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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 µg/kg-day for drip-irrigation applicators to 141.7 µg/kg-day 
for tarp monitors engaged in shank injections.  Seasonal absorbed daily dosages ranged 
from 0.6 µg/kg-day for planters to 26.2 µg/kg-day for shank-injection applicators.  
Theoretical long-term or annual absorbed daily dosages ranged from 0.1 µg/kg-day for 
planters to 6.6 µg/kg-day for shank-injection applicators.  Theoretical lifetime absorbed 
daily dosages ranged from 0.05 µg/kg-day for planters to 3.5 µg/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 µg/kg-day 
to 882 µg/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 µg/kg-day (adults) to 969 µg/kg-day 
(infants).  Seasonal exposures of resident bystanders immediately outside the buffer zone 
ranged from 19 µg/kg-day (adults) to 40 µg/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 µg/kg-day for adults and infants, respectively. 
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Methyl iodide (MI), also known as iodomethane, is a colorless liquid that turns yellow, brown, or 
red when exposed to sunlight and moisture.  MI 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, MI 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).    MI 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.  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 MI 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, 
or (2) drip irrigation (Thongsinthusak and Haskell, 2002).  Both of 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 MI 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 MI are similar to those of MB 
(Thongsinthusak and Haskell, 2002), it is expected that occupational exposures to MI will follow 
the same pattern as MB.  Thus, the occupational exposures from shallow-shank injection of MI 
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.
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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.   

1 
2 
3  

 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 REIa): 
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 

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

All forms of application Inhalation, dermal 
absorption 

4 
5 

 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. Representativea exposure scenarios, label-approved treatments, and potentially 

exposed individuals. 
 
Representative Exposure Scenarios Other Label-Approved Treatments Potential Individuals Exposed 

 Tractor driver, Driver’s assistant, 
Shoveler, Supervisor, Tarp cutter 

Tarp remover, Tarp remover driver 
 

Fieldworker: (post REIb) Planter 

Shallow shank, tarped soil, broadcast 
injection 

 Deep shank, tarped soil, broadcast 
injection 

Same as above 

 Tractor driver, Shoveler, Tarp 
monitor, Supervisor, Hole puncher,  

 
Fieldworker: (post REI) Planter 

Shallow shank, tarped raised bed 
injection 

Drip irrigation system, tarped field, 
liquid fumigant 

 Applicators, Supervisor, Hole puncher
 

Fieldworker: (post REI),  Planter 
 Bystanders working adjacent fields; 

Residents living immediately adjacent 
to application sites, Residents in 

farming communities. 

Bystanders 

a 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. 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

b REI = Restricted entry interval 
 
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 
exposures considered in this document are seasonal (more than a week, but less than a year) and 
annual exposures. 
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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: Iodomethane, monoiodomethane 
CAS registry number: 74-88-4 
California chemical code: 5783 
USEPA PC Code: 000011 
Common name: methyl iodide  
Trade names: Midas. 
Molecular formula: CH3I 
Molecular weight: 141.95 g/mole 
Chemical structure: CH3-I 
Physical appearance and stability: Colorless to pale yellow liquid with an acrid odor.  It is 

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 104 ppm = 14.2 g/L @ 25°C), and is 
miscible with alcohol and ether. 

Boiling point: 42 oC 
Melting point: -66.1 oC 
Vapor pressure: 398 mm Hg (25oC) 
Specific gravity: 2.279g/mL (liquid) 
Henry’s Law Constant (Kh): 0.0054 atm-m3/mol (25°C) 
Conversion factor: 1 ppm = 5.81 mg/m3 at 25 oC 

 
 

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 indicate that 
exposures exceed 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 is used (e.g., 
tractor drivers, co-pilots, and shovelers). Air purifying organic vapor removing respirators 
(APRs) which reduce exposure levels by a factor of 10 were also considered and exposures were 
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reduced below HED’s level of concern for all workers involved in application with these 
devices, although for some application tasks, APRs are not required to achieve acceptable 
exposure levels. Respirators would be the most practical protective equipment choice for 
reducing exposures for most workers in this case. This was because the field monitoring data 
used for this analysis already reflected the use of some engineering controls such as tarps, tractor 
cabs, deep injection, or other devices including fans in proximity to drivers. The duration of 
exposure had no impact on the results of this assessment. 
 
For workers who entered fields days after application to prepare for planting (e.g., tarp cutters or 
hole punchers), exposures were not of concern 5 days after application (which reflects the 
available data) without any sort of respiratory protection. This was also the case for planters 
where exposures were not of concern 7 days after application without any sort of respiratory 
protection (which also reflects the available data).” 
 
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 six 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, 
2008. 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 
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severe eye and mucous membrane irritation at relatively low concentrations, which allows its 
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 ingredienta. 
 

Product 
Name 

U.S. EPA 
Registration 

# 
Company Formulation Frequency of Application 

Methyl Iodide 
Application 

Rateb

Iodomethane 
Technical 

66330-44 Arysta 99.8% MIc 

   
Formulation use only Not applicable 

Midas® 98:2 66330-43 Arysta 98% MI, 2% 
chloropicrin  

Outdoor pre-plant soil fumigant 175 

Midas® 
50:50 

6630-57 Arysta  50% MI, 
50% chloropicrin 

Outdoor pre-plant soil fumigant 350 

Midas® EC 
Bronze 

6630-58 Arysta 49.9% MI, 44.78% 
chloropicrin 

Outdoor pre-plant soil fumigant 350 

Midas®  
33:67 

6630-59 Arysta 33% MI, 67% 
chloropicrin 

Outdoor pre-plant soil fumigant 530 

Midas® EC 
Gold 

66330-60 Arysta  33% MI, 
61.7% chloropicrin

Outdoor pre-plant soil fumigant 530  

Midas® 
25:75 

66330-42 Arysta 25% MI, 
75% chloropicrin 

Outdoor pre-plant soil fumigant 700 

a   Information derived from the U.S. EPA product labels. 14 
15 
16 
17 
18 
19 
20 
21 
22 

b Pounds of  formulation  per broadcast acre. 
c Methyl iodide 
 
 
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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Table 4.  Proposed uses of methyl iodidea. 1 
2  

Product Name Proposed Use Application Method and Equipment 
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®98:2 

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 

Broadcast/flat fume applications.  More specific information can be found on the label cached in 
Appendix I. 
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1 Table 4. Proposed uses of methyl iodide a (continued)   
Product Name Proposed Use Application Method and Equipment 
Midas® EC 
Bronze 
 

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   

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

Midas® 33:67 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   

 1) Raised Bed Application, 2) Broadcast/Flat Fume Application, or 3) Deep Injection Auger Probe 
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 
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   

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

Midas® 25:75 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   

Broadcast/flat fume application and raised bed soil 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 2 
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F. Label Precautions/Personal Protective Equipment 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

 
All MI 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 MI 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 I.  
“Applicators and other handlers (to include tractor drivers, co-pilots, shovelers, and tarp 
monitors) must wear: 

• Loose fitting or well ventilated long-sleeved shirt and long pants. 
• Shoes plus socks. 
• Full face shield or safety glasses with brow, temple and side protection is required.  DO 

NOT wear goggles. 
• 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. 

• 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: 

• Loose fitting or well ventilated long-sleeved shirt and long pants. 
• Shoes plus socks. 

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 
with Personal Protective Equipment (PPE) required for early entry into a treated area may work 
in buffer zones. 

40 
41 
42 
43 
44 
45 
46 
47  
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The buffer zone of the field to be treated cannot overlap the buffer zone of another field treated 
within the last 48 hours.” 

1 
2 
3 
4 
5 
6 
7 
8 
9 
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11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
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37 
38 
39 
40 
41 
42 
43 
44 
45 
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G. Illness 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 I eye irritant, and can cause permanent damage to corneas 
(Bonnette, 2001b).  It is a toxicity category II skin irritant (Bonnette, 2001c), and a mild dermal 
sensitizer (Bonnette, 2001a). 
 
I. Pharmacokinetics 
 
Methyl iodide, technical (99.7% purity), marked with radiolabeled MI (14[C]-CH3I) 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 5½-hour whole-body exposures at 25 ppm (141 mg/m3) or 233 ppm (1317 mg/m3) in the 
main test; and 21 ppm (119 mg/m3) or 209 ppm (1181 mg/m3) 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 14C.  
Approximately 50-60% of the oral dose and 40-47% of the inhaled dose was eliminated as CO2 
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 MI 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 GI 
tract) and higher than blood levels after inhalation exposure.  Major urinary metabolites (via 
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. 
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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 132[I]-methyl iodide in air under laboratory conditions.  Exposure durations for the 
subjects lasted 5 minutes.  Retention/absorption for the 18 subjects ranged from 53% 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 published studies of 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 MI 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. 
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The estimated lifetime of MI 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 MI of 0.0015.  
Chlorofluorocarbon (CFC11), by way of comparison, has an ODP of 1.0. 
 
An aerobic soil metabolism study was conducted using [14C]-methyl iodide at a concentration of 
31 µg/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 (r2=0.98). 
 
An anaerobic aquatic metabolism study was conducted using [14C]-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 MI 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 (r2=0.897). 
 
Adsorption and desorption experiments were performed using a batch equilibrium method on 
five different soils with four concentrations of MI 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 (Kd 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 (Kd 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. 
 
 

 
II. 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.  These data can be used 
to estimate occupational exposures.  Other studies examined air concentrations of MI at various 
distances from the fields where it was applied using different application techniques.  These data 
can be used to estimate bystander exposures. 
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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 lbs 
of active ingredient (a.i.)/treated acre; although the label for the product used in the study 
allowed a maximum of 235 lbs a.i./treated acre.  The effective broadcast rate (including area 
between raised beds) was 143.2 lbs a.i./acre.  The test was on bare ground, and the test subjects 
were workers involved in applying methyl iodide (driver, 1st shoveler, 2nd shoveler, 1st tarp 
monitor, 2nd tarp monitor), or conducting subsequent tasks (hole puncher at 5 days after 
application; 1st and 2nd 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 MI 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. 
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Figure 1.  Tarp monitors and tractor driver performing tasks associated with tarped/raised 
bed/shank injection of methyl iodide

1 
2 a.  
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7 
8 
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10 

a  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
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2 a.  
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a  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 µg/L to an expression 
in ppm is done using the following equation: 
 
Equation 1.  Calculation of methyl iodide air concentration (ppm). 
 

=
μg x 24.45 

= 
μg x 0.1722 

Methyl Iodide (ppm) 
  VS x 141.95  VS

14 

15 
16 
17 
18 
19 

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). 
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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. 

1 
2 
3 
4  

Body Weight 
[kg] 

Average Total 
Volumea

[L] 

Methyl 
Iodide 
(MI) 
[µg]b

MI Air 
Concentration 

[µg/L] 
(ppm)c

Work Task 

98 25.8 7.88d 0.31 
(0.05) 

Tractor Driver 

47 25.1 5.39d 0.21 
(0.04) 

1st Shoveler 

102 25.6 12.29d 0.48 
(0.08) 

2nd Shoveler 

94 25.3 3.29d 0.13 
(0.02) 

1st Tarp Monitor 

86 25.4 21.84d 0.86 
(0.15) 

2nd Tarp Monitor 

86 6.8 0.04e 0.01 
(0.001) 

Hole Puncher 

86 14.9 0.14e 0.01 
(0.002) 

1st Planter 

47 14.9 0.09e 0.01 
(0.001) 

2nd Planter 
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a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 
b 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. 

c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 
d Corrected for 79% trapping efficiency. 
e 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 
lbs a.i./treated acre; although the label for the product used in the study allowed a maximum of 
235 lbs a.i./treated acre.  The test was on bare ground, and the test subjects were workers 
involved in applying methyl iodide (driver, 1st shoveler, 2nd shoveler, 1st tarp monitor, 2nd tarp 
monitor), or conducting subsequent tasks (hole puncher at 5 days after application; 1st and 2nd 
planters at 7 days after application).  The driver operated the tractor while the 1st tarp monitor sat 
in the shank injector seat.  The 2nd 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 2nd 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.   

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

 
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 2nd 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 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 0.10 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. 

1 
2 
3 
4  

Body Weight 
[kg] 

Average Total 
Volumea

[L] 

Methyl 
Iodide 
(MI) 
[µg]b

MI Air 
Concentration 

[µg/L] 
(ppm)c

Work Task 

77 21.2 116d 5.47 
(0.94) 

Tractor Driver 

86 21.6 54.4d 2.52 
(0.43) 

1st Shoveler 

95 21.4 92.3d 4.32 
(0.74) 

2nd Shoveler 

91 21.0 73.8d 3.52 
(0.60) 

1st Tarp Monitor 

60 20.1 119.3d 5.94 
(1.02) 

2nd Tarp Monitor 

95 9.7 5.8e 0.60 
(0.10) 

Hole Puncher 

86 16.1 0.5e 0.03 
(0.005) 

1st Planter 

85 16.5 0.5e 0.03 
(0.005) 

2nd Planter 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 
b 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. 

c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 
d Corrected for 81% trapping efficiency. 
e 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., 2001b).  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 lbs a.i./treated acre although the label for the product used in 
the study allows a maximum of 235 lbs. 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, 1st 
shoveler, 2nd shoveler, 1st tarp monitor, 2nd tarp monitor), 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 
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the platform, cut the tarp, 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

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

® 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. 

1 
2 
3 
4  

Body Weight 
[kg] 

Average Total 
Volumea

[L] 

Methyl 
Iodide 
(MI)b

[µg] 

MI Air 
Concentration

[µg/L] 
(ppm)c

Work Task 

77 10.9 1.08d 0.10 
(0.02) 

Tractor Driver 

91 10.9 6.92 d 0.64 
(0.11) 

Driver’s Assistant 

86 9.4 5.30 d 0.56 
(0.10) 

1st Shoveler 

80 9.4 1.07 d 0.11 
(0.02) 

2nd Shoveler 

95 3.4 0.10 d 0.03 
(0.005) 

Tarp Cutter 

75 18.0 1.16 d 0.06 
(0.01) 

Tarp Remover 

105 18.1 2.14 d 0.12 
(0.02) 

Tarp Remover Driver 

Planter 80 3.2 0.11 d 0.03 
(0.006) 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 
b 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. 

c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 
d 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 lbs/treated acre (broadcast rate of 118.8 lb/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 (1st applicator, 2nd applicator), or conducting subsequent 
tasks (hole puncher at 5 days after application; 1st and 2nd planters at 7 days after application).  
Workers wore long sleeved coveralls, or equivalent (long sleeved shirt, long pants), socks, and 
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1 
2 
3 
4 
5 
6 
7 

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 soila.  
 

 8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

a  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 

 
 

22



FINAL DRAFT- (7/14/09) do not cite or quote 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

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 0.17 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. 

 
Body Weight

[kg] 
Average Total 

Volumea

[L] 

Methyl 
Iodide 
(MI) 
[µg]b

MI Air 
Concentration 

[µg/L] 
(ppm)c

Work Task 

91 13.8 4.51d 0.33 
(0.06) 

1st Applicator 

100 14.0           10.29d 0.74 
(0.13) 

2nd Applicator 

100 10.0 0.20e 0.02 
(0.003) 

Hole Puncher 

91 17.9 0.06e 0.003 
(0.0006) 

1st Planter 

100 18.1 0.05e 0.003 
(0.0005) 

2nd Planter 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 
b 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. 

c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 
d Corrected for 72% trapping efficiency. 
e 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 lbs a.i./acre (the broadcast rate was 162.2 lb 
a.i./acre).  The test was on bare ground soil, and the test subjects were workers involved in 
applying methyl iodide (1st applicator, 2nd applicator), or conducting subsequent tasks (hole 
puncher at 5 days after application; 1st and 2nd 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 (LOQ) 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

[kg] 
Average Total 

Volumea

[L] 

Methyl 
Iodide 
(MI) 
[µg]b

MI Air 
Concentration 

[µg/L] 
(ppm)c

91 19.0 7.9d 0.42 
(0.07) 

1st Applicator 

99 18.9             11.1d 0.59 
(0.10) 

2nd Applicator 

99 9.4 0.66e 0.07 
(0.01) 

Hole Puncher 

99 13.5 0.01e 0.001 
(0.0001) 

1st Planter 

82 13.2 0.04e 0.003 
(0.0005) 

2nd Planter 

26 
27 
28 
29 
30 
31 
32 
33 

a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 
b 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. 

c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 
d Corrected for 75% trapping efficiency. 
e  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 lbs a.i./treated acre (the 
broadcast rate was 139 lb a.i./acre).  The test was on bare ground soil, and the test subjects were 
workers involved in applying methyl iodide (1st applicator, 2nd applicator), or conducting 
subsequent tasks (hole puncher at 5 days after application; 1st and 2nd 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. 

1 
2 
3 
4  

Body Weight
[kg] 

Average Total 
Volumea

[L] 

Methyl 
Iodide 
(MI) 
[µg]b

MI Air 
Concentration 

[µg/L] 
(ppm)c

Work Task 

94 14.9 19.2d 1.3 
(0.22) 

1st Applicator 

100 14.8           12.5d 0.85 
(0.15) 

2nd Applicator 

125 6.7 0.58e 0.09 
(0.01) 

Hole Puncher 

90 15.7 0.39e 0.02 
(0.004) 

1st Planter 

97 15.4 0.34e 0.02 
(0.004) 

2nd Planter 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

a The average volume collected from the two air monitoring devices rigged on the shoulder of each person. 
b 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. 

c 1 ppm = 5.81 µg/L rounded to the nearest 1/100 µg/L. 
d Corrected for 65% trapping efficiency. 
e Corrected for 37% trapping efficiency.  
 
 
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 
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 
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15 

individual workers for statistical analysis of the data.   
 
As each pesticide handler was wearing the PPE prescribed by the label, all of the reported 
exposures were included in the analyses.  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 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 95th percentile of a lognormal 
distribution of MI concentrations as calculated by the following expression: 
 

( )0.95ˆ ˆexp Zμ σ⎡ ⎤+⎢ ⎥⎣ ⎦
 16 

17  
Where: μ̂ = the arithmetic mean of the natural logs of the values 18 

19 
20 

  Z(0.95) = the standard normal deviate such that 95% of the distribution is less than that 
value 

 σ̂ = the standard deviation of the natural logs of the values  21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

 
The calculations are shown in Appendix II. 
  
It was assumed that all workers would be exposed for a full, 8-hour workday.  The arithmetic 
mean, 8-hour air concentrations of MI 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.   
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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 (ADi), average: 

ADi = Cmi  x  IR  x  (1-PF)  x  AF 
 where,   Cmi = methyl iodide air concentration (µg/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 =  ADi  x  daily duration (hr/day) / body weight (kg) 
 
 where, ADi, =  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 11.   
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Dermal Route.  As noted earlier, there were no studies that provided an estimate of the amount 
of MI 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 (r2 = 0.93), but that octanol-water partition coefficients did not (r2 = 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: 
 

Kp(est) =  (Kf/a x 0.00049) – 0.0385 
 
 Where: Kp(est) = the estimated skin permeability coefficient  
   Kf/a    = the fat/air partition coefficient 
 
In the case of methyl iodide, the measured Kf/a in rats is 88.8+2.3 (Gannon, 2004).  Thus, 
substituting 88.8 for K
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f/a in the above formula yields an estimated Kp 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 intake = Kp x Concexposure x Areaskin x timeexposure
 
Where:                Kp   =  measured or calculated skin permeability coefficient (cm/hr) 
   Concexposure   =  concentration of the chemical in air (µg/m3)  
    Areaskin        =  area of skin exposed (cm2) 
               timeexposure   =  duration of exposure period (hr) 
 
 
As indicated in Table 10 and Table 2, Appendix III (estimated absorbed dose of MI for 
handlers), applicators applying MI through drip irrigation are exposed to an air concentration up 
to 1,394 µg/m3 MI.  A generic adult is assumed to have a total body surface area of 18,150 cm2 
(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 µg/m3) * (18,150 cm2) * 1m3/(1 x 106 cm3) 
  = 1.01µg. 
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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 µg/kg (Table 11).  If we assume the generic 
adult weighs 70 kg (USEPA, 1997), the amount of MI absorbed through the dermal route would 
be 0.014 µg/kg.  Consequently, the amount theoretically absorbed through the dermal route 
(0.014 µg/kg) constitutes 0.1% of the amount (9.66 µg/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 MI 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.  
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Table 11. Duration and frequency of acute and non-acute exposures for applicators and 
workers engaged in pre-plant field fumigation with methyl iodide (MI). 

1 
2 
3  

Work Task Adjustment 
Ratea

(lb. MI/FA) 

Acute 
Hours

Acute ADDb

(µg/kg-day)
[ppm]f

SADDc

(µg/kg-day)
[ppm]g

AADDd

(µg/kg-day) 
LADDe 

(µg/kg-day) 
N 

Shallow shank-tarped soil fumigation (broadcast and bedded) h     
4 Applicators (using 

shanks, 10-12") 
175 8 120.4 

[0.27] 
26.2 
[0.06] 

6.6 3.5 

6 Shovelmen and 
Shovelers 

175 8 37.4 
[0.08] 

10.2 
[0.02] 

2.6 1.4 

4 Tarp Monitors 175 8 141.7 
[0.30] 

24.8 
[0.04] 

6.2 3.3 

5 Tarp Hole Punchers, 
Tarp Cutters, and 
Tarp Removers 

175 8 44.1 
[0.08] 

11.6 
[0.03] 

2.9 1.5 

5 Planters 175 8 3.6 
[0.006] 

1.9 
[0.004] 

0.5 0.3 

Tarped-bed fumigation drip irrigation      
6 Applicator 175 8 1.1 

[0.003] 
0.61 

[0.001] 
0.15 0.08 

3 Hole Puncher 175 8 8.3 
[0.015] 

3.6 
[0.001] 

0.9 0.5 

6 Planter 175 8 2.3 
[0.004] 

0.6 
[0.001] 

0.1 0.05 

4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

a 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). 

b The acute absorbed daily dose (ADD), representing the 95th 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 95th percentile of the 8-hour MI air concentration, 

 
( )0.95ˆ ˆexp Zμ σ⎡ ⎤+⎢ ⎥⎣ ⎦

.  
c 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. 

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

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

f The 95th percentile of 8-hour MI air concentrations. 
g Average concentration of MI in air for 8 hours.  
h Data for shallow shank fumigation is calculated by grouping work tasks as stated on page 26.  
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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., 2001a; Baker, 2002a; Baker et al., 2002b; 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 MI 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 studya.  
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a 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 12, 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 12. Time weighted average of maximum methyl iodide soil flux densities at various 
times from studies involving different application methods.   

1 
2 
3  

Application Method 
(DPR Data Volume) 

Application Rate 
(lbs/Acre)a 

8-Hour Flux 
(µg/m^2/s) 

24-Hour Flux 
(µg/m^2/s) 

Shallow Shank 
Broadcast/Tarp 

(52875-007) 

252.0 234.2 120.9 

Shank, Raised-Bed/Tarp 
(52875-007) 

126.2 138 81.5 

Shallow Shank 
Broadcast/Tarp 

(52875-026) 

242.0 313.7 160.2 

Shank, Raised-Bed/Tarp 
(52875-046) 

171.1 265.6 186.4 

Raised-Bed/Drip/Tarp 
(52875-056) 

162.2 187.5 87.6 

Raised-Bed/Drip/Tarp 
(52875-063) 

118.8 153.4 81.4 

Shank, Raised-Bed/Tarp 
(52875-064) 

143.2 153.1 117.7 

Raised-Bed/Drip/Tarp 
(52875-089) 

139.0 296.1 131.1 
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a 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 lb a.i./treated acre): 
 
  AC = (AC1 * LR)/ER 
 
 Where: AC   is the adjusted air concentration of methyl iodide in µg/m3. 
  AC1  is the air concentration calculated from the flux data. 
  ER    is the effective broadcast application rate (lb s.i./acre). 
  LR    is the maximum broadcast application rate on the label (lb 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 12.  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., 
2001a). The highest flux per application rate associated with raised-bed, shank injection was 
from the study by Baker et al., 2002 and 2003 (Baker, 2002a; 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 13 (Barry, 
2008a). 
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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 MI 
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 MI 
(averaged for all 7 air monitoring studies) was estimated to be 0.07 µg/L (Barry, 2008b). 
 

 
 

36



FINAL DRAFT- (7/14/09) do not cite or quote 

 Table 13.  Maximum, time-weighted-average first day air concentrationsa of methyl iodide 
(MI) at different distances from a 40-acre fumigated field, normalized for the 
maximum application rate, for three different time periods. 

1 
2 
3 
4  

Maximum, estimated time-weighted-average MI air 
concentrations 

Type of fumigation 
and distance 

  8-hourb  
[µg/L] 
(ppm) 

24-hourc  
[µg/L] 
(ppm) 

Drip irrigation , Raised Bed 
3 m from field 19.3 

(3.3) 
4.2 

(0.7) 
15 m from field 18.0 

(3.1) 
3.8 

(0.6) 
30 m from field 16.6 

(2.9) 
3.2 

(0.6) 
91 m from field 11.9 

(2.0) 
2.2 

(0.4) 
152 m from field 9.5 

(1.6) 
1.7 

(0.3) 
Raised-Bed, Shank Injectiond 

3 m from field 7.0 
(1.2) 

2.4 
(0.4) 

15 m from field 6.6 
(1.1) 

2.2 
(0.4) 

30 m from field 6.0 
(1.0) 

1.9 
(0.3) 

91 m from field 4.3 
(0.71) 

1.3 
(0.2) 

152 m from field 3.5 
(0.6) 

1.0 
(0.2) 

Flat-Fume Shank Injection 
3 m from field 11.7 

(2.0) 
2.9 

(0.5) 
15 m from field 10.9 

(1.9) 
2.6 

(0.4) 
30 m from field 10.0 

(1.7) 
2.3 

(0.4) 
91 m from field 7.2 

(1.2) 
1.5 

(0.3) 
152 m from field 5.8 

(1.0) 
1.2 

(0.2) 

5 
6 
7 
8 
9 

10 

a Derived from maximum flux rate data assuming 175 lb a.i./treated acre for the first day after fumigation. 
b Assumes “D” conditions, maximum day-time atmospheric stability (Barry, 2008a). 
c Assumes “C” conditions, atmospheric stability for 24-hours (Segawa, 1997). 
d Derived from maximum flux rate data assuming 87.5 lb a.i./acre application rate (50% of max allowed 175 lb 

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 µg/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 µg/L of methyl 
bromide.  The highest measured community 2-week average air concentration (seasonal) was 
0.046 µg/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 MI, 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 field has been fumigated unless they are equipped with label-approved PPE.   
 
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 14.  
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 13), and assumes a body weight of 71.8 kg, with an inhalation rate of 
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0.83 m3/hr (Table 14).  In the absence of data, the default inhalation retention/absorption of 
methyl iodide is assumed to be 100%.   
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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 µg/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 14.  Default human inhalation rates and body weights for different aged individuals. 
 

Agea 
(years) 

Hourly Inhalation 
Rateb 

(m3/hr) 

Median Body 
Weightb 

(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

a  Both genders are represented within each age group. 14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

b  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.   

 
 
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 15.  
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 15. 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.  

1 
2 
3 
4  

8-Hour ADDa 
(µg/kg-day) 

 SADDb  
(µg/kg-day) 

Application Method

Tarped 
  Drip Irrigation, 
  Raised Bed/40 acres 882  19  

  Raised-Bed, Shank 
  Injection/40 acres 325 19 

  Flat-Fume Shank 
  Injection/40 acres 538 19 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

 
 
a 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 13), assuming a body weight of 
71.8 kg, an inhalation rate of 0.83 m3/hr (Table 14) for 8 hours, and 100% retention/absorption of methyl 
iodide through the inhalation route. 

b 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 µg/L) at 152 m (Barry, 2008b), assuming a body 
weight of 71.8 kg, an inhalation rate of 0.83 m3/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 16-19.  
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Table 16. 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.  

1 
2 
3 
4  

24-Hour ADDa 
(µg/kg-day) 

SADDb 
(µg/kg-day) 

Application Method

Tarped 
  Drip Irrigation, 
  Raised Bed/ 40 acres

473  19 

  Raised-Bed, Shank 
  Injection/ 40 acres 

278 19 

  Flat-Fume Shank 
  Injection/ 40 acres 

334 19 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

 
 
. 
a 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 13), assuming a body weight of 71.8 kg, an 
inhalation rate of 0.83 m3/hr (Table 14) for 24 hours, and 100% retention/absorption of methyl iodide through 
the inhalation route. 

b 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 µg/L) at 152 m (Barry, 2008b), assuming a body weight of 
71.8 kg, an inhalation rate of 0.83 m3/hr for 24 hours, and 100% retention/absorption of methyl iodide through 
the inhalation route.  
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Table 17. 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.  

1 
2 
3 
4  

24-Hour ADDa 
(µg/kg-day) 

SADDb 
(µg/kg-day) 

Application Method

Tarped 
  Drip Irrigation, 
  Raised Bed/ 40 acres

793 33 

  Raised-Bed, Shank 
  Injection/ 40 acres 

467 33 

  Flat-Fume Shank 
  Injection/ 40 acres 

560 33 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

 
. 
a 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 13), assuming a body 
weight of 18 kg, an inhalation rate of 0.35 m3/hr (Table 14) for 24 hours, and 100% retention/absorption of 
methyl iodide through the inhalation route. 

b 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 µg/L) at 152 m (Barry, 2008b), assuming a 
body weight of 18 kg, an inhalation rate of 0.35 m3/hr for 24 hours, and 100% retention/absorption of methyl 
iodide through the inhalation route.  

 
Table 18. 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.  

 
24-Hour ADDa 

(µg/kg-day) 
SADDb 

(µg/kg-day) 
Application Method

Tarped 
  Drip Irrigation, 
  Raised Bed/ 40 acres

969 40 

  Raised-Bed, Shank 
  Injection/ 40 acres 

570 40 

  Flat-Fume Shank 
  Injection/ 40 acres 

684 40 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

 
a 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 13), assuming a body weight 
of 8 kg, an inhalation rate of 0.19 m3/hr  (Table 14) for 24 hours, and 100% retention/absorption of methyl 
iodide through the inhalation route. 

b 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 µg/L) at 152 m (Barry, 2008b), assuming a 
body weight of 8 kg, an inhalation rate of 0.19 m3/hr for 24 hours, and 100% retention/absorption of methyl 
iodide through the inhalation route.  

Once MI 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 MI at the edge of the buffer zone would persist for the 3-month period, 
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1 
2 
3 
4 
5 
6 
7 

annual exposures may be estimated by amortizing the seasonal exposure (90 days) over the entire 
year (365 days) (Table 19). 
 
Table 19. 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 ADDa 

(µg/kg-day) 
SADDb 

(µg/kg-day) 
AADDc 

(µg/kg-day) 
LADDd 

(µg/kg-day) 
Adult 473 19 5 5 
Child (3-5 yrs) 793 33 8 NA 
Infant < 1 yr 969 40 10 NA 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

a The 24-hour absorbed daily dose (ADD) for different age bystanders was calculated using Equations 2 and 3, 
the 95th percentile of 24-hour methyl iodide air concentration at 152 m from a drip-irrigated field (Table 13), 
assuming body weights, inhalation rates consistent with the individual ages (Table 14) for 24 hours, and 100% 
retention/absorption of methyl iodide through the inhalation route. 

b 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 µg/L) 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. 

c 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. 

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

 
  
 

III. 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 III. 
 
A. Physiological Assumptions 
 
A published study reported that the inhalation retention/absorption of methyl iodide in human 
subjects varied between 53% and 92% (Morgan and Morgan, 1967).  As the study also indicated 
the retention/absorption of MI can vary widely between individuals at rest or working, a default 
factor of 100% was used (Frank, 2008).  It should be noted, though, that the absorption/retention 
of methyl bromide, which is chemically similar to methyl iodide, has been shown to be 52-54% 
in humans (Raabe, 1988), 40% in dogs (Raabe, 1986), and 48% in rats (Medinsky et al., 1984).  
Thus, the dose estimated to be absorbed/retained through the inhalation route may be less than 
the assumed value.   
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Generic single value breathing rates and body weights representing the central tendency of the 
data were used in calculating bystander exposures (USEPA, 1997; Andrews and Patterson, 
2000).  Such generic assumptions, though reasonable, contribute to the uncertainties in 
estimating the amount of chemical absorbed through the respiratory route by individuals. 
 
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 MI 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 
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 
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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. Flux 
may also be a function of soil textures and temperatures. However, DPR does not have studies 
that adequately quantify the magnitude of the effect of those factors. 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. 
 
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, nightime 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 MI 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 
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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 
fumigant exposure incidents have occurred under nightime 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. 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. 
 
In each of the 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.  Current 
pesticide handler activities associated with pre-plant field fumigation involving methyl bromide 
are limited by regulations and permit conditions (CCR, 2004).  Such limitations on activities and 
duration of exposure, if applied to methyl iodide use, would likely reduce handler exposures.     
 
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 
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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 MI 
contributes to the uncertainty in estimating the effective dose.   
 
E. 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 MI can be made.  
Further, even if there were chemical specific data, there are no regulations that require homes to 
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 MI 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. 
 
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).  However, those data also indicated that fields are likely to be fumigated only 
once per year.  As bystanders living adjacent to fumigated fields seemed likely to receive the 
highest repetitive exposures, a 2-week average air concentration (0.07 µg/L) was used to 
simulate seasonal exposure of these individuals.  However, virtually all of the MI is gone from 
treated fields by day four (Figure 6), and the 2-week average air concentration of MI 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 µg MI/L) was approximately the same as the highest 2-week average 
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ambient air concentration of methyl bromide (0.046 µg 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 
et al., 1987). 
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Figure 6.  Average methyl iodide flux over the course of two weeks from fields treated by 
shank injection or drip irrigation a.  
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APPENDIX  II 1 

2 
3 

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

Task Air  
Concentration 

(µg/L) 

Breathing 
Rate 

(L/hr) 

Hours 
Worked

Body 
Weight 

(kg) 

Absorbed 
Daily Dosea 
(µg/kg-d) 

Natural Log 
(Absorbed 
DailyDose)b 

Average 
Natural Log 

ADD (μ) 

Standard 
Deviation Ln 

ADDc (σ)  

Z(.95)d ADDe 
(µg/kg-d) 

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     

0.56 833 8 86 4.34 1.47 1.67g 1.30 1.645 45 Shovelmen (ff) 
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     

0.13 833 8 94 0.92 -0.08 2.31h 1.85 1.645 213.2 Tarp Monitor 
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     

0.03 833 8 95 0.21 0.74 1.59i 1.50 1.645 57 Tarp Cutter (ff) 
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     

0.03 833 8 80 2.50 0.92 0.54j 0.50 1.645 4 Planter (ff) 
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     

4 
5 
6 
7 
8 

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

b The natural log (Ln) of the absorbed daily dose (numbers rounded to nearest 1/100). 
c The arithmetic standard deviation of the natural logs for the absorbed doses (σ). 
d The 95th percentile of the standard normal distribution.  

9 

10 
11 
12 
13 
14 
15 

e The 95th %ile of exposure calculated as 
( )0.95ˆ ˆexp Zμ σ⎡ ⎤+⎢ ⎥⎣ ⎦

 

          where: μ   =  arithmetic mean, Z = the 95th percentile of the standard normal deviation),  σ  =  arithmetic standard deviation 
f The arithmetic average of the natural log of the absorbed daily dose for tractor drivers- flat fume (ff) driver, copilot; and raised bed applicators. 
g The arithmetic average of the natural logs of the absorbed daily doses for shovelmen- flat fume (ff) shovelmen; and raised bed shovelers. 
h The arithmetic average of the natural logs of the absorbed daily doses for tarp monitors. 
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. 
j The arithmetic average of the natural logs of the absorbed daily doses for planters. 
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1 Table 2. Calculation of occupational exposures associated with drip irrigation, tarped-bed applications of methyl iodide. 
Task Air 

Concentration 
(µg/L) 

Breathing 
Rate 

(L/hr) 

Hours 
Worked

Body 
Weight 

(kg) 

Absorbed 
Daily Dose a 

(µg/kg-d) 

Natural Log 
(Absorbed Daily 

Dose)b 

Average 
Natural Log 

ADD (μ) 

Standard 
Deviation Ln 

ADDc (σ) 

Z(.95)d ADDe 
(µg/kg-d) 

Applicator 0.33 833 8 91 0.30 -1.20 -0.59f 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     

0.02 833 8 100 1.33 0.29 1.14g 0.73 1.645 10.41 Hole Puncher 
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 -1.13h 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     

2 
3 
4 
5 
6 

a 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 
(numbers rounded to nearest 1/100). 

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

7 

8 
9 

10 
11 
12 

e The 95th %ile of exposure calculated as 
( )0.95ˆ ˆexp Zμ σ⎡ ⎤+⎢ ⎥⎣ ⎦

 

          where: μ   =  arithmetic mean, Z = the 95th percentile of the standard normal deviation),  σ  =  arithmetic standard deviation 
 
f The arithmetic average of the natural logs of the absorbed doses for drip irrigation applicators working on tarped raised beds. 
g The arithmetic average of the natural logs of the absorbed doses for  drip irrigation hole punchers. 
h The arithmetic average of the natural logs of the absorbed doses for drip irrigation planters. 
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1 
2 

Table 3.  One-hour daytime air concentrations of methyl iodide at various distances from a 40-acre field treated at 175 lb/acre. 
 

Distance 
(m) 

Guadalupe 
Shank Bed/Tarp 

(µg/L) 

Manteca 
Shank/Broadcast/Tarp

(µg/L) 

Oxnard 
Shank/Bed/Tarp 

(µg/L) 

LaSelva Beach 
Drip/Tarp 

(µg/L) 

Camarillo 
Drip/Tarp 

(µg/L) 

Guadalupe 
Drip/Tarp 

(µg/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 

3 
4 
5 
6 

 
 
Table 4.  Eight-hour daytime air concentrations of methyl iodide at various distances from a 40-acre field treated at 175 lb/acre. 
 

Distance 
(m) 

Guadalupe 
Shank/Bed/Tarp 

(µg/L) 

Watsonville 
Shank/Broadcast/Tarp

(µg/L) 

Manteca 
Shank/Broadcast/Tarp

(µg/L) 

Oxnard 
Shank/Bed/Tarp

(µg/L) 

LaSelva Beach
Drip/Tarp 

(µg/L) 

Camarillo 
Drip/Tarp 

(µg/L) 

Guadalupe 
Drip/Tarp 

(µg/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 

7  
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1 
2 

Table 5.  Twenty-four-hour air concentrations of methyl iodide at various distances from a 40-acre field treated at 175 lb/acre. 
 

Distance 
(m) 

Guadalupe 
Shank/Bed/Tarp 

(µg/L) 

Watsonville 
Shank/Broadcast/Tarp

(µg/L) 

Manteca 
Shank/Broadcast/Tarp

(µg/L) 

Oxnard 
Shank/Bed/Tarp

(µg/L) 

LaSelva Beach
Drip/Tarp 

(µg/L) 

Camarillo 
Drip/Tarp 

(µg/L) 

Guadalupe 
Drip/Tarp 

(µg/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 1.3 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 

 3 
4 
5 
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APPENDIX III 1 
2 
3 
4 
5 
6 

 
Comparison of DPR’s Exposure Estimates with the Exposure Estimates  

in U.S. EPA’s Registration Eligibility Documents 
 
 
Occupational Exposure Estimates  7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

 
U.S. EPA utilized 11 job categories for estimating occupational exposures to MI 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 MI to 
represent the acute 8-hour exposure for workers.  (5) DPR used the arithmetic mean air 
concentration of MI 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 (MI) worker exposure associated with pre-plant agricultural field 
fumigation. a 

1 
2 

Application method Work Task Maximum MI Conc.
(ppm) 

Maximum MI 
Concentration with PPEb

(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, 
  Drip Irrigation 

  Planter 0.007 0.0007 

  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 

3 
4 
5 
6 
7 
8 

a From Table 12 in (USEPA, 2006). PPE = personal protective equipment 
b Assumes an applicator is wearing air purifying organic vapor removing respirators with a 10-fold protection 

factor. 
 
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 

Concentration; No PPE 
(ppm) a 

U.S. EPA Estimated Exposure 
Concentration; No PPE 

(ppm) a 

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 
Removers 

0.16 0.07 

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 

9 
10 
11 

a Assumes 8 hours of exposure at the indicated concentrations. PPE = personal protective equipment 
 
 
Comparison of Calculated Air Concentrations  12 

13 
14 
15 
16 
17 
18 

 
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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1 
2 
3 
4 
5 
6 
7 

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. 

Application Method Margin of Exposurea MI Concentrationb 
(ppm) 

Study Site 

 Manteca Broadcast, shank 
injection, flat fume 

17 0.17 

 Watsonville Broadcast, shank 
injection, flat fume 

10 0.29 

 Oxnard Raised bed, shank 
injection 

9 0.32 

  La Selva Drip irrigation, raised 
bed 

12 0.24 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

a Assumes C atmospheric conditions (wind speed of 1.4 m/s). 
b 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 MI 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 23 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

 
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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1 
2 
3 

only screening level air concentration estimates have been used for the DPR methyl iodide 
exposure assessment. 
 
Buffer Zones 4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

 
In a second iteration of a draft risk assessment for MI (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 MI would be less 
than or equal to a target concentration.  A target concentration was defined as that air 
concentration of MI 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 34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

 
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, 46 
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1 
2 
3 
4 
5 
6 

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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