-worker bystander adults,
and other bystander adults exposed to daily and seasonal air concentrations of
methyl iodide at the 152 m buffer zone from different types of application sites.

Application Method |  24-Hour ADD? SADD’
(Hg/kg-day) (Hg/kg-day)

Tarped

Drip Irrigation, 473

Raised Bed/ 40 acres

Raised-Bed, Shank 278 19

Injection/ 40 acres

Flat-Fume Shank 334

Injection/ 40 acres

2 The 24-hour absorbed daily dose (ADD) for bystanders was calculated using Equations 2 and 3, the maximum
air concentration of methyl iodide at the 152 m buffer zone (Table 15), assuming a body weight of 71.8 kg, an
inhalation rate of 0.83 m*hr (Table 16) for 24 hours, and 100% retention/absorption of methyl iodide through
the inhalation route.

The seasonal absorbed daily dose (SADD) for bystanders was calculated using Equations 2 and 3, the 2-week
average air concentration of methyl iodide (0.07 ug/L) from all application methods at 152 m (Barry, 2008b),
assuming a body weight of 71.8 kg, an inhalation rate of 0.83 mhr for 24 hours, and 100%
retention/absorption of methyl iodide through the inhalation route.
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Table 19. Estimated absorbed dosages of methyl iodide for bystander children (3-5 yr)

exposed to daily and seasonal air concentrations of methyl iodide at the 152 m
buffer zone from different types of application sites.

Application Method |  24-Hour ADD? SADD’
(Hg/kg-day) (Hg/kg-day)

Tarped

Drip Irrigation, 793

Raised Bed/ 40 acres

Raised-Bed, Shank 467 33

Injection/ 40 acres

Flat-Fume Shank 560

Injection/ 40 acres

The 24-hour absorbed daily dose (ADD) for bystander children (3-5yrs) was calculated using Equations 2 and
3, the maximum air concentration of methyl iodide at the 152 m buffer zone (Table 15), assuming a body
weight of 18 kg, an inhalation rate of 0.35 m*/hr (Table 16) for 24 hours, and 100% retention/absorption of
methyl iodide through the inhalation route.

The seasonal absorbed daily dose (SADD) for bystander children (3-5yrs) was calculated using Equations 2
and 3, the 2-week average air concentration of methyl iodide (0.07 pg/L) from all application methods at 152
m (Barry, 2008b), assuming a body weight of 18 kg, an inhalation rate of 0.35 m*/hr for 24 hours, and 100%
retention/absorption of methyl iodide through the inhalation route.

Table 20. Estimated absorbed dosages of methyl iodide for bystander infants (<1 yr)

exposed to daily and seasonal air concentrations of methyl iodide at the 152 m
buffer zone from different types of application sites.

Application Method |  24-Hour ADD? SADD’
(Mg/kg-day) (Mg/kg-day)

Tarped

Drip Irrigation, 969

Raised Bed/ 40 acres

Raised-Bed, Shank 570 40

Injection/ 40 acres

Flat-Fume Shank 684

Injection/ 40 acres

The 24-hour absorbed daily dose (ADD) for bystander infants (<1 yr) was calculated using Equations 2 and 3,
the maximum air concentration of methyl iodide at the 152 m buffer zone (Table 15), assuming a body weight
of 8 kg, an inhalation rate of 0.19 m*hr (Table 16) for 24 hours, and 100% retention/absorption of methyl
iodide through the inhalation route.

The seasonal absorbed daily dose (SADD) for bystander infants (<1 yr) was calculated using Equations 2 and
3, the 2-week average air concentration of methyl iodide (0.07 pg/L) from all application methods at 152 m
(Barry, 2008b), assuming a body weight of 8 kg, an inhalation rate of 0.19 m*hr for 24 hours, and 100%
retention/absorption of methyl iodide through the inhalation route.

Once Ml is registered, and comes into general use, people residing on farms and in communities
near farms where pre-plant field fumigation is utilized are likely to be exposed to air levels of
methyl iodide for up to 3 months each year (Figure 4). If it is assumed that the 2-week average
air concentration of Ml at the edge of the buffer zone would persist for the 3-month period for
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residents, annual exposures may be estimated by amortizing the seasonal exposure (90 days)
over the entire year (365 days) (Table 21).

Table 21. Daily, seasonal, annual and lifetime estimated absorbed dosages of methyl iodide
for bystanders and residents adjacent to fields treated with methyl iodide as a
pre-plant field fumigant.

Individual ADD? SADDP AADD® LADD®
(Hg/kg-day) (Mg/kg-day) (Hg/kg-day) (Mg/kg-day)
Adult 473 19 5 5
Child (3-5 yrs) 793 33 8 NA
Infant < 1 yr 969 40 10 NA

The 24-hour ADD for different age resident bystanders was calculated using Equations 2 and 3, the 95"
percentile of 24-hour methyl iodide air concentration at 152 m from a drip-irrigated field (Table 15), assuming
body weights, inhalation rates consistent with the individual ages (Table 16) for 24 hours, and 100%
retention/absorption of methyl iodide through the inhalation route.

The seasonal absorbed daily dose (SADD) for different age bystanders was calculated using Equations 2 and 3,
the 2-week average air concentration of methyl iodide (0.07 pg/L) from all application methods at 152 m
(Barry, 2008b), assuming body weights, inhalation rates consistent with the individual ages for 24 hours, and
100% retention/absorption of methyl iodide through the inhalation route.

¢ The annual absorbed daily dose (AADD) for different age bystanders was calculated by taking the SADD,
multiplying by 90 days/year, and dividing by 365 days/year. For worker bystanders, the SADD was multiplied
by 150 days/year and divided by 365 days/year.

The lifetime absorbed daily dose (LADD) is for a lifetime of exposure for resident adults, but it is not
applicable (NA) to either infants or children.

I11.  EXPOSURE APPRAISAL

An exposure appraisal section contains information regarding the quality of the available
exposure studies, the adequacy of submitted reports, and areas of uncertainty that occur in the
estimation of human exposure. Thus, the reader can gain a better understanding of the
limitations on the accuracy of the estimated numbers used to represent potential human exposure
to pesticides. A comparison of DPR’s methods with USEPA’s approach to estimating exposures
to methyl iodide is provided in Appendix I1I.

A Physiological Assumptions

The respiratory rate used in the EAD for workers and bystanders was a DPR default breathing
rate that is used, as a policy, when there are no data to indicate the actual breathing rates
(Andrews and Patterson, 2000). The rates are based on the inhalation rates (m*/day) and body
weights determined by Layton (1993). These rates were estimated from the food-energy intakes
of hundreds of individuals sampled in the 1977-1978 National Food Consumption Survey data.
At the time of establishing the default, DPR considered this data to be the best available.
Currently, DPR is evaluating available data (including that from cal/OSHA) to ascertain whether
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the default value should be modified (USEPA, 2008, 2009a,b). The findings of that review are
anticipated in the near future.

Due to assumptions made in the current exposure assessment, it is not anticipated that an
adjustment to the default breathing rate would increase our concern for MI exposure. Intuitively,
one might assume that an increase in breathing rates due to exertion or other activities will
automatically result in an increase in the absorbed dose of MI. However, the relationship is far
more complicated. A study conducted by Morgan and Morgan (1967) suggests that increases in
breathing rates actually result in decreased retention/absorption. In extreme cases the decrease
in retention/absorption of methyl iodide was as high as 15 to 20-fold. This result is consistent
with the findings in more than 20 human inhalation studies of various chemical vapors (Frank,
2008). Observation of 18 human subjects, indicated that the inhalation retention/absorption of
methyl iodide averaged 72% (Morgan and Morgan, 1987). Because of the variability in the
study results, DPR adopted a health protective approach and assumed 100%
retention/absorption. While this likely overestimates the exposure, the data does not lend itself
to quantifying the magnitude of the uncertainty. In light of this information, DPR believes that
varying the breathing rate for activity would not improve the accuracy of the estimated absorbed
dose. However, should our review of the currently available data on breathing rates indicate a
change is warranted, DPR will consider any impact on the estimated exposure to MI.

The inhalation route is not the only possible route of exposure to pesticide vapors. Pesticide
vapors come in contact with the skin. However, as noted earlier in the text, no dermal absorption
studies have been submitted to DPR. Consequently, the amount of methyl iodide absorbed
through the dermal route cannot be quantified accurately. In the case of Ml air concentrations
associated with pre-plant field fumigation, the contribution of MI taken in by the dermal to the
total absorbed dose is probably negligible, as the theoretical calculation indicated dermal
absorption would only add 0.01% to the total absorbed dose.

B. Analytical Assumptions

It was assumed that the variability in collecting, storing, transporting, and analyzing samples was
controlled by normalizing against field spike data. However, any monitoring technique for
environmental chemicals will produce uncertainty in the estimates of air concentrations of a
chemical. The variability in analytical estimates can be attributed to variability in assay
technique, sample capture, storage stability, and sample elution efficiency. Comparison of field
spike analyses with laboratory spike analyses provides an indication of this uncertainty. Intra-
and inter-assay variability in any analytical technique used to measure environmental samples
can routinely run 15% (Cochran et al., 1979; Cochran, 1987).

C. Estimation of Application Site Air Concentrations

The direct sampling method for estimating application site air concentrations was not used
because there are several uncertainties associated with the use of the method that limit its utility.
First, air concentrations of methyl iodide were measured by fixed samplers that were positioned
at various locations around the treated area (both downwind and upwind, as well as at points in
between). Air concentrations of fumigants are highest in the predominant downwind direction
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because the fumigant plume will be pushed by the wind in that direction. Concentrations of
fumigant upwind tend to be low, or close to zero, as a plume will be pushed by the wind in the
opposite direction. Thus, there can be a very large difference between upwind and downwind air
concentrations of a fumigant. In areas where there is a predominant wind direction, averaging of
the air concentrations from these various samplers is not appropriate as persons around treated
areas will generally be in one location relative to the wind. Consequently, they will not be
exposed to an average of these concentrations. Second, samplers were positioned at specific
distances from the treated area, and the measured concentrations represent air concentrations
only at those distances. As air concentrations change as a function of downwind distance, the air
concentrations estimated from direct measures represent a very narrow range of the possible
levels to which people can be exposed. Finally, the measured air concentrations represent only
those for the conditions under which the studies were carried out. Air concentrations around
treated fields, buildings, or other areas are influenced by a number of factors including how a
chemical is applied, application rates, techniques designed to control emissions (e.g., tarps), and
weather conditions. Varying weather conditions, for example, can significantly change the air
concentrations at specific sites around a treated area. As there is a large range of potential
weather conditions that can exist, it is not possible for these studies to represent the entire range
of potential exposures that can result from different weather conditions.

Screening level modeling with the ISCST3 model produces reasonable worst case estimates of
air concentrations and resulting risks for a number of reasons. First, only downwind center-line
air concentrations expected under reasonable worst case meteorological conditions for a
particular averaging time scenario are considered. Thus, the screening level air concentrations
estimated by the ISCST3 model would be found in the upper percentiles of air concentration
distributions obtained from using historical weather data. However, the model does allow for
estimation of air concentrations that reflect different conditions based on changing factors- such
as application rate, field size, downwind distances, and weather conditions. These factors cannot
be taken into account by using monitoring data alone. Consequently, the ISCST3 screening level
results should be considered to represent potential exposures to the most highly exposed, upper
percentile of the population. However, those results are not representative of exposures to most
of the population situated around a treated field.

When all other factors are held constant, the ISCST3 model uses an equation that makes the flux
and the concentrations directly proportional. A number of factors may affect the flux of methyl
iodide from the fields where it has been applied. These factors contribute to the uncertainty in the
estimates of the air concentrations near application sites. Soil. Field study results for other
fumigants support the use of water applications to suppress flux by increasing soil moisture.
Farming Technique. Generally, tarped soil shows lower flux than untarped soil. However, the
magnitude of this effect depends on both the fumigant and the type of tarp used. Field study
results indicate that tarped raised-bed applications show higher flux than tarped broadcast
applications. Sometimes additives are used to fertilize the soil during drip irrigation applications.
These additives may interact with the fumigant to change the fumigant flux.

Temperature likely has some effect on flux. However, the other factors that influence flux

confound the effect of temperature, such that direct correlation can be established with the
existing data. In addition, it’s likely that soil temperature at the depth of injection has a greater

48



O©Ooo~No ok wnN -

February 8, 2010

influence on flux than air temperature. Since most fumigant applications are made at a depth of
12-24 inches, the effect of temperature may be dampened because the soil temperature varies
less than the air temperature. Analysis of methyl iodide flux from 11 field studies by Reiss and
Griffin (2007) found no detectable relationship between temperature and flux.

A second example of the lack of demonstrated relationship between air temperature and flux is
found for chloropicrin (Beard, 1996). A 33.8% mass loss for chloropicrin was found in a
Washington field study. A 36.5% mass loss was found in a Florida field study. These were both
broadcast tarp chloropicrin applications. The air temperatures during the Florida study were 15
to 20 degrees F warmer yet the mass loss results are similar to the Washington study. Thus, the
relationship between temperature and total mass lost is not clear

DPR’s work with methyl bromide applications indicated that winter applications can show high
flux and high air concentrations. In fact, analysis of the relationship between Julian date of the
application (as a surrogate for temperature) and the flux (as a fraction of the amount applied)
shows no significant correlation between emission ratio and day of application. The regression
equations for each application of flux as a function of Julian date had r-square values of 3%, 7%,
and 12% for non-tarp deep, tarp broadcast, and tarp bed application methods, respectively. A
measurable temperature effect should be clearly discernable in the regression results. Thus, a
simple, clear relationship between temperature and flux is not supported by the DPR methyl
bromide database. More likely many factors act together.

Another area of uncertainty concerns the relationship between flux, concentration and
meteorological conditions. Flux is usually lower at night. However, several field studies
demonstrate that for some fumigants and/or application methods the highest flux occurs at night.
Regardless of the magnitude of flux, air concentrations tend to be highest at night due to the very
stable atmospheric conditions that are characteristic of nighttime hours. Thus, nighttime flux may
result in very high air concentrations even though that night flux appears to be relatively small in
magnitude compared to daytime flux values. Atmospheric stability in this case refers to the
degree of vertical atmospheric mixing. Atmospheric conditions during the day tend to be much
less stable relative to night conditions. Vertical mixing during the day is increased due to heating
of the earth’s surface. Any pollutants in the air are diluted as they are mixed upward into clean
air. This leads to generally lower air concentrations of Ml during the day.

Air dispersion modeling defines night as the period from one hour before sunset to one hour after
sunrise. Atmospheric conditions during night tend to be stable to very stable (cold, dense air
near the soil: warmer, lighter air at greater heights, little or no vertical mixing). Calm winds are
associated with stable atmospheric conditions at night. Inversion conditions may also (but not
always) be present. Under calm wind conditions, there is little or no horizontal (cross-wind)
spreading of a pollutant plume. Pollutant plumes tend to stay intact and concentrated for great
distances beyond the source edge when there is little vertical or horizontal dilution of the
pollutant plume under these calm wind and stable atmospheric conditions,. Thus, even if flux is
lowest at night, nighttime stable conditions can lead to very high air concentrations. The location
of the highest off-site air concentrations is uncertain because the crosswind direction movement
of the pollutant plume under calm winds is erratic and unpredictable. These factors cause air
concentrations associated with fumigants to be highest at night. Several large residential
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fumigant exposure incidents have occurred under nighttime conditions, particularly at or shortly
after sunset.

Finally, air concentration is proportional to flux in the Gaussian plume model. DPR also assumes
that flux is proportional to application rate but that flux does not vary with application size
(Segawa, 1997). These assumptions together permit the use of the ISCST3 model to estimate off-
site air concentrations for application sizes other that those directly monitored.

D. Groundwater Contamination

At the present time, there are no data available that indicate potential contamination of
groundwater with MI. Preliminary sampling of groundwater in Florida, where Ml is being used
for pre-plant field fumigation, has indicated the presence of iodine, but not methyl iodide. In
those samples which do contain iodine, the source of the iodine is unclear. Nonetheless, DPR
will continue to encourage the monitoring of groundwater for potential MI contamination.

E. Occupational Exposures

The activities of the workers involved in the experimental studies were assumed to be typical
activities associated with the application techniques. In one case, there was the unexpected
circumstance of an equipment failure that led to a much greater exposure of some of the
handlers. This introduced a substantial amount of variability, and led to higher upper-bound
estimates of acute exposure. However, equipment failure of that nature is a probable, even if
infrequent, occurrence. Consequently, it is appropriate to use acute exposure estimates that
include the potential episodes of equipment problems. None-the-less, for those handlers that do
not experience equipment failures, exposures will be substantially less.

Spills. Although DPR is concerned with potential exposures resulting from accidents or illegal
uses, those issues are typically addressed more directly by the Department’s Enforcement
Branch or County Agricultural Commissioners. With respect to MI, DPR considers applicator
exposure due to spills highly unlikely. The equipment designed for application of the Ml
formulations (shank injection and drip irrigation) keeps the liquids away from the individual
applicators. Under accidental spill conditions, when applicators need to repair leaking
equipment, the limits of the agricultural label (“do not wear chemically protective gloves,
clothing or boots to avoid trapping chemical vapors in proximity with the body”) do not apply.
Under accidental spill conditions, the directions listed on the Material Safety and Data Sheet
(MSDS) must be followed. Those directions specify very stringent personal protective
equipment (29CFR 1910.133 and 29CFR 1910.134). Knowledge of emergency procedures is a
California worker safety training requirement.

Respiratory Protection. A 90% protection factor for half-face is assumed when an air-
purifying respirator is required. The level of respiratory protection conveyed by respirators can
be a source of uncertainty. The uncertainty may be attributed to improper testing, maintenance,
or improper use of these devices. There is no consensus on how to determine the degree of
efficacy of respiratory protection for the multitude of industrial and agricultural uses (Campbell
et al., 2001; Caretti and Gardner, 1999; Cohen et al., 2001; Crump, 2007; Doney et al., 2005;
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Greskevith et al., 2007; Janssen et al., 2002; Lawrence et al., 2006; Mitchell and Shenker, 2008;
Myers and Zhaung, 1998; Nelson, 1996; Nelson and Colton, 2000; Nelson et al., 2000, 2001;
Nicas and Neuhaus, 2004; Reynolds et al., 2007; Zhaung et al., 2005). One review of four
studies concerning the degree of protection rendered by air-purifying respirators suggested that
50% might be a more appropriate level of protection (Nicas and Neuhaus, 2004). However,
those studies involved chemical canisters that had not been developed for the chemical use, or
had problems with maintenance schedules. In the case of MlI, the respiratory canisters were
specifically designed to absorb MI. The actual protection factor for Ml for the half-face
respirators, properly fitting, in tests for this chemical resulted in a protection factor between 92-
98% (3-M Corporation, 2001, 2005; Wood 1981). Furthermore, the California Code of
Regulations Section 6739 identifies the requirements for pesticide respiratory protection
program. In brief, fit testing, cleaning and disinfecting procedures, employee training, inspection
and repair requirements, and end-of-service life change-out requirements (in the case of MI,
canisters can only be used once) are spelled out. In light of chemical specific test results and
regulatory mandates, DPR believes that a 90% protection factor is reasonable. Uses that do not
comply with label or regulatory language will likely result in greater exposures.

Surrogate Studies. The use of a surrogate chemical study as the basis for calculating applicator
exposure during auger-probe injections introduced an additional uncertainty in the estimate. Ml
does not have the same chemical/physical properties as chloropicrin. Consequently, there are
potential differences in the volatility of the two compounds during soil injections that could
affect exposure. In spite of the differences, we believe that in the absence of chemical specific
data, that the chloropicrin data is useful in estimating exposure for methyl iodide. It is
noteworthy that we assumed that an individual could treat an entire acre of 230 trees in the
course of the day. If we also assume that it would take approximately 5 minutes to treat each
tree, that would amount to 1150 minutes, or a little over 19 hours. This would arguably result in
an over-estimate of exposure. However, in the absence of chemical-specific data, the magnitude
IS not quantifiable.

In each of the MI studies, the number of acres treated (2.5) was approximately 1/10 of a typical day’s
fumigation efforts (Thongsinthusak and Haskell, 2002). In the absence of chemical specific data, a
linear relationship between the number of acres treated and worker exposure was assumed. Such an
assumption contributes to the uncertainty of the exposure estimate. The availability of reliable work
activity durations is sparse at best. Based on communication with growers and industry task forces,
DPR assumes that 8-hours is a conservative estimate when defining a single workday. Nonetheless,
DPR also believes that under specific conditions and situations, single day durations for worker
activities can and do exceed 8 hours. For example, a survey of crop advisors (re-entry workers
examining the efficacy of pesticide treatments) indicated that an average workday can be as high as
9.16+1.15 hrs/day (Spencer et al., 2006). DPR is currently examining the appropriateness of basing
exposure estimates on an 8-hour workday. Should the Department determine that longer workdays
are warranted for certain activities that will be taken into account when considering potential
mitigation measures if Ml is registered in California.

Seasonality. Use seasons in different counties may overlap, and it is theoretically possible that
MI handlers could travel from one county to the next doing applications. Migrant farm workers
do travel from one county’s harvest season to another county over the course of a year.
However, for estimates of repetitive exposures to MI, DPR typically considers the average

51



O©Ooo~No ok wnN -

February 8, 2010

exposure to be more appropriate than a compilation of worst case exposure scenarios. While
upper-bound exposures are anticipated for acute scenarios, DPR assumes an individual will not
receive upper-bound exposures on a repetitive basis. For example, DPR assumes that it is
possible for a pesticide applicator to make applications of M1 on 40 acre parcels (the maximum
allowable plot), at the maximum application rate in order to estimate a single day’s exposure.
However, DPR does not assume that this type of exposure would occur, every day throughout a
season, and every season throughout a lifetime. DPR also assumes it is unlikely that worker
bystanders would be at the edge of the buffer zone of a 40 acre parcel, treated at the maximum
application rate, every day of a season, year after year throughout a lifetime. Although
continuous upper-bound scenarios are theoretically possible, DPR does not believe that they are
realistic, or lend themselves to a credible scientific interpretation.

The general problem of gauging the long-term (annual) risks of intermittent exposure to toxic
chemicals was addressed in a symposium conducted by U.S. EPA (USEPA, 1998). The
participants generally agreed that the toxicological databases for chemicals are not adequate to
fully deal with estimating the long-term risks of intermittent exposures. However, two factors
appear to be paramount in deciding whether there will be any long-term effects of intermittent
dosing. First, if the biological half-life of the toxic chemical in the body is greater than the
intervening time between doses, then chemical accumulation may result in damage. As the half-
life of methyl iodide in laboratory animals is less than 48 hours (Sved, 2002), it is unlikely
methyl iodide will accumulate on a chronic (annual) basis in the body. The second
consideration is irreparable damage, occurring as a result of an initial dose that may carry over
to the next dose. There are oncogenicity concerns associated with the toxicity of methyl iodide.
Oncogenicity may result from cumulative tissue damage. As it is the absorbed dose that may
result in permanent damage, the amortization of the short-term absorbed dose over the rest of
the year may be appropriate. Nonetheless, the intermittent nature of long-term exposure to Ml
contributes to the uncertainty in estimating the effective dose.

F. Bystander Exposures

Acute Exposures: In most versions of an exposure assessment for airborne pesticides, a
simplified exposure scenario is used, being termed “reasonable worst case”. That scenario
implicitly assumes that individuals stay at a site with the highest measured air concentration of
MI for up to 24 hours. However, the California Air Resources Board has conducted a study that
indicates that peoples’ activity patterns are more complicated (Phillips et al., 1991; Jenkins et al.,
1992). This may cause estimates of bystander exposure to be exaggerated for those individuals
who do not remain continuously at that location. Also, it is assumed that the indoor/outdoor air
concentrations of methyl iodide are not different. In some instances, though, indoor and outdoor
air concentrations of contaminants can be different when the source of the chemical is from
outdoors (Sheldon et al., 1992). An example of such a difference comes from a study in which
both the indoor and outdoor air concentrations of a phosphorothioate insecticide, malathion, were
monitored during an outdoor spraying program (Segawa et al., 1991). That study indicated that
in more than 30 homes, the indoor air concentrations of malathion was only an average of 25%
of the measured outdoor concentrations in the same areas. However, in the absence of chemical
specific data, no quantitative adjustments in the indoor air concentrations of Ml can be made.
Further, even if there were chemical specific data, there are no regulations that require homes to
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be closed during and immediately after pesticide applications. Consequently, DPR cannot
assume that the homes would remain closed. Because the homes can be open, the health
protective assumption is that no differences exist between indoor and outdoor air concentrations
of MI.

In the case of worker bystanders, the air concentrations of MI at the edge of the label-required
buffer zone (152 m) were used to estimate exposures. As air concentrations of Ml vary, and
workers will not always be at the edge of the buffer zone for the duration of their work activities,
the exposure values calculated represent a worst-case scenario. The 8-hour air concentration
used was based on the highest flux noted during an 8-hour period in daytime.

Repetitive Exposures: Repetitive exposures were estimated because the use-pattern of a
chemically similar pre-plant field fumigant (methyl bromide) indicated at least a 3-month use
season (Figure 4). Those data also indicated that fields are likely to be fumigated only once per
year. Use seasons in different counties do not always overlap, and it is theoretically possible that
MI handlers could travel from one county to the next doing applications. Migrant farm workers
do travel from one county’s harvest season to another county over the course of a year.
However, for estimates of repetitive exposures to MI, DPR typically considers the average
exposure to be more appropriate than a compilation of worst case exposure scenarios. While
upper-bound exposures are anticipated for acute scenarios, DPR considers it unlikely an
individual will receive upper-bound exposures on a repetitive basis. That is why DPR uses an
average air concentration of MI, rather than an upper-bound of M1 air concentration for
estimating the repetitive exposures of handlers and bystanders. It is unlikely that a handler
would only make applications of Ml on 40 acre parcels (the maximum allowable plot)
throughout a season. It is unlikely that worker bystanders would be at the edge of the buffer
zone of a treated 40 acre parcel throughout a season. It is also unlikely that either scenario
would continue year after year, for 40 years. To add in an increased duration for theoretical
seasonal use of MI would only make the estimates of annual and lifetime exposures to Ml far
less likely to be accurate.

As bystanders living adjacent to fumigated fields seemed likely to receive the highest repetitive
exposures, a 2-week average air concentration (0.07 pg/L) was used to simulate seasonal
exposure of these individuals. However, virtually all of the Ml is gone from treated fields by day
four (Figure 6), and the 2-week average air concentration of Ml represents averaging the initial
few days of high concentrations with the remaining days of non-detectable levels of MI.
Consequently, it is not surprising that the 2-week average application site air concentration (0.07
Hg MI/L) was approximately the same as the highest 2-week average ambient air concentration
of methyl bromide (0.046 pug MB/L) measured by the ARB (Thongsinthusak and Haskell, 2002).

In order to generate an LADD, it was assumed that a resident bystander would live in a home
adjacent to the field for 70 years. However, this assumption may lead to an overestimate of
exposure to a resident, as the average stay at a given residence in California was calculated to be
7 years (Liu et al., 1993). The use of an LADD to approximate lifetime exposure from
intermittent doses of a chemical may either underestimate or overestimate exposure to varying
degrees according to several authors (Murdoch et al., 1992; Murdoch and Krewski, 1988; Kodell
etal., 1987).
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1  Figure 6. Average methyl iodide flux over the course of two weeks from fields treated by
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PRECAUTIONARY STATEMENTS
HAZARD TO HUMANS AND DOMESTIC ANIMALS
Danger. Comrosive. Causes imeversible eyve damage. Comosive to akin, Causss skin burns. May be fatal i inhaled or swallowsd. Harmiful if
absorkad through skin, Do not get in eyese, on skin or on clothing. Do not breathe vapor. Prolonged o frequently epsated akin contact may cause
allergic reactions in some individuals.
SPECIAL MOTE: This product contaire chloropicrn, a poiscnous liquid or vapor Inhalation of vapors may be fatal. Ghloropicrn is eadily iden-
tifizd by amell. BExposurs to very low concentrations of vapor will cause iritation of ayes, nose and throat. Continued exposure aftsr iritation is
evident or highsr concentrations may causes painful initation to the eyes or temporary blindress. Liquid will cause chemical bumsa to skin or syes.
Do ot get @n skin, in eyee, or on clothing. Chloropicrin fumigant has the capacity to cause marked inftation to the upper respiratory tract and is
a atrong lachrymator (tear producing sye iritant). Low concentrations, below thoss neceasary to cause serous systemic intowication, are capa-
ble of causing asveraly painful ey iritation, hence will not be valuntarily tolerated. However, the effect may be ao powerful that a person may
becoms tempomarily blindsd and panic-stricken and that in tum may lead to accidents.

AlR CONCENTRATION LEVEL

Ajr concentrations of chloropicrin are measured with dirsct mading colorimetric detector devices, such aa Kitagawa tubes, cartifisd for chlaropi-
crin at 0.1 to 16 ppm. Persons involved inthe application of MIDA&S 98:2 or in resntry into treated fislds must wear an ai-purifying respirator when
reqquired by the restrictions given in the AGRICULTURAL USE REQUIREMEMTS section below. In cass of apills or leaks, additional respiratory
protection must b= wom as detailed under Spill and Leak Proceduras.

PERSCMAL PROTECTIVE EQUIPFMENT (FFE)
Applicatora and other handlers (to includs tractor drivers, co-pilots, showvelers, and tarp monitors) must wear:
» Looas fitting or well ventilated long-slesved shirt and long parts.

» Shosa plus aocks,
= Full face shiskl or safety glasses with brow, templs and side protection is required. DO NOT wear gogoles.

= & air-purifying reepirator with a 36 Brand Mo, 0928 cartridge filtsr, or equivalent (MEHAMIOSH approved number prefic TS-23C). For trac-
tor drivers and co-pilots the following can be used in lisu of an air-purifying respirator:

o A tractor equipped with a working-arsa air-fan dilution syatem coreisting of a ducted fanblowesr which provides air flow to the breathing zone
of the tractor driver and co-pilot. The fan'blower must b= mountsd ao that the fan‘blowsr intaks is at least 126 inches from the ground, and
thi fan/blowsr must be capable of operating at a minirmurm of 1,800 revolutions par minuts and preducing a minimum flow rats of 3,000 cubic
feat of air par minuts.

COther handlera (to include planters, hole punchers, tarp cutters, tarp removers, and tarp remaover drivers) mvst wear:

= Locas fitting or well ventilated long-slesved shint and long pants.

» Shosa plus aocks,

= Full face shiskl or safety glasses with brow, templs and side protection is required. DO NOT wear gogoles.

EMGIMEERING CONTROL REQUNREMENTS

MIDAS 08:2 must be transferred through connecting hoess, pipss, andfor couplings sufficiently tight to prevent workers or other peraons from

coming in contact with the ligquid.

= Al hoass, piping, and tanks ussd in connection with this preduct shall be of a typs approprats for use under the pressurs and vacuum condi-
tiona to be encountersd.

= External sight gauges, if applicabls, ahall be equipped with vakes 2o that pipes to sight gauge can be ahut off in case of breakags or leakags.
# The mechanical trarefer syatem muet be adequate to maks necsssary measuremsnts of the pesticide being used.

# Shut-off devices must be iretalled on the exit end of all cylinder connections and at all disconnect points to prevent leakags of product when
the trarefer is stopped and hose is removed or disconnectad.

# The pressurs in hoses ussd to move the product must not escesd the manufacturer's masimum pressue specifications.
# Chack equipment to enaure good condition and integrity pricr to sach wss.
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Usar Safety Requirements

* Do not wear jewelry, gloves, goggles, tight clothing or amy rubber protective clothing/boots that can trap idomethans or chloropicrn vapors
agairet your akin. lodomethane and chloropicrin vapors can be trapped inside clothing and causs skin injury.

* Remove all clothing that comes in contact with liquid material at once.

* ferate all affected clathing thoroughly outdoors prior towashing with hotwater and dstergent.

= Digcard army clothing or abeaorbent materiale (e.g. lsather), that have b=en drenched or heavily contaminated with this preduct. Do not reuse them.

* Respirator Requirementa: When a respirator is required for use with this product, the folewing criteria muet be met consistentwith the Worker
Praotection Standard: (=) Cartridges or canisters must b= replaced daily orwhen odor or irdtation from this product becomess apparsnt, whichsy-
& is sconer; (bl Reapiratora must be fit-tested and fit-checked using a program that conforms to OSHAS mequirements (described in 28 CFR
Part 1910.124); ic) Respirator users muat be trained using a program that corforms to OSHAS requirements (described in 29 GFR Part
1910.134); id) Respirator ussrs must be examined by a qualified medical practtioner to ereurs physical ability to safely wear the atle of rea-
pirator to ks wom.

* Fallow PPE manufacturer's ingtructions for cleaning/maintaining protective syewear and respiratora.

USER SAFETY RECOMMENDATIONS
User should:
= Wash hands befors eating, drinking, chewing gum, using tobacco, or using the toilst.

= Remove clothing immediately i pasticide gets insids, then wash skin thomughly and put on clsan dathing.
= Remowve PPE immediatsly after handling this product. As scon as possible, wash thoroughly and change inte clean clothing.

EMVIRONMEMNTAL HAZARDS
Do not apply directly to water or to arsas where surface watsr is pressnt or to intertidal areas below the mean high water mark. Do not contam-
inate water when cleaning squipment or disposing of equipment wash watsrs,

PHYSICAL OR CHEMICAL HAZARD®S
Do ot use or stors near heat, open flames, o sparking electrical equiprment. Do not uses application devices containing natural rubber, aluminum,
rmagnesium or their alloys.

DIRECTIONS FOR USE
It is a violation of Federal Law to use this product in a manner inconsistent with ita labeling.
Read all Directions for Uss carefully before applying this product.
Do not apply this product in away that will cortact workers or other persons, either dirsctly or through drift. Only Certified Applicators (cartified
by both the atate and Aryata) trained in the proper handling, worker protection, and application of MIDAS 98:2 soil fumigant and workers under
their direct supervision may be present in the treatment area during application. An Aryeta and state Certified Applicator must be on site and
within the line of sight to okesrve hamdlars during the application. Handling tasks to be performed under the direct supsrvision of a Certified
Applicator include, but are not limited to the tractor driver, co-pilot, tarp dispenasr ard shoveler, All such handlers must have appropriate pro-
tective equipment, as describad in the PERSONAL PROTECTIVE EQUIPMEMT section. For any requirsments specific to your state or tribe, con-
ault the agency responsible for peaticide regulation.
Buffer Zone
The ama adjacent to the treated arsa is mfersd to sa the buffer zons, The buffer zone shall exdend from the edge of the treated arsa in all direc-
tiona, Ses Buffer Zone Table. The minimum buffer zone distance shall be 25 feet.
The Certified Applicator supsrviging the soil fumigation is responsible for the following:

1. Gakzulating the appropriate size of the buffer zone that must be maintained during the first 48 hours following the end of the application;

2. Establizhing and maintaining the buffer zone during the 458 hours following the end of the application; and

3. Ereuring that unprotected workers and byetanders do not enter the buffer zone during the 48 hours following the end of the application.
Exception: Unprotected workers and byatanders may travel through (but not engags inamy activity in) the buffer zones during the 48-hour
period, provided their total esposurs times in any 24-hour period is 15 minutes or leas, However, travel by unprotected workers or byatanders
thmough the fumigsated arsa t=elf is prohibited during the entire S-day Brtry-Restricted pariod. Handler protected with Personal Protective
Equipment (FPE) mquirsd for early entry into a treatsd ama may work in buffer zones,

4. Ereuring application site has a distinctive buffer zone, The buffer zone of the field to be treated cannot owverap the buffer zone of another
field freated within the last 48 hours.

5. The Certified Applicator superviging the soil furnigation must document how the buffer zons was determined, the location of unoccupised
aenaitive aites within 174 mile of the fumigated ama, and how perEmons in cccupied structurss located within the buffer zone weme protectad.
These records musat be maintained by the Certified Applicator and by the cwner'opsrator of the fumigated site for at lkeast two years follow-
irng the fumigation and must be made available, upon request to Federal, State, Tribal, and lecal enforcement personnel.
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Determining Buffer Zone Distance

= Dietermine the size of the buffer zone using the following Buffer Zons Table.

# The size of the buffer zone will be dependart on the following three factors:
o The number of fisld acres that are being treatsd with MIDAS S8:2,

o The pounds of MIDAS 98:2 that are being applied per treated acre.
o Buffer zone reduction cradits.

Buffer Zone Table

MIDAS G682 SIZE OF FIELD IM ACRES
Application [Buffer zone distance in feat)' 2
Rate (Lba per Up to G-10 11-15 16- 20 2-25 26-30 31-35 36-407
Treated Acre)* 5 Acres Acres Acres Acres Acres Acres Acres Acres
BO 25 45 ad 135 160 180 205 225
a0 25 50 100 150 160 205 230 255
100 30 G0 115 170 200 225 255 280
120 35 70 135 200 235 270 305 335
125 35 70 140 210 245 280 315 350
150 45 85 170 255 300 340 380 420
175 50 100 200 205 345 385 445 400

1. For mites not listed on this table, use the buffer zone for the newxt highest rate, or use the following calculation to determine the exact buffer
zone:
Buffer Lone for Application Rate Mot Listed = Known Buffer Zone on Table ¥ Application Rate Mot Listed

Rate of Application for Known Buffer Zone

2. Buffer Zone Reduction Cradite:

Reducs buffer zone by 10% for each factor listed below:

* Lae of flat fume [ bmoadcsst application

= Lza of High Barrier filre. High Bamier filma for which credit can be applisd muet be on an Arysta approved list. Examples of Arysta
approved filme are Canalit Brand Metalized 1.3 mil, Pliant Blockade®™ VIF 1.25 ml, and Pliant Metalized 1.0-1.25.

= Application to soile having =3% organic mattsr Refer to the USDA o LISGS Soil Survey Maps for the treated area that identify the range
of omanic matter and / or a decumsnted sail survey report that liste rangs of % organic matter for the treated ama. Collection of zamples
for analysie of scil in the treatad area should follow proosdures as per LIS0DWs Natural Resource Conservation Services methods
Information on aoil sampling can be found at www.eoil.usda.gow.

For example, if the Buffer Zone is 50 fest and the application qualifisa for a buffer zone eduction credit such as uas of Metalized film, then

the buffer zone can be reduced by 10%, i.e. reduced by 5 fest based on the following calculation: 50 ft — (50 ft X 10%) = 45 feet.

If the application qualifies for two buffer zone reduction credits such as uss of a high barrier film and aail with =3% organic matter, then the

buffer zone can be reduced by 20%, i.e. reduced by 10 fest bassd on the following calculation: S0 ft — (30 ft X 20%) = 40 fest.

Applications ars limited to 40 contiguous acrea or lees per day on a asingls site.

For raised bad applications, the treated area ia the raised bed not the unteated furmwe. As an sxample, f a raised bed fisld iz 50% raizsed

bead (reated) and 50% fumow juntreated), and 250 lbes of MIDAS 86:2 is applied to the fisld, then the effective application rate to the treat-

ed raigad bed is 350 |ba per treated acrs; and that is the rats that would detemine the buffer zone.

o

Mote: Minimum allowable buffer zone is 25 feet regardless of buffer zone reduction credita.

Buffer Zone for Pre-Plant Deep Injection Auger
= 25 feet if the application rate i lses than 50 lbe MIDAS 98:2 per acre,

= 50 feet if application rats iz 50 to 124 lba MIDAS 98:2 per acre, and
= 100 fest if the application rate s 124 to 175 ke MIDAS 98:2 per acrs.
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AGRICULTURAL USE REQUIREMENTS
Uze thiz product only in accordancs with ita labeling and with the Worker Protection Standard, 40 CFR Part 170, This Stardard contains
requiremnents for the protection of agricuttural workers on farms, forsets, nurseries, and gresnhouass, and handlers of agricultural pesaticideas,
It containg requirements for training, decontamination, notification, and emergency assistance. tt aleo comtaine specific instructions and ewcap-
tiona partaining to the statsments on this labsl about peracnal protective equipment PPE), reetricted entry intervala, and notification towaork-
arz. The requirements in thiz box only apply to uses of this product that are covered by the Worker Protection Standard (WPS).
Entry Restrictions
Enrtry irto the treated area (including eary entry that would otherwize be permmitted under the WPS) by any person, other than a comectly trainsd
and equipped handler who iz performing a task that is pemmitted by this absling, iz PROHIBITED from the start of the application until 5 days
after application and the air concentration of chloropicrn is mesaursd to be kas than 0.1 ppr. Eady entry under the WPS iz limited to tarp
inzpection ard repair. Mon-handler entry is prohibited while tarpe ars being removed.
Zaa the Buffer Zore saction of the labsl for additional Entry Restrictions.

Motification at Entrances to Treated Areas
Matify all workers of the fumigation verbally and by posting waming signs at all likely entrances to the treated area for no lees than 5 days after
application. The signa musat bear the akull and cmoesbones symbaol and state:
{1) "DANGER/P ELIGRO™
{2) "Areas under fumigation, DO NOT ENTERMNO EMTRE"
(3) lodomethane and Chloropicrin Furnigants In Lles
{4) Date ard time of fumnigation
{3) MIDAS 9&:2
{6) Name, address, and telsphone number of the Certified Applicator in charge of the application.
Past thess fumigant waming signs for treated areas inetsad of the WPS signs for these applications but follow all WPS requirements pertain-
ing to location, legibility, size and timing of posting and removal.
PPE for Reentry during the Entry-Restricted Period
The PPE required for resntry during the entry-restricted pericd are:
» Looas fitting or well ventilated long-slesved shit and long pants.
» Shosa plus socks.
# An air-purifying respirator with a 3M Brand Mo, 608928 cartridge fiter, or equivalant (MSHAMIOSH approved number prefic TS-230C),

GEMERAL INFORMATION AND INSTRUCTIONS
Thiz furmigant is a highly hezardous matarial. All uses of this fumigant are covered under the Worker Protection Standard, and must be conduct-
e in accordancs with all of the requirements of the Worker Protection Standard (40 CFR Part 170). It i a restricted uae pesticids that musat anly
be usad by or under the dirsct supsrvision of individuales trained and certified in ite proper use. Befors using, read the entire label and follow all
Lea dimctions and precautions. All persore working with this furmigant must be knowledgeable about the hezards and trained in the uss of
reqquired air-purifying respirator equiprment and detector devices, emergency procedures and proper use of the fumigant.

GEMERAL USE PRECAUTIONS
# Follow all lecal govemment instructions for poeting of treated arsas and post all reated arsss with warning signs.
= Comply with all local ordinances and regulations.

# Do not apphy within 14 mile of any cccupisd sensitive site such as schoola, day care facilities, nursing hormes, hoapitals, prisons, and play-
grounads,

= Applications are limited to 40 contiguous acrea or less per day on a singls sits.

# Do not apply this product in the presence of ground fog, invemsion laysrs o when the potential for an inversion layer is likely to occur as this
may reault in product drift outside the reated area. A smoke generator can be uaed to indicate the presence of an inversion layer f the amoke
calurmn does not rise in a vertical pattern. In addition, consult the local weather forecast in the sumounding region for reports of expected imer-
sion laysrs the day of ap plication and within the 24 hour period following applications of MIDAS 96:2,

* Mever fumigats alone, A minimum of two rained employese must be present during handling and application of aoil fumigants.

= Certified Applicators are responsible for providing information to all workers involved with the fumigation about precautions and procedures in
the safe handling, worker protection and application of MIDAS 88:2 for soil furnigation.

= Additional ingtructions must be made available to workesrs in the mechanical operation of the tractor and how to safely work with the operator
while furnigating.
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* Always handle this product in the open, with all workers positionsd "upwind” from the container andfor where there iz adequate ventilation.

= Check the fumigation system for leaks or worn out equipment prior to scil injection.

= When fumigating from a tractor, it is required that 5 gallons of watsr be canied an the tractor and readily awvailable for rinsing and cleaning pur-
poaes, An additional 5 gallons of water must be available in the service truck. This water must be potabls and in containsrs marked
“Decontamiration water not to b= used for drinking.”

+ For bmadcastflat fumne applications, kesp all peta, livestock and other domesatic animala out of the treated arsas untiltarps have besn mmoved.

* For raized bed applications, kesp all peta, livestock and other domestic animals out of the treated arsas for 5 days andfor until the air concen-
tration for chloropicrn is less than 0.1 ppm at the edge of the treated arsa. Moat raised bad applications will not result in tarp removal.

* Tarp removal requires a minimum of two trained employsse to be presert during the operation. Mon-handler pereonnd ars prohibitad from being
present during tarp remaoval.

* Ses AGRICULTURAL USE RECQUIREMEMTS bow for detaila regarding peeting and placement of waming signa.

* Do not allow entry by unprotectsd peracns imto the fumigatsd arsa until the re-entry signe are removed. Such signs must only be removed when
the air concentration of chloropicrn is measured to be leas than 0.1 ppm at the edge of the treated ama and no sooner than 5 days following
application. Signe must remain legible during entirs posting period. Also, do not cut tarps for planting until thess conditions have been met.

* To determins whether asration is complets, each furnigated site must be tested and shown to contain lees than 0.1 ppm chloropicrin in the air
apace amund the treated aite as detarmined by 3 consecutive measurements taken at the down wind edge of the treatsd site at lkast 15 min-
utes apart.

SPILL AND LEAK PROCEDURES
* Ceass all operations if any leak develops in the fumigation system.

= Evacuate everyons from the immediate areas of the apill or l=ak.

* Approach the arsa from the upwind side. Work upwind to repair lsakiz), if poesibls.

= Far entry into the area to correct the problem, trainsd personne must wear loces fitting or well ventilated long-sleeved shirt and long pants,
shoes plus socks and either (a) a supplied-air respirator (MSHAMNIOEH approval nurmber prefis TG-120C) or (k) a ssf-contained breathing appa-
ratus (SCBAIMEHAMIOSEH approval nurmbsr prefis TC-12F).

* Oy comectly frainsd and PPE-equipped handles ars permitted to erter. Do not pemit entry into the epill or leak asa by any other person
until the concentration of chloropicrin is mesaured to be less than 0.1 ppm as specified in ssction above,

* Allow apilled fumigant to evaporate or to abaorb onto vemiculits, dry sard, earth, or similar absorent matedal. Such matsral should be dis-
poasd of on aite orat an approved disposal facility.

* Contaminatsd soil, water and other cleanup debris may be hazardous wasts. Report any apill that sxcesds 102 |ba (5.4 gallons of product) to
the Mational Response Center at 1-800-424-5802.

PROCEDURES PRIOR TO, DURING AND AFTER ALL APPLICATIONS
CONTROL OF S0OIL BORNE PESTS: MIDAS 98:2 controls soil-borne pests including nematodes, insecta, wesd assda, and dissasss,
Midas 98:2 will controd the following pests when present in aoil at the time of treatment:
Wized Sseds, including broadleaf wesds such as nutesdge, pigwesd, broomraps and lambequartsrs, and grasses such as bemudagrass, and
annual bluegrass. Efectivernass against hard ssed weedsa, such as mallow, dodder, morning glory, ard certain leguminous wesds may bevarabls.
Plant-parasitic Mematodes, such as root-knot, reot lasion (msadow), cyst, citrua, burrowing, falss roct-knot, lance, spiral, ing, ating, stubby rooct,
dagger, awl, sheath and stung iehdet) nematodes,
Soil-boms Insscts, such as wirewonmme, cutwormna, grubs, roctwome, ante and garden symphylans.
Soil-bomes Dissases, auch as Verticillium, Pythium, Ahizoctonia, Phytophthors, and Fusarium,
MIDAS 88:2 is not to be ussd as a preventative treatment for peste thet may be imtmoduced after the fumigant has been applied andior tarps
rermoved. To reduce the potential for the re-introduction of pests inematodes, wesd seed and dissass); avoid the uss of imigation water, transplants
or equiprment that could carry pests into the planting arsa. &vcid moving infested soil back into the freated arsa through culivation or other means.
Soil Preparation: The soil should be worked to the depth that is desirable for the fumigant to penstrate. Plant refuss should beworksd into the
acil and allowesd encugh time to decompess prior to treatment. Little or no plant refuse should be pressnt on acil surface. Prior to application,
the acil muat be sufficiently moistened to allow seeds to swell (imbike) in preparation for germmination.
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= Enaure that application equipment doese not contain components made of natural ubber, aluminum, magnesium or their alloys.

= Sail in the treatment arsa should b= reascnably fres of trash and in good tilth pricr to soil treatment.

= Do not apply to wet or cold scils (<55°F at a depth of & inches).

= |mmediatsly cover treated areas with a plastic tarpaulin for a minimum of 5 days.

= Alloww tims for complste vaiding of material in the buded shanks following closue of the shutaff valve and before removing shanka from the scil.

# |n the event that trmsh is pulled up with the shanks after complsting a treatment pass, the trash muat b= coversd with plastic film and the edges
of the filrm buried under at least 4 inches of compactsd aoil before making the next pass through the fisld.

* Do not change cylindera when the fumigant system is under pressure. Change cylinders with all cylinder valves in the off position.

= To minimize the potential for crop injury, allow the fumigant to dissipate befors planting a crop. Seeds may bs used as a bicassay to detemine
if MIDWS 98:2 is preaent in the aoil at concentrations sufficient to cause plant injury. DO MOT PLAMT i the odor of the chloropicin iz detectabls.
Ses fumigation tables for planting requiremsants specific to the differsnt application methods.

= Fumigation of highly acidic soila or thass high in organic matter can cause ammeonia toxicity to plants and or slevatsd levels of soluble =alts in
the =ail causing phytotoxicity. Analyze soil following furigation and fertilize as indicated.

MIDAS 98:2 PRE-PLANT FIELD FUMIGATION METHODS
Furmigations with MIDAS 98:2 shall only ba performed in accordance with the following three application techniques: 1) Raissd Bed Application,
2 Broadcast'Flat Fumne Application, or 3) Desp Injection Auger Probe Application (stone fruit, nut trees, vines, and fisld-grown ornamentals onby).
Application methods and rates of application for sach of these methods are diecussed in detail balow.

BAISED BED APPLICATION
= Llge tractor mountsd chisels spaced no morethan 12 inches apart and at a depth of no less than 6 inches balow the soil surfacs. The treated
ground must be ssaled using sither:

o Closing shoss and compaction roller: The closing shoes shall cover the chissl marks with soil just ahsad of the compaztion roller, and the
tarpaulin shall be laid down simultanecusly (with fumigant injection) by tarpaulin-laying equipment mountad on the application tractor; or
o Bed shaper: The chiz=ls shall be placed with the injsction point undar the bed shapsr, and the tarpaulin shall be laid dewn simultansously
fwith furmigant injection) by tarpaulin-laying equipment mountsd on the application tractor; or
o Combination bed former and bel shapsnt The chizsls shall be placsd betwesn the bed former and the bed shaper The tractor with the tar-
paulin-laying equipment shall immediately follow the application fractor
= |njection depth of between & and 15 inchea. The injection depth in preformed beds must not be below the bed furrow.
= |njection spacing of 12 inches or lsas fypically peformed with a multiple shank applicator.
= Planting shall not cccur for at least 10 days after application (refer to RAISED BED SOIL FUMIGATION TABLE below).

_7-
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Application Rates for Raised Bed Fumigation: Rates in the tabls below are given in pounds of MIDAS 98:2 per broadeast acre. The amount of
product applied will be proportionste to the row spacing and width of the raised bed. To calculats the amount of product to be applied, multiply
the application rate in lbe MIDAS 28:2breadcast acre by the appropriate medifier from the Fiskd Rate Modifier Table below.

RAISED BED SOIL FUMIGATION TAELE

CROP MIDAS 98:2 Per Broadcast Acre’ Time Between Application and Planting
Fisld-Girown Omamentals Standard Film 10 -14 days & %
Peppera 100 - 175 |bavBroadcast Acre
Strawberriss (5.3 - 9.3 gal'Broadcast Acrs)
Tomatoes Highly Retentive Film 14 - 21 days when using
The rates may be reduced when used in higihly retentive film 4 =

combiration with high etentive plastica,
Canault your Arysta LifeScience
repreasntative for film aslaction and
rate reduction recommendations.

NOTE:

1 For fislds infested with Mutsedge and Malva, apply & minimum of 150 Iba‘acre (7.9 gal‘acre) of MIDAS 98:2,

2 Laa the longer planting reetriction perod under conditions of high scil moiature, heavy soils, or rain or pereistence of chloropicrin odor in the
sail.

3 |f standard tarpauling are WOT remaoved, plant a minimum of 10 days after application, which includes the minimum 24 hours of asration once
the tarpa have besn cut. If tarpauline are not cut or asrated prior to planting, the odor of chlompicrin muet not be detectable. If cdor of
chloropicrin iz detectabls, walt a minimum of 14 days before planting to avoid possible plart injury.

4 Lga of highly retentive films (e.g. VIF and approved Metallic) will imquire a rate reduction of up to 40-50% of the masimum uss rate. Contact
your Aryata LifeSciences representative for rats mcommendations and approved films.

5 If highly retentive films are not removed, plant a minimum of 14 days after application, which includes the minimum 24 hours of asration once
the tarps have besn cut, If the tarpaulire are not cut or asrated, prior to plarting, the odor of chloropicrn must not be detectabla.  odor of
chloropicrin is detectable, walt a minimum of 21 daya before planting to avoid possible plant injury.

Field Rate Madifier Tabls for Raised Bed Applications

FRioww Spacing (inches) Bad Width (inchea) Field Rate Modifier
72 40 0.55
72 ] 0.50
72 a2 0.44
72 an 0.42
72 25 0.39
<] az 0.48
GG a0 0.45
(i ]5] 25 0.42
GG 24 0.38
G0 a0 0.50
G0 25 047
48 25 0.58

-B-
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# Llae tractor mounted chissls spaced no more than 12 inchea apart and at a depth of & to 15 inches below the soil surfacs,

o Closing shoes and compaction roller: The treated ground must be sealed using closing shoss and compaction mller The dosing shoss shall
cover the chissl marka with scil just ahead of the compaction roller, and the tarpaulin shall be laid down simultanecusly fwith fumigant injec-
tion) by tarpaulin-laying equipment mounted on the application tractor,

= Planting shall not cccur for at least 10 days after application refer to BROADZAST / FLAT FUME APPLICATICN TABLE).
# Thiz product may b= applisd by broadcastflat fumes application with standard polyethylens films or highly retentive films, as they become avail-
able. Contact your Arysta LifeScience Morth Amesrica epessntative for infomnation on film selection and rate reduction mcommendaticons.

Application Ratea For BroadcastFlat Fumigation:

BROADCAST/FLAT FUME PRE-PLANT SOIL FUMIGATION TABLE

CROP MIDAS 98:2 Per Acre’ Time Between Application and Planting

Figld-Grown Omamentals 100 - 175 lbafAcme 10 -14 days
Peppers (5.3 - 9.3 galBcre)
Strawbeniss
Tomatoes
Turf
Stone Fruits (Apricot, Sweet Chemy, Tart Chearry, 120 - 175 e 10 - 14 days®

Mectarine, Peach, Plum, Chickasaw Plum, Damson (6.3 — 9.3 gal®crs)

Flurn, Japansas Plurm, Plumcot, Fresh Pruns)

Trea Muts (Almond, Beech Mut, Brazil Mut, Butternut,
Cashaw, Cheatnut, Chinquapin, Filbert (Hezelnut),
Hickory Mut, Macadamnia Mut (Bush Mut), Pecan,
Pistachic, Black Walnut, Englizh Walnut)

Vinea (Table, Raigin and Wine Grapes)

Muraeries (including strewbernss, stone fruita, 175 Ibe/dome 10 - 14 days®
tree nute and conifer tress) (9.3 gal/Acrs)
NOTE:

1 For fislda infested with Mutesdge and Malva, apply a minimurm of 150 Ibafacrs (7.9 galfacre) of MIDAS 98:2.

2 If tarpauling are removed, planting can occur 10 daye after application, which includes the minimum 5-day treatment period before tarpe are
cutt plus the minimum of 24 hours of asration after tarpe are cut ard before they are remaoved. Uae the longer planting restriction period undar
conditiona of high scil moisturs, heavy soile, or rain o persistence of chlompicrin cdor in the soil.

Tarpaulin Cutting and Removal for Breadeast / Flat Fume Applications: Following the complstion of the application of MIDAS 98:2, the tar-
palin shall not be cut for a minirmum of 5 days (120 hours) following completion of injection to the application block.

I the tarpaulin iz removed from the field, removal shall begin no aconer than 24 hours after tarpaulin cutting has besn complsted (a task which
cannot cccur until a minimum of 5 days after application, as stated abowe).

PREPLANT DEEP INJECTION AUGER-PROEE APPLICATION

For Stone Fruit, Tree Mute, Vines, and Field Grown Omamental Trees and Shrubs, use 2 lbe of MIDAS 98:2 per injection sits, typically to a depth
of betwessn 18 to 36 inches below the aoil aurfacs, though desper injpctions may be made as approprate. Uas 1 injection site per 100 squars
fest (e, one injsction site every 10 feet in a standard grid pattem). Planting or replanting of Stons Fruits, Tree Muts, YVines, and Fisld Grown
Omamentals may begin 14 days after the period of egposure, DO MOT PLANT i the odor of chloropicrin is detectable.

Do not treat mors than 230 trees per acre per day.

Buffer Zonesa

= 25 feet if the application rate is lses than 50 lba MIDAS 96:2 per acre,
= 50 feet if application rats iz 50 to 124 lbe MIDAS 96:2 per acre, and

= 100 fest if the application rate is 125 to 175 lba MIDAS 98:2 per acre.,
FOoD CROP ROTATION RESTRICTIONS

Food crope other than strawbsmy, tomatcss and peppera require a 4 month plant back rotation restriction from the date of furmigant application.
Crop rotation to non-food cmops o non-bearing fruit or nut trees is not restricted.

-a
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STORAGE AND DISPOSAL
Do not contaminats water, food, or feed by storage and disposal.
Pesticide Storage: Store in a dry, cool, well-ventilated area under lock and key. When appropriate to prevent tipping, store cylinders upright,
gecured to a rack or wall. Post as a pesticide storage arsa.
Handling: Product cylindsra shall not be subjectsd to rough handling or mechanical shock such as dropping, bumping, dragging or aliding.
Do niot use rope alings, hooka, tongs, or similar devicea to unload cyindsra. Transport cylinders using hand truck, fork truck or other devics
to which the cylinder can be firmly secured.
Do mot rermowve valve protection bonnet and safety cap until immediately before use. When cylinder is nat in uss, close valve by tuming clock-
wigs urtil hand tight, screw safety cap onto valve outlet, and replace protection bonnet.
Pasticide Dispoeal: Pesticids wastes are acutely hazamous. Improper disposal of excess pesticide, spray midum, or rinsate is a viclation of
Federal Law. i thess wastes cannot be dispoesd of by use according to labsl instructions, contact your State Pesticide or BErwircnmental
Contral Agency, or the Hezardous Waste Repressntative at the neamst EPA Regional Office for guidancs.
Return of Containers: This pesticide comtainer, whether full or partially used, is the property of the manufacturer or distributor whers it was
purchased and must be retumed tothe distributor of arigin. Do not ahip containers withowt safety caps or vahee protection bonnets. Containers
ghall never be refillad by the consurmer or used for any other product or purposs.

FOR 24-HOUR CHEMICAL EMERGEMNCY (apill, leak, fire or accident) ASSISTANCE:
Call CHEMTREC at 1-800-424-2300

Warranty and Disclaimer Statement
The directions for use of this product are bslisved to be adequats and must be followed carefully. However, it is impossible to eliminats all
rizka associated with the use of this product. Such risks may ariss from weather conditions, scil factors, off-tamget movemant, uncorvention-
al farrming technigques, the presance of other materials, the manner of uae or application, or other unkrown factors, all of which are beyond
thie contml of Aryata LifeScience Morth America Corpomstion ("Aryeta”), and can causs crop injury, injury to non-target crops or plants, insf-
fectivenses of the product, or other unintended conssquencss. To the sxtent consistent with applicable kw, all such riska shall be assumsd
by the user or buyer,
Aryata wamants that this product conforme to the chemical description on the label and is reascnably fit for the purposes stated in the
Directions for Use, subject to the inherent risks described above, when ussd in accomance with the Dirsctions for Ll=se under normal
conditiore. This wamranty doss not eswtend to the uss of this product contrary to labsl instructions or under conditions not masonably foreses
able to Aryeta, and is subject to the inherent risks described abowve,
TO THE EXTENT CONSISTENT WITH APPLICABLE LAW, ARYSTA DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. TO THE EXTENT CONSISTENT
WITH APPLICABLE LAW, ARYSTA, MANUFACTURER, AND SELLER DISCLAIM AND SHALL NOT BE LIABLE FOR ANY SPECIAL, INCI-
DENTAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM THE USE, HANDLING, APPLICATION, STORAGE, OR DIS-
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APPENDIX 11

Table 1. Calculation of occupational exposures associated with shallow-shank, tarped-bed injections of methyl iodide.

Task Air Breathing| Hours Body Absorbed | Natural Log Average Standard Z(.95)° ADD*®

Concentration| Rate | Worked | Weight | Daily Dose® | (Absorbed | Natural Log | Deviation Ln (ng/kg-d)
(ng/L) (L/hr) (kg) (ug/kg-d) DailyDose)” ADD (n) ADD° (o)

Driver (ff) 1.00 833 8 77 8.65 2.16 2.65 1.50 1.645 168
Co-Pilot (ff) 6.40 833 8 91 46.87 3.85
Applicator 0.31 833 8 98 2.11 0.75
Applicator 5.47 833 8 77 47.34 3.86
Shovelmen (ff) 0.56 833 8 86 4.34 1.47 1.67° 1.30 1.645 45
Shovelmen (ff) 0.11 833 8 80 0.92 -0.09
Shovelers 0.21 833 8 47 2.98 1.09
Shovelers 0.48 833 8 102 3.14 1.14
Shovelers 2.52 833 8 86 19.53 2.97
Shovelers 4,32 833 8 95 30.30 3.41
Tarp Monitor 0.13 833 8 94 0.92 -0.08 2.31" 1.85 1.645 213.2
Tarp Monitor 0.86 833 8 86 6.66 1.90
Tarp Monitor 3.52 833 8 91 25.78 3.25
Tarp Monitor 5.94 833 8 60 65.97 4.19
Tarp Cutter (ff) 0.03 833 8 95 0.21 0.74 1.59' 1.50 1.645 57
Tarp Remover (ff) 0.06 833 8 75 5.33 1.67
Tarp Remover (ff) 0.12 833 8 105 7.62 2.03
Hole Puncher 0.01 833 8 86 0.77 -0.26
Hole Puncher 0.6 833 8 95 42.09 3.74
Planter (ff) 0.03 833 8 80 2.50 0.92 0.54/ 0.50 1.645 4
Planter 0.01 833 8 86 0.77 -0.26
Planter 0.01 833 8 47 1.42 0.35
Planter 0.03 833 8 86 2.32 0.84
Planter 0.03 833 8 85 2.35 0.86

a

dividing by the body weight (numbers rounded to nearest 1/100).

® a o T

xp[,& +Z(o 95)[5':‘

The natural log (Ln) of the absorbed daily dose (numbers rounded to nearest 1/100).
The arithmetic standard deviation of the natural logs for the absorbed doses (o).

The 95" percentile of the standard normal distribution.
The 95" %ile of exposure calculated as .

where: i = arithmetic mean, Z = the 95" percentile of the standard normal deviation), o = arithmetic standard deviation

The arithmetic average of the natural log of the absorbed daily dose for tractor drivers- flat fume (ff) driver, copilot; and raised bed applicators.

9 The arithmetic average of the natural logs of the absorbed daily doses for shovelmen- flat fume (ff) shovelmen; and raised bed shovelers.

The arithmetic average of the natural logs of the absorbed daily doses for tarp monitors.

The absorbed daily dose (ADD) is calculated by multiplying the air concentration; the 90% protection factor required by the labels, the adult breathing rate; the hours worked and

i The arithmetic average of the natural logs of the absorbed daily doses for tarp handlers- flat fume (ff) tarp cutters and removers; and raised bed hole punchers.
! The arithmetic average of the natural logs of the absorbed daily doses for planters.
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Table 2. Calculation of occupational exposures associated with drip irrigation, tarped-bed applications of methyl iodide.
Task Air Breathing| Hours Body Absorbed Natural Log Average Standard Z(.95)¢ ADD*®
Concentration| Rate | Worked | Weight | Daily Dose ? | (Absorbed Daily |Natural Log| Deviation Ln (Mg/kg-d)
(ug/L) (L/hr) (kg) (ug/kg-d) Dose)” ADD (n) ADD° (o)
Applicator 0.33 833 8 91 0.30 -1.20 -0.59' 0.47 1.645 1.21
Applicator 0.74 833 8 100 0.62 -0.48
Applicator 0.42 833 8 91 0.38 -0.96
Applicator 0.59 833 8 99 0.50 -0.70
Applicator 1.3 833 8 94 1.15 -0.14
Applicator 0.85 833 8 100 0.71 -0.35
Hole Puncher 0.02 833 8 100 1.33 0.29 1.149 0.73 1.645 10.41
Hole Puncher 0.07 833 8 99 4,71 1.55
Hole Puncher 0.09 833 8 125 4.80 1.57
Planter 0.003 833 8 91 0.22 -1.52 -1.13" 1.29 1.645 2.71
Planter 0.001 833 8 100 0.05 -3.01
Planter 0.003 833 8 99 0.23 -1.47
Planter 0.003 833 8 82 0.23 -1.48
Planter 0.02 833 8 90 1.48 0.39
Planter 0.02 833 8 97 1.37 0.32

a

(numbers rounded to nearest 1/100).

® o o o

exp |:/3 +Z (0.95)[5'}

The natural log (of the absorbed daily dose (numbers rounded to nearest 1/100).
The arithmetic standard deviation of the natural logs for the absorbed doses (o).
The 95" percentile of the standard normal distribution

The 95" %ile of exposure calculated as

where: u = arithmetic mean, Z = the 95" percentile of the standard normal deviation), o = arithmetic standard deviation

g The arithmetic average of the natural logs of the absorbed doses for drip irrigation hole punchers.

The arithmetic average of the natural logs of the absorbed doses for drip irrigation planters.
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The arithmetic average of the natural logs of the absorbed doses for drip irrigation applicators working on tarped raised beds.

The absorbed daily dose (ADD) is calculated by multiplying the air concentration; the adult breathing rate; the hours worked and dividing by the body weight
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Table 3. One-hour daytime air concentrations of methyl iodide at various distances from a 40-acre field treated at 175 Ib/acre.

Distance Guadalupe Manteca Oxnard LaSelva Beach Camarillo Guadalupe
(m) Shank Bed/Tarp | Shank/Broadcast/Tarp | Shank/Bed/Tarp Drip/Tarp Drip/Tarp Drip/Tarp
(Mg/L) (Hg/L) (Hg/L) (Hg/L) (Mg/L) (Hg/L)
3 10.8 17.9 28.3 11.1 18.4 28.1
15 10.1 16.8 26.4 10.3 17.2 26.2
30 9.3 15.4 24.3 9.5 15.8 24.1
91 6.6 11.0 17.3 6.8 11.3 17.2
152 5.3 8.9 14.0 5.5 9.1 13.9
760 2.2 3.6 5.7 2.2 3.7 5.7
Table 4. Eight-hour daytime air concentrations of methyl iodide at various distances from a 40-acre field treated at 175 Ib/acre.
Distance Guadalupe Watsonville Manteca Oxnard LaSelva Beach| Camarillo Guadalupe
(m) Shank/Bed/Tarp | Shank/Broadcast/Tarp | Shank/Broadcast/Tarp |Shank/Bed/Tarp| Drip/Tarp Drip/Tarp Drip/Tarp
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (Hg/L)
3 9.7 8.4 11.7 14.1 10.5 11.7 19.3
15 9.0 7.8 10.9 13.1 9.8 10.9 18.0
30 8.3 7.2 10.0 12.1 9.0 10.0 16.6
91 5.9 5.1 7.2 8.6 6.4 7.2 11.9
152 4.8 4.1 5.8 6.9 5.2 5.8 9.5
760 2.0 1.7 2.4 2.8 2.1 2.4 3.9
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Table 5. Twenty-four-hour air concentrations of methyl iodide at various distances from a 40-acre field treated at 175 Ib/acre.

Distance Guadalupe Watsonville Manteca Oxnard LaSelva Beach Camarillo Guadalupe
(m) Shank/Bed/Tarp | Shank/Broadcast/Tarp | Shank/Broadcast/Tarp |Shank/Bed/Tarp| Drip/Tarp Drip/Tarp Drip/Tarp
(Hg/L) (Hg/L) (Hg/L) (Ho/L) (Hg/L) (Hg/L) (Ho/L)
3 3.7 2.2 3.0 4.9 2.4 3.1 4.3
15 3.4 2.0 2.7 4.5 2.2 2.8 3.9
30 2.9 1.7 2.3 3.8 1.9 2.4 3.3
91 2.0 1.1 1.6 2.6 13 1.6 2.3
152 1.6 0.9 1.2 2.1 1.0 1.3 1.8
760 0.5 0.3 0.4 0.7 0.4 0.4 0.6
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APPENDIX 1

Comparison of DPR’s Exposure Estimates with the Exposure Estimates
in U.S. EPA’s Registration Eligibility Documents

Occupational Exposure Estimates

U.S. EPA utilized 11 job categories for estimating occupational exposures to Ml as a pre-plant
soil fumigant (USEPA, 2006). The U.S. EPA approach to estimating occupational exposures
was somewhat different than DPR’s. (1) In the studies submitted by the methyl iodide registrant,
each worker wore duplicate samplers. DPR considered the average of the two samplers as a
single replicate. U.S. EPA used each sampler as a replicate. (2) The application rates used in the
studies were different than the maximum application rate on the proposed labels. DPR adjusted
the exposures to reflect the maximum application rate. U.S. EPA did not adjust for the
maximum application rate. (3) DPR used the field spikes to make its own adjustment for
recovery and analytical technique. U.S. EPA used the registrant’s calculated field spike
adjustments. (4) DPR calculated an upper-bound for an acute 8-hour exposure for workers.

DPR uses a statistical approach to exposure rather than using just the high values because worker
exposures are repetitive as well as acute. Consequently, a statistical treatment is necessary to
estimate the average repetitive exposure. In some instances the upper-bound values exceeded the
highest measured value. U.S. EPA used the maximum measured air concentration of Ml to
represent the acute 8-hour exposure for workers. (5) DPR used the arithmetic mean air
concentration of Ml to represent the seasonal exposure of workers. U.S. EPA also calculated
intermediate-term exposures, based on average values, but did not present them. (6) U.S. EPA
estimated the protective effect of respiratory protection on the exposure of workers to the
maximum measured air concentration of MI. DPR factored in respiratory protection in the
exposure estimates for workers once the required PPE was on the labels. Worker exposures
estimated by U.S. EPA are presented in Table 1. A comparison of the 8-hour acute air
concentrations, estimated by DPR and U.S. EPA, is presented in Table 2.
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Table 1. Methyl iodide (M1) worker exposure associated with pre-plant agricultural field

fumigation. *

Application method Work Task Maximum MI Conc. Maximum Ml
(ppm) Concentration with PPE®
(ppm)

Raised Bed Tractor driver 1.029 0.103
Raised Bed, Flat Fume | Co-pilot 0.648 0.065
Raised Bed Shoveler 0.76 0.076
Raised Bed Tarp monitor 1.11 0.111
Raised Bed Hole puncher 0.07 0.007
Raised Bed, Flat Fume,| Planter 0.007 0.0007
Drip Irrigation
Flat Fume Tractor driver 0.024 0.0024
Flat Fume Shoveler 0.117 0.012
Flat Fume Tarp cutter 0.006 0.0006
Flat Fume Tarp remover 0.013 0.0013
Flat Fume Tarp remover friver 0.024 0.0024
Drip Irrigation Drip applicator 0.240 0.024
Drip Irrigation Drip line tender 0.147 0.0147
Drip Irrigation Hole puncher 0.017 0.0017

é From Table 12 in (USEPA, 2006). PPE = personal protective equipment

factor.

Assumes an applicator is wearing air purifying organic vapor removing respirators with a 10-fold protection

Table 2. Comparison of acute occupational exposures to methyl iodide in pre-plant field
fumigation as estimated by DPR and U.S. EPA.

Work Task DPR Estimated Exposure U.S. EPA Estimated Exposure
Concentration; No PPE Concentration; No PPE

(ppm) * (ppm) *

Shallow shank-tarped soil fumigation (broadcast and bedded)

Applicators (using shanks, 10-12") 1.51 1.03

Shovelmen and Shovelers 1.09 0.76

Tarp Monitors 3.75 1.11

Tarp Hole Punchers, Cutters, and 0.16 0.07

Removers

Planters 0.01 0.007

Tarped-bed fumigation drip irrigation

Applicator 0.25 0.24

Hole Puncher 0.02 0.02

Planter 0.01 0.007

a

Comparison of Calculated Air Concentrations

Assumes 8 hours of exposure at the indicated concentrations. PPE = personal protective equipment

U.S. EPA used both the ISCST3 model and the Probabilistic Exposure and Risk model for
Fumigants (PERFUM) to evaluate distributional bystander exposure from data derived from

fumigation studies conducted in California, Florida, and Michigan (USEPA, 2006).

U.S. EPA

used ISCST3 as the basis to estimate the margins of exposure at various distances from
fumigated fields of either 1 acre or 40 acres at distances of 25 to 1000 meters, assuming various
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atmospheric conditions. The MOEs were estimated from the calculated air concentrations of
methyl iodide at various study sites. Table 3 presents the U.S. EPA estimated air concentrations
of methyl iodide at 25 meters (~81 ft) from fumigated fields at each of the study sites.

Table 3. U.S. EPA estimated 24-hr time weighted average air concentrations of methyl
iodide (MI) at 25 meters from 40 acre fumigated fields at various California

study sites.
Study Site Application Method |Margin of Exposure®| MI Concentration”
(ppm)
Manteca Broadcast, shank 17 0.17
injection, flat fume
Watsonville Broadcast, shank 10 0.29
injection, flat fume
Oxnard Raised bed, shank 9 0.32
injection
La Selva Drip irrigation, raised 12 0.24
bed

a

. Assumes C atmospheric conditions (wind speed of 1.4 m/s).

Back calculated from the margin of exposure using U.S. EPA’s toxicological endpoint of a No Observed Effect
Level = 2.9 ppm (USEPA, 2006).

Thus, the U.S. EPA estimated 24-hour time-weighted-average Ml air concentration is 0.26 ppm
at 80 feet from a fumigated 40-acre field, while DPR estimated the 24-hour time weighted
average air concentration at 0.6 ppm at 100 feet. The difference in the estimated 24-hour time
weighted average air concentrations between DPR and U.S. EPA is due in part, but not entirely
to differences in the calculated 24-hour emission ratios (the highest proportion of the applied
mass lost in a 24-hour period). DPR’s emission ratios for Manteca, Watsonville, Oxnard and La
Selva were 0.51, 0.37, 0.84, and 0.42, respectively. U.S. EPA’s emission ratios for the same
locations were 0.47, 0.35, 0.37, and 0.51, respectively. Further, the difference in methods
(U.S.EPA used the whole field approach) also caused differences in the respective estimates.

Why DPR Does Not Use the PERFUM Model

ISCST3 is an integral part of the PERFUM model. As a result, many of the inputs used for
PERFUM are similar to those used for the ISCST3 analysis (e.g., field sizes and back-calculated
flux rates). The key difference is that PERFUM incorporates 5 years of meteorological data to
generate a distribution of daily average concentrations that represent the possible range of
downwind air concentrations based on changing wind vectors from the measured data in a series
of receptor locations.

The U.S. EPA Science Advisory Panel (SAP) concluded in their review that, in concept, the
PERFUM model was reasonable. However, the SAP did not perform an in-depth assessment of
the reliability of the PERFUM front and back end processing code as it was not their charge.
DPR has made a practice of thoroughly evaluating air dispersion models before utilizing them in
risk assessment. Although the ISCST3 model has been thoroughly evaluated at DPR, the
PERFUM components had not at the time this exposure assessment was completed. Therefore,
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only screening level air concentration estimates have been used for the DPR methyl iodide
exposure assessment.

Buffer Zones

In a second iteration of a draft risk assessment for M1 (USEPA, 2007), U.S. EPA estimated
“whole field” buffer zone distances near 40-acre fields using the PERFUM model and “target
concentrations” derived from various acute toxicological endpoints. The U.S. EPA buffer zone
distances were expressed as the distance from the edge of a treated field to a point chosen at
random where there was a 99% probability that the TWA air concentration of M1 would be less
than or equal to a target concentration. A target concentration was defined as that air
concentration of M1 which when divided into a toxicological No Observed Adverse Effect Level
(NOAEL) from a laboratory animal study, yielded a number equal to or greater than the
appropriate uncertainty factors.

This whole field, probabilistic approach differs from DPR’s maximum direction approach (Barry
and Johnson, 2008). The two approaches were compared using air concentration data from 20-
acre field fumigations with methyl bromide (24-hr TWA), metam sodium (8-hr TWA), and
chloropicrin (4-hr TWA). With each set of data, the PERFUM model was used to establish the
whole field buffer zones where any random point on the periphery had a 99% probability that the
fumigant air concentration would be equal to or less than a target concentration. The PERFUM
model was also used for the maximum direction approach for each of these fumigants. This
latter analysis indicates that a 99% whole field buffer zone only guarantees that over 5 years, at 1
application per year, if a single receptor is picked at random from the generalized distribution of
air concentrations at the whole field buffer zone distance (independent of the individual
applications), there will be a 1% chance that the air concentration at that receptor will be greater
than the threshold concentration. The whole field buffer zone method does not control the per
application buffer zone failure rate. That per application failure rate is unknown and depends
upon the application method, the flux profile of the fumigant, the averaging time of the
threshold, and the application size. The 99% whole field buffer zone per application failure rates
were 12 to 14% for methyl bromide (24-hr TWA), 7.5% to 22% for metam sodium (8-hr TWA),
and 10% to 29% for chloropicrin (4-hr TWA).

Intermediate and Annual Bystander Exposure Estimates

U.S. EPA did not include an estimate of potential community exposures from area-wide
applications (USEPA, 2006; USEPA, 2007). However, USEPA did remark that “...HED (U.S.
EPA’s Health Effects Division) has compared iodomethane to the ambient air levels that were
quantified for methyl bromide using physical chemical properties and environmental fate
characteristics. Based on this comparison, HED believes there is less potential for exposure with
iodomethane than with methyl bromide because of the environmental fate characteristics of
iodomethane relative to methyl bromide (i.e., iodomethane dissipates/degrades faster in the
environment).”

DPR used a 2-week average air concentration of MI from a treated field at the buffer zone to
simulate a resident bystander’s seasonal exposure. This estimated air concentration, 70+18 ng/L,
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was close to the measured average (2 week) air concentration of methyl bromide (46 ng/L) in
communities where methyl bromide is used as a pre-plant field fumigant (Thongsinthusak and
Haskell, 2002).
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