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Introduction   
 
As part of Registration Review, the Pesticide Re-Evaluation Division (PRD) of OPP has requested that 
the Health Effects Division (HED) evaluate the hazard and exposure data and conduct occupational and 
residential exposure assessments, as needed, to estimate the risk to human health that will result from 
the registered uses of mancozeb. Mancozeb has a metabolite/degradate, ethylenethiourea (ETU); 
therefore, this memorandum serves as HED’s Registration Review occupational and residential 
exposure and risk assessment of mancozeb and mancozeb-derived ETU resulting from the registered 
uses of mancozeb. 
 
This memo supersedes the previous memo (D465683, D. Carter, 02/10/2023) and incorporates minor 
changes in the occupational risk summary tables and the addition of wine and juice grapes to the 
occupational post-application assessment. 
 
It is HED policy to use the best available data to assess exposure. Several sources of generic data were 
used in this assessment as surrogate data in the absence of chemical-specific data, including Pesticide 
Handlers Exposure Database Version 1.1 (PHED 1.1); the Agricultural Handler Exposure Task Force 
(AHETF) database; the Outdoor Residential Exposure Task Force (ORETF) database; the Agricultural Re-
entry Task Force (ARTF) database; ExpoSAC Policies 14 and 15.2 (SOPs for Seed Treatment); the 
Residential SOPs (Lawns/Turf, Gardens/Trees), other registrant-submitted exposure monitoring studies 
(44958501, 44959601, 44959602, 44959603, 44961701). Some of these data are proprietary, and 
subject to the data protection provisions of the Federal Insecticide, Fungicide, and Rodenticide Act 
(FIFRA). 
 
Note:  This memorandum was originally reviewed by the Exposure Science Advisory Committee 
(ExpoSAC) on 10/15/2020.  
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1.0 Executive Summary 
 
Mancozeb (a coordination product of zinc ion and manganese ethylene bisdithiocarbamate) is a 
member of the ethylene bisdithiocarbamate (EBDC) group of fungicides, which includes the related 
active ingredients maneb and metiram. All of these compounds have a common metabolite/degradate, 
ethylenethiourea (ETU). Mancozeb is used as a broad-spectrum fungicide in agriculture, professional 
turf management, and horticulture. 
 
Use Profile 
Mancozeb is currently registered for foliar use on a wide variety of agricultural use sites including fruit 
trees, nuts, grains, herbs and spices, fruit and vegetable crops, as well as on ornamentals (professional, 
commercial, and/or production nurseries and greenhouses) and turfgrass (including golf courses 
and sod farms). Mancozeb is also registered for use as a seed treatment for a variety of crops. 
Mancozeb is formulated as a wettable powder (WP), dry flowable (DF), liquid, water soluble packet 
(WSP), and dust (D). It may be applied by handheld, ground, aerial and chemigation equipment. Seed is 
treated with commercial and on-farm equipment. All registered labels require handlers to wear 
baseline attire (i.e., long-sleeve shirt, long pants, shoes, and socks) with varying levels of personal 
protective equipment (PPE) including chemical resistant gloves, chemical resistant footwear, protective 
eyewear, and respirator. Mancozeb has numerous registered Section 3 labels along with multiple 
Special Local Need (SLN) labels which are also considered in this assessment. The restricted entry 
interval (REI) on all registered labels ranges from 12 to 48 hours.  
 
There are no registered uses of ETU, however, exposure to ETU is included in this assessment as it is a 
metabolite/degradate of mancozeb.  
 
Exposure Profile 
Based on the registered use sites, there is the potential for occupational and residential/non-
occupational exposures to both mancozeb and mancozeb-derived ETU. Short- (1 to 30 days) and 
intermediate-term (1 to 6 months) dermal and inhalation exposures are anticipated for occupational 
handlers and post-application re-entry workers. Short-term dermal (adults and children) post-
application exposures are expected following professional applications to golf courses. Residential 
handler exposures, however, are not anticipated. Potential non-occupational 
(dermal for adults, dermal and incidental oral for children) exposures from spray drift are expected to 
be short-term only. 
 
Hazard Characterization 
 
Mancozeb 
The subchronic oral toxicity study in rats was used for the selection of the mancozeb short-term 
incidental oral endpoint and is based on decreased T4 observed in female rats [lowest observed 
adverse effect level (LOAEL) = 20 mg/kg/day; no observed adverse effect level 
(NOAEL) = 10 mg/kg/day]. The level of concern (LOC) = 30 [3X to account for interspecies 
extrapolation (reduced based on toxicodynamic differences in human vs. rat thyroid function), 10X to 
account for intra-species variation, and 1X Food Quality Protection Act (FQPA) Safety Factor (SF)].   
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No systemic toxicity was observed in a dermal toxicity study in rats up to the limit dose (1,000 
mg/kg/day). All developmental effects observed in the developmental neurotoxicity (DNT), 
developmental rat, and developmental rabbit studies, when converted to dermal equivalents using a 
dermal absorption factor (DAF) of 1%, resulted in dermal doses greater than the limit dose (1,500-
12,800 mg/kg/day). Therefore, quantification of dermal risk is not required for mancozeb.   
 
The subchronic inhalation study was selected for the short- and intermediate-term inhalation endpoint 
and was based on decreased T4 and thyroid hyperplasia in females [lowest observed adverse effect 
concentration (LOAEC) = 0.391 mg/L; no observed adverse effect concentration (NOAEC) = 
0.095 mg/L)]. Human-equivalent concentrations (HECs) and human-equivalent doses (HEDs) were 
calculated using the NOAEC and the regional deposited-dose ratio (RDDR) was based on the route-
specific study. The LOC is 10 [1X to account for interspecies extrapolation (10X reduced to 1X due to 
the calculation of HECs accounting for pharmacokinetic interspecies differences and 
the toxicodynamics interspecies differences in the human vs. rat thyroid function), 10X to account for 
intra-species variation, and 1X FQPA SF]. 
 
ETU  
The short-term incidental oral, short- and intermediate-term inhalation, and short- and intermediate-
term dermal endpoint was selected from an extended one-generation reproductive toxicity study 
(EOGRTS) in rats with a LOAEL of 0.2 mg/kg/day (a NOAEL was not established). The LOC = 300 (3X to 
account for interspecies extrapolation, 10X to account for intra-species variation, and 10X FQPA SF). A 
DAF of 6% was used for the dermal assessment.   
 
Combining Endpoints 
Mancozeb: Since the points of departure (PODs) chosen to evaluate the incidental oral and inhalation 
MOEs do share a common toxicological endpoint, exposures via these routes could be combined; 
however, a dermal endpoint was not selected and is therefore not considered when combining routes. 
 
ETU: Since the PODs chosen to evaluate the incidental oral, inhalation, and dermal exposure routes are 
based on the same study/share a common toxicological endpoint, exposures via these routes could be 
combined as appropriate. A total LOC of 300 was used since the LOCs for all three routes are the same; 
therefore, MOEs < 300 are of concern. 
 

Cancer Quantification (Adults) 
ETU is classified as a Group B2 carcinogen with a Q1* (0.0601 (mg/kg/day)-1) based on liver tumors in 
female mice. Because mancozeb is known to be converted to ETU, it has also been classified as Group 
B2 for carcinogenicity, and the ETU cancer potency factor is used for assessing cancer risk associated 
from mancozeb uses. All cancer assessments are based only on the presence of ETU residues. 
 
Residential Exposure and Risk Estimates 
 
Residential Handler Exposure 
All registered mancozeb product labels require that handlers wear specific clothing (e.g., long sleeve 
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.  
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Residential Post-Application Exposure and Risk 
There is the potential for post-application exposure to both mancozeb and mancozeb-derived ETU 
residues for individuals exposed as a result of being in an environment that has been previously 
treated with mancozeb. The quantitative exposure/risk assessment for residential post-application 
exposures is based on the registered golf course turf uses.  
 

Mancozeb: No dermal POD was selected for mancozeb at this time; therefore, a quantitative 
post-application dermal assessment is not required.  
 
ETU: A dermal residential post-application assessment was conducted for ETU. Results from a 
chemical-specific TTR study were incorporated into the post-application assessment for turf. 
The risk estimates indicate that the short-term dermal (adult and children 6 to <11 and children 
11 to <16 years old) MOEs are not of concern (i.e., MOEs > LOC of 300) with MOEs ranging from 
380 to 700.  

 
Residential Post-Application Cancer Exposure and Risk 

ETU: The risk estimate for adult dermal post-application exposure to golf course turf is 4x10-7. 
 
Non-Occupational Spray Drift 

Mancozeb: A quantitative non-occupational spray drift assessment for mancozeb was 
completed at this time. Although there is potential for both dermal (adults and children 1 to <2 
years old) and incidental oral (children 1 to <2 years old only) exposure, only an incidental oral 
assessment was completed at this time since a dermal endpoint was not selected for 
mancozeb. Incidental oral (children 1 to <2 years old) risk estimates were calculated using 
available chemical-specific TTR data. For children, incidental oral screening-level risk estimates 
were not of concern at the field edge for all scenarios with MOEs ranging from 530 to 2,200 
(LOC = 30). 
 
ETU: A quantitative non-occupational spray drift assessment for ETU was completed at this 
time. Dermal (adult) and combined dermal and incidental oral (children 1 to <2 years old) risk 
estimates were calculated using available chemical-specific TTR data. For adults, dermal 
screening-level risk estimates were not of concern at the field edge with MOEs ranging from 
420 to 1,700 (dermal LOC = 300). For children, combined dermal and incidental oral screening-
level risk estimates were of concern at the field edge for most scenarios with MOEs ranging 
from 140 to 590 (LOC = 300). The distances required for exposures to reach the LOC of 300 
range from 10 to 75 ft from the field edge.  

 
Occupational Exposure and Risk Estimates 
 
Occupational Handler Exposure and Risk 
Based on the anticipated use patterns and current labeling, types of equipment and techniques that 
can potentially be used, occupational handler exposure to mancozeb and mancozeb-derived ETU is 
expected from the registered uses. 
 

Mancozeb: Occupational handler non-cancer inhalation risk estimates for foliar uses indicate 
that the short- and intermediate-term inhalation MOEs are not of concern (i.e., MOEs ≥ LOC of 
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10) with baseline attire (i.e., no respirator). Occupational handler inhalation MOEs range 
from 28 to 4,300,000.  

 
Occupational handler non-cancer inhalation risk estimates for seed treatment uses indicate that 
the short- and intermediate-term inhalation MOEs are not of concern (i.e., MOEs ≥ LOC of 10) 
for most scenarios at baseline (i.e., no respirator) for commercial and on-farm seed 
treatment. Occupational handler inhalation MOEs range from 11 to 94,000 for commercial seed 
treatment and 7.1 to 120,000 for on-farm seed treatment. One scenario (on-farm treating and 
planting potato seeds) is of concern at baseline (i.e., no respirator; MOE = 7.1) however, the 
scenario no longer of concern with the addition of a PF10 respirator (MOE = 71).  

 
ETU: Occupational handler non-cancer combined (dermal and inhalation) risk estimates for 
foliar uses indicate that the short- and intermediate-term combined dermal and inhalation 
MOEs are of concern (i.e., MOEs < LOC of 300) at baseline (i.e., single layer ) plus label-specified 
PPE (i.e., gloves and no respirator) several scenarios with MOEs ranging from 3.7 to 110,000 
(LOC = 300). Risk estimates considering maximum PPE (i.e., double/layer plus gloves and PF10 
respirator and/or engineering controls (ECs; i.e., closed systems, enclosed cockpits, etc.), where 
applicable, are still of concern (i.e., MOEs < LOC of 300) for some scenarios with MOEs ranging 
from 28 to 280. Considering maximum PPE or engineering controls where applicable, the MOEs 
range from 28 to 110,000 (LOC = 300). 

 
Occupational handler non-cancer combined (dermal and inhalation) risk estimates for seed 
treatment uses when using an open loading system for commercial seed treatment, do not 
reach acceptable combined (dermal + inhalation) MOEs (i.e., MOEs < 300) for 53 out 
of 60 scenarios assuming a worker is wearing a single layer of clothing, gloves and no respirator 
(i.e., the lowest level of clothing and PPE on some seed treatment labels). Risk estimates 
considering maximum PPE (i.e., double layer of clothing, gloves, and a PF10 respirator) are still 
of concern (i.e., MOEs < 300) for 49 scenarios (combined dermal + inhalation MOEs range from 
3 to 31,000). For on-farm seed treatment, 16 out of 23 scenarios do not reach an acceptable 
combined (dermal + inhalation) MOE (i.e., MOEs <300) at baseline (i.e., single layer and no 
respirator) plus label-specified PPE (i.e., gloves). Risk estimates considering maximum PPE (i.e., 
double layer of clothes, gloves, and a PF10 respirator) for 9 scenarios are still of concern with 
combined (dermal + inhalation) MOEs ranging from 4.9 to 100,000. A summary of the risk 
estimates can be found in Appendix F. 
 
It should be noted that many labels reviewed for these particular seed treatment uses included 
requirements for treaters and/or multiple activity workers to wear a respirator; however, this 
piece of equipment is not listed on all labels (see Appendix D for label-specific PPE). 
 

Occupational Handler Cancer Exposure and Risk 
ETU: The risk estimates for the foliar uses of mancozeb ranged from 7x10-4 to 4x10-8 for private 
growers/handlers (10 days of exposure/year) and 2x10-3 to 1x10-7 for commercial handlers (30 
days of exposure/year) with baseline attire (i.e., single layer and no respirator) plus label-
specified PPE (i.e., gloves).  
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The risk estimates for the seed treatment uses of mancozeb ranged from 5x10-4 to 3x10-8 for 
private growers (10 days of exposure/year) and 3x10-4 to 5x10-8 with baseline attire (i.e., single 
layer and no respirator) plus label-specified PPE (i.e., gloves) for commercial applicators (30 
days of exposure/year).  

 
Occupational Post-Application Dermal Exposure and Risk 
Occupational handler exposure to mancozeb and mancozeb-derived ETU is expected from the 
registered uses. 
 

Mancozeb: Occupational post-application dermal exposures are anticipated for the 
registered uses of mancozeb; however, a quantitative dermal assessment was not conducted 
for mancozeb as no toxicological POD was selected. 
 
ETU: Occupational post-application dermal exposures were assessed for ETU. For the 
occupational post-application assessment, chemical-specific TTR data and chemical-specific DFR 
data are available and were used to assess the metabolite, ETU. Risk estimates (i.e., MOEs) 
have been summarized in Section 8.2.2 by crop category due to the number of crops assessed; 
these categories include orchard crops, table and raisin grapes, field crops, and greenhouse 
crops.  

- Risk estimates for representative orchard crops range from 37 to 4,300 on 0-
DAT; risk estimates for 11 activities do not reach an acceptable MOE (i.e., MOE > 
LOC of 300) on 0-DAT (days after treatment). 

- Risk estimates for table and raisin grapes range from 16 to 1,300 on 0-DAT; risk 
estimates for 10 activities do not reach an acceptable MOE (i.e., MOE > LOC of 
300) on 0-DAT. 

- Risk estimates for representative field crops range from 93 to 12,000 on 0-DAT; 
risk estimates for 23 activities do not reach an acceptable MOE (i.e., MOE > LOC 
of 300) on 0-DAT. 

- Risk estimates for greenhouse vegetables and greenhouse crops are not of 
concern (i.e., MOE > LOC of 300) on 0-DAT. Risk estimates range from 490 to 
3,600.  

- Risk estimates for golf course and sod range from 150 to 1,700 on 0-DAT; risk 
estimates for 4 scenarios do not reach acceptable MOEs (i.e., MOE > LOC of 300) 
on 0-DAT. 
 

Occupational Post-Application Inhalation Exposure and Risk 
Based on the Agency's current practices, a quantitative non-cancer occupational post-application 
inhalation exposure assessment was not performed for mancozeb or ETU at this time. If new policies or 
procedures are put into place, the Agency may revisit the need for a quantitative occupational post-
application inhalation exposure assessment for mancozeb. 
 
Occupational Post-Application Dermal Cancer Exposure and Risk 

ETU: Risk estimates for orchard crops range from 7x10-6 to 5x10-8. Risk estimates for table and 
raisin grapes range from 2x10-5 to 2x10-7.  Risk estimates for all field crops range from 1x10-6 to 
1x10-8. Risk estimates for greenhouse vegetables and greenhouse crops range from 3x10-7 to 
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5x10-8. Risk estimates for golf course and sod range from 3x10-7 to 9x10-7. All risk estimates 
were calculated using a 30-day average dose. 

 
Human Studies Review 
This risk assessment relies in part on data from studies in which adult human subjects were 
intentionally exposed to a pesticide or other chemical. These data, which include studies from PHED 
1.1; the AHETF database; the Outdoor Residential Exposure Task Force (ORETF) database; the ARTF 
database; ExpoSAC Policy 14 (SOPs for Seed Treatment); the Residential SOPs (Lawns/Turf, 
Gardens/Trees); and other registrant-submitted exposure monitoring studies (44958501, 44959601, 
44959602, 44959603, 44961701), are (1) subject to ethics review pursuant to 40 CFR 26, (2) have 
received that review, and (3) are compliant with applicable ethics requirements. For certain studies, 
the ethics review may have included review by the Human Studies Review Board. Descriptions of data 
sources, as well as guidance on their use, can be found at the Agency website1.   
 
2.0 Risk Assessment Conclusions and Recommendations 
 
Mancozeb: There were no risk estimates of concern with the exception of one scenario for seed 
treatment (MOE = 7.1, LOC = 10); this scenario is no longer of concern with the addition of a PF10 
respirator (MOE = 71). 
 
ETU: There were risk estimates of concern identified for non-occupational spray drift and occupational 
(handler and post-application) exposure for ETU. 
 
2.1 Summary of Risk Estimates 
 
2.2 Label Recommendations  
 
HED notes that there were risk estimates of concern identified for occupational (handler and post-
application) scenarios, as well as spray drift scenarios. HED recommends that the REIs on the labels be 
reviewed to address post-application risks of concern. 
 
This risk assessment relies on a 2015 study by the Agricultural Handler Exposure Task Force (AHETF) 
that measured dermal and inhalation exposure for workers who mixed and loaded water-soluble 
packet pesticide products. Commensurate with the behaviors and practices represented by this data, 
labels for products formulated in water-soluble packaging should incorporate the Agency’s revised 
instructions for proper mixing and loading of water-soluble packets. This revised language is aimed at 
ensuring that water-soluble packets are allowed to dissolve in water via mechanical agitation as 
intended and prevent them from being ruptured by streams of water or other means. 
 
2.3 Data Deficiencies and Requirements 
 
None.     

 
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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4.0 Use and Exposure Profile  
 
Mancozeb: Mancozeb is currently registered for foliar use on a wide variety of use sites including trees, 
nuts, grains, herbs and spices, fruit and vegetable crops, as well as ornamentals (professional, 
commercial, and/or production nurseries and greenhouses) and turfgrass (including  golf 
courses and sod farms). Mancozeb is also registered for use as a seed treatment on a variety of crops. 
Mancozeb is formulated as a WP, DF, liquid, WSP, and D. It may be applied by handheld, ground, aerial 
and chemigation equipment. Seed is treated with commercial and on-farm equipment. Mancozeb has 
numerous registered labels along with multiple SLN labels which are also considered in this 
assessment. All registered labels require handlers to wear baseline attire (i.e., long-sleeve shirt, long 
pants, shoes, and socks) with varying level of PPE including: chemical resistant gloves, chemical 
resistant footwear, protective eyewear, respirator, and water-soluble packaging. The REI on all 
registered labels ranges from 12 to 48 hours. 
 
A summary of the representative registered commercial end-use products and use sites for mancozeb 
are provided in Appendix A for the agricultural uses, non-agricultural and residential uses, and seed 
treatment uses of mancozeb. This summary has been compiled based primarily on the Biological and 
Economic Analysis Division’s (BEAD’s) Pesticide Label Use Summary (PLUS) Report (05/12/2020) and a 
review of several labels identified in that report. 
 
ETU3:  There are no registered uses of ETU, however, as already noted, exposure to ETU is included in 
this assessment as it is a metabolite/degradate of mancozeb. Exposure to ETU can occur via multiple 
sources: 
 

1. For occupational handlers, mancozeb can produce ETU even prior to being applied because it 
can degrade in the water of spray solutions, then further degradation can occur during 
application. Therefore, factors to account for this degradation and the potential for direct ETU 
exposures were used for mixer/loaders and applicators.  

2. ETU can also be found as an environmental degradate in post-application monitoring studies on 
agricultural crops and turf, so the Agency has also evaluated direct exposures to post-
application workers and in residential settings as appropriate.  

3. Finally, ETU can be formed in the human body via various metabolic pathways after the parent 
compound is absorbed. The contributions of this metabolic conversion are also considered in 
the assessment for ETU for both occupational handlers and occupational and residential post-
application exposures. 

 
To address the level of ETU exposures to those that prepare (i.e., mixer/loaders) and spray 
(i.e., applicators) mancozeb, the Agency required a series of tank mix stability studies that 
have been reviewed previously. There were 2 critical documents that the Agency considered when 
determining which conversion/degradation factors to use. These included: 
 

 Updated Occupational and Residential Exposure Assessment for EBDC Final Determination (HED #2-
0015); Author: Steve Knott to Kathleen Martin, Special Review Manager, Special Review and 

 
3  Description of the sources of ETU pulled from D286871, J. Dawson, 05/13/2003 
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somewhat differently by HED as homeowners are assumed to complete all elements of an application 
without use of any protective equipment. 
 
All registered mancozeb product labels with residential use sites (e.g., turf, ornamentals, and cut 
flowers) require that handlers wear specific clothing (e.g., long sleeve 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. 
 
5.2 Residential Post-application Exposure/Risk Estimates 
 
There is the potential for post-application exposure to both mancozeb and mancozeb-derived ETU for 
individuals exposed as a result of being in an environment that has been previously treated with 
mancozeb. The quantitative exposure/risk assessment for residential post-application exposures is 
based on registered turf uses. Adults and children who come into contact with treated turf after 
application (e.g. golfing may receive dermal and/or incidental oral exposure to mancozeb and ETU 
residues).  
 
No dermal POD was selected for mancozeb at this time; therefore, a quantitative post-application 
dermal assessment is not required.  
 
A dermal POD was selected for ETU; therefore, a dermal post-application assessment for the 
metabolite was conducted.  
 
The lifestages selected for each post-application scenario are based on an analysis provided as an 
Appendix in the 2012 Residential SOPs5. 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 SOPsError! 

Bookmark not defined.. 
 
Application Rate: Maximum application rates can be found in Appendix D. For the residential post-
application assessment for exposure to treated turf, a maximum application rate of 17.4 lb ai/A was 
used in the assessment.  
 
Exposure Duration:  Residential post-application exposure is expected to be short-term in duration.   
 
Turf Transferable Residues (TTR):  Chemical-specific TTR data for liquid formulations conducted in 
North Carolina, Pennsylvania, and California were submitted in 2000 and reviewed for mancozeb and 
ETU and were determined to be acceptable for risk assessment. Further information can be found in 
Appendix E, and summary tables have been provided below. 

 
5  Available: http://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/standard-operating-procedures-

residential-pesticide 
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individuals because of existing label language and other regulatory requirements intended to prevent 
them.7  Direct exposures would include inhalation of the spray plume or being sprayed directly. Rather, 
the exposures addressed here are thought to occur indirectly through contact with impacted areas, 
such as residential lawns, when compliant applications are conducted. Given this premise, exposures 
for children (1 to 2 years old) and adults who have contact with turf where residues are assumed to 
have deposited via spray drift thus resulting in an indirect exposure are the focus of this analysis 
analogous to how exposures to turf products are considered in risk assessment.  
 
In order to evaluate the drift potential and associated risks, an approach based on drift modeling 
coupled with techniques used to evaluate residential uses of pesticides was utilized. Essentially, a 
residential turf assessment based on exposure to deposited residues has been completed to address 
drift from the agricultural applications of mancozeb and ETU. 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). Section 6.1 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.  
 
6.1 Combined Risk Estimates from Lawn Deposition Adjacent to Applications 
 
The spray drift risk estimates are based on an estimated deposited residue concentration as a result of 
the screening level agricultural application scenarios. Mancozeb (which degrades to ETU) is used on 

 
7  This approach is consistent with the requirements of the EPA’s Worker Protection Standard. 
8  https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/models-pesticide-risk-assessment#AgDrift   
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numerous crops and can be applied via airblast, groundboom, and aerial equipment. The 
recommended drift scenario screening level options are listed below:  
 

 Groundboom applications are based on the AgDrift option for high boom height and using very 
fine to fine spray type using the 90th percentile results.  

 Orchard airblast applications are based on the AgDrift option for Sparse (Young/Dormant) tree 
canopies. 

 Aerial applications are based on the use of AgDrift Tier 1 aerial option for a fine to medium 
spray type and a series of other parameters which will be described in more detail below (e.g., 
wind vector assumed to be 10 mph in a downwind direction for entire application/drift event).9 

 
Adult dermal and children (1 to <2 years old) dermal, incidental oral, and combined (dermal + oral) 
exposures resulting from spray drift residues were estimated using chemical-specific TTR data. For ETU, 
children (1 to <2 year old) dermal and incidental oral risk estimates were combined because the 
toxicity endpoint for each route of exposure was based on the same study and effect. Exposures were 
considered for 50 feet wide lawns where the nearest side of the property was directly adjoining the 
treated field (at field edge) and at varied distances up to 300 feet downwind of a treated field. Results 
are presented in Tables 6.1.1 – 6.1.2 and indicate that there are some risks of concern at the field edge. 
The algorithms used in the spray drift assessment are presented in Appendix C. 
 
Combining Exposures/Risk Estimates: 
Mancozeb: Dermal and incidental oral exposures are anticipated; however, there is no dermal 
endpoint selected. Therefore, only incidental oral exposures have been quantitatively assessed and 
there are no additional routes to combine.  
 
ETU: Dermal and incidental oral risk estimates were combined for children in this assessment, since the 
toxicological effects for these exposure routes were similar. 
 
Non-Occupational Spray Drift Exposure and Risk Estimate Equations 
The algorithms used to estimate non-cancer exposure and dose for occupational handlers can be found 
in Appendix C. 
 
Summary of Non-Occupational Spray Drift Exposure and Risk Estimates 
Tables 6.1.1-6.1.2. present the non-occupational screening level spray drift exposure risk estimates for 
both dermal (adult and children 1 to < 2 years old) and combined dermal and incidental oral (children 1 
to < 2 years old only) for mancozeb and ETU. Risk estimates were calculated using chemical-specific 
TTR data as outlined in Section 5.1. A full summary of risk estimates can be found in Appendix C, Tables 
C-6 to C-8. 
 
Mancozeb: For children, incidental oral screening-level risk estimates were not of concern at the field 
edge for all scenarios with MOEs ranging from 530 to 2,200 (LOC = 30). 
 

 
9  AgDrift allows for consideration of even finer spray patterns characterized as very fine to fine. However, this spray pattern 

was not selected as the common screening basis since it is used less commonly for most agriculture. 
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c   MOEs at various distances from field edge = incidental POD (0.2 mg/kg/day) ÷ Dose (mg/kg/day), where the incidental oral dose is calculated using the 
algorithms provided in the Turf Residential SOPs (http://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/standard-operating-procedures-
residential-pesticide), and the TTR used in the calculations is the estimated TTR * drift fraction of spray drift that deposits on lawns at various distances 
from the field edge (see Appendix B).  

 
7.0 Non-Occupational Bystander Post-Application Inhalation Exposure and Risk Estimates 
 
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 FIFRA 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 
(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 mancozeb. 
 
In addition to this screen, the Agency did a search to determine if available air monitoring data were 
available for mancozeb.  Mancozeb was included in air monitoring conducted by the Pesticide Action 
Network North America (PANNA) in Minnesota from June 2006 to August 2008 on potatoes. In 2008, a 
total of 10 field samples were selected from two sites in Frazee and one site in Perham and were sent 
to a commercial lab for analysis. Mancozeb was not detected and because these sampling and 
analytical methods could not be used to detect ETU, it is uncertain whether the mancozeb results (non-
detections) were due to degradation to ETU or whether overall mancozeb and ETU levels were not 
detectable.  (http://www.panna.org/sites/default/files/TechReport_MN-Drift_May2012-2.pdf) 
However, given that all results from the available post-application or ambient air monitoring data for 
mancozeb were less than the limit of detection (LOD), a quantitative assessment has not been 
conducted. 
 
8.0 Occupational Exposure and Risk Estimates 
 
8.1 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.   
 
In addition to foliar uses, he following commercial and on-farm seed treatment worker activities are 
anticipated and have been assessed: 
 
Commercial Seed Treatment (CST) – Treating: The CST-Treating scenario represents worker exposure 
while performing any combination of packaging, treating, or cleanout tasks, but not exclusively 
packaging or exclusively cleanout. This scenario includes several tasks, such as mixing and loading 
chemical, calibrating the treater, treating/coating the seed and sampling “wet” treated seed, that are 
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very critical to the CST process and generally involve just a few specially trained workers at each 
facility. Worker exposure associated with these scenario-specific tasks is predicted from the amount of 
active ingredient handled (AaiH). 
 
The CST-Treating dataset represents use of closed loading systems. HED does not have data to quantify 
exposure from the use of an open loading system. Exposure may be higher with use of an open loading 
system; however, it should be noted that workers did other activities beyond just loading chemical 
(e.g., calibrating treater, treating/coating seed, sampling “wet” treated seed). If open loading systems 
are used for commercial seed treatment, HED anticipates that the risk estimates may be higher than 
what is presented here. 
 
CST - Packaging: The CST-Packaging scenario represents worker exposure while performing one or 
more packaging tasks, but none of the treating or cleanout tasks. The packaging-related tasks 
identified include bagging, closing/sewing, tagging, stacking, and moving packaged seed via forklift. 
Worker exposure associated with these scenario-specific tasks is predicted from the amount of active 
ingredient handled (AaiH). 
 
CST - Cleaning: The CST-Cleaning scenario represents worker exposure while performing cleanout-
related tasks. Cleanout of seed-treating equipment is a task that can involve intensive contact with 
residue on equipment surfaces. Cleanout tasks might occupy a worker anywhere from a few minutes 
up to a large portion of the workday. The cleanout activity frequently involves intermittent cleanout 
tasks that occur for short durations periodically during a workday. If such workdays involve packaging 
and/or treating tasks as well, then total workday exposure would be described by the CST-Treating 
scenario. The CST-Cleaning scenario represents only those workers whose workday is exclusively 
devoted to cleanout activity. Worker exposure associated with these scenario-specific tasks is 
predicted from the active ingredient’s seed treatment application rate (AR) and the cleanout activity 
duration (AD) (AR x AD). 
 
CST-Loader/Planter: The CST-Loader/Planter scenario consists of handling purchased bags of 
commercially treated seed, loading the treated seed to a hopper or similar planting equipment, and 
planting seed in fields. During planting, the planter typically performs other tasks in addition to 
operating the equipment by driving the tractor through the field, such as making sure that the seed is 
properly planted (e.g., by checking seed depth and making adjustments or repairs as needed) or 
leveling the seed in the hopper as needed. It would also include any ‘background’ exposure such as 
contact with contaminated surfaces or equipment in the workday environment. Even though this 
scenario is identified as involving enclosed cab tractors only, the assumption is that there would be no 
meaningful difference in planter exposure between open versus closed cabs, and therefore, the same 
dataset is used for both. This assumption is based on the likelihood that most worker exposure while 
planting treated seeds is coming from activities occurring outside the planter/tractor cab (i.e., 
maintenance activities). Worker exposure associated with these scenario-specific tasks is predicted 
from the amount of active ingredient handled. 
 
On-Farm Seed Treatment and Planting with Liquids (OFST/P-L):  The OFST/P-L scenario involves 
workers that operate any on-farm seed treating equipment, including mixing, loading and application 
of liquid pesticides to untreated seed, and any associated tasks such as maintaining the treating 
equipment, and then planting the treated seed. The OFST/P-L scenario represents treatment of seed at 
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or immediately before planting using manual-style treating/planting equipment such as hopper-box, 
planter-box, and slurry-boxes as well as using commercial-style treatment equipment. The workers 
often perform tasks other than treating and planting during the monitoring period, including cleaning 
auger (mixing) systems or planters after treatment was finished, shoveling treated seed into augers or 
directly into a planter, checking augers or spray nozzle operation, fixing auger problems, spreading 
untreated seed in seed hoppers, checking seed depth during planting, adjusting seed equipment, and 
removing dirt build-up on the planter. Worker exposure associated with these scenario-specific tasks is 
predicted from the amount of active ingredient handled. 
 
On-Farm Seed Treatment and Planting with Solids (OFST/P-S):  The OFST/P-S scenario involves workers 
that operate any on-farm seed treating equipment, including mixing, loading and application of solid 
pesticides to untreated seed, and any associated tasks such as maintaining the treating equipment and 
then planting the treated seed. The OFST/P-S scenario is representative of hopper box (or similar “at-
plant” equipment) as well as commercial-style equipment used on-farm. The workers often perform 
tasks other than treating and planting during the monitoring period, including quickly cleaning the 
auger (mixing) system or planter after treatment was finished, shoveling treated seed into the auger or 
directly into a planter, fixing auger problems, spreading untreated seed in seed hopper, checking seed 
depth during planting, adjusting seed equipment, and removing dirt build-up on the planter. Worker 
exposure associated with these scenario-specific tasks is predicted from the amount of active 
ingredient handled. 
 
The on-farm seed treatment datasets represent use of open loading systems. HED does not have data 
to quantify exposure from the use of a closed loading system. Exposure may be lower with use of a 
closed loading system; however, it should be noted that workers did other activities beyond just 
loading chemical (e.g., loading treated seed into planters and planting). If closed loading systems are 
used for on-farm seed treatment, HED anticipates that the risk estimates may be lower than what is 
presented here. 
 
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: Maximum application rates can be found in Appendix D and the maximum 
application rate from the Section 3 labels for each occupational handler category was used in the 
assessment10. Maximum rates were also used for the cancer assessment; however, typical rates are 
likely more representative.   
 
Unit Exposures:   
It is the policy of HED to use the best available data to assess handler exposure.  Sources of generic 
handler data, used as surrogate data in the absence of chemical-specific data, include PHED 1.1, the 

 
10 For orchard/vineyard scenarios, there are 3 SLN labels (OR170001, WA090019, and WA120007) that allow a rate of 6.38 

lb ai/A which exceeds the rate (4.8 lb ai/A) on Section 3 labels; however, since there were risks of concern identified at a 
rate of 4.8 lb ai/A, the higher rate of 6.38 lb ai/A was not included in this assessment because it would only result in 
higher risks. 
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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 Table11”, 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 website12 and/or HED’s Exposure Science Advisory Council Policy 
14.1: Standard Operating Procedures for Seed Treatment13, which, along with additional information 
on seed treatment exposure assessment, can be found at the Agency website14. 
 
Area Treated or Amount Handled:  The inputs for area treated or amount handled for foliar treatment 
were based on information in ExpoSAC Policy 9.2 and are provided in Table D-2. For asparagus, caprifig, 
and potato dip treatments, which are not included in Policy 9.2, HED has made the assumption that the 
amount handled is 1,000 gallons of solution as a conservative approach. The inputs for amount of seed 
treated and the amount of seed planted were based on HED ExpoSAC Policy 15.2 and are provided in 
Table D-2. 
 
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 mancozeb and ETU, based on the registered uses, short- to intermediate-term exposures 
are expected; however, the PODs for short- and intermediate-term exposures are the same therefore, 
short-term exposure and risk estimates are protective of longer term durations. 
 
Personal Protective Equipment:  Estimates of dermal and inhalation exposure were calculated for 
various levels of PPE.  Results are presented for “baseline” (i.e., single layer of clothing consisting of a 
long sleeved shirt, long pants, shoes plus socks, no respirator) plus label-specified PPE (i.e., gloves) or 
engineering controls where applicable, as well as baseline with various levels of PPE as necessary (e.g., 
double layer of clothing, respirator, etc). The mancozeb product labels direct mixers, loaders, 
applicators and other handlers to wear baseline attire as well as varying level of PPE including: 
chemical resistant gloves, chemical resistant footwear, protective eyewear, respirator. Refer to 
Appendix D for label-specific PPE. 
 
Estimates of inhalation exposure and risk for occupational handler exposure assessments consider the 
reduction in exposure afforded by respirators.  Typically, results are presented for “baseline,” defined 
as no respirator, and then, because they are the occupational standard in the pesticide industry, for 

 
11 Available: Available: https://www.epa.gov/sites/default/files/2021-05/documents/occupational-pesticide-handler-unit-

exposure-surrogate-reference-table-may-2021.pdf  
12 Available: https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/occupational-pesticide-handler-

exposure-data 
13 https://www.epa.gov/system/files/documents/2022-01/exposac-policy-14 seed-treatment-exposure-data.pdf  
14 https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/occupational-pesticide-exposure-seed-treatment  
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half-face filtering facepiece or elastomeric respirators, quantified via application of their corresponding 
assigned protection factor (APF) of 10 (90% exposure reduction). This format, in some cases along with 
risk estimates for engineering controls, provides a variety of options for risk management decisions. 
This risk assessment presents potential inhalation risk estimates of concern when using a half-face 
filtering facepiece or elastomeric respirator (i.e., a PF10 respirator). 
 
Days per Year of Exposure: To assess cancer risk, it is assumed that private growers would be exposed 
10 days per year and commercial applicators would be exposed 30 days per year.  The term “private 
grower” means that the grower or one of the workers would apply the pesticides to land owned or 
operated by the grower.  Commercial applicators means the applicators are completing multiple 
applications for multiple clients. 
 
Years per Lifetime of Exposure: It is assumed that handlers would be exposed for 35 years out of a 78 
year lifespan. 
 
Lifetime Expectancy: Life expectancy values are from the Exposure Factors Handbook 2011 Edition 
Table 18-1 (U.S. EPA, 2011). The table shows that the overall life expectancy is 78 years based on life 
expectancy data from 2007. In 2007, the average life expectancy for males was 75 years and 80 years 
for females.  Based on the available data, the recommended value for use in cancer risk assessments is 
78 years.  
 
Occupational Handler Non-Cancer Exposure and Risk Estimate Equations 
The algorithms used to estimate non-cancer exposure and dose for occupational handlers can be found 
in Appendix A. 
 
Combining Exposures/Risk Estimates: 
For mancozeb, a dermal POD was not selected; therefore, only inhalation risk estimates were 
calculated. For ETU, dermal and inhalation risk estimates were combined in this assessment, since the 
toxicological effects for these exposure routes were similar. Dermal and inhalation risk estimates were 
combined using the following formula: 
 
 Total MOE = Point of Departure (mg/kg/day) ÷ Combined dermal + inhalation dose (mg/kg/day) 
 
Summary of Occupational Handler Non-Cancer Exposure and Risk Estimates 
 
Mancozeb: 
Occupational handler non-cancer inhalation risk estimates for foliar uses can be found in Appendix F 
(Table F-1) as well as the corresponding spreadsheet entitled “Mancozeb_USEPA-OPP-HED_ 
Occupational Handler Exposure_May2021.xlsx”. The risk estimates indicate that the short- and 
intermediate-term inhalation MOEs are not of concern (i.e., MOEs ≥ LOC of 10) with baseline attire 
(i.e., no respirator). Occupational handler inhalation MOEs range from 28 to 4,300,000.  
 
Occupational handler non-cancer inhalation risk estimates for seed treatment uses can be found in 
Appendix F (Table F-2) as well as the corresponding spreadsheet entitled “Mancozeb_Seed_
Treatment_USEPA OPP HED Occupational Handler Exposure Spreadsheet_March2022.xlsx.” The risk 
estimates indicate that the short- and intermediate-term inhalation MOEs are not of concern for most 
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scenarios (i.e., MOEs ≥ LOC of 10) at baseline (i.e., no respirator) for commercial and on-farm seed 
treatment. Occupational handler inhalation MOEs range from 11 to 94,000 for commercial seed 
treatment and 7.1 to 120,000 for on-farm seed treatment. One scenario (on-farm treating and planting 
potato seeds) is of concern at baseline (i.e., no respirator; MOE = 7.1) however, the scenario no longer 
of concern with the addition of a PF10 respirator (MOE = 71).  
 
ETU: 
Occupational handler non-cancer dermal and inhalation risk estimates for foliar uses can be found in 
Appendix F (Table F-3) as well as the corresponding spreadsheet entitled “ETU_USEPA-OPP-HED_ 
Occupational Handler Exposure_May2021.xlsx.” The risk estimates indicate that the short- and 
intermediate-term combined dermal and inhalation MOEs are of concern (i.e., MOEs < LOC of 300) at 
baseline (i.e., single layer) plus label-specified PPE (i.e., gloves and no respirator) for several 
scenarios. Risk estimates considering maximum PPE (i.e., double/layer gloves and PF10 respirator) 
and/or engineering controls where applicable are still of concern (i.e., MOEs < LOC of 300) for some 
scenarios. Considering maximum PPE and/or engineering controls (i.e., closed systems, enclosed 
cockpits, etc.), the MOEs range from 28 to 110,000 (LOC = 300).  
 
Occupational handler non-cancer dermal and inhalation risk estimates for seed treatment uses can be 
found in Appendix F (Table F-4) as well as the corresponding spreadsheet entitled “ETU_USEPA-OPP-
HED_Seed Treatment and Planting Exposure_March2022.xlsx”. For commercial seed treatment, 53 out 
of 60 scenarios do not reach acceptable combined (dermal + inhalation) MOEs (i.e., MOEs < 300) 
assuming a worker is wearing a single layer of clothing, gloves and no respirator (the lowest level of 
clothing and PPE on some seed treatment labels). Risk estimates considering maximum PPE (i.e., 
double layer of clothing, gloves, and a PF10 respirator) are still of concern (i.e., MOEs < 300)  for 49 
scenarios (combined dermal + inhalation MOEs range from 3 to 31,000). For on-farm seed treatment, 
16 out of 23 scenarios do not reach an acceptable combined (dermal + inhalation) MOE (i.e., MOEs < 
300) at baseline (i.e., single layer and no respirator) plus label-specified PPE (i.e., gloves). Risk 
estimates considering maximum PPE (i.e., double layer of clothes, gloves, and a PF10 respirator) are 
still of concern for 9 scenarios with combined (dermal + inhalation) MOEs ranging from 4.9 to 100,000. 
A summary of the risk estimates has been provided in Appendix F.   
 
It should be noted that many labels reviewed for these particular seed treatment uses included 
requirements for treaters and/or multiple activity workers to wear a respirator; however, this piece of 
equipment is not listed on all labels (see Appendix D for label-specific PPE). 
 
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. 
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HED has no data to assess exposures to pilots using open cockpits.  The only data available is for 
exposure during aerial applications (covering both airplanes and helicopters) of liquid formulations to 
pilots in enclosed cockpits (data from AHETF) and of granule formulations in enclosed cockpits (data 
from PHED).  Therefore, risks to pilots are assessed using the engineering control (enclosed cockpits) 
and baseline attire (long-sleeve shirt, long pants, shoes, and socks); use of the data in this fashion is 
consistent with  the Agency’s Worker Protection Standard (WPS) stipulations for engineering controls, 
which says label-required PPE for applicators can be reduced when using an enclosed cockpit (40 CFR 
170.240(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. 
 
WSP is an engineering control designed to prevent direct contact between users and the pesticide 
formulation in the packages, thereby reducing exposures.  Users place the packets into water which 
dissolves the packaging, releasing the formulation into the water without exposure to significant dusts 
or liquid aerosols.  The formulation within the packaging then mixes with the water so it can be applied 
as a liquid spray.   
 
This risk assessment relies on a 2015 study by the AHETF that measured dermal and inhalation 
exposure for workers who mixed and loaded WSP pesticide products.  This data is considered the most 
reliable data for conducting exposure and risk assessments for such products.  During the initial stages 
of the AHETF field study, the AHETF identified work practices that the Agency agreed were inconsistent 
with the use of WSP as an engineering control intended to reduce exposures.  For example, AHETF 
observed that some workers placed the packets in removable baskets hanging from the open tank 
hatch and used streams of water from hoses or overhead recirculation systems as agitation methods to 
break open and dissolve the packaging, resulting in visible and substantial amounts of airborne powder 
and/or liquid aerosol where the mixer/loader was working.  Current labels, including those under 
consideration in this risk assessment, are silent or unclear on the use of baskets in the hatch and 
methods of agitation.  
 
The AHETF, in consultation with the Agency, California’s Department of Pesticide Regulation (CDPR) 
and the Canadian Pest Management Regulatory Agency (PMRA), drafted a set of best practices for 
handling and adding WSP to spray tanks.  The resulting AHETF “mixing/loading water-soluble packet” 
dataset excludes monitoring results for activities inconsistent with these practices.  Commensurate 
with use of the new dataset, the Agency has since formatted those best practices into label language to 
be included on all WSP pesticide products.  This revised language ensures that users know WSP are 
intended to dissolve in water via mechanical agitation and not to rupture them via streams of water or 
other means.  In order to achieve the intended benefits from proper use of WSP, these best practices 
should be incorporated directly on product labels, conflicting language should be removed from the 
same labels, and users should receive effective and timely training on the new procedures. 
 
Occupational Handler Cancer Exposure and Risk Equations (ETU) 
Cancer risk estimates were calculated using a linear low-dose extrapolation approach in which a LADD 
is first calculated and then compared with a Q1* that has been calculated for ETU based on dose 
response data in the appropriate toxicology study (Q1* = 6.01 x 10-2 (mg/kg/day)-1).  Absorbed average 
daily dose (ADD) levels were used as the basis for calculating the LADD values. Dermal and inhalation 
ADD values were first added together to obtain combined ADD values. LADD values were then 
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calculated and compared to the Q1* to obtain cancer risk estimates. The algorithms used to estimate 
the LADD and cancer risk for occupational handlers can be found in Appendix B. 
 
Summary of Occupational Handler Cancer Exposure and Risk Estimates 
 
ETU: 
Occupational handler cancer combined dermal and inhalation risk estimates for foliar uses can be 
found in Appendix F (Table F-5) as well as the corresponding spreadsheet entitled “ETU_USEPA-OPP-
HED_ Occupational Handler Exposure_May2021.xlsx”.  
 
The cancer risk estimates for the foliar uses of mancozeb ranged from 7x10-4 to 4x10-8 for private 
growers/handlers (10 days of exposure/year) and 2x10-3 to 1x10-7 for commercial handlers (30 days of 
exposure/year) with baseline attire (i.e., single layer and no respirator) plus label-specified PPE (i.e., 
gloves).  
 
Occupational handler cancer combined dermal and inhalation risk estimates for seed treatment uses 
can be found in Appendix F (Table F-6) as well as the corresponding spreadsheet entitled “ETU_USEPA 
OPP HED_Seed Treatment and Planting Exposure_March2022.xlsx.”  
 
The risk estimates for the seed treatment uses of mancozeb ranged from 5x10-4 to 3x10-8 for private 
growers (10 days of exposure/year) and 3x10-4 to 5x10-8 with baseline attire (i.e., single layer and no 
respirator) plus label-specified PPE (i.e., gloves) for commercial applicators (30 days of exposure/year).  
 
8.2 Occupational Post-application Exposure/Risk Estimates 
 
HED uses the term post-application to describe exposures that occur when individuals are present in 
an environment that has been previously treated with a pesticide (also referred to as re-entry 
exposure).  Such exposures may occur when workers enter previously treated areas to perform job 
functions, including activities related to crop production, such as scouting for pests or harvesting.  Post-
application exposure levels vary over time and depend on such things as the type of activity, the nature 
of the crop or target that was treated, the type of pesticide application, and the chemical’s degradation 
properties.  In addition, the timing of pesticide applications, relative to harvest activities, can greatly 
reduce the potential for post-application exposure. 
 
8.2.1 Occupational Post-application Inhalation Exposure/Risk Estimates 
 
There are multiple potential sources of post-application inhalation exposure to individuals performing 
post-application activities in previously treated fields. These potential sources include volatilization of 
pesticides and resuspension of dusts and/or particulates that contain pesticides.  The agency sought 
expert advice and input on issues related to volatilization of pesticides from its FIFRA SAP in December 
2009, and received the SAP’s final report on March 2, 2010 (http://www.regulations.gov/#!document
Detail;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 mancozeb. 
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In addition, the Agency is continuing to evaluate the available post-application inhalation exposure 
data generated by the ARTF.  Given these two efforts, the Agency will continue to identify the need for 
and, subsequently, the way to incorporate occupational post-application inhalation exposure into the 
agency's risk assessments. 
 
Although a quantitative occupational post-application inhalation exposure assessment was not 
performed for mancozeb, an inhalation exposure assessment was performed for 
occupational/commercial handlers.  Handler exposure resulting from application of pesticides 
outdoors is likely to result in higher exposure than post-application exposure.  Therefore, it is expected 
that these handler inhalation exposure estimates would be protective of most occupational post-
application inhalation exposure scenarios. 
 
Furthermore, for mancozeb, 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 > LOC of 10). 
 
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)]. 
   
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. 
 
8.2.2 Occupational Post-application Dermal Exposure/Risk Estimates 
 
Mancozeb: Occupational post-application dermal exposures are anticipated for the registered uses of 
mancozeb; however, a quantitative dermal assessment was not conducted as no dermal POD was 
selected. 
 
ETU: Occupational post-application dermal exposures are assessed below for ETU as a dermal POD was 
selected. 
 
Seed Treatment: Occupational post-application dermal exposures from seed treatment uses are not 
anticipated. The potential for post-application exposures following the planting of treated seeds is 
unlikely because sustained levels of contact with treated seed after it has been placed in the soil or 
other planting media would not be expected because no routine cultural practice required for the 
production of agricultural commodities involves such an activity, as defined in the no/low contact 
criteria in the Worker Protection Standard (WPS). 
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Occupational Post-application Dermal Exposure Data and Assumptions 
 
A series of assumptions and exposure factors served as the basis for completing the occupational post-
application risk assessments.  Each assumption and factor is detailed below on an individual basis. 
 
Exposure Duration:  HED classifies exposures from 1 to 30 days as short-term and exposures 30 days to 
six months as intermediate-term.  For ETU, based on the proposed use, short- to intermediate-term 
exposures are expected due to the use pattern. 
 
Transfer Coefficients: It is the policy of HED to use the best available data to assess post-application 
exposure.  Sources of generic post-application data, used as surrogate data in the absence of chemical-
specific data, are derived from ARTF exposure monitoring studies, and, as proprietary data, are subject 
to the data protection provisions of FIFRA.  The standard values recommended for use in predicting 
post-application exposure that are used in this assessment, known as “transfer coefficients”, are 
presented in the ExpoSAC Policy 315” which, along with additional information about the ARTF data, 
can be found at the Agency website16.   
 
Application Rate: Maximum application rates can be found in Appendix D and the maximum 
application rate from the Section 3 labels for each occupational handler category was used in the 
assessment17. Maximum rates were also used for the cancer assessment; however, typical rates are 
likely more representative.  
 
Exposure Time:  The average occupational workday is assumed to be 8 hours.  
 
Turf Transferable Residues: Chemical-specific TTR data have been submitted for ETU. See Section 5.2 
for a summary of the data; detailed information regarding this can be found in Appendix E.  
 
Dislodgeable Foliar Residues: Eight chemical-specific DFR studies have been submitted for mancozeb, 
and these all have been reviewed (see Appendix E). Out of these eight studies, five studies have been 
found to be acceptable for risk assessment and are discussed in Appendix E.  These studies include 
monitoring on grape (MRID 44959601), apple (MIRD 44959602), tomato (MRIDs 44959603 and 
42560201), and greenhouse tomato (MRID 44961701) crops. These data have been used to assess 
post-application scenarios, where appropriate. For each study, as a first-tier approach, if data from 
multiple sites were available, the site that provided the highest residue value was used.  For example, 
for the apple DFR study, the residue from the Washington site was used since that was the higher 
residue value.  For the tomato DFR study, only the California site data were used since significant 
rainfall occurred at the Florida site. The first order kinetics for the available DFR data are presented in 
Table 8.2.2.1 below. Further details of these studies, including explanation around those studies not 

 
15 Available: https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/occupational-pesticide-handler-

exposure-data  
16 Available: https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/occupational-pesticide-handler-

exposure-data  
17 For orchard/vineyard scenarios, there are 3 SLN labels (OR170001, WA090019, and WA120007) that allow a rate of 6.38 

lb ai/A which exceeds the rate (4.8 lb ai/A) on Section 3 labels; however, since there were risks of concern identified at a 
rate of 4.8 lb ai/A, the higher rate of 6.38 lb ai/A was not included in this assessment because it would only result in 
higher risks. 
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While the quantitative occupational exposure assessment includes risk estimates for table grape cane 
turning and girdling, information provided by USDA, university extension agents, industry specialists, 
and grower groups1 indicate that the prevalence and exposure potential of both practices has 
decreased as grape trellis systems have changed over time.  Cane turning (also referred to as cane 
“moving” or “throwing”) is a part of trellis or canopy management by which  canes are 
turned/moved/thrown by hand from one side of the trellis to the other in order to promote grape 
productivity by altering the canopy’s airflow and exposure to sunlight.  Girdling, a highly specialized 
skill, involves scoring a cut into the vine bark approximately ¼” deep around the entire circumference, 
and 8 to 12 inches above the ground which alters nutrient transport and can result in larger grapes. 
The Agency uses two studies, one from the late 1980s2 and the other from the early 1990s3, to estimate 
workers’ pesticide exposure potential while turning and girdling in grape vineyards.  The studies 
indicate that both cane turning and girdling have the potential for high exposure following pesticide 
applications via extensive contact with foliar residue (quantitatively represented by a transfer 
coefficient of 19,300 cm2/hr).   
  
Based on information provided to the Agency4, open-gable/Y-trellis systems have increasingly replaced 
older/T-trellis systems, and these modern Y-trellis systems no longer require turning or throwing canes 
to manage trellis canopies and crop growth; therefore, these post-application scenarios (i.e., grape 
turning) are not applicable when modern Y-trellis systems are in in place.  However, despite the large 
majority of table grapes being grown with more modern Y-trellis systems (approximately 85% of table 
grape growers), the Agency’s assessment and risk estimates remain relevant for the smaller fraction of 
growers who do not use the modern Y-trellis system who’s workers may still perform turning or 
throwing cane activities for canopy management.  
  
Additionally, not only do the modern Y-trellis systems reduce the need to girdle grape canes to 
promote larger berry size, in comparison to the older trellis systems represented by the studies that 
EPA uses for assessing risk during girdling, photographs and videos provided to EPA suggest that 
modern Y-trellis systems, with their more open, raised canopies and less draping of foliage, also reduce 
the potential for contact with pesticide residues during girdling. Grape grower groups also noted that a 
key objective of table grape breeding programs is to develop varieties that do not need to be girdled 
due to their large natural berry size (Gabler, 20205; Vasquez, 20206). Therefore, while the high exposure 
potential represented by EPA’s current girdling assessment still accurately represent the 
smaller fraction of growers still using older T-trellis systems, workers conducting girdling activities 
under the modern/Y-trellis systems are expected to have  lower exposure potential in line with that 
of pruning, tying/training, or hand harvesting activities.  
  
Overall, risk estimates and any corresponding REIs or other risk management actions for turning and 
girdling grapes should be considered in light of the differing trellis systems. For older T-trellis systems, 
the cane turning and girdling activity transfer coefficient (TC) of 19,300 cm2/hr is relevant as currently 
established in risk assessment. However, for the modern Y-trellis systems, turning activities are no 
longer considered a relevant activity for exposure assessment. Lastly, for modern Y-trellis system 
girdling activities, a reduced exposure potential is anticipated. While no new monitoring data are 
currently available, based on a transfer coefficient in line with that of pruning, tying/training, or hand 
harvesting activities with a TC of 5,500 cm2/hr may be more representative of actual exposures. The 
Agency will continue to monitor all available information sources to best assess and characterize the 
exposure potential for workers in grape agricultural settings.  
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 Restricted Entry Interval 
Mancozeb and ETU are classified as Toxicity Categories IV and III, respectively, via the dermal route and 
Toxicity Category IV for skin irritation potential. Neither is a skin sensitizer. Mancozeb does not have a 
dermal POD and therefore, a quantitative dermal post-application assessment was not conducted; 
however, an assessment was conducted for its metabolite, ETU.  Short- and intermediate-term post-
application risk estimates were of concern on day 0 (12 hours following application) for most activities 
for ETU with implications for re-entry extending out to almost 30 days for some activities.  HED 
recommends that increased REIs be considered on the labels to address those concerns. 
                
Occupational Post-application Cancer Dermal Exposure and Risk Equations 
As was done for occupational handlers, post-application cancer risk estimates were calculated using a 
linear low-dose extrapolation approach in which a LADD is first calculated and then compared with a 
Q1* that has been calculated for ETU based on dose response data in the appropriate toxicology study 
(Q1* = 6.01x10-2 (mg/kg/day)-1). The algorithms used to estimate the LADD and cancer risk for 
occupational workers can be found in Appendix B. 
 
Occupational Post-application Cancer Dermal Risk Estimates 
Occupational post-application cancer dermal risk estimates can be found in the corresponding 
spreadsheet entitled “ETU_USEPA-OPP-HED_ExpoSAC Policy 3_Occupational Pesticide Re-entry 
Exposure Calculator_March2021_w-cancer.xlsx”. A summary of risk estimates can be found in 
Appendix F. Risk estimates were calculated using a 30-day average dose. 
 

 Risk estimates for orchard crops range from 7x10-6 to 5x10-8. 

 Risk estimates for table and raisin grapes range from 2x10-5 to 2x10-7. 

 Risk estimates for all field crops range from 1x10-6 to 1x10-8.  

 Risk estimates for greenhouse vegetables and greenhouse crops range from 3x10-7 to 5x10-8. 

 Risk estimates for golf course and sod range from 3x10-7 to 9x10-7. 
 
 
 
 



Mancozeb Occupational and Residential Exposure Assessment Task Group No. 00618629 

 

43 

Appendix A.  Summary of Occupational and Residential Non-cancer Algorithms 
 
Residential Non-cancer Post-application Algorithms 

 
Turf/Golfing 
 
Post-application Dermal Exposure Algorithm - Golfing 
Exposure resulting from contacting previously treated turf while golfing is calculated as follows: 
 
 E = TTRt * CF1 * TC * ET   
 
where: 
 
E = exposure (mg/day);  
TTRt  = turf transferable residue on day "t" (µg/cm2); 
CF1 = weight unit conversion factor (0.001 mg/µg); 
TC  = transfer coefficient (cm2/hr); and 
ET  = exposure time (hr/day). 
 
and 
 
 TTRt = AR * F * (1-FD)t * CF2 * CF3   
 
where: 
 
TTRt  = turf transferable residue on day "t" (µg/cm2); 
AR = application rate (lbs ai/ft2 or lb ai/acre); 
F = fraction of ai retained on turf (unitless);’ 
FD = fraction of residue that dissipates daily (unitless); 
t = post-application day on which exposure is being assessed; 
CF2 = weight unit conversion factor (4.54 x 108 µg/lb); and 
CF3 = area unit conversion factor (1.08 x 10-3 ft2/cm2 or 2.47 x 10-8 acre/cm2). 
 
Absorbed dose, normalized to body weight, is calculated as: 
 

 
BW

AFE
D

*
    

where: 
D = dose (mg/kg-day); 
E = exposure (mg/day);  
AF = absorption factor (dermal); and 
BW = body weight (kg). 
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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). 
 
Occupational Non-cancer Post-application Algorithms 
 
Potential daily exposures for occupational post-application workers are calculated using the following 
formulas: 
 

DFRt=AR *  F* (1-D)t* ቀ4.54E8
ug

lb
ቁ * ൬2.47E-8

A

cm2
൰ 

 

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

E=TC * DFR t * ET * 0.001
mg

ug
 

 
 

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

ADD= 
 E * AF

BW
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where: 
 
ADD =  average daily dose absorbed in a given scenario (mg ai/kg/day), 
E = exposure  (mg ai/day), 
AF = absorption factor (dermal and/or inhalation), and 
BW  =  body weight (kg). 
 

Margin of Exposure:  Non-cancer risk estimates for each scenario are calculated using a Margin of 
Exposure (MOE), which is a ratio of the toxicological endpoint to the daily dose of concern.  The daily 
dermal dose received by occupational post-application workers is compared to the appropriate POD 
(i.e., NOAEL) to assess the risk to occupational post-application workers.  All MOE values are calculated 
using the following formula: 
 

MOE= 
POD

ADD
 

 

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). 
 
 
Occupational Non-cancer Algorithms for Loaders/Planters of Commercially Treated Seed and for On-
farm Seed Treatment/Planting  
 
Potential daily exposures for occupational loaders/planters of commercially treated seed and for on-
farm seed treatment/planting are calculated using the following formulas: 
 

E=UE * AR * 2.2x10ି଺ lb/mg * ASP * 0.001 mg/ug 
 

where: 
 
E = exposure (mg ai/day), 
UE = unit exposure (µg ai/lb ai), 
AR = maximum application rate according to proposed label (mg ai/seed), and 
ASP = amount of seed planted or, for on-farm, amount of seed treated and then planted (# 

seeds/day). 
 
The daily doses are calculated using the following formula: 
 

ADD= 
 E * AF

BW
 

 
 

  



Mancozeb Occupational and Residential Exposure Assessment Task Group No. 00618629 

 

47 

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 B.  Summary of Occupational and Residential Cancer Algorithms 
 
Residential Post-application 
For residential post-application cancer assessments, a yearly average deposited residue is calculated 
using the daily dissipation rate and retreatment interval.   
 
Yearly Average Deposited Residue (mg/kg/day) = (∑ Day 0 deposited residue to Day 365 deposited 
residue) ÷ 365 
 
The deposited residue on each day after application is calculated using the following equation: 
 
Day X deposited residue = previous days deposited residue × e^ [ -(daily dissipation rate) × number of 
days since most recent application] 
 
Using the yearly average deposited residue, a yearly average absorbed dose is calculated using the 
2012 Residential SOP algorithms for the appropriate scenario. The next step required to calculate 
carcinogenic risk estimates is to amortize these values over the anticipated lifetime, which results in 
the LADD. LADD values are calculated using the following equation: 
 
LADD = Yearly Average Absorbed Dose (mg/kg/day) × [days of post-app exposure ÷ days in a year (365)] 
× [years of exposure (50 years) ÷ average lifespan (78 years)] 
 
Cancer risk estimate calculations are then completed by multiplying the LADD values calculated above 
by the Q1* for the chemical. Cancer risk estimates are calculated using the following equation: 
 

Total Cancer Risk Estimate =  ሺDermal LADD + Inhalation LADDሻ *  Q1* 
 

where: 
 

Cancer Risk Estimate = probability of incidence of cancer cases over a lifetime (unitless), 
Dermal LADD = absorbed dose from dermal exposure over a lifetime (mg ai/kg/day), 
Inhalation LADD = absorbed dose from inhalation exposure over a lifetime (mg ai/kg/day), 

and 
Q1* = quantitative dose response factor used for linear, low-dose response 

cancer risk estimate calculations (mg/kg/day)-1. 
 
Occupational Handler  
After the development of the ADD values, the next step required to calculate carcinogenic risk 
estimates is to amortize these values over the anticipated lifetime, which results in the LADD. LADD 
values are calculated using the following equation: 
 
 

LADD =  ADD *  
Days per Year of Exposure

365 Days per Year
 *  

Years per Lifetime of Exposure

Lifetime Expectancy
 

 

where: 
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LADD = absorbed dose over a lifetime (mg ai/kg/day), 
ADD = average daily dose absorbed in a given scenario (mg  
  ai/kg/day), 
Days per Year of Exposure = annual frequency of an application by an individual  
  (days/year), 
Years per Lifetime of Exposure = amount of a lifetime that an individual would be  
  expected to use pesticides (years), and 
Lifetime Expectancy =  average life expectancy of an individual (years). 
 
Cancer risk estimate calculations are completed by multiplying the LADD values calculated above by 
the Q1* for the chemical. Cancer risk estimates are calculated using the following equation: 
 

Total Cancer Risk Estimate =  ሺDermal LADD + Inhalation LADDሻ *  Q1* 
 

where: 
 

Cancer Risk Estimate = probability of incidence of cancer cases over a lifetime (unitless), 
Dermal LADD = absorbed dose from dermal exposure over a lifetime (mg ai/kg/day), 
Inhalation LADD = absorbed dose from inhalation exposure over a lifetime (mg ai/kg/day), 

and 
Q1* = quantitative dose response factor used for linear, low-dose response 

cancer risk estimate calculations (mg/kg/day)-1. 
 
Occupational Post-Application 
For occupational post-application cancer assessments, the absorbed dose on the day of application and 
each day up to 30 days after application is calculated accounting for daily dissipation. A 30-day average 
dose is then calculated and used to determine the LADD.     
 
LADD = Average Absorbed Dose (mg/kg/day) × [days of post-app exposure ÷ days in a year (365)] × 
[years of exposure (35 years) ÷ average lifespan (78 years)] 
 
Cancer risk estimate calculations are then completed by multiplying the LADD values calculated above 
by the Q1* for the chemical. Cancer risk estimates are calculated using the following equation: 
 

Total Cancer Risk Estimate =  ሺDermal LADD + Inhalation LADDሻ *  Q1* 
 

where: 
 

Cancer Risk Estimate = probability of incidence of cancer cases over a lifetime (unitless), 
Dermal LADD = absorbed dose from dermal exposure over a lifetime (mg ai/kg/day), 
Inhalation LADD = absorbed dose from inhalation exposure over a lifetime (mg ai/kg/day), 

and 
Q1* = quantitative dose response factor used for linear, low-dose response 

cancer risk estimate calculations (mg/kg/day)-1. 
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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 contact 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

E
D     

where: 
 

D = dose (mg/kg-day); 
E = exposure (mg/day); and 
BW = body weight (kg). 

  




































































































































































