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The most recent human health risk assessment was completed in 2018 (Memo, B. Cropp-
Kohlligian et al., 03-DEC-2018, D445386).  The following risk assessment updates have been 
made:  

 
• The registered residential uses of naphthalene acetates (NAA) have been reevaluated 

using the revised Standard Operating Procedures for Residential Pesticide Exposure 
Assessment (Residential SOPs);  

• An aggregate exposure assessment was completed, including updated residential 
exposure estimates; 

• A quantitative spray drift assessment was conducted; and 
• An occupational exposure assessment for the registered uses was completed reflecting 

recent updates to the NAA risk assessment points of departure, HED’s SOPs, and policy 
changes for body weight assumptions. 

  
A summary of the findings and an assessment of human risk resulting from the registered uses of 
naphthalene acetates are provided in this document.   
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1.0 Executive Summary  
 
1-Naphthaleneacetic acid, its salts, ester, and acetamide, are plant growth regulators which are 
collectively referred to as naphthalene acetates and hereafter will be referred to as NAA. They 
are assessed as a single group because they are structurally related, are metabolized to the acid 
form, and are eliminated from the body as glycine and glucuronic acid conjugates. NAA 
products are used to stimulate growth, delay flower induction and leaf drop, prevent preharvest 
fruit drop, thin fruit, and control sprout formation.  NAA is currently registered for use on turf, 
various orchard and fruit crops and ornamentals as well as commercial and on-farm seed 
treatment.  Registered formulations include wettable powder, flowable concentrate, emulsifiable 
concentrate, soluble concentrate, and liquid ready-to-use.  Products registered for thinning and 
stop drop are applied using airblast, ground, and aerial equipment.  Formulations for control of 
sprout formation containing NAA are applied by hand-held equipment.  NAA products are also 
applied as a dilute root dip or soil drench with a dip tank and drench equipment.   
 
The NAA registered labels require that applicators and handlers wear baseline attire (i.e., long-
sleeved shirts, long pants, shoes, and socks) and chemical-resistant gloves.  Additional personal 
protective equipment (PPE) such as protective eyewear is also listed on several labels.   
 
Tolerances for residues of these naphthalene acetates, measured as 1-NAA (free and conjugated) 
are currently established in/on a number of commodities ranging from 0.01 ppm to 2.0 ppm (40 
CFR §180.155).  
 
The toxicology database is adequate to characterize the toxicity of the NAA. The Hazard and 
Science Policy Council (HASPOC) recommended that a neurotoxicity battery (acute and 
subchronic neurotoxicity) and immunotoxicity study are not required; however, an inhalation 
study is required. 
 
The major target organs were the liver and stomach following subchronic and chronic oral 
exposure (dogs and rats). In addition to the liver and stomach, the lungs of rats (focal alveolar 
macrophages) and mice (lung adenomas) were affected following oral exposure. Repeated oral 
exposure also elicited decreased body weights and body weight gains accompanied by decreased 
food consumption. Overall, NAA sodium salt was the most toxic form in subchronic and chronic 
studies. In contrast to oral exposures, repeated dermal exposure to NAA elicited point of contact 
toxicity in rats; however, produced no evidence of systemic toxicity up to the limit dose.  
 
There is no concern of increased qualitative or quantitative sensitivity/susceptibility following in 
utero exposure to NAA in either the rat or rabbit developmental toxicity studies or following in 
utero and/or post-natal exposure to NAA in the two-generation reproduction study in rats. There 
is no evidence of neurotoxicity or immunotoxicity in the NAA toxicity database. The risk 
assessment team recommends that the Food Quality Protection Act (FQPA) Safety Factor be 
reduced to 1X. However, a 10X database uncertainty factor is applied for inhalation assessment 
to account for the lack of a route specific inhalation study. 
 
Carcinogenicity studies of NAA acetamide in mice and NAA sodium salt in rats and mice were 
considered adequate for the evaluation of the carcinogenicity of the NAA group.  In these three 
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studies the tested NAA compounds were not carcinogenic in mice or rats. All mutagenicity 
studies were negative. 
 
The NAA group has low acute toxicity via the oral, inhalation and dermal routes of exposure 
(Toxicity Category III or IV). NAA are not a skin irritant (Toxicity Category IV) or a dermal 
sensitizer. However, eye irritation was severe in animals exposed to naphthaleneacetic acid and 
NAA sodium salt products (Toxicity Category I), while exposure to NAA ethyl ester and NAA 
acetamide led to mild, transient irritation (Toxicity Category IV). 
 
An acute reference dose has not been established for either the general population or for females 
13-49 years of age since there were no appropriate toxicological effects attributable to a single 
exposure (dose) in the available toxicity studies. For chronic dietary assessment, a co-critical 
subchronic and chronic oral toxicity studies in dogs is selected with a NOAEL of 25 mg/kg/day 
and a LOAEL of 75 mg/kg/day based on gross and histopathologic changes in stomach (slight to 
moderate necrosis of fundus and pyloric epithelium), and sinusoidal histiocytosis in livers in 
males. The same co-critical subchronic and chronic oral toxicity studies in dogs is selected for 
incidental oral, adult oral and inhalation assessments. A quantitative dermal risk assessment is 
not necessary since no systemic toxicity was observed up to the limit dose (1000 mg/kg/day) in 
any of the 21-day dermal toxicity study for naphthalene acid and salts (NAA sodium and salt, 
NAA ethyl ester, and NAA acetamide), and there is no concern for increased 
sensitivity/susceptibility in the rat and rabbit developmental toxicity studies or the 2-generation 
rat reproduction study. A total uncertainty factor of 100X (10X for interspecies extrapolation, 
10X for intraspecies variation, and 1X for FQPA SF) is applied. Additional 10X database 
uncertainty factor (UFDB) is applied for inhalation assessments to account for the lack of a route 
specific inhalation study.  
 
The residue chemistry data for NAA are adequate, and no additional data are needed.  The 
terminal residues of concern in plants and livestock (ruminants) are the parent compounds, 1-
naphthaleneacetic acid and its conjugates, based on apple, olive, and goat metabolism studies. The 
residues of concern in drinking water are the parent NAA and conjugates. HED concludes that 
there is no reasonable expectation of quantifiable residues of NAA in livestock commodities [40 
CFR §180.6(a)(3)].  No Codex or Canadian maximum residue limits (MRLs) have been 
established for residues of 1-naphthaleneacetic acid, its salts, ester, and acetamide on the currently 
registered commodities. Therefore, there are no harmonization issues at this time.  
 
A revised dietary exposure and risk assessment was not conducted for NAA for this Registration 
Review since there are no changes to the endpoints, tolerance levels, and estimated drinking 
water concentrations (EDWCs). The previous dietary assessment assumed tolerance level 
residues and 100% crop treated (CT). The Environmental Fate and Effects Division (EFED) has 
confirmed that there were no changes to the EDWCs and the previous EDWC are adequate to 
cover for the registration review. An acute dietary risk assessment is not required because there 
were no appropriate toxicological effects attributable to a single exposure (dose) in the available 
toxicity studies. The previously conducted unrefined chronic dietary (food and water) exposure 
and risk estimates using tolerance level residues and 100% CT assumptions were below HED’s 
level of concern (<100% of the chronic population adjusted dose (cPAD)) for the general 
population and all population subgroups. The chronic dietary exposure estimate for the general 
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population is 5.6% of the cPAD and 15% of the cPAD for all infants (<1-year-old), the most 
highly-exposed population subgroup. 
 
All registered NAA product labels with residential use sites (e.g., lawns, gardens, and trees) 
require that handlers wear specific clothing (e.g., long-sleeved shirt/long pants) and/or use 
PPE.  Therefore, HED has made the assumption that these products are not for homeowner use 
and has not conducted a quantitative residential handler assessment.  Residential post-application 
dermal exposure was not quantitatively assessed since there is no dermal hazard for NAA and a 
dermal POD was not selected.  All incidental oral risk estimates for children 1 to < 2 years old 
are greater than HED’s LOC of 100 (MOEs range from 220,000 to 100,000,000).   
 
Short-term and chronic aggregate assessments have been completed for NAA. Residential adult 
exposure was not quantitatively assessed; therefore, the short-term aggregate for adults is 
equivalent to the chronic dietary exposure and risk estimate for the most highly exposed adult 
population subgroup (adults 20-49 years old) and is not of concern. The resulting short-term 
aggregate MOE for children 1 to <2 years old (dietary plus incidental oral post-application 
exposure) was 1,100 and is not of concern (LOC < 100). The chronic aggregate assessment is 
equivalent to the chronic dietary (food and drinking water) exposure risk assessment for all 
population subgroups and is not of concern.  No acute endpoint was identified and NAA is 
classified as “not likely to be carcinogenic to humans;” therefore, acute and cancer aggregate risk 
assessments were not conducted.   
 
A quantitative spray drift assessment was conducted.  A dermal assessment was not conducted 
due to lack of dermal hazard.  Children’s (1 to <2 years old) incidental oral risk estimates from 
exposure to NAA related to spray drift result in no risks of concern at the field edge for aerial, 
airblast, or groundboom applications.   
 
Only occupational inhalation risks were assessed; a quantitative dermal risk assessment for 
dermal exposure is not required since a dermal POD was not selected for NAA.  The short- and 
intermediate-term inhalation risk estimates for the occupational handlers are greater than HED’s 
LOC (i.e., MOEs ≥ 1,000) at baseline attire (i.e., no respirator), except for 
mixing/loading/applying wettable powder formulations for mechanically pressurized handgun 
applications (drench/soil/ground-directed) when applying 0.0011 lb ai/gallon of NAA to 
orchard/vineyard (apple, pear); (MOE = 460).  With the addition of PPE, such as a protection 
factor (PF)10 respirator, the MOEs range from 2,100 to 1,100,000,000 and are greater than 
HED’s LOC (i.e., MOEs ≥ 1,000).   
 
For the seed treatment uses of NAA, all of the occupational handler inhalation MOEs are greater 
than HED’s LOC (i.e., MOEs ≥ 1,000) at baseline (i.e., no respirator) the MOEs range from 
2,600,000 to 78,000,000. 
 
Occupational post-application dermal exposure was not quantitatively assessed since a dermal 
POD was not selected for NAA.   
 
Based on the Agency's current practices, a quantitative non-cancer occupational post-application 
inhalation exposure assessment was not performed for NAA at this time.  If new policies or 
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procedures are put into place, the Agency may revisit the need for a quantitative occupational 
post-application inhalation exposure assessment for NAA. 
 
The restricted entry interval (REI) listed on the existing NAA labels are based on the acute 
toxicity of the technical material.  NAA has low acute toxicity via the oral, inhalation and dermal 
routes of exposure (Toxicity Category III or IV). NAA is not a skin irritant (Toxicity Category 
IV) or a dermal sensitizer. However, eye irritation was severe in animals exposed to 
naphthaleneacetic acid and NAA sodium salt products (Toxicity Category I), while exposure to 
NAA ethyl ester and NAA acetamide led to mild, transient irritation (Toxicity Category IV). In 
accordance with the Worker Protection Standard (WPS), acute Toxicity Category I chemicals 
require a 48-hour REI.  HED recommends an REI of 48 hours for products containing the 
naphthaleneacetic acid and NAA sodium salt products.  The currently registered NAA labels 
have REIs of 12, 24, or 48 hours.   
 
This risk assessment relies in part on data from studies in which adult human subjects were 
intentionally exposed to a pesticide or other chemical.  These data, which include studies from 
PHED 1.1; the AHETF database; the Outdoor Residential Exposure Task Force (ORETF) 
database; ExpoSAC Policies 14 and 15.2 (SOPs for Seed Treatment); and the Residential SOPs 
(Lawns/Turf) are (1) subject to ethics review pursuant to 40 CFR 26, (2) have received that 
review, and (3) are compliant with applicable ethics requirements.  For certain studies, the ethics 
review may have included review by the Human Studies Review Board.  Descriptions of data 
sources, as well as guidance on their use, can be found at the Agency website1.   
 
2.0 Risk Assessment Conclusion  
 
Risk estimates of concern have been identified for occupational handlers based on the label-
required PPE.  No dietary or aggregate risks of concern were identified.   
 
2.1 Data Deficiencies/Data Needs   
 
An analytical reference standard for 1-napthaleneacetic acid (1-NAA) is currently available in 
the EPA National Pesticide Standards Repository (NPSR) and has an expiration date of 
11/5/2020; however, analytical standards for NAA salts; NAA acetamide, NAA potassium salt, 
NAA sodium salt, NAA ammonium salt and NAA ethyl ester should be submitted to National 
Pesticide Repository. For the mailing address information, see Appendix H.  
 
2.2 Tolerance Considerations 
 
2.2.1 Enforcement Analytical Method 
 
A high-performance liquid chromatography (HPLC) method using fluorescence detection 
(Method NAA-AM-001) for apples and pears and a similar method for olives and olive oil 
                                                           
1 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 
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Table 3.1. NAA Nomenclature 
Common name NAA sodium salt NAA ethyl ester 

Molecular Formula C12H10O2Na C14H14O2 

Molecular Weight 208.2 214.26 

IUPAC name sodium-2(1naphthyl)acetate ethyl-2(1naphthyl)acetate 

CAS name 1-Naphthaleneacetic acid, sodium salt 1-Naphthaleneacetic acid, ethyl ester 

CAS # 61-31-4 2122-70-5 

PC Code 056007 056008 
 
3.2 Physical/Chemical Characteristics  
 
A detailed description of the physicochemical properties of the naphthalene acetates are provided 
in Appendix B.   Based on the limited available data, 1-naphthaleneacetic acid and its ester 
exhibit relatively low or no solubility in water and higher solubility in organic solvents whereas 
the sodium salt is highly soluble in water and insoluble in organic solutions. 1-Naphthaleneacetic 
acid has a relatively high vapor pressure (0.3 mmHg), but its salts and esters have lower vapor 
pressures. 1-Naphthaleneacetic acid is relatively mobile but short lived in terrestrial and aquatic 
environments. 1-Naphthaleneacetic acid do not present significant concerns for bioaccumulation 
based on measured bioconcentration factors.  

 
3.3 Pesticide Use Pattern 
 
NAA products are used to stimulate growth, delay flower induction and leaf drop, prevent 
preharvest fruit drop, thin fruit, and control sprout formation.  NAA is currently registered for 
use on turf, various orchard and fruit crops and ornamentals as well as commercial and on-farm 
seed treatment of potatoes.  Registered formulations include wettable powder, flowable 
concentrate, emulsifiable concentrate, soluble concentrate, and liquid ready-to-use.  Thinning 
and stop drop formulations containing NAA are applied using airblast, ground, and aerial 
equipment.  Formulations for control of sprout formation containing NAA are applied by hand-
held equipment.  NAA products are also are applied as a dilute root dip or soil drench with a dip 
tank and drench equipment.   
 
The Biological and Economic Analysis Division (BEAD) provided a comprehensive review of 
all the currently registered NAA labels.  HED has relied on this information along with the 
review of several labels to populate the maximum single application rates in the use profile table 
for the NAA products to perform the occupational and residential exposure assessment for 
Registration Review.  Table F.1. in Appendix F provides a list of representative use sites that 
capture the single maximum application rate for each registered use site. For the purposes of this 
risk assessment, HED only assessed the single maximum application rates for NAA.  Table F.1. 
in Appendix F summarizes detailed information including use site, type of application 
equipment, formulation, and required PPE.  The NAA registered labels require that applicators 
and handlers wear baseline attire (i.e., long-sleeved shirts, long pants, shoes, and socks) and 
chemical-resistant gloves.  Additional PPE, such as protective eyewear, is listed on several 
labels.   
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3.4  Anticipated Exposure Pathways 
 
Humans may be exposed to NAA in food and drinking water, since NAA may be applied 
directly to growing crops. There are post-application exposures anticipated for workers re-
entering treated fields. Exposure to residential handlers is not expected from currently registered 
uses; however, post-application residential exposures may occur. Occupational exposures are 
expected from the application (dermal and inhalation) of NAA and its salts. This risk assessment 
considers all of the aforementioned exposure pathways based on the existing uses of NAA, 
particularly for the aggregate assessment. 
 
3.5 Considerations of Environmental Justice 
 
Potential areas of environmental justice concerns, to the extent possible, were considered in this 
human health risk assessment, in accordance with U.S. Executive Order 12898, "Federal Actions 
to Address Environmental Justice in Minority Populations and Low-Income Populations," 
(http://epa.gov/compliance/ej/resources/policy/exec order 12898.pdf). As a part of every 
pesticide risk assessment, OPP considers a large variety of consumer subgroups according to 
well-established procedures. In line with OPP policy, HED estimates risks to population 
subgroups from pesticide exposures that are based on patterns of that subgroup’s food and water 
consumption, and activities in and around the home that involve pesticide use in a residential 
setting.  Extensive data on food consumption patterns are compiled by the U.S. Department of 
Agriculture’s (USDA’s) National Health and Nutrition Examination Survey/What We Eat in 
America, (NHANES/WWEIA), are used in pesticide risk assessments for all registered food uses 
of a pesticide. These data are analyzed and categorized by subgroups based on age, season of the 
year, ethnic group, and region of the country. Additionally, OPP is able to assess dietary 
exposure to smaller, specialized subgroups and exposure assessments are performed when 
conditions or circumstances warrant. Whenever appropriate, non-dietary exposures based on 
home use of pesticide products and associated risks for adult applicators and for toddlers, youths, 
and adults entering or playing on treated areas post-application are evaluated. Spray drift can 
also potentially result in post-application exposure and it was considered in this analysis. Further 
considerations are currently in development as OPP has committed resources and expertise to the 
development of specialized software and models that consider exposure to bystanders and farm 
workers as well as lifestyle and traditional dietary patterns among specific subgroups. 
 
4.0 Hazard Characterization/Assessment  
 
4.1 Toxicology Studies Available for Analysis 
 
The Agency has determined that required toxicity testings on any form should serve for all 
members of this group of chemicals. The toxicity database for NAA is adequate for a full hazard 
evaluation except a subchronic inhalation toxicity study. The HASPOC has recommended that 
neurotoxicity battery (acute and subchronic) and immunotoxicity studies are not required; 
however, a subchronic inhalation toxicity study is required (K. Rury, 16-OCT-2012, TXR 
0056465; J. Leshin, 21-MAY-2014, TXR 0056968).  
 
As part of registration review for NAA, a broad survey of the literature was conducted to identify 
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studies that report toxicity following exposure to NAA via exposure routes relevant to human 
health pesticide risk assessment not accounted for in the agency’s NAA 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 28 studies for 1-Naphthaleneacetic acid 
and 2 studies for 1-Naphthaleneacetamide 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 NAA human health risk 
assessment.  Appendix A.3 has detailed information regarding the literature review. 
 
The toxicology studies for NAA are summarized in Appendix A.1 and A.2. The database 
includes the following studies: 

- Subchronic: 28-day dermal toxicity (rat); 90-day oral toxicity (rat and dog)  
- Developmental toxicity: developmental toxicity (rat and rabbit) 
- Reproduction: 2-generation reproduction (rat)  
- Chronic: chronic oral toxicity/carcinogenicity (rat); carcinogenicity (mouse); one-year 

oral toxicity (dog) 
- Other: acute toxicity battery; mutagenicity battery; metabolism (rat) 

 
4.2 Absorption, Distribution, Metabolism and Excretion (ADME) 
 
The absorption, distribution metabolism and excretion of NAA were studied in rats. In one study, 
rats were given either a single 1 or 100 mg/kg bw oral dose, or a 14-day repeated dose (1 
mg/kg/day) of [14C] ring labeled NAA acetamide.  NAA acetamide was readily absorbed and 
excreted within 36 hours. Recovery of administered radioactivity was 97-101%. Urinary 
excretion accounted for 66-74% of the administered radioactivity for single and repeat doses.  
Repeat doses did not appreciably affect the absorption/excretion processes.  Excretion via the 
feces accounted for the remainder of the administered radioactivity in all treatment groups.  
Urinary metabolites revealed amide cleavage followed by glycine conjugation with the glycine 
conjugate being the major metabolite of the low and repeat doses (14-47%). The glucuronide 
conjugate was also a major metabolite at the low doses (4.5-7%).  For feces, the major 
metabolite detected was the dihydrodiol of NAA acetamide (4-11%).  Parent compound was 
detected at low concentrations (1-2% of administered) only in feces.   
 
In another study, rats were given either a single 1 or 100 mg/kg bw oral dose, or a 14-day 
repeated dose (1 mg/kg/day) of [14C] ring labeled NAA ethyl ester. Recovery of administered 
radioactivity was 99-101%. NAA ethyl ester was readily absorbed and excreted within 36 - 48 
hours following single and repeat doses. Urinary excretion accounted for 68-85% of the 
administered radioactivity following single or multiple oral low doses and 62-78% following a 
single high dose.  Excretion via the feces accounted for the remainder of the administered 
radioactivity excreted by all treatment groups. At the high dose, glucuronide conjugation 
appeared to play a more important role following ester cleavage.  Parent compound was detected 
at low concentrations (0.5-5% of administered) only in feces.  For both studies, excretory 
patterns exhibited no gender-related variability for the low dose groups and only minor gender 
difference at the high dose.  Excretion patterns of the high-dose group reflected delayed 
absorption.  Tissue burdens of parent and metabolites were very low at termination for both 
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studies.  Most components in the matrices examined (urine and feces) were adequately quantified 
and characterized.   
 
The metabolism studies of the acid and its acetamide and the ethyl ester in animals provide 
supporting evidence that the toxicity of the naphthalene acetates would be similar since all are 
metabolized to the acid form and eliminated from the body as glycine and glucuronic acid 
conjugates within 36 to 48 hours of initial exposure. 
 
4.2.1 Dermal Absorption 
 
A dermal penetration study is not available. However, a quantitative dermal risk assessment is 
not necessary since no systemic toxicity was observed up to the limit dose (1000 mg/kg/day) in 
any of the 21-day dermal toxicity studies for naphthalene acid and salts (NAA sodium and salt, 
NAA ethyl ester, and NAA acetamide). There is no concern of increased qualitative or 
quantitative sensitivity/susceptibility in either the rat or rabbit developmental toxicity studies or 
in the two-generation reproduction study in rats. 
 
4.3 Toxicological Effects 
 
The major target organs were the liver and stomach following subchronic and chronic oral 
exposure (dogs and rats). Hepatic insult was characterized by inflammation of the tissues around 
the bile duct, hepatocyte degeneration, sinusoidal histiocytosis, and increased liver weight 
accompanied by elevated liver enzyme levels, necrosis, extramedullary hematopoiesis, and 
mononuclear/mixed cell infiltration. The stomach and gastrointestinal tract effects included 
necrosis of fundus and pyloric epithelium mucosal gland dilation, stomach irritation, ulcerative 
duodenitis, acute or erosive gastritis, emesis and soft feces. Dogs were the most susceptible 
mammal to oral subchronic and chronic exposures exhibiting primarily liver and stomach injury. 
In addition to the liver and stomach, the lungs of rats (focal alveolar macrophages) and mice 
(lung adenomas) were affected following oral exposure. Repeated oral exposure also elicited 
decreased body weights and body weight gains accompanied by decreased food consumption. 
Overall, NAA sodium salt was the most toxic form in subchronic and chronic studies.  
 
In contrast to oral exposures, repeated dermal exposure to the NAA elicited point of contact 
toxicity in rats, but produced no evidence of systemic toxicity up to the limit dose. NAA ethyl 
ester administered dermally inducing epidermal hyperplasia and hyperkeratosis, sebaceous gland 
hyperplasia, and dermal inflammation. Systemic toxicity was not a consequence of dermal 
exposure to any of the tested naphthalene acetates. None of the naphthalene acetates exhibited 
dermal irritant properties following acute exposure indicating that skin irritation develops from 
repeated exposure. 
 
Developmental and offspring toxicity was linked to NAA sodium salt exposure but was not a 
common observation for the entire NAA group. In the rat developmental study, slightly 
decreased fetal weight (↓4-8%) and minor skeletal changes were observed at the highest dose 
where compromised maternal health indicative by statistically significant decreases of maternal 
body weight in mid- and high-dose groups were observed, although the decreases (<10%) were 
not considered biologically significant. In the rabbit developmental study, skeletal defects and 
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variants were observed in rabbit fetuses at same doses that also compromised maternal health. 
No developmental toxicity was observed in other chemicals of the NAA group. In the 2-
generation reproduction study, offspring toxicity from NAA sodium salt manifested as reduced 
litter survival and pup weight throughout lactation in two generations. These effects coincided 
with reduced body weight in both parental generations indicating the adults and their young were 
equally susceptible to NAA sodium salt.  
 
Carcinogenicity studies of NAA acetamide in mice and NAA sodium salt in rats and mice were 
considered adequate for the evaluation of the oncogenicity of the NAA group.  In these three 
studies the tested NAA compounds were not carcinogenic in mice or rats. All mutagenicity 
studies were negative. There is no evidence of neurotoxicity and immunotoxicity in the 
toxicology database for NAA. 
 
NAA have low acute toxicity via the oral, inhalation and dermal routes of exposure (Toxicity 
Category III or IV). NAA are not a skin irritant (Toxicity Category IV) or a dermal sensitizer. 
However, eye irritation was severe in animals exposed to naphthaleneacetic acid and NAA 
sodium salt products (Toxicity Category I), while exposure to NAA ethyl ester and NAA 
acetamide led to mild, transient irritation (Toxicity Category IV). 
 
4.4 Safety Factor for Infants and Children (FQPA Safety Factor)2 

The risk assessment team recommends that the FQPA Safety Factor be reduced to 1X because 
(1) the toxicology database for NAA is adequate with regard to FQPA consideration, including 
the required developmental and reproductive toxicity studies; (2) no signs of neurotoxicity were 
observed in the database; (3) there is low concern for qualitative or quantitative susceptibility in 
the rat and rabbit developmental toxicity studies or the 2-generation rat reproduction study (4) 
there are no residual uncertainties identified in the exposure databases; (5) A 10X database 
uncertainty factor (FQPA SFDB) is retained for inhalation assessment to account for the lack of a 
route specific inhalation study. 

 
 4.4.1 Completeness of the Toxicology Database 
 
The toxicity database for NAA is adequate for a full hazard evaluation and is considered 
adequate to evaluate risks to infants and children.  There are acceptable developmental toxicity 
studies in the rat and rabbit and an acceptable reproduction study in the rat. The HASPOC 
recommended that the immunotoxicity study and neurotoxicity battery are not required at this 
time. However, the HASPOC recommended that the subchronic inhalation study is required and 
a 10X database uncertainty factor (UFDB) is applied for inhalation assessments to account for the 
lack of a route specific study.  
 

                                                           
2 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). 
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 4.4.2 Evidence of Neurotoxicity 
 
There are no neurotoxicity studies available for the current assessment; however, no signs of 
neurotoxicity or neuropathology were reported in the submitted chronic and subchronic studies. 
The HASPOC recommended that acute and subchronic neurotoxicity studies are not needed at 
the present time (K. Rury, 16-OCT-2012, TXR 0056465).   
 
 4.4.3 Evidence of Sensitivity/Susceptibility in the Developing or Young Animal 

 
There is no concern for increased qualitative or quantitative increased susceptibility in the rat and 
rabbit developmental toxicity studies or the 2-generation rat reproduction study. Developmental 
and offspring toxicity was linked to NAA sodium salt exposure but was not a common 
observation for the entire NAA group. In the rat developmental study, slightly decreased fetal 
weight (↓4-8%) and minor skeletal changes were observed at the highest dose where 
compromised maternal health indicative by statistically significant decreases of maternal body 
weight in mid- and high-dose groups were observed, although the decreases (<10%) were not 
considered biologically significant. In the rabbit developmental study, skeletal defects and 
variants were observed in rabbit fetuses after exposure to NAA sodium salt. These effects only 
occurred at doses that also compromised maternal health. No developmental toxicity was 
observed in other chemicals of the NAA group. In the 2-generation reproduction study, offspring 
toxicity from NAA sodium salt manifested as reduced litter survival and pup weight throughout 
lactation in two generations. These effects coincided with reduced body weight in both parental 
generations indicating the adults and their young were equally susceptible to NAA sodium salt. 
There is low concern (and no residual uncertainty) for pre- and/or postnatal toxicity resulting 
from exposure to the NAA because clear NOAELs and LOAELs were established for the 
developmental and offspring effects and the POD for all exposure scenarios is protective of these 
effects.  
 
 4.4.4 Residual Uncertainty in the Exposure Database  
 
There are no residual uncertainties in the exposure database.  The residential exposure 
assessment incorporates conservative assumptions in the assessment of post-application 
(incidental oral) exposure assessment for children and will not underestimate actual exposure.  
The dietary risk assessment is conservative and will not underestimate dietary exposure to NAA. 
 
4.5 Toxicity Endpoint and Point of Departure 
 
 4.5.1 Dose-Response Assessment 
 
Toxicity endpoints and PODs for dietary (food and water), occupational, and residential 
exposure scenarios have not changed since the last assessment (B. Cropp-Kohlligian et al., 03-
DEC-2018, D445386) and are summarized below and in Table 4.5.4.1 and 4.5.4.2.   
 
Acute Dietary Endpoint for the General Population and Females 13-49 Years of Age: An acute 
reference dose has not been established for either the general population or for females 13-49 
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years of age since there were no appropriate toxicological effects attributable to a single 
exposure (dose) in the available toxicity studies. 
 
Chronic Dietary Endpoint for the General Population and Females 13-49 Years of Age: A co-
critical subchronic and chronic oral toxicity studies in dogs is selected with a NOAEL of 25 
mg/kg/day and a LOAEL of 75 mg/kg/day based on gross and histopathologic changes in 
stomach (slight to moderate necrosis of fundus and pyloric epithelium), and sinusoidal 
histiocytosis in livers in males. In the subchronic toxicity study in dogs (MRID 42983801), the 
NOAEL is 25 mg/kg/day with a LOAEL of 150 mg/kg/day based on lesions of the 
gastrointestinal tract (ulcerative duodenitis and acute or erosive gastritis) and hypocellularity of 
the bone marrow. In the chronic toxicity study in dogs (MRID 43744201), the NOAEL is 15 
mg/kg/day and the LOAEL is 75 mg/kg/day based on gross and histopathologic changes in 
stomachs, and sinusoidal histiocytosis in livers in males. While the chronic toxicity study in dogs 
has a lower NOAEL for stomach lesions, this was the result of dose selection and the subchronic 
study in dogs provides a clear NOAEL that is protective of stomach lesions for both durations 
since the effects and severity were similar between the two studies and there was no evidence of 
progression with increased exposure duration. An uncertainty factor of 100X (10X for 
interspecies extrapolation, 10X for intraspecies variation, and 1X for FQPA SF) is applied. The 
chronic reference dose (cRfD) and chronic population adjusted dose (cPAD) is 0.25 mg/kg/day. 
 
Incidental Oral and Adult Oral Exposure (Short-Term): A co-critical subchronic and chronic oral 
toxicity studies in dogs is selected with a NOAEL of 25 mg/kg/day and a LOAEL of 75 
mg/kg/day based on gross and histopathologic changes in stomachs, and sinusoidal histiocytosis 
in livers in males. This study is appropriate for the route and duration of exposure as well as 
protective of the populations of concern (children and adults) because offspring toxicity from 
NAA sodium salt manifested as reduced litter survival and pup weight throughout lactation in 
two generations were observed at higher doses (210 mg/kg/day). An uncertainty factor of 100X 
(10X for interspecies extrapolation, 10X for intraspecies variation, and 1X for FQPA SF) is 
applied. LOC=100. 
 
Dermal Exposure (Short- and Intermediate-Term): A quantitative dermal risk assessment is not 
necessary since no systemic toxicity was observed up to the limit dose (1000 mg/kg/day) in any 
of the 21-day dermal toxicity study for naphthalene acid and salts (NAA sodium and salt, NAA 
ethyl ester, and NAA acetamide). There is no concern of increased qualitative or quantitative 
sensitivity/susceptibility following in utero exposure to NAA in either the rat or rabbit 
developmental toxicity studies or following in utero and/or post-natal exposure to NAA in the 
two-generation reproduction study in rats.  
 
Inhalation Exposure (Short and Intermediate-Term): No data from a route-specific inhalation 
study is available other than an acute inhalation study. The HASPOC has recommended that a 
subchronic inhalation toxicity study is required for inhalation assessments. For inhalation 
assessment, a co-critical subchronic and chronic oral toxicity studies in dogs is selected for 
inhalation assessment with a NOAEL of 25 mg/kg/day and a LOAEL of 75 mg/kg/day based on 
gross and histopathologic changes in stomachs, and sinusoidal histiocytosis in livers in males. A 
total uncertainty factor of 1000X (10X for interspecies extrapolation, 10X for intraspecies 
variation, and 10X for database uncertainty) is applied. A 10X database uncertainty factor 
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susceptible to endocrine influence, including effects on endocrine target organ histopathology, 
organ weights, estrus cyclicity, sexual maturation, fertility, pregnancy rates, reproductive loss, 
and sex ratios in offspring.  For ecological hazard assessments, EPA evaluates acute tests and 
chronic studies that assess growth, developmental and reproductive effects in different 
taxonomic groups.  As part of its most recent reregistration decision for NAA, EPA reviewed 
these data and selected the most sensitive endpoints for relevant risk assessment scenarios from 
the existing hazard database.  However, as required by FFDCA section 408(p), NAA is subject 
to the endocrine screening part of the Endocrine Disruptor Screening Program (EDSP). 
 
EPA has developed the EDSP to determine whether certain substances (including pesticide 
active and other ingredients) may have an effect in humans or wildlife similar to an effect 
produced by a “naturally occurring estrogen, or other such endocrine effects as the Administrator 
may designate.”  The EDSP employs a two-tiered approach to making the statutorily required 
determinations. Tier 1 consists of a battery of 11 screening assays to identify the potential of a 
chemical substance to interact with the estrogen, androgen, or thyroid (E, A, or T) hormonal 
systems. Chemicals that go through Tier 1 screening and are found to have the potential to 
interact with E, A, or T hormonal systems will proceed to the next stage of the EDSP where 
EPA will determine which, if any, of the Tier 2 tests are necessary based on the available data. 
Tier 2 testing is designed to identify any adverse endocrine-related effects caused by the 
substance, and establish a dose-response relationship between the dose and the E, A, or T 
effect. 
 
Under FFDCA section 408(p), the Agency must screen all pesticide chemicals. Between 
October 2009 and February 2010, EPA issued test orders/data call-ins for the first group of 67 
chemicals, which contains 58 pesticide active ingredients and 9 inert ingredients. A second list 
of chemicals identified for EDSP screening was published on June 14, 20133 and includes some 
pesticides scheduled for registration review and chemicals found in water. Neither of these lists 
should be construed as a list of known or likely endocrine disruptors. 
 
For further information on the status of the EDSP, the policies and procedures, the lists of 
chemicals, future lists, the test guidelines and the Tier 1 screening battery, please visit our 
website.4  
 
5.0 Dietary Exposure and Risk Assessment 
 
5.1  Residues of Concern Summary and Rationale 
  
The nature of the residues of NAA in in the currently registered primary crops, rotational crops, 
and animals have been adequately understood. Previously residues of concern were determined 
by the HED risk assessment team for NAA.  The terminal residues of concern in plants and 
ruminants are the parent compounds, 1-naphthaleneacetic acid and its conjugates, based on 
apple, olive, and goat metabolism studies. There are no poultry feed items associated with 
                                                           
3 See http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPPT-2009-0477-0074 for the final second list of 
chemicals. 
4 http://www.epa.gov/endo/ 
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“Naphthaleneacetic Acid and Its Sodium, Potassium, and Ammonium Salts, Ethyl Ester, and 
Acetamide: Drinking Water Assessment (DWA) for Registration Review” (Z. Ruge, 05-NOV-
2019, D454904) that previously calculated EDWCs are adequate for the Registration Review (J. 
Melendez, 04-MAY-2015, D423410 and M. Ruhman, 21-AUG-2018, D445385).  
 
In the previous assessment (J. Melendez, 04-MAY-2015, D423410), the Estimated Drinking 
Water Concentrations (EDWCs) were calculated using the Tier 1 aquatic model PRZM-GW 
(ground water; v.1.07) and the Tier 1 aquatic model FIRST (surface water; v.1.1.1). The 
maximum allowable rates were modeled for pomegranate (7.2 lb a.e./A). The resultant ground 
water EDWCs were 789 ppb of NAA for the acute value and 646 ppb of NAA for the chronic 
value, and the surface water EDWCs were 440 ppb of NAA for the acute value and 65.1 ppb of 
NAA for the chronic value.  
 
In 2018 memo (M. Ruhman, 21-AUG-2018, D445385), a Drinking Water Assessment for the 
Section 3 New Use on Citrus and Olives was conducted which recalculated surface water 
EDWCs using the Tier 2 aquatic model PRZM/EXAMS (surface water; v.3.12/v.2.98.04.02) 
interfaced through the Pesticide in Water Calculator (version 1.52). The maximum allowable 
rates were modeled for pomegranate (7.2 lb a.e./A) and mandarin (0.75 lb a.e./A). The resultant 
surface water EDWCs were 39.4 ppb of NAA for the acute value and 0.694 ppb of NAA for the 
chronic value. Lower results than the 2015 EDWCs are directly related to the use of Tier 2 
modeling instead of Tier 1. The ground water EDWCs did not need to be revised. Therefore, it 
was determined that the 2015 EDWCs still applied. 
 

Table 5.3.  Table 1. Estimated Drinking Water Concentrations (EDWCs) for Naphthalene Acetates (J. 
Melendez, 04-MAY-2015, D423410) 
 

DRINKING WATER 
SOURCE (MODEL USED)  SCENARIO (rate modeled per crop cycle) 

MAXIMUM ESTIMATED DRINKING 
WATER CONCENTRATION  (EDWC)  
(ppb)  

2015 Groundwater 
(PRZM-GW) 

WI sand (7.2 lb a.e./A/yr) Acute 789 
WI sand (7.2 lb a.e./A/yr) Chronic 646 

2015 Surface water 
(FIRST) 

Index Reservoir (7.2 lb a.e./A/yr) Acute 440 
Index Reservoir (7.2 lb a.e./A/yr) Chronic 65.1 

*The abbreviations: A = acre; a.e.= acid equivalents (i.e., the lbs of NAA ethyl ester, expressed as lbs of NAA acid); 
ppb = parts per billion (μg/L). 
 
5.4  Dietary and Drinking Water Exposure and Risk 
 
5.4.1    Description of Residue Data Used in Dietary Assessment 
 
An unrefined screening-level chronic dietary (food and drinking water) exposure and risk 
assessment for naphthalene acetates was last conducted in 2015 (T. Morton, 18-NOV-2015, 
D426996) using the Dietary Exposure Evaluation Model software with the Food Commodity 
Intake Database (DEEM-FCID), Version 3.16, which incorporates 2003-2008 food consumption 
data from USDA’s National Health and Nutrition Examination Survey, What We Eat in 
America, (NHANES/WWEIA). The analysis was performed to support a Section 3 request for 
use of NAA on pomegranate. The previous assessment assumed tolerance level residues and 
100% crop treated. No quantitative acute dietary exposure risk assessment was conducted 
because no toxicological endpoint for acute dietary exposure was identified. Water residues were 
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6.0  Residential Exposure/Risk Characterization 
Occupational and Residential Exposure Memo:  M. Hawkins, 16-DEC-2019, D454588 
 
There are existing residential uses that have been reassessed in this document to reflect updates 
to HED’s 2012 Residential SOPs5 along with policy changes for body weight assumptions.  The 
revision of residential exposures will impact the human health aggregate risk assessment for 
NAA.  
 
6.1 Residential Handler Exposure/Risk Estimates 
 
All registered NAA product labels with residential use sites (e.g., lawns, garden and trees) 
require that handlers wear specific clothing (e.g., long-sleeved shirt/long pants) and/or use 
PPE.  Therefore, HED has made the assumption that these products are not for homeowner use 
and has not conducted a quantitative residential handler assessment.  
 
6.2 Residential Post-application Exposure/Risk Estimates 
 
There is the potential for post-application exposure for individuals exposed as a result of being in 
an environment that has been previously treated with NAA.  Residential post-application dermal 
exposure was not quantitatively assessed since there is no dermal hazard for NAA and a dermal 
POD was not selected.  The quantitative exposure/risk assessment for residential post-application 
exposures (incidental oral) to turf is based on the scenarios listed in Table 6.2.1.   
 
The lifestages selected for each post-application scenario are based on an analysis provided as an 
Appendix in the 2012 Residential SOPs2.  While not the only lifestage potentially exposed for 
these post-application scenarios, the lifestage that is included in the quantitative assessment is 
health protective for the exposures and risk estimates for any other potentially exposed lifestage. 
 
Residential Post-application Exposure Data and Assumptions 
 
A series of assumptions and exposure factors served as the basis for completing the residential 
post-application risk assessment.  Each assumption and factor is detailed in the 2012 Residential 
SOPs2. 
 
Application Rate: The single maximum application rate for turf (EPA Reg. No. 90866-4) uses is 
listed in Table F.1. in Appendix F. 
  
Exposure Duration:  Residential exposure is expected to be short-term in duration.  Intermediate-
term exposures are not likely because of the intermittent nature of applications by homeowners.  
For NAA, short-term exposures are protective of intermediate-term exposures since the PODs 
are the same.  
 

                                                           
5 Available: http://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/standard-operating-procedures-
residential-pesticide 
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In order to evaluate the drift potential and associated risks, an approach based on drift modeling 
coupled with techniques used to evaluate residential uses of pesticides was utilized. Essentially, a 
residential turf assessment based on exposure to deposited residues has been completed to 
address drift from the agricultural applications of NAA.  In the spray drift scenario, the deposited 
residue value was determined based on the amount of spray drift that may occur at varying 
distances from the edge of the treated field using the AgDrift (v2.1.1) model and the Residential 
Exposure Assessment Standard Operating Procedures Addenda 1: Consideration of Spray Drift 
Policy. Once the deposited residue values were determined, the remainder of the spray drift 
assessment was based on the algorithms and input values specified in the recently revised (2012) 
Standard Operating Procedures for Residential Risk Assessment (SOPs).  
 
A screening approach was developed based on the use of the AgDrift model in situations where 
specific label guidance that defines application parameters is not available.8  AgDrift is 
appropriate for use only when applications are made by aircraft, airblast orchard sprayers, and 
groundboom sprayers.  When AgDrift was developed, a series of screening values (i.e., the Tier 
1 option) were incorporated into the model and represent each equipment type and use under 
varied conditions.  The screening options specifically recommended in this methodology were 
selected because they are plausible and represent a reasonable upper bound level of drift for 
common application methods in agriculture.  These screening options are consistent with how 
spray drift is considered in a number of ecological risk assessments and in the process used to 
develop drinking water concentrations used for risk assessment.  In all cases, each scenario is to 
be evaluated unless it is not plausible based on the anticipated use pattern (e.g., herbicides are 
not typically applied to tree canopies) or specific label prohibitions (e.g., aerial applications are 
not allowed).   
 
NAA products have an existing label for use on turf, thus it was considered whether the risk 
assessment for that use may be considered protective of any type of exposure that would be 
associated with spray drift.  If the maximum application rate on crops adjusted by the amount of 
drift expected is less than or equal to existing turf application rates, the existing turf assessment 
is considered protective of spray drift exposure.  The currently registered maximum single 
application rate of NAA for orchard/vineyard (olive) is 0.33 lb ai/A.  The highest degree of spray 
drift noted for any application method immediately adjacent to a treated field (Tier 1 output from 
the aerial application using fine to medium spray quality) results in a deposition fraction of 0.26 
of the application rate.  A quantitative spray drift assessment for NAA is required because the 
maximum application rate to a crop/target site multiplied by the adjustment factor for drift of 
0.26 is more than the maximum direct spray residential turf application rate (0.0074 lb ai/A)9 for 
any NAA products.  Section 8.1. provides the screening level drift related risk estimates.  
In many cases, risks are of concern when the screening level estimates for spray drift are used as 
the basis for the analysis.  In order to account for this issue and to provide additional risk 
management options additional spray drift deposition fractions were also considered.  These drift 
estimates represent plausible options for pesticide labels. 
 

                                                           
8 https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/models-pesticide-risk-assessment#AgDrift   
9 0.33 lb ai/A x 0.26 > 0.0074 lb ai/A 
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0037).  The Agency has evaluated the SAP report and has developed a Volatilization Screening 
Tool and a subsequent Volatilization Screening Analysis 
(http://www.regulations.gov/#!docketDetail;D=EPA-HQ-OPP-2014-0219).   
During Registration Review, the Agency will utilize this analysis to determine if data (i.e., flux 
studies, route-specific inhalation toxicological studies) or further analysis is required for NAA. 
 
10.0 Cumulative Exposure/Risk Characterization 
 
Unlike other pesticides for which EPA has followed a cumulative risk approach based on a 
common mechanism of toxicity, EPA has not made a common mechanism of toxicity finding as 
to NAA and any other substances and NAA does not appear to produce a toxic metabolite 
produced by other substances. For the purposes of this action, therefore, EPA has not assumed 
that NAA has a common mechanism of toxicity with other substances. In 2016, EPA’s Office of 
Pesticide Programs released a guidance document entitled, Pesticide Cumulative Risk 
Assessment: Framework for Screening Analysis [https://www.epa.gov/pesticide-science-and-
assessing-pesticide-risks/pesticide-cumulative-risk-assessment-framework].  This document 
provides guidance on how to screen groups of pesticides for cumulative evaluation using a two-
step approach beginning with the evaluation of available toxicological information and if 
necessary, followed by a risk-based screening approach.  This framework supplements the 
existing guidance documents for establishing common mechanism groups (CMGs)11 and 
conducting cumulative risk assessments (CRA)12.  During Registration Review, the agency will 
utilize this framework to determine if the available toxicological data for NAA suggests a 
candidate CMG may be established with other pesticides.  If a CMG is established, a screening-
level toxicology and exposure analysis may be conducted to provide an initial screen for multiple 
pesticide exposure.   
 
11.0 Occupational Exposure and Risk Estimates 
Occupational and Residential Exposure Memo:  M. Hawkins, 16-DEC-2019, D454588 
 
11.1 Occupational Handler Exposure/Risk Estimates 
 
HED uses the term handlers to describe those individuals who are involved in the pesticide 
application process.  HED believes that there are distinct job functions or tasks related to 
applications and exposures can vary depending on the specifics of each task.  Job requirements 
(amount of chemical used in each application), the kinds of equipment used, the target being 
treated, and the level of protection used by a handler can cause exposure levels to differ in a 
manner specific to each application event.   
 
Based on the anticipated use patterns and current labeling, types of equipment and techniques 
that can potentially be used, occupational handler exposure is expected from the registered uses.  
Refer to Table 11.1.1. below for the individual risk estimates.  
 
 

                                                           
11 Guidance For Identifying Pesticide Chemicals and Other Substances that have a Common Mechanism of Toxicity (USEPA, 
1999) 
12 Guidance on Cumulative Risk Assessment of Pesticide Chemicals That Have a Common Mechanism of Toxicity (USEPA, 
2002) 
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Occupational Handler Exposure Data and Assumptions 
 
A series of assumptions and exposure factors served as the basis for completing the occupational 
handler risk assessments.  Each assumption and factor is detailed below on an individual basis. 
 
Application Rate:  The representative single maximum application rates for the currently 
registered uses reviewed by HED are listed in Table F.1. in Appendix F.  
 
Unit Exposures:    

Foliar Uses:  It is the policy of HED to use the best available data to assess handler 
exposure.  Sources of generic handler data, used as surrogate data in the absence of 
chemical-specific data, include PHED 1.1, the AHETF database, the Outdoor Residential 
Exposure Task Force (ORETF) database, or other registrant-submitted occupational 
exposure studies.  Some of these data are proprietary (e.g., AHETF data), and subject to 
the data protection provisions of FIFRA.  The standard values recommended for use in 
predicting handler exposure that are used in this assessment, known as “unit exposures”, 
are outlined in the “Occupational Pesticide Handler Unit Exposure Surrogate Reference 
Table13”, which, along with additional information on HED policy on use of surrogate 
data, including descriptions of the various sources, can be found at the Agency website14. 

 
Seed Treatment Uses:  Unit exposures are from ExpoSAC Policy 14: SOPs for Seed 
Treatment (01-MAY-2003), which are based on data for open mixing/loading/application 
systems. 

 
Area Treated or Amount Handled:  
 

Foliar Uses: The area treated/amount handled are based on ExpoSAC Policy 9.1. 
 

Seed Treatment Uses:  The amount of seed handled (for both primary/treater and 
secondary/planter handlers) is based on HED ExpoSAC Policy 15.2. 

 
Refer to Table 11.1.1. and Table 11.1.2. for these assumptions for each scenario. 
 
Exposure Duration: HED classifies exposures from 1 to 30 days as short-term and exposures 30 
days to six months as intermediate-term.  Exposure duration is determined by many things, 
including the exposed population, the use site, the pest pressure triggering the use of the 
pesticide, and the cultural practices surrounding that use site.  For most agricultural uses, it is 
reasonable to believe that occupational handlers will not apply the same chemical every day for 
more than a one-month time frame; however, there may be a large agribusiness and/or 
commercial applicators who may apply a product over a period of weeks (e.g., completing 
multiple applications for multiple clients within a region).  For NAA, based on the registered 
uses, short- and intermediate-term exposure(s) is expected for occupational handlers. 
 

                                                           
13 Available: https://www.epa.gov/sites/production/files/2018-06/documents/opp-hed-pesticide-handler-surrogate-unit-
exposure-table-june-2018.pdf 
14 Available: https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/occupational-pesticide-handler-exposure-data 
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Personal Protective Equipment:  Estimates of inhalation exposure were calculated for various 
levels of PPE.  Results are presented for “baseline,” defined as a single layer of clothing 
consisting of a long-sleeved shirt, long pants, shoes plus socks, no protective gloves, and no 
respirator, as well as baseline with various levels of PPE as necessary (e.g., gloves, respirator, 
etc).  The NAA product labels direct mixers, loaders, applicators and other handlers to wear 
baseline attire and chemical-resistant gloves.  Additional PPE, such as a protective eyewear, is 
listed on several labels. 
 
Occupational Handler Non-Cancer Exposure and Risk Estimate Equations 
 
The algorithms used to estimate non-cancer exposure and dose for occupational handlers can be 
found in Appendix C. 
 
Combining Exposures/Risk Estimates: 
 
Only inhalation risks were quantitatively assessed since a dermal POD was not selected for NAA.   
 
Summary of Occupational Handler Non-Cancer Exposure and Risk Estimates 
 
Only occupational inhalation risks were assessed since a dermal POD was not selected for NAA.  
The short- and intermediate-term inhalation risk estimates for the occupational handlers are 
greater than HED’s LOC (i.e., MOEs ≥ 1,000) at baseline attire (i.e., no respirator), except for 
mixing/loading/applying wettable powder formulations for mechanically pressurized handgun 
applications (drench/soil/ground-directed) when applying 0.0011 lb ai/gallon of NAA to 
orchard/vineyard (apple, pear); (MOE = 460).  With the addition of PPE, such as a protection 
factor (PF)10 respirator, the MOEs range from 2,100 to 1,100,000,000 and are greater than 
HED’s LOC (i.e., MOEs ≥ 1,000).   
 
For the seed treatment uses of NAA, all of the occupational handler inhalation MOEs are greater 
than HED’s LOC (i.e., MOEs ≥ 1,000) at baseline (i.e., no respirator); the MOEs range from 
2,600,000 to 78,000,000. 
 
The Agency matches quantitative occupational exposure assessment with appropriate 
characterization of exposure potential. While HED presents quantitative risk estimates for human 
flaggers where appropriate, agricultural aviation has changed dramatically over the past two 
decades. According the 2012 National Agricultural Aviation Association (NAAA) survey of 
their membership, the use of GPS for swath guidance in agricultural aviation has grown steadily 
from the mid 1990’s. Over the same time period, the use of human flaggers for aerial pesticide 
applications has decreased steadily from ~15% in the late 1990’s to only 1% in the most recent 
(2012) NAAA survey. The Agency will continue to monitor all available information sources to 
best assess and characterize the exposure potential for human flaggers in agricultural aerial 
applications. 
 
HED has no data to assess exposures to pilots using open cockpits.  The only data available is for 
exposure during aerial applications (covering both airplanes and helicopters) of liquid 
formulations to pilots in enclosed cockpits (data from AHETF) and of granule formulations in 
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enclosed cockpits (data from PHED).  Therefore, risks to pilots are assessed using the 
engineering control (enclosed cockpits) and baseline attire (long-sleeved shirt, long pants, shoes, 
and socks); use of the data in this fashion is consistent with  the Agency’s Worker Protection 
Standard (WPS) stipulations for engineering controls, which says label-required PPE for 
applicators can be reduced when using an enclosed cockpit (40 CFR 170.240(d)(6)(iii)) as well 
as a provision regarding use of gloves for aerial applications (40 CFR 170.240(d)(6)(i)), which 
says pilots are not required to wear protective gloves for the duration of the application.  With 
this level of protection, there are no risk estimates of concern for applicators. 
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11.2 Occupational Post-application Exposure/Risk Estimates 
 
Occupational post-application dermal exposure was not assessed for NAA since a dermal POD 
was not selected.  
 
Dislodgeable Foliar Residue (DFR):  In accordance with the updated Part 158 data requirements 
(2007), one or more DFR studies are required when a pesticide has residential or occupational 
uses that could result in post-application dermal exposure.  Since there is no hazard via the 
dermal route of exposure, a non-cancer dermal post-application risk assessment was not 
performed for NAA.  Therefore, DFR studies are not needed for NAA at this time.  If the PODs 
change, the need for DFR studies may be reevaluated in the future to refine the post-application 
assessment. 
 
11.2.1 Occupational Post-application Inhalation Exposure/Risk Estimates 
 
There are multiple potential sources of post-application inhalation exposure to individuals 
performing post-application activities in previously treated fields. These potential sources 
include volatilization of pesticides and resuspension of dusts and/or particulates that contain 
pesticides.  The Agency sought expert advice and input on issues related to volatilization of 
pesticides from its Federal Insecticide, Fungicide, and Rodenticide Act Scientific Advisory Panel 
(SAP) in December 2009, and received the SAP’s final report on March 2, 2010 
(http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2009-0687-0037).  The 
Agency has evaluated the SAP report and has developed a Volatilization Screening Tool and a 
subsequent Volatilization Screening Analysis 
(https://www.regulations.gov/#!docketDetail;D=EPA-HQ-OPP-2014-0219).  During 
Registration Review, the Agency will utilize this analysis to determine if data (i.e., flux studies, 
route-specific inhalation toxicological studies) or further analysis is required for NAA. 
 
In addition, the Agency is continuing to evaluate the available post-application inhalation 
exposure data generated by the Agricultural Reentry Task Force.  Given these two efforts, the 
Agency will continue to identify the need for and, subsequently, the way to incorporate 
occupational post-application inhalation exposure into the Agency's risk assessments. 
 
Furthermore, inhalation exposure during dusty mechanical activities such as shaking and 
mechanical harvesting is another potential source of post-application inhalation 
exposure.  However, the airblast applicator scenario is believed to represent a reasonable worst 
case surrogate estimate of post-application inhalation exposure during these dusty mechanical 
harvesting activities.  The non-cancer inhalation risk estimate for commercial airblast application 
is not of concern (i.e., MOE > 1000). 
 
The Worker Protection Standard for Agricultural Pesticides contains requirements for protecting 
workers from inhalation exposures during and after greenhouse applications through the use of 
ventilation requirements.[40 CFR 170.110, (3) (Restrictions associated with pesticide 
applications)] 
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A post-application inhalation exposure assessment is not required for seed treatment uses as 
exposure is expected to be negligible.  Seed treatment assessments provide quantitative 
inhalation exposure assessments for seed treaters and secondary handlers (i.e., planters).  It is 
expected that these exposure estimates would be protective of any potential low-level post-
application inhalation exposure that could result from these types of applications. 
 
Restricted Entry Interval 
 
NAA has low acute toxicity via the oral, inhalation and dermal routes of exposure (Toxicity 
Category III or IV). NAA is not a skin irritant (Toxicity Category IV) or a dermal sensitizer. 
However, eye irritation was severe in animals exposed to naphthaleneacetic acid and NAA 
sodium salt products (Toxicity Category I), while exposure to NAA ethyl ester and NAA 
acetamide led to mild, transient irritation (Toxicity Category IV). Under 40 CFR 156.208 (c) (2), 
ai’s classified as Acute I for eye irritation are assigned a 48-hour REI.  Therefore, the [156 
subpart K] Worker Protection Statement interim REI of 48 hours is adequate to protect 
agricultural workers from post-application exposures to NAA.  HED would recommend a REI of 
48 hours for products containing the naphthaleneacetic acid and NAA sodium salt products.  The 
currently registered labels have REIs of 12, 24, or 48 hours.   
 
12.0     Incident and Epidemiological Data Review  
 
1-Naphthaleneacetic Acid (NAA) incidents were previously reviewed in 2014 (E. Evans and S. 
Recore, 23-JUL-2014, D421705).  At that time, no NAA incident cases were reported to either 
Incident Data System (IDS) or NIOSH Sentinel Event Notification System for Occupational Risk 
(SENSOR)-Pesticides and further investigation was not warranted. 
 
In the current five-year IDS analysis from January 1, 2014 to October 23, 2019, there were no 
incidents reported that involved the active ingredient NAA. In aggregate IDS for the five years 
from January 1, 2014 to October 23, 2019, there was one incident reported involving NAA 
(056001).  This incident was classified as minor severity. A query of SENSOR-Pesticides 1998-
2015 identified 24 cases involving NAA.   
 
The Agricultural Health Study (AHS) is a federally-funded study that evaluates associations 
between pesticide exposures and cancer and other health outcomes and represents a collaborative 
effort between the US National Cancer Institute (NCI), National Institute of Environmental 
Health Sciences (NIEHS), CDC’s National Institute of Occupational Safety and Health 
(NIOSH), and the US EPA.  NAA is not included in the AHS, and therefore this study does not 
provide information for this report. 
 
Based on the continued low frequency of NAA incidents reported to both IDS and SENSOR-
Pesticides, there does not appear to be a concern at this time.  The Agency will continue to 
monitor the incident data and if a concern is triggered, additional analysis will be conducted. For 
additional information on the information found in the databases, see the memo “1-
Naphthaleneacetic acid (NAA): Tier I Update Review of Human Incidents and Epidemiology for 
Draft Risk Assessment” (S. Recore, 25-NOV-2019, D455115). 
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13.0 References 
 

Table 13.0.  References. 
Author Barcode Date Title 

B. Cropp-Kohlligian 
et.al. D445386 03-DEC-2018 

Naphthalene Acetates.  Human Health Risk Assessment 
for Proposed Amended Uses of Naphthaleneacetic 
Acid, Potassium Salt (PC Code 056003) on Mandarins 
(Tangerines, Tangelos, Tangors, and Clementines) and 
Oranges and a New End-Use Product Registration.  

Austin Wray et al.  D423654, 
D423656 18-NOV-2015 Naphthalene Acetates:  Human Health Risk Assessment 

for a Proposed New Use on Pomegranate. 

T. Morton D426996 18-NOV-2015 

Naphthalene Acetates- Chronic Dietary and Drinking 
Water Exposure and Risk Assessment for Section 3 
New Use of Naphthalene Acetic Acid-ester on 
Pomegranate 

Z. Ruge D454904 05-NOV-2019 

Naphthaleneacetic Acid and Its Sodium, Potassium, and 
Ammonium Salts, Ethyl Ester, and Acetamide: 
Drinking Water Assessment (DWA) for Registration 
Review 

B. Cropp-Kohlligian D448272 28-NOV-2018 

Naphthaleneacetic Acid, Potassium Salt (NAA-K). New 
Product Registration with Amended Uses on Mandarins 
(Tangerines, Tangelos, Tangors, and Clementines) and 
Orange. Summary of Analytical Chemistry and Residue 
Data. 

G. Otakie  D217162 06-NOV-2003 

Naphthaleneacetic Acid, Salts, Ester and Acetarnide 
(056001, 056002, 056003, 056004, 056007, and 
056008); Various Naphthaleneacetic Acid 
Studies/DER's (See List Below). DP Barcodes # (See 
List Below). Case 0379. MRID Nos.(See List Below). 

G. Otakie D293239 18-NOV-2003 
1-Naphthaleneacetic Acid (NAA), Its Salts, Ester, and 
Acetarnide. RED - Reregistration Eligibility Decision: 
Product Chemistry Considerations 

A. Habtemichael D455451 16-DEC-2019 Naphthalene Acetates- Summary of Waiver Request for 
Olive Oil Storage Stability Data.   

M. Hawkins D454588 16-DEC-2019 
1-Naphthaleneacetic Acid, Its Salts, Ester, and 
Acetamide (NAA). Occupational and Residential 
Exposure Assessment for Registration Review. 

S. Recore  D455115 25-NOV-2019 
1-Naphthaleneacetic acid (NAA): Tier I Update Review 
of Human Incidents and Epidemiology for Draft Risk 
Assessment 

 
 
  

































NAA Draft Human Health Risk Assessment  D453612 

Page 58 of 89 
 

A.3 Literature Search for NAA 
  
Date and Time of Search: 07/23/2019; 11:42 am 
Search Details: 
(“1-Naphthaleneacetic acid”) AND (rat OR mouse OR dog OR rabbit OR monkey OR mammal) 
 
Citations Identified in PubMed*: 28 
SWIFT-Review**Tags:   
Number of Swift Articles: 20 for Animal 
Number of Swift Articles:  14 for Human 
Number of Swift Articles:  0 for No Tag  
 
Date and Time of Search:  07/23/2019; 11:30 am 
Search Details: 
((“1-Naphthaleneacetamide”) AND (rat OR mouse OR dog OR rabbit OR monkey OR 
mammal)) 
 
Citations Identified in PubMed*: 2 
SWIFT-Review**Tags:   
Number of Swift Articles:   0 for Animal 
Number of Swift Articles:   0 for Human 
Number of Swift Articles:   0 for No Tag  
 
Other searches of note: 
056001 - 1-Naphthaleneacetamide     PubMed hits: 2 
056002 - 1-Naphthaleneacetic acid    PubMed hits: 28 
056003 - Potassium 1-naphthaleneacetate PubMed hits: 0 
056004 - Ammonium 1-naphthaleneacetate PubMed hits: 0 
056007 - Sodium 1-naphthaleneacetate PubMed hits: 0 
056008 - Ethyl 1-naphthaleneacetate PubMed hits: 0 
 
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 NAA 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 B.  Physical/Chemical Properties  
 
Table B.1.  Physicochemical Properties of the Naphthalene Acetates 
Parameter Value Reference 
Active Ingredient NAA acetamide 
Melting point/range 182-184 °C Farm Chemicals Handbook 
pH of 1% aqueous suspension 5.1 Product CSF 
Density or specific gravity 0.221 g/cm3 Product CSF 
Water solubility  (20 °C) not available  
Solvent solubility (20 °C) not available  
Vapor pressure at 20 °C not available  
Dissociation constant (pKa) not available  
Octanol/water partition coefficient (Kow) not available  
UV/vis  absorption spectrum not available  
Active ingredient NAA 
Melting point/range 130 °C Farm Chemicals Handbook 
pH of 1% aqueous suspension 3.45 RD B. Kitchens, 15-MAY-2000, 

D265117 
Density or specific gravity 0.45 g/mL CB Nos. 3468 and 3469, 6/3/88, F. 

Suhre 
Water solubility  (26 °C) 0.042 g/100 mL CB Nos. 3468 and 3469, 6/3/88, F. 

Suhre 
Solvent solubility (26 °C) xylene 5.5 g/100 mL 

CCl4 1.06 g/100 mL 
freely soluble in acetone, 
ether, and chloroform 

CB Nos. 3468 and 3469, 6/3/88, F. 
Suhre 
 
Farm Chemicals Handbook 

Vapor pressure at 20 °C 0.3 mm Hg at 26 °C CB Nos. 3468 and 3469, 6/3/88, F. 
Suhre 

Dissociation constant (pKa) 3.16 x 10-4 CB Nos. 3970 and 3971, 7/5/88, 
F. Suhre 

Octanol/water partition coefficient (Kow) not applicable; polar 
compound 

 

UV/vis  absorption spectrum not available  
Active ingredient NAA sodium salt 
Melting point/range >300 °C CB Nos. 3468 and 3469, 6/3/88, F. 

Suhre 
pH of 1% aqueous suspension 9.1 CB Nos. 3468 and 3469, 6/3/88, F. 

Suhre 
Density or specific gravity 0.46 g/mL CB Nos. 3468 and 3469, 6/3/88, F. 

Suhre 
Water solubility  (26 °C) 340 g/100 mL CB Nos. 3468 and 3469, 6/3/88, F. 

Suhre 
Solvent solubility (26 °C) insoluble in nonpolar 

solvents 
CB Nos. 3468 and 3469, 6/3/88, F. 
Suhre 

Vapor pressure at 20 °C not available  
Dissociation constant (pKa) 3.16 x 10-4 CB Nos. 3970 and 3971, 7/5/88, F. 

Suhre 
Octanol/water partition coefficient (Kow) not applicable; polar 

compound 
 

UV/vis  absorption spectrum not available  



NAA Draft Human Health Risk Assessment  D453612 

Page 60 of 89 
 

Table B.1.  Physicochemical Properties of the Naphthalene Acetates 
Parameter Value Reference 
Active ingredient NAA ethyl ester 
Boiling point/range >150 °C Old un-reviewed Union Carbide data 
pH of 1% aqueous suspension not available  
Density or specific gravity 1.11 at 20 °C Old un-reviewed Union Carbide data 
Water solubility  (26 °C) insoluble Old un-reviewed Union Carbide data 
Solvent solubility soluble in xylene, toluene, 

ethanol, acetone, and methyl 
ethyl ketone 

Old un-reviewed Union Carbide data 

Vapor pressure at 20 °C not available  
Dissociation constant (pKa) not available  
Octanol/water partition coefficient (Kow) not available  
UV/vis  absorption spectrum not available  
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Appendix C.  Summary of Occupational and Residential Non-cancer Algorithms 
 
Residential Non-cancer Post-application Algorithms 
 
Post-application Hand-to-Mouth Exposure Algorithm– Physical Activities on Turf 
Exposure from hand-to-mouth activity is calculated as follows (based on the algorithm utilized in 
the SHEDS-Multimedia model): 
 

E = [HR * (FM * SAH) * (ET * N_Replen) * (1- (1- SE)(Freq_HtM/N-Replen))] 
 
where: 
 
E = exposure (mg/day); 
HR = hand residue loading (mg/cm2); 
FM = fraction hand surface area mouthed / event (fraction/event); 
SAH = typical surface area of one hand (cm2); 
ET = exposure time (hr/day); 
N_Replen = number of replenishment intervals per hour (intervals/hour); 
SE = saliva extraction factor (i.e., mouthing removal efficiency); and 
Freq_HtM = number of hand-to-mouth contacts events per hour (events/hour). 
 
and 
 

 
2 * SA
DE * Fai

  HR
H

hands=   

 
where: 
 
HR = hand residue loading (mg/cm2); 
Faihands  = fraction ai on hands compared to total surface residue from dermal transfer coefficient 
study (unitless); 
DE = dermal exposure (mg); and 
SAH = typical surface area of one hand (cm2). 
 
Dose, normalized to body weight, is calculated as: 
 
 

BW
ED =    

where: 
D = dose (mg/kg-day); 
E = exposure (mg/day); and 
BW = body weight (kg). 
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A = area treated or amount handled (e.g., A/day, gal/day). 
  
The daily doses are calculated using the following formula: 
 

ADD= 
 E * AF

BW
 

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

MOE= 
POD
ADD

 
 
 
where: 
 
MOE = margin of exposure: value used by HED to represent risk estimates (unitless), 
POD = point of departure (mg/kg/day), and 
ADD = average daily dose absorbed in a given scenario (mg ai/kg/day). 
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Appendix H.  Submittal of Analytical Reference Standards 
 
 
Analytical standards for (NAA salts): NAA acetamide, NAA potassium salt, NAA sodium salt, 
NAA ammonium salt and NAA ethyl ester are not currently available and should be submitted to 
National Pesticide Repository (Email communication with G. Verdin, 4/11/2019). 
 
As reminder to the petitioner, supplies of analytical standards must be replenished as requested 
by the repository.  The reference standards should be sent to the Analytical Chemistry Lab, 
which is located at Fort Meade, to the attention of Theresa Cole at the following address: 
    
               USEPA 
    National Pesticide Standards Repository/Analytical Chemistry Branch/OPP 
    701 Mapes Road 
    Fort George G. Meade, MD  20755-5350 
 
(Note that the mail will be returned if the extended zip code is not used.) 
 
 
 
 


