
PUBLIC RELEASE DRAFT 

May 2024 

 

May 2024 1 
United States  Office of Chemical Safety and 2 
Environmental Protection Agency  Pollution Prevention 3 

 4 

 5 

 6 

 7 

 8 

Draft Consumer and Indoor Dust Exposure Assessment for 9 

Diisodecyl Phthalate (DIDP) 10 

 11 

Technical Support Document for the Draft Risk Evaluation 12 

 13 

CASRNs: 26761-40-0 and 68515-49-1 14 

 15 
(Representative Structure) 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

May 2024 26 

  27 



PUBLIC RELEASE DRAFT 

May 2024 

Page 2 of 138 

TABLE OF CONTENTS 28 

SUMMARY ............................................................................................................................................... 7 29 

1 BACKGROUND ........................................................................................................................... 8 30 

2 CONSUMER EXPOSURE APPROACH AND METHODOLOGY ..................................... 11 31 

2.1 Consumer Exposure Model (CEM) ............................................................................................ 16 32 

 Acute, Chronic, and Intermediate Dose Rate Equations ....................................................... 19 33 

2.1.1.1 Acute Dose Rate ............................................................................................................. 19 34 

2.1.1.2 Non-cancer Chronic Dose .............................................................................................. 23 35 

2.1.1.3 Intermediate Average Daily Dose .................................................................................. 26 36 

 CEM Modeling Inputs and Parameterization ........................................................................ 27 37 

2.1.2.1 Key Parameters for Articles Modeled in CEM Sources and Descriptions ..................... 29 38 

2.1.2.2 Key Parameters for Products Modeled in CEM Sources and Descriptions ................... 40 39 

2.2 Dermal Modeling Approach ....................................................................................................... 45 40 

 Modeling Inputs and Parameterization .................................................................................. 49 41 

3 INDOOR DUST EXPOSURE APPROACH AND METHODOLOGY ................................ 54 42 

3.1 Indoor Dust Modeling ................................................................................................................ 54 43 

3.2 Indoor Dust Monitoring .............................................................................................................. 54 44 

4 RESULTS .................................................................................................................................... 58 45 

4.1 Consumer Exposure Results ....................................................................................................... 58 46 

 Acute Dose Rate Results, Conclusions, and Data Patterns ................................................... 58 47 

 Non-cancer Chronic Dose Results, Conclusions and Data Patterns ...................................... 81 48 

4.2 Indoor Dust Monitoring Results ............................................................................................... 102 49 

4.3 Indoor Dust Modeling Results .................................................................................................. 103 50 

 Modeling Results for Ingestion of Indoor Dust ................................................................... 104 51 

4.4 Indoor Dust Comparison Between Monitoring and Modeling Ingestion Exposure Estimates 112 52 

5 WEIGHT OF SCIENTIFIC EVIDENCE .............................................................................. 113 53 

5.1 Consumer Exposure Analysis Weight of Scientific Evidence ................................................. 113 54 

5.2 Indoor Dust Monitoring Weight of Scientific Evidence .......................................................... 126 55 

 Assumptions in Estimating Intakes from Indoor Dust Monitoring ..................................... 127 56 

5.2.1.1 Assumptions for Monitored DIDP Concentrations in Indoor Dust .............................. 127 57 

5.2.1.2 Assumptions for Body Weights .................................................................................... 127 58 

5.2.1.3 Assumptions for Dust Ingestion Rates ......................................................................... 128 59 

 Uncertainties in Estimating Intakes from Monitoring Data ................................................ 129 60 

5.2.2.1 Uncertainties for Monitored DIDP Concentrations in Indoor Dust ............................. 129 61 

5.2.2.2 Uncertainties for Body Weights ................................................................................... 130 62 

5.2.2.3 Uncertainties for Dust Ingestion Rates ......................................................................... 130 63 

5.2.2.4 Uncertainties in Interpretation of Monitored DIDP Intake Estimates .......................... 130 64 

5.3 Indoor Dust Modeling Weight of Scientific Evidence ............................................................. 131 65 

6 CONCLUSIONS AND STEPS TOWARD RISK CHARACTERIZATION ...................... 132 66 

7 REFERENCES .......................................................................................................................... 133 67 

 68 

 69 



PUBLIC RELEASE DRAFT 

May 2024 

Page 3 of 138 

LIST OF TABLES 70 

Table 1-1. Consumer Conditions of Use Table .......................................................................................... 9 71 

Table 2-1. Summary of Consumer COUs, Exposure Scenarios, and Exposure Routes ........................... 12 72 

Table 2-2. COUs and Products or Articles without a Quantitative Assessment ....................................... 16 73 

Table 2-3. Inhalation Rates Used in CEM Product Models ...................................................................... 23 74 

Table 2-4. Short-Term Event per Month and Day Inputs ......................................................................... 27 75 

Table 2-5. CEM 3.2 Model Codes and Descriptions ................................................................................ 27 76 

Table 2-6. Crosswalk of COU Subcategories, CEM 3.2 Scenarios, and Relevant CEM 3.2 Models 77 

Used for Consumer Modeling ........................................................................................... 28 78 

Table 2-7. Summary of Key Parameters for Articles Modeled in CEM 3.2 ............................................ 30 79 

Table 2-8. Summary of Key Parameter Sources and Descriptions for Articles Modeled in CEM 3.2 .... 32 80 

Table 2-9. Chemical Migration Rates Observed for DINP Under Mild, Medium, and Harsh 81 

Extraction Conditions ....................................................................................................... 36 82 

Table 2-10. Mouthing Durations for Children for Toys and Other Objects ............................................. 36 83 

Table 2-11. Summary of Key Parameters for Products Modeled in CEM 3.2 ......................................... 41 84 

Table 2-12. Summary of Key Parameter Sources and Descriptions for Products Modeled in CEM 3.2 . 42 85 

Table 2-13. Key Parameters Used in Dermal Models .............................................................................. 49 86 

Table 3-1. Detection and Quantification of DIDP in House Dust from Kubwabo et al. (2013) .............. 55 87 

Table 3-2. Comparator Studies with DIDP Concentrations in Residences .............................................. 56 88 

Table 3-3. EC/HC Estimates of Daily Intake for DIDP, µg/kg-day ......................................................... 56 89 

Table 4-1. Acute Dose Rate Results for All Exposure Routes for All Lifestages .................................... 59 90 

Table 4-2. Chronic Average Dose Results for All Exposure Routes for All Lifestages .......................... 82 91 

Table 4-3. Intermediate Dose Results for All Exposure Routes for All Lifestages .................................. 99 92 

Table 4-4. Estimates of DIDP Dust Ingestion Per Day from Monitoring, Age 0 to 21 Years ............... 103 93 

Table 4-5. Estimates of DIDP Dust Ingestion Per Day from Monitoring, Age 21 to 80+ Years ........... 103 94 

Table 4-6. Acute Daily Dose Results for Indoor Dust for All Lifestages ............................................... 105 95 

Table 4-7. Chronic Average Dose Results for Indoor Dust for All Lifestages ....................................... 109 96 

Table 4-8 Comparison Between Modeled and Monitored Daily Dust Intake Estimates for DIDP ........ 112 97 

Table 5-1. Weight of Scientific Evidence Confidence for Inhalation Consumer Exposure Modeling 98 

Scenarios ......................................................................................................................... 118 99 

Table 5-2. Weight of Scientific Evidence Confidence for Ingestion Consumer Exposure Modeling 100 

Scenarios ......................................................................................................................... 120 101 

Table 5-3. Weight of Scientific Evidence Confidence for Dermal Consumer Exposure Modeling 102 

Scenarios ......................................................................................................................... 123 103 

Table 5-4. Weight of Scientific Evidence Conclusions for Indoor Dust Ingestion Exposure ................ 126 104 

Table 5-5. Summary of Variables from Özkaynak et al. 2022 Dust/Soil Intake Model......................... 128 105 

Table 5-6. Comparison between Özkaynak et al. 2022 and Exposure Factors 106 

Handbook Dust Ingestion Rates...................................................................................... 130 107 

 108 

LIST OF FIGURES 109 

Figure 2-1. Consumer Pathways and Routes Evaluated in this Assessment ............................................ 17 110 

Figure 2-2. Average Absorptive Flux Absorbed into and through Skin as Function of Absorption 111 

Time .................................................................................................................................. 48 112 

Figure 4-1. Acute Dose Rate for DIDP from Ingestion, Inhalation, Dermal Exposure Routes in Infants 113 

<1 Year Old ...................................................................................................................... 68 114 

Figure 4-2. Acute Dose Rate for DIDP from Ingestion, Inhalation, Dermal Exposure Routes for 115 

Toddlers 1 to 2 Years Old ................................................................................................. 69 116 

Figure 4-3. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and Mouthing 117 



PUBLIC RELEASE DRAFT 

May 2024 

Page 4 of 138 

for Infants Less than a Year Old ....................................................................................... 70 118 

Figure 4-4. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and Mouthing 119 

for Toddlers 1 to 2 Years Old ........................................................................................... 71 120 

Figure 4-5. Acute Dose Rate of DIDP from Ingestion, Inhalation, and Dermal Exposure Routes for 121 

Preschoolers 3 to 5 Years Old ........................................................................................... 72 122 

Figure 4-6. Acute Dose Rate of DIDP from Ingestion, Inhalation, and Dermal Exposure Routes for 123 

Middle Childhood 6 to 10 Years Old ................................................................................ 73 124 

Figure 4-7. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and Mouthing 125 

for Preschoolers 3 to 5 Years Old ..................................................................................... 74 126 

Figure 4-8. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and Mouthing 127 

for Middle Childhood 6 to 10 Years Old .......................................................................... 74 128 

Figure 4-9. Acute Dose Rate of DIDP from Ingestion, Inhalation, and Dermal Exposure Routes for 129 

Young Teen 11 to 15 Years Old ....................................................................................... 76 130 

Figure 4-10. Acute Dose Rate of DIDP from Ingestion, Inhalation, and Dermal Exposure Routes for 131 

Teenagers and Young Adults 16 to 20 Years Old ............................................................ 77 132 

Figure 4-11. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and Mouthing 133 

for Young Teens 11 to 15 Years Old ................................................................................ 78 134 

Figure 4-12. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and Mouthing 135 

for Teenagers and Young Adults 16 to 20 Years Old ....................................................... 79 136 

Figure 4-13. Acute Dose Rate of DIDP from Ingestion, Inhalation, and Dermal Exposure Routes in 137 

Adults Older Than 21 Years Old ...................................................................................... 80 138 

Figure 4-14. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and Mouthing 139 

in Adults Older Than 21 Years Old .................................................................................. 81 140 

Figure 4-15. Chronic Average Daily Dose of DIDP from Ingestion, Inhalation, and Dermal Exposure 141 

Routes for Infants <1 Year Old ......................................................................................... 91 142 

Figure 4-16. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 143 

Mouthing for Infants Less Than a Year Old ..................................................................... 91 144 

Figure 4-17. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 145 

Routes for Toddlers 1 to 2 Years Old ............................................................................... 92 146 

Figure 4-18. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 147 

Mouthing for Toddlers 1 to 2 Years Old .......................................................................... 92 148 

Figure 4-19. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 149 

Routes for Preschooler 3 to 5 Years Old .......................................................................... 93 150 

Figure 4-20. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 151 

Mouthing for Preschooler 3 to 5 Years Old ...................................................................... 93 152 

Figure 4-21. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 153 

Routes for Middle Childhood 6 to 10 Years Old .............................................................. 94 154 

Figure 4-22. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 155 

Mouthing for Middle Childhood 6 to 10 Years Old ......................................................... 94 156 

Figure 4-23. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 157 

Routes for Young Teens 11 to 15 Years Old .................................................................... 95 158 

Figure 4-24. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 159 

Mouthing for Young Teens 11 to 15 Years Old ............................................................... 95 160 

Figure 4-25. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 161 

Routes for Teenagers and Young Adults, 16 to 20 Years Old.......................................... 96 162 

Figure 4-26. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 163 

Mouthing for Teenagers and Young Adults, 16 to 20 Years Old ..................................... 96 164 

Figure 4-27. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 165 

Routes for Adults above 21 Years Old ............................................................................. 97 166 



PUBLIC RELEASE DRAFT 

May 2024 

Page 5 of 138 

Figure 4-28. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 167 

Mouthing for Adults above 21 Years Old......................................................................... 98 168 

Figure 4-29. Intermediate Average Daily Dose of DIDP from Inhalation for Infants <1 Year Old ...... 101 169 

Figure 4-30. Intermediate Average Daily Dose of DIDP from Inhalation for Toddlers 1 to 2 Years 170 

Old................................................................................................................................... 101 171 

Figure 4-31. Intermediate Average Daily Dose of DIDP from Inhalation for Preschoolers 3 to 5 Years 172 

Old................................................................................................................................... 101 173 

Figure 4-32. Intermediate Average Daily Dose of DIDP from Inhalation for Middle Childhood 6 to 174 

10 Years Old ................................................................................................................... 102 175 

Figure 4-33. Intermediate Average Daily Dose of DIDP from Inhalation and Dermal Exposure for 176 

Young Teens 11 to 15 Years Old .................................................................................... 102 177 

Figure 4-34. Intermediate Average Daily Dose of DIDP from Inhalation and Dermal Exposure for 178 

Teenagers and Young Adults 16 to 20 Years Old .......................................................... 102 179 

Figure 4-35. Intermediate Average Daily Dose of DIDP from Inhalation and Dermal Exposure for 180 

Adults >21 Years Old ..................................................................................................... 102 181 

182 



PUBLIC RELEASE DRAFT 

May 2024 

Page 6 of 138 

ABBREVIATIONS AND ACRONYMS 183 

ACC  American Chemical Council 184 

ADR  Average dose rate 185 

ATBC   Acetyl-tri-n-butylcitrate 186 

BBP  Benzyl butyl phthalate 187 

CADD  Chronic Average Daily Dose 188 

CDC  Center for Disease Control and Prevention 189 

CDR  Chemical Data Reporting 190 

CEM  Consumer Exposure Model 191 

CHAP  Chronic Hazard Advisory Panel 192 

CPSC  Consumer Product Safety Commission 193 

CPSIA  Consumer Product Safety Improvement Act 194 

COU  Condition of use 195 

DBP   Dibutyl phthalate  196 

DCHP  Dicyclohexyl phthalate 197 

DEHP   Di-(2-ethylhexyl) phthalate  198 

DHEXP  Di-n-hexyl phthalate 199 

DIBP  Diisobutyl phthalate 200 

DIDP  Diisodecyl phthalate 201 

DINP  Diisononyl phthalate 202 

DIY  Do-it-yourself 203 

DPENP  Di-n-pentyl phthalate 204 

MCCEM  Multi-Chamber Concentration and Exposure Model 205 

OCSPP Office of Chemical Safety and Pollution Prevention 206 

OPPT  Office of Pollution Prevention and Toxics 207 

PCD   Participant-Collected Dust 208 

PVC  Polyvinyl chloride 209 

SDS  Safety data sheet 210 

SVOC  Semi volatile organic compound 211 

TSCA  Toxic Substances Control Act 212 

VSD  Vacuum sampler dust  213 



PUBLIC RELEASE DRAFT 

May 2024 

Page 7 of 138 

SUMMARY 214 

This technical document is in support of the TSCA Draft Risk Evaluation for Diisodecyl Phthalate 215 

(DIDP) (U.S. EPA, 2024b). DIDP is a common chemical name for the category of chemical substances 216 

that includes the following substances: 1,2-benzenedicarboxylic acid, 1,2-diisodecyl ester (CASRN 217 

26761-40-0) and 1,2-benzenedicarboxylic acid, di-C9-11-branched alkyl esters, C10-rich (CASRN 218 

68515-49-1). Both CASRNs contain mainly C10 dialkyl phthalate esters. See the draft risk evaluation 219 

for a complete list of all the technical support documents for DIDP. 220 

 221 

This document provides detailed descriptions of DIDP consumer and indoor exposure assessment. This 222 

assessment considers human exposure to DIDP in consumer products resulting from Toxic Substances 223 

Control Act (TSCA) conditions of use (COUs). The major routes of exposure considered were ingestion 224 

via mouthing, ingestion of suspended dust, ingestion of settled dust, inhalation, and dermal exposure. 225 

Chemical weight fractions were gathered from safety data sheets (SDSs), and other sources specified in 226 

Section 2.1.1.1, and used to tailor COU-specific consumer exposure scenarios for products and articles 227 

identified in the consumer market. 228 

 229 

For inhalation and ingestion exposures, EPA used the Consumer Exposure Model (CEM) to estimate 230 

acute and chronic exposures to consumer users and bystanders. Intermediate exposures were calculated 231 

from the CEM daily exposure outputs for applicable scenarios outside of CEM because the exposure 232 

duration for intermediate scenarios is outside the 60-day modeling period CEM uses. Acute exposures 233 

are for an exposure duration of one day, chronic exposures are for an exposure duration of one year, and 234 

intermediate are for an exposure duration of 30 days (roughly a month). Confidence in the estimates 235 

were robust and moderate depending on product or article scenario. For each scenario high, medium, 236 

and low exposure scenarios were developed in which values for duration of use, frequency of use, and 237 

surface area were determined based on reasonably available information and professional judgment. 238 

Dermal exposures for both liquid products and solid articles were calculated in a spreadsheet outside of 239 

CEM, see Draft Consumer Exposure Analysis for Diisodecyl Phthalate (DIDP) (U.S. EPA, 2024c). 240 

CEM dermal modeling uses a dermal model approach that assumes infinite DIDP migration from 241 

product to skin without considering saturation which would result in greatly overestimations of dose and 242 

subsequent risk, see Section 2.2 for a detailed explanation. Low, medium, and high exposure scenarios 243 

were developed for each product and article scenario by varying values for duration of dermal contact 244 

and area of exposed skin. Confidence in the dermal exposure estimates were robust to moderate 245 

depending on uncertainties associated with input parameters.246 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363145
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11374519
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1 BACKGROUND 247 

 DIDP is assigned two CASRNs that contain C10 dialkyl phthalate esters: 1,2-benzenedicarboxylic acid, 248 

1,2-diisodecyl ester (CASRN 26761-40-0) and 1,2-benzenedicarboxylic acid, di-C9-11-branched alkyl 249 

esters, C10-rich (CASRN 68515-49-1). DIDP is primarily used as a plasticizer in polyvinyl chloride 250 

(PVC) in consumer, commercial, and industrial applications. The migration of DIDP from consumer 251 

products and articles has been identified as a potential source of exposure. However, the relative 252 

contribution of various consumer goods to overall exposure to DIDP has not been well characterized. 253 

Information contained in the submission requesting the risk evaluation for DIDP along with Chemical 254 

Data Reporting (CDR) reporting and other sources used in this assessment indicate DIDP may be 255 

present in several consumer products and articles, Table 1-1. These uses can result in exposures to 256 

consumers and bystanders (non-product users that are incidentally exposed to the product). For all the 257 

DIDP containing consumer products identified, the approach involves addressing the inherent 258 

uncertainties by modeling high, medium, and low exposure scenarios. Due to the lack of comprehensive 259 

data on various parameters and the expected variability in exposure pathways, these scenarios allow for 260 

a robust exploration of the estimated risks associated with DIDP across conditions of use (COUs) to 261 

various age groups.  262 

 263 

Because PVC products are ubiquitous in modern indoor environments, DIDP is found in residential dust. 264 

Exposure to compounds through dust ingestion, dust inhalation, and dermal absorption is a particular 265 

concern for young children between the ages of 6 months and 2 years, as they crawl on the ground and 266 

pull up on ledges which increases hand-to-dust contact, and they often place their hands and objects in 267 

their mouths. Age groups above 2 years are assessed and compared with infants and toddler results. 268 
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Table 1-1. Consumer Conditions of Use Table 269 

Life Cycle Stagea Categoryb Subcategoryc References 

(CASRN 26761-40-0) 

References 

(CASRN 68515-49-1) 

Consumer uses 

Automotive, fuel, agriculture, 

outdoor use products 

Automotive products, other than fluidsd EPA-HQ-OPPT-2018-0435-

0005; EPA-HQ-OPPT-2018-

0435-0022 

EPA-HQ-OPPT-2018-0435-

0005; EPA-HQ-OPPT-2018-

0435-0022 

Lubricantsd EPA-HQ-OPPT-2018-0435-

0005; U.S. EPA (2020); ACC 

Letter (2023) 

EPA-HQ-OPPT-2018-0435-

0005; U.S. EPA (2020); ACC 

Letter (2023) 

Construction, paint, electrical, 

and metal products 

Adhesives and sealants (including 

plasticizers in adhesives and sealants)d 

EPA-HQ-OPPT-2018-0435-

0005; U.S. EPA (2020) 

EPA-HQ-OPPT-2018-0435-

0005; U.S. EPA (2020); U.S. 

EPA 2020 CDR 

Building/construction materials covering 

large surface areas including stone, 

plaster, cement, glass and ceramic articles 

(wire or wiring systems; joint treatment)d 

EPA-HQ-OPPT-2018-0435-

0005 

EPA-HQ-OPPT-2018-0435-

0005 

Electrical and electronic productsd, f EPA-HQ-OPPT-2018-0435-

0005 

EPA-HQ-OPPT-2018-0435-

0005; U.S. EPA (2020) 

Paints and coatingsd U.S. EPA (2020) U.S. EPA (2020) 

Furnishing, cleaning, 

treatment/care products 

Fabrics, textiles, and apparel (as 

plasticizer)  

ACC Letter (2023) U.S. EPA 2020 CDR; ACC 

Letter (2023) 

Packaging, paper, plastic, 

hobby products 

Arts, crafts, and hobby materials (crafting 

paint applied to craft) 

 U.S. EPA (2020); U.S. EPA 

2020 CDR 

Ink, toner, and colorant productsd EPA-HQ-OPPT-2018-0435-

0005; EPA-HQ-OPPT-2018-

0435-0022; ACC Letter (2023) 

EPA-HQ-OPPT-2018-0435-

0005; EPA-HQ-OPPT-2018-

0435-0022; ACC Letter (2023) 

PVC film and sheet EPA-HQ-OPPT-2018-0435-

0022 

EPA-HQ-OPPT-2018-0435-

0022 

Plastic and rubber products (textiles, 

apparel, and leather; vinyl tape; flexible 

tubes; profiles; hoses)d 

EPA-HQ-OPPT-2018-0435-

0005; EPA-HQ-OPPT-2018-

0435-0022; ACC Letter (2023) 

EPA-HQ-OPPT-2018-0435-

0005; U.S. EPA (2020); ACC 

Letter (2023) 

Toys, playgrounds, and sporting 

equipmentd 

EPA-HQ-OPPT-2018-0435-

0005; ACC Letter (2023) 

EPA-HQ-OPPT-2018-0435-

0005; U.S. EPA (2020); ACC 

Letter (2023) 

https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6275311
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6275311
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6275311
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6275311
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6275311
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6275311
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6275311
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6275311
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0012
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6275311
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://beta.regulations.gov/document/EPA-HQ-OPPT-2018-0435-0005
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6275311
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Life Cycle Stagea Categoryb Subcategoryc References 

(CASRN 26761-40-0) 

References 

(CASRN 68515-49-1) 

Other Novelty Products UC Berkeley (2013); NIH 

(2023) 

UC Berkeley (2013); NIH 

(2023) 

Disposal  Disposal Disposale   

a Life Cycle Stage Use Definitions (40 CFR 711.3) 

‒ “Industrial use” means use at a site at which one or more chemicals or mixtures are manufactured (including imported) or processed.  

‒ “Commercial use” means the use of a chemical or a mixture containing a chemical (including as part of an article) in a commercial enterprise providing saleable goods or 

services.  

‒ “Consumer use” means the use of a chemical or a mixture containing a chemical (including as part of an article, such as furniture or clothing) when sold to or made 

available to consumers for their use. 

‒ Although EPA has identified both industrial and commercial uses here for purposes of distinguishing scenarios in this document, the Agency interprets the authority over 

“any manner or method of commercial use” under TSCA section 6(a)(5) to reach both. 
b These categories of conditions of use appear in the Life Cycle Diagram, reflect CDR codes, and broadly represent conditions of use of DIDP in industrial and/or commercial 

settings. 
c These subcategories reflect more specific conditions of use of DIDP. 
d Circumstances on which ACC HPP is requesting that EPA conduct a risk evaluation. DIDP was limited in toys to less than 0.1% until 2017 by the CPSC. EPA will evaluate risk 

from toys in commerce and legacy toys. In addition, DIDP processing into sporting equipment is ongoing. 
e Identified in EPA’s Hydraulic Fracturing for Oil and Gas: Impacts from the Hydraulic Fracturing Water Cycle on Drinking Water Resources in the United States (EPA-600-R-

16-236Fb), December 2016 document to be a chemical reported to be detected in produced water.  
f New CDR reporting codes of machinery, mechanical appliances, electrical/electronic articles and other machinery, mechanical appliances, electronic/electronic articles are 

represented under the electrical and electronic articles reporting code, so for commercial and consumer uses these conditions of use are combined.  

270 
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2 CONSUMER EXPOSURE APPROACH AND METHODOLOGY 271 

Consumer products or articles containing DIDP were matched with the identified consumer COUs. 272 

Table 2-1 summarizes the consumer exposure scenarios by COU for each product example(s), the 273 

exposure routes, which scenarios are also used in the indoor dust assessment, and whether the analysis 274 

was done qualitatively or quantitatively. The indoor dust assessment uses consumer products 275 

information for selected articles with the goal of recreating the indoor environment. The subset of 276 

consumer articles used in the indoor dust assessment were selected for their potential to have large 277 

surface area for dust collection. 278 

 279 

When a quantitative analysis was conducted, exposure from the consumer COUs was estimated by 280 

modeling. Exposure via inhalation and ingestion routes were modeled using EPA’s CEM Version 3.2 281 

(U.S. EPA, 2023). Dermal exposure to DIDP-containing consumer products was carried out using a 282 

computational framework implemented within a spreadsheet environment. Refer to Dermal Modeling 283 

Approach in Section 2.2 for a detail description of dermal approaches, rationale for doing outside CEM, 284 

and consumer specific dermal parameters and assumptions for exposure estimates. For each exposure 285 

route, EPA used the 10th percentile, average, and 95th percentile value of an input parameter (e.g., 286 

weight fraction, surface area and others) where possible to characterize low-end, central tendency, and 287 

high-end exposure for a given condition of use. Should only a range be reported as the minimum, 288 

average, and maximum, EPA used these as the low-end, central tendency, and high-end respectively. All 289 

CEM and dermal spreadsheet calculations inputs, sources of information, assumptions, and exposure 290 

scenario descriptions are available in the Draft Consumer Exposure Analysis for Diisodecyl Phthalate 291 

(DIDP) (U.S. EPA, 2024c). 292 

 293 

Based on reasonably available information from the systematic review process on consumer conditions 294 

of use and indoor dust DIDP concentrations, inhalation of DIDP is possible through inhalation of DIDP 295 

emitted from products and articles and DIDP sorbed to indoor dust and particulate matter. A detailed 296 

discussion of indoor dust references, sources, and concentrations is available in Sections 3, 4.2, 4.3, and 297 

4.4. DIDP’s low volatility is expected to result in negligible gas-phase inhalation exposures. However, 298 

sorption to suspended and settled dust is likely based on monitoring indoor data, hence inhalation and 299 

ingestion of suspended and settled dust is considered in this assessment. Oral exposure to DIDP is 300 

possible through incidental ingestion during use, transfer of chemical from hand-to-mouth, or mouthing 301 

of articles. Dermal exposure may occur via direct contact with liquid products and solid articles during 302 

use. Based on these potential sources and pathways of exposures that may result from the conditions of 303 

use identified for DIDP, oral, dermal, and inhalation exposures to consumers and inhalation exposures to 304 

bystanders were assessed. 305 

 306 

EPA assessed acute, chronic, and intermediate exposures to DIDP from consumer COUs. For the acute 307 

dose rate calculations, an averaging time of 1 day is used representing the maximum timE−integrated 308 

dose over a 24-hour period during the exposure event. The chronic dose rate is calculated iteratively at a 309 

30-second interval during the first 24 hours and every hour after that for 60 days. Professional judgment 310 

and product use descriptions were used to estimate events per day and per month for the calculation of 311 

the intermediate dose.312 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11374403
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11374519
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Table 2-1. Summary of Consumer COUs, Exposure Scenarios, and Exposure Routes 313 

Consumer Use 

Category 

Consumer Use 

Subcategory 
Product/Article Exposure Scenario and Route 

Evaluated Routes 

In
h

a
la

ti
o

n
 

D
er

m
a

l 

Ingestion 

Qualitative / 

Quantitative / 

None 

D
u

st
 (

A
ir

) 

D
u

st
 

(S
u

rf
a

ce
) 

M
o

u
th

in
g

 

Automotive, fuel, 

agriculture, outdoor 

use products 

Automotive products, 

other than fluids 

Products are like 

synthetic leather 

fabrics in furniture 

See synthetic leather furniture 

scenarios. Use patterns for dermal 

exposure to automotive synthetic 

leather fabric has same 

considerations than for furniture 

 ✓    Quantitative 

Automotive, fuel, 

agriculture, outdoor 

use products 

Lubricants Auto transmission 

conditioner 

Direct contact during use; 

inhalation of emissions resulting 

from small spill of product 

✓ ✓    
Quantitative 

Construction, paint, 

electrical, and metal 

products 

Adhesives and sealants 

(including plasticizers in 

adhesives and sealants) 

Construction Adhesive 

for Small Scale 

Projects 

Use of product in DIYc small-scale 

home repair and hobby activities. 

Direct contact during use; 

inhalation of emissions during use 

✓ ✓    Quantitative 

Construction, paint, 

electrical, and metal 

products 

Adhesives and sealants 

(including plasticizers in 

adhesives and sealants) 

Construction Sealant 

for Large Scale 

Projects 

Use of product in DIYc small-scale 

home repair and hobby activities. 

Direct contact during use; 

inhalation of emissions during use 

✓ ✓    Quantitative 

Construction, paint, 

electrical, and metal 

products 

Adhesives and sealants 

(including plasticizers in 

adhesives and sealants) 

Epoxy Floor Patch Use of product in DIYc home 

repair and hobby activities. Direct 

contact during use; inhalation of 

emissions during use 

✓ ✓    
Quantitative 

Construction, paint, 

electrical, and metal 

products 

Adhesives and sealants 

(including plasticizers in 

adhesives and sealants) 

Lacquer Sealer (Non-

Spray) 

Application of product in house via 

roller or brush. Direct contact 

during use; inhalation of emissions 

during use 

✓ ✓    
Quantitative 

Construction, paint, 

electrical, and metal 

products 

Adhesives and sealants 

(including plasticizers in 

adhesives and sealants) 

Lacquer Sealer (Spray) Application of product in house via 

spray. Direct contact during use; 

inhalation of emissions during use 

✓ ✓    Quantitative 

Construction, paint, 

electrical, and metal 

products 

Building/construction 

materials covering large 

surface areas including 

stone, plaster, cement, 

glass and ceramic 

Solid flooring Direct contact, inhalation of 

emissions / ingestion of dust 

adsorbed chemical 

✓a ✓ ✓a ✓a  
Quantitative 
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Consumer Use 

Category 

Consumer Use 

Subcategory 
Product/Article Exposure Scenario and Route 

Evaluated Routes 

In
h

a
la

ti
o

n
 

D
er

m
a

l 

Ingestion 

Qualitative / 

Quantitative / 

None 

D
u

st
 (

A
ir

) 

D
u

st
 

(S
u

rf
a

ce
) 

M
o

u
th

in
g

 

articles (wire or wiring 

systems; joint treatment 

Construction, paint, 

electrical, and metal 

products 

Electrical and Electronic 

Products 

Wire Insulation Direct contact, inhalation of 

emissions / ingestion of dust 

adsorbed chemical, mouthing by 

children 

✓a ✓ ✓a ✓a ✓ 
Quantitative 

Construction, paint, 

electrical, and metal 

products 

Paints and coatings Paint products/articles 

were not identified. 

For coatings, lacquers 

and sealants were used 

as their use patterns 

are similar. 

See lacquers and sealants  See lacquers and sealants Quantitative  

Furnishing, 

cleaning, 

treatment/care 

products 

Fabrics, textiles, and 

apparel (as plasticizer) 

See synthetic leather 

furniture and clothing 

See synthetic leather furniture and 

clothing 

See synthetic leather furniture and 

clothing 

Quantitative  

Packaging, paper, 

plastic, hobby 

products 

Arts, crafts, and hobby 

materials (crafting paint 

applied to craft) 

Rubber Eraser Direct contact during use; rubber 

particles may be inadvertently 

ingested during use. Eraser may be 

mouthed by children 

b ✓   ✓ Quantitative 

Packaging, paper, 

plastic, hobby 

products 

Arts, crafts, and hobby 

materials (crafting paint 

applied to craft) 

Crafting paint applied 

to craft  

Current products were not 

identified. Foreseeable uses were 

matched with the lacquers, and 

sealants (small and large projects) 

because similar use patterns are 

expected. 

See lacquers and sealants (small and 

large projects) 

Quantitative 

Packaging, paper, 

plastic, hobby 

products 

Ink, toner, and colorant 

products 

No consumer products 

identified. 

Current products were not 

identified. Foreseeable uses were 

matched with the lacquers, and 

sealants (small and large projects) 

because similar use patterns are 

expected. 

See lacquers and sealants (small and 

large projects) 

Quantitative 

Packaging, paper, PVC film and sheet Miscellaneous coated Direct contact during use 
b ✓    

Quantitative 
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Consumer Use 

Category 

Consumer Use 

Subcategory 
Product/Article Exposure Scenario and Route 

Evaluated Routes 

In
h

a
la

ti
o

n
 

D
er

m
a

l 

Ingestion 

Qualitative / 

Quantitative / 

None 

D
u

st
 (

A
ir

) 

D
u

st
 

(S
u

rf
a

ce
) 

M
o

u
th

in
g

 

plastic, hobby 

products 

textiles: truck awnings 

Packaging, paper, 

plastic, hobby 

products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Shower Curtain Direct contact during use; 

inhalation of emissions / ingestion 

of dust adsorbed chemical while 

hanging in place 

✓a ✓ ✓a ✓a  Quantitative 

Packaging, paper, 

plastic, hobby 

products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Wallpaper Direct contact during installation 

(teenagers and adults) and while in 

place; inhalation of emissions / 

ingestion of dust adsorbed 

chemical 

✓a ✓ ✓a ✓a  Quantitative 

Packaging, paper, 

plastic, hobby 

products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Foam Flip Flops Direct contact during use 
b ✓    

Quantitative 

Packaging, paper, 

plastic, hobby 

products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Synthetic Leather 

Furniture 

Direct contact during use; 

inhalation of emissions / ingestion 

of airborne particulate; ingestion 

by mouthing 

✓a ✓ ✓a ✓a ✓ 
Quantitative 

Packaging, paper, 

plastic, hobby 

products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Synthetic Leather 

Clothing 

Direct contact during use 
b ✓    

Quantitative 

Packaging, paper, 

plastic, hobby 

products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Bags Direct contact during use 
b ✓    

Quantitative 

Packaging, paper, Toys, playgrounds, and Fitness Ball Direct contact during use 
 ✓    

Quantitative 
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Consumer Use 

Category 

Consumer Use 

Subcategory 
Product/Article Exposure Scenario and Route 

Evaluated Routes 

In
h

a
la

ti
o

n
 

D
er

m
a

l 

Ingestion 

Qualitative / 

Quantitative / 

None 

D
u

st
 (

A
ir

) 

D
u

st
 

(S
u

rf
a

ce
) 

M
o

u
th

in
g

 

plastic, hobby 

products 

sporting equipment 

Packaging, paper, 

plastic, hobby 

products 

Toys, Playground, and 

Sporting Equipment 

Children’s Toys (new) Collection of toys. Direct contact 

during use; inhalation of emissions 

/ ingestion of airborne PM; 

ingestion by mouthing 

✓a ✓ ✓a ✓a ✓ Quantitative 

Packaging, paper, 

plastic, hobby 

products 

Toys, Playground, and 

Sporting Equipment 

Children’s Toys 

(legacy) 

Collection of toys. Direct contact 

during use; inhalation of emissions 

/ ingestion of airborne particulate; 

ingestion by mouthing 

✓a ✓ ✓a ✓a ✓ Quantitative 

Other Novelty Products Adult Toys Direct contact during use, ingestion 

by mouthing 
b ✓   ✓ Quantitative 

Disposal Disposal Down the drain 

products and articles 

Down the drain and releases to 

environmental media 
     

Qualitative 

Discussion 

✓ Scenario is considered either qualitatively or quantitatively in this assessment. 

✓a Scenario used in Indoor Dust Exposure Assessment in Section 3. These indoor dust articles scenarios consider the surface area from multiple articles such as toys 

and wire insulation, while furniture, curtains, flooring and wallpaper already have large surface areas in which dust can deposit and contribute to significantly larger 

concentration of dust than single small articles and products. 

 Scenario was deemed unlikely based low volatility and small surface area, likely negligible gas and particle phase concentration for inhalation, low possibility of 

mouthing based on product use patterns and targeted population age groups, and low possibility of dust on surface due to barriers or low surface area for dust 

ingestion. 

b Scenario was deemed unlikely based low volatility and small surface area and likely negligible gas and suspended particle phase concentration.  

DIY c – Do-it-yourself 

 314 
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EPA did not perform quantitative assessments of the COU summarized in Table 2-2 due to lack of 315 

reasonably available information, monitoring data, and modeling tools. A qualitative discussion using 316 

physical and chemical properties and monitoring data for environmental media to support conclusions 317 

about down the drain and disposal practices and releases to the environment. 318 

 319 

Table 2-2. COUs and Products or Articles without a Quantitative Assessment 320 

Consumer Use 

Category 

Consumer Use 

Subcategory 
Product/Article Comment 

Disposal Disposal 

Down the drain 

products and 

articles 

Qualitative discussion – Due to limited 

information on source attribution of the 

consumer COUs. 

 321 

Environmental releases may occur from consumer products and articles containing DIDP via the end-of-322 

life disposal and demolition of consumer products and articles in the built environment, as well as from 323 

the associated down-thE−drain release of DIDP. It is difficult for EPA to quantify these ends-of-life and 324 

down-thE−drain exposures due to limited information on source attribution of the consumer COUs. In 325 

previous assessments, EPA has considered down-thE−drain analysis for consumer products scenarios 326 

where there is reasonably foreseen exposure scenario where it can be assumed the consumer product 327 

(e.g., drain cleaner, lubricant, oils) will be discarded directly down-thE−drain. Although EPA 328 

acknowledges that there may be DIDP releases to the environment via the cleaning and disposal of 329 

adhesives, sealants, lacquers, and coatings, the Agency did not quantitatively assess these scenarios due 330 

to limited information, monitoring data, or modeling tools. Adhesives, sealants, lacquers, and coatings 331 

can be disposed down-thE−drain while users wash their hands, brushes, sponges, and other product 332 

applying tools. In addition, these products can be disposed when users no longer have use for them or 333 

have reached the product shelf life and taken to landfills. 334 

 335 

All other solid products and articles in Table 2-1 can be removed and disposed in landfills, or other 336 

waste handling locations that properly manage the disposal of products like adhesives, sealants, 337 

lacquers, and coatings. EPA did not identified data for DIDP in drinking water in the U.S. Based on the 338 

low water solubility and log KOW, DIDP in water it is expected to mainly partition to suspended solids 339 

present in water. The available information suggest that the use of flocculants and filtering media could 340 

potentially help remove DIDP during drinking water treatment by sorption into suspended organic 341 

matter, settling, and physical removal. While there is limited measured data on DIDP in landfill 342 

leachates, the data suggest that DIDP is unlikely to be present in landfill leachates. Further, the small 343 

amounts of DIDP that could potentially be in landfill leachates will have limited mobility and are 344 

unlikely to infiltrate groundwater due to high affinity of DIDP for organic compounds that would be 345 

present in receiving soil and sediment (U.S. EPA, 2024a). 346 

2.1 Consumer Exposure Model (CEM) 347 

The CEM Version 3.2 (U.S. EPA, 2023) was selected for the consumer exposure modeling as the most 348 

appropriate model to use based on the type of input data available for DIDP-containing consumer 349 

products. The advantages of using CEM to assess exposures to consumers and bystanders are as follows: 350 

• CEM model has been peer reviewed; 351 

• CEM accommodates the distinct inputs available for the products containing DIDP; and 352 

• CEM uses the same calculation engine to compute indoor air concentrations from a source as the 353 

higher-tier Multi-Chamber Concentration and Exposure Model (MCCEM) but does not require 354 

measured chamber emission values (which are not available for DIDP). 355 

CEM has capabilities to model exposure to DIDP in both products and articles. Products are generally 356 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363153
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11374403
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consumable liquids, aerosols, or semi-solids that are used a given number of times before they are 357 

exhausted. Articles are generally solids, polymers, foams, metals, or woods, which are present within 358 

indoor environments for the duration of their useful life, which may be several years. Figure 2-1 displays 359 

the embedded models within CEM 3.2. 360 

 361 

362 

 363 

Figure 2-1. Consumer Pathways and Routes Evaluated in this Assessment 364 

 365 

CEM 3.2 generates exposure estimates based on user-provided input parameters and various 366 
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assumptions (or defaults). The model contains a variety of prE−populated scenarios for specific product 367 

and article categories and allows the user to define generic categories for any product and article in 368 

instances where the prepopulated scenarios are not adequate. User inputs for physical and chemical 369 

properties of products and articles are utilized to calculate emission profiles of SVOCs. There are six 370 

emission calculation profiles within CEM (E1–E6) that represent specific use conditions and properties 371 

of various products and articles. A description of these models is summarized in the CEM user guide 372 

and associated appendices https://www.epa.gov/tsca-screening-tools.  373 

 374 

The calculated emission rates are then used in a deterministic, mass balance calculation of indoor air 375 

concentrations. However, CEM employs different models for products and articles. For products, CEM 376 

3.2 uses a two-zone representation of the building of use when predicting indoor air concentrations. 377 

Zone 1 represents the room where the consumer product is used. Zone 2 represents the remainder of the 378 

building. Each zone is considered well-mixed. The model allows for further division of Zone 1into a 379 

near field and far field to accommodate situations where a higher concentration of product is expected 380 

very near the product user during the period of use. Zone 1-near field represents the breathing zone of 381 

the user at the location of the product use, while Zone 1-far field represents the remainder of the Zone 1 382 

room. The modeled concentrations in the two zones are a function of the timE−varying emission rate in 383 

Zone 1, the volumes of Zones 1 and 2, the air flows between each zone and the outdoor, and the air 384 

flows between the two zones. CEM 3.2 models exposure to SVOCs emitted from products via inhalation 385 

of gas-phase SVOCs Based on zones and prE−defined activity patterns. The product user and bystander 386 

is placed within Zone 1 and Zone 2, respectively, for the duration of product use. Following product use, 387 

the user and bystander follow one of three prE−defined activity patterns as determined by the CEM 388 

modeler. The activity pattern takes the user and bystander in and out of Zone 1 and Zone 2 for the period 389 

of simulation. The user and bystander inhale airborne concentrations with these zones, which will vary 390 

over time, resulting in the overall estimated exposure for each individual. For the “Stay-at-Home” 391 

activity pattern used in these analyses, both users and bystanders are assumed to be in the home the 392 

majority of the day (20 hours). In addition, exposure via incidental ingestion of products during use may 393 

also be modeled. 394 

  395 

For articles, the model comprises an air compartment (including gas phase, suspended particulates) and 396 

a floor compartment (containing settled particulates). SVOCs emitted from articles partition between 397 

indoor air, airborne particles, settled dust, and indoor sinks over time. Multiple articles can be 398 

incorporated into one room over time based on the total exposed surface area of articles present within a 399 

room. CEM 3.2 models exposure to SVOCs emitted from articles via inhalation of airborne gas- and 400 

particlE−phase SVOCs, ingestion of previously inhaled particles, dust ingestion via hand-to-mouth 401 

contact, and ingestion exposure via mouthing. 402 

 403 

CEM 3.2 estimates acute dose rates and chronic average daily doses for inhalation, ingestion, and 404 

dermal exposures of consumer products and articles. CEM 3.2 acute exposures are for an exposure 405 

duration of 1 day, and chronic exposures are for an exposure duration of 1 year. The model provides 406 

exposure estimates for various lifestages. EPA made some adjustments to match CEM’s lifestages to 407 

those listed in the Center for Disease Control and Prevention (CDC) guidelines (CDC, 2021) and EPA’s 408 

A Framework for Assessing Health Risks of Exposures to Children (U.S. EPA, 2006). CEM lifestages 409 

are rE−labeled from this point forward as follows: 410 

• Adult   (>21 years) → Adult 411 

• Youth 2  (16 to 20 years) → Teenager 412 

• Youth 1  (11 to 15 years) → Young teen 413 

• Child 2  (6 to 10 years) → Middle childhood 414 

https://www.epa.gov/tsca-screening-tools
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11414383
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=194567
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• Child 1  (3 to 5 years) → Preschooler 415 

• Infant 2  (1to 2 years) → Toddler 416 

• Infant 1  (<1 year) → Infant 417 

Exposure inputs for these various lifestages are provided in the EPA’s CEM Version 3.2 Appendices.  418 

 Acute, Chronic, and Intermediate Dose Rate Equations 419 

2.1.1.1 Acute Dose Rate 420 

Acute dose rate for inhalation of product used in an environment (CEM P_INH1 model) was calculated 421 

as follows: 422 

 423 

Equation 2-1. Acute Dose Rate for Inhalation of Product Used in an Environment 424 

 425 

𝐴𝐷𝑅 =  
𝐶𝑎𝑖𝑟 × 𝐼𝑛ℎ × 𝐹𝑄 × 𝐷𝑎𝑐 × 𝐸𝐷

𝐵𝑊 × 𝐴𝑇 × 𝐶𝐹1
 426 

Where: 427 

𝐴𝐷𝑅 = Acute Dose Rate (mg/kg-day) 428 

𝐶𝑎𝑖𝑟 = Concentration of DIDP in air (mg/m3) 429 

𝐼𝑛ℎ = Inhalation rate (m3/hr) 430 

𝐹𝑄 = Frequency of product use (events/day) 431 

𝐷𝑎𝑐 = Duration of use (min/event), acute 432 

𝐸𝐷 = Exposure duration (days of product usage) 433 

𝐵𝑊 = Body weight (kg) 434 

𝐴𝑇 = Averaging time (days) 435 

𝐶𝐹1 = Conversion factor (60 min/hr) 436 

 437 

For the ADR calculations, an averaging time of 1 day is used; the ADR therefore represents the 438 

maximum timE−integrated dose over a 24-hour period during the exposure event. The airborne 439 

concentration in the above equation is calculated using the high-end consumer product weight fraction, 440 

duration of use, and mass of product used. CEM calculates all possible ADRs, over the 60-day modeling 441 

period, as running 24-hour integrations (i.e., hours 1 to 24, 2 to 25, etc.), and then reports the highest of 442 

these computed values as the ADR. 443 

 444 

Acute dose rate for inhalation from article placed in environment (CEM A_INH1 model) was calculated 445 

as follows: 446 

 447 

Equation 2-2. Acute Dose Rate for Inhalation from Article Placed in Environment in Air 448 

 449 

𝐴𝐷𝑅𝐴𝑖𝑟 =
𝐶𝑔𝑎𝑠_𝑚𝑎𝑥 × 𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 × 𝐼𝑛ℎ𝑎𝑙𝐴𝑓𝑡𝑒𝑟 × 𝐶𝐹1

𝐵𝑊 × 𝐶𝐹2
 450 

 451 

Equation 2-3. Acute Dose Rate for Inhalation from Article Placed in Environment in Particulate 452 

 453 

𝐴𝐷𝑅𝑃𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑡𝑒 =
𝐷𝐼𝐷𝑃𝑅𝑃𝑎𝑖𝑟_𝑚𝑎𝑥 × 𝑅𝑃𝑎𝑖𝑟_𝑎𝑣𝑔 × 𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 × 𝐼𝑛ℎ𝑎𝑙𝐴𝑓𝑡𝑒𝑟 × 𝐶𝐹1

𝐵𝑊 × 𝐶𝐹2
 454 

 455 

 456 



PUBLIC RELEASE DRAFT 

May 2024 

Page 20 of 138 

Equation 2-4. Total Acute Dose Rate for Inhalation of Particulate and Air 457 

𝐴𝐷𝑅𝑡𝑜𝑡𝑎𝑙 = 𝐴𝐷𝑅𝐴𝑖𝑟 + 𝐴𝐷𝑅𝑃𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑡𝑒 458 

 459 

Where: 460 

𝐴𝐷𝑅𝐴𝑖𝑟  = Acute Dose Rate, air (mg/kg-day) 461 

𝐴𝐷𝑅𝑃𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑡𝑒 = Acute Dose Rate, particulate (mg/kg-day) 462 

𝐴𝐷𝑅𝑡𝑜𝑡𝑎𝑙  = Acute Dose Rate, total (mg/kg-day) 463 

𝐶𝑔𝑎𝑠_𝑚𝑎𝑥  = Maximum gas phase concentration (µg/m3) 464 

𝐷𝐼𝐷𝑃𝑅𝑃𝑎𝑖𝑟_𝑚𝑎𝑥 = Maximum DIDP in respirable particle (RP) concentration, air  465 

    (µg/mg) 466 

𝑅𝑃𝑎𝑖𝑟_𝑚𝑎𝑥  = Maximum respirable particle concentration, air (mg/m3) 467 

𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒  = Fraction of time in environment (unitless) 468 

𝐼𝑛ℎ𝑎𝑙𝐴𝑓𝑡𝑒𝑟  = Inhalation rate after use (m3/hr) 469 

𝐶𝐹1   = Conversion factor (24 hrs/day) 470 

𝐵𝑊   = Body weight (kg) 471 

𝐶𝐹2    = Conversion factor (1,000 µg/mg) 472 

 473 

Acute dose rate for ingestion after inhalation (CEM A_ING1 model) was calculated as follows: 474 

 475 

Equation 2-5. Acute Dose Rate from Ingestion after Inhalation 476 

 477 
𝐴𝐷𝑅𝐼𝐴𝐼478 

=
[(𝐷𝐼𝐷𝑃𝑅𝑃𝑎𝑖𝑟_𝑚𝑎𝑥 × 𝑅𝑃𝑎𝑖𝑟_𝑚𝑎𝑥 × 𝐼𝐹𝑅𝑃) + (𝐷𝐼𝐷𝑃𝐷𝑢𝑠𝑡𝑎𝑖𝑟_𝑚𝑎𝑥 × 𝐷𝑢𝑠𝑡𝑎𝑖𝑟_𝑚𝑎𝑥 × 𝐼𝐹𝐷𝑢𝑠𝑡) + (𝐷𝐼𝐷𝑃𝐴𝑏𝑟𝑎𝑖𝑟_𝑚𝑎𝑥 × 𝐴𝑏𝑟𝑎𝑖𝑟_𝑚𝑎𝑥 × 𝐼𝐹𝐴𝑏𝑟)] × 𝐼𝑛ℎ𝑎𝑙𝐴𝑓𝑡𝑒𝑟 × 𝐶𝐹1

𝐵𝑊 × 𝐶𝐹2

 479 

Where: 480 

𝐴𝐷𝑅𝐼𝐴𝐼  = Acute Dose Rate from Ingestion and Inhalation (mg/kg-day) 481 

𝐷𝐼𝐷𝑃𝑅𝑃𝑎𝑖𝑟_𝑚𝑎𝑥 = Maximum DIDP in respirable particles (RP) concentration, air  482 

    (µg/mg) 483 

𝑅𝑃𝑎𝑖𝑟_𝑚𝑎𝑥  = Maximum RP concentration, air (mg/m3) 484 

𝐼𝐹𝑇𝑆𝑃   = RP ingestion fraction (unitless) 485 

𝐷𝐼𝐷𝑃𝐷𝑢𝑠𝑡𝑎𝑖𝑟_𝑚𝑎𝑥 = Maximum DIDP in dust concentration, air (µg/mg) 486 

𝐷𝑢𝑠𝑡𝑎𝑖𝑟_𝑚𝑎𝑥  = Maximum dust concentration, air (mg/m3) 487 

𝐼𝐹𝐷𝑢𝑠𝑡   = Dust ingestion fraction (unitless) 488 

𝐷𝐼𝐷𝑃𝐴𝑏𝑟𝑎𝑖𝑟_𝑎𝑣𝑔 = Maximum DIDP in abraded particle concentration, air (µg/mg) 489 

𝐴𝑏𝑟𝑎𝑖𝑟_𝑎𝑣𝑔  = Maximum abraded particle concentration, air (mg/m3) 490 

𝐼𝐹𝐴𝑏𝑟   = Abraded particle ingestion fraction (unitless) 491 

𝐼𝑛ℎ𝑎𝑙𝐴𝑓𝑡𝑒𝑟  = Inhalation rate after use (m3/hr) 492 

𝐶𝐹1   = Conversion factor (24 hrs/day) 493 

𝐵𝑊   = Body weight (kg) 494 

𝐶𝐹2   = Conversion factor (1,000 mg/g) 495 

 496 

Acute daily dose rate for ingestion of article mouthed (CEM A_ING2 model) was calculated as follows: 497 

 498 

Equation 2-6. Acute Dose Rate for Ingestion of Article Mouthed 499 

 500 

𝐴𝐷𝑅 =  
𝑀𝑅 × 𝐶𝐴 × 𝐷𝑚 ×  𝐸𝐷𝑎𝑐 × 𝐶𝐹1

𝐵𝑊 × 𝐴𝑇𝑎𝑐 × 𝐶𝐹2
 501 

Where: 502 
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𝐴𝐷𝑅 = Acute Dose Rate (mg/kg-day) 503 

𝑀𝑅 = Migration rate of chemical from article to saliva (mg/cm2/hr) 504 

𝐶𝐴 = Contact area of mouthing (cm2)  505 

𝐷𝑚 = Duration of mouthing (min/hr) 506 

𝐸𝐷𝑎𝑐 = Exposure duration, acute (days) 507 

𝐶𝐹1 =  Conversion factor (24 hrs/day) 508 

𝐵𝑊 = Body weight (kg) 509 

𝐴𝑇𝑎𝑐 = Averaging time, acute (days) 510 

 𝐶𝐹2  =  Conversion factor (60 min/hr) 511 

 512 

See Section 2.1.2.1 for migration rate inputs and determination of these values. 513 

 514 

Acute dose rate for incidental ingestion of dust (CEM A_ING3 model) was calculated as follows: 515 

 516 

The article model named E6 in CEM calculates DIDP concentration in small particles, termed respirable 517 

particles (RP), and large particles, termed dust, that are settled on the floor or surfaces. The model 518 

assumes these particlE−bound to DIDP are available via incidental dust ingestion assuming a daily dust 519 

ingestion rate and a fraction of the day that is spent in the zone with the DIDP-containing dust. The 520 

model uses a weighted dust concentration, shown in Equation 2-6. 521 

 522 

Equation 2-7. Acute Dust Concentration 523 

 524 

𝐷𝑢𝑠𝑡𝑎𝑐_𝑤𝑔𝑡 =
(𝑅𝑃𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥 × 𝐷𝐼𝐷𝑃𝑅𝑃𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥) + (𝐷𝑢𝑠𝑡𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥 × 𝐷𝐼𝐷𝑃𝐷𝑢𝑠𝑡𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥) + (𝐴𝑏𝐴𝑟𝑡𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥 × 𝐷𝐼𝐷𝑃𝐴𝑏𝐴𝑟𝑡𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥)

(𝑇𝑆𝑃𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥 + 𝐷𝑢𝑠𝑡𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥 + 𝐴𝑏𝐴𝑟𝑡𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥)
  525 

Where: 526 

𝐷𝑢𝑠𝑡𝑎𝑐_𝑤𝑔𝑡  = Acute weighted dust concentration (µg/mg) 527 

𝑅𝑃𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥  = Maximum RP mass, floor (mg) 528 

𝐷𝐼𝐷𝑃𝑅𝑃𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥 = Maximum DIDP in RP concentration, floor (µg/mg) 529 

𝐷𝑢𝑠𝑡𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥  = Maximum dust mass, floor (mg) 530 

𝐷𝐼𝐷𝑃𝐷𝑢𝑠𝑡𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥  = Maximum DIDP in dust concentration, floor (µg/mg) 531 

𝐴𝑏𝐴𝑟𝑡𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥 = Maximum abraded particles mass, floor (mg) 532 

𝐷𝐼𝐷𝑃𝐴𝑏𝐴𝑟𝑡𝑓𝑙𝑜𝑜𝑟_𝑚𝑎𝑥 = Maximum floor dust DIDP concentration (µg/mg) 533 

 534 

Equation 2-8. Acute Dose Rate for Incidental Ingestion of Dust 535 

 536 

𝐴𝐷𝑅 =
𝐷𝑢𝑠𝑡𝑎𝑐_𝑤𝑔𝑡 × 𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 × 𝐷𝑢𝑠𝑡𝐼𝑛𝑔

𝐵𝑊 × 𝐶𝐹
 537 

Where: 538 

𝐴𝐷𝑅  = Acute Dose Rate (mg/kg-day) 539 

𝐷𝑢𝑠𝑡𝑎𝑐_𝑤𝑔𝑡 = Acute weighted dust concentration (µg/mg) 540 

𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 = Fraction of time in environment (unitless) 541 

𝐷𝑢𝑠𝑡𝐼𝑛𝑔 = Dust ingestion rate (mg/day) 542 

𝐵𝑊  = Body weight (kg) 543 

𝐶𝐹  = Conversion factor (1,000 µg/mg) 544 

 545 

The above equations assume DIDP can volatilize from the DIDP-containing article to the air and then 546 

partition to dust. Alternately, DIDP can partition directly from the article to dust in direct contact with 547 
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the article. This is also estimated in A_ING3 model assuming the original DIDP concentration in the 548 

article is known, and the density of the dust and dust-air and solid-air partitioning coefficients are either 549 

known or estimated as presented in E6. The model assumes partitioning behavior dominates, or 550 

instantaneous equilibrium is achieved. This is presented as a worst-case or upper bound scenario.  551 

 552 

Equation 2-9. Concentration of DIDP in Dust 553 

 554 

𝐶𝑑 =
𝐶0_𝑎𝑟𝑡 × 𝐾𝑑𝑢𝑠𝑡 × 𝐶𝐹

𝐾𝑠𝑜𝑙𝑖𝑑
 555 

Where: 556 

𝐶𝑑 = Concentration of DIDP in dust (mg/mg) 557 

𝐶0_𝑎𝑟𝑡 = Initial DIDP concentration in article (mg/cm3) 558 

𝐾𝑑𝑢𝑠𝑡 = DIDP dust-air partition coefficient (m3/mg) 559 

𝐶𝐹  = Conversion factor (106 cm3/m3) 560 

𝐾𝑠𝑜𝑙𝑖𝑑 = Solid air partition coefficient (unitless) 561 

 562 

Once DIDP concentration in the dust is estimated, the acute dose rate can be calculated. The calculation 563 

relies on the same upper end dust concentration.  564 

 565 

Equation 2-10. Acute Dose Rate from Direct Transfer to Dust 566 

 567 

𝐴𝐷𝑅𝐷𝑇𝐷 =
𝐶𝑑 × 𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 × 𝐷𝑢𝑠𝑡𝐼𝑛𝑔

𝐵𝑊
 568 

Where: 569 

𝐴𝐷𝑅𝐷𝑇𝐷 = Acute Dose Rate from direct transfer to dust (mg/kg-day) 570 

𝐶𝑑  = Concentration of DIDP in dust (mg/mg) 571 

𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒  = Fraction of time in environment (unitless) 572 

𝐷𝑢𝑠𝑡𝐼𝑛𝑔  = Dust ingestion rate (mg/day) 573 

𝐵𝑊   = Body weight (kg) 574 

 575 

Acute dose rate for ingestion of product swallowed (CEM P_ING1 module) was calculated as follows: 576 

 577 

Equation 2-11. Acute Dose Rate for Ingestion of Product Swallowed by Mouthing 578 

 579 

𝐴𝐷𝑅 =  
𝐹𝑄𝑎𝑐 × 𝑀 × 𝑊𝐹 × 𝐹𝑖𝑛𝑔 × 𝐶𝐹1 × 𝐸𝐷𝑎𝑐

𝐵𝑊 × 𝐴𝑇𝑎𝑐
 580 

Where: 581 

𝐴𝐷𝑅 = Acute Dose Rate (mg/kg-day) 582 

𝐹𝑄𝑎𝑐 = Frequency of use, acute (events/day) 583 

𝑀 = Mass of product used (g) 584 

𝑊𝐹 = Weight fraction of chemical in product (unitless) 585 

𝐹𝑖𝑛𝑔 = Fraction of product ingested (unitless) 586 

𝐶𝐹1 = Conversion factor (1,000 mg/g) 587 

𝐸𝐷𝑎𝑐 = Exposure duration, acute (days) 588 

𝐴𝑇𝑎𝑐 = Averaging time, acute (days) 589 

𝐵𝑊 = Body weight (kg) 590 

 591 

The model assumes that the product is directly ingested as part of routine use, and the mass is dependent 592 
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on the weight fraction and use patterns associated with the product. 593 

2.1.1.2 Non-cancer Chronic Dose 594 

Chronic average daily dose rate for inhalation of product used in an environment (CEM P_INH1 model) 595 

was calculated as follows: 596 

 597 

Equation 2-12. Chronic Average Daily Dose Rate for Inhalation of Product Used in an 598 

Environment 599 

 600 

𝐶𝐴𝐷𝐷 =  
𝐶𝑎𝑖𝑟 × 𝐼𝑛ℎ × 𝐹𝑄 × 𝐷𝑐𝑟 × 𝐸𝐷

𝐵𝑊 × 𝐴𝑇 × 𝐶𝐹1 × 𝐶𝐹2
 601 

Where: 602 

𝐶𝐴𝐷𝐷 = Chronic Average Daily Dose (mg/kg-day) 603 

𝐶𝑎𝑖𝑟 = Concentration of chemical in air (mg/m3) 604 

𝐼𝑛ℎ = Inhalation rate (m3/hr) 605 

𝐹𝑄 = Frequency of use (events/year) 606 

𝐷𝑐𝑟 = Duration of use (min/event), chronic 607 

𝐸𝐷 = Exposure duration (years of product usage) 608 

𝐵𝑊 = Body weight (kg) 609 

𝐴𝑇 = Averaging time (years) 610 

𝐶𝐹1 = Conversion factor (365 days/year) 611 

𝐶𝐹2 = Conversion factor (60 min/hr) 612 

 613 

CEM uses two different inhalation rates, one when the person is using the product and another after the 614 

use has ended. Table 2-3 shows the inhalation rates by receptor age category for during and after product 615 

use. 616 

 617 

Table 2-3. Inhalation Rates Used in CEM Product Models 618 

Lifestage 
Inhalation Rate During Use 

(m3/hr) a 

Inhalation Rate After Use 

(m3/hr) b 

Adult (≥21 years) 0.74 0.61 

Youth (16–20 years) 0.72 0.68 

Youth (11–15 years) 0.78 0.63 

Child (6–10 years) 0.66 0.5 

Small Child (3–5 years) 0.66 0.42 

Infant (1–2 years) 0.72 0.35 

Infant (<1 year) 0.46 0.23 
a Table 6-2, light intensity values (U.S. EPA, 2011a) 
b Table 6-1 (U.S. EPA, 2011a) 

 619 

The inhalation dose is calculated iteratively at a 30-second interval during the first 24 hours and every 620 

hour after that for 60 days, taking into consideration the chemical emission rate over time, the volume of 621 

the house and each zone, the air exchange rate and interzonal airflow rate, and the exposed individual’s 622 

locations and inhalation rates during and after product use. 623 

 624 

Chronic average daily dose rate for inhalation from article placed in environment (CEM A_INH1 625 

model) was calculated as follows: 626 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11414382
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11414382
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Equation 2-13. Chronic Average Daily Dose Rate for Inhalation from Article Placed in 627 

Environment in Air 628 

 629 

𝐶𝐴𝐷𝐷𝐴𝑖𝑟 =
𝐶𝑔𝑎𝑠_𝑎𝑣𝑔 × 𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 × 𝐼𝑛ℎ𝑎𝑙𝐴𝑓𝑡𝑒𝑟 × 𝐶𝐹1

𝐵𝑊 × 𝐶𝐹2
 630 

Equation 2-14. Chronic Average Daily Dose Rate for Inhalation from Article Placed in 631 

Environment in Particulate 632 

 633 

𝐶𝐴𝐷𝐷𝑃𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑡𝑒 =
𝐷𝐼𝐷𝑃𝑅𝑃𝑎𝑖𝑟_𝑎𝑣𝑔 × 𝑅𝑃𝑎𝑖𝑟_𝑎𝑣𝑔 × (1 − 𝐼𝐹𝑅𝑃)𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 × 𝐼𝑛ℎ𝑎𝑙𝐴𝑓𝑡𝑒𝑟 × 𝐶𝐹1

𝐵𝑊 × 𝐶𝐹2

 634 

Equation 2-15. Total Chronic Average Daily Dose Rate for Inhalation of Particulate and Air 635 

 636 

𝐶𝐴𝐷𝐷𝑡𝑜𝑡𝑎𝑙 = 𝐶𝐴𝐷𝐷𝐴𝑖𝑟 + 𝐶𝐴𝐷𝐷𝑃𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑡𝑒 637 

Where: 638 

𝐶𝐴𝐷𝐷𝐴𝑖𝑟  = Chronic Average Daily Dose, air (mg/kg-day) 639 

𝐶𝐴𝐷𝐷𝑃𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑡𝑒 = Chronic Average Daily Dose, particulate (mg/kg-day) 640 

𝐶𝐴𝐷𝐷𝑡𝑜𝑡𝑎𝑙   = Chronic Average Daily Dose, total (mg/kg-day) 641 

𝐶𝑔𝑎𝑠_𝑎𝑣𝑔  = Average gas phase concentration (µg/m3) 642 

𝐷𝐼𝐷𝑃𝑅𝑃𝑎𝑖𝑟_𝑎𝑣𝑔 = Average DIDP in respirable particles (RP) concentration, air  643 

    (µg/mg) 644 

𝑅𝑃𝑎𝑖𝑟_𝑎𝑣𝑔  = Average RP concentration, air (mg/m3) 645 

𝐼𝐹𝑅𝑃   = RP ingestion fraction (unitless) 646 

𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒  = Fraction of time in environment (unitless) 647 

𝐼𝑛ℎ𝑎𝑙𝐴𝑓𝑡𝑒𝑟  = Inhalation rate after use (m3/hr) 648 

𝐶𝐹1   = Conversion factor (24 hrs/day) 649 

𝐵𝑊   = Body weight (kg) 650 

𝐶𝐹2    = Conversion factor (1,000 µg/mg)  651 

 652 

Chronic average daily dose rate for ingestion after inhalation (CEM A_ING1 model) was calculated as 653 

follows: 654 

 655 

The CEM article model, E6, estimates DIDP concentrations in small and large airborne particles. While 656 

these particles are expected to be inhaled, not all will be able to penetrate the lungs and will be trapped 657 

in the upper airway and subsequently swallowed. The model estimates the mass of DIDP bound to 658 

airborne small particles, respirable particles (RP), and large particles (i.e., dust) that will be inhaled and 659 

trapped in the upper airway. The fraction that is trapped in the airway is termed the ingestion fraction 660 

(IF). The mass trapped is assumed to be available for ingestion. 661 

  662 
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Equation 2-16. Chronic Average Daily Dose Rate from Ingestion after Inhalation 663 

 664 
𝐶𝐴𝐷𝐷𝐼𝐴𝐼665 

=
[(𝐷𝐼𝐷𝑃𝑅𝑃𝑎𝑖𝑟_𝑎𝑣𝑔 × 𝑅𝑃𝑎𝑖𝑟𝑎𝑣𝑔

× 𝐼𝐹𝑅𝑃) + (𝐷𝐼𝐷𝑃𝐷𝑢𝑠𝑡𝑎𝑖𝑟_𝑎𝑣𝑔 × 𝐷𝑢𝑠𝑡𝑎𝑖𝑟𝑎𝑣𝑔
× 𝐼𝐹𝐷𝑢𝑠𝑡) + (𝐷𝐼𝐷𝑃𝐴𝑏𝑟𝑎𝑖𝑟_𝑎𝑣𝑔 × 𝐴𝑏𝑟𝑎𝑖𝑟_𝑎𝑣𝑔 × 𝐼𝐹𝐴𝑏𝑟)] × 𝐼𝑛ℎ𝑎𝑙𝐴𝑓𝑡𝑒𝑟 × 𝐶𝐹1

𝐵𝑊 × 𝐶𝐹2

 666 

Where: 667 

𝐶𝐴𝐷𝐷𝐼𝐴𝐼  = Chronic Average Daily Dose from ingestion after inhalation  668 

    (mg/kg-day) 669 

𝑆𝑉𝑂𝐶𝑅𝑃𝑎𝑖𝑟_𝑎𝑣𝑔 = Average DIDP in RP concentration, air (µg/mg) 670 

𝑅𝑃𝑎𝑖𝑟_𝑎𝑣𝑔  = Average RP concentration, air (mg/m3) 671 

𝐼𝐹𝑅𝑃   = RP ingestion fraction (unitless) 672 

𝑆𝑉𝑂𝐶𝐷𝑢𝑠𝑡𝑎𝑖𝑟_𝑎𝑣𝑔 = Average DIDP dust concentration, air (µg/mg) 673 

𝐷𝑢𝑠𝑡𝑎𝑖𝑟_𝑎𝑣𝑔  = Average dust concentration, air (mg/m3) 674 

𝐼𝐹𝐷𝑢𝑠𝑡   = Dust ingestion fraction (unitless) 675 

𝑆𝑉𝑂𝐶𝐴𝑏𝑟𝑎𝑖𝑟_𝑎𝑣𝑔 = Average DIDP in abraded particle concentration, air (µg/mg) 676 

𝐴𝑏𝑟𝑎𝑖𝑟_𝑎𝑣𝑔  = Average abraded particle concentration, air (mg/m3) 677 

𝐼𝐹𝐴𝑏𝑟   = Abraded particle ingestion fraction (unitless) 678 

𝐼𝑛ℎ𝑎𝑙𝐴𝑓𝑡𝑒𝑟  = Inhalation rate after use (m3/hr) 679 

𝐶𝐹1   = Conversion factor (24 hrs/day) 680 

𝐵𝑊   = Body weight (kg) 681 

𝐶𝐹2   = Conversion factor (1000 mg/g) 682 

 683 

Chronic average daily dose rate for ingestion of article mouthed (CEM A_ING2 model) was calculated 684 

as follows: 685 

 686 

The model assumes that a fraction of the chemical present in the article is ingested via object-to-mouth 687 

contact or mouthing where the chemical of interest migrates from the article to the saliva. See Section 688 

2.1.2.1 for migration rate inputs and determination of these values. 689 

 690 

Equation 2-17. Chronic Average Daily Dose Rate for Ingestion of Article Mouthed 691 

 692 

𝐶𝐴𝐷𝐷 =  
𝑀𝑅 × 𝐶𝐴 × 𝐷𝑚 ×  𝐸𝐷𝑐𝑟 × 𝐶𝐹1

𝐵𝑊 × 𝐴𝑇𝑐𝑟 × 𝐶𝐹2
 693 

Where: 694 

𝐶𝐴𝐷𝐷 = Chronic Average Daily Dose (mg/kg-day) 695 

𝑀𝑅 = Migration rate of chemical from article to saliva (mg/cm2/hr) 696 

𝐶𝐴 = Contact area of mouthing (cm2) 697 

𝐷𝑚 = Duration of mouthing (min/hr) 698 

𝐸𝐷𝑐𝑟 = Exposure duration, chronic (years) 699 

𝐶𝐹1 =  Conversion factor (24 hrs/day) 700 

𝐴𝑇𝑐𝑟 = Averaging time, chronic (years) 701 

𝐵𝑊 = Body weight (kg) 702 

𝐶𝐹2  = Conversion factor (60 min/hr) 703 

 704 

Chronic average daily rate for incidental ingestion of dust (CEM A_ING3 model) was calculated as 705 

follows: 706 

 707 

The article model in CEM E6 calculates DIDP concentration in small particles, termed respirable 708 
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particles (RP), and large particles, termed dust, that are settled on the floor or surfaces. The model 709 

assumes these particlE−bound to DIDP are available via incidental dust ingestion assuming a daily dust 710 

ingestion rate and a fraction of the day that is spent in the zone with the DIDP-containing dust. The 711 

model uses a weighted dust concentration, shown in Equation 2-18. 712 

 713 

Equation 2-18. Chronic Dust Concentration 714 

 715 
𝐷𝑢𝑠𝑡𝑐𝑟_𝑤𝑔𝑡716 

=
(𝑅𝑃𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔 × 𝐷𝐼𝐷𝑃𝑅𝑃𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔) + (𝐷𝑢𝑠𝑡𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔 × 𝐷𝐼𝐷𝑃𝐷𝑢𝑠𝑡𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔) + (𝐴𝑏𝐴𝑟𝑡𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔 × 𝐷𝐼𝐷𝑃𝐴𝑏𝐴𝑟𝑡𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔)

(𝑅𝑃𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔 + 𝐷𝑢𝑠𝑡𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔 + 𝐴𝑏𝐴𝑟𝑡𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔)
  717 

Where: 718 

𝐷𝑢𝑠𝑡𝑐𝑟_𝑤𝑔𝑡  = Chronic weighted dust concentration (µg/mg) 719 

𝑅𝑃𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔  = Average RP mass, floor (mg) 720 

𝐷𝐼𝐷𝑃𝑅𝑃𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔 = Average DIDP in RP concentration, floor (µg/mg) 721 

𝐷𝑢𝑠𝑡𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔   = Average dust mass, floor (mg) 722 

𝐷𝐼𝐷𝑃𝐷𝑢𝑠𝑡𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔  = Average DIDP in dust concentration, floor (µg/mg) 723 

𝐴𝑏𝐴𝑟𝑡𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔 = Average abraded particles mass, floor (mg) 724 

𝐷𝐼𝐷𝑃𝐴𝑏𝐴𝑟𝑡𝑓𝑙𝑜𝑜𝑟_𝑎𝑣𝑔 = Average floor dust DIDP concentration (µg/mg) 725 

 726 

Equation 2-19. Chronic Average Daily Dose Rate for Incidental Ingestion of Dust 727 

 728 

𝑪𝑨𝑫𝑫 =
𝑫𝒖𝒔𝒕𝒄𝒓_𝒘𝒈𝒕 × 𝑭𝒓𝒂𝒄𝑻𝒊𝒎𝒆 × 𝑫𝒖𝒔𝒕𝑰𝒏𝒈

𝑩𝑾 × 𝑪𝑭
 729 

Where: 730 

𝐶𝐴𝐷𝐷  = Chronic Average Daily Dose (mg/kg-day) 731 

𝐷𝑢𝑠𝑡𝑐𝑟_𝑤𝑔𝑡 = Chronic weighted dust concentration (µg/mg) 732 

𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒  = Fraction of time in environment (unitless) 733 

𝐷𝑢𝑠𝑡𝐼𝑛𝑔  = Dust ingestion rate (mg/day) 734 

𝐵𝑊   = Body weight (kg) 735 

𝐶𝐹   = Conversion factor (1,000 µg/mg) 736 

 737 

The above equations assume DIDP can volatilize from the DIDP-containing article to the air and then 738 

partition to dust. Alternately, DIDP can partition directly from the article to dust in direct contact with 739 

the article. This is also estimated in the A_ING3 model assuming the original DIDP concentration in the 740 

article is known, and the density of the dust and dust-air and solid-air partitioning coefficients are either 741 

known or estimated as presented in the E6 CEM model. The model assumes partitioning behavior 742 

dominates, or instantaneous equilibrium is achieved. This is presented as a worst-case or upper bound 743 

scenario.  744 

2.1.1.3 Intermediate Average Daily Dose 745 

The intermediate doses were calculated from the average daily dose, ADD, (µg/kg-day) CEM output for 746 

that product using the same inputs summarized in Table 2-11 for inhalation and Table 2-13 for dermal. 747 

EPA used professional judgment and product use descriptions to estimate events per day and per month 748 

for the calculation of the intermediate dose: 749 

  750 
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Equation 2-20. Intermediate Average Daily Dose Equation 751 

 752 

𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝐷𝑜𝑠𝑒 =
𝐴𝐷𝐷 × 𝐸𝑣𝑒𝑛𝑡 𝑝𝑒𝑟 𝑀𝑜𝑛𝑡ℎ

𝐸𝑣𝑒𝑛𝑡𝑠 𝑝𝑒𝑟 𝐷𝑎𝑦
 753 

Where: 754 

𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝐷𝑜𝑠𝑒  = Intermediate average daily dose, µg/kg-month 755 

𝐴𝐷𝐷   = Average Daily Dose, µg/kg-day 756 

𝐸𝑣𝑒𝑛𝑡 𝑝𝑒𝑟 𝑀𝑜𝑛𝑡ℎ = Events per month, month-1, see Table 2-4 757 

𝐸𝑣𝑒𝑛𝑡 𝑝𝑒𝑟 𝐷𝑎𝑦 = Events per day, day-1, see Table 2-4 758 

 759 

Table 2-4. Short-Term Event per Month and Day Inputs 760 

Product Events Per Day Event Per Month 

Construction Adhesive for Small Scale 

Projects 

3 4 

Construction Sealant for Large Scale 

Projects 

1 3 

Lacquer Sealer (Non-spray) 1 2 

Lacquer Sealer (Spray) 1 2 

  CEM Modeling Inputs and Parameterization 761 

The COUs that were evaluated for DIDP consisted of both products and articles. The embedded models 762 

within CEM 3.2 that were used for DIDP are listed in Table 2-5. As dermal exposure was modeled 763 

separately, only inhalation and ingestion routes were evaluated in CEM.  764 

 765 

Table 2-5. CEM 3.2 Model Codes and Descriptions 766 

Model Code Description 

E1 Emission from Product Applied to a Surface Indoors Incremental Source 

Model 
 

E2 Emission from Product Applied to a Surface Indoors Double Exponential Model 

E3 Emission from Product Sprayed 

E6 Emission from article placed in environment 

A_INH1 Inhalation from article placed in environment 

A_ING1 Ingestion after inhalation 

A_ING2 Ingestion of article mouthed 

A_ING3 Incidental ingestion of dust 

P_ING1 Ingestion of Product Swallowed 

P_INH2 Inhalation of Product Used in an Environment 

 767 

Table 2-6 presents a crosswalk between the COU subcategories with either a predefined or generic 768 

scenario. Models were generated to reflect specific use conditions as well as physical and chemical 769 

properties of identified products and articles. In some cases, one COU mapped to multiple scenarios, and 770 

in other cases one scenario mapped to multiple COUs. Table 2-6 provides data on emissions model and 771 

exposure pathways modeled for each exposure scenario. Emissions models were selected based upon 772 

physical and chemical properties of the product or article and application use method for products. 773 
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Exposure pathways were selected to reflect the anticipated use of each product or article. The article 774 

model Ingestion of article mouthed (A_ING2) was only evaluated for the COUs where it was anticipated 775 

that mouthing of the product could occur. For example, it is unlikely that a child will mouth flooring or 776 

wallpaper, hence the A_ING2 Model was deemed inappropriate for estimating exposure for these 777 

COUs. Similarly, solid articles with small surface area are not anticipated to contribute significantly to 778 

inhalation or ingestion of DIDP sorbed to dust/PM and were therefore not modeled for these routes 779 

(A_ING1, A_ING3). For articles not assessed in CEM, dermal modeling was performed outside of CEM 780 

as described in Section 2.2.  781 

 782 

Table 2-6. Crosswalk of COU Subcategories, CEM 3.2 Scenarios, and Relevant CEM 3.2 Models 783 

Used for Consumer Modeling 784 

Product/Article 
CEM Scenario  

(PrE−loaded Saved Analysis) 
Emission 

Model 
Exposure Pathway 

Model 

Auto Transmission 

Conditioner 
Generic P1 E1 E1  P-INH2 (Near-field) 

Adult Toys Rubber articles: with potential for routine contact 

(baby bottle nipples, pacifiers, toys) 
E6 A_ING2 

Bags Not Assessed in CEM. Spreadsheet used for dermal 

modeling. 
N/A N/A 

Children's Toys (legacy) Rubber articles: with potential for routine contact 

(baby bottle nipples, pacifiers, toys) 
E6 A_INH1, A_ING1, 

A_ING2, A_ING3 

Children's Toys (new) Rubber articles: with potential for routine contact 

(baby bottle nipples, pacifiers, toys) 
E6 A_INH1, A_ING1, 

A_ING2, A_ING3 

Construction Adhesive 

for small scale projects 
Glue and adhesives (small scale) E1  P-INH2 (Near-field) 

Construction Sealant for 

large scale projects 
Glue and adhesives (large scale) E1  P-INH2 (Near-field) 

Epoxy floor Patch Generic P1 E1 E1  P-INH2 (Near-field) 

Fitness Ball Not Assessed in CEM. Spreadsheet used for dermal 

modeling. 
N/A N/A 

Lacquer Sealer (Non-

Spray) 
Generic P1 E1 E1  P-INH2 (Near-field) 

Lacquer Sealer (Spray) Generic P3 E3 E3  P-INH2 (Near-field) 

PVC foam flip flops Not Assessed in CEM. Spreadsheet used for dermal 

modeling. 
N/A N/A 

Rubber Eraser Rubber articles: with potential for routine contact 

(baby bottle nipples, pacifiers, toys) 
E1  A_ING2 

Shower curtain Plastic articles: other objects with potential for 

routine contact (toys, foam blocks, tents) 
E6 A_INH1, A_ING1, 

A_ING3 

Solid flooring Plastic articles: vinyl flooring E6 A_INH1, A_ING1, 

A_ING3 

Synthetic Leather 

Clothing 
Not Assessed in CEM. Spreadsheet used for dermal 

modeling. 
N/A N/A 

Synthetic Leather 

Furniture 
Leather Furniture E6 A_INH1, A_ING1, 

A_ING2, A_ING3 

Wallpaper Fabrics: curtains, rugs, wall coverings E6 A_INH1, A_ING1, 

A_ING3 

 785 

In total, the specific products representing three (3) COUs categories and seven (7) subcategories for 786 
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DIDP were mapped to 19 scenarios. Relevant consumer behavioral pattern data (i.e., use patterns) and 787 

product-specific characteristics were applied to each of the scenarios and are summarized in Section 788 

2.1.2.1 and Section 2.1.2.2. 789 

2.1.2.1 Key Parameters for Articles Modeled in CEM Sources and Descriptions 790 

Key input parameters for articles modeled in CEM 3.2 are shown in Table 2-7. If a pathway-specific 791 

parameter was not needed because the pathway was not modeled for the article, the parameter is flagged 792 

in the table as N/A. Brief descriptions of the key input parameter data sources and assumptions are 793 

provided in Table 2-8, with more detailed descriptions following the summary tables. One key 794 

parameter, mouthing duration, is described in detail Table 2-10, as the values vary by article and age 795 

group. Sources and input parameters, along with calculations and results are also available in Draft 796 

Consumer Exposure Analysis for Diisodecyl Phthalate (DIDP) (U.S. EPA, 2024c).  797 

 798 

Generally, and when possible, model parameters were determined based on specific articles identified in 799 

this assessment and CEM defaults were only used where specific information was not available. 800 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11374519
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Table 2-7. Summary of Key Parameters for Articles Modeled in CEM 3.2 801 

Article 
Exposure 

Scenario 

Level 

Weight 

Fraction a 

Initial 

Conc. 

(g/cm3) a 

Density 

(g/cm3) a 

Article 

Surface 

Area (m2) a 

Surface 

Layer 

Thickness 

(cm) a 

Chemical 

Migration Rate 

to Saliva 

(µg/cm2-hr) 

Area 

Mouthed 

(cm2) b 

Use Environment 

and Volume (m3) a 

Interzone 

Ventilation 

Rate (m3/h) a 

Adult toys 

High N/A N/A 

N/A N/A N/A 

44.8 

100 N/A N/A Medium N/A N/A 
13.3 

Low N/A N/A 1.61 

Children’s toys (new) c 

High 0.001 0.0014 

1.4 

9.45 

0.01 

44.8 

10 Bedroom; 36 1.07E02 Medium 0.001 0.0014 2.32 13.3 

Low 0.001 0.0014 0.28 1.61 

Children’s toys (legacy) d 

High 0.26 0.364 

1.4 

9.45 

0.01 

44.8 

10 Bedroom; 36 1.07E02 Medium 0.23 0.322 2.32 13.3 

Low 0.2 0.28 0.28 1.61 

Rubber eraser 

High N/A N/A 

N/A N/A N/A 

44.8 

10 N/A N/A Medium N/A N/A 13.3 

Low N/A N/A 1.61 

Shower curtain 

High 0.086 0.1204 

1.4 

6.5 

0.01 N/A N/A Bathroom; 15 1.07E02 Medium 0.086 0.1204 6.5 

Low 0.086 0.1204 6.5 

Solid flooring 

High 0.019 0.0266 

1.4 

202 

0.01 N/A N/A Whole house; 492 1.00E−30 Medium 0.019 0.0266 202 

Low 0.019 0.0266 202 

Synthetic leather furniture 

High 0.35 0.49 

1.4 

20.9 

0.01 

44.8 

10 Living Room; 50 1.09E02 Medium 0.3 0.42 14.7 13.3 

Low 0.25 0.35 9.6 1.61 

Wallpaper 

High 0.26 0.364 

1.4 

200 

0.01 N/A N/A Whole house; 492 1.00E−30 Medium 0.245 0.343 100 

Low 0.23 0.322 50 

Wire insulation 

High 0.5 0.7 

1.4 

3.7 

0.01 

44.8 

10 Whole house; 492 1.00E−30 
Medium 0.38 0.532 

1.9 13.3 
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Article 
Exposure 

Scenario 

Level 

Weight 

Fraction a 

Initial 

Conc. 

(g/cm3) a 

Density 

(g/cm3) a 

Article 

Surface 

Area (m2) a 

Surface 

Layer 

Thickness 

(cm) a 

Chemical 

Migration Rate 

to Saliva 

(µg/cm2-hr) 

Area 

Mouthed 

(cm2) b 

Use Environment 

and Volume (m3) a 

Interzone 

Ventilation 

Rate (m3/h) a 

Low 0.25 0.35 1.4 1.61 

a Parameter is relevant only for modeling exposure via inhalation and/or dust ingestion.  
b Parameter is relevant only for modeling exposure via mouthing.  
c New toys scenarios consider a potential future application of the U.S. Consumer Product Safety Commission (CSPC) final phthalates rule established in 2017 (16 CFR 

part 1307) that bans children’s toys and childcare articles from containing more than 0.1% of five other phthalates (not DIDP). 
d Legacy toys scenarios consider weight fractions in toys that are not limited to 0.1% and are older than the 2017 CSPC phthalate rule, 16 CFR part 1307. 

802 
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Table 2-8. Summary of Key Parameter Sources and Descriptions for Articles Modeled in CEM 3.2 803 

Article and 

Scenario 

Weight 

Fraction 
Initial Conc. Density 

Article Surface 

Area 

Surface 

Layer 

Thickness 

Chemical Migration 

Rate 

Area 

Mouthed 

Use 

Environmen

t and 

Volume 

Interzone 

Ventilation 

Rate 

Adult Toys: 

Direct contact 

during use, 

ingestion by 

mouthing 

ECHA (2013a)  

 

[Contextual 

purposes only] 

N/A N/A N/A N/A Mean DINP values (as 

surrogate) under mild, 

medium, and harsh assay 

conditions used for low, 

medium, and high 

exposure scenario levels, 

respectively (Danish 

EPA, 2016) 

Approx. half 

the surface 

area of an 

adult mouth 

((Assy et al., 

2020; 

Collins and 

Dawes, 

1987))  

N/A N/A 

Childrens Toy 

(new): Direct 

contact during 

use; inhalation of 

emissions, 

ingestion of 

airborne 

particulate; 

ingestion by 

mouthing 

U.S. CPSC 

(2014) 

CEM 

Estimator 

using density 

and weight 

fractions 

Standard 

PVC density 

from various 

sources 

Estimated 5 small 

size toys 

(15x10x5 cm), 15 

medium size toys 

(20x15x8 cm), 

and 30 large size 

toys (30x25x15 

cm) per room for 

low, medium, and 

high exposure 

levels, 

respectively 

(professional 

judgement) 

Professional 

judgment for 

soft to 

moderately 

hard PVC 

Mean DINP values (as 

surrogate) under mild, 

medium, and harsh assay 

conditions used for low, 

medium, and high 

exposure scenario levels, 

respectively (Danish 

EPA, 2016) 

CEM default 

(Med) 

Room 

selected 

based on 

professional 

judgement; 

associated 

volume is 

CEM default 

CEM 

default 

based on 

room 

selected 

Childrens Toy 

(legacy): Direct 

contact during 

use; inhalation of 

emissions, 

ingestion of 

airborne 

particulate; 

ingestion by 

mouthing 

U.S. CPSC 

(2001) 

CEM 

Estimator 

using density 

and weight 

fractions 

Standard 

PVC density 

from various 

sources 

Same as Childrens 

Toy (new) 

Professional 

judgment for 

soft to 

moderately 

hard PVC 

Mean DINP values (as 

surrogate) under mild, 

medium, and harsh assay 

conditions used for low, 

medium, and high 

exposure scenario levels, 

respectively (Danish 

EPA, 2016) 

CEM default 

(Med) 

Room 

selected 

based on 

professional 

judgement; 

associated 

volume is 

CEM default 

CEM 

default 

based on 

room 

selected 

Rubber Eraser: 

Direct contact 

during use, 

ingestion by 

ECHA (2012) 

 

[Contextual 

purposes only] 

N/A N/A N/A N/A Mean DINP values (as 

surrogate) under mild, 

medium, and harsh assay 

conditions used for low, 

CEM default 

(Med) 

N/A N/A 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3687948
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10622428
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10622428
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11414378
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11414378
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=597827
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=597827
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=597827
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2439960
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10622428
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10622428
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=679920
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10622428
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10622428
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3661424
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Article and 

Scenario 

Weight 

Fraction 
Initial Conc. Density 

Article Surface 

Area 

Surface 

Layer 

Thickness 

Chemical Migration 

Rate 

Area 

Mouthed 

Use 

Environmen

t and 

Volume 

Interzone 

Ventilation 

Rate 

mouthing medium, and high 

exposure scenario levels, 

respectively (Danish 

EPA, 2016) 

Solid flooring: 

Direct contact 

during use; 

inhalation of 

emissions / 

ingestion of dust 

adsorbed 

chemical 

ECHA (2012)  CEM 

Estimator 

using density 

and weight 

fractions 

Standard 

PVC density 

from various 

sources 

Floor area 

calculated from a 

492 m3 volume 

house with 8 ft 

ceilings 

Professional 

judgment for 

soft to 

moderately 

hard PVC 

N/A N/A Room 

selected 

based on 

professional 

judgement; 

associated 

volume is 

CEM default 

CEM 

default 

based on 

room 

selected 

Shower curtain: 

Direct contact 

during use; 

inhalation of 

emissions / 

ingestion of dust 

adsorbed 

chemical 

ECHA (2012) CEM 

Estimator 

using density 

and weight 

fractions 

Standard 

PVC density 

from various 

sources 

Double sided 

surface area of a 

large size shower 

curtain (1.8 m x 

1.7 m per 

manufacture 

specifications) 

Professional 

judgment for 

soft to 

moderately 

hard PVC 

N/A N/A Room 

selected 

based on 

professional 

judgement; 

associated 

volume is 

CEM default 

CEM 

default 

based on 

room 

selected 

Synthetic 

Leather 

Furniture: Direct 

contact during 

use; inhalation of 

emissions, 

ingestion of 

airborne 

particulate; 

ingestion by 

mouthing 

ACC HPP 

(2023) 

CEM 

Estimator 

using density 

and weight 

fractions 

Standard 

PVC density 

from various 

sources 

Estimated for one 

couch and one 

loveseat in living 

room, assuming 

small, medium, 

and large sizes for 

the low, medium, 

and high exposure 

scenarios levels, 

respectively 

(professional 

judgment)  

Professional 

judgment for 

soft to 

moderately 

hard PVC 

Mean DINP values (as 

surrogate) under mild, 

medium, and harsh assay 

conditions used for low, 

medium, and high 

exposure scenario levels, 

respectively (Danish 

EPA, 2016) 

CEM default 

(Med) 

Room 

selected 

based on 

professional 

judgement; 

associated 

volume is 

CEM default 

CEM 

default 

based on 

room 

selected 

Wallpaper: 

Direct contact 

during use; 

inhalation of 

emissions / 

ingestion of dust 

ECHA (2012) CEM 

Estimator 

using density 

and weight 

fractions 

Standard 

PVC density 

from various 

sources 

Single sided 

surface area of 

wallpaper in a 

residence per 

Exposure Factors 

Handbook Table 

Professional 

judgment for 

soft to 

moderately 

hard PVC 

N/A N/A Room 

selected 

based on 

professional 

judgement; 

associated 

CEM 

default 

based on 

room 

selected 
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Article and 

Scenario 

Weight 

Fraction 
Initial Conc. Density 

Article Surface 

Area 

Surface 

Layer 

Thickness 

Chemical Migration 

Rate 

Area 

Mouthed 

Use 

Environmen

t and 

Volume 

Interzone 

Ventilation 

Rate 

adsorbed 

chemical 

19-13 ((U.S. EPA, 

2011c)) used for 

medium exposure 

scenario level. 

Scaled up and 

down for the high 

and low exposure 

levels 

(professional 

judgement)  

volume is 

CEM default 

Wire Insulation: 

Direct contact 

during use; 

ingestion by 

mouthing 

ECHA (2012)  CEM 

Estimator 

using density 

and weight 

fractions 

Standard 

PVC density 

from various 

sources 

Estimated 70, 96, 

and 184 meters of 

various cord types 

in home for low, 

medium, and high 

estimates 

(professional 

judgement) and 

assumed cord 

diameter of 6.36 

mm (manufacturer 

wire insulation 

specifications) 

Professional 

judgment for 

soft to 

moderately 

hard PVC 

Mean DINP values (as 

surrogate) under mild, 

medium, and harsh assay 

conditions used for low, 

medium, and high 

exposure scenario levels, 

respectively (Danish 

EPA, 2016) 

CEM default 

(Med) 

Room 

selected 

based on 

professional 

judgement; 

associated 

volume is 

CEM default 

CEM 

default 

based on 

room 

selected 

a PVC densities compiled from the following references: (iPolymer, 2024; Aurisano et al., 2022; Ansys, 2021; Li et al., 2018) 

804 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=786546
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=786546
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3661424
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10622428
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10622428
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11414380
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10747290
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11414377
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11414381


PUBLIC RELEASE DRAFT 

May 2024 

Page 35 of 138 

Chemical Migration Rate 805 

Phthalates added to plastic products are not chemically bound to the polymer matrix, allowing for 806 

migration through the material and release into saliva during mouthing. The rate of phthalate migration 807 

and release to saliva depends upon several factors, including physicochemical properties of the article 808 

polymer matrix, phthalate concentration in the polymer, physical mechanics of the individual’s mouth 809 

during mouthing (e.g., sucking, chewing, biting, etc), and chemical makeup of saliva. In addition, 810 

physicochemical properties of the specific phthalate such as size, molecular weight, and solubility have 811 

a strong impact on migration rate to saliva.  812 

 813 

While there has been considerable investigation of chemical migration rates of phthalates from plastic 814 

articles to saliva, rate measurements of DIDP specifically have not been extensively studied. However, 815 

chemical migration rates for DINP are better characterized and may be used as a surrogate. The physical 816 

and chemical characteristics of DIDP and DINP known to affect chemical migration rates are similar, 817 

but the larger size, higher molecular weight, and lower solubility of DIDP as compared to DINP can be 818 

expected to result in a slower rate of migration through the polymer matrix and less partitioning to saliva 819 

for DIDP. Thus, using chemical migration rates for DINP to calculate the DIDP dose received during 820 

mouthing will provide a health protective estimate. This decision is further supported by a small amount 821 

of data on the chemical migration rate of DIDP from PVC to artificial saliva, which were in the same 822 

range as the chemical migration rate of DINP observed in the same study (Simoneau and Hannaert, 823 

2009).  824 

 825 

Chemical migration rates of phthalates to saliva may be measured by in vitro or in vivo methods. While 826 

measurement assays may be designed to mimic mouthing conditions, there is not a consensus on what 827 

constitutes standard mouthing behavior. As a result, there is considerable variability in assay methods, 828 

which is also expected to affect the results. Because of the aggregate uncertainties arising from 829 

variability in physical and chemical composition of the polymer, assay methods for in vitro 830 

measurements, and physiological and behavioral variability in in vivo measurements, migration rates 831 

observed in any single study were not considered adequate for estimating this parameter. The chemical 832 

migration rate of DIDP was estimated based on data compiled in a review published by the Denmark 833 

Environmental Protection Agency in 2016 (Danish EPA, 2016). For this review, data were gathered 834 

from existing literature for in vitro migration rates from soft PVC to artificial sweat and artificial saliva, 835 

as well as in vivo tests when such studies were available. The authors used 87 values from four studies 836 

(Babich et al., 2020; Niino et al., 2003; Bouma and Schakel, 2002; Fiala et al., 2000) for chemical 837 

migrations rates of DINP to saliva from a variety of consumer goods measured with varying analytical 838 

methods. These values were then subdivided into mild, medium, and harsh categories based on the 839 

analytical method used to estimate migration as shown in Table 2-9. While there is considerable 840 

variability in the measured migration rates, there was not a clear correlation between weight fraction of 841 

DINP and chemical migration rate.  842 

 843 

As such, the same chemical migration rates were applied to all articles regardless of DIDP weight 844 

fraction. Mean values for chemical migration rates of DINP under mild, medium, and harsh assay 845 

conditions were used in the low, medium, and high exposure scenarios, respectively. 846 
  847 
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Table 2-9. Chemical Migration Rates Observed for DINP Under Mild, Medium, and Harsh 848 

Extraction Conditions 849 

Analytical Method 
Migration Rate (µg/cm2/hr) 

Min Mean (Standard Deviation) Max 

Mild 0.09 1.61 (2.80) 13.3 

Medium 1.5 13.3 (6.44) 29.1 

Harsh 7.8 44.8 (33.4) 124.8 

 850 

Mouthing Duration 851 

Mouthing durations were obtained from the EPA Exposure Factors Handbook Table 4-23 (U.S. EPA, 852 

2011c) which provides mean mouthing durations for children between 1 month and 5 years of age, 853 

broken down by lifestages expected to be behaviorally similar. Values are provided for toys, pacifiers, 854 

fingers, and other objects. For this assessment, values for toys were used for legacy and new children’s 855 

toys. Values for other object were used for all other items assessed for mouthing by children (i.e., 856 

insulated wire, synthetic leather furniture, and rubber erasers). The data provided in the Exposure 857 

Factors Handbook was broken down into more lifestages than CEM. For example, it provides different 858 

mouthing durations for infants 12-15 months, 15-18 months, 18-21 months, and 21-24 months of age; 859 

CEM, in contrast, has only one lifestage for infants under 1 year of age. To determine the mouthing 860 

duration in CEM, all relevant data in the Exposure Factors Handbook table were considered together. 861 

The minimum value by item type within each lifestage was used in the low exposure scenario, 862 

maximum value was used in the high exposure scenario, and the mean value (average across the 863 

lifestages provided in the Exposure Factors Handbook) was used in the medium exposure scenario as 864 

shown in Table 2-10. For mouthing of adult toys, values of 60, 30, and 15 min per day were used in the 865 

high, medium, and low exposure scenarios, respectively. As there were no available data for these 866 

values, they were chosen to encompass the range of expected mouthing durations based on professional 867 

judgement. 868 

 869 

Table 2-10. Mouthing Durations for Children for Toys and Other Objects 870 

 
Estimated Mean Daily Mouthing Duration Values 

from Table 4-23 in Exposure Factors Handbook 

(min/day) 

Mouthing Durations for CEM Lifestages 

(min/day) 

Item 

Mouthed 

Reported Lifestage CEM Lifestage: Infants <1 year 

1 to 3 

months 

3 to 6 

months 

6 to 9 

months 

9 to 12 

months 

High Exposure 

Scenario 

Med Exposure 

Scenario 

Low Exposure 

Scenario 

Toy 1.0 28.3 39.2 23.07 39.2 22.9 1.0 

Other Object 5.2 12.5 24.5 16.42 24.5 14.7 5.2 

Item 

Mouthed 

Reported Lifestage CEM Lifestage: Infants 1-2 years 

12-15 

months 

15-18 

months 

18-21 

months 

21-24 

months 

High Exposure 

Scenario 

Med Exposure 

Scenario 

Low Exposure 

Scenario 

Toy 15.3 16.6 11.1 15.8 16.6 14.7 11.1 

Other Object 12.0 23.0 19.8 12.9 23.0 16.9 12.0 

Item 

Mouthed 

Reported Lifestage CEM Lifestage: Small Child 3-5 years 

2 yr 3 yr 4 yr 5 yr 
High Exposure 

Scenario 

Med Exposure 

Scenario 

Low Exposure 

Scenario 

Toy 12.4 11.6 3.2 1.9 12.4 7.3 1.9 

Other Object 21.8 15.3 10.7 10.0 21.8 14.4 10.0 

 871 
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Adult Toys 872 

Exposure to adult toys was modeled using CEM’s saved analysis " Rubber articles: with potential for 873 

routine contact (baby bottle nipples, pacifiers, toys)” with modifications for some key parameters as 874 

shown in Table 2-7 through Table 2-10. The exposure route assessed in CEM was mouthing only.  875 

 876 

While weight fraction or initial concentration in article is not an input for mouthing (or dermal) 877 

estimates, it is discussed here for contextual purposes and confirmation that DIDP is used in these 878 

products. (ECHA, 2013a) reported the presence of DIDP in adult toys but did not report DIDP 879 

concentrations. The study reported DINP concentration up to 60 percent w/w in soft PVC sex toys, and 880 

although weight fractions are not input parameters for mouthing or dermal exposure assessments, the 881 

DINP concentration is used as a surrogate for DIDP.  882 

 883 

Object mouthing is not commonly observed behavior in adults, and as such there were no available 884 

estimates for mouthing surface area. To determine a reasonable upper boundary for mouthing surface 885 

area, EPA identified two studies that reported the surface area of the entire oral cavity in adults (Assy et 886 

al., 2020; Collins and Dawes, 1987). The mean surface area reported in Collins et al. (1987) was 215 887 

cm2 and the mean value reported in Assy et al. (2020) was 173 cm2. Based on these data, EPA assumes 888 

~200 cm2 is a reasonable estimate for the total surface are in the oral cavity. However, this value 889 

accounts for all surface area, including teeth, gums, the ventral surface of the tongue, and mouth floor, 890 

which is a significant overestimation of surface area which would be in contact with an object. As such, 891 

it was assumed that 50% of the total surface area might reasonably represent mouthing surface area, and 892 

a value of 100 cm2 was used for this parameter. This corresponds approximately with a one ended 893 

cylinder having a radius of 2 cm and length of 7 cm. This value is similar, though slightly lower than the 894 

value of 125 cm2 used for adult toy mouthing area in the ECHA assessment. 895 

 896 

Children Toys (New and Legacy) 897 

Exposures to new and legacy toys present in a bedroom were modeled using CEM’s saved analysis" 898 

Rubber articles: with potential for routine contact (baby bottle nipples, pacifiers, toys)”, with 899 

modifications for some key parameters as shown in Table 2-7 through Table 2-10. The exposure routes 900 

assessed in CEM were inhalation, dust ingestion, and mouthing. 901 

 902 

The U.S. Consumer Product Safety Commission (CSPC) final phthalates rule established in 2017 (16 903 

CFR part 1307) bans children’s toys and childcare articles from containing more than 0.1 percent of five 904 

specific phthalate chemicals: diisononyl phthalate (DINP), di-n-pentyl phthalate (DPENP), di-n-hexyl 905 

phthalate (DHEXP), dicyclohexyl phthalate (DCHP), and diisobutyl phthalate (DIBP). The rule is based 906 

on recommendations from a Chronic Hazard Advisory Panel (CHAP) (U.S. CPSC, 2014), which 907 

examined the health effects of phthalates in children’s toys and childcare articles. Based on the CHAP’s 908 

report, CPSC determined that these five phthalate chemicals cause harmful effects on male reproductive 909 

development. 910 

 911 

Three other phthalates were previously permanently prohibited by Congress in the Consumer Product 912 

Safety Improvement Act of 2008 (CPSIA). CPSIA prohibits concentrations of more than 0.1% in 913 

children’s toys and childcare articles for di-(2-ethylhexyl) phthalate (DEHP), dibutyl phthalate (DBP), 914 

and benzyl butyl phthalate (BBP) (computed for each phthalate individually). The CPSIA also 915 

established an interim prohibition on DIDP, as well as DINP and DNOP, in children’s toys at 916 

concentrations no more than 0.1 percent. However, the interim prohibition for DIDP and DNOP was 917 

lifted when the final phthalate rule took effect in 2018. Between CPSIA and the final phthalates rule, a 918 

total of eight phthalates are currently restricted from use in children’s toys and childcare articles at 919 

concentrations of more than 0.1 percent. While DIDP is not one of the eight phthalates, should a 920 
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restriction of DIDP at ≤ 0.1 percent be implemented, EPA used this concentration to estimate exposures 921 

to DIDP from new children’s toys as an exploratory exercise.  922 

 923 

Legacy toys concentrations were obtained from the CPSC 2001 DINP assessment (U.S. CPSC, 2001) 924 

which reported DINP + DIDP weight fraction data in toys from a 1998 Danish study (Rastogi, 1998). 925 

Concentrations of DINP + DIDP were detected in four teethers samples at 32-40 percent and in 2 of 3 926 

doll samples at ~20 and 26 percent. These values are conservative for DIDP because they include DINP 927 

due to the overlap of isomeric peaks in the gas chromatography analysis. The reported concentrations 928 

may no longer be expected in new toys; however, EPA is using old reports and concentrations to assess 929 

scenarios in which older toys are passed down to children and adults to play or as collectibles. In both 930 

scenarios, toys can be accessible to children and adults for direct dermal contact and for children to put 931 

in their mouths. EPA is not considering teethers and the reported concentrations because these products 932 

are not likely to be passed down. 933 

 934 

The surface area of new and legacy toys was varied for the low, medium, and high exposures based on 935 

EPA’s professional judgment of the number and size of toys and size of toys collected in a bedroom. 936 

Low, medium, and high estimates, respectively, were based on 5 small toys measuring 15cm x 10cm x 5 937 

cm, 20 medium toys measuring 20cm x15cm x 8cm, or 30 large toys measuring 30cm x 25cm x15cm. In 938 

this scenario, the surface area of article exposed is a key parameter that can result in significantly 939 

different dose estimates for the inhalation and dust routes. 940 

 941 

Rubber Eraser 942 

Exposure to rubber erasers was modeled using CEM’s saved analysis " Rubber articles: with potential 943 

for routine contact (baby bottle nipples, pacifiers, toys)” with modifications for some key parameters as 944 

shown in Table 2-7 through Table 2-10. The exposure route assessed in CEM was mouthing only.  945 

 946 

While weight fraction or initial concentration in article is not an input for mouthing (or dermal) 947 

estimates, it is discussed here for contextual purposes. Weight fractions were reported in (ECHA, 2012) 948 

for erasing rubber made of PVC. In one sample from a 2006 Danish investigation, the combination of 949 

DINP and DIDP was reported as 32 percent. The sample, furthermore, revealed traces (<1%) of DEHP 950 

and DBP. The weight fraction value used in this assessment (32%) is of one reported value and not an 951 

average or median. 952 

 953 

Shower Curtains 954 

Exposure to shower curtains present in the bathroom was modeled using CEM’s saved analysis "fabric 955 

article (curtains, rugs, wall coverings)”, with modifications for some key parameters as shown in Table 956 

2-7 through Table 2-8. The exposure routes assessed in CEM were inhalation and dust ingestion. 957 

 958 

The surface area of a shower curtain is relatively large when considering both sides. It is expected to 959 

continuously release some amount of DIDP, which will then be available to partition into dust and 960 

migrate throughout the home. EPA used manufacturer specifications for a shower curtain’s dimensions 961 

(1.83 m × 1.78 m) to estimate surface area and multiplied by 2 to account for both sides. Table 962 

2-11Weight fraction values were reported in (ECHA, 2012) from a Danish study that analyzed the 963 

content of phthalates in three shower curtains in 2001. The analyses show that all three shower curtains 964 

contain DEHP in concentrations between 6.7 and 22 percent, and that one of the curtains also contained 965 

DINP and DIDP, the total concentration was 8.6 percent. The weight fraction value used in this 966 

evaluation (8.6%) is a single reported value not representing an average or median. In this scenario, the 967 

surface area of article exposed is a key parameter that can result in significantly different dose estimates 968 

for the inhalation and dust routes. 969 
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Solid Flooring 970 

Exposure to solid flooring installed throughout a whole house was modeled using CEM’s saved analysis 971 

"plastic article: vinyl flooring”, with modifications for some key parameters as shown in Table 2-7 972 

through Table 2-8. The exposure routes assessed in CEM were inhalation and dust ingestion.  973 

 974 

The weight fraction was reported in (ECHA, 2012), which used a German study conducted in 2003 975 

(verbal communication). A total of 25 different PVC flooring products marketed in Germany were 976 

analyzed to contain all the following phthalates: DIBP, DBP, BBP, DEHP, DINP, DIDP, DIHP and 977 

DIOP. The total concentration of phthalates registered in the products was in the range of approximately 978 

6.3 to 36.5 percent. The content of the individual phthalates was registered as follows: DIBP, ≤6.9 979 

percent; DBP, 1.3 percent; BBP, ≤6.8 percent; DEHP, ≤13.6 percent; DIHP, ≤33.0 percent; DIOP, ≤1.1 980 

percent; DINP, ≤22.0 percent; and DIDP, ≤1.9 percent. Most products contained a mixture of different 981 

phthalates. The weight fraction value (1.9%) used for this evaluation is a single value. 982 

 983 

The surface area of solid flooring in the house was back-calculated from the CEM house volume (492 984 

m3) and an assumed ceiling height of 8 ft. In this scenario, the surface area of article exposed is a key 985 

parameter that can result in significantly different dose estimates for the inhalation and dust routes. 986 

 987 

Synthetic Leather Furniture 988 

Exposure to synthetic leather furniture present in the living room was modeled using CEM’s saved 989 

analysis "Leather Furniture”, with modifications for some key parameters as shown in Table 2-7 through 990 

Table 2-10. The exposure routes assessed in CEM were inhalation, ingestion of dust, and mouthing.  991 

 992 

Each scenario consisted of a couch and loveseat set were modeled in all scenarios, but the surface area 993 

was varied in low, medium, and high exposure scenarios to reflect the variability observed in standard 994 

sizes available for purchase. The low, medium, and high surfaces areas, respectively, are based on 995 

prisms measuring 60” × 30” × 25”, 80” × 36” × 30”, and 100” × 42” × 35” for a couch and 48” × 30” × 996 

25”, medium 60” × 36” × 30”, and 72” × 42” × 35” for a loveseat. EPA added the low estimates for 997 

couch and loveseat to estimate exposures to smaller furniture in the low-end scenario, and similarly for 998 

the medium and high estimates. Weight fraction values were reported in (ACC HPP, 2023) as a range, 999 

where the value used as a high-end is the maximum, the low-end is the minimum, and the central 1000 

tendency is the average of the reported maximum and minimum. 1001 

 1002 

Wallpaper 1003 

Exposure to wallpaper installed throughout a whole house was modeled using CEM’s saved analysis " 1004 

Fabrics: curtains, rugs, wall coverings”, with modifications for some key parameters as shown in Table 1005 

2-7 through Table 2-8. The exposure routes assessed in CEM were inhalation and dust ingestion.  1006 

 1007 

ECHA (2012) reported a 2001 study of four PVC wallpapers that measured the concentration of 1008 

phthalates. Two wallpaper samples had a content of DINP and DIDP between 23 and 26 percent, and the 1009 

other two had a content of DEHP between 6.9 and 9 percent. In a survey from 2010 used by (ECHA, 1010 

2012), 15 wallpaper samples were analyzed for DEHP, DBP, DIBP and BBP. The analysis showed all 1011 

wallpapers had three phthalates (DEHP, DBP and DIBP) each at less than 0.1 percent. In addition, 10 of 1012 

the wallpapers contained DINP, but the content of DINP was not quantified. BBP was not detected in 1013 

any of the analyzed wallpapers. EPA decided to use 0.1 percent as the lower bound of the reported range 1014 

and use DINP concentrations as a proxy for DIDP in wallpaper. The range of weight fractions used is 1015 

0.1 to 26 percent, using the lower bound for the low-end exposure estimate, and the upper bound for the 1016 

high-end exposure estimates. The average of 0.1 and 26 percent was used for the central tendency 1017 

exposure estimates.  1018 
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 1019 

In this scenario, the surface area of article exposed is a key parameter that can result in significantly 1020 

different dose estimates for the inhalation and dust routes. The surface area of wallpaper in a residence 1021 

was varied for the low, medium, and high exposures. The medium value of 100 m2 is based on Exposure 1022 

Factors Handbook Table 9-13. This value was scaled to 200 and 50 m2 for the high and low exposure 1023 

levels based on professional judgment. 1024 

 1025 

Wire Insulation 1026 

Exposure to wire insulation present in the whole house was modeled using CEM’s saved analysis 1027 

"plastic article with potential for routine contact”, with modifications for some key parameters as shown 1028 

in Table 2-7 through Table 2-10. The exposure routes assessed in CEM were inhalation, dust ingestion, 1029 

and mouthing.  1030 

 1031 

In this scenario, the surface area of article exposed is a key parameter that can result in significantly 1032 

different dose estimates for the inhalation and dust routes. Surface area of wire insulation in the home 1033 

was calculated using a typical circumference of wire insulation for cords (6.36 mm based on 1034 

manufacturer specifications for 6 AWG wire size), typical length of cord (2 m, professional judgement), 1035 

and estimated number of cords for various applications (appliances, electrical devices, internet, etc.) in a 1036 

1-, 2-, or 6-person household. The EPA estimated number of cords is 35, 48, and 92 for the low, 1037 

medium, and high-end scenarios, respectively, which is supported by a 2014 Korean study (Won and 1038 

Hong, 2014) that reports an average number of home appliances as 10.6 for single households, 13.8 for 1039 

2-person households and 17.5 for households with 6 persons. Weight fraction concentrations were 1040 

reported in (ECHA, 2012) where the high and low for “cables and wires” were reported based on 1041 

average plasticizer content of 25 to 50 percent. The medium is the average between these values. 1042 

2.1.2.2 Key Parameters for Products Modeled in CEM Sources and Descriptions 1043 

Key input parameters for products modeled in CEM 3.2 for the inhalation route are shown in Table 1044 

2-11. Brief descriptions of the key input parameter data sources and assumptions are provided in Table 1045 

2-12, with more detailed descriptions following the summary tables. Sources and input parameters, along 1046 

with calculations and results are also available in Draft Consumer Exposure Analysis for Diisodecyl 1047 

Phthalate (DIDP) (U.S. EPA, 2024c).  1048 

 1049 

Generally, and when possible, model parameters were determined based on specific products identified 1050 

in this assessment and CEM defaults were only used where specific information was not available.  1051 
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Table 2-11. Summary of Key Parameters for Products Modeled in CEM 3.2 1052 

Product 

Exposure 

Scenario 

Level  

Weight 

Fraction 

Density 

(g/cm3) a 

Duration of 

Use (hr) 

Product 

Mass Used 

(g) 

Freq. of 

Use  

(year −1) 

Freq. of 

Use  

(day−1) 

Use 

Environ. 

and Volume 

(m3) b 

Air Exchange 

Rate, Zone 1 

and Zone 2  

(hr−1) b 

Interzone 

Ventilation Rate 

(m3/h) 

Auto Transmission 

Conditioner 

High 0.07 

N/A  

0.25 150 

1 1 Garage; 90 0.45 1.09E2 Medium 0.05 0.17 100 

Low 0.03 0.08 50 

Construction 

Adhesive for small 

scale projects 

High 0.3 

N/A 

1.00 30 

52 3 
Utility 

Room; 20 
0.45 1.07E2 Medium 0.12 0.33 10 

Low 0.01 0.17 5 

Construction 

Sealant for large 

scale projects 

High 0.4 

N/A 

4.00 5000 

3 1 Garage; 90 0.45 1.09E2 Medium 0.1 2.00 500 

Low 0.001 1.00 100 

Epoxy floor Patch 

High 0.24 

2.058 

0.25 500 

1 1 Garage; 90 0.45 1.09E2 Medium 0.12 0.17 250 

Low 0.001 0.08 125 

Lacquer Sealer 

(Spray) 

High 

0.02 0.88 

8.00 18000 

2 1 
Whole 

House; 492 
0.45 1.00E−30 Medium 3.00 5000 

Low 2.00 2500 

Lacquer Sealer 

(Non-Spray) 

High 

0.02 0.88 

8.00 18000 

2 1 
Whole 

House; 492 
0.45 1.00E−30 Medium 3.00 5000 

Low 2.00 2500 

a Density is only required for scenarios which product mass is calculated from a product volume.  
b For all scenarios, the near-field modeling option was selected to account for a small personal breathing zone around the user during product use in which concentrations 

are higher, rather than employing a single well-mixed room. A near-field volume of 1 m3 was selected. 

1053 
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Table 2-12. Summary of Key Parameter Sources and Descriptions for Products Modeled in CEM 3.2 1054 

Product 
Weight 

Fraction 
Density Duration of Use 

Product Mass 

Used 

Frequency of 

Use (year -1) 

Frequency of 

Use (day -1) 

Use 

Environment 

and Volume 

Interzone 

Ventilation 

Rate 

Auto 

Transmission 

Conditioner 

Use Report, 1 

product 

identified 

N/A  CEM default values 

(high, med, low) for 

anti-freeze saved 

analysis.  

CEM default 

values (high, 

med, low) for 

anti-freeze saved 

analysis.  

Professional 

judgement based 

on product use 

description. 

Professional 

judgement based 

on product use 

description. 

Room selected 

based on 

professional 

judgement; 

associated 

volume is CEM 

default 

CEM default 

based on room 

selected 

Construction 

Adhesive for 

small scale 

projects 

Use Report, 7 

products 

identified 

N/A CEM default values 

(high, med, low) for 

Glue and adhesives 

(small scale) saved 

analysis. 

CEM default 

values (high, 

med, low) for 

Glue and 

adhesives (small 

scale) saved 

analysis. 

CEM default 

(Med). Details 

below this table. 

CEM default. Room selected 

based on 

professional 

judgement; 

associated 

volume is CEM 

default 

CEM default 

based on room 

selected 

Construction 

Sealant for 

large scale 

projects 

Use Report, 16 

products 

identified 

N/A CEM default values 

(high, med, low) for 

Glue and adhesives 

(large scale) saved 

analysis. 

CEM default 

values (high, 

med, low) for 

Glue and 

adhesives (large 

scale) saved 

analysis. 

CEM default 

(Med).  

CEM default. Room selected 

based on 

professional 

judgement; 

associated 

volume is CEM 

default 

CEM default 

based on room 

selected 

Epoxy floor 

Patch 

Use Report, 2 

products 

identified 

Product SDS, 

1 product 

Professional 

judgement based on 

product use 

description. Assume 

product dries rapidly 

after mixing 

components. 

Professional 

judgement. 

Assumes repair 

activities only.  

Professional 

judgement based 

on product use 

description. 

Professional 

judgement based 

on product use 

description. 

Room selected 

based on 

professional 

judgement; 

associated 

volume is CEM 

default 

CEM default 

based on room 

selected 

Lacquer Sealer 

(Spray) 

Use Report, 1 

product 

identified 

CEM default 

for vanish 

and floor 

finish 

Professional 

judgement. Details 

below this table. 

Based on label 

application rate 

and professional 

judgement on 

surface area 

applied. Details 

below this table. 

Professional 

judgement based 

on product use 

description. A 

value of 2 was 

selected to 

account for 

possible 2 coats 

of product 

Professional 

judgement based 

on product use 

description. 

Assumed a 

DIYer would 

apply a single 

coat in a day for 

larger surface 

Indoor/outdoor 

product but 

assumed 

application to 

floors inside 

house is 

reasonable. 

Associated 

volume is CEM 

CEM default 

based on room 

selected 
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Product 
Weight 

Fraction 
Density Duration of Use 

Product Mass 

Used 

Frequency of 

Use (year -1) 

Frequency of 

Use (day -1) 

Use 

Environment 

and Volume 

Interzone 

Ventilation 

Rate 

applied. areas.  default. 

Lacquer Sealer 

(Non-Spray) 

Use Report, 1 

product 

identified 

CEM default 

for vanish 

and floor 

finish 

Professional 

judgement. Details 

below this table. 

Based on label 

application rate 

and professional 

judgement on 

surface 

area/number of 

rooms applied. 

Details below 

this table. 

Professional 

judgement based 

on product use 

description. A 

value of 2 was 

selected to 

account for 

possible 2 coats 

of product 

applied. 

 

Professional 

judgement based 

on product use 

description. 

Assumed a 

DIYer would 

apply a single 

coat in a day for 

larger surface 

areas.  

Indoor/outdoor 

product but 

assumed 

application to 

floors inside 

house is 

reasonable. 

Associated 

volume is CEM 

default. 

CEM default 

based on room 

selected 

Air exchange rate (zone 1 and 2) and interzonal air flow input parameters are explained below this table 

1055 
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Air Exchange Rates and Interzonal Air Flow Inputs 1056 

CEM default air exchange rates for the building are from the Exposure Factors Handbook (U.S. EPA, 1057 

2011c). The default interzonal air flows are a function of the overall air exchange and volume of the 1058 

building as well as the openness of the room, which is characterized in a regression approach for closed 1059 

rooms and open rooms (U.S. EPA, 2023). Kitchens, living rooms, and the garage area are considered 1060 

more open, and an interzonal ventilation rate of 109 m3/hour is applied in these rooms. Bedrooms, 1061 

bathrooms, laundry rooms, and utility rooms are considered less open, and an interzonal ventilation rate 1062 

of 107 m3/hour is applied. In instances where the whole house is selected as the room of use, the entire 1063 

building is considered zone 1, and the interzonal ventilation rate is therefore equal to the negligible 1064 

value of 1E−30 m3/hour. In instances where a product might be used in several rooms of the house, air 1065 

exchange rate was considered in the room of use to ensure that effects of ventilation were captured.  1066 

 1067 

Auto Transmission Conditioner 1068 

Exposure to Auto Transmission Conditioner was modeled in the garage using CEM’s saved analysis 1069 

"Generic P1 E1” with modifications for some key parameters as shown in Tables 2-11 through 2-12.  1070 

 1071 

Product instructions state to use 6, 11, and 32 oz for small, medium, and large transmission capacities, 1072 

respectively. Because the product is typically poured into a closed receptable, inhalation exposure is 1073 

expected to be minimal. However, spills or overfilling during use may result in puddles of product 1074 

which may freely emit to the environment. To account for this possibility, 25 percent of the total used 1075 

mass were assumed to be exposed to air, resulting in mass applied (assuming a density of 0.91 g/cm3 per 1076 

SDS) of 40, 74, and 215 g. These values are similar to the CEM defaults for antifreeze (50, 100, 150 g), 1077 

which is a product in the same use category (automobile care) with a similar application pattern. Thus, 1078 

the CEM defaults for the anti-freeze saved analysis were selected for this scenario. 1079 

 1080 

The frequency of use was limited to one event per day and one event per year due to the infrequent 1081 

occurrence of automotive transmission changes even if multiple cars are in a single household. 1082 

 1083 

Construction Adhesive for Small Scale Projects 1084 

Exposure to Construction Adhesive for small scale projects was modeled in the utility room using 1085 

CEM’s saved analysis " Glue and adhesives (small scale)” with modifications for some key parameters 1086 

as shown in Table 2-11 and Table 2-12.  1087 

 1088 

The decision to use 52 events a year (the CEM med default) may be high since these products are for 1089 

occasional small repair projects. However, these adhesives may also be used for routine arts and craft 1090 

projects. Since there is no evidence for or against its use as arts and crafts, EPA decided to use the CEM 1091 

default. 1092 

 1093 

Construction Sealant for Large Scale Projects 1094 

Exposure to Construction Sealant for large scale projects was modeled in the garage using CEM’s saved 1095 

analysis “Glue and adhesives (large scale)” with modifications for some key parameters as shown in 1096 

Table 2-11 and Table 2-12. 1097 

 1098 

The product use description suggests that this product is mostly applied for concrete joints, windows, 1099 

roofs, and masonry. There is no evidence of its use in bathrooms or kitchens, thus EPA assumed 1100 

primarily outdoor application and opted for the garage as the room of use based on potential for garage 1101 

concrete floor repair and a high end CEM default use amount which corresponds to approximately six 1102 

tubes of caulk. 1103 

 1104 
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Epoxy Floor Patch 1105 

Exposure to Epoxy Floor Patch was modeled in the garage using CEM’s saved analysis “Generic P1 E1” 1106 

with modifications for some key parameters as shown in Table 2-11 and Table 2-12. 1107 

 1108 

The product identified is a two-part kit consisting of an activator and hardener that produces a quick 1109 

curing putty used to repair cracks in concrete walls and floors. As the use is limited to repair and the 1110 

product hardens quickly after mixing, the amount of product modeled was limited to 125 to 500 g and 1111 

the duration of use was limited to 5 to 15 minutes. 1112 

 1113 

Lacquer Sealer (Spray and Non-spray) 1114 

The lacquer sealer products identified may be applied to concrete, stone, and stucco surfaces through 1115 

rolling or spraying application techniques. As such, the exposure to lacquer sealer was modeled in the 1116 

whole house assuming that some or all of the finished floor of house is concrete. For the rolling 1117 

application (non-spray) the CEM’s saved analysis "Generic P2 E2” was used and for the spray 1118 

application the CEM saved analysis “Generic P3 E3” was used. Modifications were made for some key 1119 

parameters as shown in Table 2-11 and Table 2-12. 1120 

 1121 

Duration of use and mass of product used were determined based on instructions for use and technical 1122 

specification specific to identified products. The mass of product used per event was estimated based on 1123 

an application rate of 400 sq. ft/gallon, density of 0.88 g/cm3, and application to 1 room, 2 rooms, or 1124 

whole house (300, 600, or 2,140 sq ft). The duration of use was assumed to be 480, 180, and 120 1125 

min/day for the high, medium, and low exposure scenarios. 1126 

 1127 

The frequency of use was set to one event per day. As multiple coats may be applied, the frequency per 1128 

year was increased to two. 1129 

2.2 Dermal Modeling Approach 1130 

Dermal modeling was done outside of CEM for liquid and solid products. However, for solid products 1131 

EPA used CEM steady-state permeability coefficient equations in a computational approach outside 1132 

CEM that bypassed the need for certain inputs required by CEM, like weight fractions and migration 1133 

rates. For liquid products, the concentration of DIDP often exceeds its saturation concentration because 1134 

DIDP molecules form weak chemical bonds with polymer chains in the product/article which favors 1135 

migration out of the polymer. During direct dermal contact DIDP can migrate to the aqueous phase 1136 

available in the skin surface or be weakly bound to the polymer. The fraction of DIDP associated with 1137 

polymer chains is less likely to contribute to dermal exposure as compared to the aqueous fraction of 1138 

DIDP because the chemical is strongly hydrophobic. As such, use of the CEM model for dermal 1139 

absorption which relies on total concentration rather than aqueous saturation concentration would 1140 

greatly overestimate exposure to DIDP in liquid chemicals. 1141 

 1142 

Dermal absorption data related to DIDP are limited. Specifically, EPA identified only one study directly 1143 

related to the dermal absorption of DIDP (Elsisi et al., 1989), which was an in vivo absorption study 1144 

using male F344 rats. For each in vivo dermal absorption experiment, neat DIDP was applied to a 1145 

freshly shaven area of 1.3 cm2 in doses ranging from 5 to 8 mg/cm2 and the site of application was 1146 

covered with a perforated cap. Urine and feces were collected and analyzed every 24 hours for a 1147 

duration of 7 days, and at the end of the seventh day, each rat was killed and all remaining contents 1148 

(tissues, organs, etc.) were analyzed. Results of the study showed the average percent absorption of 1149 

DIDP (both into and through the skin) over the 7-day period was 1.5 percent and the average material 1150 

recovery was 82 percent. However, OECD 156 (2022) guidelines suggest that material recovery from 1151 

dermal absorption testing of non-volatile compounds should be 90 to 110 percent. Because the material 1152 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=675074
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recovery of DIDP fell outside the recommended recovery range, OECD 156 (2022) guidelines suggest 1153 

the following normalization of the percent absorption: 1154 

 1155 

Normalized Percent Absorption of DIDP = (100/82) × (1.5%) = 1.8% 1156 

 1157 

OECD 156 (2022) states that this approach of normalizing percent absorption assumes that losses 1158 

occurred in all matrices equally, which is reasonable considering the duration of the experiment and the 1159 

fact that the cap was perforated.  1160 

 1161 

Though there are no direct points of comparison for absorption of neat DIDP, there was an analogous in 1162 

vivo dermal absorption study conducted for neat DINP (Midwest Research Institute, 1983). For each in 1163 

vivo dermal absorption experiment, neat DINP was applied to a freshly shaven area of 3 cm x 4 cm at a 1164 

dose of 8 mg/cm2 and the site of application was covered with a styrofoam cup lined with aluminum 1165 

foil. After 7 days of monitoring, the average percent absorption of DINP (both through and into the skin) 1166 

was 3.06 percent and the average material recovery was 96.55 percent. Because it is expected that DINP 1167 

is slightly more absorptive than DIDP due to the slightly shorter alkyl chain length of DINP compared to 1168 

DIDP, the results of the study from the Midwest Research Institute (1983) provide additional credence 1169 

to the results of DIDP absorption from Elsisi (1989). 1170 

 1171 

With respect to interpretation of the DIDP dermal absorption data reported in Elsisi (1989), it is 1172 

important to consider the relationship between the applied dermal load and the rate of dermal absorption. 1173 

Specifically, the work of Kissel (2011) suggests the dimensionless term Nderm to assist with 1174 

interpretation of dermal absorption data. The term Nderm represents the ratio of the experimental load 1175 

(i.e., application dose) to the steady-state absorptive flux for a given experimental duration as shown in 1176 

the following equation. 1177 

 1178 

Equation 2-21. Relationship Between Applied Dermal Load and Rate of Dermal Absorption 1179 

 1180 

𝑁𝑑𝑒𝑟𝑚 =  
𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑙𝑜𝑎𝑑 (

𝑚𝑎𝑠𝑠
𝑎𝑟𝑒𝑎 )

𝑆𝑡𝑒𝑎𝑑𝑦 − 𝑆𝑡𝑎𝑡𝑒 𝐹𝑙𝑢𝑥 (
𝑚𝑎𝑠𝑠

𝑎𝑟𝑒𝑎 ∗ 𝑡𝑖𝑚𝑒) ×  𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (𝑡𝑖𝑚𝑒)
 1181 

 1182 

Kissel (2011) indicates that high values of Nderm (>> 1) suggest that supply of the material is in surplus 1183 

and that the dermal absorption is considered “flux-limited,” whereas lower values of Nderm indicate that 1184 

absorption is limited by the experimental load and would be considered “delivery-limited.” Furthermore, 1185 

Kissel (2011) indicates that values of percent absorption for flux-limited scenarios are highly dependent 1186 

on the dermal load and should not be assumed transferable to conditions outside of the experimental 1187 

conditions. Rather the steady-state absorptive flux should be utilized for estimating dermal absorption of 1188 

flux-limited scenarios. The application of Nderm to the DIDP dermal absorption data reported in Elsisi 1189 

(1989) is shown below. 1190 

 1191 

Equation 2-22. Ratio of the Experimental Dermal Load to Steady-State Flux Calculation 1192 

 1193 

𝑁𝑑𝑒𝑟𝑚 =  
8 𝑚𝑔/𝑐𝑚2

8
𝑚𝑔
𝑐𝑚2 × 1.8%

7 𝑑𝑎𝑦𝑠 ×
24 ℎ𝑟𝑠

𝑑𝑎𝑦

 ×  7 𝑑𝑎𝑦𝑠 ×
24 ℎ𝑟𝑠

𝑑𝑎𝑦
 

= 56 1194 

 1195 
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Because Nderm >> 1 for the experimental conditions of Elsisi (1989), it is shown that the absorption of 1196 

DIDP is considered flux-limited even at finite doses (i.e., less than 10 µL/cm2 (OECD, 2004)) and that 1197 

percent absorption is less meaningful than the steady-state absorptive flux. Therefore, the dermal 1198 

absorption of DIDP was estimated based on the flux of material rather than percent absorption. Using an 1199 

estimate of 1.8 percent absorption of 5 to 8 mg/cm2 of DIDP over a 7-day period, a range of potential 1200 

steady-state fluxes of DIDP is calculated below. 1201 

 1202 

Low-End Flux = (1.8%) × (5mg/cm2) / (7days x 24hrs/day) = 5.36E−04 mg/cm2/hr 1203 

 1204 

Midpoint Flux = (1.8%) × (6.5mg/cm2) / (7days x 24hrs/day) = 6.96E−04 mg/cm2/hr 1205 

 1206 

High-End Flux = (1.8%) × (8mg/cm2) / (7days x 24hrs/day) = 8.57E−04 mg/cm2/hr 1207 

 1208 

The dermal dose of DIDP associated with use of both liquid products and solid articles was calculated in 1209 

a spreadsheet outside of CEM. See Draft Consumer Exposure Analysis for Diisodecyl Phthalate (DIDP) 1210 

(U.S. EPA, 2024c). For each product or article, high, medium, and low exposure scenarios were 1211 

developed. Values for duration or dermal contact and area of exposed skin were determined based on 1212 

reasonably expected use for each item. In addition, high, medium, and low estimates for dermal flux 1213 

were calculated and applied in the corresponding scenario.  1214 

 1215 

As dermal absorption of DIDP has not been tested in humans and test data for in vitro studies were not 1216 

identified, dermal flux of DIDP was estimated based on an in vivo absorption study that applied neat 1217 

DIDP to a freshly shaven area on male F344 rats (Elsisi et al., 1989). The equation used to estimate the 1218 

dermal dose of DIPD associated with routine use of consumer liquid products and articles is as follows: 1219 

 1220 

Equation 2-23. Dermal Dose Per Exposure Event for Liquid Products 1221 

𝐷𝑜𝑠𝑒 𝑝𝑒𝑟 𝐸𝑣𝑒𝑛𝑡 = 𝐹𝑙𝑢𝑥 × 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑈𝑠𝑒 ×  𝐷𝐴 ×
𝑆𝐴

𝐵𝑊
  1222 

Where, 1223 

𝐷𝑜𝑠𝑒 𝑝𝑒𝑟 𝐸𝑣𝑒𝑛𝑡 =  amount of chemical absorbed, mg/kg by body weight 1224 

𝐹𝑙𝑢𝑥   = steady-state absorptive flux, mg/cm2-hr 1225 

𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑢𝑠𝑒 = extent of time specific product/article is in use, hr 1226 

𝑆𝐴   = surface area of body parts in direct contact with product/article, 1227 

cm2 1228 

𝐵𝑊   = body weight by lifestage, kg 1229 

 1230 

It is expected that dermal exposure to solid matrices would result in far less absorption, but there are no 1231 

studies that report dermal absorption of DIDP from a solid matrix. For cases of dermal absorption of 1232 

DIDP from a solid matrix, EPA assumes that DIDP will first migrate from the solid matrix to a thin 1233 

layer of moisture on the skin surface. Therefore, absorption of DIDP from solid matrices is considered 1234 

limited by aqueous solubility and is estimated using an aqueous absorption model as described below. 1235 

 1236 

The first step in determining the dermal absorption through aqueous media is to estimate the steady-state 1237 

permeability coefficient, Kp (cm/hr). EPA utilized CEM (U.S. EPA, 2023) to estimate the steady-state 1238 

aqueous permeability coefficient of DIDP. Next, EPA relied on Equation 3.2 from the Risk Assessment 1239 

Guidance for Superfund (RAGS), Volume I: Human Health Evaluation Manual, (Part E: Supplemental 1240 

Guidance for Dermal Risk Assessment) (U.S. EPA, 2004) which characterizes dermal uptake (through 1241 

and into skin) for aqueous organic compounds. Specifically, Equation 3.2 from U.S. EPA (2004) was 1242 

used to estimate the dermally absorbed dose (DAevent, mg/cm2) for an absorption event occurring some 1243 
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duration (tabs, hours) as shown below. 1244 

 1245 

 Equation 2-24. Dermal Absorption Dose During Absorption Event for a Solid Product and Article 1246 

𝐷𝐴𝑒𝑣𝑒𝑛𝑡 = 2 × 𝐹𝐴 × 𝐾𝑝 × 𝑆𝑊 × √
6 × 𝑡𝑙𝑎𝑔 × 𝑡𝑎𝑏𝑠

𝜋
 1247 

Where: 1248 

DAevent  = Dermally absorbed dose during absorption event tabs (mg/cm2) 1249 

FA = Effect of stratum corneum on quantity absorbed = 0.68 [see Exhibit A-5 of 1250 

U.S. EPA (2004)] 1251 

Kp = Permeability coefficient = 0.0071cm/hr (calculated using CEM (U.S. EPA, 2023)) 1252 

Sw = Water solubility = 0.33 mg/L [Mean value determined from the following studies: 1253 

(NLM, 2020; EC/HC, 2017; ECJRC, 2003a; NTP-CERHR, 2003; Letinski et al., 2002; 1254 

Howard et al., 1985; SRC, 1983)] 1255 

tlag = 0.105*100.0056MW = 0.105*100.0056*446.68 = 33.3 hours [calculated from A.4 of U.S. 1256 

EPA (2004)] 1257 

tabs = Duration of absorption event (hours) 1258 

 1259 

By dividing the dermally absorbed dose (DAevent) by the duration of absorption (tabs), the resulting 1260 

expression yields the average absorptive flux. Figure 2-2 illustrates the relationship between the average 1261 

absorptive flux and the absorption time. 1262 

 1263 

 1264 

Figure 2-2. Average Absorptive Flux Absorbed into and through Skin as Function of Absorption 1265 

Time 1266 

 1267 

Figure 2-2 shows that the average absorptive flux for aqueous DIDP is expected to vary between 0.005 1268 

and 0.025 µg/cm2/hr for durations between 1-hour and 1-day, and the average absorptive flux for an 8-hr 1269 

exposure is 0.00899 µg/cm2/hr. The estimation of average flux of aqueous material through and into the 1270 

skin is dependent on the duration of absorption and must be determined based on the scenario under 1271 

assessment. The range of estimated steady-state fluxes of DIDP presented in this section, based on 1272 

modeling from (U.S. EPA, 2004), is considered representative of dermal exposures to solid materials or 1273 
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articles containing DIDP.  1274 

 1275 

After calculating dermal absorption dose per event for each lifestage, chronic average daily dose, acute 1276 

average daily dose, and intermediate average daily dose were calculated as described below. 1277 

 1278 

Acute dose rate for direct dermal contact with product or article was calculated as follows: 1279 

 1280 

Equation 2-25. Acute Dose Rate for Dermal 1281 

 1282 

𝐴𝐷𝑅𝐷𝑒𝑟𝑚𝑎𝑙 = 𝐷𝑜𝑠𝑒 𝑝𝑒𝑟 𝐸𝑣𝑒𝑛𝑡 × 𝐴𝑐𝑢𝑡𝑒 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 1283 

 1284 

Where: 1285 

𝐴𝐷𝑅𝐷𝑒𝑟𝑚𝑎𝑙  = acute dose rate for dermal contact, mg/kg-day by body weight, 1286 

𝐷𝑜𝑠𝑒 𝑝𝑒𝑟 𝐸𝑣𝑒𝑛𝑡 =  amount of chemical absorbed per use, mg/kg by body weight, and 1287 

𝐴𝑐𝑢𝑡𝑒 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 = acute frequency of use, day -1, see Table 2-13 for input parameters. 1288 

 1289 

Chronic average daily dose rate for direct dermal contact with product or article was calculated as 1290 

follows: 1291 

 1292 

Equation 2-26. Chronic Average Daily Dose Rate for Dermal 1293 

𝐶𝐴𝐷𝐷𝐷𝑒𝑟𝑚𝑎𝑙 = 𝐷𝑜𝑠𝑒 𝑝𝑒𝑟 𝐸𝑣𝑒𝑛𝑡 × 𝐶ℎ𝑟𝑜𝑛𝑖𝑐 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 1294 

 1295 

Where: 1296 

𝐶𝐴𝐷𝐷𝐷𝑒𝑟𝑚𝑎𝑙  = chronic dermal rate for dermal contact, mg/kg-day by body weight, 1297 

𝐷𝑜𝑠𝑒 𝑝𝑒𝑟 𝐸𝑣𝑒𝑛𝑡 =  amount of chemical absorbed per use, mg/kg by body weight, and 1298 

𝐶ℎ𝑟𝑜𝑛𝑖𝑐 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 = chronic frequency of use, day -1, see Table 2-13 for input 1299 

parameters 1300 

 Modeling Inputs and Parameterization 1301 

Key parameters for the dermal model are shown in Table 2-13. The subsections under Table 2-13 1302 

provide additional details on key parameters, assumptions, and sources of the information. Calculations, 1303 

sources, input parameters and results are also available in Draft Consumer Exposure Analysis for 1304 

Diisodecyl Phthalate (DIDP) (U.S. EPA, 2024c). 1305 

  1306 

Table 2-13. Key Parameters Used in Dermal Models 1307 

Product Scenario 
Duration 

of Use (hr) 

Frequency of 

Use (year−1) 

Frequency of 

Use (day −1) 

Dermal 

Absorptiona or 

Fluxb 

(mg/cm2/hour) 

Contact Area 

Adult Toys 

High 1 365 1 2.54E−05 

Inside of one hand (palms, 

fingers) 
Medium 0.5 365 1 1.80E−05 

Low 0.25 365 1 1.27E−05 

Auto 

Transmission 

Conditioner 

High 0.25 1 1 2.54E−05 

Inside of one hand (palms, 

fingers) 
Medium 0.17 1 1 1.80E−05 

Low 0.08 1 1 1.27E−05 

Bags 
High 1 365 1 2.54E−05 

Inside of one hand (palms, 

fingers) Medium 0.5 365 1 1.80E−05 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11374519
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Product Scenario 
Duration 

of Use (hr) 

Frequency of 

Use (year−1) 

Frequency of 

Use (day −1) 

Dermal 

Absorptiona or 

Fluxb 

(mg/cm2/hour) 

Contact Area 

Low 0.25 365 1 1.27E−05 

Children's Toys 

(legacy) 

High 2.28 365 1 2.54E−05 

Inside of one hand (palms, 

fingers) 
Medium 1.47 365 1 1.80E−05 

Low 0.40 365 1 1.27E−05 

Children's Toys 

(new) 

High 2.28 365 1 2.54E−05 

Inside of one hand (palms, 

fingers) 
Medium 1.47 365 1 1.80E−05 

Low 0.40 365 1 1.27E−05 

Construction 

Adhesive for 

Small Scale 

Projects 

High 1 52 3 8.57E−04 

Inside of one hand (palms, 

fingers) 
Medium 0.33 52 3 6.96E−04 

Low 0.17 52 3 5.36E−04 

Construction 

Sealant for Large 

Scale Projects 

High 4 3 1 8.57E−04 

Inside of one hand (palms, 

fingers) 
Medium 2 3 1 6.96E−04 

Low 1 3 1 5.36E−04 

Epoxy Floor 

Patch 

High 0.25 1 1 8.57E−04 

Inside of one hand (palms, 

fingers) 
Medium 0.17 1 1 6.96E−04 

Low 0.08 1 1 5.36E−04 

Fitness Ball 

High 1 365 1 2.54E−05 

Inside of two hands (palms, 

fingers) 
Medium 0.5 365 1 1.80E−05 

Low 0.25 365 1 1.27E−05 

Foam Flip Flops 

High 8 365 1 2.54E−05 

Inside of two hands (palms, 

fingers) 
Medium 4 365 1 1.80E−05 

Low 2 365 1 1.27E−05 

Lacquer Sealer 

(Non-Spray) 

High 8 2 1 8.57E−04 

Inside of one hand (palms, 

fingers) 
Medium 3 2 1 6.96E−04 

Low 2 2 1 5.36E−04 

Lacquer Sealer 

(Spray) 

High 8 2 1 8.57E−04 

10% of Hands (some 

fingers) 
Medium 3 2 1 6.96E−04 

Low 2 2 1 5.36E−04 

Miscellaneous 

Coated Textiles 

High 1 365 1 2.54E−05 

Inside of one hand (palms, 

fingers) 
Medium 0.5 365 1 1.80E−05 

Low 0.25 365 1 1.27E−05 

Rubber Eraser 

High 1 365 1 2.54E−05 

10% of Hands (some 

fingers) 
Medium 0.5 365 1 1.80E−05 

Low 0.25 365 1 1.27E−05 

Shower Curtain High 1 365 1 2.54E−05 
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Product Scenario 
Duration 

of Use (hr) 

Frequency of 

Use (year−1) 

Frequency of 

Use (day −1) 

Dermal 

Absorptiona or 

Fluxb 

(mg/cm2/hour) 

Contact Area 

Medium 0.5 365 1 1.80E−05 
Inside of one hand (palms, 

fingers) Low 0.25 365 1 1.27E−05 

Solid Flooring 

High 2 365 1 2.54E−05 

Inside of one hand (palms, 

fingers) 
Medium 1 365 1 1.80E−05 

Low 0.5 365 1 1.27E−05 

Synthetic 

Leather Clothing 

High 8 365 1 2.54E−05 50% of Entire Body 

Surface Area 

Medium 4 365 1 1.80E−05 25% of Face, Hands, and 

Arms 

Low 2 365 1 1.27E−05 10% of Hands (some 

fingers) 

Synthetic 

Leather 

Furniture 

High 8 365 1 2.54E−05 50% of Entire Body 

Surface Area 

Medium 4 365 1 1.80E−05 25% of Face, Hands, and 

Arms 

Low 2 365 1 1.27E−05 10% of Hands (some 

fingers) 

Wallpaper 

(Routine 

Contact) 

High 1 365 1 2.54E−05 

Inside of one hand (palms, 

fingers) 
Medium 0.33 365 1 1.80E−05 

Low 0.17 365 1 1.27E−05 

Wallpaper 

(Installation) 

High 4 1 1 2.54E−05 

Inside of two hands (palms, 

fingers) 
Medium 2 1 1 1.80E−05 

Low 1 1 1 1.27E−05 

Wire Insulation 

High 1 365 1 2.54E−05 

Inside of one hand (palms, 

fingers) 
Medium 0.5 365 1 1.80E−05 

Low 0.25 365 1 1.27E−05 

a Dermal Absorption (DA) for solid products and articles was calculated using Equation 2-24 
b Flux for liquid products was calculated using Equation 2-23 

1308 

Duration of Use/Article Contact Time 1309 

The same duration of use applied in CEM modeling for products was used for the spreadsheet dermal 1310 

modeling. For articles, which do not use duration of use as an input in CEM, professional judgement 1311 

was used to select the duration of use/article contact for the low, medium, and high exposure scenario 1312 

levels. Values of 0.25, 0.5 and 1 hr were assigned to articles anticipated to have low durations of use 1313 

(bags, fitness ball, miscellaneous coated textile, rubber eraser, shower curtain, and wire insulation). This 1314 

was lowered slightly for routine contact with wallpaper (0.17, 0.33, and 1 hr) in which contact is less 1315 

intentional. For the installation of wallpaper, however, values of 1, 2, and 4 hrs were selected based on 1316 

professional judgement. Values of 2, 4 or 8 hrs were applied to flip flops, clothing and sofas which are 1317 

articles intended to be worn or contacted for longer periods of time. Values for solid flooring are based 1318 

on EPA’s Standard Operating Procedures for Residential Pesticide Exposure Assessment for the high 1319 

exposure level (2 hrs; time spent on hard surfaces), ConExpo for the medium exposure level (1 hr; time 1320 

a child spends crawling on treated floor), and professional judgement for the low exposure level (0.5 hr) 1321 
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(U.S. EPA, 2012). 1322 

 1323 

Frequency of Use 1324 

The same frequency of use (per year and per day) that was applied in CEM modeling was used for the 1325 

spreadsheet dermal modeling. For articles which were not modeled in CEM, it was assumed that the 1326 

article could be used daily, every day of the year. For wallpaper installation, it was assumed that there 1327 

would only be one event per day and one event per year. 1328 

 1329 

Weight Fractions 1330 

The weight fraction information provided below is for contextual purposes only, as the dermal modeling 1331 

methodology used does not incorporate weight fraction as a model input. 1332 

 1333 

Bags  1334 

EPA did not identify information from manufacturers about the specific plasticizers used in making bags 1335 

due to confidentiality. The actual producers of the PVC bags are also regarded as confidential, leaving 1336 

no way to obtain further information about the production process. ECHA (2012) is a European 1337 

assessment that investigated and reported the content of phthalates in bags in both 2001, 2007 and in 1338 

2010. The bags investigated in 2010 were bags for children. In 2001, three bags that were analyzed for 1339 

phthalates contained DEHP in concentrations from 12 to 21 percent. One of the three bags also 1340 

contained a mix of DINP and DIDP at 11 percent and BBP at less than 1 percent. The concentration of 1341 

DIDP used (11%) is a mix of DINP and DIDP because it was impossible to apportion the contribution to 1342 

the total concentration. 1343 
 1344 
Flip Flops 1345 

ECHA (2012) reported a Swedish investigation that measured phthalate concentrations in the PVC of 1346 

the tested footwear at up to 23.2 percent for DEHP, up to 9.6 percent for DBP, no BBP, up to 19.4 1347 

percent for DNOP, up to 3.2 percent for DINP, and up to 4.7 percent for DIDP. The investigation also 1348 

showed that the phthalate content in shoes did not differ by the country in which the shoes were 1349 

manufactured. No U.S. based information on footwear was identified. EPA used this report in lieu of 1350 

U.S. specific imports. 1351 

 1352 

Fitness Balls 1353 

Based on information from the manufacturers, European production of large plastic balls seems to be 1354 

made of PVC without phthalates. However, information on the used plasticizers is confidential, and 1355 

several manufacturers confirmed that the balls are made of or contain PVC. The plasticizers used are 1356 

DINP or acetyl-tri-n-butylcitrate (ATBC). DIDP and DIOP are used together with DINP. One 1357 

manufacturer informs that DEHP may be observed in small concentrations (< 0.1%). No other data on 1358 

the concentration of plasticizers are available, thus EPA used 0.1 percent as the DIDP weight fraction in 1359 

fitness balls. 1360 

 1361 

ECHA (2012) reported on the concentration of several phthalates in 10 fitness balls in 2010. The 1362 

analyses showed that two of the analyzed balls contained DEHP or DIBP in concentrations above 1 1363 

percent. DINP was detected in five balls, but the amount of the phthalates was not quantified. For soccer 1364 

balls made of PVC, one manufacturer informs that the balls do not contain DINP, DNOP, DIDP, BBP, 1365 

DBP and DIHP, but traces of DEHP (concentrations negligible) may be registered. Another large 1366 

producer reported that DEHP and DBP are used in very low concentrations (<1%). In both cases, no 1367 

information on the main plasticizers used was available. 1368 

 1369 

Miscellaneous Coated Textile 1370 
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ACC HPP (2023) reported on coated textiles, especially for outdoor applications like roofs for sports 1371 

arenas and truck awnings, at 30 to 40 percent weight fraction.1372 
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3 INDOOR DUST EXPOSURE APPROACH AND METHODOLOGY 1373 

In this indoor exposure assessment, EPA considered modeling and monitoring data. Modeling data used 1374 

in indoor dust assessment originated from the consumer exposure assessment, Section 2, to reconstruct 1375 

major indoor sources of DIDP into dust and obtain COU and product specific exposure estimates for 1376 

ingestion and inhalation. The monitoring data considered are from residential dust samples from studies 1377 

conducted in countries with comparable standards of living to the United States. Measured DIDP 1378 

concentrations were compared to determine consistency among data sets, and data from Canada were 1379 

ultimately selected as the most representative of United States residential dust exposures. Given the 1380 

complexity of source apportionment in exposure assessment for chemicals in indoor dust, EPA used 1381 

several non-US monitoring studies to generate a moderate confidence estimate of overall DIDP 1382 

exposure from ingestion of indoor dust. The monitoring studies and assumptions made to estimate 1383 

exposure are described in Section 3.2.  1384 

3.1 Indoor Dust Modeling 1385 

The main objective in recreating the indoor environment using consumer products and articles 1386 

commonly present in indoor spaces is to calculate exposure and risk estimates by COU, and if possible, 1387 

byproduct and article from indoor dust ingestion and inhalation using the CEM outputs in Section 2. 1388 

Because monitoring data can lack source apportionment, contributions from specific products and 1389 

articles to the concentration of a chemical in dust may not be apparent. In the consumer exposure 1390 

assessment, Section 2.1.2.1, EPA identified article specific information by COU to construct relevant 1391 

and representative exposure scenarios. Exposure to DIDP via ingestion of dust was assessed for all 1392 

articles expected to contribute significantly to dust concentrations due to high surface area (> ~1 m2) for 1393 

either a single article or collection of like articles as appropriate. This included  1394 

• solid flooring,  1395 

• wallpaper,  1396 

• synthetic leather furniture,  1397 

• shower curtains,  1398 

• children’s toys, both legacy and new, and  1399 

• wire insulation.  1400 

These exposure scenarios were modeled in CEM for inhalation, ingestion of suspended dust, and 1401 

ingestion dust from surfaces. See Section 2.1.2.1 for CEM parameterization, input values, and article 1402 

specific scenario assumptions and sources. 1403 

3.2 Indoor Dust Monitoring 1404 

Twenty studies containing potential residential indoor dust monitoring data for DIDP were identified 1405 

during systematic review. No US data was identified in these monitoring studies; however, residential 1406 

monitoring data from Canada, Belgium, Holland, Ireland, and Norway were identified in two studies 1407 

(Giovanoulis et al., 2017) and (Christia et al., 2019). The remaining studies were not considered because 1408 

they either did not have DIDP dust monitoring data or contained only non-residential DIDP dust 1409 

monitoring data. The studies that contained residential DIDP dust monitoring data were compared to 1410 

confirm that observed DIDP concentrations were reasonably similar to one another (within one order of 1411 

magnitude) and to identify similarities and differences in sampled population and sampling methods. 1412 

Evaluating the sampled population and sampling methods across studies was important to determine 1413 

whether the residential monitoring data were comparable between studies; studies with broadly 1414 

representative populations (i.e., not focused on a particular subpopulation or geographic area) and 1415 

similar sampling methods (e.g., vacuum sampling versus dust-wipe sampling) were comparable.  1416 

 1417 
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Because no US indoor dust monitoring data for DIDP were identified, EPA evaluated non-US data. The 1418 

primary data source was the Canadian House Dust Study, as reported in the Canadian 2015 State of the 1419 

Science Report (EC/HC, 2015). The basis for the estimated daily DIDP ingestion dose (intake rate) for 1420 

dust was from Kubwabo et al. (2013), in which 126 households were sampled as part of the Canadian 1421 

House Dust Study. Table 3-1 summarizes the DIDP findings for Kubwabo et al. (2013).  1422 

 1423 

Table 3-1. Detection and Quantification of DIDP in House Dust from Kubwabo et al. (2013) 1424 

 House Dust (Total) 
Participant-Collected 

Dust (Paired) 

Vacuum Sampler Dust 

(Paired) 

N 126 38 38 

Median (µg/g) 111 128 46 

Min 5.3 5.4 11.6 

Max 1428 602 159 

Detection Frequency (%) 100 100 100 

 1425 

Total house dust samples were collected by the study participants themselves from their home vacuum 1426 

cleaners. In a subset of households (n=38), paired dust samples (Vacuum Sampler Dust [VSD] & 1427 

Participant-Collected Dust [PCD]) were collected in which VSD was collected by the researchers using 1428 

a Pullman Holt vacuum sampler according to the VDI 4300 standard sampling protocol (VDI, 2001). 1429 

This sampling method pulls the dust directly into the vacuum bag without coming into contact with any 1430 

parts of the vacuum, minimizing cross-contamination. The paired samples showed significantly lower 1431 

concentrations in the VSD samples than in the conventionally collected house dust samples (Wilcoxon 1432 

rank sum test, p<0.001). The samples were not taken in identical locations, with the VSD samples taken 1433 

from dry living areas only, avoiding kitchens, bathrooms, and workrooms. The authors note that 1434 

“…differences in the [PCD] versus [VSD] samples most likely reflect the variability in spatial 1435 

distribution of these compounds across different areas of the home.” The EC/HC (2015) report used the 1436 

total house dust values reported in Table 3-1.  1437 

 1438 

Data from the Canadian House Dust Study were also compared with existing literature that fulfilled the 1439 

following criteria: data collected 2010 or later, from a high-income country, and in a residence. After 1440 

applying these filters to the data identified in systematic review, two studies were identified. They are 1441 

summarized in Table 3-2.  1442 

  1443 
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Table 3-2. Comparator Studies with DIDP Concentrations in Residences 1444 

Study Location Year a Residences DIDP Concentration(s) (µg/g) 

Giovanoulis et al. 

(2017) 

Oslo, Norway 2013-2014 Floor 

samples: 60 

Floor Dust: 

50th percentile: 139.5 

95th percentile: 806.3 

Vacuum 

samples: 58 

Vacuum Cleaner Dust: 

50th percentile: 140.2 

95th percentile: 496.6 

Christia et al. (2019) 

Belgium 2017 18 Mean (SD): 52 (67) 

Median: 26 

Min: 5.2 

Max: 296  

Ireland 2017 6 Mean (SD): 84 (27)  

Median: 72 

Min: 62 

Max: 121 

Holland 2017 9 Mean (SD): 59 (49)  

Median: 34 

Min: N.D. (less than LOQ) 

Max: 152 
a The year data were collected.  

 1445 
These studies, representing samples from four European countries, show median DIDP concentrations in 1446 

house dust that are well within an order of magnitude of the median total house dust value from 1447 

Kubwabo et al. (2013). The range within an order of magnitude of the median total house dust value 1448 

from Kubwabo et al. (2013) was 11.1 to 1110 µg/g, and the range of median values was from 26 µg/g in 1449 

the Belgian samples from Christia et al. (2019), to 140.2 µg/g in the vacuum samples from Norway in 1450 

Giovanoulis et al. (2017). The Dutch and Irish median values in Christia et al. (2019) were 34 µg/g and 1451 

µg/g, respectively. Therefore, the concentrations from the Canadian House Dust Study are consistent 1452 

with results from residents in similar income countries during a similar time period. It is thus appropriate 1453 

to use this data as a surrogate for U.S. exposure.  1454 

 1455 

The EC/HC (2015) report estimated daily intakes for DIDP for the general Canadian population (ages 0 1456 

to 60+ years, binned into age ranges of varying widths as shown in Table 3-3). The EC/HC (2015) report 1457 

gives the central tendency (50th percentile) and upper bound (95th percentile) concentrations of DIDP as 1458 

111 µg/g and 433.9 µg/g respectively. 1459 

 1460 

Table 3-3. EC/HC Estimates of Daily Intake for DIDP, µg/kg-day 1461 

0-0.5 years 

“Infant” a 

0.5-4 years 

“Toddler” 

5-11 years 

“Child” 

12-19 years 

“Teen” 

20-59 years 

“Adult” 

60+ years 

“Senior” 

0.562 (2.199) b 0.394 (1.540) 0.186 (0.728) 0.007 (0.026) 0.006 (0.025) 0.006 (0.024) 

a Lifestage names correspond to those given in Wilson et al. (2013) 
b Median (95th percentile) 

 1462 

Dust intakes in the EC/HC (2015) report were derived from Wilson et al. (2013). This study provides a 1463 

range of dust ingestion rates by age based on the mixture of hard versus soft surfaces an individual 1464 

contacts and whether a deterministic or probabilistic approach is used (Tables 3 and 4 in Wilson et al. 1465 

(2013)). Using the given DIDP intake rates and assumed body weights by lifestage given in EC/HC 1466 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4166920
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5772597
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1588869
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1588869
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5772597
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4166920
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5772597
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7264199
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7264199
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2642844
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7264199
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2642844
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2642844
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7264199
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(2015), it was possible to determine the dust ingestion rates that were used (Equation 3-1).  1467 

 1468 

Equation 3-1. Derivation of Dust Ingestion Rate 1469 

 1470 

𝐷𝑢𝑠𝑡 𝑖𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 (
𝑚𝑔 𝑑𝑢𝑠𝑡

𝑑𝑎𝑦
) =

𝐷𝐼𝐷𝑃 𝑖𝑛𝑡𝑎𝑘𝑒 (
𝜇𝑔 𝐷𝐼𝐷𝑃 

𝑘𝑔 𝑏𝑤 × 𝑑𝑎𝑦
) × 𝑘𝑔 𝑏𝑤

𝐷𝑢𝑠𝑡 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (
𝜇𝑔 𝐷𝐼𝐷𝑃

𝑔 𝑑𝑢𝑠𝑡
)

 ×  
1000 𝑚𝑔

1 𝑔
  1471 

 1472 

EPA obtained more recent US sources for dust ingestion rate and body weights rather than using the 1473 

Canadian values from the EC/HC (2015) report. Özkaynak et al. (2022) was published with several EPA 1474 

co-authors and used the Stochastic Human Exposure Dose Simulation (SHEDS) model to estimate dust 1475 

and soil ingestion for children ages 0-21 years old. The SHEDS model was parameterized with U.S. 1476 

data, including the Consolidated Human Activity Database (CHAD) diaries. This most recent version 1477 

incorporates new data for young children including pacifier and blanket use, which is important because 1478 

dust and soil ingestion is higher in young children relative to older children and adults. Geometric mean 1479 

and 95th percentile dust ingestion rates for ages 0 to 21 years were taken from Özkaynak et al. (2022) to 1480 

estimate DIDP intakes in dust (Table 4-4). The geometric mean was used as the measure of central 1481 

tendency because the distribution of intakes is skewed. It is worth noting that in Özkaynak et al. (2022), 1482 

the authors compared the arithmetic mean of soil plus dust intake rates for children up to 11 years old 1483 

with the arithmetic means from Wilson et al. (2013). This comparison showed that the values are 1484 

similar: 48-56 mg/day in Özkaynak et al. (2022) and 55-61 mg/day in Wilson et al. (2013). 1485 

 1486 

Body weights representative of the US population were taken from the Exposure Factors Handbook 1487 

(U.S. EPA, 2011b). DIDP ingestion via dust was calculated according to Equation 3-1 for two scenarios: 1488 

central tendency (GM dust ingestion, mean DIDP concentration in dust) and high end (GM dust 1489 

ingestion, 95th percentile DIDP concentration in dust). 1490 

 1491 

Equation 3-2. Calculation of DIDP Intake 1492 

 1493 

𝐷𝐼𝐷𝑃 𝑖𝑛𝑡𝑎𝑘𝑒 (
𝜇𝑔 𝐷𝐼𝐷𝑃 

𝑘𝑔 𝑏𝑤 × 𝑑𝑎𝑦
) =

 𝐷𝑢𝑠𝑡 𝑖𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 (
𝑚𝑔 𝑑𝑢𝑠𝑡

𝑑𝑎𝑦
) × 𝐷𝑢𝑠𝑡 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (

𝜇𝑔 𝐷𝐼𝐷𝑃

𝑔 𝑑𝑢𝑠𝑡
)

𝑘𝑔 𝑏𝑤
 ×  

1 𝑔

1000 𝑚𝑔
  1494 

 1495 

Özkaynak et al. (2022) did not estimate dust ingestion rates for ages beyond 21 years. However, the 1496 

Exposure Factors Handbook does not differentiate dust or soil ingestion beyond 12 years old (U.S. EPA, 1497 

2017). Therefore, ingestion rates for 16 to 21 years, the highest age range estimated in Özkaynak et al. 1498 

(2022), were used for ages beyond 21 years. Using body weight estimates from the Exposure Factors 1499 

Handbook, estimates were calculated for DIDP intake for 21 to >80 years (Table 4-5). 1500 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=7264199
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2642844
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2642844
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11367759
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5097842
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5097842
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
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4 RESULTS 1501 

4.1 Consumer Exposure Results 1502 

This section summarizes the dose estimates from inhalation, ingestion, and dermal exposure to DIDP in 1503 

consumer products and articles. Exposure via the inhalation route occurs from inhalation of DIDP gas-1504 

phase emissions or when DIDP partitions to suspended particulate from direct use or application of 1505 

products and articles. Exposure via the dermal route occurs from direct contact with products and 1506 

articles. Exposure via ingestion depends on the product or article use patterns. It can occur via direct 1507 

mouthing (i.e., directly putting an article in mouth) or ingestion of suspended and/or settled dust when 1508 

DIDP migrates from a product or article to dust or partitions from gas-phase to dust.  1509 

 Acute Dose Rate Results, Conclusions, and Data Patterns 1510 

Table 4-1 summarizes all the high, medium, and low acute dose rate results from modeling in CEM and 1511 

outside of CEM (dermal only) for all exposure routes and all lifestages. Products and articles marked 1512 

with a dash (-) did not have dose results because the product or article was not targeted for that lifestage 1513 

or exposure route. Dose results applicable to bystanders are flagged with †. Bystanders are people that 1514 

are not in direct use or application of a product but can be exposed to DIDP by proximity to the use of 1515 

the product via inhalation of gas-phase emissions or suspended dust. Dermal exposures from users are 1516 

expected to have higher exposure concentrations than incidental dermal contact by bystanders. Some 1517 

product scenarios were assessed for bystanders for children under 10 years and as users for older than 11 1518 

years because the products were not targeted for very young children (<10 yrs). In instances where a 1519 

lifestage could reasonably be either a product user or bystander, the user scenarios inputs were selected 1520 

as proximity to the product during use would result in larger exposure doses. The main purpose of Table 1521 

4-1 is to summarize acute dose rate results, show which products or articles did not have a quantitative 1522 

result, and which results are used for bystanders. Data patterns are illustrated in figures after the table 1523 

and includes summary descriptions of the patterns by exposure route and population or lifestage. 1524 
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Table 4-1. Acute Dose Rate Results for All Exposure Routes for All Lifestages 1525 

Consumer COU 

Category and 

Subcategory 

Product / 

Article 

Exposure 

Route 
Scenario 

Acute Dose Rate (ADR) (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1-3 

Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6-10 

years)* 

Young 

Teen (11-15 

years) 

Teenagers 

(16-20 

years) 

Adult (≥21 

years) 

Other: Novelty 

Products 
Adult Toys 

Dermal 

H - - - - - 7.4E−02 7.9E−02 

M - - - - - 5.2E−02 5.6E−02 

L - - - - - 3.7E−02 3.9E−02 

Ingestion by 

mouthing 

H - - - - - 2.8E−01 2.5E−01 

M - - - - - 4.6E00 4.2E00 

L - - - - - 3.1E01 2.8E01 

Automotive, fuel, 

agriculture, outdoor use 

products: Lubricants 

Auto 

Transmission 

Conditioner 

Dermal 

H - - - - 6.8E−01 6.2E−01 6.6E−01 

M - - - - 3.7E−01 3.4E−01 3.6E−01 

L - - - - 1.4E−01 1.3E−01 1.4E−01 

Inhalation† 

(† bystander 

scenario) 

H 2.3E−03† 2.2E−03† 1.8E−03† 1.2E−03† 9.4E−04 8.0E−04 6.4E−04 

M 1.1E−03† 1.0E−03† 8.4E−04† 5.9E−04† 4.5E−04 3.8E−04 3.1E−04 

L 3.3E−04† 3.1E−04† 2.5E−04† 1.8E−04† 1.4E−04 1.2E−04 9.3E−05 

Packaging, paper, 

plastic, hobby products: 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible 

tubes; profiles; hoses 

Bags Dermal 

H - - 1.3E−01 1.0E−01 8.1E−02 7.4E−02 7.9E−02 

M - - 8.9E−02 7.2E−02 5.7E−02 5.2E−02 5.6E−02 

L - - 6.3E−02 5.1E−02 4.0E−02 3.7E−02 3.9E−02 

Packaging, paper, 

plastic, hobby products: 

Toys, Playground, and 

Sporting Equipment 

Legacy 

Children’s Toys 

Dermal 

H 2.6E−01 2.2E−01 1.9E−01 1.5E−01 1.2E−01 1.1E−01 - 

M 2.1E−01 1.8E−01 1.5E−01 1.2E−01 9.8E−02 8.9E−02 - 

L 1.1E−01 9.2E−02 8.0E−02 6.4E−02 5.1E−02 4.7E−02 - 

Ingestion H 9.5E−04 9.0E−04 7.3E−04 5.1E−04 3.6E−04 3.1E−04 2.5E−04 
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Consumer COU 

Category and 

Subcategory 

Product / 

Article 

Exposure 

Route 
Scenario 

Acute Dose Rate (ADR) (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1-3 

Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6-10 

years)* 

Young 

Teen (11-15 

years) 

Teenagers 

(16-20 

years) 

Adult (≥21 

years) 

suspended 

dust** 
M 5.6E−04 5.2E−04 4.3E−04 3.0E−04 2.1E−04 1.8E−04 1.4E−04 

L 4.1E−04 3.9E−04 3.2E−04 2.2E−04 1.5E−04 1.3E−04 1.1E−04 

Ingestion dust 

on surface** 

H 1.5E00 1.9E00 2.1E00 7.5E−01 4.2E−01 3.3E−01 3.4E−02 

M 3.5E−01 4.3E−01 4.8E−01 1.7E−01 9.5E−02 7.6E−02 4.9E−03 

L 5.0E−02 6.2E−02 7.0E−02 2.5E−02 1.4E−02 1.1E−02 1.5E−01 

Ingestion by 

mouthing 

H 3.3E−02 2.0E−02 2.8E−02 - - - - 

M 6.5E00 2.6E00 8.6E−01 - - - - 

L 3.7E01 9.8E00 5.0E00 - - - - 

Inhalation** 

H 3.8E01 3.6E01 2.9E01 2.0E01 1.4E01 1.2E01 9.9E00 

M 8.3E00 7.8E00 6.4E00 4.4E00 3.1E00 2.7E00 2.2E00 

L 8.8E−01 8.3E−01 6.7E−01 4.7E−01 3.3E−01 2.8E−01 2.3E−01 

Packaging, paper, 

plastic, hobby products: 

Toys, Playground, and 

Sporting Equipment 

New Children’s 

Toys 

Dermal 

H 2.6E−01 2.2E−01 1.9E−01 1.5E−01 1.2E−01 1.1E−01 - 

M 2.1E−01 1.8E−01 1.5E−01 1.2E−01 9.8E−02 8.9E−02 - 

L 1.1E−01 9.2E−02 8.0E−02 6.4E−02 5.1E−02 4.7E−02 - 

Ingestion 

suspended 

dust** 

H 3.7E−06 3.5E−06 2.8E−06 2.0E−06 1.4E−06 1.2E−06 9.5E−07 

M 2.4E−06 2.3E−06 1.9E−06 1.3E−06 9.1E−07 7.8E−07 6.2E−07 

L 2.1E−06 1.9E−06 1.6E−06 1.1E−06 7.7E−07 6.6E−07 5.3E−07 

Ingestion dust 

on surface** 

H 5.9E−03 7.3E−03 8.3E−03 2.9E−03 1.6E−03 1.3E−03 1.5E−04 

M 1.5E−03 1.9E−03 2.1E−03 7.4E−04 4.1E−04 3.3E−04 2.4E−05 

L 2.5E−04 3.1E−04 3.5E−04 1.2E−04 6.9E−05 5.5E−05 5.8E−04 

Ingestion by 

mouthing 

H 3.3E−02 2.0E−02 2.8E−02 - - - - 

M 6.5E00 2.6E00 8.6E−01 - - - - 
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Consumer COU 

Category and 

Subcategory 

Product / 

Article 

Exposure 

Route 
Scenario 

Acute Dose Rate (ADR) (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1-3 

Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6-10 

years)* 

Young 

Teen (11-15 

years) 

Teenagers 

(16-20 

years) 

Adult (≥21 

years) 

L 3.7E01 9.8E00 5.0E00 - - - - 

Inhalation** 

H 1.5E−01 1.4E−01 1.1E−01 7.9E−02 5.5E−02 4.7E−02 3.8E−02 

M 3.6E−02 3.4E−02 2.8E−02 1.9E−02 1.4E−02 1.2E−02 9.4E−03 

L 4.4E−03 4.1E−03 3.4E−03 2.3E−03 1.6E−03 1.4E−03 1.1E−03 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants 

Construction 

Adhesive for 

Small Scale 

Projects 

Dermal 

H - - - - 8.1E00 7.5E00 8.0E00 

M - - - - 2.2E00 2.0E00 2.2E00 

L - - - - 8.5E−01 7.8E−01 8.3E−01 

Inhalation† 
(† bystander 

scenario) 

H †2.2E−01 †2.0E−01 †1.7E−01 †1.2E−01 9.0E−02 7.7E−02 6.2E−02 

M †3.0E−02 †2.9E−02 †2.3E−02 †1.6E−02 1.3E−02 1.1E−02 8.8E−03 

L †1.3E−03 †1.2E−03 †9.7E−04 †6.8E−04 5.4E−04 4.6E−04 3.7E−04 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants 

Construction 

Sealant for 

Large Scale 

Projects 

Dermal 

H - - - - 1.1E01 9.9E00 1.1E01 

M - - - - 4.4E00 4.0E00 4.3E00 

L - - - - 1.7E00 1.6E00 1.7E00 

Inhalation 
(† bystander 

scenario) 

H †1.2E00 †1.1E00 †9.2E−01 †6.4E−01 8.2E−01 6.4E−01 5.5E−01 

M †2.7E−01 †2.5E−01 †2.0E−01 †1.4E−01 1.1E−01 9.6E−02 7.8E−02 

L †5.6E−04 †5.3E−04 †4.3E−04 †3.0E−04 2.2E−04 1.9E−04 1.5E−04 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants 

Epoxy Floor 

Patch 

Dermal 

H - - - - 6.8E−01 6.2E−01 6.6E−01 

M - - - - 3.7E−01 3.4E−01 3.6E−01 

L - - - - 1.4E−01 1.3E−01 1.4E−01 

Inhalation 
(† bystander 

scenario) 

H †6.9E−01 †6.5E−01 †5.3E−01 †3.7E−01 2.8E−01 2.4E−01 1.9E−01 

M †1.7E−01 †1.6E−01 †1.3E−01 †9.2E−02 7.1E−02 6.0E−02 4.9E−02 

L †7.2E−04 †6.8E−04 †5.5E−04 †3.9E−04 3.0E−04 2.5E−04 2.0E−04 
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Consumer COU 

Category and 

Subcategory 

Product / 

Article 

Exposure 

Route 
Scenario 

Acute Dose Rate (ADR) (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1-3 

Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6-10 

years)* 

Young 

Teen (11-15 

years) 

Teenagers 

(16-20 

years) 

Adult (≥21 

years) 

Packaging, paper, 

plastic, hobby products: 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible 

tubes; profiles; hoses 

Fitness Ball Dermal 

H - - - - 8.1E−02 7.4E−02 7.9E−02 

M - - - - 5.7E−02 5.2E−02 5.6E−02 

L - - - - 4.0E−02 3.7E−02 3.9E−02 

Packaging, paper, 

plastic, hobby products: 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible 

tubes; profiles; hoses 

Foam Flip Flops Dermal 

H - - 3.6E−01 2.9E−01 2.3E−01 2.1E−01 2.2E−01 

M - - 2.5E−01 2.0E−01 1.6E−01 1.5E−01 1.6E−01 

L - - 1.8E−01 1.4E−01 1.1E−01 1.0E−01 1.1E−01 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants, and Paints 

and Coatings 

Lacquer Sealer 

(Non-Spray) 

Dermal 

H - - - - 2.2E01 2.0E01 2.1E01 

M - - - - 6.6E00 6.1E00 6.5E00 

L - - - - 3.4E00 3.1E00 3.3E00 

Inhalation  
(† bystander 

scenario) 

H †2.8E00 †2.7E00 †2.2E00 †1.7E00 1.3E00 1.0E00 9.0E−01 

M †2.8E00 †2.6E00 †2.2E00 †1.6E00 1.1E00 9.3E−01 7.7E−01 

L †2.8E00 †2.6E00 †2.1E00 †1.5E00 1.1E00 9.2E−01 7.5E−01 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants, and Paints 

and Coatings 

Lacquer Sealer 

(Spray) 

Dermal 

H - - - - 8.7E00 7.9E00 8.5E00 

M - - - - 2.6E00 2.4E00 2.6E00 

L - - - - 1.4E00 1.2E00 1.3E00 

Inhalation 
(† bystander 

scenario) 

H †2.8E00 †2.7E00 †2.2E00 †1.8E00 1.4E00 1.1E00 9.2E−01 

M †2.8E00 †2.7E00 †2.2E00 †1.6E00 1.2E00 9.6E−01 7.9E−01 

L †2.7E00 †2.5E00 †2.1E00 †1.5E00 1.1E00 9.5E−01 7.8E−01 

 Miscellaneous Dermal H - - - - 8.1E−02 7.4E−02 7.9E−02 
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Consumer COU 

Category and 

Subcategory 

Product / 

Article 

Exposure 

Route 
Scenario 

Acute Dose Rate (ADR) (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1-3 

Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6-10 

years)* 

Young 

Teen (11-15 

years) 

Teenagers 

(16-20 

years) 

Adult (≥21 

years) 

Coated Textiles M - - - - 5.7E−02 5.2E−02 5.6E−02 

L - - - - 4.0E−02 3.7E−02 3.9E−02 

Packaging, paper, 

plastic, hobby products: 

Arts, crafts, and hobby 

materials (crafting 

paint applied to craft) 

Rubber Eraser 

Dermal 

H - - 5.1E−02 4.1E−02 3.2E−02 2.9E−02 3.1E−02 

M - - 3.6E−02 2.9E−02 2.3E−02 2.1E−02 2.2E−02 

L - - 2.5E−02 2.0E−02 1.6E−02 1.5E−02 1.6E−02 

Ingestion by 

mouthing 

H - - 8.8E00 5.1E00 - - - 

M - - 1.7E00 1.0E00 - - - 

L - - 1.5E−01 8.5E−02 - - - 

Packaging, paper, 

plastic, hobby products: 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible 

tubes; profiles; hoses 

Shower Curtain 

Dermal 

H - - 1.3E−01 1.0E−01 8.1E−02 7.4E−02 7.9E−02 

M - - 8.9E−02 7.2E−02 5.7E−02 5.2E−02 5.6E−02 

L - - 6.3E−02 5.1E−02 4.0E−02 3.7E−02 3.9E−02 

Ingestion 

suspended 

dust** 

H 3.1E−04 2.9E−04 2.3E−04 1.6E−04 1.2E−04 9.9E−05 7.9E−05 

M 3.1E−04 2.9E−04 2.3E−04 1.6E−04 1.2E−04 9.9E−05 7.9E−05 

L 3.1E−04 2.9E−04 2.3E−04 1.6E−04 1.2E−04 9.9E−05 7.9E−05 

Ingestion dust 

on surface** 

H 2.9E−01 3.6E−01 4.0E−01 1.4E−01 7.9E−02 6.3E−02 2.8E−02 

M 2.9E−01 3.6E−01 4.0E−01 1.4E−01 7.9E−02 6.3E−02 2.8E−02 

L 2.9E−01 3.6E−01 4.0E−01 1.4E−01 7.9E−02 6.3E−02 2.8E−02 

Inhalation** 

H 9.8E00 9.3E00 7.5E00 5.2E00 3.7E00 3.2E00 2.5E00 

M 9.8E00 9.3E00 7.5E00 5.2E00 3.7E00 3.2E00 2.5E00 

L 9.8E00 9.3E00 7.5E00 5.2E00 3.7E00 3.2E00 2.5E00 

Construction, paint, 

electrical, and metal 

products: 

Solid Flooring Dermal 
H 2.4E−01 2.1E−01 1.8E−01 1.4E−01 1.1E−01 1.0E−01 1.1E−01 

M 1.7E−01 1.5E−01 1.3E−01 1.0E−01 8.1E−02 7.4E−02 7.9E−02 
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Consumer COU 

Category and 

Subcategory 

Product / 

Article 

Exposure 

Route 
Scenario 

Acute Dose Rate (ADR) (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1-3 

Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6-10 

years)* 

Young 

Teen (11-15 

years) 

Teenagers 

(16-20 

years) 

Adult (≥21 

years) 

Building/construction 

materials covering 

large surface areas 

including stone, plaster, 

cement, glass and 

ceramic articles (wire 

or wiring systems; joint 

treatment 

L 1.2E−01 1.0E−01 8.9E−02 7.2E−02 5.7E−02 5.2E−02 5.6E−02 

Ingestion 

suspended 

dust** 

H 2.3E−04 2.2E−04 1.8E−04 1.2E−04 8.7E−05 7.5E−05 6.0E−05 

M 2.3E−04 2.2E−04 1.8E−04 1.2E−04 8.7E−05 7.5E−05 6.0E−05 

L 2.3E−04 2.2E−04 1.8E−04 1.2E−04 8.7E−05 7.5E−05 6.0E−05 

Ingestion dust 

on surface** 

H 1.9E00 2.3E00 2.6E00 9.1E−01 5.1E−01 4.0E−01 1.8E−01 

M 1.9E00 2.3E00 2.6E00 9.1E−01 5.1E−01 4.0E−01 1.8E−01 

L 1.9E00 2.3E00 2.6E00 9.1E−01 5.1E−01 4.0E−01 1.8E−01 

Inhalation** 

H 2.2E01 2.1E01 1.7E01 1.2E01 8.4E00 7.2E00 5.8E00 

M 2.2E01 2.1E01 1.7E01 1.2E01 8.4E00 7.2E00 5.8E00 

L 2.2E01 2.1E01 1.7E01 1.2E01 8.4E00 7.2E00 5.8E00 

Furnishing, cleaning, 

treatment/care 

products: Fabrics, 

textiles, and apparel (as 

plasticizer) 

Synthetic 

Leather 

Clothing 

Dermal 

H - - - - 1.0E01 9.2E00 8.8E00 

M - - - - 8.3E−01 7.6E−01 8.0E−01 

L - - - - 4.6E−02 4.2E−02 4.5E−02 

Furnishing, cleaning, 

treatment/care 

products: Fabrics, 

textiles, and apparel (as 

plasticizer) 

Synthetic 

Leather 

Furniture 

Dermal 

H 1.8E01 1.6E01 1.5E01 1.2E01 1.0E01 9.2E00 8.8E00 

M 4.2E00 1.8E00 1.4E00 1.1E00 8.3E−01 7.6E−01 8.0E−01 

L 9.7E−02 8.3E−02 7.2E−02 5.8E−02 4.6E−02 4.2E−02 4.5E−02 

Ingestion 

suspended 

dust** 

H 1.9E−03 1.7E−03 1.4E−03 9.9E−04 7.0E−04 6.0E−04 4.8E−04 

M 1.3E−03 1.2E−03 9.7E−04 6.8E−04 4.8E−04 4.1E−04 3.3E−04 

L 8.4E−04 7.9E−04 6.4E−04 4.5E−04 3.2E−04 2.7E−04 2.2E−04 

Ingestion dust 

on surface** 

H 4.6E00 5.7E00 6.5E00 2.3E00 1.3E00 1.0E00 4.5E−01 

M 2.8E00 3.5E00 3.9E00 1.4E00 7.7E−01 6.1E−01 2.7E−01 

L 1.5E00 1.9E00 2.1E00 7.5E−01 4.2E−01 3.3E−01 1.5E−01 
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Consumer COU 

Category and 

Subcategory 

Product / 

Article 

Exposure 

Route 
Scenario 

Acute Dose Rate (ADR) (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1-3 

Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6-10 

years)* 

Young 

Teen (11-15 

years) 

Teenagers 

(16-20 

years) 

Adult (≥21 

years) 

Ingestion by 

mouthing 

H 2.3E01 1.4E01 8.8E00 - - - - 

M 4.2E00 3.0E00 1.7E00 - - - - 

L 1.8E−01 2.6E−01 1.5E−01 - - - - 

Inhalation** 

H 1.0E02 9.9E01 8.0E01 5.6E01 3.9E01 3.4E01 2.7E01 

M 6.3E01 5.9E01 4.8E01 3.4E01 2.4E01 2.0E01 1.6E01 

L 3.4E01 3.2E01 2.6E01 1.8E01 1.3E01 1.1E01 8.9E00 

Packaging, paper, 

plastic, hobby products: 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible 

tubes; profiles; hoses 

Wallpaper 

Dermal (blue 

highlight is 

for in-place 

and green 

highlight is 

for 

installation) 

H 1.7E−01 1.5E−01 1.3E−01 1.0E−01 3.2E−01 2.9E−01 3.1E−01 

M 9.9E−02 8.4E−02 7.3E−02 5.9E−02 2.3E−01 2.1E−01 2.2E−01 

L 7.0E−02 6.0E−02 5.2E−02 4.2E−02 1.6E−01 1.5E−01 1.6E−01 

Ingestion 

suspended 

dust** 

H 3.1E−03 3.0E−03 2.4E−03 1.7E−03 1.2E−03 1.0E−03 8.1E−04 

M 1.5E−03 1.4E−03 1.2E−03 8.1E−04 5.7E−04 4.9E−04 3.9E−04 

L 7.6E−04 7.1E−04 5.8E−04 4.0E−04 2.8E−04 2.4E−04 2.0E−04 

Ingestion dust 

on surface** 

H 2.5E01 3.1E01 3.5E01 1.2E01 6.9E00 5.5E00 2.4E00 

M 1.2E01 1.5E01 1.7E01 5.8E00 3.2E00 2.6E00 1.2E00 

L 5.6E00 6.9E00 7.8E00 2.7E00 1.5E00 1.2E00 5.4E−01 

Inhalation** 

H 3.0E02 2.9E02 2.3E02 1.6E02 1.1E02 9.8E01 7.9E01 

M 1.4E02 1.3E02 1.1E02 7.6E01 5.4E01 4.6E01 3.7E01 

L 6.7E01 6.3E01 5.1E01 3.6E01 2.5E01 2.2E01 1.7E01 

Construction, paint, 

electrical, and metal 

products: Electrical and 

Wire insulation Dermal 
H 1.7E−01 1.5E−01 1.3E−01 1.0E−01 8.1E−02 7.4E−02 7.9E−02 

M 1.2E−01 1.0E−01 8.9E−02 7.2E−02 5.7E−02 5.2E−02 5.6E−02 
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Consumer COU 

Category and 

Subcategory 

Product / 

Article 

Exposure 

Route 
Scenario 

Acute Dose Rate (ADR) (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1-3 

Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6-10 

years)* 

Young 

Teen (11-15 

years) 

Teenagers 

(16-20 

years) 

Adult (≥21 

years) 

Electronic Products L 8.6E−02 7.3E−02 6.3E−02 5.1E−02 4.0E−02 3.7E−02 3.9E−02 

Ingestion 

suspended 

dust** 

H 1.1E−04 1.0E−04 8.3E−05 5.8E−05 4.1E−05 3.5E−05 2.8E−05 

M 4.2E−05 4.0E−05 3.3E−05 2.3E−05 1.6E−05 1.4E−05 1.1E−05 

L 2.1E−05 1.9E−05 1.6E−05 1.1E−05 7.7E−06 6.6E−06 5.3E−06 

Ingestion dust 

on surface** 

H 8.9E−01 1.1E00 1.2E00 4.4E−01 2.4E−01 1.9E−01 8.7E−02 

M 3.5E−01 4.3E−01 4.9E−01 1.7E−01 9.6E−02 7.6E−02 3.4E−02 

L 1.7E−01 2.1E−01 2.4E−01 8.3E−02 4.6E−02 3.7E−02 1.6E−02 

Ingestion by 

mouthing 

H 2.3E01 1.4E01 8.8E00 - - - - 

M 4.2E00 3.0E00 1.7E00 - - - - 

L 1.8E−01 2.6E−01 1.5E−01 - - - - 

Inhalation** 

H 1.1E01 1.0E01 8.3E00 5.8E00 4.1E00 3.5E00 2.8E00 

M 4.2E00 4.0E00 3.2E00 2.2E00 1.6E00 1.4E00 1.1E00 

L 2.0E00 1.9E00 1.6E00 1.1E00 7.7E−01 6.6E−01 5.3E−01 

Scenarios without dose results are marked with a dash (-). Some products do not have dose results because the product examples were not targeted for that lifestage for 

that exposure route. 

† Lifestage and exposure route are bystander scenarios, non-flagged lifestages under the same exposure route are users. 

** Scenario used for indoor dust ingestion and inhalation assessment by reconstructing indoor environment with articles commonly present in indoor spaces and with large 

surface area in which dust can settle. 

1526 
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Figure 4-1 through Figure 4-14 show acute dose rate data for all products and articles modeled in all 1527 

lifestages. For each lifestage, figures are provided which show ADR estimated from exposure via 1528 

inhalation, ingestion (aggregate of mouthing, suspended dust ingestion, and settled dust ingestion), and 1529 

dermal contact. Among the younger lifestages, there was no clear pattern which showed a single 1530 

exposure pathway most likely to drive exposure. However, for teens and adults, dermal contact was a 1531 

strong driver of exposure to DIDP, with the dose received being generally higher than or similar to the 1532 

dose received from exposure via inhalation or ingestion.  1533 

 1534 

In addition, for each lifestage and additional set of figures is provided which shows the contribution of 1535 

mouthing, suspended dust ingestion, and settled dust ingestion to the aggregated ingestion value. For all 1536 

articles modeled in all lifestages, DIDP doses from ingestion of settled dust were higher than those from 1537 

ingestion of suspended dust. This is likely because the overall ingestion rate of suspended dust is lower 1538 

than that of settled dust. CEM models intake of small (<10 µm) particles in air as inhalation exposure, 1539 

while larger airborne particles are ingested. However, this larger size fraction will settle more quickly, 1540 

resulting in a higher density of ingestible dust on surfaces as compared to air. However, when mouthing 1541 

exposure was included for an article, the dose received was generally higher than or similar to the dose 1542 

received from ingestion of dust, indicating that mouthing may be a significant driver of exposure to 1543 

DIDP when this behavior is present and therefore a particular concern for young children.  1544 

 1545 

The spread of values estimated for each product or article reflects the aggregate effects of variability and 1546 

uncertainty in key modeling parameters for each item; acute dose rate for some products/articles covers 1547 

a larger range than others primarily due to a wider distribution of DIDP weight fraction values, chemical 1548 

migration rates for mouthing exposures, and behavioral factors such as duration of use or contact time 1549 

and mass of product used as described in Section 2.1. Key differences in exposures among lifestages 1550 

include designation as product user or bystander; behavioral differences such as mouthing durations, 1551 

hand to mouth contact times, and time spent on the floor; and dermal contact expected from touching 1552 

specific articles which may not be appropriate for some lifestages. Figures and observations specific to 1553 

each lifestage are below. 1554 

 1555 

Figure 4-1 and Figure 4-2 show all exposure routes for infants less than a year old and toddlers 1 to 2 1556 

years old, respectively. Exposure patterns were very similar for all products or articles and routes of 1557 

exposure in these lifestages. Ingestion route acute dose results in Figure 4-1 and Figure 4-2 show the 1558 

sum of all ingestion scenarios, mouthing, suspended dust and surface dust. Inhalation exposure from 1559 

toys, flooring, synthetic leather furniture, wallpaper, and wire insulation include a consideration of dust 1560 

collected on the surface of a relatively large area, like flooring and wallpaper, but also multiple toys and 1561 

wires collecting dust with DIDP and subsequent inhalation and ingestion. This is further explored in the 1562 

indoor dust exposure assessment: Section 3, 4.1.2, and 4.3.  1563 

 1564 
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 1565 
Figure 4-1. Acute Dose Rate for DIDP from Ingestion, Inhalation, Dermal Exposure Routes in 1566 

Infants <1 Year Old 1567 

 1568 
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 1569 

Figure 4-2. Acute Dose Rate for DIDP from Ingestion, Inhalation, Dermal Exposure Routes for 1570 

Toddlers 1 to 2 Years Old 1571 

 1572 

Figure 4-3 and Figure 4-4 show only the ingestion exposure route for infants less than a year and 1573 

toddlers 1 to 2 years old, respectively. The acute dose of DIDP from ingestion of suspended dust is 1574 

significantly lower than the dose from ingestion of settled dust. Ingestion via mouthing had the highest 1575 

doses for toys, synthetic leather furniture, and wires. 1576 

 1577 

Mouthing of legacy and new toys, as well as dermal contact, have similar high-end doses because the 1578 

same chemical migration rates and dermal flux rates were used for all scenarios. However, we note that 1579 

the concentration of DIDP in new toys is below the range of values used to derive the chemical 1580 

migration rates and it is likely that the high-end mouthing exposure estimates are not representative of 1581 

actual doses which would be received from these items. Inhalation doses from legacy toys is within the 1582 

same range as dermal and ingestion doses, while inhalation doses from new toys are lower by two orders 1583 

of magnitude. The differences in inhalation doses for new and legacy toys is likely due to the content of 1584 

DIDP used in the scenarios.  1585 

 1586 

For wallpaper, dust inhalation and ingestion contribute more to exposure than dermal contact. This is 1587 

likely because the wallpaper scenario only considers in-place exposure rather than the installation 1588 
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process. Ingestion of dust on flooring is lower than inhalation likely due to particles in the inhalable size 1589 

fraction can remain suspended for long periods of time and inhalation exposure is continuous while 1590 

ingestion of dust from surfaces is not. Dermal contact with furniture is larger than any other dose, 1591 

followed by wallpaper and furniture inhalation.  1592 

 1593 

 1594 

Figure 4-3. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1595 

Mouthing for Infants Less than a Year Old 1596 

 1597 

  1598 
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 1599 

Figure 4-4. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1600 

Mouthing for Toddlers 1 to 2 Years Old 1601 

 1602 

Figure 4-5 and Figure 4-6 show all exposure routes for preschoolers ages 3-5 and middle childhood 1603 

children ages 6-10 years, respectively. Exposure patterns were very similar for all products or articles 1604 

and routes of exposure in these lifestages. The acute dose rate for some products/articles covers a larger 1605 

range than others primarily due to a wider distribution of weight fraction values for those examples, as 1606 

described in Section 2.1.2.1 and 2.1.2.2. These lifestages have exposures from handling rubber erasers 1607 

that younger lifestages did not have. The highest ADR estimated for these lifestages was for dermal 1608 

exposure to synthetic leather furniture. The lower bound is similar in dermal exposure to toys, erasers, 1609 

shower curtains, flooring, furniture, wallpaper, and wire insulation. However, the upper bound is 1610 

approximately three magnitudes higher due to significantly longer potential contact time. 1611 

 1612 
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 1613 
Figure 4-5. Acute Dose Rate of DIDP from Ingestion, Inhalation, and Dermal Exposure Routes for 1614 

Preschoolers 3 to 5 Years Old 1615 

 1616 
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 1617 

Figure 4-6. Acute Dose Rate of DIDP from Ingestion, Inhalation, and Dermal Exposure Routes for 1618 

Middle Childhood 6 to 10 Years Old 1619 

 1620 

Figure 4-7 and Figure 4-8 show only the ingestion route for preschoolers (3–5 years old) and children 1621 

(6–10 years old), respectively. Ingestion of suspended dust has the lowest acute doses while ingestion of 1622 

surface dust had the highest doses for dust collected on wallpaper. Mouthing exposures can be higher or 1623 

slightly lower than surface dust ingestion for some products. Mouthing tendencies decrease for children 1624 

6 to 10 years old and hence most of the products/articles do not have a mouthing estimate. Inhalation of 1625 

DIDP-contaminated dust is also an important contributor to indoor exposure when considering dust 1626 

ingestion and inhalation for toys, synthetic leather furniture, flooring, wallpaper, and wire insulation. 1627 

This is further explored in the indoor dust exposure assessment: Section 3, 4.1.2, and 4.3.  1628 

 1629 
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 1630 

Figure 4-7. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1631 

Mouthing for Preschoolers 3 to 5 Years Old 1632 

 1633 

 1634 

Figure 4-8. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1635 

Mouthing for Middle Childhood 6 to 10 Years Old 1636 

 1637 

Figure 4-7 and Figure 4-8 show all exposure routes for preschoolers ages 3 to 5 and middle childhood 1638 
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children ages 6 to 10 years, respectively. These two figures are essentially the same for all products or 1639 

articles and routes of exposures. The acute dose rate for some products/articles covers a larger range 1640 

than others primarily due to a wider distribution of weight fraction values for those examples, as 1641 

described in Section 2.1.2.1 and 2.1.2.2. The largest ingestion dose was observed from surface dust from 1642 

dust collected on wallpaper followed by mouthing of rubber erasers and synthetic leather furniture. The 1643 

lowest ingestion dose is from suspended dust for all items.  1644 

 1645 

Figure 4-9 and Figure 4-10 show all exposure routes for young teens (11 to 15 years) and teenagers and 1646 

young adults (16 to 20 years), respectively. Exposure patterns were very similar for all products or 1647 

articles and routes of exposure in these lifestages., except teenagers and young adults 16 to 20 have 1648 

added exposures to adult toys. The acute dose rate for some products/articles covers a larger range than 1649 

others primarily due to a wider distribution of weight fraction values for those examples, as described in 1650 

Section 2.1.2.1 and 2.1.2.2. Inhalation exposure as a bystander for these lifestages were not targeted for 1651 

auto transmission, adhesives, epoxy floor patch, and lacquers. Young adults (16 to 20 year-olds) can use 1652 

these products in similar capacity as adults during do-it-yourself projects and as bystanders; hence this 1653 

lifestage was modeled as a user of the product rather than a bystander. Dermal exposure resulted in the 1654 

highest doses overall, especially for synthetic leather clothing and furniture. Ingestion exposure 1655 

decreases significantly compared to children, which is expected due to a decrease in mouthing behavior. 1656 

Mouthing is still an important exposure route for adult toys. 1657 

 1658 
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 1659 

Figure 4-9. Acute Dose Rate of DIDP from Ingestion, Inhalation, and Dermal Exposure Routes for 1660 

Young Teen 11 to 15 Years Old 1661 

 1662 
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 1663 

Figure 4-10. Acute Dose Rate of DIDP from Ingestion, Inhalation, and Dermal Exposure Routes 1664 

for Teenagers and Young Adults 16 to 20 Years Old 1665 

 1666 

Figure 4-11 and Figure 4-12 show only the ingestion exposure routes for young teens (11 to 15 years 1667 



PUBLIC RELEASE DRAFT 

May 2024 

Page 78 of 138 

old) and teenagers and young adults (16 to 20 years old), respectively. Ingestion of suspended dust has 1668 

the lowest acute doses while the largest dose is observed for ingestion of surface dust on wallpaper and 1669 

mouthing of adult toys for the young adults lifestage (16 to 20 years). The only article considered for 1670 

ingestion via mouthing is for adult toys. Mouthing tendencies decrease significantly for this lifestage; 1671 

thus, most scenarios do not estimate exposure via mouthing. 1672 

 1673 

Ingestion and inhalation of surface dust is an exposure route with similar dose estimates as dermal for 1674 

most of the articles used in the indoor dust assessment. This is further explored in the indoor dust 1675 

exposure assessment, Section 3, 4.1.2, and 4.3. 1676 

 1677 

 1678 

Figure 4-11. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1679 

Mouthing for Young Teens 11 to 15 Years Old 1680 

 1681 
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 1682 

Figure 4-12. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1683 

Mouthing for Teenagers and Young Adults 16 to 20 Years Old 1684 

 1685 

Figure 4-13 show all exposure routes for adults above 21 years old. This figure and Figure 4-10 (acute 1686 

doses for 16- to 20-year-old teenagers and young adults) are essentially the same for all products or 1687 

articles and routes of exposures. The acute dose rate for some products or articles covers a larger range 1688 

than others primarily due to a wider distribution of weight fraction values for those examples, as 1689 

described in Section 2.1.2.1 and 2.1.2.2. The largest dose is from dermal exposures from synthetic 1690 

leather furniture and clothing, followed by ingestion via mouthing from adult toys and inhalation of 1691 

surface just from wallpaper. 1692 

 1693 
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 1694 

Figure 4-13. Acute Dose Rate of DIDP from Ingestion, Inhalation, and Dermal Exposure Routes in 1695 

Adults Older Than 21 Years Old 1696 

 1697 

Figure 4-14 show only the ingestion exposure routes for adults. Ingestion of suspended dust has the 1698 

lowest acute doses. This is expected as DIDP tends to partition to dust which can settle rather quickly, as 1699 
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shown exposure to settled dust being higher than to suspended solids. Ingestion via mouthing is the 1700 

largest dose for adults from adult toys, and that is the only article considered for mouthing for this 1701 

lifestage. Ingestion and inhalation of surface dust has similar exposure estimates as dermal exposure for 1702 

most of the articles used in the indoor dust assessment: toys, flooring, wallpaper, furniture, and wire 1703 

insulation. These articles have a significant surface area either on their own or in combination with other 1704 

articles present in indoor environments. This is further explored in the indoor dust exposure assessment, 1705 

Section 3, 4.1.2, and 4.3. 1706 

 1707 

 1708 

Figure 4-14. Acute Dose Rate of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1709 

Mouthing in Adults Older Than 21 Years Old 1710 

 Non-cancer Chronic Dose Results, Conclusions and Data Patterns 1711 

Table 4-2 summarizes all the high (H), medium (M), and low (L) chronic daily dose results from 1712 

modeling in CEM and outside of CEM (dermal only) for all exposure routes and all lifestages. Some 1713 

products and articles did not have dose results because the product or article was not targeted for that 1714 

lifestage or exposure route. Scenarios without dose results are marked with a dash (-). Dose results 1715 

applicable to bystanders are highlighted in yellow. Bystanders are people that are not in direct use or 1716 

application of the product/article but can be exposed to DIDP by proximity to the use of the 1717 

product/article via inhalation of gas-phase emissions or suspended dust. Some product/article scenarios 1718 

were assessed for bystanders for children under 10 years and as users for older than 11 years because the 1719 

products were not targeted for very young children (<10 years). People older than 11 years can also be 1720 

bystanders, however the user scenarios utilize inputs that would result in larger exposure doses. The 1721 

main purpose of Table 4-2 is to summarize chronic daily dose results, show which products or articles 1722 

did not have a quantitative result, and which results are used for bystanders. Data patterns are illustrated 1723 

in figures after the table and includes summary descriptions of the patterns by exposure route and 1724 

population or lifestage. 1725 

 1726 
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Table 4-2. Chronic Average Dose Results for All Exposure Routes for All Lifestages 1727 

COU 

 

Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1–

3 Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6–10 years)* 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

Other: Novelty 

Products 
Adult Toys 

Dermal 

H - - - - - 7.4E−02 7.9E−02 

M - - - - - 5.2E−02 5.6E−02 

L - - - - - 3.7E−02 3.9E−02 

Ingestion by 

mouthing 

H - - - - - 2.8E−01 2.5E−01 

M - - - - - 4.6E00 4.2E00 

L - - - - - 3.1E01 2.8E01 

Automotive, fuel, 

agriculture, outdoor 

use products: 

Lubricants 

Auto 

Transmission 

Conditioner 

Dermal 

H - - - - 1.9E−03 1.7E−03 1.8E−03 

M - - - - 1.0E−03 9.2E−04 9.8E−04 

L - - - - 3.9E−04 3.5E−04 3.8E−04 

Inhalation 

(† bystander 

scenario) 

H †7.30E−04 †6.9E−04 †5.6E−04 †3.9E−04 3.2E−04 2.7E−04 2.2E−04 

M †3.48E−04 †3.3E−04 †2.7E−04 †1.9E−04 1.5E−04 1.3E−04 1.0E−04 

L †1.04E−04 †9.8E−05 †8.0E−05 †5.6E−05 4.5E−05 3.8E−05 3.1E−05 

Packaging, paper, 

plastic, hobby 

products: Plastic and 

rubber products 

(textiles, apparel, and 

leather; vinyl tape; 

flexible tubes; 

profiles; hoses 

Bags Dermal 

H - - 1.3E−01 1.0E−01 8.1E−02 7.4E−02 7.9E−02 

M - - 8.9E−02 7.2E−02 5.7E−02 5.2E−02 5.6E−02 

L - - 6.3E−02 5.1E−02 4.0E−02 3.7E−02 3.9E−02 

Packaging, paper, 

plastic, hobby 

products: Toys, 

Playground, and 

Sporting Equipment 

Legacy 

Children’s 

Toys 

Dermal 

H 2.6E−01 2.2E−01 1.9E−01 1.5E−01 1.2E−01 1.1E−01 - 

M 2.1E−01 1.8E−01 1.5E−01 1.2E−01 9.8E−02 8.9E−02 - 

L 1.1E−01 9.2E−02 8.0E−02 6.4E−02 5.1E−02 4.7E−02 - 
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COU 

 

Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1–

3 Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6–10 years)* 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

Ingestion 

suspended 

dust** 

H 8.1E−04 7.6E−04 6.2E−04 4.3E−04 3.0E−04 2.6E−04 2.1E−04 

M 4.9E−04 4.6E−04 3.7E−04 2.6E−04 1.8E−04 1.6E−04 1.3E−04 

L 3.7E−04 3.5E−04 2.8E−04 2.0E−04 1.4E−04 1.2E−04 9.5E−05 

Ingestion dust 

on surface** 

H 1.4E00 1.7E00 1.9E00 6.6E−01 3.7E−01 2.9E−01 1.3E−01 

M 3.1E−01 3.8E−01 4.3E−01 1.5E−01 8.4E−02 6.7E−02 3.0E−02 

L 4.5E−02 5.6E−02 6.3E−02 2.2E−02 1.2E−02 9.8E−03 4.4E−03 

Ingestion by 

mouthing 

H 3.3E−02 2.0E−02 2.8E−02 - - - - 

M 6.5E00 2.6E00 8.6E−01 - - - - 

L 3.7E01 9.8E00 5.0E00 - - - - 

Inhalation** 

H 3.4E01 3.2E01 2.6E01 1.8E01 1.3E01 1.1E01 8.9E00 

M 7.4E00 7.0E00 5.7E00 4.0E00 2.8E00 2.4E00 1.9E00 

L 7.8E−01 7.4E−01 6.0E−01 4.2E−01 2.9E−01 2.5E−01 2.0E−01 

Packaging, paper, 

plastic, hobby 

products: Toys, 

Playground, and 

Sporting Equipment 

New 

Children’s 

Toys 

Dermal 

H 2.6E−01 2.2E−01 1.9E−01 1.5E−01 1.2E−01 1.1E−01 - 

M 2.1E−01 1.8E−01 1.5E−01 1.2E−01 9.8E−02 8.9E−02 - 

L 1.1E−01 9.2E−02 8.0E−02 6.4E−02 5.1E−02 4.7E−02 - 

Ingestion 

suspended 

dust** 

H 3.1E−06 2.9E−06 2.4E−06 1.7E−06 1.2E−06 1.0E−06 8.0E−07 

M 2.1E−06 2.0E−06 1.6E−06 1.1E−06 8.0E−07 6.8E−07 5.5E−07 

L 1.8E−06 1.7E−06 1.4E−06 9.8E−07 6.9E−07 5.9E−07 4.7E−07 

Ingestion dust 

on surface** 

H 5.2E−03 6.4E−03 7.3E−03 2.5E−03 1.4E−03 1.1E−03 5.1E−04 

M 1.3E−03 1.6E−03 1.9E−03 6.5E−04 3.7E−04 2.9E−04 1.3E−04 
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COU 

 

Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1–

3 Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6–10 years)* 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

L 2.3E−04 2.8E−04 3.2E−04 1.1E−04 6.2E−05 4.9E−05 2.2E−05 

Ingestion by 

mouthing 

H 3.3E−02 2.0E−02 2.8E−02 - - - - 

M 6.5E00 2.6E00 8.6E−01 - - - - 

L 3.7E01 9.8E00 5.0E00 - - - - 

Inhalation** 

H 1.3E−01 1.2E−01 1.0E−01 7.0E−02 5.0E−02 4.2E−02 3.4E−02 

M 3.2E−02 3.0E−02 2.5E−02 1.7E−02 1.2E−02 1.0E−02 8.4E−03 

L 3.9E−03 3.7E−03 3.0E−03 2.1E−03 1.5E−03 1.3E−03 1.0E−03 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants 

Construction 

Adhesive for 

Small Scale 

Projects 

Dermal 

H - - - - 3.9E−01 3.5E−01 3.8E−01 

M - - - - 1.0E−01 9.6E−02 1.0E−01 

L - - - - 4.0E−02 3.7E−02 3.9E−02 

Inhalation 

(† bystander 

scenario) 

H †1.1E00 †1.1E00 †8.6E−01 †6.0E−01 5.1E−01 4.3E−01 3.5E−01 

M †1.5E−01 †1.4E−01 †1.2E−01 †8.0E−02 6.5E−02 5.6E−02 4.5E−02 

L †6.3E−03 †5.9E−03 †4.8E−03 †3.3E−03 2.7E−03 2.3E−03 1.9E−03 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants 

Construction 

Sealant for 

Large Scale 

Projects 

Dermal 

H - - - - 8.9E−02 8.2E−02 8.7E−02 

M - - - - 3.6E−02 3.3E−02 3.5E−02 

L - - - - 1.4E−02 1.3E−02 1.4E−02 

Inhalation 

(† bystander 

scenario) 

H †1.1E00 †1.0E00 †8.3E−01 †5.8E−01 6.9E−01 5.5E−01 4.7E−01 

M †2.7E−01 †2.6E−01 †2.1E−01 †1.5E−01 1.4E−01 1.1E−01 9.6E−02 

L †5.4E−04 †5.1E−04 †4.2E−04 †2.9E−04 2.5E−04 2.1E−04 1.7E−04 

Construction, paint, Epoxy Floor Dermal H - - - - 1.9E−03 1.7E−03 1.8E−03 
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COU 

 

Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1–

3 Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6–10 years)* 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

electrical, and metal 

products: Adhesives 

and sealants 

Patch M - - - - 1.0E−03 9.2E−04 9.8E−04 

L - - - - 3.9E−04 3.5E−04 3.8E−04 

Inhalation 

(† bystander 

scenario) 

H †2.2E−01 †2.1E−01 †1.7E−01 †1.2E−01 9.4E−02 8.0E−02 6.5E−02 

M †5.4E−02 †5.1E−02 †4.2E−02 †2.9E−02 2.3E−02 2.0E−02 1.6E−02 

L †2.3E−04 †2.1E−04 †1.7E−04 †1.2E−04 9.7E−05 8.3E−05 6.7E−05 

Packaging, paper, 

plastic, hobby 

products: Plastic and 

rubber products 

(textiles, apparel, and 

leather; vinyl tape; 

flexible tubes; 

profiles; hoses 

Fitness Ball Dermal 

H - - - - 8.1E−02 7.4E−02 7.9E−02 

M - - - - 5.7E−02 5.2E−02 5.6E−02 

L - - - - 4.0E−02 3.7E−02 3.9E−02 

Packaging, paper, 

plastic, hobby 

products: Plastic and 

rubber products 

(textiles, apparel, and 

leather; vinyl tape; 

flexible tubes; 

profiles; hoses 

Foam Flip 

Flops 
Dermal 

H - - 3.6E−01 2.9E−01 2.3E−01 2.1E−01 2.2E−01 

M - - 2.5E−01 2.0E−01 1.6E−01 1.5E−01 1.6E−01 

L - - 1.8E−01 1.4E−01 1.1E−01 1.0E−01 1.1E−01 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants, and 

Paints and Coatings 

Lacquer Sealer 

(Non-Spray) 

Dermal 

H - - - - 1.2E−01 1.1E−01 1.2E−01 

M - - - - 3.6E−02 3.3E−02 3.5E−02 

L - - - - 1.9E−02 1.7E−02 1.8E−02 

Inhalation 

(† bystander 

scenario) 

H †1.6E00 †1.5E00 †1.2E00 †9.2E−01 8.7E−01 6.9E−01 5.9E−01 

M †1.6E00 †1.5E00 †1.2E00 †8.7E−01 7.0E−01 5.8E−01 4.8E−01 

L †1.6E00 †1.5E00 †1.2E00 †8.5E−01 6.8E−01 5.6E−01 4.6E−01 
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COU 

 

Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1–

3 Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6–10 years)* 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants, and 

Paints and Coatings 

Lacquer Sealer 

(Spray) 

Dermal 

H - - - - 4.8E−02 4.4E−02 4.7E−02 

M - - - - 1.5E−02 1.3E−02 1.4E−02 

L - - - - 7.4E−03 6.8E−03 7.3E−03 

Inhalation 

(† bystander 

scenario) 

H †1.6E00 †1.5E00 †1.2E00 9.2E−01 8.7E−01 6.9E−01 5.9E−01 

M †1.6E00 †1.5E00 †1.2E00 8.7E−01 7.0E−01 5.8E−01 4.8E−01 

L †1.6E00 †1.5E00 †1.2E00 8.6E−01 6.8E−01 5.6E−01 4.6E−01 

 

Miscellaneous 

Coated 

Textiles 

Dermal 

H - - - - 8.1E−02 7.4E−02 7.9E−02 

M - - - - 5.7E−02 5.2E−02 5.6E−02 

L - - - - 4.0E−02 3.7E−02 3.9E−02 

Packaging, paper, 

plastic, hobby 

products: Arts, crafts, 

and hobby materials 

(crafting paint 

applied to craft) 

Rubber Eraser 

Dermal 

H - - 5.1E−02 4.1E−02 3.2E−02 2.9E−02 3.1E−02 

M - - 3.6E−02 2.9E−02 2.3E−02 2.1E−02 2.2E−02 

L - - 2.5E−02 2.0E−02 1.6E−02 1.5E−02 1.6E−02 

Ingestion by 

mouthing 

H - - 8.8E00 5.1E00 - - - 

M - - 1.7E00 1.0E00 - - - 

L - - 1.5E−01 8.5E−02 - - - 

Packaging, paper, 

plastic, hobby 

products: Plastic and 

rubber products 

(textiles, apparel, and 

leather; vinyl tape; 

flexible tubes; 

profiles; hoses 

Shower 

Curtain 

Dermal 

H - - 1.3E−01 1.0E−01 8.1E−02 7.4E−02 7.9E−02 

M - - 8.9E−02 7.2E−02 5.7E−02 5.2E−02 5.6E−02 

L - - 6.3E−02 5.1E−02 4.0E−02 3.7E−02 3.9E−02 

Ingestion 

suspended 

dust** 

H 2.7E−04 2.5E−04 2.0E−04 1.4E−04 1.0E−04 8.6E−05 6.9E−05 

M 2.7E−04 2.5E−04 2.0E−04 1.4E−04 1.0E−04 8.6E−05 6.9E−05 
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COU 

 

Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1–

3 Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6–10 years)* 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

L 2.7E−04 2.5E−04 2.0E−04 1.4E−04 1.0E−04 8.6E−05 6.9E−05 

Ingestion dust 

on surface** 

H 2.5E−01 3.2E−01 3.6E−01 1.2E−01 7.0E−02 5.5E−02 2.5E−02 

M 2.5E−01 3.2E−01 3.6E−01 1.2E−01 7.0E−02 5.5E−02 2.5E−02 

L 2.5E−01 3.2E−01 3.6E−01 1.2E−01 7.0E−02 5.5E−02 2.5E−02 

Inhalation** 

H 8.8E00 8.3E00 6.8E00 4.7E00 3.3E00 2.8E00 2.3E00 

M 8.8E00 8.3E00 6.8E00 4.7E00 3.3E00 2.8E00 2.3E00 

L 8.8E00 8.3E00 6.8E00 4.7E00 3.3E00 2.8E00 2.3E00 

Construction, paint, 

electrical, and metal 

products: 

Building/construction 

materials covering 

large surface areas 

including stone, 

plaster, cement, glass 

and ceramic articles 

(wire or wiring 

systems; joint 

treatment 

Solid Flooring 

Dermal 

H 2.4E−01 2.1E−01 1.8E−01 1.4E−01 1.1E−01 1.0E−01 1.1E−01 

M 1.7E−01 1.5E−01 1.3E−01 1.0E−01 8.1E−02 7.4E−02 7.9E−02 

L 1.2E−01 1.0E−01 8.9E−02 7.2E−02 5.7E−02 5.2E−02 5.6E−02 

Ingestion 

suspended 

dust** 

H 1.9E−04 1.8E−04 1.4E−04 1.0E−04 7.0E−05 6.0E−05 4.8E−05 

M 1.9E−04 1.8E−04 1.4E−04 1.0E−04 7.0E−05 6.0E−05 4.8E−05 

L 1.9E−04 1.8E−04 1.4E−04 1.0E−04 7.0E−05 6.0E−05 4.8E−05 

Ingestion dust 

on surface** 

H 1.6E00 2.0E00 2.3E00 8.0E−01 4.5E−01 3.5E−01 1.6E−01 

M 1.6E00 2.0E00 2.3E00 8.0E−01 4.5E−01 3.5E−01 1.6E−01 

L 1.6E00 2.0E00 2.3E00 8.0E−01 4.5E−01 3.5E−01 1.6E−01 

Inhalation** 

H 2.0E01 1.9E01 1.5E01 1.1E01 7.5E00 6.4E00 5.2E00 

M 2.0E01 1.9E01 1.5E01 1.1E01 7.5E00 6.4E00 5.2E00 

L 2.0E01 1.9E01 1.5E01 1.1E01 7.5E00 6.4E00 5.2E00 

Furnishing, cleaning, Synthetic Dermal H - - - - 1.0E01 9.2E00 8.8E00 
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COU 

 

Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1–

3 Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6–10 years)* 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

treatment/care 

products: Fabrics, 

textiles, and apparel 

(as plasticizer) 

Leather 

Clothing 

M - - - - 8.3E−01 7.6E−01 8.0E−01 

L - - - - 4.6E−02 4.2E−02 4.5E−02 

Furnishing, cleaning, 

treatment/care 

products: Fabrics, 

textiles, and apparel 

(as plasticizer) 

Synthetic 

Leather 

Furniture 

Dermal 

H 1.8E01 1.6E01 1.5E01 1.2E01 1.0E01 9.2E00 8.8E00 

M 4.2E00 1.8E00 1.4E00 1.1E00 8.3E−01 7.6E−01 8.0E−01 

L 9.7E−02 8.3E−02 7.2E−02 5.8E−02 4.6E−02 4.2E−02 4.5E−02 

Ingestion 

suspended 

dust** 

H 1.5E−03 1.4E−03 1.2E−03 8.1E−04 5.7E−04 4.9E−04 3.9E−04 

M 1.1E−03 9.9E−04 8.1E−04 5.6E−04 4.0E−04 3.4E−04 2.7E−04 

L 7.1E−04 6.7E−04 5.4E−04 3.8E−04 2.7E−04 2.3E−04 1.8E−04 

Ingestion dust 

on surface** 

H 4.1E00 5.0E00 5.7E00 2.0E00 1.1E00 8.8E−01 4.0E−01 

M 2.5E00 3.0E00 3.4E00 1.2E00 6.7E−01 5.3E−01 2.4E−01 

L 1.3E00 1.7E00 1.9E00 6.6E−01 3.7E−01 2.9E−01 1.3E−01 

Ingestion by 

mouthing 

H 2.3E01 1.4E01 8.8E00 - - - - 

M 4.2E00 3.0E00 1.7E00 - - - - 

L 1.8E−01 2.6E−01 1.5E−01 - - - - 

Inhalation** 

H 9.3E01 8.8E01 7.2E01 5.0E01 3.5E01 3.0E01 2.4E01 

M 5.6E01 5.3E01 4.3E01 3.0E01 2.1E01 1.8E01 1.5E01 

L 3.1E01 2.9E01 2.3E01 1.6E01 1.2E01 9.9E00 7.9E00 

Packaging, paper, 

plastic, hobby 

products: Plastic and 

rubber products 

(textiles, apparel, and 

leather; vinyl tape; 

Wallpaper 

Dermal (blue 

highlight is for 

in-place and 

green highlight 

is for 

application) 

H 1.7E−01 1.5E−01 1.3E−01 1.0E−01 8.8E−04 8.1E−04 8.6E−04 

M 9.9E−02 8.4E−02 7.3E−02 5.9E−02 6.2E−04 5.7E−04 6.1E−04 

L 7.0E−02 6.0E−02 5.2E−02 4.2E−02 4.4E−04 4.0E−04 4.3E−04 
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COU 

 

Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1–

3 Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6–10 years)* 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

flexible tubes; 

profiles; hoses Ingestion 

suspended 

dust** 

H 2.5E−03 2.4E−03 1.9E−03 1.4E−03 9.5E−04 8.2E−04 6.6E−04 

M 1.2E−03 1.2E−03 9.4E−04 6.6E−04 4.6E−04 4.0E−04 3.2E−04 

L 6.1E−04 5.8E−04 4.7E−04 3.3E−04 2.3E−04 2.0E−04 1.6E−04 

Ingestion dust 

on surface** 

H 2.2E01 2.7E01 3.1E01 1.1E01 6.1E00 4.8E00 2.2E00 

M 1.0E01 1.3E01 1.5E01 5.1E00 2.9E00 2.3E00 1.0E00 

L 4.9E00 6.1E00 6.8E00 2.4E00 1.3E00 1.1E00 4.8E−01 

Inhalation** 

H 2.7E02 2.6E02 2.1E02 1.4E02 1.0E02 8.7E01 7.0E01 

M 1.3E02 1.2E02 9.8E01 6.8E01 4.8E01 4.1E01 3.3E01 

L 6.0E01 5.6E01 4.6E01 3.2E01 2.3E01 1.9E01 1.6E01 

Construction, paint, 

electrical, and metal 

products: Electrical 

and Electronic 

Products 

Wire 

insulation 

Dermal 

H 1.7E−01 1.5E−01 1.3E−01 1.0E−01 8.1E−02 7.4E−02 7.9E−02 

M 1.2E−01 1.0E−01 8.9E−02 7.2E−02 5.7E−02 5.2E−02 5.6E−02 

L 8.6E−02 7.3E−02 6.3E−02 5.1E−02 4.0E−02 3.7E−02 3.9E−02 

Ingestion 

suspended 

dust** 

H 8.7E−05 8.2E−05 6.7E−05 4.7E−05 3.3E−05 2.8E−05 2.3E−05 

M 3.4E−05 3.2E−05 2.6E−05 1.8E−05 1.3E−05 1.1E−05 8.8E−06 

L 1.7E−05 1.6E−05 1.3E−05 8.8E−06 6.2E−06 5.3E−06 4.3E−06 

Ingestion dust 

on surface** 

H 7.8E−01 9.7E−01 1.1E00 3.8E−01 2.2E−01 1.7E−01 7.6E−02 

M 3.1E−01 3.8E−01 4.3E−01 1.5E−01 8.4E−02 6.7E−02 3.0E−02 

L 1.5E−01 1.8E−01 2.1E−01 7.3E−02 4.1E−02 3.2E−02 1.4E−02 

Ingestion by 

mouthing 

H 2.3E01 1.4E01 8.8E00 - - - - 

M 4.2E00 3.0E00 1.7E00 - - - - 
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COU 

 

Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year)* 

Toddler (1–

3 Years)* 

Preschooler 

(3-5 years)* 

Middle 

Childhood 

(6–10 years)* 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

L 1.8E−01 2.6E−01 1.5E−01 - - - - 

Inhalation** 

H 9.6E00 9.1E00 7.4E00 5.1E00 3.6E00 3.1E00 2.5E00 

M 3.8E00 3.5E00 2.9E00 2.0E00 1.4E00 1.2E00 9.7E−01 

L 1.8E00 1.7E00 1.4E00 9.7E−01 6.9E−01 5.9E−01 4.7E−01 

Scenarios without dose results are marked with a dash (-). Some products do not have dose results because the product examples were not targeted for that lifestage for 

that exposure route. 

† Lifestage and exposure route are bystander scenarios, non-flagged lifestages under the same exposure route are users. 

** Scenario used for indoor dust ingestion and inhalation assessment by reconstructing indoor environment with articles commonly present in indoor spaces and with 

large surface area in which dust can settle. 

1728 
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The following set of figures (Figure 4-15 to Figure 4-28) show chronic average daily dose data for all 1729 

products and articles modeled in all lifestages. For each lifestage, figures are provided which show 1730 

CADD estimated from exposure via inhalation, ingestion (aggregate of mouthing, suspended dust 1731 

ingestion, and settled dust ingestion), and dermal contact. The chronic average daily dose figures 1732 

resulted in the same data patterns as the acute doses, see Section 2.1.1.1 figure narrative under each 1733 

lifestage for data patterns and discussion.  1734 

 1735 

 1736 

Figure 4-15. Chronic Average Daily Dose of DIDP from Ingestion, Inhalation, and Dermal 1737 

Exposure Routes for Infants <1 Year Old 1738 

 1739 

 1740 

Figure 4-16. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1741 

Mouthing for Infants Less Than a Year Old 1742 

 1743 
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 1744 

 1745 

Figure 4-17. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 1746 

Routes for Toddlers 1 to 2 Years Old 1747 

 1748 

 1749 

Figure 4-18. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1750 

Mouthing for Toddlers 1 to 2 Years Old 1751 

 1752 
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 1753 

Figure 4-19. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 1754 

Routes for Preschooler 3 to 5 Years Old 1755 

 1756 

 1757 

Figure 4-20. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1758 

Mouthing for Preschooler 3 to 5 Years Old 1759 

 1760 
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 1761 

Figure 4-21. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 1762 

Routes for Middle Childhood 6 to 10 Years Old 1763 

 1764 

 1765 

Figure 4-22. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1766 

Mouthing for Middle Childhood 6 to 10 Years Old 1767 

 1768 
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 1769 

Figure 4-23. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 1770 

Routes for Young Teens 11 to 15 Years Old 1771 

 1772 

 1773 

Figure 4-24. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1774 

Mouthing for Young Teens 11 to 15 Years Old 1775 

 1776 



PUBLIC RELEASE DRAFT 

May 2024 

Page 96 of 138 

 1777 

Figure 4-25. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 1778 

Routes for Teenagers and Young Adults, 16 to 20 Years Old 1779 

 1780 

 1781 

Figure 4-26. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1782 

Mouthing for Teenagers and Young Adults, 16 to 20 Years Old 1783 

 1784 
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 1785 

Figure 4-27. Chronic Average Daily Dose for DIDP from Ingestion, Inhalation, Dermal Exposure 1786 

Routes for Adults above 21 Years Old 1787 

  1788 
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 1789 

Figure 4-28. Chronic Daily Dose of DIDP from Ingestion of Airborne Dust, Surface Dust, and 1790 

Mouthing for Adults above 21 Years Old 1791 

 1792 

Intermediate Average Daily Dose Conclusions and Data Patterns 1793 

Table 4-3 summarizes all the high-end tendency (HE), central tendency (CT), and low-end tendency 1794 

(LE) intermediate dose results from modeling in CEM and outside of CEM (dermal only) for all 1795 

exposure routes and all lifestages. Only four product examples under the Construction, paint, electrical, 1796 

and metal products Adhesives and Sealants and Paints and Coatings COUs were candidates for 1797 

intermediate exposure scenarios. Intermediate exposure scenarios were built for products used between 1798 

30 and 60 days, and EPA used 30 days or ~1 month for product use. Some products did not have dose 1799 

results because the product examples were not targeted for that lifestage for that exposure route. 1800 

Scenarios without dose results are marked with a dash (-). 1801 
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Table 4-3. Intermediate Dose Results for All Exposure Routes for All Lifestages 1802 

COU and 

Subcategories 

Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Intermediate Dose (µg/kg-month) 

Infant (<1 

Year) 

Toddler (1–

3 Years) 

Preschooler 

(3–5 years) 

Middle 

Childhood 

(6–10 years) 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants 

Construction 

Adhesive for 

Small Scale 

Projects 

Dermal 

H - - - - 1.09E01 9.94E00 1.06E01 

M - - - - 3.90E00 3.57E00 3.81E00 

L - - - - 2.54E00 2.32E00 2.48E00 

Inhalation 

H 2.89E−01 2.72E−01 2.21E−01 1.54E−01 1.20E−01 1.02E−01 8.27E−02 

M 4.05E−02 3.82E−02 3.10E−02 2.16E−02 1.70E−02 1.45E−02 1.17E−02 

L 1.70E−03 1.60E−03 1.30E−03 9.04E−04 7.19E−04 6.15E−04 4.94E−04 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants 

Construction 

Sealant for 

Large Scale 

Projects 

Dermal 

H - - - - 3.26E01 2.98E01 3.19E01 

M - - - - 1.76E01 1.61E01 1.72E01 

L - - - - 1.14E01 1.04E01 1.11E01 

Inhalation  

H 3.61E00 3.40E00 2.760711537 1.922328 2.45E00 1.93E00 1.66E00 

M 8.03E−01 7.56E−01 0.614931387 0.428187 3.43E−01 2.88E−01 2.35E−01 

L 1.68E−03 1.58E−03 0.001283181 0.000893 6.59E−04 5.61E−04 4.53E−04 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants, and 

Paints and Coatings 

Lacquer Sealer 

(Non-Spray) 

Dermal 

H - - - - 
4.35E01 3.97E01 4.25E01 

M - - - - 
1.76E01 1.61E01 1.72E01 

L - - - - 
1.52E01 1.39E01 1.49E01 

Inhalation 

H 
5.64E00 5.31E00 4.32E00 3.48E00 2.66E00 2.08E00 1.80E00 

M 5.63E00 5.30E00 4.31E00 3.14E00 2.25E00 1.87E00 1.54E00 

L 5.61E00 5.28E00 4.29E00 3.05E00 2.19E00 1.85E00 1.50E00 
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COU and 

Subcategories 

Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Intermediate Dose (µg/kg-month) 

Infant (<1 

Year) 

Toddler (1–

3 Years) 

Preschooler 

(3–5 years) 

Middle 

Childhood 

(6–10 years) 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

Construction, paint, 

electrical, and metal 

products: Adhesives 

and sealants, and 

Paints and Coatings 

Lacquer Sealer 

(Spray) 

Dermal 

H - - - - 
1.74E01 1.59E01 1.70E01 

M - - - - 
7.02E00 6.42E00 6.86E00 

L - - - - 6.08E00 5.56E00 5.95E00 

Inhalation 

H 5.67E00 5.34E00 4.34E00 3.50E00 2.70E00 2.11E00 1.84E00 

M 
5.67E00 5.34E00 4.34E00 3.17E00 2.31E00 1.91E00 1.58E00 

L 
5.40E00 5.08E00 4.13E00 2.98E00 2.27E00 1.91E00 1.55E00 

Scenarios without dose results are marked with a dash (-). Some products do not have dose results because the product examples were not targeted for that lifestage for 

that exposure route. 

1803 
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The following set of figures (Figure 4-29 to Figure 4-35) are similar images of the figures built for the 1804 

acute daily dose results in Section 2.1.1.1 for the products used in the intermediate assessment. Only 1805 

construction adhesives and lacquers qualified to be used in intermediate scenarios. Based on 1806 

manufacturer use description and professional judgement/assumption, these products may be used 1807 

repeatedly within a 30-day period depending on projects. Infants to childhood lifestages do not have 1808 

dermal doses as these products are not targeted for their use and application. However, starting from 1809 

young teens through adults, it is possible that these lifestages can use construction adhesives and 1810 

lacquers in home renovation projects or other hobbies. Infants to middle childhood lifestages are 1811 

considered bystanders when these products are in use and are exposed via inhalation. Use of lacquers 1812 

results in the highest doses for all lifestages. Direct dermal contact has a larger dose than inhalation for 1813 

the uses during application. 1814 

 1815 

Figure 4-29. Intermediate Average Daily Dose of DIDP from Inhalation for Infants <1 Year Old 1816 

 1817 

 1818 

Figure 4-30. Intermediate Average Daily Dose of DIDP from Inhalation for Toddlers 1 to 2 Years 1819 

Old 1820 

 1821 

 1822 

Figure 4-31. Intermediate Average Daily Dose of DIDP from Inhalation for Preschoolers 3 to 5 1823 

Years Old 1824 

 1825 
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 1826 

Figure 4-32. Intermediate Average Daily Dose of DIDP from Inhalation for Middle Childhood 6 to 1827 

10 Years Old 1828 

 1829 

 1830 

Figure 4-33. Intermediate Average Daily Dose of DIDP from Inhalation and Dermal Exposure for 1831 

Young Teens 11 to 15 Years Old 1832 

 1833 

 1834 

Figure 4-34. Intermediate Average Daily Dose of DIDP from Inhalation and Dermal Exposure for 1835 

Teenagers and Young Adults 16 to 20 Years Old 1836 

 1837 

 1838 

Figure 4-35. Intermediate Average Daily Dose of DIDP from Inhalation and Dermal Exposure for 1839 

Adults >21 Years Old 1840 

4.2 Indoor Dust Monitoring Results 1841 

Estimates of DIDP ingestion in indoor dust per day based on monitoring data are presented in Table 4-4 1842 
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and Table 4-5. 1843 

 1844 

Table 4-4. Estimates of DIDP Dust Ingestion Per Day from Monitoring, Age 0 to 21 Years 1845 

Age Range 0-<1m 1-<3m 3-<6m 6m-<1y 1-<2y 2-<3y 3-<6y 6-<11y 
11-

<16y 

16-

<21y 

Dust 

ingestion 

(mg/day) a  

GM 19 21 23 26 23 14 15 13 8.8 3.5 

95th 

Percentile 

103 116 112 133 119 83 94 87 78 46 

Body weight (kg) b 4.8 5.9 7.4 9.2 11.4 13.8 18.6 31.8 56.8 71.6 

DIDP 

Ingestion 

(µg/kg-day) 

Central 

tendency 

(111 µg 

DIDP/g 

dust) 

0.44 0.40 0.35 0.31 0.22 0.11 0.090 0.045 0.017 0.0054 

High end 

(433.9 µg 

DIDP/g 

dust) 

1.72 1.54 1.35 1.23 0.88 0.44 0.35 0.18 0.067 0.021 

a From Özkaynak et al. (2022) 
b From U.S. EPA (2011b) 

 1846 

Table 4-5. Estimates of DIDP Dust Ingestion Per Day from Monitoring, Age 21 to 80+ Years 1847 

Age Range 21-<30y 30-<40y 40-<50y 50-<60y 60-<70y 70-<80y >80y 

Dust 

ingestion 

(mg/day) a  

GM 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

95th 

Percentile 

46 46 46 46 46 46 46 

DIDP 

Ingestion 

(µg/kg-day) 

Central 

tendency 

(111 µg 

DIDP/g 

dust) 

0.0050 0.0048 0.0046 0.0047 0.0047 0.0051 0.0057 

High end 

(433.9 µg 

DIDP/g 

dust) 

0.019 0.019 0.018 0.018 0.018 0.020 0.022 

Body weight (kg)b 78.4 80.8 83.6 83.4 82.6 76.4 68.5 
a From Özkaynak et al. (2022) (rates for 16-21y) 
b From U.S. EPA (2011b) 

 1848 

4.3 Indoor Dust Modeling Results 1849 

All indoor dust exposure scenarios were modeled in CEM for inhalation, ingestion of suspended dust, 1850 

and ingestion of surface dust. The indoor assessment used CEM outputs for articles from the consumer 1851 

analysis that have large surface area and hence potential to collect surface dust. See Section 2.1.2.1 for 1852 

CEM parameterization, input values, and article specific scenario assumptions and sources. DIDP has a 1853 

very low volatility and partitions to particulate quickly, and suspended particulate tends to settle and 1854 

accumulate on surfaces. Exposure to DIDP via ingestion of suspended dust is expected to be lower than 1855 

surface dust, as seen in Figure 4-3, Figure 4-4, Figure 4-7, Figure 4-8, Figure 4-11, Figure 4-12, Figure 1856 

4-14, Figure 4-16, Figure 4-18, Figure 4-20, Figure 4-22, Figure 4-24, Figure 4-26, Figure 4-28. 1857 

Because monitoring intake rates were only assessed for ingestion the comparison between monitoring 1858 

and modeling only includes ingestion estimates, see Section 4.4. Section 4.3.1 summarizes CEM outputs 1859 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11367759
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11367759
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for the ingestion scenarios used in the monitoring and modeling comparison. 1860 

 1861 

DIDP intake for inhalation of indoor dust by COU and by article was estimated by applying the 1862 

Consumer Exposure Model (CEM). DIDP exposure via inhalation of indoor dust by COU and by article 1863 

was estimated with CEM. See Section 2.1 for a detailed description of how CEM was applied to 1864 

estimate DIDP inhalation intake for indoor dust. Estimates of the acute and chronic daily dose of DIDP 1865 

per type of consumer article for inhalation and ingestion of airborne dust are provided in Table 4-1 and 1866 

Table 4-2. To facilitate finding the ingestion intakes for the set of articles used in indoor environment 1867 

reconstruction scenarios and perform a monitoring and modeling comparison, the estimates of the acute 1868 

and chronic dose rate of DIDP are taken from Table 4-1 and Table 4-2 and provided in Section 4.3.1 1869 

below in Table 4-6 and Table 4-7. 1870 

 Modeling Results for Ingestion of Indoor Dust  1871 

See Section 2.1 for a detailed description of how CEM was applied to estimate DIDP intake for indoor 1872 

dust. To facilitate finding the ingestion intakes for the set of articles used in indoor environment 1873 

reconstruction scenarios, the estimates of the acute dose rate of DIDP by the type of consumer article, 1874 

both for ingestion of airborne dust and incidental ingestion of dust on surfaces, are taken from Table 4-1 1875 

and provided in Table 4-6.  1876 

 1877 

For all lifestages, exposure from ingestion of surface dust on wallpaper was the largest source of acute 1878 

DIDP exposure by a significant margin. The highest exposures were for children aged 3 to 5 years and 1879 

ranged from 7.80 to 35.06 μg/kg-day. Slightly lower ranges were estimated for infants less than 1 year 1880 

old (5.60 to 25.08 μg/kg-day) and toddlers 1 to 2 years old (6.89 to 31.06 μg/kg-day). After age 5, 1881 

exposure began to decline, with a range of 2.73 to 12.31 μg/kg-day in children aged 6 to 10, a range of 1882 

1.53 to 6.89 μg/kg-day in young teens aged 11 to 15, a range of 1.21 to 5.47 μg/kg-day in teenagers aged 1883 

16 to 20, and a range of 0.54 to 2.45 μg/kg-day in adults 21 years or older. The next largest source of 1884 

exposure, synthetic leather furniture, was between 4 and 5 times lower in magnitude for all lifestages 1885 

studied. Other sources of DIDP ingestion in dust, in descending order of magnitude, included solid 1886 

flooring and legacy children’s toys (for all lifestages below 21 years old), followed by wire insulation. 1887 

 1888 

The highest estimated acute DIDP exposure from ingestion of airborne dust was for wallpaper in infants 1889 

less than 1 year old and ranged from 0.001 to 0.003 μg/kg-day. All other articles and lifestages had 1890 

lower estimated DIDP exposures. Compared to exposure from ingestion of surface dust, estimated 1891 

airborne dust exposures were lower. 1892 
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Table 4-6. Acute Daily Dose Results for Indoor Dust for All Lifestages 1893 

COU 
Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Acute Daily Dose (µg/kg-day) 

Infant (<1 

Year) 

Toddler (1–

3 Years) 

Preschooler 

(3–5 years) 

Middle 

Childhood 

(6–10 years) 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

Packaging, paper, 

plastic, hobby 

products: Toys, 

Playground, and 

Sporting Equipment 

Legacy 

Children’s 

Toys 

Ingestion 

suspended 

dust 

H 9.5E−04 9.0E−04 7.3E−04 5.1E−04 3.6E−04 3.1E−04 2.5E−04 

M 5.6E−04 5.2E−04 4.3E−04 3.0E−04 2.1E−04 1.8E−04 1.4E−04 

L 4.1E−04 3.9E−04 3.2E−04 2.2E−04 1.5E−04 1.3E−04 1.1E−04 

Ingestion 

dust on 

surface 

H 1.5E00 1.9E00 2.1E00 7.5E−01 4.2E−01 3.3E−01 3.4E−02 

M 3.5E−01 4.3E−01 4.8E−01 1.7E−01 9.5E−02 7.6E−02 4.9E−03 

L 5.0E−02 6.2E−02 7.0E−02 2.5E−02 1.4E−02 1.1E−02 1.5E−01 

Packaging, paper, 

plastic, hobby 

products: Toys, 

Playground, and 

Sporting Equipment 

New 

Children’s 

Toys 

Ingestion 

suspended 

dust 

H 3.7E−06 3.5E−06 2.8E−06 2.0E−06 1.4E−06 1.2E−06 9.5E−07 

M 2.4E−06 2.3E−06 1.9E−06 1.3E−06 9.1E−07 7.8E−07 6.2E−07 

L 2.1E−06 1.9E−06 1.6E−06 1.1E−06 7.7E−07 6.6E−07 5.3E−07 

Ingestion 

dust on 

surface 

H 5.9E−03 7.3E−03 8.3E−03 2.9E−03 1.6E−03 1.3E−03 1.5E−04 

M 1.5E−03 1.9E−03 2.1E−03 7.4E−04 4.1E−04 3.3E−04 2.4E−05 

L 2.5E−04 3.1E−04 3.5E−04 1.2E−04 6.9E−05 5.5E−05 5.8E−04 

Packaging, paper, 

plastic, hobby 

products: Plastic and 

rubber products 

(textiles, apparel, and 

leather; vinyl tape; 

flexible tubes; profiles; 

hoses 

Shower Curtain 

Ingestion 

suspended 

dust 

H 3.1E−04 2.9E−04 2.3E−04 1.6E−04 1.2E−04 9.9E−05 7.9E−05 

M 3.1E−04 2.9E−04 2.3E−04 1.6E−04 1.2E−04 9.9E−05 7.9E−05 

L 3.1E−04 2.9E−04 2.3E−04 1.6E−04 1.2E−04 9.9E−05 7.9E−05 

Ingestion 

dust on 

surface 

H 2.9E−01 3.6E−01 4.0E−01 1.4E−01 7.9E−02 6.3E−02 2.8E−02 

M 2.9E−01 3.6E−01 4.0E−01 1.4E−01 7.9E−02 6.3E−02 2.8E−02 

L 2.9E−01 3.6E−01 4.0E−01 1.4E−01 7.9E−02 6.3E−02 2.8E−02 

Construction, paint, 

electrical, and metal 

products: 

Solid Flooring 

Ingestion 

suspended 

dust 

H 2.3E−04 2.2E−04 1.8E−04 1.2E−04 8.7E−05 7.5E−05 6.0E−05 

M 2.3E−04 2.2E−04 1.8E−04 1.2E−04 8.7E−05 7.5E−05 6.0E−05 
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COU 
Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Acute Daily Dose (µg/kg-day) 

Infant (<1 

Year) 

Toddler (1–

3 Years) 

Preschooler 

(3–5 years) 

Middle 

Childhood 

(6–10 years) 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

Building/construction 

materials covering 

large surface areas 

including stone, 

plaster, cement, glass 

and ceramic articles 

(wire or wiring 

systems; joint 

treatment 

L 2.3E−04 2.2E−04 1.8E−04 1.2E−04 8.7E−05 7.5E−05 6.0E−05 

Ingestion 

dust on 

surface 

H 1.9E00 2.3E00 2.6E00 9.1E−01 5.1E−01 4.0E−01 1.8E−01 

M 1.9E00 2.3E00 2.6E00 9.1E−01 5.1E−01 4.0E−01 1.8E−01 

L 1.9E00 2.3E00 2.6E00 9.1E−01 5.1E−01 4.0E−01 1.8E−01 

Furnishing, cleaning, 

treatment/care 

products: Fabrics, 

textiles, and apparel 

(as plasticizer) 

Synthetic 

Leather 

Furniture 

Ingestion 

suspended 

dust 

H 1.9E−03 1.7E−03 1.4E−03 9.9E−04 7.0E−04 6.0E−04 4.8E−04 

M 1.3E−03 1.2E−03 9.7E−04 6.8E−04 4.8E−04 4.1E−04 3.3E−04 

L 8.4E−04 7.9E−04 6.4E−04 4.5E−04 3.2E−04 2.7E−04 2.2E−04 

Ingestion 

dust on 

surface 

H 4.6E00 5.7E00 6.5E00 2.3E00 1.3E00 1.0E00 4.5E−01 

M 2.8E00 3.5E00 3.9E00 1.4E00 7.7E−01 6.1E−01 2.7E−01 

L 1.5E00 1.9E00 2.1E00 7.5E−01 4.2E−01 3.3E−01 1.5E−01 

Packaging, paper, 

plastic, hobby 

products: Plastic and 

rubber products 

(textiles, apparel, and 

leather; vinyl tape; 

flexible tubes; profiles; 

hoses 

Wallpaper 

Ingestion 

suspended 

dust 

H 3.1E−03 3.0E−03 2.4E−03 1.7E−03 1.2E−03 1.0E−03 8.1E−04 

M 1.5E−03 1.4E−03 1.2E−03 8.1E−04 5.7E−04 4.9E−04 3.9E−04 

L 7.6E−04 7.1E−04 5.8E−04 4.0E−04 2.8E−04 2.4E−04 2.0E−04 

Ingestion 

dust on 

surface 

H 2.5E01 3.1E01 3.5E01 1.2E01 6.9E00 5.5E00 2.4E00 

M 1.2E01 1.5E01 1.7E01 5.8E00 3.2E00 2.6E00 1.2E00 

L 5.6E00 6.9E00 7.8E00 2.7E00 1.5E00 1.2E00 5.4E−01 

Construction, paint, 

electrical, and metal 

products: Electrical 

and Electronic 

Products 

Wire insulation 

Ingestion 

suspended 

dust 

H 1.1E−04 1.0E−04 8.3E−05 5.8E−05 4.1E−05 3.5E−05 2.8E−05 

M 4.2E−05 4.0E−05 3.3E−05 2.3E−05 1.6E−05 1.4E−05 1.1E−05 

L 2.1E−05 1.9E−05 1.6E−05 1.1E−05 7.7E−06 6.6E−06 5.3E−06 
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COU 
Product / 

Article 

Exposure 

Route 

High (H) 

Medium 

(M) 

Low (L) 

Acute Daily Dose (µg/kg-day) 

Infant (<1 

Year) 

Toddler (1–

3 Years) 

Preschooler 

(3–5 years) 

Middle 

Childhood 

(6–10 years) 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

Ingestion 

dust on 

surface 

H 8.9E−01 1.1E00 1.2E00 4.4E−01 2.4E−01 1.9E−01 8.7E−02 

M 3.5E−01 4.3E−01 4.9E−01 1.7E−01 9.6E−02 7.6E−02 3.4E−02 

L 1.7E−01 2.1E−01 2.4E−01 8.3E−02 4.6E−02 3.7E−02 1.6E−02 

1894 
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To estimate ingestion intakes for the set of articles used in indoor environment reconstruction scenarios, 1895 

the medium exposure scenario estimates of chronic daily dose of DIDP for each consumer article were 1896 

summed. This was done for both ingestion of airborne dust and incidental ingestion of dust on surfaces, 1897 

and the values are provided in Table 4-7. 1898 

 1899 

The patterns of chronic exposure to DIDP from indoor dust were similar to acute exposure. For all 1900 

lifestages, exposure from ingestion of surface dust on wallpaper was the largest source of chronic DIDP 1901 

exposure by a significant margin. The highest exposures were for children aged 3-5 years and ranged 1902 

from 6.85 to 30.85 μg/kg-day. Slightly lower exposure ranges were estimated for infants less than 1 year 1903 

old (4.90 to 22.07 μg/kg-day) and toddlers 1 to 2 years old (6.06 to 27.32 μg/kg-day). Exposures begins 1904 

to decline with older lifestages: range of 2.40 to10.83 μg/kg-day in children aged 6 to 10; 1.35 to 6.06 1905 

μg/kg-day in young teens aged 11 to 15; 1.07 to 4.81 μg/kg-day in teenagers aged 16 to 20; and 0.48 to 1906 

2.15 μg/kg-day in adults 21 years and older. The next largest source of exposure, synthetic leather 1907 

furniture, was between 4 and 5 times lower in magnitude for all lifestages studied. Other sources of 1908 

DIDP ingestion in dust, in descending order of magnitude, included solid flooring and legacy children’s 1909 

toys (for all lifestages below 21 years old), followed by wire insulation. 1910 

 1911 

The highest estimated chronic DIDP exposure from ingestion of airborne dust was for wallpaper in 1912 

infants less than 1 year old and ranged from 0.001 to 0.003 μg/kg-day. All other articles and lifestages 1913 

had lower estimated DIDP exposures. Compared to exposure from ingestion of surface dust, estimated 1914 

airborne dust exposures were extremely low.  1915 
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Table 4-7. Chronic Average Dose Results for Indoor Dust for All Lifestages 1916 

COU 

 

Product / 

Article 
Exposure Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year) 

Toddler (1–

3 Years) 

Preschooler 

(3–5 years) 

Middle 

Childhood 

(6–10 

years) 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

Packaging, paper, 

plastic, hobby 

products: Toys, 

Playground, and 

Sporting Equipment 

Legacy 

Children’s 

Toys 

Ingestion 

suspended dust 

H 8.1E−04 7.6E−04 6.2E−04 4.3E−04 3.0E−04 2.6E−04 2.1E−04 

M 4.9E−04 4.6E−04 3.7E−04 2.6E−04 1.8E−04 1.6E−04 1.3E−04 

L 3.7E−04 3.5E−04 2.8E−04 2.0E−04 1.4E−04 1.2E−04 9.5E−05 

Ingestion dust on 

surface 

H 1.4E00 1.7E00 1.9E00 6.6E−01 3.7E−01 2.9E−01 1.3E−01 

M 3.1E−01 3.8E−01 4.3E−01 1.5E−01 8.4E−02 6.7E−02 3.0E−02 

L 4.5E−02 5.6E−02 6.3E−02 2.2E−02 1.2E−02 9.8E−03 4.4E−03 

Packaging, paper, 

plastic, hobby 

products: Toys, 

Playground, and 

Sporting Equipment 

New 

Children’s 

Toys 

Ingestion 

suspended dust 

H 3.1E−06 2.9E−06 2.4E−06 1.7E−06 1.2E−06 1.0E−06 8.0E−07 

M 2.1E−06 2.0E−06 1.6E−06 1.1E−06 8.0E−07 6.8E−07 5.5E−07 

L 1.8E−06 1.7E−06 1.4E−06 9.8E−07 6.9E−07 5.9E−07 4.7E−07 

Ingestion dust on 

surface 

H 5.2E−03 6.4E−03 7.3E−03 2.5E−03 1.4E−03 1.1E−03 5.1E−04 

M 1.3E−03 1.6E−03 1.9E−03 6.5E−04 3.7E−04 2.9E−04 1.3E−04 

L 2.3E−04 2.8E−04 3.2E−04 1.1E−04 6.2E−05 4.9E−05 2.2E−05 

Packaging, paper, 

plastic, hobby 

products: Plastic and 

rubber products 

(textiles, apparel, and 

leather; vinyl tape; 

flexible tubes; profiles; 

hoses 

Shower 

Curtain 

Ingestion 

suspended dust 

H 2.7E−04 2.5E−04 2.0E−04 1.4E−04 1.0E−04 8.6E−05 6.9E−05 

M 2.7E−04 2.5E−04 2.0E−04 1.4E−04 1.0E−04 8.6E−05 6.9E−05 

L 2.7E−04 2.5E−04 2.0E−04 1.4E−04 1.0E−04 8.6E−05 6.9E−05 

Ingestion dust on 

surface 

H 2.5E−01 3.2E−01 3.6E−01 1.2E−01 7.0E−02 5.5E−02 2.5E−02 

M 2.5E−01 3.2E−01 3.6E−01 1.2E−01 7.0E−02 5.5E−02 2.5E−02 

L 2.5E−01 3.2E−01 3.6E−01 1.2E−01 7.0E−02 5.5E−02 2.5E−02 

Construction, paint, Solid Ingestion H 1.9E−04 1.8E−04 1.4E−04 1.0E−04 7.0E−05 6.0E−05 4.8E−05 
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COU 

 

Product / 

Article 
Exposure Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year) 

Toddler (1–

3 Years) 

Preschooler 

(3–5 years) 

Middle 

Childhood 

(6–10 

years) 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

electrical, and metal 

products: 

Building/construction 

materials covering 

large surface areas 

including stone, 

plaster, cement, glass 

and ceramic articles 

(wire or wiring 

systems; joint 

treatment 

Flooring suspended dust M 1.9E−04 1.8E−04 1.4E−04 1.0E−04 7.0E−05 6.0E−05 4.8E−05 

L 1.9E−04 1.8E−04 1.4E−04 1.0E−04 7.0E−05 6.0E−05 4.8E−05 

Ingestion dust on 

surface 

H 1.6E00 2.0E00 2.3E00 8.0E−01 4.5E−01 3.5E−01 1.6E−01 

M 1.6E00 2.0E00 2.3E00 8.0E−01 4.5E−01 3.5E−01 1.6E−01 

L 1.6E00 2.0E00 2.3E00 8.0E−01 4.5E−01 3.5E−01 1.6E−01 

Furnishing, cleaning, 

treatment/care 

products: Fabrics, 

textiles, and apparel 

(as plasticizer) 

Synthetic 

Leather 

Furniture 

Ingestion 

suspended dust 

H 1.5E−03 1.4E−03 1.2E−03 8.1E−04 5.7E−04 4.9E−04 3.9E−04 

M 1.1E−03 9.9E−04 8.1E−04 5.6E−04 4.0E−04 3.4E−04 2.7E−04 

L 7.1E−04 6.7E−04 5.4E−04 3.8E−04 2.7E−04 2.3E−04 1.8E−04 

Ingestion dust on 

surface 

H 4.1E00 5.0E00 5.7E00 2.0E00 1.1E00 8.8E−01 4.0E−01 

M 2.5E00 3.0E00 3.4E00 1.2E00 6.7E−01 5.3E−01 2.4E−01 

L 1.3E00 1.7E00 1.9E00 6.6E−01 3.7E−01 2.9E−01 1.3E−01 

Packaging, paper, 

plastic, hobby 

products: Plastic and 

rubber products 

(textiles, apparel, and 

leather; vinyl tape; 

flexible tubes; profiles; 

hoses 

Wallpaper 

Ingestion 

suspended dust 

H 2.5E−03 2.4E−03 1.9E−03 1.4E−03 9.5E−04 8.2E−04 6.6E−04 

M 1.2E−03 1.2E−03 9.4E−04 6.6E−04 4.6E−04 4.0E−04 3.2E−04 

L 6.1E−04 5.8E−04 4.7E−04 3.3E−04 2.3E−04 2.0E−04 1.6E−04 

Ingestion dust on 

surface 

H 2.2E01 2.7E01 3.1E01 1.1E01 6.1E00 4.8E00 2.2E00 

M 1.0E01 1.3E01 1.5E01 5.1E00 2.9E00 2.3E00 1.0E00 

L 4.9E00 6.1E00 6.8E00 2.4E00 1.3E00 1.1E00 4.8E−01 

Construction, paint, 

electrical, and metal 

products: Electrical 

Wire 

insulation 

Ingestion 

suspended dust 

H 8.7E−05 8.2E−05 6.7E−05 4.7E−05 3.3E−05 2.8E−05 2.3E−05 

M 3.4E−05 3.2E−05 2.6E−05 1.8E−05 1.3E−05 1.1E−05 8.8E−06 
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COU 

 

Product / 

Article 
Exposure Route 

High (H) 

Medium 

(M) 

Low (L) 

Chronic Daily Dose (µg/kg-day) 

Infant (<1 

Year) 

Toddler (1–

3 Years) 

Preschooler 

(3–5 years) 

Middle 

Childhood 

(6–10 

years) 

Young 

Teen (11–

15 years) 

Teenagers 

(16–20 

years) 

Adult (≥21 

years) 

and Electronic 

Products 

L 1.7E−05 1.6E−05 1.3E−05 8.8E−06 6.2E−06 5.3E−06 4.3E−06 

Ingestion dust on 

surface 

H 7.8E−01 9.7E−01 1.1E00 3.8E−01 2.2E−01 1.7E−01 7.6E−02 

M 3.1E−01 3.8E−01 4.3E−01 1.5E−01 8.4E−02 6.7E−02 3.0E−02 

L 1.5E−01 1.8E−01 2.1E−01 7.3E−02 4.1E−02 3.2E−02 1.4E−02 

1917 
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4.4 Indoor Dust Comparison Between Monitoring and Modeling Ingestion 1918 

Exposure Estimates 1919 

The exposure estimates for indoor dust from the CEM model are larger than those indicated by the 1920 

monitoring approach. Table 4-8 compares the sum of the chronic daily dose central tendency for indoor 1921 

dust ingestion from CEM outputs for all COUs to the central tendency predicted daily dose from the 1922 

monitoring approach.  1923 

 1924 

Table 4-8 Comparison Between Modeled and Monitored Daily Dust Intake Estimates for DIDP 1925 

Lifestage 

Daily DIDP Intake Estimate from 

Dust, µg/kg-day,  

Modeled Exposure a 

Daily DIDP Intake Estimate from Dust, 

µg/kg-day, 

Monitoring Exposure b 

Infant (<1 Year) 17.46 0.35 c 

Toddler (1–2 Years) 21.62 0.22 

Preschooler (3–5 Years) 24.41 0.09 

Middle Childhood (6–10 

Years) 

8.56 0.045 

Young Teen (11–15 

Years) 

4.79 0.017 

Teenager (16–20 Years) 3.80 0.0054 

Adult (21+ Years) 1.67 0.0048 d 
a Sum of chronic daily doses for indoor dust ingestion for the “medium” intake scenario for all COUs modeled 

in CEM 
b Central tendency estimate of daily dose for indoor dust ingestion from monitoring data 
c Weighted average by month of monitored lifestages from birth to 12 months 
d Weighted average by year of monitored lifestages from 21 to 80 years 

 1926 

The sum of DIDP intakes from dust in CEM modeled scenarios were, in all cases, considerably higher 1927 

than those predicted by the monitoring approach. The difference between the two approaches ranged 1928 

from 50 times in infants less than 1 year old, to a high of 704 times in teenagers 16 to 20 years old. 1929 

These discrepancies partially stem from differences in the exposure assumptions of the CEM model 1930 

versus the assumptions made when estimating daily dust intakes in Özkaynak et al. (2022). Dust intakes 1931 

in Özkaynak et al. (2022) decline rapidly as a person ages due to behavioral factors including walking 1932 

upright instead of crawling, cessation of exploratory mouthing behavior, and a decline in hand-to-mouth 1933 

events. This agE−mediated decline in dust intake, which is more rapid for the Özkaynak et al. (2022) 1934 

study than in CEM, partially explains why the margin of error between the modeled and monitoring 1935 

results grows larger with age.  1936 

 1937 

In the indoor dust modeling assessment, EPA reconstructed the scenario using consumer articles as the 1938 

source of DIDP in dust. CEM modeling parameters and inputs for dust ingestion can partially explain 1939 

the differences between modeling and monitoring estimates. For example, surface area, indoor 1940 

environment volume, and ingestion rates by lifestage were selected to represent common use patterns. 1941 

CEM calculates DIDP concentration in small particles (respirable particles) and large particles (dust) 1942 

that are settled on the floor or surfaces. The model assumes these particles bound to DIDP are available 1943 

via incidental dust ingestion and estimates exposure based on a daily dust ingestion rate and a fraction of 1944 

the day that is spent in the zone with the DIDP-containing dust. The use of a weighted dust 1945 

concentration can also introduce discrepancies between monitoring and modeling results.1946 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
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5 WEIGHT OF SCIENTIFIC EVIDENCE 1947 

Variability refers to the inherent heterogeneity or diversity of data in an assessment. It is a description of 1948 

the range or spread of a set of values. Uncertainty refers to a lack of data or an incomplete understanding 1949 

of the context of the risk evaluation decision. Variability cannot be reduced, but it can be better 1950 

characterized while uncertainty can be reduced by collecting more or better data. Uncertainty is 1951 

addressed qualitatively by including a discussion of factors such as data gaps and subjective decisions or 1952 

instances where professional judgment was used. Uncertainties associated with approaches and data 1953 

used in the evaluation of consumer exposures are described below. 1954 

5.1 Consumer Exposure Analysis Weight of Scientific Evidence 1955 

The exposure assessment of chemicals from consumer products and articles has inherent challenges due 1956 

to many sources of uncertainty in the analysis, including variations in product formulation, patterns of 1957 

consumer use, frequency, duration, and application methods. Variability in environmental conditions 1958 

may also alter physical and/or chemical behavior of the product or article. Key sources of uncertainty for 1959 

evaluating exposure to DIDP in consumer goods and strategies to address those uncertainties are 1960 

described in this section.  1961 

 1962 

Generally, designation of robust confidence suggests thorough understanding of the scientific evidence 1963 

and uncertainties. The supporting weight of scientific evidence outweighs the uncertainties to the point 1964 

where it is unlikely that the uncertainties could have a significant effect on the exposure estimate. The 1965 

designation of moderate confidence suggests some understanding of the scientific evidence and 1966 

uncertainties. More specifically, the supporting scientific evidence weighed against the uncertainties is 1967 

reasonably adequate to characterize exposure estimates. The designation of slight confidence is assigned 1968 

when the weight of scientific evidence may not be adequate to characterize the scenario, and when the 1969 

assessor is making the best scientific assessment possible in the absence of complete information and 1970 

there are additional uncertainties that may need to be considered. While the uncertainty for some of the 1971 

scenarios and parameters ranges from slight to robust the confidence to use the results for risk 1972 

characterization ranges from moderate to robust, see Table 5-1, Table 5-2, and Table 5-3. The basis for 1973 

the moderate to robust confidence in the overall exposure estimates is a balance between using 1974 

parameters that will represent various populations use patterns and lean on protective assumptions that 1975 

are not excessive or unreasonable. 1976 

 1977 

Product Formulation and Composition 1978 

Variability in the formulation of consumer products, including changes in ingredients, concentrations, 1979 

and chemical forms, can introduce uncertainty in exposure assessments. In addition, data were often 1980 

limited for weight fractions of DIDP in consumer goods. EPA obtained DIDP weight fractions in 1981 

various products and articles from material safety sheets, data bases, and existing literature (Section 1982 

2.1.2.1). Where possible, EPA obtained multiple values for weight fractions for similar products or 1983 

articles. The lowest value was used in the low exposure scenario, the highest value in the high exposure 1984 

scenario, and the average of all values in the medium exposure scenario. Weight fraction of DIDP in 1985 

articles was sourced from the available literature and database values. Robust was selected for products 1986 

with multiple sources, moderate was selected for products with limited sources but more current, and 1987 

slight was selected for products with limited and older sources. The uncertainty was improved by using 1988 

ranges that included either a wide range or higher values that are considered health protective, but not 1989 

excessive. The low, medium, and high estimates capture a range of concentrations that is representative 1990 

of past, present, and future practices, encompassing lots of possible exposures. 1991 

  1992 
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Product Use Patterns 1993 

Consumer use patterns like frequency of use, duration of use, and methods of application are expected to 1994 

differ. Where possible, high, medium, and low default values from CEM 3.2’s prepopulated scenarios 1995 

were selected for mass of product used, duration of use, and frequency of use. In instances where no 1996 

prepopulated scenario was appropriate for a specific product, low, medium, and high values for each of 1997 

these parameters were estimated based on the manufacturers’ product descriptions. Use duration and 1998 

frequency were primarily sourced from manufacturer use instructions, the EPA’s Exposure Factors 1999 

Handbook, and by the judgment of the exposure assessor. Robust was selected when the used values are 2000 

well understood and represent a wide range of the population. Moderate was selected for durations of 2001 

use sourced from manufacturer use instructions that had multiple types of products with different use 2002 

instructions and variability is expected to increase with numerous products available. The main 2003 

limitation in this analysis and source of uncertainty in the selected inputs is in the accuracy of the 2004 

selected use pattern inputs, however EPA is confident that the selected inputs include health protective 2005 

inputs in the low, medium, and high exposure scenarios. The high duration scenarios may represent high 2006 

intensity users, while the average expected use patterns are captured in the medium scenarios, and low 2007 

use patterns for occasional and incidental exposures.  2008 

 2009 

Article Surface Area 2010 

The surface area of an article directly affects the potential for DIDP emissions to the indoor 2011 

environment. For each article modeled for inhalation exposure, low, medium, and high estimates for 2012 

surface area were calculated (Section 2.1.2.1)2.1.2.2. This approach relied on manufacturer-provided 2013 

dimensions where possible, or values from the EPA Exposure Factors Handbook for floor and wall 2014 

coverings. For small items which might be expected to be present in a home in significant quantities, 2015 

such as insulated wires and children’s toys, aggregate values were calculated for the cumulative surface 2016 

area for each type of article in the indoor environment. Surface area inputs are based on manufacturer 2017 

use instructions, the EPA’s Exposure Factors Handbook, and by the judgment of the exposure assessor. 2018 

Robust confidence rating was selected for commonly known product dimensions and moderate for when 2019 

the assessor made assumptions about the number of products present in a room. 2020 

 2021 

Human Behavior 2022 

CEM 3.2 has three different activity patterns: stay-at-home, part-time out-of-the home (daycare, school, 2023 

or work), and full-time out-of-thE−home. The activity patterns were developed based on the 2024 

Consolidated Human Activity Database (CHAD). For all products and articles modeled, the stay-at-2025 

home activity pattern was chosen as it is the most protective assumption. 2026 

 2027 

Mouthing durations are a source of uncertainty in human behavior. The data used in this assessment are 2028 

based on a study in which parents observed children (n=236) ages 1 month to 5 years of age for 15 2029 

minutes each session and 20 sessions in total ((Smith and Norris, 2003)). There was considerable 2030 

variability in the data due to behavioral differences among children of the same lifestage. For instance, 2031 

while children aged 6-9 months had the highest average mouthing duration for toys at 39 minutes per 2032 

day, the minimum duration was 0 minutes and the maximum was 227 minutes per day. The observers 2033 

noted that the items mouthed were made of plastic roughly 50 percent of the mouthing time, but this not 2034 

limited to soft plastic items likely to contain significant plasticizer content. In another study, 169 2035 

children aged 3 months to 3 years were monitored by trained observers for 12 sessions at 12 minutes 2036 

each (Greene, 2002). They reported mean mouthing durations ranging from 0.8 to 1.3 minutes per day 2037 

for soft plastic toys and 3.8-4.4 minutes per day for other soft plastic objects (except pacifiers). Thus, it 2038 

is likely that the mouthing durations used in this assessment provide a health protective estimate for 2039 

mouthing of soft plastic items likely to contain DIDP and the low, medium, and high scenarios 2040 

encompass a wide number of behaviors at various ages.  2041 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1060523
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005571
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Mouthing duration confidence designation of robust is given to scenarios about children toys because 2042 

the information used to derive these values is more comprehensive and specific about children toys and 2043 

children behaviors while other non-toy scenarios are less specific about mouthing durations and more 2044 

generalized, those were given a moderate confidence rating. In addition, mouthing area robust rating 2045 

was selected for scenarios in which the mouthing area is well defined by object boundaries, moderate 2046 

when object dimensions were based on generalizations and assumptions by the assessor from 2047 

manufacturer descriptions. 2048 

  2049 

Modeling Parameters for DIDP Flux, Dermal Absorption, and Chemical Migration  2050 

DIDP is considered a data poor chemical with respect to dermal absorption, meaning specific empirical 2051 

information is scarce. Data were lacking for key parameters to describe the dynamic physical behavior 2052 

of DIDP that will influence exposure, particularly the skin permeability coefficient and chemical 2053 

migration rate from articles mouthed. To address this data gap, a scientifically informed approach was 2054 

adopted, wherein values from analogous chemicals sharing comparable physical and chemical properties 2055 

were leveraged as surrogates. These surrogate data, drawn from substances with established empirical 2056 

evidence and recognized similarity in relevant characteristics, facilitated the estimation of needed 2057 

parameters.  2058 

 2059 

EPA identified only one set of experimental data related to the dermal absorption of neat DIDP (Elsisi et 2060 

al., 1989). This dermal absorption study was conducted in vivo using male F344 rats. There have been 2061 

additional studies conducted to determine the difference in dermal absorption between rat skin and 2062 

human skin. Specifically, Scott (1987) examined the difference in dermal absorption between rat skin 2063 

and human skin for four different phthalates (i.e., DMP, DEP, DBP, and DEHP) using in vitro dermal 2064 

absorption testing. Results from the in vitro dermal absorption experiments showed that rat skin was 2065 

more permeable than human skin for all four phthalates examined. Though there is uncertainty regarding 2066 

the magnitude of difference between dermal absorption through rat skin versus human skin for DIDP, 2067 

based on DIDP physical and chemical properties (size, solubility), EPA is confident that the in vivo 2068 

dermal absorption data using male F344 rats (Elsisi et al., 1989) provides an upper bound of dermal 2069 

absorption of DIDP based on the findings of (Scott et al., 1987).  2070 

 2071 

Differences in skin structure and metabolism between rats and humans may limit the direct applicability 2072 

of rat data to human scenarios. The flux of other phthalates across rat skin has been shown to be about 2-2073 

10 times higher than the flux across human skin for the same chemical. Additionally, the permeation 2074 

characteristics of neat chemicals may differ from those of saturated solutions of phthalates. Because 2075 

DIDP is strongly hydrophobic, dermal flux of neat chemical is expected to be lower than that of 2076 

saturated solutions, introducing a potential underestimation of dermal flux when extrapolating from neat 2077 

DIDP to aqueous solutions. However, the range of dermal flux values used in this assessment (0.05 to 2078 

0.09 µg/cm2/hr) were consistent with the value of 0.061 µg/cm2/hr recommended in the ECHA report on 2079 

new evidence of human exposure to DIDP and DINP (ECHA, 2013b). The ECHA recommended value 2080 

was based on an internal dose of DEHP in rats received from dermal exposure to PVC film. The internal 2081 

dose of DIDP was extrapolated from the DEHP data by assuming that absorption of DEHP is ten times 2082 

that of DIDP, and an absorption factor of 0.04 was applied to arrive at the recommended flux rate. While 2083 

this parameter is still considered uncertain, the convergence of estimated dermal flux values derived 2084 

from diverse methods and data lends considerable support to the reliability of the estimated range. 2085 

 2086 

Another source of uncertainty regarding the dermal absorption of DIDP from products or formulations 2087 

stems from the varying concentrations and co-formulants that exist in products or formulations 2088 

containing DIDP. For purposes of this risk evaluation, EPA assumes that the absorptive flux of neat 2089 

DIDP measured from in vivo rat experiments serves as an upper bound of potential absorptive flux of 2090 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=675074
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=675074
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=674473
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=675074
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=674473
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chemical into and through the skin for dermal contact with all liquid products or formulations, and that 2091 

the modeled absorptive flux of aqueous DIDP serves as an upper bound of potential absorptive flux of 2092 

chemical into and through the skin for dermal contact with all solid products. However, dermal contact 2093 

with products or formulations that have concentrations of DIDP lesser than that assumed may exhibit 2094 

lower rates of flux since there is less material available for absorption. Conversely, co-formulants or 2095 

materials within the products or formulations may lead to enhanced dermal absorption, even at lower 2096 

concentrations. Therefore, it is uncertain whether the products or formulations containing DIDP would 2097 

result in decreased or increased dermal absorption. Based on the available dermal absorption data for 2098 

DIDP, EPA has made assumptions that result in exposure assessments that are conservative human 2099 

health protective in nature. 2100 

 2101 

Lastly, EPA notes that there is uncertainty with respect to the modeling of dermal absorption of DIDP 2102 

from solid matrices or articles. Because there were no available data related to the dermal absorption of 2103 

DIDP from solid matrices or articles, EPA has assumed that dermal absorption of DIDP from solid 2104 

objects would be limited by aqueous solubility of DIDP. Therefore, to determine the maximum steady-2105 

state aqueous flux of DIDP, EPA utilized the Consumer Exposure Model (CEM) (U.S. EPA, 2022) to 2106 

first estimate the steady-state aqueous permeability coefficient of DIDP. The estimation of the steady-2107 

state aqueous permeability coefficient within CEM (U.S. EPA, 2022) is based on quantitative 2108 

structurE−activity relationship (QSAR) model presented by ten Berge (2009), which considers 2109 

chemicals with log(Kow) ranging from -3.70 to 5.49 and molecular weights ranging from 18 to 584.6. 2110 

The molecular weight of DIDP falls within the range suggested by ten Berge (2009), but the log(Kow) of 2111 

DIDP exceeds the range suggested by ten Berge (2009). Therefore, there is uncertainty regarding the 2112 

accuracy of the QSAR model used to predict the steady-state aqueous permeability coefficient for DIDP. 2113 

However, EPA is confident that the selected approach represents an upper bound of dermal absorption 2114 

of DIDP from solid articles. 2115 

 2116 

For chemical migration rates to saliva, existing data were highly variable both within and between 2117 

studies. This indicates the significant level of uncertainty for the chemical migration rate, as uncertainty 2118 

from differences among similar items due to variations in chemical makeup and polymer structure adds 2119 

on. As such, an effort was made to choose DIDP migration rates likely to be representative of broad 2120 

classes of items that make up consumer COUs produced with different manufacturing processes and 2121 

material formulations. There is no consensus on the correct value to use for this parameter in past 2122 

assessments of DIDP. The 2003 EU Risk Assessment for DINP (used as a surrogate) used a migration 2123 

rate of 53.4 µg/cm2/h selected from the highest individual estimate from a 1998 study by the 2124 

Netherlands National Institute for Public Health and the Environment (RIVM) (ECJRC, 2003b; RIVM, 2125 

1998). The RIVM study measured DINP in saliva of 20 adult volunteers biting and sucking four PVC 2126 

disks with a surface of 10 cm2. Average migration to saliva from the samples tested were 8.4, 14,4, and 2127 

9.6 µg/cm2/hr, and there was considerable variability in the results. In a more recent report, the 2128 

European Chemicals Agency (ECHA) compiled and evaluated new evidence on human exposure to 2129 

DIDP and DINP, including chemical migration rates (ECHA, 2013b). They concluded that chemical 2130 

migration rate of 14 μg/cm2/hr was likely to be representative of a “typical mouthing scenario” and a 2131 

migration rate of 45 µg/cm2/hr was a reasonable worst-case estimate of this parameter. The “typical” 2132 

value was determined by compiling in vivo migration rate data from existing studies (Chen, 1998); 2133 

(Fiala et al., 2000); (Meuling et al., 2000); (Niino et al., 2003); (RIVM, 1998); (Sugita et al., 2003). The 2134 

“worst case” value was midway between the two highest individual measurements among all the studies 2135 

(the higher of which was used in the 2003 EU risk assessment.  2136 

 2137 

However, a major limitation of all existing data is that DIDP weight fractions for products tested skew 2138 

heavily towards relatively high weight fractions (30-60%) and measurements for weight fractions <15 2139 
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percent are very rarely represented in the data set. Many of the products and articles in this assessment 2140 

were in the <15 percent weight fraction range. Thus, it is unclear whether these migration rate values are 2141 

applicable to consumer goods with low (<15%) weight fractions of DIDP, where rates might be lower 2142 

than represented by “typical” or worst-case values determined by existing data sets. As such, based on 2143 

available data for chemical migration rates of DIDP to saliva, the range of values used in this assessment 2144 

(1.6, 13.3, and 44.8 µg/cm2/hr) are considered likely to capture the true value of the parameter. 2145 
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Table 5-1. Weight of Scientific Evidence Confidence for Inhalation Consumer Exposure Modeling Scenarios 2146 

COU / Subcategory / Article or Product Example 
Confidence 

in Modela 

Confidence in User-Selected Inputsb 
Overall 

Exposure 

Confidence 
Category Subcategory Example Frequency 

of Usec 

Densityd Surface 

Areae 

Weight 

Fractionf 

Duration of 

Useg 

Mass 

Usedh 

Automotive, fuel, 

agriculture, outdoor 

use products 

Lubricants 

Auto 

Transmission 

Conditioner 

+++ +++ NA NA ++ +++ +++ +++ 

Construction, paint, 

electrical, and 

metal products 

Adhesives and sealants 

(including plasticizers 

in adhesives and 

sealants) 

Construction 

Adhesive for 

Small Scale 

Projects 

+++ ++ NA NA +++ ++ ++ +++ 

Construction, paint, 

electrical, and 

metal products 

Adhesives and sealants 

(including plasticizers 

in adhesives and 

sealants) 

Construction 

Sealant for 

Large Scale 

Projects 

+++ ++ NA NA +++ ++ ++ +++ 

Construction, paint, 

electrical, and 

metal products 

Adhesives and sealants 

(including plasticizers 

in adhesives and 

sealants) 

Epoxy Floor 

Patch 
+++ ++ ++ NA ++ +++ ++ ++ 

Construction, paint, 

electrical, and 

metal products 

Adhesives and sealants 

(including plasticizers 

in adhesives and 

sealants) 

Lacquer 

Sealer (Non-

Spray) 

+++ ++ ++ NA + +++ ++ ++ 

Construction, paint, 

electrical, and 

metal products 

Adhesives and sealants 

(including plasticizers 

in adhesives and 

sealants) 

Lacquer 

Sealer (Spray) 
+++ ++ ++ NA + +++ ++ ++ 

Construction, paint, 

electrical, and 

metal products 

Building/construction 

materials covering 

large surface areas 

including stone, 

plaster, cement, glass 

and ceramic articles 

(wire or wiring 

systems; joint 

treatment 

Solid flooring +++ +++ ++ +++ + +++ NA +++ 

Construction, paint, 

electrical, and 

metal products 

Electrical and 

Electronic Products 

Wire 

Insulation 
++ ++ ++ ++ + ++ NA ++ 
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COU / Subcategory / Article or Product Example 
Confidence 

in Modela 

Confidence in User-Selected Inputsb 
Overall 

Exposure 

Confidence 
Category Subcategory Example Frequency 

of Usec 

Densityd Surface 

Areae 

Weight 

Fractionf 

Duration of 

Useg 

Mass 

Usedh 

Packaging, paper, 

plastic, hobby 

products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible 

tubes; profiles; hoses 

Shower 

Curtain 
+++ +++ ++ +++ + +++ NA +++ 

Packaging, paper, 

plastic, hobby 

products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible 

tubes; profiles; hoses 

Wallpaper +++ ++ ++ ++ + +++ NA ++ 

Packaging, paper, 

plastic, hobby 

products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible 

tubes; profiles; hoses 

Synthetic 

Leather 

Furniture 

+++ +++ ++ ++ + +++ NA +++ 

Packaging, paper, 

plastic, hobby 

products 

Toys, Playground, and 

Sporting Equipment 

Children’s 

Toys (new) 
+++ +++ ++ ++ +++ +++ NA +++ 

Packaging, paper, 

plastic, hobby 

products 

Toys, Playground, and 

Sporting Equipment 

Children’s 

Toys (legacy) 
+++ +++ ++ ++ +++ +++ NA +++ 

a Confidence in Model Used considers whether model has been peer reviewed, as well as whether it is being applied in a manner appropriate to its design and objective. 

The model used (CEM 3.2) has been peer reviewed, is publicly available, and has been applied in a manner intended by estimating exposures associated with uses of 

household products and/or articles. Moderate was selected for the wire insulation scenario because of uncertainties surrounding the barrier layers. This also considers the 

default values data source(s) such as building and room volumes, interzonal ventilation rates, and air exchange rates. 

b Confidence in User-Selected Varied Inputs considers the quality of their data sources, as well as relevance of the inputs for the selected consumer condition of use. 
c Frequency of Use was primarily based on manufacturer use instructions and professional judgment 
d Density Used was primarily based on gray literature values available for product descriptions. 
e Surface Area is based on manufacturer use instructions, the EPA’s Exposure Factors Handbook and by the judgment of the exposure assessor. Robust was selected for 

commonly known product dimensions, and moderate for when assumptions about number of products present in a room by assessor. NA designation under mass used 

column is for articles. This input is not used by CEM inhalation estimates for articles, rather surface area is used. 
f Weight fraction of DIDP in articles was sourced from the available literature and database values.  
g Use Duration is primarily sourced from manufacturer use instructions, the EPA’s Exposure Factors Handbook, and by the judgment of the exposure assessor. Moderate 

was selected for durations of use sourced from manufacturer use instructions that had multiple types of products with different use instructions and variability is expected 

to increase with numerous products available. 
h Mass Used is primarily sourced from manufacturer use instructions and CEM defaults for saved analysis. NA designation under surface area column is for products. This 

input is not used by CEM inhalation estimates for products, rather mass of product is used. 

+ + + Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting weight of scientific evidence outweighs the 
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 2147 

Table 5-2. Weight of Scientific Evidence Confidence for Ingestion Consumer Exposure Modeling Scenarios 2148 

COU / Subcategory / Article or Product Example Confidence in User-Selected Inputsa 

Confidence 

in Modeli 

Overall 

Exposure 

Confidence Category Subcategory 
Example 

Exposure Route 
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Construction, paint, 

electrical, and metal 

products 

Building/construction 

materials covering large 

surface areas including 

stone, plaster, cement, 

glass and ceramic articles 

(wire or wiring systems; 

joint treatment 

Solid Flooring: 

Ingestion 

suspended / 

ingestion settled 

dust 

++ ++ +++ + +++ NA NA +++ +++ 

Construction, paint, 

electrical, and metal 

products 

Electrical and Electronic 

Products 

Wire Insulation: 

Ingestion 

suspended / 

ingestion settled 

dust / mouthing 

++ ++ ++ + ++ +++ ++ ++ ++ 

Packaging, paper, 

plastic, hobby products 

Arts, crafts, and hobby 

materials (crafting paint 

applied to craft) 

Rubber Eraser: 

Mouthing 
++ ++ +++ + +++ +++ ++ +++ +++ 

Packaging, paper, 

plastic, hobby products 

Plastic and rubber products 

(textiles, apparel, and 

leather; vinyl tape; flexible 

tubes; profiles; hoses 

Shower Curtain: 

Ingestion 

suspended / 

ingestion settled 

dust 

++ ++ +++ + ++ NA NA +++ ++ 

Packaging, paper, 

plastic, hobby products 

Plastic and rubber products 

(textiles, apparel, and 

leather; vinyl tape; flexible 

Wallpaper: 

Ingestion 

suspended / 

++ ++ ++ + +++ NA NA +++ ++ 

COU / Subcategory / Article or Product Example 
Confidence 

in Modela 

Confidence in User-Selected Inputsb 
Overall 

Exposure 

Confidence 
Category Subcategory Example Frequency 

of Usec 

Densityd Surface 

Areae 

Weight 

Fractionf 

Duration of 

Useg 

Mass 

Usedh 

uncertainties to the point where it is unlikely that the uncertainties could have a significant effect on the exposure estimate. 

+ + Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting scientific evidence weighed against the uncertainties is 

reasonably adequate to characterize exposure estimates.  

+ Slight confidence is assigned when the weight of scientific evidence may not be adequate to characterize the scenario, and when the assessor is making the best scientific 

assessment possible in the absence of complete information. There are additional uncertainties that may need to be considered. 
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COU / Subcategory / Article or Product Example Confidence in User-Selected Inputsa 

Confidence 

in Modeli 

Overall 

Exposure 

Confidence Category Subcategory 
Example 

Exposure Route 

C
h

em
ic

a
l 

M
ig

ra
ti

o
n

 

R
a

te
b
 

D
en

si
ty

c
 

S
u

rf
a

ce
 

A
re

a
d
 

W
ei

g
h

t 

F
ra

ct
io

n
e 

D
u

ra
ti

o
n

 

o
f 

U
se

f 

M
o

u
th

in
g

 

A
re

a
g
 

M
o

u
th

in
g

 

D
u

ra
ti

o
n

h
 

tubes; profiles; hoses ingestion settled 

dust 

Packaging, paper, 

plastic, hobby products 

Plastic and rubber products 

(textiles, apparel, and 

leather; vinyl tape; flexible 

tubes; profiles; hoses 

Synthetic Leather 

Furniture: 

Ingestion 

suspended / 

ingestion settled 

dust / mouthing 

++ ++ ++ + +++ +++ ++ +++ ++ 

Packaging, paper, 

plastic, hobby products 

Toys, Playground, and 

Sporting Equipment 

Children’s Toys 

(new): Ingestion 

suspended / 

ingestion settled 

dust / mouthing 

++ ++ ++ +++ +++ +++ +++ +++ +++ 

Packaging, paper, 

plastic, hobby products 

Toys, Playground, and 

Sporting Equipment 

Children’s Toys 

(legacy): Ingestion 

suspended / 

ingestion settled 

dust / mouthing 

++ ++ ++ +++ +++ +++ +++ +++ +++ 

Other Novelty Products 
Adult toys: 

Mouthing 
++ + ++ ++ ++ +++ ++ ++ ++ 

a Confidence in User-Selected Varied Inputs considers the quality of their data sources, as well as relevance of the inputs for the selected consumer condition of use. 
b Chemical Migration Rate of DIDP was estimated based on data compiled in a review (Danish EPA, 2016) for in vitro migration rates for the phthalates in soft PVC to 

artificial sweat and artificial saliva and in vivo tests when such studies were available, which use DINP as a DIDP surrogate. Moderate was selected because DINP is 

expected to have similar rate to DIDP based on physical-chemical properties. 
c Density Used was primarily based on gray literature values available for product descriptions. 
d Surface Area is based on manufacturer use instructions, the EPA’s Exposure Factors Handbook, and by the judgment of the exposure assessor. Robust was selected for 

commonly known product dimensions and moderate for when the assessor made assumptions about the number of products present in a room. 
e Weight fraction of DIDP in articles was sourced from the available literature and database values. Robust was selected for products with multiple sources, moderate was 

selected for products with limited sources but more current, and slight was selected for products with limited and older sources. 
f Use Duration is primarily sourced from manufacturer use instructions, the EPA’s Exposure Factors Handbook, and by the judgment of the exposure assessor. Robust was 

selected when the used values are well understood and represent a wide range of the population. Moderate was selected for durations of use sourced from manufacturer use 

instructions that had multiple types of products with different use instructions and variability is expected to increase with numerous products available. 
g Mouthing Area NA status for articles that were not considered for ingestion via mouthing. Robust was selected for scenarios in which the mouthing area is well defined 

by object boundaries. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10622428
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COU / Subcategory / Article or Product Example Confidence in User-Selected Inputsa 

Confidence 

in Modeli 

Overall 

Exposure 

Confidence Category Subcategory 
Example 

Exposure Route 
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h
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h Mouthing Duration NA status for articles that were not considered for ingestion via mouthing. Robust is given to scenarios about children toys because the information 

used to derive these values is more comprehensive and specific about children toys and children behaviors while other non-toy scenarios are less specific about mouthing 

durations and more generalized.  
i Confidence in Model Used considers whether model has been peer reviewed, as well as whether it is being applied in a manner appropriate to its design and objective. 

The model used (CEM 3.2) has been peer reviewed, is publicly available, and has been applied in a manner intended to estimate exposures associated with uses of 

household products and/or articles. Moderate was selected for the wire insulation scenario because of uncertainties surrounding the barrier layers, and for adult toys 

because uncertainties about mouthing default values. This also considers the default values data source(s) such as events per day and year. 

+ + + Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting weight of scientific evidence outweighs the 

uncertainties to the point where it is unlikely that the uncertainties could have a significant effect on the exposure estimate. 

+ + Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting scientific evidence weighed against the uncertainties is 

reasonably adequate to characterize exposure estimates. 

+ Slight confidence is assigned when the weight of scientific evidence may not be adequate to characterize the scenario, and when the assessor is making the best scientific 

assessment possible in the absence of complete information. There are additional uncertainties that may need to be considered. 

  2149 
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Table 5-3. Weight of Scientific Evidence Confidence for Dermal Consumer Exposure Modeling Scenarios 2150 

COU / Subcategory / Article or Product Example Confidence in User-Selected Inputsa 

Confidence 

in Modelg 

Overall 

Exposure 

Confidence Category Subcategory Example 

Fluxb or 

Dermal 

Absorptionc 

Contact 

Aread Event Timee Frequency 

of Usef 

Automotive, fuel, 

agriculture, outdoor use 

products 

Lubricants Auto Transmission 

Conditioner 

++ +++ ++ +++ ++ ++ 

Construction, paint, 

electrical, and metal 

products 

Adhesives and sealants 

(including plasticizers in 

adhesives and sealants) 

Construction Adhesive 

for Small Scale Projects 

++ +++ ++ ++ ++ ++ 

Construction, paint, 

electrical, and metal 

products 

Adhesives and sealants 

(including plasticizers in 

adhesives and sealants) 

Construction Sealant for 

Large Scale Projects 

++ +++ ++ ++ ++ ++ 

Construction, paint, 

electrical, and metal 

products 

Adhesives and sealants 

(including plasticizers in 

adhesives and sealants) 

Epoxy Floor Patch ++ +++ +++ +++ ++ +++ 

Construction, paint, 

electrical, and metal 

products 

Adhesives and sealants 

(including plasticizers in 

adhesives and sealants) 

Lacquer Sealer (Non-

Spray) 

++ +++ +++ ++ ++ ++ 

Construction, paint, 

electrical, and metal 

products 

Adhesives and sealants 

(including plasticizers in 

adhesives and sealants) 

Lacquer Sealer (Spray) ++ +++ +++ ++ ++ ++ 

Construction, paint, 

electrical, and metal 

products 

Building/construction 

materials covering large 

surface areas including 

stone, plaster, cement, 

glass and ceramic 

articles (wire or wiring 

systems; joint treatment 

Solid Flooring + ++ ++ +++ ++ ++ 

Construction, paint, 

electrical, and metal 

products 

Electrical and Electronic 

Products 

Wire Insulation + +++ ++ +++ ++ ++ 

Packaging, paper, 

plastic, hobby products 

Arts, crafts, and hobby 

materials (crafting paint 

applied to craft) 

Rubber Eraser + +++ +++ +++ ++ +++ 

Packaging, paper, 

plastic, hobby products 

PVC film and sheet Miscellaneous coated 

textiles: truck awnings 

+ +++ ++ ++ ++ ++ 
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COU / Subcategory / Article or Product Example Confidence in User-Selected Inputsa 

Confidence 

in Modelg 

Overall 

Exposure 

Confidence Category Subcategory Example 

Fluxb or 

Dermal 

Absorptionc 

Contact 

Aread Event Timee Frequency 

of Usef 

Packaging, paper, 

plastic, hobby products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Shower Curtain + +++ +++ +++ ++ +++ 

Packaging, paper, 

plastic, hobby products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Wallpaper + +++ ++ +++ ++ ++ 

Packaging, paper, 

plastic, hobby products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Foam Flip Flops + ++ +++ ++ ++ ++ 

Packaging, paper, 

plastic, hobby products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Synthetic Leather 

Furniture 

+ +++ +++ +++ ++ +++ 

Packaging, paper, 

plastic, hobby products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Synthetic Leather 

Clothing 

+ +++ +++ ++ ++ ++ 

Packaging, paper, 

plastic, hobby products 

Plastic and rubber 

products (textiles, 

apparel, and leather; 

vinyl tape; flexible tubes; 

profiles; hoses 

Bags + +++ ++ +++ ++ ++ 

Packaging, paper, 

plastic, hobby products 

Toys, playgrounds, and 

sporting equipment 

Fitness Ball + ++ ++ ++ ++ ++ 

Packaging, paper, 

plastic, hobby products 

Toys, Playground, and 

Sporting Equipment 

Children’s Toys (new) + +++ +++ +++ ++ +++ 
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COU / Subcategory / Article or Product Example Confidence in User-Selected Inputsa 

Confidence 

in Modelg 

Overall 

Exposure 

Confidence Category Subcategory Example 

Fluxb or 

Dermal 

Absorptionc 

Contact 

Aread Event Timee Frequency 

of Usef 

Packaging, paper, 

plastic, hobby products 

Toys, Playground, and 

Sporting Equipment 

Children’s Toys (legacy) + +++ +++ +++ ++ +++ 

Other Novelty Products Adult toys + ++ +++ ++ ++ ++ 

a Confidence in User-Selected Varied Inputs considers the quality of their data sources, as well as relevance of the inputs for the selected consumer condition of use. 
b Used for liquid products. Flux was estimated based on DIDP in vivo dermal absorption in rats. Moderated was selected for liquid or paste form products that match the 

studies setup. However, uncertainties about the difference between human and rat skin absorption are considered.  
c Used for solid articles. Dermal absorption estimate based on the assumption that dermal absorption of DIDP from solid objects would be limited by aqueous solubility of 

DIDP. Slight was selected for solid objects because the high uncertainty in the assumption of partitioning form solid to liquid and subsequent dermal absorption is not well 

characterized.  
d Contact Area was determined based on product use instructions and CEM suggested area for body parts selected to be in contact with object. Robust was assigned when 

the body part in contact and area suggested by CEM defaults matched expected contact with object. Moderate was selected when the body part selected is a proxy, such as 

hands for feet in the case of flip flops, and hands in the case of adult toys which is missing other body part considerations unavailable to CEM modeling. 
e Event Time was determine based on manufacturer use instructions, the EPA’s Exposure Factors Handbook and by the judgment of the exposure assessor. Robust was 

selected when the patterns of use are well characterized and described by source of information. Moderate was selected when there are multiple product examples and use 

instructions vary from product to product or when the use patterns are less understood by the various group ages under consideration. 
f Frequency of Use was determine based on manufacturer use instructions, the EPA’s Exposure Factors Handbook and by the judgment of the exposure assessor. Robust 

was selected for scenarios that use patterns are well defined by sources of information, while moderate was selected when use frequency may not consider seasonal or 

intermittent use patterns. 
g Confidence in Model Used considers whether model has been peer reviewed, as well as whether it is being applied in a manner appropriate to its design and objective. 

This model has not been peer reviewed, but the sources of information used to build it are all peer reviewed, hence the moderate rating. 

+ + + Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting weight of scientific evidence outweighs the 

uncertainties to the point where it is unlikely that the uncertainties could have a significant effect on the exposure estimate. 

+ + Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting scientific evidence weighed against the uncertainties is 

reasonably adequate to characterize exposure estimates. 

+ Slight confidence is assigned when the weight of scientific evidence may not be adequate to characterize the scenario, and when the assessor is making the best scientific 

assessment possible in the absence of complete information. There are additional uncertainties that may need to be considered. 

2151 
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5.2 Indoor Dust Monitoring Weight of Scientific Evidence 2152 

The weight of scientific evidence for the indoor dust exposure assessment of DIDP (Table 5-4) is 2153 

dependent on studies that include indoor residential dust monitoring data (Table 3-1, Table 3-2). Based 2154 

on the systematic review SOP, only studies that included indoor dust samples taken from residences 2155 

were included for data extraction. In the case of DIDP, three studies were identified. They are 2156 

summarized in Table 3-1 and Table 3-2. All studies that were included for data extraction were rated 2157 

“High” quality per the exposure systematic review criteria.  2158 

 2159 

Table 5-4. Weight of Scientific Evidence Conclusions for Indoor Dust Ingestion Exposure 2160 

Scenario 
Confidence in 

Data Used a 

Confidence in Model Inputs 
Weight of Scientific 

Evidence Conclusion Body 

Weight b 

Dust Ingestion 

Rate c 

Indoor exposure to 

residential dust via 

ingestion 

++ +++ ++ ++ 

+ = Slight; ++ = Moderate; +++ = Robust 
  Kubwabo et al. (2013); with Giovanoulis et al. (2017) and Christia et al. (2019) as comparators 
b U.S. EPA (2011b) 
c Özkaynak et al. (2022) 

 2161 
Table 5-4 presents the assessor’s level of confidence in the data quality of the input data sets for 2162 

estimating dust ingestion from monitoring data, including the DIDP dust monitoring data themselves, 2163 

the estimates of US body weights, and the estimates of dust ingestion rates, according to the following 2164 

rubric: 2165 

• Robust confidence (+++) means the supporting weight of scientific evidence outweighs the 2166 

uncertainties to the point that the assessor has decided that it is unlikely that the uncertainties 2167 

could have a significant effect on the exposure estimate. 2168 

• Moderate confidence (++) means the supporting scientific evidence weighed against the 2169 

uncertainties is reasonably adequate to characterize exposure estimates, but uncertainties could 2170 

have an effect on the exposure estimate. 2171 

• Slight confidence (+) means the assessor is making the best scientific assessment possible in the 2172 

absence of complete information. There may be significant uncertainty in the underlying data 2173 

that need to be considered. 2174 

 2175 

These confidence conclusions were derived from a combination of systematic review (i.e., the quality 2176 

determinations for individual studies) and the assessor’s professional judgment. Table 5-4. Weight of 2177 

Scientific Evidence Conclusions for Indoor Dust Ingestion Exposure 2178 

 2179 

EPA did not identify U.S. monitoring data available for DIDP concentrations in residential indoor dust. 2180 

Therefore, Canadian data from Kubwabo et al. (2013) was used as a surrogate. These data were drawn 2181 

from a large randomly selected sample that was designed to be nationally representative for Canada, and 2182 

the results are reasonably close to residential dust concentration data from other countries with 2183 

comparable consumer practices and standards of living (Christia et al., 2019; Giovanoulis et al., 2017). 2184 

Some uncertainties include the applicability of Canadian data to the US population, the time difference 2185 

since the Canadian measurements were taken, the representativeness of the sampled population, and 2186 

regulations on DIDP content in certain baby and child related consumer goods in the US and Canada. 2187 

Based on these strengths and uncertainties, EPA has assigned moderate confidence to the Kubwabo et 2188 
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al. (2013) residential dust DIDP concentration data set.  2189 

 2190 

Body weight data was obtained from the Exposure Factors Handbook (U.S. EPA, 2011b). This source is 2191 

considered the default for exposure related inputs for EPA risk assessments and is typically used unless 2192 

there is a particular reason to seek alternative data. Because the Exposure Factors Handbook is generally 2193 

considered the gold standard input for body weight, and because the underlying body weight data were 2194 

derived from the U.S. nationally representative NHANES data set, EPA has assigned robust confidence 2195 

to our use of this model input.  2196 

 2197 

Total daily dust intake was obtained from Özkaynak et al. (2022). This study used a mechanistic 2198 

modeling approach to aggregate data from a wide variety of input variables (Table 5-5). These input 2199 

variables were derived from several scientific sources as well as from the professional judgment of the 2200 

study authors. The dust ingestion rates are similar to those found in the Exposure Factors Handbook for 2201 

children under 1 year old but diverge above this age (Table 5-6). The Özkaynak et al. (2022) dust 2202 

ingestion rates are onE−half to approximately onE−fifth as large, depending on age. This is because the 2203 

Exposure Factors Handbook rates are a synthesis of several studies in the scientific literature, including 2204 

tracer studies that use elemental residues in the body to estimate the ingestion of soil and dust. 2205 

According to the discussion presented in Özkaynak et al. (2022), these tracer studies may be biased 2206 

high, and in fact as shown in Fig. 4 of Özkaynak et al. (2022), non-tracer studies align much more 2207 

closely with the dust ingestion rates used in this analysis. These studies include Wilson et al. (2013), 2208 

which was the source for the Canadian dust ingestion rates used in EC/HC (2015). Because some input 2209 

variables were unavailable in the literature and had to be based on professional judgment, and the dust 2210 

ingestion rates differ from those in the Exposure Factors Handbook, EPA has assigned moderate 2211 

confidence to this model input.  2212 

 2213 

Taken as a whole, with moderate confidence in the DIDP concentration monitoring data in indoor 2214 

residential dust from Kubwabo et al. (2013), robust confidence in body weight data from the Exposure 2215 

Factors Handbook U.S. EPA (2011b), and moderate confidence in dust intake data from Özkaynak et al. 2216 

(2022), EPA has assigned a weight of scientific evidence rating of moderate confidence in our estimates 2217 

of daily DIDP intake rates from ingestion of indoor dust in residences.  2218 

 Assumptions in Estimating Intakes from Indoor Dust Monitoring  2219 

5.2.1.1 Assumptions for Monitored DIDP Concentrations in Indoor Dust 2220 

The DIDP concentrations in indoor dust were derived from Kubwabo et al. (2013). In this study, 126 2221 

households from the Canadian House Dust Study conducted between 2007 and 2010 (Rasmussen et al., 2222 

2013) were vacuum sampled for indoor residential dust. The aim of the Canadian House Dust Study was 2223 

to derive a nationally representative sample of residences for Canada, and the authors randomly sampled 2224 

residences from 13 Canadian cities with a population above 100,000. Residents were asked to refrain 2225 

from vacuuming or otherwise cleaning hard surfaces within the home for 7 days prior to sampling, and 2226 

dust sampling was conducted by study technicians according to an internationally recognized sampling 2227 

method (VDI, 2001). Samples were taken from all residential areas of the home, except for “potentially 2228 

wet areas” which included kitchens, garages, workshops and unfinished sections of basements.  2229 

5.2.1.2 Assumptions for Body Weights 2230 

Body weights were taken from the Exposure Factors Handbook (U.S. EPA, 2011b), in which they were 2231 

derived from the NHANES 1999 to 2006 data set. The NHANES studies were designed to obtain a 2232 

nationally representative data set for the United States and include weight adjustment for oversampling 2233 

of certain groups (children, adolescents 12 to 19 years, persons 60+ years of age, low-income persons, 2234 
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African Americans, and Mexican Americans). Body weights were aggregated into the age ranges shown 2235 

in Table 4-4 and Table 4-5 and were averaged by sex. 2236 

5.2.1.3 Assumptions for Dust Ingestion Rates 2237 

To estimate daily intake of DIDP in residential indoor dust, a daily rate of dust ingestion is required. 2238 

EPA used rates from Özkaynak et al. (2022) which modeled to estimate dust and soil intakes for 2239 

children from birth to 21 years old. A probabilistic approach was used in the Özkaynak et al. (2022) 2240 

study to assign exposure parameters including behavioral and biological variables. The exposure 2241 

parameters are summarized in Table 5-5 and the statistical distributions chosen are reproduced in detail 2242 

in the supplemental material for Özkaynak et al. (2022).  2243 

 2244 

Table 5-5. Summary of Variables from Özkaynak et al. 2022 Dust/Soil Intake Model 2245 

Variable Description Units Source 

Bath_days_max Maximum # days between baths/showers days Ozkaynak et al. (2011), 

based on Kissel 2003 

(personal communication) 

Dust_home_hard Dust loading on hard floors μg/cm2 Adgate et al. (1995) 

Dust_home_soft Dust loading on carpet μg/cm2 Adgate et al. (1995) 

F_remove_bath Fraction of loading removed by bath or shower (-) Professional judgment 

F_remove_hand_mouth Fraction of hand loading removed by one 

mouthing event 

(-) Kissel et al. (1998) and 

Hubal et al. (2008) 

F_remove_hand_wash Fraction of hand loading removed by hand 

washing 

(-) Professional judgment 

F_remove_hour Fraction of dermal loading removed by passage 

of time 

(-) Ozkaynak et al. (2011) 

F_transfer_dust_hands Fraction of floor dust loading transferred to 

hands by contact 

(-) Ozkaynak et al. (2011) 

F_transfer_object_mouth Fraction transferred from hands to mouth (-) Zartarian et al. (2005), based 

on Leckie et al. (2000) 

Hand_contact_ratio Ratio of floor area contacted hourly to the hand 

surface area 

1/hr Freeman et al. (2001)and 

Zartarian et al. (1997) 

Hand_load_max Maximum combined soil and dust loading on 

hands 

μg/cm2 Ozkaynak et al. (2011) 

Hand_washes_per_day Number of times per day the hands are washed 1/day Zartarian et al. (2005) 

Object_floor_dust_ratio Relative loadings of object and floor dust after 

contact 

(-) Professional judgment, based 

on Gurunathan et al. (1998) 

P_home_hard Probability of being in part of home with hard 

floor 

(-) Ozkaynak et al. (2011) 

P_home_soft Probability of being in part of home with carpet (-) Ozkaynak et al. (2011) 

Adherence_soil a Accumulated mass of soil that is transferred 

onto skin 

mg/cm2 Zartarian et al. (2005), based 

on Holmes et al. (1999), 

Kissel et al. (1996a), and 

Kissel et al. (1996b) 

Hand_mouth_fraction a Fraction of hand area of one hand contacting 

the inside of the mouth 

(-) Tsou et al. (2017) 

Hand_mouth_freq a 

(indoor/outdoor) 

Frequency of hand-mouth contacts per hour 

while awake – separate rate for indoor/outdoor 

behavior 

(-) Black et al. (2005) and Xue 

et al. (2007) 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10288272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005582
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=79514
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=79514
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1060844
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1060408
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005582
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005582
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1371556
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1061886
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=25874
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1060918
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005582
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1371556
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=85956
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005582
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005582
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1371556
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005780
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=710137
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005781
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3603958
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=454107
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005574


PUBLIC RELEASE DRAFT 

May 2024 

Page 129 of 138 

Variable Description Units Source 

Object_mouth_area a Area of an object inserted into the mouth cm2 Leckie et al. (2000) 

Object_mouth_freq a Frequency at which objects are moved into the 

mouth 

(-) Xue et al. (2010) 

P_blanket b Probability of blanket use (-) Professional judgment 

F_blanket b Protective barrier factor of blanket when used (-) Professional judgment 

Pacifier_size b Area of pacifier surface cm2 Özkaynak et al. (2022) 

Pacifier_frac_hard b Fraction of pacifier drops onto hard surface (-) Professional judgment 

Pacifier_frac_soft b Fraction of pacifier drops onto soft surface (-) Professional judgment 

Pacifier_transfer b Fraction of dust transferred from floor to 

pacifier 

(-) Extrapolated from Rodes et 

al. (2001), Beamer et al. 

(2009), and Hubal et al. 

(2008) 

Pacifier_washing b Composite of the probability of cleaning the 

pacifier after it falls and efficiency of cleaning 

(-) Conservative assumption 

(zero cleaning is assumed) 

Pacifier_drop b Frequency of pacifier dropping (-) Tsou et al. (2015) 

P_pacifier b Probability of pacifier use (-) Tsou et al. (2015) 

a Variable distributions differ by lifestage 
b Variable only applies to children younger than 2 years 

 Uncertainties in Estimating Intakes from Monitoring Data 2246 

5.2.2.1 Uncertainties for Monitored DIDP Concentrations in Indoor Dust 2247 

Indoor dust concentrations were derived from Kubwabo et al. (2013), which in turn subsampled the 2248 

Canadian House Dust Study which was conducted from 2007 to 2010. That study sampled residential 2249 

house dust in approximately one thousand randomly selected households in 13 large Canadian 2250 

municipalities. It is possible that sampling biases were introduced by the choice of large municipalities 2251 

and by differences among households that chose to participate in the study. Differences in consumer 2252 

behaviors, housing type and quality, tidiness, and other variables that affect DIDP concentrations in 2253 

household dust are possible between participating households and the general population. Additionally, 2254 

because the underlying samples for Kubwabo et al. (2013) were taken between 2007-2010, uncertainty 2255 

is introduced due to the length of time that has elapsed. It is uncertain whether consumer practices, 2256 

building materials, or other factors affecting the concentration of DIDP in household dust have changed 2257 

since 2007 to 2010.  2258 

 2259 

The use of non-US data (because no US data were available) introduces uncertainty as to whether 2260 

Canadian residential and consumer uses of DIDP-containing products are similar to those of US 2261 

households. In 2008, during the time that sampling was conducted, the United States Congress enacted 2262 

the Consumer Product Safety Improvement Act (FR, 2008) which contained an interim prohibition on 2263 

children’s toys and childcare articles that contained more than 0.1 percent DIDP. This interim restriction 2264 

was lifted by the U.S. Consumer Product Safety Commission (CPSC) in 2017 (U.S. CPSC, 2017). 2265 

Health Canada proposed an equivalent restriction on DIDP in children’s toys and childcare articles 2266 

(1,000 mg/kg, equivalent to 0.1 percent) in 2010 (Governor General in Council of Canada, 2010); 2267 

however, the restrictions came into effect on June 20, 2011, after the sampling period of the Canadian 2268 
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House Dust Study that formed the basis for Kubwabo et al. (2013). It is uncertain whether children’s 2269 

toys and childcare articles are a significant source of DIDP in residential indoor dust, and whether the 2270 

differences in the timing of US and equivalent Canadian regulations on DIDP content in these articles 2271 

would contribute to differences in relative DIDP concentrations in residential indoor dust between the 2272 

two countries. 2273 

5.2.2.2 Uncertainties for Body Weights 2274 

Body weights were obtained from the Exposure Factors Handbook, which contains data from the 1999 2275 

to 2006 NHANES. Body weights were aggregated across lifestages and averaged by sex. In general, 2276 

body weights have increased in the United States since 2006 (CDC, 2013) which may lead to an 2277 

underestimate of body weight in this analysis. This would lead to an overestimate of DIDP dose per unit 2278 

body weight, because actual body weights in the US population may be larger than those assumed in this 2279 

analysis.  2280 

5.2.2.3 Uncertainties for Dust Ingestion Rates 2281 

Dust ingestion rates were obtained from Özkaynak et al. (2022) which uses mechanistic methods (the 2282 

SHEDS model) to estimate dust ingestion using a range of parameters (Table 5-5). Each of these 2283 

parameters is subject to uncertainty, especially those which are derived primarily from the professional 2284 

judgment of the authors. Because of the wide range of parameters and the lack of comparator data 2285 

against which to judge, EPA is unable to determine the direction of potential bias in each of the 2286 

parameters individually. For dust ingestion rates overall, the rates derived from Özkaynak et al. (2022) 2287 

can be compared to those found in the Exposure Factors Handbook (U.S. EPA, 2017) (Table 5-6).  2288 

 2289 

Table 5-6. Comparison between Özkaynak et al. 2022 and Exposure Factors 2290 

Handbook Dust Ingestion Rates 2291 

Age Range 0-<1m 1-<3m 3-<6m 
6m-

<1y 
1-<2y 2-<3y 3-<6y 6-<11y 

11-

<16y 

16-

<21y 

Central 

tendency 

dust 

ingestion 

(mg/day)  

Özkaynak 

et al. 

(2022) 

19 21 23 26 23 14 15 13 8.8 3.5 

U.S. EPA 

(2017) 

20 20 20 20 50 30 30 30 20 a 20 

a The intake for an 11-year old based on the Exposure Factors Handbook is 30 mg/day. The age ranges do not align 

between the two sources in this instance.  

 2292 

The Özkaynak et al. (2022) dust intake estimates for children above 1 year old are substantially lower 2293 

than those in the Exposure Factors Handbook, while the estimate for children between 1 month and 1 2294 

year old are slightly higher. The authors of the Özkaynak et al. (2022) study offer some justification for 2295 

the discrepancy by noting that the Exposure Factors Handbook recommendations are a synthesis of 2296 

several types of study, including tracer studies that “[suffer] from various sources of uncertainty that 2297 

could lead to considerable study-to-study variations”. Biokinetic and activity pattern studies, such as 2298 

Von Lindern et al. 2016 and Wilson et al. 2013 respectively, achieve results that are closer to the 2299 

Özkaynak et al. (2022) results (see Fig. 4, Özkaynak et al. (2022)).  2300 

5.2.2.4 Uncertainties in Interpretation of Monitored DIDP Intake Estimates 2301 

There are several potential challenges in interpreting available indoor dust monitoring data. The 2302 

challenges include the following: 2303 

 2304 
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• Samples may have been collected at exposure times or for exposure durations not expected to be 2305 

consistent with a presumed hazard based on a specified exposure time or duration. 2306 

• Samples may have been collected at a time or location when there were multiple sources of 2307 

DIDP that included non-TSCA COUs. 2308 

• None of the identified monitoring data contained source apportionment information that could be 2309 

used to determine the fraction of DIDP in dust samples that resulted from a particular TSCA or 2310 

non-TSCA COU. Therefore, these monitoring data represent background concentrations of DIDP 2311 

and are an estimate of aggregate exposure from all residential sources.  2312 

• Activity patterns may differ according to demographic categories (e.g., stay at home/work from 2313 

home individual versus an office worker) which can affect exposures especially to articles that 2314 

continually emit a chemical of interest. 2315 

• Some indoor environments may have more ventilation than others, which may change across 2316 

seasons. 2317 

5.3 Indoor Dust Modeling Weight of Scientific Evidence 2318 

See Section 5.1 for a detailed description of sources of uncertainties from CEM modeling and 2319 

reconstruction of indoor dust scenarios from uncertainties to data variability.2320 
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6 CONCLUSIONS AND STEPS TOWARD RISK 2321 

CHARACTERIZATION 2322 

Indoor Dust 2323 

For the indoor exposure assessment, EPA considered modeling and monitoring data. Monitoring data is 2324 

expected to represent aggregate exposure to DIDP in dust resulting from all sources present in a home. 2325 

While it is not a good indicator of individual contributions of specific COUs, it provides a real-world 2326 

indicator of total exposure through dust. For the modeling assessment of indoor dust exposures and 2327 

estimating contribution to dust from individual COUs, EPA recreated plausible indoor environment 2328 

using consumer products and articles commonly present in indoor spaces inhalation exposure from toys, 2329 

flooring, synthetic leather furniture, wallpaper, and wire insulation include a consideration of dust 2330 

collected on the surface of a relatively large area, like flooring, furniture, and wallpaper, but also 2331 

multiple toys and wires collecting dust with DIDP and subsequent inhalation and ingestion.  2332 

 2333 

Despite the moderate confidence evaluation of the monitoring assessment, a risk estimate based on these 2334 

data was not derived. Instead, they were used as a comparator to show that the modeled DIDP exposure 2335 

estimates were health protective relative to residential monitored exposures (Table 4-8). The individual 2336 

COU scenarios had a moderate to robust confidence in the exposure dose results and protectiveness of 2337 

parameters used. Hence, the COU scenarios of the articles used in the indoor assessment were used in 2338 

risk estimates calculations. Because the modeled DIDP dust risk estimates were higher than the 2339 

monitored DIDP risk estimates, EPA is confident that the resulting risk characterizations are health 2340 

protective.  2341 

 2342 

Consumer 2343 

All COU exposure dose results summarized in Section 4.1 have a moderate to robust confidence and 2344 

hence can be used for risk estimates calculations and to determine risk to the various lifestages. The 2345 

consumer assessment has low, medium, and high exposure scenarios which mainly represent use 2346 

patterns of high, medium, and low intensity uses. The high exposures scenarios capture use patterns for 2347 

high exposure potential from high frequency and duration use patterns, extensive mouthing behaviors, 2348 

and conditions that promote greater migration of DIDP from products/articles to sweat and skin. Low 2349 

and medium exposure scenarios represent less intensity in use patterns, mouthing behaviors, and 2350 

conditions that promote DIDP migration to sweat and skin, capturing populations with different 2351 

lifestyles. 2352 
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