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This memorandum serves as HED’s human health draft risk assessment (DRA) of the dietary,
occupational, and residential exposure; and aggregate risk to support the registration review of
1,3-dichloropropene (1,3-D) also known as Telone®. The most recent quantitative human health
risk assessment was performed in 2008 (1,3-Dichloropropene: Proposed New Use for Drip
Irrigation in Vineyards: Revised HED Human Health Risk Assessment; 24-JAN-2008, C.
Olinger, D347789) which provided additional characterization to the previous assessment in
2007 (1,3-Dichloropropene: HED Human Health Risk Assessment for Phase 5; 12-APR-2007,
C. Olinger, D337328). The following risk assessment updates have been made for Registration
Review:
•
•
•
•

•

Updated human-equivalent concentrations (HECs) were calculated for the inhalation risk
assessment.
An updated cancer classification was incorporated into the risk assessment.
An updated drinking water and dietary assessment was incorporated/conducted to
incorporate available data.
An updated ambient air quantitative assessment was conducted to incorporate available
data including:
o Ambient air monitoring studies conducted since 2007, and
o Soil Fumigant Exposure Assessment (SOFEA) version 4.1.4 modeling software.
An updated occupational exposure assessment for the registered uses was completed
reflecting recent updates to the inhalation risk assessment HECs.

A summary of the findings and an assessment of human risk resulting from the registered uses of
1,3-D are provided in this document.
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Executive Summary

HED has conducted a human health DRA to evaluate all existing registrations of the active
ingredient 1,3-dichloropropene (1,3-D), which is a non-selective soil fumigant with nematicidal
properties. This assessment was conducted as part of Registration Review.
Use Profile
1,3-D is a soil fumigant containing approximately equal proportions of the cis and trans isomers
formulated as a pressurized gas, liquid ready to use, emulsifiable concentrate, or a flowable
concentrate. The liquid concentrates are intended for direct metering into drip irrigation systems,
and other formulations are used in more conventional soil fumigation applications (i.e.,
shank/chisel/plow-sole pre-plant soil treatments). The concentrations of the active ingredients in
the end-use products range from 29.2 to 97.5%. 1,3-D is registered for pre-plant and for postplant applications to control nematodes and/or garden symphylans. Registered products for preplant applications may be applied by drip irrigation and soil injection, including row and
broadcast applications. The only post-plant use registered is for drip irrigation to established
vineyards. Several 1,3-D products also contain the fumigant chloropicrin to enhance plant
pathogen and weed control. The human health risk assessment of chloropicrin is addressed in a
separate document.
1,3-D is registered for pre-plant use on soils being prepared for the production of a variety of
agricultural crops including vegetables, fruits, nuts, forage crops, tobacco, fiber crops, golf
course turf and nursery crops. When used as a pre-plant fumigant there is no reasonable
expectation of residues in food or animal feed, so tolerances are not needed for these uses. Only
the post-plant use in vineyards is considered a food-use, since there is a potential for residues in
foods resulting from that use. 1,3-D has no residential uses but is registered for pre-plant nonagricultural uses including golf course turf, ornamental and/or shade trees, ornamental
herbaceous and non-flowering plants, and ornamental woody shrubs and vines. 1,3-D flux is
well known, and the buffers/reentry intervals preclude direct exposure; therefore, the established
buffers and their durations address bystander exposures for all uses where there is potential for
non-occupational exposure. HED used the Biological and Economics Analysis Division
(BEAD) Label Data System to identify all agricultural and non-agricultural uses of 1,3-D. For
specific labeled information, see the Pesticide Label Use Summary (PLUS) Report 1.
Exposure Profile
Humans may be exposed to 1,3-D in food and drinking water since 1,3-D is approved for postplant irrigation drip irrigation use in vineyards, and soil applications may result in 1,3-D reaching
ground sources of drinking water. There are no uses of 1,3-D resulting in direct residential
exposures; however, there is the potential for off-site/off-field bystander inhalation exposure of
1,3-D as it volatilizes off a treated area. In occupational settings, applicators may be exposed
while handling the pesticide prior to application, as well as during fumigation activities, postfumigation tasks, and direct handing tasks during application.
Based on the expected exposure pattern and physicochemical properties of 1,3-D, the Agency
does not anticipate dermal exposure resulting from typical use. As a result, HED is not
1

(029001) PLUS – Maximum Use Scenario Report.xlsx, 14-DEC-2018
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conducting a quantitative dermal risk assessment at the present time. However, due to the acute
dermal Toxicity Category II (detailed in Appendix A) handlers are required by the current labels
to wear baseline attire such as loose fitting or well-ventilated long-sleeved shirt, long pants,
shoes plus socks and varying levels of dermal personal-protective equipment (PPE) (e.g.,
chemical-resistant gloves when in contact with liquid 1,3-D).
Potential inhalation exposures from fumigant emissions, including those from 1,3-D, outside of
occupational exposures can be categorized in two distinct manners: 1) acute exposures to
bystanders from single applications (near field sources); and 2) short-/intermediate-term (ST/IT)
exposures from many applications within a region (hereon discussed as ambient sources).
Hazard Characterization & Dose Response Assessment
The toxicology database is complete to support the existing uses of 1,3-D. 1,3-D showed
moderate acute toxicity by the oral and dermal exposure routes (Toxicity was Category II), was
moderately irritating to the eye and skin, and was a dermal sensitizer in guinea pigs. It is
classified as Toxicity Category IV for acute inhalation toxicity and produced tremors,
convulsions, salivation, lacrimation, diarrhea, lethargy, and death at concentrations 647 ppm or
higher.
Most studies in the 1,3-D toxicological database were conducted via the inhalation route given
the high volatility of 1,3-D. Consistent with the irritant properties of 1,3-D, there was evidence
of degenerative changes in the nasal olfactory epithelium and histopathological changes of the
respiratory epithelium in rats and mice after subchronic inhalation exposure. Histopathological
findings in the non-glandular stomach and generalized systemic toxic effects were also observed.
There was no evidence of increased sensitivity to the young in developmental and reproduction
toxicity studies. In male mice, benign bronchioloalveolar adenomas were observed in the mouse
carcinogenicity study via the inhalation route.
In oral studies, increased histopathological findings of the non-glandular stomach, increased liver
weights, microcytic anemia, increased hematopoietic activity, and body weight decrements were
observed. Liver adenomas were observed in the chronic/carcinogenicity study in male rats via
dietary administration.
In 2019, the Cancer Assessment Review Committee (CARC) reevaluated the carcinogenic
potential of 1,3-D (26-SEP-2019, G. Akerman, TXR 0057949). In accordance with the EPA’s
Final Guidelines for Carcinogen Risk Assessment (March 2005), the CARC classified 1,3Dichloropene (Telone) as “Suggestive Evidence of Carcinogenic Potential” based on the
presence of liver tumors by the oral route in male rats only. Given this finding, quantification of
human cancer risk is not required. The CARC recommended using a non-linear approach [i.e.,
reference dose/concentration (RfD/RfC)] that will adequately account for all chronic toxicity
including carcinogenicity, that could result from exposure to 1,3-D.
The Food Quality Protection Act (FQPA) Safety Factor (SF) can be reduced to 1X because the
toxicological database is complete, there is no evidence of neurotoxicity or increased sensitivity
to the young, and the exposure databases are complete or are estimated based on data that
reasonably account for potential exposures.
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Endpoints and PODs were only selected to evaluate chronic dietary and various durations of
inhalation exposures. Since the last risk assessment, there have been no changes to the studies
selected for selecting endpoints or points of departure (PODs), except to combine the ST/IT
endpoint to evaluate inhalation exposures. For chronic dietary, a total uncertainty factor (UF) of
100X was applied (10X interspecies extrapolation, 10X intraspecies variability, and 1X FQPA
SF). For inhalation exposures, the HECs have been recalculated using the RfC methodology for
acute, ST/IT, and long-term (LT) scenarios according to current practices to account for
pharmacokinetic interspecies differences. As a result, the interspecies UF can be reduced to 3X.
Therefore, for inhalation exposures, a total UF of 30X was applied (3X interspecies
extrapolation, 10X intraspecies variability, and 1X FQPA SF when applicable).
Dietary Exposure Assessment
Pre-Plant Soil Fumigant Uses
1,3-D’s volatility in the environment and results of metabolism studies in soil and plants indicate
that there is no reasonable expectation of finite residues to be incurred in/on any raw agricultural
commodity when these products are applied according to label directions. Therefore, for preplant soil fumigant uses, this fumigant does not require tolerances in/on food and animal feed.
Post-Plant Drip Irrigation Use in Vineyards
There is no study with a single dose and endpoint appropriate for the acute dietary scenario. A
chronic dietary-exposure and risk assessment was conducted using the Dietary Exposure
Evaluation Model (DEEM-FCID, Version 3.16) which uses 2003-2008 food consumption data
from the U.S. Department of Agriculture’s (USDA’s) National Health and Nutrition
Examination Survey, What We Eat in America, (NHANES/WWEIA). The unrefined chronic
analysis assumed modeled drinking water estimates provided by Environmental Fate and Effects
Division (EFED), 100% crop treated (CT), and tolerance-level residues for grapes. The resulting
chronic food plus drinking water exposure estimates are not of concern to HED (<100% chronic
population-adjusted dose (cPAD) for all population subgroups of interest). The resulting chronic
exposure estimate for all infants (<1-year-old; the subgroup with the greatest exposure) was 40%
of the cPAD.
Residential Exposure and Risk Assessment
1,3-D is a currently classified as a restricted use pesticide and is not used in residential settings;
therefore, there are no direct residential handler or post-application exposures to assess as part of
Registration Review outside of the bystander assessments described below.
Aggregate Risk Assessment
In accordance with the FQPA, HED must consider and aggregate (add) pesticide exposures and
risks from three major sources: food, drinking water, and residential exposures. There are no
residential uses of 1,3-D; therefore, aggregate assessments are equivalent to the dietary risk
assessments.
Non-Occupational Spray Drift Assessment
Based on the chemical/physical properties of 1,3-D, as well as the application methods used for
1,3-D there is no potential for spray drift to occur in accordance with HED’s standard operating
procedures and this exposure pathway has not been quantitatively assessed.
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Non-Occupational Bystander Volatilization Assessment
Chemical-specific and application-specific studies have been submitted and reviewed to address
volatilization from single application events from the soil fumigant uses of 1,3-D. These reviews
and resulting risk estimates have been presented in previous assessments 2. Because both the
acute inhalation HEC (ST/IT and LT exposure durations are not expected for this type of
exposure) and the expected exposures (e.g., application rates, use sites, etc.) have not changed
since the previous assessments, the non-occupational bystander volatilization assessment has not
been revisited as part of Registration Review.
Non-Occupational Ambient Inhalation Exposure Assessment
The potential for inhalation exposure from ambient air have been reassessed for acute, ST/IT and
LT exposure durations for 1,3-D. The current assessment relies in part on monitoring data and
introduces a new modeling-based approach. The monitoring data used were developed by the
California Department of Pesticide Regulation (CDPR) Air Resources Board (ARB) Toxic Air
Contaminant (TAC) Program, and the CDPR Air Monitoring Network (AMN). For each data
source, acute air concentrations (represented as 24-hour measurements), ST/IT air concentrations
(represented as a range of 4-week to 13-week rolling averages or 90th percentile air
concentrations) and LT air concentrations (either 6-month to 1-year averages) were used as
reported by CDPR. HED did not conduct an analysis of the raw data but used the values as
reported by the investigators. To satisfy an outstanding Generic Data Call-In (GDCI: 0290011397) requiring ambient air monitoring at four geographical regions including those outside of
California, the Agency received one monitoring study from Dow AgroSciences LLC (DAS)
conducted in Merced County, California which was used empirically to conduct a preliminary
analysis of the performance of an updated version of the “Soil Fumigant Exposure Assessment”
(SOFEA) ambient air modeling software to model. SOFEA was also empirically used to predict
ambient air levels in the remaining three geographic regions where 1,3-D use is prevalent
(Pacific Northwest, Upper Midwest, and Southeast). The validation and review of the recently
updated SOFEA model is ongoing. Finally, the HED has summarized the risk estimates from the
EPA National Air Toxics Assessment (NATA) which resulted in no identified risks of concern
for 1,3-D at the highest reported concentration.
Occupational Exposure and Risk Assessment
Occupational inhalation exposures were previously evaluated using 1,3-D-specific handler
monitoring data and summarized in 2007 (12-APR-2007, C. Olinger, D337328). This addressed
activities like, bulk loading, mini-bulk loading, and drum loading; post-fumigation tasks such as
irrigation system maintenance, rock removal, and bed shaping; and direct handling tasks during
application such as fumigant rig operators, drivers, shovelers, and tarp cutters/sealers. However,
occupational HECs were revised in this assessment so the 1,3-D occupational handler inhalation
risk assessment was updated for Registration Review to incorporate those changes.
Occupational dermal exposures are not expected given the high vapor pressure of 1,3-D.
Therefore, dermal exposures have not been quantitatively assessed. Entry restrictions into
treated fields for activities such as tarp cutting, and tarp removal remain unchanged.

2

(24-JAN-2008, C. Olinger; D347789) and (12-APR-2007, C. Olinger, D337328)
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Environmental Justice
Potential areas of environmental justice concerns, to the extent possible, were considered in this
human health risk assessment, in accordance with U.S. Executive Order 12898, “Federal Actions
to Address Environmental Justice in Minority Populations and Low-Income Populations. 3”
Human Studies
This risk assessment relies in part on data from studies in which adult human subjects were
exposed to 1,3-D to determine their exposure. Appendix D provides additional information on
the review of human research used to complete the risk assessment. There is no regulatory
barrier to continued reliance on these studies, and all applicable requirements of EPA’s Rule for
the Protection of Human Subjects of Research (40 CFR Part 26) have been satisfied see
Appendix D).
2.0

Risk Assessment Conclusions

Dietary Exposures:
There are no dietary risks of concern. The unrefined chronic analysis assumed 100% CT and
tolerance-level residues for all commodities. The resulting chronic risk estimates are not of
concern to HED. The most highly exposed population was all infants with a risk estimate of
40% of the cPAD.
Ambient Air Exposures:
With regard to potential exposures from ambient air, the acute risks associated with all of the
monitoring stations considered are not of concern (MOEs range from 680 to 780,000, LOC =
30). Most ST/IT risks are also not of concern with two exceptions out of all sample periods
collected since 2007 (greater than 2,000 total samples) (MOEs range from 27 to 8,600, LOC =
30):
• 90-day highest rolling average concentration resulting in a risk of concern (MOE = 28) in
Parlier, CA in 2018, and
• 2-month highest rolling average concentration resulting in a risk of concern (MOE = 27) near
Delhi, CA in 2011
o It should be noted that in 2017, CDPR revised permit conditions which eliminated
1,3-D use in the month of December and restricted the total allotted application
amount within a 6x6 square mile area to a maximum of 136,000 adjusted pounds (i.e.,
township cap) in a calendar year. Both CDPR imposed restrictions would be expected
to refine the highest 24-hour air concentrations for this data point as the peak
concentration was detected in December 11-14, 2011, where 193,138 lbs. of 1,3-D
was applied in that township over the course of the year (57,138 over the future
township cap).
The LT (chronic) risks from ambient air for all monitoring periods considered are not of concern
(MOEs range from 52 to 2,100, LOC = 30).

https://www.epa.gov/laws-regulations/summary-executive-order-12898-federal-actions-address-environmentaljustice
3
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Occupational Exposures:
Various levels of PPE are required for the inhalation route depending on potential for contact
with liquid fumigant, application equipment/method, time since fumigations took place, and
concentration levels of 1,3-D. For these scenarios occupational handlers may be required to wear
National Institute for Occupational Safety and Health (NIOSH) filtering half-face respirators,
engineering controls (i.e., enclosed cab equipped with a vapor adsorptive filter containing
activated charcoal), self-contained breathing apparatus (SCBA) or supplied-air respirators
depending on the labeled activity.
Acute risks to occupational handlers are not of concern for all sample points considered without
a respirator (MOEs range from 320 to 19,000). Conversely, many ST/IT risks to handlers are of
concern without a respirator (MOEs range from 1 to 380). With the addition of a PF 10
respirator (present on many labels), only one of the ST/IT handler scenarios (bulk loading for
pre-plant broadcast applications) has risks which are of concern (MOEs range from 5.3 to 3,800).
Results are similar if a PF 50 respirator is considered (also present on many labels), the bulk
loading for pre-plant broadcast applications scenario remains of concern (MOEs range from 27
to 19,000).
2.1

Data Deficiencies

Although no new data deficiencies have been identified in this Registration Review memo, it is
noted that there is an outstanding Data Call-in for ambient air monitoring of 1,3-D (GDCI:
029001-1397). The registrant submitted the updated SOFEA model and a study waiver in lieu of
submitting a study; the waiver will be addressed when the SOFEA validation has been
completed.
2.2

Tolerance Considerations

2.2.1

Enforcement Analytical Method

DAS has submitted a gas chromatography/mass spectroscopy (GC/MS) method, Method GRM
99.09.R1, for the determination of residues of cis-1,3-dichloropropene and trans-1,3dichloropropene and metabolites in/on grape. The LOQ is 0.003 ppm for each analyte in grape.
The submitted methods have undergone successful independent laboratory validation (ILV) and
are acceptable for data collection and enforcement.
The multiresidue methods described in FDA PAM I are unsuitable for enforcement of 1,3-D, and
its metabolites; however, a multiresidue method is available for 1,3-D 4.
2.2.2

Recommended & Established Tolerances

Permanent tolerances have been established in 40 CFR §180.636 residues of 1,3-D. A summary
of established tolerances is summarized in Table 2.2.2.

4

http://ejournal.cvuas.de/docs/cvuas ejournal 201501.pdf
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is required which varies by label/product for the inhalation route depending on potential for
contact with liquid fumigant, application equipment/method, time since fumigations took place,
and concentration levels of 1,3-D. For these scenarios occupational handlers may be required to
wear NIOSH filtering half-face respirators, engineering controls (i.e., enclosed cab equipped
with a vapor adsorptive filter containing activated charcoal), SCBA or supplied-air respirators
depending on the labeled activity.
Preplant soil use in agriculture accounts for most of the use of 1,3-D. Typical use consists of
making one application per year prior to planting to sterilize the soil. Individually, strawberries
(35.3 %), peppers (19 %), tobacco (16.1 %), carrots (13.5 %), potatoes (11.4 %), and tomatoes
(4.6 %) were the crops with the highest percentage of their overall acreage treated (%CT)
according to the most recent BEAD Usage and Benefits for Soil Fumigants report 5. Usage
averaged approximately 24,435,000 pounds of 1,3-D applied annually on approximately 272,000
acres treated between 2001-2005. However, over the course of 2013 to 2017, there were on
average 33,755,000 lbs of 1,3-D active ingredient applied per year corresponding to an average
of approximately 320,000 acres treated per year from 2013 to 2017. Overall, growers are
treating more acres using more pounds of 1,3-D than in previous years (2013-2017 vs. 20012005).
As part of Registration Review, HED has queried the recent years of CDPR’s monitoring for 1,3D. A query of the California Pesticide Information Portal (CALPIP) Pesticide Use Reporting
(PUR) database 6 for 2017 (most recent year reported) shows that approximately 17.44 million
pounds of active ingredient (1,3-D) were applied in the State of California.
A compilation of the registered uses of 1,3-D was created by BEAD and is current for the
purposes of Registration Review ((029001) PLUS – Maximum Use Scenario Report.xlsx, 14DEC-2018).
3.4

Anticipated Exposure Pathways

Humans may be exposed to 1,3-D in food as 1,3-D may be applied as a post-plant use in
vineyards. Humans may also be exposed to 1,3-D through the inhalation route. There are no
pesticidal residential uses of 1,3-D; however, in non-occupational settings, there is the potential
for off-site inhalation exposure of 1,3-D as it volatilizes off a treated area. In an occupational
setting, applicators may be exposed while handling the pesticide prior to application, as well as,
during application however there is little potential for post-application exposure for workers reentering treated fields because all activities associated with the application are considered
handler related, even those which occur days later such as tarp cutting and removal.
Based on the expected exposure pattern and physicochemical properties of 1,3-D, the Agency
does not anticipate dermal exposure resulting from typical use. As a result, HED is not
conducting a quantitative dermal risk assessment. However, it should be noted that handlers are
5

B. Chism et.al., 21-AUG-2019; Usage and Benefits for Soil Fumigants: Chloropicrin (081501), Dazomet (035602), 1,3Dichloropropene (029001), Furfural (043301), Metam Sodium (039003), Metam Potassium (039002), and Methyl Bromide
(053201)
6

https://calpip.cdpr.ca.gov/main.cfm

Page 13 of 74

1,3-Dichloropropene Human Health Risk Assessment

DP No. 454712

required by the current labels to wear baseline attire such as loose fitting or well-ventilated longsleeved shirt, long pants, shoes plus socks and varying levels of dermal PPE (e.g., chemicalresistant gloves when in contact with liquid 1,3-D). These vary depending on potential for
contact with liquid 1,3-D, application method used, time since fumigation, and potential for high
concentration exposures. See 1,3-D PLUS report for additional details 7.
Releases of fumigants, such as 1,3-D, can be categorized in two distinct manners including
bystander exposures from known, single application sites (i.e., treated farm fields hereon
discussed as near-field sources) and exposures via ambient air where exposures could result from
many applications within a region (hereon discussed as ambient sources). Because there is a
potential for fumigants to move off-site following field applications, exposures to bystanders
both near treated areas and farther away from treated areas (ambient air) have been quantified.
In an occupational setting, applicators may be exposed while handling the pesticide prior to
application, as well as during an application; therefore, occupational handler acute and ST/IT
inhalation exposures are expected and have been evaluated. Entry restrictions into treated fields
for activities such as tarp cutting, and tarp removal remain unchanged from the Phase 5 RED.
Risk assessments have been previously prepared for the existing uses of 1,3-D. This risk
assessment considers all the aforementioned exposure pathways based on the existing uses.
3.5

Consideration of Environmental Justice

Potential areas of environmental justice concerns, to the extent possible, were considered in this
human health risk assessment, in accordance with U.S. Executive Order 12898, "Federal Actions
to Address Environmental Justice in Minority Populations and Low-Income Populations,"
(https://www.archives.gov/files/federal-register/executive-orders/pdf/12898.pdf). As a part of
every pesticide risk assessment, OPP considers a large variety of consumer subgroups according
to well-established procedures. In line with OPP policy, HED estimates risks to population
subgroups from pesticide exposures that are based on patterns of that subgroup’s food and water
consumption, and activities in and around the home that involve pesticide use in a residential
setting. Extensive data on food consumption patterns are compiled by the USDA’s
NHANES/WWEIA and are used in pesticide risk assessments for all registered food uses of a
pesticide. These data are analyzed and categorized by subgroups based on age and ethnic group.
Additionally, OPP is able to assess dietary exposure to smaller, specialized subgroups and
exposure assessments are performed when conditions or circumstances warrant. Whenever
appropriate, non-dietary exposures based on home use of pesticide products and associated risks
for adult applicators and for toddlers, youths, and adults entering or playing on treated areas
post-application are evaluated. Further considerations are also currently in development as OPP
has committed resources and expertise to the development of specialized software and models
that consider exposure to other types of possible bystander exposures and farm workers as well
as lifestyle and traditional dietary patterns among specific subgroups. This includes the
extensive work conducted to capture the potential near-field bystander exposures as well as
exposure from area-wide air concentrations in agricultural areas where 1,3-D is applied.
7

(029001) PLUS – Maximum Use Scenario Report.xlsx, 14-DEC-2018.
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Hazard Characterization and Dose-Response Assessment

No new toxicity studies were required for registration review (05-SEP-2013, I. NegronEncarnacion, D410115); but the registrant submitted additional data in support of the cancer reclassification. Most of the toxicology data presented in this document were described in the risk
assessment used to support the new use on grapes (24-JAN-2008, C. Olinger; D347789) and
from a Scoping Document in Support of Registration Review (05-SEP-2013, I. NegronEncarnacion, D410115).
4.1

Toxicology Studies Available for Analysis

The toxicity database for 1,3-D is currently considered complete, and available studies are
adequate for selecting endpoints and PODs for risk assessment. The acute and 90-day
neurotoxicity battery was waived, and a dermal toxicity study was not required due to the highly
volatile nature of the chemical and anticipated very low dermal exposure relative to inhalation
(23-APR-2013, J. Van Alstine, TXR 0056626). The available studies were mostly conducted via
the inhalation route of exposure given 1,3-D is highly volatile. The following studies are
available:
•
•
•
•
•
•
•
•
•
•
•
•
•

Subchronic oral study in rats and mice
30-Day inhalation studies in mice
90-Day inhalation study in rats
Developmental toxicity studies in rats and rabbits (inhalation)
Multi-generation reproduction study in rats (inhalation)
Chronic oral toxicity studies in dogs (microcapsule)
National Toxicology Program (NTP) combine chronic/carcinogenicity study in rat
(Fischer) & mice (B6C3F1) (oral gavage)
Combined chronic/Carcinogenicity studies in mice (B6C3F1) and rats (Fischer) (dietary)
Combined chronic/Carcinogenicity studies in mice (B6C3F1) and rats (Fischer)
(inhalation)
Immunotoxicity study in rats (dietary)
Metabolism and pharmacokinetic studies in rats (oral & inhalation)
Battery of mutagenicity studies (bacterial and mammalian model systems)
Mechanistic studies of tumorigenicity in rats and mice

As part of registration review for 1,3-D, a broad survey of the literature was conducted to
identify studies that report toxicity following exposure to 1,3-D via exposure routes relevant to
human health pesticide risk assessment not accounted for in the Agency’s 1,3-D toxicology
database. The search strategy employed terms restricted to the name of the chemical plus any
common synonyms, and common mammalian models to capture as broad a list of publications as
possible for the chemical of interest. The search strategy returned 6 studies from the literature,
which included chronic/carcinogenicity studies conducted by the NTP. During the title/abstract
and/or full text screening of the remaining studies, none of the studies were deemed to contain
potentially relevant information (either quantitative or qualitative) for the 1,3-D human health
risk assessment. Appendix B has detailed information regarding the literature review.
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Absorption, Distribution, Metabolism and Excretion (ADME)

Pharmacokinetics studies were conducted in Fischer 344 rats and B6C3F1 mice via the oral
route. The primary route of excretion for both species was the urine. Following oral
administration, most of the radiolabel was found in the stomach and gastrointestinal tract with
lesser amounts in the kidneys, liver, urinary bladder, skin, fat, blood and carcass. Oral
administration also depleted the non-protein-sulfhydryl contents of several tissues including the
non-glandular stomach (both time- and dose-dependent). Dose-related increases in
macromolecular bindings were noted in several organs with the highest binding sites being found
in the non-glandular stomach. The two major urinary metabolites were identified as 1,3-DCPmercapturic acid and its sulfoxide (or sulfone) derivative.
In another study with Fischer 344 rats, gavage administration of 1,3-D for 14 days resulted in
rapid absorption from the gastrointestinal tract with distribution to all tissues examined. Highest
concentrations appeared in the non-glandular stomach and urinary bladder. There was rapid
elimination in the urine, as carbon dioxide in expired air, and small amounts in the feces. Nine
metabolites were isolated from urine with two being identified as 1,3-D-mercapturic acid and the
sulfoxide derivative. No parent compound was present in the urine.
Additional pharmacokinetics studies with inhalation exposure were also conducted; these studies
were performed with the objective of providing data on mechanistic insights for tumorigenic
analysis. In one study, B6C3F1 mice were administered a single, acute inhalation dose to
determine the respiratory response and systemic absorption/bioavailability. The results indicated
a concentration-related decrease in respiratory rate and correlated decreases in minute volume.
In another acute inhalation study, F344 rats were administered 1,3-D with nose only exposure.
Respiratory frequency and tidal volumes were measured. As in mice, there was a significant
decrease in breathing rate with the lower resultant minute volume. In a third study, steady-state
pharmacokinetics of 1,3-D in male mice was explored. In this study, male B6C3F1 mice were
administered 1,3-D (vapors) with repeated nose-only exposures for 15 days. A concentrationrelated decrease in mean respiratory rate and in minute volume was seen. Most importantly, the
data indicated a relationship between 1,3-D concentration in male mice blood and inhalation
exposure was non-linear (and non-proportional) at exposure concentration levels of 40 ppm and
above. This information was critical in analyzing the benign bronchiole alveolar adenomas
found in the 60-ppm males (26-SEP-2019, G. Akerman, TXR 0057949).
4.3

Toxicological Effects

The major routes of exposure to 1,3-D are the inhalation and oral (food and drinking water)
routes; however, most studies were conducted via the inhalation route given the high volatility of
1,3-D. The pattern of toxicity attributed to 1,3-D exposure via the inhalation route includes
histopathology findings in the nasal cavity (e.g., degeneration of the olfactory epithelium) and
non-glandular stomach, as well as generalized systemic toxic effects (body-weight, body-weight
gain, and food consumption decrements). There were no reproductive effects in a twogeneration reproduction study in rats via inhalation route. No developmental effects were found
in the rabbit developmental toxicity study via inhalation route. In a developmental toxicity study
in rats via inhalation, a decrease of ossification of the vertebral was observed at a relative high
concentration (120 ppm). No quantitative/qualitative susceptibility was found with in-utero or
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post-natal exposure. In male mice, benign bronchioloalveolar adenomas were observed in the
mouse carcinogenicity study via inhalation (see Section 4.5.3).
In oral studies, increased histopathological findings of the non-glandular stomach, increased liver
weights, microcytic anemia, increased hematopoietic activity, and body weight decrements were
observed. Liver adenomas were observed in the chronic/carcinogenicity study in male rats via
dietary administration (see Section 4.5.3).
1,3-D showed moderate acute toxicity by the oral and dermal exposure routes (Toxicity was
Category II), was moderately irritating to the eye and skin, and was a dermal sensitizer in guinea
pigs. It is classified as Toxicity Category IV for acute inhalation toxicity and produced tremors,
convulsions, salivation, lacrimation, diarrhea, lethargy and death at concentrations 647 ppm
(approximately 3 mg/L) or higher.
In addition to the parent compound (1,3-D), two degradates were identified, 3- chloroallyl
alcohol and 3- chloroacrylic acid. These degradates are assumed to have toxicity equal to the
parent compound. Consequently, the risk assessment for the parent compound will be protective
of the potential toxic effects elicited by the two degradates.
4.4

Safety Factor for Infants and Children (FQPA SF) 8

Based on the hazard and exposure data, the 1,3-D risk assessment team has recommended that
the FQPA SF be reduced to 1X. There is a complete toxicity database for 1,3-D. There is no
evidence of susceptibility following in utero and/or postnatal exposure in the developmental
inhalation toxicity studies in rats or rabbits, and in the two-generation inhalation rat reproduction
study. There is no neurotoxicity concern. Finally, the exposure data are complete or are
estimated based on data that reasonably account for potential exposures.
4.4.1

Completeness of the Toxicology Database

The toxicology database is complete and sufficient for assessing susceptibility to infants and
children as required by FQPA. Developmental toxicity studies in rats and rabbits and a
reproduction toxicity study in rats are available for 1,3-D.
4.4.2

Evidence of Neurotoxicity

There was limited evidence of neurotoxicity and neurobehavioral effects following repeat oral
and inhalation exposure in the 1, 3-D toxicity database. The apparent neurotoxic effects were
observed following acute inhalation exposures to high doses only and are likely a result of
irritation due to the corrosive nature of 1, 3-D. The acute and 90-day neurotoxicity battery was
waived for 1,3-D (23-APR-2013, J. Van Alstine, TXR 0056626).

HED’s standard toxicological, exposure, and risk assessment approaches are consistent with the requirements of
EPA’s children’s environmental health policy (https://www.epa.gov/children/epas-policy-evaluating-risk-children).

8
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Evidence of Sensitivity/Susceptibility in the Developing or Young Animal

There was no evidence for increased quantitative and/or qualitative susceptibility after in utero
or postnatal exposure to 1,3-D in developmental toxicity studies in rats and rabbits, or a
reproduction study in rats.
4.4.4 Residual Uncertainty in the Exposure Database
There are no residual uncertainties in the exposure database: 1) the dietary assessment is based
on partially-refined assumptions including 100% crop treated, anticipated residues in foods
taking into account residue dissipation, and drinking water values from groundwater monitoring
studies; 2) the non-occupational bystander and ambient assessments are based on monitoring
data and conservative models; and 3) there are no residential uses of 1,3-D.
4.5

Toxicity Endpoint and Point of Departure (POD) Selection

The toxicity endpoints have not changed since the last risk assessment for 1,3-D except one
endpoint was selected to evaluate occupational ST/IT inhalation. Additionally, human
equivalent concentrations (HECs) were recalculated using current practices. The cancer
classification has been reconsidered after submission of additional toxicity, genotoxicity, and
ADME studies.
Acute Dietary Exposure (all populations)
No appropriate endpoint attributable to a single exposure (dose) was identified from oral toxicity
studies.
Chronic Dietary Exposure
The chronic toxicity endpoint and POD were selected from the combined chronic
toxicity/carcinogenicity study in B6C3F1 mice following oral administration (MRID 43757901).
A NOAEL of 2.5 mg/kg/day was selected as the POD and the toxicity endpoint was based on
decreased body weight and increased incidence of basal cell hyperplasia of non-glandular
stomach mucosa at 12.5 mg/kg/day. The study is appropriate for the route and duration of
exposure. A total UF of 100X was applied (10X interspecies extrapolate, 10X intraspecies
variability, and 1X FQPA SF) to derive the cPAD of 0.025 mg/kg/day.
Incidental Oral Exposure (short- and intermediate-term)
1,3-D is not used in residential settings, so incidental oral exposures are not expected. Also, the
volatile nature of 1,3-D reduces the potential for significant residues of 1,3-D and its degradates
in the upper layer of soil that may be consumed by young children.
Dermal Exposure (short-, intermediate- and long-term)
Dermal toxicity studies have not been submitted for 1,3-D. The dermal toxicity study was not
required due to the highly volatile nature of the chemical and anticipated very low dermal
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exposure relative to inhalation (23-APR-2013, J. Van Alstine, TXR 0056626). Since 1,3-D is
formulated as a liquid there is some potential for dermal and eye contact. The use of mitigation
controls such as PPE and closed transfer systems minimizes the potential but does not eliminate
it. Although 1,3-D may be irritating to the skin and eyes, no dermal endpoints of concern were
selected for risk assessment purposes. PPE for dermal protection should be based on the acute
toxicity of the end-use product as described in the Worker Protection Standard and mitigation
measures for dermal exposure (i.e. PR Notice 93-7, 1995 label amendments, 30-SEP-1998
agreement with Dow).
Inhalation Exposure (acute, short-, intermediate- and long-term)
The critical effects of 1,3-D exposure via the inhalation route are clinical signs and decreased
body weight for acute exposures, and histopathological lesions in the olfactory region of the
nasal cavity for longer term exposures. Inhalation endpoints have been selected for acute, ST/IT,
and LT durations. HECs were then calculated using the RfC methodology 9, which accounts for
pharmacokinetic (not pharmacodynamic) interspecies differences. As a result, the interspecies
UF is reduced from 10X to 3X. The level of concern (LOC) for all durations is 30X (3X
interspecies extrapolation, 10X intraspecies variability, and 1X FQPA when applicable). Due to
differences between anticipated human exposures, HECs were calculated for occupational,
residential indoor post-application, and residential bystander scenarios (see Tables 4.5.3.3 –
4.5.3.5). The toxicity endpoints selected for inhalation risk assessment are presented below.
a.

Acute Inhalation Exposure

For the acute inhalation scenario, two acute inhalation rat studies were selected for establishing
the toxicity endpoints for risk assessment. In one acute inhalation study (MRID 00032985),
mortality was 30% or greater at doses ≥647 ppm following 4 hours of exposure (whole body).
Clinical signs (tremors, convulsions, salivation, lacrimation, diarrhea, lethargy) were also
observed at these doses. In a second study (MRID 41672201), decreased body weights were
observed at the lowest dose tested (583 ppm) following 4 hours of exposure (whole body);
however, no animals died at this dose. Increased mortality was observed at ≥ 771 ppm. A no
observed adverse effect concentration (NOAEC) of 454 ppm was selected based on the results of
both studies. The studies are appropriate for the route and durations of exposure. Since the
effects are considered systemic, the regional gas dose ratio (RGDR) used for HEC calculation is
1. Daily duration adjustments were applied from the rat inhalation study (4 hours) to anticipated
human exposures.
a. Short- and Intermediate-Term Inhalation Exposure
For both ST/IT exposures, a 13-Week inhalation toxicity in rats was selected with a NOAEC of
10 ppm. Histopathological lesions in the nasal turbinates were observed at the LOAEC of 30
ppm. The study is appropriate for the route and duration of exposure. The study is also
protective of effects observed in the rat developmental toxicity study via the inhalation route at
considerably higher concentrations. The RGDR applied for HEC calculation is 0.168 based on
USEPA. (1994). Methods for derivation of inhalation reference concentrations and applications of inhalation
dosimetry.

9
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the extrathoracic effects. Duration adjustments (daily and weekly) were applied from the rat
inhalation study (6 hours/day, 5 days/week) to anticipated human exposures.
a. Long-Term Inhalation Exposure
For LT inhalation exposure assessments, the mouse chronic toxicity/carcinogenicity study via
inhalation route of administration was selected with a NOAEC of 5 ppm. Nasal
histopathological findings (hypertrophy/hyperplasia of the nasal respiratory mucosa) were
observed at the LOAEC of 20 ppm. The study is appropriate for the route and duration of
exposure. The RGDR applied for HEC calculation is 0.03 based on the extrathoracic effects.
Duration adjustments (daily and weekly) were applied from the rat inhalation study (6 hours/day,
5 days/week) to anticipated human exposures.
4.5.1

Recommendation for Combining Routes of Exposure for Risk Assessment

A dermal endpoint was not selected. The oral and inhalation exposures should not be combined
since the points of departure are based on different adverse effects.
4.5.2

Cancer Classification and Risk Assessment Recommendation

In 2019, the CARC evaluated the carcinogenic potential of 1,3-D (26-SEP-2019, G. Akerman,
TXR 0057949). In total, six carcinogenicity studies were considered in this evaluation: oral
gavage studies in the mouse and rat, oral dietary studies in the mouse and rat, and inhalation
studies in the mouse and rat. The NTP rodent cancer bioassays conducted with 1,3-D containing
epichlorohydrin are not included in this evaluation. The CARC concluded that the interpretation
of the findings in those studies are confounded by the presence of a known mutagen and
determined that the database of studies conducted with 1,3-D without epichlorohydrin was
adequate and appropriate for assessing the carcinogenic potential of 1,3-D.
The CARC considered the following in its weight-of-evidence determination of the carcinogenic
potential of 1,3-D:
Rats
With dietary administration, a statistically significant (p<0.05) increase in hepatocellular
adenomas was observed at the high dose (25 mg/kg/day) in F344 male rats. Although there was
no clear evidence of supporting non-neoplastic lesions, the incidence of these benign tumors at
the high dose exceeded the historical control range. The doses tested were considered to be
adequate and not excessive for assessing the carcinogenic potential of 1,3-D in both sexes. The
CARC concluded that the liver adenomas are treatment-related. There were no treatment-related
tumors in female rats in the dietary study.
In an oral (gavage) combined chronic/carcinogenicity study in Sprague Dawley (SD) rats, CARC
determined that although the animals could have tolerated higher doses, the committee
concluded that the high dose (25 mg/kg/day) was adequate to assess carcinogenicity. There were
no treatment-related tumors in male or female rats in this study.
In a combined chronic/carcinogenicity study in F343 rats with inhalation exposure, CARC
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Non-Occupational Spray Drift Exposure and Risk Estimates

A spray drift assessment was not completed for 1,3-D. The application practices for 1,3-D are
not reflected in the standard spray drift assessment as outlined in the Residential SOP Addenda
1: Consideration of Spray Drift. Due to the high vapor pressure and physical state of 1,3-D,
there is negligible likelihood that residues (i.e., sprays) would be present to drift onto nearby or
adjacent areas. Therefore, spray drift exposures have not been quantitatively assessed.
However, non-occupational bystander inhalation exposures are expected, and an assessment was
completed using the most appropriate methodology to assess the off-site and off-field transport
of 1,3-D application related exposures. See Section 9 below for additional information.
9.0

Non-Occupational Bystander Post-Application Inhalation Exposure and Risk
Estimates

A quantitative non-occupational bystander volatilization assessment has been conducted for 1,3D. Because of the potential for fumigants to move off-site following field applications, exposure
to bystanders near specific treated areas and to people through ambient air has been quantified
based on application specific data as well as area-wide monitoring measurements, when
available.
Non-occupational bystander exposure to 1,3-D depends on two main factors: (1) the rate at
which 1,3-D comes off of a treated field (described as the emission or flux) and (2) how those
resulting 1,3-D emissions are dispersed in the air over and around the field. Emission rates are
affected primarily by the amount of 1,3-D applied, the application methods and equipment (i.e.,
drip irrigation and soil injection, including row and broadcast applications, etc.), and the sealing
technologies (i.e., un-tarped, type of tarp used, water sealing, etc.). Additional details on tarps,
buffer zones are available on the Agency website 11. Also, there are a variety of soil factors that
can potentially have an effect on the magnitude of the concentration of fumigant coming off of a
treated field. Some of these include soil type, soil moisture, soil temperature, and organic
content of the soil.
In the years following the Phase 5 RED (12-APR-2007, C. Olinger, D337328), the Agency has
worked with the grower community and the registrant to implement various emissions reduction
technologies. Some of these approaches are outlined in Updated Health Effects Division
Recommendations for Good Agricultural Practices and Associated Buffer Credits (Memo, 14MAY-2009, C. Smith, D362369) and Second Update to Health Effects Division
Recommendations for Good Agricultural Practices and Associated Buffer Credits (Memo, J.
Dawson, 11-JAN-2011, D385314). There are a number of 1,3-D specific studies that have been
previously used to quantitatively determine flux and the associated bystander inhalation
assessment which are relied upon as part of registration review.
To address near-field exposures to 1,3-D associated with specific applications, the registrants has
submitted application and chemical-specific flux data that have been reviewed by HED. Much
of these data were reviewed as part of the Phase 5 RED (12-APR-2007, C. Olinger, D337328).
Since the completion of the Phase 5 Red, HED has reviewed additional studies and evaluated
11

https://www.epa.gov/soil-fumigants/tarps
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proposed label amendments based on these additional studies. This information is discussed
below in Section 9.1: Non-Occupational Bystander Exposure and Risk Estimates from Near
Field Sources.
To address the potential for exposure from ambient air to 1,3-D, the Agency required ambient
monitoring data to quantify potential exposures of 1,3-D from multi/non-point sources over time.
These concentrations are intended to represent anticipated exposures of 1,3-D in high use areas
for periods up to a year. Along with the available monitoring data generated by the registrants,
the assessment also used existing monitoring data for 1,3-D from several publicly available data
sources (i.e., CDPR ARB, TAC Program, and AMN) 12, and the Soil Fumigant Exposure
Assessment (SOFEA) version 4.1.4 modeling software which was submitted to the Agency to
satisfy the ambient air Generic Data Call-In in lieu of generating monitoring data for all required
sampling locations (GDCI: 029001-1397). These data and the modeling approaches are
discussed below in Section 9.2: Non-Occupational Ambient Exposure and Risk Estimates from
Near Field Sources. The Agency has also included risk estimates from EPA 2018 National Air
Toxics Assessment (NATA) 13 in Section 9.3. NATA is EPA’s ongoing review of air toxics
developed as a screening tool for state, local, and tribal air agencies to help identify which
pollutants, emissions sources, and places may need further study to better understand any
possible risks to public health from air toxics.
9.1

Non-occupational Bystander Exposure and Risk Estimates from Near Field Sources

The 1,3-Dichloropropene: HED Human Health Risk Assessment for Phase 5 (12-APR-2007, C.
Olinger, D337328) first established the methodology by which near-field non-occupational
bystander exposures of 1,3-D would be quantitatively assessed (Phase 5 Section 6.1.1). The
2007 document quantitatively assessed these exposures based on a series of flux (i.e., field
volatility) studies and the use of the Probabilistic Exposure and Risk model for Fumigants
(PERFUM) to calculate distances at which target concentrations are achieved at varied
percentiles of exposure. The distances determined based on a target concentration defined by the
inhalation HEC adjusted by an UF may be used as a basis for determining “buffer zones” to
establish for reducing potential risk.
Following this assessment, the registrant submitted additional studies that represented additional
cultural practices of the grower community as well as the emissions reduction practices and
technologies for 1,3-D referenced above in Section 9.0. A compilation of the available chemical
and application specific studies reviewed by the Agency is provided in Appendix E. The Agency
has reviewed and incorporated these data as they were submitted to the Agency using the same
practices and assumptions as outlined in the Phase 5 RED (2007). There have been no changes
to the toxicological PODs relevant to the near field bystander exposures or to the methodologies
used to assess this scenario. The previously reviewed and assessed data will not be revisited as
part of this document.

California Department of Pesticide Regulation (CDPR) Air Resources Board (ARB) Toxic Air Contaminant
(TAC) Program, and the CDPR Air Monitoring Network (AMN)
13
https://www.epa.gov/national-air-toxics-assessment
12
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In the previous risk assessment, PERFUM results (i.e., buffer zone distances) were presented
based on a range of inputs for each modeled parameter, including multiple sources of weather
data, field sizes, application rates, and percentile of exposure for risk management purposes. A
complete review of the modeling inputs is available in the Phase 5 risk assessment (12-APR2007, C. Olinger, D337328) and its associated 2008 new-use/addendum which incorporated a
post-plant drip irrigation flux study on vineyard grapes (24-JAN-2008, C. Olinger; D347789).
The results of the previous assessments show that bystander inhalation exposure to 1,3-D after a
soil fumigation application can vary depending on a variety of factors such as application
method, agricultural tarps, water seals, and soil parameters like moisture and organic content.
The typical application rates currently used for 1,3-D range from 30 to 330 lbs ai/A depending
on the crop. Application rates ranging from 17.5 lbs ai/A to 362 lbs ai/A were used in the
previous residential bystander exposure PERFUM modeling analyses. The application
parameters and control measures used in the previous assessments are still representative of the
currently registered uses of 1,3-D. Therefore, the previous analyses are representative of the
currently registered use pattern of 1,3-D.
A list of 1,3-D specific flux study data and other applicable documents are included below for
reference.
The 1,3-Dichloropropene: HED Human Health Risk Assessment for Phase 5 (12-APR2007, C. Olinger, D337328)
• 1,3-Dichloropropene: Proposed New Use for Drip Irrigation in Vineyards: Revised HED
Human Health Risk Assessment (24-JAN-2008, C. Olinger et al., D347789)
o Review for post-plant drip irrigation field volatility study on vineyard grapes
(MRID #45296101)
• The Health Effects Division’s Review of the Determination of Buffer Zones for
Chloropicrin when Co-applied with 1,3-Dichloropropene in 18 inch Deep Untarped
Broadcast Applications (dated 04/13/2009) (Memo, C. Smith, 11-JAN-2011, D348640)
Using these previously reviewed flux data representing all major application methods,
meteorological data in key production regions, and representative ranges of field sizes; PERFUM
modeling results for all 1,3-D products indicated that acute risks do not exceed HED’s level of
concern at 0 meters from treated fields as presented most recently in 2008 (24-JAN-2008, C.
Olinger et al., D347789).
•

9.2

Non-occupational Ambient Exposure Assessment from Non-Point Sources

Bystanders who live or work near fumigated fields are potentially exposed to fumigant emissions
that travel off-site. There is the potential for inhalation exposure to 1,3-D via ambient air
resulting from multiple agricultural soil applications across large regions.
These assessments have been updated to reflect the recent available monitoring data and
inhalation HECs which have been updated for ST/IT, and LT inhalation exposures according to
current practices. The resulting HECs along with the additional years of ambient air monitoring
data accumulated since the Phase 5 RED were incorporated into this assessment.
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Ambient Air Monitoring Risk Estimates from Non-Point Sources

As part of the 1,3-Dichloropropene: HED Human Health Risk Assessment for Phase 5 (12-APR2007, C. Olinger, D337328), results from existing California Air Resources Board (CARB) data
were used to assess risks from acute (single day), ST/IT, and LT (chronic) exposures. The data
included monitoring fourteen sites in three counties (Kern, Monterey, and Santa Cruz) during
high 1,3-D use seasons over seven- to nine-week study periods between 2000 to 2001. As a
supplement to the ambient air monitoring data previously presented in the Phase 5 RED, HED
has queried any recent existing data that captures the ambient concentrations of 1,3-D and has
compared that data to the appropriate inhalation PODs for use in risk assessment. This
assessment has conducted the non-occupational ambient bystander analysis based solely on the
monitoring results available since 2007 and has not re-assessed the data presented in the Phase 5
RED, to reflect current practices.
As part of Registration Review, HED has queried the recent years of CDPR’s monitoring for 1,3D. A query of the California Pesticide Information Portal (CALPIP) Pesticide Use Reporting
(PUR) database 14 for 2017 (most recent year reported) shows that approximately 17.44 million
pounds of active ingredient (1,3-D) were applied in the State of California.
Exposures from ambient air that occur from multiple regional sources of 1,3-D were estimated
from monitoring data collected to represent conditions at a regional level. The California Air
Resources Board (CARB) and California Department of Pesticide Regulation (CDPR) generated
most of the data considered in this analysis. CARB and CDPR are widely recognized institutions
for these types of programs and are part of the California Environmental Protection Agency.
CARB conducts air monitoring studies for various types of chemicals throughout California
through the Toxic Air Contaminants (TAC) program. DCPR utilizes the Air Monitoring Network
(AMN) specifically to measure pesticides in various high-use agricultural communities.
For ease and clarity, the HED has opted by convention to describe the available ambient
bystander data used in this assessment as follows:
•
•
•
•
•

14

CDPR AMN Data: monitoring data generated by CDPR’s AMN since 2011, intended as a
multi-year statewide air monitoring program focusing on agricultural areas with high
pesticide use (encompasses multiple pesticides).
CARB TAC Agricultural Data: monitoring data generated by CARB’s TAC Network since
2010 specifically focused on agricultural areas with high 1,3-D and methyl bromide use.
CARB TAC Urban Data: monitoring data from CARB’s TAC Network since 2002 for 1,3-D
that quantifies background levels in non-agricultural, urban environments.
CDPR Merced County Township Data: monitoring data generated since 2016 by CDPR
intended to evaluate the effectiveness of township caps and permit conditions in two high
1,3-D use communities which were not already included in other CDPR or CARB studies.
DAS Merced County Data: 14-months of continuous 1,3-D monitoring data generated by
DAS since 2010 spanning nine townships (4 with high 1,3-D use and 5 with low to moderate
1,3-D use) for SOFEA modeling software validation purposes.
https://calpip.cdpr.ca.gov/main.cfm
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These data sources represent the 1,3-D ambient air monitoring sources identified in recent years
by the Agency at the time of Registration Review. The compilation of data sources below
provides a risk picture of 1,3-D ambient air exposures in high-use agricultural and urban
environments and illustrates the evolution of 1,3-D use over a long duration.
CDPR AMN Program Data
In February 2011, CDPR implemented a multi-year statewide air monitoring program, the air
monitoring network (AMN), to measure pesticides in various agricultural communities. The
AMN originally provided monitoring for three communities, but with the passing of the Budget
Act of 2016, it was expanded to include a total of eight sites for a two-year period. Four sites
were operational in 2017, while the other four were added to the AMN in 2018. The four
operational AMN monitoring sites were in the communities of Shafter (Kern County), Santa
Maria (Santa Barbara County), Watsonville (Monterey County), and Chualar (Monterey
County). At each sampling site location, one 24-hour (h) air sample set was collected on a
weekly basis. Monitoring data on 1,3-D are available for 2011-2018 15. This assessment has
conducted the non-occupational ambient bystander analysis based on the 2011 through 2018
monitoring results to reflect the current practices used in California. Air concentrations from
previous years would not illustrate the current agricultural use practices of 1,3-D as well as the
emissions reductions practices and technologies referenced above in Section 9.0.
For the ambient bystander exposure assessment, HED has queried the AMN 16 data analysis for
ambient concentrations of 1,3-D. All data were used as reported by CDPR (an analysis of the
raw data was not conducted; values as reported were used). In 2018, of the 333 possible 1,3-D
detection samples taken, a total of 37 quantifiable detections were identified (11.1%). HED
evaluated different durations of exposure including single day (acute) exposures, ST/IT
exposures, and LT exposures. Risks from acute exposures were calculated using the highest 24hour air concentrations for each location and the acute ambient (24-hour exposure) HEC for the
inhalation POD (343.33 mg/m3 = 343,330,000 ng/m3). Risks from ST/IT exposures were
calculated using the highest 4-week rolling average concentration (or 13-week depending on the
study site) for each location and the ST/IT ambient HEC for the inhalation POD (1.35 mg/m3 =
1,353,000 ng/m3). Risks from LT exposures were calculated using the 1-year average air
concentration for each location and the LT ambient HEC for the inhalation POD (0.69 mg/m3 =
692,000 ng/m3). All HEC durations were converted to ng/m3 in Table 9.2.1.1 below to remain
consistent with the concentration units reported in the study.
For the acute 24-hour exposures, the risk estimates range from 130 to 780,000 (LOC = 30). For
the ST/IT rolling 4- and 13-week average exposures, the risk estimates range from 54 to 8,600
(LOC = 30). For the LT annual average exposures, the risk estimates range from 100 to 21,000
(LOC = 30). See Table 9.2.1.1 for the concentrations and the risk estimates.

15
16

https://www.cdpr.ca.gov/docs/emon/airinit/air network results htm.
https://www.cdpr.ca.gov/docs/emon/airinit/air network.htm
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(mg /m3); LT Inhalation MOEs = Inhalation HEC (0.692 mg/m3 = 692,000 ng/m3) / reported 1-year average air
concentration (mg/m3). [1 mg/m3 × 1,000,000 ng/1 mg = ng/m3 (reported units in study)].
NA: 12 months of monitoring data at the sampling location were not available; therefore, no 1-year average air
concentration was determined at the Oxnard and San Joaquin sites due to their start date in the AMN of 14-AUG-2018
and 4/26/2019 respectively.

CARB TAC Program Monitoring Data in High Use Agricultural Environments
In September 2010, as part of the California Toxic Air Contaminant (TAC) program, CDPR
submitted a request to the California Air Resources Board (CARB) for monitoring of two
pesticide fumigants, methyl bromide and 1,3-D. Because most large-scale pesticide applications
are seasonal and occur in agricultural areas, ARB conducts monitoring in areas of high use, and
at times when use is at its peak. This worst-case information can help determine the ambient
exposures of people living in all areas where the pesticide is used. 1,3-D was monitored from
2010 to 2017/2018 in three sites in central and southern California [Oxnard (Ventura County),
Santa Maria (Santa Barbara County), and Watsonville (Santa Cruz County)]. As of 2018, the
only monitoring location remaining in the TAC program was Oxnard as the sampling sites in
Santa Maria and Watsonville were transitioned into CDPR’s AMN in 2017. Monitoring at the
Oxnard monitoring location began in October 2011 and remained in operation as a TAC site
until August 14, 2018 when it was also transitioned into DPR’s AMN. The TAC Monitoring
Results for Methyl Bromide and 1,3-D 2011-2018 report 17 only includes results for monitoring
from Oxnard for the 2010-2018 calendar years as the most recent AMN report now incorporates
Santa Maria and Watsonville. All data were used as reported by CDPR (an analysis of the raw
data was not conducted; values as reported were used).
For the ambient bystander exposure assessment, HED has queried the TAC data analysis for
ambient concentrations of 1,3-D. HED evaluated different durations of exposure including
single day (acute) exposures, ST/IT exposures, and LT exposures. Risks from acute exposures
were calculated using the highest 24-hour air concentrations for each location and the acute
ambient (24-hour exposure) HEC for the inhalation POD (343.33 mg/m3 = 75,646 ppb). Risks
from ST/IT exposures were calculated using the highest 4-week (or 13-week depending on the
study site) rolling average concentration for each location and the ST/IT ambient HEC for the
inhalation POD (1.35 mg/m3 = 298 ppb). Risks from LT exposures were calculated using the 1year average air concentration for each location and the LT ambient HEC for the inhalation POD
(0.69 mg/m3 = 152 ppb). All HEC durations were converted to ppb in Table 9.2.1.2 below to
remain consistent with the concentration units reported in the study.
The available TAC ambient air concentrations did not result in risk estimates of concern for
acute, ST/IT, or LT exposures. The acute ambient MOEs range from 8,700 to 190,000 (LOC =
30). The ST/IT ambient MOEs range from 420 to 4,300 (LOC = 30). The LT ambient MOEs
range from 730 to 1,700 (LOC = 30). See Table 9.2.1.2 for the concentrations and the risk
estimates.

17

https://www.cdpr.ca.gov/docs/emon/airinit/tac results methyl bromide 1,3-d.pdf
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CDPR Delhi (Merced County) and Parlier (Fresno County) Township Cap Monitoring Data 19
In 2017, CDPR revised permit conditions which eliminated 1,3-D use in the month of December
and restricted the total allotted application amount within a 6x6 square mile area to a maximum
of 136,000 adjusted pounds (i.e., township cap) in a calendar year. In November of 2016, CDPR
initiated an air monitoring study to evaluate the effectiveness of current township caps and
permit conditions in two communities (Delhi in Merced County, and Parlier in Fresno County)
characterized by relatively high levels of 1,3-D use which were not already included in other
CDPR or ARB studies. All data were used as reported by CDPR (an analysis of the raw data
was not conducted; values as reported were used).
HED evaluated different durations of exposure including single day (acute) exposures, ST/IT
exposures, and LT exposures. Risks from acute exposures were calculated using the highest 24hour air concentrations for each location and the acute ambient (24-hour exposure) HEC for the
inhalation POD (343.33 mg/m3 = 75,646 ppb). Risks from ST/IT exposures were calculated
using the highest 90-day rolling average concentration for each location and the ST/IT ambient
HEC for the inhalation POD (1.35 mg/m3 = 298 ppb). Risks from LT exposures were calculated
using the 1-year average air concentration for each location and the LT ambient HEC for the
inhalation POD (0.69 mg/m3 = 152 ppb). All HEC durations were converted to ppb in Table
9.2.1.5 below to remain consistent with the concentration units reported in the study.
The majority of available ambient air concentrations did not result in risk estimates of concern
for acute, ST/IT, or LT exposures, However, one ST/IT ambient exposure sample in Parlier in
2018 resulted in a risk of concern with an MOE of 28 (LOC = 30). The highest concentration
sample was collected on October 9, 2018 which contained the highest measured 1,3-D detection
from this study to date (111 ppb). Through further investigation, CDPR determined that the
heightened concentration was most likely the result of five subsequent 1,3-D applications made
during the sample period with field boundaries ranging from 0.1 to 1 mile from the Parlier
monitoring site. All other sample concentrations in Parlier for 2018 were less than or equal to
9.08 ppb, while all sample concentrations in Parlier for 2017 were less than or equal to 15.96
ppb.
In 2018, 101 valid primary samples were collected from the two sites with 50 from Delhi and 51
from Parlier. During this period, 1,3-D was detected in 76% of air samples collected from Delhi
(68% or 34 out of 50 samples) and Parlier (84% or 43 out of 51 samples). Quantifiable
detections in Delhi ranged from 0.012 to 1.80 ppb with an annual mean of 0.19 ppb.
Quantifiable detections in Parlier ranged from 0.011 to 111 ppb with a median of 0.109 ppb and
a mean of 2.94 ppb. Due to how maximum subchronic and chronic exposures are calculated by
CDPR, the presence of the 111-ppb detection in the calculations increased the subchronic
average concentration from 1.97 ppb to 10.53 ppb. Similarly, this high 111 ppb value almost
quadrupled the 1-yr chronic concentration from 0.76 ppb to 2.94 ppb.
The acute ambient MOEs range from 680 to 71,000 (LOC = 30). The ST/IT ambient MOEs
range from 28 to 1,000 (LOC = 30). The LT ambient MOEs range from 52 to 1,200 (LOC = 30).
See Table 9.2.1.3 for the concentrations and the risk estimates.
19

https://www.cdpr.ca.gov/docs/emon/airinit/monitoring 1,3-d merced fresno.pdf
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recommendations for fumigant data to refine exposure assessments identified in 2008 20. To
fulfill the GDCI, ambient air monitoring data from four separate geographic regions of high 1,3D use were required: Southeast (e.g. Florida/Georgia/Virginia), Mid-Atlantic to Upper Mid-west
(e.g., Michigan/Wisconsin), Pacific Northwest (e.g., Idaho/Washington), and Southwest (e.g.
California/Arizona). Subsequently, in an October 30, 2014 document (MRID# 49503106), DAS
requested a waiver for the required ambient air monitoring study. The document proposed that
realistic concentrations of 1,3-D in ambient air could be effectively derived from modeling using
the Soil Fumigant Exposure Assessment (SOFEA) modeling system as opposed to the required
monitoring at all four sites.
The SOFEA modeling software was originally developed and reviewed in the 2004 USEPA
Scientific Advisory Panel (SAP) meeting 21 to evaluate and manage human inhalation exposure
potential associated with agricultural applications of fumigants. SOFEA calculates fumigant
concentrations in air arising from volatility losses from treated fields for entire agricultural
regions using multiple sources (treated fields), GIS information, agronomic specific variables,
user specified buffer zones and field intervals. The original SOFEA model used a modified
version of ISCST3 as the air dispersion model to predict ST/IT and LT pesticide concentrations
in air for large air sheds resulting from representative agronomic practices. It would also use
ISCST3 in tandem with Monte Carlo techniques to vary the following parameters: weather
information, field size, application date, application rate, application method, pesticide
degradation rates in air, sealing method, field re-treatment, and buffer setbacks. Multi-year,
multiple field simulations can be conducted with SOFEA using random field placement in all
agricultural areas or by selectively placing fields in historical or prospective use areas. Regional
land use information can be used to refine the placement of treated fields, dispersion
calculations, and exposure assessments.
The SOFEA model has several advantages over monitoring studies; primarily the ability to
predict concentrations at many locations and at a much greater temporal frequency than could be
practically accomplished through monitoring studies. Additionally, the receptor density and
specific locations where 1,3-D concentrations in ambient air are simulated can also be varied.
The uncertainties in estimating exposure associated with spatially and temporally sporadic air
measurements, such as those collected in the AMN program, are easily overcome with the use of
an air dispersion model that takes into account spatial and temporal variability in product use
patterns as well as weather variability.
SOFEA was updated in 2014 (v2.0) to run on a Windows 7 operating system and enable the
model to be run in ‘validation’ mode, which allows the user to specify specific field locations
where applications are made and specific receptor locations where fumigant concentrations are
measured. Other enhancements to the model, added in response to the EPA soil fumigant SAP in
September 2004, included the option of importing results from a soil physics model
(CHAIN_2D) to generate flux inputs in lieu of flux obtained from field experiments.

20

See HED’s memo, J. Dawson, 01-JUL-2008, “Recommendations for Fumigant Data to Refine Exposure Assessments”
D353724 for additional information.

21

https://www.epa.gov/sap/fifra-scientific-advisory-panel-historical-meetings
Page 41 of 74

1,3-Dichloropropene Human Health Risk Assessment

DP No. 454712

In 2018, SOFEA (v4.0) was modified to use the American Meteorological Society (AMS)/EPA
Regulatory Model (AERMOD), the USEPA’s recommended air dispersion model. AERMOD
possesses more explicit parameterization for land surface characteristics (e.g., surface roughness
length, albedo, and Bowen Ratio) and develops vertical wind scaling parameters (e.g., Monin
Obukhov Length, friction velocity, and convective velocity scale) to calculate boundary layer
heat flux to improve discretization of mixing regimes. This scheme replaces previous stability
classes used in ISCST3 and has become the EPA’s Office of Air’s preferred model for near field
releases.
The latest version of SOFEA (v4.1.4) includes the following updates:
1. Inclusion of a Graphical User Interface (GUI).
2. Inclusion of a modified version of AERMOD which supports buffer zones and netCDF
POSTFILE output for high performance post processing. The buffer zone modifications
are based on code written by Roger Brode of Pacific Environmental Services (a core
AERMOD system developer) for buffer zone support in ISCST3, which was readily
adapted to AERMOD. netCDF is a standard format used by numerous other air quality
models, including EPA’s Community Multiscale Air Quality (CMAQ) model.
3. Calculation of concentration distributions using the P2 algorithm (Jian and Chlamtac,
1985). Previously, a binning method was used where the number of concentrations in
certain specified ranges were counted. This method was necessary because it was not
possible to store all of the values in memory. The P2 algorithm allows for a distribution
to be constantly updated based on new values, though removing the need to store them in
memory. The P2 algorithm allows for a more accurate and precise estimate of
distribution percentiles.
4. Inclusion of an analysis module that includes high performance, single pass algorithms
for summary statistics, percentile estimation, moving averages (MAs), cumulative
distribution function (CDF), and probability density function (PDF) generation.
SOFEA v4.1.4 Preliminary Modeled Results for the Southeast, Mid-Atlantic, and Pacific
Northwest Regions
Preliminary modeled results of SOFEA v4.1.4 were submitted to the Agency using three highuse areas. Modeling runs were completed for the Southeast (Florida), Mid-Atlantic (North
Carolina), and Pacific Northwest regions (Washington) using reported application details
(including field GPS location, lbs ai applied, date applied, and depth applied) provided by DAS
for each modeled area. NOTE: These model outputs have been recently made available to the
Agency and will be further reviewed and incorporated through the Registration Review process
as appropriate. For the current purposes of Registration Review, HED has calculated
preliminary risk estimates using the modeled concentrations as they were submitted to the
Agency for acute, ST/IT, and LT durations with the updated inhalation HECs derived by the
Agency which are detailed in Section 4.5. The model inputs (e.g., reported chemical use data,
meteorological data, flux data, etc.) and summary of all modeled percentiles are presented in
Appendix F.
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understand any possible risks to public health from air toxics. These data aren’t intended to
provide precise exposures and risks for a specific person, and are best applied to larger areas
(counties, states, and the nation as a whole).
The most recent NATA 23 uses emissions data from 2014 to estimate health risks from toxic air
pollutants. HED used the highest concentration of 1,3-D reported by NATA in Santa Cruz, CA
(0.0157 mg/m3) to calculate a screening level MOE 24 of approximately 44 (LOC = 30), which is
not of concern. This finding is consistent with the finding from EPA’s NATA, where calculated
hazard quotients (HQs) were not of concern. In an air toxics risk assessment, the potential for
non-cancer effects in humans is typically quantified by calculating a ratio of the inhalation
exposure concentration to the toxicity reference concentration (RfC); the 1,3-D chronic RfC used
in the NATA assessment was 0.02 mg/m3 (LT HEC of 0.69 mg/m3 is used by OPP for risk
assessment is considered equivalent to the NATA RfC 25). This ratio is referred to as the HQ.
For a given air toxicant, HQs of 1 or less are not likely to be associated with adverse health
effects. Using the data collected for all sites, NATA reported the respiratory hazard quotients
(the route of concern for 1,3-D) for 1,3-D are all ≤ 0.7154 and are not of concern.
10.0

Cumulative Exposure/Risk Characterization

Unlike other pesticides for which EPA has followed a cumulative risk approach based on a
common mechanism of toxicity, EPA has not made a common mechanism of toxicity finding as
to 1,3-D and any other substances and 1,3-D does not appear to produce a toxic metabolite
produced by other substances. For the purposes of this action, therefore, EPA has not assumed
that 1,3-D has a common mechanism of toxicity with other substances. In 2016, EPA’s OPP
released a guidance document entitled, Pesticide Cumulative Risk Assessment: Framework for
Screening Analysis [https://www.epa.gov/pesticide-science-and-assessing-pesticiderisks/pesticide-cumulative-risk-assessment-framework]. This document provides guidance on
how to screen groups of pesticides for cumulative evaluation using a two-step approach
beginning with the evaluation of available toxicological information and if necessary, followed
by a risk-based screening approach. This framework supplements the existing guidance
documents for establishing common mechanism groups (CMGs) 26 and conducting cumulative
risk assessments (CRA) 27. During Registration Review, the Agency will utilize this framework
to determine if the available toxicological data for 1,3-D suggests a candidate CMG may be
established with other pesticides. If a CMG is established, a screening-level toxicology and
exposure analysis may be conducted to provide an initial screen for multiple pesticide exposure.
11.0

Occupational Exposure/Risk Characterization

This section of the risk assessment focuses on potential exposures and risk to occupational
handlers, to occupational reentry workers who could be exposed when entering 1,3-D treated
https://www.epa.gov/national-air-toxics-assessment/2014-nata-assessment-results#about
MOE = HEC (0.69 mg/m3) ÷ Exposure (0.0157 mg/m3) = 44
25
LT Bystander HEC = 0.69 mg/m3 ~ 0.02 mg/m3 RfC (NATA RfC = HEC ÷ 30 UF)
26
Guidance For Identifying Pesticide Chemicals and Other Substances that have a Common Mechanism of Toxicity
(USEPA, 1999)
27
Guidance on Cumulative Risk Assessment of Pesticide Chemicals That Have a Common Mechanism of Toxicity
(USEPA, 2002)
23
24
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areas to perform crop-production tasks, and to occupational bystanders who could be exposed
when performing crop-production tasks near (but not inside) 1,3-D-treated areas. These
scenarios were assessed as part of the HED Human Health Risk Assessment for Phase 5 (12APR-2007, C. Olinger, D337328).
As part of Registration Review an update to the occupational exposures has been conducted to
address the updates to the inhalation ST/IT and LT HECs. As no new handler data has been
submitted since the Phase 5 RED, the study information, including air concentrations which
represent potential worker exposure, has been carried forward with no changes and reanalyzed
solely to incorporate the updated toxicological information (HECs).
It is important to consider that in this assessment worker exposure monitoring data have been
used directly for risk assessment purposes. In a typical pesticide handler assessment, HED uses
normalized estimates of exposures based on similar equipment and with similar levels of
protective equipment or clothing. Additionally, in typical post-application worker assessments,
exposures are scaled based on how residues decay over time. These approaches have not been
used in the occupational assessments presented below due to methodological issues. For
example, it is not clear how changes in various parameters or conditions (e.g., temperature,
emission reduction methods such as tarps or application methods) may impact exposures. It is
also not clear how time after application can be used for scaling exposures from one day to the
next because worker exposures may be inherently related to the conditions of the field under
which monitoring has occurred. Entry restrictions into treated fields for activities such as tarp
cutting, and tarp removal remain unchanged.
11.1

Acute and Short-/Intermediate-Term Occupational Handler Exposure and Risk
Estimates

For the soil uses of 1,3-D, occupational handlers may be exposed while handling the pesticide
prior to application, as well as during application. The potential for 1,3-D exposure was only
considered for the inhalation route of exposure. Dermal exposures are not expected given the
high vapor pressure of 1,3-D, and based on the delivery systems, packaging (i.e., pressurized
cylinders), and emission reduction techniques (e.g., tarping) used. While no data are available to
assess drip irrigation applicator exposure, the application takes place using a closed system and
exposure is expected to be negligible. Therefore, dermal exposures have not been quantitatively
assessed. Because 1,3-D is currently classified as a Restricted Use Pesticide, it may only be
applied by a certified applicator or under the direct supervision of a certified applicator.
Occupational acute and ST/IT inhalation exposures are expected from the registered uses of 1,3D. Continuous LT exposures for more than 6 months per year are not expected based on the
seasonal nature of 1,3-D use.
While an updated handler assessment has been completed to incorporate updates to the 1,3-D
ST/IT inhalation HEC, there have been no new worker exposure data submitted since the
summaries provided in the Phase 5 RED (12-APR-2007, C. Olinger, D337328). The
concentrations for each presented duration of exposure have been pulled forward from that
document unaltered for use in this assessment. For 1,3-D, handler exposure estimates were based
on chemical-specific handler studies that examined 1,3-D exposures to handlers involved in
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applications. 1,3-D worker exposure data are available, but the data did not cover the entire
range of possible exposure scenarios. Occupational exposures studies (MRIDs) used in this
assessment are listed below. The tasks monitored include:
•
•
•

MRID 42946201 and 42845602: drum and bulk loaders and applicators, irrigation
maintenance worker, rock removers, bed shapers;
MRID 43880401: mini-bulk loaders and applicators;
MRID 45120702: pre-bed row applications (Yetter rig), shovel men, operators, drivers.

At this time, HED has no worker exposure data to assess potential risks to occupational handlers
or reentry workers resulting from the pre-plant drip irrigation uses, the post-plant vineyard use,
or the turf uses of 1,3-D. The Phase 5 RED utilized field volatility data available to address offsite exposure for the drip irrigation and golf course uses. For these application techniques, the
ISCST3 and PERFUM models were previously used as surrogate data to estimate occupational
bystander exposures following/during a single 1,3-D application to outdoor agricultural fields.
As these surrogate data runs inherently rely on the acute endpoint (which was not impacted by
the HEC updates) with outputs encompassing 24-hour durations, and there were no risks of
concern identified for any modeled meteorological condition or application method at that time
(12-APR-2007, C. Olinger, D337328; Table 17), they were not updated for the purposes of this
assessment.
Much of the handler exposure monitoring data used in the occupational exposure estimates
reflect the use of some engineering controls such as tarps, tractor cabs, deep injection, or other
devices. Agricultural practices or application technology may have changed since the
submission of these data; additionally, there may be application activities that were not captured
in the worker monitoring studies submitted. 1,3-D labels currently require occupational handlers
to wear baseline attire defined as long-sleeve shirt, long pants, shoes plus socks and a variety of
additional PPE including chemical-resistant aprons, footwear, gloves, headgear, and suits,
coveralls, and protective eyewear. Additional PPE is required which varies by label/product for
the inhalation route depending on potential for contact with liquid fumigant, application
equipment/method, time since fumigations took place, and concentration levels of 1,3-D. For
these scenarios occupational handlers may be required to wear NIOSH filtering half-face
respirators, engineering controls (i.e., enclosed cab equipped with a vapor adsorptive filter
containing activated charcoal), SCBA or supplied-air respirators depending on the labeled
activity (for additional details, see (029001) PLUS – Maximum Use Scenario Report.xlsx, 14DEC-2018).
Acute risks to handlers are less than HED’s LOC of 30 for all of the sample points at baseline
attire without a respirator (MOEs range from 320 to 19,000). Many ST and IT risks to handlers
are less than HED’s LOC of 30 for occupational activities at baseline attire without a respirator
(MOEs range from 1 to 380). However, with the addition of a PF 10 respirator, all but one of the
ST and IT handler risks are greater than HED’s LOC (MOEs range from 5.3 to 3,800). With the
addition of a PF 50 respirator (e.g., full-face/recirculated air respirator system), all but one of the
ST and IT handler risks are greater than HED’s LOC (MOEs range from 27 to 19,000). The
updated non-cancer risk estimates are based on the existing worker monitoring data and are
provided in Table 11.1.1 below.
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such as burning eyes and coughing. These are symptoms, which were minimally traumatic and
resolved rapidly, and are likely the result of chloropicrin exposure. Chloropicrin is used as a
warning agent with other more toxic active ingredients, such as 1,3-D, because it has a strong
odor and causes respiratory and eye irritation.
In IDS (71%), SENSOR-Pesticides (83%), and California’s Pesticide Incident Surveillance
Program (PISP) (96%) exposure from drift/volatilization was responsible for the most reported
1,3-D incidents. These incident events, often involving multiple cases, resulted from off-target
drift or volatilization of the a 1,3-D product onto nearby farms, fields and residential areas.
These events exposed workers and residents of neighboring communities.
Epidemiological studies investigating the association between 1,3-D and health outcomes
available in the open literature were reviewed. Overall, there was insufficient evidence to
suggest a clear associative or causal relationship exists between 1,3-D exposure and the health
outcomes investigated in the studies reported here. The Agency will continue to monitor the
epidemiology data, and -- if a concern is triggered – then additional analysis will be conducted.
13.0
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Appendix B. Literature Search Details
Date and Time of Search: 08/07/2018; 02:49 pm
Date and Time of Search: 02/21/2019; 08:08 am (NO CHANGE in Hits)
Search Details:
((Telone) OR (Telone 1,3-D)) AND (rat OR mouse OR dog OR rabbit OR monkey OR mammal)
PubMed* hits: 8
Number of Swift** Articles: 6 for Animal
Number of Swift Articles: 6 for Human
Number of Swift Articles: 0 for No Tag
All studies identified in the PubMed search were screened when the citation list was <100.
Screening of larger citations lists (>100 citations) was conducted after prioritization in SWIFTReview and focused on studies identified with the “Animal” and/or “Human” tag.
Conclusion of Literature Search: Following title/abstract and/or full text screening, no studies
were identified as containing potentially relevant information (either quantitative or qualitative)
for the 1,3-D human health registration review risk assessment.
*PubMed is a freely available search engine that provides access to life science and biomedical
references predominantly using the MEDLINE database.
**SWIFT-Review is a freely available software tool created by Sciome LLC that assists with
literature prioritization. SWIFT-Review was used to prioritize studies identified in the PubMed
search based on the model of interest in the study (e.g., human, animal, in vitro, etc.). Studies
could have resulted in multiple tags which would account for citations identified in PubMed not
matching the number of tagged citations.”
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Appendix D. Review of Human Research
The chemical-specific studies used to develop the previous occupational handler assessment
have been reviewed for compliance with required ethical standards for conducting human
studies.
The ethic reviews covering each study MRID are as follows:
• M. Arling. 02-DEC-2019; Ethics Review of Applicator and Worker Exposure
Monitoring Study Involving Telone (1,3-Dichloropropene)
o Houtman, B. An Evaluation of 1,3-Dichloropropene Worker Exposures
Associated with TELONE Soil Fumigant Loading, Application and Re-entry –
Final Report. September 29, 1993. Unpublished Report sponsored by
DowElanco. 76p. (MRID 42946201)
o Houtman, B. An Evaluation of 1,3-Dichloropropene Worker Exposures
Associated with TELONE Soil Fumigant Loading, Application and Re-entry –
Phase 3. Interim Report. July 14, 1993. Unpublished Report sponsored by
DowElanco. 55p. (MRID 42945602)
• M. Arling. 02-DEC-2019; Ethics Review of Applicator and Worker Exposure
Monitoring Study Involving Telone (1,3-Dichloropropene)
o Dupuis, M.R. et al. An Evaluation of Worker Exposure to Airborne
Concentrations of 1,3-Dichloropropene During Loading and Application of
Telone Soil Fumigants Packaged in Traveler Cylinders. August 30, 1995.
Unpublished Report sponsored by DowElanco. 76p. (MRID 43880401)
• M. Arling. 02-DEC-2019; Ethics Review of Worker Exposure Monitoring Study
Involving 1,3-Dichloropropene
o Rotondaro, A. 1,3-Dichloroproene Exposure to Workers Tarping Beds During
Pre-Bed Fumigation with 1,3-D Soil Fumigants. April 17, 2001. Unpublished
Report sponsored by Dow AgroSciences. 115p. (MRID 45400202)
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Appendix E. 1,3-D Application Specific Flux Studies
MRID

Study Title

45296101 Beard, K.; Mueller, J.; Stolz, E.; Dolder, S. (1998) 1,3-Dichloropropene Air Monitoring; Post-Plant
Drip Application in Grapes. 40p.
47813901 Ajwa, H.; Sullivan, D.; Chellemi, D. (2009) Monitoring 1,3-Dichloropropene, Chloropicrin and
Methyl Isothiocyanate Emissions from Shank Applications at Three Sites Near Duette, Florida.
Project Number: 2009A. Unpublished study prepared by University of California, Sullivan
Environmental Consulting and JRF America. 114 p.
48085701 Ajwa, H.; Sullivan, D.; Chellemi, D. (2010) Monitoring 1,3-Dichloropropene and Cloropicrin
Emissions from Solid-Tarp Shank Injections at Two Sites Near Fort Pierce, Florida. Project Number:
2009H. Unpublished study prepared by University of California and Sullivan Environmental
Consulting. 146 p.
48888301 Sullivan, D.; Ajwa, H.; Sullivan, R.; et al. (2012) Monitoring of Flux from Soil Injection Application
Method of 1,3 Dichloropropene and Chloropicrin for Four Different Tarping Materials. Project
Number: SEC2012A. Unpublished study prepared by Sullivan Environmental Consulting, University
of California and AJK Consultancy. 247p.
48917601 Ajwa, H.; Sullivan, D. (2012) Soil Fumigant Emissions Reduction Using EVAL Barrier Resin Film
(VaporSafe) and Evaluation of Tarping Duration Needed to Minimize Fumigant Total Mass Loss.
Project Number: HA2011A/OCR, 263977. Unpublished study prepared by Sullivan Environmental
Consulting and University of California. 404p.
49031901 Sullivan, D.; Ajwa, H.; Sullivan, R.; et al. (2013) Monitoring of Flux from Soil Injection Application
Method of 1,3 Dichloropropene and Chloropicrin for Four Different Tarping Materials. Project
Number: SEC2011B. Unpublished study prepared by Sullivan Environmental Consulting , University
of California, Davis. 221p.
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Appendix F. SOFEA 4 Data Assumptions for Acute and ST/IT Risk Estimate Percentiles
The following language and data assumptions were submitted by DAS and are summarized as
presented in “SOFEA modeling of 24-hour, 28-day and annual average 1,3-D concentrations in
ambient air in intensive 1,3-D use areas in Washington, North Carolina, and Florida in 2015/16
and 2016/17 - Final Report (Revised)” (MRID 50594901).
Since the exact field locations and 1,3-D application parameters were known the SOFEA model
was used in "retrospective mode." The model ran for two consecutive one-year simulations
using equally spaced receptors (500m receptor spacing) in the study area where hourly 1,3-D
concentrations in ambient air were predicted.
Regional Selections and Data Inputs
Pacific Northwest (PNW):
>15% of 1,3-D sold in the USA is applied annually in WA, primarily to annual crops such as
potatoes and onions, with some tree and vine and vegetable crop uses as well. A study area
spanning approximately 1900 square miles, to the southeast of the town of Quincy, WA contains
a significant amount of agricultural land planted in potato and onion that is regularly fumigated
with 1,3-D and is considered representative of the PNW region.
During the 2015/16 use season, growers in the WA study area applied a total of 1,110,559 kg
(2,448,782 pounds) of 1,3-D in the WA study area with 138 applications on a total of 6015
hectares (ha) (14,857 acres) of land. The average treated field area was approximately 43.6 ha
(~107 acres). During the 2016/17 use season, growers applied a total of 849,446 kg (1,873,028
pounds) of 1,3-D in the WA study area with 107 applications on a total of 4,784 ha (11,768
acres) of land. The average treated field area was approximately 44.5 ha (~110 acres). The
product use data used to parameterize SOFEA for 2015/16 and 2016/17 years of modeling in
WA is shown in the Excel worksheet titled WA_Year1_data.csv and WA_Year2_data.csv.
SOFEA reads the product use data directly from the Excel spreadsheets. The 1,3-D use by
month during the 2015/16 and 2016/17 study seasons is consistent with historical use patterns in
Washington, with major use in the fall (Oct/Nov) and the spring (March), and no use between
April and July.
The SOFEA simulations in the Quincy, WA study area were conducted on a 70 km x 70 km land
area (1,892 square miles) containing 19,881 receptors spaced 500m apart. The simulation
spanned two calendar years (6/1/2015 through 5/31/2016 and 6/1/2016 through 5/31/2017), with
each year simulated individually. SOFEA simulated concentrations and probability distributions
of 24-hour, 28-day, 90-day moving average (MA) and annual average 1,3-D concentrations for
the WA study area, for 2015/16 and 2016/17 are shown in Table F.2.
Mid-Atlantic states:
>10% of 1,3-D sold in the USA is applied annually in North Carolina, primarily to annual crops
such as tobacco and market vegetables including sweet potatoes. A study area spanning
approximately 160 square miles in Wilson County, NC contains a significant amount of
fumigated land and 1,3-D use and is representative of the 'mid- Atlantic states'.
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During the 2015/16 use season, growers made 84 applications of 1,3-D on 806 ha (~1,991 acres)
of land totaling 72,684 kg (160,268 pounds) in the NC study area. The average treated field size
was 9.6 ha (~24 acres). The Excel worksheet containing the 1,3-D application information for
NC in 2015/16 is titled NC_Year1_drip_Apps.csv and NC_Year1_shank_Apps.csv. During the
2016/17 use season, growers made 71 applications of 1,3-D on 654 ha (~1615 acres) of land
totaling 40,029 kg (88,063 pounds) in the NC study area. The Excel worksheet containing the
1,3-D application information for NC in 2016/17 is titled NC_Year2_drip_Apps.csv and
NC_Year2_shank_Apps.csv. The 1,3-D use by month during the 2015/16 and 2016/17 study
season reflects the extensive use of 1,3-D for fumigating tobacco fields in March and April.
The SOFEA simulations in the Wilson, NC study area were conducted on a 23 km x 18 km land
area (160 square miles) containing 1,656 receptors spaced 500m apart. The simulations spanned
an entire year of use, starting on 6/1/2015 and ending on 5/31/2016 for the first year and starting
on 6/1/2016 and ending on 5/31/2017 for the second year. The 1,3-D use by month during the
2015/16 and 2016/17 study seasons is consistent with historical use patterns in North Carolina,
with major use in the spring (March/April). SOFEA concentrations and probability distributions
of 24-hour, 28-day, 90-day MA and annual average 1,3-D concentrations for the NC study area,
for 2015/16 and 2016/17 are shown in Table F.2 (drip applications) and F.3 (shank applications).
Georgia-Florida coastal plain:
Approximately 20% of 1,3-D sold in the USA are applied annually in Georgia and Florida,
primarily to soil being prepared for annual crops such as potatoes, peppers, tomatoes and with
some tree and vine use. A study area spanning approximately 270 square miles of intensive
agricultural land bounded by the town of St. Johns, FL to the north and Palatka, FL to the south,
that contains a significant amount of fumigated land and 1,3-D use, is representative of
agricultural production in GA/FL and was selected for modeling.
During the 2015/16 use season, growers made 206 applications of 1,3-D on 5,504 ha (~12,408
acres) of land totaling 323,971 kg (714,356 pounds) in the FL study area. The average treated
field size was 24.5 ha (~60 acres). The Excel worksheet containing the 1,3-D application
information for FL in 2015/16 is titled FL_Year1_data.csv. During the 2016/17 use season,
growers made 205 applications of 1,3-D on 4401 ha (~10,828 acres) of land totaling 251,959 kg
(554,311 pounds) in the FL study area. The Excel worksheet containing the 1,3-D application
information for NC in 2015/16 is titled FL_Year2_data.csv.
The SOFEA simulations in the FL study area were conducted on a 20 km x 35 km (269 square
mile) land area containing 2911 receptors spaced 500m apart. The simulations spanned an entire
year of use, starting on 6/1/2015 and ending on 5/31/2016 for the first year and starting on
6/1/2016 and end ing on 5/31 /2017 for the second year. SOFEA simulated concentrations and
probability distributions of 24-hour, 28-day, 90-day MA and annual average 1,3-D
concentrations for the FL study area, for 2015/16 and 2016/17 are shown in Table F.4.
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