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EXECUTIVE SUMMARY

Agricultural fumigants represent a complex and intermittent source category that
is not amenable to routine modeling methods commonly used to estimate downwind exposures
to air emissions. The complexity is a function of the infrequent nature of fumigant applications,
the variability in emissions, and the impact of the diurnal (day/night) changes in meteorological
and soil conditions on emissions and exposures. Because no currently available model captures
these and related factors, efforts were undertaken to develop a model that addresses the most
relevant characteristics of fumigant applications, and improves the accuracy of the exposure
estimates for this complex source category. The result of these efforts is the development of the
Fumigant Exposure Modeling System (FEMS) model, which is being submitted to the U.S.
Environmental Protection Agency (EPA) Federal Insecticide, Fungicide, and Rodenticide
(FIFRA) Scientific Advisory Panel (SAP) for peer-review, with the ultimate objective of making
this model publicly available for assessing airborne exposures from agricultural fumigants.

The FEMS model was developed with three critical design considerations in
mind: (1) the intermittent nature of the release; (2) the wide variability in emissions during the
daily cycle; and (3) the need to propagate uncertainty in the input parameters through the
modeling analysis. FEMS is based on probabilistic modeling methods that are fully consistent
with EPA guidelines. Based on this design, FEMS helps to convey to risk managers greater
perspective to support more informed risk management decisions.

FEMS is a modeling system based on existing EPA models (ISCST3 (EPA, 1999)
and TOXST (EPA, 1993)) without altering these models’ calculations. A Monte Carlo-based
interface is used to account for uncertainty in the emission rates and the measured meteorological
inputs to the modeling. Measured air quality data are used to empirically estimate the best fit
and distribution of emission rates typically as a function of 4-hour time blocks, starting at the
time of fumigant application, and extending for 96 hours. FEMS evaluates distances from the
edge of an applied field that are needed to reach user-defined concentration endpoints. The
intermediate outputs from FEMS also can be processed in custom runs to display distributions of
exposures as a function of distance from the edge of the field. FEMS, in short, provides a
probabilistic interface to support data inputs and post-processing for two EPA models, ISCST3
and TOXST.

Through the development of design features that are specific to the source
characteristics and needs of agricultural fumigants, FEMS is more compatible with the source
characteristics of agricultural fumigants than routine application of models, such as the stand-
alone use of ISCST3, because it contains the means to address factors unique to the application
of agricultural fumigants. Most importantly, FEMS can be used to model these exposures
without resorting to the use of implausible assumptions to simplify the problem to the point that
routine modeling methods can be used. Thus, FEMS can serve as a foundation to address the
differing needs of various fumigants, and specific EPA needs. In modeling for exposures to
agricultural fumigants, FEMS can consider the frequency and duration of exposure, model
different averaging times (less than or equal to 24 hours), consider multiple field scenarios on an
independent or planned sequential basis (through custom runs), and consider the variability and
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uncertainty of this complex source through the use of empirical emissions distributions
developed from field studies.

EPA will benefit by using FEMS because it provides risk managers with results

that quantitatively consider the variability and uncertainty in the model input data. In addition,
the FEMS modeling approach will be useful to EPA and agricultural users for several reasons.

First, the FEMS approach relies, to the extent possible, on existing EPA modeling
methods, using the EPA ISCST3 dispersion model as the basis for the dispersion
modeling, and the EPA TOXST model to account for the intermittent application
in the form of the batch treatment in TOXST. Thus, the modeling methodology
used to evaluate exposures from industrial batch operations, which is not
fundamentally different in terms of air quality modeling from an agricultural
fumigants source, already exists. The sequential use of ISCST3 and TOXST was
designed to meet the specific needs of evaluating acute exposures from batch
operations with intermittent use, and predictable emissions sequences once the
batch is initiated.

Second, FEMS generates distributional inputs to the modeling analysis for
emission rates and meteorological terms that are consistent with EPA guidance
documents.*

Third, FEMS can resolve endpoint distances at a resolution of 10 meters to
promote stability in model output.

Fourth, FEMS retains a reasonable degree of over-prediction in the emissions
treatment, which produces some positive bias in the modeled concentrations. As
shown in Attachment 6, measured concentrations of the example chemical,
methyl isothiocyanate (MITC), generally are 10 to 100 times lower in cooler
weather studies than studies conducted during hot, dry, summertime conditions
that serve as the empirical basis for the emission treatments currently used in
FEMS for metam-sodium.

Finally, FEMS provides a sound basis to reduce the uncertainty in the assessment
of this rather unique and complex source. In this manner, FEMS promotes more
accurate and realistic risk assessments of agricultural fumigants, which in turn
promotes risk management decisions being made with greater perspective and
confidence. On this basis, FEMS can serve as a foundation to address the
differing needs of various fumigants and the specific needs of EPA.

! See EPA Guidance on Monte Carlo and Aggregate Risk Assessments (EPA, 1997, 2001),
the EPA Guideline on Air Quality Models, EPA Draft Guidance on the Development,
Evaluation, and Application of Regulatory Environmental Models (EPA, 2003a), and the
EPA Guideline on Air Quality Models (EPA, 2003b).
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The report that follows summarizes the technical issues involved in modeling
airborne emissions from agricultural fumigants, and describes the development and features of
FEMS that were developed to meet this need. The conceptual design of FEMS is explained and
its usefulness is demonstrated through the presentation of a test case and other field results. The
flow charts in Figures 2 through 4 of this document display in red the features in FEMS that
constitute developments beyond existing EPA models and routine inputs to such models.

The Fumigant Exposure Modeling System (FEMS) was developed to provide
realistic acute exposure assessments for all agricultural fumigants. The modeling system was
sponsored by the Metam-Sodium Task Force and Amvac Chemical Corporation. On this basis,
metam-sodium is used as the example fumigant throughout this document, however, FEMS is
equally applicable to all other agricultural fumigants where assessments are required for acute
exposures to airborne pollutants. The following information summarizes metam-sodium’s use
as an agricultural pre-plant fumigant, among other uses, which is being provided as background
material for the technical description of FEMS that follows.

Metam-Sodium Use Profile

e Non-selective soil fumigant or sterilant: metam sodium (sodium
Nmethyldithiocarbamate) is a dithiocarbamate salt with fungicidal, herbicidal,
insecticidal, and nematicidal properties. It quickly breaks down in the environment to the
primary toxic degradate methyl isothiocyanate, or MITC. MITC is highly volatile and is
responsible for the fumigant properties of metam sodium. In agriculture, metam sodium
is typically used to sterilize the soil prior to planting, but it can also be used to fumigate
the soil post-harvest. Metam sodium is also registered as an antimicrobial agent.

o Use sites: Metam sodium is registered as an agricultural soil fumigant for use on all food,
feed, and fiber crops, including turf and ornamentals. Major agricultural use sites for
metam sodium include potatoes, tomatoes, cotton, and carrots. Metam sodium is also
registered for use on golf course turf, and for application to small areas of turf and soil.

In addition, metam sodium is used as a root-control agent in drains and sewers, for
vegetation control along drained ponds and lakes in California (through a Special Local
Need registration), and as an antimicrobial agent for the following use sites: cane and
beet sugar processing mills, wood poles and pilings, hides and skins (leather
manufacturing), and sewage/organic sludge and animal waste.

e Use classification: Most metam sodium products are registered for general use. Only the
metam sodium products registered specifically for use on golf courses, for use on small
areas of turf and soil, and for antimicrobial uses including sewer root control, are
registered as “restricted use”. No metam sodium products are intended for use by
homeowners.

e Formulations: Soluble concentrate, and ready-to-use aqueous solution.

e Methods of application: In agricultural settings, metam sodium is applied through
chemigation or with tractor-drawn equipment. Chemigation methods include sprinkler
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irrigation (which accounts for 90% of irrigation applications), flood, furrow, and
drip/trickle irrigation. Tractor-drawn applications are carried out with various types of
shank soil injection and rotary tiller injection equipment. Applications to smaller areas
can be made with handheld equipment, including sprinkler cans, hose proportioners
(hose-end sprayers), power sprayers (handgun sprayers), or foam injectors. Metam
sodium applications to potting soil may be made by adding the chemical to soil in a
cement mixer, or by spraying it onto a soil stream as solil is ejected from a shredder. The
antimicrobial uses of metam sodium have their own associated application methods,
including use of a hand-held, pressurized pump or injector for making applications to
wood poles and pilings, open pouring or applying through a metering pump for treating
hides/skins in leather manufacture, and applying through a metering pump in sugar
processing mills or for the treatment of sewage sludge.

e Use rates: The maximum application rate listed on most product labels for application to
ornamentals, turf, food, feed, and fiber crops is 320 pounds of active ingredient per acre
(Ibs ai/A). Tobacco plant beds have a maximum application rate of 387 Ibs ai/A on most
product labels, but at least one product lists a rate as high as 412 Ibs ai/A. For small areas
of ornamentals, food and fiber crops, seed beds, plant beds, and lawns, the maximum
application rate is 12 Ibs ai/1000 square feet. For sewers and drains, the maximum
application rate is 0.212 Ibs ai/gallon of solution.

e Annual pounds used in the United States: Based on pounds of active ingredient used,
metam sodium is the third most widely used agricultural pesticide in the United States.
In 2002, 51-55 million pounds of metam sodium were used in U.S. agriculture. Since
metam sodium is considered to be a potential methyl bromide (MeBr) replacement, its
use is expected to increase as use of MeBr decreases.

e Regional use: Of the total U.S. agricultural use of metam sodium, use in the Pacific
Northwest (ID, OR, WA) accounts for 50%, followed by CA at 36%, and the Midwest
(mainly MI, WI) at 9%; FL accounts for just over 1% of use.

e Tolerances: There are no tolerances currently established for metam sodium on
agricultural food or feed crops, or on livestock commodities. No residues in plants or
livestock are expected from the use of metam sodium as a soil fumigant or antimicrobial
agent.

e Technical registrants (metam sodium): Amvac Chemical Corporation, Buckman
Laboratories International, Inc., Loveland Products, Inc., (formerly Platte Chemical
Company), Taminco N.V., and Tessenderlo Kerley, Inc.
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GLOSSARY OF KEY TERMS

AERMOD - AERMOD is a dispersion model under development by the U.S. EPA as the
replacement for ISCSTS3.

Application -- In the context of this report, application refers to the application of a pre-plant
fumigant to an agricultural field to control weeds, disease, and/or nematodes. Applications are
generally applied once per year, sometimes less frequently, and in relatively rare instances more
than once per year.

Atmospheric stability -- Used to describe the mixing capabilities of the lower atmosphere, often
categorized into 6 discrete classes ranging from A (very unstable, vigorous mixing) to F (very
stable, suppressed mixing).

Chemigation -- Fumigants can be applied by injecting the pesticide in liquid form into the
irrigation lines for a field, either in line sets or through a center pivot irrigation system.
Typically, the application of the fumigant is made over a six hour period (approximately).

Cubic function -- A function of the form Y = A + Bx + Cx* + DX°.

Cumulative distribution function (CDF) -- Obtained by integrating the probability density
function (PDF). The CDF provides a quantitative relationship between the value of a quantity
and the cumulative probability (percentile) of that quantity. CDF is used in FEMS to describe
the distribution of mean emission rates computed per least squares analysis.

FEMS -- The Fumigant Emissions Modeling System developed to evaluate acute exposures to
bystanders associated with the application of fumigants.

Fumigant -- A class of pesticides that are used on a pre-plant basis to prepare the soil for
planting. Either alone or in combination, fumigants can control weeds, disease, and nematodes,
providing a soil medium that promotes crop quality and quantity.

Intermittent water sealing -- A term that refers to a sealing method developed through research
undertaken by the Metam-Sodium Task Force. An application of water directly after the
pesticide has been applied, to seal the surface, followed by application of additional water (in
one or two sessions) before late evening on the day of application..

ISCST3 -- Industrial Source Complex Model Short-Term, which is widely used for dispersion
modeling applications in the United States. It can be used for industrial applications, agricultural
applications, and at scales up to 50 km in size. ISCST3 currently is the EPA-recommended
dispersion model for most applications, with the most notable exceptions being photochemical
modeling, long-range transport, and the modeling of dense gas plumes.

Kurtosis -- A measure of the shape of a distribution based upon the fourth moment of the
distribution. Kurtosis is an indication of the flatness or peakedness of a distribution.
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Log-normal distribution -- Refers to a variable that approximates a normal curve after being
transformed into natural logarithms.

Metam-sodium -- A pre-plant fumigant that is used to control weeds, disease, and nematodes.

Methyl isothiocyanate (MITC) -- MITC is the primary degradation product of metam-sodium.
In a moist soil environment, metam sodium generally is transformed primarily into MITC
typically within 30 to 60 minutes, longer with cooler temperatures. Metam-sodium is a non-
volatile salt. MITC is a volatile chemical with vapor pressure and boiling point similar to water.

Normal distribution -- Referred to as a bell-shaped curve or as a Gaussian distribution. The
normal function is fully defined parametrically by its first two moments, i.e., the arithmetic mean
and the standard deviation (or variance).

MITC -- An abbreviation for methyl isothiocyanate, a degradation product of metam-sodium.

Monte Carlo -- A numerical modeling procedure that makes use of random numbers to simulate
processes that involve an element of chance. In Monte Carlo simulation, a particular experiment
is repeated many times with different randomly determined data to allow statistical conclusions
to be drawn.

Off-gassing -- Refers to the period when volatilization occurs during and subsequent to the
application of a fumigant. The duration of the off-gassing period can vary from 1 to 5 days, or
more, depending on the specific fumigant and the soil and atmospheric conditions.

PCRAMMET -- Software developed by the U.S. EPA to facilitate the preparation of
meteorological data for dispersion modeling, primarily for ISCST3. PCRAMMET processes
available National Weather Service or Federal Aviation Administration surface and upper-air
meteorological data by computing atmospheric stability based on wind data and local sky
conditions, computing estimates of hourly mixing heights based on twice per day soundings,
converting wind direction to flow vectors, and making the necessary unit conversions.

Percent confidence of the mean -- A statistical term based on the standard error that estimates
the percent confidence that the mean is within a specified range.

Percentile — Based on a division of a probability distribution into 100 equal areas; a percentile is
a quantile equal to one one-hundredth of a total population.

Probabilistic_analysis -- Analysis in which probability distributions are assigned to represent
variability (or uncertainty) in quantities. The output of probabilistic analysis is likewise a
distribution.

Probability -- The chance that a prescribed event might occur, represented as a number “p” in
the range of 0 < 1.
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Probability Paper (Plot) -- Graph paper with the x-axis scaled in units of standard deviation or
with other transformations. On this paper the cumulative distribution function for a normally
distributed set of data will appear as a straight line.

Scatter plot -- A plot representing corresponding values of two variables “x” and “y” as points
in Cartesian coordinates.

Shank injection -- An application method for fumigants where a tractor drawn device injects the
fumigant directly into the soil below the surface.

Skewness -- A measure of the shape of a probability distribution based on the third moment of
the distribution. A symmetric distribution has zero skewness. A distribution with a long tail to
the left (toward large negative values) is negatively skewed. A distribution with a long tail to the
right (toward large positive values) is positively skewed.

TOXST -- A post-processing routine (software) developed by the EPA Office of Air Quality,
Planning, and Standards for use with the ISCST dispersion model. TOXST can be used to model
batch operations at industrial facilities, or in this case, to more accurately simulate agricultural
operations. TOXST also can be used to represent industrial facilities with broad ranges in
emission rates at specific sources that can best be represented as stochastic treatments. (TOXST
was developed by Sullivan Environmental, also the developers of FEMS).

Standard water sealing -- A single application of water directly after the pesticide has been
applied, to seal the surface.

Stochastic -- A random process, a process not explainable by mechanistic theory but instead
described in terms of probability.

Time series analysis -- A statistical analysis of data collected over time, which uses previous
changes over time to forecast future changes.

Transformation -- In the context of this report, transformation refers to applying a consistent
adjustment to every data point that defines a variable, such as by taking the natural logarithms of
measured and modeled concentrations to improve the confidence in statistical analyses of
emission fitting procedures.

Water sealing -- A terms that refers to applying irrigation water after a fumigant application to
reduce the potential for volatile loss. Alternative methods of sealing include tarping,
compaction, and soil covering.

Wind persistence -- Refers to how many hours in a row the wind flows from one sector (such as
from one sector of a 16-point compass).
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1.0 MANAGEMENT OBJECTIVES

1.1 Scope of Problem

The application of agricultural fumigants at any given field presents a complex
and highly variable source of airborne emissions that is not amenable to the use of standard
modeling methods. Using dispersion modeling to estimate emissions from agricultural
fumigation requires a realistic representation of the infrequent nature of fumigant applications,
the variability in emissions, and the impact of the day/night cycle on emissions and dispersion in
order to meet the objectives of exposure assessment, such as described in the National Research
Council’s “Science and Judgment in Risk Assessment”. . . “Exposure assessment involves
specifying the population that might be exposed to the agent of concern, identifying the routes
through which exposures can occur, and estimating the magnitude, duration, and timing of the
doses that people might receive as a result of this exposure” (National Research Council, 1994).

The exposures to be assessed through FEMS are those experienced by bystanders,
those individuals potentially affected by downwind exposures associated with off-gassing of an
applied field. Such individuals are not part of the application process, and generally would be
exposed on adjacent or nearby properties, including their place of residence. FEMS is designed
to evaluate acute exposures, which are defined in this context to be averaging times of 24 hours
or less. For individuals residing or working near a field that is applied by agricultural fumigants,
a typical frequency and duration of total potential exposure is once per year, generally with an
off-gassing period of approximately 4 days, as is the case for the example chemical, metam-
sodium. During those periods when there is wind flow from an applied field towards a
downwind bystander, exposures might occur that are above background levels of the active
ingredient. These are the exposures of interest in this report.

Empirically-computed emissions data show the complexity of modeling
agricultural fumigants most directly. Figure 1 presents two examples of the diurnal (day/night)
emissions patterns from applications of a soil fumigant, in this example metam-sodium was
applied by irrigation systems, referred to as chemigation applications.” In all applications,
metam-sodium primarily degrades in the soil to the active ingredient, methyl isothiocyanate
(MITC), which can be released as a volatile substance. Both curves present an infrequent,
“batch” source that is characterized by 3 to 4 days of fumigant emissions (off-gassing), which
produces concentrations above general background concentrations. If the figure were extended
to show the actual emissions patterns throughout the year, the emissions patterns would show
roughly a 4-day period with emissions above background levels, followed by roughly 361 days
of negligible to essentially no emissions. Realistic modeling treatments need to reproduce such a
pattern when generating a distribution of exposures. Although the number of days with
significant off-gassing rates are expected to differ from fumigant-to-fumigant, all fumigants are
not found to differ in terms of needing to be modeled as “batch” operations, which are best
addressed through the available EPA ISCST3 dispersion model and the TOXST post-processor,

These examples, and others in this report, are based on studies of metam-sodium
applications.
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which itself was specifically designed to model “batch” sources, such as fumigant sources, with a
Monte Carlo-based trigger to start the emissions sequence.’

Figure 1: Comparison of Chemigation Standard vs. Intermittent Sealing Field Studies
MITC Emission Rates

Comparison of the Median Off-Gassing Rates for the MSTF GLP Chemigation Studies
(1999-2001)
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Both emissions patterns shown in Figure 1 also exhibit large diurnal (day/night)
variability in emissions and show a downward trend with time. Figure 1 also shows that once the

TOXST only treats the start of an application as a Monte Carlo event based on
probability computed from the assigned number of applications per year (defaulted to 1
application/year). Standard runs of TOXST do not consider the uncertainty in the
emissions and meteorological data input to ISCST3 through Monte Carlo sampling.
Uncertainty in these parameters is addressed in FEMS through tailored software used to
pre-process the inputs to ISCST3, which then flow into TOXST. When the stochastic
treatments for all input parameters are turned off in a model run, a standard TOXST
model run is made. This is referred to as a benchmark run in this background document,
which serves as the reference for comparison with existing modeling methods.
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“batch” is triggered, there is a predictable and widely varying diurnal pattern that must be
reproduced when generating a realistic distribution of exposures.

The suitability of the methods chosen for FEMS is greatly dependent on the goals
of the modeling system. The primary goals of FEMS are to: (1) identify endpoint distances to
user-defined thresholds (as a function of a percentile concentrations); and (2) serve the special
need of displaying distributions of concentrations as a function of distance from an applied field.
These outputs are distributional outputs. Importantly, the objective is to describe realistically
distributions of concentration, not to set the standard of success dependent on the capability of a
model to accurately represent each 4-hour period in sequence for 4 days after an application.
More specifically, the goal is to describe realistically the emissions distributions on a daytime
and nighttime basis because of the large differences in transport and dispersion conditions
between daytime and nighttime. To meet these goals successfully, however, the estimation of
emission rates (and ultimately concentrations) do not necessarily need to be accurate in
sequence, although this is still the goal, but rather in distribution form on a daytime and
nighttime basis

The distinction between estimating a distribution of emissions and concentrations,
and the more constrained goal of matching emissions and concentrations on a sequential basis, is
the difference between a realistic objective (in the former), and an unrealistic objective (in the
latter). It is widely accepted by air quality modelers that the more a model is constrained to be
accurate for specific times and space, the less reliable the model will be. For this application,
estimating distributions as a function of distance is the output a risk manager needs to make an
informed decision. For example, the direction of the maximum impacts may be off-set by a
sector that is not an issue relative to the risk management decision. Success is realistically
representing a distribution of concentrations as a function of distance from an applied field.

This distinction is especially important for emissions fitting. The least-squares
analysis is based on solving the simple relationship:

Y=bX
Where:
Y = measured concentration pg/m®
X = normalized concentrations pg/m?

B = slope, which when multiplied times the normalized concentrations becomes the emission
rate (the unknown in this case) pg/m?/sec.

The measured concentrations are quite reliable in terms of the general

uncertainties in the exposure assessment, often to within +/- 20 percent relative to known
standards.
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For modeling the most critical periods for bystander exposures (i.e., for neutral
through especially stable conditions), the Gaussian model is well-accepted as being reliable, with
reasonably low bias, but produces considerable scatter on an hour-by-hour basis. Least squares
analysis, including the evaluation of standard error, can be used to solve for best-fit emissions
and then the distribution of the means, as described in Attachment 1, through the implicit
assumptions that the measured data and the normalized model are both reliable, or accurate.
These assumptions are much better met on a distribution basis without being constrained to
expect the model to match one sequential period after another for the 24-periods of off-gassing.
Some estimated concentrations may be low, and others high, but the distribution should be
reasonably well-estimated. By setting the standard for success based on a distributional basis,
the Gaussian fit can be considered reasonably unbiased with acceptable resolution in terms of the
distributions of concentration as a function of distance.

Thus, effective modeling systems for agricultural fumigants must be able to
account for the intermittent nature of fumigant releases, and reasonably represent the wide
variability in emission rates (e.g., 20- to 30-fold differences have been noted between the
daytime and nighttime emission rates for agricultural fumigants), and create reliable distributions
of concentrations that are used to support subsequent risk management decisions. Mismatches
between the emissions and meteorological daily cycles, both of which can exhibit strong in-
phase or out-of-phase diurnal cycles depending on application and sealing method, need to be
avoided. Because no currently available model captures these and related factors, efforts were
undertaken to develop a model that addresses the most relevant characteristics of fumigant
applications and emissions, and reduces the degree of overestimation, while avoiding
underestimating the magnitude of exposures. The result of these efforts has been the
development of FEMS (Sullivan et al., 2004a and Sullivan et al., 2004b), which is being
submitted to the U.S. Environmental Protection Agency (EPA) Federal Insecticide, Fungicide,
and Rodenticide (FIFRA) Scientific Advisory Panel (SAP) for peer-review, with the ultimate
objective of making this model publicly available for assessing exposures to agricultural
fumigants.

1.2 Overview of FEMS

When modeling exposures associated with agricultural fumigation, FEMS
provides flexibility to address specifically the following critical areas:

1. Frequency of exposure;

2. Monte Carlo to address uncertainty;

3. Maintaining mass balance;

4. Ability to address multiple field applications (through custom runs);

5. Ability to address averaging times of less than 24 hours;

6. Accurately accounting for distribution of emissions across the annual cycle; and
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7. Providing useful output to risk managers.
Each of the preceding areas is discussed in the following sections.

[ | Frequency of Exposure -- The duration of exposure differs among fumigants, but
the fumigants all share the common characteristics of off-gassing only a small
fraction of the year. FEMS is a useful tool because it is designed to provide a
realistic simulation of the frequency and diurnal pattern to emissions, thereby
providing a refined option to support all fumigants without sacrificing accuracy.

As stated in Cullen and Frey, 1999: “Exposure models combine information
about the frequency, intensity, and duration of human contact with environmental
contaminants . . . .” FEMS accurately considers the frequency of exposures and
fluctuations within the emissions period when creating distributions in the output,
including representing the empirically fit emissions sequences emissions
appropriately matched on a diurnal basis to the application method of interest.

u Monte Carlo Application Addresses Uncertainty -- Monte Carlo sampling
methods are used to propagate uncertainty through dispersion modeling analyses.
Monte Carlo applications are useful in this context because the key inputs can
align at the upper end of their uncertainty ranges to produce the relatively rare
events that, under some review scenarios, may be important.

[ | Maintain Mass Balance -- In order for plausible assumptions to be employed,
mass must be conserved when creating the distributions of exposure. FEMS
promotes mass conservation by: (1) statistically initiating off-gassing to match
the selected frequency of applications per year, using empirically estimated
emissions data that simulate realistic off-gassing sequences as a function of time
during the 4-day off-gassing period; and (2) by setting an upper bound on the
emissions distributions for each period to avoid the situation where, for example,
a 97.5 percent confidence of the mean would produce an emission rate that in one
hour would exceed the potential active ingredient that could be available.

[ | Ability To Address Multiple Field Applications -- Standard FEMS model runs
address exposures from a single hypothetical or actual field. As described in this
background document, however, custom runs of FEMS (runs that do not include
the automatic creation of files and results) can be conducted to address special
situations, such as multiple field scenarios, seasonal analysis, and the
consideration of distributions of subject weights and breathing rates, among
others.

In terms of multiple fields, the FEMS approach provides the important feature of
setting seasonal probabilities, or annual if appropriate, with fields being simulated
as either independent sources (such as with separate owners) or as a planned
sequence (such as a grower applying a fumigant to a full quarter section (160
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acres) in an 8-day application sequence). FEMS can simulate such realistic
scenarios without having to rely on implausible assumptions, such as all fields
off-gassing at maximum rates at the same time.

u Association To Indoor and Personal Exposures -- FEMS provides a connection
between the ambient outputs of the system and an indoor modeling algorithm to
support future estimation of indoor and personal exposures. On this basis, FEMS
could produce output to generate distributions of exposures in mg chemical per kg
body weight per day (mg/kg/day) as a function of ring distance from the edge of
the field. Such information would provide a substantial increase in perspective
relative to tools currently available to EPA at this time. Although this portion of
the system has been coded, this aspect of FEMS is not specifically being
requested for evaluation at this time. If this component is of interest to EPA, it
could be developed to include distributions of subject weights and breathing rates
to produce grouped distributions of these receptor inputs to more fully meet the
probabilistic objectives of (EPA, 2001) in terms of showing distributions of
mg/kg/day for bystanders as a function of distance from the applied field.

[ | Ability To Address Averaging Times Less Than 24 Hours -- Some fumigants are
only regulated by 24-hour averages, while others could be regulated at averaging
times as low as 1 hour. FEMS is capable of modeling from one to 24-hour
averaging times, supporting all needs for acute exposure assessment,, FEMS
accomplishes this by treating emission changes throughout the daily cycle, day-
by-day, for the full off-gassing period and 1-hour meteorological data in the
ISCST3 model.*

[ | Accurately Accounting for Distribution of Emissions Across the Annual Cycle
-- There are basically two ways to approach the problem of modeling an
intermittent source: (1) use the probability for the “batch” source to be in
operation to represent the distribution of emissions; or (2) simplify the problem by
conservatively assuming in the model that every day has the potential for an
application at the worst case emission rate for the averaging time being evaluated.
There is a large difference in terms of annual emissions from a source that
operates continuously at maximum emission rate, compared to a representation of

It is not routinely feasible to collect field data resolved to the hour-by-hour level of
resolution to support direct estimation of hourly emission rates. One-hour averages at
this time need to be based on the distribution of mean (integrated average) emission rates,
typically of about four-hour duration, covering general changes in emission rates
throughout the daily emissions cycle. Although it would not be generally expected that
emission rates would rapidly change through throughout the day, it may be possible to
improve the resolution of hourly emission rates in the future by using soil modeling
methods to estimate relative changes expected within the integrated averages based on
changes in the soil temperature and moisture characteristics, or possibly remote sensing
for some fumigants.
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the same source with the actual emission pattern represented over the four-day
active off-gassing period, followed by zero emissions.

Risk managers are best served by having risk assessments that are based on
realistic exposure distributions regardless if they focus their review on annual
distributions of concentrations or distributions specific to the short-term off-
gassing period. FEMS provides decision makers with results based on realistic
distributions of concentrations to support the scale of temporal analysis and
percentile of their choosing for all fumigants with acute exposure issues at 1 to
24-hour averaging periods.

Providing Useful Output To Risk Managers -- Output from FEMS is designed to
produce data to support risk managers in making informed decisions, without high
levels of embedded (and potentially unrecognized) excessive uncertainty; already
incorporated into the analysis. As structured, FEMS allows a risk manager to
assess the likelihood of various concentration thresholds being reached. The
degree of sensitivity to uncertainty in the various model input parameters will in
turn depend on the endpoint and percentile of exposure evaluated, and can be
displayed.

1.2.1. Additional Factors Specific to Modeling Agricultural Fumigants

The FEMS model is suitable for use in assessing exposures to agricultural

fumigants because it contains the means to address factors unique to this source category. These
factors include:

1.

Modeling fumigants as simulated “batch” sources and providing capability to
match application frequencies for the crop and region under review, as well as
provide flexibility to account for:

o

Application method,;

b. Sealing method;

C. Application rate;

d. Regional differences in conditions;

e. Seasonal differences; and

f. Adjacent field scenarios (1 - 80 acres per day with no limit on the number

or size of contiguous field to be modeled in custom runs of FEMS).

Establishing emissions distributions for 4 to 6-hour time steps to represent
specifically the large diurnal emissions variability in the context of selected
fumigant application and sealing methods.
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Modeling domain: 25 km radius from center of source/application.

Active emissions period: user specified (e.g. < 14 days, but typically < 4 days).
This prototype version of FEMS needs to be run with a 4-day duration of the
off-gassing period.

Physical state of emission: applicable to gas-phase release.

Averaging times from 1 to 24 hours (FEMS can be used to model 1, 2, 3, 4, 6, 8,
12, and 24-hour averages).

1.2.2 Suitability of FEMS for EPA Use

The FEMS approach meets EPA’s needs to have a modeling tool to support the

evaluation of exposures from agricultural fumigants, particularly because of the following

considerations:

Relies to the extent possible on existing EPA modeling methods, using the
ISCST3 dispersion model as the basis for the dispersion modeling, and the EPA
TOXST model to account for the intermittent application in the form of the batch
treatment in TOXST; and

FEMS generates distributional inputs to the modeling analysis consistent with
EPA guidance documents (EPA, 1997, 2001), including the EPA Guideline on
Air Quality Models, EPA Draft Guidance on the Development, Evaluation, and
Application of Regulatory Environmental Models (EPA, 2003a), and the EPA
Guideline on Air Quality Models (EPA, 2003b).

20 CONCEPTUAL MODEL

of each

This section presents an overview of FEMS, as a conceptual model. A summary

item on the checklist contained in the Recommended Elements for Model

Documentation in the OPP (EPA, 2001) is also provided.

2.1

Overview of Conceptual Model

Modeling Objective -- The primary objective of FEMS is to identify the
downwind distance where air concentrations for bystanders are below user-
defined concentrations. The focus is on acute exposures. This objective will