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As part of Registration Review, PRD of the Office of Pesticide Programs (OPP) has requested 
that HED evaluate the hazard and exposure data and conduct dietary, occupational and 
residential exposure assessments, as needed, to estimate the risk to human health that will result 
from the currently registered uses of pesticides. This memorandum serves as HED’s draft human 
health risk assessment of the dietary, occupational, and residential exposure; and aggregate risk 
from the registered uses of naled.  The most recent quantitative human health risk assessment 
was the Reregistration Eligibility Decision (RED) for naled completed in 2006 upon completion 
of the Organophosphate (OP) Cumulative Risk Assessment along with a scoping document 
finalized in 2009 (King, M., 01/29/2009, D356244). The following risk assessment updates have 
been made: 
 

• Since the RED, several toxicology studies were submitted, reviewed, and found to be 
acceptable by the agency. These include an immunotoxicity study, special acute dermal 
and inhalation toxicity studies with acetylcholinesterase (AChE) measurements, and 
triple pack dermal absorption data.   

• Updated acute and steady state endpoints were established based on the new and existing 
data;  

• An updated dietary exposure assessment was conducted using updated drinking water 
values along with updated USDA Pesticide Data Program (PDP) monitoring data and 
percent crop treated information; 

• Exposure/risk assessments for non-occupational spray-drift, bystander exposure, and non-
occupational exposure from wide area public pest control applications were completed 
reflecting recent updates to the naled risk assessment points of departure, HED’s SOPs, 
and policy changes for body weight assumptions. 

• An occupational exposure assessment for the registered uses was completed reflecting 
recent updates to the naled risk assessment points of departure, HED’s SOPs, and policy 
changes for body weight assumptions. 

 
In September 2020, EPA’s Office of Pesticide Programs (OPP) plans to convene a Federal 
Insecticide, Fungicide, and Rodenticide Act (FIFRA) Scientific Advisory Panel (SAP) on 
activities using new approach methodologies (NAMs)1 that have the potential to inform 
uncertainty factors for organophosphate (OP) compounds.  This includes consideration of in 
vitro acetylcholinesterase data to develop data-derived extrapolation factors (DDEFs) and work 
by EPA’s Office of Research and Development to develop a NAM for evaluating developmental 
neurotoxicity.  As a result, the SAP recommendations may impact the human health risk 
assessment for naled.  If so, the naled DRA will be updated accordingly. 
 
A summary of the findings and an assessment of human risk resulting from the registered uses of 
naled are provided in this document.   

 
1 The term NAM has been adopted as a broadly descriptive reference to any non-animal technology, methodology, 
approach, or combination thereof that can be used to provide information on chemical hazard and risk assessment 
 



Naled                                                  Draft Human Health Risk Assessment                                      D437731 
 

Page 3 of 136 

Table of Contents 
1.0 Executive Summary ........................................................................................................... 5 
2.0 Risk Assessment Conclusions ......................................................................................... 10 

2.1 Data Deficiencies ....................................................................................................... 11 
2.2 Tolerance Considerations ........................................................................................ 11 
2.2.1 Enforcement Analytical Method ............................................................................. 11 
2.2.2 Recommended and Established Tolerances ........................................................... 11 
2.2.3 International Harmonization................................................................................... 14 
2.3 Label Recommendations .......................................................................................... 14 
2.3.1 Recommendations from Residue Reviews .............................................................. 14 
2.3.2 Recommendations from Residential Assessment................................................... 14 
2.3.3 Recommendations from Occupational Assessment ............................................... 14 
2.3.4 Recommendations from Non-Occupational Assessment ...................................... 14 

3.0 Introduction ...................................................................................................................... 14 
3.1 Chemical Identity ..................................................................................................... 14 
3.2 Physical/Chemical Characteristics .......................................................................... 15 
3.3 Pesticide Use Pattern ................................................................................................ 16 
3.4 Anticipated Exposure Pathways.............................................................................. 19 
3.5 Consideration of Environmental Justice ................................................................ 19 

4.0 Hazard Characterization and Dose-Response Assessment .......................................... 20 
4.1 Toxicology Studies Available for Analysis ............................................................. 20 
4.2 Absorption, Distribution, Metabolism, & Elimination (ADME) ......................... 21 
4.2.1 Dermal Absorption ................................................................................................... 22 
4.3 Toxicological Effects ................................................................................................. 22 
4.3.1 Critical Durations of Exposure ............................................................................... 24 
4.4 Literature Review ..................................................................................................... 26 
4.4.1 Literature Review for Naled Regarding Endpoint Sensitivity ............................. 26 
4.4.2 Literature Review for OPs Regarding Neurodevelopment Effects ...................... 26 
4.5 Safety Factor for Infants and Children (FQPA Safety Factor)............................ 31 
4.5.1 Completeness of the Toxicology Database .............................................................. 32 
4.5.2 Evidence of Neurotoxicity ........................................................................................ 32 
4.5.3 Evidence of Sensitivity/Susceptibility in the Developing or Young Animal ........ 32 
4.5.4 Residual Uncertainty in the Exposure Database ................................................... 32 
4.6 Toxicity Endpoint and Point of Departure Selections ........................................... 33 
4.6.1 Dose Response Assessment ...................................................................................... 33 
4.6.2 Recommendation for Combining Routes of Exposures for Risk Assessment ..... 38 
4.6.3 Cancer Classification and Risk Assessment Recommendation ............................ 38 
4.6.4 Summary of Points of Departure and Toxicity Endpoints Used in Human Risk 
Assessment ............................................................................................................................... 38 
4.7 Endocrine Disruptor Screening Program .............................................................. 47 

5.0 Dietary Exposure and Risk Assessment ......................................................................... 48 
5.1 Residues of Concern Summary and Rationale ...................................................... 48 
5.2 Food Residue Profile ................................................................................................ 49 
5.3 Water Residue Profile .............................................................................................. 49 
5.4 Dietary Risk Assessment .......................................................................................... 50 
5.4.1 Description of Residue Data Used in Dietary Assessment .................................... 51 



Naled                                                  Draft Human Health Risk Assessment                                      D437731 
 

Page 4 of 136 

5.4.2 Percent Crop Treated Used in Dietary Assessment .............................................. 52 
5.4.3 Acute and Steady State Dietary Risk Assessment ................................................. 52 
5.4.4 Cancer Dietary Risk Assessment............................................................................. 53 
5.4.5 Summary Tables ....................................................................................................... 53 

6.0 Residential Exposure/Risk Characterization ................................................................ 57 
7.0 Aggregate Exposure/Risk Characterization .................................................................. 57 

7.1 Acute Aggregate Risk ............................................................................................... 57 
7.2 Steady State Aggregate Risk .................................................................................... 57 

8.0 Non-Occupational Spray Drift Exposure and Risk Estimates .................................... 58 
8.1 Combined Risk Estimates from Lawn Deposition Adjacent to Applications ............. 59 

9.0 Non-Occupational Bystander Post-Application Exposure and Risk Estimates ......... 61 
9.1 Non-Occupational Bystander Post-Application Inhalation Exposure and Risk 
Estimates .................................................................................................................................. 61 
9.2 Wide Area Public Pest Control Post-Application Exposure and Risk Estimates
 67 
9.2.1 Post-Application Exposure Data and Assumptions ............................................... 68 
9.2.2 Post-Application Exposure and Risk Estimates .................................................... 76 

10.0 Cumulative Exposure/Risk Characterization ............................................................... 84 
11.0 Occupational Exposure/Risk Characterization ............................................................ 85 

11.1 Short-/Intermediate-Term Occupational Handler Exposure and Risk Estimates
 85 
11.2 Short-/Intermediate-Term Post-Application Exposure and Risk Estimates ...... 94 
11.2.1 Dermal Post-Application Risk ................................................................................. 94 
11.2.2 Inhalation Post-Application Risk .......................................................................... 107 
11.2.3 Combined Dermal and Inhalation Occupational Post-application Exposure/Risk 
Estimates ................................................................................................................................ 110 

12.0 Incident and Epidemiological Data Review ................................................................. 111 
13.0 References ....................................................................................................................... 111 
Appendix A.  Toxicology Profile and Executive Summaries ................................................ 113 

A.1 Toxicology Data Requirements ............................................................................. 113 
A.2 Toxicity Profile ........................................................................................................ 114 
A.3  HEC/HED Calculations ......................................................................................... 123 
A.4 Summary of OPP’s ChE Policy and Use of BMD Modeling .............................. 127 
A.5  Literature Search for Naled ................................................................................... 131 

Appendix B.  Physical/Chemical Properties ........................................................................... 132 
Appendix C: Human Studies Review ...................................................................................... 134 
Appendix D.  International Residue Limit Status Sheet. ...................................................... 135 
 



Naled                                                  Draft Human Health Risk Assessment                                      D437731 
 

Page 5 of 136 

1.0 Executive Summary 
 
The Health Effects Division (HED) has conducted a human health draft risk assessment (DRA) 
to evaluate all existing registrations of the active ingredient (ai) naled, an organophosphate (OP) 
pesticide. This assessment was conducted as part of Registration Review.  
 
Use and Exposure Profile 
 
Naled is used in wide area public pest control programs (e.g., mosquitocides) and to control other 
insects on agricultural crops, non-crop trees and ornamentals, in and around commercial settings 
(e.g., food handling establishments, loading docks), livestock feedlots/pastures/rangelands and in 
greenhouses.  All products are restricted-use pesticides (RUP) precluding consumer use and 
there are no registrations for direct use in residential settings by professionals. The wide area 
mosquitocide application is intended to kill mosquitos in flight and not as a directed application 
to turf, therefore, the mosquitocide use is indirect and indicative of non-occupational bystander 
exposure. Naled degrades into dichlorvos (DDVP) within hours following application. DDVP, 
also an organophosphate, is itself separately registered as an active ingredient in other pesticide 
products. A separate risk assessment has been conducted for DDVP (Kidwell, J. et al., 
06/19/2020, D430516).  
 
Naled products are formulated as liquid concentrates requiring dilution, applied broadcast via 
aerial or ground vehicles and handheld spray equipment. Greenhouse applications (i.e., roses and 
other ornamentals) are via vaporization on a hot plate. There are also special local need (SLN) 
registrations for use in/on bait traps strategically placed on trees or on wicks or blocks placed on 
trees or poles as traps to control insects. For most use patterns, product labels require engineering 
controls in the form of closed mixing/loading systems and applications in enclosed cab vehicles. 
Where engineering controls are not applicable, handlers are required to wear long pants, long-
sleeved shirt, and personal protective equipment (PPE) including coveralls, chemical-resistant 
gloves, footwear, and headgear (for overhead exposure), and an organic vapor cartridge 
respirator.  For applicable agricultural uses, the restricted entry interval (REI) is 48 hours, or, in 
the case of organophosphate pesticides specifically, 72 hours in arid conditions (i.e., less than 25 
inches rainfall per year). 
 
Humans may be exposed to naled in food and drinking water since naled may be applied directly 
to growing crops or from the public health use to control mosquitoes. Dietary exposure (food + 
drinking water) is anticipated and this document addresses dietary exposure for naled uses, in 
addition to a separate dietary assessment for potential DDVP exposure from naled uses. For 
occupational/non-occupational exposures, this preliminary risk assessment covers risks from 
uses of naled, which includes exposure to naled per se and exposure to DDVP resulting from 
degradation of naled; it does not cover exposure and risk as a result of uses of DDVP (which is 
covered in a separate DDVP risk assessment). Based on the use pattern for naled, dermal and 
inhalation exposures are anticipated for occupational handlers (mixer/loaders, applicators, etc.) 
and for workers who re-enter treated areas.  As naled products are RUPs and there are no direct 
residential use site registrations, residential handler or direct post-application exposure 
assessments are not applicable. However, indirect non-occupational post-application dermal, 
inhalation, and/or incidental oral exposures are possible following wide area public pest control 
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uses and via spray drift from agricultural uses. Additionally, since naled and DDVP share a 
common mechanism of toxicity, when applicable, risks are presented in terms of their combined 
exposure from naled and DDVP from naled uses.  
 
Hazard Characterization 
 
The toxicology database for naled is complete. Several additional toxicity studies were 
conducted for refinement of the risk assessment. These include special acute route specific 
dermal and inhalation toxicity studies with acetylcholinesterase (AChE) measurements and a 
triple pack dermal absorption study to refine the dermal endpoint. Like other OPs, the initiating 
event in the adverse outcome pathway (AOP)/mode of action (MOA) for naled involves 
inhibition of the enzyme AChE via phosphorylation of the serine residue at the active site of the 
enzyme. This inhibition leads to accumulation of acetylcholine and ultimately to neurotoxicity in 
the central and/or peripheral nervous system. Inhibition of AChE is the most sensitive effect in 
all species, routes and life stages, and is being used in deriving points of departure (POD).  
 
OPs exhibit a phenomenon known as steady-state AChEI which occurs after repeated dosing at 
the same dose level. The degree of inhibition comes into equilibrium with the production of new, 
uninhibited enzyme. At that point, the amount of AChEI at a given dose remains relatively 
consistent across durations. Naled has robust dose response data across multiple life stages, 
durations, and routes for both erythrocytes (RBC) and brain AChE inhibition (AChEI). Many of 
the studies on naled have been evaluated using benchmark dose (BMD) modeling techniques. In 
general, OPs reach steady-state within 2-3 weeks but this can vary among OPs; for naled, steady-
state RBC AChEI is reached by seven days. The steady-state POD is protective of any exposure 
duration longer than 21 days for naled, including chronic exposure, since cholinesterase 
inhibition does not increase after reaching maximum inhibition. 
 
Rat pups exhibited greater quantitative susceptibility to acute naled exposure for both RBC and 
brain AChEI compared to adults but were not uniquely susceptible to repeated exposure. 
Following repeat oral, dermal, and inhalation dose exposures, no differences were noted between 
compartment cholinesterase effects, life stages (including analysis of fetus and pregnant dam), or 
sexes in rat. As such, the adult rat is protective of all life stages following repeat exposure to 
naled.  In addition, there is no clear evidence of increased susceptibility for non-AChE 
parameters in the developmental toxicity studies in rats and rabbits and the reproduction toxicity 
study in rats.   
 
Acute PODs for naled were selected for dietary, dermal, and inhalation exposure scenarios based 
on BMD estimates of AChE inhibition in rats. Steady state PODs were selected for dietary, 
incidental oral, and inhalation exposure scenarios based on BMD estimates of AChE inhibition in 
rats, whereas the steady-state POD for dermal exposure scenarios was based on a No Observed 
Adverse Effect Level (NOAEL) in rats instead of a BMD. Steady-state risk estimates are presented 
for all repeat dose exposure scenarios because naled and DDVP toxicity exhibit a pattern 
consistent with steady-state AChE inhibition. For this reason, a steady-state point of departure 
(POD), instead of a chronic POD, was selected for repeated oral exposure to naled. The 
carcinogenic potential of naled is classified as “Group E: Evidence of Non-Carcinogenicity”. 
Quantification of cancer risk is not required. 
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The Food Quality Protection Act (FQPA) 10X Safety Factor (SF) has been retained for infants, 
children, youth, and women of childbearing age for all exposure scenarios due to uncertainty in the 
human dose-response relationship for neurodevelopmental effects (See Section 4.4). As a result, a 
total uncertainty factor of 1000X was applied for all exposure scenarios, except dietary exposures 
(acute and steady-state) for the adult population subgroup 50-99 years old where the FQPA SF of 
10X does not apply and can be reduced to 1X (total uncertainty factor = 100X) and inhalation 
exposures where the interspecies uncertainty factor has been reduced to 3X, the intraspecies 
variation is 10X, and the FQPA SF is 10X (total uncertainty factor = 300X for acute and 300X for 
steady-state). 
 
Dietary (Food and Water) Exposures and Risk 
 
Highly refined acute and steady-state dietary (food and drinking water both from agricultural and 
mosquito control uses) exposure and risk assessments were conducted for naled using the 
Dietary Exposure Evaluation Model software with the Food Commodity Intake Database 
(DEEM-FCID) Version 3.16. This software 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). Field trial residues, processing studies, USDA 
PDP monitoring data, washing/rinsing/peeling studies, and percent crop treated were utilized in 
the acute and steady state assessments. The entire distribution of modeled water estimated 
drinking water concentrations were used in both the acute and steady state dietary exposure 
assessments. 
 
Acute and steady state dietary (food and water) assessments for naled were run for food only from 
all registered uses and from mosquitocide uses alone, as well as for food and multiple water 
scenarios.  These water scenarios included: citrus, peppers, cotton, and wide area mosquitocide 
use. Generally, HED is concerned when risk estimates exceed 100% of the population-adjusted 
dose (PAD). The acute risk estimates for naled (food and water) do not exceed HED’s level of 
concern for all population subgroups. The acute risk estimate for the general U.S. population for 
food and water at the 99.9th level of exposure results in a maximum of 39% of the aPAD and the 
population subgroup with the highest acute dietary risk estimate for this scenario is all infants <1 
year old, which uses 100% of the aPAD.  
 
The steady state dietary risk estimates (food only) for naled do not exceed HED’s level of concern 
for any population subgroups, including those comprised of infants and children. The steady state 
risk estimate (food and drinking water) for the general U.S. population results in a maximum of 
200% of the ssPAD and the population subgroup with the highest steady-state dietary risk estimate 
for this scenario is All infants (<1 year old), which utilize 550% of the ssPAD at the 99.9th 
percentile of exposure. These risk estimates exceed HED’s level of concern. A significant portion 
of the risk cup is occupied by drinking water.  
 
The steady state dietary risk estimates for mosquitocide only uses (food and water) for naled do 
not exceed HED’s level of concern for any population subgroups, including those comprised of 
infants and children.   
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In addition, DDVP is a residue of concern in both tolerances and risk assessment for the use of 
naled. Acute and steady state dietary exposure assessments were made for DDVP drinking water 
scenarios for naled agricultural uses. The DDVP acute and steady state drinking water scenarios 
do not exceed HED’s level of concern at the 99.9th percentile of exposure. The worst-case acute 
drinking water only risk estimate was <1% of the aPAD for the infants (<1 years old) at the 
99.9th percentile.  While these acute and steady state DDVP drinking water only scenarios were 
not of concern, many DDVP dietary (food and water) scenarios do not pass at the 99.9th 
percentile. Since the DDVP dietary assessment used USDA Pesticide Data Program information 
and the source of the DDVP cannot be determined, the dietary exposures to DDVP from DDVP 
uses, naled uses, and trichlorfon will be addressed individually in the DDVP risk assessment.  
The results of the acute dietary exposure analysis for DDVP (from use of naled using naled 
percent crop treated) food and water does not exceed HED’s level of concern (<100 % aPAD).  
However, the results of the steady state dietary exposure analysis for DDVP (from use of naled 
using naled percent crop treated) food and water does exceed HED’s level of concern (>100 % 
ssPAD) for multiple population subgroups including children.   
 
Residential Exposure and Risk 
 
As naled products are both RUPs and not directly used in residential settings, neither residential 
handler/consumer applicator exposure nor residential post-application exposures are assessed.  
The wide area mosquitocide application is intended to kill mosquitos in flight and is not intended 
as a directed application to turf, therefore, the mosquitocide use is indirect and indicative of non-
occupational bystander exposure.   
 
Non-Occupational Spray Drift and Bystander Exposure 
 
Spray Drift: Risks of concern (i.e., MOEs are < 1000) were identified for adults (dermal) and 
children (1<2 years old) (combined dermal + incidental oral) via spray drift following various 
agricultural applications (airblast, groundboom, and aerial equipment) at the field edge up to a 
buffer of 300 feet for naled, DDVP from naled, and combined naled and DDVP from naled. For 
both adults and children (1<2 years old), the distance downwind where risk estimates were not of 
concern varied widely depending on the application equipment, crop target, and spray 
type/nozzle configuration. Chemical-specific turf transferable residue (TTR) were used. 
 
Bystander Exposure: Air monitoring data are available for naled and/or DDVP. None of the air 
concentrations resulted in acute inhalation risks of concern; however, inhalation exposure based 
on ambient air monitoring results in potential steady state risk estimates of concern for children 1 
to <2 years old. 
 
Wide Area Public Pest Control: Residential post-application dermal, inhalation, and/or incidental 
oral risk estimates of concern were identified following wide area public pest control 
applications.     
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Aggregate Exposure and Risk 
 
In accordance with the FQPA, HED must consider and aggregate (add) pesticide exposures and 
risk estimates from three major sources: food, drinking water and residential exposures. There 
are no non-dietary residential scenarios for naled that are applicable for aggregate risk 
assessment. Therefore, the aggregate assessment for naled is represented by the dietary 
assessment.  Acute aggregate risk estimates are equivalent to the acute dietary risk estimates and 
are not of concern for all population subgroups. The only steady state dietary exposure scenario 
which had no dietary risks estimates of concern for all populations was the mosquito food and 
mosquito drinking water, therefore, steady state aggregate risks for this scenario were also not of 
concern. For the remaining steady state scenarios, the steady state dietary exposure analyses for 
naled included both food and drinking water scenarios which resulted, in most cases, in risk 
estimates of concern, therefore, steady state aggregate risk estimates were also of concern.  
 
Occupational Exposure and Risk 
 
Dermal and inhalation exposures are possible during occupational applications as well as to 
workers who re-enter treated areas.  Many occupational handler scenarios such as those for large 
scale agricultural uses and wide area public pest control have risk estimates of concern (i.e., 
MOEs are < 1000), even with the use of engineering controls or maximum levels of PPE such as 
coveralls and half-face respirators.  Handler scenarios without risk estimates of concern include 
small scale use patterns such as the bait trap uses and greenhouse hot plate vaporization 
treatments.   
 
Naled is Toxicity Category I (severe irritation) for acute eye irritation and dermal irritation 
(corrosive).  Under 40 CFR 156.208 (c)(2), active ingredients classified as Category I for dermal 
toxicity and eye irritation are assigned a 48-hour REI (and, for organophosphates, 72 hours in 
arid conditions).  Except for activities related to harvesting cotton, post-application occupational 
dermal risk estimates are not of concern within the already-established REI of 2-3 days.  Post-
application occupational inhalation exposures based on air monitoring data also have risk 
estimates of concern. 
 
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. Appendix C 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 Protection of Human Subjects of Research (40 CFR Part 26) have been satisfied. 
 
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  
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to Address Environmental Justice in Minority Populations and Low-Income Populations. 2” 
 
2.0 Risk Assessment Conclusions  
 
Risks of concern were identified for a majority of steady state dietary assessments, non-
occupational/ bystander/spray drift exposure scenarios, and occupational scenarios as presented 
below. 
 
Dietary  
 
• Dietary risks for naled are mainly driven by drinking water. 
 
Non-Occupational/Bystander 
 
• There are risk estimates of concern for many exposures scenarios resulting from contact 
with residues resulting from spray drift from agricultural uses. For example, for aerial 
applications, all risk estimates are of concern for contact with residues deposited at all downwind 
distances less than 300 feet from the application site for all crops and spray type/nozzle 
configurations.  A few scenarios such as airblast applications to grapes and citrus do not have 
risk estimates of concern at relatively short distances from treated fields (e.g., 10 feet). 
 
• Based on available air monitoring data representing indirect bystander exposure to 
ambient naled/DDVP air concentrations, acute inhalation risk estimates were not of concern, 
however steady-state risk estimates based on average exposures are potentially of concern. 
 
• Dermal, inhalation, and/or incidental oral risk estimates of concern were identified 
following wide area public pest control applications. 
 
Occupational 
 
• Many handler exposure scenarios have risk estimates of concern even with the use of 
engineering controls or maximum levels of PPE such as coveralls and half-face respirators. 
 
• Notably, current labels exempt aerial applications for wide area public pest control from 
the use of enclosed cockpits.  Risk estimates for aerial applications are based on data of aerial 
applications in enclosed cockpits and are the only data available; data for open cockpit aerial 
applications would be needed to appropriately assess risk for such exposures.  However, it is 
noted that aerial applications with enclosed cockpits for some use patterns have risk estimates of 
concern. 
 
• With the exception of activities related to harvesting cotton, no occupational post-
application dermal exposure scenarios have risk estimates of concern beyond the existing REI of 
48 hours (or 72 hours, for organophosphate pesticides in arid conditions). 

 
2 https://www.epa.gov/laws-regulations/summary-executive-order-12898-federal-actions-address-environmental-
justice  
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• Based on available air monitoring data at an application site during and up to 3 days after 
a naled application, post-application occupational inhalation risk estimates of concern were 
identified.  
 
2.1 Data Deficiencies 
 
Toxicology – None 
 
Residue Chemistry – None 
 
ORE – No data are required. Chemical-specific turf transferable residue (TTR) and dislodgeable 
foliar residue (DFR) data were used.  For reference, the ORE assessment (Crowley, M., 
06/18/2020, D437732) discusses what additional data could be used to reduce uncertainty in the 
risk assessment. 
 
2.2 Tolerance Considerations 
 
2.2.1 Enforcement Analytical Method 

 
Adequate residue analytical methods are available for the purposes of registration review.  Two 
GC methods, Method I and A, are listed in the Pesticide Analytical Manual (PAM, Vol. II 
§180.215) for tolerance enforcement.  Method I, a GC method using a thermionic detector (RM-
3G), is applicable for the separate analysis of residues of naled and DDVP in/on crops and in 
animal commodities and milk.  Method A, a microcoulometric GC method (RM-3C), is 
applicable for the combined residues of naled and DDVP in/on fruits and vegetables.  The limits 
of detection are 0.01-0.02 ppm (milk and tissues) and 0.05 ppm, for Method I and Method A, 
respectively.  Other GC methods (RM-3G-3 and the method of Boone) using thermionic 
detectors for separate determination of naled and DDVP are adequate for tolerance enforcement 
purposes.  In addition, a GC method (RM 3G-4 revision of Method RM-3G-3) using nitrogen-
phosphorous detection is adequate for enforcement of tolerances for residues in almonds, 
broccoli, oranges, and alfalfa.  The limit of detection for both compounds is 0.01 ppm. 
  
For residue data collection, adequate methods for analysis of naled and its metabolite DDVP 
either in combination or separately are available.  Methods RM-3, RM-3A, and RM-3E are 
AChE inhibition methods, methods RM-3G and RM-3G-3 are GC methods using thermionic 
detection, and method RM-3C and the method of Boone are microcoulometric GC methods.  
Method RM-3 determines naled and DDVP in combination, method RM-3C determines naled 
and DDVP as DDVP, and methods RM-3A, RM-3E, RM-3G, and the method of Boone 
determine naled and DDVP separately. 
 
2.2.2 Recommended and Established Tolerances 
 
The tolerance expression for naled listed under 40 CFR §180.215(a)(1) should be updated to 
comply with HED’s Interim Guidance on Tolerance Expressions (Knizner, S., 05/27/2009).   
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2.2.3 International Harmonization 
 

There are no Codex MRLs established or proposed for residues of naled.  Therefore, there are no 
questions with respect to compatibility of U.S. tolerances with Codex MRLs.  There are no 
known harmonization issues with Canada or Mexico tolerances/MRLs (see Appendix D). 
 
2.3 Label Recommendations 

 
2.3.1 Recommendations from Residue Reviews  
 
None. 
 
2.3.2 Recommendations from Residential Assessment  
 
None.  
 
2.3.3 Recommendations from Occupational Assessment  
 
A summary of occupational risk estimates has been provided and shows that there are potential 
occupational handler risks of concern for registered uses of naled based on the use site and label-
required PPE and REIs.   
 
Notably, current naled product labels exempt aerial applications for wide area public pest control 
from the use of enclosed cockpits. Risk estimates for aerial applications are based on data for 
pilots in enclosed cockpits and are the only data available; some aerial application scenarios with 
enclosed cockpits had risk estimates of concern. Data for open cockpit aerial applications would 
be needed to accurately assess risk for such exposures. 
 
Under 40 CFR 156.208 (c)(2), active ingredients classified as Category I for dermal toxicity and 
eye irritation are assigned a 48-hour REI (and, for organophosphates, 72 hours in arid 
conditions).  The product label for EPA Reg. No. 5481-479 requires a 24-hour REI which is not 
consistent with 40 CFR guidance which would require a 48-hour REI for the hot plate 
vaporization use.  
 
2.3.4 Recommendations from Non-Occupational Assessment 
 
There are no label recommendations based on the non-occupational assessment (e.g., spray drift, 
wide area public pest control); however, HED notes that a summary of the risk estimates 
has been provided and shows that there are risk estimates of concern for registered uses of naled. 
 
3.0 Introduction 
 
3.1 Chemical Identity 
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DDVP is a clear or slight yellow liquid at room temperature. It has a high solubility in water, 
aromatic hydrocarbons, chlorinated hydrocarbons, alcohols, ketones and esters, and essentially 
insoluble in kerosene and aliphatic hydrocarbons. DDVP has an octanol/water partition 
coefficient (Kow = 38.4; logKow = 1.58) which does not suggest that it will accumulate in fatty 
tissue. It has a high vapor pressure of 0.018 mmHg at 20 °C which suggests that residues in food 
and environmental surfaces will dissipate rapidly.  Furthermore, it is not likely to persist long 
after forming in aerated soil or in the water column. DDVP is, however, more recalcitrant to 
metabolism in anaerobic environments.   
 
3.3 Pesticide Use Pattern 
 
All existing naled product registrations are liquid formulations and classified as restricted-use, 
requiring use only by or under the supervision of certified applicators.  There are also SLN 
registrations covering some agricultural uses and bait trap uses.  The bait traps use is an 
application of small amounts of product directly to tree limbs or poles or other inanimate objects 
in a localized area or to fiber blocks or wicks inside jars which are then placed in trees to attract 
and kill certain types of insects. 
 

• Formulations:  products are only liquid formulations requiring dilution. 
• Use sites and targets: 

o Outdoor agricultural crops 
 Broadcast foliar applications (e.g., field crops, orchards/vineyards) 
 Dormant applications to peaches and almonds 

o Livestock feedlots/pastures/rangelands 
o Non-crop forest/shade trees, shrubs, and flowering plants 
o Greenhouse roses and ornamentals (hot plate/vaporization/gas application) 
o Indoor and outdoor commercial settings (e.g., food processing facilities, loading 

docks, refuse areas) 
o Wide area public pest control (e.g., over residential communities, woodlands, 

swamps), including ultra-low volume (ULV) applications 
o Bait traps (applied on trees or on wicks or blocks placed on trees or poles as traps)  

• Applications are broadcast treatments. 
o Applications are generally made via aerial or ground vehicles and handheld 

sprayers. 
o The use in greenhouses uses a hot plate to vaporize the formulation for 

application as a gas. 
o As a bait (SLN registrations), applications are manual onto trees or on bait traps. 

• Agricultural crop/commodity uses have retreatment intervals around 7-14 days, while 
other uses do not specify the retreatment or allow for more frequent treatments. 

• Most uses require engineering controls in the form of closed mixing/loading systems and 
applications in enclosed vehicles.  Where engineering controls are not applicable, 
handlers are required to wear long pants, long-sleeved shirt, coveralls, chemical-resistant 
gloves, footwear, and headgear (for overhead exposure), and a respirator (organic vapor 
cartridge). 

• Flagging for aerial applications by workers is prohibited. 
• For applicable agricultural uses, the REI is 48 hours, or for organophosphate pesticides 
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• Subchronic oral in rat  
• Acute dermal in rat (special AChE study) 
• Subchronic dermal in rat (two studies)  
• Acute inhalation in rat (special AChE study) 
• Subchronic inhalation in rat 
• Developmental in rat and rabbit 
• Two-generation reproduction in rat 
• Chronic oral in rat (two-year carcinogenicity), dog (one-year), and mouse (two-year 

carcinogenicity) 
• Acute and subchronic neurotoxicity in rat  
• Acute and subchronic delayed neurotoxicity in hen 
• Developmental neurotoxicity (DNT) in rat and preliminary DNT in rats (includes AChE) 
• Comparative cholinesterase assay in rat (CCA) (acute, repeat-dose, and time course) 
• Immunotoxicity in rat 
• Mutagenicity battery  
• Metabolism (DDVP metabolism studies) 
• In vivo (rat) and in vitro (rat and human) dermal penetration studies 

 
More detail concerning the characterization and quantification of the toxic effects of naled is 
provided in Appendix A.  Naled toxicity data requirements are found in Appendix A.1.  A 
toxicity profile table can be found in Appendix A.2, followed by the “Summary of OPP’s ChE 
Policy and Use of BMD Modeling” described in Appendix A.4.  Additionally, tables of the BMD 
results are also provided in Appendix A.4. 
 
4.2 Absorption, Distribution, Metabolism, & Elimination (ADME) 

 
Some OPs require metabolic activation to the oxon metabolite; however, for naled, the parent 
compound is responsible for AChE inhibition activity.  Generally, absorption and distribution are 
rapid with extensive metabolism and no accumulation in the tissues for OPs.  A naled 
metabolism study in rat requirement was waived since the database for naled is essentially 
complete and no cancer or developmental concerns are indicated (Khasawinah, A., 05/29/2001, 
TXR 0014575).  Furthermore, the existing animal studies demonstrate that naled is rapidly 
absorbed, distributed and excreted.  Additionally, and based on the quick metabolism to the more 
potent DDVP, relevant metabolism data are available for DDVP and are detailed below. 
 
For DDVP, rat metabolism data indicate nearly 88-94% was absorbed through the 
gastrointestinal tract and, within 24 hours, nearly 43-57% was eliminated in expired air and 
excreta.  After seven days, the total excreted/air expired recovery was approximately 60-77%; 
and, of the original dose, 11-17% was recovered in urine/cage washes, 4-7% in feces, and 41-
58% as expired 14CO2.  The relative amounts of radioactivity retained in carcass, liver, and other 
tissues combined were 13-26%, 3-5%, and 1-2%, respectively.  During the seven days post-
dosing period, males expired slightly less 14CO2 than females (41-45% vs. 52-54%, respectively).  
The excretion patterns were similar after i.v. or oral administration and little, if any, other 
differences relating to sex or dose were found in the excretion or distribution of [14C] DDVP.  Of 
the five radiolabeled compounds that were detected in urine, two were identified as hippuric acid 
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(HA) (4.2-10.5 %) and urea (19.6-51.1%).  Urea and HA also seemed to be present in feces at 
lower concentrations than in urine.  Three other urinary compounds were not identified but were 
assumed to be de-halogenated metabolites.  Other metabolites, representing nearly 8 to 19% of 
total urinary radioactivity, were considered to be glucuronide conjugates (not identified).  The 
overall metabolic profile suggests the involvement of the one-carbon pool biosynthetic pathway, 
as evidenced by the presence of a relatively large amount of radioactivity in the form of expired 
14CO2 and the presence of de-halogenated metabolites, urea, and HA.  

 
4.2.1 Dermal Absorption 
 
“Triple pack” dermal absorption studies are available for naled, which includes rat in vivo and rat 
and human in vitro studies (MRID 45099301, 45099302, respectively).  In the rat in vivo study, 
dermal absorption at the lowest dose tested following 10 hours and 24 hours of exposure were 
estimated at 21 and 23% (calculated as the sum of excreta, intestinal tract contents, residual 
carcass, and that collected exhaled air traps).  After normalization of recovery to 100%, 
absorption following 24 hours was estimated at 27%, respectively.  In the in vitro studies, rat 
skin was found to be more permeable than human skin.  At the lowest dose, the potentially 
absorbed dose after 24 hours was 70.06% and 27.44% (calculated as sum of receptor fluid and 
epidermis) for rat and human skin, respectively. After normalization of recovery to 100%, the 
potentially absorbed dose after 24 hours was 81.34% and 30.57% for rat and human skin, 
respectively.  The resulting rat to human skin ratio is 2.66.  Using the “triple pack” approach, if 
in vitro data obtained using animal skin is shown to be a good predictor of animal in vivo dermal 
absorption for a chemical, then the identical technique performed in vitro with human skin may 
be useful in extrapolating human dermal absorption.  The PODs derived from both the single-
dose dermal toxicity rat study and the two co-critical repeat dose dermal toxicity rat studies have 
been adjusted to account for greater rat skin permeability (2.7 to 3.6-fold) compared to human 
skin (calculations are provided in Section 4.6.1). 
 
4.3 Toxicological Effects 

 
Naled is a halogenated OP with a neurotoxic MOA/AOP.  Inhibition of AChE is the most 
sensitive effect in all species, routes and life stages, and is being used in deriving points of 
departure (POD).  Naled has robust dose response data across multiple life stages, durations, and 
routes for both erythrocytes (RBC) and brain AChEI.  Many of the studies on naled have been 
evaluated using benchmark dose (BMD) modeling techniques. OPP does not have a defined 
benchmark response (BMR) for OPs, however, the 10% level represents a 10% reduction in 
AChE activity (i.e., inhibition) compared to background (i.e., controls).  A comprehensive 
description on BMD modeling can be found in Appendix A.4.   
Following acute oral exposures, RBC AChEI was slightly more sensitive than brain AChEI in 
the adult rat, and males were slightly more sensitive than females.  The acute CCA showed that 
on average, a 10% inhibition of AChE occurred in pups at doses 4x lower than adults for brain 
and 2x lower than adults for RBC.  However, following repeat oral, dermal, and inhalation dose 
exposures, no differences were noted between compartment cholinesterase effects, life stages 
(including analysis of fetus and pregnant dam), or sexes in rat. 
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There is no clear evidence of increased susceptibility for non-AChE parameters in the 
developmental toxicity studies in rats and rabbits and the reproduction toxicity study in rats.  
Maternal toxicity was noted in the developmental rat study (tremors, hypoactivity, discharge 
from mouth and eyes, dyspnea, and weight loss) at the high dose (50x greater than the dose 
eliciting AChEI via the oral route).  Marginal effects on resorptions at this same dose were 
observed but not considered significant enough to confirm adversity.  The developmental rabbit 
study did not identify any maternal or developmental toxicity.  The two-generation reproductive 
toxicity study in rats observed decreased body weights in the maternal animals and reduced pup 
survival at the highest dose tested (22x greater than the dose eliciting 10% AChEI via the oral 
route of exposure for these populations) that was consistent with decreased pup weights during 
lactation.  There is also no evidence of increased susceptibility for rat pups compared to adults 
following exposure to naled in repeat dose CCA studies.  In the developmental neurotoxicity 
(DNT) study, decreased motor activity in offspring was observed in the absence of non-
cholinesterase effects in maternal animals.  However, a range-finding study was submitted with 
the DNT study that included AChE measurements and indicated that AChEI was significant for 
all life stages at the lowest dose tested (3 mg/kg/day; 4x higher than the 10% AChEI doses used 
in the studies selected for endpoints for these subpopulations), which was approximately the 
same as the dose eliciting offspring effects (2 mg/kg/day).  AChEI was observed at all dose 
levels in the range-finding study with the greatest AChEI observed in maternal animals (maternal 
AChEI: brain 16%; RBC 25-27%; fetus AChEI: brain [only] 9%; pup AChEI: brain 10%, RBC 
11%).   
 
A 90-day inhalation toxicity study is available for naled.  The chemical was intended to be 
released as an aerosol in full-body chambers but most of the exposure was in the vapor phase 
according to the investigator, due to the volatility of naled.  The AChE data underwent BMD 
analyses and resulted in a BMD10 = 0.3 mg/m3 based on RBC AChE inhibition in adult males 
and females.  Clinical effects were observed such as salivation, nasal discharge, and abnormal 
respiration at the same concentrations as the BMD10.  The nasal passage, trachea, and lung 
histopathology did not reveal any treatment-related adverse effects.  A three-week range finding 
study preceded the 90-day inhalation study and reported microscopic squamous metaplastic 
lesions in the nasal epithelium at all concentrations tested.  The low concentration in the range-
finding study was 13x higher than the BMD10 resulting from the 90-day inhalation study. 
 
The acute oral, dermal (rabbit), inhalation (rat) toxicity of naled is Toxicity Category II.  Naled is 
Toxicity Category I (severe irritation) for acute eye irritation and dermal irritation (corrosive).  
Naled was weakly positive for the skin sensitization study in guinea pig.  
 
4.3.1 Critical Durations of Exposure 
 
One of the key elements in risk assessment is the appropriate integration of the temporal 
relationship between the exposure and hazard.  One advantage of an AOP understanding is that 
human health risk assessments can be refined and focused on the most relevant durations of 
exposure.  For this risk assessment, HED used an analysis of the temporal pattern of AChE 
inhibition from acute, single dose and repeated dose studies in laboratory animals for naled.  This 
analysis provides the basis for determining which exposure durations are appropriate for 
assessing human health risk.  Table 4.3.1.1 provides a summary of the results from experimental 
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also provides consistency with the OP cumulative risk assessment (OP CRA; 2002, 2006) and 
across the single chemical risk assessment for the OPs.  The steady-state point of departure is 
protective of any repeated exposures for naled, including chronic exposure, since AChEI does 
not increase after reaching maximum inhibition or steady-state. 
 
4.4 Literature Review  
 
4.4.1 Literature Review for Naled Regarding Endpoint Sensitivity 
 
As part of registration review for naled, a broad survey of the literature was conducted to identify 
studies that report toxicity following exposure to naled via exposure routes relevant to human 
health pesticide risk assessment not accounted for in the agency’s naled 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 39 studies from the literature.  
During the title/abstract and/or full text screening of these studies, none of the studies were 
deemed to contain potentially relevant information (either quantitative or qualitative) for the 
naled human health risk assessment.  Appendix A.5 has detailed information regarding the 
literature review. 
 
4.4.2 Literature Review for OPs Regarding Neurodevelopment Effects  
 
For the OPs, historically, and presently the agency uses AChE inhibition activity as the POD for 
human health risk assessment.  This science policy is based on decades of scientific research 
which shows that AChE activity inhibition is the initial event in the pathway to acute cholinergic 
neurotoxicity from OPs.  The use of AChE activity inhibition data for deriving PODs was 
supported by the FIFRA SAP (2008, 2012) for chlorpyrifos as the most robust source of dose-
response data for extrapolating risk and is the source of data for PODs for naled.  A detailed 
review of the epidemiological studies used in this review can be found either in the 2014 
chlorpyrifos revised draft human health risk assessment (Drew, D. et al., 12/29/2014, D424485) 
or in the 2015 literature review for other organophosphates (Lowit, A., 09/15/2015, D331251).   
 
Newer lines of research on OPs in the areas of potential AOPs, in vivo animal studies, and 
notably epidemiological studies in mothers and children, have raised some uncertainty about the 
agency’s risk assessment approach with regard to the potential for neurodevelopmental effects in 
fetuses and children.  Many of these studies have been the subject of review by the agency over 
the last several years as part of efforts to develop a risk assessment for chlorpyrifos (Drew, D., et 
al., 12/29/2014, D424485).  Initially, the agency focused on studies from three US cohorts: 1) the 
Mothers and Newborn Study of North Manhattan and South Bronx, studied by the Columbia 
Children’s Center for Environmental Health (CCCEH) at Columbia University; 2) the Mt. Sinai 
Inner-City Toxicants, Child Growth and Development Study, or the “Mt. Sinai Child Growth and 
Development Study;” and 3) the Center for Health Assessment of Mothers and Children of 
Salinas Valley (CHAMACOS), conducted by researchers at University of California Berkeley.  
The agency has evaluated these studies and sought external peer review (FIFRA SAP reviews in 
2008 and 2012; federal panel, 20133) and concluded they are of high quality.  In the three US 

 
3 http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2008-0850-0170 
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With respect to neurological effects near birth, the CHAMACOS and Mt. Sinai cohorts measured 
neurological effects at birth, and observed a putative association with total DEAP, total DMAP, 
and total DAP exposure (Engel et al., 2007; Young et al., 2005).  Similarly, a Chinese study 
(Zhang et al., 2014) reported statistically significant associations for total DEAPs, total DMAPs, 
and total DAPs from prenatal OP pesticide exposure and neonatal neurodevelopment assessed 
three days after birth.  However, another cross-sectional Chinese study, Guodong et al. (2012), 
observed no association with urinary DAPs and a developmental quotient score for 23-25 month 
old children.  
 
The three US cohorts (CCCEH, Mt. Sinai, CHAMACOS) each reported evidence of impaired 
mental and psychomotor development, albeit not consistent by age at time of testing (ranging 
from 6 months to 36 months across the three cohorts).  Attentional problems and ADHD were 
reported by three prospective cohorts [Rauh et al., 2006; Eskenazi et al., 2007; Marks et al., 
2010; and Fortenberry et al. 2014] with additional support from a case control study [Bouchard 
et al. 2010].  The exposure metric varied among these studies.  Specifically, Fortenberry et al. 
(2014) found suggestive evidence of an association with TCPy and ADHD in boys, whereas 
statistically significant associations were observed by Rauh et al. (2006) with chlorpyrifos 
exposure and ADHD.  Eskenazi et al. (2007) reported associations with total DMAPs and total 
DAPs and ADHD; Marks et al. (2010) reported associations with total DEAP, DMAP, and total 
DAP exposure and ADHD.  In a national cross-sectional study of Canadian children, using 2007-
2009 data for children age 6-11 years (Oulhote and Bouchard, 2013), there were no overall 
statistically significant associations observed between child urinary DEAP, DMAP, or total DAP 
metabolite levels and parentally reported behavioral problems.  In contrast, Bouchard et al. 
(2010), looking at U.S. children age 8-15 years in the 2000-2004 NHANES, observed a positive 
association between attention and behavior problems and total DAPs and DMAPs, but not 
DEAPs.  As part of their analysis, Oulhote and Bouchard (2013) noted that their outcome 
assessment for behavioral problems may not have been as sensitive as Bouchard et al. (2010), 
which may in part account for the difference in the observed results from these studies.   
 
In addition, the three US cohorts and the CHARGE study have reported suggestive or positive 
associations between OP exposure and autism spectrum disorders (Rauh et al., 2006; Shelton et 
al., 2014; Eskenazi et al., 2007; Furlong et al., 2014).  Specifically, Furlong et al. (2014) 
documented suggestive evidence of an association between total DEAP exposure and reciprocal 
social responsiveness among African Americans and boys.  Eskenazi et al. (2007) reported a 
statistically significant association between pervasive developmental disorder (PDD) and total 
DAP exposure, whereas Eskenazi et al. (2010) reported non-significant, but suggestive, 
increased odds of PDD of 2.0 (0.8 to 5.1; p=0.14).  Rauh et al. (2006) documented a significant 
association between PDD and specifically chlorpyrifos exposure.  Both PDD and reciprocal 
social responsiveness are related to the autism spectrum disorder.  Using a different exposure 
assessment method (geospatial analysis and residential proximity to total OP exposure), Shelton 
et al. (2014) also showed statistically significant associations between total OP exposure and 
ASD.  While these studies vary in the magnitude of the overall strength of association, they have 
consistently observed a positive association between OP exposure and ASD.  Finally, CCCEH, 
Mt. Sinai, CHAMACOS have reported an inverse relation between the respective prenatal 
measures of chlorpyrifos and intelligence measures at age seven years (Rauh et al., 2011; Engel 
et al., 2011; Bouchard et al., 2011).   
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Across the epidemiology database of studies, the maternal urine, cord blood, and other 
(meconium) measures provide evidence that exposure did occur to the fetus during gestation but 
the actual level of such exposure during the critical window(s) of susceptibility is not known.  
While significant uncertainties remain about the actual exposure levels experienced by mothers 
and infant participants in the children’s health cohorts, it is unlikely that these exposures resulted 
in AChE inhibition.  As part of the CHAMACOS study, Eskenazi et al. (2004) measured AChE 
activity and showed that no differences in AChE activity were observed.  The biomarker data 
(chlorpyrifos) from the Columbia University studies are supported by the agency’s dose 
reconstruction analysis using the PBPK-PD model (Drew, D. et al., 12/29/2014, D424485).  
Following the recommendation of the FIFRA SAP (2012), the agency conducted a dose 
reconstruction analysis of residential uses available prior to 2000 for pregnant women and young 
children inside the home.  The PBPK-PD model results indicate for the highest exposure 
considered (i.e., indoor broadcast use of a 1% chlorpyrifos formulation) <1% RBC AChE 
inhibition was produced in pregnant women.  While uncertainty exists as to actual OP exposure 
at (unknown) critical windows of exposure, EPA believes it is unlikely individuals in the 
epidemiology studies experienced RBC AChE inhibition. 
 
A review of the scientific literature on potential modes of action/adverse outcome pathways 
(MOA/AOP)5 leading to effects on the developing brain was conducted for the 2012 FIFRA SAP 
meeting (USEPA, 2012) and updated for the December 2014 chlorpyrifos revised risk 
assessment (Drew, D. et al., 12/29/2014, D424485).  In short, multiple biologically plausible 
hypotheses and pathways are being pursued by researchers that include targets other than AChE 
inhibition, including cholinergic and non-cholinergic systems, signaling pathways, proteins, and 
others.  However, no one pathway has sufficient data to be considered more credible than the 
others.  The fact that there are, however, sparse AOP data to support the in vitro to in vivo 
extrapolation, or the extrapolation from biological perturbation to adverse consequence 
significantly limits their quantitative use in risk assessment.  The SAP concurred with the agency 
in 2008 and 2012 about the lack of definable key events in a MOA/AOP leading to 
developmental neurobehavioral effects.  However, since the 2014 literature review, there are no 
substantive changes in the ability to define and quantitate steps in an MOA/AOP leading from 
exposure to effects on the developing brain.  Published and submitted guideline DNT laboratory 
animal studies have been reviewed for OPs as part of the 2012/2014 review (Drew et al., 
12/29/2014, D424485) and the updated 2015 review (Lowit, A., 09/15/2015, 
D331251).  Neurobehavioral alterations in laboratory animals were often reported, albeit at 
AChE inhibiting doses, but there was generally a lack of consistency in terms of pattern, timing, 
or dose-response for these effects, and a number of studies were of lower quality.  However, this 
information does provide evidence of long-lasting neurodevelopmental disorders in rats and mice 
following gestational exposure. 
 
At this time, a MOA(s)/AOP(s) has/have not been established for neurodevelopmental outcomes.  
This growing body of literature does demonstrate, however, that OPs are biologically active on a 
number of processes that affect the developing brain.  Moreover, there is a large body of in vivo 
laboratory studies which show long-term behavioral effects from early life exposure, albeit at 
doses which cause AChE inhibition.  EPA considers the results of the toxicological studies 

 
5 Mode of action (MOA) and adverse outcome pathways (AOPs) describe a set of measurable key events that make 
up the biological processes leading to an adverse outcome and the causal linkages between such events.   
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relevant to the human population, as qualitatively supported by the results of epidemiology 
studies. The agency acknowledges the lack of established MOA/AOP pathway and uncertainties 
associated with the lack of ability to make strong causal linkages and unknown window(s) of 
susceptibility.  These uncertainties do not undermine or reduce the confidence in the findings of 
the epidemiology studies.  The epidemiology studies reviewed in the 2012/2014 and 2015 
literature reviews represent different investigators, locations, points in time, exposure assessment 
procedures, and outcome measurements.  Despite all these differences in study design, with the 
exception of two negative studies in the 2015 literature review (Guodong et al., 2012; Oulhote 
and Bouchard, 2013), authors have identified associations with neurodevelopmental outcomes 
associated with OP exposure across four cohorts and twelve study citations. Specifically, there is 
evidence of delays in mental development in infants (24-36 months), attention problems and 
autism spectrum disorder in early childhood, and intelligence decrements in school age children 
who were exposed to OPs during gestation. Investigators reported strong measures of statistical 
association across several of these evaluations (odds ratios: 2-4 fold increases in some instances), 
observed evidence of exposures-response trends in some instances, e.g., intelligence measures. 
 
As section 408(b)(2)(C) of the FFDCA instructs EPA, in making its “reasonable certainty of no 
harm” finding, that in “the case of threshold effects, an additional tenfold margin of safety for the 
pesticide chemical residue and other sources of exposure shall be applied for infants and children 
to take into account potential pre- and postnatal toxicity and completeness of data with respect to 
exposure and toxicity to infants and children.” Section 408 (b)(2)(C) further states that “the 
Administrator may use a different margin of safety for the pesticide chemical residue only if, on 
the basis of reliable data, such margin will be safe for infants and children.”  Given the totality of 
the evidence, there is sufficient uncertainty in the human dose-response relationship for 
neurodevelopmental effects which prevents the agency from reducing or removing the statutory 
10x FQPA Safety Factor.  For the naled DRA, a value of 10x has been applied.  Similarly, a 
database uncertainty factor of 10x will be retained for occupational risk assessments.  The 
agency will continue to evaluate the epidemiology studies and pursue approaches for quantitative 
or semi-quantitative comparisons between doses which elicit AChEI and those which are 
associated with neurodevelopmental outcomes prior to a revised human health risk assessment.   

 
4.5 Safety Factor for Infants and Children (FQPA Safety Factor)6 
 
As noted above, the lack of an established neurodevelopmental MOA/AOP makes quantitative 
use of the epidemiology studies in risk assessment challenging, particularly with respect to 
determining dose-response, critical duration of exposure, and window(s) of susceptibility.  
However, exposure levels in the range measured in the epidemiology studies are likely low 
enough that they are unlikely to result in AChEI. Epidemiology studies consistently identified 
associations with neurodevelopmental outcomes associated with OP exposure such as delays in 
mental development in infants (24-36 months), attention problems and autism spectrum disorder 
in early childhood, and intelligence decrements in school age children.  Therefore, there is a need 
to protect children from exposures that may cause these effects; this need prevents the agency 
from reducing or removing the statutory FQPA Safety Factor.  Thus, the FQPA 10X Safety 

 
6 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). 



Naled                                                  Draft Human Health Risk Assessment                                      D437731 
 

Page 32 of 136 

Factor will be retained for naled for the population subgroups that include infants, 
children, youth, and women of childbearing age for all exposure scenarios.   
 
4.5.1 Completeness of the Toxicology Database 
 
The toxicology database for naled is considered complete.  The available studies to inform on the 
FQPA SF evaluation include two developmental studies (rat and rabbit), the two-generation 
reproduction study (rat), the developmental neurotoxicity study (rat), the single and repeat dose 
CCA studies (rat), and the acute and subchronic neurotoxicity studies. 
 
4.5.2 Evidence of Neurotoxicity 
 
As discussed in Section 4.4, there is uncertainty in the human dose-response relationship for 
neurodevelopmental effects and this warrants retention of the FQPA Safety Factor for the 
population subgroups that include infants, children, youths, and women of childbearing age for 
all exposure scenarios. 
 
Naled is an OP with a neurotoxic MOA/AOP; AChE inhibition is the most sensitive quantitative 
effect in all species, routes, and life stages and is being used to derive PODs for risk assessment.  
The PODs selected for risk assessment are based on 10% AChEI for all exposure scenarios. 
Therefore, the risk assessment with the FQPA SF is protective of potential neurotoxicity for 
every life stage and route of exposure. 
 
4.5.3 Evidence of Sensitivity/Susceptibility in the Developing or Young Animal 
 
Rat pups exhibited greater susceptibility to single dose oral exposure to naled for both RBC and 
brain AChEI compared to adults but were not uniquely susceptible to repeat dose exposure.  As a 
result, acute dietary endpoints are based on AChEI in pups.  Overall, increased sensitivity was 
not evident in developing or young animals compared to adults following repeat exposure to 
naled.  There is no evidence of increased susceptibility following in utero exposure to naled in 
rats and rabbits as well as pre/post-natal exposure in developmental, two-generation 
reproduction, and gestational CCA studies in rats.  While the DNT study identified non-
cholinesterase effects in the offspring at doses lower than that of the maternal, significant AChE 
decreases (measured in the DNT range-finding study) were identified at approximately the same 
dose eliciting offspring effects, with the greatest changes observed in maternal animals.  In spite 
of the apparent sensitivity observed in the DNT, there are clearly established NOAEL/LOAEL 
values for the observed effects, the offspring effects occurred at a dose that would cause 
significant AChEI in maternal animals, and the steady-state PODs selected are protective of all 
repeat-dose effects identified in the developing or young rat.   
 
4.5.4 Residual Uncertainty in the Exposure Database  
 
There are no residual uncertainties with regard to the exposure databases. The acute and steady-
state dietary assessments are highly refined (incorporated field trial residues, processing studies, 
USDA PDP monitoring data, and anticipated residues). Although data were used to refine the 
acute and steady-state dietary exposure assessments, the assessments are not expected to 
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underestimate dietary (food and water) exposures. The non-occupational post-application 
exposure assessments are based upon the 2012 Standard Operating Procedures (SOPs) for 
Residential Exposure Assessment. The 2012 Residential SOPs are based upon conservative 
assumptions and are not expected to underestimate risks from naled exposure.  
 
4.6 Toxicity Endpoint and Point of Departure Selections 
 
4.6.1 Dose Response Assessment 
 
Tables 4.6.4.1-3 summarize the naled toxicity endpoints and PODs selected from an evaluation 
of the naled database. PODs have been updated since the previous risk assessment and this 
endpoint selection was based on a weight of the evidence evaluation using the following 
considerations: 
 

• Relative sensitivity of the brain and RBC compartments:  The data available on naled 
exposure are derived from the rat.  Following acute oral exposures, RBC AChEI was 
slightly more sensitive than brain AChEI in the adult rat.  However, following repeat 
oral, dermal, and inhalation dose exposures, no differences were noted between 
compartment AChE effects.  OPP has relied on both RBC and brain AChE measurements 
for steady-state scenarios depending on which compartment resulted in the lowest and 
most reliable data for each individual exposure scenario.   

• Potentially susceptible populations (fetuses, juveniles, pregnancy, or sex):  The available 
AChE data across multiple life stages (adult, pregnant adult, fetus, and juvenile rat) 
indicate that males were slightly more sensitive than females after acute exposure (but 
not after repeat exposure).  The acute oral CCA showed that on average, a 10% inhibition 
of AChE occurred in pups at doses 4x lower than adults for brain and 2x lower than 
adults for RBC.  However, following repeat oral, dermal, and inhalation dose exposures, 
no differences were noted between life stages in rat.  The rat fetus was not more sensitive 
than pup and adult rats (including pregnant dams) after repeat dosing.  Pup and adult rats 
share similar sensitivity to RBC/brain AChE depression following repeated naled 
exposure (Table 4.3.1).   

• Route of exposure:  It is preferred to match, to the degree possible, the route of exposure 
in the toxicity study with that of the exposure scenario(s) of interest.  Acute and repeat 
dose studies were available for oral, dermal, and inhalation route-specific assessments 
following single dose and steady-state exposure to naled. 

• Duration of exposure: It is preferred to match, to the degree possible, the duration of a 
toxicity study with that of the exposure duration of interest.  There are single-day and 
repeat dose oral, dermal, and inhalation studies available. 

• Consistency across studies:  In cases where multiple datasets are available for a single 
duration, it is important to evaluate the extent to which data are consistent (or not) across 
studies.  Considering the presence of sensitive populations that different labs reproduced 
in studies conducted across several years, the naled database demonstrated consistent 
AChEI and effects within the rat species. 

 
Descriptions of the primary toxicity studies used for selecting toxicity endpoints and points of 
departure for various exposure scenarios are presented in Appendix 2 of this document.  
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Summary tables of BMD analyses can be found in Appendix A.4, and the technical details of the 
analysis can be found in the BMD memorandums (Liccione, J., 09/19/2019, TXR 0057943; 
Bever, R, 08/23/2016, TXR 0057475; Lowit, A., 06/09/2006, TXR 0054223).  
 
Consistent with risk assessments for other AChE-inhibiting compounds, OPP has used a 
benchmark response (BMR) level of 10% and has thus calculated BMD10 and BMDL10 (see 
Appendix A.4 for summary of OPP’s ChE policy).  The BMD10 is the estimated dose where 
AChE is inhibited by 10% compared to background.  The BMDL10 is the lower confidence 
bound on the BMD10.  As a matter of science policy, the agency uses the BMDL, not the BMD, 
for use as the POD (USEPA, 2012).  Data were analyzed from rats in an acute comparative 
cholinesterase assay (CCA; MRIDs 46153105 and 46153107), repeated dose CCA (MRID 
46153104), 90-day oral toxicity study (MRID 46153108), 2-year chronic toxicity/carcinogenicity 
study (MRID 00141784), 28-day dermal toxicity studies (MRIDs 00160750 and 45222001), and 
an inhalation toxicity study (MRID 00265680).  All data from these studies were considered; 
however, some data were not amenable to BMD analysis.  Analyses was completed using 
USEPA BMD Software, version 2.4 and USEPA BMD Software, version 2.6 for the single dose 
dermal and inhalation studies; an exponential model or Hill model was used to fit these data.  
Summary tables of BMD analyses can be found in Appendix A.4, and the technical details of the 
analyses can be found in the BMD memoranda (Bever, R., 08/23/2016, TXR 0057475). 
 
Tables 4.6.4.5-7 summarize DDVP toxicity endpoints and PODs selected. Detailed information 
on DDVP endpoint selection can be found in the DDVP risk assessment (Kidwell, J. et al, 
06/19/2020, D430516). 
 
Acute Dietary Endpoint 
 
A POD for the acute dietary exposure scenario was derived from the rat oral AChE study (MRID 
46153105).  A BMDL10 of 3.2 mg/kg was selected based on RBC AChE inhibition in female 
PND 22 rats.  The corresponding BMD10 is 4.2 mg/kg.  Data from female pups are appropriate 
for acute POD derivation, since they demonstrated the most sensitivity to acute naled exposure in 
the database.  This time point also provided data for the most robust BMD modeling and 
therefore BMD10 estimate.  The POD is considered the most protective of all subpopulations 
(infants and children, females 13+, and adults). 
 
An uncertainty factor of 1000X (10X to account for interspecies extrapolation, 10X for 
intraspecies variation, and 10X for FQPA safety/database uncertainty factor due to uncertainty in 
the human dose-response relationship for neurodevelopmental effects (see Section 4.4)) is 
applied to the BMDL10 to obtain an aPAD of 0.0032 mg/kg for exposure scenarios with infants, 
children, youth, and women of childbearing age.  The only population subgroup for which the 
FQPA SF is not retained is adults 50-99 years old; therefore, the aPAD for this population 
subgroup is 0.032 mg/kg/day. 
 
Steady-State Dietary Endpoint 
 
A POD for the steady-state dietary (all populations) exposure scenario was derived from the dose 
response observed in the rat carcinogenicity study (MRID 00141784).  A BMDL10 of 0.6 
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mg/kg/day was selected based on brain AChEI in adults (both sexes) since it demonstrated the 
most sensitivity to repeat dose exposure and the most robust BMD modeling.  The corresponding 
BMD10 was 0.8 mg/kg/day.  Brain AChEI was selected over RBC AChEI as the endpoint for the 
POD, since the data on RBC AChEI reported weak dose-response and high variability.  The 
POD is considered the most protective of all subpopulations (infants and children, females 13+, 
and adults). 
 
An uncertainty factor of 1000X (10X to account for interspecies extrapolation, 10X for 
intraspecies variation, and 10X for FQPA safety/database uncertainty factor due to uncertainty in 
the human dose-response relationship for neurodevelopmental effects (see Section 4.4)) is 
applied to the BMDL10 to obtain a steady-state PAD (ssPAD) of 0.0006 mg/kg/day for all 
exposure scenarios, except adults 50-99 years old.  Excluding the FQPA SF for adults 50-99 
years old, the ssPAD is 0.006 mg/kg/day. 
 
Acute Incidental Oral Endpoint 
A POD for the acute incidental oral exposure scenario was derived from the rat oral AChE study 
(MRID 46153105).  A BMDL10 of 3.2 mg/kg was selected based on RBC AChE inhibition in 
female PND 22 rats. The corresponding BMD10 is 4.2 mg/kg.  Data from female pups are 
appropriate for acute incidental oral POD derivation, since they demonstrated the most 
sensitivity to acute naled exposure in the database. This time point also provided data for the 
most robust BMD modeling and therefore BMD10 estimate. The POD is considered the most 
protective of all subpopulations (infants and children, females 13+, and adults).  An uncertainty 
factor of 1000X (10X to account for interspecies extrapolation, 10X for intraspecies variation, 
and 10X for FQPA safety/database uncertainty factor due to uncertainty in the human dose-
response relationship for neurodevelopmental effects (see Section 4.4)) is applied to the BMDL10 
resulting in a Level of Concern (LOC) of 1000. 
 
Steady-State Incidental Oral Endpoint  
A POD of 0.6 mg/kg/day was selected from the rat carcinogenicity study (MRID 00141784), 
based on the same rationale provided above for the steady-state dietary exposures.  A total 
uncertainty factor of 1000X is appropriate for incidental oral exposures (10X for interspecies 
extrapolation, 10X for intraspecies variation, and 10X for FQPA SF due to uncertainty in the 
human dose-response relationship for neurodevelopmental effects (see Section 4.4)) resulting in 
a LOC of 1000. 
 
Acute Dermal Endpoint 
Due to the use pattern for naled, an acute dermal endpoint is necessary for exposure assessment.  
A POD of 14.2 mg/kg was selected from the Single-Dose Dermal Toxicity Study in Rats (MRID 
50795201).  A BMDL10 of 14.2 mg/kg was selected and associated with RBC AChE inhibition 
in adult females.  The corresponding BMD10 was 28.8 mg/kg.  Data from the adults was 
appropriate for acute POD derivation since effects were observed after a single exposure and the 
endpoint is considered protective of all populations (infants and children, females 13-49 yr old, 
and adults) due to lack of increased susceptibility in fetus and offspring.   
 
A refined dermal equivalent dose (RDD) may be derived using the “triple pack” dermal 
absorption data.  The RDD was calculated by the following formula: 
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Refined Dermal Equivalent Dose (RDD) (mg/kg/day) =  

 
Dermal POD (mg/kg/day) x Animal In Vitro Absorption (%) 

Human In Vitro Absorption (%) 
 

Using the equation above, the POD derived from the Single-Dose Dermal Toxicity Study in Rats 
can be refined to account for higher skin permeability in rat skin compared to human skin.  As 
described in Section 4.2.1, the animal to human in vitro ratio is 2.66.  Therefore, the RDD to use 
as the acute dermal POD is 37.8 mg/kg.  The calculations are shown in the table below. 

 
Table 4.6.1.1 Calculations of Acute Refined Dermal Equivalent Dose Using 
“Triple Pack” Dermal Absorption Data 

Study Rat Dermal 
POD 

Animal in vitro 
Human in vitro 

RDD = POD x Animal In Vitro 
Human In Vitro 

Single-Dose Dermal 
Toxicity (MRID 

50795201) 

14.2 mg/kg 2.66 14.2 x 2.66 = 37.8 mg/kg 

 
An uncertainty factor of 1000X (10X to account for interspecies extrapolation, 10X for 
intraspecies variation, and 10x for FQPA safety/database uncertainty factor due to uncertainty in 
the human dose-response relationship for neurodevelopmental effects (see Section 4.4)) resulting 
in a LOC of 1000.   
Steady-State Dermal Endpoint 
The steady-state dermal POD of 10 mg/kg/day was selected from two subchronic dermal studies 
in rat (MRID 00160750, 45222001).  Although the data from both rat dermal studies were 
modeled for BMDs, the results were not reliable as the ground truthing of inhibition at the 
known dose levels failed, there was excessive variation, and AChE data often lacked a dose-
response.  Therefore, the NOAEL of 10 mg/kg/day was relied upon as the POD based upon the 
lowest dose eliciting brain and RBC AChEI in both sexes (20 mg/kg/day in the adult rat).  
 
Using the same equation above for the acute RDD, the POD derived from the 28-day dermal rat 
toxicity study can be refined to account for higher skin permeability in rat compared to human 
skin using the animal to human in vitro ratio of 2.66.  Therefore, the RDD to use as the steady-
state dermal POD is 26.6 mg/kg/day.  The calculations are shown in the table below. 

 
Table 4.6.1.2 Calculation of Steady-State Refined Dermal Equivalent Dose Using “Triple 
Pack” Dermal Absorption Data 

Study Rat Dermal 
POD 

Animal in vitro 
Human in vitro 

RDD = POD x Animal In Vitro 
  Human In Vitro 

28-day Dermal 
Toxicity 

10 mg/kg/day 2.66 10 x 2.66 = 26.6 mg/kg/day 
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A total uncertainty factor of 1000X is appropriate for dermal exposures (10X for interspecies 
extrapolation, 10X for intraspecies variation, and a 10X FQPA SF for residential assessments or 
a database uncertainty factor in occupational assessments due to uncertainty in the human dose-
response relationship for neurodevelopmental effects (see Section 4.4)), resulting in a LOC of 
1000. 
 
Acute Inhalation Endpoint  
A POD of 9.9 mg/m3 was selected from the Single Dose Inhalation Toxicity Study in rat (MRID 
50823901).  A BMDL10 of 9.9 mg/m3 was selected and was associated with RBC AChEI in adult 
females.  The corresponding BMD10 was 15.2 mg/m3.  Data from adults are appropriate for acute 
POD derivation, since effects were observed after a single exposure.  The endpoint is considered 
protective of all populations (infants and children, females 13-49, and adults) since there was 
lack of increased susceptibility in fetus and offspring in the oral CCAs.  Though there are no 
inhalation CCAs available in the database, it is unlikely that the absorption patterns differ from 
that of oral given all of the evidence observed in both the naled and DDVP databases. 
 
Human Equivalent Concentrations (HECs)/Human Equivalent Doses (HEDs) were calculated 
using the BMDL10 and the Regional Deposited Dose Ratio (RDDR) and are presented in Section 
4.6.4 (Tables 4.6.4.3).  The RDDR accounts for the particle diameter [mass median aerodynamic 
diameter (MMAD) and geometric standard deviation (GSD)] and estimates the different dose 
fractions deposited along the respiratory tract.  The RDDR also accounts for interspecies 
differences in ventilation and respiratory tract surface areas.  Additional details can be found in 
Appendix A.3.  The standard interspecies extrapolation uncertainty factor can be reduced from 
10X to 3X due to the calculation of HECs (which account for pharmacokinetic, not 
pharmacodynamic, interspecies differences).  Therefore, the LOC for inhalation exposures is 300 
(3X interspecies extrapolation, 10X intraspecies variation, and 10X for FQPA safety/database 
uncertainty factor (UFDB) due to uncertainty in the human dose-response relationship for 
neurodevelopmental effects (see Section 4.4)). 
 
Steady-State Inhalation Endpoint 
A route-specific 90-day inhalation study in rats (MRID 00265680) was used to assess the 
toxicity of naled following inhalation exposure.  A POD of 0.2 mg/m3 was selected based on 
RBC AChE inhibition in adults (both sexes).  The corresponding BMD10 was 0.3 mg/m3.  Data 
from adults are appropriate for steady-state POD derivation, since effects were observed after a 
single exposure and the endpoint is considered protective of all populations (infants and children, 
females 13-49, and adults) due to lack of increased susceptibility in fetus and offspring in the 
oral CCAs.  Although there are no inhalation CCAs available in the database, it is unlikely that 
the absorption patterns differ from that of oral given all of the evidence observed in both the 
naled and DDVP databases. 
 
HECs and HEDs were calculated using the BMDL10 and the RDDR and are presented in Section 
4.6.4 (Tables 4.6.4.4).  Additional details can be found in Appendix A.3.  The standard 
interspecies extrapolation uncertainty factor can be reduced from 10x to 3x due to the calculation 
of HECs (which account for pharmacokinetic, not pharmacodynamic, interspecies differences).  
Therefore, the LOC for inhalation exposures is 300 (3X interspecies extrapolation, 10X 
intraspecies variation, and 10X for FQPA safety/database uncertainty factor (UFDB) due to 
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5.2 Food Residue Profile 
 
Livestock tolerances were removed from 40 CFR 180 based on section 180.6(a)(3), i.e., no 
expectation of finite residues in these commodities (Herndon, G., 03/25/2002, D281439). 
 
The requirements for magnitude of the residue in plants are fulfilled.  Adequate field trial data 
depicting the residues of naled and DDVP following treatments according to the maximum 
registered use patterns have been submitted for these commodities.  Available processing study 
data has shown that residues do not concentrate in processed commodities (citrus oil, etc.). The 
requirements for magnitude of the residue in wide area and general outdoor treatments for area 
pest (mosquito and fly) control are also fulfilled.  Confined rotational crop studies have 
concluded no rotational crop tolerances or plant-back intervals for naled are needed.    
 
USDA Pesticide Data Program (PDP) data for naled are only available for a limited number of 
commodities from 2008 to 2014 (2-5 commodities per year).  There were a total of 11,380 samples 
analyzed for naled, and only one strawberry sample had detectable residues.  HED is confident that 
this assessment reflects a conservative risk assessment.  In some cases, the PDP data were not used 
due to the high limit of detection (LOD - 0.02 ppm).  In some cases, HED used field trial data and 
was then able to apply rinsing factors that are not used with PDP data, since the samples are rinsed 
prior to analysis. 
 
Adequate residue chemistry data are available for the draft risk assessment and finite residues of 
naled are not expected for most treated crops. 
 
5.3 Water Residue Profile 
 
Drinking water residues were provided by the Environmental Fate and Effects Division (EFED) 
for the dietary risk assessment for naled (Negrón-Encarnación, I. & Wente, S., 06/17/2020, 
D433560). The estimated drinking water concentrations (EDWCs) for naled residues in surface 
water were generated using the Pesticide Water Calculator (PWC version 1.52). Since EDWCs 
from surface water modeling are much higher than those estimated from this screening level 
approach for groundwater, no further groundwater estimates were derived. 
 
For the acute and steady state assessments, the entire 30-year distribution of estimated daily 
concentrations was incorporated into the DEEM-FCID probabilistic analyses for the scenarios 
specified in Table 5.3.1. For steady state, the daily time series was recalculated using the 21-day 
forward rolling averages.  In the 21-day rolling average distributions, the first data point is the 
average of days 1-21, the second data point is the average of days 2-22, the third data point is the 
average of days 3-23, etc. 
 
Naled has a public health (mosquito control) use with a rate of 0.10 pounds per acre (0.12 
kilograms per hectare). The modeling for this use was conducted using the Florida turf PRZM 
scenario. This scenario was chosen because naled is commonly used in Florida to control 
mosquito populations.  
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assessment: (1) new toxicological endpoints; and (2) new drinking water estimates provided by 
the Environmental Fate and Effects Division (EFED). 
 
DDVP, a registered organophosphate insecticide, is a metabolite of naled. A preliminary risk 
assessment for DDVP, which encompassed exposure to DDVP from registered uses as well as 
DDVP derived from naled and trichlorfon use, was completed as a separate action, and addresses 
dietary exposure concerns for this metabolite from all sources (Camp, J. &  Morton, T., 
06/17/2020, D435619). A summary of the results of the acute and steady state dietary exposures 
and risks for DDVP from the use of naled are also presented in Section 5.4.3. 
 
5.4.1 Description of Residue Data Used in Dietary Assessment 
 
Probabilistic assessments were performed for the acute and steady-state analyses.  Foods were 
classified as blended, partially blended, or non-blended based on Dietary Exposure Science 
Advisory Committee (DE SAC) guidance.  The acute and steady-state analysis assumed a 
distribution of residues based on field trial residue data and limited monitoring data from the 
USDA Pesticide Data Program (PDP) (for orange juice, strawberries, and grape juice) for non-
blended and partially blended commodities. For blended commodities, the mean field trial values 
were used as a point estimate. When field trial data were used, a value of ½ limit of 
quantification (LOQ) was used for samples that contained less than LOQ residues.  Residue 
distribution files (RDFs) were also created for the commodities for which PDP data were used in 
accordance with guidance provided in HED SOP 99.6.  [Note:  Much more data are available in 
the dietary memo to evaluate DDVP exposures from all sources (Camp, J. & Morton, T. 
06/17/2020, D435619)]. 
 
Anticipated residues (ARs) for the acute and steady-state analysis are based on a probabilistic 
analysis using field trial data, and using rinsing, cooking, or other reduction factors.  For the 
purpose of incorporating the full range of residue data in the probabilistic assessment, RDFs 
were prepared from the available field trial data, or from the USDA PDP data for grape juice, 
orange juice, and fresh strawberries.  The RDFs for these commodities were based on the 
maximum percent crop treated estimates or were based on 100% crop treated, if percent crop 
treated information was not available. 
 
Details concerning data translation, commodity blending classifications, processing information, 
the treatment of mosquito control data, etc., can be found in the dietary exposure memo prepared 
in support of this draft risk assessment (Camp, J. & Morton, T., 06/17/2020, D435620). Data 
reflecting residue decline are available.  These data include common practices such as rinsing, 
peeling, and cooking that could reduce dietary exposure to naled.  These data were used in the 
dietary risk assessments.  A reduction factor of 0.1X (average of the celery/collard/snap bean 
studies) was applied to all cooked forms of naled, except for a few commodities, where 
commodity-specific factors were available, e.g., the 0.17 cooking factor was used for celery.  
Rinsing factors were not applied to PDP data, since these data already reflect rinsing before 
analysis. 
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5.4.2 Percent Crop Treated Used in Dietary Assessment 
 
The following maximum percent crop treated estimates (BEAD, 09/20/2019) were used in the 
acute and steady state dietary risk assessments for the following crops that are currently 
registered for naled: cabbage: <2.5%; cotton: <2.5%; cucumbers: 5%; grapefruit: <2.5%; grape: 
<2.5%; lemons: <2.5; orange: 5%; peppers: <2.5%; plums/prunes: <2.5%; safflower: 75%; 
strawberries: 45%; sugar beets: <2.5%; and walnuts: 5%.  100% percent crop treated estimates 
were assumed if percent crop treated data were not available.   
 
In the acute and steady-state assessments, the mosquito adulticide percent crop treated estimate 
of 1% was used to modify the adulticide residue values.  Residues from the adulticide use were 
included for all commodities with the exception of livestock commodities and fish. 
 
5.4.3 Acute and Steady State Dietary Risk Assessment 

 
Acute and steady state dietary (food and drinking water) assessments for naled were run for food 
only from all registered uses and from mosquitocide uses alone, as well as for food and multiple 
drinking water scenarios. These water scenarios included: citrus, peppers, cotton, and wide area 
mosquito use. See Tables 5.4.5.1-5.4.5.6 for naled summary results. 
 
The acute risk estimates for naled (food and water) do not exceed HED’s level of concern for all 
population subgroups. Generally, HED is concerned when risk estimates exceed 100% of the 
population-adjusted dose (aPAD). The acute risk estimate for the general U.S. population for food 
and water at the 99.9th level of exposure results in a maximum of 39% of the aPAD and the 
population subgroup with the highest acute dietary risk estimate for this scenario is all infants <1 
year old, which uses 100% of the aPAD.  
 
The steady state risk dietary risk estimates (food only) for naled do not exceed HED’s level of 
concern for any population subgroups, including those comprised of infants and children.  
Generally, HED is concerned when risk estimates exceed 100% of the population-adjusted dose 
(aPAD).  
 
The steady state risk estimates (food and drinking water) for the general U.S. population results in 
in exposure estimates up to 200% of the ssPAD and the population subgroup with the highest 
steady-state dietary risk estimate for this scenario is all infants (<1 year old), which utilize 550% of 
the ssPAD at the 99.9th percentile of exposure.  A significant portion of the risk cup is occupied by 
drinking water. 
 
The steady state dietary risk estimates for mosquito food and mosquito water for naled do not 
exceed HED’s level of concern for any population subgroups, including those comprised of infants 
and children.   
 
In addition, DDVP is a residue of concern in both the tolerance and risk assessment for the use of 
naled.  Acute and steady state evaluations were made for DDVP drinking water scenarios for 
naled agricultural uses. The DDVP acute and steady state drinking water scenarios do not exceed 
HED’s level of concern at the 99.9th percentile of exposure. The worst-case acute and steady 
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pesticide use patterns.  Typically, samples are generally taken for 24 consecutive hours and 
collected at the same site over an extended period of time (e.g., several weeks or months).  In 
contrast to application site air monitoring, information on the precise timing and location of 
pesticide applications are rarely collected in ambient air monitoring studies.  However, this does 
not mean that an application did not occur near an ambient sampler during the monitoring period. 
 
Application site air monitoring (i.e., also known as field volatility) refers to the collection of air 
samples around the edges of a treated field during and after a pesticide application.  Samples are 
generally collected for short intervals (e.g., < 8 hours), for at least the first day or two after 
application with subsequent samples increasing in duration.  In this type of study, it is typically 
known when an application occurred, the equipment used for the application, and the application 
rate.  Application site monitoring data represents an exposure to vapors at or near the field edge 
resulting from an application. 
 
A summary of the available CDPR and CARB studies is provided below. 

 
• Lompoc, CA 2000 Ambient Air Monitoring (CDPR) 

http://www.cdpr.ca.gov/docs/specproj/lompoc/exec_sum_march2003.pdf 
o Ambient air monitoring of 22 pesticides and five oxygen analog breakdown 

products (including naled) simultaneously during the peak use period for most of 
the pesticides, between May 31 and August 3, 2000.  

o CDPR collected 24-hour samples, four consecutive days per week at each of four 
monitoring locations. 

o Four sampling sites were located within the city limits of Lompoc, one each in the 
northwest, central-west, southwest, and near the center of Lompoc. These sites 
plus an additional site on the northeast side of Lompoc were used. 

o Samplers at all locations were on rooftops to ensure the security of the samples. 
o CDPR maintains a database of all agricultural pesticide applications in California, 

including date applied, amount applied, and application location. 
o Of the 31 pesticides or breakdown products monitored, DPR detected 27 of them 

in one or more of the 451 samples collected and analyzed. 
o All results for naled were characterized as “trace” detections, with results as 

follows based on the limit of quantitation (LOQ) 
 Highest one-day air concentration for naled = 2.9 ng/m3 
 Highest 14-day air concentration for naled = 2.2 ng/m3 
 Highest 10-week air concentration for naled = 1.08 ng/m3 

 
• Tulare County, CA 1991 Ambient Air Monitoring (CDPR) 

https://www.arb.ca.gov/research/apr/past/a032-094a.pdf 
o Ambient air monitoring was conducted in May and June of 1991. 
o Samples for ambient air monitoring are collected over 24-hour periods, four 

samples per week for four to eight weeks. 
o Five monitoring sites (schools, field stations). 
o Monitoring was intended to coincide with expected naled applications to orange 

groves. 
o Monitored naled and DDVP 
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o 80 total samples for each (16 at each site), approximately 75% < LOQ 
 11 of 80 naled samples > LOQ (0.04 ug/m3) 
 14 of 80 DDVP samples > LOQ (0.02 ug/m3) 

o The monitoring site that served as an urban background site located away from 
any expected applications (Visalia, CA) had detections of both naled and DDVP. 

 
• Tulare County, CA 1995 Application Site Air Monitoring (CARB) 

http://www.cdpr.ca.gov/docs/emon/pubs/tac/tacpdfs/nalapsi.pdf 
o Air monitoring was conducted at a 20-acre orange grove before, during, and 72 

hours after an application of naled from June 5-9, 1995. 
o Naled was applied at a rate of 1 pint product per acre (equivalent to 0.94 lb 

naled/acre) 
o Five samplers were set up around the perimeter of the application site 
o Analysis of samplers conducted for both naled and DDVP 
o LOQ = 0.03 ug/sample for both naled and DDVP 
o The breakdown of samples was as follows: 

 During application:  5, 4-hour samples 
 Immediately post-application:  5, 2 hour samples 
 2 hours post-application:  5, 3-hour samples 
 5 hours post-application:  5, 3-hour samples 
 8 hours post-application:  5, 11.5-hour samples 
 24 hours post-application:  5, 24-hour samples 
 48 hours post-application:  5, 24 hour samples 

 
Given that neither Tulare (1991) nor Lompoc (2000) were known to reflect air concentrations as 
a direct result of an application of naled, no consideration was given as to the necessity to adjust 
the air concentration results to consider contemporary application parameters such as application 
rates.  And, in the case of Tulare (1995), whose air concentrations were a direct result of an 
application of naled, no adjustments were made based on the application rate as the rate in the 
study (0.94 lb ai/acre) was considered sufficiently representative of the range of contemporary 
agricultural application rates of naled (0.6 to 2.1 lb ai/acre). 
 
The bystander volatilization inhalation exposure assessment for naled compares the maximum 
naled and DDVP air concentrations detected in each of the monitoring studies to the acute HEC 
for residential bystanders.  This comparison was done to represent a potential resident who lives 
next to a treated field and may be exposed to the peak concentration of naled or DDVP resulting 
from naled applications volatilizing from a treated field.  In addition, various average air 
concentrations from each study were compared to the steady-state HECs for residential 
bystanders, for characterization of potential steady state toxicity. 
 
Combined risks are presented since naled and DDVP share a common toxicological endpoint 
(AChE inhibition).  Acute inhalation risk estimates are presented as MOEs since the LOCs are 
the same (e.g., see Section 8.1) whereas the LOCs for each chemical are different for steady-state 
toxicity and the aggregated risk index (ARI) approach was used.  The target ARI is 1; therefore, 
ARIs of less than 1 indicate risk estimates of concern.  The aggregate risk index (ARI) was 
calculated as follows: 
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𝐴𝐴𝐴𝐴𝐴𝐴 =
1

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐿𝐿𝐿𝐿𝐿𝐿𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
�𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

�
+ 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿𝐿𝐿𝐿𝐿𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
� 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃𝑃𝑃𝑃𝑃𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝑜𝑜𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

�

 

 
Table 9.1-1 provides risk estimates representing both adults and children based on the air 
concentrations from the ambient air monitoring studies.  None of the air concentrations resulted 
in acute risks of concern; however, some average air concentrations resulted in steady-state risk 
estimates of concern (ARI < 1); the 3000-fold uncertainty factors for DDVP inhalation toxicity 
are a significant factor in these risk estimates.   
 
These include results from the Tulare (1995) samples taken up to 72 hours around the perimeter 
of a treated field – sampling beyond 72 hours might have shown reduced levels and be more 
appropriate for a steady-state exposure estimate.  For example, in that same study, “background” 
samples taken prior to application did not yield any detectable residues and steady-state risk 
estimates based on ½ LOQ were not of concern.  Similarly, results from Lompoc (2000) where 
all samples were non-detects, did not result in steady-state risk estimates of concern.  However, 
results from Tulare (1991) resulted in steady-state risk estimates of concern, despite non-
detections comprising approximately 75% of all samples.  Unless otherwise noted, risk estimates 
for concentrations < LOQ were based on assuming air concentrations at ½ LOQ. 
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2. Combined MOE = 1/((1/MOENaled) + (1/MOEDDVP)); ARI = 1/[(LOCNaled/MOENaled)+(LOCDDVP/MOEDDVP)] 
3. Report only presents averages for samples > LOQ (0.04 ug/m3 for naled and 0.02 ug/m3 for DDVP).  Results shown in table account for 11 and 14 of 80 samples < 

LOQ for naled and DDVP respectively.  For samples < LOQ (40 ng/m3 for naled, 20 ng/m3 for DDVP), ½ LOQ was assumed.  Example calculation for naled:  
average of (11) samples > LOQ from report = 59 ng/m3.  Average presented in this table, accounting for samples < LOQ: [(59 ug/m3 * 11) + (20 ng/m3 * 69)] / 80 = 
25 ng/m3. 

4. Values based on ½ the LOQ.  The LOQ for both naled and DDVP was 0.03 ug/sample.  Each pre-application sample collected a volume of 10 m3 of air.  Thus, 0.03 
ug/sample ÷ 10 m3/sample = 0.003 ug/m3.  ½ LOQ = 0.003 ug/m3 / 2 = 0.0015 ug/m3 or 1.5 ng/m3.   
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Some of the limitations and considerations that should be considered in the interpretation of 
these results include: 
 

• Most of the data utilized in this preliminary assessment are 24-hour air samples.  When 
these data are used, an assumption is made that an individual is exposed to the same air 
concentration for 24-hours every day.  However, this is not always the case as real world 
time-activity data indicate that many parts of the population move from site to site on a 
daily basis (e.g., go to work and back). 

 
• This assessment is only representative of outdoor concentrations (i.e., the exposure and 

risk estimates assume an individual is outdoors all the time).  It does not take into account 
potential effects of air conditioning systems and similar air filtration systems which could 
potentially reduce air concentrations of naled/DDVP indoors.  The Agency believes that 
indoor concentrations will be at worst equivalent to outdoor concentrations and may 
potentially be lower. 
 

• All data used for this analysis were conducted in California.  Therefore, the results based 
on the limited available air monitoring data were used to represent the rest of the country 
due to a lack of adequate information for any other region.  It is unclear what potential 
impacts this extrapolation might have on the risk assessment.  Factors such as 
meteorology and cultural practices may impact the overall amounts of naled/DDVP that 
volatilize from a treated field as well as the rate at which it volatilizes. 

 
9.2 Wide Area Public Pest Control Post-Application Exposure and Risk 
Estimates 

 
Naled can be used as an aerial and ground-based ultra-low volume (ULV) mosquito adulticide 
and other wide area public pest control applications made in residential areas or other areas 
frequented by the general public.  Two products, Dibrom® Concentrate (EPA Registration No. 
5481-480; 87.4% naled) and Trumpet® EC (EPA Registration No. 5481-481; 78% naled), are 
currently registered for wide area public pest control aerial and ground-based ULV treatments 
with application rates ranging from 0.05 to 0.1 lb ai/A for aerial applications and 0.02 to 0.1 lb 
ai/A for ground applications.  In a February 2017 meeting with the Agency, the American 
Mosquito Control Association (AMCA) indicated that ground applications of naled, though 
registered and permitted on product labels, are very rare due to corrosivity to the application 
equipment and surrounding vehicles. 
 
As a result of these uses, there is the potential for post-application dermal (adults and children) 
and incidental oral exposures (children) as a result of contact with settled residues on 
lawns/turfgrass and potential for inhalation exposures to unsettled airborne aerosols for both 
adults and children.  Note: Naled mosquitocide applications are distributed into the air in a 
manner so that the active ingredient remains aloft for a contact kill.  These applications are not 
intended for direct application onto turf as is typical for residential post-application assessment 
of high contact activities on treated turf with use of the 2012 Residential SOPs.  Instead, post-
application exposures are assumed to occur to an adult or child bystander who is exposed 
indirectly from airborne naled, or from the settling of naled onto residential turf following the 
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mosquitocide application.  These assessments are conducted using the methodologies and inputs 
of the 2012 Standard Operating Procedures for Residential Pesticide Exposure Assessment: 
Lawns/Turf SOP coupled with: 
 

1) empirical data relating to residue deposition (the fraction of the application rate 
expected to deposit on the ground) following ground-based application; 

2) a Well Mixed Box (WMB) Model approach (based on the Residential SOPs for 
outdoor yard foggers and space sprays) for determination of the airborne 
concentration of a.i. following ground-based applications; 

3) the AgDISP model (v8.2.6) for estimation of airborne concentrations and residue 
deposition following aerial applications; and, 

4) chemical-specific turf transferable residue (TTR) data, measuring both naled and 
DDVP in three locations in the U.S. (California, Mississippi, and Florida) following 
experimental applications of a naled mosquitocide. 

 
The representative lifestages selected for this assessment – adults and children 1<2 years old – 
are based on an analysis provided in the 2012 Residential SOPs.  While not the only lifestages 
potentially exposed for these post-application scenarios, the lifestages that are included in the 
quantitative assessment are health protective for the exposures and risk estimates for all who are 
potentially exposed. 
 

9.2.1 Post-Application Exposure Data and Assumptions 
 
Exposure Duration:  According to the Dibrom® Concentrate and Trumpet® EC labels, aerial 
and ground applications are allowed every 7 days at the maximum application rate.  Based on 
this use pattern and anticipated airborne residue and surface deposition profile, post-application 
inhalation exposures following aerial and ground-based ULV applications are expected to only 
be acute in nature.  In order to be efficacious the product must remain in the air following 
treatment; however, it is expected that within several hours of treatment, airborne residues will 
have drifted, dispersed, and/or settled out.  Thus, inhalation exposures and risks estimated for 
aerial and ground applications are representative of airborne concentrations of naled and DDVP 
immediately following treatment.  Additionally, based on the extremely rapid dissipation of both 
naled and DDVP following deposition on turf (see descriptions of TTR data below), and the 
unlikely situation that individuals will be exposed to new mosquitocide applications every day, 
dermal and incidental oral exposures are also considered to be acute in nature. 
 
Application Rate:  The maximum labeled application rate for aerial and ground applications of 
the Dibrom® Concentrate and Trumpet® EC products, 0.10 lb ai/A, serves as the primary input 
for the risk assessment.  However, risk estimates are also shown for lower rates (e.g., 0.075 lb 
ai/A and 0.05 lb ai/A) also used by mosquito control operations.  Though once per week 
applications are considered typical, two applications on successive nights in high pest pressure 
situations were considered as well. 
 
Modeling Residues in Air and Surface Deposition – Ground-based ULV:  In the study conducted 
by Moore et al., [Downwind Drift and Deposition of Malathion on Human Targets From Ground 
Ultra-Low Volume Mosquito Sprays: J.C. Moore, J.C. Dukes, J.R. Clark, J. Malone, C.F. 
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Hallmon, and P.G. Hester; Journal of the American Mosquito Control Association; Vol. 9, No. 2 
(June, 1993)] both human exposure and deposition was quantified over 5 separate application 
events.  A 91 percent formulation of malathion was applied in April and May of 1989 in the 
early evening (a time of day for relative atmospheric stability).  A Leco HD ULV cold aerosol 
generator (Lowndes Engineering Company, Valdosta Georgia) was used to make each 
application.  The application parameters included a fluid flow rate of 4.3 fluid ounces per minute, 
a vehicle ground speed of 10 mph, and a nominal application rate of 0.05 lb ai/acre (i.e., equates 
to a deposition rate of 0.51 µg/cm2).  Deposition was monitored at three locations downwind 
from the treatment area (i.e., 15.2 m, 30.4 m, and 91.2 m).  For the events considered in the 
deposition calculations, “average amounts of malathion deposited on ground level at 15.2, 30.4, 
and 91.2 m were not significantly different.”  The percentage of the application rate reported to 
have deposited ranged from 1 to 14 percent.  The mean deposition value for all measurements 
was 4.3 percent (n=35, CV=98). 
 
In the study conducted by Tietze et al., [Mass Recovery of Malathion in Simulated Open Field 
Mosquito Adulticide Tests: N.S. Tietze, P.G. Hester, and K.R. Shaffer; Archives of 
Environmental Contamination and Toxicology; 26: 473-477 (1994)] only deposition was 
quantified over 6 separate application events (i.e., one event was not included in deposition 
calculations “due to negative air stability”).  The application parameters were similar to that used 
by Moore et al.  A 95 percent formulation of malathion was applied from May to August of 
1993.  A Leco 1600 ULV cold aerosol generator (Lowndes Engineering Company, Valdosta 
Georgia) was also used to make each application.  The application parameters included a fluid 
flow rate of 4.3 fluid ounces per minute, a vehicle ground speed of 10 mph, and a nominal 
application rate of 0.057 lb ai/acre (i.e., equates to a deposition rate of 0.58 µg/cm2).  Deposition 
was monitored at four locations downwind from the treatment area (i.e., 5 m, 25 m, 100 m and 
500 m).  For the events considered in the deposition calculations, “malathion mass deposited 
differed significantly between the 500 m site and the three closer sites (df = 3; F-value = 3.42; 
P<0.05).”  The percentage of the application rate reported to have deposited (not including 500 
m samples which were much less) ranged up to 5.8 percent.  The mean deposition value for all 
measurements was 3.8 percent. 
 
Additionally, in an analysis from 2013 (Peck, C., 03/28/2013, D407817), the Environmental Fate 
and Effects Division (EFED) reviewed eight published studies on ground ULV application in 
which deposition was measured. The studies varied in collection media (i.e., grass clippings and 
coupons), distance from application or spray head (ranging from 8 meters to 500 meters), and 
chemical measured (i.e., fenthion, malathion, naled, and permethrin).  The analysis included the 
Moore et al., and Tietze et al., studies discussed above.  After considering the available data, 
HED has determined that an off-target deposition rate of 8.7 percent of the application rate may 
be used by HED to evaluate ground-based ULV applications (i.e., 8.7 percent of the target 
application rate deposits on turf).  This value is the 90 percent upper confidence limit on the 
mean and is slightly higher than the mean values from all the data points observed in the studies 
(mean = 7.1%, n= 94).  The adjusted application rate was then used to define TTR levels by 
scaling the available TTR data as appropriate. 
 
In order to calculate airborne concentrations from ULV truck fogger applications, HED used the 
2012 Residential SOPs for Outdoor Fogging/Misting Systems, with minimal modification to the 
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WMB model.  The WMB model allows for the estimation of air concentrations in the breathing 
zones of adults and children for use in calculating the post-application inhalation exposure to 
individuals residing in areas being treated by ground application of naled.  The methodology 
more accurately accounts for dilution in outdoor air using the WMB model. 
 
Modeling Residues in Air and Surface Deposition – Aerial ULV:  Surface deposition and air 
concentrations from aerial ULV applications were modeled using the AgDISP model (v8.2.6) 
which is currently recommended for assessment of mosquito adulticide and other wide area 
public pest control applications.  AgDISP predicts the motion of spray material released from 
aircraft, and determines the amount of application volume that remained aloft and the amount of 
the resulting droplets deposited on the surfaces in the treatment area, as well as downwind from 
the treatment area.  Deposition and air concentrations are dependent on model application 
parameters that are defined by the product label including minimum height of release, maximum 
wind speed, droplet size needed for efficacy, and the number of nozzles on the application 
equipment. The model also allows for the estimation of air concentrations in the breathing zones 
of adults and children for use in calculating the post-application inhalation risks to individuals 
residing in areas being treated by aerial application of naled.   
 
In 2016, repeated aerial ULV applications of naled were used to prevent the transmission of the 
Zika virus into Southern FL (specifically, Miami-Dade County) resulting in an overall reduction 
of mosquito populations.  The Centers for Disease Control and Prevention (CDC) have the lead 
on these mosquito control efforts with support from EPA.  Under CDC guidance, aerial ULV 
applications of naled have been used in Southern FL as a part of an integrated mosquito control 
program in this area which also includes: source reduction; structural barriers; larval 
mosquitocide control; and community education efforts14.  HED communicated with CDC 
relating to the assessment of post-application exposures resulting from these aerial applications 
via teleconference on 09/20/2016.  On this teleconference, CDC described the manner in which 
FL mosquito control districts have been using naled for Zika transmission prevention.  Aerial 
ULV applications were applied using the Dibrom® Concentrate at the maximum registered 
application rate, 0.10 lbs ai/A.  These applications were conducted 7 days apart under the 
following conditions:  a 300-foot release height; a wind speed of 10 mph; and a 50th percentile 
volume median diameter (VMD) less than 40 microns (Dv 0.5 < 40 µm).  Ground applications of 
naled were not being conducted as these are not typical for these treatment areas.  HED later 
followed up with the CDC to determine the 90th percentile droplet size, or the Dv 0.9, since this 
parameter was not outlined in the Dibrom® Concentrate label for a Dv < 40 µm.  Per a 
November 9, 2016 email communication with Janet McAllister of CDC via Susan Jennings of 
EPA, the Dv 0.9 droplet size was characterized as less than 77 µm.  HED has used the above 
parameters in conjunction with the AgDISP model to estimate post-application risks reflective of 
the exposures anticipated from naled aerial applications in Southern FL.  
 
On February 23, 2017, HED met with the representatives from the AMCA to discuss naled usage 
for mosquito control.  AMCA described the application equipment used, application parameters, 
frequency and timing of applications, and, more generally, the need for naled as a critical tool for 
mosquito control.  AMCA indicated that, of the aerial and ground ULV public health application 
types allowed by naled labeling, the aerial ULV is the principal equipment used.  Ground ULV 

 
14 https://www.cdc.gov/zika/vector/aerial-spraying.html 
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Figure 9.2.1-1.  Estimated peak residue deposition downwind from the field edge from aerial treatment at release 
height of 300 feet (Southern FL Zika transmission prevention parameters).  The Distance at 0 feet is equivalent to a 
swath displacement of 2,822 feet, or the distance at which deposition is the greatest as determined from modeling.  
Where the fraction of application rate for deposition was determined to be greater than 1, the maximum fraction of 1 
will be used for the disposition value. 
 
 

 
 
Figure 9.2.1-2.  Estimated naled air concentration at the point of peak residue deposition (i.e., swath displacement of 
2,822 feet) from aerial treatment at a release height of 300 feet (Southern FL Zika transmission prevention 
parameters). 7.47 ng/L = 0.00747 mg/m3 is the concentration at breathing height for adults and children. 
 
Table 9.2.1-2 provides the resulting fractions of application rate for deposition and air 
concentrations at breathing height resulting from modelling various application conditions.  
Generally, lower wind speeds, lower release heights, or larger droplet size result in increased 
residue deposition and higher air concentrations. 
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those exposures that occur immediately following residue deposition on the day-of-application; 
under those conditions, compared with the LOC of 1000 for MOE estimates, risk estimates are 
largely of concern.  Subsequent risk characterization is provided regarding the effect of residue 
dissipation both in terms of risks on the day-of-application as well as the risks when considering 
all potential days of exposure, not just those on the day-of-application. 
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OPP’s Guidance For Identifying Pesticide Chemicals and Other Substances that have a Common 
Mechanism of Toxicity (USEPA, 1999).  The 2002 and 2006 CRAs used brain AChE inhibition 
in female rats as the source of dose response data for the relative potency factors and PODs for 
each OP, including naled.  Prior to the completion of Registration Review, OPP will update the 
OP CRA on AChE inhibition to incorporate new toxicity and exposure information available 
since 2006.  
 
As described in Section 4.5, OPP has retained the FQPA Safety Factor for OPs, including naled, 
due to uncertainties associated with neurodevelopmental effects in children and exposure to OPs.  
There is a lack of an established MOA/AOP for the neurodevelopment outcomes which 
precludes the agency from formally establishing a common mechanism group per the Guidance 
For Identifying Pesticide Chemicals and Other Substances that have a Common Mechanism of 
Toxicity (USEPA, 1999) based on that outcome.  Moreover, the lack of a recognized MOA/AOP 
and other uncertainties with exposure assessment in the epidemiology studies prevent the agency 
from establishing a causal relationship between OP exposure and neurodevelopmental outcomes.  
The agency will continue to evaluate the epidemiology studies associated with 
neurodevelopmental outcomes and OP exposure prior to the release of the revised DRA.  During 
this period, the agency will determine whether or not it is appropriate to apply the draft guidance 
document entitled, Pesticide Cumulative Risk Assessment: Framework for Screening Analysis for 
the neurodevelopment outcomes.   
 
11.0 Occupational Exposure/Risk Characterization 

 
Given the uses of naled described in Section 3, exposures are anticipated for both workers who 
mix, load, and apply naled products (i.e., handler exposure) and who contact residues following 
naled applications (i.e., post-application exposure).  Handler risks are estimated for naled 
exposure only, while, due to degradation of naled to DDVP, post-application risks are estimated 
for exposure to both naled and DDVP. 

 
11.1 Short-/Intermediate-Term Occupational Handler Exposure and Risk Estimates 
 
Naled is a restricted use pesticide, which requires applications to be performed by or under the 
supervision of certified applicators.  All products are required to utilize engineering controls in 
the form of closed mixing/loading systems and enclosed-cabs for vehicle-based applications, 
with exception of aerial applications for wide area public pest control.  Where engineering 
controls are not applicable handlers are required to wear long pants, long-sleeved shirt, and PPE 
including coveralls, chemical-resistant gloves, footwear, and headgear (for overhead exposure), 
and a respirator.  
 
Based on the use profile outlined in Section 3.0 above, the quantitative exposure/risk assessment 
developed for occupational handlers is based on the following scenarios: 
 

• Outdoor agricultural uses (field and orchard/vineyard crops) 
o Aerial applications 
o Ground-based vehicles:  groundboom, airblast, truck-mounted foggers 

• Non-crop trees and ornamentals (forest/shade trees, shrubs/bushes, flowering plants 
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o Ground-based vehicles (airblast, groundboom) 
o Mechanically-pressurized handgun 

•  Livestock feedlots/pastures/rangelands 
o Aerial applications 
o Truck-mounted fogger 

• Bait traps (applications to wicks or fiber blocks or inside jars which are placed on non-
food trees, telephone/light poles or other inanimate objects or applied directly to non-
food tree trunks or limbs) 

o Handheld spray or brush applications 
• Wide area public pest control (e.g., mosquito adulticides) 

o Aerial 
o Truck-mounted foggers 
o Backpack and mechanically-pressurized handgun sprayers 

• Indoor/outdoor commercial areas (food processing plants, refuse areas, loading docks) 
o Manually- and mechanically-pressurized hand sprayers 

• Greenhouse hot plate/vaporization 
o Handlers pour the recommended amount of product into a metal pan on a hot 

plate.   
o Workers then vacate the greenhouse and activate the hot plate with an automatic 

timer.   
o The greenhouse remains closed for at least 3 hours during treatment, followed by 

ventilation according to the Agency’s Worker Protection Standard (WPS) 
requirements. 

 
*Handlers pour the recommended amount of product into a metal pan on a hot plate.   
Workers then vacate the greenhouse and activate the hot plate with an automatic timer.   
The greenhouse remains closed for at least 3 hours during treatment, followed by ventilation 
according to the Agency’s WPS requirements. 
 
As dermal and inhalation exposures share a common toxicological endpoint (i.e., AChE 
inhibition), dermal and inhalation exposures are combined for risk assessment purposes.  A total 
ARI was used since the LOCs for dermal exposure (1000) and inhalation exposure (300) are 
different.  The target ARI is 1; therefore, ARIs of less than 1 indicate risk estimates of concern.  
The ARI was calculated as follows: 
 

𝐴𝐴𝐴𝐴𝐴𝐴 =
1

𝐿𝐿𝐿𝐿𝐿𝐿𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒
� 𝑃𝑃𝑃𝑃𝑃𝑃𝐷𝐷𝐷𝐷𝑟𝑟𝑚𝑚𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

�
+ 𝐿𝐿𝐿𝐿𝐿𝐿𝐼𝐼𝐼𝐼ℎ
� 𝑃𝑃𝑃𝑃𝑃𝑃𝐼𝐼𝐼𝐼ℎ𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐼𝐼𝐼𝐼ℎ

�

 

 
Based on the levels of concern for dermal (MOEs < 1000) and inhalation exposure (MOEs < 
300), many handler exposure scenarios for naled have risk estimates of concern (ARIs < 1).  
Scenarios with risk estimates of concern are predominantly large-scale use patterns such as the 
agricultural uses and wide area public pest control where workers are assumed to handle a 
substantial amount of active ingredient; the combination of relatively high exposure potential 
with relatively high potency and uncertainty regarding naled’s toxicity results in risk estimates of 
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concern even with the use of engineering controls or maximum levels of PPE such as coveralls 
and half-face respirators.  Table 11.2.1 presents detailed exposure and risk calculations.  
 
Notably, current product labels require enclosed cockpits for aerial applications, except for 
public pest control uses, which are exempt from that requirement.  Risk estimates for all aerial 
application scenarios are based on exposure data for applicators in enclosed cockpits and are the 
only data available; data for open cockpit aerial applications would be needed to appropriately 
assess risk for open-cockpit exposures.  Note, however, that for some use patterns current risk 
estimates for aerial applicators of naled in enclosed cockpits are of concern. 
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For the purposes of assessing occupational post-application exposures following wide area 
public pest control applications an additional factor is applied for the fraction of the application 
rate that is deposited on crops.  Unlike direct applications to agricultural crops, wide area public 
pest control applications are not always assumed to deposit residues such that the surface 
concentration is equivalent to the application rate.  Due to the nature of these wide area 
treatments, modeling that accounts for wind speed, droplet size, etc. can demonstrate that only a 
fraction of the application rate will actually deposit on the treated area.  As described in Section 
9.2 above, based on modeling done in AgDISP (v8.2.6), deposition fractions of 100% and 31% 
are used to bracket the possibilities for various application types. 
 
As both naled and DDVP share a common mechanism of toxicity (i.e., AChE inhibition), 
exposures from contact with residues of both (as demonstrated in the available residue studies) 
are combined for risk assessment purposes.  Risk estimates (MOEs) are calculated for each naled 
and DDVP (using their chemical-specific toxicological PODs), then aggregated using the 
following formula: 
 

𝑀𝑀𝑀𝑀𝑀𝑀 =
1

1

�𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑃𝑃𝑃𝑃𝑃𝑃 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

�
+ 1
� 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃𝑃𝑃𝑃𝑃𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝑜𝑜𝑜𝑜𝑜𝑜𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

�

 

 
With the exception of activities related to cotton harvesting, no occupational post-application 
dermal risks of concern were identified beyond label-specified REIs of 24, 48, or 72 hours.  Risk 
estimates as a result of wide area public pest control over agricultural areas are also presented 
with select scenarios shown to bracket the range of possible scenarios across all crops and 
activities.  Following wide area public pest control applications, dermal risks of concern were 
identified on the day-of-application for some activities that involve high contact with residues, 
including mechanically harvesting of cotton and grape cane turning.  On the other hand, low 
contact activities, such as orchard fruit hand weeding, do not result in risk estimates of concern.  
Unlike direct agricultural uses, these risks have not been characterized in terms of REIs as it is 
unclear whether an REI is a feasible option for wide area public pest control uses.  Because of 
the nature of these applications, the application timing, from which a re-entry period would be 
calibrated, is likely unknown.  Table 11.2.1-2 provides more detail on the risk estimates 
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Restricted Entry Interval 
 
Naled is classified as Toxicity Category II via oral, dermal, and inhalation exposure routes and 
Toxicity Category I for eye and skin irritation potential.  It is a weak skin sensitizer.  Under 40 
CFR 156.208 (c)(2), active ingredients classified as Category I for dermal toxicity, eye irritation 
or skin irritation effects are assigned a 48-hour REI.  Additionally, according to 40 CFR 156.208 
(c)(2), products containing naled, as an organophosphate pesticide, are required to have an REI 
of “72 hours in outdoor areas where average annual rainfall is less than 25 inches per year”. 
 
The dermal risk assessment demonstrated that most steady-state post-application risk estimates – 
considering exposures from both naled and DDVP – were not of concern after 48 or 72 hours, 
therefore, the [156 subpart K] Worker Protection Statement interim REI of 48 hours (or 72 
hours, where applicable) is adequate.  However, activities related to harvesting cotton had post-
application risk estimates of concern beyond 48 or 72 hours: 
 

o Mechanical harvesting 
 Conventional Module 

• Picker Operator (MOE ≥ 1000 on Day 7) 
• Raker (MOE ≥ 1000 on Day 7) 
• Module Builder Operator (MOE ≥ 1000 on Day 5) 

 Trailer  
• Picker Operator (MOE ≥ 1000 on Day 7) 
• Raker (MOE ≥ 1000 on Day 7) 
• Tramping (MOE ≥ 1000 on Day 8)  

 
11.2.2 Inhalation Post-Application Risk 
 
Agricultural Use 
 
Volatilization of pesticides may be a source of post-application inhalation exposure to 
individuals nearby pesticide applications.  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, 201018.  The Agency has evaluated the SAP report and has developed a Volatilization 
Screening Tool and a subsequent Volatilization Screening Analysis19.  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 naled. 
 
In addition to the volatilization screening tool, a post-application inhalation exposure assessment 
was conducted for naled utilizing currently available inhalation toxicity and air monitoring data.  
As previously described in Section 9.1, air monitoring following an application of naled 
(including measurements of DDVP) is available (Tulare, CA in 1995), as is route-specific 

 
18 http://www regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2009-0687-0037 
19 http://www regulations.gov/#!docketDetail;D=EPA-HQ-OPP-2014-0219 



Naled                                                  Draft Human Health Risk Assessment                                      D437731 
 

Page 108 of 136 

inhalation toxicity data available that can be used for occupational post-application inhalation 
risk assessment.   
 
The data applicable for post-application occupational inhalation risk assessment was conducted 
in Tulare, CA in 199520.  It involved air monitoring around the perimeter of a 20-acre orange 
grove during the application and up to 72 hours post-application.  Section 9.1 provides more 
specifics on the details of the study.  The maximum concentration for naled was 6.3 ug/m3, found 
in a 4-hour sample taken during application and the maximum DDVP sample was 0.994 ug/m3 
found in a 11-hour sample taken 24-48 hours after application.  Samples during application, 
likely reflecting unsettled spray droplets, show proportions of between 70-90% of the total (naled 
+ DDVP) as naled and 10-30% of the total as DDVP.  Days after application the proportion 
changes to approximately 50% naled/50% DDVP. 
 
The plot below presents the naled and DDVP data – the average of the 5 perimeter samples is 
represented by the horizontal lines whose length corresponds to the sample’s duration.  A 
dissipation pattern is not immediately clear from the data:  there was a decrease following 
application for about 10 hours post-application, then an increase over the course of 40 hours, 
followed by another decrease again after about 50 hours post-application.  Sampling beyond 72 
hours might have made evident additional decreases in air concentrations around the treated 
field.   
 

 
20 http://www.cdpr.ca.gov/docs/emon/pubs/tac/tacpdfs/nalapsi.pdf 
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An aggregate risk index (ARI) approach was used since naled and DDVP share a common 
toxicological endpoint (AChE inhibition) and the LOCs for each chemical are different.  The 
LOC is an ARI of 1; therefore, ARIs of less than 1 indicate risk estimates of concern.  The 
aggregate risk index (ARI) was calculated as follows: 
 

𝐴𝐴𝐴𝐴𝐴𝐴 =
1

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐿𝐿𝐿𝐿𝐿𝐿𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
�𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑃𝑃𝑃𝑃𝑃𝑃 𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

�
+ 𝐷𝐷𝐷𝐷𝑉𝑉𝑃𝑃 𝐿𝐿𝐿𝐿𝐿𝐿𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
� 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑃𝑃𝑃𝑃𝑃𝑃𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝑜𝑜𝑜𝑜𝑜𝑜𝐼𝐼𝐼𝐼ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

�

 

 
Table 11.3.2-1 provides risk estimates based on the air concentrations after the application.  Risk 
estimates are shown based on steady-state toxicology given workers may experience repeat 
exposures during agricultural work seasons.  Steady-state risk estimates are of concern based on 
various estimates of average air concentrations following application; the 3000-fold uncertainty 
factors for DDVP inhalation toxicity are a significant factor in these risk estimates.  Because a 
dissipation pattern was not completely evident, modeling and estimation of risk beyond 72 hours 
was not conducted.  However, risk estimates based on only those samples taken 48-72 hours 
post-application – as if the workers “re-entered” 3 days after application – were of concern. 
 
 

0

0.5

1

1.5

2

2.5

3

0 10 20 30 40 50 60 70 80

Ai
r C

on
ce

nt
ra

tio
n 

(u
g/

m
3)

Hours after Start of Treatment

Naled and DDVP Air Concentrations During and 
Following Application (Tulare, CA 1995)

Naled:  avg of 5 field perimeter samplers

DDVP:  avg of 5 field perimeter samplers





Naled                                                  Draft Human Health Risk Assessment                                      D437731 
 

Page 111 of 136 

Section 11.2, inhalation risk estimates were of concern at the limit of available sampling (72 
hours post-application).   
 
Based on inhalation risk estimates of concern 72 hours post-application, it follows that combined 
dermal and inhalation risk estimates would also be of concern during that timeframe.  
Additionally, as previously described, an air concentration dissipation pattern for naled and 
DDVP was not apparent from the available data, and estimation of inhalation risk was not 
conducted based on modeling beyond the available data out to 72 hours. Therefore, REIs 
outlined above in relation to dermal risk estimates should be considered with the inhalation risk 
estimates outlined in Section 11.2.  Additional post-application air monitoring or reduction in the 
uncertainty for inhalation toxicity would enable refinement of estimation of both inhalation-
specific and combined dermal and inhalation risks 
 
12.0 Incident and Epidemiological Data Review  
 
For this naled Tier II Incident and Epidemiology Report, HED found that overall, there were few 
naled incidents reported to the databases reviewed (Recore, S. et al., 04/02/2020, D456232). All 
of the reported incidents were classified as low to moderate severity. The symptoms include 
gastrointestinal, neurological, respiratory, dermal and ocular. HED did not identify any aberrant 
effects outside of those anticipated from naled exposure. Based on the continued low frequency 
and mostly low severity of naled incidents reported to Incident Data System (IDS), National 
Institute of Occupational Safety and Health (NIOSH) Sentinel Event Notification System for 
Occupational Risk (SENSOR)- Pesticides, National Pesticide Information Center (NPIC), and 
California Pesticide Illness Surveillance Program (PISP), there does not appear to be a concern at 
this time. Epidemiological studies investigating the association between naled and health 
outcomes available in the open literature were reviewed. Overall, in the studies reviewed, there 
was insufficient evidence to suggest a clear associative or causal relationship between naled 
exposure and the health outcomes investigated (infant motor function, infant sensory function, 
and Parkinson’s disease).. The Agency will continue to monitor the epidemiology data, and -- if 
a concern is triggered -- additional analysis will be conducted. 
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A.3 HEC/HED Calculations 
 

1) Single Dose (Acute) 
The route specific single dose inhalation study in rats was selected to evaluate single dose (acute) 
inhalation exposures.  The BMD10 of 15.2 mg/m3 (0.0152 mg/L) is based on RBC AChE 
inhibition in adult females; BMDL10 = 9.9 mg/m3 (0.0099 mg/L).  Human equivalent 
concentrations (HECs) were derived using the BMDL10 and the regional deposited dose ratio 
(RDDR).  The RDDR accounts for the particle diameter [mass median aerodynamic diameter 
(MMAD) and geometric standard deviation (GSD)] and estimates the different dose fractions 
deposited along the respiratory tract.  The RDDR also accounts for interspecies differences in 
ventilation and respiratory tract surface areas.  For the single dose inhalation toxicity study with 
naled, a RDDR was estimated at 2.606 based on a MMAD of 1.0 μm and GSD of 1.63. 
 
Human equivalent doses (HEDs) were subsequently calculated from the HECs for residential and 
occupational handler scenarios. HEC and HED calculations are summarized in Table A.3.1. The 
standard interspecies extrapolation uncertainty factor can be reduced from 10X to 3X due to the 
calculation of HECs accounting for pharmacokinetic (not pharmacodynamic) interspecies 
differences. The intraspecies uncertainty factor remains at 10X.  

 
a. Human Equivalent Concentration (HEC) 

 
Acute exposure is 2 h/day based on acute inhalation study duration and anticipated acute 
inhalation exposure scenarios therefore both the daily duration adjustment and the weekly 
duration adjustment are = 1 (no duration adjustment). 
 
HEC = NOAELstudy * (daily duration of exposureanimal/daily duration of exposurehuman) * 
(days/week of exposureanimal/days/week of exposurehuman) * RDDR 
 
HEC = 0.0099 mg/L * (1[no adjustment]) * (1[no adjustment]) * 2.606 = 0.026 mg/L. 
 

a. Route-to-Route Extrapolation 
 
HED’s route-to-route extrapolation converts human and animal values from mg/L concentrations 
to mg/kg oral equivalent doses. The equation uses a single conversion factor to account for 
default body weights and respiratory volumes. 
 
Using the HEC calculated, a conversion of the inhalation concentration to a dose (mg/L 
to mg/kg/day) was conducted as follows: 
 
Human-Equivalent Dose (HED, mg/kg/day) = Dose (HEC value, mg/L) x A x CF (L/h/kg) x D 
(hours) = mg/kg 
 
Where: 
A = absorption: ratio of deposition and absorption in respiratory tract compared to 

absorption by the oral route (1). 
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HEDs were subsequently calculated from the HECs for residential and occupational handler 
scenarios. HEC and HED calculations are summarized in Table A.3.2. The standard interspecies 
extrapolation uncertainty factor can be reduced from 10X to 3X due to the calculation of HECs 
accounting for pharmacokinetic (not pharmacodynamic) interspecies differences. The 
intraspecies uncertainty factor remains at 10X.  

 
a. Human Equivalent Concentration (HEC) 

 
Animal study was conducted for 6 hrs/day and 5 days/week. 
Assume occupational handler exposure for 8 hrs/day and 5 days/week. 
Assume residential bystander exposure for 24 hrs/day and 7 days/week. 
For residential handler and outdoor post-application exposure, there are no daily or weekly 
duration adjustments. 
For residential indoor post-application exposure, there is no daily duration adjustment. 
 
HEC = NOAELstudy * (daily duration of exposureanimal/daily duration of exposurehuman) * 
(days/week of exposureanimal/days/week of exposurehuman) * RDDR 
 
Occupational Handler HEC = 0.0002 mg/L * (6/8) * (5/5) * 4.176 = 0.001 mg/L. 
Residential Handler and Outdoor Post-Application HEC = 0. 0002 mg/L * 4.176 = 0.001 
mg/L.  
(Expected exposure is less than the duration of the available inhalation toxicity studies; 
downward adjustments are not permitted) 
Residential Indoor Post-application HEC = 0. 0002 mg/L* (5/7) * 4.176 = 0.001 mg/L.  
(Expected daily exposure is less than the duration of the available inhalation toxicity studies; 
downward adjustments are not permitted) 
Residential Bystander HEC = 0. 0002 mg/L* (6/24) * (5/7) * 4.176 = 0.0001 mg/L. 
 

b. Route-to-Route Extrapolation 
 
HED’s route-to-route extrapolation converts human and animal values from mg/L concentrations 
to mg/kg oral equivalent doses. The equation uses a single conversion factor to account for 
default body weights and respiratory volumes. 
 
Using the HEC calculated, a conversion of the inhalation concentration to a dose (mg/L 
to mg/kg/day) was conducted as follows: 
 
Human-Equivalent Dose (HED, mg/kg/day) = Dose (HEC value, mg/L) x A x CF (L/h/kg) x D 
(hours) = mg/kg 
 
Where: 
A = absorption: ratio of deposition and absorption in respiratory tract compared to 

absorption by the oral route (1). 
CF = conversion Factor; a L/h/kg factor which accounts for respiratory volume and body 

weight for a given species and strain (11.8). 
D = duration; duration of daily animal or human exposure (hours).  
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A.4 Summary of OPP’s ChE Policy and Use of BMD Modeling 
 
The Office of Pesticide Program’s (OPP) ChE policy (USEPA, 200021) describes the manner in 
which ChE data are used in human health risk assessment.  The following text provides a brief 
summary of that document to provide context to points of departure selected.   
 
ChEI can be inhibited in the central or peripheral nervous tissue.  Measurements of AChE or 
ChE inhibition in peripheral tissues (e.g., liver, diaphragm, heart, lung, etc.) are rare.  
Experimental laboratory studies generally measure brain (central) and blood (plasma and RBC) 
ChE.  Blood measures do not represent the target tissue, but are instead used as surrogate 
measures for peripheral toxicity in studies with laboratory animals or for peripheral and/or 
central toxicity in humans.  In addition, RBC measures represent AChE, whereas plasma 
measures are predominately butyryl-ChE (BuChE).  RBC AChE data are expected to provide a 
better representation of the inhibition of AChE in target tissues.  As part of the dose response 
assessment, evaluations of neurobehavior and clinical signs are performed to consider the dose 
response linkage between ChEI and apical outcomes. 
 
Refinements to OPP’s use of ChE data have come in the implementation of BMD approaches in 
dose response assessment.  Beginning with the OP CRA, OPP has increased its use of BMD 
modeling to derive PODs for AChE inhibiting compounds.  Most often, the decreasing 
exponential empirical model has been used.    
 
OPP does not have a defined benchmark response (BMR) for OPs.  However, the 10% level has 
been used in the majority of dose response analyses conducted to date.  This 10% level 
represents a 10% reduction in AChE activity (i.e., inhibition) compared to background (i.e., 
controls).  Specifically, the BMD10 is the estimated dose where ChE is inhibited by 10% 
compared to background.  The BMDL10 is the lower confidence bound on the BMD10.   
 
The use of the 10% BMR is derived from a combination of statistical and biological 
considerations.  A power analysis was conducted by the Office of Research and Development 
(ORD) on over 100 brain AChE datasets across more than 25 OPs as part of the OP CRA 
(USEPA, 2002).  This analysis demonstrated that 10% is a level that can be reliably measured in 
the majority of rat toxicity studies.  In addition, the 10% level is generally at or near the limit of 
sensitivity for discerning a statistically significant decrease in ChE activity in the brain 
compartment and is a response level close to the background brain ChE level.  With respect to 
biological considerations, a change in 10% brain ChEI is protective for downstream clinical 
signs and apical neurotoxic outcomes.  With respect to RBC ChEI, these data tend to be more 
variable than brain AChE data.  OPP begins its BMD analyses using the 10% BMR for RBC 
ChEI, but BMRs up to 20% could be considered on a case by case basis as long as such PODs 
are protective for brain ChEI, potential peripheral inhibition, and clinical signs of neurotoxicity. 
 
The BMD modeling process for naled involved a complete review of all the available studies that 
included ChE data.  Data were analyzed from rats in an acute comparative cholinesterase assay 

 
21 USEPA (2000) Office of Pesticide Programs, US Environmental Protection Agency, Washington DC 20460.  
August 18, 2000 Office of Pesticide Programs Science Policy of The Use of Data on Cholinesterase Inhibition for 
Risk Assessments of Organophosphorous and Carbamate Pesticides.  
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A.5 Literature Search for Naled 
 
Date and Time of Search:  11/21/2019; 12:30 pm 
 
Search Details: 
((Naled or “1,2-Dibromo-2,2-dichloroethyl dimethyl phosphate”)) AND (rat OR mouse OR dog 
OR rabbit OR monkey OR mammal) 
 
Citations Identified in PubMed*: 39 
 
SWIFT-Review**Tags:   
 
28 for Animal 
 
26 for Human (11 that lack animal(all) tag) 
 
0 for NO TAG 
 
11 studies are human only; 28 are animal all tags for total of 39 publications reviewed 
 
 
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 SWIFT-
Review 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 naled 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 C: 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 
the Pesticide Handlers Exposure Database Version 1.1 (PHED 1.1); the Agricultural Handler 
Exposure Task Force (AHETF) database; the Agricultural Reentry Task Force (ARTF) database; 
the Outdoor Residential Exposure Task Force (ORETF) database; the Residential SOPs 
(Lawns/Turf); and other registrant-submitted exposure studies (MRIDs 44459801, 41054701, 
44739301, 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 website22.   
 
 
  

 
22 https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/occupational-pesticide-handler-exposure-
data  and https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/occupational-pesticide-post-
application-exposure  
 






