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SUMMARY 125 

This technical support document (TSD) accompanies the Toxic Substance Control Act (TSCA) Draft 126 

Risk Evaluation for 1,2-Dichloroethane (also called the “draft risk evaluation”) (U.S. EPA, 2025c). This 127 

draft assessment describes the use of reasonably available information to evaluate consumer and indoor 128 

air exposures to 1,2-dichloroethane from consumer products containing 1,2-dichloroethane. See 129 

Appendix C of the draft risk evaluation (U.S. EPA, 2025c) for a complete list of all TSDs and related 130 

files included in the 1,2-dichloroethane draft risk evaluation. 131 

 132 

Focus of this TSD on Consumer Exposure Assessment 133 

During scoping, EPA considered all TSCA conditions of use (COUs), including consumer uses, for 1,2-134 

dichloroethane. A search was performed to identify relevant products and associated scenarios were 135 

parameterized. 1,2-Dichloroethane is a colorless, oily liquid with a chloroform-like odor. It is used 136 

primarily in the synthesis of vinyl chloride; over 90 percent of 1,2-dichloroethane is produced to be 137 

converted to vinyl chloride (U.S. EPA, 2025c). This draft TSD provides estimates of the human 138 

exposures resulting from consumer uses of 1,2-dichloroethane-containing imported articles. The routes 139 

of exposure considered were inhalation, dermal, and ingestion via mouthing.  140 

 141 

Approach for Assessing Consumer Exposures 142 

With the limited amount of data associated with the articles containing and emitting 1,2-dichloroethane, 143 

EPA conducted high-end exposure analyses for each scenario. In some cases where default parameters 144 

were required for exposure estimates, the Agency selected conservative parameters in order to capture 145 

the higher exposures across a distribution of possible exposures. This approach was used as a screening 146 

analysis to assess risk, and because risk was not identified for any of the scenarios, further refinement of 147 

model parameters was not needed. 148 

 149 

EPA quantitatively evaluated acute, intermediate, and chronic exposures to consumers associated with 150 

1,2-dichloroethane TSCA COUs. Acute exposures are for an exposure duration of 1 day, intermediate 151 

exposure durations are 30 days (≈1 month), and chronic exposures durations are 1 year. For inhalation 152 

exposure to 1,2-dichloroethane emitted from articles, EPA used either empirically derived air 153 

concentration data or the Indoor Environmental Concentrations in Buildings with Conditioned and 154 

Unconditioned Zones (IECCU) Model to estimate acute and chronic exposures. Exposure via mouthing 155 

and dermal contact were estimated using calculations outlined in Sections 2.5 and 2.6.  156 

 157 

Results of Consumer Exposure Assessment 158 

Based on the literature search of 1,2-dichloroethane consumer uses (U.S. EPA, 2025d), EPA identified 159 

three types of plastic or rubber articles imported from China that emit 1,2-dichloroethane: molded 160 

plastic lamp bases, Christmas ornaments, and squishy toys. In addition, EPA does not have evidence of 161 

manufacturing of consumer products containing 1,2-dichloroethane in the United States, supporting the 162 

finding that the assessed articles are imported and available domestically. The highest acute inhalation, 163 

dermal, and oral (mouthing) exposure estimates are to infants from ornaments. The highest intermediate 164 

and chronic inhalation exposures to infants are from emissions from lamp bases, and dermal and oral 165 

(mouthing) intermediate exposures are highest from imported Christmas ornaments.  166 

 167 

Confidence in the Consumer Exposure Assessment 168 

Confidence in the estimated doses from consumer exposures to 1,2-dichloroethane were moderate or 169 

robust depending on the uncertainties associated with input parameters. All parameters used to define 170 

exposure scenarios were determined using reasonably available information and based on professional 171 

judgment.172 

https://hero.epa.gov/reference/11151778
https://hero.epa.gov/reference/11151778
https://hero.epa.gov/reference/11151778
https://hero.epa.gov/reference/11151731
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1 INTRODUCTION 173 

1.1 Overview 174 

This draft consumer exposure assessment TSD evaluates exposures to 1,2-dichloroethane resulting from 175 

consumer product use and off-gassing from sources of 1,2-dichloroethane within the indoor 176 

environment. It supports the Draft Risk Evaluation for 1,2-Dichloroethane (U.S. EPA, 2025c) developed 177 

under the Frank R. Lautenberg Chemical Safety for the 21st Century Act, amending TSCA. The risks 178 

associated with these exposures are estimated in the Draft Risk Calculator for Consumer Exposure for 179 

1,2-Dichloroethane (U.S. EPA, 2025b) and presented in the draft risk evaluation (U.S. EPA, 2025c). For 180 

more information on the reviewed sources used to build this assessment, as well as the evaluation 181 

strategies for these sources, refer to the Draft Systematic Review Protocol Supporting TSCA Risk 182 

Evaluations for Chemical Substances Version 1.0; A Generic TSCA Systematic Review Protocol with 183 

Chemical-Specific Methodologies (also called “Draft Systematic Review Protocol”) (U.S. EPA, 2021) 184 

and Draft Risk Evaluation for 1,2-Dichloroethane – Systematic Review Protocol (U.S. EPA, 2025d), 185 

respectively. 186 

1.2 Exposure Assessment Scope 187 

EPA considered and reviewed reasonably available information through literature, consumer and 188 

economic databases, public comment, Chemical Data Reporting (CDR) rule, and public engagement to 189 

inform the scope of this draft consumer and indoor air exposure assessment for 1,2-dichloroethane. 190 

Details of this review are provided below. Overall, this assessment evaluates (1) inhalation exposures to 191 

1,2-dichloroethane for the consumer and indoor air pathways, and (2) dermal and oral exposure for the 192 

consumer pathway specifically to consumer products or articles identified that contain and/or emit 1,2-193 

dichloroethane and are a source of exposure to consumers. This draft TSD evaluates three consumer 194 

articles which could result in consumer exposure to 1,2-dichloroethane based on findings in the 195 

reasonably available literature. EPA considers acute, intermediate, and chronic non-cancer exposure 196 

durations in this consumer and indoor air exposure assessment as described in Section 2.3. As 197 

mentioned above, risks associated with these exposures are presented in the Draft Risk Evaluation for 198 

1,2-Dichloroethane (U.S. EPA, 2025c). 199 

1.2.1 Chemical Data Reporting (CDR) Database 200 

EPA reviewed the CDR database for the 2020 reporting period and did not find evidence of domestic 201 

manufacturing of polymer materials containing 1,2-dichloroethane intended for use in consumer 202 

products within the United States. A review of the CDR database for previous reporting years (2012 and 203 

2016) found one facility reported potential downstream consumer use in “Plastic and rubber products 204 

not covered elsewhere” (see Table 2-2 of the Final Scope of the Risk Evaluation for 1,2-Dichloroethane; 205 

CASRN 107-06-2 (also called the “final scope document” or “final scope”) (U.S. EPA, 2020b)). 206 

However, EPA followed up with that facility on this use and the facility clarified the reported 207 

downstream use in consumer products of 1,2-dichloroethane was an inadvertent over-classification due 208 

to the use of 1,2-dichloroethane in the synthesis of vinyl chloride. This could result in the presence of 209 

residual 1,2-dichloroethane in finished polyvinyl chloride (PVC) and post-polymerization PVC. The 210 

facility and Vinyl Institute industry trade group further clarified any residual 1,2-dichloroethane would 211 

be removed during the steam stripping and drying steps through which all PVC resins go. Because these 212 

finishing steps result in residual 1,2-dichloroethane concentrations within any downstream consumer 213 

products below detection limits under normal conditions (EPA-HQ-OPPT-2018-0427-0025), it would 214 

not be expected to result in significant exposure to 1,2-dichloroethane from downstream consumer 215 

products. 216 

https://hero.epa.gov/reference/11151778
https://hero.epa.gov/reference/13006606
https://hero.epa.gov/reference/11151778
https://hero.epa.gov/reference/10415760
https://hero.epa.gov/reference/11151731
https://hero.epa.gov/reference/11151778
https://hero.epa.gov/reference/10617340
https://www.regulations.gov/document/EPA-HQ-OPPT-2018-0427-0025
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1.2.2 Published Literature and Other Data Sources 217 

EPA further examined reasonably available information captured by the Agency’s systematic review 218 

process (including published literature, company websites, and government and commercial trade 219 

databases and publications) to further investigate the potential for downstream consumer products and 220 

articles available to U.S. consumers belonging to TSCA COUs, which may contain measurable 221 

concentrations of 1,2-dichloroethane. EPA identified three publications that provided data for emissions 222 

of 1,2-dichloroethane from household consumer articles. Two of the publications described items as 223 

“molded plastic,” but did not provide any other information on specific polymer composition. The third 224 

publication provided data on 1,2-dichloroethane emissions from “squishy toys,” which are available in 225 

U.S. markets. Investigation found that the typical domestic manufacturing processes used to make such 226 

consumer articles within the United States do not contain chlorinated compounds in the formulation and 227 

thus would not be expected to generate 1,2-dichloroethane under normal conditions. EPA acknowledges 228 

that because the above publications provided emissions data of 1,2-dichloroethane, it is possible such 229 

manufactured items could be imported to the United States from regions where manufacturing processes 230 

result in residual contamination or formation as a byproduct. Therefore, to ensure exposures and 231 

associated risks from consumer use of these articles are not missed, EPA aligned these three products to 232 

an applicable TSCA COU and include these articles in both this draft consumer exposure assessment 233 

and the draft risk evaluation for 1,2-dichloroethan. 234 

1.2.3 Consumer Conditions of Use Evaluated 235 

Table 1-1 identifies the single consumer COU to which these products were assigned. Although the 236 

potential presence in and emissions of 1,2-dichloroethane from these products could extend into the 237 

disposal of these products, EPA expects at the time of disposal any remaining 1,2-dichloroethane 238 

available for release would be minimal and thus would not result in any measurable exposure of 239 

concern. Therefore, although the Agency does evaluate exposures from these articles during use, EPA 240 

did not evaluate exposure following disposal of these articles.  241 

 242 

Table 1-1. Consumer Conditions of Use of 1,2-Dichloroethane 243 

Life Cycle 

Stagea Categoryb Subcategory of Usec References 

Consumer Plastic and rubber products Plastic and rubber products (Doucette et al., 2010) 

(Doucette et al., 2018) 

(Danish EPA, 2018) 

a Life Cycle Stage Use Definitions (40 CFR 711.3): 

- “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. 
b These categories of COUs reflect CDR codes and broadly represent COUs for 1,2-dichloroethane in industrial 

and/or commercial settings.  
c These subcategories reflect more specific uses of 1,2-dichloroethane. 

 244 

https://hero.epa.gov/reference/380562
https://hero.epa.gov/reference/5431438
https://hero.epa.gov/reference/11204426
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2 CONSUMER EXPOSURE APPROACH AND METHODOLOGY 245 

EPA’s review of reasonably available information identified three articles that could result in consumer 246 

and indoor air exposures to 1,2-dichloroethane under TSCA, as described in Section 1.2. Articles are 247 

generally solids, polymers, foams, rubbers, metals, or woods, including children’s toys, which are 248 

present within indoor environments for the duration of their useful life (which can last for several years).  249 

 250 

The three types of articles identified to emit 1,2-dichloroethane were imported molded plastic Christmas 251 

ornaments, a molded plastic lamp base, and squishy toys. Each of these articles are available to U.S. 252 

consumers and are representative of types of articles assumed to be more widely representative of 253 

similar imported articles. To EPA’s knowledge the molded plastic ornaments only consisted of imported 254 

Christmas ornaments. The molded plastic lamp base and squishy toys were also imported. The 255 

distribution of these three articles across the United States is unknown, and although EPA cannot 256 

identify the number of impacted consumers who could be exposed to 1,2-dichloroethane through use of 257 

these articles, the Agency did evaluate these as general exposure scenarios.  258 

 259 

EPA evaluated consumer and indoor air exposures that are tied to specific consumer conditions of use in 260 

accordance with the life cycle diagram and conceptual model presented in the final scope document 261 

(U.S. EPA, 2020b) and the draft risk evaluation (U.S. EPA, 2025c). As described in Section 1.2, the 262 

Agency evaluated inhalation, dermal, and oral exposures for the consumer pathway. Table 2-1 263 

summarizes the consumer COUs, exposure scenarios, and exposure routes for each of the three 264 

consumer articles identified above.  265 

 266 

Table 2-1. Summary of Consumer COUs, Exposure Scenarios, and Exposure Routes 267 

Consumer 

Use 

Category 

Consumer 

Use 

Subcategory 

Article Exposure Scenario 

Routes 

Inhalation Dermal 
Oral 

(Mouthing) 

 

 

Plastic and 

rubber 

products 

 

 

Plastic and 

rubber 

products 

Molded plastic 

Christmas 

ornaments 

One or more ornaments 

are purchased and 

brought into a home 

X X X 

Molded plastic 

lamp base 

A new lamp is brought 

into the home 

X   

Squishy toys A collection of toys is 

brought into a home 

X X X 

 268 

2.1 Exposure Routes Evaluated 269 

All three articles identified in Table 2-1 were evaluated for exposure via the inhalation route.  270 

1,2-dichloroethane is a volatile organic compound (VOC) expected to readily transition from solid 271 

consumer goods to the air based on its physical and chemical properties (U.S. EPA, 2025a). Based on 272 

this volatility, 1,2-dichloroethane is expected to remain as a vapor in air and any partitioning to airborne 273 

dust or particulate matter is expected to be negligible. Therefore, this consumer and indoor air exposure 274 

assessment evaluates 1,2-dichloroethane exposure via the inhalation route as a vapor and does not 275 

evaluate exposure to 1,2-dichloroethane via dust ingestion.  276 

 277 

Two of the three articles identified in Table 2-1 (plastic Christmas ornaments and squishy toys) were 278 

evaluated for exposure via the dermal route. This exposure is assumed to occur through dermal contact 279 

https://hero.epa.gov/reference/10617340
https://hero.epa.gov/reference/11151778
https://hero.epa.gov/reference/11816713
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with the articles. The plastic Christmas ornaments are shaped like toys (e.g., snowman) and together 280 

with the rubber squishy toys were assumed to be treated as such by young children. Exposure through 281 

dermal contact typically occurs from direct contact with a solid product on a surface. EPA recognizes 282 

overall dermal contact with 1,2-dichloroethane through handling these articles may be limited as 1,2-283 

dichloroethane will eventually volatilize from article surfaces rather than remain present in a liquid, oil, 284 

or dust form on the surface of either article. Nevertheless, since there may be some instances where 285 

either article may remain in contact with the skin for some time, EPA considers the dermal route to 286 

ensure potential exposures are not missed. In considering the dermal route of exposure via dermal 287 

contact, the Agency acknowledges typical dermal contact with Christmas ornaments is likely limited to 288 

a limited time during which ornaments are transferred from storage onto a tree or other item. However, 289 

it is possible for longer term exposure to occur if ornaments are removed and used as a toy by an infant 290 

or young child. Squishy toys are designed to be played with for some time by a consumer, and therefore 291 

short and long-term exposures are more likely for such articles. Considering these limitations and 292 

assumptions, the consumer exposure assessment includes the dermal route but considers this a bounding 293 

exercise capturing the upper bound of a reasonably foreseen exposure scenario. 294 

 295 

Two of the three articles identified in Table 2-1 (plastic Christmas ornaments and squishy toys) were 296 

evaluated for exposure via the oral route. This exposure is assumed to occur through ingestion of 1,2-297 

dichloroethane due to mouthing of the article. The plastic Christmas ornaments are shaped like toys and 298 

both the ornaments and squishy toys are assumed to be treated as toys by young children. Similar to the 299 

dermal route, ingestion of 1,2-dichloroethane through mouthing requires 1,2-dichloroethane be present 300 

on the surface of the article in some form that can then be ingested during a mouthing event. While the 301 

volatility of 1,2-dichloroethane makes this an unlikely scenario, there are some instances where either 302 

article may be mouthed (or for the squishy toy article pieces torn off and swallowed during a mouthing 303 

event) over time. Therefore, EPA includes in the consumer assessment the oral route but again considers 304 

this a bounding exercise capturing upper bound of a reasonably foreseen exposure scenario. 305 

 306 

Dermal exposure was not evaluated for molded plastic lamp bases because the short and infrequent 307 

dermal contact times with such lamp bases are expected to result in negligible dermal exposures. Oral 308 

exposure due to mouthing was not evaluated for molded plastic lamp bases because mouthing is not 309 

anticipated for this consumer article.  310 

2.2 Modeling Approaches for Routes Evaluated 311 

EPA assessed acute, intermediate, and chronic non-cancer exposures to 1,2-dichloroethane for the three 312 

articles described above in Section 2. The acute dose rate for the consumer exposure assessment was 313 

calculated using the maximum time-integrated dose over a 24-hour period during the exposure event. 314 

The intermediate dose rate was calculated using the maximum time-integrated dose over a 30-day 315 

period. Calculation of the intermediate dose rate relied upon product use descriptions and other 316 

information found during prioritization, scoping, and systematic review to estimated events per day and 317 

per month. The chronic dose rate was calculated using the maximum time-integrated dose over a 1-year 318 

period.  319 

 320 

Two approaches were applied when evaluating consumer exposure via the inhalation route depending on 321 

the information available—specific physical chemical, fate, and transport properties of 1,2-322 

dichloroethane as well as the type of article. When data for chemical weight fraction or emission rate of 323 

1,2-dichloroethane were available, EPA modeled inhalation exposure using the Agency’s peer-reviewed 324 

IECCU Model Version 1.1 (U.S. EPA, 2019b). When only chamber concentration data were available, 325 

these values were used directly in dose estimates (see Section 3.2). 326 

https://hero.epa.gov/reference/5205462
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Consumer exposure to 1,2-dichloroethane via the dermal and oral routes were evaluated using a 327 

previously peer-reviewed computational spreadsheet format. Sections 2.5 and 2.6 describe this approach 328 

as well as key parameters used to evaluate exposures.  329 

2.3 Key Parameters from Literature  330 

Two key parameters (weight fraction or emission rates of 1,2-dichloroethane) utilized to model 331 

consumer exposures to 1,2-dichloroethane from the three consumer articles evaluated were only 332 

identified in published literature. Other sources considered and reviewed for this consumer and indoor 333 

air exposure assessment did not include necessary parameters for modeling or computational 334 

spreadsheet format calculations. However, EPA was able to obtain additional information about physical 335 

characteristics of 1,2-dichloroethane and potential uses of these articles from technical specifications, 336 

manufacturer websites, and vendor websites to inform exposure scenarios. The information identified in 337 

the literature is described below.  338 

 339 

Christmas Ornaments 340 

Doucette (2010) reported 1,2-dichloroethane measured emission rates from eight molded plastic 341 

Christmas ornaments ranging from 0.007 to 0.10 µg/min. The Christmas ornament with the highest rate 342 

of emission (0.10 µg/min) was used for this consumer and indoor air exposure assessment to provide an 343 

upper-bound estimate of 1,2-dichloroethane inhalation exposures to be used for a screening assessment. 344 

There were no reported non-detects. Additional information identified for this article (chemical weight 345 

fraction and estimated surface area) was used to further characterize the exposure scenario evaluated. 346 

The decay rate of 1,2-dichloroethane emissions from this Christmas ornament could not be calculated or 347 

modeled based on the single measurement of emission rate. However, the chemical weight fraction 348 

reported for this Christmas ornament (2.3 mg 1,2-dichloroethane/g material) was used to estimate acute, 349 

intermediate, and chronic exposures. EPA acknowledges that the use of the highest measured emissions 350 

rate data for this article results in high-end inhalation exposure as well as upper-bound dermal and oral 351 

exposure estimates. Furthermore, using such conservative exposure scenario assumptions, while health 352 

protective, may not necessarily represent actual recurrent exposures for every consumer utilizing these 353 

ornaments.  354 

  355 

Plastic Lamp Base 356 

Doucette (2018) reported two emission rates from a molded plastic lamp base measured 9 months apart. 357 

There were no data for surface area of this article. The reported emission rates were 4.06 µg/min at the 358 

time of the first measurement and 1.46 µg/min at the time of the second measurement. These values 359 

were used to estimate short, intermediate and long-term inhalation consumer exposures to 1,2-360 

dichloroethane via the inhalation route. 361 

 362 

Squishy Toys 363 

The Danish EPA reported chamber concentration data for 1,2-dichloroethane emitted from squishy toys 364 

(Danish EPA, 2018). 1,2-Dichloroethane was present at measurable concentrations in 5 of the 12 365 

products tested with chamber concentrations ranging from 2 to 8 µg/m3. Chamber test conditions were 366 

chosen such that the measured concentrations in chambers could simulate real world conditions such as 367 

ventilation rate. This enabled EPA to use the chamber concentration data directly to evaluate acute, 368 

intermediate, and long-term inhalation exposures as described in Section 2.4. Additionally, this 369 

information enabled EPA to use the chamber concentration data to evaluate dermal and mouthing 370 

exposures as described in Sections 2.5 and 2.6 because the experiments were conducted under 371 

controlled, well-defined conditions.  372 

https://hero.epa.gov/reference/380562
https://hero.epa.gov/reference/5431438
https://hero.epa.gov/reference/11204426


PUBLIC RELEASE DRAFT 

November 2025 

 

Page 11 of 38 

2.4 Modeling Approach and Key Parameters for Estimating Inhalation 373 

Exposure 374 

As described in Section 2.2, two approaches were used to evaluate inhalation exposure from the three 375 

articles evaluated (Christmas ornaments, lamp bases, and squishy toys) depending on the information 376 

available. For the Christmas ornaments and lamp bases, EPA utilized the IECCU Model Version 1.1 377 

(U.S. EPA, 2019b) to estimate exposures to 1,2-dichloroethane via the inhalation route. For the squishy 378 

toys, chamber concentrations measured by the Danish EPA were found in the literature and used directly 379 

to estimate exposures to 1,2-dichloroethane via the inhalation route. For all three articles, concentrations 380 

were estimated for a 1-year period. 381 

 382 

An overview of the IECCU models used in this assessment for inhalation exposure is provided in 383 

Section 2.4.1. Key parameters and scenario inputs for each of the three articles evaluated for inhalation 384 

exposures are provided in Section 2.4.2. Calculations for inhalation dose are described in Section 2.7.1. 385 

2.4.1 Indoor Environmental Concentrations in Buildings with Conditioned and 386 

Unconditioned Zones (IECCU Model) 387 

IECCU is a previously peer-reviewed deterministic model that uses mass balance calculations and 388 

considers sources and sinks within the indoor environment to estimate 1,2-dichloroethane concentrations 389 

in this consumer and indoor air exposure assessment (U.S. EPA, 2019b). IECCU has over 60 different 390 

models available and thus can be used to evaluate a variety of release and exposure scenarios. IECCU 391 

has no default input values for any of the models, and therefore all inputs must be user-defined. This 392 

allows for the accommodation of distinct input values identified for the three articles containing 1,2-393 

dichloroethane that were evaluated in this exposure assessment. Along these same lines, IECCU requires 394 

user defined inputs for environmental parameters (e.g., building and room volumes, air flow, and 395 

ventilation rates) which are adjustable over time. IECCU is a higher tier model than EPA’s Consumer 396 

Exposure Model (CEM) and has flexible equations which are more applicable to VOCs. IECCU can be 397 

configured with one, two, or three zones within a building. For this consumer and indoor air exposure 398 

assessment, EPA used a two-zone configuration with the modeled article(s) placed in Zone 1. 399 

 400 

The choice of emission model within IECCU for 1,2-dichloroethane was guided by the type of data 401 

available for each article evaluated. Emissions from the articles evaluated were modeled using either an 402 

empirical model (IECCU Model 12) or a diffusion-based model. Both models capture the characteristic 403 

pattern of emission from articles (an initial rapid, high concentration release followed by a prolonged, 404 

lower concentration release) but differ in their input requirements. The empirical model requires manual 405 

input of an initial emission rate and a first-order decay rate specific to the article modeled. The 406 

diffusion-based model relies exclusively on the weight fraction of 1,2-dichloroethane in the article and 407 

physicochemical properties of the article controlling emissions. Detailed descriptions of the equations 408 

and inputs used for each model in this consumer and indoor air exposure assessment for 1,2-409 

dichloroethane are provided in Sections 2.4.1.1 and 2.4.1.2.  410 

2.4.1.1 Empirical Emission Rate Model 411 

The empirical emission rate model requires an initial emission rate and a first order decay rate for the 412 

user defined inputs. For 1,2-dichloroethane, both parameters are populated with values obtained from 413 

literature. The emission rate at the elapsed time is calculated as shown below in Equation 2-1. 414 

  415 

https://hero.epa.gov/reference/5205462
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Equation 2-1. 416 

𝑅𝑡 =  𝑅0 𝑒−𝑘𝑡       417 

Where:  418 

Rt = Emission rate at time t (h)  419 

R0 = Initial emission rate (μg/h)  420 
t = Elapsed time (h), and  421 
k = Single exponential rate of decay (h−1). 422 

2.4.1.2 Diffusion-Based Emission Rate Model 423 

The diffusion-based emission rate model uses a modified state-space (MSS) method to estimate the 424 

emission rate of 1,2-dichloroethane from the articles evaluated. The MSS method divides the solid phase 425 

of the article into a finite number of “layers.” Using several physicochemical properties, the MSS 426 

method then considers the diffusion of 1,2-dichloroethane through each slice until it reaches the top or 427 

outermost layer where 1,2-dichloroethane is emitted to air. The rate of emissions from the top slice of 428 

the material to air is calculated as shown in Equation 2-2. 429 

 430 

Equation 2-2. 431 

𝑅𝑚𝑎 =  𝐻𝐴 ∗ 𝐴 ( 
𝐶𝑚1

𝐾𝑚𝑎
−  𝐶𝑎)     432 

 433 

Where: 434 

Rma = Emission rate from the top (exposed) slice  435 

HA = Overall gas phase mass transfer coefficient (m/h)  436 

A = Surface area of the emission source (m2) 437 

Cm1 = Chemical concentration in the top (exposed) slice (µg/m3)  438 

Kma = Solid:air partition coefficient (dimensionless)  439 

Ca = Chemical concentration in air (µg/m3)  440 

2.4.2 Key Parameters for Estimating Inhalation Exposure 441 

The simulation duration selected for both the empirical and diffusion-based emission rate models 442 

described in Sections 2.4.1.1 and 2.4.1.2 was 10,000 hours, and the number of data points selected was 443 

5,000. EPA used the highest air concentration estimated for a 24-hour period (averaged across 12 444 

consecutive data points) to represent the peak concentrations to evaluate acute exposure to 1,2-445 

dichloroethane. The Agency used the highest air concentrations estimated within a 30-day period 446 

(averaged across 720 hours) to evaluate intermediate exposure. EPA also used modeled air 447 

concentrations across the entire simulation duration to evaluate long-term chronic non-cancer exposure. 448 

 449 

Environment-specific characteristics like room volume and ventilation rates were utilized in both the 450 

empirical and diffusion-based emission rate models adjusted for the article and exposure scenario being 451 

evaluated. For all articles, the total volume of the home (Zone 1 + Zone 2) was assumed to be 446 m3 452 

and the indoor-outdoor air exchange rate was assumed to be 0.45 hour−1. These values are the 453 

recommended values provided in Table 19-1 in EPA’s Exposure Factors Handbook (also called the 454 

“Handbook”) (U.S. EPA, 2019a).  455 

 456 

For modeling within IECCU, the room in which the article evaluated is located is considered Zone 1 and 457 

the rest of the house is considered Zone 2. Typical room dimensions for Zone 1 used for this draft 458 

consumer and indoor air exposure assessment were obtained from the Handbook (U.S. EPA, 2019a). For 459 

the Christmas ornament scenario, EPA assumes the articles are in a living room that is 12’ × 15’ with 8’ 460 

ceilings. This results in a room volume of 41 m3 (U.S. EPA, 2019a). For the table lamp and squishy toy 461 

https://hero.epa.gov/reference/5352400
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scenarios, the items are assumed to be in a bedroom that is 12’ × 12’ with 8’ ceilings. This results in a 462 

room volume of 33 m3. 463 

 464 

The interzonal air flows used for the IECCU modeling are a function of the overall air exchange rate and 465 

volume of the building as well as the openness of the room. interzonal air flows are characterized in a 466 

regression approach for closed rooms and open rooms. For this consumer and indoor air exposure 467 

assessment, EPA uses an interzonal ventilation rate of 109 m3/h for the living room and 107 m3/h for the 468 

bedroom. These interzonal flow rates are based on a regression approach for closed rooms and open 469 

rooms described in (U.S. EPA, 2023). 470 

 471 

Article-specific characteristics control the rate of emissions to air and, by extension, chemical 472 

concentrations in air. However, key parameters will differ depending upon the modeling approach 473 

selected for each item. A detailed description of modeling strategy and data derivation for each article 474 

evaluated is provided below.  475 

 476 

Holiday Decorations 477 

The molded plastic Christmas ornaments evaluated in this assessment were modeled in IECCU Version 478 

1.1 with the diffusion-based emission equation described in Section 2.4. The article-specific 479 

characteristics used to model emission rates were weight fraction of 1,2-dichloroethane in the material, 480 

article surface area (m2), solid phase diffusion coefficient (m2/s), surface layer thickness (cm), and the 481 

solid-air partitioning coefficient (unitless). The IECCU Model is sensitive to each of these parameters, 482 

except the surface layer thickness, and an increase in any one of the remaining parameters considered 483 

will result in increased emissions and greater exposure to 1,2-dichloroethane. 484 

 485 

The surface area of a single ornament was reported to be 72.6 cm2 (Doucette et al., 2010). However, 486 

similar ornaments were observed for sale from U.S. online retailers in packs of 12. As such, the surface 487 

area was adjusted to account for the possibility that multiple ornaments are purchased and enter a home 488 

simultaneously. The adjusted surface area value used in this scenario is 870 cm2. EPA assumed a surface 489 

layer thickness of 0.1 cm as recommended in the CEM (U.S. EPA, 2017). The reported weight fraction 490 

for this item (2.3 mg 1,2-dichloroethane/g material) was converted to µg/m3 by assuming a material 491 

density of 1.21 g/cm3 (material density of standard acrylonitrile butadiene styrene [ABS] polymer); the 492 

converted value used in the assessment is 2.78×109 µg/m3.  493 

 494 

Chemical material-specific values for the solid phase diffusion coefficient were estimated with a 495 

quantitative property-property relationship (QPPR) developed to predict diffusion coefficients for a wide 496 

range of organic chemicals and materials based on temperature, material type, and molecular weight of 497 

the chemical (Huang et al., 2017). The QPPR Model was internally and externally validated against 498 

measured diffusion coefficients and shown to have good predictive capability for chemicals with 499 

molecular weights between 30 and 1,178 g/mol at temperatures between 4 and 180 °C. 1,2-500 

Dichloroethane has a molecular weight of 98.95 g/mol, which is well within the domain of applicability 501 

for this model. The diffusion coefficient was calculated using the material specific parameters for poly 502 

ABS, which is commonly used to produce molded plastic home goods. The predicted value for solid 503 

phase diffusion coefficient is 1.62×10−12 m2/s. 504 

 505 

The solid-air partitioning coefficient was estimated with a quantitative structure-property relationship 506 

(QSPR) developed to predict partitioning coefficients for many chemicals and materials based on the 507 

octanol-air partitioning coefficient, enthalpy of vaporization, material type, and temperature (Huang and 508 

Jolliet, 2019). This model was internally and externally validated and shown to have good predictive 509 

capability for chemicals with log KOA from 1.4 to 14.6, enthalpy of vaporization from 22.3 to 75.6 510 

https://hero.epa.gov/reference/11374403
https://hero.epa.gov/reference/380562
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kJ/mol, and temperatures from 15 to 100 °C. An estimated value for enthalpy of vaporization for 1,2-511 

dichloroethane of 34.8 kJ/mol was obtained from the National Institute of Standards and Technology 512 

Chemical Web Book. All other necessary physical and chemical properties are provided in the Draft 513 

Chemistry and Fate and Transport Assessment for 1,2-Dichloroethane (U.S. EPA, 2025a). The diffusion 514 

coefficient was calculated using the material specific parameters for polypropylene, which is commonly 515 

used to produce molded plastic home goods. The predicted value for the solid-air partitioning coefficient 516 

is 1.53×104. 517 

 518 

For this consumer and indoor air exposure assessment, EPA assumes the Christmas ornaments evaluated 519 

are used seasonally and then stored for the remainder of the 1-year period modeled. Depending upon 520 

storage location and conditions, emissions of 1,2-dichloroethane to air may continue to affect indoor air 521 

concentrations (Doucette et al., 2010) throughout the year. For this assessment and exposure scenario 522 

modeled EPA assumes the Christmas ornaments are stored within the house in an open/unsealed storage 523 

container outside of the holiday season. Therefore, emissions of 1,2-dichloroethane continue to occur 524 

and impact indoor air concentrations throughout the year. While storage in an open/unsealed container 525 

may be viewed as a high-end scenario due to the emissions continuously occurring for the entire year, 526 

considering the rapid decay rates in emissions as the year progresses, it provides a reasonable exposure 527 

scenario where 1,2-dichloroethane will continue to volatilize over time. This will decrease the available 528 

1,2-dichloroethane within the Christmas ornament available to volatize year after year. Therefore, the 529 

modeled exposure scenario is representative of the 1-year period evaluated for this exposure assessment 530 

and provides a health protective estimate for the first year of use (initial opening of new Christmas 531 

ornament for use followed by open/unsealed storage). Although storage of the Christmas ornaments 532 

could use a sealed container outside of the holiday season, it is unlikely a typical consumer will have a 533 

fully sealed container used to store Christmas ornaments. Even plastic bins used for storage will allow 534 

1,2-dichloroethane to escape during storage (therefore still impacting indoor air concentrations). 535 

Furthermore, if a sealed container is used, 1,2-dichloroethane will continue to be released from the 536 

Christmans ornaments during storage although the emissions would remain within the sealed storage 537 

container. However, opening the storage container for the next holiday season would result in a 538 

substantially higher initial inhalation dose of 1,2-dichloroethane upon opening the sealed container 539 

which could have a significant impact on the short-term exposures to 1,2-dichloroethane experienced by 540 

the consumer for the second and future years of Christmas ornament use/storage.  541 

 542 

Plastic Lamp Base 543 

Plastic lamp bases evaluated for this assessment were modeled in IECCU Version 1.1 with the empirical 544 

emission equation described in Section 2.4.1.1. Article-specific characteristics for the plastic lamp bases 545 

used for this modeling include 1,2-dichloroethane initial emission rate (µg/h) and first order decay 546 

constant (hr−1). The emission rate used for this assessment was 4.06 µg/min. This is the initial emission 547 

reported by Doucette (2018) and represents the higher of the two emission rates reported and the 548 

expected emission rate for a newly opened article. Thus, this emission is a high-end emission rate and 549 

health protective value which represents use of a newly opened plastic lamp base. The first-order decay 550 

constant used for the plastic lamp base article was calculated as shown in Equation 2-3.  551 

 552 

Equation 2-3. 553 

𝑘 =  
ln (

𝑅0
𝑅1

⁄ )

𝑡
       554 

 555 

Where:  556 

R0 = Initial emission rate (i.e., the first data point in the paper) (μg/h)  557 

R1 = Emission rate at time t (i.e., the second data point in the paper) (μg/h)  558 

https://hero.epa.gov/reference/11816713
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t = Elapsed time (h), which is 9 months (6,480 h)  559 

 560 

The calculated first order decay rate (k) for this article was 1.6×10−4 h. This value was used to populate 561 

the decay rate parameter in Equation 2-1 described in Section 2.4.1.1.  562 

 563 

Squishy Toys 564 

The Danish EPA reported chamber concentration data for 1,2-dichloroethane emitted from squishy toys 565 

(Danish EPA, 2018). The data were generated in a 113-liter chamber at typical indoor conditions (23 °C, 566 

50% relative humidity, and 0.5 air exchange per hour). Before the chamber tests, the toys were squeezed 567 

10 times to simulate the realistic use conditions. The concentration data were scaled as described below 568 

to a room volume equivalent to a bedroom scenario presented above (12 × 12; 8-foot ceilings; total 569 

volume of 33 m3). In addition, the single toy measurement was scaled by a factor of 25 to account for 570 

the fact that squishy toys are often purchased as a large set; a value of 40 toys was suggested by the 571 

Danish EPA as a high-end estimate, but an informal survey of bagged sets available from U.S. retailers 572 

indicated that 25 may be more appropriate. The scaled factors used for this assessment were calculated 573 

as follows: 574 

• To adjust for room volume in a home (chamber volume/room volume): 0.113m3 ÷ 33 m3 = 575 

0.0034; and 576 

• To adjust for the purchase of a new bag of squishy toys: 0.0034 × 25 = 0.085. 577 

To estimate emission rates for this consumer and indoor air exposure assessment, the maximum reported 578 

chamber concentration from the Danish EPA (8 µg/m3) was modified using the final scaling factor 579 

(0.085). This results in an estimated emission rate of 0.68 ug/m3 (8 µg/m3 × 0.085 = 0.68 ug/m3). For 580 

this squishy toy scenario, EPA applied a constant emission rate model for this 1,2-dichloroethane 581 

consumer and indoor air exposure assessment since a decline in emission rates could not be modeled 582 

with reasonably available data considered and reviewed by the Agency. The results presented in Section 583 

3.1 for squishy toys do not capture the typical emission rate decay expected from articles like squishy 584 

toys. Although use of a constant emission rate model may provide a high-end exposure scenario for 585 

consumers who may only introduce a single or couple squishy toys into the home, it may still represent 586 

an average exposure scenario for individuals who may introduce new squishy toys into the home on a 587 

routine basis.  588 

2.5 Modeling Approach and Key Parameters for Estimating Dermal 589 

Exposure 590 

Dermal exposure to 1,2-dichloroethane from Christmas ornaments and squishy toys were evaluated in 591 

this assessment. EPA modeled dermal exposures assuming transfer of emitted 1,2-dichloroethane 592 

directly to skin during contact. Key parameters for this exposure modeling approach include the 593 

following: surface specific emission rate (µg/cm2-h), contact time (h), contact surface area (cm2), and 594 

contact frequency (day−1, year−1). For this high-end screening assessment, EPA assumed all surface 595 

specific emissions of 1,2-dichloroethane to the hands were fully absorbed. This represents an upper-596 

bound exposure scenario and assumes objects are gripped tightly with little room for diffusion to the air. 597 

 598 

To estimate contact time for squishy toys, data were obtained from Table 16-26 of EPA’s Children’s 599 

Exposure Factors Handbook (U.S. EPA, 2008). Reported values for playtime for children under 15 600 

ranged from 24 to 137 minutes per day, with a mean value of 88 minutes. The maximum value of 137 601 

minutes per day was selected to estimate exposure for both Christmas ornaments and squishy toys. 602 

While this may represent an appropriate contact time of children with squishy toys, it represents an 603 

upper-bound limit for dermal contact associated with Christmas ornaments (where contact is not 604 

https://hero.epa.gov/reference/11204426
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expected to occur nearly as frequently every day of the year). Nonetheless, since the Christmas 605 

ornaments evaluated for this assessment due to the 1,2-dichloroethane content were all small, colorful 606 

plastic items, EPA assumed a child may use these ornaments in a similar manner to action figures or 607 

dolls. To ensure possible exposures under this play scenario were not missed, EPA assumed the play 608 

time from the Children’s Exposure Factors Handbook (U.S. EPA, 2008) is representative for Christmas 609 

ornaments. Dermal exposure was not modeled for consumers exceeding 15 years of age as the longer-610 

term dermal contact with either Christmas ornaments or squishy toys daily is not expected to be 611 

significant.  612 

 613 

Contact frequency for Christmas ornaments and squishy toys were assumed to be once per day for each 614 

item. Christmas ornaments were assumed to be handled daily for 30 days of the year during the holiday 615 

season. Once stored, it is assumed the Christmas ornaments will no longer be available for dermal 616 

contact and not likely to be contacted until the following holiday season. Similar to the contact duration 617 

described above, the exposure scenario modeled assumes a child plays with Christmas ornaments as if 618 

they are a toy. Therefore, while out for use during the holiday season and available for play, the 619 

exposure scenario presented assumes 30 days of contact and represents an average exposure estimate. 620 

Squishy toys are traditionally intended to be out and available for play daily throughout the year. 621 

Therefore, EPA assumes contact frequency for a squishy toy was every day (365 days per year). 622 

 623 

Contact surface area was assumed to be the inside of two hands for squishy toys and the inside of one 624 

hand for ornaments, which are smaller in size than some larger squishy toys observed for sale. 625 

 626 

For the ornament, the surface specific emission rate was calculated as emissions/surface area (µg/h-627 

cm2). For the squishy toys, surface specific emission rates could not be calculated directly based on the 628 

reported data so were estimated using Equation 2-4:  629 

 630 

Equation 2-4. 631 

𝑅 =  𝐶 × 𝑁 × 𝑉       632 

 633 

Where:  634 

R = Emission rate (μg/h)  635 

C = Reported 1,2-dichloroethane concentration from chamber tests (μg/m3)  636 

N = Chamber ventilation rate (h−1) 637 

V = Chamber volume (m3). 638 

 639 

The surface area of the measured squishy toys was not reported. However, the weight for each item was 640 

reported and the document stated that they were composed of polyurethane (PU) foam. An estimate for 641 

material density was calculated based on item weight and dimensions reported on similar items on 642 

retailer websites, yielding a value of 0.91 g/cm3. There is some uncertainty in this value as the 643 

dimensions provided for each item are approximate, but it is well within the range of densities reported 644 

by PU foam manufacturers. To estimate the surface area of the squishy toys reported in each chamber 645 

test (because EPA is unable to determine surface areas tested based on the data available), a spherical 646 

surface area was estimated using the reported sample weight and estimated material density. After 647 

generating estimates for both emission rates and surface area, the surface specific emission rate was 648 

calculated as emissions/surface area (µg/h-cm2). Detailed calculations for derivation of all parameters 649 

used to estimate dermal exposure can be found in Draft Risk Calculator for Consumer Exposure for 1,2-650 

Dichloroethane (U.S. EPA, 2025b). 651 
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2.6 Modeling Approach and Key Parameters for Estimating Mouthing 652 

Exposure 653 

Oral exposure to 1,2-dichloroethane due to mouthing from Christmas ornaments and squishy toys were 654 

evaluated in this assessment. EPA modeled oral exposures assuming transfer of emitted 1,2-655 

dichloroethane directly to the oral cavity during mouthing. Emissions were assumed to fully transfer to 656 

saliva and be ingested, in a closed mouth, mouthing scenario. Key parameters for this exposure 657 

modeling approach are surface specific emission rate (µg/cm2-h), mouthing time (h), article area 658 

mouthed (cm2), and mouthing frequency (day−1, year−1). Derivation of surface specific emission rates 659 

used in this analysis are described in Section 2.5. Both Christmas ornaments and squishy toys were 660 

assumed to be mouthed once per day. Consistent with the exposure scenario description and reasoning 661 

provided for dermal exposure in Section 2.5, Ornaments were assumed to be mouthed 30 days per year 662 

(during play time) and squishy toys assumed to be mouthed 365 days per year (again during playtime). 663 

All other parameters are described below.  664 

 665 

Mouthing Surface Area 666 

 “Mouthing surface area” refers to the specific area of an object that comes into direct contact with the 667 

mouth during a mouthing event. A value of 10 cm2 for mouthing surface area was used in this exposure 668 

assessment to evaluate oral exposure of children to 1,2-dichloroethane due to mouthing. This value is a 669 

standardized value commonly used in studies to estimate mouthing exposure in children and is based on 670 

empirical data reflecting typical mouthing behavior in young children. Therefore, use of this 671 

standardized value for this assessment provides a reasonable basis for estimating exposure levels and 672 

potential health risks associated with mouthing activities.  673 

 674 

Mouthing Duration 675 

Mouthing durations were obtained from Table 4-23 of the Exposure Factors Handbook (U.S. EPA, 676 

2011b), which provides mean mouthing durations for children between 1 month and 5 years of age, 677 

broken down by age groups expected to be behaviorally similar. Values are provided for toys, pacifiers, 678 

fingers, and other objects (such towels, clothes, hard surfaces). EPA did not identify article specific 679 

information for mouthing duration for Christmas ornaments and therefore used the mouthing duration 680 

values for “other objects” for this exposure assessment. Squishy toys can reasonably be characterized as 681 

toys and so the mouthing duration values for “toys” were used for squishy toys. To calculate mouthing 682 

durations for each age group in this assessment, all relevant data in Table 4-23 of the Handbook (U.S. 683 

EPA, 2011b) were considered together. The maximum value observed across all relevant age groups 684 

was used to populate exposure scenarios and is summarized in Table 2-2.  685 

  686 
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Table 2-2. Mouthing Durations for Children for Toys and Other Objects 687 

 
Estimated Mean Daily Mouthing Duration 

Values from Table 4-23 in Exposure Factors 

Handbook (min/day) 

Mouthing Durations for Assessment Age Groups 

(min/day) 

Item 

Mouthed 

Reported Age Group Assessment Age Group: Infants (<1 year) 

1–3 Months 3–6 Months 6–9 Months 
9–12 

Months 
Maximum Mean Minimum 

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 Age Group Assessment Age Group: Infants (1–2 years) 

12–15 

Months 

15–18 

Months 

18–21 

Months 

21–24 

Months 
Maximum Mean Minimum 

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 Age Group 
Assessment Age Group: Small Children 

(3–5 years) 

2 Years 3 Years 4 Years 5 Years Maximum Mean Minimum 

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 

 688 

While the mouthing duration values presented in Table 2-2 for “other objects” used for Christmas 689 

ornaments are lower than those for “toys” for the age group less than 1 year of age, the values for “other 690 

objects” in the remaining age groups are considerably higher than those for “toys.” This is particularly 691 

prevalent in the highest age group (3–5 years old). The reason for this difference is unknown but may be 692 

tied to the type of “other objects” the older age groups may mouth including objects associated with 693 

eating (e.g., lollipops, kids plastic eating utensils) or other object designed for longer mouthing durations 694 

as well as newer “toys” designed for the older age groups, which do not lend themselves as much to 695 

mouthing events. These unknown factors in addition to the uncertainty associated with whether a 696 

Christmas ornament would be handled and mouthed for the full durations assumed for this assessment 697 

further support the estimated oral exposures for Christmas ornaments being an upper-bound limit on 698 

potential exposure.  699 

2.7 Dose Calculations 700 

Acute, intermediate and chronic dose rates were calculated for all three consumer articles described in 701 

Section 2. An exposure duration of 1 day was used to define acute dose, 30 days was used to define 702 

intermediate dose, and 1 year was used to define chronic dose. The calculations utilized to derive 703 

inhalation, dermal and oral doses are presented in Sections 2.7.1 through 2.7.4. Inhalation dose 704 

calculations for acute, intermediate, and chronic scenarios are presented in Section 2.7.1. Dermal dose 705 

calculations for acute and chronic scenarios are presented in Section 2.7.2. Oral dose (via mouthing) 706 

calculations for acute and chronic scenarios are presented in Section 2.7.3. Because the same calculation 707 

is used for dermal and oral dose for the intermediate scenario, this calculation is presented in Section 708 

2.7.4. Doses were calculated for seven distinct age groups defined below:  709 

• (21+ years) → Adults 710 

• (16–20 years) → Teenagers and young adults 711 

• (11–15 years) → Young teens 712 
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• (6–10 years) → Middle childhood 713 

• (3–5 years) → Preschoolers 714 

• (1–2 years) → Toddlers 715 

• (<1 year) → Infants 716 

Age group-specific body weights used in calculations were taken from Table 8-1 of EPA’s Exposure 717 

Factors Handbook (U.S. EPA, 2011b). Additional sources of information like inhalation rates are 718 

provided in the respective sections.  719 

2.7.1 Inhalation Dose 720 

The inhalation doses presented in this section consider the chemical emission rate over time, the volume 721 

of the house and each zone, the air exchange rate, interzonal airflow rate, and the exposed individual’s 722 

location and inhalation rates. The age-specific inhalation rates utilized in these dose calculations and 723 

presented in Table 2-3 are taken from Table 6-1 of EPA’s 2011 Exposure Factors Handbook (U.S. EPA, 724 

2011a). Air concentrations used to estimate doses come from the derivations presented in Sections 725 

2.4.1.1 and 2.4.1.2. 726 

 727 

The acute dose rate for inhalation from an article placed in the indoor environment (room) was 728 

calculated per Equation 2-5: 729 

 730 

Equation 2-5. Acute Dose Rate for Inhalation from an Article Placed in the Indoor Environment 731 

in Air 732 

𝐴𝐷𝑅𝐴𝑖𝑟 =
𝐶𝑔𝑎𝑠_𝑚𝑎𝑥 × 𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 × 𝐼𝑛ℎ𝑎𝑙𝑅𝑎𝑡𝑒 × 𝐶𝐹1

𝐵𝑊 × 𝐶𝐹2
 733 

 734 

Where: 735 

𝐴𝐷𝑅𝐴𝑖𝑟 = Acute dose rate, air (mg/kg-day) 736 

𝐶𝑔𝑎𝑠_𝑚𝑎𝑥 = Maximum 24-hour average gas phase concentration (µg/m3) 737 

𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 = Fraction of time in environment (unitless) 738 

𝐼𝑛ℎ𝑎𝑙𝑅𝑎𝑡𝑒 = Inhalation rate (m3/h) 739 

𝐶𝐹1  = Conversion factor (24 h/day) 740 

𝐵𝑊  = Body weight (kg) 741 

𝐶𝐹2   = Conversion factor (1,000 µg/mg) 742 

 743 

The intermediate dose rate for inhalation from an article placed in the indoor environment (room) was 744 

calculated per Equation 2-6.  745 

 746 

Equation 2-6. Intermediate Average Daily Dose Rate for Inhalation from an Article Placed in the 747 

Environment in Air 748 

𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝐷𝑎𝑖𝑙𝑦 𝐷𝑜𝑠𝑒 =
𝐶𝑚𝑜𝑛𝑡ℎ_𝑎𝑣𝑔 × 𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 × 𝐼𝑛ℎ𝑎𝑙𝑅𝑎𝑡𝑒 × 𝐶𝐹1

𝐵𝑊 × 𝐶𝐹2
 749 

Where: 750 

𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝐷𝑎𝑖𝑙𝑦 𝐷𝑜𝑠𝑒 = Intermediate daily dose rate, air (mg/kg-day) 751 

𝐶𝑚𝑜𝑛𝑡ℎ_𝑎𝑣𝑔   = 30-day average gas phase concentration (µg/m3) 752 

𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒   = Fraction of time in environment (unitless) 753 

𝐼𝑛ℎ𝑎𝑙𝑅𝑎𝑡𝑒   = Inhalation rate (m3/h) 754 

𝐶𝐹1    = Conversion factor (24 h/day) 755 

https://hero.epa.gov/reference/786546
https://hero.epa.gov/reference/11414382
https://hero.epa.gov/reference/11414382
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𝐵𝑊    = Body weight (kg) 756 

𝐶𝐹2     = Conversion factor (1,000 µg/mg) 757 

 758 

Chronic average daily dose for inhalation from an article placed in the environment (room) was 759 

calculated per Equation 2-7: 760 

 761 

Equation 2-7. Chronic Average Daily Dose Rate for Inhalation from an Article Placed in the 762 

Environment in Air 763 

𝐶𝐴𝐷𝐷𝐴𝑖𝑟 =
𝐶𝑦𝑒𝑎𝑟_𝑎𝑣𝑔 × 𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 × 𝐼𝑛ℎ𝑎𝑙𝑅𝑎𝑡𝑒 × 𝐶𝐹1

𝐵𝑊 × 𝐶𝐹2
 764 

Where: 765 

𝐶𝐴𝐷𝐷𝐴𝑖𝑟 = Chronic dose rate, air (mg/kg-day) 766 

𝐶𝑦𝑒𝑎𝑟_𝑎𝑣𝑔 = Average daily gas phase concentration over 1 year (µg/m3) 767 

𝐹𝑟𝑎𝑐𝑇𝑖𝑚𝑒 = Fraction of time in environment (unitless) 768 

𝐼𝑛ℎ𝑎𝑙𝑅𝑎𝑡𝑒 = Inhalation rate (m3/h) 769 

𝐶𝐹1  = Conversion factor (24 h/day) 770 

𝐵𝑊  = Body weight (kg) 771 

𝐶𝐹2   = Conversion factor (1,000 µg/mg) 772 

 773 

Table 2-3. Inhalation Rates Used in Models 774 

Age Group 

(years) 

Inhalation Rate 

(m3/h)  

Adults (21+) 0.61 

Teenagers (16–20) 0.68 

Young Teens (11–15) 0.63 

Middle Childhood (6–10) 0.5 

Preschoolers (3–5) 0.42 

Toddlers (1–2) 0.35 

Infants (<1) 0.23 

2.7.2 Dermal Dose 775 

The dermal dose estimate assumes that the chemical emitted from the article is absorbed through skin 776 

during direct contact with the solid object as described in Section 2.5. For this conservative screening 777 

analysis, all 1,2-dichloroethane emitted from the article was assumed to be absorbed for this exposure 778 

scenario. This represents an upper-bound exposure scenario and assumes objects are gripped tightly with 779 

little room for diffusion to the air. 780 

 781 

Acute daily dose rate for dermal adsorption was calculated per Equation 2-8.  782 

 783 

Equation 2-8. Acute Dose Rate for Dermal Dose 784 

 785 

𝐴𝐷𝑅 =  
𝑀𝑅 × 𝐶𝐴 × 𝐷𝑚 ×  𝐸𝐷𝑎𝑐 × 𝐶𝐹1

𝐵𝑊 × 𝐴𝑇𝑎𝑐 × 𝐶𝐹2 × 𝐶𝐹3
 786 

 787 
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Where: 788 

𝐴𝐷𝑅 = Acute dose rate (mg/kg-day) 789 

𝑀𝑅 = Surface specific emission rate (µg/cm2-h) 790 

𝐶𝐴 = Contact area (cm2)  791 

𝐷𝑚 = Duration of contact (min/h) 792 

𝐸𝐷𝑎𝑐 = Exposure duration, acute (days) 793 

𝐶𝐹1 = Conversion factor (24 h/day) 794 

𝐵𝑊 = Body weight (kg) 795 

𝐴𝑇𝑎𝑐 = Averaging time, acute (days) 796 

𝐶𝐹2  = Conversion factor (1,000 µg/mg) 797 

 𝐶𝐹3  = Conversion factor (60 min/h) 798 

 799 

Chronic average daily dose rate for dermal absorption was calculated per  Equation 2-9:  800 

 801 

 Equation 2-9. Chronic Average Daily Dose Rate for Ingestion of Article Mouthed 802 

 803 

𝑪𝑨𝑫𝑫 =  
𝑴𝑹 × 𝑪𝑨 × 𝑫𝒎 ×  𝑬𝑫𝒄𝒓 × 𝑪𝑭𝟏

𝑩𝑾 × 𝑨𝑻𝒄𝒓 × 𝑪𝑭𝟐 × 𝑪𝑭𝟑
 804 

Where: 805 

𝐶𝐴𝐷𝐷 = Chronic average daily dose (mg/kg-day) 806 

𝑀𝑅 = Surface specific emission rate (µg/cm2-h) 807 

𝐶𝐴 = Contact area (cm2) 808 

𝐷𝑚 = Duration of contact (min/h) 809 

𝐸𝐷𝑐𝑟 = Exposure duration, chronic (years) 810 

𝐶𝐹1 = Conversion factor (24 h/day) 811 

𝐴𝑇𝑐𝑟 = Averaging time, chronic (years) 812 

𝐵𝑊 = Body weight (kg) 813 

𝐶𝐹2  = Conversion factor (1,000 µg/mg) 814 

𝐶𝐹3  = Conversion factor (60 min/h) 815 

2.7.3 Oral Dose 816 

The oral dose estimate due to mouthing assumes that the chemical emitted from the article is ingested 817 

via object-to-mouth contact as described in Section 2.6. For this conservative screening level analysis, 818 

all 1,2-dichloroethane emitted from the article is assumed to migrate from the article to the saliva and 819 

then be ingested in a closed mouth scenario. Therefore, this exposure scenario represents an upper-820 

bound oral exposure estimate. 821 

 822 

Acute daily dose rate for ingestion of article mouthed was calculated per Equation 2-10: 823 

 824 

Equation 2-10. Acute Dose Rate for Ingestion of Article Mouthed 825 

 826 

𝐴𝐷𝑅 =  
𝑀𝑅 × 𝐶𝐴 × 𝐷𝑚 ×  𝐸𝐷𝑎𝑐 × 𝐶𝐹1

𝐵𝑊 × 𝐴𝑇𝑎𝑐 × 𝐶𝐹2 × 𝐶𝐹3
 827 

Where: 828 

𝐴𝐷𝑅 = Acute dose rate (mg/kg-day) 829 

𝑀𝑅 = Surface specific emission rate (µg/cm2-h) 830 

𝐶𝐴 = Contact area of mouthing (cm2)  831 

𝐷𝑚 = Duration of mouthing (min/h) 832 
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𝐸𝐷𝑎𝑐 = Exposure duration, acute (days) 833 

𝐶𝐹1 = Conversion factor (24 h/day) 834 

𝐵𝑊 = Body weight (kg) 835 

𝐴𝑇𝑎𝑐 = Averaging time, acute (days) 836 

𝐶𝐹2  = Conversion factor (1,000 µg/mg) 837 

𝐶𝐹3  = Conversion factor (60 min/h) 838 

 839 

Chronic average daily dose rate for ingestion of article mouthed was calculated per Equation 2-11: 840 

 841 

Equation 2-11. Chronic Average Daily Dose Rate for Ingestion of Article Mouthed 842 

 843 

𝑪𝑨𝑫𝑫 =  
𝑴𝑹 × 𝑪𝑨 × 𝑫𝒎 ×  𝑬𝑫𝒄𝒓 × 𝑪𝑭𝟏

𝑩𝑾 × 𝑨𝑻𝒄𝒓 × 𝑪𝑭𝟐 × 𝑪𝑭𝟑
 844 

Where: 845 

𝐶𝐴𝐷𝐷 = Chronic average daily dose (mg/kg-day) 846 

𝑀𝑅 = Surface specific emission rate (µg /cm2-h) 847 

𝐶𝐴 = Contact area of mouthing (cm2) 848 

𝐷𝑚 = Duration of mouthing (min/h) 849 

𝐸𝐷𝑐𝑟 = Exposure duration, chronic (years) 850 

𝐶𝐹1 = Conversion factor (24 h/day) 851 

𝐴𝑇𝑐𝑟 = Averaging time, chronic (years) 852 

𝐵𝑊 = Body weight (kg) 853 

𝐶𝐹2  = Conversion factor (1,000 µg/mg) 854 

𝐶𝐹3  = Conversion factor (60 min/h) 855 

2.7.4 Mouthing and Dermal Intermediate Average Daily Dose  856 

For dermal and oral exposures, the intermediate doses were calculated from the average daily dose, 857 

ADD, (µg/kg-day) for each route presented above. EPA then assumes daily exposure for 30 days as 858 

described in Sections 2.5 and 2.6 to calculate the intermediate dose per Equation 2-12: 859 

 860 

Equation 2-12. Intermediate Average Daily Dose Equation 861 

 862 

𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝐷𝑜𝑠𝑒 =
𝐴𝐷𝐷 × 𝐸𝑣𝑒𝑛𝑡 𝑝𝑒𝑟 𝑀𝑜𝑛𝑡ℎ

𝐸𝑣𝑒𝑛𝑡𝑠 𝑝𝑒𝑟 𝐷𝑎𝑦
 863 

Where: 864 

𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝐷𝑜𝑠𝑒  = Intermediate average daily dose, µg/kg-month 865 

𝐴𝐷𝐷   = Average daily dose, µg/kg-day 866 

𝐸𝑣𝑒𝑛𝑡 𝑝𝑒𝑟 𝑀𝑜𝑛𝑡ℎ = Events per month, month−1  867 

𝐸𝑣𝑒𝑛𝑡 𝑝𝑒𝑟 𝐷𝑎𝑦 = Events per day, day−1 868 

  869 
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3 MODELING RESULTS 870 

This section summarizes the modeled concentrations of 1,2-dichloroethane in indoor air and dose 871 

estimates from inhalation, dermal and oral exposure to 1,2-dichloroethane from consumer articles. 872 

Exposure via the inhalation route occurs from inhalation of 1,2-dichloroethane gas-phase emissions and 873 

was evaluated for all three articles identified in Section 2.1. Exposure via the dermal route occurs from 874 

direct contact with articles containing 1,2-dichloroethane that migrates through the article’s solid matrix 875 

to the surface where dermal contact occurs as described in Section 2.5. Dermal exposure was evaluated 876 

for two consumer articles (Christmas ornaments and squishy toys). Exposure via the oral route (via 877 

mouthing) was evaluated for children aged 5 years or less under from direct mouthing of articles 878 

containing 1,2-dichloroethane that migrates through the article’s solid matrix to the surface where 1,2-879 

dichloroethane fully migrates from the article to saliva and is ingested as described in Section 2.6. Oral 880 

exposure was evaluated for two consumer articles (Christmas ornaments and squishy toys). 881 

3.1 Modeled Concentrations of 1,2-Dichloroethane in Air 882 

Modeled 24-hour average, 30-day average, and 1-year average indoor air concentrations for each 883 

consumer article modeled for consumer exposure are presented below in Table 3-1.  884 

 885 

Table 3-1. Modeled Average Air Concentrations (µg/m3) for Acute (24-Hour), Intermediate (30-886 

Day), and Chronic (1-Year) Durations 887 

Representative Article 

24-Hour Average 

Concentration 

(µg/m3) 

30-Day Average 

Concentration 

(µg/m3) 

1-Year Average 

Concentration 

(µg/m3) 

Lamp base 1.67 1.58 0.84 

Ornaments 3.18 0.63 0.17 

Squishy toys 0.28 0.28 0.28 

 888 

Emissions of VOCs from newly purchased polymer materials generally exhibit an initial period of high 889 

emissions followed by a rapid decline in emission rate that is often described by a first or second order 890 

decay coefficient (Even et al., 2019). This behavior is consistent with the presented findings for 1,2-891 

dichloroethane as shown in Figure 3-1 for one article (Christmas ornaments) that used the diffusion-892 

based emission rate model within IECCU as discussed in Section 2.4.1.2.  893 

 894 

The modeled time frame for 1,2-dichloroethane inhalation exposure went out to a single year, therefore 895 

the averages presented above are high-end estimates for exposures. Considering the decay rate seen in 896 

Figure 3-1 for Christmas ornaments, if a longer time frame was modeled, the average exposure 897 

concentrations would be lower. Therefore, the exposure scenario modeled and presented for Christmas 898 

ornaments represents a high-end, health protective scenario compared to longer modeled time frames.  899 

 900 

EPA did not identify the necessary data to allow use of the diffusion-based emissions rate model with 901 

IECCU for the remaining two articles (lamp base and squishy toys). The Agency used an empirical 902 

emission rate model in IECCU for the lamp base to determine average concentrations presented in Table 903 

3-1. EPA used direct measured concentrations from a chamber study for squishy toys to determine 904 

average concentrations presented in Table 3-1. Although a decrease in concentrations for the lamp base 905 

can be seen in Table 3-1 and Figure 3-1, the change in concentrations are linear rather than following the 906 

first/second-order decay rates as characterized by Christmas ornaments. Use of the measured 907 

concentrations directly to determine concentrations of 1,2-dichloroethane in the ambient air from 908 

https://hero.epa.gov/reference/13034481
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squishy toys results in a constant emission rate for each time duration considered in this assessment.  909 

 910 

 911 

Figure 3-1. Modeled Concentrations of 1,2-Dichloroethane in Zone 1 Air over a 10,000-Hour (≈1-912 

Year) Period Resulting from Emissions from Each Representative Article 913 

3.2 Ingestion, Inhalation, and Dermal uptake Doses 914 

Acute, intermediate, and chronic doses for inhalation, dermal, and oral routes for all age groups and all 915 

three consumer articles evaluated are presented in Figure 3-2, Figure 3-3, and Figure 3-4. The associated 916 

dose data for each route, age group, and consumer article evaluated are also compiled in Table 3-2.  917 

 918 

In general, 1,2-dichloroethane doses were highest in the younger age groups (infants and toddlers) and 919 

lowest for adults. This is expected due to compounding physical and behavioral differences between the 920 

age groups. Specifically, infants and toddlers are more likely to handle, play, and mouth these items for 921 

a longer duration than adults. For example, the handling of Christmas ornaments by adults (dermal 922 

exposure) are more likely to be short durations to place on the item decorated (a tree for instance), while 923 

infants and toddlers may take them off the decorated item to handle, play, and mouth them for an 924 

extended time, which is a conservative assumption. For oral exposures, mouthing of Christmas 925 

ornaments is not an activity an adult would participate in; therefore, as discussed in Section 2.5, was not 926 

assessed for individuals over 15 years of age. However, as discussed in Sections 2.4, 2.5, and 2.6, all age 927 

groups are assumed to be exposed via inhalation and dermal exposures to the same concentrations in 928 

1,2-dichloroethane for the duration of the exposure period. Thus, other physical factors, such as the 929 

surface area of the skin relative to different age groups, lower body weight for younger age groups, and 930 

higher relative inhalation rates in younger age groups can all contribute to the differences in doses 931 

shown in Figure 3-2, Figure 3-3, and Figure 3-4 and compiled in Table 3-2. 932 
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 933 

Figure 3-2. Acute Dose Rate (µg/kg-day) for All Age Groups and All 934 

Exposure Paths 935 

 936 

 937 

 938 

Figure 3-3. Intermediate Average Daily Dose (µg/kg-day) for All Age Groups 939 

and All Exposure Paths 940 

 941 
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 942 

Figure 3-4. Chronic Average Daily Dose (µg/kg-day) for All Age Groups and 943 

All Exposure Paths 944 

  945 

Table 3-2. Inhalation, Ingestion, and Dermal Doses of 1,2-Dichloroethane (µg/kg-day) for Chronic, 946 

Acute, and Intermediate Exposure Windows 947 
Representative 

Article 

Exposure 

Route 
Infants Toddlers Preschoolers 

Middle 

Childhood 

Young 

Teens 
Teenagers Adults 

Chronic average daily dose (CADD) (µg/kg-day) 

Lamp base Inhalation 0.59 0.56 0.45 0.32 0.22 0.19 0.15 

Ornaments Inhalation 0.12 0.11 0.09 0.06 0.05 0.04 0.03 

Ornaments Dermal 0.31 0.27 0.23 0.19 0.15 – – 

Ornaments Mouthing 0.64 0.37 0.24 – – – – 

Squishy toys Inhalation 0.20 0.19 0.15 0.11 0.08 0.06 0.05 

Squishy toys Dermal 0.07 0.06 0.05 0.04 0.03 – – 

Squishy toys Mouthing 0.11 0.03 0.01 – – – – 

Acute dose rate (ADR) (µg/kg-day) 

Lamp base Inhalation 1.18 1.11 0.90 0.63 0.44 0.38 0.31 

Ornaments Inhalation 2.25 2.12 1.72 1.20 0.85 0.72 0.58 

Ornaments Dermal 3.81 3.26 2.82 2.27 1.79 – – 

Ornaments Mouthing 7.79 4.53 2.90 – – – – 

Squishy toys Inhalation 0.20 0.19 0.15 0.11 0.08 0.06 0.05 

Squishy toys Dermal 0.07 0.06 0.05 0.04 0.03 – – 

Squishy toys Mouthing 0.11 0.03 0.01 – – – – 

Intermediate average daily dose (µg/kg-day) 

Lamp base Inhalation 1.12 1.05 0.86 0.60 0.42 0.36 0.29 

Ornaments Inhalation 0.45 0.42 0.34 0.24 0.17 0.14 0.12 

Ornaments Dermal 3.81 3.26 2.82 2.27 1.79 – – 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

Infant Toddler Preschooler Middle
childhood

Young teen Teenager Adult

C
hr

on
ic

 A
vg

. D
ai

ly
 D

os
e 

(µ
g/

kg
-d

ay
)

Lamp Base Inhalation Ornaments Inhalation Ornaments Dermal

Ornaments Mouthing Squishy Toys Inhalation Squishy Toys Dermal

Squishy Toys Mouthing



PUBLIC RELEASE DRAFT 

November 2025 

 

Page 27 of 38 

Representative 

Article 

Exposure 

Route 
Infants Toddlers Preschoolers 

Middle 

Childhood 

Young 

Teens 
Teenagers Adults 

Ornaments Mouthing 7.79 4.53 2.90 – – – – 

Squishy toys Inhalation 0.20 0.19 0.15 0.11 0.08 0.06 0.05 

Squishy toys Dermal 0.07 0.06 0.05 0.04 0.03 – – 

Squishy toys Mouthing 0.11 0.03 0.01 – – – – 

 948 

Results presented in Figure 3-2, Figure 3-3, and Figure 3-4 and compiled in Table 3-2 show the highest 949 

acute and intermediate dose rates occur from oral exposure (via mouthing) of Christmas ornaments in 950 

both infants and toddlers. Acute and intermediate dose rates for the preschool age group is about equal 951 

for both dermal and oral exposure of Christmas ornaments within this age group, but lower than 952 

associated exposures in the infant and toddler age group. The highest chronic dose rates for these three 953 

age groups show a similar trend for dermal and oral routes. The acute and intermediate dose rates for 954 

Christmas ornaments via the oral and dermal routes in all three of these age groups are much higher than 955 

the associated acute and intermediate dose rates for any of the articles via the inhalation route. 956 

Considering the assumptions made for the Christmas ornaments dermal and oral exposure scenarios 957 

discussed in Sections 2.5 and 2.6, these results support the description of these scenarios as an upper-958 

bound exposure estimate for 1,2-dichloroethane.  959 

 960 

The highest acute dose rates for the inhalation route occur for Christmas ornaments across all age groups 961 

followed by dose rates from the molded plastic lamp base. In contrast, the highest intermediate dose 962 

rates for the inhalation route occur from the molded plastic lamp base followed by Christmas ornaments. 963 

For both acute and intermediate dose rates for the inhalation route squishy toys contributions to 1,2-964 

dichloroethane exposures are minimal. The highest chronic dose rates for the inhalation route are 965 

dominated by the molded plastic lamp base, followed by squishy toys, although chronic dose rates from 966 

Christmas ornaments are only slightly below squishy toys. Long-term exposures to 1,2-dichloroethane 967 

via the inhalation route from the molded plastic lamp base is expected since a lamp is typically opened 968 

and then left out continuously where constant releases of 1,2-dichloroethane can occur leading to 969 

inhalation exposures. Squishy toys contribution to chronic dose rates relative to Christmas ornaments via 970 

the inhalation route may be due to more frequent use of squishy toys by the age groups evaluated. This 971 

is particularly true if the action of squishing a squishy toy drives the release of 1,2-dichloroethane from 972 

the article during use. The lower chronic dose rates from ornaments may be due to the scenario 973 

evaluated where direct releases of 1,2-dichloroethane to the air would primarily occur when the 974 

Christmas ornaments are in use and out in the open during the holiday season. Outside of the holiday 975 

season, ornaments were assumed to be stored (even though stored in an open/unsealed container for the 976 

scenario evaluated in this assessment), which would be expected to result in a lower exposure from the 977 

stored/unused Christmas ornament for the majority of the year, relative to a squishy toy that may remain 978 

in the open and be used more frequently throughout the year.  979 
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4 1,2-DICHLOROETHANE MEASUREMENTS IN INDOOR AIR 980 

Measured concentrations of 1,2-dichloroethane in indoor air with units of µg/m3 were identified and 981 

extracted from four sources and are presented in Figure 4-1 and in Table 4-1. Overall, concentrations 982 

ranged from not detected to 140 µg/m3 from 440 samples collected between 1987 and 2010. Location 983 

types were categorized as residential and the reported detection frequency ranged from 0 to 1.  984 

 985 

 986 

Figure 4-1. Concentrations of 1,2-Dichloroethane (µg/m3) in the Vapor/Gas Fraction of Indoor Air 987 

from 1987–2017 988 

 989 

 990 

Table 4-1. Summary of Peer-Reviewed Literature that Measured 1,2-Dichloroethane (µg/m3) 991 

Levels in the Vapor/Gas Fraction of Indoor Air 992 

Citation Country Location Type 
Sampling 

Year(s) 

Sample Size 

(Frequency of 

Detection, %) 

Detection 

Limit 

(µg/m3) 

Overall 

Quality Level 

Chin et al. (2014) US Residential 2009–2010 325 (13) 0.39 High 

Doucette et al. (2010) US Residential 2008 12 (100) N/R Medium 

Lindstrom et al. (1995) US Residential 1992–1993 34 (6) 1.62 Medium 

Lindstrom et al. (1995) US Residential 1992–1993 34 (0) 2.77 Medium 

Cohen et al. (1989) US Residential 1987 35 (63) 7.6 Medium 

US = United States  

Study quality metrics are described in detail in the Draft Systematic Review Protocol for 1,2-Dichloroethane (U.S. 

EPA, 2025d) 

 993 

Among the studies from the United States and Canada, six involved concentrations within residents that 994 

may be associated with TSCA COUs and relevant to indoor and consumer exposures. These six studies 995 

are discussed in detail below. 996 

 997 

Lindstrom (1995) evaluated indoor air quality in six experimental homes designed using low-emitting 998 

building materials and methods to improve indoor air quality, and three conventionally built homes in a 999 

suburban area of Denver, Colorado. Each home was sampled soon after construction and prior to 1000 

occupancy, in December 1992, and 5 to 6 months after occupancy, in May 1993. None of the pre-1001 

occupancy measurements found detectable 1,2-dichloroethane, which was only detected in one 1002 

conventionally built home after occupancy with a reported geometric mean of 0.19 µg/m3. These results 1003 

could suggest that 1,2-dichloroethane is not commonly used in either low-emitting or conventional 1004 

building materials.  1005 

 1006 

  1007 

https://hero.epa.gov/reference/2443355
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Doucette (2010) measured 1,2-dichloroethane in indoor air in residences in Utah near groundwater 1008 

contamination associated with an industrial facility. Indoor air sampling was performed starting in 2003 1009 

to assess vapor intrusion in residences overlying the contaminated groundwater. Indoor air quality was 1010 

monitored at approximately 530 residences including approximately 1,900 samples collected over a 24-1011 

hour period. 1,2-Dichloroethane was detected in 96 of the residences at concentrations ranging from 1012 

0.06 to 130 µg/m3. The detection frequency steadily increased from 2005 to 2008. However, some 1013 

measurements of 1,2-dichloroethane occurred in homes that did not overlie the contaminated 1014 

groundwater, which suggests internal sources were likely the source of 1,2-dichloroethane observed in 1015 

the air samples rather than vapor intrusion. A room-by-room sampling approach was performed using 1016 

Tenax sorbent tube sampling in five residences where 1,2-dichloroethane was previously detected. 1017 

Samples were collected for approximately 10 to 30 minutes at known flow rates from 100 to 150 1018 

mL/min. This initial sampling led to more detailed investigations at two residences. 1019 

 1020 

In one of the residences, the highest concentration (82 µg/m3) was in a basement room used for storage. 1021 

This was significantly higher than concentrations in other rooms that were between 0.41 to 12 µg/m3. 1022 

Repeated sampling of the basement and attached garage with and without the items suggested that the 1023 

items in the storage room contain source(s) of 1,2-dichloroethane. Specifically, the source(s) were in 1024 

plastic storage containers with holiday decorations. Air samples from three decoration storage containers 1025 

were sampled at random and concentrations of 14, 65, and 290 µg/m3 were measured. The 1,2-1026 

dichloroethane measurements from objects in the container with the highest concentration were 1027 

quantified using a flow-through chamber system. The main source was identified to be a small painted 1028 

Christmas ornament (surface area of ≈72.6 cm2) that emitted 0.3 µg/min of 1,2-dichloroethane with a 95 1029 

percent confidence internal of 0.025 µg/min. Samples of the surface coatings and base materials were 1030 

extracted and analyzed. The item weighed 64.8 g and the reported average concentration in the base 1031 

material was 2.3 mg 1,2-dichloroethane/g, which was about five times higher than the concentrations in 1032 

the surface coatings that ranged from 0.4 to 0.7 mg 1,2-dichloroethane/g. 1033 

 1034 

Doucette (2010) reported uncertainties in source attribution between the base material and the surface 1035 

coatings of the ornament because the 1,2-dichloroethane found in the coating could be from small pieces 1036 

of base material mixed in or from diffusion from the base material to the coatings. Seven visually similar 1037 

molded plastic ornaments purchased from retail stores were also analyzed for 1,2-dichloroethane for 1038 

comparison. The weights of these holiday ornaments ranged from 42.9 to 118.8 g and the 1,2-1039 

dichloroethane emission rates ranged from 0.007 to 0.10 µg/min. The 1,2-dichloroethane emissions from 1040 

similar newly purchased ornaments suggested that the 1,2-dichloroethane emissions measured from the 1041 

ornament in the residence were not associated with vapor intrusion. Additionally, a predicted indoor air 1042 

concentration of 0.13 µg/m3 was calculated based on the emission rate of 0.3 µg/min measured from the 1043 

ornament found in the residence. Because the study authors reported this emission rate for one item and 1044 

reported that many similar items were present in the residence, the calculated concentrations for 1045 

emission rates from multiple similar items would be higher. Following this study, eight homes where 1046 

1,2-dichloroethane was detected were further investigated and molded plastic decorations emitting 1,2-1047 

dichloroethane were found to be present at all of the homes.  1048 

 1049 

Doucette (2018) performed emission chamber measurements and residence emission studies on 1050 

consumer products previously identified in vapor intrusion investigations. 1,2-Dichloroethane was 1051 

identified in an injection molded plastic lamp base. The laboratory measured emission rate for 1,2-1052 

dichloroethane in the molded lamp base was 4.06 ± 0.15 µg/min. Three studies were conducted at one 1053 

residence over a 13-month period. The consumer products were placed in a room on the second floor 1054 

and air samples were collected using Tenax sorbent tubes in the source room, the main floor room, and 1055 

the basement room before and after turning on the HVAC system. Samples were collected for about 10 1056 
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to 30 minutes at known flow rates of approximately 100 mL/min. The average measured indoor air 1057 

concentration of 1,2-dichloroethane was 3.55 µg/m3. Indoor air concentrations were estimated from a 1058 

laboratory measured product emission rate, an average air exchange rate measured using a portable 1059 

GCMS (4.4 volumes/day), and the indoor air volume calculated from the measured room dimensions 1060 

(600 m3). The estimated 1,2-dichloroethane concentration was 2.2 µg/m3. This study provides a 1061 

comparison between the measured 1,2-dichloroethane in indoor air and EPA’s target cancer risk and 1062 

hazard quotient screening levels for 1,2-dichloroethane from EPA’s Regional Screening Level for 1063 

Resident Ambient Air. The comparison showed, the consumer product emissions can be like or even 1064 

exceed these levels. Additionally, the authors discuss the potential for these consumer product emissions 1065 

to confound vapor intrusion investigations.  1066 

 1067 

Chin (2014) also found potential links between 1,2-dichloroethane concentrations in homes and 1068 

consumer products but did not confirm 1,2-dichloroethane content in specific products identified. This 1069 

study characterized VOCs in 126 homes of children with asthma in Detroit, Michigan, from March 2009 1070 

to September 2010. Bedrooms and main living areas were sampled using tube-type passive samplers 1071 

over a 7-day period. 1,2-Dichloroethane was detected in 13 percent of samples and the reported mean 1072 

and standard deviation were 0.34 ± 0.51 µg/m3. The detected concentrations ranged from 0.18 to 3.93 1073 

µg/m3. Factor analyses indicated degreasers, paint remover, and moth crystals as potential sources of 1074 

1,2-dichloroethane. However, the study did not measure the concentrations in these products and the 1075 

authors report that the factor analysis only provides a tentative identification of sources. 1076 

 1077 

In summary, in most studies, 1,2-dichloroethane concentrations in indoor air were detectable in less than 1078 

half of sampled residences and measured concentrations of 1,2-dichloroethane in indoor residential air 1079 

were generally low. Based on available evidence, vapor intrusion from groundwater contamination does 1080 

not appear to be a significant source of observed 1,2-dichloroethane concentrations in indoor air. Two 1081 

studies provided evidence that 1,2-dichloroethane can be emitted from molded plastic articles (Doucette 1082 

et al., 2018; Doucette et al., 2010). Chin (2014) found some association between liquid products 1083 

including degreasers and paint thinners. No products of this type were identified with 1,2-dichloroethane 1084 

content during this assessment, and it remains unclear whether it was at any point included in 1085 

formulations. 1,2-Dichloroethane may be generated as a degradation product of other chlorinated 1086 

compounds found in consumer products such as trichloroethylene, perchloroethylene, or 1,1,2-1087 

trichloroethane. Under certain conditions, such as exposure to heat or light, these solvents can undergo 1088 

chemical transformations like reductive dechlorination or substitution reactions, leading to the formation 1089 

of 1,2-dichloroethane as a degradation product, although evaluation of 1,2-dichloroethane as a 1090 

degredation product was beyond the final scope of this risk evaluation (U.S. EPA, 2020b) following 1091 

public comment.   1092 

https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
https://hero.epa.gov/reference/2443355
https://hero.epa.gov/reference/5431438
https://hero.epa.gov/reference/5431438
https://hero.epa.gov/reference/380562
https://hero.epa.gov/reference/2443355
https://hero.epa.gov/reference/10617340


PUBLIC RELEASE DRAFT 

November 2025 

 

Page 31 of 38 

5 WEIGHT OF SCIENTIFIC EVIDENCE 1093 

5.1 Consumer Exposure Analysis Weight of Scientific Evidence 1094 

The migration of 1,2-dichloroethane from plastic and rubber consumer articles has been identified as a 1095 

potential source of exposure; however, the relative contribution of various consumer goods to overall 1096 

exposure to 1,2-dichloroethane has not been well characterized. Given the limited data available and 1097 

uncertainties regarding the percent concentration of 1,2-dichloroethane that may be present in consumer 1098 

articles, EPA evaluated exposures to 1,2-dichloroethane via the inhalation, dermal, and oral routes. The 1099 

Agency’s approach to this evaluation applied health-protective assumptions for exposure model inputs 1100 

and high-end/upper-bound estimates to characterize exposures. This included assuming 100 percent 1101 

absorption for all relevant exposure pathways (inhalation, dermal contact, and oral [via mouthing and 1102 

ingestion])—even though bioavailability is likely lower. Behavioral parameters were also selected to 1103 

reflect high-end estimates across the age groups evaluated. For example, maximum values for total daily 1104 

durations of playtime and mouthing from the EPA’s Exposure Factors Handbook (U.S. EPA, 2019a) 1105 

were used for the dermal contact and mouthing scenarios in younger age groups assessed (e.g., infants, 1106 

toddlers). This assumption is compounded by the Agency’s assumption that all time spent on these 1107 

activities takes place with articles containing 1,2-dichloroethane. These assumptions ensure that 1108 

potential risks are not underestimated in the absence of more data on the number and type of consumer 1109 

articles containing 1,2-dichloroethane that might be present in each home. 1110 

 1111 

EPA considered both variability and uncertainty in this consumer and indoor air exposure assessment for 1112 

1,2-dichloroethane and describe these below. Variability refers to the inherent heterogeneity or diversity 1113 

of data in an assessment. It is a description of the range or spread of a set of values. Variability cannot 1114 

be reduced but can be characterized. Uncertainty refers to a lack of data or an incomplete understanding 1115 

of the context of the risk evaluation decision. Uncertainty can be reduced by collecting more or better 1116 

data. Uncertainty is addressed qualitatively by including a discussion of factors such as data gaps and 1117 

subjective decisions or instances where professional judgment was used. This consumer and indoor air 1118 

exposure assessment for 1,2-dichloroethane has inherent challenges due to sources of uncertainty in the 1119 

analysis. Some examples of uncertainty include use of 1,2-dichloroethane in product formulation, 1120 

calculation of surface specific 1,2-dichloroethane emission rates, and patterns of consumer use of the 1121 

articles evaluated. Variability in environmental conditions can also alter physical and/or chemical 1122 

behavior of the product or article.  1123 

 1124 

Following consideration of the weight of scientific evidence through documenting the uncertainties and 1125 

variabilities associated with this consumer and indoor air exposure assessment for 1,2-dichloroethane, 1126 

EPA presents its confidence (robust, moderate, or slight) in the results and findings. Generally, 1127 

designation of robust confidence suggests thorough understanding of the scientific evidence and 1128 

uncertainties. The supporting weight of scientific evidence outweighs the uncertainties to the point 1129 

where it is unlikely that the uncertainties could have a significant effect on the exposure estimate. The 1130 

designation of moderate confidence suggests some understanding of the scientific evidence and 1131 

uncertainties. More specifically, the supporting scientific evidence weighed against the uncertainties is 1132 

reasonably adequate to characterize exposure estimates. The designation of slight confidence is assigned 1133 

when the weight of scientific evidence may not be adequate to characterize the scenario, and when the 1134 

assessor is making the best scientific assessment possible in the absence of complete information and 1135 

there are additional uncertainties that may need to be considered. The confidence to use the results from 1136 

this consumer and indoor air exposure assessment for 1,2-dichloroethane for risk characterization and 1137 

regulatory decision-making ranges from moderate to robust after considering the weight of scientific 1138 

evidence. The basis for the moderate to robust confidence in the overall exposure estimates is a balance 1139 
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between using parameters that represent various populations, use patterns, and health protective 1140 

assumptions that are not outliers, excessive, or unreasonable. 1141 

 1142 

Product Formulation and Composition 1143 

Data were generally limited for weight fractions of 1,2-dichloroethane in consumer goods. EPA 1144 

obtained data for 1,2-dichloroethane weight fractions in a single plastic ornament as well as emission 1145 

rates of 1,2-dichloroethane from several similar ornaments, a molded plastic lamp base, and squishy toys 1146 

from existing literature (Section 2.3). However, the extent to which these specific items or other 1147 

similarly formulated items include 1,2-dichloroethane in its product formulation or degree of availability 1148 

in the U.S. market is not well understood. Furthermore, no specific information on the role of 1,2-1149 

dichloroethane in polymer formulation for the identified items was available leaving the source of 1,2-1150 

dichloroethane emissions from these consumer articles uncertain although emissions of 1,2-1151 

dichloroethane were directly measured. Because data were limited, EPA was generally not able to obtain 1152 

multiple values for weight fraction or emission rates for similar products or articles beyond those 1153 

utilized for this assessment. Overall weight fraction and/or emission rate confidence is moderate for the 1154 

articles modeled. 1155 

 1156 

Article Surface Area 1157 

The surface area of an article directly affects the potential for 1,2-dichloroethane emissions to the 1158 

environment. For each article modeled for inhalation exposure, an estimate for surface area was 1159 

calculated for representative articles or a collection of articles (Section 2.4.2). This approach relied on 1160 

manufacturer-provided dimensions or product dimensions provided in literature where possible. For 1161 

small items that might be expected to be present in a home in significant quantities, such as squishy toys, 1162 

aggregate values were calculated for the cumulative surface area for each type of article in the indoor 1163 

environment. For example, ornaments were observed for sale from U.S. online retailers in packs of 12. 1164 

As such, the surface area was adjusted to account for the possibility that multiple ornaments are 1165 

purchased and enter a home simultaneously. Although aggregate inhalation exposure can occur from 1166 

multiple articles present in the residence, dermal and oral exposures are limited to the number of articles 1167 

played with at a given time. For example, an infant only has two hands and therefore can only obtain 1168 

dermal contact from the number of squishy toys or Christmas ornaments that can be held in both hands 1169 

(i.e., most likely 1 or 2, rather than 10). Because of this difference across routes and the available data 1170 

considered, overall confidence in surface area is moderate to robust.  1171 

 1172 

Human Behavior 1173 

To calculate inhalation exposure, home occupants are assumed to move about the house in activity 1174 

patterns that take them in and out of the zone in which articles are placed. The activity pattern model 1175 

used in this assessment assumes that all occupants are at home most of the day. This activity pattern was 1176 

developed based on the Consolidated Human Activity Database (CHAD) and was chosen to provide 1177 

exposure estimates that may be appropriate for individuals who spend significant quantities of time 1178 

inside the home, such as those who work or attend school from home or those with disabilities that limit 1179 

mobility (U.S. EPA, 2024a).  1180 

 1181 

Mouthing durations are a source of uncertainty in human behavior. The data used in this assessment are 1182 

based on a study in which parents observed children (n = 236) ages 1 month to 5 years of age for 15 1183 

minutes each session and 20 sessions in total (Smith and Norris, 2003). There was considerable 1184 

variability in the data due to behavioral differences among children of the same life stage. For instance, 1185 

while children aged 6 to 9 months had the highest average mouthing duration for toys at 39 minutes per 1186 

day, the minimum duration was 0 minutes with a maximum of 227 minutes per day. The observers noted 1187 

that the items mouthed were made of plastic roughly 50 percent of the mouthing time, but this is not 1188 
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limited to soft plastic items likely to contain significant plasticizer content. In another study, 169 1189 

children aged 3 months to 3 years were monitored by trained observers for 12 sessions at 12 minutes 1190 

each (Greene, 2002). They reported mean mouthing durations ranging from 0.8 to 1.3 minutes per day 1191 

for soft plastic toys and 3.8 to 4.4 minutes per day for other soft plastic objects (except pacifiers). While 1192 

squishy toys may appropriately fit into toys considered in these studies, the mouthing of Christmas 1193 

ornaments daily for the entire playtime of 127 minutes for this consumer and indoor air exposure 1194 

assessment likely adds additional uncertainty as the Christmas ornaments are not typical toys or objects 1195 

played with by the younger age groups evaluated in this assessment. Nonetheless, EPA maintains the 1196 

mouthing durations used in this assessment provide a health protective, upper-bound exposure estimates 1197 

of oral exposure (via mouthing of plastic items found to contain 1,2-dichloroethane). The overall 1198 

confidence in the values considered for human exposure in this assessment is robust. 1199 

  1200 

Modeling Tool 1201 

Confidence in the model used considers whether the model has been peer reviewed, as well as whether it 1202 

is being applied in a manner appropriate to its design and objective. For example, the use of IECCU 1.1 1203 

for TSCA risk evaluations has undergone previous peer review through SACC’s review of the 1-1204 

bromopropane (1-BP), cyclic aliphatic bromide cluster (HBCD), and formaldehyde risk evaluations 1205 

(U.S. EPA, 2024b, 2020a, c). IECCU 1.1 is also publicly available and has been applied for this 1,2-1206 

dichloroethane consumer and indoor air exposure assessment in a manner intended and used to estimate 1207 

exposures associated with articles placed in a residence. This assessment also considers representative 1208 

user defined input values that can be appropriately applied to existing residences such as building and 1209 

room volumes, interzonal ventilation rates, and air exchange rates. Overall confidence in the proper use 1210 

of IECCU 1.1 for this consumer and indoor air exposure assessment for 1,2-dichloroethane is robust. 1211 

 1212 

Dermal Modeling for 1,2-Dichloroethane  1213 

Experimental dermal uptake data for 1,2-dichloroethane were not identified via the systematic review 1214 

process. This provides uncertainty in the characterization of dermal exposures to 1,2-dichloroethane 1215 

emitted from solid items. To maintain a health protective approach to evaluating dermal exposures to 1216 

1,2-dichloroethane from the three articles evaluated in this assessment, EPA assumes 100 percent 1217 

absorption of all 1,2-dichloroethane emitted from the object in contact with skin. The Agency 1218 

acknowledges this assumption likely results in an upper-bound estimate of dermal exposure, but believes 1219 

it appropriately maintains a health protective approach to assessing dermal exposure. Overall confidence 1220 

in the dermal uptake values for this 1,2-dichloroethane consumer and indoor air exposure assessment is 1221 

moderate. 1222 

  1223 

Modeling Parameters for 1,2-Dichloroethane Chemical Migration  1224 

EPA did not identify any existing studies examining oral exposure to 1,2-dichloroethane via mouthing 1225 

or chemical migration rates of 1,2-dichloroethane to saliva. The physicochemical properties of 1,2-1226 

dichloroethane significantly influence its partitioning into saliva during mouthing activities. There is 1227 

interplay between solubility and volatility around 1,2-dichloroethane that could affect the total dose 1228 

available for oral absorption followed by swallowing/ingestion of 1,2-dichloroethane absorbed. For 1229 

example, as a VOC with relatively low molecular weight (98.95 g/mol) and moderate water solubility 1230 

(8,600 mg/L at 25 °C), 1,2-dichloroethane can readily dissolve in aqueous media like saliva. However, 1231 

due to its high volatility, 1,2-dichloroethane tends to readily volatilize from an aqueous media; thus, for 1232 

the oral exposure scenario due to mouthing could reduce the overall concentration retained in saliva over 1233 

time before it is swallowed or absorbed through mucosal membranes. EPA reduces the volatility 1234 

component of the uncertainty by assuming a closed mouth mouthing scenario which even if 1,2-1235 

dichloroethane volatilizes from saliva within the mouth it would remain within the oral cavity and be 1236 

available for ingestion (or inhalation of 1,2-dichloroethane within the oral cavity). The Agency 1237 
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acknowledges the assumption that 100 percent of emitted 1,2-dichloroethane during mouthing activity is 1238 

retained in the saliva and ingested likely results in an upper-bound estimate of oral exposure due to 1239 

mouthing, but believes this assumption appropriately maintains a health protective approach to assessing 1240 

oral exposure of 1,2-dichloroethane from the consumer articles evaluated. EPA has moderate confidence 1241 

in the total dose estimated during mouthing. 1242 

 1243 

However, similar ornaments were observed for sale from U.S. online retailers in packs of 12. As such, 1244 

the surface area was adjusted to account for the possibility that multiple ornaments are purchased and 1245 

enter a home simultaneously. 1246 

 1247 

Therefore, the modeled exposure scenario is representative of the 1-year period evaluated for this 1248 

exposure assessment and provides a health protective estimate for the first year of use (initial opening of 1249 

new Christmas ornament for use followed by open/unsealed storage). 1250 

 1251 

Thus, this emission is a high-end emission rate and health protective value that represents use of a newly 1252 

opened plastic lamp base.  1253 

 1254 

The results presented in Section 3.1 for squishy toys does not capture the typical emission rate decay 1255 

expected from articles like squishy toys. While use of a constant emission rate model may provide a 1256 

high-end exposure scenario for consumers who may only introduce a single or couple squishy toys into 1257 

the home, it may still represent an average exposure scenario for individuals who may introduce new 1258 

squishy toys into the home on a routine basis. 1259 

5.2 Modeling Approach and Key Parameters for Estimating Dermal 1260 

Exposure 1261 

Dermal exposure to 1,2-dichloroethane from Christmas ornaments and squishy toys were evaluated in 1262 

this assessment. EPA modeled dermal exposures assuming transfer of emitted 1,2-dichloroethane 1263 

directly to skin during contact. Key parameters for this exposure modeling approach include the 1264 

following: surface specific emission rate (µg/cm2-h), contact time (h), contact surface area (cm2), and 1265 

contact frequency (day−1, year−1). For this high-end screening assessment, EPA assumed all surface 1266 

specific emissions of 1,2-dichloroethane to the hands were fully absorbed. This represents an upper-1267 

bound exposure scenario and assumes objects are gripped tightly with little room for diffusion to the air.  1268 

 1269 

To estimate contact time for squishy toys, data were obtained from Table 16-26 of EPA’s Children’s 1270 

Exposure Factors Handbook (U.S. EPA, 2008). Reported values for playtime for children under 15 1271 

ranged from 24 to 137 minutes per day, with a mean value of 88 minutes. The maximum value of 137 1272 

minutes per day was selected to estimate exposure for both Christmas ornaments and squishy toys.  1273 

 1274 

Therefore, while out for use during the holiday season and available for play, the exposure scenario 1275 

presented assumes 30-days of contact and represents an upper-bound exposure estimate. Squishy toys 1276 

are traditionally intended to be out and available for play daily throughout the year. Therefore, EPA 1277 

assumes contact frequency for a squishy toy was every day (365 days per year).  1278 

 1279 

Oral exposure to 1,2-dichloroethane due to mouthing from Christmas ornaments and squishy toys were 1280 

evaluated in this assessment. EPA modeled oral exposures assuming transfer of emitted 1,2-1281 

dichloroethane directly to the oral cavity during mouthing. Emissions were assumed to fully transfer to 1282 

saliva and be ingested, in a closed mouth, mouthing scenario. 1283 

 1284 
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Mouthing Duration 1285 

Mouthing durations were obtained from Table 4-23 of EPA’s Exposure Factors Handbook (U.S. EPA, 1286 

2011b), which provides mean mouthing durations for children between 1 month and 5 years of age, 1287 

broken down by age groups expected to be behaviorally similar. Values are provided for toys, pacifiers, 1288 

fingers, and other objects. EPA did not identify article specific information for mouthing duration for 1289 

Christmas ornaments and therefore used the mouthing duration values for “other objects” for this 1290 

exposure assessment. Squishy toys can reasonably be characterized as toys and so the mouthing duration 1291 

values for “toys” were used for squishy toys. To calculate mouthing durations for each age group in this 1292 

assessment, all relevant data in Table 4-23 of the Handbook (U.S. EPA, 2011b) were considered 1293 

together. The maximum value observed across all relevant age groups was used to populate exposure 1294 

scenarios and is summarized in Table 2-2. 1295 

 1296 

Mouthing Duration 1297 

While the mouthing duration values presented in Table 2-2 for “other objects” used for Christmas 1298 

ornaments are lower than those for “toys” for the age group less than 1 year of age, the values for “other 1299 

objects” in the remaining age groups are considerably higher than those for “toys.” This is particularly 1300 

prevalent in the highest age group (3–5 years). The reason for this difference is unknown but may be 1301 

tied to the type of “other objects” the older age groups may mouth including objects associated with 1302 

eating (e.g., lollipops, kids plastic eating utensils) or other object designed for longer mouthing durations 1303 

as well as newer “toys” designed for the older age groups which do not lend themselves as much to 1304 

mouthing events. These unknown factors in addition to the uncertainty associated with whether a 1305 

Christmas ornament would be handled and mouthed for the full durations assumed for this assessment 1306 

further support the estimated oral exposures for Christmas ornaments being an upper-bound limit on 1307 

potential exposure.  1308 

https://hero.epa.gov/reference/786546
https://hero.epa.gov/reference/786546
https://hero.epa.gov/reference/786546
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6 CONCLUSIONS 1309 

In reviewing peer-reviewed literature, EPA identified evidence of three consumer articles (Christmas 1310 

ornaments, molded plastic lamp base, and squishy toys) that contain and emit 1,2-dichloroethane, are 1311 

available in the U.S. market, and are categorized under the COU Plastic or rubber articles not otherwise 1312 

classified. Based on the emissions data available for the three consumer articles identified, EPA 1313 

evaluated consumer and indoor air exposures from these three articles via the inhalation, dermal, and 1314 

oral routes of exposure for multiple age groups. Exposures were evaluated for acute, intermediate, and 1315 

chronic exposure durations as defined for this assessment in Section 2.7. 1316 

 1317 

Results from EPA’s draft assessment of 1,2-dichloroethane found the highest estimated exposures were 1318 

for the infant age group. The article contributing to the highest acute inhalation, dermal, and oral 1319 

(mouthing) exposures to 1,2-dichloroethane in infants was attributed to Christmas ornaments. The 1320 

highest intermediate and chronic inhalation exposures to infants are from emissions from lamp bases 1321 

whereas dermal and oral (mouthing) exposures are highest from ornaments.  1322 
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