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The conclusions conveyed in this assessment were developed in full compliance with EPA Scientific 
Integrity Policy for Transparent and Objective Science, and EPA Scientific Integrity Program’s 
Approaches for Expressing and Resolving Differing Scientific Opinions. The full text of EPA Scientific 
Integrity Policy for Transparent and Objective Science, as updated and approved by the Scientific 
Integrity Committee and EPA Science Advisor can be found here: https://www.epa.gov/system/files/
documents/2023-12/scientific integrity policy 2012 accessible.pdf.  The full text of the EPA Scientific 
Integrity Program’s Approaches for Expressing and Resolving Differing Scientific Opinions can be found 
here: https://www.epa.gov/scientific-integrity/approaches-expressing-and-resolving-differing-
scientific-opinions. 
 
Introduction   
 
As part of Registration Review, the Pesticide-Reevaluation Division (PRD) of the Office of Pesticide 
Programs (OPP) has requested that the Health Effects Division (HED) conduct an occupational and 
residential exposure assessment, as needed, to estimate the risk to human health that will result from 
the currently registered use of saflufenacil.  This memorandum serves as HED’s assessment of the 
occupational and residential exposure and risk from existing uses of saflufenacil.  
 
It is HED policy to use the best available data to assess exposure.  Several sources of generic data were 
used in this assessment as surrogate data in the absence of chemical-specific data, including studies 
from the Pesticide Handlers Exposure Database Version 1.1 (PHED 1.1); the Agricultural Handler 
Exposure Task Force (AHETF) database; the Outdoor Residential Exposure Task Force (ORETF) 
database; the Agricultural Reentry Task Force (ARTF) database; and other registrant-submitted 
exposure monitoring studies (MRID 44339801).  Some of these data are proprietary, and subject to the 
data protection provisions of the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA).  
 
Note:  This memorandum was reviewed by the Exposure Science Advisory Committee (ExpoSAC) on 
4/15/2021.  Since the 2021 occupational assessment, updated occupational handler exposure 
spreadsheet tools became available. Therefore, this occupational assessment reflects the following 
updates:   
 

• The occupational handler assessment was updated, and the 2021 spreadsheet was used. 
 
A summary of the findings and an assessment of occupational risk resulting from the registered uses of 
saflufenacil are provided in this document, which supersedes the 2021 occupational assessment.  
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1.0 Executive Summary 
 
Background 
 
Saflufenacil is a broad-spectrum herbicide in mode-of-action Group 14 (cell membrane disruptors). It 
acts through the inhibition of protoporphyrinogen oxidase (PPO), resulting in cell membrane damage 
and subsequent plant death. This document assesses exposure and risk from the registered uses of 
saflufenacil required during Registration Review. The most recent saflufenacil exposure assessment 
was conducted for a Section 3 registration for uses on caneberry, fig, and chia (C. Severini, D456302, 
07-AUG-2020). An Occupational and Residential Exposure Assessment for Registration Review was 
completed in 2021 (L. Venkateshwara, D462362, 21-SEP-2021). This assessment is being updated with 
new 2021 occupational handler spreadsheet. 
 
Use Profile 
 
Saflufenacil is a pre- and post-emergence herbicide that acts by inhibiting PPO, which leads to 
chlorophyll destruction by photooxidation and causes bleaching of emerging foliar tissue. Saflufenacil 
is currently registered in the U.S. for use on several raw agricultural commodities including legume 
vegetables, citrus fruit, pome fruit, stone fruit, tree nuts, cereal grains, cotton, oilseeds, grapes, grass 
forage/hay/grass grown for seed, olives, soybean, pomegranate, caneberry, fig, and chia. Saflufenacil is 
currently formulated as a water dispersible granule (WDG), emulsifiable concentrate (EC), and soluble 
concentrate (SC). Applications are made by air, groundboom, chemigation, and hand-held equipment 
at application rates ranging from 0.0167 to 0.356 lb ai/A. The labels require handlers to wear 
“baseline” attire (i.e., long-sleeved shirt, long pants, shoes and socks), as well as personal protective 
equipment (PPE) including protective eyewear, and chemical resistant gloves. The restricted entry 
interval (REI) is 12 hours listed on all labels.  
 
Exposure Profile  
 
Based on the registered uses of saflufenacil, it is expected that short- and intermediate-term dermal 
and inhalation occupational handler and occupational post-application exposures will occur. Chronic 
exposure is not expected for the registered use patterns. There are currently no uses in residential 
settings that would result in residential handler and post application exposure; however, there is the 
potential for non-occupational exposure (dermal and incidental oral) as a result of spray drift. 
 
Hazard Characterization 
 
For all occupational and non-occupational risks, the point of departure (POD) for short-term adult oral, 
short- and intermediate-term dermal and inhalation exposure/risk assessment is a no-observed 
adverse-effect level (NOAEL) of 5 mg/kg/day based on decreased fetal body weights and increased 
skeletal variations at the lowest-observed adverse-effect level (LOAEL) of 20 mg/kg/day in the 
developmental study in rats. For the short- and intermediate-term incidental oral exposure scenarios, 
the POD was derived the offspring NOAEL from the two-generation reproductive study which is 15 
mg/kg/day. The LOAEL is 50 mg/kg/day based upon decreased viability and lactation indices, decreased 
pre-weaning body weight, and changes in hematological parameters. Since an oral study was used for 
the dermal POD, a dermal absorption factor (DAF) of 6% was used for the dermal risk assessment 
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derived from a dermal penetration study (MRID 47128214).  Since no inhalation absorption data are 
available, toxicity by the inhalation route is considered to be equivalent to the estimated toxicity by the 
oral route of exposure. A 69 kg body weight was used for all adult exposure calculations because the 
endpoint was observed in fetuses. Saflufenacil was classified as “not likely to be carcinogenic to 
humans” based on the lack of tumors in the mouse and rat carcinogenicity studies and lack of 
mutagenicity.  The total uncertainty factor (UF) that was applied to occupational and non-occupational 
risk assessments is 100 for short- and intermediate-term risks (10x interspecies factor, 10x intraspecies 
factor). Since the POD for the dermal and inhalation routes of exposure are based on the same effect, 
the exposures from these routes can be combined to estimate total risk.  The short- and intermediate-
term dermal level of concern (LOC) are the same (LOC = 100).  Due to the lack of an available 
subchronic inhalation toxicity study (the HASPOC decision described below), the inhalation LOC is for 
MOEs less than 1000 based on a combined UF to account for interspecies variability (10X), intraspecies 
extrapolation (10X), and 10x database UF for the lack of a subchronic inhalation toxicity study. Some 
occupational inhalation scenarios currently result in MOEs <1000.  
 
Residential Exposure and Risk 
 
There are currently no registered residential uses or use sites for saflufenacil. As such, no residential 
handler or post-application exposures/risks were assessed.  
 
Non-Occupational Spray Drift Exposure and Risk   
 
A quantitative non-occupational spray drift assessment was conducted for the registered uses of 
saflufenacil to evaluate potential exposure to people who live adjacent to treated fields.  Adult dermal 
and children’s (1 to < 2 year old) dermal and incidental oral risk estimates from indirect exposure 
related to spray drift are not of concern (margins of exposure (MOEs) ≥ LOC of 100 for adult dermal 
and MOEs ≥ LOC of 100 for children’s incidental oral and dermal) at the edge of the field.  
 
Occupational Exposure and Risk 
 
Except for six occupational scenarios as discussed below, there are no risks of concern from all other 
exposure routes from the registered uses of saflufenacil. Tolerance recommendations are discussed in 
Section 2.1 and recommended label modifications are discussed in Section 2.2.  
 
The combined dermal and inhalation occupational risk estimate MOEs range from 61 to 390,000. MOEs 
greater than the LOC of 100 are not of concern. Most occupational handler combined dermal and 
inhalation MOEs are greater than 100 at labeled PPE (long-sleeved shirt, long pants, shoes and socks, 
protective eyewear, and chemical-resistant gloves). The addition of PPE (e.g., double-layer clothing or 
PF10 respirator, as applicable) for the six scenarios described below would yield MOEs above the LOC 
(i.e., not of concern). A summary of occupational handler exposure risk estimates can be found in Table 
11.1. 
 
The following scenarios resulted in MOEs below the LOC at labeled PPE; however, they would not be of 
concern with the addition of a double layer of clothing. The dermal exposure route was the risk driver 
for these scenarios: 
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• Applying broadcast spray (all starting formulations) to rights of way (e.g., utilities, railroad, 
roadways) at 0.0285 lb active ingredient (ai)/gallon solution using mechanically pressurized 
handgun [dermal MOE = 98; total MOE = 92 (with double-layer clothing, total MOE = 140)]. 

 
• Mixing/loading/applying broadcast liquid formulation to Christmas tree farms, at 0.0268 lb 

ai/gallon solution using mechanically pressurized handgun [dermal MOE = 100; total MOE = 94 
(with double-layer clothing, total MOE = 140)].  
 

• Mixing/loading/applying broadcast liquid formulation to field crop, typical acreage at 0.0268 lb 
ai/gallon solution using mechanically pressurized handgun [dermal MOE = 100; total MOE = 94 
(with double-layer clothing, total MOE = 140)].  
 

• Mixing/loading/applying broadcast liquid formulation to industrial/commercial areas at 0.0285 
lb ai/gallon solution using mechanically pressurized handgun [dermal MOE = 98; total MOE = 92 
(with double-layer clothing, total MOE = 140)].  
 

The following scenarios reached MOEs above the LOC of 1000 with the addition of a PF10 and/or PF50 
respirator. The aggregate risk index (ARI) approach was used to present risk estimates for these 
scenarios since the LOCs for inhalation (LOC=1000) and dermal (LOC= 100) exposures are different. In 
the ARI approach, ARIs of less than 1 are risk estimates of concern. Due to the lack of an available 
subchronic inhalation study, the inhalation LOC is 1000; the two scenarios below resulted in inhalation 
MOEs below the LOC of 1000. The inhalation exposure route was the risk driver for these scenarios: 
 

• Mixing/loading/applying foliar liquid formulations to nursery crops (ornamentals, vegetables, 
trees, container stock) at 0.0067 lb ai/gallon solution with mechanically pressurized handgun 
[inhalation MOE = 380 (with PF10 respirator, MOE = 3800); total ARI = 0.34 (with PF10 
respirator, total ARI = 2.6)]. 

 
Mixing/loading/applying soil-directed liquid formulations to nursery crops (ornamentals, vegetables, 
trees, container stock) at 0.0285 lb ai/gallon solution with mechanically pressurized handgun 
[inhalation MOE = 90 (with PF10 respirator, MOE = 900; with a with PF50 respirator, MOE = 1,400); 
total ARI = 0.086 (with PF10 respirator, total ARI = 0.61 and with PF 50 respirator, total ARI = 1.3)]. 
Most of the occupational handler combined dermal and inhalation risk estimates resulted in MOEs 
greater than the LOC of 100 at label PPE.  There were four scenarios that, with the inclusion of 
additional personal protective equipment (PPE), would no longer result in MOEs of concern (see Table 
8.1). See Section 2.1 to see a list of scenarios that require additional PPE and what PPE is needed. 
 
A quantitative post-application dermal exposure assessment has not been conducted for most of the 
registered uses since the use directions indicate that the product is to be applied to the base of the 
plant, and is not to contact the foliage. Currently, HED has no transfer coefficients or other data to 
assess post-application dermal exposures to soil by occupational workers. In general, such exposures 
are considered to be negligible. Therefore, for the soil-directed uses, post-application exposures and 
risks to occupational workers were not assessed. Saflufenacil is used as a harvest aid/desiccation aid on 
chia and this use was assessed for post-application dermal exposure.  A quantitative post-application 
dermal exposure assessment was conducted for the registered use on chia and resulted in no risks of 
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concern on the day of application (MOE = 5,300).  The 12-hour REI, which currently appears on the 
labels, is adequate for the registered uses.   
 
Based on the Agency's current practices, a quantitative non-cancer occupational post-application 
inhalation exposure assessment was not performed for saflufenacil at this time.  If new policies or 
procedures are put into place, the Agency may revisit the need for a quantitative occupational post-
application inhalation exposure assessment for saflufenacil. 
 
Human Studies Review 
 
This risk assessment relies in part on data from studies in which adult human subjects were 
intentionally exposed to a pesticide or other chemical.  These data, which include studies from PHED 
1.1, the AHETF database, ORETF database, the ARTF database, and other registrant-submitted 
exposure monitoring studies (44339801) are (1) subject to ethics review pursuant to 40 CFR 26, (2) 
have received that review, and (3) are compliant with applicable ethics requirements.  For certain 
studies, the ethics review may have included review by the Human Studies Review Board. Descriptions 
of data sources, as well as guidance on their use, can be found at the Agency website1.   
 
2.0 Risk Assessment Conclusions and Recommendations 
 
2.1 Summary of Risk Estimates 
 
Most of the occupational handler combined dermal and inhalation risk estimates resulted in MOEs 
greater than 100 at label PPE or with additional PPE, and therefore, are not of concern.   
 
Except for six occupational scenarios as discussed above, there are no risks of concern from all other 
exposure routes from the registered uses of saflufenacil.   
 
The combined dermal and inhalation occupational risk estimate MOEs range from 61 to 390,000. MOEs 
greater than the LOC of 100 are not of concern. Most occupational handler combined dermal and 
inhalation MOEs are greater than 100 at labeled PPE (long-sleeved shirt, long pants, shoes and socks, 
protective eyewear, and chemical-resistant gloves). The addition of PPE (e.g., double-layer clothing or 
PF10 and or PF50 respirator, as applicable) for the six scenarios described below would yield MOEs 
above the LOC (i.e., not of concern). A summary of occupational handler exposure risk estimates can 
be found in Table 11.1. 
 
The following scenarios resulted in MOEs below the LOC at labeled PPE; however, they would not be of 
concern with the addition of a double layer of clothing. The dermal exposure route was the risk driver 
for these scenarios: 
 

• Applying broadcast spray (all starting formulations) to rights of way (e.g., utilities, railroad, 
roadways) at 0.0285 lb active ingredient (ai)/gallon solution using mechanically pressurized 
handgun [dermal MOE = 98; total MOE = 92 (with double-layer clothing, total MOE = 140)]. 

 
1  Available online: Occupational Pesticide Handler Exposure Data | US EPA and Occupational Pesticide Post-application 

Exposure Data | US EPA  
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• Mixing/loading/applying broadcast liquid formulation to Christmas tree farms, at 0.0268 lb 

ai/gallon solution using mechanically pressurized handgun [dermal MOE = 100; total MOE = 94 
(with double-layer clothing, total MOE = 140)].  
 

• Mixing/loading/applying broadcast liquid formulation to field crop, typical acreage at 0.0268 lb 
ai/gallon solution using mechanically pressurized handgun [dermal MOE = 100; total MOE = 94 
(with double-layer clothing, total MOE = 140)].  
 

• Mixing/loading/applying broadcast liquid formulation to industrial/commercial areas at 0.0285 
lb ai/gallon solution using mechanically pressurized handgun [dermal MOE = 98; total MOE = 92 
(with double-layer clothing, total MOE = 140)].  
 

The following scenarios reached MOEs above the LOC with the addition of a PF10 and/or PF50 
respirator. The aggregate risk index (ARI) approach was used to present risk estimates for these 
scenarios since the LOCs for inhalation (LOC=1000) and dermal (LOC= 100) exposures are different. In 
the ARI approach, ARIs of less than 1 are risk estimates of concern. Due to the lack of an available 
subchronic inhalation study, the inhalation LOC is 1000; the two scenarios below resulted in inhalation 
MOEs below the LOC of 1000. The inhalation exposure route was the risk driver for these scenarios: 
 

• Mixing/loading/applying foliar liquid formulations to nursery crops (ornamentals, vegetables, 
trees, container stock) at 0.0067 lb ai/gallon solution with mechanically pressurized handgun 
[inhalation MOE = 380 (with PF10 respirator, MOE = 3800); total ARI = 0.34 (with PF10 
respirator, total ARI = 2.6)]. 

 
• Mixing/loading/applying soil-directed liquid formulations to nursery crops (ornamentals, 

vegetables, trees, container stock) at 0.0285 lb ai/gallon solution with mechanically pressurized 
handgun [inhalation MOE = 90 (with PF10 respirator, MOE = 900; with a with PF50 respirator, 
MOE = 1,400); total ARI = 0.086 (with PF10 respirator, total ARI = 0.61 and with PF 50 
respirator, total ARI = 1.3)]. 

 
2.2 Label Recommendations 
 
HED’s HASPOC used a weight-of-evidence approach to determine that a subchronic inhalation toxicity 
study is not required at this time (A. Dunbar, TXR 0056720, 02-AUG-2013; and V. Kurker, TXR 0058170, 
20-APR-2021), provided that a PF10 and PF 50 respirator at application rates of 0.0067 lb ai/gallon and 
0.0285 lb ai/gallon, are added to the product labels for these nursery uses. In the absence of modified 
labels or submission of a subchronic inhalation toxicity study, a 10X database UF will continue to be 
applied to the inhalation scenarios where occupational scenarios result in inhalation MOEs less than 
1000.  
 
2.3 Data Deficiencies and Requirements 
 
There are no data deficiencies based on the currently registered uses. 
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the following reasons: (1) the physical/chemical properties of saflufenacil including its low volatility 
(3.4 x 10-17 mmHg, 20°C); (2) its low acute inhalation toxicity (Toxicity Category IV); and (3) the use of 
an oral POD resulting in inhalation MOEs that are 10x greater than the Agency’s level of concern 
(inhalation MOEs > 1, 000). HED’s Hazard Science and Policy Council (HASPOC) used a weight-of-
evidence approach to determine that a subchronic inhalation toxicity study is recommended to be 
waived at this time (V. Kurker, TXR 0058170, 20-APR-2021), provided that a PF10 and PF50 respirators 
at application rates of 0.0067 lb ai/gallon and 0.0285 lb ai/gallon, respectively, be added to the product 
label for these nursery uses given that inhalation MOEs were below the LOC of 1000. In the absence of 
modified labels or submission of a subchronic inhalation toxicity study, a 10X database UF will continue 
to be applied to the inhalation scenarios where occupational scenarios result in inhalation MOEs less 
than 1000.  
  
The short- and intermediate-term incidental oral PODs were selected from the two-generation 
reproductive study. The offspring NOAEL is 15 mg/kg/day and the LOAEL is 50 mg/kg/day, based on 
decreased viability and lactation indices, decreased pre-weaning body weight, and changes in 
hematological parameters. A 6% dermal-absorption factor (DAF) was used for oral to dermal route-to-
route extrapolations, and inhalation is assumed to be equivalent to oral. A 100X uncertainty factor (UF) 
(10X for interspecies extrapolation and 10X for intraspecies variation) was incorporated into the acute 
and chronic reference doses. Saflufenacil is classified as “Not Likely Carcinogenic to Humans”; 
therefore, cancer risk assessments are not required.   
 
Toxicological PODs Used for Risk Assessment 
 
The toxicity endpoints and the PODs for various exposure scenarios are presented in Tables 3.2.1 and 
3.2.2. For all occupational and non-occupational risks, the POD for short-term adult oral, short- and 
intermediate-term dermal and inhalation exposure/risk assessment has a NOAEL of 5 mg/kg/day based 
on decreased fetal body weights and increased skeletal variations at 20 mg/kg/day (LOAEL) in the 
developmental study in rats. For the short- and intermediate-term incidental oral exposure scenarios, 
the POD was derived the offspring NOAEL from the two-generation reproductive study which is 15 
mg/kg/day. The LOAEL is 50 mg/kg/day based upon decreased viability and lactation indices, decreased 
pre-weaning body weight, and changes in hematological parameters. For overall risk, the dermal and 
inhalation exposures were combined and compared to the same NOAEL. Chronic exposures are not 
expected.  
 

Table 3.2.1.  Summary of Toxicological Doses and Endpoints for Saflufenacil for Use in Dietary and Non-Occupational 
Human Health Risk Assessments. 
Exposure 
Scenario 

Point of 
Departure 

UFs/ 
FQPA SF RfD, PAD,  Study and Toxicological Effects 

Incidental 
Oral Short-
and 
Intermediate- 
Term (1-30 
days and 1-6 
months, 
respectively) 

NOAEL = 15 
mg/kg/day 

UFA = 10X 
UFH = 10X 
 
FQPA SF = 1X 

Non-
Occupational 
LOC for MOE = 
100 

Reproduction and fertility effects 
(rat) 
Offspring LOAEL = 50 mg/kg/day based on 
decreased viability and lactation indices, 
decreased pre-weaning body weight, and 
changes in hematological parameters. 
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1 The dermal absorption fact was derived from a rat dermal absorption study (MRID 47128214). Point of Departure (POD) = 
A data point or an estimated point that is derived from observed dose-response data and used to mark the beginning of 
extrapolation to determine risk associated with lower environmentally relevant human exposures.  NOAEL = no observed 
adverse effect level.  LOAEL = lowest observed adverse effect level.  UF = uncertainty factor.  UFA = extrapolation from 
animal to human (intraspecies).  UFH = potential variation in sensitivity among members of the human population 
(interspecies). UFDB = 10X database UF is still applied to inhalation scenarios with MOEs <1000, pending submission of 
route-specific inhalation study or addition of respirator to labels (TXR #0058170). FQPA SF = FQPA safety factor MOE = 
margin of exposure.  LOC = level of concern.  
 
Absorption 
A DAF of 6% was estimated for saflufenacil based on the highest degree of skin penetration at the 
lowest dose tested in a rat dermal absorption study. Since no inhalation absorption data are available, 
toxicity by the inhalation route is considered to be equivalent to the estimated toxicity by the oral 
route of exposure. 
 
Body Weight 
Since the dermal and inhalation PODs are based on developmental and/or fetal effects, the adult body 
weight appropriate for dermal and inhalation assessments is 69 kg.  A body weight of 11 kg was used 
for children 1 to <2 years of age for dermal and incidental oral assessments for the spray drift 
assessment. 
 
4.0 Use Profile  
 
Saflufenacil is currently registered for use on legume vegetables, citrus fruit, pome fruit, stone fruit, 
tree nuts, cereal grains, cotton, grapes, grass forage/hay/grass grown for seed, olives, soybean, 
pomegranate, caneberry, fig, and chia. There are no registered residential uses. All the labels have 
consistent PPE requirements. The labels require handlers to wear “baseline” attire (i.e., long-sleeved 
shirt, long pants, shoes and socks), as well as personal protective equipment (PPE) including protective 
eyewear, and chemical resistant gloves. The restricted entry interval (REI) is 12 hours listed on all 
labels.  
 
Based on the uses, short- and intermediate-term occupational exposures are expected (handler and 
post-application). The maximum single application rates range from 0.0167 – 0.134 lb ai/A, and a 
summary of directions for the uses are detailed below in Table 4.1.  
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b These crops have the highest single application rate among the typical field crops listed in the KIXOR HERBICIDE (EPA Reg # 7969-324). Other typical field crops listed include chickpea (garbanzo bean), edible beans, 
and edible peas. 

c These crops have the highest single application rate among the orchard crops listed in the KIXOR HERBICIDE (EPA Reg # 7969-324). Other orchard crops listed include grapes. 
d This crop has the highest single application rate among the high-acreage field crops listed in the VERDICT POWERED BY KIXOR HERBICIDE (EPA Reg # 7969-279). Other high-acreage field crops listed include 

popcorn, grain sorghum, and soybean.  
e These crops have the highest single application rate among the orchard crops listed in the TREEVIX POWERED BY KIXOR HERBICIDE (EPA Reg # 7969-276). Other orchard crops listed include pome and stone  fruits, 

olive, pomegranate, grapes,  
f  PHI – Preharvest interval; REI – Reentry interval; MRI – Minimum retreatment interval 
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5.0 Residential Exposure and Risk Estimates 
 
There are currently no registered or proposed new uses expected to result in residential exposure for 
saflufenacil. As such, a quantitative residential handler and post-application exposure/risk assessment 
was not necessary. 
 
6.0 Non-Occupational Spray Drift Exposure and Risk Estimates 
 
Off-target movement of pesticides can occur via many types of pathways and it is governed by a 
variety of factors.  Sprays that are released and do not deposit in the application area end up off-target 
and can lead to exposures to those it may directly contact. They can also deposit on surfaces where 
contact with residues can eventually lead to indirect exposures (e.g., children playing on lawns where 
residues have deposited next to treated fields). The potential risk estimates from these residues can be 
calculated using drift modeling onto 50 feet wide lawns coupled with methods employed for 
residential risk assessments for turf products. 
 
The approach to be used for quantitatively incorporating spray drift into risk assessment is based on a 
premise of compliant applications which, by definition, should not result in direct exposures to 
individuals because of existing label language and other regulatory requirements intended to prevent 
them.2  Direct exposures would include inhalation of the spray plume or being sprayed directly.  
Rather, the exposures addressed here are thought to occur indirectly through contact with impacted 
areas, such as residential lawns, when compliant applications are conducted.  Given this premise, 
exposures for children (1 to 2 years old) and adults who have contact with turf where residues are 
assumed to have deposited via spray drift thus resulting in an indirect exposure are the focus of this 
analysis analogous to how exposures to turf products are considered in risk assessment.   
 
In order to evaluate the drift potential and associated risks, an approach based on drift modeling 
coupled with techniques used to evaluate residential uses of pesticides was utilized. Essentially, a 
residential turf assessment based on exposure to deposited residues has been completed to address 
drift from the agricultural applications of saflufenacil.  In the spray drift scenario, the deposited residue 
value was determined based on the amount of spray drift that may occur at varying distances from the 
edge of the treated field using the AgDrift (v2.1.1) model and the Residential Exposure Assessment 
Standard Operating Procedures Addenda 1: Consideration of Spray Drift Policy. Once the deposited 
residue values were determined, the remainder of the spray drift assessment was based on the 
algorithms and input values specified in the recently revised (2012) Standard Operating Procedures for 
Residential Risk Assessment (SOPs).  
 
A screening approach was developed based on the use of the AgDrift model in situations where 
specific label guidance that defines application parameters is not available.3 AgDrift is appropriate for 
use only when applications are made by aircraft, airblast orchard sprayers, and groundboom sprayers.  
When AgDrift was developed, a series of screening values (i.e., the Tier 1 option) were incorporated 
into the model and represent each equipment type and use under varied conditions.  The screening 
options specifically recommended in this methodology were selected because they are plausible and 

 
2  This approach is consistent with the requirements of the EPA’s Worker Protection Standard. 
3  https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/models-pesticide-risk-assessment#AgDrift   
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Based on the anticipated use patterns and current labeling, types of equipment and techniques that 
can potentially be used, occupational handler exposure is expected from the registered uses.  The 
quantitative inhalation exposure/risk assessment developed for occupational handlers is based on the 
scenarios presented in Tables 8.1.1. 
 
Occupational Handler Exposure Data and Assumptions 
 
A series of assumptions and exposure factors served as the basis for completing the occupational 
handler risk assessments.  Each assumption and factor is detailed below on an individual basis. 
 
Application Rate: The application rates used in this assessment can be found in Table 4.1.  The labels 
with the highest rates were selected for the crops. 
 
Unit Exposures:  It is the policy of HED to use the best available data to assess handler exposure.  
Sources of generic handler data, used as surrogate data in the absence of chemical-specific data, 
include PHED 1.1, the AHETF database, the Outdoor Residential Exposure Task Force (ORETF) database, 
or other registrant-submitted occupational exposure studies.  Some of these data are proprietary (e.g., 
AHETF data), and subject to the data protection provisions of FIFRA.  The standard values 
recommended for use in predicting handler exposure that are used in this assessment, known as “unit 
exposures”, are outlined in the “Occupational Pesticide Handler Unit Exposure Surrogate Reference 
Table5”, which, along with additional information on HED policy on use of surrogate data, including 
descriptions of the various sources, can be found at the Agency website6.  
 
Area Treated or Amount Handled:  The inputs for area treated or amount handled were based on 
information in ExpoSAC Policy 9.1 and are provided in Table 8.1. 
 
Exposure Duration: HED classifies exposures from 1 to 30 days as short-term and exposures 30 days to 
six months as intermediate-term.  Exposure duration is determined by many things, including the 
exposed population, the use site, the pest pressure triggering the use of the pesticide, and the cultural 
practices surrounding that use site.  For most agricultural uses, it is reasonable to believe that 
occupational handlers will not apply the same chemical every day for more than a one-month time 
frame; however, there may be a large agribusiness and/or commercial applicators who may apply a 
product over a period of weeks (e.g., completing multiple applications for multiple clients within a 
region).   
 
For saflufenacil, based on the registered uses, short- and intermediate-term exposures are expected; 
however, the PODs for short- and intermediate-term exposures are the same therefore, short-term 
exposure and risk estimates are protective of longer-term durations. 
 
Personal Protective Equipment: Estimates of dermal and inhalation exposure were calculated for 
various levels of PPE. Results are presented for “baseline,” defined as a single layer of clothing 
consisting of a long-sleeved shirt, long pants, shoes plus socks, no protective gloves, and no respirator, 
as well as baseline with various levels of PPE as necessary (e.g., gloves, respirator, etc).  The saflufenacil 

 
5  Available online: Occupational Pesticide Handler Unit Exposure Surrogate Reference Table 2021 (epa.gov) 
6  Available online: Occupational Pesticide Handler Exposure Data | US EPA  
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product labels direct mixers, loaders, applicators, and other handlers to wear - protective eyewear 
(face shield, goggles, or safety glasses), long-sleeved shirt and long pants, shoes plus socks, and 
chemical-resistant gloves and or waterproof gloves. 
 
Occupational Handler Non-Cancer Exposure and Risk Estimate Equations 
 
The algorithms used to estimate non-cancer exposure and dose for occupational handlers can be found 
in Appendix A. 
 
Combining Exposures/Risk Estimates: 
 
Dermal and inhalation risk estimates were combined in this assessment, since the toxicological effects 
for these exposure routes were similar.  Dermal and inhalation risk estimates were combined using the 
following formula: 
 
 Total MOE = Point of Departure (mg/kg/day) ÷ Combined dermal + inhalation dose (mg/kg/day) 
 
A total aggregated risk index (ARI) was used for two of the scenarios since the LOC values for dermal 
exposure (100) and inhalation exposure (1000) are different. The target ARI is 1; therefore, ARIs of less 
than 1 are risk estimates of concern. The aggregate risk index (ARI) was calculated as follows. 
 
Aggregate Risk Index (ARI) = 1÷ [(Dermal LOC ÷ Dermal MOE) + (Inhalation LOC ÷ Inhalation MOE)] 
 
Summary of Occupational Handler Non-Cancer Exposure and Risk Estimates 
Except for six occupational scenarios as discussed above, there are no risks of concern from all other 
exposure routes from the registered uses of saflufenacil. Tolerance recommendations are discussed in 
Section 2.1 and recommended label modifications are discussed in Section 2.2.  
 
The combined dermal and inhalation occupational risk estimate MOEs range from 61 to 390,000. MOEs 
greater than the LOC of 100 are not of concern. Most occupational handler combined dermal and 
inhalation MOEs are greater than 100 at labeled PPE (long-sleeved shirt, long pants, shoes and socks, 
protective eyewear, and chemical-resistant gloves). The addition of PPE (e.g., double-layer clothing or 
PF10 respirator, as applicable) for the six scenarios described below would yield MOEs above the LOC 
(i.e., not of concern). A summary of occupational handler exposure risk estimates can be found in Table 
11.1. 
 
The following scenarios resulted in MOEs below the LOC at labeled PPE; however, they would not be of 
concern with the addition of a double layer of clothing. The dermal exposure route was the risk driver 
for these scenarios: 
 

• Applying broadcast spray (all starting formulations) to rights of way (e.g., utilities, railroad, 
roadways) at 0.0285 lb active ingredient (ai)/gallon solution using mechanically pressurized 
handgun [dermal MOE = 98; total MOE = 92 (with double-layer clothing, total MOE = 140)]. 
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• Mixing/loading/applying broadcast liquid formulation to Christmas tree farms, at 0.0268 lb 
ai/gallon solution using mechanically pressurized handgun [dermal MOE = 100; total MOE = 94 
(with double-layer clothing, total MOE = 140)].  
 

• Mixing/loading/applying broadcast liquid formulation to field crop, typical acreage at 0.0268 lb 
ai/gallon solution using mechanically pressurized handgun [dermal MOE = 100; total MOE = 94 
(with double-layer clothing, total MOE = 140)].  
 

• Mixing/loading/applying broadcast liquid formulation to industrial/commercial areas at 0.0285 
lb ai/gallon solution using mechanically pressurized handgun [dermal MOE = 98; total MOE = 92 
(with double-layer clothing, total MOE = 140)].  
 

The following scenarios reached MOEs above the LOC with the addition of a PF10 and/or PF50 
respirator. The aggregate risk index (ARI) approach was used to present risk estimates for these 
scenarios since the LOCs for inhalation (LOC=1000) and dermal (LOC= 100) exposures are different. In 
the ARI approach, ARIs of less than 1 are risk estimates of concern. Due to the lack of an available 
subchronic inhalation study, the inhalation LOC is 1000; the two scenarios below resulted in inhalation 
MOEs below the LOC of 1000. The inhalation exposure route was the risk driver for these scenarios: 
 

• Mixing/loading/applying foliar liquid formulations to nursery crops (ornamentals, vegetables, 
trees, container stock) at 0.0067 lb ai/gallon solution with mechanically pressurized handgun 
[inhalation MOE = 380 (with PF10 respirator, MOE = 3800); total ARI = 0.34 (with PF10 
respirator, total ARI = 2.6)]. 

 
• Mixing/loading/applying soil-directed liquid formulations to nursery crops (ornamentals, 

vegetables, trees, container stock) at 0.0285 lb ai/gallon solution with mechanically pressurized 
handgun [inhalation MOE = 90 (with PF10 respirator, MOE = 900; with a with PF50 respirator, 
MOE = 1,400); total ARI = 0.086 (with PF10 respirator, total ARI = 0.61 and with PF 50 
respirator, total ARI = 1.3)]. 

 
The combined dermal and inhalation occupational risk estimate MOEs range from 61 to 390,000.  
MOEs greater than the LOC of 100 are not of concern.  Most occupational handler combined dermal 
and inhalation MOEs are greater than 100 at label PPE (long-sleeved shirt, long pants, shoes and socks, 
protective eyewear, and chemical-resistant gloves).  The four scenarios described below require 
additional PPE to yield MOEs above 100 (i.e., not of concern).  A summary of occupational handler 
exposure risk estimates can be found in Table 8.1.1. 
 
The following scenarios resulted in risks of concern at label PPE, however, they would not be of 
concern with the addition of a double layer of clothing and gloves.  The dermal exposure route was the 
risk driver for these scenarios: 
 

• Applying broadcast spray (all starting formulations) to rights of way (e.g., utilities, railroad, 
roadways) at 0.0285 lb active ingredient (ai)/gallon solution using mechanically pressurized 
handgun [dermal MOE = 98; total MOE = 92 (with double-layer clothing, MOE = 140)]. 
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•  Mixing/loading/applying broadcast liquid formulation to Christmas tree farms and field crop, 
typical acerage at 0.0268 lb ai/gallon solution using mechanically pressurized handgun [dermal 
MOE = 100; total MOE = 94 (with double-layer clothing, MOE = 140)].   
 

• Mixing/loading/applying broadcast liquid formulation to industrial/commercial areas at 0.0285 
lb ai/gallon solution using mechanically pressurized handgun [dermal MOE = 98; total MOE = 92 
(with double-layer clothing, MOE = 140)].  
 

The following scenarios reached MOEs not of concern with the addition of a PF 10 respirator.  The 
inhalation exposure route was the risk driver for these scenarios: 
 

• Mixing/loading/applying foliar liquid formulations to nursery crops (ornamentals, vegetables, 
trees, container stock) at 0.0285 lb ai/gallon solution with mechanically pressurized handgun 
[inhalation MOE = 90 (with PF10 respirator, MOE = 900); total MOE = 61 (with PF10 respirator, 
MOE = 160)]. 
 

• Mixing/loading/applying soil-directed liquid formulations to nursery crops (ornamentals, 
vegetables, trees, container stock) at 0.0067 lb ai/gallon solution with mechanically pressurized 
handgun [inhalation MOE = 380 (with PF10 respirator, MOE = 380); total MOE = 61 (with PF10 
respirator, MOE = 160)]. 

 
HED’s Hazard Science and Policy Council (HASPOC) used a weight-of-evidence approach to determine 
that a subchronic inhalation toxicity study is not required at this time (A. Dunbar, TXR 0056720, 02-
AUG-2013 and V. Kurker, TXR 0058170, 20-APR-2021).  However, these two scenarios did not have 
inhalation MOEs ten times greater than the LOC.  Therefore, a PF10 respirator requirement should be 
added to the product labels for these nursery uses.  In the absence of modified labels, a 10X database 
uncertainty factor will be applied to inhalations scenarios and an inhalation study will be required. 
 
The Agency matches quantitative occupational exposure assessment with appropriate characterization 
of exposure potential. While HED presents quantitative risk estimates for human flaggers where 
appropriate, agricultural aviation has changed dramatically over the past two decades. According the 
2012 National Agricultural Aviation Association (NAAA) survey of their membership, the use of GPS for 
swath guidance in agricultural aviation has grown steadily from the mid 1990’s. Over the same time 
period, the use of human flaggers for aerial pesticide applications has decreased steadily from ~15% in 
the late 1990’s to only 1% in the most recent (2012) NAAA survey. The Agency will continue to monitor 
all available information sources to best assess and characterize the exposure potential for human 
flaggers in agricultural aerial applications. 
 
HED has no data to assess exposures to pilots using open cockpits.  The only data available is for 
exposure during aerial applications (covering both airplanes and helicopters) of liquid formulations to 
pilots in enclosed cockpits (data from AHETF) and of granule formulations in enclosed cockpits (data 
from PHED).  Therefore, risks to pilots are assessed using the engineering control (enclosed cockpits) 
and baseline attire (long-sleeve shirt, long pants, shoes, and socks); use of the data in this fashion is 
consistent with  the Agency’s Worker Protection Standard (WPS) stipulations for engineering controls, 
which says label-required PPE for applicators can be reduced when using an enclosed cockpit (40 CFR 
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170.240(d)(6)(iii)) as well as a provision regarding use of gloves for aerial applications (40 CFR 
170.240(d)(6)(i)), which says pilots are not required to wear protective gloves for the duration of the 
application.  With this level of protection, there are no risk estimates of concern for applicators.   
 
Note on flagger scenarios:  The Agency matches quantitative occupational exposure assessment with 
appropriate characterization of exposure potential. While HED presents quantitative risk estimates for 
human flaggers where appropriate, agricultural aviation has changed dramatically over the past two 
decades. According the 2012 National Agricultural Aviation Association (NAAA) survey of their 
membership, the use of GPS for swath guidance in agricultural aviation has grown steadily from the 
mid 1990’s. Over the same time period, the use of human flaggers for aerial pesticide applications has 
decreased steadily from ~15% in the late 1990’s to only 1% in the most recent (2012) NAAA survey. The 
Agency will continue to monitor all available information sources to best assess and characterize the 
exposure potential for human flaggers in agricultural aerial applications. 
 
Note on aerial applicator scenario:  HED has no data to assess exposures to pilots using open cockpits.  
The only data available is for exposure during aerial applications (covering both airplanes and 
helicopters) of liquid formulations to pilots in enclosed cockpits (data from AHETF) and of granule 
formulations in enclosed cockpits (data from PHED).  Therefore, risks to pilots are assessed using the 
engineering control (enclosed cockpits) and baseline attire (long-sleeve shirt, long pants, shoes, and 
socks); use of the data in this fashion is consistent with  the Agency’s Worker Protection Standard 
(WPS) stipulations for engineering controls, which says label-required PPE for applicators can be 
reduced when using an enclosed cockpit (40 CFR 170.607(f)(3)) as well as a provision regarding use of 
gloves for aerial applications (40 CFR 170.607(f)(1)), which says pilots are not required to wear 
protective gloves for the duration of the application, unless gloves are otherwise required for pilots on 
the pesticide product labeling.  With this level of protection, there are no risk estimates of concern for 
applicators. 
 
Note on mixing/loading liquid formulation scenarios:  A 2019 study by the AHETF measured dermal and 
inhalation exposure for workers who loaded liquid pesticides using closed systems such as gravity feed, 
container breach, and suction/extraction systems.  After analyzing the exposure monitoring data, the 
AHETF observed that exposures were higher than expected and subsequently identified that, when 
using suction/extraction systems, removing and handling chemical extraction probes without rinsing 
them prior to removal from the pesticide container had the potential to result in high exposures via 
direct exposure to the liquid concentrate.  The AHETF therefore submitted to the Agency a dataset that 
excludes monitoring of those workers who handled unrinsed chemical extraction probes and 
recommended that the Agency take additional regulatory actions to ensure workers do not remove 
and handle chemical extraction probes still coated with the concentrated liquid formulation. 

 
The Agency agreed with the AHETF proposal, recognizing that handling of unrinsed chemical extraction 
probes is inconsistent with the exposure reduction principles of closed systems.  Closed loading 
systems are an engineering control designed to prevent direct contact between users and the pesticide 
formulation, thereby reducing exposures.  According to EPA’s Worker Protection Standard (WPS), a 
closed system must remove the pesticide from its original container and transfer the pesticide product 
through connecting hoses, pipes and couplings that are sufficiently tight to prevent exposure of 
handlers to the pesticide product, except for the negligible escape associated with normal operation of 
the system [40 CFR § 170.607(d)(2)(i)].  However, in addition to considerations regarding closed 
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systems, given the high exposure potential from this activity, the Agency is requiring revisions to 
applicable product label instructions to restrict handling un-rinsed extraction probes and conducting 
stakeholder outreach and revising worker training modules to ensure that users of suction/extraction 
systems rinse the chemical extraction probes within the pesticide container prior to their removal so 
that they are not exposed to the concentrated liquid formulation.  
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8.2 Occupational Post-application Exposure/Risk Estimates 
 
HED uses the term post-application to describe exposures that occur when individuals are present in 
an environment that has been previously treated with a pesticide (also referred to as re-entry 
exposure).  Such exposures may occur when workers enter previously treated areas to perform job 
functions, including activities related to crop production, such as scouting for pests or harvesting.  Post-
application exposure levels vary over time and depend on such things as the type of activity, the nature 
of the crop or target that was treated, the type of pesticide application, and the chemical’s degradation 
properties.  In addition, the timing of pesticide applications, relative to harvest activities, can greatly 
reduce the potential for post-application exposure. 
 
8.2.1 Occupational Post-application Inhalation Exposure/Risk Estimates 
 
There are multiple potential sources of post-application inhalation exposure to individuals performing 
post-application activities in previously treated fields. These potential sources include volatilization of 
pesticides and resuspension of dusts and/or particulates that contain pesticides.  The agency sought 
expert advice and input on issues related to volatilization of pesticides from its Federal Insecticide, 
Fungicide, and Rodenticide Act Scientific Advisory Panel (SAP) in December 2009, and received the 
SAP’s final report on March 2, 2010 (http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-
2009-0687-0037).  The agency has evaluated the SAP report and has developed a Volatilization 
Screening Tool and a subsequent Volatilization Screening Analysis (https://www.regulations.gov/#!
docketDetail;D=EPA-HQ-OPP-2014-0219).  During Registration Review, the agency will utilize this 
analysis to determine if data (i.e., flux studies, route-specific inhalation toxicological studies) or further 
analysis is required for saflufenacil. 
 
In addition, the Agency is continuing to evaluate the available post-application inhalation exposure 
data generated by the Agricultural Reentry Task Force.  Given these two efforts, the Agency will 
continue to identify the need for and, subsequently, the way to incorporate occupational post-
application inhalation exposure into the agency's risk assessments. 
 
Although a quantitative occupational post-application inhalation exposure assessment was not 
performed, an inhalation exposure assessment was performed for occupational/commercial handlers.  
Handler exposure resulting from application of pesticides outdoors is likely to result in higher exposure 
than post-application exposure.  Therefore, it is expected that these handler inhalation exposure 
estimates would be protective of most occupational post-application inhalation exposure scenarios. 
 
8.2.2 Occupational Post-application Dermal Exposure/Risk Estimates 
 
Occupational Post-application Dermal Exposure Data and Assumptions 
 
Most of the registered uses for saflufenacil are soil-directed preplant or preemergent uses where no 
crop foliage is present.  Currently, HED has no transfer coefficients or other data to assess post-
application dermal exposures from soil by occupational workers.  In general, such exposures are 
considered to be negligible.  Therefore, for the registered soil-directed uses, post-application dermal 
exposures and risks to occupational workers were not assessed.   
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Appendix A.  Summary of Occupational and Residential Non-cancer Algorithms 
 
Occupational Non-cancer Handler Algorithms 
 
Potential daily exposures for occupational handlers are calculated using the following formulas: 
 

E=UE * AR * A * 0.001 mg/ug 
 
where: 
 
E = exposure  (mg ai/day), 
UE = unit exposure (µg ai/lb ai), 
AR = maximum application rate according to registered label (lb ai A or lb ai/gal), and 
A = area treated or amount handled (e.g., A/day, gal/day). 
  
The daily doses are calculated using the following formula: 
 

ADD= 
 E * AF

BW
 

 
where: 
 
ADD =  average daily dose absorbed in a given scenario (mg ai/kg/day), 
E = exposure  (mg ai/day), 
AF = absorption factor (dermal and/or inhalation), and 
BW  =  body weight (kg). 
 
Margin of Exposure:  Non-cancer risk estimates for each application handler scenario are calculated 
using a Margin of Exposure (MOE), which is a ratio of the toxicological endpoint to the daily dose of 
concern.  The daily dermal and inhalation dose received by occupational handlers are compared to the 
appropriate POD (i.e., NOAEL) to assess the risk to occupational handlers for each exposure route.  All 
MOE values are calculated using the following formula: 
 

MOE= 
POD
ADD

 
 
where: 
 
MOE = margin of exposure: value used by HED to represent risk estimates (unitless), 
POD = point of departure (mg/kg/day), and 
ADD = average daily dose absorbed in a given scenario (mg ai/kg/day). 
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Occupational Non-cancer Post-application Algorithms 
 
Potential daily exposures for occupational post-application workers are calculated using the following 
formulas: 

DFRt=AR *  F* (1-D)t* �4.54E8
ug
lb
� * �2.47E-8

A
cm2� 

 
where: 
 
DFRt = dislodgeable foliage residue on day "t" (µg/cm2), 
AR = application rate (lb ai/acre), 
F = fraction of ai retained on foliage or 25% (unitless), 
D = fraction of residue that dissipates daily or 10% (unitless), and 
t = number of days after application day (days). 
 

E=TC * DFR t * ET * 0.001
mg
ug

 

 
where: 
 
E = exposure  (mg ai/day), 
TC  = transfer coefficient (cm2/hr), 
DFRt = dislodgeable foliar residue on day “t” (µg/cm2), and 
ET = exposure time (hours/day). 
  
The daily doses are calculated using the following formula: 
 

ADD= 
 E * AF

BW
 

 
where: 
 
ADD =  average daily dose absorbed in a given scenario (mg ai/kg/day), 
E = exposure  (mg ai/day), 
AF = absorption factor (dermal and/or inhalation), and 
BW  =  body weight (kg). 
 
Margin of Exposure:  Non-cancer risk estimates for each scenario are calculated using a Margin of 
Exposure (MOE), which is a ratio of the toxicological endpoint to the daily dose of concern.  The daily 
dermal dose received by occupational post-application workers is compared to the appropriate POD 
(i.e., NOAEL) to assess the risk to occupational post-application workers.  All MOE values are calculated 
using the following formula: 
 

MOE= 
POD
ADD
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where: 
 
MOE = margin of exposure: value used by HED to represent risk estimates (unitless), 
POD = point of departure (mg/kg/day), and 
ADD = average daily dose absorbed in a given scenario (mg ai/kg/day). 
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Appendix B.  Summary of Spray Drift Algorithms 
 
Modified TTR Equation to Account for Spray Drift 
 
The equation presented below, should be used to evaluate potential risks from spray drift. This 
equation is similar to the standard TTR equation, except that an additional term has been included (DF 
or Drift Fraction) that provides an adjustment for the amount of drift that moves into and deposits in a 
non-target area, such as a lawn. This equation applies to situations where TTR data are not available. 
 

TTR = AR * DF * F * (1-D)t * CF2 * CF3 
 
where: 
 
 TTR  = turf transferable residue (µg/cm2) 

DF = drift fraction of spray drift that deposits on lawns (unitless) 
 AR = application rate (lbs ai/ft2 or lb ai/acre) 
 F = fraction of ai as transferable residue following application (unitless)  

D = fraction of residue that dissipates daily (unitless) 
T = post-application day on which exposure is being assessed (Day 0 in this SOP) 
CF2 = weight unit conversion factor (4.54 x 108 µg/lb) 
CF3 = area unit conversion factor (1.08 x 10-3 ft2/ cm2 or 2.47 x 10-8 acre/cm2) 

 
If chemical specific TTR data are available, the residue on Day 0 is used after it is adjusted based on the 
ratio of the applicable application rate for risk assessment (i.e., based on the crop of concern) and the 
application rate for the TTR study followed by an additional adjustment for the drift fraction factor as 
illustrated above. 
 


