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SUMMARY 339 

This technical support document (TSD) is part of the Toxic Substanced Control Act (TSCA) Draft Risk 340 

Evaluation for 4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026i) (also 341 

called the “draft risk evaluation for TBBPA”). TBBPA is a Toxics Release Inventory (TRI)-reportable 342 

substance and is on the TSCA Inventory, making it reportable under the Chemical Data Reporting 343 

(CDR) rule. This draft TSD describes the use of reasonably available information to assess occupational 344 

exposure of workers to TBBPA. See Appendix C of the draft risk evaluation for TBBPA for a complete 345 

list of all TSDs and supplemental files. 346 

 347 

Focus of this Draft TSD on Occupational Exposure Assessment  348 

During scoping, the U.S. Environmental Protection Agency (EPA or the Agency) considered all known 349 

conditions of use (COUs) under TSCA for TBBPA. The 2020 CDR report indicated that 20 to 100 350 

million pounds (lb) of TBBPA (CASRN 79-94-7) were manufactured or imported in the United States in 351 

2019 (U.S. EPA, 2022). The latest 2024 CDR indicates further decrease in the U.S. production volume 352 

(PV) of TBBPA, with the reported total PV in 2023 to be between 10 and 50 million pounds (lb) (U.S. 353 

EPA, 2026a). TBBPA is primarily used as a flame retardant in plastics material and resin manufacturing. 354 

 355 

Exposures to workers, consumers, the general population, and ecological species may occur from 356 

industrial, commercial, and consumer uses of TBBPA and TBBPA-containing articles—as well as from 357 

releases to air, water, or land. This draft TSD provides the details of the assessment of the occupational 358 

exposures from each occupational exposure scenario (OES) of TBBPA. It does not include exposures 359 

resulting from consumer uses, which are assessed in the Draft Consumer and Indoor Dust Exposure 360 

Assessment for 4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026c). 361 

 362 

Approach for Assessing Occupational Exposures  363 

EPA evaluated intermediate and chronic exposures to workers. Upon review of reasonably available 364 

data, the Agency determined TBBPA was not expected to be acutely toxic (refer to Section 3.8.2.1 of 365 

the Draft Human Health and Environmental Hazard Assessment for 4,4′-(1-Methylethylidene)bis[2,6-366 

dibromophenol] (TBBPA) (U.S. EPA, 2026e)). EPA mapped 21 applicable COUs for TBBPA to 14 367 

OESs based on data and information gathered during systematic review, industry outreach, and public 368 

comments. Each OES is developed based on a set of occupational activities and operational conditions 369 

such that similar occupational exposures are expected from the use(s) covered under the OES. To assess 370 

occupational exposure, EPA prefers to use monitoring data applicable to the chemical and the OES. If 371 

no monitoring data are available, the Agency will use analogous and surrogate data to estimate exposure 372 

or conduct exposure modeling. In this draft assessment, EPA used inhalation monitoring data from test 373 

orders and literature sources, as well as modeling. 374 

 375 

Results for Occupational Exposures 376 

EPA evaluated inhalation and dermal exposures to worker populations for each OES and used 377 

inhalation monitoring data for 9 of the 14 OESs. Data from the PNOR Model was used to assess 378 

occupational exposures from four OESs where inhalation monitoring data were not available. For one 379 

OES with limited data, EPA assessed exposures qualitatively. Dermal exposures were modeled for all 21 380 

OESs. 381 

  382 

The preliminary occupational exposure assessment has shown that inhalation exposures are expected to 383 

be higher during manufacturing and repackaging; the American Chemistry Council’s (ACC) TBBPA 384 

Consortium's Group 2: Production of TBBPA-Containing Mixtures and Formulations (full-shift 385 

inhalation estimates ranged from 1.4×10–3 to 43 mg/m3). Inhalation exposures to all other OESs are 386 

expected to be low (full-shift inhalation estimates ranged from 1.4×10–6 to 3.3 mg/m3). Dermal exposure 387 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363742
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11408684
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246149
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246149
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13283042
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13243579
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for all modeled scenarios (except commercial use in plastic and rubber products) is 3.7 mg/day for 388 

central tendency and 7.5 mg/day for high-end estimates. Detailed exposure results for each OES and 389 

exposure route can be found in Section 3. 390 

 391 

Uncertainties 392 

Uncertainties exist with the modeling and monitoring approaches used to assess TBBPA occupational 393 

exposures. For example, EPA used data from the PNOR Model when site-specific monitoring 394 

data were not available. In addition, site-specific differences in use practices and engineering controls 395 

exist, but are largely unknown, which represent another source of variability that EPA could not 396 

quantify in this draft assessment.   397 
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1 INTRODUCTION 398 

1.1 Overview 399 

This draft TSD provides details on the occupational exposure assessment and supports the risk 400 

evaluation for TBBPA under the Frank R. Lautenberg Chemical Safety for the 21st Century Act 401 

amending TSCA. TSCA section 6(b)(4) requires EPA to establish a risk evaluation process. In 402 

performing risk evaluations for existing chemicals, the Agency is directed to “determine whether a 403 

chemical substance presents an unreasonable risk of injury to health or the environment, without 404 

consideration of costs or other nonrisk factors, including an unreasonable risk to a potentially exposed or 405 

susceptible subpopulation identified as relevant to the risk evaluation by the Administrator under the 406 

conditions of use.” In December 2019, EPA published a list of 20 chemical substances designated high-407 

priority substances for risk evaluations (84 FR 71924, December 30, 2019), as required by TSCA 408 

section 6(b)(2)(B), which initiated the risk evaluation process for those chemical substances. TBBPA is 409 

one of the chemicals designated as a high-priority substance for risk evaluation. 410 

 411 

TBBPA is a common chemical name for a chemical substance that includes the following names: 4,4′-412 

(1-methylethylidene)bis[2,6-dibromophenol] (CASRN 79-94-7), tetrabromobisphenol A, 3,3',5,5'-413 

tetrabromobisphenol A. It is a white crystalline solid that is primarily used as a reactant for flame 414 

retardants in plastic material and resin manufacturing and as a flame retardant incorporated into 415 

electrical equipment. TBBPA has a total production volume in the United States between 10 and 50 416 

million lb reported in 2023 (U.S. EPA, 2026a)—a decrease in PV from the 20 to 100 million lb from the 417 

2020 Chemistry Data Reporting (CDR) reporting period (U.S. EPA, 2022). TBBPA is a TRI-reportable 418 

substance, included on the TSCA Inventory, and reported under CDR. 419 

 420 

This draft assessment addresses occupational exposures of TBBPA in industrial and commercial 421 

settings. In the sections that follow, the scope, the methods used, and the results are described in detail.  422 

For more information on the reviewed sources used to build this assessment, as well as the evaluation 423 

strategies for these sources, refer to the Draft Systematic Review Protocol Supporting TSCA Risk 424 

Evaluations for Chemical Substances, Version 1.0: A Generic TSCA Systematic Review Protocol with 425 

Chemical-Specific Methodologies (U.S. EPA, 2021a) (also referred to as the “[2021] Draft Systematic 426 

Review Protocol”) and Draft Systematic Review Protocol for 4,4′-(1-Methylethylidene)bis[2,6-427 

dibromophenol] (TBBPA) (U.S. EPA, 2026j), respectively. 428 

1.2 Scope of the Assessment 429 

EPA assessed occupational exposures for TBBPA COUs as described in Table 4-1 of the draft risk 430 

evaluation for TBBPA (U.S. EPA, 2026i) (see also Table 3-1 below).  431 

 432 

EPA’s assessment of occupational exposures includes quantifying inhalation and dermal exposures 433 

to TBBPA. The Agency categorizes occupational exposures into two groups: (1) exposures to workers, 434 

and (2) exposures to occupational non-users (ONUs). Generally, EPA distinguishes workers as directly 435 

handling TBBPA as part of their duties and have direct contact with the chemical, while ONUs work in 436 

the vicinity of the chemical but do not handle it or have direct contact with TBBPA being handled by the 437 

workers. EPA evaluated inhalation exposures to both workers and ONUs and dermal exposure to 438 

workers. The Agency assessed intermediate and chronic inhalation and dermal exposures only and did 439 

not assess acute and chronic/cancer exposures. EPA determined that TBBPA is not acutely toxic and did 440 

not warrant setting an acute point of departure (POD). An intermediate duration POD was derived. A 441 

chronic duration POD was derived, which accounts for all chronic toxicity, including non-cancer and 442 

cancer effects. This is because EPA determined that TBBPA is not likely carcinogenic to humans at 443 

https://www.govinfo.gov/content/pkg/FR-2019-12-30/pdf/2019-28225.pdf
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246149
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11408684
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363763
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363742
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doses below levels associated with the chronic POD. Thus, acute and cancer hazard values are not 444 

included for risk estimates, but non-cancer intermediate and chronic are included.  445 
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2 APPROACH AND METHODOLOGY 446 

An occupational exposure assessment was conducted for each OES specified in Section 4.1.1 of the 447 

draft risk evaluation for TBBPA (U.S. EPA, 2026i) (see Table 3-1). For each OES, the following 448 

components are presented: 449 

• Worker Activities: A description of the worker activities, including an assessment of potential 450 

points of worker and ONU exposure. 451 

• Number of Workers and ONUs: An estimate of the number of workers and ONUs potentially 452 

exposed to the chemical for the given OES. 453 

• Occupational Inhalation Exposure Results: Central tendency and high-end estimates of 454 

inhalation exposure to workers and ONUs. See Section 2.3 for a discussion of EPA’s statistical 455 

analysis approach for assessing inhalation exposure. 456 

• Occupational Dermal Exposure Results: Central tendency and high-end estimates of dermal 457 

exposure to workers. See Section 2.4 for a discussion of EPA’s approach for assessing dermal 458 

exposure. 459 

For the remainder of this section, the approach and methodology for completing each of the above 460 

components are described in additional detail. 461 

 462 

For workplace exposures, EPA considered exposures to both workers who directly handle TBBPA and 463 

ONUs who do not directly handle TBBPA but may be exposed to vapors, particulates, or mists that enter 464 

their breathing zone while working in the vicinity to where TBBPA is being used. EPA evaluated 465 

inhalation exposures to both workers and ONUs and dermal exposures to workers. The Agency’s 466 

estimates of occupational exposure presented in this document do not assume the use of personal 467 

protective equipment (PPE); however, the effect of respiratory and dermal protection factors on EPA’s 468 

occupational exposure estimates can be explored under the “Risk Reduction” tab in the Draft Risk 469 

Calculator for 4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026h). For more 470 

discussion on respiratory protection and glove protection, refer to Appendix E. 471 

 472 

Figure 2-1 presents the conceptual model for exposure pathways, exposure routes, and hazards to human 473 

populations from industrial and commercial activities and uses of TBBPA. There is potential for 474 

exposure to workers and/or ONUs via inhalation of particulates due to the activities and uses 475 

(manufacturing, processing and use of TBBPA. Exposure may occur due to fugitive emissions from 476 

activities such as the manufacture and processing of TBBPA. Fugitive air emissions are emissions that 477 

are not routed through a stack and may occur during sampling, equipment cleaning, and container 478 

loading/unloading. Stack air releases may occur from vented losses during process operations. Exposure 479 

may also occur due to uses of TBBPA such as use as a laboratory chemical or recycling articles 480 

containing TBBPA. Exposure may also occur through the dermal route for workers who handle TBBPA. 481 

Dermal exposure is not expected for ONUs as they are not expected to directly handle TBBPA.  482 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363742
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13243575
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 483 

 484 

 485 

Figure 2-1. TBBPA Conceptual Model for Industrial and Commercial Activities and Uses: Potential Exposure and Hazards 486 
a Some products are used in both commercial and consumer applications. See Table 3-1 for categories and subcategories of COUs. 487 
b Fugitive air emissions are emissions that are not routed through a stack and may occur during sampling, equipment cleaning, and container 488 
loading/unloading. 489 
c Use groupings are based on test report data submitted to EPA by ACC’s TBBPA Consortium. 490 
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EPA provided occupational inhalation and dermal exposure results representative of central tendency 491 

and high-end (HE) conditions. A central tendency is assumed to be representative of occupational 492 

exposures that are expected to be typical for a given COU. For the draft risk evaluation and this 493 

assessment/TSD, EPA used the 50th percentile (median), mean (arithmetic or geometric), mode, or 494 

midpoint values of a distribution as representative of the central tendency scenario. The Agency’s 495 

preference is to provide the 50th percentile of the distribution. However, if the full distribution is not 496 

known, EPA may assume that the mean, mode, or midpoint of the distribution represents the central 497 

tendency depending on the statistics available for the distribution. 498 

 499 

A high-end is assumed to be representative of occupational exposures that occur at probabilities above 500 

the 90th percentile but below the exposure of the individual with the highest exposure (U.S. EPA, 501 

1992b). For the draft risk evaluation and this assessment, EPA provided high-end results at the 95th 502 

percentile. If the 95th percentile is not available, the Agency used a different percentile greater than or 503 

equal to the 90th percentile but less than or equal to the 99.9th percentile, depending on the statistics 504 

available for the distribution. If the full distribution is not known and the preferred statistics are not 505 

available, EPA estimated a maximum or bounding estimate in lieu of the high-end. 506 

 507 

For each OES, EPA attempted to provide central tendency and high-end full-shift time-weighted 508 

averages (TWAs) (typically as 8-hour TWAs) inhalation exposure concentrations and central tendency 509 

and high-end intermediate and chronic (non-cancer) potential dermal dose rates. EPA uses the following 510 

hierarchy in selecting data and approaches for assessing occupational exposures: 511 

1. Monitoring data: 512 

a. Personal and directly applicable 513 

b. Area and directly applicable 514 

c. Personal and potentially applicable or similar 515 

d. Area and potentially applicable or similar 516 

2. Modeling approaches: 517 

a. Surrogate or analogous monitoring data 518 

b. Fundamental modeling approaches 519 

c. Statistical regression modeling approaches  520 

3. Occupational exposure limits (these limits would likely be used jointly in an assessment)1: 521 

a. Company-specific occupational exposure limits (OELs)  522 

b. Occupational Safety and Health Administration (OSHA) permissible exposure limits 523 

(PELs) 524 

c. Voluntary limits (American Conference of Governmental Industrial Hygienists [ACGIH] 525 

Threshold Limit Values [TLV], National Institute for Occupational Safety and Health 526 

[NIOSH] Recommended Exposure Limits [REL], Occupational Alliance for Risk Science 527 

(OARS) workplace environmental exposure level (WEEL) [formerly by AIHA]) 528 

For TBBPA, EPA used the estimated central tendency and high-end full-shift TWA inhalation exposure 529 

concentrations and acute potential dose rate (APDR) to calculate exposure metrics required for risk 530 

evaluation. These metrics are presented in the draft risk evaluation for TBBPA (U.S. EPA, 2026i). 531 

Exposure metrics for inhalation exposures include intermediate average daily concentrations (IADC), 532 

 
1 Most often, when modeled results exceed a regulatory or otherwise relevant exposure limit, the limit may be used as the 

high-end estimate of exposure. For example, some of the industries in the PNOR Model often yield 95th percentiles above 

the regulatory limit for PNOR (15 mg/m3 for total and 5 mg/m3 for respirable). Due to this exceedance, the regulatory limit is 

used in lieu of the 95th percentile. Further discussion of this model is provided in Appendix D.  

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=90324
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=90324
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363742
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and average daily concentrations (ADC). Exposure metrics for dermal exposures include intermediate 533 

retained dose (IRD) and chronic retained dose (CRD). Relevant equations and sample calculations can 534 

be found in Appendix C. With exposure estimates identified for all OESs using monitoring data and 535 

modeling, occupational exposure limits, as described in items #3a to c above, were not used in this 536 

assessment.  537 

 538 

Under the “Inhalation Exposure” tab in the Draft Risk Calculator for Occupational Exposures for 4,4′-539 

(1-Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026h), there is a summary of the 540 

inhalation data that were used in this assessment. Click on the “Dermal Exposure” tab for details on how 541 

dermal exposure was estimated for this draft risk evaluation. 542 

2.1 Identifying Worker Activities 543 

EPA relied on industry-provided data and literature searches to identify worker activities that could 544 

potentially result in occupational exposures. Where worker activities were unclear or not available, the 545 

Agency referenced relevant emission scenario documents (ESDs) or generic scenarios (GSs). Worker 546 

activities for each COU can be found for each OES in Section 3. This section also discusses PPE 547 

typically worn by workers and ONUs, if available—though EPA’s occupational exposure estimates do 548 

not assume the use of PPE. However, the effect of respiratory protection and dermal protection factors 549 

on EPA’s occupational exposure estimates can be explored under the “Risk Reduction” tab of the Draft 550 

Risk Calculator for Occupational Exposures for 4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] 551 

(TBBPA) (U.S. EPA, 2026h). For more discussion on respiratory protection and glove protection, refer 552 

to Appendix E. 553 

2.2 Number of Workers and Occupational Non-Users 554 

Where available, EPA used CDR data to provide a basis to estimate the number of workers and ONUs. 555 

EPA supplemented the available CDR data with U.S. economic data using the following method: 556 

1. Identify the North American Industry Classification System (NAICS) codes for the industry 557 

sectors associated with these uses. 558 

2. Estimate total employment by industry/occupation combination using the U.S. Bureau of Labor 559 

Statistics’ (BLS) Occupational Employment Statistics data (also referred to as “BLS Data”). 560 

3. Refine the Occupational Employment Statistics estimates where they are not sufficiently 561 

granular by using the U.S. Census’ Statistics of U.S. Businesses (SUSB) (also referred to as 562 

“SUSB Data”) data on total employment by 6-digit NAICS. 563 

4. Use market penetration data to estimate the percentage of employees likely to be using TBBPA 564 

instead of other chemicals. 565 

5. Where market penetration data are not available, use the estimated workers/ONUs per site in the 566 

6-digit North American Industry Classification System (NAICS) code and multiply by the 567 

number of sites estimated from CDR, TRI, Discharge Monitoring Reports (DMR) and/or the 568 

National Emissions Inventory (NEI). In DMR data, sites report Standard Industrial Classification 569 

(SIC) codes rather than NAICS codes; therefore, EPA mapped each reported SIC code to a 570 

NAICS code for use in this analysis. 571 

6. Combine the data generated in Steps 1 through 5 to produce an estimate of the number of 572 

employees using TBBPA in each industry/occupation combination and sum these to arrive at a 573 

total estimate of the number of employees with exposure within the OES. 574 

There are uncertainties surrounding the estimated number of workers potentially exposed to TBBPA. 575 

First, BLS employment data for each industry/occupation combination are only available at the 3-, 4-, or 576 

5-digit NAICS level, rather than at the full 6-digit NAICS level. This lack of specificity could result in 577 

an overestimate of the number of exposed workers if some 6-digit NAICS are included in the less 578 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13243575
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granular BLS estimates but are not likely to use TBBPA for the assessed applications. EPA addressed 579 

this issue by refining the Occupational Employment Statistics data using total employment data from the 580 

U.S. Census’ SUSB. However, this approach assumes that the distribution of occupation types (Standard 581 

Occupational Classification [SOC] codes) in each 6-digit NAICS is equal to the distribution of 582 

occupation types at the parent 5-digit NAICS level. If the distribution of workers in occupations with 583 

TBBPA exposure differs from the overall distribution of workers in each NAICS, then this approach 584 

will result in inaccuracy. The effects of this uncertainty on the number of worker estimates are unknown, 585 

as the uncertainties may result in either over or underestimation of the estimates depending on the actual 586 

distribution.  587 

 588 

Second, EPA’s determinations of industries (represented by NAICS codes) and occupations (represented 589 

by SOC codes) that are associated with the OESs assessed in this report are based on EPA’s 590 

understanding of how TBBPA is used in each industry. The designations of which industries and 591 

occupations have potential exposures is a matter of professional judgment; therefore, the possibility 592 

exists for the erroneous inclusion or exclusion of some industries or occupations. This may result in 593 

inaccuracy, but it would be unlikely to systematically either overestimate or underestimate the number 594 

of exposed workers. 595 

2.3 Inhalation Exposure Approach and Methodology 596 

 Inhalation Exposure Monitoring 597 

EPA reviewed workplace inhalation monitoring data found in published literature (i.e., personal 598 

exposure monitoring data and area monitoring data), and monitoring data submitted via test orders and 599 

public comments. Studies were evaluated using the evaluation strategies laid out in EPA’s Application 600 

of Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018). Data and studies considered in this 601 

assessment can be found in Draft Systematic Review Protocol for 4,4′-(1-Methylethylidene)bis[2,6-602 

dibromophenol] (TBBPA) (U.S. EPA, 2026j), and under the “Inhalation Exposure” tab of the Draft Risk 603 

Calculator for Occupational Exposures for 4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] (TBBPA) 604 

(U.S. EPA, 2026h). 605 

 606 

Exposures are calculated from the monitoring datasets provided in the sources depending on the size of 607 

the dataset. For datasets with six or more data points, central tendency and high-end exposures were 608 

estimated using the 50th and 95th percentile. For datasets with three to five data points, central tendency 609 

exposure was calculated using the 50th percentile and the maximum was presented as the high-end 610 

exposure estimate. For datasets with two data points, the midpoint was presented as a midpoint value 611 

and the higher of the two values was presented as a higher value. Finally, datasets with only one data 612 

point presented the single exposure value. For datasets including exposure data that were reported as 613 

below the limit of detection (LOD), EPA estimated the exposure concentrations for these data, following 614 

EPA’s Guidelines for Statistical Analysis of Occupational Exposure Data (U.S. EPA, 1994), which 615 

recommends using the 
𝐿𝑂𝐷

√2
 if the geometric standard deviation of the data are less than 3.0 and 

𝐿𝑂𝐷

2
 if the 616 

geometric standard deviation is 3.0 or greater. For datasets where all monitoring data were reported as 617 

below the LOD, one-half of the LOD was assessed as a central tendency estimate, and the LOD was 618 

assessed as a high-end estimate. 619 

 620 

If full-shift TWA personal breathing zone (PBZ) monitoring samples were not available, area samples 621 

were used for exposure estimates. 622 

 623 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4532281
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363763
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For each OES, EPA endeavored to distinguish exposures for workers and ONUs. A primary difference 624 

between workers and ONUs is that workers may handle TBBPA and have direct contact with the 625 

chemical, while ONUs work in the general vicinity of workers but do not handle TBBPA and do not 626 

have direct dermal contact with TBBPA being handled by the workers. EPA recognizes that worker job 627 

titles and activities may vary significantly from site to site; therefore, the Agency typically identified 628 

samples as worker samples unless it was explicitly clear from the job title (e.g., inspectors) and the 629 

description of activities in the report that the employee was not directly involved in the scenario. 630 

Samples from employees determined not to be directly involved in the scenario were designated as ONU 631 

samples. Where EPA was not able to estimate ONU inhalation exposure from monitoring data or 632 

models, ONU exposure was assumed to be equivalent to the central tendency experience by workers for 633 

the corresponding OES. 634 

 635 

The primary strength of the approach is that the monitoring data are chemical-specific and directly 636 

applicable to the exposure scenario. The use of applicable monitoring data are preferable to other 637 

assessment approaches such as modeling or the use of OELs/PELs.  638 

 639 

The principal limitation of monitoring data are the uncertainty in the representativeness of the data due 640 

to some scenarios having limited exposure monitoring data. Where few data are available, the assessed 641 

exposure levels may not be representative of worker exposure across the entire job category or industry. 642 

This may particularly be the case when monitoring data were available for only one site. Additionally, 643 

site locations may introduce uncertainty, because OSHA and NIOSH reports tend to target facilities with 644 

expected higher exposures. Differences in work practices and engineering controls across sites can 645 

introduce variability and limit the representativeness of monitoring data. 646 

 647 

Age of the monitoring data can also introduce uncertainty due to differences in workplace practices and 648 

equipment used at the time the monitoring data were collected compared to those currently in use. 649 

Therefore, older data may overestimate or underestimate exposures, depending on these differences. The 650 

effects of these uncertainties on the occupational exposure assessment are unknown, as the uncertainties 651 

may result in either overestimation or underestimation of exposures depending on the actual distribution 652 

of TBBPA air concentrations and the variability of work practices among different sites.  653 

 654 

In some scenarios where monitoring data were available, EPA did not find sufficient data to determine 655 

complete statistical distributions. Ideally, EPA will present 50th and 95th percentiles for each exposed 656 

population. In the absence of percentile data for monitoring, the mean or midpoint of the range may 657 

serve as a substitute for the 50th percentile of the actual distributions. Similarly, the highest value of a 658 

range may serve as a substitute for the 95th percentile of the actual distribution. However, these 659 

substitutes are uncertain. The effects of these substitutes on the occupational exposure assessment are 660 

unknown, as the substitutes may result in either overestimation or underestimation of exposures 661 

depending on the actual distribution. 662 

 663 

In some cases where inhalation exposures were expected for an OES but monitoring data specific to that 664 

OES were not available, monitoring data for a different but similar OES for TBBPA was used. In these 665 

cases, EPA compared the use conditions of each OES to find the most appropriate OES to use as 666 

analogous. Specific details related to the use of monitoring data for each COU can be found in Section 3. 667 

 Inhalation Exposure Modeling 668 

Where inhalation exposures are expected for an OES but monitoring data were not available or where 669 

EPA determined monitoring data did not sufficiently capture the exposures for an OES, EPA utilized 670 

models to estimate inhalation exposures of TBBPA (specifically, the PNOR Model). 671 
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This model estimates worker inhalation exposure to respirable solid particulates using personal 672 

breathing zone PNOR monitoring data from OSHA’s Chemical Exposure Health Data (CEHD) dataset. 673 

The data also include facility NAICS code information for each data point. To estimate particulate 674 

exposures for relevant OESs, EPA used the 50th and 95th percentiles of respirable PNOR values for 675 

applicable NAICS codes as the central tendency and high-end exposure estimates, respectively. The 676 

model assumes that the concentration of TBBPA in the airborne particulates is the same as the TBBPA 677 

concentration in the bulk product, which is a limitation of the model. This is a conservative assumption 678 

used in this assessment and may lead to overestimation of the potential exposure to airborne particulates. 679 

Model approaches and parameters are described in Appendix D. 680 

 Intermediate and Chronic (Non-Cancer) Inhalation Exposure 681 

For each OES, the estimated TWA exposures were used to calculate IADC and ADC concentrations for 682 

chronic, non-cancer risks. These calculations require additional parameter inputs, such as years of 683 

exposure, exposure duration and frequency, and lifetime years.  684 

 685 

For the final exposure result metrics, each of the input parameters (e.g., air concentrations, working 686 

years, exposure frequency, lifetime years) is presented as a point estimate (i.e., a single descriptor or 687 

statistic, such as central tendency or high-end). EPA used combinations of point estimates of each 688 

parameter to estimate a central tendency and high-end for each final exposure metric result. EPA 689 

documented the method and rationale for selecting parametric combinations to be representative of 690 

central tendency and high-end. 691 

 692 

Equations, parameter inputs, and sample calculations for these exposures can be found in Appendix B 693 

and Appendix C, respectively. 694 

2.4 Dermal Exposure Approach and Methodology 695 

TBBPA dermal exposure monitoring data were not available. EPA obtained TBBPA in vitro dermal 696 

absorption study data (Charles River Laboratories, 2024) as a result of a test order that EPA issued 697 

pursuant to TSCA section 4(a)(2). The Agency assumed that workers are potentially exposed to TBBPA 698 

dermally and assumed exposure levels in accordance with EPA’s standard methods for assessing dermal 699 

exposure (refer to Section 2.4.1.2 for the rationales and details of these assumptions). The Agency then 700 

assessed the potential absorption of TBBPA from worker dermal exposures. To assess this absorption, 701 

the Agency estimated the quantity of TBBPA that is dermally transferred into systemic circulation 702 

during a single day as a result of TBBPA dermal exposure occuring that day. To estimate this absorbed 703 

quantity of TBBPA, the Agency estimated a maximal TBBPA dermal absorption flux from data about 704 

cumulative quantity of TBBPA in receptor fluid that is reported in the TBBPA in vitro dermal 705 

absorption study final report (Charles River Laboratories, 2024). The Agency assessed TBBPA 706 

occupational dermal exposure that possibly results from the TBBPA COUs in general from this maximal 707 

flux value. The Agency then calculated the quantity of absorbed TBBPA as follows: 708 

 709 

Equation 2-1. 710 

 711 
𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝐴𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑇𝐵𝐵𝑃𝐴712 

= (𝑀𝑎𝑥𝑖𝑚𝑎𝑙 𝑇𝐵𝐵𝑃𝐴 𝑓𝑙𝑢𝑥) × ( 𝑃𝑒𝑟𝑐𝑢𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛  𝑝𝑒𝑟𝑖𝑜𝑑 𝑜𝑓 24 ℎ𝑟𝑠)713 
× (𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎) 714 

 715 

Although EPA typically assesses exposure duration to be equal to the shift duration (e.g., 8-hour), 716 

percutaneous absorption may continue beyond the exposure period as can be inferred from the TBBPA 717 

in vitro dermal absorption study (Charles River Laboratories, 2024), which is described in detail in 718 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12340684
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Section 2.4.1.1. The absorption period of this study was limited to 24 hours in accordance with OECD 719 

guidelines because risk is typically calculated based on daily exposure and absorption. 720 

 721 

A central tendency and high-end value of the amount of TBBPA absorbed was calculated from central 722 

tendency and high-end values of exposure surface area, respectively. The Agency conservatively 723 

assessed central tendency and high-end dermal exposures to TBBPA in the case of all OESs to be equal 724 

to this central tendency and high-end value of the amount of TBBPA absorbed, respectively. A detailed 725 

description of the assessment method follows. 726 

 Dermal Exposure Assessment Method 727 

This section contains a summary of Charles River Laboratories (2024), a discussion of the relevancy of 728 

the information of this report to the assessment of TBBPA occupational dermal exposure, an analysis of 729 

the results reported in this report in accordance with OECD Guidance No. 156: Guidance Notes on 730 

Dermal Absorption Studies (2nd Edition) (OECD, 2022), the rationale for assessment of TBBPA 731 

occupational dermal exposure based on dermal absorption flux, and the method of calculation of this 732 

flux. 733 

2.4.1.1 Summary of the TBBPA In Vitro Dermal Absorption Study Final Report 734 

The in vitro dermal absorption study (Charles River Laboratories, 2024) was conducted in accordance 735 

with Good Laboratory Practice (GLP) regulations and relevant OECD guidelines. This study involved 736 

radiolabeled TBBPA, a static diffusion cell apparatus, and ten full-thickness human skin (abdominal) 737 

samples that were obtained from 10 donors. These skin samples were cut with an electric dermatome to 738 

thickness of 300 to 400 µm. Eight skin samples from four donors were used in the case of each test 739 

preparation for replication purposes. The dosing conditions, application rate, TBBPA concentration and 740 

vehicle in the case of each test preparation is provided in Table 2-1. The receptor fluid was phosphate 741 

buffered saline containing polyoxyethylene 20 oleyl ether (PEG, ≈6%, w/v) and gentamicin (≈0.01%, 742 

w/v). The solubility of TBBPA in this receptor fluid is 11.5 g/L which is equal to 32.72% of the TBBPA 743 

concentration that would result if the maximum TBBPA applied amount is entirely transferred to the 744 

receptor fluid. The receptor chamber was sampled at 10 and 30 minutes and at 1, 2, 4, 8, 12, 16, 20, and 745 

24 hours after dosing. Skin surface was washed 8 hours after dosing (i.e., the exposure period equals 8 746 

hours) and the skin and the cell were washed 24 hours after dosing. The stratum corneum was removed 747 

with 20 successive tape strips and each strip was analyzed for TBBPA. Study results associated with 748 

finite doses are shown in Table 2-2, Table 2-3, and Table 2-4. The data in these tables is the arithmetic 749 

mean of eight replicate values. The following are definitions of the variables listed in the above tables: 750 

• 8-hour dislodgeable dose = 8-hour skin wash + 8-hour tissue swab + 8-hour pipette tip; 751 

• 24-hour dislodgeable dose = 24-hour skin wash + 24-hour tissue swab + 24-hour pipette tip; 752 

• total dislodgeable dose = 8-hour dislodgeable dose + 24-hour dislodgeable dose + donor chamber 753 

wash; 754 

• stratum corneum = tape strips 1 to 20; 755 

• total unabsorbed dose = total dislodgeable dose + stratum corneum + unexposed skin; 756 

• total absorbed dose = cumulative receptor fluid + receptor chamber wash; 757 

• dermal delivery = absorbed dose + exposed skin; 758 

• potentially absorbable dose = dermal delivery + stratum corneum 3 to 20; and 759 

• mass balance = unabsorbed dose + dermal delivery. 760 

Dermal delivery is defined in OECD Guidance No. 28: Guidance Document for the Conduct of Skin 761 

Absorption Studies (OECD, 2004) as “the sum of the applied dose found in the treated skin and the 762 

absorbed dose at the end of the experiment” whereas the term “potentially absorbable dose” is not 763 

defined in this OECD guidance document. EPA chose the terminology of this OECD document and 764 
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therefore mentions the term “potentially absorbable dose” minimally. 765 

 766 

Table 2-1. TBBPA In Vitro Dermal Absorption Study Dosing Conditions, Application Rates, 767 

TBBPA Concentrations and Vehicles 768 

Test Group (Test 

Preparation) 

Dosing 

Condition 
Application Rate 

TBBPA 

Concentration 
Vehicle 

Group 1 

Finite 

10 mg/cm2 (equivalent to 5.075 

mg/cm2 of neat TBBPA) 

Neat application in 

acetone solutiona 

N/A 

Group 2 10 mg/cm2 (equivalent to 1.027 

mg/cm2 of neat TBBPA) 

Neat application in 

acetone solutionb 

N/A 

Group 3 

10 μL/cm2 

50%, w/v 

Isopropyl myristate 

(IPM) 
Group 4 10%, w/v 

Group 5 1%, w/v 

Group 6 50%, w/v 

Receptor fluid Group 7 10%, w/v 

Group 8 1%, w/v 

Group 9 

Infinite >500 μL/cm2 

50%, w/v 

Isopropyl myristate 

(IPM) 
Group 10 10%, w/v 

Group 11 1%, w/v 

a 3.2 mg of sodium chloride solution (0.9% w/v)  added after the acetone evaporated. 
b 5.76 mg of sodium chloride solution (0.9% w/v) added after the acetone evaporated. 

 769 

 770 

Table 2-2. TBBPA In Vitro Dermal Absorption Study Results for Test Groups Involving Finite 771 

Doses and Neat TBBPA 772 

Test Preparation 1 2 

Concentration of test item Neat Neat 

Applied mass of test item (µg/cm2) 5,075 1,027 

Distribution % Applied Dose ± SD 

Total dislodgeable dose 93.38 ± 3.90 81.66 ± 6.45 

Stratum Corneum 4.11 ± 1.42 12.45 ± 4.66 

Total absorbed dose 0.05 ± 0.02 0.15 ± 0.10 

Dermal delivery 0.25 ± 0.10 1.63 ± 1.06 

Potentially absorbable dose 0.86 ± 0.47 6.61 ± 2.89 

Mass balance 97.75 ± 3.64 95.81 ± 5.32 

Distribution µg/cm2 ± SD 

Total dislodgeable dose 4,739 ± 198 839 ± 66.3 

Stratum Corneum 208 ± 72.1 128 ± 47.9 

Total absorbed dose 2.55 ± 0.80 1.58 ± 1.05 
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Test Preparation 1 2 

Dermal delivery 12.6 ± 4.96 16.8 ± 10.9 

Potentially absorbable dose 43.4 ± 23.9 67.9 ± 29.6 

Mass balance 4,960 ± 185 984 ± 54.6 

 773 

 774 

Table 2-3. TBBPA In Vitro Dermal Absorption Study Results for Test Groups Involving Finite 775 

Doses and IPM as the Vehicle 776 

Test Preparation 3 4 5 

Concentration of test item 50% w/v 10% w/v 1% w/v 

Vehicle IPM IPM IPM 

Applied mass of test item (µg/cm2) 5,347 1,049 104 

Distribution % Applied Dose ± SD 

Total dislodgeable dose 94.01 ± 3.56 95.86 ± 1.71 95.67 ± 1.45 

Stratum Corneum 4.66 ± 2.37 1.83 ± 0.53 2.39 ± 0.47 

Total absorbed dose 0.03 ± 0.03 0.05 ± 0.03 0.10 ± 0.05 

Dermal delivery 0.27 ± 0.28 0.40 ± 0.14 0.50 ± 0.28 

Potentially absorbable dose 1.87 ± 1.60 1.52 ± 0.25 1.95 ± 0.36 

Mass balance 98.94 ± 2.81 98.19 ± 1.89 98.59 ± 1.07 

Distribution µg/cm2 ± SD 

Total dislodgeable dose 5,027 ± 191 1005 ± 18.0 99.48 ± 1.50 

Stratum Corneum 249 ± 127 19.2 ± 5.51 2.49 ± 0.49 

Total absorbed dose 1.42 ± 1.73 0.57 ± 0.35 0.10 ± 0.05 

Dermal delivery 14.6 ± 15.0 4.22 ± 1.44 0.52 ± 0.29 

Potentially absorbable dose 99.7 ± 85.4 15.9 ± 2.63 2.03 ± 0.37 

Mass balance 5,291 ± 150 1030 ± 19.9 103 ± 1.12 

 777 

 778 

Table 2-4. TBBPA In Vitro Dermal Absorption Study Results for Test Groups Involving Finite 779 

Doses and Receptor Fluid as the Vehicle 780 

Test Preparation 6 7 8 

Concentration of test item 50% w/v 10% w/v 1% w/v 

Vehicle Receptor fluid Receptor fluid Receptor fluid 

Applied mass of test item (µg/cm2) 5,592 1,077 108 

Distribution % Applied Dose ± SD 

Total dislodgeable dose 94.78 ± 2.21 95.21 ± 14.29 92.86 ± 3.28 

Stratum corneum 1.13 ± 1.32 6.46 ± 4.69 2.83 ± 1.08 

Total absorbed dose 0.01 ± 0.01 0.19 ± 0.31 0.07 ± 0.03 
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Test Preparation 6 7 8 

Dermal delivery 0.33 ± 0.48 1.64 ± 2.35 0.86 ± 1.00 

Potentially absorbable dose 0.88 ± 1.20 4.32 ± 3.01 2.55 ± 1.13 

Mass balance 96.25 ± 1.20 103.37 ± 11.32 96.56 ± 2.33 

Distribution µg/cm2 ± SD 

Total dislodgeable dose 5,300 ± 124 1,026 ± 154 101 ± 3.56 

Stratum Corneum 63.1 ± 73.7 69.6 ± 50.6 3.07 ± 1.17 

Total absorbed dose 0.71 ± 0.79 2.05 ± 3.33 0.07 ± 0.04 

Dermal delivery 18.7 ± 26.8 17.7 ± 25.3 0.94 ± 1.09 

Potentially absorbable dose 49.1 ± 67.1 46.5 ± 32.4 2.76 ± 1.22 

Mass balance 5,382 ± 67.2 1,114 ± 122 105 ± 2.53 

2.4.1.2 Applicability of the TBBPA In Vitro Dermal Absorption Data to Occupational 781 

Dermal Exposure Assessment 782 

This section contains a brief description of the TBBPA occupational dermal exposure scenarios that the 783 

Agency assessed, EPA’s standard method for the assessment of occupational dermal exposure and a 784 

comparison of the parameters of this method and the corresponding experimental conditions of the 785 

TBBPA in vitro dermal absorption study.  786 

 787 

Workers handle small and large containers of powder containing more than 90% TBBPA by weight, 788 

operate equipment which may involve the use of handheld tools or the handling of material, collect 789 

samples, conduct laboratory tests, package products, and clean or maintain equipment. These activities 790 

involve materials containing TBBPA including pellets, granules, liquid resins (e.g., epoxy resin), 791 

semisolid adhesives, and articles such as prepregs (pre-impregnated material), adhesive films and 792 

panels. Maximum concentration of TBBPA in liquids and semisolids is 26% by weight (Integral 793 

Consulting, 2025a). Based on this information, EPA infers possible dermal exposure of workers to 794 

TBBPA powder, and TBBPA in solid particulates, liquids, semisolids and solid matrices. A summary of 795 

EPA’s method for assessing such dermal exposure and a comparison of the parameters of this method 796 

and the corresponding experimental conditions of the TBBPA in vitro dermal absorption study follows. 797 

 798 

Table 2-5 and Table 2-6 present EPA’s typical values for the mass of powder remaining on skin after 799 

exposure, the exposed skin surface area, and the resulting normalized values (i.e., the ratios of quantity 800 

remaining on skin and skin exposure surface areas). The normalized values range from 0.84 to 2.90 801 

mg/cm2. These normalized quantities are similar to or less than the applied mass of the test item in the 802 

case of preparations one and two (the two test preparation that involve neat TBBPA), which are equal to 803 

5.075 mg/cm2 and 1.027 mg/cm2, respectively, as stated in Table 2-2 (Lansink et al., 1996; U.S. EPA, 804 

2015).  805 

 806 

Lansink et al. (1996) measured calcium carbonate (CaCO3) powder adherence to gloves at various sites 807 

in the paint industry. Workers wore cotton gloves covering their hands and part of their forearms while 808 

performing tasks such as transferring and dumping bags containing the raw material, manual weighing, 809 

and handling of empty bags. For each activity, the study reports the total mass of calcium carbonate on 810 

the gloves (range, geometric mean, and 10th and 90th percentile). EPA uses these results as the basis of 811 

the dermal exposure model for solids. For routine direct handling of solids, the Agency applies 3,100 812 
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and 1,100 mg (90th percentiles2 in the original study) depending on the activity being assessed (U.S. 813 

EPA, 2015). Additionally, EPA also uses the geometric means2 of 900 mg and 450 mg for central 814 

tendency estimates as needed. These values were normalized to the amount of loading per surface area 815 

using the surface area of two hands (1,070 cm2) and one hand (535 cm2) as shown in Table 2-5 and 816 

Table 2-6.  817 

 818 

With regard to exposure to liquids, EPA typically assesses exposure to liquids in general to be equal to 819 

0.7 to 2.1 mg /cm2 if the exposure scenario does not involve immersion (U.S. EPA, 1992c, 2015). These 820 

dermal loading values were measured from an EPA’s A Laboratory Method to Determine the Retention 821 

of Liquids on the Surface of the Hands (U.S. EPA, 1992c) which serves as the basis for liquid dermal 822 

loads. These quantities are equivalent to 0.18 to 0.55 mg of TBBPA/cm2, respectively, given the 823 

maximum concentration of TBBPA in liquids or semisolids is equal to 26% by weight. These quantities 824 

of TBBPA are similar to or less than the applied masses of the test item in the case of test preparations 825 

three through seven (the test preparations that involve liquid solutions of TBBPA), which are equal to 826 

0.103 to 5.592 mg of TBBPA/cm2 as stated in Table 2-2. Also, the maximum liquid concentration of 827 

TBBPA of any OES, which is 26% by weight, is less than the maximum concentration of TBBPA in the 828 

applied mass of a test preparations involving liquids. In conclusion, the test conditions of the TBBPA in 829 

vitro dermal absorption testing in terms of amount and concentration of TBBPA in the applied mass are 830 

adequate because these conditions are similar to or greater than the exposure parameters that EPA would 831 

have assessed such that the measured TBBPA dermal absorption would be health protective. Based on 832 

this analysis, the Agency analyzed the results of the dermal absorption study as discussed in the 833 

following section. 834 

 835 

Table 2-5. EPA’s Typically Assessed Central Tendency Values of Quantity Remaining on Skin 836 

and Skin Exposure Surface Area 837 

EPA's Typically Assessed 

Quantity Remaining on Skin 

(mg/day) 

EPA's Typically Assessed Skin 

Exposure Surface Area of a Worker 

(cm2) 

Normalized Values 

(mg/cm2-day) 

900 535 1.68 

450 535 0.84 

 838 

 839 

Table 2-6. EPA’s Typically Assessed High-End Values of Quantity Remaining on Skin and Skin 840 

Exposure Surface Area 841 

EPA's Typically Assessed 

Quantity Remaining on Skin 

(mg/day) 

EPA's Typically Assessed Skin 

Exposure Surface Area (cm2) 

Normalized Values 

(mg/cm2-day) 

3,100 1,070 2.90 

1,100 1,070 1.03 

2.4.1.3 Analysis of the TBBPA In Vitro Dermal Absorption Data per OECD Guidance 842 

No. 156 843 

EPA analyzed the results reported in Charles River Laboratories (2024) accordance with OECD 844 

Guidance No. 156 (OECD, 2022). According to this document, if “essentially complete absorption (e.g., 845 

evidenced by >75% permeation by the midpoint of the sampling period)” has not occurred, then “dermal 846 

 
2 Parameter values used are rounded values from the actual values reported in Lansink et al. (1996).  
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absorption = % in receptor fluid + % in receptor chamber wash + % in skin sample (excluding tape 847 

strips 1 + 2)”. This document also states that “in some jurisdictions (e.g., United States) the skin sample 848 

may be excluded altogether on a case-by-case basis.” EPA determined whether complete absorption in 849 

the case of the TBBPA in vitro dermal absorption study (Charles River Laboratories, 2024) occurred. 850 

Specifically, the Agency calculated cumulative absorption into the receptor fluid after 12 hours as a 851 

percentage of cumulative absorption into the receptor fluid after 24 hours in the case of each finite dose 852 

test result. The results of EPA’s calculations are given in Table 2-7. As shown in this table, permeation 853 

into the receptor chamber by the midpoint of the sampling period in general does not exceed 63%. 854 

Despite this result, the Agency did not equate TBBPA dermal absorption to the sum of dermal delivery 855 

and amount in stratum corneum 3 to 20 (i.e., the potentially absorbed dose) and instead assessed the 856 

quantity of absorbed TBBPA by estimating a maximal TBBPA dermal absorption flux from data about 857 

cumulative quantity of TBBPA in receptor fluid that is reported in Charles River Laboratories (2024). 858 

EPA’s rationale for deviating from OECD guidance and taking this approach is discussed below. 859 

 860 

Table 2-7. Permeation by Midpoint of Sampling Period Calculated from the TBBPA in Vitro 861 

Dermal Absorption Study Results 862 

Test 

Preparation 

Applied 

Mass 

(mg/cm2) 

Concentration (w/v) 

Mean Cumulative Absorption into 

Receptor Fluid (µg/cm2)  
Amount Permeated into 

Receptor Fluid After 12 

Hours as a Fraction of the 

Cumulative Amount 

Permeated at 24 Hours 
Time Absorbed 

Amount 
Standard 

Deviation 

1 5.075 Neat 
12 hours 1.284 a 0.428 a 

53% 
24 hours 2.401 0.692 

2 1.027 Neat 
12 hours 0.380 a 0.314 a 

44% 
24 hours 0.873 0.445 a 

3 5.347 50% in IPM 
12 hours 0.330 a 0.090 a 

48% 
24 hours 0.690 0.160 

4 1.049 10% in IPM 
12 hours 0.120 a 0.067 a 

25% 
24 hours 0.485 0.305 

5 0.104 1% in IPM 
12 hours 0.0495 a 0.0336 a 

58% 
24 hours 0.0847 0.0453 

6 5.592 50% in receptor fluid 
12 hours 0.0624 a 0.021 a 

24% 
24 hours 0.263 a 0.198 a 

7 1.077 10% in receptor fluid 
12 hours 0.0278 a 0.0258 a 

18% 
24 hours 0.1530 0.0613 

8 0.108 1% in receptor fluid 
12 hours 0.0084 a 0.0026 a 

21% 
24 hours 0.0398 0.0182 

a Mean includes results calculated from data less than the limit of reliable measurement (LoRM). This LoRM is 30 d.p.m. 

and values below this limit are true values (Charles River Laboratories, 2024). 

2.4.1.4 Rationale for Assessing TBBPA Occupational Dermal Exposure Based on 863 

TBBPA Dermal Absorption Flux  864 

Percutaneous absorption of chemical substances in general may be limited as a result of any resistance to 865 

mass transfer in the stratum corneum and/or the viable epidermis (U.S. EPA, 1992a; WHO, 2006). 866 

TBBPA is highly lipophilic (U.S. EPA, 2026f), and therefore resistance to mass transfer of TBBPA in 867 
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the viable epidermis is likely (U.S. EPA, 1992a; WHO, 2006). EPA infers such resistance to mass 868 

transfer from the results of the in vitro dermal absorption study (Charles River Laboratories, 2024) and 869 

specifically in the large quantity of TBBPA remaining in the stratum corneum as compared with the 870 

quantity of TBBPA remaining in the viable epidermis. Despite this resistance, mass transfers, of TBBPA 871 

in the stratum corneum and the viable epidermis probably continue following the end period of 24 hours 872 

since the commencement of exposure as can be inferred from the analysis presented in Section 2.4.1.3. 873 

In such case, transfer of TBBPA in the stratum corneum and the viable epidermis would transfer into 874 

systemic circulation and the concentrations of TBBPA in these parts of the skin would decline.  875 

 876 

The decline of the TBBPA concentration gradients in each of the stratum corneum and the viable 877 

epidermis would result in declines of the TBBPA mass transfer rates in these parts of the skin and in a 878 

decline of the percutaneous absorption of TBBPA. Thus, the rate of percutaneous absorption after the 879 

period of 24 hours since the commencement of exposure ends will be lower than the rate of 880 

percutaneous absorption during this period. If dermal absorption is accurately measured via the in vitro 881 

dermal absorption study, then assessment of dermal absorption in accordance with OECD Guidance No. 882 

156 (OECD, 2022) is equivalent to the assessment of dermal exposure during multiple 24-hour periods 883 

that are consecutive with percutaneous absorption declining after the first 24-hour period until TBBPA 884 

is exhausted from the skin. However, the pertinent dermal absorption period is the 24 hours since the 885 

commencement of exposure only and not any consecutive period because the exposure scenario that 886 

EPA assessed is exposure of a worker each work day during multiple years. Thus, the TBBPA 887 

concentration gradients in the stratum corneum and the viable epidermis during each consecutive 24-888 

hour period would be similar to what is reported in Charles River Laboratories (2024). Also, 889 

percutaneous absorption during each consecutive 24-hour period would be equal to the rate reported in 890 

Charles River Laboratories (2024). Accordingly, EPA assessed the quantity of absorbed TBBPA by 891 

estimating a maximal TBBPA dermal absorption flux from data about cumulative quantity of TBBPA in 892 

receptor fluid that is reported in Charles River Laboratories (2024). This is a conservative approach 893 

because the assessed daily rate of TBBPA percutaneous absorption is the maximum of the rates that 894 

would be derived from assessment in accordance with OECD Guidance No. 156 (OECD, 2022). EPA 895 

specifically estimated a maximal TBBPA dermal absorption flux, which is also a conservative approach. 896 

EPA’s method for accomplishing this assessment is discussed next. 897 

2.4.1.5 Method of Calculation of TBBPA Dermal Absorption Flux  898 

To estimate a maximal flux, EPA calculated flux from the cumulative quantity of TBBPA that was 899 

measured in the receptor fluid as reported in Charles River Laboratories (2024). EPA did this for each of 900 

the eight test preparations. In the case of each test preparation, the Agency calculated flux from the 901 

difference of the following two quantities: (1) the sum of cumulative quantity of TBBPA that was 902 

measured in the receptor fluid at 24 hours plus the receptor fluid wash, and (2) the cumulative quantity 903 

of TBBPA that was measured in the receptor fluid at 20 hours. EPA selected the data corresponding to 904 

20 hours and 24 hours to minimally incorporate data that are below the reliable limit of measurement 905 

and to assess the maximum flux. EPA then divided this difference by 4 hours to calculate flux. The 906 

Agency did this calculation from the data of the replicate that results in the maximum flux for a given 907 

test preparation. This resulted in eight calculated values of flux, each associated with a test preparation, 908 

and each determined as the maximum value for that test preparation. The Agency then selected the 909 

maximum of these eight values to assess a single flux value for the purpose of assessing all OESs. This 910 

is a screening-level approach. 911 

 912 

The maximum flux was calculated from the data of test preparation number one and is equal to 2.9×10–4 913 

mg/cm2-h. These calculations are given in Draft Calculations of Dermal Absorption Fluxes for 4,4′-(1-914 

Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026b). 915 
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 Intermediate and Chronic (Non-Cancer) Dermal Exposure 916 

For each COU, the estimated exposures were used to calculate intermediate and chronic (non-cancer) 917 

dermal doses. These calculations require additional parameter inputs, such as years of exposure, 918 

exposure duration and exposure frequency. For the final exposure result metrics, each of the input 919 

parameters (e.g., dermal doses, working years, exposure frequency) may be a point estimate (i.e., a 920 

single descriptor or statistic, such as central tendency or high-end) or a full distribution. As described in 921 

Section 2.3.3 EPA used combinations of point estimates of each parameter to estimate a central 922 

tendency and high-end for each final exposure metric result. EPA documented the method and rationale 923 

for selecting parametric combinations to be representative of central tendency and high-end. Equations, 924 

parameter inputs, and sample calculations for these exposures can be found in Appendix B and 925 

Appendix C, respectively. 926 

2.5 Evidence Integration for Occupational Exposure 927 

Evidence integration for the occupational exposure assessment includes analysis, synthesis, and 928 

integration of information and data to produce estimates occupational inhalation exposures. 929 

During evidence integration, EPA considered the likely location, duration, intensity, frequency, and 930 

quantity of releases while also considering factors that increase or decrease the strength of evidence 931 

when analyzing and integrating the data. Key factors the Agency considered when integrating evidence 932 

include the following:   933 

1. Data Quality: EPA only integrated data or information rated as high, medium, or low obtained 934 

during the data evaluation phase. Data and information rated as uninformative are not used in 935 

exposure evidence integration. In general, higher rankings are given preference over lower 936 

ratings; however, lower ranked data may be used over higher ranked data when specific aspects 937 

of the data are carefully examined and compared. For example, a lower ranked dataset that 938 

precisely matches the OES of interest may be used over a higher ranked study that does not as 939 

closely match the OES of interest. 940 

2. Data Hierarchy: EPA used measured data to obtain accurate and representative estimates 941 

(e.g., central tendency, high-end) of the occupational exposures resulting directly from a specific 942 

source, medium, or product. 943 

EPA considered both data quality and data hierarchy when determining evidence integration 944 

strategies. The final integration of the occupational exposure evidence combined decisions regarding the 945 

strength of the available information, including information on plausibility and coherence across each 946 

evidence stream.  947 
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3 OCCUPATIONAL EXPOSURE ASSESSMENT 948 

The following sections contain worker activities, analysis for determining number of workers, exposure 949 

assessment approach, and results for the assessment for each TBBPA OES. Annual and daily central 950 

tendencies and high-end estimates for these occupational exposures can be found under the “Inhalation 951 

Data” and “Dermal Exposure” tabs of the Draft Risk Calculator for Occupational Exposures for 4,4′-(1-952 

Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026h). 953 

3.1 TBBPA COU to OES Crosswalk 954 

As described in Section 1.2, EPA assessed occupational exposures for OESs. Table 3-1 shows mapping 955 

between the COUs in Table 4-1 of the draft risk evaluation for TBBPA (U.S. EPA, 2026i) to the OES 956 

assessed in this report. For TBBPA, EPA mapped OESs to COUs based on data and information 957 

gathered during systematic review, industry outreach, and public comments. Some of 958 

the COU categories and subcategories were grouped and assessed together in a single OES due to 959 

similarities in the processes or lack of data to differentiate between them. This grouping minimized 960 

repetitive assessments. 961 

 962 

ACC’s TBBPA Consortium submitted monitoring data in response to TSCA section 4(a)(2) test order 963 

for TBBPA (Integral Consulting, 2025a). These monitoring data are divided into four “groups” defined 964 

by process type and exposure potential, spanning multiple life cycle stages and/or categories and 965 

subcategories of COUs. EPA used these four ACC groupings as OESs due to the availability of 966 

monitoring data. Some of the ACC OESs encompass multiple COUs. For example, the OES, “ACC 967 

TBBPA Consortium’s Group 2: Production of TBBPA-Containing Mixtures and Formulations” includes 968 

the following COUs: Processing as a reactant, Processing: Additive flame retardant in plastics, paints 969 

and coatings, and Adhesive manufacturing. Conversely, one COU corresponds to multiple ACC OESs: 970 

the Processing: Additive flame retardant in plastics, paints and coatings COU corresponds to ACC 971 

Groups 1, 2, and 3. 972 

 973 

A total of 14 unique OESs were identified and mapped to 21 COUs. Table 3-1 lists each COU (defined 974 

by its unique combination of a life cycle stage, category, and subcategory) and its corresponding OES. 975 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13243575
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Table 3-1. Crosswalk of TBBPA Conditions of Use (COUs) to Occupational Exposure Scenarios (OESs) 976 

# 
Life Cycle 

Stage 
Category Subcategory COU OES in this Draft TSD 

1 

Manufacture  

Domestic 

manufacture    

N/A   Manufacturing  Manufacturing  

2 Import   N/A   Import  N/Aa 

3  

 

 

 

 

 

 

 

 

 

 

 

 

 

Processing  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As a reactant   

Flame retardant in plastic material 

and resin manufacturing   

Processing as a reactant  

ACC TBBPA Consortium's 

Group 2: Production of 

Intermediate Products (Liquid, 

Semi-Solid and Powder) from 

TBBPA Powder  
4 Intermediate in all other chemical 

product and preparation 

manufacturing  

5 

Incorporation into 

formulation, mixture, 

or reaction product 

Flame retardant in: plastic material 

and resin manufacturing; plastics 

product manufacturing; custom 

compounding of purchased resins; 

paint and coating manufacturing    

Processing: Additive 

flame retardant in 

plastics, paints and 

coatings  

ACC TBBPA Consortium's 

Groups 1: Production of 

Formulations (Particulate 

Solids) from TBBPA Powder 

ACC TBBPA Consortium's 

Group 2: Production of 

Intermediate Products (Liquid, 

Semi-Solid and Powder) from 

TBBPA Powder 

ACC TBBPA Consortium's 

Group 3: Production of 

Intermediate Solid Products 

(Sheet, Film, and Pellet) from 

the Products of Group 2 

6 Adhesive manufacturing   Adhesive manufacturing ACC TBBPA Consortium's 

Group 2: Production of 

Intermediate Products (Liquid, 

Semi-Solid and Powder) from 

TBBPA Powder 
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# 
Life Cycle 

Stage 
Category Subcategory COU OES in this Draft TSD 

7  

 

 

 

 

 

 

 

 

 

Processing  

Incorporation into 

article 

Reactive flame retardant in: computer 

and electronic product manufacturing; 

electrical equipment, appliance, 

and component manufacturing; 

plastic product manufacturing (e.g., 

printed circuit boards and 

semiconductor packages)   

Processing – 

Incorporation into 

printed circuit boards 

(PCBs) and electronic 

products 

ACC TBBPA Consortium's 

Group 3: Production of 

Intermediate Solid Products 

(Sheet, Film, and Pellet) from 

the Products of Group 2 

8 Reactive flame retardant in 

transportation equipment 

manufacturing (e.g., interior material 

for automotive and aviation articles)   

Processing – 

Incorporation into 

transportation 

equipment 

ACC TBBPA Consortium's 

Group 3: Production of 

Intermediate Solid Products 

(Sheet, Film, and Pellet) from 

the Products of Group 2 

9 Additive flame retardant in: computer 

and electronic product manufacturing; 

electrical equipment, appliance, 

and component manufacturing; 

plastic product manufacturing (e.g., 

plastic electronic enclosures)   

Processing – 

Incorporation into 

plastic products 

ACC TBBPA Consortium's 

Group 3: Production of 

Intermediate Solid Products 

(Sheet, Film, and Pellet) from 

the Products of Group 2 

10 Repackaging   N/A   See Repackaging above Repackaging of TBBPA Powder 

11 Recycling   N/A   Recycling Recycling 

12 Distribution in 

commerce   

N/A    N/A    N/A    N/Ab    

13 

Industrial use 

Construction, paint, 

electrical, and metal 

products   

Powder coatings   Industrial use in powder 

coatings 

Use of Powder Coatings in 

Electronics 

14  

 
Industrial and 

commercial 

use   

 

 

 

 
Construction, paint, 

electrical, and metal 

products   

 

 

Reactive flame retardant in electrical 

and electronic articles   

Industrial and 

commercial use in 

electrical and electronic 

articles 

ACC TBBPA Consortium's 

Group 4: Production of 

Composite Parts from Prepreg 

and Adhesive Film 

15 Additive flame retardant in electrical 

and electronic articles (i.e., plastic 

enclosures)   

Industrial and 

commercial use in 

electrical and electronic 

Industrial and Commercial Use 

in Electrical and Electronic 

Articles 
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# 
Life Cycle 

Stage 
Category Subcategory COU OES in this Draft TSD 

 

 

 

 

 

 

 

 

Industrial and 

commercial 

use   

 

 

 
 

Construction, paint, 

electrical, and metal 

products   

articles 

16 Reactive flame retardant in 

automotive and aviation articles 

(i.e., laminate and prepreg material)   

Industrial and 

commercial use in 

automotive and aviation 

articles 

ACC TBBPA Consortium's 

Group 4: Production of 

Composite Parts from Prepreg 

and Adhesive Film  

17 Building/construction materials    Industrial and 

commercial use in 

building and 

construction materials 

Industrial and Commercial Use 

in Building and Construction 

Materials 

18 

Packaging, paper, 

plastic, hobby 

products   

Plastic and rubber products    Industrial use in plastic 

and rubber products 

Industrial Use in Plastic and 

Rubber Products 

19 Plastic and rubber products    Commercial use in 

plastic and rubber 

products 

Commercial Use in Plastic and 

Rubber Products 

20 Other   Laboratory chemical   Industrial and 

commercial laboratory 

chemical use 

Industrial and Commercial 

Laboratory Chemical Use 

21 Disposal    N/A   N/A   Disposal Disposal 

a Importation results in potential exposure once the contents of imported containers are transferred for repackaging or processing. Repackaging of imported 

containers is part of the Repackaging OES and unloading of imported containers for processing is part of the OESs involving TBBPA Processing. 
b For the purpose of the draft risk evaluation and this assessment/TSD, Distribution in commerce COU is the transportation of TBBPA and TBBPA-containing 

products between sites at which TBBPA manufacturing, processing, and use occurs or the transportation of TBBPA-containing wastes for recycling or 

disposal. EPA expects all of the above-mentioned materials to be transported in closed system or otherwise to be transported in a form (e.g., articles containing 

TBBPA) such that there is negligible potential for occupational exposure except during an accident. 

977 
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3.2 Manufacturing 978 

As listed in Table 3-1, this OES includes the following COU: Manufacturing. 979 

 Worker Activities 980 

Process information indicates that TBBPA is manufactured as a solid. During manufacturing, worker 981 

exposures to TBBPA may occur via inhalation of dust or dermal contact with solids during worker 982 

activities such as product sampling, equipment cleaning, container cleaning, reactor operation, and 983 

packaging and loading of TBBPA into reactors or transport containers for shipment.  984 

 985 

PPE used at a facility manufacturing TBBPA included gloves, safety glasses, and disposable coveralls, 986 

which would minimize potential dermal exposure to workers handling TBBPA (Integral Consulting, 987 

2025b). Packagers and loaders of the product were reported to wear half face respirators with particulate 988 

cartridges (Integral Consulting, 2025b). Engineering controls from facilities manufacturing TBBPA 989 

included the use of local exhaust ventilation controls and other air pollution control devices to reduce 990 

dust exposures (CRCS Inc., 1984; Integral Consulting, 2025b).  991 

 992 

ONUs include employees (e.g., supervisors and managers) who work at the manufacturing facility but 993 

do not directly handle TBBPA. Generally, EPA expects ONUs to have lower inhalation exposures than 994 

workers who handle the chemicals directly. Because ONUs do not handle TBBPA directly, dermal 995 

exposures would be limited to incidental contact, such as of TBBPA dusts that settle onto surfaces that 996 

the ONUs contact.  997 

 998 

See Section 3.3.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] 999 

(TBBPA) (U.S. EPA, 2026g) for a full manufacturing process description. 1000 

 Number of Workers and Occupational Non-Users 1001 

EPA used data from BLS and the SUSB specific to the OES to estimate the number of workers and 1002 

ONUs per site potentially exposed to TBBPA during manufacturing (U.S. Census Bureau, 2017; U.S. 1003 

BLS, 2023a). This approach involved first identifying the relevant NAICS codes for the OES. The next 1004 

step is the identification of relevant SOC codes within the BLS data for the identified NAICS codes, 1005 

from which total number of workers can be determined. This number is divided by the number of sites 1006 

identified to obtain the exposed workers per site. Appendix A includes further details regarding 1007 

methodology for estimating the number of workers and ONUs per site. EPA assigned the following 1008 

NAICS codes for this OES: 1009 

• 325998 – All Other Miscellaneous Chemical Product and Preparation Manufacturing; 1010 

• 325199 – All Other Basic Organic Chemical Manufacturing; and 1011 

• 325180 – Other Basic Inorganic Chemical Manufacturing. 1012 

Table 3-2 summarizes the per site estimates for this OES based on the methodology described, including 1013 

the number of sites identified in Section 3.3.2 of the Draft Release Assessment for 4,4′-(1-1014 

Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026g). 1015 

  1016 
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Table 3-2. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA During 1017 

Manufacturing 1018 

Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Sitea 

Potentially Exposed 

ONUs per Sitea 

1 

325998 – All Other Miscellaneous 

Chemical Product and Preparation 

Manufacturing 

23 11 325199 – All Other Basic Organic 

Chemical Manufacturing 

325180 – Other Basic Inorganic Chemical 

Manufacturing 

a Number of workers and ONUs per site calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 

 Occupational Inhalation Exposure Results 1019 

EPA assessed inhalation exposure concentrations based on surrogate data. These surrogate data are total 1020 

dust personal worker monitoring data. The data were collected by monitoring TBBPA manufacturing 1021 

workers during the manufacture of TBBPA at Albemarle Corporation’s Magnolia, Arkansas, site 1022 

between July 2003 and November 2021. These data were collected by Albemarle Corporation as 1023 

surrogate TBBPA inhalation exposure surrogate data because a TBBPA sampling and analysis method 1024 

was lacking. The data comprise 10 full-shift personal monitoring samples that were collected for 4 1025 

packagers, a maintenance team member, an electrical and instrumentation (E&I) technician, a back-end 1026 

operator, a loader operator, and two general operators. Detailed information about the tasks performed 1027 

during sampling was unavailable, but Albemarle Corporation reported that operators generally handled 1028 

front-end processes in the reactor area but could also move between the reactor and packaging areas. 1029 

Sample durations ranged from 330 to 490 minutes. Two other samples were excluded from this dataset 1030 

because these samples were obtained by monitoring workers who work at the front-end of the process 1031 

and raw material for TBBPA manufacture was present in that location but not TBBPA; each of these 1032 

samples was below the limit of detection (<0.01 and <0.32 mg/m3) (Integral Consulting, 2025b).  1033 

 1034 

EPA assessed central tendency and high-end full-shift TWA exposure concentrations to be equal to the 1035 

50th and 95th percentile of the 10 samples, or 0.8 and 2.8 mg/m3, respectively. In contrast, the ACC 1036 

TBBPA Consortium, Albemarle Corporation, and Integral Consulting, LLC estimated the central 1037 

tendency and high-end exposures to be equal to 0.82 mg/m3 and 3.75 mg/m3, respectively, because they 1038 

assumed that the 10 samples were lognormally distributed (Integral Consulting, 2025b). Using the 1039 

assessed 8-hour TWA exposure concentration, EPA calculated the IADC and ADC, as described in 1040 

Appendix B. In absence of data specific to ONU exposure, the Agency assumed that worker central 1041 

tendency exposure was representative of ONU exposure and used this data to generate estimates for 1042 

ONUs. The results of these calculations are shown in Table 3-3 below. 1043 

  1044 
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Table 3-3. Summary of Worker Inhalation Exposure Metrics to TBBPA During Manufacturing 1045 

Exposure Concentration Type 

Worker Inhalation Estimates 

(mg/m3) ONU Inhalation 

Estimates 

(mg/m3) Central 

Tendency 
High-End 

8-Hour TWA exposure concentration 0.80 2.8 0.80 

Intermediate average daily concentration (IADC) 

based on 8-hour TWA 

0.41 1.4 0.41 

Average daily concentration (ADC) based on 8-

hour TWA 

0.36 1.3 0.36 

 Occupational Dermal Exposure Results 1046 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 1047 

various “Exposure Concentration Types” from Table 3-4. are explained in Appendix B. Table 3-4. 1048 

summarizes APDR, intermediate average daily dose (IADD), average daily dose (ADD) for chronic 1049 

non-cancer for all applicable similar exposure groups (SEGs). For workers, dermal exposure is assessed 1050 

to neat solid TBBPA. For ONUs, dermal exposure is assessed from contact with surfaces onto which the 1051 

dusts have deposited were assessed. Dermal exposure to workers is generally expected to be greater than 1052 

dermal exposure to ONUs. In absence of data specific to ONU exposure, EPA assumes that worker 1053 

central tendency exposure to solids is representative of ONU exposure. 1054 

 1055 

Table 3-4. Summary of Worker Dermal Exposure Metrics to TBBPA During Manufacturing 1056 

Worker Description Exposure Concentration Type Central Tendency High-End 

Average adult worker 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

3.3 Repackaging of TBBPA Powder 1057 

As listed in Table 3-1, this OES includes the following COU: Import and repackaging. 1058 

 Worker Activities 1059 

Worker exposures may include inhalation of dust and dermal contact with solids when repackaging 1060 

TBBPA powder.  1061 

 1062 

Task-specific PPE used at one facility repackaging TBBPA included a full-face air-purifying respirator 1063 

equipped with organic vapor/acid gas filters and high efficiency particulate air (HEPA) filtration, fire-1064 

resistant uniforms, and chemical-protective gloves, which would minimize potential inhalation and 1065 

dermal exposure to workers handling TBBPA (Integral Consulting, 2025c). At another site, PPE 1066 

included N95 respirators, leather gloves, and Tyvek suits. Engineering controls from facilities 1067 

repackaging TBBPA included the use of enclosed funnel cones and automatic repacking machines 1068 

(Integral Consulting, 2025c). 1069 

 1070 
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ONUs include employees (e.g., supervisors, managers) that work at the import site where repackaging 1071 

occurs but do not directly handle TBBPA. Therefore, EPA expects ONUs to have lower inhalation 1072 

exposures than workers. Since ONUs do not handle TBBPA directly, dermal exposures would be limited 1073 

to incidental contact, such as of TBBPA dusts that settle onto surfaces that the ONUs contact.  1074 

 1075 

See Section 3.4.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] 1076 

(TBBPA) (U.S. EPA, 2026g) for a full repackaging process description. 1077 

 Number of Workers and Occupational Non-Users 1078 

EPA used data from BLS and the SUSB specific to the OES to estimate the number of workers and 1079 

ONUs per site potentially exposed to TBBPA during repackaging (U.S. Census Bureau, 2017; U.S. 1080 

BLS, 2023a). This approach involved first identifying the relevant NAICS codes for the OES. The next 1081 

step is the identification of relevant SOC codes within the BLS data for the identified NAICS codes. 1082 

From there total number of workers can be determined. This number is divided by the number of sites 1083 

identified to obtain the exposed workers per site. Appendix A includes further details regarding 1084 

methodology for estimating the number of workers and ONUs per site. EPA assigned the following 1085 

NAICS codes for this OES: 1086 

• 325199 – All Other Basic Organic Chemical Manufacturing; 1087 

• 325998 – All Other Miscellaneous Chemical Product and Preparation Manufacturing; 1088 

• 424610 – Plastics Materials and Basic Forms and Shapes Merchant Wholesalers; and 1089 

• 424690 – Other Chemical and Allied Products Merchant Wholesalers 1090 

Table 3-5 summarizes the per site estimates for this OES based on the methodology described, including 1091 

the number of sites identified in Section 3.4.2 of the Draft Release Assessment for 4,4′-(1-1092 

Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026g).  1093 

 1094 

Table 3-5. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA During 1095 

Repackaging 1096 

Potential 

Number of Sites 
NAICS Code 

Potentially 

Exposed Workers 

per Sitea 

Potentially 

Exposed ONUs per 

Sitea 

2 

325199 – All Other Basic Organic 

Chemical Manufacturing 

4 2 

325998 – All Other Miscellaneous 

Chemical Product and Preparation 

Manufacturing 

424610 – Plastics Materials and Basic 

Forms and Shapes Merchant Wholesalers 

424690 – Other Chemical and Allied 

Products Merchant Wholesalers 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 

 Occupational Inhalation Exposure Results 1097 

Albemarle Corporation imported 98 to 100% TBBPA powder in 1-ton (approximately 2,200 lb) super 1098 

sacks and transloaded this material into trucks that are located outdoors using a custom funnel cone that 1099 

is placed on top of the truck. A worker untied the supersack after it was placed on top of the cone and 1100 
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the contents of the sack flowed by gravity with some manual jostling of the sack. The cone prevented 1101 

some dust emissions. A truck was filled by emptying multiple super sacks during a period of 4 to 5 1102 

hours. The number of super sacks emptied in a truck and the number of trucks that are filled per day is 1103 

confidential business information (CBI). This work was done by workers who worked 12-hour shifts 1104 

(Integral Consulting, 2025b, c). This repackaging operation ceased at Albemarle Corporation’s site and 1105 

is conducted instead at the site of a toller (contract facility) (Albemarle Corporation, 2025). The ACC 1106 

TBBPA Consortium submitted TBBPA full-shift TWA and task-based PBZ worker monitoring data as 1107 

surrogate data for assessing the repackaging OES. EPA assessed the inhalation exposure concentrations 1108 

of the repackaging OES based on this surrogate data.  1109 

 1110 

The surrogate data that is the basis of EPA’s assessment of the repackaging OES are data that the ACC 1111 

TBBPA Consortium collected at two TBBPA processing sites in response to an order that EPA had 1112 

issued pursuant to TSCA section 4(a) (Integral Consulting, 2025c). At one of these sites, which is Site L, 1113 

workers repackaged 100% TBBPA powder from super sacks into smaller bags using a self-contained 1114 

machine with dust collection. At the other site, which is Site K, workers transferred 100% TBBPA 1115 

powder in 2,000 lb super sacks into a reactor using a mechanism that automatically empties the super 1116 

sacks after the worker unties the sack. EPA lacks information about the toll repackaging site at which 1117 

Albemarle conducts repackaging. Furthermore, the Agency assumed engineering controls for truck 1118 

loading that are more robust than the funnel used by Albemarle are possible. Accordingly, EPA assessed 1119 

exposure in the case of two scenarios: Scenario 1, which involves robust engineering controls; and 1120 

Scenario 2, which involves less robust engineering controls. The Agency assessed Scenarios 1 and 2 1121 

based on the data of Sites L and K, respectively. 1122 

 1123 

In the case of Site L, which corresponds to Scenario 1, three full-shift TWA PBZ samples (each from a 1124 

different worker) and two task-based samples (each paired with 1 of those full-shift samples) were 1125 

collected. The monitored workers’ activities included activities other than repackaging super sacks. The 1126 

task-based samples were collected while the workers repackaged the super sacks; observers noted a very 1127 

clean area with little visible dust. The ranges of these full-shift TWA and task-based PBZ data are 0.11 1128 

to 0.45 mg/m3 and 0.36 to 0.74 mg/m3, respectively. Sample durations are 510 to 675 minutes (full-shift 1129 

samples) and 190 to 270 minutes (task-based samples) (Integral Consulting, 2025c). EPA assessed 1130 

central tendency and high-end full-shift TWA concentrations of Scenario 1 as the 50th and 95th 1131 

percentile of the three full-shift TWA PBZ samples of Site L.  1132 

 1133 

In the case of Site K, which corresponds to Scenario 2, six task-based samples (each from a different 1134 

worker) were collected while the workers transferred the contents of the super sacks into the reactor. 1135 

The range of these data are 4.2 to 48 mg/m3. The sample durations are mostly 15 or 17 minutes, and the 1136 

exception is one sample with a duration of 25 minutes. The sampling duration of each task-length 1137 

sample is equal to the duration of transferring a super sack into the reactor (Integral Consulting, 2025c). 1138 

To assess the exposure of Scenario 2, EPA assumed that two trucks are filled per day because of the 1139 

following: first, as stated above, a truck was filled at Albemarle’s site by emptying multiple super sacks 1140 

during a period of 4 to 5 hours. Second, EPA assumed a work shift of 12 hours because Albemarle’s 1141 

works shift was 12 hours. Based on this, a worker is able to fill two trucks at most because the work 1142 

shift will include work breaks (i.e., there are two  4- to 5-hour work periods in a 12-hour work shift at 1143 

most.) In conclusion, EPA assumed that a worker unloads the super sacks during 10 hours of the 12-1144 

hour shift. The Agency converted each of the 6 task-based samples to 12-hour full-shift TWA samples 1145 

and then assessed central tendency and high-end full-shift TWA concentrations as the 50th and 95th 1146 

percentile of the resulting six full-shift TWA concentrations. To convert each task-based concentration 1147 

to a full-shift concentration, EPA divided the 10-hour work period by the sampling duration of the task-1148 
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length sample to determine the number of super sacks that would be emptied if the duration of emptying 1149 

a super sack equaled the sampling duration and did not vary during the day. Nextn, the Agency assumed 1150 

that exposure concentration during the emptying of each super sack is equal to the concentration of task-1151 

length sample and did not vary by sack. The Agency then multiplied the task-length concentration by the 1152 

number of sacks and divided by the shift duration of 12 hours. 1153 

 1154 

Using these TWA exposure concentrations, EPA calculated the IADC and ADC as described in 1155 

Appendix B. In absence of data specific to ONU exposure, the Agency assumed that worker central 1156 

tendency exposure was representative of ONU exposure and used this data to generate estimates for 1157 

ONUs. The results of these calculations are shown in Table 3-6. 1158 

 1159 

Table 3-6. Summary of Worker Inhalation Exposure Metrics to TBBPA During Repackaging 1160 

SEG 
Number of 

Samples 

12- or 12.5-Hour 

TWA Exposure 

Concentration 

Intermediate Average 

Daily Concentration 

(IADC) 

Average Daily 

Concentration (ADC) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Worker 

(Scenario 1) 

3 0.25 0.45 0.20 0.36 0.12 0.21 

Worker 

(Scenario 2) 

6 14 39 11 31 6.5 18 

ONU 3 0.25 0.25 0.20 0.20 0.12 0.12 

 Occupational Dermal Exposure Results 1161 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 1162 

various “Exposure Concentration Types” from Table 3-7 are explained in Appendix B. Table 3-7 1163 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For workers, 1164 

dermal exposure is assessed to neat solid TBBPA. For ONUs, dermal exposure is assessed from contact 1165 

with surfaces onto which the dusts have deposited were assessed. Dermal exposure to workers is 1166 

generally expected to be greater than dermal exposure to ONUs. Where EPA was not able to estimate 1167 

ONU dermal exposure from monitoring data or models, ONU exposure was assumed equivalent to the 1168 

central tendency exposure to solids experienced by workers.  1169 

 1170 

Table 3-7. Summary of Worker Dermal Exposure Metrics to TBBPA During Repackaging 1171 

Worker Description Exposure Concentration Type Central Tendency High-End 

Worker  

(Scenarios 1 and 2) 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

3.4 Test Order – ACC OES to COU Crosswalk 1172 

As described in Section 3.1, ACC submitted monitoring data in response to TSCA section 4(a)(2) test 1173 
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order for TBBPA (Integral Consulting, 2025a). ACC divided these monitoring data into four groups 1174 

defined by process type and exposure potential, spanning multiple life cycle stages and/or categories and 1175 

subcategories of COUs. EPA used these four ACC groupings as OESs. In addition to monitoring data, 1176 

the final test report also provides information on physical form and concentration of TBBPA, unit 1177 

operations, worker activities, and operating schedules for each grouping. Table 3-8 presents this 1178 

information for each ACC OES. 1179 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192
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Table 3-8. Process Information and COU Mapping for ACC Test Order OES 1180 

OES 

(ACC 

Group) 

COU 

# 

Process Description 

Feed Material 

Process Type 
Unit 

Operations 
Equipment 

Process 

Conditions 

Worker 

Activities 

Product 
Production 

Frequency Physical 

Form 

TBBPA 

Conc. 

Physical 

Form 

TBBPA 

Conc. 
Function 

Group 1 5 
Particulates 

(powder)  
>98%  

• Batch 

• Some 

equipment 

such as rollers 

are not 

enclosed 

• Equipment is 

manually 

operated 

Mixing • Hopper/ 

Tumbler 

• Kneading 

equipment/ 

roller/ 

blender Heating 

• Handle bags 

and drums 

• Feed material 

into equipment 

via shovel 

• Operate 

equipment 

Granules <5% Polymer 

material 

6–13 days/yr 

Size 

reduction 
• Cutting 

tables 

• Slicers 

• Grinders 

Pellets 15–

19.5% 

Resin 

Group 2 

3, 4 

Particulates 

(powder)  

90– 

>98%  

• Batch 

(primarily) 

• Continuous 

• Manual 

loading of 

mixer 

• Manual or 

automatic 

repackaging 

of feed 

material 

depending on 

container size 

Reaction Reactor 

Unknown 

• Repackage 

supersacks 

into smaller 

bags via 

repackaging 

machine 

• Manually 

transfer 

material from 

large bags into 

25 kg bags 

• Manually 

transfer 

contents for 

weighing 

• Manually 

transfer 

material from 

25 kg bags 

into mixer 

• Cleaning with 

vacuum after 

loading mixer 

Liquids 20–500 

ppm 

Resin 

• Batch: 

2–305 

days/yr 

• Continuous: 

260–312 

days/yr 

 

5 Mixing • Mixer 

• Mogul 

Liquids 5–26% Resin 

5 Reaction Reactor Powder <1% Flame-

retarded 

powder 

6 

  Semi-

solids 

0.05–

20% 

Adhesive 
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 1181 

1182 

OES 

(ACC 

Group) 

COU 

# 

Process Description 

Feed Material 

Process Type 
Unit 

Operations 
Equipment 

Process 

Conditions 

Worker 

Activities 

Product 
Production 

Frequency Physical 

Form 

TBBPA 

Conc. 

Physical 

Form 

TBBPA 

Conc. 
Function 

Group 3 

5 Pellets (solids) 

<30% 
• Batch 

• Continuous 

  

Unknown  

Solid 

sheets, 

films, 

and/or 

pellets 

<17% Engineering 

resin pellets 

• Batch:  

4–156 

days/yr 

• Continuous: 

104–260 

days/yr 

 

7 1. Batch 

2. Continuous 

 

  1. Up to 

6% 

2. <0.1% 

(trace) 

 

1. Copper 

clad laminate 

2. Electronic 

component 

 

8 Liquid resin • Coating 

• Heating 

• Coater 

• Oven 

≥ 5–20% • Prepreg 

composite 

• Adhesive 

film 

8 Semi-solid 

adhesive 

  15–20% Structural 

film adhesive 

9 Pellets (solids) Mixing Extrusion <1% 

(trace) 

Molded 

electronic 

part 

Group 4 13, 

15 

Prepreg 

composite and 

adhesive films 

<30%    Unknown   2–17% Composite 

parts for 

aerospace 

industry, 

including 

aviation 

interiors, 

composite 

products for 

electrical 

utilities 

• Batch:  

12–365 

days/yr 

• Continuous: 

260–275 

days/yr 
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 ACC TBBPA Consortium’s Group 1: Production of Formulations (Particulate 1183 

Solids) from TBBPA Powder 1184 

As listed in Table 3-1, this OES includes the following COU: Processing: Additive flame retardant in 1185 

plastics, paints and coatings. 1186 

3.4.1.1 Worker Activities 1187 

Group 1 processing operators (OPs) are closely involved with the processing and handling of powders 1188 

containing TBBPA, frequently cleaning equipment, collecting samples of products, mixing materials, 1189 

loading and operating equipment, and performing preventative maintenance. User operators include 1190 

workers that handle TBBPA in industrial/commercial settings, performing tasks such as loading and 1191 

operating equipment, and cutting, packaging and visually inspecting final TBBPA-containing solid 1192 

products such as granules. Therefore, worker exposures to TBBPA may occur via inhalation of 1193 

particulates or dermal contact with solids during worker activities such as sampling, equipment cleaning, 1194 

reactor operation and maintenance, and packaging and loading TBBPA into reactors or transport 1195 

containers for shipment.  1196 

 1197 

PPE used at the facilities producing TBBPA-containing solids in the ACC test order data includes 1198 

baseline PPE (e.g., safety shoes, safety glasses, gloves, and hard hats), task-specific PPE that is used 1199 

during certain activities (e.g., respirators, aprons, goggles), and emergency-use PPE that is applied in the 1200 

case of a disruption or emergent event like a spill or a leak (e.g., self-contained breathing apparatus, 1201 

escape air respirators) (Integral Consulting, 2025a). Engineering controls listed in the ACC test order 1202 

from facilities producing TBBPA-containing solids include the use of general mechanical ventilation, 1203 

negative pressure, open doors and windows, and working under ventilated hoods. Other precautions 1204 

used are enclosed conveyors and lifts to assist with emptying materials into hoppers and blenders 1205 

(Integral Consulting, 2025a). 1206 

 1207 

ONUs as defined by the ACC test order are personnel who may enter process areas, but do not spend 1208 

substantial time around points of exposure that a worker may engage with. This definition is similar to 1209 

EPA’s definition of ONUs and therefore EPA is using these values to estimate occupational exposures 1210 

for ONUs. Therefore, EPA expects ONUs to have lower inhalation exposures than workers. Since 1211 

ONUs do not handle TBBPA directly, dermal exposures would be limited to incidental contact, such as 1212 

of TBBPA dusts that settle onto surfaces that the ONUs contact.  1213 

 1214 

See Section 3.6.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] 1215 

(TBBPA) (U.S. EPA, 2026g) for a full process description for the Processing: additive flame retardant in 1216 

plastics, paints and coatings COU. 1217 

3.4.1.2 Number of Workers and Occupational Non-Users 1218 

EPA used data from the ACC test order, BLS, and the SUSB specific to the OES to estimate the number 1219 

of workers and ONUs per site potentially exposed to TBBPA during the production of TBBPA-1220 

containing solids (Integral Consulting, 2025a; U.S. Census Bureau, 2017; U.S. BLS, 2023a). This 1221 

approach involved first identifying the relevant NAICS codes for the OES. The next step is the 1222 

identification of relevant SOC codes within the BLS data for the identified NAICS codes, from which 1223 

total number of workers can be determined. This number is divided by the number of sites identified to 1224 

obtain the exposed workers per site. Appendix A includes further details regarding methodology for 1225 

estimating the number of workers and ONUs per site. EPA assigned the following NAICS codes for this 1226 

OES: 1227 

  1228 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13283040
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12379302
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12379303
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• 325211 – Plastics Material and Resin Manufacturing; and 1229 

• 325991 – Custom Compounding of Purchased Resins. 1230 

Table 3-9 summarizes the per site estimates for this OES based on the methodology described, including 1231 

the number of sites identified in Section 3.6.2 of the Draft Release Assessment for 4,4′-(1-1232 

Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026g). 1233 

 1234 

Table 3-9. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA During 1235 

Production of Formulations (Particulate Solids) from TBBPA Powder 1236 

Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Sitea 

Potentially Exposed 

ONUs per Sitea 

3 

325211 – Plastics Material and Resin 

Manufacturing 
20 13 

325991 – Custom Compounding of 

Purchased Resins 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 

3.4.1.3 Occupational Inhalation Exposure Results 1237 

For the production of TBBPA-containing solids, EPA was provided with inhalation monitoring data 1238 

from ACC test order data. The singular company that provided data for this OES uses 98% TBBPA in 1239 

powder form to create solid, non-particulate products (e.g., granules and pellets) and is referred to as 1240 

Group 1 in the study, which is the same nomenclature EPA used for this OES. The company in Group 1 1241 

runs batch operations that occur based on customer demand ranging from 6 to 13 days per year (Integral 1242 

Consulting, 2025a). The ACC Group 1 data includes eight occupational full-shift (8-hour TWA) 1243 

personal air samples from processing operators, user operators, and ONUs.  1244 

 1245 

From this monitoring data, EPA used the test order’s calculated 50th and 95th percentile full-shift TWA 1246 

concentrations that are not adjusted for shift-duration to represent a central tendency and high-end 1247 

estimate of potential occupational inhalation exposures, respectively, for this scenario. Using these full-1248 

shift TWA exposure concentrations, EPA calculated the IADC and ADC as described in Appendix B 1249 

assuming that workers work 40 hours per week on average and a total of 2,000 hours per year, which is 1250 

equivalent to working 8 hours per day for 250 days per year, irrespective of shift duration and actual 1251 

exposure frequency. The results of these calculations are shown in Table 3-10 below. 1252 

  1253 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13283040
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192
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Table 3-10. Summary of Worker Inhalation Exposure Metrics to TBBPA During ACC TBBPA 1254 

Consortium’s Group 1: Production of Formulations (Particulate Solids) from TBBPA Powder 1255 

SEG 
No. of 

Samples 

8-Hour TWA 

Exposure 

Concentration 

Intermediate Average 

Daily Concentration 

(IADC) 

Average Daily 

Concentration (ADC) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Processing operator 

(OP) 

4 0.16 0.31 7.9E−02 0.15 3.9E−03 7.5E−03 

User operator 

(UOP) 

2 1.9E−02 3.3E−02 9.3E−03 1.6E−02 4.6E−04 7.7E−04 

ONU 2 5.5E−04 6.9E−04 2.6E−04 3.3E−04 1.3E−05 1.6E−05 

3.4.1.4 Occupational Dermal Exposure Results 1256 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 1257 

various “Exposure Concentration Types” from Table 3-11 are explained in Appendix B. Table 3-11 1258 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For both 1259 

processing operators and user operators, dermal exposure is assessed to solids containing TBBPA. For 1260 

ONUs, dermal exposure is assessed from contact with surfaces onto which the dusts have deposited 1261 

were assessed. Dermal exposure to workers is generally expected to be greater than dermal exposure to 1262 

ONUs. In absence of data specific to ONU exposure, EPA assumes that worker central tendency 1263 

exposure to solids is representative of ONU exposure. 1264 

 1265 

Table 3-11. Summary of Worker Dermal Exposure Metrics to TBBPA During ACC TBBPA 1266 

Consortium’s Group 1: Production of Formulations (Particulate Solids) from TBBPA Powder 1267 

Worker Description Exposure Concentration Type 
Central 

Tendency 
High-End 

Processing operator (OP); 

User operator (UOP) 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

 ACC TBBPA Consortium’s Group 2: Production of Intermediate Products (Liquid, 1268 

Semi-Solid, and Powder) from TBBPA Powder 1269 

As listed in Table 3-1, this OES includes the following COUs: Processing as a reactant, Processing: 1270 

Additive flame retardant in plastics, paints and coatings, and Processing: Adhesive manufacturing. EPA 1271 

combined these conditions of use into one OES due to similarities in expected exposure scenarios. 1272 

3.4.2.1 Worker Activities 1273 

Group 2 processing operators are closely involved with the processing and handling of powders 1274 

containing TBBPA, frequently cleaning equipment, collecting samples of products, mixing materials, 1275 

loading and operating equipment, and performing preventative maintenance. Group 2 processing 1276 
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operators conducted tasks involving powders and solids but also worked with liquid raw materials. 1277 

Laboratory technicians commonly perform quality assurance tasks and perform sample analysis and 1278 

laboratory testing. Therefore, worker exposures to TBBPA may occur via inhalation of particulates or 1279 

dermal contact with solid during worker activities such as product sampling, equipment cleaning, reactor 1280 

operation and maintenance, packaging and loading of TBBPA into reactors or transport containers for 1281 

shipment and visually inspecting solid material.  1282 

 1283 

PPE used at the facilities producing Intermediate products (liquid, semi-solid, and powder) from 1284 

TBBPA powder in the ACC test order data includes baseline PPE (e.g., safety shoes, safety glasses, 1285 

gloves, and hard hats), task-specific PPE which is used during certain activities (e.g., respirators, aprons, 1286 

goggles), and emergency-use PPE which is applied in the case of a disruption or emergent event like a 1287 

spill or a leak (e.g., self-contained breathing apparatus, escape air respirators) (Integral Consulting, 1288 

2025a). Engineering controls listed in the ACC test order from facilities producing Intermediate 1289 

products (liquid, semi-solid, and powder) from TBBPA powder include the use of local exhaust 1290 

ventilation, general mechanical ventilation, and negative pressure. Another precaution used is automatic 1291 

loading of solvents to mogul (Integral Consulting, 2025a). 1292 

 1293 

ONUs as defined by the ACC test order are personnel who may enter process areas, but do not spend 1294 

substantial time around points of exposure that a worker may engage with. ONUs do not directly handle 1295 

TBBPA. Therefore, EPA expects ONUs to have lower inhalation exposures than workers. Because 1296 

ONUs do not handle TBBPA directly, dermal exposures would be limited to incidental contact, such as 1297 

of TBBPA dusts that settle onto surfaces that the ONUs contact.  1298 

 1299 

See Sections 3.5.1, 3.6.1, and 3.7.1 of the Draft Release Assessment for 4,4′-(1-1300 

Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026g) for full process descriptions for 1301 

the COUs Processing: As a reactant; Processing: Additive flame retardant in plastics, paints and 1302 

coatings; and Processing: Adhesive manufacturing. 1303 

3.4.2.2 Number of Workers and Occupational Non-Users 1304 

EPA used data from the ACC test order, BLS, and the SUSB specific to the OES to estimate the number 1305 

of workers and ONUs per site potentially exposed to TBBPA during the production of Intermediate 1306 

products (liquid, semi-solid, and powder) from TBBPA powder (Integral Consulting, 2025a; U.S. 1307 

Census Bureau, 2017; U.S. BLS, 2023a). This approach involved first identifying the relevant NAICS 1308 

codes for the OES. The next step is the identification of relevant SOC codes within the BLS data for the 1309 

identified NAICS codes, from which total number of workers can be determined. This number is divided 1310 

by the number of sites identified to obtain the exposed workers per site. Appendix A includes further 1311 

details regarding methodology for estimating the number of workers and ONUs per site. EPA assigned 1312 

the following NAICS codes for this OES: 1313 

• 325199 – All Other Basic Organic Chemical Manufacturing; 1314 

• 322220 – Paper Bag and Coated and Treated Paper Manufacturing; 1315 

• 325110 – Petrochemical Manufacturing; 1316 

• 325180 – Other Basic Inorganic Chemical Manufacturing; 1317 

• 325211 – Plastics Material and Resin Manufacturing; 1318 

• 325520 – Adhesive Manufacturing; 1319 

• 325991 – Custom Compounding of Purchased Resins; 1320 

• 325998 – All Other Miscellaneous Chemical Product and Preparation Manufacturing; and 1321 

• 335931 – Current-Carrying Wiring Device Manufacturing. 1322 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13283040
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12379302
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12379302
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Table 3-12 summarizes the per site estimates for this OES based on the methodology described, 1323 

including the number of sites identified in Sections 3.5.2, 3.6.2, and 3.7.2 of the Draft Release 1324 

Assessment for 4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026g). 1325 

 1326 

Table 3-12. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA 1327 

During Production of Intermediate Products (Liquid, Semi-Solid, and Powder) from TBBPA 1328 

Powder 1329 

Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Sitea 

Potentially Exposed 

ONUs per Sitea 

10 

325199 – All Other Basic Organic 

Chemical Manufacturing 

22 11 

322220 – Paper Bag and Coated and 

Treated Paper Manufacturing 

325110 – Petrochemical Manufacturing 

325180 – Other Basic Inorganic 

Chemical Manufacturing 

325211 – Plastics Material and Resin 

Manufacturing 

325520 – Adhesive Manufacturing 

325991 – Custom Compounding of 

Purchased Resins 

325998 – All Other Miscellaneous 

Chemical Product and Preparation 

Manufacturing 

335931 – Current-Carrying Wiring 

Device Manufacturing 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 

3.4.2.3 Occupational Inhalation Exposure Results 1330 

For the production of Intermediate products (liquid, semi-solid, and powder) from TBBPA powder, EPA 1331 

was provided with inhalation monitoring data from ACC test order data. The four companies that 1332 

provided data for this OES use 90 to 98% TBBPA in powder form to create mixtures or reaction 1333 

products, often used as intermediates in the production of the end product. The group of companies 1334 

performing these production activities is referred to as Group 2 in the study, which is the same 1335 

nomenclature that EPA uses for this OES. The companies run batch operations that occur based on 1336 

customer demand ranging from 2 to 305 days per year (Integral Consulting, 2025a). The ACC Group 2 1337 

data include 38 occupational full-shift (8-hour TWA) personal air samples from processing operators, 1338 

laboratory technicians, and ONUs.  1339 

 1340 

From this monitoring data, EPA used the test order’s calculated 50th and 95th percentile full-shift TWA 1341 

concentrations that are not adjusted for shift duration to represent a central tendency and high-end 1342 

estimate of potential occupational inhalation exposures, respectively, for this scenario. Using these full-1343 

shift TWA exposure concentrations, EPA calculated the IADC and ADC as described in Appendix B 1344 

assuming that workers work 40 hours per week on average and a total of 2,000 hours per year, which is 1345 

equivalent to working 8 hours per day for 250 days per year, irrespective of shift duration and actual 1346 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13283040
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exposure frequency. The results of these calculations are shown in Table 3-13 below. 1347 

 1348 

Table 3-13. Summary of Worker Inhalation Exposure Metrics to TBBPA During ACC TBBPA 1349 

Consortium’s Group 2: Production of Intermediate Products (Liquid, Semi-Solid, and Powder) 1350 

from TBBPA Powder 1351 

SEG 

Number 

of 

Samples 

8-Hour TWA 

Exposure 

Concentration 

Intermediate Average 

Daily Concentration 

(IADC) 

Average Daily 

Concentration (ADC) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Processing operator 

(OP) 

18 6.5E−03 1.2 3.4E−03 0.60 3.0E−03 0.53 

Laboratory 

technician (LBT) 

4 2.1E−04 4.2E−04 1.1E−04 2.2E−04 9.6E−05 1.9E−04 

ONU 16 1.4E−03 2.1E−02 7.3E−04 1.1E−02 6.4E−04 9.4E−03 

3.4.2.4 Occupational Dermal Exposure Results 1352 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 1353 

various “Exposure Concentration Types” from Table 3-14 are explained in Appendix B. Table 3-14 1354 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For both 1355 

processing operators and laboratory technicians, dermal exposure may occur to both solids and liquids 1356 

containing TBBPA. However, because absorption to TBBPA is flux-limited and the addition of the 1357 

APDRs from both physical forms does not impact on the overall intermediate and chronic doses, only 1358 

the higher APDR between the two physical forms is presented, which is for liquid exposure in this case. 1359 

For ONUs, dermal exposure is assessed from contact with surfaces onto which the dusts have deposited 1360 

were assessed. ONU dermal exposure to liquid is not expected. Dermal exposure to workers is generally 1361 

expected to be greater than dermal exposure to ONUs. In absence of data specific to ONU exposure, 1362 

EPA assumes that worker central tendency exposure to solids is representative of ONU exposure. 1363 

 1364 

Table 3-14. Summary of Worker Dermal Exposure Metrics to TBBPA During ACC TBBPA 1365 

Consortium’s Group 2: Production of Intermediate Products (Liquid, Semi-Solid, and Powder) 1366 

from TBBPA Powder 1367 

Worker Description Exposure Concentration Type Central Tendency High-End 

Processing operator 

(OP); Laboratory 

technician (LBT) 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

 ACC TBBPA Consortium’s Group 3: Production of Intermediate Solid Products 1368 

(Sheet, Film, and Pellet) from the Products of Group 2 1369 

As listed in Table 3-1, this OES includes the following COUs: Processing: Additive flame retardant in 1370 

plastics, paints and coatings; Processing: Incorporation into PCBs and electronic products; Processing: 1371 
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Incorporation into transportation equipment; and Processing: Incorporation into plastic products. EPA 1372 

combined these COUs into one OES due to similarities in expected exposure scenarios. 1373 

3.4.3.1 Worker Activities 1374 

Group 3 processing operators worked only with liquid raw materials and solid composite final products. 1375 

Group 3 user operators performed tasks like setting up and operating coater machines, collecting 1376 

samples, pulling fibers through extruders, conducting color corrections, loading materials, etc. 1377 

Laboratory technicians conducted color tests. Logistics technicians performed packaging tasks and other 1378 

general warehousing duties. Maintenance technicians completed tasks involving repairs to process 1379 

equipment. Therefore, worker exposures to TBBPA may occur via inhalation of vapor or dermal contact 1380 

with liquid or semi-solid during worker activities such as product sampling, equipment cleaning, reactor 1381 

operation and maintenance, packaging and loading of TBBPA into reactors or transport containers for 1382 

shipment and visually inspecting solid material.  1383 

 1384 

PPE used at the facilities producing Intermediate solid products (sheet, film, and pellet) from the 1385 

products of Group 2 in the ACC test order data includes baseline PPE (e.g., safety shoes, safety glasses, 1386 

gloves, and hard hats), task-specific PPE which is used during certain activities (e.g., respirators, aprons, 1387 

goggles), and emergency-use PPE which is applied in the case of a disruption or emergent event like a 1388 

spill or a leak (e.g., self-contained breathing apparatus, escape air respirators). Operators at Group 3 1389 

facilities wore full-face respirators during cutting bags of solid powders, compounding and weighing 1390 

solid powders, loading and unloading tasks, and cleaning equipment with solvents (Integral Consulting, 1391 

2025a). Engineering controls listed in the ACC test order from facilities producing TBBPA-containing 1392 

mixtures and formulations include the use of local exhaust ventilation, general mechanical ventilation, 1393 

dust collection systems, and negative pressure (Integral Consulting, 2025a). 1394 

 1395 

ONUs as defined by the ACC test order are personnel who may enter process areas, but do not spend 1396 

substantial time around points of exposure that a worker may engage with. ONUs do not directly handle 1397 

TBBPA. Therefore, EPA expects ONUs to have lower inhalation exposures than workers. Since ONUs 1398 

do not handle TBBPA directly, dermal exposures would be limited to incidental contact, such as of 1399 

TBBPA dusts that settle onto surfaces that the ONUs contact.  1400 

 1401 

See Sections 3.6.1, 3.8.1, 3.9.1 and 3.10.1 of the Draft Release Assessment for 4,4′-(1-1402 

Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026g) for full process descriptions for 1403 

the COUs: Processing: Additive flame retardant in plastics, paints and coatings; Processing: 1404 

Incorporation into PCBs and electronic products; Processing: Incorporation into transportation 1405 

equipment; and Processing: Incorporation into plastic products. 1406 

3.4.3.2 Number of Workers and Occupational Non-Users 1407 

EPA used data from the ACC test order, BLS, and the SUSB specific to the OES to estimate the number 1408 

of workers and ONUs per site potentially exposed to TBBPA during the production of Intermediate 1409 

solid products (sheet, film, and pellet) from the products of Group 2 (Integral Consulting, 2025a; U.S. 1410 

Census Bureau, 2017; U.S. BLS, 2023a). This approach involved first identifying the relevant NAICS 1411 

codes for the OES. The next step is the identification of relevant SOC codes within the BLS data for the 1412 

identified NAICS codes, from which total number of workers can be determined. This number is divided 1413 

by the number of sites identified to obtain the exposed workers per site. Appendix A includes further 1414 

details regarding methodology for estimating the number of workers and ONUs per site. EPA assigned 1415 

the following NAICS codes for this OES: 1416 

• 313320 – Fabric Coating Mills 1417 

• 325211 – Plastics Material and Resin Manufacturing 1418 
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• 325991 – Custom Compounding of Purchased Resins 1419 

• 326113 – Unlaminated Plastics Film and Sheet (except Packaging) Manufacturing 1420 

• 326130 – Laminated Plastics Plate, Sheet (except Packaging), and Shape Manufacturing 1421 

• 326199 – All Other Plastics Product Manufacturing 1422 

• 334413 – Semiconductor and Related Device Manufacturing 1423 

• 334419 – Other Electronic Component Manufacturing 1424 

• 335929 – Other Communication and Energy Wire Manufacturing 1425 

• 335991 – Carbon and Graphite Product Manufacturing 1426 

• 335999 – All Other Miscellaneous Electrical Equipment and Component Manufacturing 1427 

• 336411 – Aircraft Manufacturing 1428 

• 336413 – Other Aircraft Parts and Auxiliary Equipment Manufacturing. 1429 

Table 3-15 summarizes the per site estimates for this OES based on the methodology described, 1430 

including the number of sites identified in Sections 3.6.2, 3.8.2, 3.9.2 and 3.10.2 of the Draft Release 1431 

Assessment for 4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026g). 1432 

 1433 

Table 3-15. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA 1434 

During Production of Intermediate Solid Products (Sheet, Film, and Pellet) from the Products of 1435 

Group 2 1436 

Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Sitea 

Potentially Exposed 

ONUs per Sitea 

8 

313320 – Fabric Coating Mills 

65 20 

325211 – Plastics Material and Resin 

Manufacturing 

325991 – Custom Compounding of 

Purchased Resins 

326113 – Unlaminated Plastics Film 

and Sheet (except Packaging) 

Manufacturing 

326130 – Laminated Plastics Plate, 

Sheet (except Packaging), and Shape 

Manufacturing 

326199 – All Other Plastics Product 

Manufacturing 

334413 – Semiconductor and Related 

Device Manufacturing 

334419 – Other Electronic Component 

Manufacturing 

335929 – Other Communication and 

Energy Wire Manufacturing 

335991 – Carbon and Graphite Product 

Manufacturing 

335999 – All Other Miscellaneous 

Electrical Equipment and Component 

Manufacturing 
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Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Sitea 

Potentially Exposed 

ONUs per Sitea 

336411 – Aircraft Manufacturing 

336413 – Other Aircraft Parts and 

Auxiliary Equipment Manufacturing 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 

3.4.3.3 Occupational Inhalation Exposure Results 1437 

For the production of Intermediate solid products (sheet, film, and pellet) from the products of Group 2, 1438 

EPA was provided inhalation monitoring data from ACC test order data. The two companies that 1439 

provided data for this OES use materials containing less than 30%t TBBPA (e.g., solid or liquid resin) to 1440 

create other TBBPA-containing materials (e.g., molded part, sheet, pellet, prepreg composite). The end 1441 

product is usually not further cut or manipulated within the facility after production. The group of 1442 

companies performing these production activities is referred to as Group 3 in the study, which is the 1443 

same nomenclature that EPA used for this OES. The companies in Group 3 run both batch and 1444 

continuous operations. Batch operation days range from 4 to 156 days per year, and continuous 1445 

operations range from 2 to 5 days per week, or approximately 104 to 260 days per year assuming 52 1446 

weeks of operation per calendar year (Integral Consulting, 2025a). The ACC Group 3 data include 29 1447 

occupational full-shift (8-hour TWA) personal air samples from processing operators, user operators, 1448 

laboratory technicians, logistics technicians, maintenance technicians, and ONUs.  1449 

 1450 

From this monitoring data, EPA used the test order’s calculated 50th and 95th percentile full-shift TWA 1451 

concentrations that are not adjusted for shift-duration to represent a central tendency and high-end 1452 

estimate of potential occupational inhalation exposures, respectively, for this scenario. Using these full-1453 

shift TWA exposure concentrations, EPA calculated the IADC, and ADC as described in Appendix B 1454 

assuming that workers work 40 hours per week on average and a total of 2,000 hours per year, which is 1455 

equivalent to working 8 hours per day for 250 days per year, irrespective of shift duration and actual 1456 

exposure frequency. The results of these calculations are shown in Table 3-16 below. 1457 

 1458 

Table 3-16. Summary of Worker Inhalation Exposure Metrics to TBBPA During ACC TBBPA 1459 

Consortium’s Group 3: Production of Intermediate Solid Products (Sheet, Film, and Pellet) from 1460 

the Products of Group 2  1461 

SEG 

Number 

of 

Samples 

8-Hour TWA 

Exposure 

Concentration 

Intermediate Average 

Daily Concentration 

(IADC) 

Average Daily 

Concentration (ADC) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Processing operator 

(OP) 

2 2.8E−04 4.0E−04 1.5E−04 2.1E−04 1.3E−04 1.8E−04 

User operator 

(UOP) 

8 6.9E−04 1.1E−02 3.6E−04 5.5E−03 3.2E−04 4.8E−03 

Laboratory 

technician (LBT) 

5 9.2E−05 2.1E−03 4.8E−05 1.1E−03 4.2E−05 9.6E−04 

Logistics technician 3 2.2E−04 4.4E−04 1.1E−04 2.3E−04 1.0E−04 2.0E−04 
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SEG 

Number 

of 

Samples 

8-Hour TWA 

Exposure 

Concentration 

Intermediate Average 

Daily Concentration 

(IADC) 

Average Daily 

Concentration (ADC) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

(LGT) 

Maintenance 

technician (MT) 

3 5.7E−04 8.0E−04 3.0E−04 4.1E−04 2.6E−04 3.7E−04 

ONU 8 1.0E−04 9.5E−04 5.2E−05 4.9E−04 4.6E−05 4.3E−04 

3.4.3.4 Occupational Dermal Exposure Results 1462 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 1463 

various “Exposure Concentration Types” from Table 3-17 are explained in Appendix B. Table 3-17 1464 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For processing 1465 

operators and laboratory technicians, dermal exposure may occur to both solids and liquids containing 1466 

TBBPA. However, because absorption to TBBPA is flux-limited and the addition of the APDRs from 1467 

both physical forms does not impact on the overall intermediate and chronic doses, only the higher 1468 

APDR between the two physical forms is presented, which is for liquid exposure in this case. For user 1469 

operators, logistic technicians, and maintenance technicians, dermal exposure is only expected to be to 1470 

solids containing TBBPA. For ONUs, dermal exposure is assessed from contact with surfaces onto 1471 

which the dusts have deposited were assessed. ONU dermal exposure to liquid is not expected. Dermal 1472 

exposure to workers is generally expected to be greater than dermal exposure to ONUs. In absence of 1473 

data specific to ONU exposure, EPA assumes that worker central tendency exposure to solids is 1474 

representative of ONU exposure. 1475 

 1476 

Table 3-17. Summary of Worker Dermal Exposure Metrics to TBBPA During ACC TBBPA 1477 

Consortium’s Group 3: Production of Intermediate Solid Products (Sheet, Film, and Pellet) from 1478 

the Products of Group 2  1479 

Worker Description Exposure Concentration Type Central Tendency High-End 

Processing operator (OP); 

User operator (UOP); 

Laboratory technician 

(LBT); Logistics technician 

(LGT); Maintenance 

technician (MT) 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

 ACC TBBPA Consortium’s Group 4: Production of Composite Parts from Prepreg 1480 

and Adhesive Film  1481 

As listed in Table 3-1, this OES includes the following COUs: Industrial and commercial use in 1482 

electrical and electronic articles; and Industrial and commercial use in automotive and aviation articles. 1483 

EPA combined these COUs into one OES due to similarities in expected exposure scenarios. 1484 
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3.4.4.1 Worker Activities 1485 

Group 4 user operators performed tasks involving the use of handheld tools manipulating solid products 1486 

into their final shapes and forms, using techniques such as cutting, grinding, sawing, and sanding. 1487 

Logistics technicians performed packaging tasks and other general warehousing duties. Maintenance 1488 

technicians completed tasks involving repairs to process equipment. Therefore, worker exposures to 1489 

TBBPA in dust may occur via inhalation or dermal routes during worker activities such as cutting, 1490 

grinding, sawing, and sanding activities, loading and unloading TBBPA-containing products, and 1491 

visually inspecting solid material.  1492 

 1493 

PPE used at the facilities producing composite parts from prepreg and adhesive film in the ACC test 1494 

order data includes baseline PPE (e.g., safety shoes, safety glasses, gloves, and hard hats), task-specific 1495 

PPE which is used during certain activities (e.g., respirators, aprons, goggles), and emergency-use PPE 1496 

which is applied in the case of a disruption or emergent event like a spill or a leak (e.g., self-contained 1497 

breathing apparatus, escape air respirators). Operators at Group 4 facilities wore full-faced respirators 1498 

during cutting bags of solid powders, loading and unloading tasks involving solid powders, trimming 1499 

and sanding tasks, clean-up of solid powders, and repacking tasks (Integral Consulting, 2025a). 1500 

Engineering controls listed in the ACC test order from facilities producing TBBPA-containing mixtures 1501 

and formulations include the use of local exhaust ventilation (Integral Consulting, 2025a). 1502 

 1503 

ONUs as defined by the ACC TBBPA Consortium are personnel who may enter process areas, but do 1504 

not spend substantial time around points of exposure that a worker may engage with. ONUs do not 1505 

directly handle TBBPA. Therefore, EPA expects ONUs to have lower inhalation exposures than 1506 

workers. Since ONUs do not handle TBBPA directly, dermal exposures would be limited to incidental 1507 

contact, such as of TBBPA dusts that settle onto surfaces that the ONUs contact.  1508 

 1509 

See Section 3.12.1 and 3.13.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-1510 

dibromophenol] (TBBPA) (U.S. EPA, 2026g) for full process descriptions for the COUs Industrial and 1511 

commercial use in electrical and electronic articles, and Industrial and commercial use in automotive 1512 

and aviation articles.  1513 

3.4.4.2 Number of Workers and Occupational Non-Users 1514 

EPA used data from the ACC test order, BLS, and the SUSB specific to the OES to estimate the number 1515 

of workers and ONUs per site potentially exposed to TBBPA during the production of Composite parts 1516 

from prepreg and adhesive film (Integral Consulting, 2025a; U.S. Census Bureau, 2017; U.S. BLS, 1517 

2023a). This approach involved first identifying the relevant NAICS codes for the OES. The next step is 1518 

the identification of relevant SOC codes within the BLS data for the identified NAICS codes, from 1519 

which total number of workers can be determined. This number is divided by the number of sites 1520 

identified to obtain the exposed workers per site. Appendix A includes further details regarding 1521 

methodology for estimating the number of workers and ONUs per site. EPA assigned the following 1522 

NAICS codes for this OES: 1523 

• 334100 – Computer and Peripheral Equipment Manufacturing; 1524 

• 334419 – Other Electronic Component Manufacturing; 1525 

• 335300 – Electrical Equipment Manufacturing; 1526 

• 335900 – Other Electrical Equipment and Component Manufacturing; 1527 

• 336110 – Automobile and Light Duty Motor Vehicle Manufacturing; 1528 

• 336411 – Aircraft Manufacturing; 1529 

• 336412 – Aircraft Engine and Engine Parts Manufacturing; and 1530 

• 336413 – Other Aircraft Parts and Auxiliary Equipment Manufacturing. 1531 
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Table 3-18 summarizes the per site estimates for this OES based on the methodology described, 1532 

including the number of sites identified in Section 3.12.2 and 3.13.2 of the Draft Release Assessment for 1533 

4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026g). 1534 

 1535 

Table 3-18. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA 1536 

During Production of TBBPA-Containing Mixtures and Formulations 1537 

Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Sitea 

Potentially Exposed 

ONUs per Sitea 

4 

334100 – Computer and Peripheral 

Equipment Manufacturing 

35 29 

334419 – Other Electronic Component 

Manufacturing 

335300 – Electrical Equipment 

Manufacturing 

335900 – Other Electrical Equipment 

and Component Manufacturing 

336110 – Automobile and Light Duty 

Motor Vehicle Manufacturing 

336411 – Aircraft Manufacturing 

336412 – Aircraft Engine and Engine 

Parts Manufacturing 

336413 – Other Aircraft Parts and 

Auxiliary Equipment Manufacturing 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 

3.4.4.3 Occupational Inhalation Exposure Results 1538 

For the production of Composite parts from prepreg and adhesive film, EPA was provided inhalation 1539 

monitoring data from ACC test order data. The two companies that provided data for this OES use 1540 

TBBPA-containing materials, typically in solid matrix form like a sheet, cloth, or prepreg composite, 1541 

containing less than 30% TBBPA to create new solid components containing TBBPA. These 1542 

components are frequently heated, shaped, or formed into final products or articles. The group of 1543 

companies performing these production activities is referred to as Group 4 in the study, which is the 1544 

same nomenclature used by EPA for this OES. The companies in Group 4 run both batch and continuous 1545 

processes. Batch operations range in frequency from 12 to 365 days per year, and continuous operations 1546 

operate for approximately 5 days per week, or approximately 260 days per year assuming 52 weeks of 1547 

operation per calendar year, up to 275 days per year (Integral Consulting, 2025a). The ACC Group 4 1548 

data include 31 occupational full-shift (8-hour TWA) personal air samples from user operators, logistics 1549 

technicians, maintenance technicians, and ONUs.  1550 

 1551 

The dataset for Group 4 shows that over 80% of the results were non-detects for TBBPA, so the ACC 1552 

TBBPA Consortium reported that estimating statistics are unreliable and did not report them. Therefore, 1553 

EPA calculated the high-end and central tendency statistics via the raw data. For the SEGs Logistics 1554 

Technician and Maintenance Technician, EPA used 
𝐿𝑂𝐷

2
 as the central tendency estimate and LOD as the 1555 

high-end estimate, as there were two data points each, per Section 2.3.1. For the SEGs User Operator 1556 

and ONUs, EPA calculated the central tendency and high-end estimates using the detected values and 1557 
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either 
𝐿𝑂𝐷

2
 or 

𝐿𝑂𝐷

√2
 depending on the geometric standard deviation of the data, as per Section 2.3.1. 1558 

 1559 

From this monitoring data, EPA used the test order’s calculated 50th and 95th percentile full-shift TWA 1560 

concentrations to represent a central tendency and high-end estimate of potential occupational inhalation 1561 

exposures, respectively, for this scenario. Using these full-shift TWA exposure concentrations, EPA 1562 

calculated the IADC, and ADC, as described in Appendix B assuming that workers work 40 hours per 1563 

week on average and a total of 2,000 hours per year, which is equivalent to working 8 hours per day for 1564 

250 days per year, irrespective of shift duration and actual exposure frequency. The results of these 1565 

calculations are shown in Table 3-19 below.  1566 

 1567 

Table 3-19. Summary of Worker Inhalation Exposure Metrics to TBBPA During ACC TBBPA 1568 

Consortium’s Group 4: Production of Composite Parts from Prepreg and Adhesive Film  1569 

SEG 

Number 

of 

Samples 

8-Hour TWA 

Exposure 

Concentration 

Intermediate Average 

Daily Concentration 

(IADC) 

Average Daily 

Concentration (ADC) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

Central 

Tendency 

(mg/m3) 

High-End 

(mg/m3) 

User operator 

(UOP) 

18 8.5E−05 2.6E−04 4.4E−05 1.3E−04 3.9E−05 1.2E−04 

Logistics technician 

(LGT) 

2 6.5E−05 1.3E−04 3.4E−05 6.7E−05 3.0E−05 5.9E−05 

Maintenance 

technician (MT) 

2 6.5E−05 1.3E−04 3.4E−05 6.7E−05 3.0E−05 5.9E−05 

ONU 9 9.2E−05 9.6E−05 4.8E−05 5.0E−05 4.2E−05 4.4E−05 

3.4.4.4 Occupational Dermal Exposure Results 1570 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 1571 

various “Exposure Concentration Types” from Table 3-20 are explained in Appendix B. Table 3-20 1572 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For user 1573 

operators, logistic technicians, and maintenance technicians, dermal exposure is expected to be to solids 1574 

containing TBBPA. For ONUs, dermal exposure is assessed from contact with surfaces onto which the 1575 

dusts have deposited were assessed. Dermal exposure to workers is generally expected to be greater than 1576 

dermal exposure to ONUs. In absence of data specific to ONU exposure, EPA assumes that worker 1577 

central tendency exposure to solids is representative of ONU exposure. 1578 

 1579 

Table 3-20. Summary of Worker Dermal Exposure Metrics to TBBPA During ACC TBBPA 1580 

Consortium’s Group 4: Production of Composite Parts from Prepreg and Adhesive Film  1581 

Worker Description Exposure Concentration Type Central Tendency High-End 

User operator (UOP); 

Logistic technician 

(LGT); Maintenance 

technician (MT) 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 
Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 
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Worker Description Exposure Concentration Type Central Tendency High-End 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

3.5 Recycling 1582 

As listed in Table 3-1, this OES includes the following COU: Recycling.  1583 

 Worker Activities 1584 

Electronic waste (e-waste) recycling process typically includes dismantling, upgrading, and refining 1585 

(Ashiq et al., 2019). Worker exposures to TBBPA may occur from dermal exposure to the solid 1586 

TBBPA-containing waste or via inhalation of particulates that are formed during these three processing 1587 

stages. 1588 

 1589 

ONUs include employees (e.g., supervisors, managers) who work at the recycling facility but do not 1590 

directly handle TBBPA. Generally, EPA expects ONUs to have lower inhalation exposures than workers 1591 

who handle the chemicals directly. Since ONUs do not directly handle chemicals and materials, dermal 1592 

exposures would be limited to incidental contact, such as of TBBPA dusts that settle onto surfaces that 1593 

the ONUs contact.  1594 

 1595 

See Section 3.11.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-1596 

dibromophenol] (TBBPA) (U.S. EPA, 2026g) for a full recycling process description. 1597 

 Number of Workers and Occupational Non-Users 1598 

EPA used data from BLS and the SUSB specific to the OES to estimate the number of workers and 1599 

ONUs per site potentially exposed to TBBPA during repackaging (U.S. Census Bureau, 2017; U.S. 1600 

BLS, 2023a). This approach involved first identifying the relevant NAICS codes for the OES. The next 1601 

step is the identification of relevant SOC codes within the BLS data for the identified NAICS codes. 1602 

From there total number of workers can be determined. This number is divided by the number of sites 1603 

identified to obtain the exposed workers per site. Appendix A includes further details regarding 1604 

methodology for estimating the number of workers and ONUs per site. EPA assigned the following 1605 

NAICS codes for this OES: 1606 

• 562920 – Materials Recovery Facilities 1607 

Table 3-21 summarizes the per site estimates for this OES based on the methodology described, 1608 

including the number of sites identified in Section 3.11.2 of the Draft Release Assessment for 4,4′-(1-1609 

Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026g).  1610 

 1611 

Table 3-21. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA 1612 

During Recycling 1613 

Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Sitea 
Potentially Exposed 

ONUs per Sitea 

860 562920 – Materials Recovery Facilities 1 1 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 

 Occupational Inhalation Exposure Results 1614 

For recycling of e-waste containing TBBPA, EPA identified two NIOSH Health Hazard Evaluation 1615 

(HHE) reports that conducted exposure sampling at two different electronics recycling facilities and one 1616 
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exposure study from Finland. The NIOSH HHE data comprised 42 full-shift (8-hour) personal breathing 1617 

zone samples for worker activities that include sorting and shredding e-waste, disassembling batteries 1618 

and other electronics, and refurbishing e-waste components for reuse (Beaucham et al., 2018; Grimes et 1619 

al., 2019). These data were divided into four groups by worker activities. The central tendency and the 1620 

range of TBBPA TWA full-shift exposure concentrations were reported in these studies for some groups 1621 

but only the ranges of TBBPA full-shift exposure concentrations were reported for other groups because 1622 

of the number of TBBPA non-detects for these groups. The exposure study from Finland conducted 1623 

worker PBZ sampling at various commercial e-waste recycling and sorting facilities, including a total of 1624 

four full-shift PBZ samples (Rosenberg et al., 2011). EPA calculated summary statistics for the Finland 1625 

study, then used these summary statistics to along with the four datasets from the NIOSH HHEs to 1626 

estimate overall central tendency and high-end values as discussed below.  1627 

 1628 

From this monitoring data, EPA calculated the median of the median values for the five distributions to 1629 

represent a central tendency estimate of potential occupational inhalation exposures. EPA calculated the 1630 

95th percentile of maximum values from the five datasets to represent a high-end estimate of potential 1631 

occupational inhalation exposures for this scenario. The Agency assessed high-end concentration from 1632 

maximum values because only maximum values were reported as stated above. Using these 8-hour 1633 

TWA exposure concentration, EPA calculated the IADC and ADC, as described in Appendix B. In 1634 

absence of data specific to ONU exposure, the Agency assumed that worker central tendency exposure 1635 

was representative of ONU exposure and used this data to generate estimates for ONUs. The results of 1636 

these calculations are shown in Table 3-22 below. 1637 

 1638 

Table 3-22. Summary of Worker Inhalation Exposure Metrics to TBBPA During Recycling 1639 

Exposure Concentration Type 

Worker Inhalation Estimates 

(mg/m3) 
ONU 

Inhalation 

Estimates 

(mg/m3) 
Central 

Tendency 
High-End 

8-Hour TWA exposure concentration 1.4E−06 2.9E−04 1.4E−06 

Intermediate average daily concentration (IADC) 

based on 8-hour TWA 

7.3E−07 1.5E−04 7.3E−07 

Average daily concentration (ADC) based on 8-

hour TWA 

6.4E−07 1.3E−04 6.4E−07 

  Occupational Dermal Exposure Results 1640 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 1641 

various “Exposure Concentration Types” from Table 3-23 are explained in Appendix B. Table 3-23 1642 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For workers, 1643 

dermal exposure is assessed to solids containing TBBPA. For ONUs, dermal exposure is assessed from 1644 

contact with surfaces onto which the dusts have deposited were assessed. Dermal exposure to workers is 1645 

generally expected to be greater than dermal exposure to ONUs. In absence of data specific to ONU 1646 

exposure, EPA assumes that worker central tendency exposure to solids is representative of ONU 1647 

exposure. 1648 

  1649 
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Table 3-23. Summary of Worker Dermal Exposure Metrics to TBBPA During Recycling 1650 

Worker Description Exposure Concentration Type Central Tendency High-End 

Average adult worker 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

3.6 Industrial and Commercial Additive Use in Electrical and Electronic 1651 

Articles 1652 

As listed in Table 3-1, this OES includes the following COU: Industrial and commercial use in electrical 1653 

and electronic articles.  1654 

 Worker Activities 1655 

Solid components containing TBBPA may be assembled to build electronic products. Use of such 1656 

components may include melting, drilling, cutting, grinding, or otherwise shaping the parts containing 1657 

TBBPA in order to form/assemble other products. During this process, worker exposures to TBBPA 1658 

may occur via dermal contact while handling and shaping the solid articles containing TBBPA as an 1659 

additive. Worker exposures may also occur via particulate inhalation during activities such as cutting, 1660 

grinding, shaping, drilling, and/or abrasive actions that generate particulates from the product. EPA did 1661 

not identify chemical-specific information on engineering controls and worker PPE used at final product 1662 

or article formulation or use sites.  1663 

 1664 

ONUs include supervisors, managers, and other employees that may be present in production areas but 1665 

do not directly handle TBBPA-containing materials or articles. ONU inhalation exposures may occur 1666 

when ONUs are present in the manufacturing area during dust generating activities. Generally, EPA 1667 

expects ONUs to have lower inhalation exposures than workers who handle the chemicals directly. 1668 

Since ONUs do not directly handle chemicals and materials, dermal exposures would be limited to 1669 

incidental contact, such as of TBBPA dusts that settle onto surfaces that the ONUs contact.  1670 

 1671 

See Section 3.12.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-1672 

dibromophenol] (TBBPA) (U.S. EPA, 2026g) for a full process description for industrial and 1673 

commercial additive use in electrical and electronic articles. 1674 

 Number of Workers and Occupational Non-Users 1675 

EPA used data from BLS and the SUSB specific to the OES to estimate the number of workers and 1676 

ONUs per site potentially exposed to TBBPA during industrial and commercial additive use in electrical 1677 

and electronic articles (U.S. Census Bureau, 2017; U.S. BLS, 2023a). This approach involved first 1678 

identifying the relevant NAICS codes for the OES. The next step is the identification of relevant SOC 1679 

codes within the BLS data for the identified NAICS codes. From there total number of workers can be 1680 

determined. This number is divided by the number of sites identified to obtain the exposed workers per 1681 

site. Appendix A includes further details regarding methodology for estimating the number of workers 1682 

and ONUs per site. EPA assigned the following NAICS codes for this OES: 1683 

  1684 
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• 334100 – Computer and Peripheral Equipment Manufacturing; 1685 

• 334419 – Other Electronic Component Manufacturing; 1686 

• 335300 – Electrical Equipment Manufacturing; and 1687 

• 335900 – Other Electrical Equipment and Component Manufacturing. 1688 

Table 3-24 summarizes the per site estimates for this OES based on the methodology described as 1689 

discussed in Section 3.12.2 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-1690 

dibromophenol] (TBBPA) (U.S. EPA, 2026g), EPA did not identify site-specific data for the number of 1691 

facilities in the United States for this OES. 1692 

 1693 

Table 3-24. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA 1694 

During Industrial and Commercial Additive Use in Electrical and Electronic Articles 1695 

Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Siteab 
Potentially Exposed 

ONUs per Siteab 

Unknown 

334100 – Computer and Peripheral 

Equipment Manufacturing 

12 15 

334419 – Other Electronic Component 

Manufacturing 

335300 – Electrical Equipment 

Manufacturing 

335900 – Other Electrical Equipment 

and Component Manufacturing 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 
b As EPA did not identify site-specific data for the number of facilities in the United States for this OES, the workers 

per site estimates are calculated using the BLS data’s value for number of sites. 

 Occupational Inhalation Exposure Results 1696 

EPA identified one relevant source for this OES during data extraction and evaluation, a risk assessment 1697 

for TBBPA by the European Chemicals Bureau (ECB) which provided area data with a concentration 1698 

range of 1.1×10–7 to 3.7×10–7 mg/m3; mean value 2.0×10–7 mg/m3 (ECB, 2008). However, EPA did not 1699 

use this source because it only included static area sampling, which is not expected to be representative 1700 

of worker exposures for this risk evaluation. The Agency expects the primary exposure route for this 1701 

OES to be from inhalation of particulates generated during activities such as cutting, grinding, drilling, 1702 

and other abrasive actions used to shape the solid component into the final electronic. Therefore, EPA 1703 

estimated worker inhalation exposures using the PNOR Model (U.S. EPA, 2021b). Model approaches 1704 

and parameters are described in Appendix D. The area data provided in (ECB, 2008) differ significantly 1705 

from the calculated 8-hour central tendency and high-end values from the PNOR Model shown in Table 1706 

3-25, which suggests that the assessed values are overestimates. 1707 

 1708 

EPA used a subset of the PNOR Model (U.S. EPA, 2021b) data specific to facilities with NAICS codes 1709 

starting with 334 – Computer and Electronic Product Manufacturing to estimate total particulate 1710 

concentrations in the air. EPA multiplied the total particulate air concentration from the model by the 1711 

highest expected concentration of TBBPA in final products for this OES to estimate the concentration of 1712 

total TBBPA in the particulates. For this OES, EPA identified 20% by mass as the highest expected 1713 

TBBPA concentration based on an identified product safety data sheet (SDS) (Panduit Corporation, 1714 

2017). The estimated exposures assume that TBBPA is present in particulates at the same concentration 1715 

as products and that this concentration is fixed throughout the working shift.  1716 
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The PNOR Model (U.S. EPA, 2021b) estimates an 8-hour TWA concentration for particulate by 1717 

assuming exposures outside the sample duration are zero. The model does not determine exposures 1718 

during individual worker activities. Using the 50th and 95th percentile total particulate exposures from 1719 

the model and maximum TBBPA concentration, EPA estimated the central tendency and high-end 8-1720 

hour TWA TBBPA exposure estimates. EPA then calculated the IADC and ADC as described in 1721 

Appendix B. In absence of data specific to ONU exposure, the Agency assumed that worker central 1722 

tendency exposure was representative of ONU exposure and used this data to generate estimates for 1723 

ONUs. The results of these calculations are shown in Table 3-25 below. 1724 

 1725 

Table 3-25. Summary of Worker Inhalation Exposure Metrics to TBBPA During Industrial and 1726 

Commercial Additive Use in Electrical and Electronic Articles 1727 

Exposure Concentration Type 

Worker Inhalation Estimates 

(mg/m3) 
ONU 

Inhalation 

Estimates 

(mg/m3) 
Central 

Tendency 
High-End 

8-Hour TWA exposure concentration 6.6E−02 1.2 6.6E−02 

Intermediate average daily concentration (IADC) 

based on 8-hour TWA 

3.5E−02 0.63 3.5E−02 

Average daily concentration (ADC) based on 8-

hour TWA 

3.1E−02 0.56 3.1E−02 

 Occupational Dermal Exposure Results 1728 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 1729 

various “Exposure Concentration Types” from Table 3-26 are explained in Appendix B. Table 3-26 1730 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For workers, 1731 

dermal exposure is assessed to solids containing TBBPA. For ONUs, dermal exposure is assessed from 1732 

contact with surfaces onto which the dusts have deposited were assessed. Dermal exposure to workers is 1733 

generally expected to be greater than dermal exposure to ONUs. In absence of data specific to ONU 1734 

exposure, EPA assumes that worker central tendency exposure to solids is representative of ONU 1735 

exposure. 1736 

 1737 

Table 3-26. Summary of Worker Dermal Exposure Metrics to TBBPA During Industrial and 1738 

Commercial Additive Use in Electrical and Electronic Articles 1739 

Worker Description Exposure Concentration Type Central Tendency High-End 

Average adult worker 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

3.7 Industrial and Commercial Use in Building and Construction 1740 

Materials 1741 

As listed in Table 3-1, this OES includes the following COU: Industrial and commercial use in electrical 1742 
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and electronic articles.  1743 

 Worker Activities 1744 

Building components containing TBBPA (including expanded polystyrene and polyurethane foam, 1745 

fiberglass composites, pipelines, storage tanks, and decorative laminates) may be combined or reshaped 1746 

to build structures or form new products. During this use, worker exposures to TBBPA may occur via 1747 

dermal contact while handling and shaping articles containing TBBPA as an additive. Worker exposures 1748 

may also occur via particulate inhalation during activities such as cutting, grinding, shaping, drilling, 1749 

and/or abrasive actions that generate particulates from the product. EPA did not identify chemical-1750 

specific information on engineering controls and worker PPE used at final product or article formulation 1751 

or use sites.  1752 

 1753 

ONUs include supervisors, managers, and other employees that may be present in areas where the 1754 

product is being used but do not directly handle TBBPA-containing materials or articles. ONU 1755 

inhalation exposures may occur when ONUs are present in the product use area during dust generating 1756 

activities. Generally, EPA expects ONUs to have lower inhalation exposures than workers who handle 1757 

the chemicals directly. Since ONUs do not directly handle chemicals and materials, dermal exposures 1758 

would be limited to incidental contact, such as of TBBPA dusts that settle onto surfaces that the ONUs 1759 

contact. 1760 

 1761 

See Section 3.14.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-1762 

dibromophenol] (TBBPA) (U.S. EPA, 2026g) for a full use in building and construction materials 1763 

process description. 1764 

 Number of Workers and Occupational Non-Users 1765 

EPA used data from BLS and the SUSB specific to the OES to estimate the number of workers and 1766 

ONUs per site potentially exposed to TBBPA during industrial and commercial use in building and 1767 

construction materials (U.S. Census Bureau, 2017; U.S. BLS, 2023a). This approach involved first 1768 

identifying the relevant NAICS codes for the OES. The next step is the identification of relevant SOC 1769 

codes within the BLS data for the identified NAICS codes. From there total number of workers can be 1770 

determined. This number is divided by the number of sites identified to obtain the exposed workers per 1771 

site. Appendix A includes further details regarding methodology for estimating the number of workers 1772 

and ONUs per site. EPA assigned the following NAICS codes for this OES: 1773 

• 236100 – Residential Building Construction; 1774 

• 236200 – Nonresidential Building Construction; 1775 

• 237100 – Utility System Construction; 1776 

• 237310 – Highway, Street, and Bridge Construction; and 1777 

• 237990 – Other Heavy and Civil Engineering Construction. 1778 

Table 3-27 summarizes the per site estimates for this OES based on the methodology described, 1779 

including the number of sites identified in Section 3.14.2 of the Draft Release Assessment for 4,4′-(1-1780 

Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026g).  1781 

  1782 
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Table 3-27. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA 1783 

During Industrial and Commercial Use in Building and Construction Materials 1784 

Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Siteab 
Potentially Exposed 

ONUs per Siteab 

1 

236100 – Residential Building 

Construction 

2 2 

236200 – Nonresidential Building 

Construction 

237100 – Utility System Construction 

237310 – Highway, Street, and Bridge 

Construction 

237990 – Other Heavy and Civil 

Engineering Construction 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 

 Occupational Inhalation Exposure Results 1785 

EPA did not identify any sources of relevant worker exposure data for this OES. The Agency expects 1786 

the primary exposure route to be from inhalation of particulates generated during activities such as 1787 

cutting, grinding, drilling, and other abrasive actions used to install the building materials. Therefore, 1788 

EPA estimated worker inhalation using the Generic Model for Central Tendency and High-End 1789 

Inhalation Exposure to Total and Respirable PNOR (U.S. EPA, 2021b). Model approaches and 1790 

parameters are described in Appendix D. 1791 

 1792 

EPA used a subset of the PNOR Model (U.S. EPA, 2021b) data specific to facilities with NAICS codes 1793 

starting with 23 – Construction to estimate respirable total concentrations in the air. EPA multiplied the 1794 

total particulate air concentration from the model by the highest expected concentration of TBBPA in 1795 

final products for this OES to estimate the concentration of TBBPA in the total particulates. For this 1796 

OES, EPA identified 22% by mass as the highest expected TBBPA concentration based on levels of 1797 

TBBPA in acrylonitrile-butadiene-styrene (ABS) plastic (ECB, 2006). The estimated exposures assume 1798 

that TBBPA is present in total particulates at the same concentration as products and that this 1799 

concentration is fixed throughout the working shift.  1800 

 1801 

The PNOR Model (U.S. EPA, 2021b) estimates an 8-hour TWA concentration for total particulate by 1802 

assuming exposures outside the sample duration are zero. The model does not determine exposures 1803 

during individual worker activities. Using the 50th and 95th percentile total particulate exposures from 1804 

the model and maximum TBBPA concentration, EPA estimated the central tendency and high-end 8-1805 

hour TWA TBBPA exposure estimates. EPA then calculated the IADC  and ADC as described in 1806 

Appendix B. In absence of data specific to ONU exposure, the Agency assumed that worker central 1807 

tendency exposure was representative of ONU exposure and used this data to generate estimates for 1808 

ONUs. The results of these calculations are shown in Table 3-28 below.  1809 

  1810 
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Table 3-28. Summary of Worker Inhalation Exposure Metrics to TBBPA During Industrial and 1811 

Commercial Use in Building and Construction Materials 1812 

Exposure Concentration Type 

Worker Inhalation Estimates 

(mg/m3) 
ONU 

Inhalation 

Estimates 

(mg/m3) 
Central 

Tendency 
High-End 

8-Hour TWA exposure concentration 0.53 3.3 0.53 

Intermediate average daily concentration (IADC) 

based on 8-hour TWA 

0.28 1.7 0.28 

Average daily concentration (ADC) based on 8-

hour TWA 

0.25 1.5 0.25 

  Occupational Dermal Exposure Results 1813 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 1814 

various “Exposure Concentration Types” from Table 3-29 are explained in Appendix B. Table 3-29 1815 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For workers, 1816 

dermal exposure is assessed to solids containing TBBPA. For ONUs, dermal exposure is assessed from 1817 

contact with surfaces onto which the dusts have deposited were assessed. Dermal exposure to workers is 1818 

generally expected to be greater than dermal exposure to ONUs. In absence of data specific to ONU 1819 

exposure, EPA assumes that worker central tendency exposure to solids is representative of ONU 1820 

exposure. 1821 

 1822 

Table 3-29. Summary of Worker Dermal Exposure Metrics to TBBPA During Industrial and 1823 

Commercial Use in Building and Construction Materials 1824 

Worker Description Exposure Concentration Type Central Tendency High-End 

Average adult worker 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

3.8 Use of Powder Coatings in Electronics 1825 

As listed in Table 3-1, this OES includes the following COU: Industrial use in powder coatings. 1826 

 Worker Activities 1827 

EPA identified a powder coating product containing TBBPA that is used in electronics manufacturing as 1828 

a flame retardant (U.S. EPA, 2022). During this use, EPA expects that worker exposures to TBBPA may 1829 

occur via inhalation of dust and dermal contact with solids during activities such as unloading the 1830 

powder coating, container cleaning, equipment cleaning, or during powder coating application. EPA did 1831 

not identify chemical-specific information on engineering controls and worker PPE used at powder 1832 

coating sites.  1833 

 1834 
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ONUs include supervisors, managers, and other employees that may be present in areas where the 1835 

product is being used but do not directly handle TBBPA-containing materials or articles. ONU 1836 

inhalation exposures may occur when ONUs are present in the product use area during dust generating 1837 

activities. Generally, EPA expects ONUs to have lower inhalation exposures than workers who handle 1838 

the chemicals directly. Since ONUs do not directly handle chemicals and materials, dermal exposures 1839 

would be limited to incidental contact, such as of TBBPA dusts that settle onto surfaces that the ONUs 1840 

contact. 1841 

 1842 

See Section 3.15.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-1843 

dibromophenol] (TBBPA) (U.S. EPA, 2026g) for a full use in powder coatings process description. 1844 

 Number of Workers and Occupational Non-Users 1845 

EPA used data from BLS and the SUSB specific to the OES to estimate the number of workers and 1846 

ONUs per site potentially exposed to TBBPA during the use of powder coatings in electronics (U.S. 1847 

Census Bureau, 2017; U.S. BLS, 2023a). This approach involved first identifying the relevant NAICS 1848 

codes for the OES. The next step is the identification of relevant SOC codes within the BLS data for the 1849 

identified NAICS codes. From there total number of workers can be determined. This number is divided 1850 

by the number of sites identified to obtain the exposed workers per site. Appendix A includes further 1851 

details regarding methodology for estimating the number of workers and ONUs per site. EPA assigned 1852 

the following NAICS codes for this OES: 1853 

• 332200 – Cutlery and Handtool Manufacturing; 1854 

• 332900 – Other Fabricated Metal Product Manufacturing; 1855 

• 335300 – Electrical Equipment Manufacturing; and 1856 

• 335900 – Other Electrical Equipment and Component Manufacturing. 1857 

Table 3-30 summarizes the per site estimates for this OES based on the methodology described. As 1858 

discussed in Section 3.15.2 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-1859 

dibromophenol] (TBBPA) (U.S. EPA, 2026g), EPA did not identify site-specific data for the number of 1860 

facilities in the United States for this OES. 1861 

 1862 

Table 3-30. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA 1863 

During Use of Powder Coatings in Electronics 1864 

Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Sitea b 
Potentially Exposed 

ONUs per Sitea b 

Unknown 

332200 – Cutlery and Handtool 

Manufacturing 

11 7 

332900 – Other Fabricated Metal 

Product Manufacturing 

335300 – Electrical Equipment 

Manufacturing 

335900 – Other Electrical Equipment 

and Component Manufacturing 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 
b As EPA did not identify site-specific data for the number of facilities in the United States for this OES, the workers 

per site estimates are calculated using the BLS data’s value for number of sites. 
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 Occupational Inhalation Exposure Results 1865 

EPA did not identify any sources of relevant worker exposure data for this OES. EPA expects the 1866 

primary exposure route to be from inhalation of particulates generated during activities such as powder 1867 

coating application. Therefore, EPA estimated worker inhalation exposures using the Generic Model for 1868 

Central Tendency and High-End Inhalation Exposure to Total and Respirable PNOR (U.S. EPA, 2021b). 1869 

Model approaches and parameters are described in Appendix D. 1870 

 1871 

EPA used a subset of the PNOR Model (U.S. EPA, 2021b) data specific to facilities with NAICS codes 1872 

starting with 334 – Computer and Electronic Product Manufacturing, 335 – Electrical Equipment, 1873 

Appliance, and Component Manufacturing, and 336 – Transportation Equipment Manufacturing to 1874 

estimate total particulate concentrations in the air. EPA multiplied the total particulate air concentration 1875 

from the model by the highest expected concentration of TBBPA in final products for this OES to 1876 

estimate the concentration of total TBBPA in the particulates. For this OES, EPA identified 10% by 1877 

weight as the highest expected TBBPA concentration based on a documented epoxy powder product for 1878 

the electronics industry that contains 5 to 10% TBBPA by weight, produced by SolEpoxy, Inc. 1879 

(Earthjustice, 2019). The estimated exposures assume that TBBPA is present in total particulates at the 1880 

same concentration as products and that this concentration is fixed throughout the working shift.  1881 

 1882 

The PNOR Model (U.S. EPA, 2021b) estimates an 8-hour TWA concentration for total particulate by 1883 

assuming exposures outside the sample duration are zero. The model does not determine exposures 1884 

during individual worker activities. Using the 50th and 95th percentile total particulate exposures from 1885 

the model and maximum TBBPA concentration, EPA estimated the central tendency and high-end 8-1886 

hour TWA TBBPA exposure estimates. EPA then calculated the IADC and ADC as described in 1887 

Appendix B. In absence of data specific to ONU exposure, the Agency assumed that worker central 1888 

tendency exposure was representative of ONU exposure and used this data to generate estimates for 1889 

ONUs. The results of these calculations are shown in Table 3-31 below. 1890 

 1891 

Table 3-31. Summary of Worker Inhalation Exposure Metrics to TBBPA During Use of Powder 1892 

Coatings in Electronics 1893 

Exposure Concentration Type 

Worker Inhalation Estimates 

(mg/m3) 
ONU 

Inhalation 

Estimates 

(mg/m3) 
Central 

Tendency 
High-End 

8-Hour TWA exposure concentration 0.20 1.5 0.20 

Intermediate average daily concentration (IADC) 

based on 8-hour TWA 

0.11 0.79 0.11 

Average daily concentration (ADC) based on 8-

hour TWA 

9.3E−02 0.70 9.3E−02 

  Occupational Dermal Exposure Results 1894 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 1895 

various “Exposure Concentration Types” from Table 3-32 are explained in Appendix B. Table 3-32 1896 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For workers, 1897 

dermal exposure is assessed to solids containing TBBPA. For ONUs, dermal exposure is assessed from 1898 

contact with surfaces onto which the dusts have deposited were assessed. Dermal exposure to workers is 1899 

generally expected to be greater than dermal exposure to ONUs. In absence of data specific to ONU 1900 
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exposure, EPA assumes that worker central tendency exposure to solids is representative of ONU 1901 

exposure. 1902 

 1903 

Table 3-32. Summary of Worker Dermal Exposure Metrics to TBBPA During Use of Powder 1904 

Coatings in Electronics  1905 

Worker Description Exposure Concentration Type Central Tendency High-End 

Average adult worker 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

3.9 Industrial Use in Plastic and Rubber Products 1906 

As listed in Table 3-1, this OES includes the following COU: Industrial use in plastic and rubber 1907 

products.  1908 

 Worker Activities 1909 

This OES captures the use of plastic and rubber for other applications like assembling appliances and 1910 

light fixtures with plastic parts at industrial sites. Worker exposures during use of such plastic and 1911 

rubber articles may include dermal and inhalation exposures to dust generated during melting, drilling, 1912 

cutting, grinding, or otherwise shaping the parts containing TBBPA in order to form/assemble other 1913 

products. EPA did not identify chemical-specific information on engineering controls and worker PPE 1914 

used at sites that use plastic and rubber products.  1915 

 1916 

ONUs include supervisors, managers, and other employees that may be present in production areas but 1917 

do not directly handle TBBPA-containing materials or articles. ONU inhalation exposures may occur 1918 

when ONUs are present in the manufacturing area during dust generating activities. Generally, EPA 1919 

expects ONUs to have lower inhalation exposures than workers who handle the chemicals directly. 1920 

Since ONUs do not directly handle chemicals and materials, dermal exposures would be limited to 1921 

incidental contact, such as of TBBPA dusts that settle onto surfaces that the ONUs contact.  1922 

 1923 

See Section 3.16.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-1924 

dibromophenol] (TBBPA) (U.S. EPA, 2026g) for a full use in plastic and rubber products process 1925 

description. 1926 

 Number of Workers and Occupational Non-Users 1927 

EPA used data from BLS and the SUSB specific to the OES to estimate the number of workers and 1928 

ONUs per site potentially exposed to TBBPA during industrial use in plastic and rubber products (U.S. 1929 

Census Bureau, 2017; U.S. BLS, 2023a). This approach involved first identifying the relevant NAICS 1930 

codes for the OES. The next step is the identification of relevant SOC codes within the BLS data for the 1931 

identified NAICS codes. From there total number of workers can be determined. This number is divided 1932 

by the number of sites identified to obtain the exposed workers per site. Appendix A includes further 1933 

details regarding methodology for estimating the number of workers and ONUs per site. EPA assigned 1934 

the following NAICS codes for this OES: 1935 

  1936 
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• 326112 – Plastics Packaging Film and Sheet (including Laminated) Manufacturing 1937 

• 334100 – Computer and Peripheral Equipment Manufacturing 1938 

• 334200 – Communications Equipment Manufacturing 1939 

• 335100 – Electric Lighting Equipment Manufacturing 1940 

• 335200 – Household Appliance Manufacturing 1941 

• 335300 – Electrical Equipment Manufacturing 1942 

• 335900 – Other Electrical Equipment and Component Manufacturing 1943 

• 336100 – Motor Vehicle Manufacturing 1944 

• 336200 – Motor Vehicle Body and Trailer Manufacturing 1945 

• 336300 – Motor Vehicle Parts Manufacturing 1946 

• 336900 – Other Transportation Equipment Manufacturing. 1947 

Table 3-33 summarizes the per site estimates for this OES based on the methodology described. As 1948 

discussed in Section 3.16.2 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-1949 

dibromophenol] (TBBPA) (U.S. EPA, 2026g), EPA did not identify site-specific data for the number of 1950 

facilities in the United States for this OES. 1951 

 1952 

Table 3-33. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA 1953 

During Industrial Use in Plastic and Rubber Products  1954 

Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Sitea b 
Potentially Exposed 

ONUs per Sitea b 

Unknown 

326112 – Plastics Packaging Film and 

Sheet (including Laminated) 

Manufacturing 

46 16 

334100 – Computer and Peripheral 

Equipment Manufacturing 

334200 – Communications Equipment 

Manufacturing 

335100 – Electric Lighting Equipment 

Manufacturing 

335200 – Household Appliance 

Manufacturing 

335300 – Electrical Equipment 

Manufacturing 

335900 – Other Electrical Equipment 

and Component Manufacturing 

336100 – Motor Vehicle Manufacturing 

336200 – Motor Vehicle Body and 

Trailer Manufacturing 

336300 – Motor Vehicle Parts 

Manufacturing 

336900 – Other Transportation 

Equipment Manufacturing 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 
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Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Sitea b 
Potentially Exposed 

ONUs per Sitea b 

b As EPA did not identify site-specific data for the number of facilities in the United States for this OES, the workers 

per site estimates are calculated using the BLS data’s value for number of sites. 

 Occupational Inhalation Exposure Results 1955 

EPA was unable to identify specific monitoring data for the industrial use of TBBPA in plastic and 1956 

rubber parts. EPA expects dust inhalation during drilling, cutting, grinding, or otherwise shaping solid 1957 

parts containing TBBPA to form/assemble other products to be the primary mode of worker exposure. 1958 

Because of expected similarities in worker activities, EPA used data provided by the ACC for Group 4 1959 

as surrogate data for this OES.  1960 

 1961 

Group 4 data covers the production of Composite parts from prepreg and adhesive film. The companies 1962 

that provided data for Group 4 use TBBPA-containing materials, typically in solid matrix form like a 1963 

sheet, cloth, or prepreg composite, containing less than 30% TBBPA to create a new solid component in 1964 

its final form containing TBBPA. EPA expects the same type of activities to occur for this OES, making 1965 

the Group 4 data a suitable surrogate. See Section 3.4.4.3 for additional information on these data, 1966 

including a summary of the 8-hour TWA exposure concentration, IADC, and ADC. 1967 

 Occupational Dermal Exposure Results 1968 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 1969 

various “Exposure Concentration Types” from Table 3-34 are explained in Appendix B. Table 3-34 1970 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For workers, 1971 

dermal exposure is assessed to solids containing TBBPA. For ONUs, dermal exposure is assessed from 1972 

contact with surfaces onto which the dusts have deposited were assessed. Dermal exposure to workers is 1973 

generally expected to be greater than dermal exposure to ONUs. In absence of data specific to ONU 1974 

exposure, EPA assumes that worker central tendency exposure to solids is representative of ONU 1975 

exposure. 1976 

 1977 

Table 3-34. Summary of Worker Dermal Exposure Metrics to TBBPA During Industrial Use in 1978 

Plastic and Rubber Products 1979 

Worker Description Exposure Concentration Type Central Tendency High-End 

Average adult worker 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

3.10 Commercial Use in Plastic and Rubber Products 1980 

As listed in Table 3-1, this OES includes the following COU: Commercial use in plastic and rubber 1981 

products. 1982 

 Worker Activities 1983 

This OES captures the use of plastic and rubber for other applications like assembling appliances and 1984 

light fixtures with plastic parts at commercial sites. Workers are not expected to manipulate the solid 1985 
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articles containing TBBPA in such a way as to generate dust. Thus, worker exposures are limited to any 1986 

TBBPA that may volatilize from the article or be present on the article surfaces. EPA did not identify 1987 

chemical-specific information on engineering controls and worker PPE used at sites that use plastic and 1988 

rubber products. 1989 

 1990 

ONUs include supervisors, managers, and other employees that may be present in production areas but 1991 

do not directly handle TBBPA-containing materials or articles. Therefore, ONU inhalation exposures 1992 

would only be to any TBBPA that may volatilize from the solid articles. Dermal exposure is not 1993 

expected for ONUs for this OES.  1994 

 1995 

See Section 3.16.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-1996 

dibromophenol] (TBBPA) (U.S. EPA, 2026g) for a full use in plastic and rubber products process 1997 

description. 1998 

 Number of Workers and Occupational Non-Users 1999 

EPA used data from BLS and the SUSB specific to the OES to estimate the number of workers and 2000 

ONUs per site potentially exposed to TBBPA during commercial use in plastic and rubber products 2001 

(U.S. Census Bureau, 2017; U.S. BLS, 2023a). This approach involved first identifying the relevant 2002 

NAICS codes for the OES. The next step is the identification of relevant SOC codes within the BLS data 2003 

for the identified NAICS codes. From there total number of workers can be determined. This number is 2004 

divided by the number of sites identified to obtain the exposed workers per site. Appendix A includes 2005 

further details regarding methodology for estimating the number of workers and ONUs per site. EPA 2006 

assigned the following NAICS codes for this OES: 2007 

• 326112 – Plastics Packaging Film and Sheet (including Laminated) Manufacturing 2008 

• 334100 – Computer and Peripheral Equipment Manufacturing 2009 

• 334200 – Communications Equipment Manufacturing 2010 

• 335100 – Electric Lighting Equipment Manufacturing 2011 

• 335200 – Household Appliance Manufacturing 2012 

• 335300 – Electrical Equipment Manufacturing 2013 

• 335900 – Other Electrical Equipment and Component Manufacturing 2014 

• 336100 – Motor Vehicle Manufacturing 2015 

• 336200 – Motor Vehicle Body and Trailer Manufacturing 2016 

• 336300 – Motor Vehicle Parts Manufacturing 2017 

• 336900 – Other Transportation Equipment Manufacturing. 2018 

Table 3-35 summarizes the per site estimates for this OES based on the methodology described. As 2019 

discussed in Section 3.16.2 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-2020 

dibromophenol] (TBBPA) (U.S. EPA, 2026g), EPA did not identify site-specific data for the number of 2021 

facilities in the United States for this OES. 2022 

  2023 
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Table 3-35. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA 2024 

During Commercial Use in Plastic and Rubber Products 2025 

Potential 

Number of Sites 
NAICS Code 

Potentially 

Exposed Workers 

per Sitea b 

Potentially 

Exposed ONUs per 

Sitea b 

Unknown 

326112 – Plastics Packaging Film and 

Sheet (including Laminated) Manufacturing 

46 16 

334100 – Computer and Peripheral 

Equipment Manufacturing 

334200 – Communications Equipment 

Manufacturing 

335100 – Electric Lighting Equipment 

Manufacturing 

335200 – Household Appliance 

Manufacturing 

335300 – Electrical Equipment 

Manufacturing 

335900 – Other Electrical Equipment and 

Component Manufacturing 

336100 – Motor Vehicle Manufacturing 

336200 – Motor Vehicle Body and Trailer 

Manufacturing 

336300 – Motor Vehicle Parts 

Manufacturing 

336900 – Other Transportation Equipment 

Manufacturing 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments.  
b As EPA did not identify site-specific data for the number of facilities in the United States for this OES, the workers 

per site estimates are calculated using the BLS data’s value for number of sites. 

 Occupational Inhalation Exposure Results 2026 

EPA identified one relevant source for this OES during data extraction and evaluation, a risk assessment 2027 

conducted for TBBPA by ECB (2008). This source included inhalation monitoring data at relevant 2028 

facilities in Sweden and Germany, with a total of twelve 8-hour TWA area samples. Two of these 2029 

samples were for workers and the remaining ten were for employees that worked in offices, which EPA 2030 

would not consider to be workers or ONUs because they are not present where TBBPA-containing solid 2031 

components are being used to produce final plastic and rubber articles. The two worker samples were 2032 

taken in a computer repair facility and had 8-hour TWA values of 3.1×10–8 and 3.8×10–8 mg/m3. The 2033 

office worker samples ranged in TBBPA concentration from 9.6×10–9 to 3.6×10–8 mg/m3. Based on this 2034 

data, EPA decided to not quantitatively assess worker exposures for this OES because the low 2035 

concentrations provided by these samples are not expected to generate considerable exposure or risk to 2036 

workers. These concentrations will not result in MOEs that are less than the benchmark.  2037 

 Occupational Dermal Exposure Results 2038 

As discussed in Section 3.10.1, worker dermal exposure is limited to contact with solid articles 2039 
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containing TBBPA. Because TBBPA is entrained in solid articles, worker dermal exposure to TBBPA is 2040 

non-quantifiable for this OES. ONU dermal exposures are not expected. 2041 

3.11 Industrial and Commercial Laboratory Chemical Use 2042 

As listed in Table 3-1, this OES includes the following COU: Industrial and commercial laboratory 2043 

chemical use.  2044 

 Worker Activities 2045 

Process information indicates that TBBPA is used as a solid laboratory chemical. Therefore, worker 2046 

exposures to TBBPA may occur through the inhalation of solid powders and dermal contact with solids 2047 

during worker activities such as unloading and transferring laboratory chemicals, laboratory analysis, 2048 

container cleaning, labware equipment cleaning, and disposal of laboratory wastes (U.S. EPA, 2023).  2049 

 2050 

Per information provided in the ACC’s test order data, PPE used by laboratory technicians may include 2051 

baseline PPE (e.g., safety shoes, safety glasses, gloves, and hard hats) and emergency-use PPE, which is 2052 

applied in the case of a disruption or emergent event like a spill or leak (e.g., self-contained breathing 2053 

apparatus, escape air respirators). Engineering controls in laboratories may include the use of general 2054 

mechanical ventilation, negative pressure, open doors and windows, and working under ventilated hoods 2055 

(Integral Consulting, 2025a). 2056 

 2057 

ONUs include supervisors, managers, and other employees that do not directly handle the laboratory 2058 

chemical or laboratory equipment but may be present in the laboratory or analysis area. ONUs are 2059 

potentially exposed through the inhalation route while in the laboratory area from airborne dust and 2060 

through the dermal route from contact with surfaces where dust has been deposited.  2061 

 2062 

See Section 3.17.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-2063 

dibromophenol] (TBBPA) (U.S. EPA, 2026g) for a full laboratory chemical use process description. 2064 

 Number of Workers and Occupational Non-Users 2065 

EPA used data from BLS and the SUSB specific to the OES to estimate the number of workers and 2066 

ONUs per site potentially exposed to TBBPA during industrial and commercial laboratory chemical use 2067 

(U.S. Census Bureau, 2017; U.S. BLS, 2023a). This approach involved first identifying the relevant 2068 

NAICS codes for the OES. The next step is the identification of relevant SOC codes within the BLS data 2069 

for the identified NAICS codes. From there total number of workers can be determined. This number is 2070 

divided by the number of sites identified to obtain the exposed workers per site. Appendix A includes 2071 

further details regarding methodology for estimating the number of workers and ONUs per site. EPA 2072 

assigned the following NAICS codes for this OES: 2073 

• 541380 – Testing Laboratories and Services; and 2074 

• 541714 – Research and Development in Biotechnology (except Nanobiotechnology). 2075 

Table 3-36 summarizes the per site estimates for this OES based on the methodology described. as 2076 

discussed in Section 3.17.2 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-2077 

dibromophenol] (TBBPA) (U.S. EPA, 2026g), EPA did not identify site-specific data for the number of 2078 

facilities in the United States for this OES.  2079 

  2080 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10480466
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13283040
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12379302
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12379303
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13283040


PUBLIC RELEASE DRAFT 

June 2026 

Page 70 of 107 

Table 3-36. Estimated Average Number of Workers per Site Potentially Exposed to TBBPA 2081 

During Industrial and Commercial Laboratory Chemical Use 2082 

Potential 

Number of Sites 
NAICS Code 

Potentially 

Exposed Workers 

per Sitea 

Potentially 

Exposed ONUs 

per Sitea 

Unknown 

541380 – Testing Laboratories and Services; 

3 7 541714 – Research and Development in 

Biotechnology (except Nanobiotechnology) 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments.  

 Occupational Inhalation Exposure Results 2083 

For use of TBBPA as a laboratory chemical, EPA was provided with inhalation monitoring data from 2084 

ACC. The ACC data includes nine occupational full-shift (8-hour TWA) personal air samples taken 2085 

from three different sites for quality control and laboratory technicians that analyzed chemical samples 2086 

containing TBBPA (Integral Consulting, 2025a). 2087 

 2088 

From this monitoring data, EPA calculated the 50th percentile and 95th percentile 8-hour TWA 2089 

concentrations from these nine data points to represent a central tendency and high-end estimate of 2090 

potential occupational inhalation exposures, respectively, for this scenario. Using these 8-hour TWA 2091 

exposure concentration, EPA calculated the IADC and ADC as described in Appendix B. In absence of 2092 

data specific to ONU exposure, the Agency assumed that worker central tendency exposure was 2093 

representative of ONU exposure and used this data to generate estimates for ONUs. The results of these 2094 

calculations are shown in  2095 

Table 3-37 below. 2096 

 2097 

Table 3-37. Summary of Worker Inhalation Exposure Metrics to TBBPA During Industrial and 2098 

Commercial Laboratory Chemical Use 2099 

Exposure Concentration Type 

Worker Inhalation Estimates 

(mg/m3) 
ONU 

Inhalation 

Estimates 

(mg/m3) 
Central 

Tendency 
High-End 

8-Hour TWA exposure concentration 6.50E−05 2.47E−03 6.50E−05 

8-Hour TWA exposure concentration 6.50E−05 2.47E−03 6.50E−05 

8-Hour TWA exposure concentration 6.50E−05 2.47E−03 6.50E−05 

Intermediate average daily concentration 

(IADC) based on 8-hour TWA 

3.4E−05 1.3E−03 3.4E−05 

Average daily concentration (ADC) based on 8-

hour TWA 

3.0E−05 1.1E−03 3.0E−05 

 Occupational Dermal Exposure Results 2100 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 2101 

various “Exposure Concentration Types” from Table 3-38 are explained in Appendix B. Table 3-38 2102 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For workers, 2103 

dermal exposure is assessed to neat solid TBBPA. For ONUs, dermal exposure is assessed from contact 2104 

with surfaces onto which the dusts have deposited were assessed. Dermal exposure to workers is 2105 
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generally expected to be greater than dermal exposure to ONUs. In absence of data specific to ONU 2106 

exposure, EPA assumes that worker central tendency exposure to solids is representative of ONU 2107 

exposure. 2108 

 2109 

Table 3-38. Summary of Worker Dermal Exposure Metrics to TBBPA During Industrial and 2110 

Commercial Laboratory Chemical Use 2111 

Worker Description Exposure Concentration Type Central Tendency High-End 

Average adult worker 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

3.12 Disposal 2112 

As listed in Table 3-1, this OES includes the following COU: Disposal. 2113 

 Worker Activities 2114 

Waste materials that contain TBBPA include the following two major categories of waste material:  2115 

1. Materials that are transferred off-site from manufacturing, processing and industrial use sites for 2116 

disposal; and 2117 

2. Products containing TBBPA that are used commercially or by consumers and then disposed of.  2118 

At waste disposal sites, workers are potentially exposed via dermal contact with liquid or solid waste 2119 

containing TBBPA or via inhalation of TBBPA vapor or dust generated during waste management 2120 

activities. More information on specific types of waste management site is provided below (U.S. EPA, 2121 

2025a). 2122 

 2123 

Municipal Waste Incineration 2124 

At municipal waste incineration facilities, there may be one or more technicians present on the tipping 2125 

floor to oversee operations, direct trucks, inspect incoming waste, or perform other tasks as warranted by 2126 

individual facility practices. These workers may wear PPE such as gloves, safety glasses, or dust masks. 2127 

Specific worker protocols are largely up to individual companies, although state or local regulations may 2128 

specify worker safety standards. Federal operator training requirements pertain more to the operation of 2129 

the regulated combustion unit rather than operator health and safety (U.S. EPA, 2024, 2025b, c). 2130 

 2131 

Workers are potentially exposed via inhalation of vapors and dust while working on the tipping floor. 2132 

Potentially exposed workers include workers stationed on the tipping floor, including front-end loader 2133 

operators, crane operators, and truck drivers. The potential for dermal exposures is minimized by using 2134 

trucks and cranes to handle the wastes. 2135 

 2136 

Hazardous Waste Incineration 2137 

EPA did not identify information on the potential for worker exposures during hazardous waste 2138 

incineration or for any requirements for personal protective equipment. There is likely a greater potential 2139 

for worker exposures for smaller scale incinerators that involve more direct handling of the wastes. 2140 

 2141 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13049150
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13049150
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363145
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363173
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11363161


PUBLIC RELEASE DRAFT 

June 2026 

Page 72 of 107 

Municipal and Hazardous Waste Landfill 2142 

At landfills, typical worker activities include operating refuse vehicles to weigh and unload the waste 2143 

materials, operating bulldozers to spread and compact wastes, and monitoring, inspecting, and surveying 2144 

and landfill site (U.S. EPA, 2024, 2025b, c).3 2145 

 2146 

See Section 3.18.1 of the Draft Release Assessment for 4,4′-(1-Methylethylidene)bis[2,6-2147 

dibromophenol] (TBBPA) (U.S. EPA, 2026g) for a full disposal process description. 2148 

 Number of Workers and Occupational Non-Users 2149 

EPA used data from BLS and the SUSB specific to the OES to estimate the number of workers and 2150 

ONUs per site potentially exposed to TBBPA during disposal (U.S. Census Bureau, 2017; U.S. BLS, 2151 

2023a). This approach involved first identifying the relevant NAICS codes for the OES. The next step is 2152 

the identification of relevant SOC codes within the BLS data for the identified NAICS codes. From 2153 

there total number of workers can be determined. This number is divided by the number of sites 2154 

identified to obtain the exposed workers per site. Section 2.2 includes further details regarding 2155 

methodology for estimating the number of workers and ONUs per site. EPA assigned the following 2156 

NAICS codes for this OES:  2157 

• 562211 – Hazardous Waste Treatment and Disposal; 2158 

• 562212 – Solid Waste Landfill; 2159 

• 562213 – Solid Waste Combustors and Incinerators; and 2160 

• 562219 – Other Nonhazardous Waste Treatment and Disposal. 2161 

Table 3-39 summarizes the per site estimates for this OES based on the methodology described, 2162 

including the potential number of sites identified in Section 3.18.2 of the Draft Release Assessment for 2163 

4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026g). 2164 

 2165 

Table 3-39. Estimated Number of Workers Potentially Exposed to TBBPA During Disposal 2166 

Potential 

Number of Sites 
NAICS Code 

Potentially Exposed 

Workers per Sitea 

Potentially Exposed 

ONUs per Sitea 

11 

562211 – Hazardous Waste Treatment and 

Disposal 

3 8 

562212 – Solid Waste Landfill 

562213 – Solid Waste Combustors and 

Incinerators 

562219 – Other Nonhazardous Waste 

Treatment and Disposal 

a Number of workers and ONUs per site are calculated by dividing the exposed number of workers or ONUs by the 

number of establishments. 

 Occupational Inhalation Exposure Results 2167 

EPA did not identify inhalation monitoring data to assess exposures to TBBPA during disposal 2168 

processes. Based on the presence of TBBPA as an additive in plastics, rubbers, and other solid articles 2169 

(U.S. EPA, 2020), EPA expects the primary route of worker inhalation exposures to TBBPA to be from 2170 

particulates generated during handling of these discarded solid materials. Therefore, EPA estimated 2171 

worker inhalation exposures during disposal using the PNOR Model (U.S. EPA, 2021b), which includes 2172 

 
3 https://calrecycle.ca.gov/swfacilities/ (accessed March 5, 2026) 
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8-hour full-shift worker total dust PBZ concentrations. These data were derived from the data of 2173 

OSHA’s CEHD (OSHA, 2020) that are total dust worker monitoring data that OSHA collected in 2174 

association with OSHA’s PEL for PNOR. To derive the model’s data, EPA estimated an 8-hour TWA 2175 

concentration for total particulate by assuming exposures outside the sample duration are zero. OSHA’s 2176 

CEHD data do not include information about worker activities and therefore the model does not 2177 

determine exposures during individual worker activities. Model approaches and parameters are further 2178 

described in Appendix D.  2179 

 2180 

EPA assessed this OES based on the subset of the PNOR Model (U.S. EPA, 2021b) data that are 2181 

specific to facilities with the NAICS code starting with 56 – Administrative and Support and Waste 2182 

Management and Remediation Services. This subset of the PNOR Model (U.S. EPA, 2021b) data 2183 

comprises data for facilities with the NAICS codes given in Table 3-40. This dataset comprises 130 8-2184 

hour full-shift worker total dust PBZ concentration values. The range, mean and median values of these 2185 

data are 0.016 to 1,203 mg/m3, 53 mg/m3, and 2.5 mg/m3, respectively (U.S. EPA, 2021b). The central 2186 

tendency and high-end values of this dataset are assessed as the 50th percentile value of the dataset, or 2187 

2.5 mg/m3 and OSHA’s PEL for total dust PNOR, or 15 mg/m3, respectively (U.S. EPA, 2021b). EPA 2188 

multiplied these assessed total dust air concentrations by the greatest concentration of TBBPA in 2189 

products containing TBBPA that are used commercially or by consumers, which is equal to 22% by 2190 

mass (ECB, 2006), to estimate the concentration of total TBBPA present in particulates. This approach 2191 

involves the following assumptions: 2192 

1. Dust is generated at disposal facilities as the result of the disposal of a single type of products 2193 

which contain TBBPA at the maximum concentration of TBBPA in products used commercially 2194 

and by consumers, which is 22 wt%; and 2195 

2. The dust results from the degradation of the products containing TBBPA into particulate solids 2196 

that become airborne. This occurs continuously throughout the work shift.  2197 

 2198 

Table 3-40. NAICS Sector 56 Facility Codes in EPA’s Generic Model for 2199 

Central Tendency and High-End Inhalation Exposure to Total and 2200 

Respirable PNOR (U.S. EPA, 2021b) 2201 

NAICS NAICS Description 

562111 Solid Waste Collection 

562112 Hazardous Waste Collection 

562211 Hazardous Waste Treatment and Disposal 

561910 Packaging and Labeling Services 

561431 Private Mail Centers 

561730 Landscaping Services 

562910 Remediation Services 

562920 Materials Recovery Facilities 

561790 Other Services to Buildings and Dwellings 

561499 All Other Business Support Services 

561320 Temporary Help Services 

561990 All Other Support Services 

562219 Other Nonhazardous Waste Treatment and Disposal 

562998 All Other Miscellaneous Waste Management Services 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6983058
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11373482
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11373482
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11373482
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11373482
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1443911
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11373482


PUBLIC RELEASE DRAFT 

June 2026 

Page 74 of 107 

561612 Security Guards and Patrol Services 

562212 Solid Waste Landfill 

 2202 

Using the 50th and 95th percentile total particulate exposures from the model and maximum TBBPA 2203 

concentration, EPA estimated the central tendency and high-end 8-hour TWA TBBPA exposure 2204 

estimates. EPA then calculated the IADC and ADC as described in Appendix B. In absence of data 2205 

specific to ONU exposure, the Agency assumed that worker central tendency exposure was 2206 

representative of ONU exposure and used this data to generate estimates for ONUs. The results of these 2207 

calculations are summarized in Table 3-41.  2208 

 2209 

Table 3-41. Summary of Worker Inhalation Exposure Metrics to TBBPA During Disposal 2210 

Exposure Concentration Type 

Worker Inhalation Estimates 

(mg/m3) 
ONU 

Inhalation 

Estimates 

(mg/m3) 
Central 

Tendency 
High-End 

8-Hour TWA exposure concentration 0.55 3.3 0.55 

Intermediate average daily concentration (IADC) 

based on 8-hour TWA 

0.29 1.7 0.29 

Average daily concentration (ADC) based on 8-

hour TWA 

0.26 1.5 0.26 

 Occupational Dermal Exposure Results 2211 

EPA estimated dermal exposures for this OES using the methodology outlined in Section 2.4. The 2212 

various “Exposure Concentration Types” from Table 3-42 are explained in Appendix B. Table 3-42 2213 

summarizes the APDR, IADD, and ADD for chronic non-cancer for all applicable SEGs. For workers, 2214 

dermal exposure is assessed to solids containing TBBPA. For ONUs, dermal exposure is assessed from 2215 

contact with surfaces onto which the dusts have deposited were assessed. Dermal exposure to workers is 2216 

generally expected to be greater than dermal exposure to ONUs. In absence of data specific to ONU 2217 

exposure, EPA assumes that worker central tendency exposure to solids is representative of ONU 2218 

exposure. 2219 

 2220 

Table 3-42. Summary of Worker Dermal Exposure Metrics to TBBPA During Disposal 2221 

Worker Description Exposure Concentration Type Central Tendency High-End 

Average adult worker 

Dose rate (APDR, mg/day) 3.7 7.5 

Intermediate (IADD, mg/kg-day) 3.6E−02 7.3E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 6.4E−02 

ONU 

Dose rate (APDR, mg/day) 3.7 

Intermediate (IADD, mg/kg-day) 3.6E−02 

Chronic, non-cancer (ADD, mg/kg-day) 3.2E−02 

  2222 
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4 WEIGHT OF SCIENTIFIC EVIDENCE CONCLUSIONS FOR 2223 

OCCUPATIONAL EXPOSURE ASSESSMENT 2224 

For each OES, EPA considered the assessment approach, the quality of the data and models, and the 2225 

strengths, limitations, assumptions, and key sources of uncertainties in the assessment results to 2226 

determine the weight of scientific evidence rating. For each OES, EPA considered the assessment 2227 

approach, the quality of the data and models, and the strengths, limitations, assumptions, and key 2228 

sources of uncertainties in the assessment results to determine the weight of scientific evidence rating. 2229 

EPA also considered factors that increase or decrease the strength of the evidence supporting the 2230 

estimate (e.g., quality of the data/information), the applicability of the data to the OES (e.g., temporal 2231 

relevance, locational relevance) and the representativeness of the estimate for the whole industry. The 2232 

Agency used the descriptors of robust, moderate, slight, or indeterminant to categorize the available 2233 

scientific evidence using its best professional judgment, according to the 2021 Draft Systematic Review 2234 

Protocol (U.S. EPA, 2021a). For example, EPA used moderate to categorize measured release data from 2235 

a limited number of sources such that there is a limited number of data points that may not cover most or 2236 

all the sites within the OES. EPA used slight to describe limited information that does not sufficiently 2237 

cover all sites within the OES, and for which the assumptions and uncertainties are not fully known or 2238 

documented. See the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021a) for additional 2239 

information on weight of scientific evidence conclusions. 2240 

 2241 

The weight of scientific evidence ratings for the occupational exposure estimates for each OES, 2242 

including details on the basis EPA used to determine the rating, are provided in the sections and tables 2243 

that follow. 2244 

 2245 

EPA estimated occupational exposure using several sources of air monitoring data, however the primary 2246 

source for this assessment was an inhalation exposure monitoring study submitted to EPA by the ACC 2247 

TBBPA Consortium in response to a test order (Integral Consulting, 2025a). These data were 2248 

determined to have an overall data quality rating of high through EPA’s systematic review process. 2249 

Other sources of worker exposure data included studies provided by industry or identified during 2250 

systematic review; these sources had data quality ratings of medium to high. Further information on 2251 

these sources is provided later in this section. 2252 

 2253 

Number of Workers 2254 

There are several uncertainties surrounding the estimated number of workers potentially exposed to 2255 

TBBPA, as outlined below. Most are unlikely to result in a systematic underestimate or overestimate but 2256 

could lead to some inaccuracies in the final estimates. 2257 

 2258 

There are uncertainties with BLS data, which are used to estimate the number of workers for all 2259 

conditions of use. First, BLS’ Occupational Employment Statistics employment data for each 2260 

industry/occupation combination are only available at the 3-, 4-, or 5-digit NAICS level, rather than the 2261 

full 6-digit NAICS level. This lack of granularity could result in an overestimate of the number of 2262 

exposed workers if some 6-digit NAICS are included in the less granular BLS estimates but are not 2263 

likely to use TBBPA for the assessed applications. EPA addressed this issue by refining the OES 2264 

estimates using total employment data from the U.S. Census’ SUSB. However, this approach assumes 2265 

that the distribution of occupation types (SOC codes) in each 6-digit NAICS is equal to the distribution 2266 

of occupation types at the parent 5-digit NAICS level. If the distribution of workers in occupations with 2267 

TBBPA exposure differs from the overall distribution of workers in each NAICS, then this approach 2268 

will result in inaccuracy. 2269 

 2270 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10415760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=13246192


PUBLIC RELEASE DRAFT 

June 2026 

Page 76 of 107 

Second, EPA’s judgments about which industries (represented by NAICS codes) and occupations 2271 

(represented by SOC codes) are associated with the uses assessed in this report are based on the 2272 

Agency’s understanding of how TBBPA is used in each industry. Designations of which industries and 2273 

occupations have potential exposures is nevertheless subjective, and some industries/occupations with 2274 

few exposures might erroneously be included, or some industries/occupations with exposures might 2275 

erroneously be excluded. This would result in inaccuracy but would be unlikely to systematically either 2276 

overestimate or underestimate the number of exposed workers. 2277 

 2278 

Analysis of Exposure Monitoring Data 2279 

For several of the OESs, TBBPA test order monitoring data were used to estimate inhalation exposures. 2280 

The primary strength of these data are the use of personal and directly applicable data, and the number 2281 

of samples available for workers and ONUs. The primary limitation is that when the test order data did 2282 

not provide sufficient information on exposure frequency, EPA assumed 250 exposure days per year 2283 

based on typical worker schedules. It is uncertain whether this captures actual worker schedules and 2284 

exposures. In some cases, there is also uncertainty in the representativeness of the data. Where few data 2285 

are available, the assessed exposure levels may not be representative of worker exposure across the 2286 

entire job category or industry. Differences in work practices and engineering controls across sites can 2287 

introduce variability and limit the representativeness of monitoring data. 2288 

 2289 

For the Industrial and Commercial Laboratory Chemical Use OES, a subset of TBBPA test order 2290 

monitoring data were used as surrogate. Any monitoring data from the SEG, Laboratory technician was 2291 

assessed. This is likely to be applicable to most laboratory workers, however a limitation is that this may 2292 

overestimate or underestimate inhalation exposures from other non-industry laboratory settings, such as 2293 

university or medical research labs. 2294 

 2295 

Apart from the test order data, which is broken out by SEG, EPA typically categorized each inhalation 2296 

exposure data point as either worker or ONU. The categorizations are based on descriptions of worker 2297 

job activity as provided in literature and EPA’s judgment. In general, samples for employees that are 2298 

expected to have the highest exposure from direct handling of TBBPA are categorized as workers and 2299 

samples for employees that are expected to have the lower exposure and do not directly handle TBBPA 2300 

are categorized as ONU. 2301 

 2302 

Table 4-1 summarizes EPA’s overall confidence in the inhalation exposure estimates for each OES. 2303 

 2304 

With regard to the assessment of dermal exposure, estimates are based on an in vitro dermal absorption 2305 

study specific to TBBPA (Charles River Laboratories, 2024). The study provides dermal absorption data 2306 

for a wide range of chemical doses and multiple vehicles relevant to OESs of TBBPA. EPA chose the 2307 

maximal flux value obtained among the various in vitro dermal absorption experiments to demonstrate 2308 

the potential of dermal exposure at the upper bound. Because the highest measured flux value was used 2309 

to estimate upper-bound dermal exposures for both workers and ONUs, it is likely that the reported 2310 

dermal exposure values overestimate occupational dermal exposures. Consequently, EPA has moderate 2311 

confidence that the results of the occupational dermal exposure assessment represent an upper bound of 2312 

exposure.2313 
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Table 4-1. Summary of Assumptions, Uncertainty, and Overall Confidence in Occupational Inhalation Exposure Estimates by OES 2314 

OES Weight of Scientific Evidence Conclusion in Occupational Inhalation Exposure Estimates 

Manufacturing EPA assessed inhalation exposure concentrations based on surrogate data that are total dust personal worker monitoring data. These data 

were collected by monitoring TBBPA manufacturing workers during the manufacture of TBBPA at Albemarle Corporation’s Magnolia, 

AR site between July 2003–November 2021 and were collected as surrogate TBBPA inhalation exposure surrogate data because a TBBPA 

sampling and analysis method was lacking. Refer to Section 3.2.3 for a description of the assessment method.  

 

The strength of the assessment is that the assessment of worker exposure is based on total dust full-shift PBZ worker monitoring data that 

are of high quality as surrogate monitoring data. These data are of high-quality as surrogate data because of the following: 

a) TBBPA is primarily found in workplace air in the particle-associated phase according to the scientific literature (Integral 

Consulting, 2025b). 

b) The data were collected during the manufacture of TBBPA at a TBBPA manufacturing facility in the United States. This facility 

was located separately from other facilities at the same site that were used in the production of other powders (Integral Consulting, 

2025b). Also, there is a single TBBPA manufacturing facility in the United States according to the 2023 TRI. 

c) Measurements were less than the limits of detection (<0.01 mg/m3 and <0.32 mg/m3) in the PBZ samples of two workers who 

worked in areas of the TBBPA production facility that did not contain TBBPA (these areas and all other areas of the TBBPA 

production facility are contiguous) (Integral Consulting, 2025b). Because no dust was detected for workers in areas that do not 

contain TBBPA, the dust detected in the case of workers in areas that contain TBBPA is likely predominantly TBBPA. 

Another strength is that the job titles of the monitored workers are reported and include various job titles. 

 

The limitation of the data are that the data are total dust data and not TBBPA-specific data. Therefore, the exposure concentrations possibly 

result in an overestimate of TBBPA exposure. 

 

The uncertainties of the assessment result from the following factors: 

a) The total number of samples is only 10. 

b) Worker tasks are not reported. 

c) The monitoring data does not include ONU information. 

Based on these strengths, limitations and uncertainties, EPA has concluded that the weight of scientific evidence for this assessment is 

moderate.  
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OES Weight of Scientific Evidence Conclusion in Occupational Inhalation Exposure Estimates 

Repackaging This scenario involves the transloading of TBBPA powder from imported super sacks to trucks. EPA assessed inhalation exposure 

concentrations based on surrogate data that are TBBPA full-shift TWA and task-based PBZ worker monitoring data. These data were 

collected by monitoring workers at the two identified TBBPA processing sites during repackaging of supersacks into smaller sacks or 

transferring the contents of super sacks into a reactor. The Agency assessed two scenarios: robust engineering controls (Scenario 1) and 

less robust engineering controls (Scenario 2). Refer to Section 3.3.3 for a description of the assessment method.  

 

The strengths of the assessment are as follows: 

1. The data source has a high data quality rating from the systematic review process. 

2. The surrogate data are TBBPA PBZ worker monitoring data that are associated with worker activities that are similar to the 

worker activities of the OES. The worker activities of the surrogate data involve the emptying of super sacks of TBBPA powder 

into other containers, which are small bags in the case of Scenario 1 and a process vessel in the case of Scenario 2. Similarly, the 

worker activity of the OES is emptying super sacks into a truck.  

3. For Scenario 1, the surrogate data are full-shift PBZ worker monitoring data. 

4. For Scenario 2, the surrogate data are task-length PBZ worker monitoring data, and the sampling duration of each sample is equal 

to the duration of emptying a single super sack. EPA combined these task-length PBZ worker monitoring concentrations to 

estimate full-shift PBZ exposure concentrations. In general, the estimation of full-shift exposure from task-length exposure 

monitoring data accords with standard industrial hygiene practice. In the case of the assessment of this OES specifically and as 

explained in Section 3.3.3, EPA combined the task-length concentrations based on information about the truck filling operation 

that occurred at Albemarle’s AR site which is that a single truck is filled during a period of 4–5 hours, and the worker shift is 12 

hours. EPA assumed two trucks are filled per shift at Albemarle’s toll repackaging site. 

The limitations of the assessment are as follows: 

1. The engineering controls of Scenarios 1 and 2 are not engineering controls for transferring material to a truck. In the case of 

Scenario 1 (robust engineering controls), the controls are engineering controls for repackaging super sacks into smaller sacks and 

in the case of Scenario 2 less robust engineering controls) the controls are for transferring material to a process vessel. 

2. The surrogate full-shift PBZ 8-hour TWA exposure concentration in the case of Scenario1 are associated with not only emptying a 

super sack but also other worker activities. The duration of emptying a supersack did not exceed 40% of the sampling duration of 

the full-shift samples.  

The uncertainties of the assessment are as follows: 

a) EPA is uncertain about the number of trucks that are filled per day. By assuming that 2 trucks are filled per day, EPA likely 

assessed a high-end scenario because the filling of 2 trucks of the size that were filled at Albemarle’s Magnolia, AR site is likely 

the maximum truck filling rate in a 12-hour shift given that the time to fill a single truck is 4–5 hours and workers will take work 

breaks during the shift. 

b) There is great variability in the task-length worker monitoring data of Scenario 2. Excluding a concentration value of 2.6 mg/m3 

with a sampling duration of 25 minutes, the range of this data are 4.2–48 mg/m3 and the corresponding range of sample duration is 

15–17 minutes. EPA estimated a full-shift exposure concentration from all of this data which results in uncertainty in the high-end 

assessed result. The assessed high-end 8-hour full-shift concentration is high compared to values reported in the literature. 

Based on these strengths and limitations, EPA has concluded that the weight of scientific evidence for this assessment is moderate in the 

case of the assessed central tendency exposures and slight in the assessed high-end exposures. 
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OES Weight of Scientific Evidence Conclusion in Occupational Inhalation Exposure Estimates 

ACC TBBPA 

Consortium’s 

Group 1: 

Production of 

Formulations 

(Particulate 

Solids) from 

TBBPA Powder 

For this OES, EPA used the worker and ONU inhalation monitoring data that the ACC TBBPA Consortium provided for their Group 1 

processes.  

 

The strengths of the assessment are as follows: 

1. The data source has a high data quality rating from the systematic review process. 

2. The data that EPA used are TBBPA full-shift TWA PBZ worker and ONU inhalation monitoring data. 

3. The ACC TBBPA Consortium monitored workers at 2 of the consortium’s 3 sites that the consortium associated with Group 1 

processes. 

4.  6 workers and 2 ONUs were monitored, and these were associated with 3 SEGs, including a SEG of ONUs.  

The uncertainties of the assessment result from the following factors: 

1. The ACC TBBPA Consortium conducted worker and ONU monitoring at the sites at which they expected worst-case exposure to 

occur.  

2. Few of the monitored workers did non-routine tasks (i.e., activities done weekly, monthly or annually).  

3. EPA assumed that workers work 40-hour weeks on average and 2,000 hours per year, which is equivalent to 8-hour shifts and 250 

days per year) irrespective of shift duration. This assumption may result in uncertainty, especially in the case of assessing 

intermediate risk because a worker conceivably may work more than 40 hours per week for a short period of time if the shift 

duration is greater than 8 hours. 

Based on these strengths and limitations, EPA has concluded that the weight of scientific evidence for this assessment is robust.  

ACC TBBPA 

Consortium’s 

Group 2: 

Production of 

Intermediate 

Products 

(Liquid, Semi-

Solid and 

Powder) from 

TBBPA Powder 

For this OES, EPA used the worker and ONU inhalation monitoring data that the ACC TBBPA Consortium provided for their Group 2 

processes. This consortium collected this data in response to EPA’s test order. 

 

The strengths of the assessment are as follows: 

1. The data source has a high data quality rating from the systematic review process. 

2. The data that EPA used are TBBPA full-shift TWA PBZ worker and ONU inhalation monitoring data. 

3. The ACC TBBPA Consortium monitored workers at 3 of the consortium’s 10 sites that the consortium associated with Group 2 

processes. 

4. 22 workers and 16 ONUs were monitored and these were associated with 3 SEGs, including a SEG of ONUs. 

 The uncertainties of the assessment result from the following factors: 

1. The ACC TBBPA Consortium conducted worker and ONU monitoring at the sites at which they expected worst-case exposure to 

occur.  

2. Few of the monitored workers did non-routine tasks (i.e., activities done weekly, monthly or annually).  

3. EPA assumed that workers work 40-hour weeks on average and 2,000 hours per year, which is equivalent to 8-hour shifts and 250 

days per year) irrespective of shift duration. This assumption may result in uncertainty, especially in the case of assessing 

intermediate risk because a worker conceivably may work more than 40 hours per week for a short period of time if the shift 

duration is greater than 8 hours. 
Based on these strengths and limitations, EPA has concluded that the weight of scientific evidence for this assessment is robust. 
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OES Weight of Scientific Evidence Conclusion in Occupational Inhalation Exposure Estimates 

ACC TBBPA 

Consortium’s 

Group 3: 

Production of 

Intermediate 

Solid Products 

(Sheet, Film, 

and Pellet) from 

the Products of 

Group 2 

For this OES, EPA used the worker and ONU inhalation monitoring data that the ACC TBBPA Consortium provided for their Group 3 

processes. This consortium collected this data in response to EPA’s test order.  

 

The strengths of the assessment are as follows: 

1. The data source has a high data quality rating from the systematic review process. 

2. The data that EPA used are TBBPA full-shift TWA PBZ worker and ONU inhalation monitoring data. 

3. To collect the data that EPA used, the ACC TBBPA Consortium monitored workers at 2 of the consortium’s 8 sites that the 

consortium associated with Group 3 processes. 

4. 21 workers and 8 ONUs were monitored and these were associated with 6 SEGs, including an SEG of ONUs. 

 The uncertainties of the assessment result from the following factors: 

1. The ACC TBBPA Consortium conducted worker and ONU monitoring at the sites at which they expected worst-case exposure to 

occur.  

2. Few of the monitored workers did non-routine tasks (i.e., activities done weekly, monthly or annually).  

3. EPA assumed that workers work 40-hour weeks on average and 2,000 hours per year, which is equivalent to 8-hour shifts and 250 

days per year) irrespective of shift duration. This assumption may result in uncertainty, especially in the case of assessing 

intermediate risk because a worker conceivably may work more than 40 hours per week for a short period of time if the shift 

duration is greater than 8 hours. 

Based on these strengths and limitations, EPA has concluded that the weight of scientific evidence for this assessment is robust. 

ACC TBBPA 

Consortium’s 

Group 4: 

Production of 

Composite Parts 

from Prepreg 

and Adhesive 

Film  

For this OES, EPA used the worker and ONU inhalation monitoring data that the ACC TBBPA Consortium provided for their Group 4 

processes. This consortium collected this data in response to EPA’s test order. 

 

The strengths of the assessment are as follows: 

1. The data source has a high data quality rating from the systematic review process. 

2. The data that EPA used are TBBPA full-shift TWA PBZ worker and ONU inhalation monitoring data. 

3. To collect the data that EPA used, the ACC TBBPA Consortium monitored workers at 2 of the consortium’s 10 sites that the 

consortium associated with Group 4 processes 

4. 22 workers and 9 ONUs were monitored and these were associated with 4 SEGs, including a SEG of ONUs. 

 The uncertainties of the assessment result from the following factors: 

1. The ACC TBBPA Consortium conducted worker and ONU monitoring at the sites at which they expected worst-case exposure to 

occur.  

2. Few of the monitored workers did non-routine tasks (i.e., activities done weekly, monthly or annually).  

3. EPA assumed that workers work 40-hour weeks on average and 2,000 hours per year, which is equivalent to 8-hour shifts and 250 

days per year) irrespective of shift duration. This assumption may result in uncertainty, especially in the case of assessing 

intermediate risk because a worker conceivably may work more than 40 hours per week for a short period of time if the shift 

duration is greater than 8 hours. 

Based on these strengths and limitations, EPA has concluded that the weight of scientific evidence for this assessment is robust. 
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OES Weight of Scientific Evidence Conclusion in Occupational Inhalation Exposure Estimates 

Recycling For this OES, EPA identified 860 sites. EPA used PBZ air concentration data pulled from three sources to assess inhalation 

exposures. EPA considered the assessment approach, the quality of the data, and the uncertainties in the assessment results to determine the 

weight of scientific evidence conclusion for the 8-hour TWA inhalation exposure estimates. 

 

The primary strength of this approach is the use of directly applicable monitoring data, which is preferrable to other potential assessment 

approaches such as modeling or the use of OELs. EPA used 3 different studies (Rosenberg et al., 2011; Beaucham et al., 2018; Grimes et 

al., 2019) and all received ratings of high from EPA’s systematic review process. These studies contained five distributions created from 46 

full-shift personal breathing zone samples from workers at three facilities. 

 

The primary limitations of these data include uncertainty in the representativeness of the monitoring data in capturing the true distribution 

of inhalation concentrations for this OES. Additionally, the monitoring dataset did not contain ONU information, so the central tendency of 

worker values was used, which is EPA’s standard approach. Finally, EPA assumed 8 exposure hours per day and 250 exposure days per 

year based on continuous TBBPA exposure during each working day for a typical worker schedule. It is uncertain whether this assumption 

captures actual worker schedules and exposures.  

 

Based on these strengths and limitations, EPA has concluded that the weight of scientific evidence for this assessment is moderate. 

Industrial and 

Commercial 

Additive Use in 

Electrical and 

Electronic 

Articles 

For this OES, EPA did not identify site-specific data for the number of facilities in the United States for this OES. EPA used the PNOR 

Model (U.S. EPA, 2021b) to assess inhalation exposures. EPA considered the assessment approach, the quality of the data, and the 

uncertainties in the assessment results to determine the weight of scientific evidence conclusion for the inhalation exposure estimates. 

 

The strength of the model is that the respirable PNOR range was refined using the Computer and Electronic Product Manufacturing 

NAICS code (NAICS 334) and the resulting dataset contains 32 discrete sample data points. EPA estimated the highest expected 

concentration of TBBPA based on an identified product SDS (Panduit Corporation, 2017). The SDS has a medium data quality rating from 

the systematic review process. 

 

The primary limitations of these data include uncertainty in the representativeness of the PNOR Model in capturing the true distribution of 

inhalation concentrations for this OES. The PNOR model uses an OSHA CEHD dataset of PNOR measurements that is not specific to 

TBBPA or sites confirmed to process TBBPA-containing materials. Additionally, the model assumes the percentage of TBBPA in the dust 

matches the mass concentration in the bulk electronic material (20%). This assumes that all workplace dust originates from the TBBPA-

related activities, whereas dust may also arise from other processes and materials used at the facilities. Considering these uncertainties and 

that the maximum mass concentration identified from electronics products containing TBBPA is used, the estimates are likely to 

overestimate exposures. Additionally, the monitoring dataset did not contain ONU information, so the central tendency of worker values 

was used. Finally, EPA assumed 8 exposure hours per day and 250 exposure days per year based on continuous TBBPA exposure during 

each working day for a typical worker schedule. It is uncertain whether this assumption captures actual worker schedules and exposures. 

 

Based on these strengths and limitations, EPA has concluded that the weight of scientific evidence for this assessment is moderate. 
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OES Weight of Scientific Evidence Conclusion in Occupational Inhalation Exposure Estimates 

Industrial and 

Commercial 

Use in Building 

and 

Construction 

Materials 

For this OES, EPA identified a single site based on TRI data. EPA used EPA’s PNOR Model (U.S. EPA, 2021b) data for NAICS sector 23 

(construction of buildings; heavy and civil engineering construction; specialty trade contractors) to assess inhalation exposures. EPA 

considered the assessment approach, the quality of the data, and the uncertainties in the assessment results to determine the weight of 

scientific evidence conclusion for the inhalation exposure estimates. 

 

The strength of the assessment is that the EPA PNOR model data are total PNOR 8-hour TWA PBZ worker inhalation exposure 

concentration data for workers associated with NAICS code 23. Another strength is that EPA estimated the concentration of TBBPA in 

products to be equal to the concentration of TBBPA in ABS which is used in pipes and fittings used in construction (ECB, 2006). This 

source has a high data quality rating from the systematic review process. 

 

The limitations of the assessment are that the PNOR Model data are surrogate data and the mass fraction of TBBPA in ABS is the 

maximum fraction of TBBPA in a product that is possibly used in construction. The assessment includes uncertainty about whether the 

PNOR Model data are applicable to worker exposure as a result of using products that contain TBBPA. Additionally, the monitoring 

dataset did not contain ONU information, so the central tendency of worker values was used. Finally, EPA assumed 8 exposure hours per 

day and 250 exposure days per year based on continuous TBBPA exposure during each working day for a typical worker schedule. It is 

uncertain whether this assumption captures actual worker schedules and exposures. 

 

Based on these strengths and limitations, EPA has concluded that the weight of scientific evidence for this assessment is slight to moderate. 

Use of Powder 

Coatings in 

Electronics 

For this OES, EPA did not identify site-specific data for the number of facilities in the United States for this OES. EPA used the PNOR 

Model (U.S. EPA, 2021b) to assess inhalation exposures. EPA considered the assessment approach, the quality of the data, and the 

uncertainties in the assessment results to determine the weight of scientific evidence conclusion for the inhalation exposure estimates. 

 

A strength of the model is that the respirable PNOR range was refined using three NAICS codes: Computer and Electronic Product 

Manufacturing (NAICS 334), Electrical Equipment, Appliance, and Component Manufacturing (NAICS 335), and Transportation 

Equipment Manufacturing (NAICS 336). The resulting dataset contains 301 discrete sample data points. EPA estimated the highest 

expected concentration of TBBPA based on a documented epoxy powder product for the electronics industry (Earthjustice, 2019). The 

SDS has a high data quality rating from the systematic review process. 

 

The primary limitations of these data include uncertainty in the representativeness of the PNOR Model in capturing the true distribution of 

inhalation concentrations for this OES. Further, the OSHA CEHD dataset used in the PNOR Model is not specific to TBBPA. 

Additionally, the monitoring dataset did not contain ONU information, so the central tendency of worker values was used. Finally, EPA 

assumed 8 exposure hours per day and 250 exposure days per year based on continuous TBBPA exposure during each working day for a 

typical worker schedule. It is uncertain whether this assumption captures actual worker schedules and exposures. 

 

Based on these strengths and limitations, EPA has concluded that the weight of scientific evidence for this assessment is moderate. 
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OES Weight of Scientific Evidence Conclusion in Occupational Inhalation Exposure Estimates 

Industrial Use 

in Plastic and 

Rubber 

Products 

 

For this OES, EPA did not identify site-specific data for the number of facilities in the United States for this OES, or relevant inhalation 

monitoring data. Due to expected similarities in process descriptions, the Agency used surrogate monitoring data from ACC TBBPA 

Consortium’s Group 4: Production of Composite parts from prepreg and adhesive film. EPA considered the assessment approach, the 

quality of the data, and uncertainties in assessment results to determine the weight of scientific evidence conclusion for the 8-hour TWA 

inhalation exposure estimates. 

 

The primary strengths of these data are the use of PBZ data, the similarity in worker activities between the surrogate data and this OES, 

and the number of samples available for workers and ONUs. EPA identified 22 worker and 9 ONU full-shift PBZ samples from two 

industrial use facilities from this dataset to estimate inhalation exposures. The data source has a high data quality rating from the systematic 

review process. 

 

The primary limitation of the data are that these two sites may not be representative of all sites. Also, EPA assumed 250 exposure days per 

year based on TBBPA exposure each working day for a typical worker schedule; it is uncertain whether this captures actual worker 

schedules and exposures. 

 

Based on these strengths and limitations, EPA has concluded that the weight of scientific evidence for this assessment is moderate to 

robust. 

Commercial 

Use in Plastic 

and Rubber 

Products 

For this OES, workers are not expected to manipulate the solid articles containing TBBPA in such a way as to generate dust. Thus, worker 

exposures are limited to any TBBPA that may volatilize from the article or be present on the article surfaces. EPA identified one relevant 

source for this OES during data extraction and evaluation. These data include a total of 12 8-hour TWA area samples. Based on this data, 

EPA decided to not quantitatively assess worker exposures for commercial use of plastic and rubber products containing TBBPA, as the 

low concentrations provided by these samples are not expected to generate considerable exposure and risk to workers. Based on this 

information, EPA has concluded that the weight of scientific evidence for this assessment is moderate.  

Industrial and 

Commercial 

Laboratory 

Chemical Use 

For this OES, EPA did not identify site-specific data for the number of facilities in the United States for this OES. EPA had inhalation data 

provided via a test order submission from the ACC, which included processors and users of TBBPA. Inhalation data from the SEG 

“Laboratory technicians” were used in this assessment. EPA considered the assessment approach, the quality of the data, and uncertainties 

in assessment results to determine the weight of scientific evidence conclusion for the 8-hour TWA inhalation exposure estimates. 

 

The primary strength of these data are that they are PBZ and capture many tasks that are expected to occur in a commercial laboratory 

setting. There were 4 data points for laboratory technicians in Group 2, and 5 data points for laboratory technicians in Group 3. This 

amounts to a total of 9 data points from 3 sites in the ACC test order data used for this OES. The data source has a high data quality rating 

from the systematic review process. 

 

The primary limitations include: (1) the data are for laboratory technicians in a manufacturing/processing setting, rather than a commercial 

setting, and so the representativeness of the dataset for workers in a commercial setting is uncertain; and (2) the lack of data for ONUs. 
Additionally, EPA assumed 250 exposure days per year based on TBBPA exposure each working day for a typical worker schedule; it is 

uncertain whether this captures actual worker schedules and exposures. Based on these strengths and limitations, EPA has concluded that 

the weight of scientific evidence for this assessment is moderate-to-robust. 
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Disposal 

 

For this OES, EPA identified 11 sites for this OES based on TRI data. EPA used EPA’s PNOR Model (U.S. EPA, 2021b) data for NAICS 

sector 56 (Administrative and Support and Waste Management and Remediation Services) to assess inhalation exposures. EPA considered 

the assessment approach, the quality of the data, and the uncertainties in the assessment results to determine the weight of scientific 

evidence conclusion for the inhalation exposure estimates. 

 

A strength of the assessment is that the assessed TBBPA inhalation exposure concentrations are based on the subset of EPA’s PNOR 

model data that consisting of total dust 8-hour TWA PBZ worker inhalation exposure concentration measurements for workers at facilities 

associated with various NAICS codes encompassed by NAICS code 56 as presented in Section 3.12.3. These are measurements for a 

broadly specified group of NAICS codes and are therefore very likely to encompass values that equal total dust concentrations at facilities 

at which TBBPA containing wastes are disposed of. 

 

The limitations of the assessment are as follows:  

1. The data of EPA’s PNOR Model (U.S. EPA, 2021b) are surrogate data because these data are based on concentrations of total dust 

measurements made by OSHA in connection with OSHA’s PEL for PNOR. 

2. The assessed TBBPA 8-hour TBBPA TWA concentrations were calculated by multiplying the relevant central tendency and high-

end total dust concentrations of EPA’s PNOR Model (U.S. EPA, 2021b) with the greatest mass fraction of TBBPA in products 

containing TBBPA that are used commercially or by consumers. That is, EPA assumed dust is generated at disposal facilities as 

the result of the disposal of a single type of products which are those that contain TBBPA. But the dust that workers are exposed to 

results from the disposal of waste that contains a variety of products and not just products that contain TBBPA. 

3. The assessed exposures are not applicable in the case of disposal of waste material that are generated in industrial facilities such as 

neat TBBPA because such wastes are contained in containers such as filter bags and EPA does not expect the disposal of such 

containers to result in occupational inhalation exposure to TBBPA.  

4. The assessed exposures are not applicable in the case of the disposal of articles that are made using TBBPA reactively because 

EPA does not expect the disposal of such articles to result in worker inhalation exposure because the concentration of TBBPA in 

such articles is either nil or very low. 

The uncertainties of the assessment are as follows: 

1. There is uncertainty about the accuracy of the assessed TBBPA 8-hour TWA concentrations.  

2. The monitoring dataset does not contain information about worker activities, and therefore there is uncertainty about whether the 

data are applicable for ONUs; accordingly, the central tendency of the dataset was used to assess ONU exposure.  

3. EPA assumed 8 exposure hours per day and 250 exposure days per year based on continuous TBBPA exposure during each 

working day for a typical worker schedule. It is uncertain whether this assumption captures actual worker schedules and 

exposures. 

Based on these strengths and limitations, EPA has concluded that the weight of scientific evidence for this assessment is slight but the 

Agency has high confidence that the assessment results overestimate actual exposures, especially in the case of the high-end estimate. 

NAICS = North American Industry Classification System; OES = occupational exposure scenario; OEL = occupational exposure limit; ONU = occupational non-user; 

OSHA = Occupational Safety and Health Administration; PBZ = personal breathing zone; PEL = permissible exposure limit; PNOR = Particulates Not Otherwise 

Regulated; SEG = similar exposure group 

2315 
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5 OCCUPATIONAL EXPOSURE ASSESSMENT CONCLUSIONS 2316 

EPA considered all reasonably available information identified through its systematic review process 2317 

under TSCA (U.S. EPA, 2026j) to characterize the occupational exposure of TBBPA. TBBPA has a total 2318 

PV in the United States between 10 and 50 million lb of TBBPA from the 2024 CDR reporting period. It 2319 

is primarily used as a flame retardant in various plastics material and resin manufacturing. Secondary 2320 

uses include incorporation into formulations such as adhesives and incorporation into articles such as 2321 

building and construction materials and electronics.  2322 

 2323 

EPA evaluated occupational exposures for each OES, which are developed based on a set of 2324 

occupational activities and conditions such that similar occupational exposures are expected from the 2325 

use(s) covered under each OES. The Agency provided occupational exposure results for each OES, 2326 

which are expected to be representative of the population of workers and sites for the given OES in the 2327 

United States. EPA used inhalation monitoring data, including directly applicable data obtained through 2328 

test orders or literature, to evaluate intermediate and chronic exposures to workers and ONUs for 8 of 2329 

the 14 OESs. EPA used surrogate data from the test order for one OES and the PNOR Model for four 2330 

OESs where no monitoring data were found. One OES was assessed qualitatively. Inhalation exposures 2331 

to TBBPA are highest during manufacturing and repackaging.  2332 
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APPENDICES 2517 

 2518 

Appendix A ESTIMATING NUMBER OF WORKERS AND 2519 

OCCUPATIONAL NON-USERS 2520 

This appendix summarizes the methods that EPA used to estimate the number of workers who are 2521 

potentially exposed to TBBPA in each OES evaluated under TSCA. The method consists of the 2522 

following steps: 2523 

1. Identify the (NAICS codes for the industry sectors associated with each COU. 2524 

2. Estimate total employment by industry/occupation combination using the BLS Occupational 2525 

Employment Statistics data (U.S. BLS, 2023a). 2526 

3. Refine the Occupational Employment Statistics estimates where they are not sufficiently 2527 

granular by using the SUSB data on total employment by 6-digit NAICS (U.S. Census Bureau, 2528 

2017). 2529 

4. Estimate the percentage of employees likely to be using TBBPA instead of other chemicals (i.e., 2530 

the market penetration of TBBPA in the OES). 2531 

5. Estimate the number of sites and number of potentially exposed employees per site. 2532 

6. Estimate the number of potentially exposed employees within the OES. 2533 

Step 1: Identifying Affected NAICS Codes 2534 

As a first step, EPA identified NAICS industry codes associated with each OES. EPA generally 2535 

identified NAICS industry codes for an OES by: 2536 

• Querying the U.S. Census Bureau’s NAICS Search tool (U.S. Census Bureau, 2022) using 2537 

keywords associated with each COU to identify NAICS codes with descriptions that match the 2538 

COU. 2539 

• Referencing EPA GSs and OECD ESDs for a COU to identify NAICS codes cited by the GS or 2540 

ESD. 2541 

• Reviewing CDR data for the chemical, identifying the industrial sector codes reported for 2542 

downstream industrial uses, and matching those industrial sector codes to NAICS codes using 2543 

Table D-2 provided in the CDR reporting instructions (U.S. EPA, 2016). 2544 

Each OES section in the main body of this draft assessment/TSD identifies the NAICS codes EPA 2545 

identified for the respective OES. 2546 

 2547 

Step 2: Estimating Total Employment by Industry and Occupation 2548 

BLS’s Occupational Employment Statistics data provide employment data for workers in specific 2549 

industries and occupations (U.S. BLS, 2023a). The industries are classified by NAICS codes that were 2550 

previously identified, and occupations are classified by SOC codes (U.S. BLS, 2018).  2551 

 2552 

Among the relevant NAICS codes (identified previously), EPA reviewed the occupation description and 2553 

identified those occupations (SOC codes) where workers are potentially exposed to TBBPA. Table_Apx 2554 

A-1 shows the SOC codes by NAICS codes EPA classified as occupations potentially exposed to 2555 

TBBPA for an example associated with 4-digit NAICS code 562200 – Waste Treatment and Disposal. 2556 

These occupations are classified as workers (W) and occupational non-users (O) by NAICS code. All 2557 

relevant SOC codes by NAICS codes combinations can be found in supplemental file Draft Estimates of 2558 

Number of Workers and ONUs Model for 4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] (TBBPA) 2559 

(U.S. EPA, 2026d) under the “Affected SOCs” tab and all other SOC codes by NAICS codes 2560 

combinations are assumed to represent occupations where exposure is unlikely. 2561 

 2562 
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After identifying relevant NAICS and SOC codes, EPA used BLS data to determine total employment 2563 

by industry and by occupation based on the NAICS and SOC combinations. For example, there are 2564 

1,033 employees associated with 4-digit NAICS 562200 (Waste Treatment and Disposal) and SOC 51-2565 

8030 (Water and Wastewater Treatment Plant and System Operators). 2566 

 2567 

Using a combination of NAICS and SOC codes to estimate total employment provides more accurate 2568 

estimates for the number of workers than using NAICS codes alone. Using only NAICS codes to 2569 

estimate number of workers typically result in an overestimate, because not all workers employed in that 2570 

industry sector will be exposed. However, in some cases, BLS only provides employment data at the 4-2571 

digit or 5-digit NAICS level; therefore, further refinement of this approach may be needed (see next 2572 

step). 2573 

 2574 

Step 3: Refining Employment Estimates to Account for Lack of NAICS Granularity 2575 

The third step in EPA’s methodology was to further refine the employment estimates by using total 2576 

employment data in the U.S. Census Bureau’s SUSB (U.S. Census Bureau, 2017). In some cases, BLS 2577 

Occupational Employment Statistics’ occupation-specific data are only available at the 4- or 5-digit 2578 

NAICS level, whereas the SUSB data are available at the 6-digit level (but are not occupation-specific). 2579 

Identifying specific 6-digit NAICS will ensure that only industries with potential TBBPA exposure are 2580 

included. As an example, Occupational Employment Statistics data are available for the 4-digit NAICS 2581 

562200 Waste Treatment and Disposal, which includes several 6-digit NAICS: 2582 

• 562211 – Hazardous Waste Treatment and Disposal; 2583 

• 562212 – Solid Waste Landfill; 2584 

• 562213 – Solid Waste Combustors and Incinerators; and 2585 

• 562219 – Other Nonhazardous Waste Treatment and Disposal. 2586 

In this example, each of these 6-digit NAICS are of interest. However, the Census data allow EPA to 2587 

calculate employment in the specific 6-digit NAICS of interest as a percentage of employment in the 2588 

BLS 4-digit NAICS. 2589 

 2590 

As an example, the 6-digit NAICS 562211 comprises 59.34% of total employment under the 4-digit 2591 

NAICS 5622. This percentage can be multiplied by the occupation-specific employment estimates given 2592 

in the BLS Occupational Employment Statistics data to further refine the Agency’s estimates of the 2593 

number of employees with potential exposure. Table_Apx A-1 illustrates this granularity adjustment for 2594 

NAICS 562211. 2595 

 2596 

Table_Apx A-1. Estimated Number of Potentially Exposed Workers and ONUs Under NAICS 2597 

562211 2598 

NAICS 
SOC 

CODE 
SOC Description 

Occupation 

Designation 

Employment 

by SOC at 4-

Digit NAICS 

Level 

% of Total 

Employment 

Estimated 

Employment by 

SOC at 6-Digit 

NAICS Level 

562200 11-3050 Industrial Production 

Managers 
O 170 59.3% 101 

562200 11-9020 Construction 

Managers 
O 71 59.3% 42 

562200 11-9040 Architectural and 

Engineering Managers 
O 51 59.3% 30 

562200 17-2000 Engineers O 801 59.3% 475 
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NAICS 
SOC 

CODE 
SOC Description 

Occupation 

Designation 

Employment 

by SOC at 4-

Digit NAICS 

Level 

% of Total 

Employment 

Estimated 

Employment by 

SOC at 6-Digit 

NAICS Level 

562200 17-3020 Engineering 

Technologists and 

Technicians, Except 

Drafters 

O 150 59.3% 89 

562200 19-2031 Chemists O 600 59.3% 356 

562200 19-2041 Environmental 

Scientists and 

Specialists, Including 

Health 

O 110 59.3% 65 

562200 19-4000 Life, Physical, and 

Social Science 

Technicians 

O 1,142 59.3% 677 

562200 47-4040 Hazardous Materials 

Removal Workers 

W 5,545 59.3% 3,288 

562200 49-1000 Supervisors of 

Installation, 

Maintenance, and 

Repair Workers 

O 761 59.3% 451 

562200 49-2000 Electrical and 

Electronic Equipment 

Mechanics, Installers, 

and Repairers 

W 229 59.3% 136 

562200 49-9000 Other Installation, 

Maintenance, and 

Repair Occupations 

W 3,433 59.3% 2,036 

562200 51-1000 Supervisors of 

Production Workers 

O 880 59.3% 522 

562200 51-8030 Water and Wastewater 

Treatment Plant and 

System Operators 

W 1,742 59.3% 1,033 

562200 51-8090 Miscellaneous Plant 

and System Operators 

W 821 59.3% 487 

562200 53-7061 Cleaners of Vehicles 

and Equipment 

W 40 59.3% 24 

562200 53-7080 Refuse and Recyclable 

Material Collectors 

O 17,253 59.3% 10,231 

Total Potentially Exposed Employees 33,799  20,041 

Total Workers   7,003 

Total ONUs   13,038 

W = worker; O = occupational non-user 

Note: numbers may not sum exactly due to rounding. 

Source: U.S. Census Bureau (2017) and U.S. BLS (2023a) 

 2599 
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Step 4: Estimating the Percentage of Workers Using TBBPA Instead of Other Chemicals 2600 

In the final step, EPA accounted for the market share by applying a factor to the number of workers 2601 

determined in Step 3. This accounts for the fact that TBBPA may be only one of multiple chemicals 2602 

used for the applications of interest. EPA did not identify market penetration data for any OES. In the 2603 

absence of market penetration data for a given OES, EPA assumed TBBPA may be used at up to all sites 2604 

and by up to all workers calculated in this method as a bounding estimate. This assumes a market 2605 

penetration of 100%.  2606 

 2607 

Step 5: Estimating the Number of Workers and ONUs per Site 2608 

EPA calculated the number of workers and ONUs in each industry/occupation combination using the 2609 

formula below (granularity adjustment is only applicable where SOC data are not available at the 6-digit 2610 

NAICS level): 2611 

 2612 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑊𝑜𝑟𝑘𝑒𝑟𝑠 𝑜𝑟 𝑂𝑁𝑈𝑠 𝑖𝑛 𝑁𝐴𝐼𝐶𝑆/𝑆𝑂𝐶 (𝑆𝑡𝑒𝑝 2) × 𝐺𝑟𝑎𝑛𝑢𝑙𝑎𝑟𝑖𝑡𝑦 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 (𝑆𝑡𝑒𝑝 3)2613 

= 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑊𝑜𝑟𝑘𝑒𝑟𝑠 𝑜𝑟 𝑂𝑁𝑈𝑠 𝑖𝑛 𝑡ℎ𝑒 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦/𝑂𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛  2614 

 2615 

EPA then estimated the total number of establishments by obtaining the number of establishments 2616 

reported in the U.S. Census Bureau’s SUSB (U.S. Census Bureau, 2017) data at the 6-digit NAICS 2617 

level. In this example, there are 873 establishments associated with 6-digit NAICS code 562211 – 2618 

Hazardous Waste Treatment and Disposal.  2619 

 2620 

EPA then summed the number of workers and ONUs over all occupations within a NAICS code and 2621 

divided these sums by the number of establishments in the NAICS code to calculate the average number 2622 

of workers and ONUs per site. 2623 

 2624 

Step 6: Estimating the Number of Workers and ONUs, and Sites for a COU 2625 

EPA estimated the number of workers and ONUs potentially exposed to TBBPA and the number of sites 2626 

that use TBBPA in a given OES through the following steps: 2627 

6A. Obtaining the total number of establishments by: 2628 

i. Obtaining the number of establishments from SUSB at the 6-digit NAICS level (Step 5) 2629 

for each NAICS code in the OES and summing these values; or 2630 

ii. Obtaining the number of establishments from the TRI, DMR, NEI, or literature for the 2631 

OES. 2632 

6B. Estimating the number of establishments that use TBBPA by taking the total number of 2633 

establishments from Step 6A and multiplying it by the market penetration factor from Step 4. 2634 

6C. Estimating the number of workers and ONUs potentially exposed to TBBPA by taking the 2635 

number of establishments calculated in Step 6B and multiplying it by the average number of 2636 

workers and ONUs per site from Step 5. 2637 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=12379302
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Appendix B EQUATIONS FOR CALCULATING  INTERMEDIATE, 2638 

AND CHRONIC (NON-CANCER) INHALATION AND 2639 

DERMAL EXPOSURES 2640 

This draft TSD assessed TBBPA inhalation exposures to workers in occupational settings, presented as 2641 

full-shift TWA. The full-shift TWA exposures are then used to calculate intermediate average daily 2642 

concentrations (IADC) and average daily concentrations (ADC) for chronic non-cancer risks. This 2643 

report also assesses TBBPA dermal exposures to workers in occupational settings, presented as a dermal 2644 

APDR. The APDRs are then used to calculate the IADD and ADD.  2645 

 2646 

This appendix presents the equations and input parameter values used to estimate each exposure metric. 2647 

 Equations for Calculating Intermediate, and Chronic (Non-Cancer 2648 

and Cancer) Inhalation Exposures 2649 

IADC is used to estimate workplace inhalation exposures for sub-chronic risks and is estimated as 2650 

follows: 2651 

 2652 

Equation_Apx B-1. 2653 

𝐼𝐴𝐷𝐶 =
(𝐶 × 𝐸𝐷 × 𝐸𝐹𝐼𝑁𝑇 × 𝐵𝑅)

𝐴𝑇ADC_I
 2654 

Where: 2655 

 𝐼𝐴𝐷𝐶 = Intermediate average daily concentration (ppm or mg/m3) 2656 

 𝐶 = Contaminant concentration in air (TWA) (ppm or mg/m3) 2657 

 𝐸𝐷 = Exposure duration (hr/day) 2658 

 𝐸𝐹𝐼𝑛𝑡 = Intermediate exposure frequency (day/yr) 2659 

 𝐵𝑅 = Breathing rate ratio (unitless) 2660 

 𝐴𝑇𝐴𝐷𝐶_𝐼 = Averaging time (hr) for sub-chronic exposure 2661 

 2662 

Equation_Apx B-2. 2663 

𝐴𝑇ADC_I = 𝐼𝐷 × 24
ℎ𝑟

𝑑𝑎𝑦
 2664 

Where: 2665 

 𝐴𝑇𝐴𝐷𝐶_𝐼 = Averaging time (hr) for sub-chronic exposure 2666 

 𝐼𝐷 = Days for sub-chronic duration (day) 2667 

 2668 

ADC is used to estimate workplace exposures for non-cancer risks. This exposure is estimated as 2669 

follows: 2670 

 2671 

Equation_Apx B-3. 2672 

𝐴𝐷𝐶 =
(𝐶 × 𝐸𝐷 × 𝐸𝐹 × 𝑊𝑌 × 𝐵𝑅)

𝐴𝑇c
 2673 

Where: 2674 

 𝐴𝐷𝐶 = Average daily concentration used for chronic non-cancer risk calculations 2675 

 𝐶 = Contaminant concentration in air (TWA) 2676 

 𝐸𝐷 = Exposure duration (hr/day) 2677 

 𝐸𝐹 = Exposure frequency (day/yr) 2678 

 𝑊𝑌 = Working years per lifetime (yr) 2679 
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 𝐵𝑅 = Breathing rate ratio (unitless) 2680 

 𝐴𝑇𝑐 = Averaging time (hr) for chronic, non-cancer risk   2681 

 2682 

Equation_Apx B-4. 2683 

A𝑇 = 𝑊𝑌 × 365
𝑑𝑎𝑦𝑠

𝑦𝑟
× 24

ℎ𝑟

𝑑𝑎𝑦
 2684 

 2685 

Where: 2686 

 𝑊𝑌 = Working years per lifetime (yr) 2687 

 𝐴𝑇𝑐 = Averaging time (hr) for chronic, non-cancer risk   2688 

 Equations for Calculating Sub-Chronic and Chronic (Non-Cancer) 2689 

Dermal Exposures 2690 

A sub-chronic dermal dose (SCDD) is used to estimate workplace dermal exposures for sub-chronic 2691 

risks. and is estimated using Equation_Apx B-5. 2692 

 2693 

Equation_Apx B-5. 2694 

𝐼𝐴𝐷𝐷 =
(𝐴𝑃𝐷𝑅 × 𝐸𝐹𝑖𝑛𝑡)

(𝐵𝑊 × 𝑆𝐶𝐷𝐷)
 2695 

Where: 2696 

 𝐼𝐴𝐷𝐷 = Intermediate average daily dose (mg/kg-day) 2697 

 𝐴𝑃𝐷𝑅 = Acute potential dose rate (mg/day) 2698 

 EFint = Intermediate exposure frequency (day/yr) 2699 

 𝐵𝑊 =  Body weight (kg) 2700 

 𝑆𝐶𝐷𝐷 =  Sub-chronic dermal dose (mg/kg-day) 2701 

 2702 

ADD is used to estimate workplace dermal exposures for non-cancer risks and is calculated using 2703 

Equation_Apx B-6. 2704 

 2705 

Equation_Apx B-6. 2706 

𝐴𝐷𝐷 =
(𝐴𝑃𝐷𝑅 × 𝐸𝐹 × 𝑊𝑌)

(𝐵𝑊 × 365
𝑑𝑎𝑦𝑠

𝑦𝑟 × 𝑊𝑌)
 2707 

Where: 2708 

 𝐴𝐷𝐷 = Average daily dose (mg/kg-day) [Note: 𝑊𝑌 is used in the denominator for 2709 

ADD] 2710 

 𝐴𝑃𝐷𝑅 =  Acute potential dose rate (mg/day) 2711 

 𝐸𝐹 = Exposure Frequency (days/yr) 2712 

 𝑊𝑌 = Working Years (years) 2713 

 𝐵𝑊 =  Body weight (kg) 2714 

 Intermediate and Chronic (Non-Cancer) Equation Inputs 2715 

The input parameter values in Table_Apx B-1 are used to calculate each of the above intermediate and 2716 

chronic exposure estimates. Where multiple values are provided for 𝐸𝐷, it indicates that EPA may have 2717 

used different values for different OES. The 𝐸𝐹 and 𝐸𝐹𝐼𝑁𝑇 used for each OES can differ, and the values 2718 

used are described in the appropriate sections of this report. The maximum values used in the equations 2719 

as well as a general summary for these differences are described below in this section. 2720 
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Table_Apx B-1. Parameter Values for Calculating Inhalation and Dermal Exposure Estimates 2721 

Parameter Name Symbol Value Unit 

Exposure duration ED 8, 12, or 12.5 hours/day 

Breathing rate ratio BR 2.04 unitless 

Exposure frequency EF 13–250a days/yr 

Exposure frequency, intermediate EFINT 14 days 

Days for intermediate duration ID 18 days 

Working years WY 31 (50th percentile) 

40 (95th percentile) 

years 

Averaging time, intermediate ATACD_I 432 hours 

Averaging time, non-cancer AT 271,560 (central tendency) b 

350,400 (high-end) c 

hours 

Body weight BW 80 (average adult worker) kg 

a Depending on OES. 
b Calculated using the 50th percentile value for working years. 
c Calculated using the 95th percentile value for working years. 

B.3.1 Exposure Duration (ED) 2722 

EPA generally uses an exposure duration of the full-shift as specified by the data source for averaging 2723 

full-shift exposures. This is typically 8 hours, but select OESs have different full-shift lengths. 2724 

B.3.2 Breathing Rate Ratio (BR) 2725 

EPA uses a BR, which is the ratio between the worker breathing rate and resting breathing rate, to 2726 

account for the amount of air a worker breathes during exposure. The typical worker breathes about 10 2727 

m3 of air in 8 hours, or 1.25 m3/h while the resting breathing rate is 0.6125 m3/h (U.S. EPA, 1991). The 2728 

ratio of these two values is equivalent to 2.04. 2729 

B.3.3 Exposure Frequency (EF) 2730 

EPA generally used a maximum EF of 250 days per year based on the assumptions of daily exposure 2731 

during each working day, 5 work days per week, and 2 weeks of vacation per year. The relevant sections 2732 

of this report describe EPA’s estimation of exposure frequency for each OES. 2733 
  2734 
EF is expressed as the number of days per year a worker is exposed to the chemical being assessed. In 2735 

some cases, it may be reasonable to assume a worker is exposed to the chemical on each working day. In 2736 

other cases, it may be more appropriate to assume a worker’s exposure to the chemical occurs during a 2737 

subset of the worker’s annual working days (AWD). The relationship between exposure frequency and 2738 

annual working days can be described mathematically as follows: 2739 

 2740 

Equation_Apx B-7. 2741 

𝐸𝐹 = 𝑓 × 𝐴𝑊𝐷 2742 

 Where:  2743 

 𝐸𝐹 = Exposure frequency, the number of days per year a worker is exposed to the 2744 

chemical (day/yr) 2745 

 𝑓 = Fractional number of annual working days during which a worker is exposed to 2746 

the chemical (unitless) 2747 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809456
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 𝐴𝑊𝐷 = Annual working days, the number of days per year a worker works (day/yr) 2748 

 2749 

BLS provides data on the total number of work hours and total number of employees by each industry 2750 

NAICS code (U.S. BLS, 2016). BLS provides these data from the 3- to 6-digit NAICS level (where 3-2751 

digit NAICS are less granular and 6-digit NAICS are the most granular). Dividing the total, annual hours 2752 

worked by the number of employees yields the average number of hours worked per employee per year 2753 

for each NAICS (U.S. BLS, 2023a). 2754 

  2755 

EPA identified approximately 140 NAICS codes applicable to the multiple conditions of use for the first 2756 

10 chemicals that underwent risk evaluation. For each NAICS code of interest, EPA looked up the 2757 

average hours worked per employee per year at the most granular NAICS level available (i.e., 4-, 5-, or 2758 

6-digit). EPA converted the working hours per employee to working days per year per employee 2759 

assuming employees work an average of eight hours per day. The average number of working days per 2760 

year, or AWD, ranges from 169 to 282 days per year, with a 50th percentile value of 250 days per year. 2761 

EPA repeated this analysis for all NAICS codes at the 4-digit level. The average AWD for all 4-digit 2762 

NAICS codes ranges from 111 to 282 days per year, with a 50th percentile value of 228 days per year. 2763 

Two hundred fifty days per year is approximately the 75th percentile of the distribution AWD for the 4-2764 

digit NAICS codes. In the absence of industry- and TBBPA-specific data, EPA assumed the parameter, 2765 

𝑓, is equal to 1 for all OESs.  2766 

B.3.4 Intermediate Exposure Frequency (EFINT) 2767 

For TBBPA, the timeframe for sub-chronic health effects is 18 days, which is the value used for ID. 2768 

EPA estimated the maximum number of working days (subtracting weekends) within this timeframe to 2769 

be 14 days, assuming 5 working days per week, for the value of EFINT. 2770 

B.3.5 Intermediate Duration (ID) 2771 

EPA assessed an intermediate duration of 18 days based on the available health data.  2772 

B.3.6 Working Years (WY) 2773 

EPA developed a triangular distribution for number of lifetime working years using the following 2774 

parameters:  2775 

• Minimum value: BLS CPS tenure data with current employer as a low-end estimate of the 2776 

number of lifetime working years was 10.4 years;  2777 

• Mode value: The 50th percentile of the tenure data with all employers from Survey of Income 2778 

and Program Participation (SIPP) as a mode value for the number of lifetime working years was 2779 

36 years; and  2780 

• Maximum value: The maximum of the average tenure data with all employers from SIPP as a 2781 

high-end estimate on the number of lifetime working years was 44 years.  2782 

This triangular distribution has a 50th percentile value of 31 years and a 95th percentile value of 40 2783 

years. EPA uses these values to represent the central tendency and high-end number of working years in 2784 

the ACC calculations. 2785 
 2786 
BLS (2014) provides information on employee tenure with current employer obtained from the Current 2787 

Population Survey (CPS). CPS is a monthly sample survey of about 60,000 households that provides 2788 

information on the labor force status of the civilian non-institutional population ages 16 years and over. 2789 

CPS data are released every two years. The data are available by demographic characteristics and by 2790 

generic industry sectors, but not by NAICS codes. 2791 
 2792 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079087
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The U.S. Census Bureau (2019b) SIPP provides information on lifetime tenure with all employers. SIPP 2793 

is a household survey that collects data on income, labor force participation, social program participation 2794 

and eligibility, and general demographic characteristics through a continuous series of national panel 2795 

surveys of between 14,000 and 52,000 households (U.S. Census Bureau, 2019a; U.S. BLS, 2023b). EPA 2796 

analyzed the 2008 SIPP Panel Wave 1, a panel that began in 2008 and covers the interview months of 2797 

September 2008 through December 2008 (U.S. Census Bureau, 2019b). For this panel, lifetime tenure 2798 

data are available by Census Industry Codes, which can be cross walked with NAICS codes.  2799 
 2800 
SIPP data include fields that describe, for each surveyed worker, the industry in which they work 2801 

(TJBIND1); their age (TAGE); and years of work experience with all employers over the surveyed 2802 

individual’s lifetime.4 Census household surveys use different industry codes than the NAICS codes, so 2803 

EPA converted these industry codes to NAICS using a published crosswalk (U.S. Census Bureau, 2012). 2804 

EPA calculated the average tenure for the following age groups: (1) workers aged 50 (years) and older; 2805 

(2) workers aged 60 (years) and older; and (3) workers of all ages employed at time of survey. The 2806 

Agency used tenure data for age group “50 and older” to determine the high-end lifetime working years, 2807 

because the sample size in this age group is often substantially higher than the sample size for age group 2808 

“60 and older.” For some industries, the number of workers surveyed, or the sample size, was too small 2809 

to provide a reliable representation of the worker tenure in that industry. Therefore, EPA excluded data 2810 

where the sample size was less than 5 from the analysis. 2811 

  2812 

Table_Apx B-2 summarizes the average tenure for workers aged 50 years and older from SIPP data. 2813 

Although the tenure may differ for any given industry sector, there is no significant variability between 2814 

the 50th and 95th percentile values of average tenure across manufacturing and non-manufacturing 2815 

sectors.  2816 

 2817 

Table_Apx B-2. Overview of Average Worker Tenure from U.S. Census SIPP (Age Group 50+) 2818 

(U.S. Census Bureau, 2019a) 2819 

Industry Sectors 

Working Years 

Average 
50th 

Percentile 

95th 

Percentile 
Maximum 

Manufacturing sectors (NAICS 31–33)  35.7 36 39 40 

Non-manufacturing sectors (NAICS 42–81)  36.1 36 39 44 

Note: Industries where the sample size <5 were excluded from this analysis.  

  2820 

BLS CPS data provides the median years of tenure that wage and salary workers had been with their 2821 

current employer. Table_Apx B-3 presents CPS data for all demographics (men and women) by age 2822 

group from 2008 to 2012. To estimate the low-end value for number of working years, EPA used the 2823 

most recent (2014) CPS data for workers aged 55 to 64 years, which indicates a median tenure of 10.4 2824 

years with their current employer. The use of this low-end value represents a scenario where workers are 2825 

only exposed to the chemical of interest for a portion of their lifetime working years, as they may 2826 

change jobs or move from one industry to another throughout their career. 2827 
 2828 

 
4 To calculate the number of years of work experience EPA took the difference between the year first worked 

(TMAKMNYEAR) and the current data year (i.e., 2008). EPA then subtracted any intervening months when not working 

(ETIMEOFF). 
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Table_Apx B-3. Median Years of Tenure with Current Employer by Age Group (U.S. BLS, 2014) 2829 

Age January 2008 January 2010 January 2012 January 2014 

16+ years 4.1 4.4 4.6 4.6 

16–17 years 0.7 0.7 0.7 0.7 

18–19 years 0.8 1.0 0.8 0.8 

20–24 years 1.3 1.5 1.3 1.3 

25+ years 5.1 5.2 5.4 5.5 

25–34 years 2.7 3.1 3.2 3.0 

35–44 years 4.9 5.1 5.3 5.2 

45–54 years 7.6 7.8 7.8 7.9 

55–64 years 9.9 10.0 10.3 10.4 

65+ years 10.2 9.9 10.3 10.3 

B.3.7 Body Weight (BW) 2830 

EPA assumed a BW of 80 kg for average adult workers, per Chapter 8 of the Exposure Factors 2831 

Handbook (U.S. EPA, 2011). 2832 

 Calculating Aggregate Exposure 2833 

EPA combined the expected dermal and inhalation exposures for each OES and worker type into a 2834 

single aggregate exposure to reflect the potential total dose from both exposure routes.  2835 

  2836 

Equation_Apx B-8. 2837 

 2838 
𝐼𝐴𝐷𝐷𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒 = 𝐼𝐴𝐷𝐷𝑑𝑒𝑟𝑚𝑎𝑙 + 𝐼𝐴𝐷𝐷𝑖𝑛ℎ𝑎𝑙𝑎𝑡𝑖𝑜𝑛 2839 

 2840 

Where:  2841 

 𝐼𝐴𝐷𝐷𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒  = Aggregated intermediate absorbed dose (mg/kg-day) 2842 

 𝐼𝐴𝐷𝐷𝑑𝑒𝑟𝑚𝑎𝑙  = Dermal exposure intermediate retained dose (mg/kg-day) 2843 

𝐼𝐴𝐷𝐷𝑖𝑛ℎ𝑎𝑙𝑎𝑡𝑖𝑜𝑛  = Inhalation exposure intermediate retained dose (mg/kg-day)  2844 

 2845 

 ADD also follow the same approach for defining aggregate exposures.   2846 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079079
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Appendix C SAMPLE CALCULATIONS FOR CALCULATING 2847 

INTERMEDIATE AND CHRONIC (NON-CANCER) 2848 

OCCUPATIONAL EXPOSURES 2849 

Sample calculations for high-end and central tendency intermediate and chronic (non-cancer) doses for 2850 

one OES, Manufacturing, are demonstrated below for an average adult worker. The explanation of the 2851 

equations and parameters used is provided in Appendix B. 2852 

 Example High-End IADC and ADC Calculations 2853 

 2854 

Calculate 𝐼𝐴𝐷𝐶𝐻𝐸: 2855 

 2856 

𝐼𝐴𝐷𝐶𝐻𝐸 =
𝐶𝐻𝐸 × 𝐸𝐷 × 𝐸𝐹𝐼 × 𝐵𝑅

𝐴𝑇ADCI

 2857 

 2858 

 2859 

𝐼𝐴𝐷𝐶𝐻𝐸 =
2.8 𝑚𝑔/𝑚3 × 8

ℎ𝑟
𝑑𝑎𝑦

× 14
𝑑𝑎𝑦𝑠
𝑦𝑒𝑎𝑟 × 2.04

432 ℎ𝑟
= 1.5 𝑚𝑔/𝑚3 2860 

 2861 

Calculate 𝐴𝐷𝐶𝐻𝐸: 2862 

 2863 

𝐴𝐷𝐶𝐻𝐸 =
𝐶𝐻𝐸 × 𝐸𝐷 × 𝐸𝐹 × 𝑊𝑌 × 𝐵𝑅

𝐴𝑇
 2864 

 2865 

 2866 

𝐴𝐷𝐶𝐻𝐸 =
2.8 𝑚𝑔/𝑚3 × 8

ℎ𝑟
𝑑𝑎𝑦

× 250
𝑑𝑎𝑦𝑠
𝑦𝑒𝑎𝑟 × 40 𝑦𝑒𝑎𝑟𝑠 × 2.04

40 𝑦𝑒𝑎𝑟𝑠 × 365
𝑑𝑎𝑦𝑠

𝑦𝑟 × 24
ℎ𝑟

𝑑𝑎𝑦

= 1.3 𝑚𝑔/𝑚3 2867 

 Example Central Tendency IADC and ADC Calculations 2868 

 2869 

Calculate 𝐼𝐴𝐷𝐶𝐶𝑇: 2870 

 2871 

𝐼𝐴𝐷𝐶𝐶𝑇 =
𝐶𝐶𝑇 × 𝐸𝐷 × 𝐸𝐹𝐼 × 𝐵𝑅

𝐴𝑇𝐴𝐷𝐶𝐼

 2872 

 2873 

 2874 

𝐼𝐴𝐷𝐶𝐶𝑇 =
0.80 𝑚𝑔/𝑚3 × 8

ℎ𝑟
𝑑𝑎𝑦

× 14
𝑑𝑎𝑦𝑠
𝑦𝑒𝑎𝑟 × 2.04

432 ℎ𝑟
= 0.42 𝑚𝑔/𝑚3 2875 

  2876 
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Calculate 𝐴𝐷𝐶𝐶𝑇: 2877 

 2878 

𝐴𝐷𝐶𝐶𝑇 =
𝐶𝐶𝑇 × 𝐸𝐷 × 𝐸𝐹 × 𝑊𝑌 × 𝐵𝑅

𝐴𝑇
 2879 

 2880 

 2881 

𝐴𝐷𝐶𝐶𝑇 =
0.80 𝑚𝑔/𝑚3 × 8

ℎ𝑟
𝑑𝑎𝑦

× 250
𝑑𝑎𝑦𝑠
𝑦𝑒𝑎𝑟 × 31 𝑦𝑒𝑎𝑟𝑠 × 2.04

31 𝑦𝑒𝑎𝑟𝑠 × 365
𝑑𝑎𝑦𝑠

𝑦𝑟 × 24
ℎ𝑟

𝑑𝑎𝑦

= 0.37 𝑚𝑔/𝑚3 2882 

  2883 
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Appendix D MODEL APPROACHES AND PARAMETERS 2884 

 Inhalation Exposure to Total Particulates Model Approach and 2885 

Parameters 2886 

The PNOR Model (U.S. EPA, 2021b) estimates worker inhalation exposure to respirable solid 2887 

particulates using PBZ PNOR monitoring data from OSHA’s Chemical Exposure Health Data (CEHD) 2888 

dataset. The CEHD data provides PNOR exposures as 8-hour TWAs by assuming exposures outside the 2889 

sampling time are zero, and the data also include facility NAICS code information for each data point. 2890 

To estimate particulate exposures for relevant OESs, EPA used the 50th and 95th percentiles of 2891 

respirable PNOR values for applicable NAICS codes as the central tendency and high-end exposure 2892 

estimates, respectively. 2893 

 2894 

Due to lack of data on the concentration of TBBPA in the particulates, EPA assumed TBBPA is present 2895 

in particulates at the same mass fraction as in the bulk solid material, whether that is a plastic product or 2896 

another solid article. Therefore, the Agency calculated the 8-hour TWA exposure to TBBPA present in 2897 

dust and particulates using the following equation: 2898 

 2899 

Equation_Apx D-1. 2900 

 2901 

𝐶𝑇𝐵𝐵𝑃𝐴,8ℎ𝑟−𝑇𝑊𝐴 = 𝐶𝑃𝑁𝑂𝑅,8ℎ𝑟−𝑇𝑊𝐴 × 𝐹𝑇𝐵𝐵𝑃𝐴 2902 

 2903 

Where: 2904 

 𝐶𝑇𝐵𝐵𝑃𝐴,8ℎ𝑟−𝑇𝑊𝐴 = 8-hour TWA exposure to TBBPA (mg/m3) 2905 

 𝐶𝑃𝑁𝑂𝑅,8ℎ𝑟−𝑇𝑊𝐴 = 8-hour TWA exposure to PNOR (mg/m3) 2906 

  𝐹𝑇𝐵𝐵𝑃𝐴 = Mass fraction of TBBPA in PNOR (mg/mg) 2907 

 2908 

Table_Apx D-1 provides a summary of the OESs assessed using the PNOR Model (U.S. EPA, 2021b) 2909 

along with the associated NAICS code, PNOR 8-hour TWA exposures, TBBPA mass fraction, and 2910 

TBBPA 8-hour TWA exposures assessed for each OES.  2911 

 2912 

Table_Apx D-1. Summary of TBBPA Exposure Estimates for OESs Using the Generic Model for 2913 

Exposure to PNOR 2914 

OES 
NAICS Code 

Assessed 

Total PNOR 8-Hour 

TWA from Model 

(mg/m3) 

TBBPA 

Mass 

Fraction 

Assessed 

TBBPA 8-Hour 

TWA 

(mg/m3) 

Central 

Tendency 

High-

End 

Central 

Tendency 

High-

End 

Industrial and 

Commercial additive 

Use in Electrical and 

Electronic Articles  

334 – Computer and 

Electronic Product 

Manufacturing 

0.33 6.0 0.20 6.6E−02 1.2 

Industrial and 

Commercial Use in 

Building and 

Construction materialsa  

23 – Construction 2.4 15.0 0.22 0.53 3.3 

Use of Powder 

Coatings in 

334 – Computer and 

Electronic Product 

2.0 15.0 0.10 0.2 1.5 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11373482
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OES 
NAICS Code 

Assessed 

Total PNOR 8-Hour 

TWA from Model 

(mg/m3) 

TBBPA 

Mass 

Fraction 

Assessed 

TBBPA 8-Hour 

TWA 

(mg/m3) 

Central 

Tendency 

High-

End 

Central 

Tendency 

High-

End 

Electronicsa Manufacturing; 

335 – Electrical 

Equipment, 

Appliance, and 

Component 

Manufacturing; and  

336 – Transportation 

Equipment 

Manufacturing 

Disposala 56 – Administrative 

and Support and 

Waste Management 

and Remediation 

Services 

2.5 15.0 0.22 5.5E−01 3.3 

a To calculate central tendency and high-end value for multiple NAICS codes, EPA combined the CEHD data for the 

three codes, then calculated 50th and 95th percentile values of the entire dataset. The 95th percentile was above the 

OSHA PEL for total PNOR (dust) of 15 mg/m3, so the PEL was used as the high-end value. 

  2915 
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Appendix E CONSIDERATION OF ENGINEERING CONTROLS 2916 

AND PERSONAL PROTECTIVE EQUIPMENT 2917 

OSHA and NIOSH recommend employers utilize the hierarchy of controls to address hazardous 2918 

exposures in the workplace. The hierarchy of controls strategy outlines, in descending order of priority, 2919 

the use of elimination, substitution, engineering controls, administrative controls, and lastly PPE. The 2920 

hierarchy of controls prioritizes the most effective measures first which is to eliminate or substitute the 2921 

harmful chemical (e.g., use a different process, substitute with a less hazardous material), thereby 2922 

preventing or reducing exposure potential. Following elimination and substitution, the hierarchy 2923 

recommends engineering controls to isolate employees from the hazard (e.g., source enclosure, local 2924 

exhaust ventilation systems), followed by administrative controls (e.g., do not open machine doors when 2925 

running), or changes in work practices (e.g., maintenance plan to check equipment to ensure no leaks) to 2926 

reduce exposure potential. Administrative controls are policies and procedures instituted and overseen 2927 

by the employer to limit worker exposures. Under CFR 1910.1000, OSHA requires the use of 2928 

engineering or administrative controls to bring exposures to the levels permitted under the air 2929 

contaminants standard. The respirators do not replace engineering controls, and they are implemented in 2930 

addition to feasible engineering controls (29 CFR 1910.134(a)(1)). PPE (e.g., respirators, gloves) could 2931 

be used as the last means of control when the other control measures cannot reduce workplace exposure 2932 

to an acceptable level. 2933 

 2934 

The remainder of this appendix discusses respiratory protection and glove protection, including 2935 

protection factors (PFs) for various respirators and dermal protection strategies. EPA’s estimates of 2936 

occupational exposure presented in this document do not assume the use of engineering controls or PPE; 2937 

however, the effect of respiratory and dermal PFs on the Agency’s occupational exposure estimates can 2938 

be explored under the “Risk Reduction” tab of the Draft Risk Calculator for Occupational Exposures for 2939 

4,4′-(1-Methylethylidene)bis[2,6-dibromophenol] (TBBPA) (U.S. EPA, 2026h). 2940 

 Respiratory Protection 2941 

OSHA’s Respiratory Protection Standard (29 CFR 1910.134) requires employers in certain industries to 2942 

address workplace hazards by implementing engineering control measures and, if these are not feasible, 2943 

provide respirators that are applicable and suitable for the purpose intended. Engineering and 2944 

administrative controls must be implemented whenever employees are exposed above the PEL. If the 2945 

engineering and administrative controls do not reduce exposures to below the PEL, respirators must be 2946 

worn. Respirator selection provisions are provided in 29 CFR 1910.134(d) and require that appropriate 2947 

respirators are selected based on the respiratory hazard(s) to which the worker will be exposed and 2948 

workplace and user factors that affect respirator performance and reliability. Assigned protection factors 2949 

(APFs) are provided in Table 1 under 29 CFR 1910.134(d)(3)(i)(A) (see below in Table_Apx E-1). 2950 

Respirators must meet or exceed the required level of protection listed in Table_Apx E-1. Based on the 2951 

APF, inhalation exposures may be reduced by a factor of 5 to 10,000 if respirators are properly worn and 2952 

fitted.  2953 

 2954 

For atmospheres that are immediately dangerous to life and health, workers must use a full facepiece 2955 

pressure demand self-contained breathing apparatus (SCBA) certified by NIOSH for a minimum service 2956 

life of 30 minutes or a combination full facepiece pressure demand supplied-air respirator (SAR) with 2957 

auxiliary self-contained air supply. Respirators that are provided only for escape from an atmosphere 2958 

that is immediately dangerous to life and health must be NIOSH-certified for escape from the 2959 

atmosphere in which they will be used. 2960 

 2961 
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Table_Apx E-1. Assigned PFs for Respirators in OSHA Standard 29 CFR 1910.134 2962 

Type of Respirator 
Quarter 

Mask 

Half 

Mask 

Full 

Facepiece 

Helmet/ 

Hood 

Loose-

Fitting 

Facepiece 

1. Air-purifying respirator 5 10 50 – – 

2. Power air-purifying respirator (PAPR) – 50 1,000 25/1,000 25 

3. Supplied-air respirator (SAR) or airline respirator 

• Demand mode – 10 50 – – 

• Continuous flow mode – 50 1,000 25/1,000 25 

• Pressure-demand or other positive-pressure 

mode 

– 50 1,000 – – 

4. Self-contained breathing apparatus (SCBA) 

• Demand mode – 10 50 50 – 

• Pressure-demand or other positive-pressure 

mode (e.g., open/closed circuit) 

– – 10,000 10,000 – 

Source: 29 CFR 1910.134(d)(3)(i)(A) 

 2963 

NIOSH and BLS conducted a voluntary survey of U.S. employers regarding the use of respiratory 2964 

protective devices between August 2001 and January 2002. The survey was sent to a sample of 40,002 2965 

establishments designed to represent all private sector establishments. The survey had a 75.5% response 2966 

rate (NIOSH, 2003). A voluntary survey may not be representative of all private industry respirator use 2967 

patterns as some establishments with low or no respirator use may choose to not respond to the survey. 2968 

Therefore, results of the survey may potentially be biased towards higher respirator use. 2969 

 2970 

NIOSH and BLS estimated about 619,400 establishments used respirators for voluntary or required 2971 

purposes (including emergency and non-emergency uses). About 281,800 establishments (45%) were 2972 

estimated to have had respirator use for required purposes in the 12 months prior to the survey. The 2973 

281,800 establishments estimated to have had respirator use for required purposes were estimated to be 2974 

approximately 4.5% of all private industry establishments in the United States at the time (NIOSH, 2975 

2003). 2976 

 2977 

The survey found that the establishments that required respirator use had the following respirator 2978 

program characteristics (NIOSH, 2003): 2979 

• 59% provided training to workers on respirator use; 2980 

• 34% had a written respiratory protection program; 2981 

• 47% performed an assessment of the employees’ medical fitness to wear respirators; and 2982 

• 24% included air sampling to determine respirator selection. 2983 

The survey report does not provide a result for respirator fit testing or identify if fit testing was included 2984 

in one of the other program characteristics. 2985 

 2986 

Of the establishments that had respirator use for a required purpose within the 12 months prior to the 2987 

survey, NIOSH and BLS found the following (NIOSH, 2003): 2988 

  2989 
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• Non-powered air purifying respirators are most common, 94% overall and varying from 89 to 2990 

100% across industry sectors. 2991 

• Powered air-purifying respirators represent a minority of respirator use, 15% overall and varying 2992 

from 7 to 22% across industry sectors. 2993 

• Supplied air respirators represent a minority of respirator use, 17% overall and varying from 4 to 2994 

37% across industry sectors. 2995 

Of the establishments that used non-powered air-purifying respirators for a required purpose within the 2996 

12 months prior to the survey, NIOSH and BLS found the following (NIOSH, 2003): 2997 

• A high majority use dust masks, 76% overall and varying from 56 to 88% across industry 2998 

sectors. 2999 

• A varying fraction uses half-mask respirators, 52% overall and varying from 26 to 66% across 3000 

industry sectors. 3001 

• A varying fraction uses full-facepiece respirators, 23% overall and varying from 4 to 33% across 3002 

industry sectors. 3003 

Table_Apx E-2 summarizes the number and percentage of all private industry establishments and 3004 

employees that used respirators for a required purpose within the 12 months prior to the survey and 3005 

includes a breakdown by industry sector (NIOSH, 2003). 3006 

 3007 

Table_Apx E-2. Number and Percentage of Establishments and Employees Using Respirators 3008 

Within 12 Months Prior to Survey 3009 

Industry 

Establishments Employees 

Number 

Percentage of All 

Establishments 

(%) 

Number 

Percentage of 

All Employees 

(%) 

Total Private Industry 281,776 4.5 3,303,414 3.1 

Agriculture, Forestry, and Fishing 13,186 9.4 101,778 5.8 

Mining 3,493 11.7 53,984 9.9 

Construction 64,172 9.6 590,987 8.9 

Manufacturing 48,556 12.8 882,475 4.8 

Transportation and Public Utilities 10,351 3.7 189,867 2.8 

Wholesale Trade 31,238 5.2 182,922 2.6 

Retail Trade 16,948 1.3 118,200 0.5 

Finance, Insurance, and Real Estate 4,202 0.7 22,911 0.3 

Services 89,629 4.0 1,160,289 3.2 

 Glove Protection 3010 

OSHA’s hand protection standard (29 CFR 1910.138) requires employers to select and require 3011 

employees to use appropriate hand protection when expected to be exposed to hazards such as those 3012 

from skin absorption of harmful substances, severe cuts or lacerations, severe abrasions, punctures, 3013 

chemical burns, thermal burns, and harmful temperature extremes. Dermal protection selection 3014 

provisions are provided in 29 CFR 1910.138(b) and require that appropriate hand protection is selected 3015 

based on the performance characteristics of the hand protection relative to the task(s) to be performed, 3016 

conditions present, duration of use, and the hazards to which employees will be exposed.  3017 
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Unlike respiratory protection, OSHA standards do not provide PFs associated with various hand 3018 

protection PPE, such as gloves, and data about the frequency of effective glove use—that is, the proper 3019 

use of effective gloves—is very limited in industrial settings. Initial literature review suggests that there 3020 

is unlikely to be sufficient data to justify a specific probability distribution for effective glove use for a 3021 

chemical or industry. Instead, the impact of effective glove use is explored by considering different 3022 

percentages of effectiveness.  3023 

 3024 

Gloves only offer barrier protection until the chemical breaks through the glove material. Using a 3025 

conceptual model, Cherrie et al. (2004) proposed a glove workplace PF as the ratio of estimated uptake 3026 

through the hands without gloves to the estimated uptake though the hands while wearing gloves. This 3027 

PF is driven by flux and thus varies with time. The European Centre for Ecotoxicology and Toxicology 3028 

of Chemicals Targeted Risk Assessment (ECETOC TRA) Model represents the protection factor of 3029 

gloves as a fixed, APF equal to 5, 10, or 20 (Marquart et al., 2017) where, similar to the APF for 3030 

respiratory protection, the inverse of the PF is the fraction of the chemical that penetrates the glove. It 3031 

should be noted that the described PFs are not based on experimental values or field investigations of 3032 

PPE effectiveness, but rather professional judgments used in the development of the ECETOC TRA 3033 

model. EPA did not identify reasonably available information on PPE usage to corroborate the PFs used 3034 

in this model. 3035 

 3036 

As indicated in Table_Apx E-3, use of PFs above 1 is recommended only for glove materials that have 3037 

been tested for permeation against the TBBPA-containing liquids associated with the COU. EPA has not 3038 

found information that would indicate specific activity training (e.g., procedure for glove removal and 3039 

disposal) for tasks where dermal exposure can be expected to occur in a majority of sites in industrial 3040 

only OESs, so the PF of 20 would usually not be expected to be achieved. 3041 

 3042 

Table_Apx E-3. Glove PFs for Different Dermal Protection Strategies from ECETOC TRA v3 3043 

Dermal Protection Characteristics 
Affected User 

Group 

Indicated 

Efficiency 

(%) 

PF 

a. Any glove/gauntlet without permeation data and without 

employee training 

Both industrial and 

professional users 

0 1 

b. Gloves with available permeation data indicating that the 

material of construction offers good protection for the 

substance 

80 5 

c. Chemically resistant gloves (i.e., as b. above) with “basic” 

employee training 

90 10 

d. Chemically resistant gloves in combination with specific 

activity training (e.g., procedure for glove removal and 

disposal) for tasks where dermal exposure can be expected 

to occur 

Industrial users 

only 

95 20 

 3044 
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